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> Context • There is an ongoing debate about the possibility of identifying autopoietic systems in non-biological do-
mains. In other words, whether autopoiesis can be conceived as a domain-free rather than domain-specific concept 
– regardless of Maturana’s and Varela’s opinions to the contrary. In previous parts my focus was, among other matters, 
on the rules defined by Varela, Maturana, and Uribe (“VM&U rules”). These rules were viewed as a validation test to 
assess if an observed system is autopoietic by referring to Maturana’s ontological-epistemological frame. I concluded 
that identifying possible non-biological autopoietic systems is harder than merely identifying self-organized dynamic 
systems that are provided with boundaries and some observable autonomous behavioral capabilities in a given ob-
servational domain. This is because no assessment could be valid without examining such systems’ “intra-boundaries” 
phenomenology and proving actual compliance with the VM&U component production rules. > Problem • Any rigor-
ous approach to investigating possible self-production capabilities within a given dynamic system needs to drill down 
on the composition and physical conditions of the system’s core dynamics. My aim now is to discuss the problem of 
choosing the adequate spatial and temporal scales to be applied when observing and describing dynamic systems in 
general. When trying to detect an autopoietic system in a given observational domain, the observer needs concep-
tual tools to apply rigorously the VM&U rules and decide on the matter. This is particularly useful when dealing with 
systems with spatially distributed components interacting through cause-effect couplings that are independent of 
the distance between them, as is the case of social systems. > Results • For observing dynamic systems, the choice 
of appropriate spatial and temporal scales of description is not a trivial operation. The observer needs to distinguish 
between “instantaneous” phenomena and phenomena possessing extended “durations.” I argue that the observer 
can easily extend the notions discussed by Maturana and Varela to observational domains where the system’s com-
ponents do not constitute an entity showing a topological “form” in physical space. Furthermore, I show that a dia-
chronic perspective must be applied by observers to explain component production/destruction mechanisms as the 
outcomes of processes involving structure-determined coordination over relatively long time intervals. Finally, these 
considerations lead to establishing a link with Varela’s fundamental concept of autonomy. > Implications • The ad-
equate choice of spatial and temporal scales of observation and description are essential (a) to discuss the problem of 
a possible identification of social autopoietic systems, and (b) to analyze the possibility of designing virtual simulated 
autopoietic systems in software domains (“computational autopoiesis”). 
> Key words • Autopoiesis, complex dynamic system, self-organization, self-production, boundary, causation, struc-
ture-determined, meta-molecular, interaction network, niche, synchronic/diachronic, processes.

Introduction

Humberto Maturana, the original au-
thor of the concept of autopoiesis, and 
Francisco Varela initially addressed the bio-
logical domain. They described the concept 
using rigorous distinctions, definitions, and 
epistemological considerations. However, 
there is an ongoing debate about the pos-
sibility of identifying autopoietic systems in 
non-biological domains, such as social sys-
tems, economical organizations, or software 

and/or hardware entities (artificial life arti-
facts). The question is whether autopoiesis 
can be conceived as a domain-free rather 
than domain-specific concept – regardless 
of Maturana’s and Varela’s opinions.

The concept of autopoiesis, as expressed 
by the rules defined by Varela, Maturana & 
Uribe (1974, hereafter the VM&U rules), 
lends itself to an explicit generalization. 
However, such generalization requires that 
the focus is set on the most common aspect 
of all possible types of dynamic interactions 

between system components, namely on 
their causation structure. This generalization 
is valid regardless of any explicit description 
of particular physical interaction mecha-
nisms responsible for the dynamic links es-
tablished between system components.

One of my aims was to discuss the 
“intra-boundaries” phenomenology that 
should be observable with regard to the self-
production of components and the topology 
of the components’ interaction structure, as 
required by the VM&U rules.
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In this paper, I address several issues – 
briefly labeled as the “The scale of descrip-
tion problem” – related to the observation 
and description of dynamic systems, and 
encountered when trying to identify pos-
sible autopoietic systems existing in meta-
molecular domains. In this and the follow-
ing paragraphs, I am rephrasing with my 
own concepts what Maturana explained 
and developed conceptually decades ago. 
The reader may wonder why the addressed 
topics are relevant and how their discussion 
contributes to the broader work begun in 
Parts 1 and 2 (Urrestarazu 2011a, 2011b), 
especially when they lead to conclusions 
and insights that have been widely discussed 
already by Maturana and Varela.1 There are 
fundamentally two reasons for proposing 
this excursion:
1  |	 The most important one is that discuss-

ing these topics is needed as preparatory 
clarification work for tackling the topics 
that will be addressed afterwards in re-
lation to the cases of social and virtual 
dynamic systems. These discussions are 
not to be taken as simple digressions de-
parting somewhat from the generality 
of the main theoretical line exposed in 
my previous papers, but as a step in the 
overall progression of my reasoning.

