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For ILYA PRIGOGINE
Catalyst of the self-organization paradigm



Consequently: he who wants to have right without wrong,
Order without disorder,

Does not understand the principles

Of heaven and earth.

He does not know how

Things hang together.

Chuang Tzu, Great and Small
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Foreword

A non-technical book about evolution might, at first sight, be taken for a popu-
larization of some of the fascinating recent insights and concepts which science
has brought to this broad theme. However, the purpose of this book transcends
the simple task of providing an up-to-date version of recent advances in science.
My ambition with this book is far greater. It aims at a new synthesis, at letting
appear the contours of an emergent unifying paradigm which sheds unexpected
light on the all-embracing phenomenon of evolution. This new paradigm is the
paradigm of self-organization. With it, an age-old vision is finding its scientific
foundations.

In current theory, evolution is usually considered under the aspects of adapta-
tion and survival. The dire stereotypes of the ‘“survival of the species’ and of
evolution as a ““game in which the only reward is to stay in the game” exert
their fateful influence even on the images we hold of ourselves and of human
life in general. Such a “heroic pessimism” is further enhanced by theories
which view the origin of life as a mere accident, so unlikely that it perhaps
occurred only once in the whole universe.

But life is more than survival and the environment to which it adapts, itself
evolves and adapts. To grasp this co-evolution in a non-dualistic perspective
required the development of a paradigm capable of dealing with self-transcen-
dence, the reaching out beyond the boundaries of one’s own existence, the joy of
creation. The emergent paradigm of self-organization permits the elaboration of
a vision based on the interconnectedness of natural dynamics at all levels of
evolving micro- and macrosystems. From such an interconnectedness of the
human world with overall evolution springs a new sense of meaning. The
ultimate aim of the book is thus a profoundly humanistic one.

An “ecosystem” of new scientific concepts, most of them not older than a
decade, substantiates such a unified, but non-reductionist view of self-
organizing evolution. The most fascinating aspect in the development of these
concepts is the dynamics with which they seem to organize themselves into the
more comprehensive paradigm—which, thereby, furnishes its own proof. The
ambition of the present book is to act as a catalyst in this self-organization.

My richest source of inspiration was my friendship with Ilya Prigogine of the
Free University of Brussels and the University of Texas in Austin. The best

Xili



Xiv Foreword

part of the self-organization paradigm is his life’s work. I owe him and his
collaborators not only innumerable philosophical and scientific discussions, but
also unpublished material. The news that Ilya had been awarded the Nobel
Prize in Chemistry came while I was at work on this book. It came on a
morning at which the skies above Berkeley were white, filled with self-
organizing structures. Everywhere in Northern California tiny balloon spiders
had hatched at the same time, climbed to the tips of grass blades and woven
small silky balloons there. As if responding to a signal, they had all simul-
taneously let go and sailed away in the wind which blew them together until
they formed lofty colonies, sometimes 500 feet long, heroically sailing toward
the founding of a new home—if they did not fall into the water. It was self-trans-
cendence, the reaching-out of evolution, made visible.

However, this book owes much to my contacts with many people. For dis-
cussions, correspondence and the exchange of publications I should like to
thank, above all, the following persons, listed in alphabetical order: Ralph
Abraham (University of California, Santa Cruz), Richard Adams (University of
Texas, Austin), Peter Allen (Free University of Brussels), Agnes Babloyantz
(Free University of Brussels), Gregory Bateson (University of California, Santa
Cruz), Fritjof Capra (University of California, Berkeley), Manfred Eigen (Max
Planck Institute of Biophysical Chemistry, Gottingen), Ingemar Falkehag
(Westvaco, Charleston, S.C.), Paul Feyerabend (University of California,
Berkeley), Roland Fischer (Esporles, Mallorca), Heinz von Foerster (Pescadero,
California), Walter Freeman (University of California, Berkeley), Herbert
Guenther (University of Saskatchewan), Wolf Hilbertz (University of Texas,
Austin), Brian Josephson (Cambridge University), Antonio Lima-de-Faria
(University of Lund, Sweden), Lars Lofgren (University of Lund, Sweden),
Paul MacLean (National Institutes of Health, Bethesda, Maryland), Lynn
Margulis (Boston University), Magoroh Maruyama (Wright Institute,
Berkeley, California), Mael Marvin (Temple University, Philadelphia),
Humberto Maturana (University of Santiago de Chile), Dennis McKenna
(Honolulu), Terence McKenna (Freestone, California), Les Metcalfe (London
Graduate School of Business Studies), Lloyd Motz (Columbia University, New
York), Yuval Ne’eman (University of Tel-Aviv), Walter Pankow (Zurich), Karl
Pribram (Stanford University, Stanford, California), Rupert Riedl (University
of Vienna), Walter Schurian (University of Miinster, Germany), Peter Schuster
(University of Vienna), Paolo Soleri (Arcosanti, Arizona), Isabelle Stengers
(Free University of Brussels), Francisco Varela (New York University), Sir
Geoffrey Vickers (Goring-on-Thames, England), Conrad Waddington
(Edinburgh University, died in September 1975), Christine von Weizsicker
(Kassel), Ernst von Weizsicker (University of Kassel), Arthur Winfree (Purdue
University, Lafayette, Indiana), Milan Zeleny (Copenhagen School of
Economics).



