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I preface I 

In this book I propose to extend the new understanding of life that has 
emerged from complexity theory to the social domain. To do so, I pre
sent a conceptual framework that integrates life's biological, cognitive 
and social dimensions. My aim is not only to offer a unified view of life, 
mind and society, but also to develop a coherent, systemic approach to 
some of the critical issues of our time. 

The book is divided into two parts. In Part One, I present the new 
theoretical framework in three chapters, which respectively deal with 
the nature of life, the nature of mind and consciousness and the nature 
of social reality. Readers who are more interested in the practical ap
plications of this framework should turn to Part Two (Chapters 4-7) 
right away. These chapters can be read independently, but they are 
cross-referenced to the relevant theoretical sections for those who wish 
to go into further depth. 

In Chapter 4, I apply the social theory developed in the preceding 
chapter to the management of human organizations, focusing in par
ticular on the question: to what extent a human organization can be 
considered a living system. 

In Chapter 5, I shift my focus to the world at large to deal with one 
of the most urgent and most controversial issues of our time-the 
challenges and dangers of economic globalization under the rules of the 
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World Trade Organization (WTO) and other institutions of global cap
italism. 

Chapter 6 is dedicated to a systemic analysis of the scientific and 
ethical problems of biotechnology (genetic engineering, cloning, ge
netically modified foods etc.), with special emphasis on the recent con
ceptual revolution in genetics triggered by the discoveries of the 
Human Genome Project. 

In Chapter 7, I discuss the state of the world at the beginning of our 
new century. After reviewing some of the major environmental and so
cial problems and their connections with our economic systems, I de
scribe the growing worldwide "Seattle Coalition" of nongovernmental 
organizations (NGOS) and its plans for reshaping globalization accord
ing to different values. The final part of the chapter reviews the recent 
dramatic rise of ecological design practices and discusses their implica
tions for the transition to a sustainable future. 

This represents a continuation and evolution of my previous work. 
Since the early 1970s, my research and writing have focused on a cen
tral theme: the fundamental change of worldview that is occurring in 
science and in society, the unfolding of a new vision of reality and the 
social implications of this cultural transformation. 

In my first book, The Tao of Physics (1975), I discussed the philo
sophical implications of the dramatic changes of concepts and ideas 
that occurred in physics, my original field of research, during the first 
three decades of the twentieth century, which are still being elaborated 
in our current theories of matter. 

My second book, The Turning Point (1982), showed how the revolu
tion in modern physics foreshadowed a similar revolution in many 
other sciences and a corresponding transformation of worldviews and 
values in society. In particular, I explored paradigm shifts in biology, 
medicine, psychology and economics. In doing so, I came to realize that 
these disciplines all deal with life in one way or another-with living 
biological and social systems-and that the "new physics" was there
fore inappropriate as a paradigm and source of metaphors in these 
fields. The physics paradigm had to be replaced by a broader concep
tual framework, a vision of reality in which life was at the very center. 
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This was a profound change of perception for me, which took place 
gradually and as a result of many influences. In 1988, I published a per
sonal account of this intellectual journey, titled Uncommon Wisdom: 

Conversations with Remarkable People. 
At the beginning of the 1980s, when I wrote The Turning Point, the 

new vision of reality that would eventually replace the mechanistic 
Cartesian worldview in various disciplines was by no means well artic
ulated. I called its scientific formulation "the systems view of life," re
ferring to the intellectual tradition of systems thinking, and I also 
argued that the philosophical school of deep ecology, which does not 
separate humans from nature and recognizes the intrinsic values of all 
living beings, could provide an ideal philosophical, and even spiritual, 
context for the new scientific paradigm. Today, twenty years later, I 
still hold this view. 

During subsequent years, I explored the implications of deep ecol
ogy and the systems view of life with the help of friends and colleagues 
in various fields and published the results of our explorations in several 
books. Green Politics (coauthored with Charlene Spretnak, 1984) ana
lyzes the rise of the Green Party in Germany; Belonging to the Universe 
(coauthored with David Steindl-Rast and Thomas Matus, 1991) ex
plores parallels between the new thinking in science and Christian the
ology; EcoManagement (coauthored with Ernest Callen bach, Lenore 
Goldman, Rudiger Lutz and Sandra Marburg, 1993) proposes a concep
tual and practical framework for ecologically conscious management; 
and Steering Business Toward Sustainabj/ity (coedited with Gunter Pauli, 
1995) is a collection of essays by business executives, economists, ecol
ogists and others who outline practical approaches to meeting the chal
lenge of ecological sustainability. Throughout these explorations my 
focus was, and still is, on the processes and patterns of organization of 
living systems--on the "hidden connections between phenomena."1 

The systems view of life, as outlined in The Turning Point, was not a 
coherent theory of living systems but rather a new way of thinking 
about life, including new perceptions, a new language and new con
cepts. It was a conceptual development at the forefront of science, pio
neered by researchers in many fields, that created an intellectual 
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climate in which significant advances would be made in the years to 
follow. 

Since then, scientists and mathematicians have taken a giant step 
toward the formulation of a theory of living systems by developing a 
new mathematical theory-a body of mathematical concepts and tech
niques-to describe and analyze the complexity of living systems. 
This has often been called "complexity theory" or "the science of com
plexity" in popular writing. Scientists and mathematicians prefer to 
call it, more prosaically, "nonlinear dynamics." 

In science, until recently, we were taught to avoid nonlinear equa
tions, because they were almost impossible to solve. In the 1970s, how
ever, scientists for the first time had powerful high-speed computers 
that helped them tackle and solve these equations. In doing so, they de
veloped a number of novel concepts and techniques that gradually con
verged into a coherent mathematical framework. 

During the 1970s and 1980s, the interest in nonlinear phenomena 
generated a whole series of powerful theories that have dramatically in
creased our understanding of many key characteristics of life. In my 
most recent book, The Web of Lift (1996), I summarized the mathemat
ics of complexity and presented a synthesis of contemporary nonlinear 
theories of living systems that can be seen as an outline of an emerging 
new scientific understanding of life. 

Deep ecology, too, was further developed and refined during the 
1980s, and there have been numerous articles and books about related 
disciplines, such as eco-feminism, eco-psychology, eco-ethics, social 
ecology and transpersonal ecology. Accordingly, I presented an updated 
review of deep ecology and its relationships to these philosophical 
schools in the first chapter of The Web of Life. 

The new scientific understanding of life, based on the concepts of 
nonlinear dynamics, represents a conceptual watershed. For the first 
time, we now have an effective language to describe and analyze com
plex systems. Concepts like attractors, phase portraits, bifurcation di
agrams and fractals did not exist before the development of nonlinear 
dynamics. Today, these concepts allow us to ask novel questions, and 
they have led to important insights in many fields. 
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My extension of the systems approach to the social domain explic
itly includes the material world. This is unusual, because traditionally 
social scientists have not been very interested in the world of matter. 
Our academic disciplines have been organized in such a way that the 
natural sciences deal with material structures while the social sciences 
deal with social structures, which are understood to be, essentially, 
rules of behavior. In the future, this strict division will no longer be 
possible, because the key challenge of this new century-for social sci
entists, natural scientists and everyone else-will be to build eco
logically sustainable communities, designed in such a way that their 
technologies and social institutions-their material and social struc
tures--do not interfere with nature's inherent ability to sustain life. 

The design principles of our future social institutions must be con
sistent with the principles of organization that nature has evolved to 
sustain the web of life. A unified conceptual framework for the under
standing of material and social structures will be essential for this task. 
The purpose of this book is to provide a first sketch of such a frame
work. 

Berkeley, August 2002 
Fritjof Capra 



I part one I 

LIFE, MIND, AND SOCIETY 



lonel 

THE NATURE OF LIFE 

efore introducing the new unified framework for the under
standing of biological and social phenomena, I would like to 
revisit the age-old question "What is life?" and look at it 

with fresh eyes. ! I should emphasize right from the start that I will not 
address this question in its full human depth, but will approach it from 
a strictly scientific perspective; and even then, my focus will at first be 
narrowed down to life as a biological phenomenon. Within this re
stricted framework, the question may be rephrased as: "What are the 
defining characteristics of living systems?" 

Social scientists might prefer to proceed in the opposite order
first identifying the defining characteristics of social reality, and then 
extending into the biological domain and integrating it with corre
sponding concepts in the natural sciences. This would no doubt be pos
sible, but having been trained in the natural sciences and having 
previously developed a synthesis of the new conception of life in these 
disciplines, it is natural for me to begin there. 

I could also argue that, after all, social reality evolved out of the bi
ological world between two and four million years ago, when a species 
of "Southern apes" (Australopithecus aforensis) stood up and began to 
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walk on two legs. At that time, the early hominids developed complex 
brains, toolmaking skills and language, while the helplessness of their 
prematurely born infants led to the formation of the supportive fami
lies and communities that became the foundation of human social life.2 
Hence, it makes sense to ground the understanding of social phenom
ena in a unified conception of the evolution of life and consciousness. 

Focus  on  C e l l s  

When we look at the enormous variety of living organisms-animals, 
plants, people, microorganisms-we immediately make an important 
discovery: all biological life consists of cells. Without cells, there is no 
life on this Earth. This may not always have been so--and I shall come 
back to this question3-but today we can say confidently that all life 
involves cells. 

This discovery allows us to adopt a strategy that is typical of the 
scientific method. To identify the defining characteristics of life, we 
look for and then study the simplest system that displays these charac
teristics. This reductionist strategy has proved very effective in sci
ence-provided that one does not fall into the trap of thinking that 
complex entities are nothing but the sum of their simpler parts. 

Since we know that all living organisms are either single cells or mul
ticellular, we know that the simplest living system is the cel1.4 More 
precisely, it is a bacterial cell .  We know today that all higher forms of 
life have evolved from bacterial cells. The simplest of these belong to a 
family of tiny spherical bacteria known as mycoplasm, with diameters 
less than a thousandth of a millimeter and genomes consisting of a sin
gle closed loop of double-stranded DNA.S Yet even in these minimal 
cells, a complex network of metabolic processes* is ceaselessly at work, 
transporting nutrients in and waste out of the cell, and continually us
ing food molecules to build proteins and other cell components. 

*Metabolism, from the Greek metabole ("change"), is the sum of biochemical processes in

volved in life. 
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Although mycoplasm are minimal cells in terms of their internal 
simplicity, they can only survive in a precise and rather complex chem
ical environment. As biologist Harold Morowitz points out, this means 
that we need to distinguish between two kinds of cellular simplicity.6 
Internal simplicity means that the biochemistry of the organism's in
ternal environment is simple, while ecological simplicity means that 
the organism makes few chemical demands on its external environ
ment. 

From the ecological point of view, the simplest bacteria are the 
cyanobacteria, the ancestors of blue-green algae, which are also among 
the oldest bacteria, their chemical traces being present in the earliest 
fossils. Some of these blue-green bacteria are able to build up their or
ganic compounds entirely from carbon dioxide, water, nitrogen and 
pure minerals. Interestingly, their great ecological simplicity seems to 
require a certain amount of internal biochemical complexity. 

T h e  E c o l ogi c a l  P e rs p e c t ive 

The relationship between internal and ecological simplicity is still 
poorly understood, partly because most biologists are not used to the 
ecological perspective. As Morowitz explains: 

Sustained life is a property of an ecological system rather than a sin
gle organism or species. Traditional biology has tended to concen
trate attention on individual organisms rather than on the biological 
continuum. The origin of life is thus looked for as a unique event in 
which an organism arises from the surrounding milieu. A more eco
logically balanced point of view would examine the proto-ecological 
cycles and subsequent chemical systems that must have developed 
and flourished while objects resembling organisms appeared. 7 

No individual organism can exist in isolation. Animals depend on the 
photosynthesis of plants for their energy needs; plants depend on the 
carbon dioxide produced by animals, as well as on the nitrogen fixed by 
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the bacteria at their roots; and together plants, animals and microor
ganisms regulate the entire biosphere and maintain the conditions con
ducive to life. According to the Gaia theory of James Lovelock and 
Lynn Margulis,S the evolution of the first living organisms went hand 
in hand with the transformation of the planetary surface from an inor
ganic environment to a self-regulating biosphere. "In that sense," 
writes Harold Morowitz, "life is a property of planets rather than of 
individual organisms."9 

Li fe D e fi ne d  i n  Term s  of D NA 

Let us now return to the question "What is life?" and ask: How does a 
bacterial cell work? What are its defining characteristics? When we look 
at a cell under an electron microscope, we notice that its metabolic 
processes involve special macromolecules-very large molecules con
sisting of long chains of hundreds of atoms. Two kinds of these macro
molecules are found in all cells: proteins and nucleic acids (DNA and 
RNA) . 

In the bacterial cell, there are essentially two types of proteins
enzymes, which act as catalysts of various metabolic processes, and 
structural proteins, which are part of the cell structure. In higher or
ganisms, there are also many other types of proteins with specialized 
functions, such as the antibodies of the immune system or the hor
mones. 

Since most metabolic processes are catalyzed by enzymes and en
zymes are specified by genes, the cellular processes are genetically con
trolled, which gives them great stability. The RNA molecules serve as 
messengers, delivering coded information for the synthesis of enzymes 
from the DNA, thus establishing the critical link between the cell's ge
netic and metabolic features. 

DNA is also responsible for the cell's self-replication, which is a cru
cial characteristic of life. Without it, any accidentally formed struc
tures would have decayed and disappeared, and life could never have 
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evolved. This overriding importance of DNA might suggest that it 
should be identified as the single defining characteristic of life. We might 
simply say: "Living systems are chemical systems that contain DNA." 

The problem with this definition is that dead cells also contain 
DNA. Indeed, DNA molecules may be preserved for hundreds, even 
thousands, of years after the organism dies. A spectacular example of 
such a case was reported a few years ago, when scientists in Germany 
succeeded in identifying the precise gene sequence in DNA from a 
Neanderthal skull-bones that had been dead for over 100,000 yearsPO 

Thus, the presence of DNA alone is not sufficient to define life. At the 
very least, our definition would have to be modified to: "Living systems 
are chemical systems that contain DNA, and which are not dead." But 
then we would be saying, essentially, "a living system is a system that 
is alive"-a mere tautology. 

This little exercise shows us that the molecular structures of the 
cell are not sufficient for the definition of life. We also need to describe 
the cell's metabolic processes-in other words, the patterns of rela
tionships between the macromolecules. In this approach, we focus on 
the cell as a whole rather than on its parts. According to biochemist 
Pier Luigi Luisi, whose special field of research is molecular evolution 
and the origin of life, these two approaches-the "DNA-centered" view 
and the "cell-centered" view-represent two main philosophical and 
experimen tal streams in life sciences today. ! !  

M e m b ra n e s-T h e  Found a  tion of C e l l u l a r  Id e n  ti ty 

Let us now look at the cell as a whole. A cell is characterized, first of 
all, by a boundary (the cell membrane) which discriminates between 
the system-the "self," as it were-and its environment. Within this 
boundary, there is a network of chemical reactions (the cell's metabo
lism) by which the system sustains itsel£ 

Most cells have other boundaries besides membranes, such as rigid 
cell walls or capsules. These are common features in many kinds of 
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cells, but only membranes are a universal feature of cellular life. Since 
its beginning, life on Earth has been associated with water. Bacteria 
move in water, and the metabolism inside their membranes takes place 
in a watery environment. In such fluid surroundings, a cell could never 
persist as a distinct entity without a physical barrier against free diffu
sion. The existence of membranes is therefore an essential condition 
for cellular life. Membranes are not only a universal characteristic of 
life, but also display the same type of structure throughout the living 
world. We shall see that the molecular details of this universal mem
brane structure hold important clues about the origin of life.12 

A membrane is very different from a cell wall .  Whereas cell walls are 
rigid structures, membranes are always active, opening and closing con
tinually, keeping certain substances out and letting others in. The cell's 
metabolic reactions involve a variety of ions,* and the membrane, by 
being semipermeable, controls their proportions and keeps them in 
balance. Another critical activity of the membrane is to continually 
pump out excessive calcium waste, so that the calcium remaining 
within the cell is kept at the precise, very low level required for its 
metabolic functions. All these activities help to maintain the cell as a 
distinct entity and protect it from harmful environmental influences. 
Indeed, the first thing a bacterium does when it is attacked by another 
organism is to make membranes. 13 

All nucleated cells, and even most bacteria, also have internal mem
branes. In textbooks, a plant or animal cell is usually pictured as a large 
disk, surrounded by the cell membrane and containing a number of 
smaller disks (the organelles), each surrounded by its own mem
brane. 14 This picture is not really accurate. The cell does not contain 
several distinct membranes, but rather has one single, interconnected 
membrane system. This so-called "endomembrane system" is always in 
motion, wrapping itself around all the organelles and going out to the 
edge of the cell .  It is a moving "conveyor belt" that is continually pro
duced, broken down and produced again. IS 

*Ions are atoms that have net electric charge as a result of having lost or gained one or 

more electrons. 
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Through its various activities the cellular membrane regulates the 
cell's molecular composition and thus preserves its identity. There is an 
interesting parallel here to recent thinking in immunology. Some im
munologists now believe that the central role of the immune system is 
to control and regulate the molecular repertoire throughout the organ
ism, thus maintaining the organism's "molecular identity."16 At the 
cellular level, the cell membrane plays a similar role. It regulates mo
lecular compositions and, in doing so, maintains the cellular identity. 

S e lf-generat ion 

The cell membrane is  the first defining characteristic of cellular life. 
The second characteristic is the nature of the metabolism that takes 
place within the cell boundary. In the words of microbiologist Lynn 
Margulis: "Metabolism, the incessant chemistry of self-maintenance, 
is an essential feature of life . . .  Through ceaseless metabolism, 
through chemical and energy flow, life continuously produces, repairs, 
and perpetuates itsel£ Only cells, and organisms composed of cells, 
metabolize. "17 

When we take a closer look at the processes of metabolism, we no
tice that they form a chemical network. This is another fundamental 
feature of life. As ecosystems are understood in terms of food webs 
(networks of organisms), so organisms are viewed as networks of cells, 
organs and organ systems, and cells as networks of molecules. One of 
the key insights of the systems approach has been the realization that 
the network is a pattern that is common to all life. Wherever we see life, 
we see networks. 

The metabolic network of a cell involves very special dynamics that 
differ strikingly from the cell's nonliving environment. Taking in nu
trients from the outside world, the cell sustains itself by means of a 
network of chemical reactions that take place inside the boundary and 
produce all of the cell's components, including those of the boundary 
itsel£ 18 

The function of each component in this network is to transform or 
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replace other components, so that the entire network continually gen
erates itself. This is the key to the systemic definition of life: living 
networks continually create, or re-create, themselves by transforming 
or replacing their components. In this way they undergo continual 
structural changes while preserving their weblike patterns of organiza
tion. 

The dynamic of self-generation was identified as a key character
istic of life by biologists Humberto Maturana and Francisco Varela, 
who gave it the name "autopoiesis" (literally, "self-making"). 19 The 
concept of autopoiesis combines the two defining characteristics of 
cellular life mentioned above, the physical boundary and the meta
bolic network. Unlike the surfaces of crystals or large molecules, the 
boundary of an autopoietic system is chemically distinct from the 
rest of the system, and it participates in metabolic processes by as
sembling itself and by selectively filtering incoming and outgoing 
molecules.20 

The definition of a living system as an autopoietic network means 
that the phenomenon of life has to be understood as a property of the 

• 

system as a whole. In the words of Pier Luigi Luisi, "Life cannot be as-
cribed to any single molecular component (not even DNA or RNA!) but 
only to the entire bounded metabolic network."21 

Autopoiesis provides a clear and powerful criterion for distinguish
ing between living and nonliving systems. For example, it tells us that 
viruses are not alive, because they lack their own metabolism. Outside 
living cells, viruses are inert molecular structures consisting of pro
teins and nucleic acids. A virus is essentially a chemical message that 
needs the metabolism of a living host cell to produce new virus parti
cles, according to the instructions encoded in its DNA or RNA. The new 
particles are not built within the boundary of the virus itself, but out
side in the host cell.22 

Similarly, a robot that assembles other robots out of parts that are 
built by some other machines cannot be considered living. In recent 
years, it has often been suggested that computers and other automata 
may constitute future life-forms. However, unless they were able to 
synthesize their: components from "food molecules" in their environ-
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ment, they could not be considered to be alive according to our defini
tion of life.23 

T h e  C e l l u lar  Network 

As soon as we begin to describe the metabolic network of a cell in de
tail, we see that it is very complex indeed, even for the simplest bacte
ria. Most metabolic processes are facilitated (catalyzed) by enzymes 
and receive energy through special phosphate molecules known as 
ATP .  The enzymes alone form an intricate network of catalytic reac
tions, and the ATP molecules form a corresponding energy network.24 
Through the messenger RNA, both of these networks are linked to the 
genome (the cell's DNA molecules), which is itself a complex intercon
nected web, rich in feedback loops, in which genes directly and indi
rectly regulate each other's activity. 

Some biologists distinguish between two types of production 
processes and, accordingly, between two distinct cellular networks. 
The first is called, in a more technical sense of the term, the "meta
bolic" network, in which the "food" that enters through the cell mem
brane is turned into the so-called "metabolites"-the building blocks 
out of which the macromolecules-the enzymes, structural proteins, 
RNA, and DNA-are formed. 

The second network involves the production of the macromolecules 
from the metabolites. This network includes the genetic level but ex
tends to levels beyond the genes, and is therefore known as the "epi
genetic''* network. Al though these two networks have been given 
different names, they are closely interconnected and together form the 
autopoietic cellular network. 

A key insight of the new understanding of life has been that bio
logical forms and functions are not simply determined by a genetic 
blueprint but are emergent properties of the entire epigenetic net
work. To understand their emergence, we need to understand not only 

*From the Greek epi ("above" or "beside"). 
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the genetic structures and the cell's biochemistry, but also the complex 
dynamics that unfold when the epigenetic network encounters the 
physical and chemical constraints of its environment. 

According to nonlinear dynamics, the new mathematics of com
plexity, this encounter will result in a limited number of possible func
tions and forms, described mathematically by attractors-complex 
geometric patterns that represent the system's dynamic properties.25 
Biologist Brian Goodwin and mathematician Ian Stewart have taken 
important first steps in using nonlinear dynamics to explain the emer
gence of biological form .26 According to Stewart, this will be one of the 
most fruitful areas of science in the years to come: 

I predict-and I am by no means alone-that one of the most ex
citing growth areas of twenty-first-century science will be bio
mathematics. The next century will witness an explosion of new 
mathematical concepts, of new kinds of mathematics, brought into 
being by the need to understand the patterns of the living world.27 

This view is quite different from the genetic determinism that is still 
very widespread among molecular biologists, biotechnology companies 
and in the popular scientific press.28 Most people tend to believe that 
biological form is determined by a genetic blueprint, and that all the 
information about cellular processes is passed on to the next generation 
through the DNA when a cell divides and its DNA replicates. This is not 
at all what happens. 

When a cell reproduces, it passes on not only its genes, but also its 
membranes, enzymes, organelles-in short, the whole cellular net
work. The new cell is not produced from naked DNA, but from an un
broken continuation of the entire autopoietic network. Naked DNA is 
never passed on, because genes can only function when they are em
bedded in the epigenetic network. Thus life has unfolded for over three 
billion years in an uninterrupted process, without ever breaking the ba
sic pattern of its self-generating networks. 
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E m e rg e n c e  of N e w  O rd e r  

The theory of autopoiesis identifies the pattern of self-generating net
works as a defining characteristic of life, but it does not provide a de
tailed description of the physics and chemistry that are involved in 
these networks. As we have seen, such a description is crucial to ul).der
standing the emergence of biological forms and functions. 

The starting point for this is the observation that all cellular struc
tures exist far from thermodynamic equilibrium and would soon decay 
toward the equilibrium state-in other words, the cell would die-if 
the cellular metabolism did not use a continual flow of energy to re
store structures as fast as they are decaying. This means that we need 
to describe the cell as an open system. Living systems are organization
ally closed-they are autopoietic networks-but materially and ener
getically open. They need to feed on continual flows of matter and 
energy from their environment to stay alive. Conversely, cells, like all 
living organisms, continually produce waste, and this flow-through of 
matter-food and waste establishes their place in the food web. In 
the words of Lynn Margulis, "The cell has an automatic relation
ship with somebody else. It leaks something, and somebody else will 
eat it. "29 

Detailed studies of the flow of matter and energy through complex 
systems have resulted in the theory of dissipative structures developed 
by Ilya Prigogine and his collaborators.3o A dissipative structure, as de
scribed by Prigogine, is an open system that maintains itself in a state 
far from equilibrium, yet is nevertheless stable: the same overall struc
ture is maintained in spite of an ongoing flow and change of compo
nents. Prigogine chose the term "dissipative structures" to emphasize 
this close interplay between structure on the one hand and flow and 
change (or dissipation) on the other. 

The dynamics of these dissipative structures specifically include 
the spontaneous emergence of new forms of order. When the flow of 
energy increases, the system may encounter a point of instability, 
known as a "bifurcation point," at which it can branch off into an en-
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tirely new state where new structures and new forms of order may 
emerge. 

This spontaneous emergence of order at critical points of instabil
ity is one of the most important concepts of the new understanding of 
life. It is technically known as self-organization and is often referred to 
simply as "emergence." It has been recognized as the dynamic origin of 
development, learning and evolution. In other words, creativity-the 
generation of new forms-is a key property of all living systems. And 
since emergence is an integral part of the dynamics of open systems, 
we reach the important conclusion that open systems develop and 
evolve. Life constantly reaches out into novelty. 

The theory of dissipative structures, formulated in terms of non
linear dynamics, explains not only the spontaneous emergence of order, 
but also helps us to define complexity. 31 Whereas traditionally the 
study of complexity has been a study of complex structures, the focus 
is now shifting from the structures to the processes of their emergence. 
For example, instead of defining the complexity of an organism in 
terms of the number of its different cell types, as biologists often do, 
we can define it as the number of bifurcations the embryo goes through 
in the organism's development. Accordingly, Brian Goodwin speaks of 
"morphological complexity. "32 

Pre  b i o t i c  Evo l u t ion  

Let us pause for a moment to review the defining characteristics of liv
ing systems that we have identified in our discussion of cellular life. We 
have learned that a cell is a membrane-bounded, self-generating, orga
nizationally closed metabolic network; that it is materially and ener
getically open, using a constant flow of matter and energy to produce, 
repair and perpetuate itself; and that it operates far from equilibrium, 
where new structures and new forms of order may spontaneously 
emerge, thus leading to development and evolution. These characteris
tics are described by two different theories, representing two different 
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perspectives on life-the theory of autopoiesis and the theory of dissi-
. 

patlve structures. 
When we try to integrate these two theories, we discover that there 

is a certain mismatch. While all autopoietic systems are dissipative 
structures, not all dissipative structures are autopoietic systems. Ilya 
Prigogine developed his theory from the study of complex thermal sys
tems and chemical cycles that exist far from equilibrium, even though 
he was motivated to do so by a keen interest in the nature of life.33 

Dissipative structures, then, are not necessarily living systems, but 
since emergence is an integral part of their dynamics, all dissipative 
structures have the potential to evolve. In other words, there is a "pre
biotic" evolution-an evolution of inanimate matter that must have 
begun some time before the emergence of living cells. This view is 
widely accepted among scientists today. 

The first comprehensive version of the idea that living matter orig
inated from inanimate matter by a continuous evolutionary process 
was introduced into science by the Russian biochemist Alexander 
Oparin in his classic book Origin of Life, published in 1929.34 Oparin 
called it "molecular evolution," and today it is commonly referred to as 
"prebiotic evolution." In the words of Pier Luigi Luisi, "Starting from 
small molecules, compounds with increasing molecular complexity and 
with emergent novel properties would have evolved, until the most ex
traordinary of emergent properties-life itself--originated."35 

Although the idea of prebiotic evolution is now widely accepted, 
there is no consensus among scientists about the details of this process. 
Several scenarios have been proposed, but none have been demon
strated. One scenario begins with catalytic cycles and "hypercycles" 
(cycles of multiple feedback loops) formed by enzymes, which are ca
pable of self-replication and evolution.36 A different scenario is based 
on the recent discovery that certain kinds of RNA can also act as en
zymes, i.e. as catalysts of metabolic processes. This catalytic ability of 
RNA, which is now well established, makes it possible to imagine an 
evolutionary stage in which two functions that are crucial to the living 
cell-information transfer and catalytic activities-were combined in 
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a single type of molecule. Scientists have called this hypothetical stage 
the "RNA world. "37 

In the evolutionary scenario of the RNA world38 the RNA molecules 
would first perform the catalytic activities necessary to assemble copies 
of themselves and would then begin to synthesize proteins, including 
enzymes. These newly built enzymes would be much more effective 
catalysts than their RNA counterparts and would eventually dominate. 
Finally, DNA would appear on the scene as the ultimate carrier of ge
netic information, with the added ability to correct transcription er
rors because of its double-stranded structure. At this stage, RNA 
would be relegated to the intermediary role it has today, displaced by 
DNA for more effective information storage and by protein enzymes for 
more effective catalysis. 

M i n i m a l  Life 

All these scenarios are still very speculative, whether they feature cat
alytic hypercycles of proteins (enzymes) surrounding themselves with 
membranes and then, somehow, creating a DNA structure, an RNA world 
evolving into today's DNA plus RNA plus proteins, or a synthesis of 
these two scenarios, which has recently been proposed.39 No matter 
what the scenario of prebiotic evolution, the interesting question arises 
of whether we can talk about living systems at some stage before the ap
pearance of cells. In other words, is there a way to define minimal fea
tures of living systems that may have existed in the past, irrespective of 
what has subsequently evolved? Here is the answer given by Luisi: 

It is clear that the process leading to life is a continuum process, and 
this makes an unequivocal definition of life very difficult. In fact, 
there are obviously many places in Oparin's pathway where the 
marker "minimal life" could arbitrarily be placed: at the level of self
replication; at the stage where self-replication was . . .  accompanied 
by chemical evolution; at the point in time when proteins and nucleic 
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acids began to interact; when a genetic code was formed, or when the 
first cell was formed. 40 
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Luisi comes to the conclusion that different definitions of minimal life, 
although equally justifiable, may be more or less meaningful depending 
on the purpose for which they are used. 

If the basic idea of prebiotic evolution is correct, it should be pos
sible, in principle, to demonstrate it in the laboratory. The challenge 
for scientists working in this field is to build life from molecules or, at 
least, to reconstruct different evolutionary steps in various prebiotic 
scenarios. Since there is no fossil record of evolving prebiotic systems 
from the time when the first rocks were formed on Earth to the emer
gence of the first cell ,  chemists have no helpful clues about possible in
termediate structures, and their challenge might seem overwhelming. 

Nevertheless, significant progress has been made recently, and we 
should also remember that this field is still very young. Systematic re
search into the origin of life has not been pursued for more than forty 
or fifty years, but even though our detailed ideas about prebiotic evo
lution are still very speculative, most biologists and biochemists do not 
doubt that life originated on Earth as the result of a sequence of chem
ical events, subject to the laws of physics and chemistry and to the 
nonlinear dynamics of complex systems. 

This point is argued eloquently and in impressive detail by Harold 
Morowitz in a wonderful little book, Beginnings of Cellular Lifl,41 which 
I shall follow closely for the remainder of this chapter. Morowitz ap
proaches the question of prebiotic evolution and the origin of life from 
two sides. First, he identifies the basic principles of biochemistry and 
molecular biology that are common to all living cells. He traces these 
principles back through evolution to the origin of bacterial cells and ar
gues that they must have played a major role in the formation of the 
"protocells" from which the first cells evolved: "Because of historical 
continuity, prebiotic processes should leave a signature in contempo
rary biochemistry. "42 

Having identified the basic principles of physics and chemistry that 
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must have operated in the formation of protocells, Morowitz then asks: 
how could matter, subject to these principles and to the energy flows 
that were available on the surface of the Earth, have organized itself so 
as to bring forth various stages of protocells and then, eventually, the 
first living cell? 

T h e  E l e m e n t s  of Life 

The basic elements of the chemistry of life are its atoms, molecules and 
chemical processes, or "metabolic pathways." In his detailed discussion 
of these elements, Morowitz shows beautifully that the roots of life 
reach deep into basic physics and chemistry. 

We can start from the observation that multiple chemical bonds are 
essential to the formation of complex biochemical structures, and that 
carbon (C), nitrogen (N) and oxygen (0) are the only atoms that regu
larly form multiple bonds. We know that light elements make the 
strongest chemical bonds. It is therefore not surprising that these three 
elements, together with the lightest element, hydrogen (H), are the 
major atoms of biological structure. 

We also know that life began in water and that cellular life still func
tions in a watery environment. Morowitz points out that water mole
cules (H20) are electrically highly polar, because their electrons stay 
closer to the oxygen atom than to the hydrogen atoms, so that they leave 
an effective positive charge on the H and a negative charge on the O. 
This polarity is a key feature in the molecular details of biochemistry 
and particularly in the formation of membranes, as we shall see below. 

The last two major atoms of biological systems are phosphorus (P) 
and sulphur (S). These elements have unique chemical characteristics 
because of the great versatility of their compounds, and biochemists 
believe that they must have been major components of prebiotic chem
istry. In particular, certain phosphates are instrumental in transform
ing and distributing chemical energy, which was as critical in prebiotic 
evolution as it is today in all cellular metabolism. 

Moving on from atoms to molecules, there is a universal set of small 
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organic molecules that is used by all cells as food for their metabolism. 
Although animals ingest many large and complex molecules, they are 
always broken down into small components before they enter into the 
metabolic processes of the cells. Moreover, the total number of differ
ent food molecules is not more than a few hundred, which is remarkable 
in view of the fact that an enormous number of small compounds can 
be made from the atoms of C, H, N, 0, P and S. 

The universality and small number of types of atoms and molecules 
in contemporary living cells is a strong indication of their common 
evolutionary origin in the first protocells, and this hypothesis is 
strengthened further when we turn to the metabolic pathways that 
constitute the basic chemistry of life. Once more, we encounter the 
same phenomenon. In the words of Morowitz: ''Amid the enormous di
versity of biological types, including millions of recognizable species, 
the variety of biochemical pathways is small, restricted, and univer
sally distributed."43 It is very likely that the core of this metabolic net
work, or "metabolic chart," represents a primordial biochemistry that 
holds important clues about the origin of life. 

Bu b b l e s  of Mini m a l  Li fe 

As we have seen, the careful observation and analysis of the basic ele
ments of life strongly suggests that cellular life is rooted in a universal 
physics and biochemistry, which existed long before the evolution of 
living cells. Let us now turn to the second line of investigation pre
sented by Harold Morowitz. How could matter have organized itself 
within the constraints of that primordial physics and biochemistry, 
without any extra ingredients, so as to evolve into the complex mole
cules from which life emerged? 

The idea that small molecules in a primordial "chemical soup" 
should assemble spontaneously into structures of ever-increasing com
plexity runs counter to all conventional experience with simple chemi
cal systems. Many scientists have therefore argued that the odds of 
such a prebiotic evolution are vanishingly small; or, alternatively, that 
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there must have been an extraordinary triggering event, such as a seed
ing of the Earth with macromolecules by meteorites. 

Today, our starting position for resolving this puzzle is radically dif
ferent. Scientists working in this field have come to recognize that the 
flaw of the conventional argument lies in the idea that life must have 
emerged out of a primordial chemical soup through a progressive in
crease in molecular complexity. The new thinking, as Morowitz em
phasizes repeatedly, begins from the hypothesis that very early on, 
before the increase of molecular complexity, certain molecules assem
bled into primitive membranes that spontaneously formed closed bub
bles, and that the evolution of molecular complexity took place inside 
these bubbles, rather than in a structureless chemical soup. 

Before going into the details of how primitive membrane-bounded 
bubbles, known to chemists as "vesicles," could have formed sponta
neously, I want to discuss the dramatic consequences of such a process. 
With the formation of vesicles two different environments-an outside 
and an inside-were established, in which compositional differences 
could develop. 

As Morowitz shows, the internal volume of a vesicle provides a 
closed microenvironment in which directed chemical reactions can oc
cur, which means that molecules that are normally rare may be formed 
in great quantities. These molecules include in particular the building 
blocks of the membrane itself, which become incorporated into the ex
isting membrane, so that the whole membrane area increases. At some 
point in this growth process the stabilizing forces are no longer able to 
maintain the membrane's integrity, and the vesicle breaks up into two 
or more smaller bubbles.44 

These processes of growth and replication will occur only if there is 
a flow of energy and matter through the membrane. Morowitz de
scribes plausibly how this might have happened.45 The vesicle mem
branes are semipermeable, and thus various small molecules can enter 
the bubbles or be incorporated into the membrane. Among those will 
be chromophores, molecules that absorb sunlight. Their presence cre
ates electric potentials across the membrane, and thus the vesicle be
comes a device that converts light energy into electric potential energy. 
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Once this system of energy conversion is in place, it becomes possible 
for a continuous flow of energy to drive the chemical processes inside 
the vesicle. Eventually, a further refinement of this energy scenario 
takes place when the chemical reactions in the bubbles produce phos
phates, which are very effective in the transformation and distribution 
of chemical energy. 

Morowitz also points out that the flow of energy and matter is nec
essary not only for the growth and replication of vesicles, but also for 
the mere persistence of stable structures. Since all such structures arise 
from chance events in the chemical domain and are subject to thermal 
decay, they are by their very nature not in equilibrium and can only be 
preserved through continual processing of matter and energy.46 At this 
point it becomes apparent that two defining characteristics of cellular 
life are manifest in rudimentary form in these primitive membrane
bounded bubbles. The vesicles are open systems, subject to continual 
flows of energy and matter, while their interiors are relatively closed 
spaces in which networks of chemical reactions are likely to develop. 
We can recognize these two properties as the roots of living networks 
and their dissipative structures. 

Now the stage is set for prebiotic evolution. In a large population of 
vesicles there will be many differences in their chemical properties and 
structural components. If these differences persist when the bubbles 
divide, we can speak of a pregenetic memory and of species of vesicles, 
and since these species will compete for energy and various molecules 
from their environment, a kind of Darwinian dynamic of compc:tition 
and natural selection will take place, in which molecular accidents may 
be amplified and selected for their "evolutionary" advantages. In addi
tion, different types of vesicles will occasionally fuse, which may result 
in synergies of advantageous chemical properties, foreshadowing the 
phenomenon of symbiogenesis (the creation of new forms of life 
through the symbiosis of the organisms) in biological evolution. 47 

Thus we see that a variety of purely physical and chemical mecha
nisms provides the membrane-bounded vesicles with the potential to 
evolve through natural selection into complex, self-producing struc
tures without enzymes or genes in these early stages.48 
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M e mb rane s 

Let us now return to the formation of membranes and membrane
bounded bubbles. According to Morowitz, the formation of these bub
bles constitutes the most crucial step in prebiotic evolution: "It is the 
closure of [a primitive] membrane into a 'vesicle' that represents a dis
crete transition from nonlife to life."49 

The chemistry of this crucial process is surprisingly simple and 
common. It is based on the electric polarity of water mentioned above. 
Because of this polarity, certain molecules are hydrophilic (attracted 
by water), while others are hydrophobic (repelled by water). A third 
kind of molecules are those of fatty and oily substances, known as 
lipids. They are elongated structures with one hydrophilic and one hy
drophobic end, as pictured below. 

hydrophobic end '--__ --'f-O hydrophilic end 

Lipid molecule, adapted from Morowitz (199�). 

When these lipids come in contact with water, they spontaneously 
form a variety of structures. For example, they may form a monomolec
ular film spreading over the water surface (see Figure A), or they may 
coat oil droplets and keep them suspended in water (see Figure B). 
Such coating of oil occurs in mayonnaise and also accounts for the ac
tion of soaps in removing oil stains. Alternatively, the lipids may coat 
water droplets for suspension in oil (see Figure C) . 

The lipids may form an even more complex structure, consisting of 
a double layer of molecules with water on both sides, as shown in 
Figure D. This is the basic membrane structure, and just like the single 
layer of molecules, it too may form droplets, which are the membrane
bounded vesicles under discussion (see Figure E) . These double
layered greasy membranes show a surprising number of properties that 
are quite similar to contemporary cellular membranes. They restrict 
the number of molecules that can enter the vesicle, transform solar en
ergy into electrical energy and even collect phosphate compounds in-
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Simple structures formed by lipid molecules, adapted from Morowitz (199�). 

side their structure. Indeed, today's cellular membranes seem to be a 
refinement of the primordial membranes. They too consist mainly of 
lipids with proteins attached or inserted into the membrane. 

Lipid vesicles, then, are the ideal candidates for the protocells out of 
which the first living cells evolved. As Morowitz reminds us, their 
properties are so astonishing that it is important not to forget that 
they are structures that form spontaneously according to the basic 
laws of physics and chemistry.5o They form as naturally as bubbles 
when you put oil and water together and shake the mixture. 

In the scenario outlined by Morowitz, the first protocells formed 
around 3.9 billion years ago when the planet had cooled down, shallow 
oceans and the first rocks had been formed, and carbon had combined 
with the other fundamental elements of life to form a great variety of 
chemical compounds. 
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D 
double-layered membrane 

E 
membrane-bounded vesicle 

Membrane and vesicle formed by lipid molecules, adapted from Morowitz 699�). 

Among these compounds were oily substances called paraffins, 
which are long hydrocarbon chains. The interactions of these paraffins 
with water and various dissolved minerals led to the lipids; these in 
turn condensed to a variety of droplets and also formed thin, single
layered and double-layered sheets. Under the influence of wave action, 
the sheets spontaneously formed closed vesicles, and thus began the 
transition of life. 

R e - c re a t i n g  Prot o c e l l s  in t h e  Lab orat ory 

This scenario is still highly speculative, because so far chemists have 
not been able to produce lipids from small molecules. All the lipids in 
our environment are derived from petroleum and other organic sub
stances. However, focusing on membranes and vesicles rather than on 
DNA and RNA has given rise to an exciting new direction of research 
that has already produced many encouraging results. 



T h e N a t u r e  o f  L i f e  25 

A 
p 

A � C  C � P 

The two basic reactions in a minimal autopoietic system, from Luisi (1993). 

One of the pioneering research teams in this field is led by Pier Luigi 
Luisi at the Swiss Federal Institute of Technology (ETH) in Zurich. 
Luisi and his colleagues succeeded in preparing simple "soap and wa
ter" environments in which vesicles of the type described above form 
spontaneously and, depending on the chemical reactions involved, per
petuate themselves, grow and self-replicate or collapse again.51 

Luisi has emphasized that the self-replicating vesicles produced in 
his laboratory are minimal autopoietic systems in which chemical reac
tions are enclosed by a boundary assembled from the very products of 
the reactions. In the simplest case, illustrated above, the boundary is 
composed of only one component, C. There is only one type of mole
cule, A, that can enter through the membrane and generate C in the re
action A � C inside the bubble. In addition, there is a decomposition 
reaction, C � P, and the product P leaves the vesicle. Depending on the 
relative rates of these two basic reactions, the vesicle will either grow 
and self-replicate, remain stable or collapse. 

Luisi and his colleagues have carried out experiments with vesicles 
of many types and have tested a variety of chemical reactions taking 
place inside these bubbles. 52 By producing spontaneously formed au
topoietic protocells, these biochemists have re-created what was per
haps the most critical step in prebiotic evolution. 
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C a t alys t s  a n d  C o m p l e xity 

Once the protocells were formed and the molecules for absorption and 
transformation of solar energy were in place, the evolution toward 
greater complexity could begin. At this stage, the elements of the 
chemical compounds were C, H, 0, P, and possibly S. With the entry of 
nitrogen into the system, probably in the form of ammonia (NH3) ,  a 
dramatic increase in molecular complexity became possible, because ni
trogen is essential for two characteristic features of cellular life--catal
ysis and information storage.53 

Catalysts increase the rates of chemical reactions without being 
changed themselves in the process, and they make possible reactions 
that could not occur without them. Catalytic reactions are crucial 
processes in the chemistry of life. In contemporary cells they are medi
ated by enzymes, but in the early stages of protocells these elaborate 
macromolecules did not exist. 

However, chemists have discovered that certain small molecules 
that bond to membranes may also have catalytic properties. Morowitz 
assumes that the entry of nitrogen into the chemistry of the protocells 
led to the formation of such primitive catalysts. In the meantime, the 
biochemists at ETH have succeeded in re-creating this evolutionary 
step by attaching molecules with weak catalytic properties to the mem
branes of the vesicles formed in their laboratory. 54 

With the appearance of catalysts molecular complexity increased 
rapidly, because catalysts create chemical networks by interlinking dif
ferent reactions. Once this happens, the entire nonlinear dynamics of 
networks come into play. This includes in particular the spontaneous 
emergence of new forms of order, as demonstrated by lIya Prigogine 
and Manfred Eigen, two Nobel laureates in chemistry who pioneered 
the study of self-organizing chemical systems. 55 

With the help of catalytic reactions, beneficial chance events would 
have been enhanced considerably, and thus a fully Darwinian mode of 
competition would have developed, constantly pushing the protocells 
toward increasing complexity, further from equilibrium and closer to life. 
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The final step in the emergence of life from protocells was the evo
lution of proteins, nucleic acids and the genetic code. At present, the 
details of this stage are still quite mysterious, but we need to remem
ber that the evolution of catalytic networks within the closed spaces of 
the protocells created a new type of network chemistry that is still 
very poorly understood. We can expect that the application of nonlin
ear dynamics to these complex chemical networks, as well as the "ex
plosion of new mathematical concepts" predicted by Ian Stewart, will 
shed considerable light on the last phase of prebiotic evolution. Harold 
Morowitz points out that the analysis of the chemical pathways from 
small molecules to amino acids reveals an extraordinary set of correla
tions that seem to suggest a "deep network logic" in the development 
of the genetic code. 56 

Another interesting discovery is that chemical networks in closed 
spaces that are subject to continual flows of energy develop processes 
surprisingly like those of ecosystems. For example, significant features 
of biological photosynthesis and the ecological carbon cycle have been 
shown to emerge in laboratory systems. The cycling of matter seems to 
be a general feature of chemical networks that are kept far from equi
librium by a constant flux of energy.57 

''An abiding message," Morowitz concludes, "is the necessity of un
derstanding the complex network of organic reactions containing in
termediates that are catalytic for other reactions . . .  If we better 
understood how to deal with chemical networks, many other problems 
in prebiotic chemistry would become appreciably simpler. "58 When 
more biochemists become interested in nonlinear dynamics, it is likely 
that the new "biomathematics" envisaged by Stewart will include a 
proper theory of chemical networks, and that this new theory will fi
nally reveal the secrets of the last stage in the emergence of life. 

The Unfo l d i n g  of Life 

Once memory became encoded in macromolecules, the membrane
bounded chemical networks acquired all the essential characteristics of 
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today's bacterial cells. This major signpost in the evolution of life es
tablished itself perhaps 3.8 billion years ago, about 100 million years 
after the formation of the first protocells. This marked the emergence 
of a universal ancestor either a single cell or a population of cells
from which all subsequent life on Earth descended. As Morowitz ex
plains: ''Although we do not know how many independent origins of 
cellular life may have occurred, all present life is descended from a sin
gle clone. This follows from the universality of the basic biochemical 
networks and programmes of macromolecular synthesis."59 This uni
versal ancestor must have outperformed all the protocells. Thus its de
scendants took over the Earth, weaving a planetary bacterial web and 
occupying all the ecological niches, so that the emergence of other 
forms of life became impossible. 

The global unfolding of life proceeded through three major avenues 
of evolution.6o The first, but perhaps least important, is the random 
mutation of genes, the centerpiece of neo-Darwinian theory. Gene mu
tation is caused by a chance error in the self-replication of DNA, when 
the two chains of the DNA'S double helix separate and each of them 
serves as a template for the construction of a new complementary 
chain. Those chance errors do not seem to occur frequently enough to 
explain the evolution of the great diversity of life-forms, given the 
well-known fact that most mutations are harmful and only very few re
sui t in useful variations.61 

In the case of bacteria the situation is different, because bacteria di
vide so rapidly that billions of them can be generated from a single cell 
within days. Because of this enormous rate of reproduction, a single 
successful bacterial mutation can spread rapidly through its environ
ment, and thus mutation is an important evolutionary avenue for bac
tena. 

Bacteria have also developed a second avenue of evolutionary cre
ativity that is vastly more effective than random mutation. They freely 
pass hereditary traits from one to another in a global exchange network 
of incredible power and efficiency. The discovery of this global trading 
of genes, technically known as DNA recombination, must rank as one of 
the most astonishing discoveries of modern biology. Lynn Margulis de-
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scribes it vividly: "Horizontal genetic transfer among bacteria is as if 
you jumped into a pool with brown eyes and came out with blue 
eyes."62 

This gene transfer takes place continually, with many bacteria 
changing up to 15 percent of their genetic material on a daily basis. As 
Margulis explains, "When you threaten a bacterium, it will spill its 
DNA into the environment, and everyone around picks it up; and in a 
few months it will go all the way around the world."63 Since all bacte
rial strains can potentially share hereditary traits in this way, some 
microbiologists argue that bacteria, strictly speaking, should not be 
classified into species.64 In other words, all bacteria are part of a single 
microscopic web of life. 

In evolution, then, bacteria are able rapidly to accumulate random 
mutations, as well as big chunks of DNA, through gene trading. 
Consequently, they have an astonishing ability to adapt to environ
mental changes. The speed with which drug resistance spreads among 
bacterial communities is dramatic proof of the efficiency of their com
munication networks. Microbiology teaches us the sobering lesson that 
technologies like genetic engineering and a global communications net
work, which are often considered to be advanced achievements of our 
modern civilization, have been used by the planetary web of bacteria 
for billions of years. 

During the first two billion years of biological evolution, bacteria 
and other microorganisms were the only life forms on the planet. 
During those two billion years, bacteria continually transformed the 
Earth's surface and atmosphere, and established the global feedback 
loops for the self-regulation of the Gaia system. In so doing, they in
vented all of life's essential biotechnologies, including fermentation, 
photosynthesis, nitrogen fixation, respiration and various devices for 
rapid motion. Recent research in microbiology has made it evident 
that, as far as the processes of life are concerned, the planetary network 
of bacteria has been the main source of evolutionary creativity. 

But what about the evolution of biological form, of the enormous 
variety of living beings in the visible world? If random mutations are 
not an effective evolutionary mechanism for them, and if they do not 
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trade genes like bacteria, how have the higher forms of life evolved? 
This question was answered by Lynn Margulis with the discovery of a 
third avenue of evolution--evolution through symbiosis-that has 
profound implications for all branches of biology. 

Symbiosis, the tendency of different organisms .to live in close asso
ciation with one another and often inside one another (like the bacteria 
in our intestines), is a widespread and well-known phenomenon. But 
Margulis went a step further and proposed the hypothesis that long
term symbioses involving bacteria and other microorganisms living in
side larger cells have led and continue to lead to new forms of life. 
Margulis published her revolutionary hypothesis first in the mid
sixties, and over the years developed it into a full-fledged theory, now 
known as "symbiogenesis," which sees the creation of new forms of life 
through permanent symbiotic arrangements as the principal avenue of 
evolution for all higher organisms.65 

Bacteria, again, have played a major role in this evolution through 
symbiosis. When certain small bacteria merged symbiotically with 
larger cells and continued to live inside them as organelles, the result 
was a giant step in evolution-the creation of plant and animal cells 
that reproduced sexually and eventually evolved into the living organ
isms we see in our environment. In their evolution, these organisms 
continued to absorb bacteria, incorporating parts of their genomes to 
synthesize proteins for new structures and new biological functions, 
not unlike the corporate mergers and acquisitions in today's business 
world. For example, evidence has been accumulating that the micro
tubules, which are essential to the architecture of the brain, were orig
inally contributed by the "corkscrew" bacteria known as spirochetes.66 

The evolutionary unfolding of life over billions of years is a breath
taking story, told beautifully by Lynn Margulis and Dorion Sagan in 
their book Microcosmos.67 Driven by the creativity inherent in all living 
systems, expressed through the avenues of mutation, gene trading and 
symbiosis, and honed by natural selection, the planetary web of life ex
panded and complexified into forms of ever-increasing diversity. 

This majestic unfolding did not proceed through continuous grad
ual changes over time. The fossil record shows clearly that throughout 
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evolutionary history there have been long periods of stability, or stasis, 
without much genetic variation, punctuated by sudden and dramatic 
transitions.68 This picture of "punctuated equilibria" indicates that 
the sudden transitions were caused by mechanisms quite different from 
the random mutations of neo-Darwinist theory, and the creation of 
new species through symbiosis seems to have played a critical role. As 
Margulis puts it, "From the long view of geological time, symbioses 
are like flashes of evolutionary lightning."69 

Another striking pattern is the repeated occurrence of catastrophes 
followed by intense periods of growth and innovation. Thus, 245 mil
lion years ago, the most devastating mass extinctions the world has 
ever seen were rapidly followed by the evolution of mammals; and 66 
million years ago the catastrophe that eliminated the dinosaurs from 
the face of the Earth cleared the way for the evolution of the first pri
mates and, eventually, of the human species. 

What I s  Life ? 

Now, let us return to the question posed at the beginning of this chap
ter-What are the defining characteristics of living systems?-and 
summarize what we have learned. Focusing on bacteria as the simplest 
living systems, we characterized a living cell as a membrane-bounded, 
self-generating, organizationally closed metabolic network. This net
work involves several types of highly complex macromolecules: struc
tural proteins; enzymes, which act as catalysts of metabolic processes; 
RNA, the messengers carrying genetic information; and DNA, which 
stores the genetic information and is responsible for the cell's self
replication. 

We also learned that the cellular network is materially and energet
ically open, using a constant flow of matter and energy to produce, re
pair and perpetuate itself; and that it operates far from equilibrium, 
where new structures and new forms of order may spontaneously 
emerge, thus leading to development and evolution. 

Finally, we have seen that a prebiotic form of evolution, involving 
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membrane-enclosed bubbles of "minimal life," began long before the 
emergence of the first living cell; and that the roots of life reach deep 
into the basic physics and chemistry of these protocells. 

We also identified three major avenues of evolutionary creativity
mutation, gene trading and symbiosis-through which life unfolded 
for over three billion years, from the universal bacterial ancestors to the 
emergence of human beings, without ever breaking the basic pattern of 
its self-generating networks. 

To extend this understanding of the nature of life to the human so
cial dimension, which is the central task of this book, we need to deal 
with conceptual thought, values, meaning and purpose-phenomena 
that belong to the realm of human consciousness and cui ture. This 
means that we need to include an understanding of mind and con
sciousness in our understanding of living systems. 

As we shift our focus to the cognitive dimension of life, we shall see 
that a unified view of life, mind and consciousness is now emerging in 
which human consciousness is inextricably linked to the social world of 
interpersonal relationships and culture. Moreover, we shall discover 
that this unified view allows us to understand the spiritual dimension 
of life in a way that is fully consistent with traditional conceptions of 
spirituality. 



I two I 

M I N D  A N D  C O N S C I OU S NE S S  

ne of the most important philosophical implications of the 
new understanding of life is a novel conception of the nature 
of mind and consciousness, which finally overcomes the 

Cartesian division between mind and matter. In the seventeenth cen
tury, Rene Descartes based his view of nature on the fundamental divi
sion between two independent and separate realms-that of mind, the 
"thinking thing" (res cogitans), and that of matter, the "extended 
thing" (res extensa). This conceptual split between mind and matter 
has haunted Western science and philosophy for more than 300 years. 

