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HIS year marks the centenary

of thedeath of Charles Darwin,

the man whose theory of evo-
lution by natural selection was un-
questionably the most important
single scientific innovation of the
nineteenth century. Our purpose in
this issue of the Unesco Courier is fo
pay homage to this great scientist
whose work laid the foundations of
modern biology;, we leave to others
the task of assessing the moral and
religious repercussions of a theory
that one modern philosopher has
described as a  “‘metaphysical
research programme’’,

In contrast to traditional crea-
tionist theory, which maintained
that all forms of life had existed vir-
tually unmodified since they were
created at the beginning of
biological time, Darwin’s theory of
evolution held that existing species,
including man, had evolved over
billions of years from a single
primitive form of life. ‘

Yet when The Origin of Species
was published in 1859, evolutionary
theory already had a long history;
Darwin himself, in the Historical
Sketch with which he prefaced later
editions of The Origin, listed over
thirty predecessors. Why then s
Darwin honoured above all others as

the symbol and the primary force
behind the greatest transformation
ever in the biological sciences?

The answer is that whereas earlier
evolutionary theories had been
speculative in character, Darwin, in
The Origin, marshalled an over-
whelming array of evidence to sup-
port his claim that evolution could
be seen to have occurred and that
natural selection was its driving
mechanism. On  reading this
evidence Thomas Huxley, who was
to become Darwin’s most able
champion, remarked admiringly:
““How stupid not to have thought of
that!”’

Publication of The Origin of
Species, however, sparked off a
revolution not only in the biological
sciences but also in western man’s
philosophical, moral and religious
conception of himself. Although
Darwin declared that he could *‘see
no good reason why the views given
in this volume should shock the
religious feelings of anyone’’, his
message threatened the whole edifice
of rational Christian thought as
represented by Natural Theology,
since it denied the notion of inherent
progress and purposiveness in evolu-
tion and introduced the spectre of
randomness.

Samuel Wilberforce, bishop of
Oxford, denounced ‘‘the degrading
notion of the brute origin of him
who was created in the image of
God’’. Less extreme, but reflecting
the general sense of shock at this
assault on the genteel standards of
Victorian English society, was the
comment of the wife of the bishop
of Worcester: ‘‘Descended from the
apes! My dear, let us hope that it is
not true, but if it is, let us pray that it
will not become generally known.”’

Comparison with the Copernican
revolution is inescapable. In the
words of Sigmund Freud: ‘‘Humani-
ty has in the course of time had to
endure from the hands of science
two great outrages upon ils naive
self-love. The first was when it was
realized that our earth was not the
centre of the universe, but only a
speck in a world system of a
magnitude hardly conceivable... The
second was when biological science
robbed man of his particular
privilege of having been specially
created and relegated him to a des-
cent from the animal world.”

* Cover photo shows detail of the cover of an

album presented to Darwin by men of science
in Germany on his birthday in 1877.

Photo © Down House and the Royal College of Surgeons of
England































- Of mice and moths

Darwin’s theory of natural selection was
based on four ideas about species. It is easy
to follow the steps in Darwin’s argument if
we apply these four ideas to a living
population...

1. More than enough offspring

All species are capable of producing more
than enough offspring to replace
. themselves.

One pair of mice can produce a litter of
about six offspring as many as six times a
year. Within six weeks, these offspring
could produce litters of their own.

If all these mice survived and continued to
breed, just imagine how many mice there
could be...

Why isn’t the earth covered with mice?
Although a pair of mice can produce far
more than enough offspring to replace
themselves, the numbers in any population
tend to remain more or less the same,
because not all the offspring survive to
reproduce.

Text and photos © Courtesy of the National History Museum, London
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Diagram © Andrew Farmer

Parent generation

First generation

By 1927, an American scientist, Hermann
Muller, showed how one might actually pro-
duce mutations by bombarding organisms
with X rays, which change the atomic ar-
rangement in the genes. In 1953, an
American, James Watson, and an
Englishman, Francis Crick, explained the
detailed structure of nucleic acids, and
showed how a particular molecule produced
its own replica and how it might make a
mistake in doing so.