Foreword Xxv

The manuscript was critically read, partially or in zoro, by Manfred Eigen,
Paul Feyerabend, Walter Freeman, Lynn Margulis, Ilya Prigogine, Walter
Schurian and Isabelle Stengers, as well as by the editor of this series, Ervin
Laszlo (UNITAR, New York). I owe them valuable corrections and
suggestions. The remaining errors are my own.

Special thanks are due to Gen Tsaconas of the University of California in
Berkeley for editing the English text in the same meticulous way which she had
already previously applied to three of my former books. She considers the
present book the best.

When, not long ago, the Rastor Institute of Helsinki invited me to a lecture, it
offered me a stipend instead of a honorarium. Work on this book benefited from
it as well as from a visiting professorship at the University of Kassel in the
Summer Semester of 1977.

Finally, I wish to thank the Center for Research in Management of the
University of California, Berkeley—and especially its acting chairman, C.
West Churchman—for the invitation to present the material of this book in
the prestigious framework of the Gaither Lecture Series in Systems Science.
The response of the audience seemed to bear out my hope that this new
science will reach out and touch human life at many levels.

Berkeley (California), Summer, 1979 ERICH JANTSCH
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Introduction and Summary:
The Birth of a Paradigm from a
Metafluctuation

In girum imus nocte et consumimur igni
(We circle in the night and are consumed by the fire)

Old Latin palindrome

A time of self-renewal

The relatively short period between the middle of the 1960s and the
beginning of the 1970s occupies a special position in the history of our
century. It was a period in which traditional social and political structures
were questioned, in which protests against restrictions of human life, which
first were hardly taken seriously, became powerful processes shaping an urge
to find new structures. What all these processes had in common was a
profound concern for self-determination and self-organization, for openness
and plasticity of structures and for their freedom to evolve.

The demand for freedom of speech was only the spark which ignited the
Berkeley campus in 1964/65. It was followed by a movement which spread
like brushfire and which quickly embraced all essential concerns of human
and social life around the world. The protest against the rigidity of the
university and its alienation from reality widened to include the demand for a
redesign of social reality. Ruling governments were put against the wall,
especially in France and Czechoslovakia in the historic year 1968. At the same
time, the Chinese cultural revolution broke up rigidifying structures; Mao
Tse-Tung was the only statesman to welcome this dynamics of self-
organization.

The storm blew over, the structures apparently had resisted—but the world
was no longer the same. The mental and spiritual structures had changed;
new values shaped new guiding images. International big power politics
became increasingly despised and had to accept decisive defeats, not just in

1



2 The Self-organizing Universe

Vietnam. The dictatorships in Greece, Portugal and Spain disappeared over-
night. Even Watergate seems to have been the outcome of a moral renewal.
The question of civil rights started an avalanche in America which would
soon reach Africa and even the Middle East and eventually started an inter-
national discussion on human rights. The Helsinki conference unexpectedly
became a boomerang for the dictatorships of Eastern Europe. But also ithe
frozen structures of world trade, favouring one-sidedly the highly industrial-
ized nations, were for the first time partly broken up in the oil crisis of the
year 1973—and in this area there can be the least doubt that more profound
changes are in the offing.

The political and economic aspects of those turbulent years remain the
most visible in their consequences, but they are not the only ones weighing
heavily. Of even greater importance is the intensification of human conscious-
ness which is leading to a redesign of the individual relationships of humans
with their environment—an environment of fellow humans as well as of
nature. If political and economic changes represented macroscopic aspects of
the systems of human life, the relationships with the environment refer to
microscopic aspects; both must go together. The rising consciousness of an
indivisible unity with nature—and even of human existence as an integral
aspect of nature—has transformed the esotoric notion of an ecosystem into an
immensely practical notion. Today, concepts of environmental protection
rank nationally and internationally on an equal footing with those economic
concepts with which they often do not go together very well. Together with
the recognition of the limits of non-renewable resources, they are even about
to force deep changes in the conventional economic processes, especially in
the direction of a recycling economy instead of linear one-way (throw-away)
processes. Besides the protection of nature against the consequences of
technology, there is also a new spirit of consumer protection, brought about in
America almost single-handedly by Ralph Nader.

Perhaps the most significant change in the consciousness of large parts of
the population is the recognition that the development of technology is not an
aspect of blind progress which must not be hindered, but a product of the
human mind. The greatest technological triumph of the period in question
was not the moonlanding, planned and carried out with incredible
precision, but the withdrawal of the project for an American civil supersonic
plane under the pressure of public opinion.

