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the fracture of cybernetics
raymond ruyer

translated by james kelly

EDITOR’S NOTE

We present this text as a supplement to the recently published translation of Raymond 
Ruyer’s Cybernetics and the Origin of Information (trans. Amélie Berger-Soraruff, 
Andrew Iliadis, Daniel W. Smith, and Ashley Woodward, London: Rowman & Littlefield, 
2023). The original French edition, La Cybernétique et l’origine de l’information, was 
published in 1954, with a second, significantly revised edition appearing in 1968. The 
second edition contained a long section called “The Problems of Cybernetics in 1967”. The 
text presented here is a further addition, the title of which might more literally be rendered 
as “The Fracture-line of Cybernetics in 1979” (“La línea de fractura de la cibernética en 
1979”), which appears only in the 1984 Spanish translation of the book, La Cibernética 
y el origen de la información (trans. Mercedes Córdoba y Magro, Mexico: Fondo de 
Cultura Económica). We have not been able to source a French original, so the text here 
has been translated from the Spanish.1 The text may be read independently of the volume: 
it presents a fascinating view of the fortunes of the cybernetic research programme at the 
end of the 1970s, by a philosopher who had been following it since its inception.

—Ashley Woodward
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On the face of it, writing today in 1979, cybernetics appears to be “behaving well”, 
living up to its promise as a unifying theory of the biological sciences, the social 
sciences and human technics. It remains a scientific – as opposed to mythological 
– theory of order, of the creation of order and of organisation in general, in both 
nature and in human creations.

All that has changed is the name: we now tend to talk of “systems theory” or the 
“systemic approach”.2

Its central and unifying constant is information and its communication. Every 
action is interaction and interaction is always the communication of information. 
Informational interaction precedes the notion of material or spiritual substance, 
of bodies, of particles (physics), of the living body, describable in terms of a 
realised structure (biology). It also anticipates the notion of economic or political 
institutions. Companies or political organisations, for example, can be regarded 
as systems of communication, of the interaction and exchange of information. 
Human society is likewise viewed as being in permanent communication with its 
natural environment, in an ecosystem.

Detractors could object, as some have done, that systems theory is merely the 
latest intellectual fad, the product of a thirst for new terminology with which to 
dress up old ideas in new clothing. Systems theory, as the avatar of cybernetics, 
combined with the rise of ecology, which studies the interdependencies between 
humans and the natural environment, is a meeting point of metaphors and 
analogies, of approximate “models”, transposed with growing efficacy and scope 
from one domain to another. In the best case, the hope is of being able to deduce 
invariants; in the worst, we merely see the invention of dazzling multidisciplinary 
(another fashionable word) explanations in which physics, cosmology, biology and 
politics all form chapters of the new superscience of systems.

These detractors may not be altogether wrong. The work of even the most serious 
“systems theorists” abounds in confusion and obfuscation. Edgar Morin argues 
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that the world has a “Shakespearean” dimension, one of tragedy and farce. There 
are periods that seek to redraw their boundaries, in line with cybernetics, but 
which instead move in open spirals “following a Heraclitean dialectic, in turbulent 
antagonism”. Cybernetic machines are “undulating”. Feedback brings them to 
culminate in a circular stabilisation. This describes the world. Yet the world also 
has a trans-cybernetic principle, one of increasing complexity that comes from 
the integration of disorder, antagonism and turbulence.

In fact, systems theories that pursue the unification of physics, biology and 
sociology are actually precipitating the appearance of a new fracture in what 
cybernetics has sought to – and believed it would – unify.

A closer examination of recent analyses of the central concept of information 
reveals that, on the contrary, it has separated or re-separated, like oil and water. 
Primitive cybernetics sought to use the concept of information in the service of its 
unifying ambition: information can be materialised, represented in a machine – 
either artificial or biological – at the same time as conserving something of its usual 
sense, which is precisely to be meaningful, like the information in a newspaper or 
on the radio. On the one hand, information is an order, cipherable as anti-chance 
or anti-disorder; on the other, it can be used as a scientific synonym of the time-
honoured anti-scientific concepts of finality, meaning, life, consciousness, spirit, 
value, and good and evil, in both biological and social life.

