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background

Francisco Varela and I wrote this book 
together. I have no doubt that if either of us 
had written it separately both content and 
style would have been very different. un-
der no circumstance can I claim to speak 
for him, whether about this book or about 
anything else. For this reason, in writing 
this new preface I will speak only for myself, 
presenting how certain ideas that arose in 
the writing of this book reflected aspects of 
my own life. I do not believe that it may be 
done honestly in any other way. under these 
circumstances, when I say that Francisco 
was my student I do not pretend to dimin-
ish his stature or to subordinate his thinking 
to mine – I am just referencing the history 
of the ideas and our changing relationship. 
I am eighteen years older than Francisco, 
and in early life that age difference between 
a student and his teacher is enormous; how-
ever, it lessens or even disappears as the 
teacher’s scientific life nears its end.

History

The original title of this book was About 
Machines and Living Beings. However, its 
topic is life organization, and I originally 
conceived the word “autopoiesis” precisely 
as an attempt to synthesize into one simple 
and evocative expression what seemed to 
me to be a critical factor in the constitutive 
dynamics of a living being. So the original 
title is not strictly speaking accurate, but it 
is not appropriate at this point to analyze the 
circumstances that determined it. However, 

for this edition I would like to change it to 
reflect this central theme: Autopoiesis: orga-
nization of the living. What I would like to 
do in this new preface – over twenty years 
after the book was written – is describe and 
comment on how certain ideas, notions, and 
concepts arising in the course of my own life 
are reflected in this book.

In 1960 I returned to Chile after a period 
of six years abroad. I had obtained a doc-
torate in biology at Harvard university in 
1958. Ostensibly I returned to Chile in order 
to honor a previous commitment with the 
university of Chile, but intimately I chose to 
return because I wanted to give back some-
thing of what my country had given to me 
as I grew up in it. On returning, I was ac-
cepted as a second assistant to Gabriel Gasic, 
who held the Chair of Biology at the Medical 
School. After a long conversation with Gas-
ic, I convinced him to let me teach a series 
of lectures on the origin and organization of 
living beings as a part of his biology course 
in first year medicine. He granted me five or 
six sessions, towards the end of the academ-
ic year, and I had the privilege of being able 
to deliver these with freedom to include the 
content I wanted to include.

At the time I thought my whole life 
had more than adequately prepared me for 
those classes. After all, I had studied medi-
cine, biology, anatomy, and genetics; I had 
tackled anthropology, archaeology, and pa-
leontology; I had interests in ethnology and 
mythology; and I had undertaken detailed 
investigations in specific areas of biology 
(such as anatomy, neurobiology, and tax-
onomy) during my ten years as a student 
in Chile and abroad. Indeed, I had already 

been interested in the phenomenon of life as 
a high school student when Gustavo Hoeck-
er kindly accepted me as an apprentice in his 
laboratory at the beginning of my first year 
of medicine studies in 1948.

At the end of the last session of the se-
ries of lectures, one of the students asked 
me: “Sir, you say that life originated on land 
more or less three thousand five hundred mil-
lion of years ago. Please tell me what actually 
happened when life originated … what hap-
pened at the beginning of life so that you can 
say now that life began then?” As soon as I 
heard the question I knew I did not have an 
answer: I had prepared myself to answer it, 
certainly, but found I could not do so – in 
fact I had not myself reflected on the issue 
in the terms in which the question had been 
formulated. “What actually originated and 
has been conserved up to now from when 
living beings appeared on Earth?” was the 
question I heard. Indubitably I flushed – not 
just once but several times – and finally I an-
swered: “I do not know, but if you come next 
year I will offer you an answer.” I had one 
year to find it.

We do not always accept the questions 
that we accept, even when we say that we do. 
to accept a question consists of immersing 
oneself in the search for the answer that an-
swers it. Furthermore, the question specifies 
the answer that it admits. So the first thing 
that I did was to reformulate the question 
for myself in a complete manner: “What be-
gan when living beings began on Earth and 
has been conserved ever since?” Or, in other 
words: “What kind of system is a living sys-
tem?”

In 1960 this was a question without 
an answer. Biologists simply did not seri-
ously consider it. They skirted it by saying 
that much more knowledge was required; 
or they would simply list the properties or 
characteristics of a living being, proposing a 
list that necessarily remained indeterminate 
in the absence of some independent charac-
terization of living that would permit one to 
say when the list was complete. notable sci-
entists such as Alexander Oparin and John 
Haldane, who had devoted their attention 
and experimental work to the question of 
life, had not proposed anything that could 
be considered an adequate characterization 
of the living. Other scientists, such as Lud-
wig von Bertalanffy, adopting a systemic ap-
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proach in the quest for understanding living 
beings as totalities, spoke of an organismic 
vision, apparently thinking that to under-
stand living beings it was central to attend to 
their constitution as open systems and to the 
way they processed energy.

I thought differently. I thought that what 
was central to explaining and understanding 
living systems was to attend to their condi-
tion of being discrete, autonomous entities 
that live their life as independent unities. In 
fact, I thought (as I still do) that the most 
significant thing about biology as a science 
is the fact that the biologist deals with dis-
crete and autonomous entities that in their 
individual operation generate general phe-
nomena that are valid to all the members 
of the class of living beings: what is central 
in biology is what happens in the living of 
living beings as individualities. At the same 
time, I think that the most important thing 
in physics as a science is that the physicist 
deals with general laws and not with the 
particularities of the entities that, being sub-
ordinated to them, make the functioning of 
those laws apparent through their relations 
and interactions: what is central in physics 
are the general laws that define what is pos-
sible and what is not possible in the relations 
and interactions of entities in general, with-
out caring for their possible individuality.

It is in relation to all that I have just said 
that I thought, and still think, that the main 
task of a biologist is to explain and under-
stand living beings as systems in which both 
what happens to them in the intimacy of 
their inner operation as autonomous beings, 
and what happens to them in their interac-
tions as totalities with other unities, arises 
and takes place in them and with them 
through the individual realization of their 
living as autonomous entities. It was with 
this thinking that I dedicated myself in my 
reflections and lectures to the double task 
of answering the student’s question about 
the origin of living beings on Earth and of 
revealing the configuration of the internal 
processes that result in the arising and op-
eration of a living system as autonomous en-
tity in the relational space in which it exists 
as a totality.

As far as I knew, nobody else had asked 
these questions in the way I was asking 
them, perhaps because nobody was fully 
willing to address the implications arising 

from accepting that all biological phenom-
ena occur through the realization of the liv-
ing of the living being itself. Besides, there 
was something else motivating and driving 
my enquiry.

At the age of twenty (ten years previ-
ously), I had been ill with pulmonary tu-
berculosis. I was a patient in a sanatorium 
in the Andes and under strict instructions 
to remain absolutely at rest. However, I 
was secretly reading the great book by Ju-
lian Huxley, Evolution: A modern synthesis 
(1942). In this book, Huxley argues that the 
notion of evolutionary progress is valid as 
it refers to the historical process of increas-
ing independence of living beings from the 
environment. And he says that we human 
beings are the culmination of this historical 
process as we are the organisms that are the 
most independent from the environment in 
which we live.