This new attitude toward technology was the most significant success of
that explicit concern with the future which started to fascinate many people in
this period. The foundations for a conscious and open design of our own
future were laid by Bertrand de Jouvenel (1967) with his notion of
“futuribles’’—a multiplicity of possible futures—and Dennis Gabor (1963)
with his concept of normative forecasting—‘Inventing the Future!” With
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these concepts, the linearity of goalsetting was broken, although it is still
powerfully present in economic thinking, and especially in econometric
models. Whereas conventional economic policy is based on the permanency
of economic and social structures and counts with macroscopic averages, a
process-oriented attitude toward the future acknowledges the power of
individual imagination, of visions which are capable to stir up resonances in
many people and change the structures of reality.

Not only have the external relationships in the human world changed since
the 1960s towards an increasing awareness of being connected with the envi-
ronment in space and time, but so have the internal relationships of man with
himself. The keen occupation with the phenomenon of human consciousness
per se, the rising interest in a ‘“humanistic’’ (that is, a non-reductionist)
psychology, the techniques of a “holistic”’ medicine partly imported from
other cultures—for example, acupuncture—the interest in non-dualistic Far-
Eastern philosophies and exercises such as meditation and yoga, all this is but
another important aspect of the metafluctuation which touched a large part
of mankind at the beginning of the last third of this century. At least in
Berkeley, where this book is written, there can be little doubt about that.
Here, the many branchings of the metafluctuation may still be studied even
after the big wave has run out of energy. Here, history is indivisible.

The self-renewal of science

Viewed from the outside, science seems to have weathered the turbulence of
the recent past without any significant change. The trend toward interdisci-
plinary teaching and research, toward more relevance and closeness to reality,
has subsided; special university centres and programmes which have sprung
up in response to student pressure have been abolished and the power of the
disciplinary departments has been strengthened. Reductionism reigns
supreme.

This academic reductionism is not only an abstract thought-shrinking
process, but also a phenomenon of social significance and this became clear to
me when Peter Brook’s stage version of an anthropological report, “The Ik”,
came to Berkeley. The British anthropologist Colin Turnbull (1972) had
found in the mountains of Uganda a small tribe of perhaps a thousand people
that was not able to cope with its enforced transplantation from the original
hunting grounds to create a new basis of existence. In this situation of hunger
and despair, according to Turnbull’s model, human relations were reduced to
the grossest type of egoism. Mothers chased their children from the fireplace,
dying old people were thrown out of the house to avoid the obligation of a
funeral meal, robbery and murder became practically the only strategy for
survival. Everybody stood against everybody. In a discussion with faculty and
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students of the university, Turnbull emphasized his conviction that, in this
kind of behaviour, he has discovered the ‘‘true human nature’’ which comes to
light when the luxury of culture is shed. He even sees in the Ik the precursors
to a general evolutionary trend. For this argument he let not only speak his
own “conversion’ to the ideology of absolute egoism and the satisfaction of
physical needs, but also the fact that criminal prisoners in British jails fopnd
the play, and especially Turnbull’s vision in the following discussions, of great
interest. To advance from the scum to the avant-garde of evolution warrants
some pride in one’s crimes. The top of the absurd, however, was contributed
to this scholarly discussion by an old professor. Deeply moved, he professed
that Turnbull’s vision had come as a revelation to him, the fulfilment of a life-
long dream, since it now became clear that reductionist science, reducing
human life to “‘objective’’ survival functions, had always been the spearhead
of evolution. The parallel between science, robbery and murder hung in the
air uncontradicted and the discovery of a new, deep insight made the partici-
pants shudder in awe. Instead of horror I saw shiny eyes and open mouths. . . .

And yet, in science also, a tremendous restructuring is underway. Areas
which, for a long time, had been open to speculation only, especially
cosmology, find empirical foundations. The discovery of the background
radiation in 1965 (it had already been predicted in 1948) created for the first
time an opportunity for the direct study of an effect originating in the hot,
early beginning of the universe. Also in 1965 the first of four objects was dis-
covered of which astronomers are reasonably sure that they are ‘“‘black holes”.
They permit the direct study of the “death’ phase of a star.

Equally, in 1965, micropaleontological laboratory methods were developed
which permitted the discovery of microfossils in very old sedimentary rock.
What has been speculation so far, namely the history of the earliest forms of
life on earth, became accessible to direct observation. The oldest of the
microfossils identified since then are 3500 million years old and date back to a
time when our planet had reached less than a quarter of its present age.

The scope of space and time which is accessible to observation has widened
immensely. The largest theoretically observable spatial dimension is limited
by the so-called event horizon; it is determined by the velocity of light and is
at present about 1.5x10% metres.* Indeed, so-called quasars (objects with
extremely intense radiation) have been observed which come close to this dis-
tance. They run away from us at 90 per cent of the velocity of light (the latter
is 300,000 kilometres per second) and their light originated at a time when the
universe had only reached one-eighth of its present age. The smallest observable

*The notation of very large or very small numbers by means of powers of 10 is of immense
practical value. 102 simply means a number with a one and 26 zeroes behind it. 1071 means the
reciprocal of 10" that is, 0,00 . . . 01, with the one appearing at the seventeenth place after the
comma. 1026is 1043 times as big as 10-17, since 26—(—17) = 26+17 = 43.