On the one hand, inspired by information theory, over the last ten years biology 
has become “reductionist”, materialist and focused on the molecular level. It 
interprets the word information “figuratively”. It talks of “code” but in a way that 
is highly specific and questionable. On the other, information theory has also 
provided a source of inspiration for sociology and the social sciences, this time 
in the usual sense of conscious knowledge provided by words, text or images. 
Here, the emphasis has been on finding models of ultrademocratic societies, 
characterised not by the order that comes from the control of a traditional power 
but by information made available to everyone and which gives everyone power 
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for control, permanent debate and tolerance. In this case, order is nothing more 
than the expression of a “civil coexistence”. Under no circumstances can it be 
allowed to materialise in institutions–organs.

There is a blatant contradiction here: the free circulation of information (as 
conscious meaning, in freedom of expression) prevents information in its totality 
(as a structural–material organisation of society). Any attempt at reconciliation 
can only be rhetorical.

Let us then take a clear-headed look at both sides of the fracture:

A) Thanks to cybernetics and information theory, biology appears to have become 
“mechanistic”.

The discovery of molecular genetics has led to the organism being compared 
to a programmed machine. From the perspective of embryogenesis, this 
programming is all in the genes, constituted by DNA molecules. These molecules 
are polynucleotides characterised by different sequences of four nitrogenous 
bases: A, T, G and C. In other words, we are dealing with a message written in a 
four-letter alphabet. DNA orders the formation of the proteins that make up the 
living cell. These proteins are made from the arrangement of thousands of amino 
acids, of which there are 20 classes. A “triplet” of the A, T, G, C bases is enough to 
give four to the power of three “words” (64 in total). This is more than the number 
needed to choose and arrange the 20 amino acids in the transition of the gene into 
a protein. There is also redundancy here: an amino acid can be “codified” by many 
triplets.

All this, which evokes a game of dominoes or a puzzle, has nothing to do with 
cybernetics. Where cybernetics does come in, however, is in the ordering of 
the activity or inactivity of genes to determine whether they produce the 
corresponding proteins in response to the “demands” of the cell by the “operators” 
or the “repressors”. However, this ordering is not the result of feedback, in an 
informational flow, like a self-regulated machine on a large scale: it remains the 
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product of a game of dominoes. Here, we are far removed from the centrifugal 
governor of the steam engine and further still from Morin’s “Heraclitean” 
turbulent “antagonisms”.

How then can we explain the origin of the genetic programmes themselves? 
Where does their order come from? The transfer of information – or, better put, 
the “transfer of form” from the DNA to the cellular proteins and enzymes – is 
easily conceivable. However, the passage from cellular enzymes to the large-scale 
forms of the multi-cellular organism is much less so. These forms are almost 
always meaningful: they are useful and indispensable; they are “organic” in the 
etymological sense of the word; that is, they are instrumental. They are most 
commonly self-regulation devices, like artificial cybernetic machines. They are 
conduits, filters, pumps or retorts. They are often also aesthetically meaningful, 
such as organs to be seen.

How do we explain this passage from a game of molecular dominoes, from a 
figurative programme or pseudo-code, which is merely the correspondence of an 
elementary chemical utensil and its products, to the unexplained appearance of 
these organic apparatus? Once constituted, such devices are cybernetic. Yet it is not 
cybernetics that accounts for their appearance. Similarly, how can we explain the 
appearance of the genetic programme itself, if we can now speak of a programme?

Contemporary geneticists like Harold J. Morowitz, Jacques Monod, François 
Jacob and Henri Atlan have nonetheless tried.3

In a pertinent observation, Max Robert Schafroth has suggested we may be dealing 
with negentropy, or rather, potential anti-disorder. He gives the example of a 
scientist who piles up papers in a seemingly random fashion – that is, in disorder 
– on their desk. The scientist can easily find the papers they need but if somebody 
were to restore order, they might struggle to find anything at all.

Olivier Costa de Beauregard contends that here the word “potential” cannot 
designate anything other than the psyche of the observer, who knows where the 
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book is and can find it among this apparent disorder.4

However, the other authors mentioned do not share this opinion. To go from 
potential anti-disorder or from real disorder to information – we should say a “real 
formation” – all we need is for a device to capture the order and the underlying 
disorder. Such a device need not be conceived as psychic or imaginary, like 
Maxwell’s demon selecting the right molecules, or Schafroth’s scientist, who is 
able to pinpoint the correct paper among the confusion. We may be dealing with 
self-assembly by “organising chance” and the capture of the underlying disorder.