All this strengthened and improved the
Darwinian theory of evolution by natural
selection.

Meanwhile, since Darwin’s time, more
and more fossils have been found, and more
and more has been learned about the
behaviour of living organisms and their in-
fluence on each other. The actual details of
evolution—which  organisms descended
from which and through what kind of in-
termediate steps—became better known.

In addition, it was found that natural
selection did not always work with
mechanical certainty; there were other fac-
tors involved.

For instance, chance played a greater part
than might have been thought. Where there

Second generation

one out of four cases.

were small populations of a particular
species, it might be that mutations that
weren’t particularly useful would be
established just because a few lucky breaks
insured that those individuals possessing
those mutations would happen to survive.

In fact, nowadays some scientists, such as
Stephen Gould, are thinking in terms of
evolution that proceeds very slowly most of
the time, but quite quickly under excep-
tional circumstances.

When there is a huge population of a
species, it may be that no mutation can
establish itself against the existence of
numerous individuals with other mutations.
What’s more, a few lucky breaks this way or
that wouldn’t be enough to push evolution
in one direction or another. The species
might then continue without much in the
way of change for many millions of years.

On the other hand, if a rather small
population of that species is isolated in a dif-
ficult environment, it becomes much more
possible that sheer chance will cause some
mutations to die out among them
altogether, while others survive in con-
siderable numbers. Under such conditions,
evolution will be faster and new species may
be formed in merely thousands of years.
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Gregor Mendel’s experiments with pea plants have entered the
history of science. He started by crossing a pure-bred tall variety of
pea with a pure-bred short variety. As the diagram above shows, all
the first generation offspring were tall, because, although each plant
carried both a tall character gene {A) and a short character gene (a),
the tall character gene (A) was dominant. Of the second generation
offspring, however, about a quarter inherited only the short .
character gene {a) and thus the pure-bred short variety recurred in

It is these intervals of rapid change that
might be the chief agent for driving evolu-
tion forward.

As things stand in 1982, then, we can
summarize the status of biological evolution .
as follows :

1) Just about all scientists are convinced
that biological evolution has taken place
over a period of billions of years, and that
all present species, including human beings,
have developed from other species that ex-
isted earlier.

* 2) Just about all scientists are convinced
that the manner in which biological evolu-
tion has taken place is essentially that
described by Charles Darwin; that natural
selection among inborn variations is the
basic key.

3) Scientists who study evolution
nowadays are in deep disagreement on some
of the details of the evolutionary machinery,
and we cannot yet tell which side will win
out in these disputes. However, whichever
side wins, that will not affect the general ac-
ceptance of Darwinian theory, along with its
modern improvements, as the basic descrip-
tion of how life developed on earth.

M Isaac Asimov
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THE VOYAGE
OF THE BEAGLE

Prelude

On September 11th (1831) I paid a flying visit with Fitzroy to the
Beagle at Plymouth. On December 27th the Beagle finally left the
shores of England for her circumnavigation of the world (...).
These two months at Plymouth were the most miserable which I
ever spent, though I exerted myself in various ways. I was out of
spirits at the thought of leaving all my family and friends for so
long a time, and the weather seemed to me inexpressibly gloomy. I
was also troubled with palpitations and pain about the heart, and
like many a young ignorant man, especially one with a smattering
of medical knowledge, was convinced that I had heart-disease. I
did not consult any doctor, as 1 fully expected to hear the verdict
that I was not fit for the voyage, and I was resolved to go at all
hazards.

(Darwin, Autobiography)

The departure

After having been twice driven back by heavy south-western
gales, Her Majesty’s ship Beagle, a ten-gun brig, under the com-
mand of Captain Fitzroy, RN, sailed from Devonport on
27 December 1831. The object of the expedition was to complete
the survey of Patagonia and Tierra del Fuego, commenced under
Captain King in 1826 to 1830; to survey the shores of Chile, Peru,
and of some islands in the Pacific; and to carry a chain of
chronometrical measurements round the world.

