Nature’'s Magic

Synergy in Evolution and
the Fate of Humankind

Peter Corning

Institute for the Study of Complex Systems
Palo Alto, California

B CAMBRIDGE
;t; UNIVERSITY PRESS



PUBLISHED BY THE PRESS SYNDICATE OF THE UNIVERSITY OF CAMBRIDGE
The Pitt Building, Trumpington Street, Cambridge, United Kingdom

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Cambridge cB2 2RrU, UK

40 West 20th Street, New York, NY 10011-4211, USA

477 Williamstown Road, Port Melbourne, vic 3207, Australia
Ruiz de Alarcén 13, 28014 Madrid, Spain

Dock House, The Waterfront, Cape Town 8oor1, South Africa

http: / www.cambridge.org
© Cambridge University Press 2003

This book is in copyright. Subject to statutory exception

and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 2003

Printed in the United States of America

Typefaces Sabon 10/13 pt. and 17C Symbol ~ System BTEX 2¢  [TB]
A catalog record for this book is available from the British Library.

Library of Congress Cataloging in Publication data

Corning, Peter A., 1935—
Nature’s magic : synergy in evolution and the fate of humankind / Peter A. Corning.
. cm.
Includes bibliographical references (p.).
ISBN 0-521-82547-4 (HB)
1. Evolution (Biology) 2. Human evolution. 1. Title.

QH366.2. C73 2003
576.8—dc21 2002031552

ISBN O 521 82547 4 hardback

The publisher has used its best endeavors to insure that the URLs for external websites
referred to in this book are correct and active at the time of going to press. However, the
publisher has no responsibility for the websites and can make no guarantee that a site will
remain live or that the content is or will remain appropriate.



Contents

Prologue: The New Evolutionary Paradigm e 1

What Is Synergy? e The Causal Role of Synergy in Evolution e The
“Synergistic Ape” e The Perils of Prediction

The “Enchanted Loom” e 8

A Golden Tapestry of Synergies e Technology as Synergy e
Synergies ‘R’ Us ¢ Synergistic Neurons ¢ The Varieties of
Synergy e Synergy Is Everywhere

The Magic Castle ¢ 35

The Big Whoosh e Enter Synergy e Synergy and Gravity e Fusion
and Synergy ¢ Chemistry and Synergy e The Anthropic

Principle e Architectonics in Evolution e Nature’s Wizardry e
Catch-22 and the Synergy of RNA ¢ The Evidence from
Stromatolites ¢ Symbiosis as a Form of Synergy e Eukaryotes
Are Us ¢ “Symbiogenesis” ¢ The Economics of Symbiosis e
Multicellular Synergy e Photosynthesis and Synergy ¢ Cambrian
Synergy e Social Synergy e Synergy in Ecosystems e An Oasis

of Synergy e Synergy in the Biosphere ¢ Good Gaia! ¢ The Whole
Shebang

“Black Magic” o 77

Negative Synergy Is Not an Oxymoron e “Dysergy” in
Cyberspace ¢ Threshold Effects ¢ Negative Social Synergy ¢ The
Titanic Effect ¢ Synergy Minus One e Synergy Goes to War e Y2K:
A Close Call « The Paradox of Dependency e “Devolution” as a
Loss of Synergy ¢ A Biblical Example e The Rise and Fall

of Rome ¢ Pox Romana » The Lessons of History e High and Low
Synergy ¢ Negative Synergy in Nature

Vii



viii

CONTENTS

The Synergism Hypothesis ¢ 103

Why Not Synergy? e The Vicissitudes of Synergy e The
Ideological Debate about Evolution e A Favorable Tide? ¢ Where
Is Natural Selection? e The “Causes” of Evolution e The Synergism
Hypothesis ¢ Synergy and the Evolution of Complexity e The
Selfish Genome e Seeing with New Eyes ¢ Growing Support for
This Theory e The Economics of Synergy e Cooperation Versus
Competition e Testing for Synergy ¢ Neo-Darwinism Compared e
Egoistic Cooperation e Game Theory Revisited e Other
Problems e Indirect Reciprocity e Synergistic Selection e

A Stalking Horse ¢ Turning the Necker Cube ¢ Weighing the
Synergism Hypothesis ¢ Consider the Alternatives ¢ Holistic
Darwinism: The New Evolutionary Paradigm