I found myself thinking differently from 
Huxley as I reflected on the purpose of life 
and the meaning of living in the long inti-
macy of my inaction. My answer then, as it 
is now, was that life had no meaning outside 
of itself, no sense besides its actual occur-
ring in living. So, I thought: the sense of the 
life of a fly is to live “fly” – to do the fly things 
that make a fly a fly; the sense of the life of a 
dog is to live dogging – to do the dog things 
that make a dog a “dog;” and the sense of 
the life of a human being is living human-
ness, to do the human things that make a 
human being be a “human being.” differing 
from Huxley, I thought that living beings 
existed without purpose, without any value 
reference to anything outside themselves. 
Lying passively in repose for a year in a hos-
pital in Santiago first, and for another year 
in the sanatorium in the mountains, these 
reflections led me to recognize and accept 
that any sense that my life might have was 
my own task and my own responsibility. 
However, they also led me to see that liv-
ing systems were autonomous beings and 
that their autonomy rested in the fact that 
all the aspects of their operation as living 
beings had to do with themselves, with the 
realization of themselves as living beings, 
and that this operation could not be said 
to come from any external or internal pur-
pose but was the result of their manner of 
constitution. Purpose, aim, and progress, I 
thought, are human notions that had to do 

with humanness, with human living. And, 
of course, I asked myself what it was to be a 
human being, what was peculiar to human-
ness so that I might live accordingly and be 
human in the same way that a fly lives as a 
fly “flying.” My conclusion was that human 
beings were self-conscious, intelligent, sen-
sitive, and capable of understanding their 
own living and the living of other living be-
ings, and that I wanted to live as such.

It was from this background of reflec-
tions that from 1960 onwards I begun to di-
rect my thoughts to finding a way of speak-
ing about living beings that captured their 
dynamic constitution as discrete autono-
mous systems, as systems in which all that 
happens with them in their operating as 
discrete units (entities) – both in their rela-
tional (external) and in their internal (con-
stitutive) dynamics – refers to themselves 
alone, and occurs as a continuous, unbro-
ken realization of a process that results in 
themselves as such dynamic entities. That 
is, my reflections led me think that all that 
happens to living beings takes place in them 
as though they operate as self-referring en-
tities.

With the above in mind, my task as a 
biologist became one of describing the in-
ner operation of living beings that results in 
their existing as spontaneous discrete au-
tonomous entities that produce themselves 
through their own operation. At that time 
this was not an easy task and my colleagues 
did not understand what I wanted to do, 
perhaps because I did not then know how 
to say what I wanted to say, or because I still 
did not have the conceptual clarity to do it 
or to express my understanding in a way 
that revealed the operation of the processes 
that resulted in the living of living beings.

After receiving a Phd from Harvard 
university, I worked during 1958 and 1959 
in the department of Electrical Engineer-
ing of the Massachusetts Institute of tech-
nological (MIt) in the neurophysiology 
laboratory of Jerome Lettvin. Within that 
department there was also an artificial intel-
ligence laboratory. Every day, walking past 
that laboratory (without entering), I used to 
overhear fragments of the conversation of 
outstanding researchers in the robotics of 
that time, describing what they were doing 
in their attempt to model biological phe-
nomena. Marvin Minsky was one of them.
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However, the more I listened to them 
the more I felt that what they were doing 
was not imitating or modeling biological 
phenomena, but that what they were doing 
was modeling or imitating how what the liv-
ing systems did appeared to them in their 
domain of observation. It was through be-
ing aware of such confusion that in the bio-
logical lectures I gave in the Medical School 
I always spoke in a manner such that my 
description of the processes that happened 
in them showed the way in which those 
processes constituted the living system as 
autonomous beings. I did not want to make 
the mistake that I thought was being made 
by those scientists working in artificial intel-
ligence at MIt.

Avoiding this error was not easy because 
the biological discourse of that time was a 
functional and propositional discourse. Bi-
ologists were talking about biological phe-
nomena as if such phenomena were made 
visible in talking about the function that 
they were supposed to fulfill, and as if the 
description of such function would reveal 
the relational processes that gave origin to 
them. I thought that it was not adequate to 
talk of biological phenomena in functional 
terms, not even metaphorically, because 
such a manner of talking conceptually ob-
scured the actual operations that constituted 
the biological phenomenon that one wanted 
to understand. In order to avoid such con-
cealment, I began to distinguish between 
what I was saying as an observer, according 
to what I saw as I looked at the living system 
in its operation as a totality, from what I was 
saying had to be taking place in its internal 
dynamics when it was operating as a totality.

to do this I began to describe, I thought 
adequately and without confusing them, the 
two operational domains in which the exis-
tence of a living being takes place, namely: 
a) the domain of interactions in which it 
exists as it operates as a totality; and b) the 
domain of operation of its components as 
these give rise to it as a totality through their 
interactions with no reference to the totality 
to which they give rise. It is in its operation 
in these two non-intersecting but comple-
mentary domains that the living being real-
izes its living as a relational totality. I wanted 
to describe the operation of the components 
of the living beings exclusively in local non-
functional or non-purposive terms. In other 

words, I wanted to show how a living being 
arises as a totality in a domain different from 
the domain of operation of its components 
as a simple spontaneous consequence of 
their operation when they concatenate in 
some particular form. That is, I wanted to 
describe the particular manner of sponta-
neous concatenation of the operation of the 
components of a living system that make it 
a living system, and I thought that to dem-
onstrate that I had indeed done so, I had to 
show that all biological phenomena arise 
from that manner of operation when the ad-
equate historical conditions are given.

Accordingly, as I was thinking that the 
autonomy of living beings as I indicated 
above was an indirect expression of the 
concatenation of processes that constituted 
them as discrete entities, I began to talk 
about living beings as self-referring systems. 
That is, I began to speak of living beings 
as systems in which all that they do makes 
sense only in relation to themselves. And at 
the same time I began to differentiate living 
systems from systems that we human beings 
produce, systems in which, by design, all 
that happens to them makes sense only in 
relation to some product or something that 
is different from themselves, systems that I 
began to call allo-referring systems.

However, talking about living beings as 
self-referring systems was not satisfactory to 
me because the notion of “self-reference” 
subordinates the dynamics of the compo-
nents of a system to the totality that results 
from their operation, which was the very 
thing that I wanted to avoid when I talked 
about the local relations of the components 
of a living being, showing that the living be-
ing in its existence as a totality was a spon-
taneous result of that manner of operation. 
Indeed, I was aware that talking about living 
systems in terms of self-reference obscured 
the fact that I had not yet identified the op-
erational dynamics that made a living being 
a self-referring entity.

Then, at the beginning of 1964, while I 
was talking with my friend Guillermo Con-
treras, a microbiologist, about whether or 
not it was possible that information could 
flow from the cytoplasm toward the nucleus 
(at that time we still did not know about ret-
roviruses), and as I wrote on the blackboard 
how dnA participates in the synthesis of 
proteins and how the proteins participate 

in the synthesis of dnA – drawing a picture 
that showed the productive circular relation 
that existed among them – I suddenly real-
ized that that circularity was the molecular 
productive dynamics constitutive of living 
beings.

That is, at that point I realized that what 
defined and in fact constituted living beings 
as autonomous entities that result in self-
referring as a simple consequence of their 
operation was that they were discrete enti-
ties that existed as such in the continuous 
realization and conservation of the circular 
production of all of their components in 
such a way that all that occurred with them 
occurred in the realization and conservation 
of that closed circular productive activity. In 
this reflection I also realized that it is not the 
flow of matter and energy as a flow of matter 
and energy, and not any particular compo-
nent as a component with special properties 
that defines and constitutes a living being as 
a living being.