(Darwin, The Voyage of the Beagle)

The landlubber

Nobody who has only been to sea for 24 hours has a right to say
that sea-sickness is even uncomfortable. The real misery only
begins when you are so exhausted that a little exertion makes a feel-
ing of faintness come on. I found nothing but lying in my ham-
mock did me any good. I must especially except your receipt of
raisins, which is the only food that the stomach will bear. On the
4th of January we were not many miles from Madeira, but as there
was a heavy sea running and the Island lay to Windward it was not
thought worth while to bear up to it. It afterwards has turned out it
was lucky we saved ourselves the trouble: I was much too sick even
to get up to see the distant outline.

(Darwin, letter to his father, 8 February 1832)

At noon lat. 43 South of Cape Finisterre and across the famous
Bay of Biscay: wretchedly out of spirits and very sick. I often said
before starting that I had no doubt I should frequently repent of
the whole undertaking. Little did I think with what fervour 1
should do so. I can scarcely conceive any more miserable state than

when such dark and gloomy thoughts are haunting the mind as
have today pursued me.
(Darwin, Diary, 30 December 1831)

Darwin is a very sensible, hard-working man and a very pleasant
messmate. I never saw a ‘‘shore-going fellow’’ come into the ways
of a ship so soon and so thoroughly as Darwin. I cannot give a
stronger proof of his good sense and dlsposmon than by saying
‘“‘Everyone respects and likes him”’ (...).

(Captain Fitzroy, letter to Captain Beaufort, 5 March 1832)

Crossing the line

We have crossed the Equator, and I have undergone the
disagreeable operation of being shaved. About 9 o’clock this mor-
ning we poor “‘griffins’’, two and thirty in number, were put
altogether on the lower deck. The hatchways were battened down,
so we were in the dark and very hot. Presently four of Neptune’s
constables came to us, and one by one led us up on deck. I was the
first and escaped easily; I nevertheless found this watery ordeal suf-
ficiently disagreeable. Before coming up, the constable blindfolded
me and thus led along, buckets of water were thundered all
around; I was then placed on a plank, which could be easily tilted
up into a large bath of water. They then lathered my face and
mouth with pitch and paint, and scraped some of it off with a piece
of roughened iron hoop: a signal being given I was tilted head over
heels into the water, where two men received me and ducked me.
At last, glad enough, I escaped: most of the others were treated
much worse: dirty mixtures being put in their mouths and rubbed
on their faces. The whole ship was a shower bath, and water was
flying about in every direction: of course not one person, even the
Captain, got clear of being wet through.

(Darwin, Diary, 17 February 1832)

The Captain

And now for the Captain, as I daresay you feel some interest in
him. As far as I can judge, he is a very extraordinary person. I
never before came across a man whom 1 could fancy being a
Napoleon or a Nelson. I should not call him clever, yet I feel con-
vinced nothing is too great or too high for him. His ascendancy
over everybody is quite curious: the extent to which every officer
and man feels the slightest rebuke or praise would have been,
before seeing him, incomprehensible. His candor and sincerity are
to me unparalleled: and using his own words his ‘‘vanity and
petulance’ are nearly so. 1 have felt the effects of the latter: but
then bringing into play the former ones so forcibly makes one
hardly regret them. His greatest fault as a companion is his austere
silence, produced from excessive thinking: his many good qualities »
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pof these species seem to be extinct—and in
some cases attempts at cross-breeding bet-
ween the sole surviving specimens of dif-
ferent groups have met with failure—large
colonies still subsist, especially on Santa
Cruz and Isabela.

