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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 aca-

demic disciplines have been organized in such a way that the natural sci-

ences deal with material structures while the social sciences deal with so-

cial 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 scientists, natural scientists and

everybody else – will be to build ecologically sustainable communities,

designed in such a way that their technologies and social institutions –

their material and social structures – do not interfere with nature’s inher-

ent ability to sustain life./xix

- Since we know that all living organisms are either single cells or

multicellular, we know that the simplest living system is the cell. More pre-

cisely, it is a bacterial cell./4

- Since its beginnings, life on Earth has been associated with water.

Bacteria move in water, and the metabolism inside their membranes takes
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place in a watery environment. In such fluid surroundings, a cell could never

persist as a distinct entity without a physical barrier against free diffusion.

The existence of membranes is therefore an essential condition for cellular

life./8

- 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 meta-

bolic reactions involve a variety of ions, and the membrane, by being semi-

permeable, controls their proportions and keeps them in balance. Another

critical activity of the membrane is to continually pump out excessive cal-

cium waste, so that the calcium remaining within the cell is kept at the

precise, very low level required for its metabolic functions. All these activi-

ties 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./8

- 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 produced, broken down and produced again./8

- When we take a closer look at the processes of metabolism, we no-

tice that they form a chemical network. This is another fundamental fea-

ture of life. As ecosystems are understood in terms of food webs (networks
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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 pat-

tern that is common to all life. Wherever we see life, we see networks./9

- The metabolic network of a cell involves very special dynamics that

differ strikingly from the cell’s nonliving environment. Taking in nutrients

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 itself. The function

of each component in this network is to transform or / replace other com-

ponents, so that the entire network continually generates itself. This is the

key to the systematic definition of life: living networks continually create, or

re-create, themselves by transforming or replacing their components. In

this way they undergo continued structural changes while preserving their

weblike patterns of organization./9-10

- The dynamic of self-generation was identified as a key characteristic

of life by biologists Humberto Maturana and Francisco Varela, who gave it

the name ‘autopoiesis’ (literally ‘self-making’). The concept of autopoiesis

combines the two defining characteristics of cellular life mentioned, the

physical boundary and the metabolic network. Unlike the surfaces of crys-

tals or large molecules, the boundary of an autopoietic system is chemically

distinct from the rest of the system, and it participates in metabolic pro-
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cesses by assembling itself and by selectively filtering incoming and outgo-

ing molecules./10

- 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 sys-

tem as a whole. In the words of Pier Luigi Luisi, ‘Life cannot be ascribed to

any single molecular component (not even DNA or RNA!) but only to the

entire metabolic network.’/10

- Autopoiesis provides a clear and powerful criterion for distinguish-

ing between living and nonliving systems. For example, it tells us that vi-

ruses are not alive, because they lack their own metabolism. Outside living

cells, viruses are inert molecular structures consisting of proteins and nucleic

acids. A virus is essentially a chemical message that needs the metabolism

of a living host cell to produce new virus particles, according to the instruc-

tions encoded in its DNA or RNA. The new particles are not built within the

boundary of the virus itself, but outside in the host cell./10

- 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 network. The new cell is not produced from na-

ked DNA, but from an unbroken continuation of the entire autopoietic net-

work. Naked DNA is never passed on, because genes can only function when
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they are embedded in the epigenetic network. Thus life has unfolded for

over three billion years in an uninterrupted process, without ever breaking

the basic pattern of its self-generating networks./12

- The starting point for this is the observation that all cellular struc-

tures exist far from thermodynamic equilibrium and would soon decay to-

ward the equilibrium state – in other words, the cell would die – if the cellu-

lar metabolism did not use a continual flow of energy to restore structures

as fast as they are decaying. This means that we need to describe the cell as

an open system. Living systems are organizationally closed – they are

autopoietic networks – but materially and energetically open./13

- A dissipative structure, as described by Prigogine, is an open system

that maintains itself in a state far from equilibrium, yet is nevertheless stable:

the same overall structure is maintained in spite of an ongoing flow and

change of components. (…) 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 instabil-

ity, known as a ‘bifurcation point’, at which it can branch off into an / entirely

new state where new structures and new forms of order may emerge./13-

14

- This spontaneous emergence of order at critical points of instability

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,
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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 con-

clusion that open systems develop and evolve. Life constantly reaches out

into novelty./14

- The theory of dissipative structures, formulated in terms of non-lin-

ear dynamics, explains not only the spontaneous emergence of order, but

also helps us to define complexity. Whereas traditionally the study of com-

plexity has been a study of complex structures, the focus is now shifting

from the structures to the processes of their emergence. For example, in-

stead 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’./14

- We have learned that a cell is a membrane-bounded, self-generat-

ing, organizationally closed metabolic network; that it is materially and en-

ergetically 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./14

- 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 ‘prebiotic’ evolution –
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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./15

- The new thinking … begins from the hypothesis that very early on,

before the increase of molecular complexity, certain molecules assembled

into primitive membranes that spontaneously formed closed bubbles, and

that the evolution of molecular complexity took place inside these bubbles,

rather than in a structureless chemical soup./20

- The vesicle membranes 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 creates electric potentials across the membrane, and thus the

vesicle becomes a device that converts light energy into electric potential

energy./20

- Eventually, a further refinement of this energy scenario takes place

when the chemical reactions in the bubbles produce phosphates, which

are very effective in the transformation and distribution of chemical en-

ergy./21

- Cognition, according 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

system, at all levels of life, is mental activity. The interactions of a living or-

ganism – plant, animal or human – with its environment are cognitive in-
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teractions. Thus life and cognition are inseparably connected. Mind – or,

more accurately, mental activity – is immanent in matter at all levels of life./

34

- In this new view, cognition involves the entire process of life – includ-

ing perception, emotion, and behavior – and does not even necessarily re-

quire a brain and a nervous system./34

- 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 connectiv-

ity with every sense perception. These living systems are autonomous, how-

ever. The environment only triggers the structural changes; it does not

specify or direct them./35

- As a living organism responds to environmental influences with struc-

tural changes, these changes will in turn alter its future behavior. In other

words, a structurally coupled system is a learning system./35

- 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./35

-