“The Sorcerer’s Apprentice” e 153

Lamarck’s Vision e Organic Selection e The “Pacemaker” of
Evolution e Legendary Learners e The “Sentient Symphony” e
Social Learning e Tool-Using Synergy ¢ Culture Wars ¢ Lamarck’s
Ghost e Other Voices ¢ Evolution “on Purpose” e Chance,
Necessity, and Teleonomy e “Downward Causation” ¢ Selfish
Memes? ¢ “Feedback”[sic] ® “Neo-Lamarckian Selection” e

A Two-Way Street ¢ Neo-Lamarckian Selection and Human
Evolution

Conjuring Human Evolution: The Synergistic Ape 188

A Wealth of Scenarios ¢ The Killer Ape ¢ Food-Sharing ¢ The
Nuclear Family e The Synergism Hypothesis and Human
Evolution ¢ What Was the Context? e Primate Pre-Adaptations e
Australopithecine Synergy ¢ A Division of Labor? e Tools and
Synergy ¢ Hard Evidence for Soft Technologies e The Social
Triad e “Homo Intermedius” A Technological Revolution e

A Neo-Lamarckian Process ¢ A Hotbed of Synergy e Culture,
Language, and Synergy ¢ “Homo Symbolicus”  Language as a
Prime Mover? e Language as an Invention ¢ The Human
“Revolution”? e Two Paths to Modern Humans ¢ A Synergistic
“Package” * Prehistoric Warfare? e The Rise of the Zulu Nation e
Occam’s Razor Revisited e The Synergistic Species



CONTENTS ix

Conjuring History: Does Cultural Evolution Have an
“Arrow”? e 240

An Ancient ldea e The Age of Spencer ¢ A Passel of Prime
Movers e The Social Conflict School e Technological
Determinism e What Is Technology? ¢ Sunflower Qil ¢ The
Automobile Revolution ¢ Technology and the Synergism
Hypothesis ¢ Down with Prime Movers! e A Trajectory without an
Arrow e The Cultural “Gear-Train” e Synergy in Cultural Evolution
e Synergy in Settlements e The Agricultural “Revolution” e
Synergy in Chiefdomships and States ¢ The Paradox of
Dependency ¢ Upward and Onward?

The Science of History ¢ 278

Pythagoras and “The Music of the Spheres” e The
Neo-Pythagoreans ¢ The Quest for Laws of History ¢ The Law of
Evolution? e Order for Free? e Self-Organization ¢ The Law of
Higglety Pigglety e Is the “Science of History”an Oxymoron? e
Emergence and the Rules of Chess ¢ Molecular Computers e
Simple Models and the Hierarchy of Nature e The Causal Role of
Synergy in Evolution ¢ An Unfinished Symphony

Conjuring the Future: What Can We Predict? ¢ 300

The Logic of Synergy e The Logic of Failure e The Perils of
Prediction e Replacing Forecasts with Strategic Plans ¢ Some
Contingent Trends ¢ Cassandra Meets Pollyanna ¢ Synergy and
the Fate of Humankind e Tying Up the Loose Threads e Revisiting
“The Sorcerer’s Apprentice”

Afterword ¢ 320
Notes o 325
References o 372
Index o 431



Prologue: The New Evolutionary
Paradigm

True innovation occurs when things are put together
for the first time that had been separate.

Arthur Koestler
Beyond Reductionism

hen Arthur Koestler, the famed novelist and respected polymath,
penned those words more than 30 years ago, he was seeking to draw our
attention to a phenomenon that is greatly underrated and vastly more im-
portant even than Koestler imagined. I call it nature’s magic.

Grand theories are commonplace these days. It seems that new ideas
must shout to be heard. So the claims for this book may sound like hy-
perbole as usual. The thesis, in brief, is that synergy — a vaguely familiar
term to many of us — is actually one of the great governing principles of
the natural world. It has been a wellspring of creativity in the evolution of
the universe, and it has greatly influenced the overall trajectory of life on
Earth. It has played a decisive role in the emergence of humankind. It is
vital to the workings of every modern society. And it is no exaggeration to
say that our ultimate fate depends upon it.