A living being consists of and occurs 
as a continuous dynamic realization of a 
network of molecular transformations and 
productions such that all the molecules 
transformed or produced in that network re-
cursively participate in it in a way such that 
through their interactions they: a) generate 
the network of transformations and produc-
tions that produced them; b) give rise to the 
borders and extension of the network as 
part of its operation as a network in a way 
such that it closes upon itself, constituting a 
discrete molecular entity with dynamic bor-
ders that separate it operationally from the 
molecular medium that contained it; and c) 
at the same time operate as borders of the 
network that admit a flow of molecules that 
are incorporated and become components 
of it and a flow of molecules that leave the 
network and stop being components in it as 
they become part of the medium.

to put it in another way, I became 
aware that the living being is not a collec-
tion of molecules but is a molecular dy-
namics; a network of processes that occurs 
as a discrete singular autonomous entity 
as a result of the operation of the different 
classes of molecules that compose and real-
ize it; a closed network of interactions and 
relations of different classes of molecules 
that produces molecules of the same dif-
ferent kinds that produced them; a closed 
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molecular dynamics that specifies its bor-
ders and extension. Moreover, it is to this 
network of productions of components that 
closes upon itself, because the components 
that it produces through their interactions 
(recursively) generate the same network of 
productions of components that produced 
them as a dynamic entity that determines its 
own borders and extension in the midst of a 
continuous flow through it of elements that 
become or stop being its components ac-
cording to whether they participate or stop 
participating in it, that we refer to when we 
speak of autopoiesis in this book. Further-
more, what we also say in this book is that a 
living being is in fact a molecular autopoietic 
system, and that the molecular condition is 
central to its constitution because it deter-
mines the domain of operational relations in 
which it exists as a self-producing composite 
entity. If there were autopoietic systems that 
were not molecular autopoietic systems, that 
is, if there were closed networks of produc-
tion of non-molecular elements that satisfy 
the relational dynamics of autopoiesis, they 
would exist in a different domain than liv-
ing systems, yet, since such a system would 
have characteristics completely different 
than those of a living systems it would not 
be a living system.1 I have insisted on this 
not out of being repetitive but because it 
seems to me that the most difficult thing in 
relation to living beings is to understand and 
accept that: a) a living being is a particular 
relational molecular dynamics (molecular 
autopoiesis), not an assembly or collection 
of molecules of a particular kind; b) living is 
the continuous realization of that particular 
relational molecular (autopoietic) dynamics 
in a configuration of dynamic relations that 

1 | Author’s note: A culture occurs as a net-
work of conversations; see Maturana & Verden-
Zöller (1993). If a culture were to become a closed 
network of conversations as an autopoietic system 
of conversation it would not be a living system, 
and the human beings in it would become sub-
ordinated to the conservation of the conversa-
tions that constitute the culture (that culture) or 
be eliminated from it as they reflect and begin to 
generate conversation that do not belong to it. In 
a culture that operates as an autopoietic network 
of conversations, human beings as reflective self-
conscious beings that may choose whether they 
want or do not want to be part of it cannot exist.

is conserved in a continuous flux of mole-
cules through it; and c) to the extent that liv-
ing is and occurs as a molecular dynamics, 
one cannot say that a living being has auto-
poiesis or uses autopoiesis to live – living be-
ings are molecular autopoietic systems and 
molecular autopoiesis constitutes them as 
autonomous living beings.In 1965, I referred 
to this way of being autonomous of living 
beings, speaking of a circular organization 
of transformations and of molecular produc-
tions, claiming that a living being is and ex-
ists as a discrete molecular dynamic system 
in the continuous realization and conserva-
tion of such organization. As I did this I also 
became aware that my description of the 
living being as a system of circular organi-
zation was adequate because it in fact per-
mitted me to show, in agreement with what 
I have already said above, how all biological 
phenomena take place and arise in the life 
of a living being as a system that exists real-
izing itself in a dynamics of continuous self-
production. I spoke of this for the first time 
in a section about the organization of living 
in an article that I called “neurophysiology 
of Cognition,” presented in March 1969 as 
part of an anthropology congress in Chica-
go whose theme was “cognition as a human 
phenomenon” (see Maturana 1970b). A year 
later I addressed the same theme as part of a 
more extensive article, the title of which was 
“Biology of Cognition,” first published as 
“Report n° 9.0 of the Biological Computer 
Laboratory” at the university of Illinois in 
1970 (Maturana 1970a).

The book that the reader has in his or her 
hands, initially published in Spanish under 
the title De Máquinas y Seres Vivos (About 
Machines and Living Beings), is an expanded 
version of the section on the organization of 
living beings in the article “Biology of Cog-
nition” that I have just mentioned. This book 
that the reader is reading was written as a 
result of a conversation I had with Francisco 
Varela in 1970 when he returned to Santiago 
from the uSA after receiving his Ph.d. from 
Harvard university. Francisco argued that if 
what I was proposing was an account of bio-
logical phenomena, and if that was all that 
was needed to completely characterize liv-
ing beings as autonomous systems, it should 
be possible to propose a mathematical for-
malization of their circular organization. 
Francisco Varela was a distinguished math-

ematical thinker; I am not. For this reason 
I insisted that before attempting such a for-
malization, we had to have a complete de-
scription of the phenomenon or the system 
that we intended to formalize.2 We agreed to 
do this, and the result was this book.

The word “autopoiesis”

Francisco Varela first arrived at my labo-
ratory in April 1966, sent by Juan de dios 
Vidal Correa after he was accepted as a stu-
dent for the biology degree in the Faculty of 
Sciences at the university of Chile. At the 
end of 1967, Francisco was accepted by Har-
vard university to undertake a doctorate in 
Biology. upon the completion of his doctor-
ate he returned to Chile. Since he had pre-
viously been my pupil I knew in depth his 
abilities and accomplishments and I recom-
mended and supported him so that he could 
be accepted as an independent researcher in 
the Faculty of Sciences of the university of 
Chile. This happened by the end of 1970.

to insist on what I said above: I think 
that any formalization is necessarily sec-
ondary to the conceptual and operational 
understanding of what one wants to formal-
ize, otherwise the formalism can become 
divorced from experience. Francisco agreed 
and we started working on what finally 
turned out to be the present book. It was a 
process in which I would write and then we 
would discuss the issues. Although this was 
always an interesting process, it was never 
simple, and sometimes it was painful. Soon 
it became obvious to me that we needed a 
word to describe the organization of the liv-
ing that was more evocative than the expres-
sion “circular organization” that I had been 
using since the beginning of 1965.

One day I was visiting a friend, José 
María Bulnes, a philosopher. While he was 
talking to me about the dilemma of the 
gentleman Quejana (later, don Quixote de 

2 | Author’s note: One formalizes what one 
thinks, so what is fundamental to any formaliza-
tion is the understanding that one claims to have 
of the phenomenon that one wants to formalize. 
This is why the first and necessary operation in 
any process of formalization is the abstraction of 
the operational and relational coherences that will 
constitute its fundaments.
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la Mancha) in deciding whether to follow 
the path of arms – the path of praxis – or 
the path of the arts – the path of poiesis3 – 
it occurred to me that I might create a new 
word, autopoiesis, as the correct expression 
to capture and convey what I was connoting 
in talking of the circularity of the organiza-
tion of the living. José María did not invent 
or suggest the word autopoiesis and could 
not have done so because he had no need of 
it; I invented and proposed it. nonetheless I 
am grateful to Jose for the conversation that 
we had, and also to his wife, Verónica, who 
suggested an alternative word, “autopraxis,”4 
which I rejected because in certain aspects it 
seemed a limiting word. The following day I 
proposed the word to Francisco, who liked 
it, and from then on we began speaking of 
autopoiesis in referring to the organization 
of living beings.