The few followers of the work of von Förster (cited by Atlan) provide us with the 
model.5 Imagine a box that contains a large number of small cubes, each with a 
small magnet on their faces. On each face the north pole can point to the outside 
or the inside of the cube, with the south pole on the opposite face. The box is 
then filled with small glass pebbles, which occupy the spaces between the cubes 
and allow them to float. When the box is shaken, if all the cubes have their faces 
magnetised to the north or they all have their faces magnetised to the south, they 
repel each other and no order is established. However, if three of the faces are 
magnetised to the north and the three opposite faces to the south, every time 
we shake the box and stop to look inside, we will see a transformation has taken 
place. An unenlightened observer might conclude that we are in the presence of 
a programmed organisation; that there are tiny “demons” at work inside the box.

Yet there is nothing more going on here than random shaking – disordered 
“noises” – which gives rise to order. The initial random structures among the 
magnetic cubes immediately capture the cubes that are still free, as if following a 
programme, acting as a “receiving structure” that feeds on stimulation from its 
surroundings as an assimilable input.

It is the same principle that is at work in a self-winding watch: the disorderly 
movements of our wrist act on the mainspring, causing an increase in negentropy.

In short, chance, or this “random noise”, can create order, provided it is captured 
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by a “receptive structure”.

What is perhaps most interesting is that the receptive structure itself can arise 
from simple fluctuations in a completely random system, with the sole requirement 
that the system contains a superabundance – a redundancy – of micro-orders 
(defined by the nature of the elements themselves, like the north and south faces 
of the cubes). The planets of our solar system were formed this way: the higher 
density of cosmic dust in certain locations attracted more dust. The growth of 
the protoplanets was then driven by the constant bombardment and capture 
of meteorites. Likewise, crystals form from supersaturated solutions, like von 
Förster’s structures.

The only difference between what we call living organisms and crystals is that 
the respective chemical bonds in the pre-vital molecules are weaker (hydrogen 
bond, van der Waals forces) than the crystalline bonds. Only the skeleton, of large 
molecules, is based on the crystalline covalent bonds. However, the weaker, non-
covalent bonds “clothe” this skeleton in more fragile, labile structures that are in a 
state of constant imbalance and are continuously reordering, with a higher degree 
of complexity, allowing the hierarchy of structures that Jacob calls “integrons”.6 
Between these hierarchical levels, the organic information, the organic anti-
disorder, can circulate through the transfer of order, just like how, in quantum 
chemistry, the peripheral electrons of atoms are delocalised and shared by the 
molecule, which gains in ordered complexity what the constitutive atoms lose 
from this delocalisation, which is a form of de-information that can be used by the 
higher level (Judith Polonsky).

The higher levels of order can thus use the disorder of the lower ones; feeding 
by capture, being relatively stable and secure, even when the lower levels are 
fluctuating and full of errors (with respect to the “demands” of the higher level), 
provided they are redundant. In short, the higher levels can make use not only of 
the order but also of the disorder, the “noise” of the lower levels. In our example 
of the accumulation of cosmic dust, the planets can feed off anything. Amid the 
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confusing noise of conversations, a paranoid brain perceives that which feeds its 
obsessions.

In short, there are no “plans” of living beings or organic systems, not even the 
“plan” of reproduction. On this point, modern systems theorists have abandoned 
the perspective of Monod and Jacob, according to which everything takes place as 
if the property of reproduction and the “plan” of reproduction were the sole end, 
or rather the sole “teleonomy” of vital organisation. For Monod and Jacob, the 
organism’s only “plan” is to die. However, the path towards death prolongs itself: 
like a river on an almost level plane, it meanders as if voluntarily putting off the 
moment at which it will continue on out to sea.

Reproduction itself depends on a “memory” (in the non-psychological sense of 
the word) mechanically added to a system in a state of non-equilibrium, due to the 
property of self-organisation and self-assembly.

There is no “plan” and, as such, no “programme”. The “genetic code” constitutes 
itself through the effects of random factors, putting paid to the cybernetic 
interpretation. In fact, this is logical. A self-regulating machine cannot constitute 
itself, with its given programmes that can be realised via feedback, thanks to a 
supersystem whose “plan” is to create a plan machine (materialised in genetic 
programmes). The programmes–controls themselves are derived from chance, 
from the “noise” that feeds them, from antagonism from the environment, which 
maintain and enhance the organism before finally bringing about its death.