All this may sound like so much dust-jacket rhetoric, but the Synergism
Hypothesis (as I call it) is a serious scientific theory that is fully consistent
with Darwin’s theory, and with the canons of the physical, biological, and
social sciences, not to mention the new science of complexity. The theory,
in a nutshell, is that synergy is not only a ubiquitous effect in nature; it
has also played a key causal role in the evolutionary process. It has been
at once the fountainhead and the raison d’étre for the progressive increase
in complexity over the broad span of evolutionary history. Far from being
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2 THE NEW EVOLUTIONARY PARADIGM

law-like and predictable, however, this trend has always involved an open-
ended, creative, historically constrained experiment in which economic cri-
teria (broadly defined) have predominated. Complexity — in nature and
human societies alike — is not the product of some inexorable force, or
mechanism, or “law.” It has been shaped by the immediate functional
advantages — the “payoffs” — arising from various forms of synergy.

What Is Synergy?

How do I define synergy? Very broadly, the term refers to the combined,
or cooperative, effects produced by the relationships among various forces,
particles, elements, parts, or individuals in a given context — effects that are
not otherwise possible. The term is derived from the Greek word synergos,
meaning “working together” or, literally, “co-operating.” Synergy is often
associated with the cliché, “the whole is greater than the sum of its parts”
(which dates back to Aristotle, in the Metaphysics), but this is actually a
rather narrow and even misleading characterization. In fact, synergy comes
in many different forms; sometimes wholes are not greater than the sum of
their parts, just different. We will examine the phenomenon of synergy in
greater depth in the next few chapters. Here are just a few brief examples,
starting with some of the basic forces of nature:

The center of gravity of an object, say an automobile, is actually a syn-
ergistic effect. It depends upon how the combined weight of all its parts
is distributed, as we learned in school. But if we were to disassemble the
car, its center of gravity would disappear; it would be parceled out (so
to speak) among each of the 15,000 or so individual parts.

The vortex, or whirlpool, that occurs when your bath water flows down
the drain is actually a complex effect produced by the combined actions
of several different forces — gravity, water pressure, air pressure, rota-
tional forces, centrifugal forces, even the initial state of the bath water.
“Supermolecules” of 50 atoms or more may take on wholly new col-
lective properties that their lightweight cousins lack — greater stability,
better binding capabilities, a different geometry, less energy dissipation
(entropy), and the like.

Chlorine and sodium are both toxic to humans by themselves, but when
they are combined they produce a totally new substance that is positively
beneficial (in moderate amounts) — ordinary table salt.
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Chrome-nickel-steel, an alloy synthesized from three natural elements,
may be stronger by 35% than all of its constituents added together. In
the bargain, chrome-nickel-steel has rust-free properties, another syn-
ergistic effect. (The nickel adds strength to the steel and the chromium
reduces its tendency to oxidize.)

Synergy is commonplace in medicine and health care. One example is
the effect produced by using atropine and prednisone together to treat
eye inflammations. The atropine serves to dilate the eyes so that the
prednisone, an anti-inflammatory drug, can work more effectively.
Our alphabet is also highly synergistic. Take the words “rat,” “
and “bat.” Each combination of letters produces a different image in
the reader’s mind. But imagine what would happen if the vowels were
removed. Like the coins that magically disappear into a prestidigitator’s
folded handkerchief, the synergy would vanish and we would be left
with the two-letter nonsense combinations rt, ct, bt.

One cup of beans, eaten by itself, provides the nutritional equivalent
of 2 ounces of steak. Three cups of whole-grain flour consumed alone
provides the equivalent of 5 ounces of steak. But when they are ingested
together, they provide the equivalent of 9.33 ounces of steak, or 33%
more usable protein. The reason is that their constituent amino acids
are highly complementary. Grains are low in lysine, while legumes are
low in methionine. When combined they compensate for each other’s
deficiencies. In other words, the whole taco is truly greater, nutritionally,
than the sum of its parts.