Following Descartes, scientists and philosophers continued to think 
of the mind as an intangible entity and were unable to imagine how 
this "thinking thing" is related to the body. Although neuroscientists 
have known since the nineteenth century that brain structures and 
mental functions are intimately connected, the exact relationship be
tween mind and brain remained a mystery. As recently as 1994, the 
editors of an anthology titled Consciousness in Philosophy and Cognitive 

Neuroscience stated frankly in their introduction: "Even though every
body agrees that mind has something to do with the brain, there is still 
no general agreement on the exact nature of this relationship."1 
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The decisive advance of the systems view of life has been to aban
don the Cartesian view of mind as a thing, and to realize that mind and 
consciousness are not things but processes. In biology, this novel con
cept of the mind was developed during the 1960s by Gregory Bateson, 
who used the term "mental process," and independently by Humberto 
Maturana, who focused on cognition, the process of knowing.2 In the 
1970s, Maturana and Francisco Varela expanded Maturana's initial 
work into a full theory, which has become known as the Santiago 
Theory of Cognition.3  During the past twenty-five years, the study of 
the mind from this systemic perspective has blossomed into a rich in
terdisciplinary field, known as cognitive science, which transcends the 
traditional frameworks of biology, psychology and epistemology. 

T h e  S a n t i a go T h e o ry o f  C o gn i t i o n  

The central insight of the Santiago Theory is the identification of cog
nition, the process of knowing, with the process of life. Cognition, ac
cording to Maturana and Varela, is the activity involved in the 
self-generation and self-perpetuation of living networks. In other 
words, cognition is the very process of life. The organizing activity of 
living systems, at all levels of life, is mental activity. The interactions 
of a living organism-plant, animal or human-with its environment 
are cognitive interactions. Thus life and cognition are inseparably con
nected. Mind-or, more accurately, mental activity-is immanent in 
matter at all levels of life. 

This is a radical expansion of the concept of cognition and, implic
itly, the concept of mind. In this new view, cognition involves the 
entire process of life-including perception, emotion, and behavior
and does not even necessarily require a brain and a nervous system. 

In the Santiago theory, cognition is closely linked to autopoiesis, the 
self-generation of living networks. The defining characteristic of an au
topoietic system is that it undergoes continual structural changes 
while preserving its weblike pattern of organization. The components 
of the network continually produce and transform one another, and 
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they do so in two distinct ways. One type of structural change is that 
of self-renewal . Every living organism continually renews itself, as its 
cells break down and build structures, and tissues and organs replace 
their cells in continual cycles. In spite of this ongoing change, the or
ganism maintains its overall identity, or pattern of organization. 

The second type of structural changes in a living system are those 
which create new structures-new connections in the autopoietic net
work. These changes, developmental rather than cyclical, also take 
place continually, either as a consequence of environmental influences 
or as a result of the system's internal dynamics. 

According to the theory of autopoiesis, a living system couples to 
its environment structurally, i.e. through recurrent interactions, each 
of which triggers structural changes in the system. For example, a cell 
membrane continually incorporates substances from its environment 
into the cell's metabolic processes. An organism's nervous system 
changes its connectivity with every sense perception. These living sys
tems are autonomous, however. The environment only triggers the 
structural changes; it does not specify or direct them. 

Structural coupling, as defined by Maturana and Varela, establishes 
a clear difference between the ways living and nonliving systems inter
act with their environments. For example, when you kick a stone, it 
will react to the kick according to a linear chain of cause and effect. Its 
behavior can be calculated by applying the basic laws of Newtonian 
mechanics. When you kick a dog, the situation is quite different. The 
dog will respond with structural changes according to its own nature 
and (nonlinear) pattern of organization. The resulting behavior is gen
erally unpredictable. 

As a living organism responds to environmental influences with 
structural changes, these changes will in turn alter its future behavior. 
In other words, a structurally coupled system is a learning system. 
Continual structural changes in response to the environment-and 
consequently continuing adaptation, learning and development-are 
key characteristics of the behavior of all living beings. Because of its 
structural coupling, we can call the behavior of an animal intelligent 
but would not apply that term to the behavior of a rock. 
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As it keeps interacting with its environment, a living organism will 
undergo a sequence of structural changes, and over time it will form its 
own individual pathway of structural coupling. At any point on this 
pathway, the structure of the organism is a record of previous struc
tural changes and thus of previous interactions. In other words, all liv
ing beings have a history. Living structure is always a record of prior 
development. 

Now, since an organism records previous structural changes, and 
since each structural change influences the organism's future behavior, 
this implies that the behavior of the living organism is dictated by its 
structure. In Maturana's terminology, the behavior of living systems is 
," d '  d "  structure- etermme . 

This notion sheds new light on the age-old philosophical debate 
about freedom and determinism. According to Maturana, the behavior 
of a living organism is determined, but rather than being determined 
by outside forces, it is determined by the organism's own structure-a 
structure formed by a succession of autonomous structural changes. 
Hence the behavior of the living organism is both determined and free. 

Living systems, then, respond autonomously to disturbances from 
the environment with structural changes, i.e. by rearranging their pat
tern of connectivity. According to Maturana and Varela, you can never 
direct a living system; you can only disturb it. More than that, the liv
ing system not only specifies its structural changes; it also specifies 
which disturbances from the environment trigger them. In other words, a liv
ing system maintains the freedom to decide what to notice and what 
will disturb it. This is the key to the Santiago Theory of Cognition. 
The structural changes in the system constitute acts of cognition. By 
specifying which perturbations from the environment trigger changes, 
the system specifies the extent of its cognitive domain; it "brings forth 
a world," as Maturana and Varela put it. 

Cognition, then, is not a representation of an independently exist
ing world, but rather a continual bringing forth of a world through the 
process of living. The interactions of a living system with its environ
ment are cognitive interactions, and the process of living itself is a 
process of cognition. In the words of Maturana and Varela, "to live is 
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to know." As a living organism goes through its individual pathway of 
structural changes, each of these changes corresponds to a cognitive 
act, which means that learning and development are merely two sides 
of the same coin. 

The identification of mind, or cognition, with the process of life is 
a novel idea in science, but it is one of the deepest and most archaic in
tuitions of humanity. In ancient times, the rational human mind was 
seen as merely one aspect of the immaterial soul, or spirit. The basic 
distinction was not between body and mind, but between body and 
soul, or body and spirit. 

In the languages of ancient times, both soul and spirit are described 
with the metaphor of the breath of life. The words for "soul" in 
Sanskrit (atman), Greek (psyche), and Latin (anima) all mean "breath." 
The same is true of the words for "spirit" in Latin (spiritus), Greek 
(pneuma), and Hebrew (ruah). These, too, mean "breath." 

The common ancient idea behind all these words is that of soul or 
spirit as the breath of life. Similarly, the concept of cognition in the 
Santiago Theory goes far beyond the rational mind, as it includes the 
entire process of life. Describing cognition as the breath of life seems 
to be a perfect metaphor. 

The conceptual advance of the Santiago Theory is best appreciated 
by revisiting the thorny question of the relationship between mind 
and brain. In the Santiago Theory, this relationship is simple and clear. 
The Cartesian characterization of mind as the "thinking thing" is 
abandoned. Mind is not a thing but a process-the process of cogni
tion, which is identified with the process of life. The brain is a specific 
structure through which this process operates. The relationship be
tween mind and brain, therefore, is one between process and structure. 
Moreover, the brain is not the only structure through which the 
process of cognition operates. The entire structure of the organism 
participates in the process of cognition, whether or not the organism 
has a brain and a higher nervous system. 

In my view, the Santiago Theory of Cognition is the first scientific 
theory that overcomes the Cartesian division of mind and matter, and 
will thus have far-reaching implications. Mind and matter no longer ap-
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pear to belong to two separate categories, but can be seen as represent
ing two complementary aspects of the phenomenon of life-process 
and structure. At all levels of life, beginning with the simplest cell, 
mind and matter, process and structure, are inseparably connected. 

C o gni t i o n  a n d  C o n s c i ou s n e s s  

Cognition, as understood in the Santiago Theory, is associated with all 
levels of life and is thus a much broader phenomenon than conscious
ness. Consciousness-that is, conscious, lived experience-unfolds at 
certain levels of cognitive complexity that require a brain and a higher 
nervous system. In other words, consciousness is a special kind of cog
nitive process that emerges when cognition reaches a certain level of 
complexity. 

It is interesting that the notion of consciousness as a process ap
peared in science as early as the late nineteenth century in the writings 
of William James, whom many consider the greatest American psychol
ogist. James was a fervent critic of the reductionist and materialist the
ories that dominated psychology in his time, and an enthusiastic 
advocate of the interdependence of mind and body. He pointed out 
that consciousness is not a thing, but an ever-changing stream, and he 
emphasized the personal, continuous and highly integrated nature of 
this stream of consciousness.4 

In subsequent years, however, the exceptional views of William 
James were not able to break the Cartesian spell on psychologists and 
natural scientists, and his influence did not reemerge until the last few 
decades of the twentieth century. Even during the 1970s and 1980s, 
when new humanistic and transpersonal approaches were formulated 
by American psychologists, the study of consciousness as lived experi
ence was still taboo in cognitive science. 

During the 1990s, the situation changed dramatically. While cogni
tive science established itself as a broad interdisciplinary field of study, 
new noninvasive techniques for analyzing brain functions were devel-
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oped, which made it possible to observe complex neural processes asso
ciated with mental imagery and other human experiences.s And sud
denly, the scientific study of consciousness became a respectable and 
lively field of research. Within a few years, several books about the na
ture of consciousness, authored by Nobel laureates and other eminent 
scientists, were published; dozens of articles by the leading cognitive 
scientists and philosophers appeared in the newly created Journal of 
Consciousness Studies; and "Toward a Science of Consciousness" became a 
popular theme for large scientific conferences.6 

Although cognitive scientists and philosophers have proposed many 
different approaches to the study of consciousness, and have some
times engaged in heated debates, it seems that there is a growing con
sensus on two important points. The first, as mentioned above, is the 
recognition that consciousness is a cognitive process, emerging from 
complex neural activity. The second point is the distinction between 
two types of consciousness-in other words, two types of cognitive 
experiences-which emerge at different levels of neural complexity. 

The first type, known as "primary consciousness," arises when cog
nitive processes are accompanied by basic perceptual, sensory and emo
tional experience. Primary consciousness is probably experienced by 
most mammals and perhaps by some birds and other vertebrates.7 The 
second type of consciousness, sometimes called "higher-order con
sciousness,"8 involves self-awareness-a concept of self, held by a 
thinking and reflecting subject. This experience of self-awareness 
emerged during the evolution of the great apes, or "hominids," to
gether with language, conceptual thought and all the other character
istics that fully unfolded in human consciousness. Because of the 
critical role of reflection in this higher-order conscious experience, I 

shall call it "reflective consciousness." 
Reflective consciousness involves a level of cognitive abstraction 

that includes the ability to hold mental images, which allows us to for
mulate values, beliefs, goals and strategies. This evolutionary stage is 
of central relevance to the main theme of this book-the extension of 
the new understanding of life to the social domain-because with the 
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evolution of language arose not only the inner world of concepts and 
ideas, but also the social world of organized relationships and culture. 

T h e  N at u r e  of  C o n s c io u s  Exp e r i e n c e  

The central challenge of a science of consciousness is to explain the ex
perience associated with cognitive events. Different states of conscious 
experience are sometimes called qualia by cognitive scientists, because 
each state is characterized by a special "qualitative feel ."9 The chal
lenge of explaining these qualia has been called "the hard problem 
of consciousness" in an oft-cited article by the philosopher David 
Chalmers. lO After reviewing conventional cognitive science, Chalmers 
asserts that it cannot explain why certain neural processes give rise to 

. "'T' fi . .
" h i d " expenence. .1 0  account or conscIOUS expenence, e conc u es, we 

need an extra ingredient in the explanation." 
This statement is reminiscent of the debate between mechanists 

and vitalists about the nature of biological phenomena during the early 
decades of the twentieth century. l l  Whereas the mechanists asserted 
that all biological phenomena can be explained in terms of the laws of 
physics and chemistry, the vitalists maintained that a "vital force" 
must be added to those laws as an additional, nonphysical "ingredient" 
to explain biological phenomena. 

The insight that emerged from this debate, though not formulated 
until many decades later, is that in order to explain biological phenom
ena, we also need to take into account the complex nonlinear dynamics 
of living networks. 

A full understanding of biological phenomena will be reached only 
when we approach it through the interplay of three different levels of 
description-the biology of the observed phenomena, the laws of 
physics and biochemistry, and the nonlinear dynamics of complex sys
tems. 

It seems to me that cognitive scientists find themselves in a very 
similar situation, albeit at a different level of complexity, when they 
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approach the study of consciousness. Conscious experience is an emer
gent phenomenon, which means that it cannot be explained in terms of 
neural mechanisms alone. Experience emerges from the complex non
linear dynamics of neural networks and can be explained only if our un
derstanding of neurobiology is combined with an understanding of 
those dynamics. 

To reach a full understanding of consciousness, we must approach it 
through the careful analysis of conscious experience; of the physics, 
biochemistry, and biology of the nervous system; and of the nonlinear 
dynamics of neural networks. A true science of consciousness will be 
formulated only when we understand how these three levels of de
scription can be woven together into what Francisco Varela has called 
the "triple braid" of consciousness research. 1 2  

When the study of consciousness is approached by braiding to
gether experience, neurobiology and nonlinear dynamics, the "hard 
problem" turns into the challenge of understanding and accepting two 
new scientific paradigms. The first is the paradigm of complexity the
ory. Since most scientists are used to working with linear models, they 
are often reluctant to adopt the nonlinear framework of complexity 
theory and find it difficult to appreciate fully the implications of non
linear dynamics. This applies in particular to the phenomenon of emer
gence. 

It seems quite mysterious that experience should emerge from neu
rophysiological processes. However, this is typical of emergent phe
nomena. Emergence results in the creation of novelty, and this novelty 
is often qualitatively different from the phenomena out of which it 
emerged. This can readily be illustrated with a well-known example 
from chemistry: the structure and properties of sugar. 

When carbon, oxygen, and hydrogen atoms bond in a certain way to 
form sugar, the resulting compound has a sweet taste. The sweetness 
resides neither in the C, nor in the 0, nor in the H; it resides in the pat
tern that emerges from their interaction. It is an emergent property. 
Moreover, strictly speaking, the sweetness is not a property of the 
chemical bonds. It is a sensory experience that arises when the sugar 



42 t h e  h i d d e n  c o n n e c t i o n s  

molecules interact with the chemistry of our taste buds, which in turn 
causes a set of neurons to fire in a certain way. The experience of sweet
ness emerges from that neural activity. 

Thus, the simple statement that the characteristic property of 
sugar is its sweetness really refers to a series of emergent phenomena at 
different levels of complexity. Chemists have no conceptual problem 
with these emergent phenomena when they identify a certain class of 
compounds as sugars because of their sweet taste. Nor will future cog
nitive scientists have conceptual problems with other kinds of emer
gent phenomena when they analyze them in terms of the resulting 
conscious experience, as well as in terms of the relevant biochemistry 
and neurobiology. 

To do so, however, scientists will need to accept another new para
digm-the recognition that the analysis of lived experience, i.e. of 
subjective phenomena, has to be an integral part of any science of con
sciousness.13 This amounts to a profound change of methodology, 
which many cognitive scientists are reluctant to embrace, and which 
lies at the very root of the "hard problem of consciousness." 

The great reluctance of scientists to deal with subjective phenom
ena is part of our Cartesian heritage. Descartes's fundamental division 
between mind and matter, between the I and the world, made us believe 
that the world could be described objectively, i.e. without ever 
mentioning the human observer. Such an objective description of na
ture became the ideal of all science. However, three centuries after 
Descartes, quantum theory showed us that this classical ideal of an ob
jective science cannot be maintained when dealing with atomic phe
nomena. And more recently, the Santiago Theory of Cognition has 
made it clear that cognition itself is not a representation of an inde
pendently existing world, but rather a "bringing forth" of a world 
through the process of living. 

We have come to realize that the subjective dimension is always im
plicit in the practice of science, but in general it is not the explicit fo
cus. In a science of consciousness, by contrast, some of the very data to 
be examined are subjective, inner experiences. To collect and analyze 
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these data systematically requires a disciplined examination of first
person subjective experience. Only when such an examination becomes 
an integral part of the study of consciousness will it deserve to be 

11 d "
. 

f . " ca e a SCIence 0 conscIOusness. 
This does not mean that we have to give up scientific rigor. When we 

speak of an "objective description" in science, we mean first and fore
most a body of knowledge that is shaped, constrained, and regulated 
by collective scientific enterprise, rather than merely a collection of in
dividual accounts. Even when the object of investigation consists of 
first-person accounts of conscious experience, the intersubjective vali
dation that is standard practice in science need not be abandoned. 14 

S c h o o l s  o f  C o n s c i o u s n e s s  S t u d y  

The use of complexity theory and the systematic analysis of first
person conscious experience will be crucial in formulating a proper sci
ence of consciousness. In the last few years, several significant steps 
have already been taken toward this goal . Indeed, the extent to which 
nonlinear dynamics and the analysis of first-person experience are uti
lized can be used to identify several broad schools of thought among 
the great variety of current approaches to the study of conscious
ness.1S 

The first is the most traditional school of thought. It includes, 
among others, the neuroscientist Patricia Church land and the molecu
lar biologist and Nobel laureate Francis Crick. 16 This school has been 
called "neuroreductionist" by Francisco Varela, because it reduces con
sciousness to neural mechanisms. Thus, consciousness is "explained 
away," as Church land puts it, much like heat in physics was explained 
away once it was recognized as the energy of molecules in motion. In 
the words of Francis Crick: 

"You," your joys and your sorrows, your memories and your ambi

tions, your sense of personal identity and free will, are in fact no 
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more than the behavior of a vast assembly of nerve cells and their as
sociated molecules. As Lewis Carroll's Alice might have phrased it: 
"You're nothing but a pack of neurons."17 

Crick explains in detail how consciousness is reduced to the firing of 
neurons, and he also asserts that conscious experience is an emergent 
property of the brain as a whole, but he never addresses the nonlinear 
dynamics of this process of emergence, and thus remains unable to 
solve the "hard problem of consciousness." As philosopher John Searle 
formulates the challenge, "How is it possible for physical, objective, 
quantitatively describable neuron firings to cause qualitative, private, 
subjective experiences?"18 

The second school of consciousness study, known as "functional
ism," is the most popular among today's cognitive scientists and 
philosophers. 19 Its proponents assert that mental states are defined by 
their "functional organization," i.e. by patterns of causal relations in 
the nervous system. The functionalists are not Cartesian reductionists, 
because they pay careful attention to nonlinear neural patterns, but 
they deny that conscious experience is an irreducible, emergent phe
nomenon. It may seem an irreducible experience, but in their view a 
conscious state is defined completely by its functional organization and 
is therefore understood once that pattern of organization has been 
identified. Daniel Dennett, one of the leading functionalists, gave his 
book the catchy title Consciousness Explained.20 

Many patterns of functional organization have been postulated by 
cognitive scientists, and consequently there are many different strands 
of functionalism today. Sometimes analogies between functional orga
nization and computer software, derived from artificial intelligence re
search, are also included among the functionalist approaches.2 1  

Less known is a small school of philosophers who cal1 themselves 
"mysterians." They argue that consciousness is a deep mystery which 
human intelligence, because of its inherent limitations, will never un
rave 1. 22 At the root of these limitations, in their view, lies an irre
ducible duality, which turns out to be the classical Cartesian duality 
between mind and matter. While introspection cannot teach us any-
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thing about the brain as a physical object, the study of brain structure 
cannot give us any access to conscious experience. Because they neglect 
to view consciousness as a process and do not appreciate the nature of 
an emergent phenomenon, the mysterians are unable to bridge the 
Cartesian gap and conclude that the nature of consciousness will for
ever remain a mystery. 

Finally, there is a small but growing school of consciousness studies 
that embraces both the use of complexity theory and the analysis of 
first-person experience. Francisco Varela, one of the leaders of this 
school of thought, has given it the name "neurophenomenology."23 
Phenomenology is an important branch of modern philosophy, founded 
by Edmund Husser! at the beginning of the twentieth century and de
veloped further by many European philosophers, including Martin 
Heidegger and Maurice Mer!eau-Ponty. The central concern of phe
nomenology is the disciplined examination of experience, and the hope 
of Husser! and his followers was, and is, that a true science of experi
ence would eventually be established in partnership with the natural 

• 
SCIences. 

Neurophenomenology is an approach to the study of consciousness 
that combines the disciplined examination of conscious experience 
with the analysis of corresponding neural patterns and processes. With 
this dual approach, neurophenomenologists explore various domains of 
experience and try to understand how they emerge from complex neu
ral activities. In doing so, these cognitive scientists are taking the first 
steps toward formulating a true science of experience. It has been very 
gratifying for me personally to realize that their project has much in 
common with the science of consciousness I envisaged more than 
twenty years ago in a conversation with the psychiatrist R. D. Laing, 
when I speculated that 

a true science of consciousness . . .  would have to be a new type of 
science dealing with qualities rather than quantities and being based 
on shared experience rather than verifiable measurements. The data 
of such a science would be patterns of experience that cannot be 
quantified or analysed. On the other hand, the conceptual models in-
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terconnecting the data would have to be logically consistent, like all 
scientific models, and might even include quantitative elements.24 

The Vie w  from Wi t h i n  

The basic premise of neurophenomenology is that brain physiology 
and conscious experience should be treated as two interdependent do
mains of research with equal status. The disciplined examination of ex
perience and the analysis of the corresponding neural patterns and 
processes will generate reciprocal constraints, so that research activi
ties in the two domains can guide one another in a systematic explo
ration of consciousness. 

Today's neurophenomenologists are a very diverse group. They 
differ in the manner in which first-person experience is taken into 
account, and they have also proposed different models for the cor
responding neural processes. The whole field is presented in some 
detail in a special issue of the Journal of Conscioumess Studies, titled 
"The View From Within" and edited by Francisco Varela and Jonathan 
Shear.25 

As far as first-person experience is concerned, three main ap
proaches are being pursued. The first is introspection, a method devel
oped at the very beginning of scientific psychology. The second is the 
phenomenological approach in the strict sense, as developed by Husser! 
and his followers. The third approach consists in using the wealth of 
evidence gathered from meditative practice, especially within the 
Buddhist tradition. Whatever their approach, these cognitive scientists 
insist that they are not talking about a casual inspection of experience, 
but about using strict methodologies that require special skills and sus
tained training, just like the methodologies in other areas of scientific 
observation. 

The methodology of introspection was advocated as the primary 
tool of psychology by William James at the end of the nineteenth cen
tury and was standardized and practiced with great enthusiasm during 
the subsequent decades. However, it soon ran into difficulties-not be-
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cause of any intrinsic flaws, but because the data it produced were in 
strong disagreement with the hypotheses formulated at the outset.26 
The observations were far ahead of the theoretical ideas of the time, 
and rather than reexamine their theories, psychologists criticized each 
others' methodologies, which led to a general distrust of the whole 
practice of introspection. As a result, half a century passed without 
any developments or improvements in introspective practice. 

Today, the methods developed by the pioneers of introspection are 
mostly found in the practices of psychotherapists and professional 
trainers without any connections to academic research programs in 
cognitive science. A small group of cognitive scientists is now at
tempting to revive this dormant tradition for a systematic and sus
tained exploration of conscious experience. 27 

By contrast, phenomenology was developed by Edmund Husser! as 
a philosophical discipline rather than a scientific method. Its central 
characteristic is a specific gesture of reflection, known as "phenomeno
logical reduction."28 This term must not be confused with reduction
ism in the natural sciences. In the philosophical sense, reduction (from 
the Latin reducere) means a "leading back," or disengaging of subjective 
experience, through the suspension of beliefs about what is being expe
rienced. In this way, the field of experience appears more vividly pres
ent and a capacity for systematic reflection is cultivated. In philosophy, 
this is known as the shift from the natural to the phenomenological at
titude. 

To anybody with some experience in meditation practice, this de
scription of the phenomenological attitude will have a familiar ring. 
Indeed, contemplative traditions have developed rigorous techniques 
for examining and probing the mind for centuries, and have shown that 
these skills can be refined considerably over time. Throughout human 
history, the disciplined examination of experience has been used within 
widely differing philosophical and religious traditions, including Hin
duism, Buddhism, Taoism, Sufism, and Christianity. We may therefore 
expect that some of the insights of these traditions will be valid be
yond their particular metaphysical and cultural frameworks.29 

This applies especially to Buddhism, which has flourished in many 
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different cultures, originating with the Buddha in India, then spread
ing to China and Southeast Asia, ending up in Japan, and, many cen
turies later, crossing the Pacific to California. In these different cultural 
contexts, mind and consciousness have always been the primary objects 
of Buddhist contemplative investigations. Buddhists regard the undis
ciplined mind as an unreliable instrument for observing different states 
of consciousness, and, following the Buddha's initial instructions, they 
have developed a great variety of techniques for stabilizing and refining 
the attention.3° 

Over the centuries, Buddhist scholars have formulated elaborate 
and sophisticated theories about many subtle aspects of conscious ex
perience, which are likely to be fertile sources of inspiration for cogni
tive scientists. The dialogue between cognitive science and Buddhist 
contemplative traditions has already begun, and the first results indi
cate that evidence from meditative practices will be a valuable compo
nent of any future science of consciousness.3! 

The schools of consciousness study mentioned above all share the 
basic insight that consciousness is a cognitive process, emerging from 
complex neural activity. However, there are also other attempts, 
mostly by physicists and mathematicians, to explain consciousness as a 
direct property of matter, rather than as a phenomenon associated 
with life. An outstanding example of that position is the approach of 
the mathematician and cosmologist Roger Penrose, who postulates that 
consciousness is a quantum phenomenon and claims that "we don't un
derstand consciousness, because we don't understand enough about the 
physical world."32 

These views of "mind without biology," in the apt phrase of neuro
scientist and Nobel laureate Gerald Edelman,33 also include the view of 
the brain as a complicated computer. Like many cognitive scientists, I 
believe that these are extreme views that are fundamentally flawed and 
that conscious experience is an expression of life, emerging from com
plex neural activity.34 
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C o n s c i o u s n e s s  a n d  t h e  Bra in  

Let us now turn to the neural activity that underlies conscious ex
perience. In recent years, cognitive scientists have made significant 
advances in identifying the links between neurophysiology and the 
emergence of experience. In my opinion, the most promising models 
have been proposed by Francisco Varela and, more recently, by Gerald 
Edelman in collaboration with Giulio Tononi.J5 

In both cases, the authors cautiously present their models as hy
potheses, and the core idea of the two hypotheses is the same. Con
scious experience is not located in a specific part of the brain, nor can 
it be identified in terms of special neural structures. It is an emergent 
property of a particular cognitive process-the formation of transient 
functional clusters of neurons. Varela calls such clusters "resonant cell 
assemblies," while Tononi and Edelman speak of a "dynamic core." 

It is also interesting to notice that Tononi and Edelman embrace the 
basic premise of neurophenomenology that brain physiology and con
scious experience should be treated as two interdependent domains of 
research. "It is a central claim of this article," they write, "that ana
lyzing the convergence between . . .  phenomenological and neural 
properties can yield valuable insights into the kinds of neural processes 
that can account for the corresponding properties of conscious experi
ence."36 

The detailed dynamics of the neural processes in these two models 
are different but, perhaps, not incompatible. They differ in part be
cause the authors do not focus on the same characteristics of conscious 
experience, and hence emphasize different properties of the correspon
ding neural clusters. 

Varela starts from the observation that the "mental space" of a con
scious experience is composed of many dimensions. In other words, it 
is created by many different brain functions, and yet is a single coher
ent experience. For example, when the smell of a perfume evokes a 
pleasant or unpleasant sensation, we experience this conscious state as 
an integrated whole, composed of sensory perceptions, memories and 
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emotions. The experience is not constant, as we well know, and may be 
extremely short. Conscious states are transitory, continually arising 
and subsiding. Another important observation is that the experiential 
state is always "embodied," that is, embedded in a particular field of 
sensation. In fact, most conscious states seem to have a dominant sen
sation that colors the entire experience)7 

The specific neural mechanism proposed by Varela for the emer
gence of transitory experiential states is a resonance phenomenon 
known as "phase-locking," in which different brain regions are inter
connected in such a way that their neurons fire in synchrony. Through 
this synchronization of neural activity, temporary "cell assemblies" are 
formed, which may consist of widely dispersed neural circuits. 

According to Varela's hypothesis, each conscious experience is 
based on a specific cell assembly, in which many different neural activi
ties-associated with sensory perception, emotions, memory, bodily 
movements, etc.-are unified into a transient but coherent ensemble of 
oscillating neurons. The best way to think of this neural process is, 
perhaps, in musical terms.38 There are noises; then they come together 
in synchrony as a melody emerges; then the melody subsides again into 
cacophony, until anoth�r melody arises in the next moment of reso
nance. 

Varela has applied his model in considerable detail to the explo
ration of the experience of present time-a traditional theme in phe
nomenological studies-and has suggested similar explorations of 
other aspects of conscious experience.39 These include various forms of 
attention and the corresponding neural networks and pathways; the 
nature of will, as expressed in the initiation of voluntary action; and 
the neural correlates of emotions, as well as the relationships between 
mood, emotion, and reason. According to Varela, progress in such a re
search program will depend largely on the extent to which cognitive 
scientists are willing to build a sustained tradition of phenomenologi
cal examination. 

Let us now turn to the neural processes described in the model by 
Gerald Edelman and Giulio Tononi. Like Francisco Varela, these au-
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thors emphasize that conscious experience is highly integrated, each 
conscious state comprising a single "scene" that cannot be decomposed 
into independent components. In addition, they point out that con
scious experience is also highly differentiated, in the sense that we can 
experience any of a huge number of different conscious states within a 
short time. These observations provide two criteria for the underlying 
neural processes: they have to be integrated, while showing extraordi
nary differentiation, or complexity.4o 

The mechanism the authors propose for the rapid integration of 
neural processes in different areas of the brain is one that has been de
veloped theoretically by Edelman since the 1980s and has been tested 
extensively in large-scale computer simulations by Edelman, Tononi, 
and their colleagues. It is called "reentry" and consists of continual ex
changes of parallel signals within and among brain areas.41 These 
processes of parallel signaling play the same role as the phase-locking in 
Varela's model. Indeed, as Varela speaks of cell assemblies being "glued 
together" by phase-locking, so Tononi and Edelman speak of a dy
namic "binding" of groups of nerve cells through the process of reen
try. 

Conscious experience emerges, according to Tononi and Edelman, 
when the activities of different brain areas are integrated during brief 
moments through the process of reentry. Each conscious experience 
emerges from a functional cluster of neurons, which together consti
tute a unified neural process, or "dynamic core." The authors chose the 
term "dynamic core" to convey both the idea of integration and of 
constantly changing activity patterns. They emphasize that the dy
namic core is not a thing or a location, but a process of varying neural 
in teractions. 

A dynamic core may change its composition over time, and the same 
group of neurons may at times be part of a dynamic core and thus un
derlie conscious experience, and at other times not be part of it and 
thus be involved in unconscious processes. Moreover, since the core is a 
cluster of neurons that are functionally integrated without necessarily 
being adjacent anatomically, the composition of the core can transcend 
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traditional anatomic boundaries. Finally, the exact composition of the 
dynamic core associated with a particular conscious experience is ex
pected to vary from individual to individual. 

In spite of the differences in the detailed dynamics they describe, 
the two hypotheses of resonant cell assemblies and the dynamic core 
evidently have much in common. Both view conscious experience as an 
emergent property of a transient process of integration, or synchro
nization, of widely distributed groups of neurons. Both offer concrete, 
testable proposals for the specific dynamics of that process, and are 
likely to lead to significant advances in the formulation of a proper sci
ence of consciousness in the years to come. 

T h e  S o c i al D i m e n s io n  o f C o n s c i ou sne s s  

As human beings, we not only experience the integrated states of pri
mary consciousness; we also think and reflect, communicate through 
symbolic language, make value judgments, hold beliefs, and act inten
tionally with self-awareness and an experience of personal freedom. 
Any future theory of consciousness will have to explain how these well
known characteristics of the human mind arise out of the cognitive 
processes that are common to all living organisms. 

As I mentioned above, the "inner world" of our reflective con
sciousness emerged in evolution together with language and social re
ality.42 This means that human consciousness is not only a biological, 
but also a social, phenomenon. The social dimension of reflective con
sciousness is frequently ignored by scientists and philosophers. As cog
nitive scientist Rafael Nunez points out, almost all current views of 
cognition implicitly assume that the appropriate unit of analysis is the 
body and the mind of the individual. 43 This tendency has been rein
forced by the new technologies for analyzing brain functions, which in
vite cognitive scientists to study single, isolated brains and to neglect 
the continual interactions of those brains with other bodies and brains 
within communities of organisms. These interactive processes are cru-
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cia I to understanding the level of cognitive abstraction that is charac
teristic of reflective consciousness. 

Humberto Maturana was one of the first scientists to link the biol
ogy of human consciousness to language in a systematic way.44 He did 
so by approaching language through a careful analysis of communi
cation within the framework of the Santiago Theory of Cognition. 
Communication, according to Maturana, is not the transmission of in
formation but rather the coordination of behavior between living or
ganisms through mutual structural coupling.45 In these recurrent 
interactions, the living organisms change together through their mu
tual triggering of structural changes. Such mutual coordination is the 
key characteristic of communication for all living organisms, with or 
without nervous systems, and it becomes more and more subtle and 
elaborate with nervous systems of increasing complexity. 

Language arises when a level of abstraction is reached at which 
there is communication about communication. In other words, there is 
a coordination of coordinations of behavior. For example (as Maturana 
explained in a seminar), when you hail a taxi driver on the other side of 
the street with a gesture of your hand, thereby getting his attention, 
this is a coordination of behavior. When you then describe a circle with 
your hand, asking him to make a U-turn, this coordinates the coordi
nation, and thus arises the first level of communication in language. 
The circle has become a symbol, representing your mental image of the 
taxi's trajectory. This little example illustrates the important point 
that language is a system of symbolic communication. Its symbols
words, gestures, and other signs-serve as tokens for the linguistic co
ordination of actions. This, in turn, creates the notion of objects, and 
thus the symbols become associated with our mental images of objects. 

Then, as soon as words and objects are created through coordina
tions of coordinations of behavior, they become the basis for further 
coordinations, which generate a series of recursive levels of linguistic 
communication. 46 As we distinguish objects, we create abstract con
cepts to denote their properties, as well as the relations between ob
jects. The process of observation, according to Maturana, consists of 
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such distinctions of distinctions; then the observer appears when we 
distinguish between observations; and, finally, self-awareness arises as 
the observation of the observer, when we use the notion of an object 
and the associated abstract concepts to describe ourselves. Thus our 
linguistic domain expands to include reflective consciousness. At each 
of these recursive levels words and objects are generated, and their dis
tinction then obscures the coordinations which they coordinate. 

Maturana emphasizes that the phenomenon of language does not 
occur in the brain, but in a continual flow of coordinations of coordi
nations of behavior. It occurs, in Maturana's words, "in the flow of in
teractions and relations of living together."47 As humans, we exist in 
language and we continually weave the linguistic web in which we are 
embedded. We coordinate our behavior in language, and together in 
language we bring forth our world. "The world everyone sees," write 
Maturana and Varela, "is not the world but a world, which we bring 
forth with others."48 This human world centrally includes our inner 
world of abstract thought, concepts, beliefs, mental images, inten
tions, and self-awareness. In a human conversation, our concepts and 
ideas, emotions and body movements become tightly linked in a com
plex choreography of behavioral coordination. 

C o nve r s at i o n s  with C h i mp a n z e e s  

Maturana's theory of consciousness establishes a set of crucial links be
tween self-awareness, conceptual thought and symbolic language. On 
the basis of this theory, and in the spirit of neurophenomenology, we 
can now ask: What is the neurophysiology underlying the emergence of 
human language? How did we, in our human evolution, develop the ex
traordinary levels of abstraction that are characteristic of our thought 
and language? The answers to these questions are still far from definite, 
but several dramatic insights have emerged over the last two decades 
that force us to revise many long-cherished scientific and philosophical 
assumptions. 

One radically new way of thinking about human language is sug-
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gested by several decades of research into communication with chim
panzees through sign language. Psychologist Roger Fouts, one of the 
pioneers at the very center of this research, published a fascinating ac
count of his groundbreaking work in his book Next of Kin.49 Fouts not 
only tells the enthralling story of how he personally experienced ex
tended dialogues between humans and apes, but also uses the insights 
he gained to offer some very exciting speculations about the evolution
ary origins of human language. 

Recent DNA research has shown that there is only a 1 .6  percent 
difference between human DNA and chimpanzee DNA. Indeed, chim
panzees are more closely related to humans than to gorillas or orang
utans. As Fouts explains:  "Our skeleton is an upright version of the 
chimpanzee skeleton; our brain is an enlarged version of the chim
panzee brain; our vocal tract is an innovation on the chimpanzee vocal 
tract."so In addition, it is well known that much of the chimps' facial 
repertoire is similar to our own. 

The DNA evidence we have today strongly indicates that chim
panzees and humans share a common ancestor which the gorillas do not 
share. If we classify the chimpanzees as great apes, then we must clas-

. sify ourselves as great apes, too. Indeed, any category of ape is mean
ingless unless it includes humans. The Smithsonian Institute has 
changed its classification scheme accordingly. In the most recent edi
tion of its publication Mammal Species of the World, the members of the 
great ape family have been moved into the family of hominids, which 
was previously reserved for humans alone.sl 

The continuity between humans and chimpanzees does not end 
with anatomy, but also extends to social and cultural characteristics. 
Like us, chimpanzees are social creatures. In captivity, they suffer most 
from loneliness and boredom. In the wild, they thrive on change, forag
ing in different fruit trees every day, building different sleeping nests 
every night, and socializing with various members of their community 
as they travel through the jungle. 

Moreover, anthropologists have been amazed to discover that chim
panzees also have distinct cultures. Since Jane Goodall made the mo
mentous discovery in the late 1950s that wild chimpanzees make and 
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use tools, extensive observations have revealed that chimpanzee com
munities have unique hunter-gatherer cultures, in which the young 
learn new skills from their mothers through a combination of imitation 
and guidance. 52 Some of the hammers and anvils they use to crack nuts 
are identical to the tools of our own hominid ancestors, and the style of 
toolmaking differs from community to community, as it did in the early 
hominid communities. 

Anthropologists have also documented the chimpanzees' wide
spread use of medicinal plants, and some scientists believe that there 
may be dozens of local chimp medicine cultures scattered across Africa. 
In addition, chimpanzees nurture family bonds, mourn the death of 
mothers and adopt orphans, struggle for power and wage war. In short, 
there seems to be as much social and cultural continuity in the evolu
tion of humans and chimpanzees as there is anatomical continuity. 

So, what about cognition and language? For a long time, scientists 
assumed that chimpanzee communication had nothing to do with hu
man communication because the chimps' grunts and screams bear little 
resemblance to human speech. However, as Roger Fouts argues elo
quently, these scientists focused on the wrong channel of communica
tion.53 Careful observation of chimpanzees in the wild has shown that 
they use their hands for much more than building tools. They are com
municating with them in ways previously un imagined, gesturing to beg 
for food, to seek reassurance, and to offer encouragement. There are 
various chimpanzee gestures for "Come with me," "May I pass?" and 
"You are welcome," and, most astonishingly, some of these gestures 
differ from community to community. 

These observations were dramatically confirmed by the results of 
several teams of psychologists who spent many years raising chim
panzees in their homes like human children, while communicating with 
them in American Sign Language (ASL). Fouts emphasizes that, to ap
preciate the implications of this research, it is important to understand 
that ASL is not an artificial system that hearing people invented for the 
dea£ It has existed for at least 150 years and has its roots in various 
European sign languages that were developed by the deaf themselves 
over centuries. 
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Like spoken languages, ASL is highly flexible. Its building blocks
hand configurations, placements, and movements--can be combined to 
form an infinite number of signs, the equivalent of words. ASL has its 
own rules for organizing signs into sentences, exhibiting a subtle and 
complex visual grammar that is very different from English grammar. 54 

In the cross-fostering studies with chimpanzees, young chimps were 
not treated as passive laboratory subjects, but as primates endowed 
with a powerful need to learn and communicate. It was hoped that they 
would not only acquire a rudimentary ASL vocabulary and grammar, 
but would also use it to ask questions, comment on their experiences, 
and stimulate conversations. In other words, the scientists aimed to en
gage in a genuine two-way communication with the apes. And this is 
what happened. 

Roger Fouts's first and most famous "foster child" was a young 
chimp called Washoe, who at the age of four was able to use ASL at the 
level of a two- or three-year-old human child. Like any human toddler, 
Washoe often greeted her "parents" with a flurry of messages-ROGER 
HURRY, COME HUG, FEED ME, GIMME CLOTHES, PLEASE OUT, 
OPEN DOOR-and like all small children, she also talked to her pets 
and her dolls, and even to herself. For Fouts, "Washoe's spontaneous 
'hand chatter' was the most compelling evidence that she was using 
language the way human children do . . .  The way [she] ran on with her 
hands like a gregarious deaf child, sometimes in the most unlikely of 
circumstances, caused more than one sceptic to reconsider his long
cherished assumption that animals can neither think nor talk."55 

When Washoe grew into an adult ape, she taught her adopted son 
how to sign, and later on, when they both lived together with three 
other chimpanzees of various ages, they formed a complex and cohesive 
family in which language flourished quite naturally. Roger Fouts and 
his wife and collaborator, Deborah Harris Fouts, randomly videotaped 
many hours of animated chimpanzee conversations. These tapes show 
Washoe's family signing while they share blankets, play games, eat 
breakfast, and get ready for bed. As Fouts tells it, "The chimps were 
signing to one another even in the middle of screaming family fights, 
which was the best indication that sign language had become an inte-
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gral part of their mental and emotional lives." Fouts also reports that 
the chimps' conversations were so clear that independent ASL experts 
agreed nine out of ten times on the meanings of these videotaped ex
changes.56 

T h e  O r i gi n s  of H u m a n  L a n gu a g e 

The unprecedented dialogues between humans and chimpanzees 
opened a unique window into the apes' cognitive abilities that sheds 
new light on the origins of human language. As Fouts documents in 
great detail, his work with chimpanzees over several decades has shown 
that they can use abstract symbols and metaphors, have a mental grasp 
of classifications and understand simple grammar. They are also able to 
use syntax, i.e. to combine symbols in an order that conveys meaning, 
and they creatively combine signs in new ways to invent new words. 

These stunning discoveries led Roger Fouts to revive a theory of 
the origin of human language advanced by anthropologist Gordon 
Hewes in the early 1970s.57 Hewes proposed that early hominids com
municated with their hands and developed the skill of precise hand 
movements both for gestures and for making tools. Speech would have 
evolved later from the capacity for "syntax"-an ability to follow com
plex patterned sequences in the making of tools, in gesturing and in 
forming words. 

These insights have very interesting implications for the under
standing of technology. If language originated in gesture, and if 
gesture and toolmaking (the simplest form of technology) evolved to
gether, this would imply that technology is an essential part of human 
nature, inseparable from the evolution of language and consciousness. 
It would mean that, from the very dawn of our species, human nature 
and technology have been inseparably linked. 

The idea that language may have originated in gesture is, of course, 
not new. For centuries people have noticed that infants begin gesturing 
before they begin speaking, and that gesture is a universal means of 
communication we can always fall back on when we do not speak the 
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same language. The scientific problem was to understand how speech 
could have evolved physically out of gestures. How did our hominid an
cestors bridge the gap between motions of the hand and streams of 
words from the mouth? 

This puzzle was solved by neurologist Doreen Kimura, when she 
discovered that speech and precise hand movements seem to be con
trolled by the same motor region of the brain.58 When Fouts learned 
about Kimura's discovery, he realized that, in a sense, sign language and 
spoken language are both forms of gesture. In his words: "Sign lan
guage uses gesture of the hands; spoken language is gesture of the 
tongue. The tongue makes precise movements, stopping at specific 
places around the mouth so that we can produce certain sounds. The 
hands and fingers stop at precise places around the body to produce 
signs."59 

The realization enabled Fouts to formulate his basic theory of the 
evolutionary origin of spoken language. Our hominid ancestors must 
have communicated with their hands, just as their ape cousins did. 
Once they began to walk upright, their hands were free to develop 
more elaborate and refined gestures. Over time, their gestural grammar 
would have become more and more complex, as the gestures them
selves evolved from gross to more precise movements. Eventually, the 
precise movements of their hands would have triggered precise move
ments of their tongues, and thus the evolution of gesture produced 
two important dividends: the ability to make and use more complex 
tools, and the ability to produce sophisticated vocal sounds.60 

This theory was confirmed dramatically when Roger Fouts began to 
work with autistic children.61 His work with chimpanzees and sign lan
guage had made him realize that, when doctors say that autistic chil
dren have "language problems," they really mean that these children 
have problems with spoken language. So, Fouts introduced sign language 
as an alternative linguistic channel, just as he had done with the 
chimps. He had extraordinary success with this technique. After a cou
ple of months of signing, the children broke through their isolation 
and their behavior changed dramatically. 

Even more extraordinary, and at first totally unexpected, was the 
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fact that the autistic children began to speak after several weeks of 
signing. The signing apparently triggered the capacity for speech. The 
skill of forming precise signs could be transferred to the skill of form
ing sounds because both are controlled by the same brain structures. 
"In a matter of weeks," Fouts concluded, the children "may very 
well have retraced the evolutionary path of our own ancestors, a six
million-year journey that led from apelike gesture to modern human 
speech. "62 

Fouts speculates that humans began shifting to speech about 
200,000 years ago with the evolution of the so-called "archaic forms" of 
homo sapiens. That date coincides with the first fabrications of special
ized stone tools that required considerable manual dexterity. The early 
humans who produced these tools were likely to possess the kind of 
neural mechanisms that would have also enabled them to produce 
words. 

The appearance of vocal words in our ancestors' communication 
brought immediate advantages. Those who communicated vocally 
could do so when their hands were full, or when the listener's back was 
turned. Eventually, those evolutionary advantages would bring about 
the anatomical changes that were necessary for full-blown speech. Over 
tens of thousands of years, as our vocal tracts evolved, humans com
municated through combinations of precise gestures and spoken words 
until, eventually, the spoken words crowded out the signs and became 
the dominant form of human communication. Even today, however, we 
use gestures whenever spoken language does not serve us. ''As our 
species' oldest form of communication," Fouts observes, "gesture still 
functions as every culture's 'second language.' "63 

The E m b o di e d M i n d  

According to Roger Fouts, then, language was originally embodied in 
gesture and evolved from gesture together with human consciousness. 
This theory is consistent with the recent discovery by cognitive scien-
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tists that conceptual thought as a whole is embodied physically in the 
body and brain. 

When cognitive scientists say that the mind is embodied, they mean 
far more than the obvious fact that we need a brain in order to think. 
Recent studies in the new field of cognitive linguistics indicate 
strongly that human reason does not transcend the body, as much of 
Western philosophy has held, but is shaped crucially by our physical 
nature and our bodily experience. It is in that sense that the human 
mind is fundamentally embodied. The very structure of reason arises 
from our bodies and brains.64 

The evidence for the mind's em�odiment and the profound philo
sophical implications of this insight are presented lucidly and elo
quently by two leading cognitive linguists, George Lakoff and Mark 
Johnson, in their book Philosophy in the Flesh.65 The evidence is based, 
first of all, on the discovery that most of our thought is unconscious, 
operating at a level that is inaccessible to ordinary conscious aware
ness. This "cognitive unconscious" includes not only all our automatic 
cognitive operations, but also our tacit knowledge and beliefs. Without 
our awareness, the cognitive unconscious shapes and structures all con
scious thought. This has become a major field of study in cognitive sci
ence, which has resul ted in radically new views of how concepts and 
thought processes are formed. 

At this point, the detailed neurophysiology of the formation of ab
stract concepts is still unclear. However, cognitive scientists have be
gun to understand one crucial aspect of this process. In the words of 
Lakoff and Johnson: "The same neural and cognitive mechanisms that 
allow us to perceive and move around also create our conceptual struc
tures and modes of reason."66 

This new understanding of human thought began in the 1980s with 
several studies of the nature of conceptual categories.67 The process of 
categorizing a variety of experiences is a fundamental part of cognition 
at all levels of life. Microorganisms categorize chemicals into food and 
nonfood, into what to move toward and what to move away from. 
Similarly, animals categorize food, noises that mean danger, members of 
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their own species, sexual signals, and so on. As Maturana and Varela 
would say, a living organism brings forth a world by making distinc
tions. 

How living organisms categorize depends on their sensory appara
tus and their motor systems; in other words, it depends on how they 
are embodied. This is true not only for animals, plants, and microor
ganisms, but also for human beings, as cognitive scientists have re
cently discovered. Although some of our categories are the result of 
conscious reasoning, most of them are formed automatically and un
consciously as a result of the specific nature of our bodies and brains. 

This can easily be illustrated with the example of colors. Extensive 
studies of color perception over several decades have made it clear that 
there are no colors in the external world, independent of the process of 
perception. Our experience of color is created by the wave-lengths of 
reflected light in interaction with the color cones in our retinas and the 
neural circuitry connected to them. Indeed, detailed studies have 
shown that the entire structure of our color categories (the number of 
colors, hues, etc.) arises from our neural structures.68 

Whereas color categories are based on our neurophysiology, other 
types of categories are formed on the basis of our bodily experience. 
This is especially important for spatial relations, which are among our 
most basic categories. As Lakoff and Johnson explain, when we perceive 
a cat "in front of" a tree, this spatial relationship does not exist objec
tively in the world, but is a projection from our bodily experience. We 
have bodies with inherent fronts and backs, and we project this dis
tinction onto other objects. Thus, "our bodies define a set of funda
mental spatial relations that we use not only in orienting ourselves, but 
in perceiving the relationship of one object to another."69 

As human beings, we not only categorize the varieties of our expe
rience, but also use abstract concepts to characterize our categories and 
reason about them. At the human level of cognition, categories are al
ways conceptual-inseparable from the corresponding abstract con
cepts. And since our categories arise from our neural structures and 
bodily experience, so do our abstract concepts. 

Some of our embodied concepts are also the basis of certain forms of 
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reasoning, which means that the way we think is also embodied. For ex
ample, when we distinguish between "inside" and "outside," we tend 
to visualize this spatial relationship in terms of a container with an in
side, a boundary, and an outside. This mental image, which is grounded 
in the experience of our body as a container, becomes the basis of a cer
tain form of reasoning.7o Suppose we put a cup inside a bowl and a 
cherry inside the cup. We would know immediately, just by looking at 
it, that the cherry, being inside the cup, is also inside the bowl. 

That inference corresponds to a well-known argument, or "syllo
gism," in classical Aristotelian logic. In its most familiar form, it goes: 
''All men are mortal. Socrates is a man. Therefore, Socrates is mortal." 
The argument seems conclusive because, like our cherry, Socrates is 
within the "container" (category) of men, and men are within the 
"container" (category) of mortals. We project the mental image of 
containers onto abstract categories, and then use our bodily experience 
of a container to reason about these categories. 

In other words, the classical Aristotelian syllogism is not a form of 
disembodied reasoning, but grows out of our bodily experience. Lakoff 
and Johnson argue that this is true for many other forms of reasoning 
as well. The structures of our bodies and brains determine the con
cepts we can form and the reasoning we can engage in. 

When we project the mental image of a container onto the abstract 
concept of a category, we use it as a metaphor. This process of meta
phorical projection is a crucial element in the formation of abstract 
thought and the discovery that most human thought is metaphorical 
has been another major advance in cognitive science.7! Metaphors make 
it possible to extend our basic embodied concepts into abstract theo
retical domains. When we say, "I don't seem to be able to grasp this 
idea," or "This is way over my head," we use our bodily experience of 
grasping an object to reason about understanding an idea. In the same 

k f " I "  "b' d "  
, , 

way, we spea 0 a warm we come or a Ig ay, proJectmg sensory 
and bodily experiences onto abstract domains. 

These are all examples of primary metaphors-the basic elements 
of metaphorical thought. Cognitive linguists theorize that we acquire 
most of our primary metaphors automatically and unconsciously in our 
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early childhood.72 For infants, the experience of affection typically oc
curs together with that of warmth, of being held. Thus associations 
between the two experiential domains are built up, and corresponding 
pathways across neural networks are established. Later in life, these as
sociations continue as metaphors when we speak of a "warm smile" or 
a "close friend." 

Our thought and language contain hundreds of primary metaphors, 
most of which we use without ever being aware of them; and since they 
originate in basic bodily experiences, they tend to be the same in most 
languages around the world. In our abstract thought processes, we 
combine primary metaphors into more complex ones, which enables us 
to use rich imagery and subtle conceptual structures when we reflect 
on our experience. For example, to think of life as a journey allows us 
to use our rich knowledge of journeys while reflecting on how to lead a 
purposeful life. 73 

H u m a n  N a ture  

During the last two decades of the twentieth century, cognitive scien
tists made three major discoveries. As Lakoff and Johnson summarize: 
"The mind is inherently embodied. Thought is mostly unconscious. 
Abstract concepts are largely metaphorical."74 When these insights are 
widely accepted and integrated into a coherent theory of human cog
nition, they will force us to reexamine many of the principal tenets of 
Western philosophy. In Philosophy in the Flesh the authors take the first 
steps toward such a rethinking of Western philosophy in the light of 
cognitive science. 

Their main argument is that philosophy should be able to respond 
to the fundamental human need to know ourselves-to know " who we 
are, how we experience the world, and how we ought to live." Knowing 
ourselves includes understanding how we think and how we express 
our thoughts in language, and it is here that cognitive science can make 
important contributions to philosophy. "Since everything we think and 
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say and do depends on the workings of our embodied minds," Lakoff 
and Johnson argue, "cognitive science is one of our most profound re
sources for self-knowledge. "75 

The authors envisage a dialogue between philosophy and cognitive 
science in which the two disciplines support and enrich each other. 
Scientists need philosophy to become aware of how hidden philosoph
ical assumptions influence their theories. As John Searle reminds us, 
"The price of having contempt for philosophy is that you make philo
sophical mistakes."76 Philosophers, on the other hand, cannot propose 
serious theories about the nature of language, mind, and consciousness 
without taking into account the recent remarkable advances in the sci
entific understanding of human cognition. 

In my view, the main significance of these advances has been the 
gradual but consistent healing of the Cartesian split between mind and 
matter that has plagued Western science and philosophy for more than 
300 years. The Santiago Theory has shown that at all levels of life, 
mind and matter, process and structure, are inseparably connected. 

Recent research in cognitive science has confirmed and refined this 
view by showing how the process of cognition evolved into forms of in
creasing complexity together with the corresponding biological struc
tures. As the ability to control precise hand and tongue movements 
developed, language, reflective consciousness, and conceptual thought 
evolved in the early humans as parts of ever more complex processes of 
communication. 

All these are manifestations of the process of cognition, and at each 
new level they involve corresponding neural and bodily structures. As 
the recent discoveries in cognitive linguistics have shown, the human 
mind, even in its most abstract manifestations, is not separate from the 
body but arises from it and is shaped by it. 