In the beginning, it was (disordered) Noise and Order, with or without an 
added memory–programme, as output. The moral of the story is that stripping 
information of all meaning inevitably returns us to Democritus and his simplistic 
philosophy.

B) Let us now examine the other side of the fracture: systems theory in the 
service of an essentially informational sociology. The picture changes. Despite 
frequently incoherent themes, when it comes to sociology, systems theory – the 
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daughter of cybernetics – tends to use the word “information” in the traditional 
and psychological sense. Systemic analysis – “modelling”, where the elements of 
the system are represented in interaction and not in linear fashion – has been 
applied to many areas of society: business management, ecology, urbanism, public 
works, education and operations research.

Joël de Rosnay, inspired by the work he has been involved in at MIT, sets out 
the practical commandments for the systemic approach.7 The most important 
“commandments” are:

1. Conserve “variety” to avoid the imbalances to which we expose ourselves 
by unilateral and irreversible choices. For example, the agricultural practice of 
monoculture is dangerous because it rests on a single species, animal or plant. It 
is also dangerous to eliminate momentarily harmful species, as well as predators 
and harmful plants, since these may prove indispensable. This understanding 
underpins ecological restoration and the reintroduction of animals perceived as 
harmful, such as wolves or eagles, which in fact play a role in natural cycles and 
the feedback loops through which regulation takes place.

2. Decentralise, allowing “local” instances of feedback to take place, without the 
imposition of a single “arbitrary” programme. While this commandment may 
seem to contradict the systemic approach, systemic is not the same as systematic. 
In the living organism, much regulation takes place outside the control of the 
central nervous system (the regulations of enzymes, breathing, the efforts of the 
heart).

3. Choose, however, constraints that work against passions and correct instances of 
positive feedback that amplify reactions (for example, a race for economic growth 
and production at all costs, devouring natural resources and energy) in order to 
foster negative feedback that leads the system to more organic “steady states”.

4. Allow antagonism to permit ongoing change. Allowing some disorder – and 
even to a certain extent anarchy – is also an example of avoiding rigid, sclerotic 
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structures that are unable to evolve.

So far, there is still some parallel with systems theory based on randomness 
in biology, notably the use of or praise for “creative antagonism”. However, the 
remaining commandments break with this parallel, interpreting information in a 
purely psychological sense.

5. Set “goals” to be achieved, without detailed programming.

Computer operators know the importance of preparing their machines for jobs, 
meticulously programming what they should do based on their circuits and 
memories to be consulted. The computer then runs without being able to modify 
any aspect of its operation.

A servomechanism adapts to meet a target–control that is materially fixed. 
However, it merely functions, even when any deviations are corrected by feedback.

In contrast, in the human–social situation, the target must be understood, implying 
psychological participation. Meticulous programming imposed on participants 
runs the risk of paralysis. Similarly, feedback on what is “already realised” cannot 
be mechanised. Feedback must be understood by the relevant executors.

6. Respect the spontaneous time of the executors and leave sufficient time for 
“realisation”, in every sense of the word, including the time to correctly understand 
the order received and the directional information.

We are also far from reductionist biology when the systemic approach becomes a 
plea – often at once abusive and extremist – for self-management, for “transparent 
democracy”, for free information at all levels and in all senses; the control of 
everyone by everyone and constant debate on restrictions approved not only by 
power but by a democratic Constitution: in short, for an interactive society with 
highly developed communication networks: telephone lines, the radio, not only 
of the State, but also of amateurs, the use of television as a terminal to access 
“databases”, the permanent interpellation of citizen power, in social feedback, and 
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a state of permanent referendum, not just nationally but at the planetary scale, in 
a universal eco-socialism.

It is easy to see that the value attached here to universal “psychological” 
information will yield precisely the opposite results of the theory of information–
order. It will lead to a state of anarchy that will swiftly become intolerable, not to a 
steady social state with one solid or consolidated part, and a more labile part that 
accommodates any chance and novelty that can be incorporated. When dealing 
with intemperate psychological information, dangerous passions arise: panic, 
impulsive crusades, unbridled enthusiasm, pogroms, waves of absurd demands. 
All this is to say nothing of the passions caused by conflicts in the arts and culture, 
which seek out the sensational and extravagant. In short, there exist forms of 
positive psychological feedback that can be just as dangerous, if not more so, than 
the unchecked industrial market economy. Universal intercontrol becomes a lack 
of overall control.