According to Darwin, the islanders claim-
ed that the tortoises were deaf, because they
are indifferent to the presence of human be-
ings. The same may be said of all the species
of the Galapagos, in particular the marine
iguana. These creatures sun themselves in
serried groups on the rocks some distance
from the water. One seemingly substan-
tiated hypothesis has it that this crested
animal, monstrous in appearance if not in
size, with its serrated back and powerful
claws, as if to enable it to cling to the
ground, must have originally led the same
sort of existence as the land iguanas.
However, in order to escape from the land
iguana, which belonged to a more powerful
race, the marine iguana needed to acquire
aquatic skills, although Darwin himself
pointed out that once the danger is past it
shuns the water. Consequently, it had to
change its eating habits and, in order to
eliminate the large quantities of salt it ab-
sorbs from the sea-weed on which it feeds, it
possesses massive glands which enable it to
eliminate the salt through its nose, thus sup-
plementing the task of the kidneys. The sud-
den temperature changes caused by plung-
ing from hot rocks into the cool water, and
then returning back to land, have modified

"the rate of its heartbeat; laboratory ex-
periments have shown that it loses heat
about half as quickly as it regains it when
the ambient temperature is raised or
lowered. When Darwin visited San Salvador
island there were so many land iguanas that
he had difficulty in pitching his tent, the soil
was so uneven on account of their holes.

The Galapagos penguin is the only one of
its kind to have ventured so near the
equinoctial line. It is also the smallest in the
world, almost like a clumsy child, or a dwarf
in comparison with its arrogant ancestors or
its contemporaries in Antarctica. But in the
archipelago, as if obeying some collective or
ancestral memory, it seeks the deep, cold
waters between the islands of Fernandina
and Isabela, and on land it shelters in the

cool of the hollows worn in the lava by the
waves.

Of the thirteen known species of
albatross, the species found on Espafiola
(Diomedea irrorata), is the only one in the
world that inhabits the tropics. Likewise,
the masked booby of the Galapagos is the
only member of its family that has an an-
nual reproduction cycle, although this varies
from island to island; on Genovesa it runs
from August to November, and on
Espariola from November to February. Like
the blue-footed booby, it lays its eggs direct-
ly on the ground, having lost the habit of
nest-building, probably due to the scarcity

of trees and the absence of animals and .

birds of prey on the coasts where they live.
From the two eggs it lays, however, it only
succeeds in rearing one chick: the other, less
favoured, is doomed to die of hunger within
a few days.

The lava heron and the flightless cor-
morant constitute unusual examples of
adaptation to this environment. The
former, which is only found in the
Galapagos, unlike most herons, sometimes
perches atop an overhanging bush before
diving into the water below. The flightless
cormorant, on the other hand, whose
ancestors must have flown almost 1,000
kilometres to the islands, has practically lost
its wing feathers. It was so easy to catch fish
that it forgot how to fly and learned to swim
instead. The fact that it is the only flightless
bird in the archipelago is additional proof
that the Galapagos are a young formation.
So far, only one species has had the time to
lose the use of its wings, whereas in New
Zealand, for instance, several species have
undergone this atrophy.

The case of the finch has become classic
since Darwin used it as one of the pivotal
arguments for his theory on natural selec-
tion. Observing the difference in the
thickness of the beaks of the different
species, he concluded that in the course of
many generations the finches had to adapt
their beaks to the size of the grains, seeds,
insects and even leaves on which they
depended for food. Of the thirteen species
listed, the most interesting is the
woodpecker finch which searches for insects

and their larvae in the cracks of the bark of
the lignum vitae, called ‘‘palo santo”
because of the perfume it gives off when
cut, or in the hollows of dead trees. But, as
its beak is not sufficiently long, it uses a cac-
tus thorn to poke into the cracks, thus being
the only known case of a bird using a tool to
obtain food.

Almost all the reptiles, half of the seden-
tary birds, a third of the vegetation and a
large proportion of the insects of the
Galapagos exist nowhere else in the world.
Hence Darwin considered that his voyage to
South America, and especially to the
Galapagos, was by far the most important
event in his life and that in these islands lay
the origin for ‘‘all his ideas’’. He wrote in
his diary that here ‘“both in space and time,
we seem to be brought somewhat near to
that great fact—the mystery of mys-
teries—the first appearance of new beings
on this earth’’.