The unified, post-Cartesian view of mind, matter, and life also im
plies a radical reassessment of the relationship between humans and 
animals. Throughout most of Western philosophy, the capacity to rea
son was seen as a uniquely human characteristic, distinguishing us 
from all other animals. The communication studies with chimpanzees 
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have exposed the fallacy of this belief in the most dramatic of ways. 
They make it clear that the cognitive and emotional lives of animals 
and humans differ only by degree; that life is a great continuum in 
which differences between species are gradual and evolutionary. Cog
nitive linguists have fully confirmed this evolutionary conception of 
human nature. In the words of Lakoff and Johnson, "Reason, even in its 
most abstract form, makes use of, rather than transcends, our animal 
nature. Reason is thus not an essence that separates us from other ani
mals; rather, it places us on a continuum with them."77 

The S p ir i t u al D i m e ns i o n  

The scenario of the evolution of life that I discussed in the preceding 
pages begins with the formation of membrane-bounded bubbles in the 
primeval oceans. These tiny droplets formed spontaneously in an ap
propriate soap-and-water environment, following the basic laws of 
physics and chemistry. Once they had formed, a complex network 
chemistry gradually unfolded in the spaces they enclosed, which pro
vided the bubbles with the potential to grow and evolve into complex, 
self-replicating structures. When catalysts entered the system, molecu
lar complexity increased rapidly, and eventually life emerged from 
these protocells with the evolution of proteins, nucleic acids, and the 
genetic code. 

This marked the emergence of a universal ancestor-the first bac
terial cell-from which all subsequent life on Earth descended. The 
descendants of the first living cells took over the Earth by weaving 
a planetary bacterial web and gradually occupying all the ecologi
cal niches. Driven by the creativity inherent in all living systems, the 
planetary web of life expanded through mutations, gene trading, and 
symbioses, producing forms of life of ever-increasing complexity and 
diversity. 

In this majestic unfolding of life, all living organisms continually re
sponded to environmental influences with structural changes, and they 
did so autonomously, according to their own natures. From the begin-
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ning of life, their interactions with one another and with the nonliving 
environment were cognitive interactions. As their structures increased 
in complexity, so did their cognitive processes, eventually bringing 
forth conscious awareness, language, and conceptual thought. 

When we look at this scenario--from the formation of oily droplets 
to the emergence of consciousness-it may seem that all there is to life 
is molecules, and the question naturally arises: What about the spiri
tual dimension of life? Is there any room in this new vision for the hu
man spirit? 

The view that life, ultimately, is all about molecules is one that is of
ten advanced by molecular biologists. It is important to realize, in my 
opinion, that this is a dangerously reductionist view. The new under
standing of life is a systemic understanding, which means that it is 
based not only on the analysis of molecular structures, but also on the 
analysis of patterns of relationships among these structures and of 
the specific processes underlying their formation. As we have seen, the 
defining characteristic of a living system is not the presence of cer
tain macromolecules, but the presence of a self-generating network of 
metabolic processes.78 

The processes of life include, most importantly, the spontaneous 
emergence of new order, which is the basis of life's inherent creativity. 
Moreover, the life processes are associated with the cognitive dimen
sion of life, and the emergence of new order includes the emergence of 
language and consciousness. 

Where does the human spirit come into this picture? To answer this 
question, it will be useful to review the original meaning of "spirit." As 
we have seen, the Latin spiritus means "breath," which is also true for 
the related Latin word anima, the Greek psyche, and the Sanskrit at
man.79 The common meaning of these key terms indicates that the orig
inal meaning of spirit in many ancient philosophical and religious 
traditions, in the West as well as in the East, is that of the breath of 
life. 

Since respiration is indeed a central aspect of the metabolism of all 
but the simplest forms of life, the breath of life seems to be a perfect 
metaphor for the network of metabolic processes that is the defining 
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characteristic of all living systems. Spirit-the breath of life-is what 
we have in common with all living beings. It nourishes us and keeps us 
alive. 

Spirituality, or the spiritual life, is usually understood as a way of 
being that flows from a certain profound experience of reality, which is 
known as "mystical," "religious," or "spiritual" experience. There are 
numerous descriptions of this experience in the literature of the 
world's religions, which tend to agree that it is a direct, nonintellectual 
experience of reality with some fundamental characteristics that are 
independent of cultural and historical contexts. One of the most beau
tiful contemporary descriptions can be found in a short essay titled 
"Spirituality as Common Sense" by the Benedictine monk, psycholo
gist, and author David Steindl-Rast.8o 

In accordance with the original meaning of spirit as the breath of 
life, Brother David characterizes spiritual experience as moments of 
heightened aliveness. Our spiritual moments are those moments when 
we feel most intensely alive. The aliveness felt during such a "peak ex
perience," as psychologist Abraham Maslow called it, involves not only 
the body but also the mind. Buddhists refer to this heightened mental 
alertness as "mindfulness," and they emphasize, interestingly, that 
mindfulness is deeply rooted in the body. Spirituality, then, is always 
embodied. We experience our spirit, in the words of Brother David, as 
"the fullness of mind and body." 

It is evident that this notion of spirituality is consistent with the 
notion of the embodied mind that is now being developed in cognitive 
science. Spiritual experience is an experience of aliveness of mind and 
body as a unity. Moreover, this experience of unity transcends not only 
the separation of mind and body, but also the separation of self 
and world. The central awareness in these spiritual moments is a pro
found sense of oneness with all, a sense of belonging to the universe as 
a whole.8! 

This sense of oneness with the natural world is fully borne out by 
the new scientific conception of life. As we understand how the roots of 
life reach deep into basic physics and chemistry, how the unfolding of 
complexity began long before the formation of the first living cells, and 
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how life has evolved for billions of years by using again and again the 
same basic patterns and processes, we realize how tightly we are con
nected with the entire fabric of life. 

When we look at the world around us, we find that we are not 
thrown into chaos and randomness but are part of a great order, a 
grand symphony of life. Every molecule in our body was once a part of 
previous bodies-living or nonliving-and will be a part of future 
bodies. In this sense, our body will not die but will live on, again and 
again, because life lives on. We share not only life's molecules but also 
its basic principles of organization with the rest of the living world. 
Arid since our mind, too, is embodied, our concepts and metaphors are 
embedded in the web of life together with our bodies and brains. We 
belong to the universe, we are at home in it, and this experience of be
longing can make our lives profoundly meaningful . 



• 

I three I 

S O C I A L  REA L I T Y 

n The Web of Life I proposed a synthesis of recent theories of liv
ing systems, including insights from nonlinear dynamics, or 
"complexity theory," as it is popularly known. !  With the previ

ous two chapters I have laid the groundwork for reviewing this synthe
sis and extending it to the social domain. My aim, as mentioned in the 
preface, is to develop a unified, systemic framework for the under
standing of biological and social phenomena. 

Thre e  P e r sp e c t ive s o n  Life 

The synthesis is based on the distinction between two perspectives on 
the nature of living systems, which I have called the "pattern per
spective" and the "structure perspective," and on their integration by 
means of a third perspective, the "process perspective." More specifi
cally, I have defined the pattern of organization of a living system as the 
configuration of relationships among the system's components that de
termines the system's essential characteristics, the structure of the sys-
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tern as the material embodiment of its pattern of organization, and the 
life process as the continual process of this embodiment. 

I chose the terms "pattern of organization" and "structure" to con
tinue the language used in the theories that form the components of 
my synthesis.2 However, in view of the fact that the definition of 
"structure" in the social sciences is quite different from that in the nat
ural sciences, I shall now modify my terminology and use the more 
general concepts of form and matter to accommodate different usages of 
the term "structure." In this more general terminology, the three per
spectives on the nature of living systems correspond to the study of 
form (or pattern of organization), the study of matter (or material 
structure), and the study of process. 

When we study living systems from the perspective of form, we find 
that their pattern of organization is that of a self-generating network. 
From the perspective of matter, the material structure of a living sys
tem is a dissipative structure, i.e. an open system operating far from 
equilibrium. From the process perspective, finally, living systems are 
cognitive systems in which the process of cognition is closely linked to 
the pattern of autopoiesis. In a nutshell, this is my synthesis of the 
new scientific understanding of life. 

In the diagram below, I have represented the three perspectives as 
points in a triangle to emphasize that they are fundamentally intercon
nected. The form of a pattern of organization can only be recognized if 
it is embodied in matter, and in living systems this embodiment is an 
ongoing process. A full understanding of any biological phenomenon 
must incorporate all three perspectives. 

FORM 

PROCESS 

MATTER 
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Take, for example, the metabolism of a cell. It consists of a network 
(form) of chemical reactions (proc;ess), which involve the production of 
the cell's components (matter), and which respond cognitively, i.e. 
through self-directed structural changes (process), to disturbances from 
the environment. Similarly, the phenomenon of emergence is a process 

characteristic of dissipative structures (matter), which involves multi
ple feedback loops (form). 

To give equal importance to each of these three perspectives is dif
ficult for most scientists because of the persistent influence of our 
Cartesian heritage. The natural sciences are supposed to deal with ma
terial phenomena, but only one of the three perspectives is concerned 
with the study of matter. The other two deal with relationships, qual
ities, patterns, and processes, all of which are nonmaterial. Of course, 
no scientist would deny the existence of patterns and processes, but 
most of them think of a pattern as an emergent property of matter, an 
idea abstracted from matter, rather than a generative force. 

To focus on material structures and the forces between them, and to 
view the patterns of organization resulting from these forces as sec
ondary emergent phenomena has been very effective in physics and 
chemistry, but when we come to living systems this approach is no 
longer adequate. The essential characteristic that distinguishes living 
from nonliving systems-the cellular metabolism-is not a property of 
matter, nor a special "vital force." It is a specific pattern of relation
ships among chemical processes.3 Although it involves relationships 
between processes that produce material components, the network pat
tern itself is nonmaterial. 

The structural changes in this network pattern are understood as 
cognitive processes that eventually give rise to conscious experience 
and conceptual thought. All these cognitive phenomena are nonmate
rial, but they are embodied-they arise from and are shaped by the 
body. Thus, life is never divorced from matter, even though its essential 
characteristics--organization, complexity, processes, and so on-are 
nonmaterial. 



S o c i a l  R e a l i t y 73 

M e ani n g-Th e  Fo u r t h  P e r s p e c t i ve 

When we try to extend the new understanding of life to the social do
main, we immediately come up against a bewildering multitude of phe
nomena-rules of behavior, values, intentions, goals, strategies, designs, 
power relations-that play no role in most of the nonhuman world but 
are essential to human social life. However, these diverse characteristics 
of social reality all share a basic common feature, which provides a natu
ral link to the systems view of life developed in the preceding pages. 

Self-awareness, as we have seen, emerged during the evolution of 
our hominid ancestors together with language, conceptual thought, 
and the social world of organized relationships and cui ture. Conse
quently, the understanding of reflective consciousness is inextricably 
linked to that of language and its social context. This argument can 
also be turned around: the understanding of social reality is inextrica
bly linked to that of reflective consciousness. 

More specifically, our ability to hold mental images of material ob
jects and events seems to be a fundamental condition for the emergence 
of the key characteristics of social life. Being able to hold mental im
ages enables us to choose among several alternatives, which is necessary 
to formulate values and social rules of behavior. Conflicts of interest, 
based on different values, are at the origin of relationships of power, as 
we shall see below. Our intentions, awareness of purposes and designs 
and strategies to reach identified goals all require the projection of 
mental images into the future. 

Our inner world of concepts and ideas, images and symbols is a crit
ical dimension of social reality, constituting what John Searle has called 
"the mental character of social phenomena."4 Social scientists have of
ten referred to it as the "hermeneutic"* dimension to express the view 
that human language, being of a symbolic nature, centrally involves 
the communication of meaning, and that human action flows from the 
meaning that we attribute to our surroundings. 

*From the Greek hermeneuin ("to interpret"). 
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Accordingly, I postulate that the systemic understanding of life can 
be extended to the social domain by adding the perspective of meaning 

to the other three perspectives of life. In doing so, I am using "mean
ing" as a shorthand notation for the inner world of reflective con
sciousness, which contains a multitude of interrelated characteristics. 
A full understanding of social phenomena, then, must involve the inte
gration of four perspectives-form, matter, process, and meaning. 

MEANING 

PROCESS FORM 

MAl lER 

In the diagram above, I have again indicated the interconnectedness 
of these perspectives by representing them as the corners of a geomet
ric figure. The first three perspectives form a triangle, as before. The 
perspective of meaning is represented as lying outside the plane of this 
triangle to indicate that it opens up a new "inner" dimension, so that 
the entire conceptual structure forms a tetrahedron. 

Integrating the four perspectives means recognizing that each con
tributes significantly to the understanding of a social phenomenon. For 
example, we shall see that culture is created and sustained by a network 
(form) of communications (process), in which meaning is generated. The 
culture's material embodiments (matter) include artifacts and written 
texts, through which meaning is passed on from generation to genera-

• 
tlOn. 

It is interesting to note that this conceptual framework of four in
terdependent perspectives on life shows some similarities with the four 
principles, or "causes," postulated by Aristotle as the interdependent 
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sources of all phenomena.s Aristotle distinguished between internal 
and external causes. The two internal causes are matter and form. The 
external causes are the efficient cause, which generates the phenome
non through its action, and the final cause, which determines the action 
of the efficient cause by giving it a goal or purpose. 

Aristotle's detailed description of the four causes and their interre
lations is quite different from the conceptual scheme I am proposing.6 
In particular, the final cause, which corresponds to the perspective I 
have associated with meaning, operates throughout the material world, 
according to Aristotle, whereas contemporary science asserts that it 
plays no role in nonhuman systems. Nevertheless, I find it fascinating 
that after more than 2,000 years of philosophy, we still analyze reality 
within the four perspectives identified by Aristotle. 

S o  c i a l  Th  eory 

When we follow the development of the social sciences from the nine
teenth century to the present, we can see that the major debates among 
different schools of thought seem to reflect the tensions between the 
four perspectives on social life-form, matter, process, and meaning. 

Social thought in the late nineteenth and early twentieth centuries 
was greatly influenced by positivism, a doctrine formulated by the so
cial philosopher Auguste Comte. Its assertions include the insistence 
that the social sciences should search for general laws of human behav
ior, an emphasis on quantification and the rejection of explanations in 
terms of subjective phenomena, such as intentions or purposes. 

It is evident that the positivist framework is patterned 'after classi

cal physics. Indeed, Auguste Comte, who introduced the term "sociol
ogy," first called the scientific study of society "social physics." The 
major schools of thought in early-twentieth-century sociology can be 
seen as attempts at emancipation from the positivist straitjacket. In 
fact, most social theorists of that time positioned themselves explicitly 
in opposition to the positivist epistemology. 7 

One inheritance of positivism during the early decades of sociology 
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was the focus on a narrow notion of "social causation," which linked 
social theory conceptually to physics, rather than to the life sciences. 
Emile Durkheim, who, along with Max Weber, is considered one of the 
principal founders of modern sociology, identified "social facts," such 
as beliefs or practices, as the causes of social phenomena. Even though 
these social facts are clearly nonmaterial, Durkheim insisted that they 
should be treated like material objects. He saw social facts as being 
caused by other social facts, in analogy to the operations of physical 
forces. 

Durkheim's ideas exerted a major influence on both structuralism 
and functionalism, the two dominant schools of early-twentieth
century sociology. Both of these schools of thought assumed that the 
task of social scientists is to unravel a hidden causative reality beneath 
the surface level of observed phenomena. Such attempts to identify 
some hidden phenomena-vital forces or other "extra ingredients"
have occurred repeatedly in the life sciences when scientists struggled 
to understand the emergence of novelty that is characteristic of all life 
and cannot be explained in terms of linear relations of cause and effect. 

For structuralists, the hidden realm consists of underlying "social 
structures." Although early structuralists treated those social struc
tures like material objects, they also understood them as integrated 
wholes and used the term "structure" not unlike the ways in which 
early systems thinkers used "pattern of organization." 

By contrast, the functionalists postulated that there is an underly
ing social rationality that causes individuals to act according to the 
"social functions" of their actions-that is, to act in such a way that 
their actions fulfill society's needs. Durkheim insisted that a full expla
nation of social phenomena must combine both causal and functional 
analyses, and he also emphasized that one should distinguish between 
functions and intentions. It seems that, somehow, he attempted to take 
into account intentions and purposes (the perspective of meaning) 

without abandoning the conceptual framework of classical physics with 
its material structures, forces, and linear cause-and-effect relationships. 

Several of the early structuralists also recognized the connec
tions between social reality, consciousness, and language. The linguist 
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Ferdinand de Saussure was one of the founders of structuralism, and 
the anthropologist Claude Levi-Strauss, whose name is closely associ
ated with the structuralist tradition, was one of the first to analyze so
cial life by systematically employing analogies with linguistic systems. 
The focus on language intensified around the 1960s with the advent of 
the so-called interpretative sociologies, which emphasize that individ
uals interpret their surrounding reality and act accordingly. 

During the 1940s and 1950s, Talcott Parsons, one of the leading so
cial theorists of that time, developed a "general theory of actions" that 
was heavily influenced by general systems theory. Parsons attempted 
to integrate structuralism and functionalism into a single theoretical 
framework, emphasizing that people's actions are both goal-oriented 
and constrained. Like Parsons, many sociologists of the time intro
duced the relevance of intentions and purposes by focusing on "human 
agency," or purposeful action. 

The systemic orientation of Talcott Parsons has been advanced fur
ther by Niklas Luhmann, one of the most innovative contemporary so
ciologists, who was inspired by the ideas of Maturana and Varela to 
develop a theory of "social autopoiesis" to which I shall return in more 
detail.s 

G i d d e n s  and H a b e r m a s-Two I n t e gr a t ive T h e o r i e s  

During the second half of the twentieth century, social theory was 
shaped significantly by several attempts to transcend the opposing 
.schools of the earlier decades and to integrate the notions of social 
structure and human agency with an explicit analysis of meaning. The 
structuration theory of Anthony Giddens and the critical theory of 
Jiirgen Habermas have been perhaps the most influential of those inte
grative theoretical frameworks. 

Anthony Giddens has been a leading contributor to social theory 
since the early 1970s.9 His structuration theory is designed to explore 
the interaction between social structures and human agency in such a 
way that it integrates insights from structuralism and functionalism on 
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the one hand, and from interpretative sociologies on the other. To do 
so, Giddens employs two different but complementary methods of in
vestigation. Institutional analysis is his method for studying social 
structures and institutions, while strategic analysis is used to study 
how people draw upon social structures in their pursuit of strategic 
goals. 

Giddens emphasizes that people's strategic conduct is based largely 
, 

on how they interpret their environment. In fact, he points out that so-
cial scientists have to deal with a "double hermeneutic." They inter
pret their subject matter, which itself is engaged in interpretations. 
Consequently, Giddens believes that subjective phenomenological in
sights must be taken seriously if we are to understand human conduct. 

As would be expected from an integrative theory that attempts to 
transcend traditional opposites, Giddens's concept of social structure 
is rather complex. As in most contemporary social theory, it is defined 
as a set of rules enacted in social practices, and Giddens also includes 
resources in his definition of social structure. The rules are of two 
kinds: interpretative schemes, or semantic rules; and norms, or moral 
rules. There are also two kinds of resources. Material resources include 
the ownership or control of objects (the traditional focus of Marxist 
sociologies), while authoritative resources result from the organization 
of power. 

Giddens also uses the terms "structural properties" for the institu
tionalized features of society (e.g. , the division of labor) and "struc
tural principles" for the most deeply embedded of those features. The 
study of structural principles, the most abstract form of social analy
sis, allows one to distinguish between different types of societies. 

The interaction between social structures and human agency is 
cyclical, according to Giddens. Social structures are both the precondi
tion and the unintended outcome of people's agency. People draw upon 
them in order to engage in their daily social practices, and in so doing 
they cannot help but reproduce the very same structures. 

For example, when we speak we necessarily draw upon the rules of 
our language, and as we use language we continually reproduce and 
transform the very same semantic structures. Thus social structures 
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both enable us to interact and are also reproduced by our interactions. 
Giddens calls this the "duality of structure," and he acknowledges the 
similarity to the circular nature of autopoietic networks in biology.IO 

The conceptual links with the theory of autopoiesis are even more 
evident when we turn to Giddens's view of human agency. He insists 
that agency does not consist of discrete acts but is a continuous flow of 
conduct. Similarly, a living metabolic network embodies an ongoing 
process  of life. And as the components of the living network continu
ally transform or replace other components, so the actions in the flow 
of human conduct have a "transformative capacity" in Giddens's 
theory. 

During the 1970s, while Anthony Giddens developed his structura
tion theory at Cambridge University, Jiirgen Habermas formulated a 
theory of equal scope and depth, which he called the "theory of com
municative action," at the University of Frankfurt. 1 1  By integrating 
numerous philosophical strands, Habermas has become a leading intel
lectual force and a major influence on philosophy and social theory. He 
is the most prominent contemporary exponent of critical theory, the 
social theory with Marxist roots that was developed by the Frankfurt 
School in the 1930s. 12 True to their Marxist origins, critical theorists 
do not simply want to explain the world. Their ultimate task, accord
ing to Habermas, is to uncover the structural conditions of people's ac
tions and to help them transcend these conditions. Critical theory 
deals with power and is aimed at emancipation. 

Like Giddens, Habermas asserts that two different but complemen
tary perspectives are needed to fully understand social phenomena. 
One perspective is that of the social system, which corresponds to the 
focus on institutions in Giddens's theory; the other is the perspective 
of the "life-world" (Lebenrwelt), corresponding to Giddens's focus on 
human conduct. 

For Habermas, the social system has to do with the ways social 
structures constrain people's actions, which includes issues of power 
and specifically the class relationships involved in production. The life
world, on the other hand, raises issues of meaning and communication. 
Accordingly, Habermas sees critical theory as the integration of two 
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different types of knowledge. Empirical-analytical knowledge is associ
ated with the external world and is concerned with causal explanations. 
Hermeneutics, the understanding of meaning, is associated with the 
inner world, and is concerned with language and communication. 

Like Giddens, Habermas recognizes that hermeneutic insights are 
relevant to the workings of the social world because people attribute 
meaning to their surroundings and act accordingly. However, he points 
out that people's interpretations always rely on a number of implicit 
assumptions that are embedded in history and tradition, and he argues 
that this means that all assumptions are not equally valid. According to 
Habermas, social scientists should evaluate different traditions criti
cally, identify ideological distortions, and uncover their connections 
with power relations. Emancipation takes place whenever people are 
able to overcome past restrictions that resulted from distorted commu-

. . 
mcatlOn. 

In accordance with his distinctions between different worlds and 
types of knowledge, Habermas also distinguishes between different 
types of action, and here the integrative nature of his critical theory is 
perhaps most evident. In terms of the four perspectives on life intro
duced above, we can say that action clearly belongs to the process per
spective. By identifying three types of action, Habermas connects 
proem with each of the other three perspectives. Instrumental action 
takes place in the external world (matter); strategic action deals with 
human relationships (form); and communicative action is oriented 
toward reaching understanding (meaning). Each type of action is asso
ciated with a different sense of "rightness" for Habermas. Right action 
refers to factual truth in the material world, to moral rightness in the 
social world, and to sincerity in the inner world. 

Ext e n d i n g  t h e  Sys t e m s  Ap p r o a c h  

The theories of Giddens and Habermas are outstanding attempts to in
tegrate studies of the external world of cause and effect, the social 
world of human relationships, and the inner world of values and mean-
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ing. Both social theorists integrate insights from the natural sciences, 
the social sciences and from cognitive philosophies, while rejecting the 
limitations of positivism. 

I believe that this integration can be advanced significantly by ex
tending the new systemic understanding of life to the social domain 
within the conceptual framework of the four perspectives introduced 
above-form, matter, process, and meaning. We need to integrate all 
four perspectives to reach a systemic understanding of social reality. 

Such a systemic understanding is based on the assumption that 
there is a fundamental unity to life, that different living systems ex
hibit similar patterns of organization. This assumption is supported 
by the observation that evolution has proceeded for billions of years by 
using the same patterns again and again. As life evolves, these patterns 
tend to become more and more elaborate, but they are always varia
tions on the same basic themes. 

The network, in particular, is one of the very basic patterns of 
organization in all living systems. At all levels of life-from the meta
bolic networks of cells to the food webs of ecosystems-the compo
nents and processes of living systems are interlinked in network 
fashion. Extending the systemic understanding of life to the social do
main, therefore, means applying our knowledge of life's basic patterns 
and principles of organization, and specifically our understanding of 
living networks, to social reality. 

However, while insights into the organization of biological net
works may help us understand social networks, we should not expect to 
transfer our understanding of the network's material structure from 
the biological to the social domain. Let us take the metabolic network 
of cells as an example to illustrate this point. A cellular network is a 
nonlinear pattern of organization, and we need complexity theory 
(nonlinear dynamics) to understand its intricacies. The cell, moreover, 
is a chemical system, and we need molecular biology and biochemistry 
to understand the nature of the structures and processes that form the 
network's nodes and links. If we do not know what an enzyme is and 
how it catalyzes the synthesis of a protein, we cannot expect to under
stand the cell's metabolic network. 
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A social network, too, is a nonlinear pattern of organization, and 
concepts developed in complexity theory, such as feedback or emer
gence, are likely to be relevant in a social context as well, but the nodes 
and links of the network are not merely biochemical. Social networks 
are first and foremost networks of communication involving symbolic 
language, cultural constraints, relationships of power, and so on. To 
understand the structures of such networks we need to use insights 
from social theory, philosophy, cognitive science, anthropology, and 
other disciplines. A unified systemic framework for the understanding 
of biological and social phenomena will emerge only when the concepts 
of nonlinear dynamics are combined with insights from these fields of 
study. 

N e tworks of  C o m m u n i c a t i o n s  

To apply our knowledge of living networks to social phenomena, we 
need to find out whether the concept of autopoiesis is valid in the so
cial domain. There has been considerable discussion of this point in re
cent years, but the situation is still far from clear. t3 The key question 
is: What are the elements of an autopoietic social network? Maturana 
and Varela originally proposed that the concept of autopoiesis should 
be restricted to the description of cellular networks, and that the 
broader concept of "organizational closure," which does not specify 
production processes, should be applied to all other living systems. 

Another school of thought, pioneered by sociologist Niklas 
Luhmann, holds that the notion of autopoiesis can be extended to the 
social domain and formulated strictly within the conceptual framework 
of social theory. Luhmann has developed a theory of "social auto
poiesis" in considerable detail.14 However, he takes the curious po
sition that social systems, while being autopoietic, are not living 
systems. 

Since social systems not only involve living human beings, but also 
language, consciousness, and culture, they are evidently cognitive sys
tems-it seems rather strange to consider them as not being alive. I 
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prefer to retain autopoiesis as a defining characteristic of life, but in my 
discussion of human organizations I will also suggest that social sys
tems can be alive to varying degrees. 1 5  

Luhmann's central point is to identify communications as the ele
ments of social networks: "Social systems use communication as their 
particular mode of autopoietic reproduction. Their elements are 
communications that are recursively produced and reproduced by a 
network of communications and that cannot exist outside of such a 
network."16 These networks of communications are self-generating. 
Each communication creates thoughts and meaning, which give rise to 
further communications, and thus the entire network generates it
self--it is autopoietic. As communications recur in multiple feedback 
loops, they produce a shared system of beliefs, explanations, and val
ues-a common context of meaning-that is continually sustained by 
further communications. Through this shared context of meaning indi
viduals acquire identities as members of the social network, and in this 
way the network generates its own boundary. It is not a physical 
boundary but a boundary of expectations, of confidentiality and loy
alty, which is continually maintained and renegotiated by the network 
itselE 

To explore the implications of viewing social systems as networks of 
communications, it is helpful to remember the dual nature of human 
communication. Like all communication among living organisms, it in
volves a continual coordination of behavior, and because it involves 
conceptual thinking and symbolic language it also generates mental 
images, thoughts, and meaning. Accordingly, we can expect networks of 
communications to have a dual effect. They will generate, on the one 
hand, ideas and contexts of meaning, and on the other hand, rules of 
behavior or, in the language of social theorists, social structures. 

M e an i n g ,  P u rp o s e ,  and H u m a n  Fr e e d o m  

Having identified the organization of social systems as self-generating 
networks, we now need to turn our attention to the structures that are 
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produced by these networks and to the nature of the relationships that 
are engendered by them. A comparison with biological networks will 
again be useful. The metabolic network of a cell, for example, generates 
material structures. Some of them become structural components of 
the network, forming parts of the cell membrane or of other cellular 
structures. Others are exchanged between the network's nodes as carri
ers of energy or information, or as catalysts of metabolic processes. 

Social networks, too, generate material structures-buildings, 
roads, technologies, etc.-that become structural components of the 
network; and they also produce material goods and artifacts that are 
exchanged between the network's nodes. However, the production of 
material structures in social networks is quite different from that in bi
ological and ecological networks. The structures are created for a pur
pose, according to some design, and they embody some meaning. To 
understand the activities of social systems, it is crucial to study them 
from that perspective. 

The perspective of meaning includes a multitude of interrelated 
characteristics that are essential to understanding social reality. Mean
ing itself is a systemic phenomenon: it always has to do with context. 
Webster's Dictionary defines meaning as "an idea conveyed to the mind 
that requires or allows of interpretation," and interpretation as "con
ceiving in the light of individual belief, judgment, or circumstance." In 
other words, we interpret something by putting it into a particular con
text of concepts, values, beliefs, or circumstances. To understand the 
meaning of anything we need to relate it to other things in its environ
ment, in its past, or in its future. Nothing is meaningful in itsel£ 

For example, to understand the meaning of a literary text, one 
needs to establish the multiple contexts of its words and phrases. This 
can be a purely intellectual endeavor, but it may also reach a deeper 
level. If the context of an idea or expression includes relationships in
volving our own selves, it becomes meaningful to us in a personal way. 
This deeper sense of meaning includes an emotional dimension and 
may even bypass reason altogether. Something may be profoundly 
meaningful to us through context provided by direct experience. 

Meaning is essential to human beings. We continually need to make 
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sense of our outer and inner worlds, find meaning in our environment 
and in our relationships with other humans, and act according to that 
meaning. This includes in particular our need to act with a purpose or 
goal in mind. Because of our ability to project mental images into the 
future we act with the conviction, valid or invalid, that our actions are 
voluntary, intentional, and purposeful . 

As human beings we are capable of two kinds of actions. Like all liv
ing organisms we engage in involuntary, unconscious activities, such as 
digesting our food or circulating our blood, which are part of the process 
of life and therefore cognitive in the sense of the Santiago Theory. In ad
dition, we engage in voluntary; intentional activities, and it is in acting 
with intention and purpose that we experience human freedom. 17 

As I mentioned above, the new understanding of life sheds new 
light on the age-old philosophical debate about freedom and determin
ism.18  The key point is that the behavior of a living organism is con
strained but not determined by outside forces. Living organisms are 
self-organizing, which means that their behavior is not imposed by the 
environment but is established by the system itself. More specifically; 
the organism's behavior is determined by its own structure, a structure 
formed by a succession of autonomous structural changes. 

The autonomy of living systems must not be confused with inde
pendence. Living organisms are not isolated from their environment. 
They interact with it continually, but the environment does not deter
mine their organization. At the human level, we experience this self
determination as the freedom to act according to our own choices and 
decisions. To experience these as our own means that they are de
termined by our nature, including our past experiences and genetic 
heritage. To the extent that we are not constrained by human relation
ships of power, our behavior is self-determined and therefore free. 

T h e  Dyn a m i c s of C ul ture  

Our ability to hold mental images and project them into the future not 
only allows us to identify goals and purposes and develop strategies 
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and designs, but also enables us to choose among several alternatives 
and hence to formulate values and social rules of behavior. All of these 
social phenomena are generated by networks of communications as a 
consequence of the dual role of human communication. On the one 
hand, the network continually generates mental images, thoughts, and 
meaning; on the other hand, it continually coordinates the behavior of 
its members. From the complex dynamics and interdependence of 
these processes emerges the integrated system of values, beliefs, and 
rules of conduct that we associate with the phenomenon of culture. 

The term "culture" has a long and intricate history and is now used 
in different intellectual disciplines with diverse and sometimes confus
ing meanings. In his classic text, Culture, historian Raymond Williams 
traces the meaning of the word back to its early use as a noun denoting 
a process: the culture (i.e. cultivation) of crops, or the culture (i.e. 
rearing and breeding) of animals. In the sixteenth century this mean
ing was extended metaphorically to the active cultivation of the human 
mind; and in the late eighteenth century, when the word was borrowed 
from the French by German writers (who first spelled it Cultur and sub
sequently Kultur), it acquired the meaning of a distinctive way of life 
of a people. 19 In the nineteenth century the plural "cultures" became 
especially important in the development of comparative anthropology, 
where it has continued to designate distinctive ways of life. 

In the meantime, the older use of "culture" as the active cultivation 
of the mind continued. Indeed, it expanded and diversified, covering a 
range of meanings from a developed state of mind ("a cultured per
son") to the process of this development ("cultural activities") to the 
means of these processes (administered, for example, by a "Ministry of 
Culture"). In our time, the different meanings of "culture" that are as
sociated with the active cultivation of the mind coexist--often un
easily, as Williams notes-with the anthropological use as a distinctive 
way of life of a people or social group (as in "aboriginal culture" or 
"corporate culture"). In addition, the original biological meaning of 
"culture" as cultivation continues to be used, as for example in "agri
culture," "monoculture," or "germ culture." 

For our systemic analysis of social reality we need to focus on the 
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anthropological meaning of culture, which the Columbia Encyclopedia de
fines as "the integrated system of socially acquired values, beliefs, and 
rules of conduct that delimit the range of accepted behaviors in any 
given society." When we explore the details of this definition, we dis
cover that culture arises from a complex, highly nonlinear dynamic. 
It is created by a social network involving multiple feedback loops 
through which values, beliefs, and rules of conduct are continually 
communicated, modified, and sustained. It emerges from a network of 
communications among individuals; and as it emerges, it produces con
straints on their actions. In other words, the social structures, or rules 
of behavior, that constrain the actions of individuals are produced and 
continually reinforced by their own network of communications. 

The social network also produces a shared body of knowledge-in
cluding information, ideas, and skills-that shapes the culture's dis
tinctive way of life in addition to its values and beliefs. Moreover, the 
culture's values and beliefs affect its body of knowledge. They are part 
of the lens through which we see the world. They help. us to interpret 
our experiences and to decide what kind of knowledge is meaningful. 
This meaningful knowledge, continually modified by the network of 
communications, is passed on from generation to generation together 
with the culture's values, beliefs, and rules of conduct. 

The system of shared values and beliefs creates an identity among 
the members of the social network, based on a sense of belonging. 
People in different cultures have different identities because they share 
different sets of values and beliefs. At the same time, an individual may 
belong to several different cultures. People's behavior is informed and 
restricted by their cultural identities, which in turn reinforces their 
sense of belonging. Culture is embedded in people's way of life, and it 
tends to be so pervasive that it escapes our everyday awareness. 

Cultural identity also reinforces the closure of the network by cre
ating a boundary of meaning and expectations that limits the access of 
people and information to the network. Thus the social network is en
gaged in communication within a cui tural boundary which its members 
continually re-create and renegotiate. This situation is not unlike that 
of the metabolic network of a cell, which continually produces and re-
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creates a boundary-the cell membrane-that confines it and gives it 
its identity. However, there are some crucial differences between cellu
lar and social boundaries. Social boundaries, as I have emphasized, are 
not necessarily physical boundaries but boundaries of meaning and ex
pectations. They do not literally surround the network, but exist in a 
mental realm that does not have the topological properties of physical 
space. 

T h e  O rigin  of Powe r 

One of the most striking characteristics of social reality is the phe
nomenon of power. In the words of economist John Kenneth Galbraith, 
"The exercise of power, the submission of some to the will of others, is 
inevitable in modern society; nothing whatever is accomplished with
out it . . .  Power can be socially malign; it is also socially essential."2o 
The essential role of power in social organization is linked to inevitable 
conflicts of interest. Because of our ability to affirm preferences and 
make choices accordingly, conflicts of interest will appear in any human 
community, and power is the means by which these conflicts are re
solved. 

This does not necessarily imply the threat or use of violence. In his 
lucid essay, Galbraith distinguishes three kinds of power, depending on 
the means that are employed. Coercive power wins submission by in
flicting or threatening sanctions; compensatory power by offering 
incentives or rewards; and conditioned power by changing beliefs 
through persuasion or education.2 1  To find the right mixture of these 
three kinds of power in order to resolve conflicts and balance compet
ing interests is the art of politics. 

Relationships of power are culturally defined by agreements on po
sitions of authority that are part of the culture's rules of conduct. In 
human evolution, such agreements may have emerged very early on 
with the development of the first communities. A community would be 
able to act much more effectively if somebody had the authority to 
make or facilitate decisions when there were conflicts of interest. Such 
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social arrangements would have given the community a significant evo
lutionary advantage. 

Indeed, the original meaning of "authority" is not "power to com
mand," but "a firm basis for knowing and acting."22 When we need a 
firm basis for knowing, we might consult an authoritative text; when 
we have a serious illness, we look for a doctor who is an authority in the 
relevant field of medicine. 

From the earliest times, human communities have chosen men and 
women as their leaders when they recognized their wisdom and experi
ence as a firm basis for collective action. These leaders were then in
vested with power, which meant originally that they were given ritual 
vestments as symbols of their leadership, and their authority became 
associated with the power to command. The origin of power, then, lies 
in culturally defined positions of authority on which the community 
relies for the resolution of conflicts and for decisions about how to act 
wisely and effectively. In other words, true authority consists in em
powering others to act. 

However, it often happens that the vestment that gives the power to 
command-the piece of cloth, crown, or other symbol-is passed on 
to someone without true authority. This invested authority; rather 
than the wisdom of a genuine leader, is now the only source of power, 
and in this situation its nature can easily change from empowering oth
ers to the advancement of an individual's own interests. This is when 
power becomes linked to exploitation. 

The association of power with the advancement of one's own inter
ests is the basis of most contemporary analyses of power. In the words 
of Galbraith, "Individuals and groups seek power to advance their own 
interests and to extend to others their personal, religious, or social val
ues."23 A further stage of exploitation is reached when power is pur
sued for its own sake. It is well known that for most people the exercise 
of power brings high emotional and material rewards, conveyed by 
elaborate symbols and rituals of obeisance-from standing ovations, 
fanfares, and military salutes to office suites, limousines, corporate jets, 
and motorcades. 

As a community grows and increases in complexity; its positions of 
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power will also increase. In complex societies, resolutions of conflicts 
and decisions about how to act will be effective only if authority and 
power are organized within administrative structures. In the long his
tory of human civilization, numerous forms of social organization have 
been generated by this need to organize the distribution of power. 

Thus, power plays a central role in the emergence of social struc
tures. In social theory, all rules of conduct are included in the concept 
of social structures, whether they are informal, resulting from contin
ual coordinations of behavior, or formalized, documented, and enforced 
by laws. All such formal structures, or social institutions, are ulti
mately rules of behavior that facilitate decision-making and embody 
relationships of power. This crucial link between power and social 
structure has been discussed extensively in the classic texts on power. 
Sociologist and economist Max Weber states: "Domination has played 
the decisive role . . .  in the economically most important social struc
tures of the past and present";24 and according to political theorist 
Hannah Arendt: ''All political institutions are manifestations and ma
terializations of power. "25 

S tr u c tu r e  i n  B io l o gi c al and S o c i al Sys t e m s  

As we explored the dynamics of social networks, of culture, and of the 
origin of power in the preceding pages, we saw repeatedly that the gen
eration of structures, both material and social, is a key characteristic of 
those dynamics. At this point, it is useful to review the role of struc
ture in living systems in a systematic way. 

The central focus of a systemic analysis is the notion of organiza
tion, or "pattern of organization." Living systems are self-generating 
networks, which means that their pattern of organization is a network 
pattern in which each component contributes to the production of 
other components. This idea can be extended to the social domain by 
identifying the relevant living networks as networks of communica
tions. 



S o c i a l  R e a l i t y 9 1  

In the social realm, the concept of organization takes on an addi
tional meaning. Social organizations, such as businesses or political in
stitutions, are systems whose patterns of organization are designed 
specifically to distribute power. These formally designed patterns are 
known as organizational structures and are visually represented by the 
standard organizational charts. They are ultimately rules of behavior 
that facilitate decision-making and embody relationships of power.26 

In biological systems, all structures are material structures. The 
processes in a biological network are production processes of the net
work's material components, and the resulting structures are the 
material embodiments of the system's pattern of organization. All bio
logical structures change continually; so the process of material em
bodiment is continual. 

Social systems produce nonmaterial as well as material structures. 
The processes that sustain a social network are processes of communi
cation, which generate shared meaning and rules of behavior (the net
work's culture), as well as a shared body of knowledge. The rules of 
behavior, whether formal or informal, are called social structures. 
Sociologist Manuel Castells states that: "Social structures are the foun
dational concept of social theory. Everything else works through the 
social structures. "27 

The ideas, values, beliefs, and other forms of knowledge generated 
by social systems constitute structures of meaning, which I shall call 
"semantic structures." These semantic structures, and thus the net
work's patterns of organization, are embodied physically to some ex
tent in the brains of the individuals belonging to the network. They 
may also be embodied in other biological structures through the effects 
of people's minds on their bodies, as, for example, in stress-related ill
nesses. Recent discoveries in cognitive science imply that, since the 
mind is always embodied, there is continual interplay between seman
tic, neural, and other biological structures. 28 

In modern societies, the culture's semantic structures are docu
mented-that is, materially embodied-in written and digital texts. 
They are also embodied in artifacts, works of art, and other material 
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structures, as they are in traditional non literate cultures. Indeed, the 
activities of individuals in social networks specifically include the or
ganized production of material goods. All these material structures
texts, works of art, technologies, and material goods-are created for a 
purpose and according to some design. They are embodiments of the 
shared meaning generated by the society's networks of communica
tions. 

Te c hn o l o gy and C u l t u r e  

In biology, the behavior of a living organism is shaped by its structure. 
As the structure changes during the organism's development and dur
ing the evolution of its species, so does its behavior. 29 A similar dy
namic can be observed in social systems. The biological structure of an 
organism corresponds to the material infrastructure of a society, which 
embodies the society's culture. As the culture evolves, so does its infra
structure they coevolve through continual mutual influences. 

The influences of the material infrastructure on people's behavior 
and culture are especially significant in the case of technology, hence 
the analysis of technology has become an important subject in social 
theory, both within and beyond the Marxist tradition.3o 

The meaning of "technology," like that of "science," has changed 
considerably over the centuries. The original Greek technologia, derived 
from techne ("art"), meant a discourse on the arts. When the term was 
first used in English in the seventeenth century, it meant a systematic 
discussion of the "applied arts," or crafts, and gradually it came to de
note the crafts themselves. In the early twentieth century, the meaning 
was extended to include not only tools and machines but also nonmate
rial methods and techniques, meaning a systematic application of any 
such techniques. Thus, we speak of "the technology of management," 
or of "simulation technologies. " Today, most definitions of technology 
emphasize its connection with science. Sociologist Manuel Castells de
fines technology as "the set of tools, rules, and procedures through 
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which scientific knowledge is applied to a given task in a reproducible 
manner."31 

Technology, however, is much older than science. Its origins in tool
making go back to the very dawn of the human species when language, 
reflective consciousness, and the ability to make tools evolved to
gether,32 Accordingly, the first human species was given the name homo 

habilis ("skillful human") to denote its ability to make sophisticated 
tools.33 Technology is a defining characteristic of human nature: its 
history encompasses the entire history of human evolution. 

Being a fundamental aspect of human nature, technology has cru
cially shaped successive epochs of civilization.34 We characterize the 
great periods of human civilization in terms of their technologies
from the Stone Age, Bronze Age, and Iron Age to the Industrial Age 
and the Information Age. Throughout the millennia, but especially 
since the Industrial Revolution, critical voices have pointed out that 
the influences of technology on human life and culture are not always 
beneficial. In the early nineteenth century, William Blake decried the 
"dark Satanic mills" of Great Britain's growing industrialism, and sev
eral decades later Karl Marx vividly and movingly described the 
horrendous exploitation of workers in the British lace and pottery in
dustries.35 

More recently, critics have emphasized the increasing tensions be
tween cultural values and high technology.36 Technology advocates 
often discount those critical voices by claiming that technology is neu
tral: that it can have beneficial or harmful effects depending on how it 
is used. However, these defenders of technology do not realize that a 
specific technology will always shape human nature in specific ways, be
cause the use of technology is such a fundamental aspect of being hu
man. As historians Melvin Kranzberg and Carroll Pursell explain: 

To say that technology is not strictly neutral, that it has inherent 
tendencies or imposes its own values, is merely to recognize the fact 
that, as a part of our culture, it has an influence on the way in which 
we behave and grow. Just as [humans 1 have always had some form of 
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technology, so has that technology influenced the nature and direc
tion of their development. The process cannot be stopped nor the re
lationship ended; it can only be understood and, hopefully, directed 
toward goals worthy of [humankind] . 37 

This brief discussion of the interplay between technology and culture, 
to which I shall return several times in the subsequent pages, concludes 
my outline of a unified, systemic framework for the understanding of 
biological and social life. In the remainder of this book, I shall apply 
this new conceptual framework to some of the most critical social and 
political issues of our time-the management of human organizations, 
the challenges and dangers of economic globalization, the problems of 
biotechnology and the design of sustainable communities. 

• 
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I four I 

LI F E  A N D  L EA D E R SHI P 

I N  ORGANI ZATI O N S  

n recent years, the nature of human organizations has been dis
cussed extensively in business and management circles in re
sponse to a widespread feeling that today's businesses need to 

undergo fundamental transformations. Organizational change has be
come a dominant theme in management literature, and numerous busi
ness consultants offer seminars on "change management." 

Over the past ten years, I have been invited to speak at quite a few 
business conferences, and at first I was very puzzled when I encoun
tered the strongly felt need for organizational change. Corporations 
seemed to be more powerful than ever; business was clearly dominating 
politics; and the profi ts and shareholder values of most companies were 
rising to unprecedented heights. Things seemed to be going very well 
indeed for business, so why was there so much talk about fundamental 
change? 

As I listened to the conversations among business executives at 
these seminars, I soon began to see a different picture. Top executives 
are under enormous stress today. They work longer hours than ever be
fore, and many of them complain that they have no time for personal 
relationships and experience little satisfaction in their lives in spite of 
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increasing material prosperity. Their companies may look powerful 
from outside, but they themselves feel pushed around by global market 
forces and insecure in the face of turbulence they can neither predict 
nor fully comprehend. 

The business environment of most companies today changes with 
incredible speed. Markets are rapidly being deregulated, and never
ending corporate mergers and acquisitions impose radical cultural and 
structural changes on the organizations involved--changes that go be
y�nd people's learning capabilities and overwhelm both individuals and 
organizations. As a result, there is a deep and pervasive feeling among 
managers that, no matter how hard they work, things are out of 
control. 

C o m p l exity a n d  C h a n g e  

The root cause of this deep malaise among business executives seems to 
be the enormous complexity that has become one of the foremost char
acteristics of present-day industrial society. At the beginning of this 
new century, we are surrounded by massively complex systems that in
creasingly permeate almost every aspect of our lives. These complexi
ties were difficult to imagine only half a century ago--global trading 
and broadcast systems, instant worldwide communication via ever 
more sophisticated electronic networks, giant multinational organiza
tions, automated factories, and so on. 

The amazement we feel in contemplating these wonders of indus
trial and informational technologies is tinged by a sense of uneasiness, 
if not outright discomfort. Even though these complex systems con
tinue to be hailed for their increasing sophistication, there is a growing 
recognition that they have brought with them a business and organiza
tional environment that is almost unrecognizable from the point of 
view of traditional management theory and practice. 

As if that were not alarming enough, it is becoming ever more ap
parent that our complex industrial systems, both organizational and 
technological, are the main driving force of global environmental de-
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struction, and the main threat to the long-term survival of humanity. 
To build a sustainable society for our children and future generations, 
we need to fundamentally redesign many of our technologies and social 
institutions so as to bridge the wide gap between human design and the 
ecologically sustainable systems of nature. 1 

Organizations need to undergo fundamental changes, both in order 
to adapt to the new business environment and to become ecologically 
sustainable. This double challenge is urgent and real, and the recent 
extensive discussions of organizational change are fully justified. How
ever, despite these discussions and some anecdotal evidence of success
ful attempts to transform organizations, the overall track record is 
very poor. In recent surveys, CEOS reported again and again that their 
efforts at organizational change did not yield the promised results. 
Instead of managing new organizations, they ended up managing the 
unwanted side effects of their efforts. 2 

At first glance, this situation seems paradoxical. When we look 
around our natural environment, we see continuous change, adapta
tion, and creativity; and yet, our business organizations seem to be in
capable of dealing with change. Over the years, I have come to realize 
that the roots of this paradox lie in the dual nature of human organiza
tions.3 On the one hand, they are social institutions designed for spe
cific purposes, such as making money for their shareholders, managing 
the distribution of political power, transmitting knowledge, or spread
ing religious faith. At the same time, organizations are communities of 
people who interact with one another to build relationships, help each 
other, and make their daily activities meaningful at a personal level. 

These two aspects of organizations correspond to two very differ
ent types of change. Many CEOS are disappointed about their efforts to 
achieve change in large part because they see their company as a well
designed tool for achieving specific purposes, and when they attempt 
to change its design they want predictable, quantifiable change in the 
entire structure. However, the designed structure always intersects 
with the organization's living individuals and communities, for whom 
change cannot be designed. 

It is common to hear that people in organizations resist change. In 
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reality, people do not resist change; they resist having change imposed 
on them. Being alive, individuals and their communities are both sta
ble and subject to change and development, but their natural change 
processes are very different from the organizational changes designed 
by "reengineering" experts and mandated from the top. 

To resolve the problem of organizational change, we first need to 
understand the natural change processes that are embedded in all living 
systems. Once we have that understanding, we can begin to design the 
processes of organizational change accordingly and to create human or
ganizations that mirror life's adaptability, diversity, and creativity. 

According to the systemic understanding of life, living systems 
continually create, or re-create, themselves by transforming or replac
ing their components. They undergo continual structural changes 
while preserving their weblike patterns of organization.4 Understand
ing life means understanding its inherent change processes. It seems 
that organizational change will appear in a new light when we under
stand clearly to what extent and in what ways human organizations are 
alive. As organizational theorists Margaret Wheatley and Myron 
Kellner-Rogers put it, "Life is the best teacher about change."5 

What I am proposing, following Wheatley and Kellner-Rogers, is a 
systemic solution to the problem of organizational change, which, like 
many systemic solutions, solves not only that problem but also several 
others. Understanding human organizations in terms of living systems, 
i.e. in terms of complex nonlinear networks, is likely to lead to new in
sights into the nature of complexity, and thus help us deal with the 
complexities of today's business environment. 

Moreover, it will help us design business organizations that are 
ecologically sustainable, since the principles of organization of ecosys
tems, which are the basis of sustainability, are identical to the princi
ples of organization of all living systems. It would seem, then, that 
understanding human organizations as living systems is one of the crit
ical challenges of our time. 

There is an additional reason why the systemic understanding of 
life is of paramount importance in the management of today's business 
organizations. Over the last few decades we have seen the emergence of 
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a new economy that is shaped decisively by information and communi
cation technologies, and in which the processing of information and 
creation of scientific and technical knowledge are the main sources of 
productivity. 6 According to classical economic theory, the key sources 
of wealth are natural resources (land in particular), capital, and labor. 
Productivity results from the effective combination of these three 
sources through management and technology. In today's economy, both 
management and technology are critically linked to knowledge cre
ation. Increases in productivity do not come from labor, but from the 
capacity to equip labor with new capabilities, based on new knowledge. 
Thus "knowledge management," "intellectual capital," and "organiza
tional learning" have become important new concepts in management 
theory. 7 

According to the systems view of life, the spontaneous emergence 
of order and the dynamics of structural coupling, which results in the 
continual structural ch�mges that are characteristic of all living sys
tems, are the basic phenomena underlying the process of learning. 8 
Moreover, we have seen that the creation of knowledge in social net
works is a key characteristic of the dynamics of culture.9 Combining 
these insights and applying them to organizational learning enables us 
to clarify the conditions under which learning and knowledge creation 
take place and derive important guidelines for the management of to
day's knowledge-oriented organizations. 

M e t a p h o r s  i n  M a n ag e m e n t  

The basic idea of management, underlying both its theory and prac
tice, is that of steering an organization in a direction consistent with 
its goals and purposes. 10 For business organizations, these prominently 
include financial goals, and thus, as management theorist Peter Block 
points out, the chief concerns of management are the definition of pur
pose, the use of power, and the distribution of wealth. l 1  

In order to steer an organization effectively, managers need to know 
in some detail how it functions, and since the relevant processes and 
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patterns of organization can be very complex, especially in today's 
large corporations, managers have traditionally used metaphors to 
identify broad overall perspectives. Organizational theorist Gareth 
Morgan has analyzed the key metaphors used to describe organizations 
in an illuminating book, Imager of Organization. According to Morgan, 
"The medium of organization and management is metaphor. Manage
ment theory and practice is shaped by a metaphorical process that in
fluences virtually everything we do."12 

The key metaphors he discusses include organizations as machines 
(with the focus on control and efficiency), as organisms (development, 
adaptation), as brains (organizational learning), as cultures (values, 
beliefs), and as systems of government (conflicts of interest, power). 
From the point of view of our conceptual framework, we see that the 
organism and brain metaphors address the biological and cognitive 
dimensions of life respectively, while the culture and government 
metaphors represent various aspects of the social dimension. The main 
contrast is between the metaphor of organizations as machines and 
that of organizations as living systems. 

My intent is to go beyond the metaphorical level and see to what ex
tent human organizations can literally be understood as living systems. 
Before doing so, however, it will be useful to review the history and 
main characteristics of the machine metaphor. It is an integral part of 
the much broader mechanistic paradigm that was formulated by 
Descartes and Newton in the seventeenth century and has dominated 
our culture for several hundred years, during which it has shaped mod
ern Western society and has significantly influenced the rest of the 
world. 13 

The view of the universe as a mechanical system composed of ele
mentary building blocks has shaped our perception of nature, of the hu
man organism, of society, and thus also of the business organization. 
The first mechanistic theories of management were the classical man
agement theories of the early twentieth century, in which organizations 
were designed as assemblages of precisely interlocking parts-func
tional departments such as production, marketing, finance, and person-
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nel-linked together through clearly defined lines of command and 
communication. 14 

This view of management as engineering, based on precise tech
nical design, was perfected by Frederick Taylor, an engineer whose 
"principles of scientific management" provided the cornerstone of 
management theory during the first half of the twentieth century. As 
Gareth Morgan points out, Taylorism in its original form is still alive in 
numerous fast-food chains around the world. In these mechanized 
restaurants that serve hamburgers, pizzas, and other highly standard
ized products, 

work is often organized in the minutest detail on the basis of designs 
that analyse the total process of production, find the most efficient 
procedures, and then allocate these as specialized duties to people 
trained to perform them in a very precise way. All the thinking is 
done by the managers and designers, leaving all the doing to the em
ployees. 1S 

The principles of classical management theory have become so deeply 
ingrained in the ways we think about organizations that for most man
agers the design of formal structures, linked by clear lines of commu
nication, coordination, and control, has become almost second nature. 
We shall see that this largely unconscious embrace of the mechanistic 
approach to management is one of the main obstacles to organizational 
change today. 