2  |	 The second reason is that discussing 
these issues allows me to show that 
these complex reasoning examples can 
be conducted consistently and logically 
with the help of the conceptual tools 
proposed in this explanatory approach 
and that these concepts build up a con-

1 |  Part 1 is essential to understanding the 
terminology used here. In particular, I defined 
concepts that refer to a generalized notion of a 
non-specified realm in which autopoietic systems 
could be observed and identified as such, which 
I called the “observational domain.” I also pro-
posed a general description of dynamic systems 
composed of dynamic entities (or objects) capable 
of performing state transitions and related to each 
other by observable cause-effect interactions, a 
view that allowed me to describe those systems 
as networks of causation flow and represent them 
with well-defined abstractions. In order to facili-
tate the reader’s understanding, some of the key 
concepts are presented in summary again at the 
end of the paper, in the glossary of key concepts 
introduced so far.

sistent abstract language that appears as 
a helpful reasoning tool.
All these developments will help us dis-

cuss the nature of social systems and will 
provide insights for addressing some com-
putational autopoiesis issues.

Dual manifestation domains

I claim that while observing and de-
scribing a dynamic system from within 
this explanatory approach, observers can 
rigorously address all the requirements im-
posed by the VM&U rules when trying to 
determine its possible autopoietic nature. 
But even more interesting than conducting 
this verification procedure (see Urresta-
razu 2011a: 320–323, section “The VM&U 
validation test”), these proposed conceptual 
tools allow observers to determine clearly 
to what extent an observed system departs 
from the condition of being autopoietic 
(compliance with all 6 rules) and, by doing 
so, to what extent it may show other impor-
tant characteristics that made us wrongly 
believe that it was autopoietic (compliance 
with only some of the rules). This paper ad-
dresses the problem of circumscribing the 
system in space and time and of deciding on 
the kind of physical objects to be considered 
as components of the same kind (see glos-
sary |* entry on “Same kind components”) 
that constitute the unity.

Here I am limiting the discussion to 
observational domains |*, where dynamic 
objects |* arise indeed as material entities 
coupled by cause-effect interactions and are 
actually explored by observers in order to 
determine the set of state-variables ascrib-
able to the observed entities and determine 
the kind of dynamic system |* that they may 
constitute. The case of “virtual” dynamic ob-
jects conceived as such by ways of symbolic 
software design and “materialized” on com-
puter hardware as electronic (or other kind 
of physical) processes needs to be addressed 
separately.

A complex dynamic system may be de-
scribed in terms of observational criteria 
that are inevitably observer-dependent, i.e., 
by way of descriptions made according to a 
chosen “point of view” with regard to all dif-
ferent possible levels of composition of the 
said system.

When the observer describes a compos-
ite unity as a whole, focus is given to the 
observational domain in which the system 
arises as a dynamic totality that operates as 
a simple unity; if the observer describes the 
composition of the unity, focus is given to 
the observational domain of operation of its 
components.

“ Systems as composite entities have a dual exis-
tence, namely, they exist as singularities that oper-
ate as simple unities in the domain in which they 
arise as totalities, and at the same time they exist 
as composite entities in the domain of the opera-
tion of their components.” (Maturana 2002: 12; 
my emphasis)

Phenomena occurring in these two dual 
domains cannot be explained using the 
same distinctions because the properties of 
the dynamic objects involved (seen as totali-
ties in their own domain of existence) and 
the nature of their interaction capabilities 
are different. Hence, the set of state-vari-
ables needed to describe the states of the en-
tities in their respective dual domains may 
differ also:
DT	 Totality manifestation domain: in the 

domain where the composite unity op-
erates as a totality, phenomena are ex-
plained in terms of relationships with 
other totalities of the “same kind” with-
out referring to their components, in 
terms of state transitions undergone by 
these totalities, and in terms of the his-
tory of those relations between totalities;