More than man himself, it is the domestic
animals he brought with him to the ar-
chipelago that endanger the survival of the
aboriginal animal populations. Something
similar is also occurring with respect to the
plant species. Wild dogs devour the tortoises
and iguanas; the goats flatteri the vegeta-
tion; eggs and baby animals are the
favourite food of the wild pigs. A 1963
report from the Charles Darwin Research
Station states that on the island of Espanola
‘“‘only one tortoise was found... during a
two-day search made by three men. The
island’s vegetation has been severely
devastated by goats; when the tortoise was
found it was eating in the company of, and
in competition with fifteen goats’’. In any
event, indirectly, the most serious threat to
the preservation of these species is, as the
English playwright Tom Stoppard has put
it, that in the Galapagos ‘‘the animals are in
a state of innocence. They have no idea that
you and I are, as the biologists put it, the
most successful of the species, and that we
could choose to wipe them out if we did not
choose to cherish them; and so they are not
afraid... One walks among iguanas, herons,
doves, mocking-birds and finches as Adam
and Eve in medieval paintings walk among
antelopes and cranes’’.

M Jorge Enrique Adoum

UNESCO AND THE CHARLES DARWIN FOUNDATION

Darwin’s visit to the Galapagos Islands by establishing a na-

ture reserve on most of the uninhabited islands. Today the
“‘Galapagos Natural Park’’ covers 690,000 hectares, nine-tenths of
the total area of the archipelago. In 1937, Julian Huxley, later to be
Unesco’s first Director-General, headed an international
“‘Galapagos Islands Committee”’, but the Committee’s plans to
establish a research station in the archipelago were interrupted by
the Second World War. In 1957, the plan was revived and endorsed
by Unesco and, in 1959, the centenary year of the publication of
The Origin of Species, the Charles Darwin Foundation for the
Galapagos Islands was created in Brussels under the auspices of
Unesco and the International Union for the Conservation of
Nature and Natural Resources (IUCN). During the early 1960s, the
first buildings of the Charles Darwin Research Station were erected
near Puerto Ayora, on Santa Cruz island, with support from the
Government of Ecuador, Unesco, IUCN, the United Nations
Development Programme, and the Smithsonian Institution. The
Foundation has drawn up a ‘“‘Master Plan for the Galapagos Na-
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IN 1935 the Government of Ecuador marked the centenary of

tional Park’’. In accordance with the Plan young tortoises are
reared at the station and released in their natural habitat when they
are 3 years old and can defend themselves against their enemies. Ig-
uana are protected in the same way. Thousands of young fur seals
(formerly believed doomed to extinction) have been saved, and
measures have been taken to protect all the species from wild dogs
and goats. The Government of Ecuador has adopted the Plan’s
recommendations for the limitation and control of tourism. No
more than 5,000 visitors (usually accommodated on board the ship
which brought them to the islands) are allowed, private visits are
prohibited, and fishing is controlled. Conducted tours are led by
trained guides along signposted footpaths. Feeding the animals is
prohibited and each visitor is provided with a plastic bag for refuse
disposal. The Foundation plans to include marine areas in the Na-
tional park and Unesco is contributing to the creation of a marine
laboratory which will also carry out geological studies. The
Galapagos National Park has been included in the World Heritage
List of cultural and natural properties of ‘‘outstanding universal
value’.












THE EVOLUTION OF EVOLUTION

P biogeography, and providing a detailed ex-
planation of the formation of species.
Darwin began by stating that the species
were populations made up of individuals
that could vary from generation to genera-
tion. He then spoke of the continual *‘strug-
gle for life’’ in nature: the animals, he said,
must not only face their competitors, but
must endure bad weather, heat, drought,
etc. He then brought in the idea of natural
selection, basing it on a comparison with ar-
tificial selection: just as breeders improve
their stock through methodical selection, so
nature produced new species by selecting in-
dividuals. Those which bore favourable
variations survived and multiplied, while
those which bore unfavourable variations

became extinct. Supposing that this
mechanism operated over thousands of
generations, Darwin said, then by

cumulative effects of tiny -changes, new
populations (meaning new species) would be
formed. ‘

Darwin acknowledged that there were
several other evolutive processes such as sex-
ual selection, use and non-use of organs and
the direct effect of circumstances. But in his
eyes, nautral selection played the principal
role. Properly speaking, as Darwin himself
recognized, the theory was not “‘proved”. A
frequent objection, albeit one of many, was
that no species had ever been seen to change
into another. But Darwin was right to say
that his explanations made intelligible a host
of facts observed by specialists in palaeon-
tology, embryology and other disciplines.
Several scientists opposed the new theory
but, in a few years, it won acceptance in very
many countries.