Initially I thought that I could use the 
word autopoiesis exclusively to denote the 
organization of living beings. Yet, I soon 
realized that it was not adequate to do so 
because, in principle at least, one could 
imagine that such an organization could be 
realized in many different domains with dif-
ferent kinds of non-molecular components 

3 | translators’ note: This refers to don Quix-
ote, Part 1, Ch. 33, and also to Part 2, Ch. 6. In 
these two chapters, don Quixote states that there 
are two ways of achieving honest promotion: the 
way of “arms” and the ways of the “arts.” For don 
Quixote, both are equally fulfilling, whether the 
“practical” (praxis) or the “intellectual” (poiesis). 
Thus is written: “There are two ways… by which 
men can go and achieve honor and richness: one 
is that of the arts; the other of arms. I have more of 
arms than arts, being born inclined to arms under 
the influence of the planet Mars” (Part 2, Ch. 6). It 
has been said that Cervantes, being an old soldier 
himself, had to choose arms for his hero. See also 
Jorge Luis Borges’s short story, “Pierre Menard, 
the author of don Quixote” (originally published 
in Spanish in 1939).

4 | translators’ note: “The word autoprax-
is, as suggested by Verónica,would have not been 
adequate because that word would have referred 
to the actual happening of the molecular pro-
cesses. But since my intention was to say that the 
living occurred as the continuous result of those 
processes, I considered that the word autopoi-
esis expressed that and was the adequate word.” 
(Maturana in personal conversation with Alberto 
Paucar-Caceres, Sardinia, May 2011)

giving rise to different kinds of systems that 
would not be living systems. Living systems 
are molecular autopoietic systems. For this 
reason, it seemed to me that it was neces-
sary to be specific in each case regarding the 
properties of the components of the system 
that one might be talking about and that one 
may be willing to think may be autopoietic, 
because it is the properties of the compo-
nents that determines in each system its do-
main of existence as a composite unity.5

For this reason, in later publications 
such as The Tree of Knowledge, which I also 
wrote with Francisco Varela, I stress that we 
living beings are molecular autopoietic sys-
tems, emphasizing that what defines us as 
the particular kind of autopoietic systems 
that we are is that we are molecular autopoi-
etic systems that exist and live as human be-
ings. In summary, what we purported to do 
in this little book, and what I still claim that 
we do, is to show how the systems that we 
distinguish as living beings in the biological 
world are molecular autopoietic systems and 
that all biological phenomena are a result of 
either the operation of molecular autopoi-
etic systems or the historic contingencies of 
their operating as such. Therefore we claim 
in this book that being a living being and be-
ing a molecular autopoietic system are the 
same.

From the time of the first publication of 
this book, questions have been asked about 
the possible existence of autopoietic sys-
tems in domains other than the molecular 
domain. This question cannot be answered 
lightly. It is certainly possible to distinguish 
between living systems and autopoietic sys-
tems of different orders according to the do-
main in which the autopoiesis takes place. 
In such a distinction, the cells are first order 
molecular autopoietic systems in that they 
exist directly as molecular autopoietic sys-
tems; we organisms are second order auto-

5 | Author’s note: The central feature of au-
topoiesis is that it is the actual interactions of the 
components of the system that produce com-
ponents of the same kind, and it is only in the 
molecular domain that this happens: molecules 
interacting with molecules give rise to molecules. 
So living systems exist as spontaneous autopoietic 
autonomous entities in the only operational do-
main in which autopoiesis can in fact take place 
spontaneously, namely, in the molecular domain.

poietic system in that we are autopoietic sys-
tems made up of cellular aggregates. When 
considering the case of a beehive, a colony, 
a family or some other social system as an 
aggregate of organisms, it could be possible 
to talk of third order autopoietic systems. 
Yet, in these latter cases, the third order 
autopoiesis arises as a result of an aggrega-
tion of independent organisms and is not a 
defining or intrinsic feature of the beehive, 
the colony, the family, or the social system as 
the particular kind of system that each one 
of them is. By highlighting or emphasizing 
the autopoietic character of such third order 
systems, when their autopoiesis is in fact 
something circumstantial related to their 
components rather than something intrin-
sic that defines them as the kind of systems 
that they are as a beehive, colony, family, or 
social system, we obscure the precise quality 
that defines each of them as the distinct kind 
of system that each of them is. For instance, 
even though social systems are autopoietic 
systems of the third order through being 
systems composed of organisms, that which 
defines them as what they are as social sys-
tems is not the autopoiesis of their compo-
nents, but is the configuration of relations 
that these hold between them as individual 
organisms through their interactions: a con-
figuration of relations that we connote in 
our everyday distinctions by calling such 
systems “social systems.” nevertheless, what 
we must neither overlook nor forget is that 
whatever happens in these higher order au-
topoietic systems is realized through the au-
topoiesis of their components.

In making the distinctions above about 
different orders of autopoiesis, it is impor-
tant to bear in mind that there may well be 
autopoietic systems of a higher order that 
are at the same time autopoietic systems of 
the first order in their own right. For in-
stance, this might be the case for many mul-
ticellular organisms if the transcellular and 
intracellular molecular processes that real-
ize them constitute a first order molecular 
autopoietic network that intersects with the 
realization of the molecular autopoiesis of 
the cells that compose them. If this were the 
case, those organisms would exist as auto-
poietic wholes in two simultaneous but dif-
ferent phenomenal domains, and would be 
subject in their realization as such to the si-
multaneous conservation of two autopoietic 
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dynamics: the conservation of the first order 
molecular autopoiesis of their cellular com-
ponents, and the first order systemic molec-
ular autopoiesis of their realization as organ-
isms as they operate as totalities. Something 
similar would happen with social systems if 
these were also first order molecular auto-
poietic systems, which in my opinion they 
are certainly not. neither are social systems 
autopoietic systems in some other domain 
different from the molecular one. Finally, it 
is not possible for social systems to be first 
order autopoietic systems in a communica-
tion space, as the distinguished sociologist 
niklas Luhmann proposes, because in such 
a space the components of the alleged auto-
poietic system would be communications 
rather than the living beings, which would 
give rise to such communications as a man-
ner of living together and that constitute it 
as the system that we call social in daily life. 
I think that all that one can say in relation to 
a system of human relations and autopoiesis 
is that what most resembles an autopoietic 
system is what we distinguish when we con-
sider a culture in its constitution as a closed 
network of conversations.

to the extent that it is the organization 
that defines the class identity of a system 
and the structure that realizes it as a partic-
ular case of the class defined by that organi-
zation (Maturana 1975; Maturana & Varela 
1984), systems only exist in the structural 
dynamics that realize their organization. It 
is because of this that the operation of dis-
tinction that brings forth a system or con-
notes it with a name while pointing to the 
structure that realizes it both implies the or-
ganization that defines its class identity and 
that this is realized in that structure. The 
different words we use in daily life evoke 
different operations that we realize in our 
languaging living, and because they reveal 
the coherence of our relational living in our 
operation as human beings they are never 
arbitrary or trivial. It is for this reason that 
in everyday living in English we use differ-
ent words to talk about living beings and 
social systems, indicating that we do not 
connote the same system when we use one 
word or another. In doing so we are also in-
dicating that when we talk about living sys-
tems or social systems we are talking about 
different classes of systems because each 
class is defined by a different organization: 

the living systems by molecular autopoiesis 
and the social systems by the configuration 
of living together that we connote when we 
speak of them. Thus, if what makes a living 
being a living being is that it is a molecu-
lar autopoietic system, and if what makes 
a social system a social system is a manner 
of living together of a group of organisms, 
it cannot by any means be the same thing 
to talk about a living system and a social 
system, even if the realization of the social 
system occurs through the realization of the 
living of the organism that integrates it.