DC	 Components manifestation domain: in 
the domain of operation of the com-
posite unity’s components (seen as to-
talities of a lower order), phenomena 
are explained in terms of relationships 
between components of the “same kind,” 
in terms of their state transitions, and in 
terms of the history of those relations be-
tween components.
For each case, there are distinct spatial 

volumes to be considered, which are defined 
by the spatial extension of the physical en-
tities and by the spatial extension of their 
dynamic manifestation. Even if the position 
of objects in space is not to be considered 
as a significant variable and member of the 
set of state-variables (when the considered 
cause-effect coupling |* is independent of the 
distances between objects), the overall ob-
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served behavior is typically taken to occur 
within a certain spatial volume of a given 
size and the interacting objects may be also 
endowed with the property of possessing a 
delimited spatial extension. As we shall later 
see, this may not be always easily observable: 
in some observational domains we may ob-
serve dynamic objects describable as totali-
ties without necessarily considering them as 
spatially compact entities (they could exist as 
spatially distributed objects with a lower, but 
not specified, composition level).

By “compact entity” I refer here to a 
compound physical object with components 
closely packed together in physical space, 
where distances separating neighbor com-
ponents in Euclidean space are significantly 
lower than the size of the said components.

These two spatial volumes (one defined 
by the entities’ maximum spatial extension, 
and the other by the extension of their over-
all dynamic manifestation) define two quan-
tifiable scales of observation that allow the 
observer to distinguish entities properly as 
interacting objects in physical space. These 
scales are derived from the observer’s choice 
in focusing on one of the dual manifesta-
tion domains, DT or DC. For the sake of 
precision, the relation between both scales 
of observation could be defined by the ratio 
between both volumes. This implies that a 
range for spatial scales of description that is 
adequate to allow system components to be 
distinguished as spatially delimited dynamic 
objects is bottom-limited to the size of com-
ponents and top-limited at least by the size 
of the region of space where the considered 
compound system manifests itself as a dy-
namic totality, i.e., where its overall behavior 
is observable and describable.

Similarly, the intrinsic time-related 
characteristics of the interaction dynamics 
in domains DT and DC can differ in a signifi-
cant manner. The interaction propagation 
speeds are not necessarily the same, nor are 
the reaction delays to triggered transitions. 
Thus the adequate temporal scale of obser-
vation necessary to discriminate significant 
events in each domain is bottom- and top-
limited, too. For example, consider the DT 
and DC manifestation domains for multicel-
lular organisms: in the component’s mani-
festation domain, molecular interactions 
occur typically within time-frames of the 
order of picoseconds to microseconds (i.e., 

protein folding and other molecular events), 
whereas most externally observable behav-
iors of the organism as a whole may range 
from milliseconds to several hours, and 
even longer (i.e., muscular reactions, circa-
dian cycles, body growth).

Thus the choice between a spatial and 
temporal scale of description is essential 
to decide “where, how far, when, and for 
how long” to observe in order to be able to 
discriminate a dynamic system in a given 
observational domain. This is implicitly 
done as a current and necessary practice 
in most scientific investigations. But an ex-
plicit choice is needed and becomes critical 
when observing dynamic systems because 
the component composition/decomposition 
properties explained in Part 1 of this work 
(Urrestarazu 2011a) might not be observ-
able at arbitrary scales of observation and 
description. Furthermore, observation at 
adequate scales is essential, not only for de-
scribing component production, but also for 
properly circumscribing any observed unity, 
as required by the first VM&U rule: “Deter-
mine, through interactions, if the unity has 
identifiable boundaries. If the boundaries 
[cannot be determined], the entity is inde-
scribable and we can say nothing.” In the 
following subsections I shall discuss spatial 
and temporal scale issues in more depth.

Spatial scales 
of description
When trying to identify and circum-

scribe a dynamic system operating in a 
given observational domain, the observer 
needs to identify the sort of dynamic ob-
jects operating in that domain, the sort of 
interactions occurring between them (the 
prevailing interaction mechanism), the set 
of state-variables that can be associated to 
the candidate components, and the possible 
states that those components may attain. 
When the manifestation of the prevailing 
interaction mechanism is properly account-
ed for by ascribing a complete set of specific 
state-variables to all interacting objects, ob-
serving changes in those variables across all 
dynamic objects over time allow observers 
to construe a cause-effect coupling relation-
ship that maps into a causation structure 
graph of state-nodes and oriented relations |*, 

as proposed within this approach (see causa-
tion structure |* and equivalent graph |*). The 
circumscription problem is then tentatively 
solved by examining the graph topology in 
detail (identify components |*, environmental 
objects |*, the medium |*, the boundaries |*, 
and the core |* of the suspected unity under 
scrutiny).