Even under the most reasonable interpretation of the systemic and ecological 
approach, and despite the concern exhibited by systems theory in its preaching 
of virtue, research on “long-term” equilibria and on recycling to prevent the 
exhaustion of natural resources is often subject to strong “materialist” constraints. 
It neglects the ecology of populations and peoples, or merely perceives them in 
the form of quantitative demographics. It forgets the “ideals” spontaneously held 
by religious traditions without systemic analysis, marked by the veneration of 
ancestors, concerns for posterity and the longevity of the community, and the 
“hygienic” preservation of customs. These ideals are bound up with consecrations 
that may appear to be superstitions but are actually indispensable, often dismissed 
by systems theorists as irrational “taboos”.

When it comes to the lineage of human generations, feedback from future to present 
is impossible. We cannot know today the situation one or two centuries down the 
line of humans and of institutions that rest on foundations that currently appear 
to conform to the systemic rationality of the present or the “short term”. We can 
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foresee – something that is also difficult to “realise” with all its consequences 
– the exhaustion of fossil fuels and we can cut down on our use of them as a 
result. However, it is impossible to foresee the exhaustion of “vital beliefs”, after a 
systemic rationalisation of the “short-term”.8

Must we then conclude that cybernetics – and its avatar, systems theory – has 
failed? The answer is yes if we continue to radically separate information as a 
mere physical quantity – as negentropy – from information as conscious meaning 
and if we continue to bury our heads in the sand, ignoring the fact that all material 
feedback is merely the secondary materialisation of a psychic–material feedback, 
of trans-material control.

On the other hand, if the proponents of cybernetics and systems theorists truly 
begin to pay service to their own rule number five, the answer is no. This means 
accepting the thematic – and thus truly organic and psychic – nature of living 
reality and possible programmes of action.

Unfortunately, there is currently a veritable “black hole” in the system of the sciences, 
a hole that paradoxically stems from the very programmes of biology. Molecular 
and reductionist genetics has prevented or blown off course the understanding 
of embryogenesis, where everything proceeds by formative themes, by regulated 
hierarchical interinformation, which awakens “potential competencies” in the 
receptor zones, not in a sort of anarchic cellular democracy but in an organisation 
dominated by intelligent memories and transrational formative instincts. These 
formative instincts are capable of real learning, based on a primary consciousness 
and primary intelligence, one that is not limited to providing information about 
the environment but that installs appropriate response organs. On this point, Jean 
Piaget – who is sometimes cited by reductionist biologists – and above all Gregory 
Bateson (named by his father, the Darwinian biologist, in honour of Gregor Mendel, 
but who no longer believes much in genetics) provide a categorical refutation.

For Bateson, information is not a message whose content can be enumerated in 
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elementary information, that is, in “bits”. The word “know”, he explains, is “not 
merely ambiguous in covering both connaitre (to know through the senses, to 
recognize or perceive) and savoir (to know in the mind)”.9

The phrase “I know the way to Cambridge” can thus mean: (i) I have looked at the 
map and can give you directions; (ii) I can remember parts of the route and can 
recognise some of the features if I travel it; (iii) I can trust that I will take the right 
turnings by habit without having to think about where I am going.

Embryogenesis and vital behaviours are commonly of the third kind: they are 
more like informed adaptation than information based on a chemical messenger 
or code. In the words of Bateson: “A shark is beautifully shaped for locomotion in 
water, but the genome of the shark surely does not contain direct information about 
hydrodynamics. Rather, the genome must be supposed to contain information or 
instructions which are the complement of hydrodynamics. Not hydrodynamics, but 
what hydrodynamics requires, has been built up in the shark’s genome. Similarly, 
a migratory bird perhaps does not know the way to its destination in any of the 
senses outlined above, but the bird may contain the complementary instructions 
necessary to cause it to fly right.”10

Bateson also sketches a cybernetic theory of alcoholism, interpreting the psychic 
aspect of alcoholism – in its circle – as a “system” in which the following play a 
role: (i) pride itself, the sense of being able to drink or refrain from doing so at will; 
(ii) the challenge – directed at a sort of “other self” – of the risk of relapse; (iii) 
the challenge of “symmetric escalation”, that is, of peer pressure from a “group of 
friends”; (iv) the challenge of a wife or therapist, of authority, of power in general, 
or of God.