To appreciate the profound impact of the machine metaphor on the 
theory and practice of management, let us now contrast it with the view 
of organizations as living systems, still at the level of metaphor for the 
time being. Management theorist Peter Senge, who has been one of the 
main proponents of systems thinking and of the idea of the "learning or
ganization" in American management circles, has put together an im
pressive list of implications of these two metaphors for organizations. 
To heighten the contrast between them, Senge characterizes one as a 
"machine for making money" and the other as a "living being. "16 
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A machine is designed by engineers for a specific purpose and is 
owned by someone who is free to sell it. This exactly expresses the 
mechanistic view of organizations. It implies that a company is created 
and owned by people outside the system. Its structure and goals are de
signed by management or by outside experts and are imposed on the 
organization. If we see the organization as a living being, however, 
the question of ownership becomes problematic. "Most people in the 
world," Senge notes, "would regard the idea that one person owns an
other as fundamentally immoral."17 If organizations were truly living 
communities, buying and selling them would be the equivalent of slav
ery, and subjecting the lives of their members to predetermined goals 
would be seen as dehumanizing. 

To run properly, a machine must be controlled by its operators, so 
that it will function according to their instructions. Accordingly, the 
whole thrust of classical management theory is to achieve efficient op
erations through top-down control. Living beings, on the other hand, 
act autonomously. They can never be controlled like machines. To try 
and do so is to deprive them of their aliveness. 

Seeing a company as a machine also implies that it will eventually 
run down, unless it is periodically serviced and rebuilt by manage
ment. It cannot change by itself; all changes need to be designed by 
someone else. To see the company as a living being, by contrast, is to 
realize that it is capable of regenerating itself and that it will naturally 
change and evolve. 

"The machine metaphor is so powerful," Senge concludes, "that it 
shapes the character of most organizations. They become more like 
machines than living beings because their members think of them that 
way."18 The mechanistic approach to management has certainly been 
very successful in increasing efficiency and productivity, but it has also 
resulted in widespread animosity toward organizations that are man
aged in machinelike ways. The reason for that is obvious. Most people 
resent being treated like cogs in a machine. 

When we look at the contrast between the two metaphors-ma
chine versus living being-it is evident why a management style 
guided by the machine metaphor will have problems with organiza-
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tional change. The need to have all changes designed by management 
and imposed upon the organization tends to generate bureaucratic 
rigidity. There is no room for flexible adaptations, learning, and evolu
tion in the machine metaphor, and it is clear that organizations man
aged in strictly mechanistic ways cannot survive in today's complex, 
knowledge-oriented and rapidly changing business environment. 

Peter Senge published his juxtaposition of the two metaphors in a 
foreword to a remarkable book, titled The Living Company. 19 It's author, 
Arie de Geus, a former Shell executive, approached the question of 
the nature of business organizations from an interesting angle. In the 
1980s, De Geus directed a study for the Shell Group to examine the 
question of corporate longevity. He and his colleagues looked at large 
corporations that had existed for over a hundred years, had survived 
major changes in the world around them, and were still flourishing with 
their corporate identities intact. 

The study analyzed twenty-seven such long-lived corporations and 
found that they had several key characteristics in common.20 This led 
De Geus to conclude that resilient, long-lived companies are those that 
exhibit the behavior and certain characteristics of living entities. 
Essentially, he identifies two sets of characteristics. One is a strong 
sense of community and collective identity around a set of common 
values; a community in which all members know that they will be sup
ported in their endeavors to achieve their own goals. The other set of 
characteristics is openness to the outside world, tolerance for the entry 
of new individuals and ideas, and consequently a manifest ability to 
learn and adapt to new circumstances. 

He contrasts the values of such a learning company, whose main 
purpose is to survive and thrive in the long run, with those of a con
ventional "economic company," whose priorities are determined by 
purely economic criteria. He asserts that "the sharp difference between 
these two definitions of a company-the economic company definition 
and the learning company definition-lies at the core of the crisis 
managers face today."21 To overcome the crisis, he suggests, managers 
need to "shift their priorities, from managing companies to optimize 
capital to managing companies to optimize people."22 
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S o c i a l  N e two rks 

For De Geus, it does not matter very much whether the "living com
pany" is simply a useful metaphor, or whether business organizations 
are actually living systems, as long as managers think of a company as 
being alive and change their management style accordingly. He also 
urges them to choose between the two images of the "living company" 
and the "economic company," which seems rather artificial. A company 
is certainly a legal and economic entity, and in some sense it also seems 
to be alive. The challenge is to integrate these two aspects of human 
organizations. In my view, it will be easier to meet this challenge if we 
understand in exactly what way organizations are alive. 

Living social systems, as we have seen, are self-generating networks 
of communications.23 This means that a human organization will be a 
living system only if it is organized as a network or contains smaller 
networks within its boundaries. Indeed, recently networks have be
come a major focus of attention not only in business but also in society 
at large and throughout a newly emerging global culture. 

Within a few years, the Internet has become a powerful global net
work of communications, and many of the new Internet companies act 
as interfaces between networks of customers and suppliers. The pio
neering example of this new type of organizational structure is Cisco 
Systems, a San Francisco company that is the largest provider of 
switches and routers for the Internet but that for many years did not 
own a single factory. Essentially, what Cisco does is produce and man
age information through its web site by establishing contacts between 
suppliers and customers and by providing expert knowledge.24 

Most large corporations today exist as decentralized networks of 
smaller units. In addition, they are connected to networks of small and 
medium businesses that serve as their subcontractors and suppliers, 
and units belonging to different corporations also enter into strategic 
alliances and engage in joint ventures. The various parts of those cor
porate networks continually recombine and interlink, cooperating and 
competing with one another at the same time. 
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Similar networks exist among nonprofit and nongovernmental or
ganizations (NGOS). Teachers in schools and between schools increas
ingly interconnect through electronic networks, which also include 
parents and various organizations providing educational support. More
over, networking has been one of the main activities of political grass
roots organizations for many years. The environmental movement, 
the human rights movement, the feminist movement, the peace move
ment, and many other political and cultural grassroots movements 
have organized themselves as networks that transcend national bound
aries.25 

In 1999, hundreds of these grassroots organizations interlinked 
electronically for several months to prepare for joint protest actions at 
the meeting of the World Trade Organization (WTO) in Seattle. The 
Seattle Coalition was extremely successful in derailing the WTO meet
ing and in making its views known to the world. Its concerted actions, 
based on network strategies, have permanently changed the political 
climate around the issue of economic globalization.26 

These recent developments make it evident that networks have be
come one of the most prominent social phenomena of our time. Social 
network analysis has become a new approach to sociology, and is em
ployed by numerous scientists to study social relationships and the na
ture of community.27 Turning to a larger scale, sociologist Manuel 
Castells argues that the recent information technology revolution has 
given rise to a new economy, structured around flows of information, 
power, and wealth in global financial networks. Castells also observes 
that throughout society, networking has emerged as a new form of or
ganization of human activity, and he has coined the term "network so
ciety" to describe and analyze this new social structure.28 

C o m m u n i t i e s  o f  P r a c t i c e  

With the new information and communication technologies, social net
works have become all-pervasive, both within and beyond organiza
tions. For an organization to be alive, however, the existence of social 
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networks is not sufficient; they need to be networks of a special type. 
Living networks, as we have seen, are self-generating. Each communi
cation creates thoughts and meaning, which give rise to further com
munications. In this way, the entire network generates itself, producing 
a common context of meaning, shared knowledge, rules of conduct, a 
boundary, and a collective identity for its members. 

Organizational theorist Etienne Wenger has coined the term "com
munities of practice" for these self-generating social networks, refer
ring to the common context of meaning rather than to the pattern of 
organization through which the meaning is generated. ''As people pur
sue any shared enterprise over time," Wenger explains, "they develop a 
common practice, that is, shared ways of doing things and relating to 
one another that allow them to achieve their joint purpose. Over time, 
the resulting practice becomes a recognizable bond among those in
volved. "29 

Wenger emphasizes that there are many different kinds of commu
nities, just as there are many different kinds of social networks. A resi
dential neighborhood, for example, is often called a community, and we 
also speak of the "legal community" or the "medical community." 
However, these are generally not communities of practice with the 
characteristic dynamics of self-generating networks of communica-

. 
tlOns. 

Wenger defines a community of practice as characterized by three 
features: mutual engagement of its members, a joint enterprise, and, 
over time, a shared repertoire of routines, tacit rules of conduct, and 
knowledge. 3D In terms of our conceptual framework, we see that the 
mutual engagement refers to the dynamics of a self-generating network 
of communications, the joint enterprise to the shared purpose and 
meaning, and the shared repertoire to the resulting coordination of be
havior and creation of shared knowledge. 

The generation of a common context of meaning, shared knowl
edge, and rules of conduct are characteristic of what I called the 
"dynamics of culture" in the preceding pages.31 This includes, in par
ticular, the creation of a boundary of meaning and hence of an identity 
among the members of the social network, based on a sense of belong-
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ing, which is the defining characteristic of community. According to 
Arie de Geus, a strong feeling among the employees of a company that 
they belong to the organization and identify with its achievements-in 
other words, a strong sense of community-is essential for the survival 
of companies in today's turbulent business environment.32 

In our daily activities, most of us belong to several communities of 
practice-at work, in schools, in sports and hobbies, or in civic life. 
Some of them may have explicit names and formal structures, others 
may be so informal that they are not even identified as communities. 
Whatever their status, communities of practice are an integral part of 
our lives. As far as human organizations are concerned, we can now see 
that their dual nature as legal and economic entities, on the one hand, 
and communities of people on the other, derives from the fact that var
ious communities of practice invariably arise and develop within the 
organization's formal structures. These are informal networks-al
liances and friendships, informal channels of communication (the 
"grapevine"), and other tangled webs of relationships-that continu
ally grow, change, and adapt to new situations. In the words of Etienne 
Wenger, 

Workers organize their lives with their immediate colleagues and 

customers to get their jobs done. In doing so, they develop or pre

serve a sense of themselves they can live with, have some fun, and ful

fill the requirements of their employers and clients. No matter what 

their official job description may be, they create a practice to do what 

needs to be done. Although workers may be contractually employed 

by a large institution, in day-to-day practice they work with-and, 

in a sense, for-a much smaller set of people and communities.33 

Within every organization, there is a cluster of interconnected com
munities of practice. The more people are engaged in these informal 
networks, and the more developed and sophisticated the networks are, 
the better will the organization be able to learn, respond creatively to 
unexpected new circumstances, change, and evolve. In other words, the 
organization's aliveness resides in its communities of practice. 
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The Livin g  O rgan i z a t ion  

In order to maximize a company's creative potential and learning capa
bilities, it is crucial for managers and business leaders to understand 
the interplay between the organization's formal, designed structures 
and its informal, self-generating networks.34 The formal structures are 
sets of rules and regulations that define relationships between people 
and tasks, and determine the distribution of power. Boundaries are 
established by contractual agreements that delineate well-defined 
subsystems (departments) and functions. The formal structures are 
depicted in the organization's official documents-the organizational 
charts, bylaws, manuals, and budgets that describe the organization's 
formal policies, strategies, and procedures. 

The informal structures, by contrast, are fluid and fluctuating net
works of communications.35 These communications include nonverbal 
forms of mutual engagement in a joint enterprise through which skills 
are exchanged and shared tacit knowledge is generated. The shared 
practice creates flexible boundaries of meaning that are often unspo
ken. The distinction of belonging to a network may be as simple as be
ing able to follow certain conversations or knowing the latest gossip. 

Informal networks of communications are embodied in the people 
who engage in the common practice. When new people join, the entire 
network may reconfigure itself; when people leave, the network will 
change again, or may even break down. In the formal organization, by 
contrast, functions, and power relations are more important than peo
ple, persisting over the years while people come and go. 

In every organization, there is a continuous interplay between its 
informal networks and its formal structures. Formal policies and proce
dures are always filtered and modified by the informal networks, which 
allow workers to use their creativity when faced with unexpected and 
novel situations. The power of this interplay becomes strikingly appar
ent when employees engage in a work-to-rule protest. By working 
strictly according to the official manuals and procedures, they seriously 
impair the organization's functioning. Ideally, the formal organization 
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recognizes and supports its informal networks of relationships and in
corporates their innovations into its structures. 

To repeat, the aliveness of an organization-its flexibility, creative 
potential, and learning capability-resides in its informal communi
ties of practice. The formal parts of the organization may be "alive" to 
varying degrees, depending on how closely they are in touch with their 
informal networks. Experienced managers know how to work with the 
informal organization. They will typically let the formal structures 
handle the routine work and rely on the informal organization to help 
with tasks that go beyond the usual routine. They may also communi
cate critical information to certain people, knowing that it will be 
passed around and discussed through the informal channels. 

These considerations imply that the most effective way to enhance 
an organization's potential for creativity and learning, to keep it vi
brant and alive, is to support and strengthen its communities of prac
tice. The first step in this endeavor will be to provide the social space 
for informal communications to flourish. Some companies may create 
special coffee counters to encourage informal gatherings; others may 
use bulletin boards, the company newsletter, a special library, offsite 
retreats or online chat rooms for the same purpose. If widely publicized 
within the company so that support by management is evident, these 
measures will liberate people's energies, stimulate creativity, and set 
processes of change in motion. 

L e a r n i n g  from L i fe 

The more managers know about the detailed processes involved in self
generating social networks, the more effective they will be in working 
with the organization's communities of practice. Let us see, then, what 
kinds of lessons for management can be derived from the systemic un
derstanding of life.36 

A living network responds to disturbances with structural changes, 
and it chooses both which disturbances to notice and how to respond.37 
What people notice depends on who they are as individuals, and on the 
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cultural characteristics of their communities of practice. A message 
will get through to them not only because of its volume or frequency, 
but because it is meaningful to them. 

Mechanistically oriented managers tend to hold on to the belief 
that they can control the organization if they understand how all its 
parts fit together. Even the daily experience that people's behavior con
tradicts their expectations does not make them doubt their basic 
assumption. On the contrary, it compels them to investigate the mech
anisms of management in greater detail in order to be able to control 
them. 

We are dealing here with a crucial difference between a living sys
tem and a machine. A machine can be controlled; a living system, ac
cording to the systemic understandiQg of life, can only be disturbed. In 
other words, organizations cannot be controlled through direct inter
ventions, but they can be influenced by giving impulses rather than in
structions. To change the conventional style of management requires a 
shift of perception that is anything but easy, but it also brings great re
wards. Working with the processes inherent in living systems means 
that we do not need to spend a lot of energy to move an organization. 
There is no need to push, pull, or bully it to make it change. Force or 
energy are not the issue; the issue is meaning. Meaningful distur
bances will get the organization's attention and will trigger structural 
changes. 

Giving meaningful impulses rather than precise instructions may 
sound far too vague to managers used to striving for efficiency and pre
dictable results, but it is well known that intelligent, alert people 
rarely carry out instructions exactly to the letter. They always modify 
and reinterpret them, ignore some parts and add others of their own 
making. Sometimes, it may be merely a change of emphasis, but people 
always respond with new versions of the original instructions. 

This is often interpreted as resistance, or even sabotage, but it can be 
interpreted quite differently. Living systems always choose what to no
tice and how to respond. When people modify instructions, they re
spond creatively to a disturbance, because this is the essence of being 
alive. In their creative responses, the living networks within the orga-
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nization generate and communicate meaning, asserting their freedom to 
continually re-create themselves. Even a passive, or passive aggressive, 
response is a way for people to display their creativity. Strict compliance 
can only be achieved at the expense of robbing people of their vitality 
and turning them into listless, disaffected robots. This consideration is 
especially important in today's knowledge-based organizations, in which 
loyalty, intelligence, and creativity are the highest assets. 

The new understanding of the resistance to mandated organiza
tional change can be very powerful, as it allows us to work with peo
ple's creativity, rather than ignore it, and, indeed, to transform it into 
a positive force. If we involve people in the change process right from 
the start, they will "choose to be disturbed," because the process itself 
is meaningful to them. According to Wheatley and Kellner-Rogers: 

We have no choice but to invite people into the process of rethinking, 
redesigning, restructuring the organization. We ignore people's need 
to participate at our own peril. If they're involved, they will create a 
future that already has them in it. We won't have to engage in the im
possible and exhausting tasks of "selling" them the solution, getting 
them "to enroll," or figuring out the incentives that might bribe 
them into compliant behaviours . . .  In our experience, enormous 
struggles with implementation are created every time we deliver 

changes to the organization rather than figuring out how to involve 
people in their creation . . .  [On the other hand,] we have seen im
plementation move with dramatic speed among people who have 
been engaged in the design of those changes.38 

The task is to make the process of change meaningful to people right 
from the start, to get their participation, and to provide an environ
ment in which their creativity can flourish. 

Offering impulses and guiding principles rather than strict instruc
tions evidently amounts to significant changes in power relations, from 
domination and control to cooperation and partnerships. This, too, is a 
fundamental implication of the new understanding of life. In recent 
years, biologists and ecologists have begun to shift their metaphors 
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from hierarchies to networks and have come to realize that partner
ship-the tendency to associate, establish links, cooperate, and main
tain symbiotic relationships-is one of the hallmarks of life.39 

In terms of our previous discussion of power, we could say that the 
shift from domination to partnership corresponds to a shift from coer
cive power, which uses threats of sanctions to assure adherence to or
ders, and compensatory power, which offers financial incentives and 
rewards, to conditioned power, which tries to make instructions mean
ingful through persuasion and education.4o Even in traditional organi
zations, the power embodied in the organization's formal structures is 
always filtered, modified, or subverted by communities of practice that 
create their own interpretations, as orders come down through the or
ganizational hierarchy. 

O r g a n i z a t io n al L e a r n i n g  

With the critical importance of information technology in today's busi
ness world, the concepts of knowledge management and organizational 
learning have become a central focus of management theory. The exact 
nature of organizational learning has been the subject of an ardent de
bate. Is a learning organization a social system capable of learning, or is 
it a community that encourages and supports the learning of its mem
bers? In other words, is learning only an individual or also a social phe
nomenon? 

Organizational theorist Ilkka Tuomi reviews and analyzes recent 
contributions to this debate in a remarkable book, Corporate Knowledge, 

in which he proposes an integrative theory of knowledge manage
ment.41 Tuomi's model of knowledge creation is based on earlier work 
by Ikujiro Nonaka, who introduced the concept of the "knowledge
creating company" into management theory and has been one of the 
main contributors to the new field of knowledge management.42 
Tuomi's views on organizational learning are very compatible with the 
ideas developed in the preceding pages. Indeed, I believe that the sys
temic understanding of reflective consciousness and social networks 
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can contribute significantly to clarifying the dynamics of organiza
tional learning. 

According to Nonaka and his collaborator Hirotaka Takeuchi: 

In a strict sense, knowledge is created only by individuals . . .  Orga
nizational knowledge creation, therefore, should be understood as a 
process that "organizationally" amplifies the knowledge created by 
individuals and crystallizes it as a part of the knowledge network of 
the organization.43 

At the core of Nonaka and Takeuchi's model of knowledge creation lies 
the distinction between explicit and tacit knowledge, which was intro
duced by philosopher Michael Polanyi in the 1980s. Whereas explicit 
knowledge can be communicated and documented through language, 
tacit knowledge is acquired through experience and often remains in
tangible. Nonaka and Takeuchi argue that, although knowledge is al
ways created by individuals, it can be brought to light and expanded by 
the organization through social interactions in which tacit knowledge 
is transformed into explicit knowledge. Thus, while knowledge cre
ation is an individual process, its amplification and expansion are social 
processes that take place between individuals.44 

As Tuomi points out it is really impossible to separate knowledge 
neatly into two different "stocks." For Polanyi, tacit knowledge is always 
a precondition for explicit knowledge. It provides the context of mean
ing from which the knower acquires explicit knowledge. This unspoken 
context, also known as "common sense," which arises from a web of cul
tural conventions, is well-known to researchers in artificial intelligence 
as a major source of frustration. It is the reason why, after several decades 
of strenuous effort, they have still not succeeded in programming com
puters to understand human language in any significant sense.45 

Tacit knowledge is created by the dynamics of culture resulting from 
a network of (verbal and nonverbal) communications within a commu
nity of practice. Organizational learning, therefore, is a social phenome
non, because the tacit knowledge on which all explicit knowledge is based 
is generated collectively. Moreover, cognitive scientists have come to re-
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alize that even the creation of explicit knowledge has a social dimension 
because of the intrinsically social nature of reflective consciousness.46 
The systemic understanding of life and cognition shows clearly that or
ganizational learning has both individual and social aspects. 

These insights have important implications for the field of knowl
edge management. They make it clear that the widespread tendency to 
treat knowledge as an entity that is independent of people and their 
social context-a thing that can be replicated, transferred, quantified, 
and traded-will not improve organizational learning. As Margaret 
Wheatley puts it, "If we want to succeed with knowledge manage
ment, we must attend to human needs and dynamics . . .  Knowledge 
[is not] the asset or capital. People are."47 

The systems view of organizational learning reinforces the lesson 
we have learned from the understanding of life in human organizations: 
the most effective way to enhance an organization's learning potential 
is to support and strengthen its communities of practice. In an organi
zation that is alive, knowledge creation is natural and sharing what we 
have learned with friends and colleagues is humanly satisfying. To 
quote Wheatley once more: "Working for an organization that is intent 
on creating knowledge is a wonderful motivator, not because the or
ganization will be more profitable, but because our lives will feel more 
worthwhile. "48 

Th e E m e r g e n c e  o f  N o velty 

If the aliveness of an organization resides in its communities of prac
tice, and if creativity, learning, change, and development are inherent 
in all living systems, how do these processes actually manifest in the or
ganization's living networks and communities? To answer this ques
tion, we need to turn to a key characteristic of life that we have already 
encountered several times in the preceding pages-the spontaneous 
emergence of new order. The phenomenon of emergence takes place at 
critical points of instability that arise from fluctuations in the environ
ment, amplified by feedback loops.49 Emergence results in the creation 
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of novelty that is often qualitatively different from the phenomena out 
of which it emerged. The constant generation of novelty-"nature's 
creative advance," as the philosopher Alfred North Whitehead called 
it-is a key property of all living systems. 

In a human organization, the event triggering the process of emer
gence may be an ofIhand comment, which may not even seem impor
tant to the person who made it but is meaningful to some people in a 
community of practice. Because it is meaningful to them, they choose 
to be disturbed and circulate the information rapidly through the or
ganization's networks. As it circulates through various feedback loops, 
the information may get amplified and expanded, even to such an ex
tent that the organization can no longer absorb it in its present state. 
When that happens, a point of instability has been reached. The sys
tem cannot integrate the new information into its existing order; it is 
forced to abandon some of its structures, behaviors, or beliefs. The re
sult is a state of chaos, confusion, uncertainty, and doubt; and out of 
that chaotic state a new form of order, organized around new mean
ing, emerges. The new order was not designed by any individual but 
emerged as a result of the organization's collective creativity. 

This process involves several distinct stages. To begin with, there 
must be a certain openness within the organization, a willingness to be 
disturbed, in order to set the process in motion; and there has to be an 
active network of communications with multiple feedback loops to am
plify the triggering event. The next stage is the point of instability, 
which may be experienced as tension, chaos, uncertainty, or crisis. At 
this stage, the system may either break down, or it may break through to 
a new state of order, which is characterized by novelty and involves an 
experience of creativity that often feels like magic. 

Let us take a closer look at these stages. The initial openness to dis
turbances from the environment is a basic property of all life. Living 
organisms need to be open to a constant flow of resources (energy and 
matter) to stay alive; human organizations need to be open to a flow of 
mental resources (information and ideas), as well as to the flows of en
ergy and materials that are part of the production of goods or services. 
The openness of an organization to new concepts, new technologies, 
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and new knowledge is an indicator of its aliveness, flexibility, and 
learning capabilities. 

The experience of the critical instability that leads to emergence 
usually involves strong emotions-fear, confusion, self-doubt, or 
pain-and may even amount to an existential crisis. This was the ex
perience of the small community of quantum physicists in the 1920s, 
when their exploration of the atomic and subatomic world brought 
them into contact with a strange and unexpected reality. In their strug
gle to comprehend this new reality, the physicists became painfully 
aware that their basic concepts, their language, and their whole way of 
thinking were inadequate for describing atomic phenomena. For many 
of them, this period was an intense emotional crisis, as described most 
vividly by Werner Heisenberg: 

I remember discussions with Bohr which went through many hours 
till very late at night and ended almost in despair; and when at the 
end of the discussion I went alone for a walk in the neighbouring park 
I repeated to myself again and again the question: Can nature possi
bly be so absurd as it seemed to us in these atomic experiments?50 

It took the quantum physicists a long time to overcome their crisis, but 
in the end the reward was great. From their intellectual and emotional 
struggles emerged deep insights into the nature of space, time, and 
matter, and with them the outlines of a new scientific paradigm.51 

The experience of tension and crisis before the emergence of nov
elty is well known to artists, who often find the process of creation 
overwhelming and yet persevere in it with discipline and passion. 
Marcel Proust offers a beautiful testimony of the artist's experience in 
his masterpiece In Search of LOft Time: 

It is often simply from want of the creative spirit that we do not go 
to the full extent of suffering. And the most terrible reality brings us, 
with our suffering, the joy of a great discovery, because it merely 
gives a new and clear form to what we have long been ruminating 
without suspecting it.52 
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Not all experiences of crisis and emergence need to be that extreme, of 
course. They occur in a wide range of intensities, from small sudden in
sights to painful and exhilarating transformations. What they have in 
common is a sense of uncertainty and loss of control that is, at the very 
least, uncomfortable. Artists and other creative people know how to 
embrace this uncertainty and loss of control. Novelists often report 
how their characters take on lives of their own in the process of cre
ation, as the story seems to write itself; and the great Michelangelo 
gave us the unforgettable image of the sculptor chipping away the ex
cess marble to let the statue emerge. 

After prolonged immersion in uncertainty, confusion, and doubt, 
the sudden emergence of novelty is easily experienced as a magical mo
ment. Artists and scientists have often described these moments of awe 
and wonder when a confused and chaotic situation crystallizes miracu
lously to reveal a novel idea or a solution to a previously intractable 
problem. Since the process of emergence is thoroughly nonlinear, in
volving multiple feedback loops, it cannot be fully analyzed with our 
conventional, linear ways of reasoning, and hence we tend to experi
ence it with a sense of mystery. 

In human organizations, emergent solutions are created within the 
context of a particular organizational culture, and generally cannot be 
transferred to another organization with a different culture. This tends 
to be a big problem for business leaders who, naturally, are very keen on 
replicating successful organizational change. What they tend to do is 
replicate a new structure that has been successful without transferring 
the tacit knowledge and context of meaning from which the new struc
ture emerged. 

E m e rg e n c e  a n d  D e s ign 

Throughout the living world, the creativity of life expresses itself 
through the process of emergence. The structures that are created in 
this process-the biological structures of living organisms as well as 
social structures in human communities-may appropriately be called 
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"emergent structures. " Before the evolution of humans, all living 
structures on the planet were emergent structures. With human evolu
tion, language, conceptual thought, and all the other characteristics of 
reflective consciousness came into play. This enabled us to form mental 
images of physical objects, to formulate goals and strategies, and thus 
to create structures by design. 

We sometimes speak of the structural "design" of a blade of grass 
or an insect's wing, but in doing so we use metaphorical language. 
These structures were not designed; rather, they were formed during 
the evolution of life and survived through natural selection. They are 
emergent structures. Design requires the ability to form mental im
ages, and since this ability, as far as we know, is limited to humans and 
the other great apes, there is no design in nature at large. 

Designed structures are always created for a purpose and embody 
some meaning. 53 In nonhuman nature, there is no purpose or intention. 
We often tend to attribute a purpose to the form of a plant or the be
havior of an animal. For example, we would say that a flower has a cer
tain color to attract honey bees, or that a squirrel hides its nuts in 
order to have a storage of food in winter, but these are anthropomor
phic projections that ascribe the human characteristic of purposeful 
action to nonhuman phenomena. The colors of flowers and the behav
ior of animals have been shaped through long processes of evolution 
and natural selection, often in coevolution with other species. From the 
scientific point of view, there is neither purpose nor design in nature.54 

This does not mean that life is purely random and meaningless, as 
the mechanistic neo-Darwinist school of thought would have it. The 
systemic understanding of life recognizes the pervasive order, self
organization, and intelligence manifest throughout the living world, 
and, as we have seen, this realization is completely consistent with a 

spiritual outlook on life.55 However, the teleological assumption that 
purpose is inherent in natural phenomena is a human projection, be
cause purpose is a characteristic of reflective consciousness, which does 
not exist in nature at large. 56 

Human organizations always contain both designed and emergent 
structures. The designed structures are the formal structures of the 
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organization, as described in its official documents. The emergent 
structures are created by the organization's informal networks and 
communities of practice. The two types of structures are very differ
ent, as we have seen, and every organization needs both kinds.57 De
signed structures provide the rules and routines that are necessary for 
the effective functioning of the organization. They enable a business 
organization to optimize its production processes and to sell its prod
ucts through effective marketing campaigns. Designed structures pro
vide stability. 

Emergent structures, on the other hand, provide novelty, creativity, 
and flexibility. They are adaptive, capable of changing and evolving. In 
today's complex business environment, purely designed structures do 
not have the necessary responsiveness and learning capability. They 
may be capable of magnificent feats, but since they are not adaptive, 
they are deficient when it comes to learning and changing, and thus li
able to be left behind. 

The issue is not one of discarding designed structures in favor of 
emergent ones. We need both. In every human organization there is a 
tension between its designed structures, which embody relationships 
of power, and its emergent structures, which represent the organiza
tion's aliveness and creativity. As Margaret Wheatley puts it, "The dif
ficulties in organizations are manifestations of life asserting itself 
against the powers of control."58 Skillful managers understand the in
terdependence between design and emergence. They know that in to
day's turbulent business environment, their challenge is to find the 
right balance between the creativity of emergence and the stability of 
design. 

Two Ki n d s  o f  L e a d e r s h i p  

Finding the right balance between design and emergence seems to re
quire the blending of two different kinds of leadership. The traditional 
idea of a leader is that of a person who is able to hold a vision, to artic
ulate it clearly and to communicate it with passion and charisma. It is 
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also a person whose actions embody certain values that serve as a stan
dard for others to strive for. The ability to hold a clear vision of an ideal 
form, or state of affairs, is something that traditional leaders have in 
common with designers. 

The other kind of leadership consists in facilitating the emergence 
of novelty. This means creating conditions rather than giving direc
tions, and using the power of authority to empower others. Both kinds 
of leadership have to do with creativity. Being a leader means creating 
a vision; it means going where nobody has gone before. It also means · 
enabling the community as a whole to create something new. Fa
cilitating emergence means facilitating creativity. 

Holding a vision is central to the success of any organization, be
cause all human beings need to feel that their actions are meaningful 
and geared toward specific goals. At all levels of the organization, peo
ple need to have a sense of where they are going. A vision is a mental 
image of what we want to achieve, but visions are much more complex 
than concrete goals and tend to defy expression in ordinary, rational 
terms. Goals can be measured, while vision is qualitative and much 
more intangible. 

Whenever we need to express complex and subtle images, we make 
use of metaphors, and thus it is not surprising that metaphors play a 
crucial role in formulating an organization's vision.59 Often, the vision 
remains unclear as long as we try to explain it, but suddenly comes into 
focus when we find the right metaphor. The ability to express a vision 
in metaphors, to articulate it in such a way that it is understood and 
embraced by all, is an essential quality of leadership. 

To facilitate emergence effectively, community leaders need to rec
ognize and understand the different stages of this fundamental life 
process. As we have seen, emergence requires an active network of 
communications with multiple feedback loops. Facilitating emergence 
means first of all building up and nurturing networks of communica
tions in order to "connect the system to more of itself," as Wheatley 
and Kellner-Rogers put it.6o 

In addition, we need to remember that the emergence of novelty is 
a property of open systems, which means that the organization needs 
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to be open to new ideas and new knowledge. Facilitating emergence in
cludes creating that openness-a learning culture in which continual 
questioning is encouraged and innovation is r�warded. Organizations 
with such a culture value diversity and, in the words of Arie de Geus, 
"tolerate activities in the margin: experiments and eccentricities that 
stretch their understanding."61 

Leaders often find it difficult to establish the feedback loops that in
crease the organization's connectedness. They tend to turn to the same 
people again and again-usually the most powerful in the organization, 
who often resist change. Moreover, chief executives often feel that, be
cause of the organization's traditions and past history, certain delicate 
issues cannot be addressed openly. 

In those cases, one of the most effective approaches for a leader may 
be to hire an outside consultant as a "catalyst ." Being a catalyst means 
that the consultant is not affected by the processes she helps to initiate, 
and thus is able to analyze the situation much more clearly. Angelika 
Siegmund, cofounder of Corphis Consulting in Munich, Germany, de
scribes this work in the following words: 

One of my main activities is to act as feedback facilitator and ampli
fier. I don't design solutions but facilitate feedback; the organization 
takes care of the contents. I analyse the situation, reflect it back to 
management, and make sure that every decision is immediately com
municated through a feedback loop. I build up networks, increase the 
organization's connectivity, and amplity the voices of employees who 
would otherwise not be heard. As a consequence, the managers begin 
to discuss things that would normally not be discussed, and thus the 
organization's ability to learn increases. In my experience, a powerful 
leader plus a skilled outside facilitator is a fantastic combination that 
can bring about incredible effects.62 

The experience of the critical instability that precedes the emergence 
of novelty may involve uncertainty, fear, confusion, or self-doubt. 
Experienced leaders recognize these emotions as integral parts of the 
whole dynamic and create a climate of trust and mutual support. In to-
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day's turbulent global economy this is especially important, because 
people are often in fear of losing their jobs as a consequence of corpo
rate mergers or other radical structural changes. This fear generates a 
strong resistance to change, hence building trust is essential. 

The problem is that people at all levels want to be told what con
crete results they can expect from the change process, while managers 
themselves do not know what will emerge. During this chaotic phase, 
many managers tend to hold things back rather than communicating 
honestly and openly, which means that rumors fly and nobody knows 
what information to trust. 

Good leaders will tell their employees openly and often which as
pects of the change have been established and which are still uncertain . 
They will try to make the process transparent, even though the results 
cannot be known in advance. 

During the change process some of the old structures may fall 
apart, but if the supportive climate and the feedback loops in the net
work of communications persist, new and more meaningful structures 
are likely to emerge. When that happens, people often feel a sense of 
wonder and elation, and now the leader's role is to acknowledge these 
emotions and provide opportunities for celebration. 

Finally, leaders need to be able to recognize emergent novelty, artic
ulate it and incorporate it into the organization's design. Not all emer
gent solutions will be viable, however, and hence a culture fostering 
emergence must include the freedom to make mistakes. In such a cul
ture, experimentation is encouraged and learning is valued as much as 
success. 

Since power is embodied in all social structures, the emergence of 
new structures will always change power relations; the process of emer
gence in communities is also a process of collective empowerment. 
Leaders who facilitate emergence use their own power to empower oth
ers. The result may be an organization in which both power and the po
tential for leadership are widely distributed. This does not mean that 
several individuals assume leadership simultaneously, but that differ
ent leaders step forward when they are needed to facilitate various 
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stages of emergence. Experience has shown that it usually takes years 
to develop this kind of distributed leadership. 

It is sometimes argued that the need for coherent decisions and 
strategies requires an ultimate seat of power. However, many business 
leaders have pointed out that coherent strategy emerges when senior 
executives are engaged in an ongoing process of conversation. In the 
words of Arie de Geus, "Decisions grow in the topsoil of formal and in
formal conversation-sometimes structured (as in board meetings and 
the budget process), sometimes technical (devoted to implementation 
of specific plans or practices), and sometimes ad hoc. "63 

Different situations will require different types of leadership. 
Sometimes, informal networks and feedback loops will have to be es
tablished; at other times people will need firm frameworks with definite 
goals and time frames within which they can organize themselves. An 
experienced leader will assess the situation, take command if necessary, 
but then be flexible enough to let go again . It is evident that such lead
ership requires a wide variety of skills, so that many paths for action 
are available. 

B r ing ing  Li fe in to  Orga n i z at io n s  

Bringing life into human organizations by empowering their communi
ties of practice not only increases their flexibility, creativity, and learn
ing potential, but also enhances the dignity and humanity of the 
organization's individuals, as they connect with those qualities in 
themselves. In other words, the focus on life and self-organization em
powers the sel£ It creates mentally and emotionally healthy working 
environments in which people feel that they are supported in striving 
to achieve their own goals and do not have to sacrifice their integrity to 
meet the goals of the organization. 

The problem is that human organizations are not only living com
munities but are also social institutions designed for specific purposes 
and functioning in a specific economic environment. Today that envi-
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ronment is not life-enhancing but is increasingly life-destroying. The 
more we understand the nature of life and become aware of how alive 
an organization can be, the more painfully we notice the life-draining 
nature of our current economic system. 

When shareholders and other outside bodies assess the health of a 
business organization, they generally do not inquire about the alive
ness of its communities, the integrity and well-being of its employees, 
or the ecological sustainability of its products. They ask about profits, 
shareholder value, market share, and other economic parameters; and 
they will apply any pressure they can to assure quick returns on their 
investments, irrespective of the long-term consequences for the orga
nization, the well-being of its employees, or of its broader social and 
environmental impacts. 

These economic pressures are applied with the help of ever more so
phisticated information and communication technologies, which have 
created a profound conflict between biological time and computer time. 
New knowledge arises, as we have seen, from chaotic processes of emer
gence that take time. Being creative means being able to relax into 
uncertainty and confusion. In most organizations this is becoming in
creasingly difficult, because things move far too fast. People feel that 
they have hardly any time for quiet reflection, and since reflective con
sciousness is one of the defining characteristics of human nature, the 
results are profoundly dehumanizing. 

The enormous workload of today's executives is another direct con
sequence of the conflict between biological time and computer time. 
Their work is increasingly computerized, and as computer technology 
progresses, these machines work faster and faster and thus save more 
and more time. What to do with that spare time becomes a question of 
values. It can be distributed among the individuals in the organiza
tion-thus creating time for them to reflect, organize themselves, net
work, and gather for informal conversations--or the time can be 
extracted from the organization and turned into profits for its top ex
ecutives and shareholders by making people work more and thus in
creasing the company's productivity. Unfortunately, most companies in 
our much-acclaimed information age have chosen the second option. As 
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a consequence, we see enormous increases in the corporate wealth at 
the top, while thousands of workers are fired in the continuing mania 
for downsizing and corporate mergers, and those remaining (including 
the top executives themselves) are forced to work harder and harder. 

Most corporate mergers involve dramatic and rapid structural 
changes for which people are totally unprepared. Acquisitions and 
mergers 

-
are undertaken partly because large corporations want to gain 

entry into new markets and buy knowledge or technologies developed 
by smaller companies (in the mistaken belief that they can short
circuit the learning process). Increasingly, however, the main reason for 
a merger is to make the company bigger and thus less susceptible to be
ing swallowed itsel£ In most cases, a merger involves a highly problem
atic fusion of two different corporate cultures, which seems to bring no 
advantages in terms of greater efficiency or profits, but produces pro
tracted power struggles, enormous stress, existential fears, and thus 
deep distrust and suspicions about structural change.64 

It is evident that the key characteristics of today's business envi
ronment-global competition, turbulent markets, corporate mergers 
with rapid structural changes, increasing workloads, and demands for 
"24/7" accessibility through e-mail and cell phones--combine to cre
ate a situation that is highly stressful and profoundly unhealthy. In this 
climate it is often difficult to hold on to the vision of an organization 
that is alive, creative, and concerned about the well-being of its mem
bers and of the living world at large. When we are under stress, we tend 
to revert to old ways of acting. When things fall apart in a chaotic situ
ation, we tend to take hold and assume control. This tendency is espe
cially strong among managers, who are used to getting things done and 
are attracted to the exercise of control. 

Paradoxically, the current business environment, with its turbu
lences and complexities and its emphasis on knowledge and learning, is 
also one in which the flexibility, creativity, and learning capability that 
come with the organization's aliveness are most needed. This is now 
being recognized by a growing number of visionary business leaders 
who are shifting their priorities toward developing the creative poten
tial of their employees, enhancing the quality of the company's inter-
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nal communities, and integrating the challenges of ecological sustain
ability into their strategies. Because of the need for continuous change 
management in today's turbulent environment, the "learning organiza
tions" managed by this new generation of business leaders are often 
very successful in spite of present economic constraints.65 

In the long run, organizations that are truly alive will be able to 
flourish only when we change our economic system so that it becomes 
life-enhancing rather than life-destroying. This is a global issue, which 
I shall discuss in some detail in the following pages. We shall see that 
the life-draining characteristics of the economic environment in which 
today's organizations have to operate are not isolated, but are invari
ably consequences of the "new economy" that has become the critical 
context of our social and organizational life. 

This new economy is structured around flows of information, 
power, and wealth in global financial networks that rely decisively on 
advanced information and communication technologies. 66 It is shaped 
in very fundamental ways by machines, and the resulting economic, so
cial, and cultural environment is not life-enhancing but life-degrading. 
It has triggered a great deal of resistance, which may well coalesce into 
a worldwide movement to change the current economic system by or
ganizing its financial flows according to a different set of values and be
liefs. The systemic understanding of life makes it clear that in the 
coming years such a change will be imperative not only for the well
being of human organizations, but also for the survival and sustain
ability of humanity as a whole. 



I five I 

THE NE T W OR K S 

OF G L O BA L  CAPI TA LI S M  

uring the last decade of the twentieth century, a recognition 
grew among entrepreneurs, politicians, social scientists, com
munity leaders, grassroots activists, artists, cultural histori

ans, and ordinary women and men from all walks of life that a new 
world was emerging-a world shaped by new technologies, new social 
structures, a new economy and a new culture. "Globalization" became 
the term used to summarize the extraordinary changes and the seem
ingly irresistible momentum felt by millions of people. 

With the creation of the World Trade Organization (WTO) in the 
mid-1990s, economic globalization, characterized by "free trade," was 
hailed by corporate leaders and politicians as a new order that would 
benefit all nations, producing worldwide economic expansion whose 
wealth would trickle down to all. However, it soon became apparent to 
increasing numbers of environmentalists and grassroots activists that 
the new economic rules established by the WTO were manifestly unsus
tainable and were producing a multitude of interconnected fatal conse
quences-social disintegration, a breakdown of democracy, more rapid 
and extensive deterioration of the environment, the spread of new dis
eases, and increasing poverty and alienation. 
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U n d e rs t a n d i n g  Glo b al i z at i o n  

In 1996, two books were published that provided the first systemic 
analyses of the new economic globalization. They are written in very 
different styles and their authors follow very different approaches, but 
their starting point is the same-the attempt to understand the pro
found changes brought about by the combination of extraordinary 
technological innovation and global corporate reach. 

The Case Against the Global Economy is a collection of essays by more 
than forty grassroots activists and community leaders, edited by Jerry 
Mander and Edward Goldsmith, and published by the Sierra Club, one 
of the oldest and most r-espected environmental organizations in the 
United States. 1 The authors of this book represent cultural traditions 
from many countries around the world. Most of them are well known 
among social-change activists. Their arguments are passionate, dis
tilled from the experiences of their communities, and aimed at reshap
ing globalization according to different values and different visions. 

The Rise of the NetTIJork Society by Manuel Castells, Professor of Soci
ology at the University of California at Berkeley, is a brilliant analysis 
of the fundamental processes underlying economic globalization, pub
lished by Blackwell, one of the largest academic publishers.2 Castells 
believes that, before attempting to reshape globalization, we need to 
understand the deep systemic roots of the world that is now emerging. 
"I propose the hypothesis," he writes in the prologue to his book, "that 
all major trends of change constituting our new, confusing world are 
related, and that we can make sense of their interrelationship. And, 
yes, I believe, in spite of a long tradition of sometimes tragic intellec
tual errors, that observing, analysing, and theorizing is a way of help
ing to build a different, better world."3 

During the years following the publication of these two books, 
some of the authors of The Case Against the Global Economy formed the 
International Forum on Globalization, a nonprofit organization that 
holds teach-ins on economic globalization in several countries. In 1999, 
these teach-ins provided the philosophical background for the world-
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wide coalition of grassroots organizations that successfully blocked the 
meeting of the World Trade Organization in Seattle and made its op
position to the WTO'S policies and autocratic regime known to the 
world. 

On the theoretical front, Manuel Castells published two further 
books, The Power of Identity (1997) and End of Millennium (1998) to com
plete a series of three volumes on The Information Age: Economy, Society 

and Culture.4 This trilogy is a monumental work, encyclopedic in its rich 
documentation, which Anthony Giddens has compared to Max Weber's 
Economy and Society, written almost a century earlier. 5 

Castells's thesis is wide-ranging and illuminating. His central focus 
is on the revolutionary information and communication technologies 
that emerged during the last three decades of the twentieth century. 
As the Industrial Revolution gave rise to "industrial society," so the 
new Information Technology Revolution is now giving rise to an "in
formational society." And since information technology has played a 
decisive role in the rise of networking as a new form of organization of 
human activity in business, politics, the media and in nongovernmen
tal organizations, Castells also calls the informational society the "net
work society." 

Another important and rather mysterious aspect of globalization 
was the sudden collapse of Soviet communism in the 1980s, which oc
curred without the intervention of social movements and without a 
major war, and which came as a complete surprise to most Western 
observers. According to Castells, this profound geopolitical transfor
mation, too, was a consequence of the Information Technology Revo
lution. In a detailed analysis of the economic demise of the Soviet 
Union, Castells postulates that the roots of the crisis that triggered 
Gorbachev's perestroika and eventually led to the breakup of the USSR 
are found in the inability of the Soviet economic and political system to 
navigate the transition to the new informational paradigm that was 
spreading through the rest of the world.6 

Since the demise of Soviet communism, capitalism has been thriv
ing throughout the world and, as Castells observes, "it deepens its pen
etration of countries, cultures, and domains of life. In spite of a highly 
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diversified social and cultural landscape, for the first time in history, 
the whole world is organized around a largely common set of economic 
rules. "7 

During the first years of this new century, the attempts of scholars, 
politicians, and community leaders to understand the nature and con
sequences of globalization have continued and intensified. In 2000, a 
collection of essays on global capitalism by some of the world's leading 
political and economic thinkers was published by British social scien
tists Will Hutton and Anthony Giddens.8 At the same time, Czech 
president Viclav Havel and Nobel laureate Elie Wiesel assembled a dis
tinguished group of religious leaders, politicians, scientists and com
munity leaders in a series of annual symposia, called "Forum 2000," at 
Prague Castle to engage in discussions "about the problems of our civ
ilization . . . [and to] think about the political dimension, the human 
dimension, and the ethical dimension of globalization ."9 

In this chapter, I shall try to synthesize the main ideas about glob
alization that I have learned from the people and publications men
tioned above. In doing so, I hope to contribute some insights of my own 
from the perspective of the new unified understanding of biological 
and social life that I presented in the first three chapters of this book. 
In particular, I shall try to show how the rise of globalization has pro
ceeded through a process that is characteristic of all human organiza
tions-the interplay between designed and emergent structures. lO 

The I nfo r m a t i o n  Te c h n o l o gy Revo l u t i o n  

The common characteristic of the multiple aspects of globalization is a 
global information and communications network based on revolution
ary new technologies. The Information Technology Revolution is the 
result of a complex dynamic of technological and human interactions, 
which produced synergistic effects in three major areas of electron
ics---computers, microelectronics, and telecommunications. The key 
innovations that created the radically new electronic environment of 
the 1990s all took place twenty years earlier, during the 1970s. 1 1  
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Computer technology is based theoretically on cybernetics, which 
is also one of the conceptual roots of the new systemic understanding 
of life . 12 The first commercial computers were produced in the 1950s, 
and during the 1960s IBM established itself as the dominant force in 
the computer industry with its large mainframe machines. The devel
opment of microelectronics during the following years changed this 
picture dramatically. It began with the invention and subsequent 
miniaturization of the integrated circuit-a tiny electronic circuit em
bedded in a "chip" of silicon-which may contain thousands of tran
sistors that process electric impulses. 

In the early 1970s, microelectronics took a giant leap with the in
vention of the microprocessor, which is essentially a computer on a 
chip. Since then, the density (or "integration capacity") of circuits on 
these microprocessors has increased phenomenally. In the 1970s, thou
sands of transistors were packed on a chip the size of a thumbnail; 
twenty years later, it was millions. Computing capacity increased re
lentlessly with the advance of microelectronics into dimensions so 
small that they defy imagination. And as these information-processing 
chips became smaller and smaller they were placed in virtually all the 
machines and appliances of our everyday life, where we are not even 
aware of their existence. 

The application of microelectronics to computer design led to a 
dramatic reduction in computer size within a few years. The launch of 
the first Apple microcomputer in the mid-seventies by two young 
college dropouts, Steve Jobs and Stephen Wozniak, shattered the dom
inance of the old mainframes. But IBM was quick to respond by intro
ducing its own microcomputer with the ingenious name "the Personal 
Computer (pc)," which soon became the generic name for microcom
puters. 

In the mid-eighties Apple launched its first Macintosh, featuring 
the user-friendly icon-and-mouse technology. At the same time, an
other pair of young college dropouts, Bill Gates and Paul Allen, created 
the first pc software and, based on this success, founded Microsoft, to
day's software giant. 

The current stage of the Information Technology Revolution was 
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reached when the advanced PC technologies and microelectronics were 
combined synergistically with the latest achievements in telecommuni
cation. The worldwide communications revolution had begun in the 
late 1960s when the first satellites were put into stationary orbits and 
used to transmit signals between any two points on the Earth almost 
instantly. Today's satellites can handle thousands of communication 
channels simultaneously. Some of them also provide a constant signal 
that allows aircraft, ships, and even individual cars to determine their 
positions with great accuracy. 

In the meantime, surface communications on Earth intensified, with 
major advances in fiber optics that dramatically increased the capacity 
of transmission lines. Whereas the first transatlantic telephone cable in 
1956 carried fifty compressed voice channels, today's optical-fiber ca
bles carry over 50,000. In addition, the diversity and versatility of 
communications increased considerably through the use of a greater 
variety of electromagnetic frequencies, including those of microwaves, 
laser transmission, and digital cellular telephones. 

The combined effect of all these developments on the use of com
puters has been a dramatic shift from data storage and processing in 
large, isolated machines to the interactive use of microcomputers and 
the sharing of computer power in electronic networks. The outstand
ing example of this new form of interactive computer use is, of course, 
the Internet, which grew in less than three decades from a small exper
imental network, serving a dozen research institutes in the United 
States, to a global system of thousands of interconnected networks, 
linking millions of computers, and capable of seemingly infinite expan
sion and diversification. The evolution of the Internet is a fascinating 
story. It exemplifies in the most dramatic way the continual interplay 
between ingenious design and spontaneous emergence that has been 
characteristic of the Information Technology Revolution as a whole. 13 

In Europe and the United States, the 1960s and 1970s were not only 
a time of revolutionary technological innovations but also one of social 
upheavals. From the Civil Rights movement in the American South to 
the Free Speech movement on the Berkeley campus, the Prague Spring 
and the "May '68" student revolt in Paris, a worldwide counterculture 
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emerged that championed the questioning of authority, a sense of per
sonal freedom and empowerment, and the expansion of consciousness, 
both spiritually and socially. The artistic expressions of these ideals 
generated many new styles and movements in the arts, producing pow
erful new forms of poetry, theater, film, music, and dance that defined 
the zeitgeist of that period. 

The social and cultural innovations of the sixties and seventies not 
only shaped the subsequent decades in many ways, but also influenced 
some of the leading innovators in the Information Technology Revo
lution. When Silicon Valley became the new technological frontier and 
attracted thousands of creative young minds from around the world, 
these new pioneers soon discovered-if they did not know it already
that the San Francisco Bay Area was also a thriving center of the 
counterculture. The irreverent attitudes, strong sense of community 
and cosmopolitan sophistication of the sixties formed the cultural 
background of the informal, open, decentralized, cooperative, and 
future-oriented working styles that became characteristic of the new 
information technologies. 14 

T h e  R i s e  of G l o b a l  C ap it al i s m  

For several decades after World War II, the Keynesian model of capital
ist economics, based on a social contract between capital and labor and 
on fine tuning the business cycles of national economies by centralized 
measures-raising or lowering interest rates, cutting or increasing 
taxes, etc.-was remarkably successful, bringing economic prosperity 
and social stability to most countries with mixed market economies. In 
the 1970s, however, the model reached its conceptual limitations. 15 

Keynesian economists concentrated on the domestic economy, dis
regarding international economic agreements and a growing global 
economic network; they neglected the overwhelming power of transna
tional corporations, which had become major actors on the global 
stage;. and, last but not least, they ignored the social and environmen
tal costs of economic activities, as most economists still do. When an 
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oil crisis hit the industrialized world in the late 1970s, together with 
rampant inflation and massive unemployment, the impasse that 
Keynesian economics had reached became evident.  

In response to the crisis, Western governments and business orga
nizations engaged in a painful process of capitalist restructuring, while 
a parallel (but ultimately unsuccessful) process of communist restruc
turing-Gorbachev's perestroika-took place in the Soviet Union. The 
capitalist restructuring process involved the gradual dismantling of 
the social contract between capital and labor, the deregulation and lib
eralization of financial trading, and many organizational changes 
designed to increase flexibility and adaptability. 16 It proceeded 
pragmatically by trial and error and had very different impacts on dif
ferent countries around the world-from the disastrous effects of 
"Reaganomics" in the United States and the resistance to the disman
tling of the welfare state in Western Europe to the successful mix of 
high technology, competitiveness, and cooperation in Japan. Even
tually, the capitalist restructuring imposed a common economic disci
pline on the countries of the emerging global economy, enforced by the 
central banks and the International Monetary Fund (IMF) . 

All these measures relied crucially on the new information and com
munication technologies, which made it possible to transfer funds be
tween various segments of the economy and various countries almost 
instantly and to manage the enormous complexity brought about 
by rapid deregulation and new financial ingenuity. In the end, the 
Information Technology Revolution helped to give birth to a new 
global economy-a rejuvenated, flexible and greatly expanded capi
talism. 

As Castells emphasizes, this new capitalism is profoundly different 
from the one formed during the Industrial Revolution, or the one that 
emerged after World War II. It is characterized by three fundamental 
features; its core economic activities are global; the main sources of 
productivity and competitiveness are innovation, knowledge genera
tion, and information processing; and it is structured largely around 
networks of financial flows. 
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The N e w  Economy 

In the new economy, capital works in real time, moving rapidly through 
global financial networks. From these networks it is invested in all 
kinds of economic activity, and most of what is extracted as profit is 
channelled back into the metanetwork of financial flows. Sophisticated 
information and communication technologies enable financial capital to 
move rapidly from one option to another in a relentless global search 
for investment opportunities. Profit margins are generally much higher 
in the financial markets than in most direct investments, hence, all 
flows of money ultimately converge in the global financial networks in 
search of higher gains. 

The dual role of computers as tools for rapid processing of informa
tion and for sophisticated mathematical modelling has led to the vir
tual replacement of gold and paper money by ever more abstract 
financial products. These include "future options" (options to buy at a 
specific point in the future with the hope of reaping financial gains an
ticipated by computer projections), "hedge funds" (investment funds 
that are often used to buy and sell huge amounts of currencies within 
minutes to profit from tiny margins), and "derivatives" (packages of 
diverse funds, representing collections of actual or potential financial 
values) . Here is how Manuel Castells describes the resulting global 

. 
caSIllO; 

The same capital is shuttled back and forth between economies in a 
matter of hours, minutes, and sometimes seconds. Favoured by 
deregulation . . .  and the opening of domestic financial markets, 
powerful computer programs and skillful financial analysts/computer 
wizards sitting at the global nodes of a selective telecommunications 
network play games, literally, with billions of dollars . . .  These 
global gamblers are not obscure speculators, but major investment 
banks, pension funds, multinational corporations . . .  and mutual 
funds organized precisely for the sake of financial manipulation. 17 
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With the increasing "virtuality" of financial products and the growing 
importance of computer models that are based on the subjective per
ceptions of their creators, the attention of investors has shifted from 
real profits to the subjective and volatile criterion of perceived stock 
value. In the new economy, the basic objective of the game is not so 
much to maximize profits as to maximize shareholder value. In the long 
run, of course, the value of a company will decrease if it keeps operat
ing without making any profit, but in the short run its value may in
crease or decrease regardless of actual performance, based on often 
intangible market expectations. 