The choice of a spatial scale
According to this explanatory path, an 

observer implicitly chooses a component 
description scale by choosing the associ-
ated set of variables assigned to the selected 
components whose values at a given time 
define the state at which each component is 
found at that moment. This choice depends 
on the nature of the causation mechanism 
being considered because the state-variables 
included in the set must correspond to ob-
servable and quantifiable features that are 
susceptible to being modified by a specific 
state transition triggering interaction. Such 
features are taken as variables associated to 
the dynamical object, with assigned values 
before any interaction occurs. In particu-
lar, this requirement means that the nature 
and number of the state-variables to take 
into account depend on the nature of the 
interaction mechanism and this defines the 
type of nodes and their dimension |* within 
the multi-dimensional relational space in 
which the relational network representing 
the system may be described. But this also 
defines the 3-dimensional (3D) physical 
extent of the region in which the observed 
dynamic system can be distinguished, ac-
cording to the observer’s experience gath-
ered while observing identified dynamic 
objects that interact in the considered ob-
servational domain via a specific interac-
tion mechanism.

Let us assume that the observer does not 
know if a circumscribable dynamic system 
composed by observed dynamic objects 
does exist in this identified region. The ob-
server needs to adopt an adequate spatial 
scale of observation in order to describe the 
interactive dynamics and determine if an 
emerged dynamic structure is distinguish-
able as a unity. If the adopted scale is lower 
than the size of the components manifesta-
tion domain (DC), the observer will prob-
ably miss the pertinent causal relations that 
couple these dynamic objects to each other. 
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If the scale adopted is larger than the size 
of the totality manifestation domain (DT), 
the observer might confuse the totality 
manifestation domain with the components 
manifestation domain and take “small” 
emerged structures (acting as totalities) as 
components of a de facto higher order unity 
without being aware of this error.

Discriminating components from 
other observable totalities
This might appear to be a trivial com-

ment in the case of interaction mechanisms 
that depend strongly on the distance sepa-
rating individual dynamic objects and are 
observed as binding (attractive) forces (in 
which case locally emerged structures will 
be observed as 3D spatial compact entities: 
i.e., the case of molecules and aggregates of 
molecules). But it is not so evident in the 
case of systems composed of dynamic ob-
jects interacting at arbitrary distances and 
distributed randomly over wider regions of 
physical space (i.e., the case of some social 
network systems).

Furthermore, in the case of the quest 
to identify a suspected autopoietic system, 
the observer needs to pay attention to the 
existence of possible component transfor-
mation mechanisms that could be compli-
ant with the VM&U component produc-
tion rules that components may undergo 
(reference to additional details is given in 
the entry similarity component production 
transformations |*). While observing non-
compact 3D emerged dynamic structures 
(i.e., composed of randomly distributed 
components interacting at arbitrary dis-
tances), the observer might be at pains to 
choose the adequate spatial scale of obser-
vation necessary to distinguish the produc-
tion (or destruction) of new (or existing) 
components as a result of the effects of the 
prevailing interaction mechanism at work 
in the considered observational domain.

If distinctions made so far are to be con-
sistent in this explanatory path, the nodes of 
the relational network representing the sys-
tem in a multi-dimensional relational space 
should all be of the same kind, i.e., they 
should possess not only the same dimen-
sion, but also share state-variables. Other 
non-spatial state-variables may also par-
ticipate in the manifestation of additional 
interaction mechanisms not directly related 

to component production but otherwise 
keeping the compound system operating as 
a long-lasting self-organized totality.