Returning to biology, we all know that in evolution in general there is a fundamental 
analogy between “learning” and “evolutionary process”. Certain figures, such as 
Samuel Butler and Gregory Bateson, who expressly cites Butler in Life and Habit, 
argue that the evolutionary process is a sort of learning, of a psychic nature, while 
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others, such as William Ross Ashby, Atlan and the reductionists argue on the 
contrary that learning is merely an evolutionary change, based on chance and 
mutations caused by chance, by foreseen processes, automatically captured, which 
contradicts embryology as unforeseeable and the direct study, in zoology and 
palaeontology, of changes in species.11

The “black hole” of embryology-limited-to-molecular-genetics has prevented 
the perfect alignment of biology and normal or pathological psychology, and 
sociology. It has prevented the passage from embryology to ethology (the study 
of animal behaviour) and to ethnology (the study of the customs of different 
peoples). Historical and structural linguistics nonetheless fill this “black hole” or 
catastrophic fracture, which runs in parallel to the cybernetic one.

It falls to genuine cybernetics to recover, thanks to a better understanding of 
embryology, the true meaning of information, the key to any organic system.

The evolution of the sciences as a whole clearly shows that cybernetics cannot 
be mechanistic, or that mechanistic cybernetics is merely the shadow of a higher 
cybernetics, based on meanings, in which the “responses” are ones that are 
inventive of forms.

RAYMOND RUYER (1902–1987) was a professor of Philosophy at the 
Université de Nancy.

JAMES KELLY is Assistant Professor of Interpreting and Translation in 
the Department of Languages and Intercultural Studies at Edinburgh’s 
Heriot-Watt University. His research is focused on exploring the links 
between language, landscapes, time and ecology. 



the fracture of cybernetics · 39 

NOTES

1. Every effort has been made to obtain permission from Fondo de Cultura Económica but these 
efforts have been unsuccessful.
2. Cf. Ludwig von Bertalanffy, General System Theory: Foundations, Development, Applications 
(New York: George Braziller, 1968).
3. Harold J. Morowitz, Energy Flow in Biology: Biological Organization as a Problem in Thermal 
Physics (New York: Academic Press, 1968); Jacques Monod, Chance and Necessity: An Essay on 
the Natural Philosophy of Modern Biology, trans. A. Wainhouse (New York, NY: Knopf, 1971); 
François Jacob, The Logic of Living Systems: A History of Heredity, trans. B.E. Spillmann (London: 
Allen Lane, 1974); Henri Atlan, La organisation biologique et la théorie de l’information (Paris: Seuil, 
1972). See also the work of Rothstein, Polonsky, J. Cowan, Von Foerster and R. Thom.
4. See: Olivier Costa de Beauregard, Le second principe de la sience du temps (Paris: Seuil, 1963), 
66–9.
5. Heinz von Förster, “On Self-Organizing Systems and Their Environments,” in Self-organizing 
Systems. Proceedings of an Interdisciplinary Conference, 5 and 6 May, 1959, ed. M.C. Yovits and S. 
Cameron (Oxford: Pergamon Press, 1959), 31–50. Cited in Atlan, La organisation biologique, 245.
6. Jacob, The Logic of Living Systems.
7. Joël de Rosnay, The Macroscope: A New World Scientific System, trans. R. Edwards (New York: 
Harper and Row, 1979). See also: Jacques Attali and Marc Guillaume, L’anti-économique (Paris: 
P.U.F., 1954); Henri Laborit, La nouvelle grille (Paris: R. Laffont, 1974); Edgar Morin, Method: 
Towards a Study of Humankind. Volume 1: The Nature of Nature, trans. J.L. Roland Belanger (New 
York: Peter Lang, 1992); Benjamin. D. Singer, Feedback and Society: A Study of Mass Channels 
for Coping (Lexington: Lexington Books, 1973); Gregory Bateson, Steps to an Ecology of Mind: 
Collected Essays in Anthropology, Psychiatry, Evolution, and Epistemology (Aylesbury: Intertext, 
1972); Arthur Koestler, Janus: A Summing Up (London: Hutchinson, 1979).
8. Cf. Raymond Ruyer, Les cent prochains siècles (Paris: Fayard, 1977).
9. Bateson, Steps to an Ecology, 143.
10. Bateson, Steps to an Ecology, 143–4.
11. Pierre Grassé, Evolution of living organisms: evidence for a new theory of transformation, trans. 
Anonymous (New York: London Academic Press, 1977).