The new Internet companies, or "dot-corns," which for a time 
showed skyrocketing increases in value without making profits, are 
striking examples of the decoupling of money-making from profit
making in the new economy. On the other hand, stock values of sound 
companies have also crashed dramatically, wrecking the companies and 
leading to massive job cuts in spite of continuing solid performance, 
merely because of subtle changes in the companies' financial environ
ment. 

To be competitive in the global network of financial flows, the rapid 
processing of information and the knowledge required for technologi
cal innovation are crucial . In the words of Castells: "Productivity es
sentially stems from innovation, competitiveness from flexibility . . .  
Information technology, and the cultural capacity to use it, are essen
tial [for both] . "18 

C o mp l e x i ty a n d  Tu rb u l e n c e  

The process of economic globalization was purposefully designed by 
the leading capitalist countries (the so-called "G-7 nations") ,  the ma
jor transnational corporations, and by global financial institutions
most importantly, the World Bank, the International Monetary Fund 
(IMF) and the World Trade Organization (wTo)-that were created 
for that purpose. 

However, the process has been far from smooth. Once the global fi-
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nancial networks reached a certain level of complexity, their nonlinear 
interconnections generated rapid feedback loops that gave rise to many 
unsuspected emergent phenomena. The resulting new economy is so 
complex and turbulent that it defies analysis in conventional economic 
terms. Thus Anthony Giddens, now the director of the prestigious 
London School of Economics, admits: "The new capitalism that is one 
of the driving forces of globalization to some extent is a mystery. We 
don't fully know as yet just how it works."19 

In the electronically operated global casino, the financial flows do 
not follow any market logic. The markets are continually manipulated 
and transformed by computer-enacted investment strategies, subjec
tive perceptions of influential analysts, political events in any part 
of the world, and-most significantly-by unsuspected turbulences 
caused by the complex interactions of capital flows in this highly non
linear system. These largely uncontrolled turbulences are as important 
in setting prices and market trends as are the traditional forces of sup
ply and demand.20 

Global currency markets alone involve the daily exchange of over 
two trillion dollars, and since these markets largely determine the 
value of any national currency, they contribute significantly to the in
ability of governments to control economic policy.2 1  As a result, we 
have seen a series of severe financial crises in recent years, from Mexico 
(1994) to the Asian Pacific (1997), Russia (1998), and Brazil (1999) . 

Large economies with strong banks are usually able to absorb finan
cial turbulences with limited and temporary damage, but the situation 
is much more critical for the so-called "emerging markets" of the 
South, whose economies are tiny in comparison with international mar
kets.22 Because of their strong potential for economic growth, these 
countries have become prime targets for speculators in the global 
casino, who invest massively in emerging markets, but will remove 
their investments immediately at the first sign of weakness. 

By doing so, they destabilize a small economy, induce capital flight, 
and create a full-blown crisis. To regain the confidence of investors, the 
afRicted country will typically be required by the IMF to raise its in
terest rates at the devastating cost of deepening the local recession. 
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The recent crashes of the financial markets threw approximately 40 
percent of the world's population into deep recession!23 

In the wake of the Asian financial crisis, economists blamed a num
ber of "structural factors" in Asian countries, including weak banking 
systems, government interference and lack of financial transparency. 
However, as Paul Volcker, the former Chair of the Federal Reserve 
Board, points out, none of these factors were new or unknown, nor had 
they suddenly become worse. "Quite obviously," Volcker concludes, 
"something has been lacking in our analyses and in our response . . .  
The problem is not regional, but international. And there is every in
dication that it is systemic."24 According to Manuel Castells, the global 
financial networks of the new economy are inherently unstable. They 
produce random patterns of informational turbulence that may desta
bilize any company, as well as entire countries or regions, regardless of 
their economic performances.25 

It is interesting to apply the systemic understanding of life to the 
analysis of this phenomenon. The new economy consists of a global 
metanetwork of complex technological and human interactions, in
volving multiple feedback loops operating far from equilibrium, which 
produce a never-ending variety of emergent phenomena. Its creativity, 
adaptability, and cognitive capabilities are certainly reminiscent of liv
ing networks, but it does not display the stability that is also a key 
property of life. The information circuits of the global economy oper
ate at such speed and use such a multitude of sources that they con
stantly react to a flurry of information, and thus the system as a whole 
is spinning out of control. 

Living organisms and ecosystems, too, may become continually un
stable, but if they do, they will eventually disappear because of natu
ral selection, and only those systems that have stabilizing processes 
built into them will survive. In the human realm, these processes will 
have to be introduced into the global economy through human con
sciousness, culture, and politics. In other words, we need to design and 
implement regulatory mechanisms to stabilize the new economy. As 
Robert Kuttner, editor of the progressive magazine The American 

Prospect, sums up the situation, "The stakes are simply too high to let 



T h e  N e t w o r k s  o f  G l o b a l  C a p i t a l i s m  1 4 1  

speculative capital and currency swings determine the fate of the real 
economy. "26 

The Globa l  M arke t-An Auto m at o n  

At the existential human level, the most alarming feature of the new 
economy may be that it is shaped in very fundamental ways by ma
chines. The so-called "global market," strictly speaking, is not a mar
ket at all but a network of machines programmed according to a single 
value money-making for the sake of making money-to the exclu
sion of all other values. In the words of Manuel Castells: 

The outcome of [the] process of financial globalization may be that 
we have created an Automaton at the core of our economies [that is] 
decisively conditioning our lives. Humankind's nightmare of seeing 
our machines taking con trol of our world seems on the edge of be
coming reality-not in the form of robots that eliminate jobs or gov
ernment computers that police our lives, but as an electronically 
based system of financial transactions.27 

The logic of this automaton is not that of traditional market rules, and 
the dynamics of the financial flows it sets in motion is currently be
yond the control of governments, corporations, and financial institu
tions, regardless of their wealth and power. However, because of the 
great versatility and accuracy of the new information and communica
tion technologies, effective regula�ion of the global economy is techni
cally feasible. The critical issue is not technology, but politics and 
human values. 28 And these human values can change; they are not nat
ural laws. The same electronic networks of financial and informational 
flows could have other values built into them. 

One important consequence of the exclusive focus on profits and 
shareholder value in the new global capitalism has been the mania for cor
porate mergers and acquisitions. In the global electronic casino, any share 
that can be sold for a higher profit will be sold, and this becomes the basis 
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of the standard scenario for hostile takeovers. When a corporation wants 
to buy another company, all it has to do is offer a higher price for the com
pany's shares. The legion of brokers whose job it is to scan the market 
constantly for investment and profit opportunities will then contact the 
shareholders and urge them to sell their shares for the higher price. 

Once these hostile takeovers became possible, the owners of large 
corporations used them to gain entry into new markets, to buy special 
technologies developed by small companies or simply to grow and gain 
corporate prestige. The small companies, on the other hand, became 
afraid of being swallowed, and to protect themselves they bought still 
smaller ones in order to become larger and less easy to buy. Thus 
merger mania was unleashed, and there seems to be no end to it. Most 
corporate mergers, as mentioned above, seem to bring no advantages in 
terms of greater efficiency or profits, but do involve dramatic and rapid 
structural changes for which people are totally unprepared, and thus 
bring enormous stress and hardship.29 

T h e  S o c i a l  I m p a c t  

In his trilogy on the Information Age, Manuel Castells provides a de
tailed analysis of the social and cultural impact of global capitalism. He 
describes in particular how the new network economy has profoundly 
transformed the social relationships between capital and labor. Money 
has become almost entirely independent of production and services by 
escaping into the virtual reality of electronic networks. Capital is 
global, while labor, as a rule, is local. Thus, capital and labor increas
ingly exist in different spaces and times: the virtual space of financial 
flows and the real space of the local and regional places where people 
are employed; the instant time of electronic communications and the 
biological time of everyday life.30 

Economic power resides in the global financial networks, which de
termine the fate of most jobs, while labor remains locally constrained 
in the real world. Thus labor has become fragmented and disempow-
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ered. Many workers today, whether unionized or not, will not fight for 
higher wages or better working conditions out of fear that their jobs 
will be moved abroad. 

As more and more companies restructure themselves as decentral
ized networks-networks of smaller units which, in turn, are linked to 
networks of suppliers and subcontractors-workers are employed in
creasingly through individual contracts, and labor is losing its col
lective identity and bargaining power. Indeed, in the new economy 
traditional working-class communities have all but disappeared. 

Castells points out that it is important to distinguish between two 
kinds of labor. Unskilled, generic labor is not required to access infor
mation and knowledge beyond the ability to understand and execute 
orders. In the new economy, masses of generic workers move in and out 
of a variety of jobs. They may be replaced at any moment, either by 
machines or by generic labor in other parts of the world, depending on 
the fluctuations in the global financial networks. 

"Self-educated" labor, by contrast, has the capacity to access higher 
levels of education, to process information, and to create knowledge. In 
an economy where information processing, innovation, and knowledge 
creation are the main sources of productivity, these self-educated 
workers are highly valued. Companies would like to maintain long
term, secure relationships with their core workers, so as to retain their 
loyalty and make sure that their tacit knowledge is passed on within 
the organization. 

As an incentive to stay on, such workers are increasingly offered 
stock options in addition to their basic salaries, which gives them a 
stake in the value created by the company. This has further under
mined the traditional class solidarity of labor. "The struggle between 
diverse capitalists and miscellaneous working classes," notes Castells, 
"is subsumed into the more fundamental opposition between the bare 
logic of capital flows and the cultural values of human experience."31 

The new economy has certainly enriched a global elite of financial 
speculators, entrepreneurs, and high-tech professionals. At the very 
top, there has been an unprecedented accumulation of wealth, and 
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global capitalism has also benefited some national economies, especially 
in Asian countries. Overall, however, its social and economic impacts 
have been disastrous. 

The fragmentation and individualization of labor and the gradual 
dismantling of the welfare state under the pressures of economic glob
alization means that the rise of global capitalism has been accompanied 
by rising social inequality and polarization. 32 The gap between the rich 
and the poor has grown significantly, both internationally and within 
countries. According to the United Nation's Human Development 
Report, the difference in per capita income between the North and 
South tripled from $5,700 in 1960 to $15,000 in 1993. The richest 20 
percent of the world's people now own 85 percent of its wealth, while 
the poorest 20 percent (who account for 80 percent of the total world 
population) owns just 1 .4  percent.33 The assets of the three richest 
people in the world alone exceed the combined GNP of all least devel
oped countries and their 600 million people.34 

In the United States, the wealthiest and technologically most ad
vanced country in the world, median family income stagnated during 
the last three decades, and in California it even declined during the 
1990s in the midst of the high-tech boom: most families today can 
make ends meet only if two members are contributing to the household 
budget.35 The increase of poverty, and especially of extreme poverty, 
seems to be a worldwide phenomenon. Even in the United States, 15  
percent of the population (including 25 percent of all children) now 
lives below the poverty line.36 One of the most striking features of the 
"new poverty" is homelessness, which skyrocketed in American cities 
during the 1980s and remains at high levels today. 

Global capitalism has increased poverty and social inequality not 
only by transforming the relationships between capital and labor, but 
also through the process of "social exclusion," which is a direct conse
quence of the new economy's network structure. As the flows of capi
tal and information interlink worldwide networks, they exclude from 
these networks all populations and territories that are of no value or in
terest to their search for financial gain. As a result, certain segments of 
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societies, areas of cities, regions, and even entire countries become eco
nomically irrelevant. In the words of Castells :  

Areas that are non-valuable from the perspective of informational 
capitalism, and that do not have significant political interest for the 
powers that be, are bypassed by flows of wealth and information, and 
ultimately deprived of the basic technological infrastructure that al
lows us to communicate, innovate, produce, consume, and even live, 
in today's world.37 

The process of social exclusion is epitomized by the desolatio.n of 
American inner-city ghettos, but its effects reach far beyond individu
als, neighborhoods, and social groups. Around the world, a new impov
erished segment of humanity has emerged that is sometimes referred 
to as the Fourth World. It comprises large areas of the globe, including 
much of Sub-Saharan Africa and impoverished rural areas of Asia and 
Latin America. The new geography of social exclusion includes por
tions of every country and every city in the world. 38 

The Fourth World is populated by millions of homeless, impover
ished, and often illiterate people who move in and out of paid work, 
many of them drifting into the criminal economy They experience 
multiple crises in their lives, including hunger, disease, drug addiction, 
and imprisonment-the ultimate form of social exclusion. Once their 
poverty turns into misery, they may easily find themselves caught in a 
downward spiral of marginality from which it is almost impossible to 
escape. Manuel Castells's detailed analysis of these disastrous social 
consequences of the new economy illuminates their systemic intercon
nections and adds up to a devastating critique of global capitalism. 

T h e  E c o lo gi c a l  I m p a c t 

According to the doctrine of economic globalization-known as "neo
liberalism," or "the Washington consensus"-the free-trade agree-
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ments imposed by the WTO on its member countries will increase 
global trade; this will create a global economic expansion; and global 
economic growth will decrease poverty, because its benefits will even
tually "trickle down" to all. As political and corporate leaders like to 
say, the rising tide of the new economy will lift all boats. 

Castells's analysis shows clearly that this reasoning is fundamen
tally flawed. Global capitalism does not alleviate poverty and social 
exclusion; on the contrary, it exacerbates them. The Washington con
sensus has been blind to this effect because corporate economists have 
traditionally excluded the social costs of economic activity from their 
models.39 Similarly, most conventional economists have ignored the 
new economy's environmental cost-the increase and acceleration of 
global environmental destruction, which is as severe, if not more so, 
than its social impact. 

The central enterprise of current economic theory and practice
the striving for continuing, undifferentiated economic growth-is 
clearly unsustainable, since unlimited expansion on a finite planet can 
only lead to catastrophe. Indeed, at the turn of this century it has be
come abundantly clear that our economic activities are harming the 
biosphere and human life in ways that may soon become irreversible. 40 
In this precarious situation, it is paramount for humanity to systemat
ically reduce its impact on the natural environment. As then-senator Al 
Gore declared courageously in 1992, "We must make the rescue of the 
environment the central organizing principle for civilization. "41 

Unfortunately, instead of following this admonition, the new econ
omy has significantly increased our harmful impact on the biosphere. 
In The Case Against the Global Economy, Edward Goldsmith, founding ed
itor of the leading European environmental journal The Ecologist, gives 
a succinct summary of the environmental impact of economic global
ization.42 He points out that the increase of environmental destruction 
with increasing economic growth is well illustrated by the examples of 
South Korea and Taiwan. During the 1990s, both countries achieved 
stunning rates of growth and were held up as economic models for the 
Third World by the World Bank. At the same time, the resulting envi
ronmental damage has been devastating. 
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In Taiwan, agricultural and industrial poisons have severely pol
luted nearly every major river. In some places, the water is not only de
void of fish and unfit to drink, but is actually combustible. The level of 
air pollution is twice that considered harmful in the United States; can
cer rates have doubled since 1965, and the country has the world's high
est incidence of hepatitis. In principle, Taiwan could use its new wealth 
to clean up its environment, but competitiveness in the global economy 
is so extreme that environmental regulations are eliminated rather than 
strengthened in order to lower the costs of industrial production. 

One of the tenets of neoliberalism is that poor countries should 
concentrate on producing a few special goods for export in order to ob
tain foreign exchange, and should import most other commodities. 
This emphasis has led to the rapid depletion of the natural resources 
required to produce export crops in country after country---diversion 
of fresh water from vital rice paddies to prawn farms; a focus on water
intensive crops, such as sugar cane, that result in dried-up riverbeds; 
conversion of good agricultural land into cash-crop plantations; and 
forced migration of large numbers of farmers from their lands. All over 
the world there are countless examples of how economic globalization 
is worsening environmental destruction.43 

The dismantling of local production in favor of exports and im
ports, which is the main thrust of the WTO

'S free-trade rules, dramati
cally increases the distance "from the farm to the table. " In the United 
States, the average ounce of food now travels over a thousand miles be
fore being eaten, which puts enormous stress on the environment. New 
highways and airports cut through primary forests; new harbors de
stroy wetlands and coastal habitats; and the increased volume of trans
port further pollutes the air and causes frequent oil and chemical spills. 
Studies in Germany have shown that the contribution of non local food 
production to global warming is between six and twelve times higher 
than that of local production, due to increased CO2 emissions.44 

As ecologist and agricultural activist Vandana Shiva points out, the 
impact of climate instability and ozone depletion is born dispropor
tionately by the South, where most regions depend on agriculture and 
where slight changes in climate can totally destroy rural livelihoods. In 
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addition, many transnational corporations use the free-trade rules to 
relocate their resource-intensive and polluting industries in the South, 
thus further worsening environmental destruction. The net effect, in 
Shiva's words, is that "resources move from the poor to the rich, and 
pollution moves from the rich to the poor. "45 

The destruction of the natural environment in Third World coun
tries goes hand in hand with the dismantling of rural people's tra
ditional, largely self-sufficient ways of life, as American television 
programs and transnational advertising agencies promote glittering 
images of modernity to billions of people all over the globe without 
mentioning that the lifestyle of endless material consumption is ut
terly unsustainable. Edward Goldsmith estimates that, if all Third 
World countries were to reach the consumption level of the United 
States by the year 2060, the annual environmental damage from the re
sulting economic activities would be 220 times what it is today, which 
is not even remotely conceivable. 46 

Since money-making is the dominant value of global capitalism, its 
representatives seek to eliminate environmental regulations under the 
guise of free trade wherever they can, lest these regulations interfere 
with profits. Thus the new economy causes environmental destruction 
not only by increasing the impact of its operations on the world's 
ecosystems, but also by eliminating national environmental laws in 
country after country. In other words, environmental destruction is 
not only a side effect, but is also an integral part, of the design of global 
capitalism. "Clearly," Goldsmith concludes, "there is no way of pro
tecting our environment within the context of a global 'free trade' 
economy committed to continued economic growth and hence to in
creasing the harmful impact of our activities on an already fragile envi
ronmen t. "47 

T h e  Tr a n s fo r m a t i o n  of  P o w e r  

The Information Technology Revolution has not only given rise to a 
new economy, but has also decisively transformed traditional relation-
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ships of power. In the Information Age, networking has emerged as a 
critical form of organization in all sections of society Dominant social 
functions are increasingly organized around networks, and participa
tion in these networks is a critical source of power. In this "network so
ciety," as Castells calls it, the generation of new knowledge, economic 
productivity, political and military power, and communication through 
the media are all connected to global networks of information and 
wealth.48 

The rise of the network society has gone hand in hand with the de
cline of the nation-state as a sovereign entity.49 Embedded in global 
networks of turbulent financial flows, governments are less and less 
able to control their national economic policies; they can no longer de
liver the promises of the traditional welfare state; they are fighting a 
losing battle against a newly globalized criminal economy; and their 
authority and legitimization are increasingly called into question. In 
addition, the state is disintegrating from within through the corrup
tion of the democratic process, as the political actors--especially in 
the United States---depend more and more on corporations and other 
lobbying groups, which finance the politicians' electoral campaigns in 
exchange for policies that favor their "special interests ." 

The emergence of a vast global criminal economy and its growing 
interdependence with the formal economy and with political institu
tions at all levels is one of the most disturbing features of the new 
network society. In their desperate attempts to escape marginality, in
dividuals and groups who have been socially excluded become easy re
cruits for criminal organizations, which have established themselves in 
many poor neighborhoods and have become a significant social and cul
tural force in most parts of the world.sO Crime, of course, is nothing 
new. But the global networking of powerful criminal organizations is a 
novel phenomenon that profoundly affects economic and political ac
tivities around the world, as Castells has documented in great detail.S! 

While drug traffic is the most significant operation of the global 
criminal networks, arms deals also play a significant role, in addition to 
the smuggling of goods and people, gambling, kidnapping, prostitu
tion, counterfeiting of money and documents, and scores of other ac-
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tivities. The legalization of drugs would probably be the greatest 
threat to organized crime. However, as Castells notes wryly, "They can 
rely on the political blindness and misplaced morality of societies that 
do not come to terms with the bottom line of the problem: demand 
drives supply"52 

Ruthless violence, often carried out by contracted killers, is an in
tegral part of the criminal culture. As important, however, are the law
enforcement agents, judges, and politicians who are on the criminal 
organizations' payroll and who are sometimes cynically referred to as 
the "security apparatus" of organized crime. 

Money laundering to the tune of hundreds of billions of dollars is 
the core activity of the criminal economy. The laundered money enters 
the formal economy through complex financial schemes and trade net
works, thus introducing a destabilizing but unseen element into an al
ready volatile system and making it even more difficult to control 
national economic policies. Financial crises may have been triggered by 
criminal activities in several parts of the world. In Latin America, by 
contrast, narcotrafico represents a secure and dynamic segment of re
gional and national economies. The Latin American drug industry is 
demand-driven, export-oriented, and fully internationalized. Unlike 
most of the legal trade, it is completely under Latin American control. 

Like the business organizations in the formal economy, today's 
criminal organizations have restructured themselves as networks, both 
internally and in relation to each other. Strategic alliances have been 
formed between criminal organizations around the world, from the 
Colombian drug cartels to the Sicilian Mafia, the American Mafia, and 
the Russian criminal networks. New communication technologies, par
ticularly mobile phones and laptop computers, are used widely to 
communicate and keep track of transactions. Thus Russian Mafia mil
lionaires are now able to conduct their Moscow businesses online from 
safe California mansions while keeping a close eye on day-to-day opera
tions. 

According to Castells, the organizational strength of global crime is 
based on the "combination of flexible networking between local turfs, 
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rooted in tradition and identity, in a favourable institutional environ
ment, and the global reach provided by strategic alliances,"53 Castells 
believes that today's criminal networks are probably more advanced 
than transnational corporations in their ability to combine local cul
tural identity and global business. 

If the nation-state is losing its authority and legitimacy because of 
the pressures of the global economy and the undermining effects of 
global crime, what will take its place? Castells notes that political au
thority has been shifting to regional and local levels, and he speculates 
that this decentralization of power may give rise to a new kind of po
litical organization, the "network state. "54 In a social network, differ
ent nodes may be of different sizes, and thus political inequalities and 
asymmetrical power relations will be common. However, all members 
of a network state are interdependent .  When political decisions are 
made, their effects on any members, even the smallest, need to be taken 
into account, because they will necessarily affect the entire network. 

The European Union may be the clearest manifestation of such a 
new network state. The regions and cities have access to it through 
their national governments, and they are also interconnected with one 
another horizontally through multiple partnerships across national 
boundaries. "The European Union does not supplant the existing 
nation-states," Castells concludes, "but, on the contrary, is a funda
mental instrument for their survival on the condition of conceding 
shares of sovereignty in exchange for a greater say in the world."55 

A similar situation exists in the corporate world. Today's corpora
tions are increasingly organized as decentralized networks of smaller 
units; they are connected to networks of subcontractors, suppliers, and 
consultants; and units from different networks also form temporary 
strategic alliances and engage in joint ventures. In these network struc
tures of ever varying geometries there are no real centers of power. By 
contrast, corporate power as a whole has increased enormously over the 
past few decades, as through never-ending mergers and acquisitions, 
the size of corporations continues to grow. 

Over the past twenty years, transnational corporations have been 
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extremely aggressive in extracting financial subsidies from the govern
ments of the countries in which they operate, and in seeking to avoid 
paying taxes. They can be ruthless when it comes to ruining small busi
nesses by undercutting their prices; they routinely withhold and dis
tort information about potential dangers inherent in their products; 
and they have been very successful in coercing governments to elimi
nate regulatory constraints through free-trade agreements.56 

Nevertheless, it would be false to think that a few megacorpora
tions control the world. To begin with, real economic power has shifted 
to the global financial networks. Every corporation depends on what 
happens in those complex networks, which nobody controls. There are 
thousands of corporations today, all of whom compete and cooperate at 
the same time, and no individual corporation can dictate conditionsP 

This diffusion of corporate power is a direct consequence of the 
properties of social networks. In a hierarchy, the exertion of power is a 
controlled, linear process. In a network it is a nonlinear process involv
ing multiple feedback loops, and the results are often impossible to pre
dict. The consequences of every action within the network spread 
throughout the entire structure, and any action that furthers a par tic- . 
ular goal may have secondary consequences that conflict with that goal. 

It is instructive to compare this situation with ecological networks. 
Although it may seem that in an ecosystem some species are more pow
erful than others, the concept of power is not appropriate, because non
human species (with the exception of some primates) do not force 
individuals to act in accordance with preconceived goals. There is dom
inance, but it is always acted out within a larger context of coopera
tion, even in predator-prey relationships.58 The manifold species in an 
ecosystem do not form hierarchies, as is often erroneously stated, but 
exist in networks nested within networks.59 

There is a crucial difference between the ecological networks of na
ture and the corporate networks in human society. In an ecosystem, no 
being is excluded from the network. Every species, even the smallest 
bacterium, contributes to the sustainability of the whole. In the hu
man world of wealth and power, by contrast, large segments of the 
population are excluded from the global networks and are rendered eco-
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nomically irrelevant. The effects of corporate power on individuals and 
groups who are socially excluded are dramatically different from its ef
fects on those who are members of the network society. 

T h e  Tra n s format ion  of C u l t u re  

The communication networks that have shaped the new economy 
transmit not only information about financial transactions and invest
ment opportunities, but also include global networks of news, the 
arts, science, entertainment, and other cultural expressions. These ex
pressions, too, have been profoundly transformed by the Information 
Technology Revolution. 60 

Technology has made it possible to integrate communication by 
combining sounds and images with written and spoken words into a 
single "hypertext. " Since culture is created and sustained by networks 
of human communications, it is bound to change with the transforma
tion of its modes of communication.61 Manuel Castells asserts that 
"the emergence of a new electronic communication system character
ized by its global reach, its integration of all communication media, 
and its potential interactivity is changing and will change forever our 
cuI ture. "62 

Like the rest of the corporate world, the mass media have increas
ingly evolved into global, decentralized network structures. This 
development was predicted in the 1960s by the visionary communica
tions theorist Marshall McLuhan.63 With his famous aphorism, "The 
medium is the message," McLuhan identified the unique nature of tele
vision and pointed out that, because of its seductiveness and powerful 
simulation of reality, it is the ideal medium for advertising and propa
ganda. 

In most American households, radio and television have created a 
constant audiovisual environment that bombards the viewers and lis
teners with a never-ending stream of advertising messages. The entire 
programming of American network television is financed by and or
ganized around its commercials, so that the communication of the cor-
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porate value of consumerism becomes television's overwhelming mes
sage. The coverage of the Olympic Games in Sydney by NBC was a 
crass example of an almost seamless mix of advertising and reporting. 
Instead of covering the Olympic Games, NBC chose to "produce" them 
for its viewers, packaging the programs in slick short segments, inter
spersed with commercials, in such a way that it was often difficult to 
distinguish between commercials and competitions. The images of ath
letes in competition were repeatedly transformed into schmaltzy sym
bols, and then reappeared in commercials just a few seconds later. As a 
result, the actual sports coverage was minimal. 64 

In spite of the constant barrage of advertising and the billions of 
dollars spent on it every year, studies have shown repeatedly that me
dia advertising has virtually no specific impact on consumer behavior. 65 
This startling discovery is further evidence for the observation that 
human beings, like all living systems, cannot be directed but can only 
be disturbed. As we have seen, choosing what to notice and how to re
spond is the very essence of being alive. 66 

This does not mean that the effects of advertising are negligible. 
Since the audiovisual media have become the principal channels for so
cial and cultural communication in modern urban societies, people con
struct their symbolic images, values, and rules of behavior from the 
content offered by those media. Thus, companies and their products 
need to be present in the media to gain brand recognition. But how in
dividuals will respond to a specific commercial is beyond the advertis
ers' control. 

During the last two decades, new technologies have transformed the 
world of media to such an extent that many observers now believe that 
the era of mass media, in the traditional sense of limited contents sent 
to a homogeneous mass audience, will soon come to an end.67 Major 
newspapers are now written, edited, and printed at a distance, with 
different editions tailored to regional markets appearing simultane
ously VCRS have become a major alternative to network television by 
making it possible to view videotaped movies and Tv programs at con
venient times. In addition, there has been an explosion of cable TV, 

satellite channels, and local community television stations. 
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The result of these technological innovations has been an extraor
dinary diversification of access to radio and television programs and, 
accordingly, a dramatic decline of network television audiences. In the 
United States, the three dominant Tv networks captured 90 percent of 
the prime-time audience in 1980, but only 50 percent in 2000, and their 
share keeps shrinking. According to Castells, the current trend is 
clearly toward customized media for segmented audiences. Once people 
are able to receive a menu of media channels precisely tailored to their 
tastes, they will be willing to pay for it, which should eliminate adver
tising from these channels and may increase the quality of their pro
gramming.68 

The rapid rise of pay-per-service tylevision in the United States
HBO, Showtime, Fox Sports, etc.---does not mean that corporate con
trol over television is diminishing. Although some of these channels are 
free of commercials, they are nevertheless controlled by corporations 
who will try to advertise in any way they can. The Internet, for exam
ple, has become the latest medium for massive corporate advertising. 
America Online (AOL), the leading Internet provider, is essentially a 
virtual shopping mall, saturated with ads. Although it offers Web ac
cess, its 20 million subscribers spend 84 percent of their time using 
AOL'S in-house services and only 16 percent on the open Internet. And 
by merging with the media giant Time-Warner, AOL has added a huge 
arsenal of existing content and distribution channels to its domain, so 
that it can deliver its customers to major advertisers across a variety of 
media platforms.69 

The media world today is dominated by a few giant multimedia con
glomerates, like AOL-Time-Warner or ABc-Disney, which are vast net
works of smaller companies with many kinds of interconnections and 
strategic alliances. Thus the media, like the corporate world as a whole, 
are becoming more decentralized and diversified, while the overall cor
porate impact on people's lives continues to increase. 

The integration of all forms of cultural expression into a single 
electronic hypertext has not yet been realized, but the effects of such a 
development on our perceptions can already be gauged from the cur
rent contents of cable and network television programs and their as so-
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ciated web sites. The culture we create and sustain with our networks 
of communications includes not only our values, beliefs, and rules of 
conduct, but also our very perception of reality As cognitive scientists 
have explained, human beings exist in language. By continually weav
ing a linguistic web, we coordinate our behavior and together bring 
forth our world.70 

When this linguistic web becomes a hypertext of words, sounds, im
ages, and other cultural expressions, mediated electronically and 
abstracted from history and geography, this is bound to influence pro
foundly the ways in which we see the world. As Castells points out, we 
can observe a pervasive blurring of levels of reality in the electronic 
media.71 As different modes of communication borrow codes and sym
bols from each other, newscasts look more and more like talk shows, 
trial cases like soap operas, and reports on armed conflicts like action 
movies, and it becomes more and more difficult to distinguish the vir
tual from the real. 

Since the electronic media, and especially television, have become 
the principal channels for communicating ideas and values to the pub
lic, politics is played out increasingly in the space of these media. 72 
Media presence is as essential for politicians as it is for corporations 
and their products. In most societies, politicians who are not in the 
electronic networks of media communication do not stand a chance of 
gaining public support: they will remain simply unknown to the ma
jority of voters. 

With the blurring of news and entertainment, of information and 
advertising, politics becomes more and more like theater. The most 
successful politicians are no longer the ones with popular platforms, 
but those who come across well on television and who are adept at ma
nipulating symbols and cultural codes. "Branding" candidates-i.e. 
making their names and images appealing by associating them firmly 
with seductive symbols in the viewers' minds-has become as impor
tant in politics as it is in corporate marketing. At a fundamental level, 
political power lies in the ability to use symbols and cultural codes ef
fectively to frame political discourse in the media. As Castells empha-
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sizes, this means that the power battles of the Information Age are cul
tural battles.73 

T h e  Q u e s t io n  of  S u s t a i n a b i l i ty  

In the last few years, the new economy's social and ecological impacts 
have been discussed extensively by scholars and community leaders, as 
has been documented in the preceding pages. Their analyses make it 
abundantly clear that global capitalism in its present form is unsus
tainable and needs to be fundamentally redesigned. Such a redesign is 
now advocated even by some "enlightened capitalists" who are worried 
about the highly volatile nature and self-destructive potential of the 
current system. Financier George Soros, who has been one of the most 
successful gamblers in the global casino, has recently begun to refer to 
the neoliberal doctrine of economic globalization as "market funda
mentalism" and believes that it is as dangerous as any other kind of 
fundamen tal ism . 74 

In addition to its economic instability, the current form of global 
capitalism is ecologically and socially unsustainable, and hence not vi
able in the long run. Resentment against economic globalization is 
growing rapidly in all parts of the world. The ultimate fate of global 
capitalism may well be, as Manuel Castells puts it, "the social, cultural, 
and political rejection by large numbers of people around the world of 
an Automaton whose logic either ignores or devalues their human
ity"75 As we shall see, this rejection may already have begun.76 



• 

S IX 

BI O T E CH N O L O G Y  AT A TUR NI N G  P OI N T 

hen we think about advanced, twenty-first-century tech
nologies, we tend to think not only about information 
technology but also about biotechnology Like the Infor

mation Technology Revolution, the "biotech revolution" began with 
several decisive innovations in the 1970s and reached its initial climax 
in the 1990s. 

Genetic engineering is sometimes considered as a special kind of in
formation technology, since it involves the manipulation of genetic "in
formation," but there are fundamental and very interesting differences 
between the conceptual frameworks underlying these two technologies. 
Whereas the understanding and use of networks has been at the very 
center of the Information Technology Revolution, genetic engineering 
is based on a linear and mechanistic building-block approach and has 
until very recently disregarded the cellular networks that are crucial to 
all biological functions. ! As we move into the twenty-first century, it is 
fascinating to observe that the most recent advances in genetics are 
forcing molecular biologists to question many of the fundamental con
cepts on which their whole enterprise was originally based. This obser
vation is the central theme of a brilliant evaluation of genetics at this 
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turn of the century by biologist and science historian Evelyn Fox 
Keller whose arguments I shall follow through much of this chapter. 2 

D evelop m e n t  of  G e n e t i c  E n gi n e e r i n g  

Genetic engineering, in the words of molecular biologist Mae-Wan Ho, 
is "a set of techniques for isolating, modifying, multiplying, and re
combining genes from different organisms."3 It enables scientists to 
transfer genes between species that would never interbreed in nature, 
taking, for example, genes from a fish and putting them into a straw
berry or a tomato, or putting human genes into cows or sheep, and 
thereby creating new "transgenic" organisms. 

The science of genetics culminated in the discovery of the physical 
structure of DNA and the "breaking of the genetic code" during the 
1950s,4 but it took biologists another twenty years to develop two cru
cial techniques that made genetic engineering possible. The first, 
known as "

DNA sequencing," is the ability to determine the exact se
quence of genetic elements (the nucleotide bases) along any stretch of 
the DNA double helix. The second, "gene-splicing," is the cutting and 
joining together of pieces of DNA with the help of special enzymes iso
lated from microorganisms.5 

It is important to understand that geneticists cannot insert foreign 
genes directly into a cell because of natural interspecies barriers and 
other protective mechanisms that break down or inactivate foreign 
DNA . To circumvent these obstacles, scientists splice the foreign genes 
first into viruses, or into viruslike elements that are routinely used by 
bacteria to trade genes.6 These "gene transfer vectors" are then used to 
smuggle foreign genes into the selected recipient cells where the vec
tors, together with the genes spliced into them, insert themselves into 
the cell's DNA. If all the steps in this highly complex sequence work as 
planned, which is extremely rare, the result is a new transgenic organ
ism. Another important gene-splicing technique is to produce copies of 
DNA sequences by inserting them into bacteria (again via transfer vec
tors), where they replicate rapidly 
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The use of vectors to insert genes from the donor organism into the 
recipient organism is one of the main reasons why the process of ge
netic engineering is inherently hazardous. Aggressive infectious vec
tors could easily recombine with existing disease-causing viruses 
to generate new virulent strains. In her eye-opening book, Genetic 

Engineering-Dream or Nightmare?, Mae-Wan Ho speculates that the 
emergence of a host of new viruses and antibiotic resistances over the 
past decade may well be connected with the large-scale commercializa
tion of genetic engineering during the same period. 7 

From the early days of genetic engineering, scientists have been 
aware of the dangers of inadvertently creating virulent strains of 
viruses or bacteria. In the 1970s and 1980s they took great care that the 
experimental transgenic organisms they created were contained in the 
laboratory, because they thought it unsafe to release them into the en
vironment. In 1975 a group of concerned geneticists who gathered at 
Asilomar, California, issued the Asilomar Declaration, which called for 
a moratorium on genetic engineering until appropriate regulatory 
guidelines had been put in place. 8 

Unfortunately, this cautious and responsible attitude was largely 
abandoned during the 1990s, in a frantic rush to commercialize the 
newly developed genetic technologies in order to apply them in medi
cine and agriculture. At first, small biotech companies were organized 
around Nobel Prize winners at major American universities and med
ical research centers, and a few years later, these were bought by huge 
pharmaceutical and chemical corporations, which soon became aggres
sive proponents of biotechnology. 

The 1990s saw several sensational announce men ts of genetic 
"cloning" of animals, including that of a sheep at the Roslin Institute 
in Edinburgh and of several mice at the University of Hawaii. 9  Mean
while, plant biotechnology invaded agriculture with incredible speed. 
In the two years between 1996 and 1998 alone, the global area covered 
by transgenic crops increased more than tenfold, from 7 million to 74 
million acres. 10 This massive release of genetically modified organisms 
(GMOS) into the environment added a new category of ecological risks 
to biotechnology's already existing problems. l l  Unfortunately, these 
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risks are often waved aside by geneticists, who often have very little 
ecological knowledge or training. 

As Mae-Wan Ho points out, genetic engineering techniques are now 
ten times faster and more powerful than they were twenty years ago; 
and new breeds of GMOS, designed to be ecologically vigorous, are de
liberately released on a large scale, but in spite of greatly increased po
tential dangers, there have been no further joint declarations from 
geneticists calling for a moratorium. On the contrary, regulatory bod
ies have repeatedly given in to corporate pressures and have relaxed al
ready inadequate safety regulations. 12 

As global capitalism began to thrive in the 1990s, its mentality of 
allowing money-making to supersede all other values engulfed biotech
nology and seemed to sweep aside all ethical considerations. Many lead
ing geneticists now either own biotech companies or have close ties to 
them. The overriding motivation for genetic engineering is not the ad
vancement of science, the curing of disease, or the feeding of the hun
gry. It is the desire to secure unprecedented financial gain. 

The biggest and perhaps most competitive enterprise in biotech
nology so far has been the Human Genome Project-the attempt to 
identify and map the complete genetic sequence of the human species, 
which contains tens of thousands of genes. During the 1990s this effort 
turned into a fierce race between a government-funded project that 
made its discoveries available to the public and a private group of ge
neticists that kept its data secret in order to patent it and sell it to 
biotechnology companies. In its final dramatic phase, the race was de
cided by an unlikely hero, a young graduate student who single
handedly wrote the decisive computer program that helped the public 
project win the race by three days, and thus prevented private control 
of the scientific understanding of human genes.13 

The Human Genome Project began in 1990 as a collaborative pro
gram among several teams of top geneticists coordinated by James 
Watson (who, with Francis Crick, discovered the DNA double helix) 
and funded by the u.s. government to the tune of three billion dollars. 
A rough draft of the mapping was expected to be completed ahead 
of schedule in 2001,  but while these efforts were under way Celera 
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Genomics, with superior computer power and funding from venture 
capitalists, overtook the government-sponsored project and patented 
its data to ensure exclusive commercial rights to the manipulation of 
human genes. In response, the public project (which had grown into an 
international consortium headed by geneticist Francis Collins) pub
lished its discoveries on the Internet on a daily basis to make sure that 
they were in the public domain and could not be patented. 

By December 1999, the public consortium had identified 400,000 
fragments of DNA , most of them smaller than an average gene, but 
they had no idea how to orient and assemble these pieces-"hardly 
worthy of being caUed a sequence," as their competitor, biologist Craig 
Venter, the founder of Celera Genomics, liked to observe. At this stage, 
David Haussler, a professor of computer science at the University of 
California at Santa Cruz, joined the consortium. Haussler believed that 
there was enough information in the collected data to design· a special 
computer program that would assemble the pieces properly. 

However, progress was painfully slow, and in May 2000, Haussler told 
one of his graduate students, James Kent, that the prospect of finishing 
ahead of Celera looked "grim." Like many scientists, Kent was very con
cerned that future work on understanding the human genome would be 
under the control of private corporations if the sequencing data could 
not be made public before it was patented. When he heard about the slow 
progress of the public project, he told his professor that he felt he could 
write an assembly program using a simpler and superior strategy. 

Four weeks later, after working day and night and icing his wrists 
between long sessions of furious typing, James Kent had written 10,000 
lines of code, completing the first assembly of the human genome. 
"He's unbelievable," Haussler told the New York Times. "This pro
gramme represents an amount of work that would have taken a team of 
five or ten programmers at least six months or a year. Jim [alone] in four 
weeks created . . .  this extraordinarily complex piece of code."14 

In addition to his assembly program, nicknamed the "golden path," 
Kent created another program, known as a browser, which enabled sci
entists to view the assembled sequence of the human genome for the 
first time and for free, without subscribing to Celera's database. The 
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human genome race officially ended seven months later, when the pub
lic consortium and the Celera scientists published their results during 
the same week, the former in Nature and the latter in Science.ls 

C o n c e p t u a l  Revo l u t i o n  in G e n e t i c s  

While the competition to map the human genome first raged, the very 
successes of these and of other DNA sequencing efforts triggered a con
ceptual revolution in genetics that is likely to show the futility of any 
hope that mapping the human genome will soon lead to tangible prac
tical applications. In order to use genetic knowledge to influence the 
functioning of the organism-for example, to prevent or cure dis
eases-we need to know not only where specific genes are located, but 
also how they function. After sequencing major portions of the human 
genome and mapping the complete genomes of several plant and ani
mal species, geneticists naturally turned their attention from gene 
structure to gene function; and when they did so, they realized how 
limited our knowledge of gene function still is. As Evelyn Fox Keller 
observes, "Recent developments in molecular biology have given us 
new appreciation of the magnitude of the gap between genetic infor
mation and biological meaning."16 

For several decades after the discoveries of the DNA double helix 
and the genetic code, molecular biologists believed that the "secret of 
Hfe" lay in the sequences of genetic elements along the DNA strands. If 
we could only identify and decode those sequences, the thinking went, 
we would understand the genetic "programs" that determine all bio
logical structures and processes. Today, very few biologists still hold 
this belief The newly developed sophisticated techniques of DNA se
quencing and of related genetic research increasingly show that the 
traditional concepts of "genetic determinism"-including that of a 
genetic program, and maybe even the concept of the gene itself--are 
being seriously challenged and are in need of radical revision. 

A profound shift of emphasis, from the structure of genetic se
quences to the organization of metabolic networks, from genetics to 
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epigenetics is taking place. It is a move from reductionist to systemic 
thinking. In the words of James Bailey, a geneticist at the Institute for 
Biotechnology in Zurich, "The current cascade of complete genome se
quences . . .  now compels a major shift in bioscience research toward 
integration and system behaviour."17 

S t a b i l i ty a n d  C h a n g e  

To appreciate the magnitude and extent of this conceptual shift, we 
need to revisit the origins of genetics in Darwin's theory of evolution 
and Mendel's theory of heredity When Charles Darwin formulated his 
theory in terms of the twin concepts of "chance variation" (later to be 
called random mutation) and natural selection, it soon became appar
ent that chance variations, as conceived by Darwin, could not explain 
the emergence of new characteristics in the evolution of species. 
Darwin shared with his contemporaries the assumption that the bio
logical characteristics of an individual represented a blend of those of 
its parents, with both parents contributing more or less equal parts to 
the mixture. This meant that an offspring of a parent with a useful 
chance variation would inherit only 50 percent of the new characteris
tic, and would be able to pass on only 25 percent of it to the next gen
eration. Thus the new characteristic would be diluted rapidly, with 
very little chance of establishing itself through natural selection. 

Although the Darwinian theory of evolution introduced the radi
cally new understanding of the origin and transformation of species 
that became one of the towering achievements of modern science, it 
could not explain the persistence of newly evolved traits, nor indeed 
the more general observation that each generation of living organisms, 
as it grows and develops, unfailingly displays the typical characteristics 
of its species. This remarkable stability applies even to particular indi
vidual features, such as clearly recognizable family resemblances that 
are frequently passed on faithfully from generation to generation. 

Darwin himself recognized that the inability of his theory to ex
plain the constancy of hereditary traits was a serious flaw for which he 



B i o t e c h n o l o gy a t  a Tu r n i n g  P o i n t  1 6 5  

had no remedy. Ironically, the solution to his problem was discovered 
by Gregor Mendel only a few years after the publication of Darwin's 
Origin of Species, but was ignored for several decades until its rediscov
ery at the beginning of the twentieth century. 

From his careful experiments with garden peas, Mendel deduced 
that there were "units of heredity"-later to be called genes-that did 
not blend in the process of reproduction, but were transmitted from 
generation to generation without changing their identity. With this 
discovery it could be assumed that random mutations would not disap
pear within a few generations but would be preserved, to be either re
inforced or eliminated by natural selection. 

With the discovery of the physical structure of genes by Watson and 
Crick in the 1950s, genetic stability became understood in terms of the 
faithful self-replication of the DNA double helix, and mutations, corre
spondingly, as occasional but very rare random errors in that process. 
Over subsequent decades, this understanding firmly established the 
concept of genes as dearly distinct and stable hereditary units. 18 

However, recent advances in molecular biology have now seriously 
challenged our understanding of genetic stability, and with it the en
tire image of genes as causal agents of biological life, which is deeply 
embedded in both popular and scientific thought. As Evelyn Fox Keller 
explains, 

To be sure, genetic stability remains as remarkable a property as 
ever, and it is clearly a property of all known organisms. The diffi
culty arises with the question of how that stability is maintained, 
and this has proven to be a far more complex matter than we could 
ever have imagined. 19 

When the chromosomes of a cell double themselves in the process of 
cell division, their DNA molecules divide in such a way that the two 
chains of the double helix separate, and each of them serves as a tem
plate for the construction of a new complementary chain. This self
replication takes place with amazing fidelity. The frequency of copying 
mistakes, or mutations, is roughly one in ten billion! 
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This extreme fidelity, which lies at the origin of genetic stability, is 
not just a consequence of the physical structure of DNA . In fact, a DNA 

molecule by itself is not able to self-replicate at all. It needs specific en
zymes to facilitate every step of the self-replication process.20 One kind 
of enzyme helps the two parent strands to unwind; another prevents 
the unwound strands from winding back together; and a host of further 
enzymes select the correct genetic elements, or "bases," for comple
mentary binding, check the most recently added bases for accuracy, 
correct mismatches, and repair accidental damages to the DNA struc
ture. Without this elaborate system of monitoring, proofreading, and 
repair, errors in the self-replication process would increase dramati
cally. Instead of one in ten billion, one in a hundred bases would be 
copied erroneously, according to current estimates.21 

These recent discoveries show clearly that genetic stability is not 
inherent in the structure of DNA , but is an emergent property, result
ing from the complex dynamics of the entire cellular network. In the 
words of Keller: 

The stability of gene structure thus appears not as a starting point 
but as an end-product-as the result of a highly orchestrated dy
namic process requiring the participation of a large number of en
zymes organized into complex metabolic networks that regulate and 
ensure both the stability of the DNA molecule and its fidelity in 
replication. 22 

When a cell replicates, it passes on not only the newly replicated DNA 

double helix, but also a full set of the necessary enzymes, as well as 
membranes and other cellular structures-in short, the entire cellular 
network. And thus the cellular metabolism continues without ever dis
rupting its self-generating network patterns. 

In their attempts to understand the complex orchestration of the 
enzyme activity that gives rise to genetic stability, biologists recently 
were amazed to discover that the fidelity of DNA replication is not al
ways maximized. There seem to be mechanisms that actively generate 
copying errors by relaxing some of the monitoring processes. More-
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over, it appears that when and where mutation rates are increased in 
this way depends both on the organism and on the conditions in which 
the organism finds itsel(23 In every living organism, there is a subtle 
balance between genetic stability and "mutability"-the organism's 
ability actively to produce mutations. 

The regulation of mutability is one of the most fascinating discov
eries in current genetic research. According to Keller, this has become 
one of the hottest topics in molecular biology "With the new analyti
cal techniques that have now become available," she explains, "many 
aspects of the biochemical machinery involved in such regulation have 
been elucidated. But with every step toward elucidation, the picture is 
rendered ever more complex by the increasing wealth of detail ."24 

Whatever the specific dynamics of its regulation turn out to be, the 
implications of genetic mutability for our understanding of evolution 
are enormous. In the conventional neo-Darwinist view, DNA is seen as 
an inherently stable molecule subject to occasional random mutations, 
and evolution, accordingly, as being driven by pure chance, followed by 
natural selection. 25 The new discoveries in genetics will force biologists 
to adopt the radically different view that mutations are actively gener
ated and regulated by the cell's epigenetic network, and that evolution 
is an integral part of the self-organization of living organisms. 
Molecular biologist James Shapiro wrote that: 

These molecular insights lead to new concepts of how genomes are 
organized and reorganized, opening a range of possibilities for think
ing about evolution. Rather than being restricted to contemplating a 
slow process depending on random (i.e. blind) genetic variation . . .  
we are now free to think in realistic molecular ways about rapid 
genome restructuring guided by biological feedback networks. 26 

This new view of evolution as part of life's self-organization is further 
supported by extensive research in microbiology, which has shown that 
mutations are only one of three avenues of evolutionary change, the 
other two being the trading of genes between bacteria and the process 
of symbiogenesis-the creation of new forms of life through the merg-

• 
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ing of different species. The recent mapping of the human genome 
showed that many human genes originated from bacteria, confirming 
once more the theory of symbiogenesis proposed by microbiologist 
Lynn Margulis more than thirty years ago.27 Taken together, these ad
vances in genetics and microbiology amount to a dramatic conceptual 
shift in the theory of evolution-from the neo-Darwinist emphasis on 
"chance and necessity" to a systems view that sees evolutionary change 
as a manifestation of life's self-organization. 

Since the systemic conception of life also identifies the self-organizing 
activity of living organisms with cognition,28 this means that, ultimately, 
evolution must be seen as a cognitive process. As geneticist Barbara 
McClintock reflected prophetically in her 1983 Nobel lecture: 

In the future attention undoubtedly will be centred on the genome, 
and with greater appreciation of its significance as a highly sensitive 
organ of the cell, monitoring genomic activities and correcting com
mon errors, sensing the unusual and unexpected events, and re
sponding to them.29 

B eyond G e n e t i c  D e t e r m i n i s m  

To summarize the first important insight from recent advances in ge
netic research: the stability of genes, the organism's "units of hered
ity," is not an intrinsic property of the DNA molecule but emerges from 
a complex dynamic of cellular processes. With this understanding of 
genetic stability, let us now turn to the central question of genetics: 
What do genes actually do? How do they give rise to characteristic 
hereditary traits and forms of behavior? After the discovery of the DNA 

double helix and the mechanism of its self-replication, it took molecu
lar biologists another decade to find an answer to this question. Again, 
this research was spearheaded by James Watson and Francis Crick.30 

To put it in greatly simplified terms, the cellular processes underly
ing biological forms and behavior are catalyzed by enzymes, and the en-
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zymes are specified by genes. To produce a specific enzyme, the infor
mation encoded in the corresponding gene (i.e. the sequence of nu
cleotide bases along the DNA strand) is copied into a complementary 
RNA strand. The RNA molecule serves as a messenger, carrying the ge
netic information to a ribosome, the cellular structure where enzymes 
and other proteins are produced. At the ribosome, the genetic sequence 
is translated into instructions for assembling a sequence of amino 
acids, the basic building blocks of proteins. The celebrated genetic 
code is the precise correspondence by which successive triplets of ge
netic bases on the RNA strand are translated into a sequence of amino 
acids in the protein molecule. 

With these discoveries the answer to the question of gene function 
seemed compellingly simple and elegant: genes encode the enzymes 
that are the necessary catalysts of all cellular processes. Thus genes de
termine biological traits and behavior, and each gene corresponds to a 
specific enzyme. This explanation has been called the Central Dogma of 
molecular biology by Francis Crick. It describes a linear causal chain 
from DNA to RNA, to proteins (enzymes) and to biological traits. In the 
colloquial paraphrase that has become popular among molecular biolo
gists, "

DNA makes RNA, RNA makes protein, and proteins make us."31 
The Central Dogma includes the assertion that its linear causal chain 
defines a one-way flow of information from the genes to the proteins, 
without the possibility of any feedback in the opposite direction. 

The linear chain described by the Central Dogma is, in fact, far too 
simplistic to describe the actual processes involved in the synthesis of 
proteins. And the discrepancy between the theoretical framework and 
the bIological reality is even greater when the linear sequence is short
ened to its two end points, DNA and traits, so that the Central Dogma 
is turned into the statement, "Genes determine behavior." This view, 
known as genetic determinism, has become the conceptual basis of ge
netic engineering. It is promoted vigorously by the biotechnology in
dustry and repeated constantly in the popular media: once we know 
the exact sequence of genetic bases in the DNA, we will understand how 
genes cause cancer, human intelligence, or violent behavior. 
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Genetic determinism has been the dominant paradigm in molecular 
biology for the past four decades, during which it has generated a host 
of powerful metaphors. DNA is often referred to as the organism's ge
netic "program" or "blueprint," or as the "book of life," and the ge
netic code as the universal "language of life." As Mae-Wan Ho points 
out, the exclusive focus on genes has almost completely eclipsed the or
ganism from the biologists' view. The living organism tends to be re
garded simply as a collection of genes, while it is totally passive, 
subject to random mutations and selective forces in the environment 
over which it has no contro1.32 

According to molecular biologist Richard Strohman, the basic fal
lacy of genetic determinism lies in a confusion of levels. A theory that 
worked well, at least initially, for understanding the genetic code
how genes encode information for the production of proteins-has 
been extended to a theory of life that views genes as causal agents of all 
biological phenomena. "We are mixing our levels in biology and it 
doesn't work," he concludes. "The illegitimate extension of a genetic 
paradigm from a relatively simple level of genetic coding and decoding 
to a complex level of cellular behaviour represents an epistemological 
error of the first order."33 

P r o b l e m s  with t h e  C entral  D o gm a 

The problems with the Central Dogma became apparent during the 
late 1970s, when biologists extended their genetic research beyond bac
teria. They soon found out that in higher organisms the simple corre
spondence between DNA sequences and sequences of amino acids in 
proteins no longer exists, and that the elegant principle of "one gene
one protein" has to be abandoned. Indeed, it seems-perhaps not 
unreasonably-that the processes of protein synthesis become increas
ingly complex as we move to more complex organisms. 