The isomorphism established between 
the physical system’s interaction structure 
and the theoretical causation graph (net-
work of oriented relations) implies that 
any system substructure should be repre-
sented by a sub-graph involving a defined 
number of nodes. The question arises as to 
whether a compound substructure of the 
system could be inconsistently considered 
as a single component (i.e., be described as 
a single node of the equivalent graph). A 
consistent level of granularity for observ-
ing and describing the composition of the 
system from within this approach should be 
one in which all components are described 
as being of the same kind. If the scale of 
description is not precisely defined from 
the start, an inconsistent identification of 
components could indeed occur if the ob-
server does not observe or describe a sub-
structure’s internal dynamics but only its 
interactions with the rest of the system. If 
an investigating observer chose to identify 
observed embedded composite unities in-
consistently as the operating components of 
the system under investigation, it would be 
partly because she was using a spatial scale 
of observation adequate only at the scale in 
which these composite embedded unities 
become noticeable and where lower scale 
entities of the same kind are not discern-
ible (henceforth called simple components). 
While exploring the topology of the inter-
action network of these identified embed-
ded unities, the observer would probably 
discern the embedded system but not the 
encompassing one. While discovering later 
– at a lower scale of observation – that there 
were lower order dynamic objects playing 
an active role in significant causation flows, 
by not being aware that they were not of the 
same kind, she would be tempted to con-
sider them also as components. In that case, 
the observer would also have to consider 
the simple components that constitute the 
embedded composite unities as compo-
nents of the encompassing system because 
they would be coupled by cause-effect re-
lations observable at the same scale of de-
scription (see Figure 1).

In summary, in this explanatory ap-
proach, the components of a higher order 

embedded dynamic system should all be 
describable as dynamic objects of the same 
kind interacting together at their higher 
level of description without referring to in-
teractions with entities of a lower order and 
of different kinds. In theory, the observer 
would then have three circumscription 
choices: either
Choice I: to consider the embedded sys-

tem as composed solely of embedded 
composite unities by describing only 
their mutual couplings with a suitable 
state-variables set and to consider all 
other causal effects provoked by simple 
components as external to the embed-
ded system, or

Choice II: to consider a more complex em-
bedded system composed simultane-
ously of embedded composite unities 
and simple components, or

Choice III: to consider the embedded sys-
tem as composed solely of simple com-
ponents by ignoring the fact that some 
components constitute embedded com-
posite unities.
In the case of Choice I, the observer 

would not be able to explain the behavior 
of the embedded systems solely in terms 
of the causation structure generated by the 
coupling between the embedded composite 
unities, but would need to integrate into her 
explanation the impact of external causal 
effects provoked by the lower level entities 
on the embedded composite unities them-
selves.

In the case of Choice II, and in order 
to be consistent within this explanatory 
approach, the observer would be forced 
to discriminate between different kinds of 
interactions: those occurring between the 
embedded composite unities and those 
involving lower order entities. This would 
force her to flatten the level of description 
to that of components of the lowest com-
mon order and account for the internal 
workings of the embedded composite uni-
ties in terms of the dynamics of the compo-
nents of the lowest order. This situation is 
equivalent to Choice III.

Let us illustrate these considerations 
by supposing that an observer is tentatively 
trying to determine the kinds of dynamic 
objects that could be properly identifiable 
as system components, and that she is deal-
ing with a substructure composed of more 
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elementary dynamic objects (see Figure 1). 
In fact, if such a substructure is to be consid-
ered as a component, all its possible global 
states – taken as a totality – should be de-
scribable by means of the same set of state-
variables chosen to describe the states of the 
more elementary dynamic objects existing 
in the considered observational domain 
and constituting also the said substructure. 
Otherwise, the type and the relational space 
dimension of the composite substructure 
would be incommensurable with the type 
and relational space dimension of a simple 
component. This is because there is only 
one way to “compare” a composite system 
with a simple component, which is to define 
a comparable set of state-variables valid for 

describing the observed “external” inter-
action phenomenology of the composite 
substructure, seen as a totality, in the same 
terms as if it were a simple component. This 
is possible only if the composite substructure 
can be described as always interacting– as 
a whole – with the rest of the network, in 
the same manner as simple components, and 
never only partially through its own inter-
nal components.

Thus, a substructure emerging as a local 
autopoietic system within a larger system, 
for example, could potentially be described 
as a component of the said dynamic system 
if:
a  |	 it is capable of performing similarity 

production transformations by com-

position/decomposition processes trig-
gered by interactions based on the same 
causation mechanism affecting simple 
components; and

b  |	 it is coupled to simple components or 
other composite substructures of the 
same kind and participates in compo-
nent production as any simple compo-
nent does.
This is consistent with what Maturana 

explained and developed conceptually de-
cades ago. The point in discussing this spe-
cific case (autopoietic unities embedded 
within a larger system) is to show that this 
is a hypothetical situation that could occur 
in any sufficiently complex dynamic sys-
tem. However, this situation does not even 
occur in the case of biological organisms, 
because autopoietic cells cannot possibly 
be described with the same set of state-
variables that would suffice to characterize 
the interactions between the molecules that 
compose those cells. If compliance with the 
above mentioned requirements a) and b) 
was observed in a dynamic system, it would 
imply that a “scale invariant” dynamic be-
havior was observable in simple and “com-
posite” components alike. Such a situation 
would be a very particular case indeed and 
could not be envisioned as a general prop-
erty ascribable to all autopoietic systems.