Perhaps what is most difficult for us to 
understand is that the structural intersec-
tion of systems is the realization of two or 
more different systems by means of the same 
structure or through the same structural 
components. In such a structural intersec-
tion, the different organizations of the dif-
ferent systems that intersect do not intersect, 
they remain distinct constituting different 
systems that exist as different totalities in 
different operational domains. There are 
no intersections of organizations; nor could 
there be, because the distinction implies the 
organization of what is distinguished, and 
the organization implied in the distinction 
only arises in the operation of distinction. 
That is, the different organizations that we 
imply with the different words we use re-
main independent and distinguishable from 
each other in spite of the intersection of 
their different structural realizations. The 
class identity of a system is specified by its 
organization and not by the structure that 
realizes it as a particular entity.

Since the organization of a system is not 
directly distinguishable but is implied in the 
act of distinction that brings forth a particu-
lar entity as a structural totality, and since 
systems interact through their structure, 
individual systems can only be discrimi-
nated and recognized by particular features 
of their structural realization. no doubt we 
know this from our daily living, because we 
know that we can realize different identities, 
whether simultaneously or successively, in 
the same bodyhood. But if in addition we 
are not aware that the words that we use im-
ply the organization of that which we distin-
guish, we remain blind to the fact that it is 
not possible to ascribe any arbitrary organi-
zation that comes to our minds to a system 
that we distinguish because the system dis-

tinguished arises in its distinction with an 
organization implicit in it that is specified by 
the operation of distinction. not seeing this 
has led to an indiscriminate use of the word 
autopoiesis. Finally, it is necessary to under-
stand that the organization implied by an 
operation of distinction is not arbitrary. This 
is because of the structural determinism of 
the observer who can in every instant only 
distinguish what his or her structural con-
figuration and the structural configuration 
of the circumstances of the medium permit,

An artificial case

As Varela and I were completing the 
book, the idea of making a computational 
model emerged. What I wanted was to use 
the computer to generate processes equiva-
lent to molecular processes in such a way 
that if one left them to operate without 
any reference to a totality in an exclusive 
relational dynamic of contiguity, the result 
would be a network of processes that would 
constitute an autopoietic system.

We talked a lot about this possibility 
until one particular day, in november 1971, 
I arrived at the laboratory in the morning 
with a drawing, which I still have, that rep-
resented a dynamic of particles in the form 
of a small set of “chemical reactions of syn-
thesis and of lysis” such that if they were tak-
ing place at the adequate rhythms (e.g., at an 
adequate temperature), would generate, as 
a spontaneous result that was not included 
as an aspect of the design of the “molecu-
lar” processes, an autopoietic unity in a two-
dimensional space, such as the screen of a 
computer. What we had to make was a pro-
gram in order for the computer to generate 
those particles and their interactions and 
transformations in a graphic space. If we 
were able to do this at adequate rhythms, I 
said, autopoietic units would spontaneously 
arise in that two-dimensional space.

Given that I did not know how to pro-
gram, Francisco, with another friend, Ri-
cardo uribe Berenguer, was to take charge 
of the task, and we decided, at Francisco’s 
request, that he would be named the first 
author when the results were published (Va-
rela, Maturana & uribe 1974).

The dynamic of reactions that I pro-
posed was the following:
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Let there be particles A, B, and M, and 
let them operate in the following manner:
1 | 2B+A à M+A
2 | M+Mà MM

MM+M à MMM
3 | M à 2B
4 | The chain MMMMM … is permeable 

to B.
5 | The chain of Ms is flexible and movable, 

and it can close on itself.
When the program was allowed to run 

it gave rise spontaneously to an autopoietic 
unity in the graphical space of the computer 
screen. My purpose with this model was 
to present a generative relation that spon-
taneously gave rise to an autopoietic unity 
as something new in a space quite differ-
ent from the domain of operation of the 
interacting components. At the same time 
I wanted to show that an autopoietic unity 
was only the result of the spontaneous or-
ganization of a set of elements in a particu-
lar composite unity as a consequence of the 
operation of their properties, while none of 
those properties would permit an observer 
to deduce what would occur. Any novelty 
appearing as the result of a generative dy-
namic would arise as a historic novelty and 
would be intrinsically new (see Figure 1).

The present

I consider that any phenomenon whose 
realization entails the realization of the liv-
ing of at least one living being is a biologi-
cal phenomenon. Thus, the synthesis of a 
polypeptide chain that occurs in a labora-
tory with the participation of ribosomes 
in a test tube outside of a cell’s context is a 
chemical phenomenon and not a biological 
one, whereas if the same synthesis occurs 
during the dynamic of cellular metabolism, 
it is a biological phenomenon, a situation 
usually recognized when talking about bio-
chemistry. At the same time, since I claim 
that molecular autopoiesis characterizes and 
fully realizes the living, I consider that ev-
ery phenomenon that implies the realization 
of the autopoiesis of at least one living be-
ing is a biological phenomenon. This book 
arose with the purpose of showing how all 
biological phenomena result, either directly 
or indirectly, as a consequence of different 
historical contingencies in the realization of 

the autopoiesis of at least one living being. 
I think that this book fulfills that aim and 
that the expansion of biological understand-
ing that has been produced since its initial 
publication confirms and does not refute 
this claim but confirms it instead.

Perhaps the most illuminating aspect of 
this theory of the living (autopoiesis) lies in 
the fact that it shows that the living being is 
a systemic entity even when its realization is 
of a molecular character. This theory reveals 
that no molecule or class of molecules de-
termines by itself any aspect or feature of the 
operation of a living being as such, and this 
is because all the characteristics of the living 
being occur in the dynamic of the realiza-
tion of its autopoiesis.

In effect, a phenomenon is systemic if 
it occurs as a result of the operation of the 
components of a system while they realize 
the relations that constitute it as such under 
circumstances in which none of them de-
termines by itself the characteristics of the 
system even though its presence is strictly 
necessary. Thus, the ordering of amino ac-
ids in the synthesis of a protein according 
to a particular sequence determined by the 
sequence of nucleotides present in a partic-

ular strand of dnA is a systemic phenom-
enon because in order to occur it requires 
the dynamics of protein synthesis that takes 
place as a constitutive part of the cellular au-
topoiesis, and the sole presence of dnA is 
not sufficient. By claiming that all that hap-
pens with living beings occurs in a systemic 
dynamics I do not pretend to say something 
that has never been said before. What I claim 
is that when we do not fully accept in our in 
our reflections the systemic character of the 
cellular phenomena, we do not speak ade-
quately about living beings and we generate 
a deceptive reductionist discourse, as is the 
case in the notion of genetic determinism, 
which clearly hides the systemic character of 
the generation of phenotypical features.

The understanding that the theory of 
autopoiesis makes possible the systemic 
character of all the phenomena that entail 
the realization of the living of a living sys-
tem permits us to explain the origin of living 
beings on Earth, or anywhere in the cosmos, 
as the spontaneous arising of a living being 
as a discrete entity at the instant that the 
molecular autopoietic dynamics take place 
as a systemic phenomenon. In the same way, 
the theory of autopoiesis permits us to un-
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Figure 1: A schematic representation of the autopoietic dynamic entity arising in the graphic 
space generated by the computer.
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derstand the phenomenon of inheritance 
as a systemic phenomenon of conservation 
of the living being/medium relational unity 
as its reproduction happens as a fracture (of 
the living being/medium relational unity) 
that occurs with conservation of its organi-
zation. And all this in a process that allows 
us to see that the reproductive conservation 
of the organization of a living being and of 
its relation with the medium does not de-
pend on any particular molecule or class of 
molecules, even though they might seem at 
first glance to be central to the structural re-
alization of the living being (Maturana 1980; 
Maturana & Mpodozis 1992).