In higher organisms, the genes that code for proteins tend to be 
fragmented rather than form continuous sequences.34 They consist of 
coding segments interspersed with long repetitive noncoding se-
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quences whose function is still unclear. The proportion of coding DNA 

varies a great deal and in some organisms can be as low as 1 to 2 per
cent. The rest is often referred to as "junk DNA. " However, since natu
ral selection has preserved these noncoding segments throughout the 
history of evolution, it is reasonable to assume that they play an im
portant though still mysterious role. 

Indeed, the complex genetic landscape revealed by the mapping of 
the human genome contains some intriguing clues about human evolu
tion-a kind of genetic fossil record consisting of "jumping genes" 
that broke away from their chromosomes in our distant evolutionary 
past, replicated themselves independently, and then reinserted their 
copies into various sections of the main genome. Their distribution in
dicates that some of these noncoding sequences may contribute to the 
overall regulation of genetic activity.35 In other words, they are not 
junk at all. 

When a fragmented gene is copied into an RNA strand, the copy 
must be processed before the assembly of the protein can begin. Special 
enzymes come into play that remove the noncoding segments and then 
splice the remaining coding segments together to form a mature tran
script: the messenger RNA is edited on its way to protein synthesis. 

This editing process is not unique: the coding sequences can be 
spliced together in more than one way, and each alternative splicing 
will result in a different protein . Thus, many different proteins can be 
produced from the same primary genetic sequence, sometimes as many 
as several hundred according to current estimates.36 This means that 
we have to give up the principle that each gene leads to the production 
of a specific enzyme (or other protein) . Which enzyme is produced can 
no longer be deduced from the genetic sequence in the DNA. Keller 
states that: 

The signal (or signals) determining the specific pattern in which the 
final transcript is to be formed . . .  [comes from] the complex regula
tory dynamics of the cell as a whole . . .  Unravelling the structure of 
such signalling pathways has become a major focus of contemporary 
molecular biology. 37 
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Another recent surprise has been the discovery that the regulatory dy
namics of the cellular network determine not only �hich protein will 
be produced from a given fragmented gene, but also how this protein 
will function. It has been known for some time that a protein can func
tion in many different ways, depending on its context. Now scientists 
have discovered that the complex three-dimensional structure of a pro
tein molecule can be changed by a variety of cellular mechanisms, and 
that these changes alter the molecule's function.38 In short, cellular dy
namics may lead to the emergence of many proteins from a single gene 
and of many functions from a single protein-a far cry indeed from the 
linear causal chain of the Central Dogma. 

When we shift our attention from a single gene to the entire 
genome, and correspondingly from the making of a protein to the mak
ing of the whole organism, we encounter a different set of problems 
with genetic determinism. For example, when cells divide in the devel
opment of an embryo, each new cell receives exactly the same set of 
genes, and yet the cells specialize in very different ways, becoming 
muscle cells, blood cells, nerve cells, and so on. Developmental biolo
gists concluded from this observation many decades ago that cell types 
differ from one another not because they contain different genes, but 
because different genes are active in them. In other words, the struc
ture of the genome is the same in all these cells, but the patterns of 
gene activity are different. The question, then, is: What causes the dif
ferences in gene activity, or gene "expression," as it is technically 
known? As Keller puts it, "Genes do not simply act: they must be acti

vated. "39 They are turned on and off in response to specific signals. 
A similar situation arises when we compare the genomes of differ

ent species. Recent genetic research has revealed surprising similarities 
between the genomes of humans and chimpanzees, and even between 
those of humans and mice. Geneticists now believe that the basic body 
plan of an animal is built from very similar sets of genes across the en
tire animal kingdom.40 And yet the result is a great variety of radically 
different creatures. The differences, again, seem to lie in the patterns of 

. 
gene expressIOn. 

To solve the problem of gene expression, molecular biologists 
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Fran<;ois Jacob and Jacques Monod in the early 1960s very ingeniously 
introduced a distinction between "structural genes" and "regulator 
genes." The structural genes, they maintained, are the ones that code 
for proteins, while the regulator genes control the rates of DNA tran
scription and thereby regulate gene expression.41 

By assuming that these regulatory mechanisms are themselves ge
netic, Jacob and Monod managed to stay within the paradigm of ge
netic determinism, and they emphasized this point by using the 
metaphor of a "genetic program" to describe the process of biological 
development. Since computer science was establishing itself as an ex
citing, avant-garde discipline at the same time, the metaphor of the ge
netic program was very powerful and quickly became the dominant 
way of explaining biological development. 

Subsequent research has shown, however, that the program for acti
vating genes does not reside in the genome, but in the cell's epigenetic 
network. A number of cellular structures that are involved in regulat
ing gene expression have been identified. They include structural pro
teins, hormones, networks of enzymes and many other molecular 
complexes. In particular, the "chromatin"-a large number of proteins 
that are tightly intertwined with the DNA strands inside the chromo
somes-seems to play a critical role, as it constitutes the genome's 
most immediate environment.42 

What emerges is the growing realization that the biological pro
cesses involving genes-the fidelity of DNA replication, the rate of mu
tations, the transcription of coding sequences, the selection of protein 
functions, and the patterns of gene expression-are all regulated by 
the cellular network in which the genome is embedded. This network is 
highly nonlinear, containing multiple feedback loops, so that patterns 
of genetic activity continually change in response to changing circum
stances.43 

DNA is an essential part of the epigenetic network, but it is not the 
sole causal agent of biological forms and functions as the Central 
Dogma would have it. Biological form and behavior are emergent prop
erties of the network's nonlinear dynamics, and we can expect that our 
understanding of these processes of emergence will increase signifi-
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cantly when complexity theory is applied to the new discipline of "epi
genetics." Indeed, this approach is currently being pursued by several 
biologists and mathematicians.44 

Complexity theory may also shed new light on an intriguing prop
erty of biological development that was discovered almost a hundred 
years ago by the German embryologist Hans Driesch. With a series of 
careful experiments on sea urchin eggs, Driesch showed that he could 
destroy several cells in the very early stages of the embryo, and it 
would still grow into a full, mature sea urchin.45 Similarly, more recent 
genetic experiments have shown that knocking out single genes, even 
when they were thought to be essential, had very little effect on the 
functioning of the organism.46 

The very remarkable stability and robustness of biological develop
ment means that an embryo may start from different initial stages-for 
example, if single genes or entire cells are destroyed accidentally-but 
will nevertheless reach the same mature form that is characteristic of 
its species. Evidently, this phenomenon is quite incompatible with ge
netic determinism. The question is, in Keller's words, "What keeps de
velopment on track?"47 

There is an emerging consensus among genetic researchers that this 
robustness indicates a functional redundancy in genetic and metabolic 
pathways. It seems that cells maintain multiple pathways for the pro
duction of essential cellular structures and the support of essential 
metabolic processes.48 This redundancy ensures not only the remark
able stability of biological development but also great flexibility and 
adaptability to unexpected environmental changes. Genetic and meta
bolic redundancy may be seen, perhaps, as the equivalent of biodiver
sity in ecosystems. It seems that life has evolved ample diversity and 
redundancy at all levels of complexity. 

The observation of genetic redundancy is in stark contradiction to 
genetic determinism, and in particular to the metaphor of the "self
ish gene" proposed by biologist Richard Dawkins.49 According to 
Dawkins, genes behave as if they were selfish by constantly competing, 
via the organisms they produce, to leave more copies of themselves. 
From this reductionist perspective, the widespread existence of redun-
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dant genes makes no evolutionary sense. From the systemic point of 
view, by contrast, we recognize that natural selection operates not on 
individual genes but on the organism's patterns of self-organization. 
As Keller puts it, "It is the endurance of the life cycle itself that 
has . . .  become the subject of evolution."50 

The existence of multiple pathways is, of course, an essential prop
erty of all networks; it may even be seen as the defining characteristic 
of a network. It is therefore not surprising that nonlinear dynamics 
(the mathematics of complexity theory), which is eminently suited to 
the analysis of networks, should contribute important insights into the 
nature of developmental robustness and stability. 

In the language of complexity theory, the process of biological de
velopment is seen as a continuous unfolding of a nonlinear system as 
the embryo forms out of an extended domain of cells.51 This "cell 
sheet" has certain dynamical properties that give rise to a sequence of 
deformations and foldings as the embryo emerges. The entire process 
can be represented mathematically by a trajectory in "phase space" 
moving inside a "basin of attraction" toward an "attractor" that de
scribes the functioning of the organism in its stable adul t form.52 

A characteristic property of complex nonlinear systems is that they 
display a certain "structural stability." A basin of attraction can be dis
turbed or deformed without changing the system's basic characteris
tics. In the case of a developing embryo this means that the initial 
conditions of the process can be changed to some extent without seri
ously disturbing development as a whole. Thus developmental stabil
ity, which seems quite mysterious from the perspective of genetic 
determinism, is recognized as a consequence of a very basic property of 
complex nonlinear systems. 

Wh a t I s a G e n e ? 

The amazing progress made by geneticists in their efforts to identify 
and sequence particular genes and to map entire genomes has brought 
with it an increasing awareness that we need to go beyond genes if we 
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really want to understand genetic phenomena. It may well be that we 
will be forced to abandon the concept of the gene altogether. As we 
have seen, genes are certainly not the independent and distinct causal 
agents of biological phenomena postulated by genetic determinism, 
and even their structure seems to elude precise definition. . 

Geneticists even find it difficult to agree on how many genes the hu
man genome contains, .because the portion of genes that code for amino 
acid sequences seems to be less than 2 percent. And as these coding 
genes are fragmented, interspersed by long noncoding sequences, the 
answer to the question where a specific gene begins and ends is any
thing but easy. Before the completion of the Human Genome Project, 
estimates of the total number of genes ranged between 30,000 and 
120,000. Now it looks as if the lower end of this range is closer to the 
actual number, but not all geneticists agree. 

It may well turn out that all we can say about genes is that they are 
continuous or discontinuous DNA segments whose precise structures 
and specific functions are determined by the dynamics of the sur
rounding epigenetic network and may change with changing circum
stances. Geneticist William Gelbart goes even further when he writes: 

unlike chromosomes, genes are not physical objects but are merely 
concepts that have acquired a great deal of historic baggage over the 
past decades . . .  We may well have come to the point where the use 
of the term "gene" is of limited value and might in fact be a hin
drance to our understanding of the genome. 53 

In her extensive review of the current state of genetics, Evelyn Fox 
Keller comes to a similar conclusion: 

Even though the message has yet to reach the popular press, to an in
creasingly large number of workers at the forefront of contemporary 
research, it seems evident that the primacy of the gene as the core ex
planatory concept of biological structure and function is more a fea
ture of the twentieth century than it will be of the twenty-first. 54 
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The fact that many of the leading researchers in molecular genetics 
now realize the need to go beyond genes and adopt a wider epigenetic 
perspective is important when we try to assess the current state of 
biotechnology. We shall see that the problems with the understanding 
of the relationship between genes and disease, the use of cloning in 
medical research and the applications of biotechnology to agriculture 
are all rooted in the narrow conceptual framework of genetic deter
minism and are likely to persist until a broader systemic view has been 
embraced by biotechnology's main proponents. 

G e n e s  a n d  D i s e a s e  

When the techniques of DNA sequencing and gene splicing were devel
oped in the 1970s, the new biotech companies and their geneticists first 
turned to the medical applications of genetic engineering. Since genes 
were thought to determine biological functions, it was natural to as
sume that the root causes of biological disorders could be found in ge
netic mutations, and so geneticists set themselves the task of precisely 
identifying the genes that caused specific diseases. If they were suc
cessful in doing so, they thought, they might be able to prevent or cure 
these "genetic" diseases by correcting or replacing the defective genes. 

The biotechnology companies saw the development of such genetic 
therapies as a tremendous business opportunity, even if actual thera
peutic successes would lie far in the future, and began to promote 
vigorously their genetic research in the media. Year after year, bold 
headlines in newspapers and cover stories in magazines excitedly re
ported discoveries of new "disease-causing" genes and corresponding 
new potential therapies, usually with serious scientific caveats appear
ing a few weeks later but published as small notices among the bulk of 
other news. 

Geneticists soon discovered that there is a huge gap between the 
ability to identify genes that are involved in the development of dis
ease and the understanding of their precise function, let alone their 
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manipulation to obtain a desired outcome. As we now know, this gap is 
a direct consequence of the mismatch between the linear causal chains 
of genetic determinism and the nonlinear epigenetic networks of bio
logical reality. 

The evocative term "genetic engineering," means that the public 
usually assumes that the manipulation of genes is an exact, well
understood mechanical procedure. Indeed, it is usually presented as 
such in the popular press. In the words of biologist Craig Holdrege: 

We hear of genes being cut or spliced by enzymes, and of new DNA 

combinations being manufactured and inserted into the cell. The cell in
corporates the DNA into its machinery, which begins to read information 

that is encoded in the new DNA. This information is then expressed in the 
manufacture of corresponding proteins that have a particular function 
in the organism. And so, as if resulting from such precisely determi
nate procedures, the transgenic organism takes on new traits. 55 

The reality of genetic engineering is much more messy. At the cur
rent state of the art, geneticists cannot control what happens in the or
ganism. They can insert a gene into the nucleus of a cell with the help 
of a specific gene transfer vector, but they never know whether the cell 
will incorporate it into its DNA, nor where the new gene will be located, 
nor what effects this will have on the organism. Thus, genetic engi
neering proceeds by trial and error in a way that is extremely wasteful. 
The average success rate of genetic experiments is only about 1 per
cent, because the living background of the host organism, which de
termines the outcome of the experiment, remains largely inaccessible 
to the engineering mentality that underlies our current biotechnolo
gies.56 

"Genetic engineering," explains biologist David Ehrenfeld, "is 
based on the premise that we can take a gene from species A, where it 
does some desirable thing, and move it into species B, where it will con
tinue to do that same desirable thing. Most genetic engineers know 
that this is not always true, but the biotech industry as a whole acts as 
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if it were."57 Ehrenfeld points out that this premise encounters three 
main problems. 

First, gene expression depends on the genetic and cellular environ
ment (the whole epigenetic network) and can change when genes are 
put into a new environment. "Time and time again," writes molecular 
biologist Richard Strohman, "we find that genes associated with dis
eases of mice have no such association with those genes in humans . . .  
It appears, therefore, that mutation even in key genes will or will not 
have an effect, depending on the genetic background in which it finds 
itself."58 

Second, genes usually have multiple effects, and undesirable effects 
that are suppressed in one species may be expressed when the gene is 
transferred to another species. And third, many traits involve multiple 
genes, perhaps even on different chromosomes, which are very resis
tant to being manipulated. Taken together, these three problems are 
the reason why the medical applications of genetic engineering have so 
far not yielded the desired results. As David Weatherall, director of 
Oxford University's Institute of Molecular Medicine, sums up, "Trans
ferring genes into a new environment and enticing them to . . .  do their 
jobs, with all the sophisticated regulatory mechanisms that are in
volved, has, so far, proved too difficult a task for molecular geneti
cists. "59 

Initially, geneticists hoped to associate specific diseases with single 
genes, but it turned out that single-gene disorders are extremely rare, 
accounting for less than 2 percent of all human diseases. Even in these 
clear-cut cases-for example, sickle-cell anemia, muscular dystrophy, 
or cystic fibrosis-where a mutation cause.s a malfunction in a single 
protein of crucial importance, the links between the defective gene and 
the onset and course of the disease are still poorly understood. The de
velopment of sickle-cell anemia, for example, which is common in 
Africans and African-Americans, can be dramatically different in indi
viduals carrying the same defective gene, varying from early childhood 
death to a virtually unrecognized condition in middle age.60 

Another problem is that the defective genes in these single-gene 
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diseases are often very, very large. The gene that is critical to cystic 
fibrosis, a disease common among Northern Europeans, consists of 
some 230,000 base pairs and codes for a protein composed of almost 
1 ,500 amino acids. More than 400 different mutations have been 
observed in this gene. Only one of them results in the disease, and 
identical mutations may lead to different symptoms in different 
individuals. All this makes screening for the "cystic fibrosis defect" 
highly problematic.61 

The problems encountered in the rare single-gene disorders are 
compounded when geneticists study common diseases like cancer and 
heart disease, which involve networks of multiple genes. In these cases, 
observes Evelyn Fox Keller: 

the limits of current understanding are far more conspicuous. The 
net effect is that, while we have become extraordinarily proficient at 
identifying genetic risks, the prospect of significant medical bene
fits-benefits that only a decade ago were expected to follow rapidly 
upon the heels of the new diagnostic techniques-recedes ever fur
ther into the future. 62 

This situation is unlikely to change until geneticists begin to go be
yond genes and focus on . the complex organization of the cell as a 
whole. As Richard Strohman explains: 

In the case of coronary artery disease, [for example] , there are more 
than 100 genes identified as having some interactive contribution. 
With networks of 100 genes and their products interacting with sub
tle environments to affect [biological functions], it is naive to think 
that some kind of nonlinear networking theory could be omitted 
from a diagnostic analysis. 63 

In the meantime, however, biotechnology companies continue to pro
mote the outdated dogma of genetic determinism to justify their re
search. As Mae-Wan Ho points out, their attempts to identify genetic 
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predispositions for diseases like cancer, diabetes, or schizophrenia
and worse, for conditions such as alcoholism or criminality-stigma
tizes individuals and diverts attention from the crucial role of social 
and environmental factors that affect these conditions.64 

The primary interest of the biotech companies, of course, is not hu
man health or progress in medicine, but financial gain . One of the most 
effective ways of ensuring that the shareholder values of their ventures 
remain high, despite the lack of any significant medical benefits, is to 
perpetuate the perception among the general public that genes deter
mine behavior. 

The  B i o logy a n d  E t h i c s  of C l o n i n g  

Genetic determinism has also decisively shaped public discussions of 
cloning after the recent dramatic successes in growing new organisms 
by genetic manipulation rather than sexual reproduction. The proce
dure used in these cases is different from cloning in the strict sense of 
the term, as we shall see below, but is now commonly described as 
"cloning" in the press.65 

When the news became public in 1997 that a sheep had been 
"cloned" in this way by embryologist Ian Wilmut and his colleagues at 
the Roslin Institute in Scotland, it not only generated instant acclaim 
from the scientific community, but also aroused intense anxieties and 
public debates. Was the cloning of human beings now imminent, people 
wondered? Were there any ethical guidelines? Why had this research 
been allowed to go on, sheltered from public review, in the first place? 

As evolutionary biologist Richard Lewontin points out in a 
thoughtful review of the science and ethics of cloning, the whole con
troversy needs to be understood against the background of genetic de
terminism.66 Since the general public is unaware of the basic fallacy of 
the doctrine that genes "make" the organism, it naturally tends to be
lieve that identical genes make identical people. In other words, most 
people confuse the genetic state of an organism with the totality of the 
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biological, psychological, and cultural characteristics of a human be
ing. Much more than genes is involved in the development of an indi
vidual-both in the emergence of biological form and in the formation 
of a unique human personality from certain life experiences. Hence, the 
notion of "cloning Einstein" is absurd. 

As we shall see below, identical twins are genetically much more 
identical than a cloned organism is to its gene donor, and yet their per
sonalities and life histories are usually quite different, in spite of the ef
forts of many parents to enforce the similarities between their twins by 
dressing them identically, giving them the same education, and so on. 
Any fears that cloning would violate an individual's unique identity 
are unfounded. In the words of Lewontin, "The question . . .  is not 
whether genetic identity per se destroys individuality, but whether the 
erroneous state of public understanding of biology will undermine an 
individual's own sense of uniqueness and autonomy."67 However, I need 
to add right away that the cloning of human beings would be morally 
reprehensible and unacceptable for other reasons, which I shall address. 

Genetic determinism also supports the view that there might be 
justifiable motivations for cloning human beings in certain special cir
cumstances-a woman, for example, whose husband is in a fatal coma 
after an accident, and who desperately wants a child by him; or a ster
ile man whose entire family has been killed and who does not want to 
see his biological heritage become extinct. Underlying these hypothet
ical cases is always the flawed assumption that preserving a person's ge
netic identity means, somehow, preserving his or her very essence. 
Interestingly, as Lewontin points out, this belief is a continuation of 
the ancient association of human blood with characteristics of social 
class or individual personality. Throughout the centuries, this erro
neous association has generated a host of spurious moral problems and 
given rise to countless tragedies. 

The real ethical questions about cloning become apparent when we 
understand the genetic manipulations involved in the current practices 
and the motivations behind this research. When biologists attempt to 
"clone" an animal today, they take an adult egg from one animal , remove 
its nucleus, and fuse the remaining cell with a nucleus (or an entire cell) 
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from another animal . The resulting "hybrid" cell, the equivalent of a 
fertilized egg, is then developed in vitro and, after making sure that it is 
developing "normally," is implanted in the womb of a third animal, 
which serves as a surrogate mother and carries the embryo to term.68 
The scientific achievement of Wilmut and his colleagues was to demon
strate that the obstacle of cell specialization can be overcome. Adult 
cells of an animal are specialized, and their reproduction normally will 
only result in more cells of the same kind. Biologists had assumed that 
this specialization was irreversible. The scientists at the Roslin 
Institute showed that, somehow, it can be reversed by the interactions 
between the genome and the cellular network. 

Unlike identical twins, the "cloned" animal is not completely iden
tical, genetically, to its gene donor, because the manipulated cell from 
which it grew was composed not only of the nucleus from one donor, 
which provided the bulk of the genome, but also of the enucleated cell 
from another donor, which contained additional genes outside its nu
cleus. 69 

The real ethical problems surrounding the current cloning proce
dure are rooted in the biological developmental problems it generates. 
They are a consequence of the crucial fact that the manipulated cell 
from which the embryo grows is a hybrid of cellular components from 
two different animals. Its nucleus stems from one organism, while the 
rest of the cell, which contains the entire epigenetic network, stems 
from another. Because of the enormous complexity of the epigenetic 
network and its interactions with the genome, the two components 
will only very rarely be compatible, and our knowledge of cellular reg
ulatory functions and signalling processes is still far too limited to 
know how to make them compatible. Thus, the currently practiced 
cloning procedure is based much more on trial and error than on an un
derstanding of the underlying biological processes. In the Roslin 
Institute experiment, 277 embryos were created, but only one "cloned" 
sheep survived-a success rate of about one third of 1 percent. 

Besides the question of whether so many embryos should be wasted 
in the interest of science, we also need to consider the nature of the 
nonviable creatures that are generated. In natural reproduction, the 
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cells in the developing embryo divide in such a way that the processes 
of cell division and chromosome (and DNA) replication are in perfect 
synchrony. This synchrony is part of the cellular regulation of genetic 
activity. 

In the case of "cloning," by contrast, the chromosomes may easily 
divide out of synchrony with the division of the embryonic cells be
cause of incompatibilities between the two components of the initial 
manipulated cell.70 This will resul t in either additional or missing chro
mosomes, so that the embryo will be abnormal. It may either die, or 
worse, may develop some monstrous growth. To use animals in such a 
way would raise ethical questions even if the research were motivated 
entirely by the desire to increase medical knowledge and help human
ity. In the current situation these questions are much more urgent be
cause the pace and direction of research are determined mainly by 
commercial interests. 

The biotechnology industry is pursuing numerous projects in 
which cloning techniques are used for potential ,financial gain even 
though the health risks are often high and the benefits questionable. 
One line of research is to produce animal embryos whose cells and tis
sues might be useful for human therapeutic purposes. Another is to 
insert mutated human genes into animals so that they can serve as 
models for human diseases. For example, mice have been engineered to 
develop cancer, and the resul ting sick transgenic animals have been 
patented!?! It is not surprising that most people feel a sense of revul
sion about these business ventures. 

Another major biotechnology project is to modify genetically do
mestic livestock in such a way that their milk contains useful drugs. As 
in the research projects mentioned above, these efforts require that 
many embryos be manipulated and discarded before a few transgenic 
animals are produced, and even those are often very sick. In addition, 
the question of whether the end product is safe for human consump
tion is paramount in the case of transgenic milk. Since genetic engi
neering always involves infectious gene transfer vectors that can easily 
recombine to create new pathogenic viruses, the hazards of transgenic 
milk far outweigh any potential benefits.72 
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The ethical problems of cloning experiments on animals would be 
magnified enormously were they to involve human beings. How many 
human embryos would we be prepared to sacrifice? How many develop
mental monstrosities would we allow to be created in such Faustian re
search? It is evident that any attempt to clone human beings at this 
stage of our knowledge would be totally immoral and unacceptable. 
Indeed, 'even in the case of cloning experiments on animals it is the 
moral duty of the scientific community to establish strict ethical 
guidelines and open its research to full public review. 

B i o t e c h n o l o gy i n  Agr i c ul t u r e  

The applications of genetic engineering to agriculture have aroused 
much more widespread resistance among the general public than have 
the medical applications. There are several reasons for this resistance, 
which has grown into a worldwide political movement within the past 
few years. Most people around the world have a very basic existential 
relationship to food and are naturally worried when they feel that their 
food has been chemically contaminated or genetically manipulated. 
Even though they may not understand the complexities of genetic en
gineering, they become suspicious when they hear about new food 
technologies being developed in secret by powerful corporations who 
try to sell their products without any health warnings, labels, or even 
discussions. In recent years the glaring gap between the advertisements 
of the biotech industry and the realities of food biotechnology has be
come all too apparent. 

The biotech ads portray a brave new world in which nature will be 
brought under control. Its plants will be genetically engineered 
commodities, tailored to customers' needs. New crop varieties will be 
drought tolerant and resistant to insects and weeds. Fruits will not rot 
or bruise. Agriculture will no longer be dependent on chemicals and 
hence will no longer damage the environment. Food will be better and 
safer than ever before, and world hunger will disappear. 

Environmentalists and social justice advocates feel a strong sense of 



1 8 6  t h e  h i d d e n c o n n e c t i o n s 

deja vu when reading or hearing such optimistic but utterly naIve pro
jections of the future. Many of us remember vividly that very similar 
language was used by the same agrochemical corporations when 
they promoted a new era of chemical farming, hailed as the "Green 
Revolution," several decades ago.73 Since that time, the dark side of 
chemical agriculture has become painfully evident. 

It is well known today that the Green Revolution has helped neither 
farmers, nor the land, nor the consumers. The massive use of chemical 
fertilizers and pesticides changed the whole fabric of agriculture and 
farming, as the agrochemical industry persuaded farmers that they 
could make money by planting large fields with a single highly prof
itable crop and by controlling weeds and pests with chemicals. This 
practice of single-crop monoculture entailed a high risk of large 
acreages being destroyed by a single pest, and it also seriously affected 
the health of farm workers and people living in agricultural areas. 

With the new chemicals, farming became mechanized and energy 
intensive, favoring large corporate farmers with sufficient capital, and 
forcing most of the traditional single-family farmers to abandon their 
land. All over the world, large numbers of people have left rural areas 
and joined the masses of urban unemployed as victims of the Green 
Revolution. 

The long-term effects of excessive chemical farming have been di
sastrous for the health of the soil and for human health, for our social 
relations, and for the entire natural environment on which our well
being and future survival depends. As the same crops were planted and 
fertilized synthetically year after year, the balance of the ecological 
processes in the soil was disrupted; the amount of organic matter di
minished, and with it the soil's ability to retain moisture. The result
ing changes in soil texture entailed a multitude of interrelated harmful 
consequences-loss of humus, dry and sterile soil, wind and water ero
sion, and so on. 

The ecological imbalance caused by monocultures and excessive use 
of chemicals also resulted in enormous increases in pests and crop dis
eases, which farmers countered by spraying ever larger doses of pesti
cides in vicious cycles of depletion and destruction. The hazards for 
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human health increased accordingly as more and more toxic chemicals 
seeped through the soil, contaminated the water table and showed up 
in our food. 

Unfortunately, it seems that the agrochemical industry has not 
learned the lessons of the Green Revolution. According to biologist 
David Ehrenfeld: 

Like high-input agriculture, genetic engineering is often justified as a 
humane technology, one that feeds more people with better food. 
Nothing could be further from the truth. With very few exceptions, 
the whole point of genetic engineering is to increase the sales of 
chemicals and bio-engineered products to dependent farmers.74 

The simple truth is that most innovations in food biotechnology have 
been profit-driven rather than need-driven. For example, soybeans 
were engineered by Monsanto to be resistant specifically to the com
pany's herbicide Roundup so as to increase the sales of that product. 
Monsanto also produced cotton seeds containing an insecticide gene in 
order to boost seed sales. Technologies like these increase farmers' de
pendence on products that are patented and protected by "intellectual 
property rights," which make the age-old farming practices of repro
ducing, storing, and sharing seeds illegal. Moreover, the biotech com
panies charge "technology fees" in addition to the seed price or force 
farmers to pay inflated prices for seed-herbicide packages.75 

Through a series of massive mergers and because of the tight con
trol afforded by genetic technologies, an unprecedented concentration 
of ownership and control over food production is now under way. 76 The 
top ten agrochemical companies control 85 percent of the global mar
ket; the top five control virtually the entire market for genetically 
modified ( G M) seeds. Monsanto alone bought in to the major seed com
panies in India and Brazil, in addition to buying numerous biotech 
companies, while Du Pont bought Pioneer Hi-Bred, the world's largest 
seed company. The goal of these corporate giants is to create a single 
world agricultural system in which they would be able to control all 
stages of food production and manipulate both food supplies and 
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prices. As a Monsanto executive explained, "What you are seeing is a 
consolidation of the entire food chain."77 

The leading agrochemical corporations all plan to introduce ver
sions of the "terminator technology"-plants with genetically steril
ized seeds that would force farmers to buy patented products year after 
year and end their vital ability to develop new crops. This would be es
pecially devastating in the Southern Hemisphere, where 80 percent of 
crops are grown from saved seed. More than anything else, these plans 
expose the stark commercial motivations behind GM foods. Many sci
entists working for these corporations may sincerely believe that their 
research will help to feed the world and improve the quality of our 
food, but they operate within a culture of power and control with an 
inability to listen and with narrow reductionist views, in which ethical 
concerns are not part of corporate strategies. 

Biotechnology proponents have argued repeatedly that GM seeds 
are crucial to feed the world, using the same flawed reasoning that was 
advanced for decades by the proponents of the Green Revolution. 
Conventional food production, they maintain, will not keep pace with 
the growing world population. Monsanto's ads proclaimed in 1998: 
"Worrying about starving future generations won't feed them. Food 
biotechnology will. "78 As agroecologists Miguel Al tieri and Peter 
Rosset point out, this argument is based on two erroneous as sump
tions.?9 The first is that world hunger is caused by a global shortage of 
food; the second is that genetic engineering is the only way to increase 
food production. 

Development agencies have known for a long time that there is no 
direct relationship between the prevalence of hunger and a country's 
population density or growth. There is widespread hunger in densely 
populated countries like Bangladesh and Haiti, but also in sparsely 
populated ones like Brazil and Indonesia. Even in the United States, in 
the midst of super-abundance, there are between 20 and 30 million 
malnourished people. 

In their classic study, "World Hunger: Twelve Myths," now pub
lished in an updated edition, development specialists Frances Moore 
Lappe and her colleagues at the Institute for Food and Development 
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Policy gave a detailed accoun t of world food production that surprised 
many readers.80 They showed that abundance, not scarcity, best de
scribes the food supply in today's world. During the past three decades, 
increases in global food production have outstripped world population 
growth by 16 percent. During that time, mountains of surplus grain 
have pushed prices strongly downward on world markets. Increases in 
food supplies have kept ahead of population growth in every region ex
cept Africa during the past fifty years. A 1997 study found that in the 
developing world, 78 percent of all malnourished children under five 
live in countries with food surpluses. Many of these countries, in which 
hunger is rampant, export more agricultural goods than they import. 

These statistics clearly show that the argument that biotechnology 
is needed to feed the world is highly disingenuous. The root causes of 
hunger around the world are unrelated to food production. They are 
poverty, inequality, and lack of access to food and land.81 People go 
hungry because the means to produce and distribute food are con
trolled by the rich and powerful: world hunger is not a technical but a 
political problem. When agrobusiness executives assert that it will per
sist unless their latest biotechnologies are adopted, Miguel Altieri 
points out that they ignore the sociill and political realities. "If the root 
causes are not addressed," he retorts, "hunger will persist no matter 
what technologies are used."82 

Biotechnology, of course, could have a place in agriculture in the fu
ture if it were used judiciously in conjunction with appropriate social 
and political measures, and if it could help produce better food without 
any harmful side effects. Unfortunately, the genetic technologies that 
are currently being developed and marketed do not fulfill these condi
tions at all . 

Recent experimental trials have shown that GM seeds do not in
crease crop yields significantly.83 Moreover, there are strong indica
tions that the widespread use of GM crops will not only fail to solve the 
problem of hunger but, on the contrary, may perpetuate and even ag
gravate it. If transgenic seeds continue to be developed and promoted 
exclusively by private corporations, poor farmers will not be able to af
ford them, and if the biotech industry continues to protect its prod-
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ucts by means of patents that prevent farmers from storing and trading 
seeds, the poor will become further dependent and marginalized. Ac
cording to a recent report by the charitable organization Christian Aid, 
"

GM crops are . . .  creating classic preconditions for hunger and 
famine. Ownership of resources concentrated in too few hands-inher
ent in farming based on patented proprietary products-and a food 
supply based on too few varieties of crops widely planted are the worst 
option for food security."84 

An E c o l o g i c a l  Alt e r n a t ive 

If the chemical and genetic technologies of our agroindustry will not 
alleviate world hunger but will continue to ruin the soil, perpetuate so
cial injustice, and endanger the ecological balance in our natural envi
ronment, where can we turn to solve these problems? Fortunately, 
there is a well-documented and widely proven solution-a solution 
both time-honored and new that is now slowly sweeping the farming 
world in a quiet revolution. It is an ecological alternative, known vari
ously as "organic farming," "sustainable agriculture," or "agroecol
ogy."85 

When farmers grow crops "organically," they use technologies 
based on ecological knowledge rather than chemistry or genetic engi
neering to increase yields, control pests, and build soil fertility. They 
plant a variety of crops, rotating them so that insects that are attracted 
to one crop will disappear with the next. They know that it is unwise 
to eradicate pests completely, because this would also eliminate the 
natural predators that keep pests in balance in a heal thy ecosystem. 
Instead of chemical fertilizers, these farmers enrich their fields with 
manure and tilled-in crop residue, thus returning organic matter to the 
soil to reenter the biological cycle. 

Organic farming is sustainable because it embodies ecological prin
ciples that have been tested by evolution for billions of years.86 Or
ganic farmers know that a fertile soil is a living soil containing billions 
of living organisms in every cubic centimeter. It is a complex ecosys-
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tem in which the substances that are essential to life move in cycles 
from plants to animals, to manure, to soil bacteria, and back to plants. 
Solar energy is the natural fuel that drives these ecological cycles, and 
living organisms of all sizes are necessary to sustain the whole system 
and keep it in balance. Soil bacteria carry out various chemical trans
formations, such as the process of nitrogen fixation that makes atmo
spheric nitrogen accessible to plants. Deep-rooted weeds bring 
minerals to the soil surface where crops can make use of them. Earth
worms break up the soil and loosen its texture; and all these activities 
are interdependent, combining to provide the nourishment that sus
tains life on Earth. 

Organic farming preserves and sustains the great ecological cycles, 
integrating their biological processes into the processes of food pro
duction. When soil is cultivated organically, its carbon content in
creases, and thus organic farming contributes to reducing global 
warming. Physicist Amory Lovins estimates that increasing the carbon 
content of the world's depleted soils at plausible rates would absorb 
about as much carbon as all human activity emits.87 

Animals are raised on organic farms to support the ecosystems 
above the ground and in the soil, and the whole enterprise is labor
intensive and community-oriented. Farms tend to be small and owner
operated. Their products are sold more at farmers ' markets than in 
supermarkets, which shortens the distance "from the farm to the 
table," saving energy and packaging and maintaining the freshness of 
the food.88 

The current renaissance in organic farming is a worldwide phenom
enon. Farmers in over 130 countries now produce organic food com
mercially. The total area being farmed sustainably is estimated at more 
than 7 million hectares (17 million acres), and the market for organic 
food has grown to an estimated $22 billion a year. 89 

Scientists at a recent international conference on sustainable 
agriculture in Bellagio, Italy, reported that a series of large-scale ex
perimental projects around the world that tested agroecological tech
niques--crop rotation, intercropping, use of mulches and compost, 
terracing, water harvesting, etc.-yielded spectacular results.90 Many 
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of these were achieved in resource-poor areas that had been deemed 
incapable of producing food surpluses. For example, agroecological 
projects involving about 730,000 farm households across Africa re
sulted in yield increases of between 50 and 100 percent, while de
creasing production costs, increasing cash incomes of households 
dramatically-sometimes by as much as ten times. Again and again it 
was demonstrated that organic farming not only increased production 
and offered a wide range of ecological benefits, but also empowered the 
farmers. As one Zambian farmer put it, ''Agroforestry has restored my 
dignity. My family is no longer hungry; I can even help my neighbours 
now."91 

In southern Brazil, the use of cover crops to increase soil activity 
and water retention enabled 400,000 farmers to increase maize and soy
bean yields by over 60 percent. In the Andean region, increases in crop 
varieties resulted in twentyfold increases in yields and more. In 
Bangladesh, an integrated rice-fish program raised rice yields by 8 per
cent and farmers' incomes by 50 percent. In Sri Lanka, integrated pest 
and crop management increased rice yields by 1 1  to 44 percent while 
augmenting net incomes by 38 to 178 percent. 

The Bellagio Report emphasizes that the innovative practices it 
documents involved whole communities and relied on existing local 
knowledge and resources as well as on scientific insight. Thus, "the 
new methods rapidly spread among farmers, which showed the poten
tial for farmer-led dissemination of even complex technologies when 
users are actively engaged in understanding and adapting them instead 
of just being trained to use them."92 

T h e  H a z ar d s  of G e n e t i c  E n gi n e e r i n g  i n  Agr i c ul t u r e  

There is now abundant evidence that organic farming is a sound eco
logical alternative to the chemical and genetic technologies of indus
trial agriculture. As Miguel Al tieri concludes, organic farming "raise[ s] 
agricultural productivity in economically viable, environmentally be-
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nign, and socially uplifting ways."93 Unfortunately, none of that can be 
said about the current applications of genetic engineering to agricul
ture. 

The risks of current biotechnologies in agriculture are a direct con
sequence of our poor understanding of genetic function. We have only 
recently come to realize that all biological processes involving genes are 
regulated by the cellular networks in which genomes are embedded, 
and that the patterns of genetic activity change continually in re
sponse to changes in the cellular environment. Biologists are only just 
beginning to shift their attention from genetic structures to metabolic 
networks, and they still know very little about the complex dynamics 
of these networks. 

We also know that all plants are embedded in complex ecosystems, 
both above the ground and in the soil, in which inorganic and organic 
matter moves in continual cycles. Again, we know very little about 
these ecological cycles and networks-partly because for many decades 
the dominant genetic determinism resulted in a severe distortion of bi
ological research, with most of the funding going into molecular biol
ogy and very little into ecology. 

Since the cells and regulatory networks of plants are relatively sim
pler than those of animals, it is much easier for geneticists to insert for
eign genes into plants. The problem is that once the foreign gene is in 
the plant's DNA and the resulting transgenic crop has been planted, it 
becomes part of an entire ecosystem. The scientists working for 
biotech companies know very little about the ensuing biological 
processes, and even less about the ecological consequences of their 
actions. 

The most widespread use of plant biotechnology has been to de
velop herbicide-tolerant crops in order to boost the sales of particular 
herbicides. There is a strong likelihood that the transgenic plants will 
cross-pollinate with wild relatives in their surroundings, thus creating 
herbicide-resistant "superweeds." Evidence indicates that such gene 
flows between transgenic crops and wild relatives are already occur
ring.94 Another serious problem is the risk of cross-pollination between 
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transgenic crops and organically grown crops in nearby fields, which 
jeopardizes the organic farmers' important need to have their produce 
certified as truly organic. 

To defend their practices, biotech supporters often claim that ge
netic engineering is like conventional breeding-a continuation of the 
age-old tradition of shuffiing genes to obtain superior crops and live
stock. Sometimes they even argue that our modern biotechnologies 
represent the latest stage in nature's adventure of evolution. Nothing 
could be farther from the truth. To begin with, the pace of gene alter
ation through biotechnology is several orders of magnitude faster than 
nature's. No ordinary plant breeder would be able to alter the genomes 
of half of the world's soybeans in just three years. Genetic modification 
of crops is undertaken with incredible haste, and transgenic crops are 
planted massively without proper advance testing of the short- and 
long-term impacts on ecosystems and human health. These untested 
and potentially hazardous GM crops are now spreading all over the 
world, creating irreversible risks. 

A second difference between genetic engineering and conventional 
breeding is that conventional breeders transfer genes between varieties 
that interbreed naturally, whereas genetic engineering enables biolo
gists to introduce a completely new and exotic gene into the genome of 
a plant-a gene from another plant or an animal with whom the plant 
can never mate naturally. Scientists cross the natural species barriers 
with the help of the aggressive gene transfer vectors, many of which 
are derived from disease-causing viruses that may recombine with ex
isting viruses to create new pathogens.95 As a biochemist put it at a re
cent conference: "Genetic engineering resembles more a viral infection 
than traditional breeding."96 

The global fight for market share dictates not only the pace of pro
duction and deployment of transgenic crops, but also the direction of 
basic research. This is perhaps the most disturbing difference between 
genetic engineering and all previous shuffiing of genes through evolu
tion and natural breeding. In the words of the late biophysicist Donella 
Meadows: "Nature selects according to the ability to thrive and repro
duce in the environment. Farmers have selected for 10,000 years 
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according to what feeds people. Now the criterion is what can be 
patented and sold."97 

Since one of the main objectives of plant biotechnology so far has 
been to increase the sales of chemicals, many of its ecological hazards 
are similar to those created by chemical agriculture.98 The tendency to 
create broad international markets for a single product generates vast 
monocultures that reduce biodiversity, thus diminishing food security 
and increasing vulnerability to plant diseases, insect pests, and weeds. 
These problems are especially acute in developing countries, where tra
ditional systems of diverse crops and foods are being replaced by mono
cultures that push countless species to extinction and create new 
health problems for rural populations.99 

The story of the genetically engineered "golden rice" is a poignant 
example. A few years ago, a small team of idealistic geneticists without 
industry support created a yellow rice with high levels of beta
carotene, which is converted to vitamin A in the human body. The rice 
was promoted as a cure for the blindness and vision impairment caused 
by vitamin A deficiency. According to the UN, vitamin A deficiency 
currently affects more than 2 million children. 

The news of this "miracle cure" was received enthusiastically by 
the press, but closer examination has shown that instead of helping 
children at risk, the project is likely to repeat the mistakes of the 
Green Revolution while adding new hazards for ecosystems and human 
health. loo By reducing biodiversity, cultivation of vitamin A rice will 
eclipse alternative sources of vitamin A that are available in traditional 
agricultural systems. Agroecologist Van dana Shiva points out that 
women farmers in Bengal, for example, use numerous varieties of green 
leafy vegetables that are an excellent source of beta-carotene. Those 
who suffer the highest rates of vitamin A deficiency are the poor, who 
suffer from malnutrition in general and who would benefit much more 
from the development of sustainable, community-based agriculture 
than from GM crops they cannot afford. 

In Asia, vitamin A from native greens and fruits is often produced 
without irrigation, whereas the cultivation of rice is water-intensive 
and would require the mining of ground water or the construction of 
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large dams, with all of their associated environmental problems. 
Moreover, as in the case of other GM crops, we still know very little 
about the ecological impact of vitamin A rice on soil organisms and 
other rice-dependent species in the food chain. "Promoting it as a tool 
against blindness while ignoring safer, cheaper, available alternatives 
provided by our rich agrobiodiversity," Shiva concludes, "is nothing 
short of a blind approach to blindness control." 

Most of the ecological hazards associated with herbicide-resistant 
crops, such as Monsanto's Roundup Ready soybeans, derive from the 
ever-increasing use of the company's herbicide. Since resistance to that 
specific herbicide is the crop's only-and widely advertised-benefit, 
farmers are naturally led to use massive amounts of the weed-killer. It 
is well documented that such massive use of a single chemical greatly 
boosts herbicide resistance in weed populations, which triggers a vi
cious cycle of more and more intensive spraying. 

Such use of toxic chemicals in agriculture is especially harmful to 
consumers. When plants are sprayed repeatedly with a weed-killer, 
they retain chemical residues that show up in our food. Moreover, 
plants grown in the presence of massive amounts of herbicides can suf
fer from stress and will typically respond by over- or underproducing 
certain substances. Herbicide-resistant members of the bean family are 
known to produce higher levels of plant oestrogens, which may cause 
severe dysfunctions in human reproductive systems, especially in 
boYS. IOI 

Almost 80 percent of today's acreage of GM crops is planted with 
herbicide-resistant varieties. The remaining 20 percent consists of so
called "insect-resistant" crops. These are genetically engineered to 
produce pesticides in every one of their cells throughout their entire 
life cycles. The best-known example is a naturally occurring insecti
cide, a bacterium called BacilluJ thuringiemir and commonly known as 
Bt, whose toxin-producing genes have been spliced into cotton, corn, 
potato, apple, and several other plants. 

The resulting transgenic crops are immune to some insects. 
However, since most crops are subjected to a diversity of insect pests, 
insecticides still have to be applied. A recent U.S. study found that at 
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seven out of twelve sites there was no significant difference in pesticide 
use between Bt crops and non-Bt crops. In one site, the use of pesti
cides on Bt cotton was even higher than on non-Bt cotton. 102 

The ecological hazards of Bt crops are a consequence of important 
differences between the naturally occurring Bt bacteria and genetically 
modified Bt crops. Organic farmers have used the Bt bacterium as a nat
ural pesticide for over fifty years to control leaf-eating caterpillars, bee
tles, and moths. They use it judiciously, dusting their crops only 
occasionally so that insects are not able to develop resistance. But when 
Bt is produced continuously inside crops that are planted over hun
dreds of thousands of acres, their pests are constantly exposed to the 
toxin and will inevitably become resistant to it. 

Consequently, Bt will rapidly become useless both in GM crops and 
as a natural pesticide. Plant biotechnology will have destroyed one of 
the most important biological tools of integrated pest management. 
Even scientists in the biotech industry acknowledge that Bt will be
come useless within ten years, but the biotech companies seem to cal
culate cynically that their patents on Bt technology will have run out 
by then and they will have moved on to create other types of 
insecticide-producing plants. 

Another difference between natural Bt and Bt-producing crops is 
that the latter seem to harm a wider range of insects, including many 
that are beneficial to the ecosystem as a whole. In 1999, a study pub
lished in Nature about caterpillars of the Monarch butterfly being 
killed by pollen from Bt corn attracted widespread public attention. 103 

Since then it has been found that Bt toxins from GM crops also affect 
ladybugs, bees, and other beneficial insects. 

The Bt toxins in GM plants are also harmful to soil ecosystems. As 
farmers incorporate crop residues into the ground after harvest, the 
toxins accumulate in the soil, where they may cause serious harm to the 
myriads of microorganisms that make up a healthy soil ecosystem. 104 

In addition to the harmful effects of Bt crops on ecosystems above 
and below the ground, the direct hazards to human health are obvi
ously a major concern. At present, we know very little about the po
tential effects of these toxins on the microorganisms that are vital to 
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our digestive system. However, since numerous effects on soil microbes 
have already been observed, we should be concerned about the perva
sive presence of Bt toxins in corn, potatoes, and other food crops. 

The environmental risks of current plant biotechnologies are evi
dent to any agroecologist, even though the detailed effects of GM crops 
on agricultural ecosystems are still poorly understood. In addition to 
these expected risks, numerous unexpected side effects have been ob
served in genetically modified plant and animal species. IDS 

Monsanto is now facing an increasing number of lawsuits from 
farmers who had to cope with these unexpected side effects. For exam
ple, the balls of their GM cotton were deformed and dropped off in 
thousands of acres in the Mississippi Delta; their GM canola seeds had 
to be pulled off the Canadian market because of contamination with a 
hazardous gene. Similarly, Cal gene's Flavr-Savr tomato, engineered for 
improved shelf life, was a commercial disaster and soon disappeared. 
Transgenic potatoes intended for human consumption caused a series 
of serious health problems when they were fed to rats, including tumor 
growth, liver atrophy, and shrinkage of the brain. 106 

In the animal kingdom, where cellular complexity is much higher, 
the side effects in genetically modified species are much worse. "Super
salmon," which were engineered to grow as fast as possible, ended up 
with monstrous heads and died from not being able to breathe or feed 
properly. Similarly, a "superpig" with a human gene for a growth hor
mone turned out ulcerous, blind, and impotent. 

The most horrifying and by now best-known story is probably that 
of the genetically altered hormone called "recombinant bovine growth 
hormone," which has been used to stimulate milk production in cows 
despite the fact that American dairy farmers have produced vastly 
more milk than people can consume for the past fifty years. The effects 
of this genetic engineering folly on the cows' health are serious. They 
include bloat, diarrhea, diseases of the knees and feet, cystic ovaries, 
and many more. Besides, their milk may contain a substance that has 
been implicated in human breast and stomach cancers. 

Because these GM cows require more protein in their diet, their feed 
was supplemented with ground-up animals in some countries. This 
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completely unnatural practice, which turns cows from vegetarians into 
cannibals, has been associated with the recent epidemic of BSE ("mad 
cow disease") and increased incidence of its human analogue, variant 
Creutzfeldt-Jakob disease. This is one of the most extreme cases of 
biotechnology gone haywire. As biologist David Ehrenfeld points out, 
"There seems little reason to increase the risk of this terrible disease 
for the sake of a biotechnology that we don't need. If cows stay off hor
mones and concentrate on eating grass, all of us will be much better 
off. "107 

As genetically modified foods begin to flood our markets, their 
health risks are aggravated by the fact that the biotech industry, with 
support from government regulatory agencies, refuses to label them 
properly, so that consumers cannot discriminate between GM and non
GM food. In the United States, the biotech industry has persuaded the 
Food and Drug Administration (FDA) to treat GM food as "substan
tially equivalent" to traditional food, which allows food producers to 
evade normal testing by the FDA and the Environmental Protection 
Agency (EPA) , and also leaves it to the companies' own discretion as to 
whether to label their products as genetically modified. Thus, the pub
lic is kept unaware of the rapid spread of transgenic foods and scien
tists will find it much harder to trace harmful effects. Indeed, buying 
organic is now the only way to avoid GM foods. 

Confidential documents made public in a class-action lawsuit have 
revealed that even scientists within the FDA do not agree with the 
concept of "substantial equivalence."108 Besides, the position of the 
biotech industry contains an inherent contradiction. On the one hand, 
the industry claims that its crops are substantially equivalent to tradi
tional crops and hence do not need to be labeled, or tested; on the other 
hand, it insists that they are novel and therefore can be patented. As 
Vandana Shiva sums it up, ''A myth of 'substantial equivalence' has 
been created to deny citizens the right to safety and deny scientists the 
right to practise sound and honest science."109 
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Life a s  t h e  U l t i m a t e  C o m m o d i ty 

In their attempts to patent, exploit, and monopolize all aspects of 
biotechnology, the top agrochemical corporations have bought up seed 
and biotech companies and have restyled themselves as "life sciences 
corporations. "1 10 Traditional boundaries between pharmaceutical, 
agrochemical, and biotechnology industries are rapidly disappearing as 
corporations merge to form giant conglomerates under the life sciences 
banner. Thus Ciba-Geigy merged with Sandoz to become Novartis; 
Hoechst and Rhone Poulenc became Aventis; and Monsanto now owns 
and controls several large seed companies. 

What all these life sciences corporations have in common is a narrow 
, 

understanding of life, based on the erroneous belief that nature can be 
subjected to human control. This ignores the self-generating and self
organizing dynamic that is the very essence of life and instead redefines 
living organisms as machines that can be managed from outside and be 
patented and sold as industrial resources. Life itself has become the ul
timate commodity. 

As Vandana Shiva reminds us, the Latin root of the word "resource" 
is resurgere ("to rise again"). In the ancient meaning of the term, a nat
ural resource, like all of life, is inherently self-renewing. This profound 
understanding of life is denied by the new life sciences corporations 
when they prevent life's self-renewal in order to turn natural resources 
into profitable raw materials for industry. They do so through a 
combination of genetic alterations (including the terminator technolo
gies)1 1 1  and patents, which do violence to time-honored farming prac
tices that respect the cycles of life. 

Since a patent is traditionally understood as the exclusive right to 
the use and selling of an invention, it seems strange that biotech com
panies today are able to patent living organisms, from bacteria to hu
man cells. The history of this achievement is an amazing story of 
scientific and legal sleight of hand. 1 1 2  The patenting of life-forms be
came common practice in the 1960s when property rights were given to 
plant breeders for new varieties of flowers obtained through human in-



B i o t e c h n o l o g y a t  a T u r n i n g  P o i n t  2 0 1  

tervention and ingenuity. It took the international legal community 
less than twenty years to move from this seemingly harmless patenting 
of flowers to the monopolization of life. 

Next, specially bred food plants were patented, and soon after law
makers and regulators argued that there was no theoretical basis for 
preventing the extension of industrial patenting from plants to animals 
and microorganisms. Indeed, in 1980 the u.s. Supreme Court handed 
down the landmark decision that genetically modified microorganisms 
could be patented. 

What was conveniently ignored in these legal arguments was the 
fact that the original plant patents for improved varieties of flowers did 
not extend to the source material, which was considered the "common 
heritage of mankind."l13 The patents !low granted to biotech compa
nies, by contrast, cover not only the methods by which DNA sequences 
are isolated, identified, and transferred, but also the underlying genetic 
material itsel£ Moreover, existing national laws and international con
ventions that specifically prohibit the patenting of essential natural re
sources, such as food and plant-derived medicine, are now being altered 
in accordance with the corporate view of life as a profitable commodity. 

In recent years, the patenting of life forms has given rise to a new 
form of "biopiracy." Gene hunters prospect countries in the South for 
valuable genetic resources, such as seeds of special crops or medicinal 
plants, often with the help of indigenous communities who trustingly 
provide the materials together with their knowledge. These resources 
are then taken to biotech laboratories in the North, where they are iso
lated, genetically identified, and patented. 1 1 4  

These exploitative practices are legalized by the WTO'S narrow def
inition of intellectual property rights (IPRS), which recognizes knowl
edge as patentable only when it is expressed within the framework of 
Western science. As Vandana Shiva points out, "This excludes all kinds 
of knowledge, ideas, and innovations that take place in the intellectual 
commons-in villages among farmers, in forests among tribespeople, 
and even in universities among scientists."115 Thus the exploitation of 
life is extended even beyond living organisms to the knowledge and col
lective innovations of indigenous communities. "With no regard or 
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respect for other species and cultures," Shiva concludes, "
IPRS are a 

moral, ecological , and cultural outrage." 

The Tu r n i n g  of t h e  Ti d e  

In recent years, the health problems caused by genetic engineering, as 
well as its deeper social, ecological, and ethical problems, have become 
all too apparent, and there is now a rapidly growing global movement 
that rejects this form of technology. 116 Numerous health and environ
mental organizations have called for a moratorium on commercial re
leases of genetically modified organisms pending a comprehensive 
public inquiry into the legitimate and safe uses of genetic engineer
ing. 1 1 7  These appeals also propose that there should be no patents on 
living organisms or their parts, and that the basis of our approach to 
biotechnology should be the precautionary principle, which has been 
written into international agreements since the Earth Summit in 1992. 
Technically known as Principle 15 of the Rio declaration, it states: 
"Where there are threats of serious or irreversible damage, lack of full 
scientific certainty shall not be used as a reason for postponing cost
effective measures to prevent environmental degradation."  