There were, however, weaknesses in Dar-
winism. They were due in particular to the
fact that in Darwin’s day, little was known
about genetics. Mendel’s famous study of
hybrid plants, which marked the start of
modern genetics, was published only in
1865: Darwin never used the ideas it con-
tained. But other scientists were soon to
undertake a revision of the theory expound-
ed in The Origin of Species. While Ddrwin
believed, for instance, in the heredity of ac-
quired characters, the German August
Weismann, in the closing years of the cen-
tury, asserted that such heredity was im-
possible. That led to the rejection of the
concept of usage and non-usage of
organs—but the theory of natural selection
proper remained intact.

In 1900 there came a new development in
genetics thanks to the ‘“‘rediscovery’’ of
Mendel’s laws inspired by the Austrian
Tschermak, the German Correns and the
Dutch scientist De Vries. Paradoxically,
however, it did not at once contribute to im-
proving Darwin’s theory. Quite the con-
trary, it was the occasion for a conflict over
the nature of the variations through which
natural selection operates. The advocates of
Mendelism considered those variations to be
sudden and sweeping. Hugo de Vries, for
one, thought that evolution was the result of
spasmodic ‘‘mutations’’, of ‘‘leaps’ that

32

suddenly produced new forms (muta-
tionism). But Darwin had for his part stated
that evolution was a continuous and
cumulative process involving tiny varia-
tions. This led to a crisis in biological think-
ing in the early twentieth century, which was
only really solved in the 1920s to 1930s,
when R.A. Fisher, S. Wright and J.B.S.
Haldane developed population genetics.

This discipline, which studies the way'in
which genes are spread among populations,
made it possible to present Darwinism in a
more satisfactory form. Around the year
1940, a new overall conception which is
commonly called the ‘‘synthetic theory’’ of
evolution came into being, based essentially
on the work of Theodosius Dobzhansky,
Ernst Mayr and George Gaylord Simpson.
Under this theory, Darwin’s beloved varia-
tions were defined as murations, meaning
chance accidents affecting certain genes.
The new synthesis not only took account of
progress in genetics, but incorporated
various findings relating to the concept of
species, biogeography, palaeontology, etc.
It was accepted by a large number of scien-
tists and is still today, in its broad outlines,
the orthodox interpretation.

Recent developments in  molecular
biology and biochemistry have made it
possible to analyse evolutionary phenomena
with greater accuracy and detail. We can
now follow under the microscope, so to
speak, the evolution of certain molecules
such as haemoglobin. By and large, the find-
ings made in the various life sciences have
borne out the theoretical constructs discuss-
ed above. 1t should not, however, be im-
agined that all the problems have been
solved and that neo-Darwinian—or neo-
neo-Darwinian—theory has reached its final
and definitive form.

Even such apparently simple concepts as
adaptation and natural selection are subject
to various degrees of criticism. Some
biologists, for example, point out that it is
extremely difficult to ascertain exactly
whether a given gene has really been selected
for its biological ‘‘utility”’. In this regard,
mention should be made of the ‘‘neutralist’’
theory of the Japanese M. Kimura, accor-
ding to which many genes are neither useful
nor harmful from the evolutionary view-
point, but merely neutral. Additionally, the
Americans Gould and Eldredge have recent-
ly suggested a theory (known as punctuated
equilibria), which runs counter to the
generally accepted ideas. In their view,
evolution is not a regular and continuous
process, but one of relatively sharp evolu-
tionary ‘‘leaps’’. These and other points
give rise to much debate, and neo-
Darwinian theory may well in future years
undergo major revision.