The same considerations apply if the 
embedded substructures are not autopoietic 
unities, but more general dynamic systems 
provided with a boundary that makes them 
circumscribable, identifiable as wholes, 
and showing specific observable relational 
behaviors as the result of their specific mu-
tual cause-effect couplings described at the 
composition level at which they are identi-
fied as totalities.

Interacting embedded unities
It should be noted that the presence of 

embedded substructures (autopoietic or 
not) in a dynamic system described as com-
posed of lower level components (that is to 
say, of the same kind of components that 
constitute the embedded substructures) 
does not prevent these embedded unities 
from interacting with each other and con-
stituting an embedded dynamic system on 
their own. Nothing prevents this embedded 
system from being autopoietic either, even 
if the encompassing system is not. But the 

Simple component

Embedded composite unity

Interaction between simple components

Interaction between embedded composite unities

Embedded system

Encompassing system

Figure 1: Very schematic representation of embedded composite unities (constituted by lower 
order dynamic entities) that may constitute an embedded dynamic system within an encom-
passing wider system composed of lower order dynamic entities (simple components) of the 
same kind.
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description of the operation of these em-
bedded unities would require a completely 
different set of state-variables to account 
for the specific interaction mechanism 
that makes them constitute a circumscrib-
able dynamic system. In fact, the resulting 
embedded system exists as a system that 
emerged in its own observational domain, 
distinct from the observational domain in 
which the encompassing system exists as 
such.

An example of this situation occurs in 
the endoplasmic molecular domain within 
cells where we observe

“ …entities which are known as organelles (ves-
icles, Golgi bodies, lysozomes) [that] are able to 
function in concert to maintain a constant and 
complex molecular flow. Each organelle appears 
to be discrete by virtue of its own surrounding 
membrane, but they fold and break off to create a 
flow across them which is a functional system in 
its own right.” (Fell & Russell 1994)

These dynamic subsystems are embed-
ded in a cell (the encompassing system), but 
should not be regarded as being of the same 
kind as its basic constituents if the VM&U 
rules apply to assess the system’s autopoietic 
nature. Unless these substructures could be 
considered as giant single macromolecules, 
they are not to be confused with smaller 
single molecules of a generic kind that can 
be described with a same set of state-vari-
ables. Fleischaker (1989) conducted labora-
tory experiences on the applicability of the 
VM&U criteria to most simple cells, and 
she

“ …was satisfied as to [their] internal mechanis-
tic operation, because the component properties 
(which are ionic, electrochemical, steric and hy-
drophobic) are what determines all component 
interactions.” (Fell & Russell 1994)

But, can organelles be considered as gi-
ant single macromolecules of the same kind 
as the smaller molecules they are composed 
of? If we describe the cell just as a general 
dynamic system, we have no clues to distin-
guish giant macromolecules from smaller 
ones as they participate in the same type of 
ionic, electrochemical, steric, and hydro-
phobic interactions prevailing in their do-
main of existence. But if we seek to describe 

the cell as an autopoietic system, we need to 
consider the similarity production transfor-
mation capabilities of all components and 
then the distinction becomes more apparent. 
This is because organelles, taken as totalities, 
do not undergo these types of transforma-
tions as a result of “organelle-to-organelle” 
interactions. Nevertheless, they may prob-
ably split, merge, and be seen to “cooperate” 
in the production of other organelles, but 
only as a result of interactions distinguished 
at a lower scale of observation/description. 
This would be the case of symbiotic mito-
chondria within cells, for example, “where 
many other organelles and cell structures 
are [their] products” (Sapp 2007: 62).