The theory of autopoiesis also permits 
us to understand the phenomena of cel-
lular symbiosis, and of the formation of 
multi-cellular systems, as spontaneous phe-
nomena of systemic conservation of a new 
organization when some aggregate of cells 
or organisms gives origin to some configu-
ration of preferred relations that separates 
them as a totality from a medium that con-
tains them. Anyhow, by understanding that 
the phenomenon of living is the molecular 
autopoietic dynamics, we can understand 
that: a) the flow of the history of living be-
ings courses as a spontaneous process of 
conservation of old lineages and the gen-
eration of new ones through the systemic 
reproductive conservation of different man-
ners of living (or ontogenic phenotypes) in 
an ontogenic and phylogenic natural drift; 
b) new lineages arise as epigenetic variation 
conserved through systemic reproduction 
of a particular organism/medium relation 
in a systemic and not molecular hereditary 
process; and c) what we usually connote 
when we talk about natural selection is a re-
sult of the differential conservation through 
systemic reproduction of the variations that 
occur in the diversification of lineages, and 
not their generative mechanism (Maturana 
& Mpodozis 1992).

Structural determinism

We living beings are structurally deter-
mined systems and, as such, all that hap-
pens to us arises in us as a structural change 
determined in each instant according to our 
structure at that instant. Science only oper-
ates with structurally determined systems, 

and in both science and daily life we treat 
any situation that seems to us to violate 
structural determinism as an expression 
of a mistake or a fraud or as a miracle. The 
notion of structural determinism, however, 
does not arise as an ontological supposi-
tion nor as an explanatory principle, but 
it arises as an act of poetic synthesis as an 
abstraction of the regularities of an observ-
er’s experience. Therefore, it has validity in 
each case only in respect to the domain of 
the regularities wherein it arises. For this 
reason, the different domains of the expe-
riential coherences that the observer lives 
constitute different domains of structural 
determinism, each one defined by the expe-
riential coherences that are proper to it and 
define it.

There are two additional notions that we 
must not confuse with structural determin-
ism when speaking about a structurally de-
termined system, namely: predictability and 
predeterminism.

Predictability
The fact that a system is structurally de-

termined does not mean that an observer 
may be able to predict the future structural 
changes that may occur in it. Given that a 
prediction is an attempt to treat some par-
ticular situation as a structurally determined 
system in order to be able to compute its 
structural changes, the observer must first 
know the structure of the system that he or 
she is considering in order to then be capa-
ble of predicting or computing its structural 
changes. Accordingly, when an observer 
claims that a system is predictable or not 
predictable, what he or she is actually doing 
is connoting what he or she thinks is his/her 
knowledge or ignorance of the structure of 
the system that he or she is characterizing in 
that manner. All scientific understanding is 
founded on an implicit or explicit recogni-
tion that our explanations always deal with 
structurally determined systems, in what-
ever may be the domain of explanation we 
choose, in such a way that if the system does 
not fulfill the criteria of structural determin-
ism we expect, we either assume there has 
been an error or else that we had insufficient 
knowledge.

In addition, we are not always able to 
identify the structure of a system in the 
moment that we wish to compute its future 

structural changes, either because we do not 
have full access to it, or because in our at-
tempt to know it we destroy it, or because 
the structural dynamics of the system is 
such that it recursively changes as we in-
teract with it as we attempt to describe it. 
In such cases, every time that we look for 
regularities in it, we find that its structure is 
no longer the same because it responds in 
unexpected ways. Living beings are precisely 
systems of this kind.

Predeterminism
The notion of predeterminism makes 

reference to the supposed possibility that the 
initial state of a structurally determined sys-
tem may specify through its own structure 
its future states regardless of unexpected 
contingencies. This indeed can never hap-
pen to a structurally determined system 
because the course of its history in the field 
of interactions in which it exists is, and can 
only be, an epigenesis precisely because it 
arises in the interactions.

For the same reason I think that in the 
strict sense there is no genetic determinism, 
and it is not possible to say in a manner that 
makes sense in the operational dynamics 
of the organism that the phenotype is an 
expression of the genotype. The phenotype 
arises in an epigenesis. In a similar way, in-
heritance as a reproductive conservation of 
a manner of living or ontogenic phenotype 
is a systemic phenomenon and not a molec-
ular one, as I mentioned above. The epigen-
etic character of systemic operation in gen-
eral, and in particular of the natural course 
of the living of any living system, excludes 
any predetermination. In the same way, the 
constitution of a lineage in the reproductive 
conservation of an ontogenic phenotype (or 
manner of living, or particular epigenetic 
configuration, or particular living system/
medium relational unity) is a systemic phe-
nomenon.

And, finally, the constitution of a lin-
eage, and therefore the reproductive con-
servation of any biological identity, and 
in particular speciation, is also a systemic 
phenomenon and not a phenomenon deter-
mined by a molecular genetic process. Belief 
in the possibility of a predeterministic dy-
namic in systems obscures the comprehen-
sion of epigenetic phenomena (Maturana & 
Mpodozis 1992).
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Spontaneity versus 
purposefulness
There is nothing more difficult than to 

understand and accept the spontaneity of 
biological phenomena in a culture like ours, 
oriented to explaining everything related to 
living in terms of goal-seeking or purposeful-
ness. Thus, we usually do not see that molec-
ular processes are spontaneous, whatever the 
place or circumstance in which they occur, 
including the metabolic cellular processes 
that involve the participation of so-called 
“high energy molecules,” such as AtP (ad-
enosine triphosphate).

Molecular processes occur in each mo-
ment as a result of the structural properties 
of molecules and not because something ex-
ternal to them is directing or guiding them. 
Also, it might frequently be difficult to accept 
that any given system, whatever it may be, 
arises in the moment when a particular set 
of elements begins to conserve a dynamic of 
interactions and relations that give origin to 
an operational cleavage that separates a sub-
set of elements that become the system from 
other elements that remain excluded and that 
thus become its surrounding medium. The 
dynamics of interactions and relations that, 
as it is conserved as a relational configura-
tion between elements separate a collection 
of elements from others, giving origin to a 
system, becomes the organization of the sys-
tem, and elements and relations that realize 
that organization in an operational unity that 
arises as such as a singular entity dynamically 
separable from other elements that constitute 
its medium become its structure. That is, the 
observer sees that when a system arises, the 
medium also arises as that domain of opera-
tional complementarity in which the system 
operates as a discrete entity as long as its or-
ganization is conserved.

The dynamics of the spontaneous arising 
of a system and its medium constitutes for 
the observer the arising of order from chaos 
since he or she cannot predict the appearance 
of a system because he or she cannot see the 
structural coherence from where it arises.6 

6 | translators’ note: to us, the word “chaos” 
in this context appears problematic in the Eng-
lish-speaking rendering. On the other hand, this 
has echoes with texts such as Carl Jung’s “Septem 
Sermones ad Mortuous” (1966), so we have left 

Accordingly, everything arises from chaos 
to the extent that something becomes in the 
beginning of the conservation of an organi-
zation that did not pre-exist the moment in 
which it appeared and could not be deduced 
from the domain of operational coherence 
in which “new” had relational sense for the 
observer. When we speak of historical phe-
nomena we speak of experiences of our pres-
ent that we live as arising from chaos because 
the present is only understood a-posteriori in 
relation to the past, and we do so proposing 
a generative process as an explanatory rela-
tion that would relate two non-intersecting 
domains, conserving structural determinism.