There has been much talk in recent times
of a new discipline that is also part of the
Darwinian tradition: sociobiology. Its pur-
pose is to use biology to explain the social
behaviour of animals in general and of man
in particular. A preponderant role in the
birth of this science has been played by the

American Edward O. Wilson (Socio-
biology: The New Synthesis, 1975). He has
formulated a vast theory which takes up the
essential lines of Darwinism but also draws
on genetics, ecology, ethology and other
disciplines. In his view, all social behaviour
has an underlying genetic foundation and
must be explained in that light: from the
biological viewpoint, it would appear that
individual organisms are designed only to
secure.the maximal reproduction of genes.
In other works, genes are ‘‘selfish’’: they use
animals (termites, geese, goats, chimpanzees
or men) to reproduce themselves, and social -
behaviour such as sexuality, aggression or
religion should be seen as strategies to max-
imize ‘‘genetic profit”’.

But Wilson has done more than formulate
theories. Building on the principle that
sociobiologists are best qualified in human
behaviour, he has claimed that they should
become the ‘‘new moralists’’ and guide the
planning of society. This far-reaching ambi-
tion raises very many questions.

First we need to know whether this new
form of Darwinism rests on sound’founda-
tions. Here certain reservations may be
made. It is, for instance, by no means cer-
tain that there are genes for altruism, con-
formism or homosexuality. Nor is it beyond
dispute that the development of human
societies, which is sometimes very rapid, can
be explained in terms of biological evolution
which is, in comparison, extremely slow.

Another question immediately arises: is it
the job of scientists—in this instance,
biologists—to dictate ethical and political
standards to mankind? The Wilson case has
the merit of reminding us that this major
problem is not new. Darwin himself applied
his theory of evolution to the human race,
and was led to speak of ‘‘inferior races’’ and
to claim that woman too was inferior to
man—Iless intelligent, less resourceful, less
courageous. With such testimony to hand,
more or less ‘‘scientific’® arguments for
racism and sexism could easily be
fabricated! Similarly, the idea of selection
could easily lead on to formidable eugenic
projects to produce populations of
“‘supermen’’.

Such was not, of course, Darwin’s wish.
But history demonstrates that dangerous
ideologies have often sprung up around
more or less suspect ‘‘Darwinian’’ ideas.
Perhaps a lesson should be drawn from this:
the development of evolutionary theories is
not only a ‘‘magnificent adventure in
science’’, but a cultural undertaking of im-
mediate relevance to mankind. So let us ad-
mire all those who, from Anaximander to
our times, have shed a little light on the
origins of life and of our species. But let us
hot forget that theories are only human con-
structs. They may help us to see things more
clearly, but our future depends on moral
and social choices that transcend science,
even Darwinian science.

W Pierre Thuillier









competitors. Since the computer could
simulate a million years in nine-hundredths
of a minute, there was no difficulty in
reconstructing the process of evolution from
the Cambrian period up to the present.

The results of these experiments were
highly significant. 1 shall merely describe
here how the evolution of the chordates was
seen by the computer to have occurred.

After the computer had been running for
a period equivalent to 100 million years, the
initial data fed into the machine, which con-
cerned the primitive protochordate (a small,
worm-like marine organism a few cen-
timetres in length, with swimming muscles,
a notochord—a rod made of gristle that ex-
tends down the length of the animal and
supports the body—and an enclosing
backbone, but without either a brain or
cranium), had generated the characteristics
of a great number of fish-like creatures with
bony skeletons and scales, some of them ag-
gressive and predatory, others peaceful and
harmless. After 350 million years’ worth of
operation, the computer announced a
creature which crawled up out of the water
on to dry land, and then went on to produce
the characteristics of amphibians, reptiles
and, eventually, mammals. And when the
operation had spanned the equivalent of
1,000 million years of evolution, a most
outlandish creature emerged: a vigorous
predatory animal with an extremely well
developed nervous system, travelling on
two legs, its forward extremities swinging
free. It was not difficult to recognize
in this phenomenon a mathematically-
modelled Pithecanthropus, or at least
Australopithecus.