Embedded autopoietic unities
So far, these are general considerations 

applicable to any dynamic system described 
within this explanatory approach. Now, if 
the embedded composite unities happen to 
be autopoietic and the resulting embedded 
system is also autopoietic, it will mean that:

�� at the level of the embedded autopoietic 
unities, some lower level simple compo-
nents are produced in the core of the 
said unities as a result of their internal 
relations of production, and

�� at the level of the higher order embedded 
autopoietic system, its own components 
(embedded autopoietic unities) are pro-
duced in its core as a result of the inter-
nal relations of production prevailing 
within.
In this case, the higher-order embedded 

autopoietic system is composed simultane-
ously of simple components and embedded 
autopoietic unities that are also composed 
of the same kind of simple components (see 
Figure 1). Therefore, the realization of its 
own autopoiesis would be the result of the 
relations of production of components pre-
vailing in its core, including the production 
of the embedded autopoietic unities, which 
is based on the same kind of similarity com-
ponent transformation properties possessed 
by the simple components. This means that 
in order to verify (compliance with VM&U 
rules) and explain the autopoietic nature of 
the embedded system, the adequate circum-
scription choice would have to be Choice III.

At this stage, it is convenient to recall 
a pertinent consideration of Maturana and 
Varela:

“ [A] system realized through the coupling of 
autopoietic unities and defined by relations of 
production of components that generate these re-
lations and constitute it as a unity in some space, 
is an autopoietic system in that space regardless 
of whether the components produced coincide or 
not with the unities which generate it through their 
coupled autopoiesis.” (Maturana & Varela 1980: 
109; emphasis is mine)

The above discussion based on the use 
of the concepts developed for this explana-
tory approach expresses this same idea.

In order to illustrate these abstract 
considerations, let us examine the case of 
multi-cellular organisms. In any biological 
organism there are significant levels of inter-
mediate structure and organization between 
“cells” and “molecules” (organelles, mo-
lecular complexes etc.), but the mentioned 
extremes refer to the choice in defining the 
basic composition elements as interacting 
components of the same kind. Seen from an 
oversimplified perspective, a multi-cellular 
organism can be described as composed 
simultaneously of cells and molecules in-
teracting together at the level of cells, at the 
level of molecules, and at a mixed level of 
both. If it is to be consistently described as 
an autopoietic system (as a totality), the lev-
el of description of components should be 
the level of a first order autopoietic system 
existing in the molecular domain and cells 
be described as composite substructures – 
composed of molecules – that play just an 
allopoietic role within the system.

“ An organism as a first order autopoietic system, 
however, is not composed of cells even though its 
realization depends on the realization of the auto-
poiesis of the cells that intersect structurally with 
it as they constitute it in their ontogenetic drift. 
The first and second order autopoietic systems 
that intersect structurally in the realization of an 
organism exist in different nonintersecting phe-
nomenal domains.” (Maturana 1988)

In my view, this is the fundamental rea-
son that led Maturana to emphasize that the 
only known observational domain where 
autopoietic systems can be consistently 
identified, is the molecular domain.

In multi-cellular organisms, cells are au-
topoietic subsystems composed of molecules 
and they can constitute relational networks 
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of cells interacting together (organs or func-
tional cell structures, such as the nervous 
system), embedded in the core of the organ-
ism. Such cellular systems may become de-
scribable as autopoietic unities composed of 
cells. In this case, the lower level molecular 
interaction processes may be considered as 
participating in the material manifestation 
of the interactions’ mechanisms that make 
emerge or allow the survival of a higher 
level autopoietic entity, (i.e., the molecular 
phenomenology of endosymbiosis giving 
rise to symbiotic interactions between a 
host organism and an embedded symbiote 
– such as lactobacilli and other bacteria in 
humans or zooxanthelles in corals). None-
theless, the whole organism seen as an au-
topoietic totality is to be considered at the 
lower level of description as composed of 
molecules:

“ [A]n organism is an autopoietic system 
through its molecular composition, not through 
its meta-molecular existence. Autopoiesis de-
scribes the constitution of living systems as dis-
crete molecular systems.” (Maturana 2002: 14)

Considerations concerning 
spatially compact systems
In my opinion, the central point to be 

considered in this kind of research is re-
lated to the role played by the component 
production mechanisms with respect to 
the topology of the interaction network. It 
happens that in the molecular domain, for 
example, the composition/decomposition 
processes produce components showing 
strong spatial neighborhood interactivity 
(where relative separation and mutual ori-
entation in space are the most important 
state-variables).