Lichen, patchy growths that are found on tree trunks, rocks, and even
bare ground in many woodland areas, are legendary for their ability
to colonize barren environments as well. The key to their success as
“nature’s pioneers” lies in their complementary talents. Lichens actually
consist of symbiotic partnerships between various kinds of green al-
gae, or cyanobacteria, and fungi. (There are more than 20,000 different
lichen species all told.) The algae or cyanobacteria are photosynthesiz-
ers. They provide energy-capturing services, while the fungi bring to
the partnership both surface-gripping and water-storage capabilities —
talents that are especially useful in a harsh environment. The partners
may even join forces to create a specialized reproductive organ called a
thallus that produces combined, symbiotic spores. Together, the “team”
can do what neither partner can do alone.”

“Tensegrity” (tensional integrity) refers to the way in which the coun-
teracting effects of compression and tension can be used synergistically

2
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4 THE NEW EVOLUTIONARY PARADIGM

to achieve structural “integrity” in certain self-stabilizing physical
structures. The term tensegrity was coined by the well-known engineer—
inventor Buckminster Fuller (who, incidentally, also promoted the
concept of synergy) to characterize his most famous invention, the
remarkable geodesic domes that today number in the hundreds of thou-
sands world-wide.> We now know that many kinds of tensegrity struc-
tures also exist in nature. One example is the appropriately named
“buckminsterfullerene” — carbon-6o and several variants. The great
stability and remarkable binding properties achieved by these recently
synthesized “supermolecules” of pure carbon (affectionately known as
“Bucky Balls”) derive from their physical resemblance to geodesic domes
and soccer balls. Another example of tensegrity, closer to home, is the
human body. The interaction between our bones, muscles, tendons, and
ligaments gives our bodies their distinctive combination of structural
stability and mobility. Likewise, every one of the ten trillion or so cells
in each of our bodies is supported by an internal scaffolding, called a
cytoskeleton, which is composed of actin filaments and microtubules.
The actin filaments counteract pulling forces that are exerted on the cell
and the microtubules resist compression forces. We are totally dependent
on these and many other kinds of synergy. (Indeed, Harvard pathology
professor Donald E. Ingber sees tensegrity as one of the basic organizing
principles in life.3)

The Causal Role of Synergy in Evolution

Accordingly, I will argue that synergy ranks up there with such heavyweight
concepts as gravity, energy, entropy, and information as one of the keys to
understanding how the world works and how we got here — not to mention
where we are going. Moreover, synergy has been a creative dynamo and
a prolific source of innovation in evolution, as we shall see. Synergy was
present at the “Big Bang.” It has been deeply involved in the evolution of our
physical universe. Some time after the Earth first evolved, some 4.5 billion
years ago, synergy provided the payoffs (the emergent functional effects)
that arose in the still-mysterious process by which networks of complex
prebiotic molecules joined together to catalyze the first living systems. It
also provided the “benefits” which, over time, produced the awesome com-
plexity of photosynthesis. (Entire books have been devoted to describing
our as-yet-imperfect understanding of how photosynthesis works.) Synergy
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is found also in the intricate combination of labor in complex eukaryotic
cells and in the “enchanted loom” of the human mind - to use the soar-
ing image of neurobiologist Charles Sherrington — where wondrous new
synergies are invented and actualized every day. In other words, the unique
cooperative effects produced by various combinations of “parts” in a given
context are themselves distinct, partially independent causes of subsequent
evolutionary events.

The universe can be portrayed as a vast structure of synergies, a many-
leveled edifice in which the synergies produced at one level serve as the
building blocks for the next level. Moreover, unpredictable new forms of
synergy, and even new principles, emerge at each level of organization.
I like to call it a “Magic Castle” (with a nod to Walt Disney), because
there is something truly magical about this creative aspect of nature. In the
course of providing a guided tour of this Magic Castle (in Chapters 2, 3,
and 4), I will show that synergy is of central importance in virtually every
scientific discipline, though it very often travels incognito under various
aliases (mutualism, cooperativity, symbiosis, win—win, emergent effects, a
critical mass, coevolution, interactions, threshold effects, even non-zero-
sumness).