. All the subsequent experiments, which
were based on identical source-data and
programming, produced various results. Let
me recall in this connexion that the com-
puter had been instructed to perform in ac-
cordance with Darwin’s concept of random
variation. In one experiment, fish emerged
on to dry land on three pairs of fins. In
another, the computer announced four-
legged creatures with arms, very similar to
the centaurs of mythology. The exercise
showed that in its details, macro-evolution
was an unpredictable process, and the same
is in all probability true where ‘‘real life’’
evolution is concerned. It is unlikely that in
the future, however far our wanderings in
the Galaxy take us, that we shall find two
planets with identical biospheres.

There is another, no less important con-
clusion to be drawn from the type of experi-
ment to which I have referred. The evolu-
tionary process simulated by the computer
continued satisfactorily under stable en-
vironmental conditions. In all likelihood,
real evolution does not require disturbances
of catastrophic dimensions, such as the drift
of continents or the onset of ice ages, for
new forms of life to develop or old forms to
become extinct. Qur experiments produced
moments when new species were suddenly
formed, and periods when species ceased to
exist, but in each case these phenomena
could be attributed to the influence of other
biotic factors in the biosphere. For example,
one experiment concerned a freshwater en-
vironment which was for a long time
dominated by creatures which resembled
fish, except that they lacked jaws (similar to

the lampreys and hagfish of the
Cyclostomata group of animals); when this
environment was invaded by jawed fish
from the sea, the earlier population declined
rapidly; within a period of years it had vir-
tually disappeared.

The most important conclusion of all,
however, is that Darwin’s principle of
natural selection among random inherited
variations is perfectly adequate for the
mathematical modelling of progressive
macro-evolution. In my opinion, there are
no grounds for believing that the actual pro-

cess of evolution on earth has occurred
otherwise.

In the light of the experiments I have
mentioned, it would appear advisable to
adopt an even more sceptical attitude to
every attempt to discern, in the macro-
evolutionary process, different causes and
mechanisms from those which Darwin an-
nounced in 1859. Should we not be guided
by Newton’s principle of simplicity: ‘‘We
are to admit no more causes of natural
things than such as are both true and suffi-
cient to explain their appearances’’.

B Boris Mednikov

Evolution by computer

These drawings by Soviet scien-
tist V.V. Menshutkin were made
from descriptions provided by a
computer during an experiment
designed to simulate the evolu-
tionary possibilities of the chor-
dates, one of the major groups
into which the animal world is
subdivided. The experiment was
performed using a chordate cali-
ed Amphioxus, a small worm-like
marine animal. Drawing 1 shows
the Amphioxus as it exists today
(above); a primitive ancestor of 1

the animal as imagined by
anatomists (centre) and (below)
the coded description of 24
characteristics of this ancestor
which may be listed as follows:

“A marine organism less than
10 cm long, elongated in form,
with segmental muscles, a
notachord (dorsal hollow nerve
cord), and spinal marrow. it has
neither brain nor cranium, no
pairs of fins nor other ex-
tremities. It feeds on tiny par-
ticles of mud which are absorbed 2

through its pharynx perforated
with branchial slits. It is fertilized
externally, lays tiny eggs, takes
no care of its young.’” Each figure
corresponds to a degree of deve-
lopment of a given characteristic;

in the case of the brain, for exam-
ple, from total absence to full
development. For each genera-
tion, the random figures produc-
ed by the computer only modified
the coefficient of a given
characteristic by one point more
or less: thus viviparity (the pro-
duction of living young rather
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than eggs} and milk feeding for
example, could not appear sud-
denly, through an evolutionary
leap. The computer then sorted
out the different variants and
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conserved the best-adapted. By
the 100th operation {the gap bet-
ween each operation correspond-
ed to approximately one million
years) various kinds of fish with
jaws and pairs of fins appeared in
the water (2). After 350 opera-
tions a species emerged from
water onto dry land {3). After 800 4

operations a profusion of
predatory and non-predatory land
creatures up to 10 metres fong
appeared (4). By the 1,000th
operation a predatory biped ap-

peared, endowed with a highly £
developed nervous system and 2
with the free use of its forward §
extremities (centre of drawing 5). =
<
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