The shift of emphasis in molecular biology from the structure of 
genetic sequences to the organization of genetic and epigenetic net
works, from genetic programs to emergent properties also means that 
calls for a radically new approach to biotechnology are coming forth 
not only from ecologists, health professionals, and concerned citizens, 
but increasingly from leading geneticists, as I have documented 
throughout this chapter. With the intriguing discoveries of the Human 
Genome Project, the discussion of the current paradigm shift in biol
ogy has now even reached the popular scientific press. It is significant, 
in my view, that a special science section of the New York Timer on the 
results of the Human Genome Project pictured the genome for the first 
time as a complex functional network (see opposite page) . 

Once the systems view of life has been embraced by our scientists, 
engineers, and political and corporate leaders, we can imagine a radi-



B i o t e c h n o l o gy a t  a T u r n i n g P o i n t  203 

The human genome pictured 
as a functional network; 
artistic rendering by Steve 
Duenes, the New York Times, 
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cally different kind of biotechnology. It would start with the desire to 
learn from nature rather than control her, using nature as a mentor 
rather than merely as a source of raw materials. Instead of treating the 
web of life as a commodity, we would respect it as the context of our 

. 
eXIstence. 

This new type of biotechnology would not involve modifying living 
organisms genetically but instead would use the techniques of genetic 
engineering to understand nature's subtle "designs" and use them as 
models for new human technologies. We would integrate ecological 
knowledge into the design of materials and technological processes, 
learning from plants, animals, and microorganisms how to manufacture 
fibers, plastics, and chemicals that are nontoxic, completely biodegrad
able, and subject to continual recycling. 



2 0 4  t h e  h i d d e n  e o n n e c t i o n s  

These would be biotechnologies in a new sense, because life's mate
rial structures are based on proteins that we could produce only with 
the help of enzymes supplied by living organisms. The development of 
such new biotechnologies will be a tremendous intellectual challenge, 
because we still do not understand how nature developed "technolo
gies" during billions of years of evolution that are far superior to our 
human designs. How do mussels produce glue that sticks to anything in 
water? How do spiders spin a silk thread that, ounce for ounce, is five 
times stronger than steel? How do abalone grow a shell that is twice as 
tough as our high-tech ceramics? How do these creatures manufacture 
their miracle materials in water, at room temperature, silently, and 
without any toxic byproducts? 

To find the answers to these questions and use them to develop 
technologies inspired by nature could provide fascinating research pro
grams for scientists and engineers for decades to come. Indeed, these 
programs have already begun. They are part of an exciting new field of 
engineering and design known as "biomimicry" and, more generally, as 
"ecodesign," which has recently generated a burst of optimism about 
humanity's chances of moving toward a sustainable future. us 

In her book Biomimicry, science writer Janine Benyus takes us on a 
fascinating journey. to numerous laboratories and field stations where 
interdisciplinary teams of scientists and engineers analyze the detailed 
chemistry and molecular structures of nature's most complex materi
als to use them as models for new biotechnologies.u9 They are discov
ering that many of our major technological problems have already been 
solved in nature in elegant, efficient, and ecologically sustainable ways, 
and they are trying to adapt these solutions for human use. 

Scientists at the University of Washington have studied the molec
ular structure and assembly process of the smooth inner coating of 
abalone shells, which shows delicate swirling color patterns and is hard 
as nails. They were able to mimic the assembly process at ambient tem
peratures and create a hard, transparent material that could be an ideal 
coating for the windshields of ultralight electric cars. German re
searchers have mimicked the bumpy, self-cleaning micro-surface of the 
lotus leaf to produce a paint that will do the same for buildings. Marine 
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biologists and biochemists have spent many years analyzing the unique 
chemistry used by blue mussels to secrete an adhesive that bonds un
derwater. They are now exploring potential medical applications that 
would allow surgeons to create bonds between ligaments and tissues in 
a fluid environment. Physicists have teamed up with biochemists in 
several laboratories to examine the complex structures and processes of 
photosynthesis, eventually hoping to mimic them in new kinds of solar 
cells. 

While these exciting developments are taking place, however, the 
central assertion of genetic determinism that genes determine behav
ior is still perpetuated by many geneticists, in biotechnology compa
nies as well as in the academic world. One has to wonder whether these 
scientists really believe that our behavior is determined by our genes, 
and if not, why they keep up this fas;ade. 

Discussions of this issue with molecular biologists have shown me 
that there are several reasons why scientists feel that they have to per
petuate the dogma of genetic determinism in spite of mounting 
contrary evidence. Industrial scientists are often hired for specific, nar
rowly defined projects, work under strict supervision, and are forbid
den to discuss the broader implications of their research. They are 
required to sign confidentiality clauses to that effect. In biotechnology 
companies, in particular, the pressure to conform with the official doc
trine of genetic determinism is enormous. 

In the academic world the pressures are different but, unfortu
nately, almost equally strong. Because of the tremendous cost of ge
netic research, biology departments increasingly form partnerships 
with biotechnology corporations to receive substantial grants that 
shape the nature and direction of their research. As Richard Strohman 
observes, "Academic biologists and corporate researchers have become 
indistinguishable, and special awards are now given for collaborations 
between these two sectors for behaviour that used to be cited as a con
flict of interest."120 

Biologists are used to formulating their grant proposals in terms of 
genetic determinism, because they know that this is what gets funded. 
They promise their funders that certain results will be derived from the 
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future knowledge of genetic structure even though they know well 
that scientific advances are always unexpected and unpredictable. They 
learn to adopt this double standard during their years as graduate stu
dents and then keep it up throughout their academic careers. 

In addition to these evident pressures, there are more subtle cogni
tive and psychological barriers that prevent biologists from embracing 
the systems view of life. Reductionism is still the dominant paradigm 
in their education, and hence they are often unfamiliar with concepts 
like self-organization, networks, or emergent properties. Besides, ge
netic research even within the reductionist paradigm can be tremen
dously exciting: the mapping of genomes is an amazing achievement 
that would have been unthinkable for scientists a mere generation ago. 
It is quite understandable that many geneticists get carried away and 
want to continue their well-funded research without worrying about 
the broader implications. 

Finally, we need to remember that science is an intensely collective 
enterprise. Scientists feel a great need to belong to their intellectual 
communities and will not easily speak out against them. Even tenured 
scientists who have had brilliant careers and received prestigious 
awards are often reluctant to raise a critical voice. 

In spite of these barriers the worldwide opposition to the patenting, 
marketing, and release of genetically modified organisms, combined 
with the recently revealed limitations of the conceptual foundations of 
genetic engineering, show that the edifice of genetic determinism is 
now crumbling. To quote Evelyn Fox Keller once more, "It seems evi
dent that the primacy of the gene as the core explanatory concept of 
biological structure and function is more a feature of the twentieth 
century than it will be of the twenty-first. "121 In conclusion, it is be
coming increasingly apparent that biotechnology is now reaching a sci
entific, philosophical, and political turning point. 



I s eve n I 

CHA N G I N G THE GAME 

s this new century unfolds, it becomes increasingly apparent 
that the neoliberal "Washington Consensus" and the policies 
and economic rules set forth by the Group of Seven and their fi

nancial institutions-the World Bank, the IMF, and the WTO-are 
consistently misguided. Analyses by scholars and community leaders 
cited throughout this book show that the "new economy" is producing 
a multitude of interconnected harmful consequences-rising social in
equality and social exclusion, a breakdown of democracy, more rapid 
and extensive deterioration of the natural environment, and increasing 
poverty and alienation. The new global capitalism has also created a 
global criminal economy that profoundly affects national and interna
tional economies and politics; it has threatened and destroyed local 
communities around the world; and with the pursuit of an ill
conceived biotechnology it has invaded the sanctity of life by attempt
ing to turn diversity into monoculture, ecology into engineering, and 
life itself into a commodity. 
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S t a t e  o f  t h e  Wo r l d  

Despite new environmental regulations, the increasing availability of 
ecofriendly products and many other encouraging developments cham
pioned by the environmental movement, the massive loss of forests and 
the greatest extinction of species in millions of years has not been re
versed.! By depleting our natural resources and reducing the planet's 
biodiversity we damage the very fabric of life on which our well-being 
depends, including the priceless "ecosystem services" that nature pro
vides for free-processing waste, regulating; the climate, regenerating 
the atmosphere, and so on.2 These vital processes are emergent prop
erties of nonlinear living systems that we are only beginning to under
stand, and they are now seriously endangered by our linear pursuits of 
economic growth and material consumption. 

These dangers are exacerbated by the global climate change pro
duced by our industrial systems. The causal link between global warm
ing and human activity is no longer hypothetical. In late 2000, the 
authoritative Intergovernmental Panel on Climate Change (IPCC) pub
lished its strongest consensus statement to date that human release of 
carbon dioxide and other greenhouse gases "contributed significantly 
to the observed warming over the last fifty years."3 By the end of the 
century, the IPCC predicted, temperatures could soar by almost 6°C. 
This would be an increase exceeding the change of temperature be
tween the last Ice Age and today. As a consequence, virtually every nat
ural system on Earth and every human economic system would be at 
risk from rising water levels, more severe storms, and more intense 
droughts.4 

Although there have recently been some declines in global carbon 
emissions, they have failed to slow the rate of global climate change. 
On the contrary, recent evidence indicates that it is accelerating. This 
evidence comes from two separate and equally troubling observa
tions-the rapid melting of glaciers and Arctic Sea ice, and the declin
ing health of coral reefs. 
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The melting of glaciers at extraordinary rates around the world is 
one of the most ominous signs of the warming caused by the continu
ing reckless burning of fossil fuels. Moreover, in July 2000, scientists 
who reached the North Pole aboard the Russian icebreaker Tamal were 
confronted with a strange and eerie sight-an expanse of open water, 
about a mile wide, in place of the thick ice that has for ages covered the 
Arctic Ocean.s 

If this massive melting continues, it will have dramatic global ef
fects. Arctic ice is an important element in the dynamics of the Gulf 
Stream, as scientists have recently learned. Removing it from the 
North Atlantic circulation system would drastically change Europe's 
climate and affect other parts of the world.6 Moreover, the diminished 
ice cover would reflect less sunlight and hence would further accelerate 
the Earth's warming, setting in motion a vicious cycle. In the worst
case scenario of IPCC

'
S scientists, the snows of Kilimanjaro, immortal

ized in Hemingway's famous short story, could disappear within fifteen 
years; and so could the snow in the Alps. 

Less visible than the melting of glaciers in the high mountains, but 
equally significant, is alarming evidence of increased global warming 
from the tropical oceans. In many parts of the tropics, shallow waters 
house huge coral reefs that were built by tiny polyps over long periods 
of geological time. These massive structures-by far the largest cre
ated by living organisms on Earth-support innumerable plants, ani
mals, and microorganisms. Aside from the tropical rainforests, the 
tropical coral reefs are the most complex ecosystems on Earth, true 
wonders of biodiversity. 7 

In recent years, coral reefs around the world, from the Caribbean to 
the Indian Ocean and Australia's Great Barrier Reef, have experienced 
life-threatening environmental stresses, partly due to rising tempera
tures. Coral polyps are extremely sensitive to temperature changes and 
may turn white and die when the ocean temperature rises even slightly. 
In 1998, marine biologists estimated that more than one quarter of the 
world's coral reefs were sick or dying, and two years later, scientists re
ported that half of the vast coral reefs surrounding the Indonesian ar-

• 
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chipelago have been destroyed by the effects of marine pollution, de
forestation, and rising temperatures.8 This worldwide decimation of 
coral reefs is one of the clearest and most troubling indications that our 
planet is warming. 

While scientists record telltale signs of global warming in the 
Arctic and in the tropics, "natural" disasters with devastating effects 
that are caused in part by human-induced global climate change and 
other ecologically destructive practices are increasing in frequency. In 
1998 alone, three such disasters struck in different parts of the world, 
each resulting in the loss of thousands of human lives and exacting cat
astrophic financial tolls.9 

Hurricane Mitch, the deadliest Atlantic storm in 200 years, took 
10,000 lives and devastated large areas of Central America, setting 
back development in the region by decades. The effects of the storm 
were aggravated by the interplay of climate change, deforestation due 
to population pressures, and soil erosion. In China, the catastrophic 
flood of the Yangtze River, which caused more than 4,000 deaths and 
inundated 25 million hectares (62 million acres) of cropland, was 
largely a consequence of deforestation that had left many steep hill
sides bare. In the same year, Bangladesh suffered its most devastating 
flood of the century, which killed 1 ,400 people and inundated two
thirds of the country for several months. The flood was exacerbated by 
rain falling on heavily logged areas and by runoffs from extensive de
velopments upstream clogging the region's rivers. 

Sea levels are rising steadily due to global warming. They rose about 
20 centimeters during the last century and, if current trends continue, 
will rise another 50 centimeters by 2100. Meteorologists predict 
that this would put the world's major river deltas-Bangladesh, the 
Amazon, and the Mississippi-at risk, and that rising sea levels could 
even flood the New York City subway system.lO 

The ( often literally) rising tide of natural catastrophes over the 
past decade is a clear indication that the climatic instability caused by 
human actions is increasing, while we are also disrupting the services of 
healthy ecosystems that provide protection from natural disasters. As 
the Worldwatch Institute's Janet Abramovitz points out: 
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Many ecosystems have been frayed to the point where they are no 

longer resilient and able to withstand natural disturbances, setting 

the stage for "unnatural disasters"-those made more frequent or 

more severe due to human actions. By destroying forests, damming 
rivers, filling in wetlands, and destabilizing the climate, we are un

ravelling the strands of a complex ecological safety net . ! !  

Careful analysis of the dynamics underlying recent natural disasters 
also shows that environmental and social stresses are tightly intercon
nected in all of them.12 Poverty, scarcity of resources, and expanding 
populations combine to create vicious cycles of degradation and break
down in both ecosystems and local communities. 

The principal lesson to be learned from these analyses is that the 
causes of most of our present environmental and social problems are 
deeply embedded in our economic systems. As I emphasized previously, 
the current form of global capitalism is ecologically and socially unsus
tainable, and hence politically unviable in the long runP More strin
gent environmental regulations, better business practices, and more 
efficient technologies are all necessary, but they are not enough. We 
need a deeper systemic change. 

Such deep systemic change is already under way. Scholars, commu
nity leaders, and grassroots activists around the world are forming 
effective coalitions and are raising their voices not only to demand 
that we must "change the game," but also to suggest concrete ways of 
doing so. 

G l o b al i z at i o n  by D e s ign  

Any realistic discussion of changing the game must begin with the 
recognition that, although globalization is an emergent phenomenon, 
the current form of economic globalization has been consciously de
signed and can be reshaped. As we have seen, today's global economy is 
structured around networks of financial flows in which capital works in 
real time, moving rapidly from one option to another in a relentless 
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search for investment opportunities. 14 The global market is really a 
network of machines-an automaton that imposes its logic on all hu
man participants. However, in order to function smoothly, this au
tomaton has to be programmed by human actors and institutions. The 
programs that give rise to the new economy consist of two essential 
components-values and operational rules. 

The global financial networks process signals that assign a specific 
financial value to every asset in every economy. This process is far from 
straightforward. It involves economic calculations based on advanced 
mathematical models; information and opinions provided by market 
valuation firms, financial gurus, leading central bankers, and other in
fluential analysts; and, last but not least, information turbulences that 
are largely uncontrolled. I S  

In other words, the tradable financial value of any asset (which is 
subject to continual adjustments) is an emergent property of the 
automaton's highly nonlinear dynamics. However, underlying all evalu
ations is the basic principle of unfettered capitalism: that money
making should always be valued higher than democracy, human rights, 
environmental protection, or any other value. Changing the game 
means, first and foremost, changing this basic principle. 

In addition to the complex process of assessing tradable values, the 
programs of the global financial networks contain operational rules 
that must be followed by markets around the world. These are the free
trade rules that the World Trade Organization (WTO) imposes on its 
member states. To ensure maximum profit margins in the global casino, 
capital must be allowed to flow freely through its financial networks so 
that it can be invested anywhere in the world at a moment's notice. 
These free-trade rules, together with increasing deregulation of corpo
rate activities, are designed to guarantee the free movement of capital. 
The impediments to unrestricted trade that are removed or curtailed 
by this new legal framework are usually environmental regulations, 
public health laws, food safety laws, workers' rights, and laws giving 
nations control over investments on their territory and ownership of 
their local cui ture. 16 

The resulting integration of economic activities goes beyond 
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purely economic aspects: it extends to the cultural domain. Countries 
around the world with vastly different cultural traditions are increas
ingly homogenized through relentless proliferation of the same restau
rant franchises, hotel chains, high-rise architecture, superstores, and 
shopping malls. The result, in Van dana shiva's apt phrase, is an in
creasing "monoculture of the mind." 

The economic rules of global capitalism are enforced and vigorously 
promoted by three global financial institutions-the World Bank, the 
IMF, and the WTO. They are known collectively as the Bretton Woods 
institutions because they were established at a UN conference in 
Bretton Woods, New Hampshire, in 1944, in order to create an institu
tional framework for a coherent worldwide postwar economy. 

The World Bank was originally created to finance the postwar re
construction of Europe, and the IMF to assure the stability of the in
ternational financial system. However, both institutions soon shifted 
their focus to promoting and enforcing a narrow model of economic 
development in the Third World, often with disastrous social and envi
ronmental consequences, 17 The ostensible role of the WTO is to regu
late trade, prevent trade wars and protect the interests of poor nations. 
In reality, the WTO implements and enforces globally the same agenda 
that the World Bank and the IMF have imposed on most of the devel
oping world. Rather than protecting people's health, safety, livelihood, 
and culture, the WTO'S free-trade rules undermine these basic human 
rights in order to consolidate the power and wealth of a small corporate 
elite. 

The free-trade rules are the result of many years of negotiations 
behind closed doors, which involved industry trade groups and corpo
rations, but excluded nongovernmental organizations (NGOS) repre
senting the interests of the environment, social justice, human rights, 
and democracy. Not surprisingly, the worldwide anti-wTo movement is 
now demanding greater transparency in the establishment of market 
rules and independent reviews of the ensuing social and environmental 
consequences. A powerful coalition of hundreds of NGOS is now pro
posing a whole new set of trade policies that would profoundly change 
the global financial game. 
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Community leaders and grassroots movements around the world, 
social scientists, and even some of the most successful financial specu
lators are now beginning to agree that global capitalism needs to be 
regulated and constrained, and that its financial flows need to be or
ganized according to different values. IS At the 2001 meeting of the 
World Economic Forum in Davos, the exclusive club of representatives 
from big business, some of the leading players admitted for the first 
time that globalization has no future unless it is designed to be in
clusive, ecologically sustainable, and respectful of human rights and 
values. 19 

There is a huge difference between making politically correct state
ments and actually changing corporate behavior, but agreeing on the 
basic values that are needed to reshape globalization would be a critical 
first step. What are these basic values? To reiterate Viclav Havel's 
framing of the question, what are the ethical dimensions of globaliza
tion?2o 

Ethics refers to a standard of human conduct that flows from a sense 
of belonging. When we belong to a community, we behave accord
ingly.21 In the context of globalization, there are two relevant commu
nities to which we all belong. We are all members of humanity, and we 
all belong to the global biosphere. We are members of oikoJ, the "Earth 
household," which is the Greek root of the word "ecology," and as such 
we should behave as the other members of the household behave-the 
plants, animals, and microorganisms that form the vast network of re
lationships that we call the web of life. 

This global living network has unfolded, evolved, and diversified for 
the last three billion years without ever being broken. The outstanding 
characteristic of the Earth household is its inherent ability to sustain 
life. As members of the global community of living beings, it behoves 
us to behave in such a way that we do not interfere with this inherent 
ability: this is the essential meaning of ecological sustainability. What 
is sustained in a sustainable community is not economic growth or de
velopment, but the entire web of life on which our long-term survival 
depends. It is designed so that its ways of life, businesses, economy, 
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physical structures, and technologies do not interfere with nature's in
herent ability to sustain life. 

As members of the human community, our behavior should reflect a 
respect of human dignity and basic human rights. Since human life en
compasses biological, cognitive, and social dimensions, human rights 
should be respected in all three of these dimensions. The biological di
mension includes the right to a healthy environment and to secure and 
healthy food; honoring the integrity of life also includes the rejection 
of the patenting of life-forms. Human rights in the cognitive dimen
sion include the right of access to education and knowledge, as well as 
the freedom of opinion and expression. In the social dimension, finally, 
the first human right-in the words of the UN Declaration of Human 
Rights-is "the right to life, liberty, and security of person." There is 
a wide range of human rights in the social dimension-from social 
justice to the right of peaceful assembly, cultural integrity, and self
determination. 

In order to combine respect for these human rights with the ethics 
of ecological sustainability, we need to realize that sustainability-in 
ecosystems as well as in human society-is not an individual property 
but a property of an entire web of relationships: it involves a whole 
community. A sustainable human community interacts with other liv
ing systems-human and nonhuman-in ways that enable those sys
tems to live and develop according to their nature. In the human realm 
sustainability is fully consistent with the respect of cultural integ
rity, cultural diversity, and the basic right of communities to self
determination and self-organization. 

Th e S e attl e C o al i t i o n  

The values of human dignity and ecological sustainability, as outlined 
above, form the ethical basis for reshaping globalization, and an im
pressive global coalition of NGOS has formed around these values. The 
numbers of international nongovernmental organizations increased 
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dramatically over the past few decades, from several hundred in the 
1960s to over 20,000 by the end of the century.22 During the 1990s, a 
computer-literate elite emerged within these international NGOs. They 
began to use new communications technologies very skillfully, espe
cially the Internet, to network with one another, exchange information, 
and mobilize their members. 

This networking became especially intense as they prepared joint 
protest actions for the meeting of the WTO in Seattle in November 
1999. For many months, hundreds of NGOS interlinked electronically 
to coordinate their plans and to issue a flurry of pamphlets, position 
papers, press releases, and books in which they clearly articulated their 
opposition to the WTO'S policies and undemocratic regime,23 This lit
erature was virtually ignored by the WTO, but had a significant impact 
on public opinion. The NGOS' educational campaign culminated in a 
two-day teach-in in Seattle before the WTO meeting, organized by the 
International Forum on Globalization and attended by over 2,500 peo
ple from around the world.24 

On 30 November 1999, around 50,000 people belonging to more 
than 700 organizations took part in a superbly coordinated, passionate 
and almost entirely nonviolent protest that permanently changed the 
political landscape of globalization. As environmentalist and author 
Paul Hawken, who was one of the participants, saw it: 

No charismatic leader led. No religious figure engaged in direct ac
tion. No movie star starred. There was no alpha group. The Ruckus 

Society, Rainforest Action Network, Global Exchange, and hundreds 

more were there, co-ordinated primarily by cell phones, e-mails, and 

the Direct Action Network . . .  

They were organized, educated, and determined. They were hu

man rights activists, labour activists, indigenous people, people of 

faith, steel workers, and farmers. They were forest activists, environ

mentalists, social justice workers, students, and teachers. And they 

wanted the World Trade Organization to listen. They were speaking 

on behalf of a world that has not been made better by globalization .25 
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The Seattle police turned out in force to keep the protesters away from 
the Convention Center where the meeting took place, but they were 
unprepared for the street actions of a massive, well-organized network 
totally committed to shutting down the WTO. Chaos ensued; hundreds 
of delegates were blocked off in the streets or confined to their hotels; 
and the opening ceremony had to be canceled. 

The frustration of the delegates and politicians mounted as the day 
wore on. By late afternoon the mayor and police chief declared a state 
of civil emergency; and on the second day the police seemingly lost all 
control, brutally attacking not only protesters but also bystanders, 
commuters, and residents. Michael Meacher, Minister of the Environ
ment of the U.K., stated that: "What we hadn't reckoned with was the 
Seattle Police Department, who single-handedly managed to turn a 
peaceful protest into a riot."26 

Among the 50,000 demonstrators, there were perhaps 100 anar
chists who had come to smash shop windows and destroy property. 
They could easily have been arrested, but the Seattle police neglected 
to do so, and the media chose to focus inordinately on the destructive 
actions of that tiny group of protesters-a fraction of 1 percent
rather than on the constructive message of the vast majority of nonvi
olen t activists. 

In the end, the WTO meeting broke down not only because of these 
massive demonstrations, but also--and perhaps even more so--be
cause of the way the major powers within the WTO bullied the dele-

. gates from the south.27 After ignoring dozens of proposals from 
developing countries, the WTO leaders excluded the delegates repre
senting these countries from critical behind-the-scenes "Green Room" 
meetings and then pressured them to sign a secretly negotiated agree
ment. Infuriated, many developing countries refused to do so, thereby 
joining the massive opposition to the WTO

'
S undemocratic regime that 

was going on outside the Convention Center. 
Faced with the prospect of rejection by developing nations in the fi

nal session, the major powers preferred to let the Seattle meeting 
collapse without even attempting to issue a final declaration. Thus 
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Seattle, which was meant to be a celebration of the WTO '
S solidifica

tion, instead became the symbol of worldwide resistance. 
After Seattle, smaller but equally effective demonstrations took 

place at other international meetings in Washington, Prague, and 
Quebec City, but Seattle was the turning point in the formation of a 
global coalition of NGOS. By the end of 2000, over 700 organizations 
from seventy-nine countries had joined what they now officially call the 
International Seattle Coalition, and began to launch a "

WTO turn
around campaign. "28 Naturally, there is a great diversity of interests in 
these NGOS, which range from labor organizations to human rights, 
women's rights, religious, environmental, and indigenous peoples' 
organizations. However, there is remarkable agreement among them 
about the core values of human dignity and ecological sustainability. 

In January 2001 ,  the Seattle Coalition held the first World Social 
Forum in Porto Alegre, Brazil. Designed as a counterpoint to the World 
Economic Forum in Davos, Switzerland, it was intentionally held at the 
same time, but in the Southern hemisphere. The contrast between the 
simultaneous events was stark. In Switzerland, a small elite of mostly 
white and mostly male business leaders gathered in seclusion, pro
tected from demonstrators by a huge contingent of the Swiss army. In 
Brazil ,  12,000 women and men of all races met openly in vast lecture 
halls, warmly welcomed by the city of Porto Alegre and the entire state 
of Rio Grande do SuI. 

For the first time, the Seattle Coalition had called its members to
gether not to protest but to take the next step and discuss alternative 
scenarios, in keeping with the Forum's official motto, ''Another World 
Is Possible." As the Guardian reported, "There was a tangible sense of 
an emerging global movement with a striking diversity of age, political 
traditions, practical experience and cultural background."29 

G l o b a l  C ivil Soc i e ty 

The Seattle Coalition exemplifies a new kind of political movement 
that is typical of our Information Age. Skillful use of the Internet's in-
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teractivity, immediacy, and global reach means that NGOS in the coali
tion are able to network with each other, share information, and mobi
lize their members with unprecedented speed. As a result, the new 
global NGOS have emerged as effective political actors who are inde
pendent of traditional national or international institutions. 

As we have seen, the rise of the network society has gone hand in 
hand with the decline of the sovereignty, authority, and legitimacy of 
the nation-state.3o At the same time, mainstream religions have not de
veloped an ethic appropriate for the age of globalization, while the le
gitimacy of the traditional patriarchal family is being challenged by 
profound redefinitions of gender relationships, family, and sexuality
the main institutions of traditional civil society are breaking down. 

Civil society is traditionally defined as a set of organizations and in
stitutions---churches, political parties, unions, cooperatives, and vari
ous voluntary associations-that form an interface between the state 
and its citizens. The institutions of civil society represent the interests 
of the people and constitute the political channels that connect them 
to the state. According to sociologist Manuel Castells, social change in 
the network society does not originate within the traditional institu
tions of civil society but develops from identities based on the rejec
tion of society's dominant values-patriarchy, the domination and 
control of nature, unlimited economic growth and material consump
tion, and so on. 31 The resistance against these values originated in the 
powerful social movements that swept the industrial world in the 
1960s.32 Eventually, an alternative vision emerged from these move
ments, based on the respect of human dignity, the ethics of sustain
ability, and an ecological view of the world. This new vision forms the 
core of the worldwide coalition of grassroots movements. 

A new kind of civil society, organized around reshaping globaliza
tion, is gradually emerging. It does not define itself vis-a-vis the state, 
but is global in its scope and organization. It is embodied in powerful 
international NGos-such as Oxfam, Greenpeace, the Third World 
Network, and the Rainforest Action Network-as well as in coalitions 
of hundreds of smaller organizations, all of which have become social 
actors in a new political environment. 
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As political scientists Craig Warkentin and Karen Mingst point out, 
the new civil society is characterized by a shift of focus from formal in
stitutions to social and political relationships among its actors.33 These 
relationships are structured around two different kinds of networks. 
On the one hand, NGOS rely on local grassroots organizations (i.e. on 
living human networks); on the other hand, they skillfully use the new 
global communication technologies (i.e. electronic networks). The 
Internet, in particular, has become their most powerful political tool. 
By creating this unique link between human and electronic networks, 
the global civil society has reshaped the political landscape. To illus
trate this phenomenon, Warkentin and Mingst review the recent suc
cessful anti-MAl campaign conducted by the Seattle Coalition. 

The Multilateral Agreement on Investment (MAl), negotiated by 
the Organization for Economic Cooperation and Development (OECD), 
was meant to be a legal instrument that would create state-of-the-art 
standards for the protection of foreign investments, specifically in de
veloping countries. Its provisions would constrain the power of 
governments to regulate the activities of foreign investors; by, for ex
ample, limiting restrictions on foreign ownership of real estate and even 
on ownership of strategic domestic industries. In other words, the sov
ereignty of nations would take a back seat to the rights of big business. 

The negotiations began in 1995 and were conducted by the OECD 
behind closed doors, far from public scrutiny, for nearly two years. But 
in 1997, an early draft of the document was leaked to Public Citizen, a 
public interest group founded by Ralph Nader, which immediately 
published it on the Internet. As soon as this working document became 
publicly available (two years before Seattle), over 600 organizations in 
seventy countries vehemently expressed their opposition to the treaty. 
Oxfam, in particular, criticized the lack of transparency in the negoti
ation process, the exclusion of developing countries from the negotia
tions (even though they would be the ones most affected by the MAl), 
and the lack of independent reviews of the agreement's social and en
vironmental implications. 

Subsequently, the NGOs participating in the campaign posted suc
cessive drafts of the MAl on their web sites together with their own 
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analyses, fact sheets and calls to action (including letter-writing cam
paigns and public demonstrations). This information appeared on nu
merous web sites that were extensively interlinked. Eventually, the 
OEeD was forced to establish its own MAl web site in a largely futile ef
fort to counter the vigorous online anti-MAl campaign. 

The delegates participating in the negotiations had intended to 
complete the agreement in May 1997, but, in view of . the well
organized worldwide opposition, the OBeD declared a six-month "pe
riod of assessment" and postponed the completion date by one year. 
When negotiations resumed in October 1997, the chances of a success
ful completion had diminished drastically, and two months later the 
OEeD announced the permanent suspension of the MAl talks. The 
French delegation, one of the first to withdraw its support, explicitly 
acknowledged the decisive role the new civil society had played in the 
whole process: "The MAl . . .  marks [an important] step in interna
tional . . .  negotiations. For the first time, we are witnessing the emer
gence of a 'global civil society' represented by nongovernmental 
organizations, which are often active in several countries and commu
nicate across borders. This is no doubt an irreversible change."34 

Warkentin and Mingst emphasize in their analysis that one of the 
principal achievements of the NGOS was to frame the public MAl dis
course. Whereas the treaty was discussed in financial and economic 
terms by the OEeD delegates, the NGOs used language that highlighted 
its underlying values. In doing so, they introduced a broad systemic 
perspective while at the same time adopting a more direct, frank and 
emotionally charged discourse.35 This is typical of the new civil soci
ety, which not only uses global networks of communication but is also 
rooted in local communities that derive their identities from shared 
values. 

This analysis is consistent with Manuel Castells's assertion that po
litical power in the network society derives from the ability to use sym
bols and cultural codes effectively for framing the political discourse.36 
This is exactly the strength of the NGOS in the global civil society. 
They are able to frame critical issues in a language that makes sense 
to people and connects with them emotionally to promote "a more 
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'people-centred' politics and [more] democratic and participatory po
litical processes."37 As Castells concludes, the new politics "will be a 
cultural politics that . . .  is predominantly enacted in the space of me
dia and fights with symbols, yet connects to values and issues that 
spring from people's life experience."38 

To place the political discourse within a systemic and ecological 
perspective, the global civil society relies on a network of scholars, re
search institutes, think tanks, and centers of learning that largely op
erate outside our leading academic institutions, business organizations 
and government agencies. Their common characteristic is that they 
pursue their research and teaching within an explicit framework of 
shared core values. 

There are dozens of these institutions of research and learning in 
all parts of the world today. The best known include, in the United 
States, the Worldwatch Institute, the Rocky Mountain Institute, 
the Institute for Policy Studies, the International Forum on Glob
alization, Global Trade Watch, the Foundation on Economic Trends, 
the Institute for Food and Development Policy, the Land Institute 
and the Center for Ecoliteracy; Schumacher College in the U.K. ;  the 
Wuppertal Institute for Climate, Environment, and Energy in Ger
many; Zero Emissions Research and Initiatives in Japan, Africa, and 
Latin America; and the Research Foundation for Science, Technology, 
and Ecology in India. All these institutions have their own web sites 
and are interlinked with one another and with the more activist
oriented NGOS for whom they provide the necessary intellectual re
sources. 

Most of these research institutes are communities of both scholars 
and activists who are engaged in a wide variety of projects and cam
paigns-from electoral reform to women's issues, the Kyoto Protocol 
on global warming, biotechnology, renewable energy, drug patents of 
the pharmaceutical industry etc. Among all these issues there are three 
clusters that seem to be focal points for the largest and most active 
grassroots coalitions. One is the challenge of reshaping the governing 
rules and institutions of globalization; the second is the opposition to 
genetically modified (GM) foods and the promotion of sustainable agri-
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culture; and the third is ecodesign-a concerted effort to redesign our 
physical structures, cities, technologies, and industries so as to make 
them ecologically sustainable. 

These three issue clusters are conceptually interlinked. Prohibiting 
the patenting of life-forms, rejecting GM foods, and promoting sus
tainable agriculture, for example, are important in reformulating the 
rules of globalization . They are essential strategies for moving toward 
ecological sustainability and are therefore closely linked to the broader 
field of ecodesign. These conceptual links mean that there are many co
ordinated actions among the NGOS that focus on various parts of the 
three issue clusters or include them in their projects. 

R e s h ap i n g  G l o b a l i z at i on  

Even before the Seattle teach-in in November 1999, the leading NGOS 

in the Seattle Coalition had formed an ''Alternatives Task Force" under 
the leadership of the International Forum on Globalization (IFG) to 
synthesize the key ideas about alternatives to the current form of eco
nomic globalization. In addition to IFG, the Task Force included the 
Institute for Policy Studies (U.S.), Global Trade Watch (U.S.), the 
Council of Canadians (Canada), Focus on the Global South (Thailand 
and Philippines), the Third World Network (Malaysia), and the Re
search Foundation for Science, Technology, and Ecology (India). 

After more than two years of meetings, the Task Force put together 
a draft interim report, ''Alternatives to Economic Globalization," 
which was continually enriched by comments and suggestions from 
scholars and activists around the world, especially after the World 

Social Forum in Porto Alegre. The Alternatives Task Force plans to re
lease its interim report during January 2002 and will then initiate a 
two-year process of refining it further through dialogues and work
shops with grassroots activists around the world. The final report will 
be released in 2003,39 

The IFG synthesis of alternatives to economic globalization con
trasts the values and organizing principles underlying the neoliberal 
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Washington Consensus with a set of alternative principles and values. 
These include a shift from governments serving corporations to gov
ernments serving people and communities; the creation of new rules 
and structures that favor the local and follow the principle of sub
sidiarity ("Whenever power can reside at the local level, it should re
side there"); the respect of cultural integrity and diversity; a strong 
emphasis on food security (local self-reliance in food production) and 
food safety (the right to healthy and safe food); as well as core labor, so
cial, and other human rights. 

The Alternatives report makes it clear that the Seattle Coalition 
does not oppose global trade and investment, provided that they help 
build healthy, respected, and sustainable communities. However, it em
phasizes that the recent practices of global capitalism have shown that 
we need a set of rules stating explicitly that certain goods and services 
should not be commodified, traded, patented, or subjected to trade 
agreements. 

In addition to already existing rules of this kind, which concern en
dangered species and goods that are harmful to the environment or to 
public health and safety-toxic waste, nuclear technology, armaments, 
etc.-the new rules would also concern goods that belong to the global 
commons, that is, goods that are part of the fundamental building 
blocks of life or of humanity's common inheritance. Included in this are 
goods like bulk fresh water, which should not be traded but should be 
given away to those in need; seeds, plants, and animals that are traded 
in traditional farming communities but should not be patented for 
profit; and DNA sequences that should neither be patented nor traded. 

The authors of the report acknowledge that these issues constitute 
perhaps the most difficult, but also the most important, part of the 
globalization debate. Their main concern is to stem the tide of a global 
trading system where everything is for sale, even our biological her
itage, or access to seeds, food, air, and water--elements of life that 
were once considered sacred. 

In addition to the discussions of alternative values and organizing 
principles, the IFG synthesis includes concrete, and radical, proposals 
for restructuring the Bretton Woods institutions. Most of the NGOs in 
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the Seattle Coalition feel that reforming the WTO, the World Bank, and 
the IMP is not a viable strategy, because their structures, mandates, 
purposes, and operating processes are fundamentally at odds with the 
core values of human dignity and ecological sustainability. Instead, 
the NGOS propose a four-part restructuring process: dismantling the 
Bretton Woods institutions, unifying global governance under a re
formed United Nations system, strengthening certain existing UN or
ganizations, and creating several new organizations within the UN that 
would fill the gap left by the Bretton Woods institutions. 

The report points out that we now have two strikingly different sets 
of institutions of global governance: the Bretton Woods triad and the 
United Nations. The Bretton Woods institutions have been more effec
tive in implementing well-defined agendas, but these have been largely 
destructive and have been imposed on humanity in coercive, undemo
cratic ways. The United Nations, by contrast, has been less effective 
but its mandate is much broader; its decision-making processes are 
more open and democratic; and its agendas give much greater weight to 
social and environmental priorities. The NGOS argue that limiting the 
powers and mandates of the IMF, World Bank, and WTO will create 
space for a reformed United Nations to fulfill its intended functions. 

The Seattle Coalition proposes that any plans for a new round of 
WTO negotiations or for any expansion of the WTO mandate or mem
bership should be firmly rejected. Instead, the power of the WTO 

should be either eliminated or radically reduced to make it simply one 
among many international organizations in a pluralistic world with 
multiple checks and balances. As the campaign launched by Global 
Trade Watch puts it, "WTO: Shrink it or Sink it." 

As for the World Bank and the IMF, the Seattle Coalition believes 
that these institutions bear major responsibility for burdening Third 
World countries with unpayable foreign debts and for implementing a 
misguided concept of development that has had disastrous social and 
ecological consequences. Borrowing a phrase applied to ageing nuclear 
power plants, the report suggests that it is time to "decommission" the 
Bank and the IMF . 

To carry out the original mandates of the Bretton Woods institu-
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tions, the Alternatives report proposes to strengthen the mandates 
and resources of existing UN organizations like the World Heal th Orga
nization, the International Labor Organization, and the UN Environ
ment Program. Its authors believe that instead of placing trade-related 
health, labor, and environmental standards under the jurisdiction of 
the WTO, they should be placed under the authorities of UN agencies 
and given priority over trade expansion. In the view of the Seattle 
Coalition, public health, workers' rights, and environmental protec
tion are ends in themselves, whereas international trade and invest
ment are only means. 

In addition, the Alternatives report supports the creation of a small 
number of new global institutions under UN authority and oversight. 
These include an International Insolvency Court (nc) to oversee debt 
relief, which would become operative as the World Bank and regional 
development banks are decommissioned; an International Finance 
Organization (IFO), which would replace the IMF and would work with 
UN member countries to achieve and maintain balance and stability 
in international financial relationships; and an Organization for Corpo
rate Accountability (OCA) under the mandate and direction of the 
United Nations. The primary function of the OCA would be to provide 
governments and the general public with comprehensive and authori
tative information about corporate practices in support of negotiations 
of relevant bilateral and multilateral agreements, as well as investor 
and consumer boycotts. 

The main thrust of all these proposals is to decentralize the power 
of global institutions in favor of a pluralistic system of regional and in
ternational organizations, each of which would be checked by other or
ganizations, agreements, and regional groupings. It seems that such a 
less structured and more fluid system of global governance is much 
more appropriate for today's world, in which corporations are increas
ingly organized as decentralized networks and political authority is 
shifting to regional and local levels as nation-states transform them
selves into network states.40 

In conclusion, the Alternatives report points out that its proposals 
would have seemed quite unrealistic a few years ago, but that the po-
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litical landscape has changed dramatically since Seattle. The Bretton 
Woods institutions are mired in a deep crisis of legitimacy, and an al
liance of southern countries (the "G-77 nations"), sympathetic politi
cians from the North and the new global civil society may well emerge 
with sufficient power to achieve sweeping institutional reforms and re
shape globalization. 

Th e  Food Revo lu t ion  

Unlike the protests against economic globalization, the resistance 
against genetically modified foods did not begin with a campaign of 
public education. It began in the early 1990s with widespread demon
strations by traditional farmers in India, followed by consumer boy
cotts in Europe, combined with a spectacular renaissance of organic 
farming. In the words of environmental health activist and author John 
Robbins: ''All over the world, people were calling for their governments 
to protect human welfare and the environment, rather than put corpo
rate profits over public health. People everywhere were insisting on a 
society that restores the Earth, not one that destroys it. "41 

Boycotts and demonstrations directed against various biotech and 
agrochemical corporations were soon followed by extensive documen
tation of the industry's practices by the leading NGOs in the ecology 
and environmental health movements.42 

In his richly documented book The Food Revolution, John Robbins 
gives a vivid account of the citizen revolt against GM foods that rapidly 
spread from Europe to the rest of the world.43 In 1998, genetically en
gineered crops were destroyed by angry citizens and farmers in Great 
Britain, Ireland, France, Germany, the Netherlands, and Greece, as well 
as in the United States, India, Brazil, Australia, and New Zealand. At 
the same time, grassroots groups around the world organized massive 
petitions to their governments. In Austria, for example, over a million 
citizens, representing 20 percent of the electorate, signed a petition to 
ban GM foods. In the United States, a petition to demand mandatory la
beling of transgenic food was signed by half a million people and pre-
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sen ted to Congress; and throughout the world, countless organiza
tions, including the British Medical Association, called for a morato
rium on all crops containing genetically modified organisms (GMOS). 

Governments soon responded to these forceful expressions of pub
lic opinion. The governor of Brazil's major soybean-growing state, Rio 
Grande do Sui, which hosted the World Social Forum in Porto Alegre, 
declared the entire state a GMo-free zone. The governments of France, 
Italy, Greece, and Denmark announced that they would block the 
approval of new GM crops in the European Union. The European 
Commission made the labeling of GM foods mandatory, as did the gov
ernments of Japan, South Korea, Australia, and Mexico. In January 
2000, 130 nations signed the groundbreaking Cartagena protocol on 
Biosafety in Montreal, which gives nations the right to refuse entry to 
any genetically modified forms of life, despite vehement opposition 
from the United States. 

The response of the corporate community to the massive civic up
rising against food biotechnology was no less decisive. Food producers, 
restaurants, and beverage companies all over the world were quick to 
pledge that they would eliminate GMOS from their products. In 1999, 
the seven largest grocery chains in six European countries made a pub
lic commitment to go "GMo-free," and were followed in this commit
ment within days by the huge food companies Unilever (which had 
been one of the most aggressive proponents of GM foods), Nestle, and 
Cadbury -Schweppes. 

At the same time, Japan's two largest breweries, Kirin and Sapporo, 
announced that they would not use genetically modified corn in their 
beer. Subsequently, the fast-food chains McDonald's and Burger King 
told their suppliers that they would not buy any more genetically al
tered potatoes. GM potatoes were also phased out by major manufac
turers of potato chips, while Frito-Lay told its corn farmers to stop 
supplying GM corn. 

As the food industry increasingly turned away from GM foods and 
the acreage of transgenic crops began to shrink, reversing the explosive 
growth of the late nineties, analysts naturally began to warn investors 
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about the financial risks of food biotechnology. In 1999, Europe's 
largest bank, Deutsche Bank, declared categorically that "

GM O S  are 
dead" and recommended that its clients sell all their holdings in 
biotech companies.44 One year later, the TVall Street Journal came to the 
same conclusion: "With the controversy over genetically modified 
foods spreading across the globe and taking a toll on the stocks of com
panies with agricultural-biotechnology business, it's hard to see those 
companies as a good investment, even in the long run."45 These recent 
developments show clearly that today's worldwide grassroots move
ments have the power and the skills to change not only the interna
tional political climate, but also the game of the global market, by 
reorienting its financial flows according to different values. 

E c o l i t e racy a n d  E c o d e s i g n  

Ecological sustainability is an essential component of the core values 
that form the basis for reshaping globalization. Accordingly, many of 
the NGOS, research institutes, and centers of learning in the new global 
civil society have chosen sustainability as their explicit focus. Indeed, 
creating sustainable communities is the great challenge of our time. 

The concept of sustainability was introduced in the early 1980s by 
Lester Brown, founder of the Worldwatch Institute, who defined a sus
tainable society as one that is able to satisfy its needs without dimin
ishing the chances of future generations.46 Several years later, the 
report of the World Commission on Environment and Development 
(the "Brundtland Report") used the same definition to present the 
notion of sustainable development: "Humankind has the ability to 
achieve sustainable development-to meet the needs of the present 
without compromising the ability of future generations to meet their 
own needs."47 These definitions of sustainability are important moral 
exhortations. They remind us of our responsibility to pass on to our 
children and grandchildren a world with as many opportunities as the 
one we inherited. However, this definition does not tell us anything 
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about how to build a sustainable society. This is why there has been 
much confusion about the meaning of sustainability, even within the 
environmental movement. 

The key to an operational definition of ecological sustainability is 
the realization that we do not need to invent sustainable human com
munities from scratch but can model them after nature's ecosystems, 
which are sustainable communities of plants, animals, and microorgan
isms. Since the outstanding characteristic of the Earth household is its 
inherent ability to sustain life,48 a sustainable human community is one 
designed in such a manner that its ways of life, businesses, economy, 
physical structures, and technologies do not interfere with nature's in
herent ability to sustain life. Sustainable communities evolve their pat
terns of living over time in continual interaction with other living 
systems, both human and nonhuman. Sustainability does not mean 
that things do not change: it is a dynamic process of coevolution rather 
than a static state. 

The operational definition of sustainability implies that the first 
step in our endeavor to build sustainable communities must be to be
come "ecologically literate," i.e. , to understand the principles of orga
nization, common to all living systems, that ecosystems have evolved 
to sustain the web of life.49 As we have seen throughout this book, 
living systems are self-generating networks, organizationally closed 
within boundaries but open to continual flows of energy and matter. 
This systemic understanding of life allows us to formulate a set of prin
ciples of organization that may be identified as the basic principles of 
ecology and used as guidelines for building sustainable human commu
nities. Specifically, there are six principles of ecology that are critical to 
sustaining life: networks, cycles, solar energy, partnership, diversity 
and dynamic balance (see table opposite). 

These principles are directly relevant to our health and well-being. 
Because of our vital need to breathe, eat, and drink, we are always em
bedded in the cyclical processes of nature. Our health depends upon 
the purity of the air we breathe and the water we drink, and it depends 
on the health of the soil from which our food is produced. In the com
ing decades the survival of humanity will depend on our ecological lit-
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P R I N C I P L E S  O F  E C O L O GY 

! Networks 
At all scales of nature, we find living systems nesting within other living j' 

\ systems-networks within networks. Their boundaries are not boundaries 

of separation but boundaries of identity. All living systems communicate 

with one another and share resources across their boundaries. 

, Cycles 
1 

l' All living organisms must feed on continual flows of matter and energy 
§ 
: from their environment to stay alive, and all living organisms continually 

produce waste. However, an ecosystem generates no net waste, one species' 

waste being another species' food. Thus, matter cycles continually through 

the web of life. 

!; 

Solar Energy 

i Solar energy, transformed into chemical energy by the photosynthesis of j 

i green plants, drives the ecological cycles. 

Partners hi p 

The exchanges of energy and resources in an ecosystem are sustained by 
j 

pervasive cooperation. Life did not take over the planet by combat but by 

cooperation, partnership, and networking. 

D iversity 
Ecosystems achieve stability and resilience through the richness and com

plexity of their ecological webs. The greater their biodiversity, the more 

resilient they will be. 

Dynamic Balance 

� 

An ecosystem is a flexible, ever-fluctuating network. Its flexibility is a con- .1 
,1 

sequence of multiple feedback loops that keep the system in a state of dy-

namic balance. No single variable is maximized; all variables fluctuate ' 

around their optimal values. 
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eracy-our ability to understand the basic principles of ecology and to 
live accordingly. Thus, ecological literacy, or "ecoliteracy," must be
come a critical skill for politicians, business leaders, and professionals 
in all spheres, and should be the most important part of education at 
all levels-from primary and secondary schools to colleges, universi
ties, and the continuing education and training of professionals. 

At the Center for Ecoliteracy in Berkeley (www.ecoliteracy.org), 
my colleagues and I are developing a system of education for sustain
able living, based on ecological literacy, at the primary and secondary 
school levels.5o This involves a pedagogy that puts the understanding 
of life at its very center; an experience of learning in the real world 
(growing food, exploring a watershed, restoring a wetland) that over
comes our alienation from nature and rekindles a sense of place; and a 
curriculum that teaches our children the fundamental facts of life
that one species' waste is another species' food; that matter cycles con
tinually through the web of life; that the energy driving the ecological 
cycles flows from the sun; that diversity assures resilience; that life, 
from its beginning more than 3 billion years ago, did not take over the 
planet by combat but by networking. 

This new knowledge, which is also ancient wisdom, is now being 
taught within a growing network of schools in California, and is begin
ning to spread to other parts of the world. Similar efforts are under way 
in higher education, pioneered by Second Nature (www.secondna
ture.org), an educational organization in Boston that collaborates with 
numerous colleges and universities to make education for sustainabil
ity an integral part of campus life. 

In addition, ecological literacy is being transmitted and continually 
refined in informal teach-ins and in the new institutions of learning of 
the emerging global civil society. Schumacher College, in England, is an 
outstanding example of such new institutions. It is a center for ecolog
ical studies with philosophical and spiritual roots in deep ecology, 
where students from all parts of the world gather to learn, live, and 
work together while being taught by an international faculty. 

Ecoliteracy-the understanding of the principles of organization 
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that ecosystems have evolved to sustain the web of life-is the first 
step on the road to sustainability. The second step is to move toward 
ecodesign. We need to apply our ecological knowledge to the funda
mental redesign of our technologies and social institutions, so as to 
bridge the current gap between human design and the ecologically sus
tainable systems of nature. 

Fortunately, this is already taking place. In recent years, there has 
been a dramatic rise in ecologically oriented design practices and proj
ects. The recently published book Natural Capitalism, by Paul Hawken 
and Amory and Hunter Lovins, provides comprehensive overall docu
mentation, and the Lovinses ' Rocky Mountain Institute (www.rmi.org) 
serves as a clearinghouse for up-to-date information on a wide variety of 
ecodesign projects. 

Design, in the broadest sense, consists in shaping flows of energy 
and materials for human purposes. Ecodesign is a process in which our 
human purposes are carefully meshed with the larger patterns and 
flows of the natural world. Ecodesign principles reflect the principles of 
organization that nature has evolved to sustain the web of life. To prac
tice industrial design in such a context requires a fundamental shift in 
our attitude toward nature. In the words of science writer Janine 
Benyus, it "introduces an era based not on what we can extract from na
ture, but on what we can learn from her."51 

When we speak of the "wisdom of nature," or of the marvelous 
"design" of a butterfly's wings, or a spider's silk thread, we need to re
member that our language is metaphorica1 .52 However, this does not 
change the fact that, from the perspective of sustainability, nature's 
"design" and "technologies" are far superior to human science and 
technology. They were created and have been continually refined over 
billions of years of evolution, during which the inhabitants of the 
Earth household flourished and diversified without ever using up their 
natural capital-the planet's resources and ecosystem services on 
which the well-being of all living creatures depends. 
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E c o l o g i c a l  C l u s t e ri n g  of I n d u s t r i e s  

The first principle of ecodesign is that "waste equals food." Today, a ma
jor clash between economics and ecology derives from the fact that na
ture's ecosystems are cyclical, whereas our industrial systems are linear. 
In nature, matter cycles continually, and thus ecosystems generate no 
overall waste. Human businesses, by contrast, take natural resources, 
transform them into products plus waste, and sell the products to con
sumers, who discard more waste when they have used the products. 

The principle "waste equals food" means that all products and ma
terials manufactured by industry, as well as the wastes generated in the 
manufacturing processes, must eventually provide nourishment for 
something new.53 A sustainable business organization would be embed
ded in an "ecology of organizations," in which the waste of any one or
ganization would be a resource for another. In such a sustainable 
industrial system, the total outflow of each organization-its products 
and wastes-would be perceived and treated as resources cycling 
through the system. 

Such ecological clusters of industries have actually been initiated in 
many parts of the world by an organization called Zero Emissions 
Research and Initiatives (ZERI), founded by business entrepreneur 
Gunter Pauli in the early 1990s. Pauli introduced the notion of indus
trial clustering by promoting the principle of zero emissions and mak
ing it the very core of the ZERI concept. Zero emissions means zero 
waste. Taking nature as its model and mentor, ZERI strives to eliminate 
the very idea of waste. 

To appreciate how radical an approach this is, we need to realize 
that our current businesses throw away most of the resources they take 
from nature. For example, when we extract cellulose from wood to 
make paper, we cut down forests but use only 20 to 25 percent of the 
trees, discarding the remaining 75 to 80 percent as waste. Beer brew
eries extract only 8 percent of the nutrients from barley or rice for fer
mentation; palm oil is a mere 4 percent of the palm tree's biomass; and 
coffee beans are 3 .7 percent of the coffee bush.54 



C h a n g i n g t h e  G a m e  2 3 5  

Pauli's starting point was to recognize that the organic waste that is 
thrown away or burned by one industry contains an abundance of pre
cious resources for other industries. ZERI helps industries to organize 
themselves into ecological clusters, so that the waste of one can be sold 
as a resource to another, for the benefit of both.55 

The principle of zero emissions ultimately implies zero material 
consumption. Like nature's ecosystems, a sustainable human commu
nity would use energy that flows from the sun but would not consume 
any material goods without recycling them after use. In other words, it 
would not use any new materials. Moreover, zero emissions also means 
no pollution. ZERI 'S ecological clusters are designed to operate in an 
environment free of toxic wastes and pollution. Thus "waste equals 
food," the first principle of ecodesign, points to the ultimate solution 
for some of our major environmental problems. 