According to the reigning dogma of evolutionary biology — commonly
known as Neo-Darwinism — “random” gene mutations (and related
molecular-level phenomena) are said to be the underlying source of cre-
ativity in evolution. It is said that the course of biological evolution has
been shaped over time by relentless competition among “selfish genes.” 1
will argue that the Neo-Darwinists have got things skewed. In fact, it is
the functional benefits — the survival advantages — produced by novelties of
various kinds and at various levels (including even behavioral innovations,
as we shall see) that have defined the trajectory of evolution. Contrary
to the popular misconception, natural selection does not (literally) select
genes. It differentially rewards (or disfavors) different genes, and gene com-
binations, based on the effects they produce in a given environment. It is
the functional payoffs that matter.

In this light, it is novel forms of functional synergy (cooperative effects)
that have been responsible, over time, for shaping the progressive evolution
of complexity in nature through a process that can be characterized (after
biologist John Maynard Smith) as “synergistic selection.” I call this new
paradigm “Holistic Darwinism,” and I side with the growing number of
contemporary biologists who hold that evolution must be viewed as a multi-
leveled process in which selfish genes are most often subordinated to the
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dictates of “selfish genomes” — synergistic systems. Outlaw genes are the
exception rather than the rule. The Synergism Hypothesis and the theory of
Holistic Darwinism will be developed in some detail in Chapters 5 and 6.

The “Synergistic Ape”

Many different theories of human evolution have been proposed over the
years. (I will briefly describe some of them in Chapter 7.) Humans have
been variously characterized as the “killer ape,” the “naked ape,” and
the “talking ape.” We have been called “man the hunter,” “woman the
gatherer,” and even the “selfish ape” (looking out primarily for ourselves
and our kin).

However, I will propose a radically different scenario for human evolu-
tion. I will develop the theory that, in effect, we invented ourselves through a
process that I have dubbed “Neo-Lamarckian Selection.” We are uniquely
the “inventive ape.” Moreover, the many new kinds of synergy that our
ancestors invented over the course of perhaps 6 million years played a star-
ring role; we are also, quintessentially, the “synergistic ape.” Finally, the
Synergism Hypothesis also applies to the explosive rise of complex human
societies during the past few thousand years (as described in Chapter 8).
Indeed, the mostly unrecognized common denominator in every one of the
recent game theory models (so-called) of cultural evolution is synergy. It
is synergy that has been responsible for the evolution of cooperation in
nature and humankind, not the other way around.

The Perils of Prediction

It is a common misconception that synergy always refers to positive effects;
synergy is presumed always to be a good thing. But this is not so. Every
day, in a thousand different ways, our lives are shaped, and re-shaped, by
synergy. Yet our attitude toward it—our judgment about whether it is a good
thing or a bad thing — depends on our values and where we stand (or perhaps
which side we’re on). In fact, there is a mirror image on the “dark side” for
every one of the different categories of positive synergy that I will describe
in Chapter 2. I will discuss “negative synergy,” or sometimes “dysergy,” in
some detail in Chapter 4 (“Black Magic”). I will also highlight some special
categories of positive and negative synergy — what I call the “Bingo Effect”



THE PERILS OF PREDICTION 7

(when some new combination crystallizes, often unexpectedly), as well as
the twin phenomena of “synergy plus one” and especially “synergy minus
one.” As we shall see, both kinds of disruptions may represent a potentially
serious threat to any complex system.

A colleague, the science writer Connie Barlow, has pointed out that the
Synergism Hypothesis is more than a hypothesis, or a theory. It also pro-
vides a worldview that focuses on the effects produced by the relationships
between things. It highlights a fundamental property of the universe and,
more relevant for humankind, a fundamental property of human societies.
One of the most important implications of this worldview, in fact, is de-
veloped in the penultimate chapter, where it is argued that the enduring
search for some hidden “law” of history — some deterministic force or
mechanism — that will allow us to predict the future course of the “human
career” (in anthropologist Richard Klein’s term) is fundamentally flawed.
The “Neo-Pythagoreans” — as I call them — exclude a priori (by the very
nature of their quest for universal “laws”) the contingent, historical, syner-
gistic phenomena that have shaped the overall course of the evolutionary
process. As a result, these theorists are blind to a major causal agency in
evolution. What is required instead, I will argue, is a “science of history.”

The implications of this worldview are discussed in the final chapter:
“Conjuring the Future: What Can We Predict?” The synergy paradigm
provides an answer to this “ultimate question” that is at once challenging,
empowering, and threatening. If we should choose to ignore these implica-
tions, we will do so at our peril.