In other words, the notions of order and 
chaos are two aspects of the explanatory com-
mentaries that an observer makes about what 
happens in the spontaneous systemic dynam-
ics of the constitution of a system in a struc-
turally determined domain that is presently 
unknown to him or her, and not two intrinsic 
conditions of what an observer could wish to 
call “the natural world.” In reflecting on what 
happens in the spontaneous dynamics of the 
constitution of systems, what an observer 
sees is that in distinguishing a system, three 
domains of order become apparent: (1) the 
domain of the structural coherences of the 
distinguished system; (2) the domain of the 
structural coherence of that which arises as 
the medium in his or her distinction of the 
system; and (3) the domain of the relational 
dynamics of the system and the medium. In 
addition, for the observer who beholds the 
domain from where a system arises, and be-
holds it from the perspective of the operation-
al coherences of the operation of the system 
as a totality without being able to describe 
it, that domain is, strictly speaking, chaotic: 
that is, from the perspective of the operation 
of a system that arises in a manner in which 

it as the original Spanish suggests. We hope the 
intended meaning is clear from the context, and 
it is in line with the author’s previous suggestion 
as to the quality of structural determinism be-
ing a “poetic synthesis.” We ourselves are entirely 
happy with the evocative implication (which reso-
nates, in a somewhat different context, with, for 
example, the words of Ilya Prigogine and Isabelle 
Stengers: “Order out of Chaos,” 1984). We are not 
suggesting these meanings map across on to each 
other – rather that they suggests the sense of epis-
teme (Foucault 1970).

an observer is not able to predict its arising, 
the domain from where it arises previous to 
its appearance, is the chaos itself. Only af-
terwards, if the observer becomes capable 
of proposing a generative mechanism, is the 
chaos not chaos any more. What is perhaps 
surprising and seduces observers to think that 
there needs to be intentionality or purposeful 
processes in relation to the living being is the 
relation of the operational coherence of the 
living being with its circumstance in a behav-
ioural dynamics that seems to occur as if the 
living being were intentionally adapting to an 
independently changing medium.

I think that I must insist here that the fact 
that the notion of chaos should arise from the 
inability of an observer to predict or visualize 
the appearing of a particular system from a 
domain of structural determinism that he or 
she cannot describe but this does not mean 
that the organization of the system that arises 
in a distinction depends arbitrarily on the 
actions or desires of the observer. Without 
doubt what an observer distinguishes de-
pends on what he or she does, and there is 
no doubt that what he or she distinguishes is 
associated with the operation of distinction 
that he or she does, but the observer distin-
guishes only what can be distinguished in the 
space of structural coherences that arises in 
the coherence of his or her experience. But 
there is yet something more. The spontane-
ous organization of a system as this arises in 
the conservation of a particular configuration 
of relations in a collection of elements that 
creates a cleavage with respect to the medium 
that arises with it has, among others, two ba-
sic consequences: the first is the arising of a 
new relational or phenomenal domain that 
did not exist before, in which the entity or 
system that arises as a unity defined by the 
organization that is conserved from then on, 
has properties in its operation as a totality 
that are not the properties of its component 
elements. Such a relational or phenomenal 
domain cannot be deduced from the previ-
ously existing properties of the components 
because the phenomenal domain arises with 
the composition of the system. The second 
consequence of the cleavage of a system and 
the medium is the arising of a sequential 
asymmetry in the flow of the happenings be-
cause each situation arises as a spontaneous 
composition of what was before, in which 
new relational or phenomenal domains ap-
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pear, which the observer distinguishes when 
he or she speaks of history and time. time 
arises in an observer’s explaining of the dis-
tinction of the asymmetry in the happening 
of his or her experience in a situation that he 
or she distinguishes as reversible, because by 
doing such a thing the observer must distin-
guish his/her own experiential asymmetry in 
the before and after. Both time and historic-
ity are explanatory propositions of the asym-
metry in the happening of the experience of 
the observer, in which she or he connotes its 
intrinsic irreversibility.7 That is, the observer 
proposes the notion of time by distinguish-
ing the historicity of his/her experience, and 
it is from that historicity that an observer 
can generate a reference from which things 
can be described in a way that suggests that 
there might be temporal reversibility in cyclic 
phenomena, even when the experiential hap-
pening of the observer as it takes place in an 
epigenetic dynamics is intrinsically irrevers-
ible and unidirectional. The processes that 
we describe as cyclical are only descriptive 
projections that the observer abstracts from 
the unidirectional flowing where they belong.

Let us now consider the issue of pur-
posefulness. The spontaneity of the arising 
of systems denies any dimension of intention 
or purpose in their constitution or in their 
operation. notions such as purpose or inten-
tion belong to the domain of reflections of 

7 | translators’ note: Both Warren Mc-
Culloch and Maturana demonstrated the intrinsic 
cyclical dynamics of the nervous system in sense-
making. Both (as, more explicitly, did Gregory 
Bateson) also suggested the cyclical nature of any 
meaningful behavioral interaction.

the observer as commentaries that he or she 
makes when comparing and explaining his/
her distinctions and experiences in the differ-
ent moments of his/her observing. Anyone 
who does not accept the fundamental spon-
taneity of molecular processes cannot accept 
the spontaneity of the operational coherences 
that take place between a living being and the 
medium that are proper to the realization of 
its living. According to structural determin-
ism, once a system arises, its becoming neces-
sarily consists in a history of recurrent inter-
actions with the elements of a medium that 
arises with it and contains it.

Moreover, such a history of recurrent in-
teractions between the system and medium 
necessarily courses as a structural co-drift. 
Both the structure of the system and the 
structure of the medium necessarily change 
together in spontaneous congruence and 
complementarity as long as the system con-
serves both its organization and its operation-
al coherence with the medium that allows it 
to conserve its organization. This happens in 
a dynamics of operational complementarity 
in which an observer sees the system sliding 
in the medium following the only path that 
it can follow in the conservation of its orga-
nization, in a process in which the structures 
of the system and medium change together 
congruently until the system disintegrates.8

In the story of living beings on Earth, this 
dynamics has taken place since sequential 
reproduction appeared, giving origin to the 

8 | translators’ note: The process being de-
scribed here is similar to what we understand by 
the phrase “structural coupling” used in other 
places.

generation, conservation, and diversifica-
tion of different lineages as the dynamics that 
has given origin to all the manners of living 
that we see on earth today. And it has taken 
place in a continuous interlacing of structural 
transformations in which the different classes 
of living beings begin to happen as a part of 
the medium of others.

We, as current living beings, constitute 
the present of the spontaneous historical dy-
namics of the generation and conservation 
of the reproduction of autopoietic systems 
on Earth that, once arisen, initiated an op-
erationally coherent coexistence among the 
distinct living beings that arise in part from 
local causal phenomena but primarily from 
historical coherences. In fact, terrestrial liv-
ing beings exhibit, and must have exhibited at 
every moment in their historical co-drifting 
as a biosphere, an operational coherence with 
each other and with the abiotic medium of a 
historical character that cannot but appear 
incomprehensible for the observer that looks 
for local causal connections in the attempt to 
not fall into the trap of using goal-seeking, 
purposeful, explanatory arguments.

The analysis I have made of the spon-
taneous dynamics of the constitution of 
systems, and what I have said about the 
co-drifting of living beings in their histori-
cal course as a part of the biosphere, shows 
that no additional argument is necessary for 
explaining the coherence of living that we 
see between living beings, even when their 
individual evolutionary histories appear to 
be totally independent of each other.9 The 

9 | translators’ note: This is a strong endorse-
ment of other thinkers who have variously point-
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operational coherences that arise in the en-
counter of living beings can be understood 
either as mere coincidences between systems 
that happen to share both evolutionary and 
ontogenic independent histories in the do-
main in which they encounter, or they are 
the result of their co-participation in a com-
mon historical process, in a manner similar 
to that in which the dynamic coherences of 
opposing points in a wave front are the result 
of a historical process initiated in the origin 
of the wave.