From the economic point of view, the ZERI concept means a vast in
crease in resource productivity. According to classical economic theory, 
productivity results from the effective combination of three sources of 
wealth: natural resources, capital, and labor. In the current economy, 
business leaders and economists concentrate mainly on capital and la
bor to increase productivity, creating economies of scale with disas
trous social and environmental consequences.56 The ZERI concept 
implies a shift from labor productivity to resource productivity, since 
waste is transformed into new resources. Ecological clustering dramat
ically increases productivity and improves product quality, while at the 
same time creating jobs and reducing pollution. 

The ZERI organization is an international network of scholars, busi
ness people, government officials, and educators.57 The scholars play a 
key role, because the organization of the industrial clusters is based on 
detailed knowledge of the biodiversity and biological processes in local 
ecosystems. Pauli originally launched ZERI as a research project at the 
United Nations University in Tokyo. To do so, he created a network of 
scientists on the Internet, using the existing academic networks of the 
Royal Swedish Academy of Sciences, the Chinese Academy of Sciences, 
and the Third World Academy of Sciences. Being one of the first to pi
oneer scientific exchanges and conferences on the Internet, Pauli excited 
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the scientists' interest, and by continually asking them challenging 
questions about biochemistry, ecology, climatology, and other disci
plines, he generated not only business solutions but also numerous new 
ideas for scientific research. To emphasize the Socratic nature of this 
method, he called ZERI 'S first academic network Socrates Online. Since 
then, the ZERI network of researchers has grown to 3,000 scholars 
worldwide. 

ZERI has now initiated some fifty projects around the world and op
erates twenty-five project centers on five continents in very diverse cli
mates and cultural settings. The clusters around Colombian coffee 
farms are good illustrations of the basic ZERI method. These farms are 
in crisis because of the dramatic drop in the price of coffee beans on the 
world market. Meanwhile, the farmers use only 3.7 percent of the cof
fee plant, returning most of the waste to the environment as landfill 
and pollution-smoke, waste water, and caffeine-contaminated com
post. ZERI put this waste to work. Research showed that coffee bio
mass can be used profitably to cultivate tropical mushrooms, feed 
livestock, compost organic fertilizer, and generate energy. The result
ing ZERI cluster is pictured opposite. 

The waste of each component in the cluster provides a resource for 
another component .  To put it in greatly simplified terms, when the cof
fee beans are harvested, the remains of the coffee plant are used to 
grow shiitake mushrooms (a high-priced delicacy); the remains of the 
mushrooms (rich in protein) feed earthworms, cattle, and pigs; earth
worms feed chickens; cattle and pig manure produces biogas and 
sludge; the sludge fertilizes the coffee farm and surrounding vegetable 
gardens, while the energy from the biogas is used in the process of 
mushroom farming. 

The clustering of these productive systems inexpensively generates 
several revenue streams in addition to the original coffee beans-from 
poultry, mushrooms, vegetables, beef, and pork-while creating jobs in 
the local community. The results are beneficial both to the environ
ment and the community; there are no high investments; and there is 
no need for the coffee farmers to give up their traditional livelihood. 

Technologies in the typical ZERI clusters are small-scale and local. 
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The places of production are usually close to those of consumption, 
which eliminates or radically reduces transportation costs. No single 
production unit tries to maximize its output, because this would only 
unbalance the system. Instead, the goal is to optimize the production 
processes of each component, while maximizing the productivity and 
ecological sustainability of the whole. 

Similar agricultural clusters, with beer breweries as their center in
stead of coffee farms, are operating in Africa, Europe, Japan, and other 
parts of the world. Other clusters have aquatic components; for exam
ple, a cluster in southern Brazil includes the farming of highly nutri
tious spirulina algae in the irrigation channels of rice fields (which 
otherwise are used only once a year). The spirulina is used as special 
enrichment in a "ginger cookie" program in rural schools to fight wide
spread malnutrition. This generates additional revenue for the rice 
farmers while responding to a pressing social need. 

An impressive realization of the ZERI concept on a large scale is 
the reforestation project of the environmental research center Las 
Gaviotas in eastern Colombia, established and directed by ecodesigner 
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Paolo Lugari. In the midst of Colombia's deep social crisis, Las Gavi
otas has created an environment full of innovation and hope. 

When ZERI arrived at Las Gaviotas, the center had already estab
lished a worldwide reputation through the development of many in
genious renewable-energy technologies, including solar water heating 
for thousands of housing units in the capital, Bogota, as well as a rural 
hospital that produces its own solar energy, distills its own water and 
cooks locally grown food. 

After these successes, Lugari embarked on the most extensive refor
estation program Colombia has ever seen. Growing trees in the eastern 
savannas (the lanDs) is a massive challenge. High soil acidity and ex
treme temperatures severely limit the choices of young trees that 
might survive the hot, dry summers. However, after careful analysis, 
the scientists at Las Gaviotas concluded that a species known as 
Caribbean pine would be able to adapt to these extreme conditions. 

After the first two years of planting they proved to be correct, and 
since then, the center has planted thousands of hectares with the help 
of specially developed tree-planting machines. At first, there was con
cern that such a vast monoculture of pine trees might have adverse 
ecological consequences, but the opposite occurred. As pine needles 
dropped cont.inually on the forest floor, they created a rich cover of 
humus, which made it possible for new plants, trees, and forest under
growth to thrive. Today, over 200 new species are found in this micro
climate that do not grow anywhere else in the savannah. And with 
these new plant species come bacteria, insects, birds, and even mam
mals. Biodiversity has increased dramatically. 

In addition to drawing CO2 from the air (which helps reduce global ' 
warming) and recovering lost biodiversity, the pine forest also pro
duces lucrative colofonia sap, which is collected and processed into a 
prime ingredient for the production of natural paints and high-quality 
glossy paper. This creates further employment and valuable revenue 
streams. Finally, it turned out that the bacteria generated in the newly 
planted forest act as an excellent filtering system, purifying the subsoil 
water, which also happens to be rich in minerals. The center collects 
and bottles the resulting mineral water at very low cost. This provides 
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an important means for preventive health care, since most of the re
gion's health problems stem from poor water quality. The success story 
of Las Gaviotas is a powerful demonstration of the ZERI concept. 
Driven by the reforestation program, the ecological cluster--designed 
collaboratively by a zERI/Las Gaviotas team-has helped reduce 
global warming, increased biodiversity, created jobs for the local in
digenous population, generated new revenue streams, and contributed 
significantly to the improvement of public health in the region. 

In building up the ZERI organization, Gunter Pauli used the most 
advanced techniques of electronic networking and conferencing. ZERI 
consists of three types of interconnected networks. One is the ecologi
cal cluster of industries, patterned after the food webs in nature's 
ecosystems. Closely associated is the human network of the local com
munity where the cluster is located. The third, finally, is the inter
national network of scientists who provide the detailed knowledge 
necessary to design clusters of industries that are compatible with lo
cal ecosystems, climatic conditions and cultural settings. Due to the 
nonlinear nature of these interconnected networks, the solutions they 
produce are multiple, or "systemic," solutions. The combined value 
created by the whole is always greater than the sum of the values that 
would be generated by independently operating components. 

Because of their sharp increases in resource productivity, these 
clustered industries can aim for quality levels in their products that are 
considerably higher than those that corresponding stand-alone busi
nesses can afford. As a consequence, the ZERI businesses are compet
itive on the global market-not in the sense that they sell their 
products globally, but in that nobody can compete with them on their 
home tur( As in ecosystems, diversity increases resilience. The more 
diverse the ZERI clusters become, the more resilient and competitive 
they are. Theirs is not an economy of scale but, as Pauli puts it, an 
"economy of scope." 

It is not difficult to see that the principles of organization underly
ing the ZERI concept-the nonlinear network structure, cycling of 
matter, multiple partnerships, diversity of enterprises, local produc
tion and consumption, and the goal of optimizing instead of maximiz-
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ing-are basic principles of ecology. This is, of course, not coinciden
tal. The ZERI clusters are impressive examples of ecoliteracy embodied 
in ecodesign. 

An E c o no my of S e rvi c e  a n d  F low 

Most of the ZERI clusters involve organic resources and wastes. To 
build sustainable industrial societies, however, the ecodesign principle 
"waste equals food" and the resulting cycling of matter must extend 
beyond organic products. This concept has been best articulated by 
ecodesigners Michael Braungart in Germany and William McDonough 
in the United States. 58 

Braungart and McDonough speak of two kinds of metabolisms-a 
biological metabolism and a technical metabolism. Matter that cycles 
in the biological metabolism is biodegradable and becomes food for 
other living organisms. Materials that are not biodegradable are re
garded as technical nutrients, which continually circulate within in
dustrial cycles that constitute the technical metabolism. In order for 
these two metabolisms to remain healthy, great care must be taken to 
keep them distinct and separate, so that they do not contaminate each 
other. Things that are part of the biological metabolism-agricultural 
products, clothing, cosmetics, etc.-should not contain persistent 
toxic substances. Things that go into the technical metabolism-ma
chines, physical structures, etc.-should be kept well apart from the 
biological metabolism. 

In a sustainable industrial society, all products, materials, and 
wastes will either be biological or technical nutrients. Biological nutri
ents will be designed to reenter ecological cycles to be consumed by mi
croorganisms and other creatures in the soil. In addition to organic 
waste from our food, most packaging (which makes up about half the 
volume of our solid-waste stream) should be composed of biological 
nutrients. With today's technologies, it is quite feasible to produce 
packaging that can be tossed into the compost bin to biodegrade. As 
McDonough and Braungart point out, "There is no need for shampoo 
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bottles, toothpaste tubes, yogurt cartons, juice containers, and other 
packaging to last decades (or even centuries) longer than what came in
side them."59 

Technical nutrients will be designed to go back into technical cy
cles. Braungart and McDonough emphasize that the reuse of technical 
nutrients in industrial cycles is distinct from conventional recycling, 
because it maintains the high quality of the materials, rather than 
"downcycling" them into flower pots or park benches. Technical me
tabolisms equivalent to the ZERI clusters have not yet been estab
lished, but there is definitely a trend to do so. In the United States, 
which is not a world leader in recycling, more than half of its steel is 
now produced from scrap. Similarly, there are more than a dozen paper 
mills running only on waste paper in the state of New Jersey alone.60 
The new steel mini-mills do not need to be located near mines, nor the 
paper mills near forests. They are located near the cities that produce 
the waste and consume the raw materials, which saves considerable 
transportation costs. 

Many other ecodesign technologies for the repeated use of technical 
nutrients are on the horizon. For example, it is now possible to create 
special types of ink that can be removed from paper in a hot water bath 
without damaging the paper fibers. This chemical innovation would al
low complete separation of paper and ink so that both can be reused. 
The paper would last ten to thirteen times longer than conventionally 
recycled paper fibers. If this technique were universally adopted, it 
could reduce the use of forest pulp by 90 percent, in addition to reduc
ing the amounts of toxic ink residues that now end up in landfills.61 

If the concept of technical cycles were fully implemented, it would 
lead to a fundamental restructuring of economic relationships. After 
all, what we want from a technical product is not a sense of ownership 
but the service the product provides. We want entertainment from our 
VCR, mobility from our car, cold drinks from our refrigerator, and so 
on. As Paul Hawken likes to point out, we do not buy a television set in 
order to own a box of 4,000 toxic chemicals; we do so in order to watch 
television.62 

From the perspective of ecodesign, it makes no sense to own these 
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products and to throw them away at the end of their useful lives. It 
makes much more sense to buy their services, i.e. to lease or rent them. 
Ownership would be retained by the manufacturer, and when one had 
finished using a product, or wanted to upgrade to a newer version, the 
manufacturer would take the old product back, break it down into its 
basic components-the technical nutrients-and use those in the as
sembly of new products, or sell them to other businesses.63 The result
ing economy would no longer be based on the ownership of goods but 
would be an economy of service and flow. Industrial raw materials and 
technical components would continually cycle between manufacturers 
and users, as they would between different industries. 

This shift from a product-oriented economy to a service-and-flow 
economy is no longer pure theory. One of the world's largest carpet 
manufacturers, a company called Interface, based in Atlanta, has begun 
the transition from selling carpets to leasing carpeting services.64 The 
basic idea is that people want to walk on and look at a carpet, not own 
it. They can obtain those services at much lower cost if the company 
owns the carpet and remains responsible for keeping it in good shape in 
exchange for � monthly fee. Interface carpets are laid in the form of tiles, 
and only tiles that are worn are replaced after a regular monthly inspec
tion. This reduces not only the amount of carpet material needed for re
placements, but also minimizes disruptions, because the worn tiles are 
usually not found under furniture. When a customer wants to replace 
the entire carpet, the company takes it back, extracts its technical nu
trients, and provides the customer with a new carpet in the desired 
color, style, and texture. 

These practices, together with several innovations in materials de
sign, have made Interface one of the pioneers of the new service
and-flow economy. Similar innovations have been undertaken in the 
photocopying industry by Canon, in Japan, and in the automotive in
dustry by Fiat, in Italy. Canon has revolutionized the photocopying in
dustry by redesigning its copiers so that more than 90 percent of their 
components can be reused or recycled.65 In Fiat's Auto Recycling 
(FARE) system, the steel, plastics, glass, seat padding, and many other 
components of old Fiat cars are retrieved in over 300 dismantling cen-
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ters, to be reused in new cars or passed on as resources to other indus
tries. The company has established a target of 85 percent recycling of 
materials by 2002 and of 95 percent by 2010. The Fiat program has also 
been extended from Italy to other European countries and to Latin 
America.66 

In a service-and-flow economy manufacturers must be able to take 
their products apart easily in order to redistribute the raw materials. 
This will have a major impact on product design. The most successful 
products will be those which contain a small number of materials and 
components that can easily be disassembled, separated, rearranged, 
and reused. The companies mentioned above have all completely re
designed their products for easy dismantling. When this happens, the 
demand for labor (to do all the disassembling, sorting, and recycling) 
will increase, as waste decreases. Thus, the service-and-flow economy 
involves a shift from natural resources, which are scarce, to human re
sources, which are abundant. 

Another effect of this new product design will be to align the inter
ests of manufacturers and customers when it comes to product dura
bility. In an economy based on selling goods, the obsolescence and 
frequent disposal and replacement of those goods is in the manufactur
ers' financial interests, even though that is harmful to the environment 
and costly for the customers. In a service-and-flow economy, by con
trast, it is in the interest of both manufacturers and customers to 
create long-living products while using a minimum of energy and ma
terials. 

D o i n g  M o r e  w i t h  L e s s  

Even though the complete cycling of materials in technical clusters has 
not yet been achieved, existing partial clusters and material loops have 
led to dramatic increases in energy and resource efficiency. Ecode
signers today are confident that an astonishing 90 percent reduction in en
ergy and materials--called Factor Ten because it corresponds to a 
tenfold increase in resource efficiency-is possible in developed coun-
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tries with existing technologies and without any decline in people's liv
ing standards.67 The environment ministers of several European coun
tries, as well as the United Nations Environment Program (UNEP), 

have urged adoption of Factor Ten goals.68 
Such dramatic increases in resource productivity are made possible 

by the massive inefficiency and waste that are characteristic of most 
current industrial design. As in the case of biological resources, ecode
sign principles such as networking, recycling, and optimizing instead of 
maximizing have not been part of the theory and practice of industrial 
design, and resource productivity has not even been part of designers' 
vocabulary until very recently. 

Natural Capitalism, by Paul Hawken, Amory Lovins, and Hunter 
Lovins, is full of astounding examples of dramatic increases in resource 
efficiency. The authors estimate that by pursuing these efficiencies we 
could almost halt the degradation of the biosphere, and emphasize that 
the present massive inefficiencies almost always cost more than the 
measures that would reverse them.69 In other words, ecodesign is good 
business. As in the ZERI clusters, the increase of resource productivity 
in the technical sphere has multiple beneficial effects. It slows the de
pletion of natural resources, reduces pollution, and increases employ
ment. Resource productivity alone will not solve our environmental 
crisis, but it can buy us precious time to allow for the transition to a 
sustainable society. 

One area where ecodesign has led to a wide range of impressive in
novations is in the design of buildings.70 A well-designed commercial 
structure will display a physical shape and orientation that takes the 
greatest advantage of the sun and wind, optimizing passive solar heat
ing and cooling. That alone will usually save about one third of the 
building's energy use. Proper orientation, combined with other passive 
solar design features, also provides glare-free natural light throughout 
the structure, which usually provides sufficient lighting during day
time. Modern electric lighting systems can produce pleasant and accu
rate colors and eliminate all flicker, hum, and glare. Typical energy 
savings from such lighting are between 80 and 90 percent, which usu
ally pays for the installation of the lighting systems within one year. 
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Perhaps even more impressive are the dramatic improvements in 
insulation and temperature regulation created by "superwindows," 
which keep people warm in winter and cool in summer without any ad
ditional heating or cooling. Superwindows are covered with several in
visible coatings that let through light but reflect heat, in addition to 
having double panes, the space between which is filled with heavy 
gas that blocks the flow of heat and noise. Experimental buildings 
equipped with superwindows have shown that complete comfort can be 
maintained without any heating or cooling equipment, even with out
door conditions ranging from severe cold to extreme heat. 

Finally, ecodesigned buildings not only save energy by letting in 
natural light and keeping out the weather; they can even produce en
ergy. Photovoltaic electricity can now be generated from wall panels, 
roofing shingles, and other structural elements that look and work like 
ordinary building materials but produce electricity whenever there is 
sunlight, even if it comes through clouds. A building with such photo
voltaic materials as roofs- and windows can produce more daytime elec
tricity than it uses. Indeed, that is what half a million solar-powered 
homes around the world do every day. 

These are just some of the most important recent innovations in 
the ecodesign of buildings. They are not confined to new buildings; 
they can also be implemented by retrofitting old structures. The sav
ings in energy and materials created by these design innovations are 
dramatic, and the buildings are also more comfortable and healthier to 
live and work in. As ecodesign innovations continue to accumulate, 
buildings will come ever closer to the vision advanced by William 
McDonough and Michael Braungart: "Imagine . . .  a building as a kind 
of tree. It would purify air, accrue solar income, produce more energy 
than it consumes, create shade and habitat, enrich soil, and change 
with the seasons."7! Several examples of buildings with some of these 
revolutionary features already exist today. 72 

Another sector where huge savings in energy are possible is trans
portation. As we have seen, the WTO'S free-trade rules are designed to 
stifle local production in favor of exports and imports, which massively 
increases long-distance transportation and puts enormous stress on the 
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environment.?3 Reversing that trend, which is an important part of the 
Seattle Coalition's program of reshaping globalization, will lead to 
massive energy savings. This can be seen already in several of the pio
neering examples of ecodesign mentioned in the preceding pages
from local and small-scale ecological clusters of industries to the new 
mini-mills for local production of steel and paper from scrap and waste, 
and food from organic farms which is locally produced and sold. 

Similar considerations apply to urban design. The urban and subur
ban sprawl that characterizes most modern cities, especially in North 
America, has created very high automobile dependence with a minimal 
role for public transport, cycling, or walking. The consequences: high 
consumption of gasoline and correspondingly high levels of smog, se
vere stress due to traffic congestion, and loss of street life, community, 
and public safety. 

The past three decades have seen the emergence of an international 
"ecocity" movement, which tries to counteract urban sprawl by using 
ecodesign principles, to redesign our cities so that they become ecolog
ically healthy. 74 By carefully analyzing transport and land-use patterns, 
urban planners Peter Newman and Jeff Kenworthy found that energy 
use depends critically on city density. 75 As the city becomes denser, the 
use of public transport and the amount of walking and cycling in
crease, while the use of cars decreases. Historic city centers with high 
density and mixed land use, which have been reconverted into the car
free environments they were originally meant to be, now exist in most 
European cities. Other cities have created modern car-free environ
ments that encourage walking and cycling. These newly designed 
neighborhoods, known as "urban villages," display high-density struc
tures combined with ample common green spaces. 

The German city of Freiburg, for example, has an urban village 
called Seepark, built around a large lake and a light-rail line. The com
munity is totally car free; all movement is on foot and bicycle; there is 
plenty of open space where children are safe. Similar urban villages, car 
free and integrated with public transportation, have been created in 
several other cities, including Munich, Zurich, and Vancouver. The ap
plication of ecodesign principles has brought these areas multiple ben-



C h a n g i n g  t h e  G a m e  241 

efits-significant energy savings and a healthy and safe environment 
with drastically reduced levels of pollution. 

In addition to the developments described above, major savings in 
energy and materials are also being achieved through a radical redesign 
of automobiles, but even though "hypercars"-ultralight, supereffi
cient, and pollution-free automobiles-will soon be on the market,76 
this will not solve the multiple health, social, and environmental prob
lems caused by the excessive use of cars. Only fundamental changes in 
our patterns of production and consumption and in the design of our 
cities will accomplish that. In the meantime, however, hypercars, like 
other sharp increases in resource productivity, will significantly reduce 
pollution and buy us much needed time for the transition to a sustain
able future. 

E n e r gy from t h e  Sun 

Before turning to the ecodesign of automobiles, we need to examine 
more fully the question of energy use. In a sustainable society, all hu
man activities and industrial processes must ultimately be fueled by so
lar energy, like the processes in nature's ecosystems. Solar energy is the 
only kind of energy that is renewable and environmentally benign. 
Hence, the shift to a sustainable society centrally includes a shift from 
fossil fuels-the principal energy sources of the Industrial Age-to 
solar power. 

The sun has supplied the planet with energy for billions of years, 
and virtually all our energy sources-wood, coal, petroleum, natural 
gas, wind, hydropower, and so on-originate in solar energy. However, 
not all these forms of energy are renewable. In the current energy de
bate, the term "solar energy" is used to refer to the forms of energy 
that come from inexhaustible or renewable sources-sunlight for solar 
heating and photovoltaic electricity, wind and hydropower and biomass 
(organic matter). The most efficient solar technologies involve small
scale devices, used by local communities, which generate a wide variety 
of jobs. The use of solar energy, like the other ecodesign principles, re-
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duces pollution while at the same time increasing employment. More
over, the shift to solar energy will especially benefit people living in 
Southern countries where sunlight is most abundant. 

In recent years, it has become increasingly clear that the transition 
to solar energy is needed not only because fossil fuels--coal, oil and 
natural gas-are limited and nonrenewable, but especially because of 
their devastating impacts on the environment. The discovery of the 
critical role of carbon dioxide (C02) in global climate change and of 
humanity's responsibility for adding CO2 to the atmosphere has 
highlighted the connection between environmental pollution and the 
carbon content of fossil-fuel energy, and carbon intensity has become 
an important indicator of our movement toward sustainability. As Seth 
Dunn of the Worldwatch Institute puts it, we need to "decarbonize" 
our energy economy.77 

Fortunately, this is already happening. Industrial ecologist Jesse 
Ausubel, cited by Dunn, has shown that a progressive decarbonization 
of energy sources has taken place over the past 200 years. For millen
nia, humanity's main energy source was wood, which releases ten mol
ecules of carbon (in soot or CO2) for every molecule of hydrogen (in 
water vapor) when it is burned. When coal became the principal source 
of energy for the industrial world in the nineteenth century, that ratio 
was reduced to 2: 1 .  By the mid-twentieth century, oil surpassed coal as 
the leading fuel. This continued the process of decarbonization, as the 
combustion of oil releases only one molecule of carbon for every two of 
hydrogen. With natural gas (methane), which began its ascent in the fi
nal decades of the twentieth century, decarbonization went even fur
ther with one unit of carbon being released for every four units of 
hydrogen. Thus each new major fuel source decreased the carbon/hy
drogen ratio. The transition to solar energy will be the final step in this 
decarbonization process, since renewable energy sources do not release 
any carbon into the atmosphere. 

In previous decades, there was great hope that nuclear power might 
be the ideal clean fuel to replace coal and oil, but it soon became appar
ent that nuclear power carries such enormous risks and costs that it is 
not a viable solution.78 These risks begin with the contamination of 
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people and the environment with cancer-causing radioactive sub
stances during every stage of the fuel cycle-the mining and enrich
ment of uranium, the operation and maintenance of the reactor, and 
the handling and storage or reprocessing of nuclear waste. In addition, 
there are the unavoidable emissions of radiation in nuclear accidents 
and even during routine operation of power plants; the unsolved prob
lems of how to safely decommission nuclear reactors and store radioac
tive waste; the threat of nuclear terrorism and the ensuing loss of basic 
civic liberties in a totalitarian "plutonium economy"; and the disas
trous economic consequences of the use of nuclear power as a capital
intensive, highly centralized source of energy. 

All these risks combine with the inherent problems of fuel and con
struction costs to increase the costs of running nuclear power plants to 
levels that make them highly uncompetitive. As early as 1977, a promi
nent utilities investment adviser concluded a thorough investigation of 
the nuclear industry with the following devastating statement: "The 
conclusion that must be reached is that, from an economic standpoint 
alone, to rely upon nuclear fission as the primary source of our station
ary energy supplies will constitute economic lunacy on a scale unparal
leled in recorded history."79 Today, nuclear power is the world's slowest 
growing energy source, dropping to a mere 1 percent growth in 1996, 
with no prospect of improvement. According to the Economist, "Not 
one [nuclear power plant] , anywhere in the world, makes commercial 
sense."80 

Solar energy, by contrast, is the energy sector that has seen the 
fastest growth over the past decade. The use of solar cells (i.e. photo
voltaic cells that convert sunlight into electricity) increased by about 
17 percen t per year in the 1990s, and wind power grew even more spec
tacularly, by about 24 percent per year.8! An estimated half a million 
homes around the world, mostly in remote villages that are not linked 
to an electric grid, now get their energy from solar cells. The recent in
vention of solar roofing tiles in Japan promises to lead to a further 
boost in the use of photovoltaic electricity. As mentioned above, these 
"solar shingles" are capable of turning rooftops into small power 
plants, which is likely to revolutionize electricity generation. 
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These developments show that the transition to solar energy is now 
well under way. In 1997, a thorough study by five American science lab
oratories concluded that solar energy could supply 60 percent of the 
u.s. energy needs at competitive prices today, if there was fair compe
tition and proper accounting of its environmental benefits. One year 
later, a study by Royal Dutch Shell considered it highly probable 
that over the next half century, renewable energy sources could be
come competitive enough to supply at least half of the world's energy 
needs.82 

Any long-term solar energy program will have to come up with 
enough liquid fuel to operate airplanes and at least some of our present 
ground transportation. Until recently, this has been the Achilles' heel 
of the solar transition.83 In the past, the preferred source for a renew
able liquid fuel was biomass; in particular, alcohol distilled from fer
mented grain or fruit. The problem with this solution is that, even 
though biomass is a renewable resource, the soil in which it grows is 
not. While we could certainly expect significant alcohol production 
from special crops, a massive alcohol fuel program would deplete our 
soil at the same rate as we are now depleting other natural resources. 

During the last few years, however, the liquid-fuel problem found a 
spectacular solution with the development of efficient hydrogen fuel 
cells that promise to inaugurate a new era in energy production-the 
"hydrogen economy." Hydrogen, the universe's lightest and most 
abundant element, is commonly used as rocket fuel. A fuel cell is an 
electrochemical device that combines hydrogen with oxygen to pro
duce electricity and water-and nothing else! This makes hydrogen 
the ultimate clean fuel, the definitive last step in the long decarboniza
tion process. 

The process in a fuel cell is similar to that in a battery, but uses a 
continual flow of fuel. Hydrogen molecules are fed into one side of the 
device, where they are split into protons and electrons by a catalyst. 
These particles then travel to the other side along different paths. The 
protons pass through a membrane, while the electrons are forced to 
travel around it, creating an electric current in the process. After being 
used, the current reaches the other side of the fuel cell, where the elec-
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trons are reunited with the protons and the resulting hydrogen reacts 
with oxygen from the air to form water. The entire operation is silent, 
reliable and does not generate any pollution or waste.84 

Fuel cells were invented in the nineteenth century, but until re
cently were not produced commercially (except for the US. space pro
gram), because they were bulky and uneconomical . They required 
large amounts of platinum as a catalyst, which made them far too ex
pensive for mass production. Besides, fuel cells run on hydrogen, which 
exists in abundance but must be separated from water (H20) or natu
ral gas (CH4) before it can be used as a fuel. This is not technically 
difficult, but requires a special infrastructure that nobody in our fossil
fuel economy was interested in developing. 

This situation changed radically during the last decade. Techno
logical breakthroughs have drastically reduced the amounts of plat
inum needed as catalyst, and ingenious "stacking" techniques make it 
possible to create compact and highly efficient units that will be manu
factured within the next few years to supply electricity for our homes, 
buses, and cars.85 

While several companies around the world are racing to be the first 
to produce residential fuel cell systems commercially, a joint venture to 
create the world's first hydrogen economy was launched by the govern
ment of Iceland and several Icelandic corporations.86 Iceland will use 
its vast geothermal and hydroelectric resources to produce hydrogen 
from seawater, to be used in fuel cells first in buses and then in passen
ger cars and fishing vessels. The goal set by the government is to com
plete the transition to hydrogen between 2030 and 2040. 

At present, natural gas is the most common source of hydrogen, but 
separation of hydrogen from water with the help of renewable energy 
sources (especially solar electricity and wind power) will be the most 
economical-and cleanest-method, in the long run. When that hap
pens, we will have created a truly sustainable system of energy genera
tion. As in nature's ecosystems, all the energy we need will be supplied 
by the sun, either via small-scale solar devices, or distributed as hydro
gen, the ultimate clean fuel, and used in the efficient and reliable oper
ation of fuel cells. 
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Hyp e rc ars  

The redesign of automobiles may be the ecodesign branch with the 
most far-reaching industrial consequences. In typical ecodesign fash
ion, it began with an analysis of the inefficiency of our present cars, 
proceeded with a long search for systemic and ecologically oriented so
lutions, and ended up with design ideas so radical that they will not 
only change today's automobile industry beyond recognition but may 
have equally sweeping effects on the associated oil, steel, and electric
ity industries. 

Like many other products of industrial design, the contemporary 
automobile is stunningly inefficient.87 Only 20 percent of the energy in 
the fuel is used to turn the wheels, while 80 percent is lost in the en
gine's heat and exhaust. Moreover, a full 95 percent of the energy that 
is used moves the car, and only 5 percent moves the driver. The overall 
efficiency in terms of the proportion of fuel energy used to move the 
driver is 5 percent of 20 percent-a mere 1 percent! 

In the early 1990s, physicist and energy specialist Amory Lovins 
and his colleagues at the Rocky Mountain Institute took up the chal
lenge of completely redesigning today's vastly inefficient automobile 
by synthesizing emerging alternative ideas into a conceptual design 
they called the "hypercar." This design combines three key elements. 
Hypercars are ultralight, weighing two or three times less than steel 
cars; they display high aerodynamic efficiency, moving along the road 
several times more easily than standard cars; and they are propelled by 
a "hybrid-electric drive," which combines an electric motor with fuel 
that produces the electricity for the motor on board. 

When these three elements are integrated into a single design, they 
save at least 70 to 80 percent of the fuel used by a standard car, while 
also making the car safer and more comfortable. In addition, the con
cept generates numerous surprising effects that promise to revolution
ize not only the automobile industry but also industrial design as a 
whole.88 

The starting point of the hypercar concept is to reduce the power 
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required to move the vehicle. Since only 20 percent of the fuel energy 
is used to turn the wheels in a standard car, any saving of power at the 
wheels will result in a fivefold saving of fuel. In a hypercar, power at 
the wheels is saved by making the car lighter and more aerodynamic. 
The standard metal body is replaced by one made of strong carbon 
fibers embedded in special moldable plastics. Combinations of various 
fibers offer great design flexibility, and the resulting ultralight body 
cuts the car's weight in hal£ In addition, simple streamlining details 
can reduce air resistance by 40 to 60 percent without restricting stylis
tic flexibility. Together, these innovations can reduce the power needed 
to' move the car and its passengers by 50 percent or more. 

Making the car ultralight generates a cascade of secondary effects, 
many of which result in further weight reductions. A lighter car can 
function with a lighter suspension to support the reduced weight, a 
smaller engine to move it, smaller brakes to decelerate it, and less fuel 
to run the engine. Moreover, certain components do not merely become 
smaller but are eliminated altogether. Power steering and power brakes 
are not needed in ultralight vehicles. The hybrid-electric drive elimi
nates further components--clutch, transmission, driveshaft etc.-all 
of which reduce the car's weight. 

The new fiber composites are not only ultralight but also extraordi
narily strong. They can absorb five times more energy per pound than 
steel. This is, of course, an important safety element. Hypercars are 
designed to dissipate crash energy effectively with' the help of tech
nologies copied from race cars, which are also ultralight and amazingly 
safe. In addition to protecting their own occupants, lightweight cars 
are also less dangerous for the passengers in the vehicles they collide 
with. 

The differences between the physical properties of steel and fiber 
composites profoundly affect not only the design and operation of hy
percars but also their manufacture, distribution, and maintenance. 
Although carbon fibers are more expensive than steel, the production 
process of composite car bodies is much more economical. Steel must 
be pounded, welded, and finished; composites emerge from a mold as a 
single, finished piece. This cuts tooling costs by up to 90 percent. The 
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car assembly, too, is much simpler, since the lightweight parts are easy 
to handle and can be lifted without hoists. Painting, which is the most 
expensive and most polluting step in car manufacture, can be elimi
nated by integrating color into the molding process. 

The multiple advantages of fiber composites combine to favor small 
design teams, low break-even volumes per model, and local factories, 
all of which are characteristics of ecodesign as a whole. Maintenance of 
hypercars is also vastly simpler than that of steel cars, since many of 
the parts that are frequently responsible for mechanical breakdowns 
are no longer there. The rust- and fatigue-free composite bodies, which 
are almost impossible to dent, will last for decades until they are even
tually recycled. 

Another fundamental innovation is the hybrid-electric drive. Like 
other electric cars, hypercars have efficient electric motors to turn 
their wheels, as well as the ability to transform braking energy back 
into electricity, which offers additional energy savings. Unlike standard 
electric cars, however, hypercars have no batteries. Instead of using 
batteries, which continue to be heavy and short-lived, electricity is 
generated by a small engine, turbine or fuel cell. Such hybrid drive sys
tems are small, and since they are not directly coupled to the wheels, 
they run near their optimal conditions all the time, which further re
duces fuel consumption. 

Hybrid cars can use gasoline or a variety of cleaner options, includ
ing fuels made from biomass. The cleanest, most efficient and most ele
gant way to power a hybrid car is to use hydrogen in a fuel cell. Such an 
automobile not only operates silently and without any pollution, but 
also becomes, in effect, a small power plant on wheels. This is perhaps 
the most surprising and far-reaching aspect of the hypercar concept. 
When the car is parked at the owner's home or place of work-in other 
words, most of the time-the electricity produced by its fuel cell could 
be sent into the electric grid and the owner could automatically be 
credited for it. Amory Lovins estimates that such massive production 
of electricity would soon put all coal and nuclear power plants out 
of business, and that a full U.S. fleet of hydrogen-powered hypercars 
would have five to ten times the generating capacity of the national 
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electric grid, save all the oil OPEC now sells, and reduce America's CO2 
emissions by about two thirds.89 

When Lovins created the hypercar concept in the early 1990s, he as
sembled a technical team at his Rocky Mountain Institute to develop 
the idea. Over the subsequent years the team published numerous pro
fessional papers, followed in 1996 by a voluminous report, Hypercars: 

Materials, Manufocturing, and Policy Implications.9o To maximize competi
tion among car manufacturers, the hypercar team placed all of its ideas 
in the public domain and shared them conspicuously with some two 
dozen major car companies. 

This unconventional strategy worked as intended, triggering fierce 
worldwide competition. Toyota and Honda were the first to offer hy
brid petrol electric cars-the five-seater Toyota Prius and the two
seater Honda Insight. Similar hybrid cars, achieving fuel efficiencies of 
72 to 80 miles per gallon (mpg), were tested by General Motors, Ford 
and Daimler Chrysler, and are now heading for production. In the 
meantime, Volkswagen is selling a 78-mpg model in Europe and plans 
to put a 23S-mpg (!) model on the American market in 2003. In addi
tion, fuel-cell cars are slated for production in 2003-0S by eight major 
automakers.91 

To increase competitive pressure even further, the Rocky Mountain 
Institute spun off an independent start-up company, Hypercar Inc., to 
design the world's first uncompromising, super-efficient and manufac
turable hypercar.92 The design of this concept car was successfully 
completed in November 2000, and was featured in a frontpage article in 
The wall Street 'Journal two months later.93 It will be a spacious mid
sized sport-utility vehicle (suv) with fuel efficiency of 99 mpg, which 
will run silently with zero emissions and a radius of 330 miles, powered 
by electricity generated in a fuel cell from 7.S pounds of hydrogen com
pressed in ultrasafe tanks.94 The design meets stringent industry stan
dards and is consistent with a 200,000-mile warranty. Lovins and his 
colleagues hope to produce numerous prototypes by the end of 2002. If 
they succeed, they will have proven that the hypercar concept can be
come a commercial reality. 

Today, the hypercar revolution is well under way. When the models 
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now in production are in the showrooms of the major car companies, 
people will buy them not just because they want to save energy and 
protect the environment, but simply because these new ultralight, 
safe, pollution-free, silent and super-efficient models will be better 
cars. People will switch to them just as they switched from mechanical 
typewriters to computers and from vinyl records to CDS. Eventually, 
the only steel cars with combustion engines on the road will be a small 
number of vintage Jaguars, Porsches, Alfa Romeos, and other classic 
sports cars. 

Since the automobile industry is the world's largest, followed by the 
related oil industry, the hypercar revolution will have a profound im
pact on industrial production as a whole. Hypercars are an ideal means 
to introduce examples of the service-and-flow economy advocated by 
ecodesigners on a large scale. They are likely to be leased rather than 
sold while the necessary hydrogen infrastructure is developed, and 
their recyclable materials will flow in closed loops, with toxicities care
fully controlled and progressively reduced. The dramatic shifts from 
steel to carbon fibers and from gasoline to hydrogen will ultimately re
place today's steel, petroleum, and related industries with radically dif
ferent types of environmentally benign and sustainable production 
processes. 

Tran s i t i o n  to t h e  Hyd r o g e n  E c o n omy 

Most of the hybrid cars now in production are not yet powered by fuel 
cells, since they are still too expensive and hydrogen is not readily 
available. The production volume needed to bring fuel cell prices down 
will probably first come from their use in buildings. As mentioned 
above, there is now fierce worldwide competition for the production of 
residential fuel cell systems. Until hydrogen fuel can easily be delivered 
to homes, these systems will include fuel processors that extract hy
drogen from natural gas. Thus existing gas lines will be used to provide 
not only natural gas, but also electricity. Amory Lovins estimates that 
electricity generated by these fuel cells will easily compete with that 
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from coal and nuclear power plants, because it will not only be pro
duced more cheaply, but will also save the costs of long transmission 
lines.95 

Paul Hawken and Amory and Hunter Lovins envisage a scenario for 
the transition to a hydrogen economy in which the first fuel-cell cars 
will be leased to people who work in or near buildings with fuel cell sys
tems that extract hydrogen from natural gas.96 The surplus hydrogen 
produced by these systems during off-peak hours will be distributed at 
special filling stations to fuel the hypercars. As the hydrogen market 
expands with the use of fuel cells in buildings, factories, and vehicles, 
more centralized production and delivery through new hydrogen 
pipelines will become attractive. 

At first, this hydrogen will also be produced from natural gas, using 
a special technique that injects the CO2 resulting from the hydrogen 
extraction process back into the underground gas fields. In this way, 
the abundant existing resources of natural gas can be used to produce 
clean hydrogen fuel without harming the Earth's climate. Eventually, 
hydrogen will be separated from water with the help of renewable en
ergy from solar cells and wind farms. 

As the transition to the hydrogen economy progresses, energy effi
ciency will outpace oil production so quickly that even cheap oil will 
become uncompetitive and thus no longer worth extracting. As Amory 
and Hunter Lovins point out, the Stone Age did not end because peo
ple ran out of stones.97 The Petroleum Age will not end because we will 
run out of petroleum. It will end because we have developed superior 
technologies. 

E c o d e s i g n  P o l i c i e s  

The numerous ecodesign projects reviewed in the preceding pages pro
vide compelling evidence that the transition to a sustainable future is 
no longer a technical nor a conceptual problem. It is a problem of val
ues and political will. According to the Worldwatch Institute, the poli
cies needed to support ecodesign and the shift to renewable energy 
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include, "a mix of free market competition and regulation, with envi
ronmental taxes correcting marketplace distortions; temporary subsi
dies to support the market entry of renewables; and the removal of 
hidden subsidies to conven tional sources. "98 

The removal of hidden subsidies-or "perverse subsidies," as con
servationist Norman Myers calls them99-is especially urgent. Today, 
the governments of the industrial world use vast amounts of their tax
payers' money to subsidize unsustainable and harmful industries and 
corporate practices. The numerous examples listed by Myers in his eye
opening book, Perverse subsidies, include the billions of dollars paid by 
Germany to subsidize the extremely harmful coal-burning plants of 
the Ruhr Valley; the huge subsidies the u.s. government gives to its au
tomobile industry, which was on corporate welfare during most of the 
twentieth century; the subsidies given to agriculture by the DEeD, to
talling $300 billion per year, which is paid to farmers to not grow food 
although millions in the world go hungry; as well as the millions of dol
lars the United States offers to tobacco farmers to grow a crop that 
causes disease and death. 

All of these are perverse subsidies indeed. They are powerful forms 
of corporate welfare that send distorted signals to the markets. Per
verse subsidies are not officially tallied by any government in the 
world. While they support inequity and environmental degradation, 
the corresponding life-enhancing and sustainable enterprises are por
trayed by the same governments as being uneconomical. It is high time 
to eliminate these immoral forms of government support. 

Another kind of signal the government sends to the marketplace is 
provided by the taxes it collects. At present, these too are highly dis
torted. Our existing tax systems place levies on the things we value
jobs, savings, investments-and do not tax the things we recognize as 
harmful-pollution, environmental degradation, resource depletion, 
and so on. Like perverse subsidies, this provides investors in the mar
ketplace with inaccurate information about costs. We need to reverse 
the system: instead of taxing incomes and payrolls, we should tax non
renewable resources, especially energy, and carbon emissions. 100 

Such a shift in taxation-formerly called "ecological tax reform" 
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and now better known simply as "tax shifting"-would be strictly rev
enue neutral for the government. This means that taxes would be 
added to existing products, forms of energy, services and materials, so 
that their prices would better reflect their true costs, while equal 
amounts would be subtracted from income and payroll taxes. 

To be successful, tax shifting needs to be a slow, long-term process 
in order to give new technologies and consumption patterns sufficient 
time to adapt, and it needs to be implemented predictably in order to 
encourage industrial innovation. Such a long-term, incremental shift of 
taxation will gradually drive wasteful, harmful technologies and con
sumption patterns out of the market. 

As energy prices go up, with corresponding income tax reductions 
to offset the increase, people will increasingly switch from conventional 
to hybrid cars, use bicycles and public transportation, and share car
pools when they commute to work. As taxes on petrochemicals and fuel 
go up, again with offsetting reductions in income taxes, organic farming 
will become not only the healthiest but also the cheapest means of pro
ducing food. Tax shifting will create powerful incentives for business to 
adopt ecodesign strategies, because all their beneficial effects-increas
ing resource productivity, reducing pollution, eliminating waste, creat
ing jobs-would also result in tax benefits. 

Various forms of tax shifting have recently been initiated in sev
eral European nations, including Germany, Italy, the Netherlands, and 
the Scandinavian countries. Others are likely to follow soon. Indeed, 
Jacques Delors, former president of the European Commission, is urg
ing governments to adopt the process Europewide. When that happens, 
the United States will be forced to follow suit so that its businesses re
main competitive, because tax shifting will lower their European com
petitors' labor costs while stimulating innovation. 

The taxes people pay in a given society ultimately reflect that soci
ety's value system. Hence, a shift to taxation that encourages the cre
ation of jobs, the revitalization of local communities, the conservation 
of natural resources, and the elimination of pollution reflects the core 
values of human dignity and ecological sustainability that underlie the 
principles of ecodesign and the worldwide movement to reshape glob-
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alization. As the NGOs in the newly formed global civil society con
tinue to refine their conceptualization of the alternatives to global cap
italism and the ecodesign community refines its principles, processes 
and technologies, tax shifting will be the policy that interlinks and 
supports both movements, because it reflects the core values they 
share. 
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MA K I N G SE N SE 

y objective in this volume has been to develop a con
ceptual framework that integrates the biological, cog
nitive, and social dimensions of life; a framework that 

enables us to adopt a systemic approach to some of the critical issues of 
our time. The analysis of living systems in terms of four intercon
nected perspectives-form, matter, process, and meaning-makes it 
possible to apply a unified understanding of life to phenomena in the 
realm of matter, as well as to phenomena in the realm of meaning. For 
example, we saw that metabolic networks in biological systems corre
spond to networks of communications in social systems; chemical 
processes producing material structures correspond to thought pro
cesses producing semantic structures; and flows of energy and matter 
correspond to flows of information and ideas. 

A central insight of this unified, systemic understanding of life is 
that its basic pattern of organization is the network. At all levels of 
life-from the metabolic networks inside cells to the food webs of 
ecosystems and the networks of communications in human societies
the components of living systems are interlinked in network fashion. 
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We have seen in particular that in our Information Age, social functions 
and processes are increasingly organized around networks. Whether we 
look at corporations, financial markets, the media, or the new global 
NGOS, we find that networking has become an important social phe
nomenon and a critical source of power. 

As this new century unfolds, there are two developments that will 
have major impacts on the well-being and ways of life of humanity. Both 
have to do with networks, and both involve radically new technologies. 
One is the rise of global capitalism; the other is the creation of sustain
able communities based on ecological literacy and the practice of ecode
sign. Whereas global capitalism is concerned with electronic networks 
of financial and informational flows, ecodesign is concerned with eco
logical networks of energy and material flows. The goal of the global 
economy is to maximize the wealth and power of its elites; the goal of 
ecodesign to maximize the sustainability of the web of life. 

These two scenarios--each involving complex networks and special 
advanced technologies-are currently on a collision course. We have 
seen that the current form of global capitalism is ecologically and so
cially unsustainable. The so-called "global market" is really a network 
of machines programmed according to the fundamental principle that 
money-making should take precedence over human rights, democracy, 
environmental protection, or any other value. 

However, human values can change; they are not natural laws. The 
same electronic networks of financial and informational flows could have 
other values built into them. The critical issue is not technology, but 
politics. The great challenge of the twenty-first century will be to 
change the value system underlying the global economy, so as to make 
it compatible with the demands of human dignity and ecological sus
tainability. Indeed, we have seen that this process of reshaping global
ization has already begun. 

One of the greatest obstacles on the road toward sustainability is 
the continuing increase in material consumption. In spite of all the em
phasis in our new economy on information processing, knowledge gen
eration, and other intangibles, the main goal of these innovations is to 
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increase productivity, which ultimately increases the flow of material 
goods. Even when Cisco Systems and other Internet companies manage 
information and expert knowledge without manufacturing any mate
rial products, their suppliers and subcontractors do, and many of 
them, especially in the South, operate with considerable environmental 
impacts. As Vandana Shiva remarked wryly, "Resources move from the 
poor to the rich, and pollution moves from the rich to the poor."! 

Moreover, the software designers, financial analysts, lawyers, in
vestment bankers, and other professionals who have become very 
wealthy in the "nonmaterial" economy tend to show their wealth by 
conspicuous consumption. Their large homes, located in sprawling 
suburbs, are filled with the latest gadgets, their garages stocked with 
two to three cars per person. Biologist and environmentalist David 
Suzuki notes that in the last forty years, the size of Canadian families 
has shrunk by 50 percent, but their living spaces have doubled. "Each 
person uses four times as much space," Suzuki explains, "because we 
are all buying so much stuff."2 

In contemporary capitalist society, the central value of money
making goes hand in hand with the glorification of material consump
tion. A never-ending stream of advertising messages reinforces people's 
delusion that the accumulation of material goods is the royal road to 
happiness, the very purpose of our lives.3 The United States projects 
its tremendous power around the world to maintain optimal conditions 
for the perpetuation and expansion of production. The central goal of 
its vast empire-its overwhelming military might, impressive range of 
intelligence agencies, and dominant positions in science, technology, 
media, and entertainment-is not to expand its territory, nor to pro
mote freedom and democracy, but to make sure that it has global access 
to natural resources and that markets around the world remain open to 
its products.4 Accordingly, political rhetoric in America moves swiftly 
from "freedom" to "free trade" and "free markets." The free flow of 
capital and goods is equated with the lofty ideal of human freedom, and 
material acquisition is portrayed as a basic human right, increasingly 
even as an obligation. 



264 t h e  h i d d e n  c o n n e e t i. o n s 

This glorification of material consumption has deep ideological 
roots that go far beyond economics and politics. Its origins seem to lie 
in the universal association of manhood with material possessions in 
patriarchal cultures. Anthropologist David Gilmore studied images of 
manhood around the world-"male ideologies," as he puts it-and 
found striking cross-cultural similarities.s There is a recurring notion 
that "real manhood" is different from simple biological maleness, that 
it is something that has to be won. In most cultures, Gilmore shows, 
boys "must earn the right" to be called men. Although women, too, are 
judged by sexual standards that are often stringent, Gilmore notes that 
their very status as women is rarely questioned.6 

In addition to well-known images of manliness like physical 
strength, toughness, and aggression, Gilmore found that in culture 
after culture, "real" men have traditionally been those who produce 
more than they consume. The author emphasizes that the ancient asso
ciation of manhood with material production meant production on be
half of the community: ''Again and again we find that 'real' men are 
those who give more than they take; they serve others. Real men are 
generous, even to a fault."7 

Over time, there was a shift in this image, from production for the 
sake of others to material possession for the sake of one's sel£ Manhood 
was now measured in terms of ownership of valuable goods-land, cat
tle, or cash-and in terms of power over others, especially women and 
children. This image was reinforced by the universal association of 
virility with "bigness"-as measured in muscle strength, accomplish
ments, or number of possessions. In modern society, Gilmore points 
out, male "bigness" is measured increasingly by material wealth: "The 
Big Man in any industrial society is also the richest guy on the block, 
the most successful, the most competent . . .  He has the most of what 
society needs or wants."8 

The association of manhood with the accumulation of possessions 
fits well with other values that are favored and rewarded in patriarchal 
culture expansion, competition, and an "object-centered" conscious
ness. In traditional Chinese culture, these were called yang values and 
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were associated with the masculine side of human nature.9 They were 
not seen as being intrinsically good or bad. However, according to 
Chinese wisdom, the yang values need to be balanced by their yin, or 
feminine, counterparts--expansion by conservation, competition by 
cooperation, and the focus on objects by a focus on relationships. I have 
long argued that the movement toward such a balance is very consis
tent with the shift from mechanistic to systemic and ecological think
ing that is characteristic of our time.!O 

Among the many grassroots movements working for social change 
today, the feminist movement and the ecology movement advocate the 
most profound value shifts, the former through a redefinition of gender 
relationships, the latter through a redefinition of the relationship be
tween humans and nature. Both can contribute significantly to over
coming our obsession with material consumption. 

By challenging the patriarchal order and value system, the women's 
movement has introduced a new understanding of masculinity and per
sonhood that does not need to associate manhood with material posses
sions. At the deepest level, feminist awareness is based on women's 
experiential knowledge that all life is connected, that our existence is 
always embedded in the cyclical processes of nature. ! !  Feminist con
sciousness, accordingly, focuses on finding fulfillment in nurturing rela
tionships rather than in the accumulation of material goods. 

The ecology movement arrives at the same position from a different 
approach. Ecological literacy requires systemic thinking-thinking in 
terms of relationships, context, patterns, and processes-and ecode
signers advocate the transition from an economy of goods to an econ
omy of service and flow. In such an economy, matter cycles continually, 
so that the net consumption of raw materials is drastically reduced. As 
we have seen, a service-and-flow or zero-emissions economy is also 
excellent for business. As wastes turn into resources, new revenue 
streams are generated, new products are created and productivity in
creases. Whereas the extraction of resources and the accumulation of 
waste are bound to reach their ecological limits, the evolution of life 
has demonstrated for more than three billion years that in a sustainable 
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Earth household, there are no limits to development, diversification, 
innovation, and creativity. 

In addition to increasing resource productivity and reducing pollu
tion, the zero-emissions economy also increases employment oppor
tunities and revitalizes local communities. Thus the rise of feminist 
awareness and the movement toward ecological sustainability will com
bine to bring about a profound change of thinking and values-from 
linear systems of resource extraction and accumulation of products 
and waste to cyclical flows of matter and energy; from the focus on ob
jects and natural resources to a focus on services and human resources; 
from seeking happiness in material possessions to finding it in nurtur
ing relationships. In the eloquent words of David Suzuki: 

Family, friends, community-these are the sources of the greatest 
love and joy we experience as humans. We visit family members, keep 
in touch with favourite teachers, share and exchange pleasantries 
with friends. We undertake difficult projects to help others, save 
frogs or protect a wilderness, and in the process discover extreme sat
isfaction. We find spiritual fulfillment in nature or by helping others. 
None of these pleasures requires us to consume things from the 
Earth, yet each is det;ply fulfilling. These are complex pleasures, and 
they bring us much closer to real happiness than the simple ones, like 
a bottle of Coke or a new minivan.12 

The question naturally arises: Will there be enough time for this pro
found change of values to halt and reverse the present depletion of nat
ural resources, extinction of species, pollution, and global climate 
change? The developments mentioned in the preceding pages do not 
point to a clear answer. If we extrapolate current environmental trends 
into the future, the outlook is alarming. On the other hand, there are 
many signs that a significant, and perhaps decisive, number of people 
and institutions around the world have begun the transition to ecolog
ical sustainability. Many of my colleagues in the ecology movement 
share this view, as the following three voices, representative of many 
others, make clear. 13 
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I believe that there are now some clear signs that the world does seem 
to be approaching a kind of paradigm shift in environmental con
sciousness. Across a spectrum of activities, places, and institutions, 
the atmosphere has changed markedly in just the last few years. 

Lester Brown 

I am more hopeful now than I was a few years ago. I think the speed 
and importance of things getting better outweighs the speed and im
portance of things getting worse. One of the most hopeful develop
ments is the co-operation between the North and the South in the 
global civil society. We have much richer expertise available now than 
we had before. 

Amory Lovins 

I am optimistic, because life has its own ways of not becoming ex
tinct; and people, too, have their own ways. They will continue life's 
tradition. 

Vandana Sbiva 

To be sure, the transition to a sustainable world will not be easy. 
Gradual changes will not be enough to turn the tide; we also need some 
major breakthroughs. The task seems overwhelming, but is not impos
sible. From our new understanding of complex biological and social 
systems we have learned that meaningful disturbances can trigger mul
tiple feedback processes that may rapidly lead to the emergence of new 
order. Recent history has shown us some powerful examples of these 
dramatic transformations-from the fall of the Berlin Wall and the 
Velvet Revolution in Europe to the end of Apartheid in South Africa. 

On the other hand, complexity theory also tells us that these points 
of instability may lead to breakdowns rather than breakthroughs. So 
what can we hope for the future of humanity? In my opinion, the most 
inspiring answer to this existential question comes from one of the key 
figures in the recent dramatic social transformations, the great Czech 
playwright and statesman Viclav Havel, who turns the question into a 
meditation on hope itself: 
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The kind of hope that I often think about . . . I understand above all 
as a state of mind, not a state of the world. Either we have hope 
within us or we don't; it is a dimension of the soul, and it's not es
sentially dependent on some particular observation of the world or 
estimate of the situation . . .  [Hope] is not the conviction that some
thing will turn out well, but the certainty that something makes 
sense, regardless of how it turns out.14 
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