Thus, it is not necessary to imagine a 
causal connection to explain how the cyto-
plasmatic contents of a lettuce cell result in 
its being nutritious to us, just as it is not nec-
essary to explain how we are able to establish 
loving relations with dolphins. I have insist-
ed on this point here because I consider that 
it is necessary to be fully aware of the fact 
that living beings are historical entities par-
ticipating in a historical present in continu-
ous transformation in order to understand 
what we show in this book when we say that 
we living beings are molecular autopoietic 
systems, and what we say when we say that 
living takes place in the realization of the 
molecular autopoiesis. However, it is also 
necessary to understand that living beings 
exist in the continuous resulting present of 
historical dynamics so that we may not be 
tempted to use the present as an argument 
to explain its origin.

final Reflection

to me this book has not lost its validity;10 
perhaps what has happened is the opposite. 
The book is difficult, and much of what is 
said in it is unexpected, but it says what it 
intends to say. There are no second thoughts 
or intentions in it. As I wrote it I did not at-
tempt to say or do anything different from 
what it says or does: (1) that living beings 
and the living take place in the realization of 
discrete molecular autopoietic systems; (2) 

ed out the co-evolutionary nature of life on Earth.
10 | translators’ note: Remember that this 

was written in 1994, not the present. However, 
we are confident that the same applies today in 
2011, particularly in the context of issues to do 
with the planet, climate change, and sustainable 
development.

that autopoietic molecular dynamics occurs 
as a spontaneous phenomenon in which all 
of the molecular processes occur in a local 
structural determination without any refer-
ence to the totality that they constitute; and, 
(3) that biological phenomena, as phenom-
ena that arise in the realization of living, oc-
cur and have occurred in the contingencies 
of the historical realization of the molecular 
autopoiesis, in the discrete units that living 
beings are. Yet perhaps what results most 
unexpectedly is that in the spontaneous his-
tory of living should have arisen spontane-
ously also the observer, explaining, and this 
book itself, all as mere contingencies of the 
evolutionary course of transformation of 
the manner of living followed by the lin-
eages of living beings. This preface is not the 
place to talk more about the nature of this 
historical process. I have many publications 
on the theme of cognition and language, and 
I have given origin to what has been called 
“the biological theory of knowledge,” pub-
lished for the first time in two articles, one of 
them titled “neurophysiology of Cognition” 
(Maturana 1970b), the other titled “Biology 
of Cognition” (Maturana 1970a).

On a final note, it is proper to indicate 
that although Francisco and I wrote this 
book and another, titled The Tree of Knowl-
edge together, after that our lives followed 
different paths.11 What has been has been. 
On many occasions we spent great mo-
ments together and on other occasions it 
was not so, but I want to thank him here, 
in this preface, for the manner on which 
my life may have been enriched in that dy-
namic of enchantment and disenchantment 
that we lived together while we were writ-
ing this book and as we were doing all the 
things that we did together, first when he 
was my pupil, and then when we worked as 
colleagues in the Faculty of Sciences in the 
university of Chile.

lastly

Why or for what do I wish to explain 
the living and the living being? We modern 
human beings live in conflict; we have lost 
confidence in the transcendental notions 

11 | translators’ note: Francisco Varela died 
tragically young after a long illness, in May 2001.

that previously enabled us to give sense to 
our human life under the form of different 
religious inspirations, and what remains 
with us now, namely science and technol-
ogy, does not provide us with the spiritual 
sense that we need to live. There is frustra-
tion and anger in young people, who are try-
ing to determine what to do in the face of a 
world that we, their elders, have taken along 
the path of destruction.

What to do? I think that knowledge ac-
companied by reflections that make us aware 
of the possible consequences of both our do-
ings and our desires make us responsible for 
what we do because we become aware that 
we can always act according to whether we 
want or do not want those consequences. At 
the same time that knowledge and those re-
flections make us free because they make us 
aware of what we know and what we desire, 
allowing us to decide whether we want or do 
not want to live the consequences of our re-
sponsibility for what we do.12

Although we living beings are structur-
ally determined systems, we human beings, 
as living beings that live in language exist-
ing in the recursive flow of living together 
in consensual coordinations of consensual 
coordinations of behaviors, generate the 
world that we live as a way of living together 
that arises at each moment according to 
how we are in that moment as reflective liv-
ing beings that live in languaging. For that 
reason, knowing or not knowing how we 
are as living beings is not a neutral matter; 
and it is not the same thing to know or not 
know how we live being free. Also it is not 
the same thing to know or not know that 
we are free in reflection, and to know or not 
know that reflection permits us to come out 
of any trap, and, in fact, reflection permits 
us to transcend the structural determinism 
of our bodyhood in the responsible behav-
ior that arises in choosing what one wants or 
does not want. It is through the responsibil-

12 | translators’ note: We strongly feel that 
the issues raised in this preface of 1994 are highly 
relevant to the debate on sustainable development 
and globalization. Maturana’s insights can provide 
the foundations for a new paradigm to tackle pro-
actively such issues through transcending the lim-
its and filters imposed by traditional institutional 
processes and systems and pointing to a whole 
philosophy of inclusion.
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ity and freedom that reflection and knowl-
edge make possible what I want, and that is 
what, in my view, gives sense to this book 
beyond its validity as an explanatory prop-
osition of the living and of living beings.13 
This has been my first inner motive to write 
this book.

We living beings exist in two domains: 
in the domain of our physiology, where 
our body dynamics takes place; and in the 
domain of our relations with the medium 
where our living as organisms take place 
as the kind of beings that we are. Although 
different and not intersecting, these two do-
mains modulate each other generatively in 
such a way that what happens in one chang-
es according to what happens in the other. It 
is in the domain of the relation with another 
living being in language where the human 
living occurs, and it is in the domain of the 
relation with another where responsibility 
and freedom as manners of living take place 
as manners of living together. But it is also 
there that emotions take place as different 
manners of relational behavior with others, 
and it is there, where in the end exists the 
human soul, that the frustration and the ir-
ritation of youth occurs. We have wanted to 
replace love with knowledge as a guide for 
our daily living, both in our relations with 
other human beings and with nature as a 
whole, and we have made a mistake. Love 
and knowledge are not alternatives: love is 
our fundament and knowledge is an instru-
ment.

Furthermore, love is the fundament 
of our human living, not as a virtue but as 
the emotion that grounds the human social 
phenomena, and has made and continues 
to make possible humanness as such, in the 
lineage of bipedal primates to which we be-
long (Maturana & Verden-Zöller 1993).

When love is denied in the attempt to 
give a rational fundament for all our rela-
tions and actions, we dehumanize ourselves, 
becoming blind both to ourselves and to the 
other. In this blindness we have lost in our 
daily living the vision that allows us to see 
the harmony of the natural world to which 
we belong, and we are almost unable to ex-
perience the aesthetic and poetic conception 

13 | translators’ note: We are reminded of 
the words of Richard Lovelace: “Stone walls do 
not a prison make, nor iron bars a cage…”

that treats the natural world, the biosphere 
in its fundamental historical harmony, as the 
kingdom of God, and we live fighting with 
it. My awareness of all of this has been my 
second inner motive in the search for under-
standing living beings and the living, in the 
desire to recover the unity of body and soul 
in human daily living that the understand-
ing of our biological nature makes possible 
through our consciousness of our responsi-
bility as living beings that are free to live in 
whatever world that they wish because they 
can be aware of the consequences of what 
they choose.
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