Compactness
Distance-dependent interactions that 

involve the manifestation of attractive bind-
ing forces tend to maintain interacting ob-
jects in relations of lasting spatial vicinity 
and this situation may foster the manifes-
tation of other cause-effect couplings that 
would not have been possible if the com-
ponents were not maintained sufficiently 
“close” by the effect of the binding forces. 
Spatial orientation-dependent interactions 
that involve the manifestation of selective 
3D (stereo-specific) couplings tend to ar-

range components according to spatially-
oriented architectural forms (morphogen-
esis). In the vocabulary of physics, these 
reactive or geometric forces are called forces 
of constraint. More or less rigid structures, 
from natural molecules, crystals, and rocks, 
to artificial tables, buildings, and bridges are 
held together by forces of constraint. In the 
case of biological substances, these forces of 
constraint are flexible and energetically sus-
tained by permanent material flow.

This is obviously trivial in the case of the 
molecular domain, but I intend to make the 
point explicit in order to highlight the con-
trast with the case of spatially distributed 
dynamic systems where the material mani-
festations of cause-effect couplings cannot 
be explained by invoking the compactness 
conditions that make those manifestations 
possible in physical terms (localized energy 
and material flows).

Stated in terms of the conceptual tools 
proposed in this paper, we could say that in 
the case of spatially compact dynamic sys-
tems the topology of the relational network 
tends to coincide with the spatial topology 
of component structures in physical space 
even if there might be other dimensions to 
take into account for state-variables whose 
changes are not distance-dependent. These 
“extra dimensions” may be always present 
because distant components may interact 
through cause-effect couplings as the result 
of mechanisms which are unrelated to the 
conditions prevailing in the spatial vicinity 
of components. We could intuitively say in 
this regard that the multi-dimensional re-
lational graph’s projection into its 3-dimen-
sional spatial coordinates and the physical 
3D Euclidean space where observers per-
ceive the physical structure both possess 
the same topology (see Figure 2). In other 
words, the relations of spatial vicinity and 
spatial orientation between components 
could be interpreted as constitutive rela-
tions of the composite system in which al-
most all interaction paths are embodied by 
physical structures of interacting neighbors.

It should be noted that this consider-
ation is not to be regarded as a claim say-
ing that the elements of the abstract graph 
(oriented relations) are literally circum-
scribed by or within the physical elements 
of the interaction network (the dynamic 
objects themselves). This would be a con-

fusion of conceptual terms and abstraction 
levels. I am only saying that the topologies 
of both structures – (a) the abstract projec-
tion of the graph in its spatial coordinates, 
and (b)  the 3D representation of the ob-
served unity’s physical structure in Euclid-
ean space – are equivalent (by the way, this 
equivalence could be an important criterion 
for judging the appropriate choice of the 
state-variables set made by the observer.) 
When I say that almost all interaction paths 
are “embodied” by physical structures (i.e., 
forms in physical space), I am pointing to 
a particular feature shown by some com-
pact dynamic systems, where the occur-
rence of significant cause-effect couplings is 
physically contained within the frontiers of 
physical forms recursively generated by the 
interaction structure on its own.

Emerged substrates 
for emerging phenomena
In such systems, the interaction network 

activity acts as an organizing process that 
generates a physical substrate where larger 
scale phenomena can naturally emerge. 
This emerged substrate may facilitate the 
manifestation of new phenomena, distinct 
from those involved in the interactions be-
tween components. These may become es-
sential structure-dependent resources for 
the system’s operation, including the main-
tenance of organizational invariance and 
the spontaneous “invention” of new mecha-
nisms that maintain autopoiesis in the face 
of perturbations that would have caused the 
system’s disintegration in the past. In the 
realm of biological macromolecular sys-
tems, we can summon up some examples 
of such larger-scale physical structures and 
their associated phenomena: membranes 
(osmosis, ionic transport, etc. resulting in 
semi-permeability); vessels (heat transport, 
capillarity); tissues (elasticity, rigidity); gels 
(viscosity, refractivity, transparency, opaci-
ty); etc. Chemical reactions can be localized 
by the buildup of physical containers; con-
centration levels of reactive substances can 
be “controlled” by physical processes affect-
ing the canalization of fluids; specific mol-
ecules can be filtered by semi-permeable 
membrane structures; molecular or cellular 
concatenations can be the support for the 
flow of “signals”; etc. All these phenomena 
manifest themselves as
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“ …flexible forces of constraint that hold to-
gether the innumerable articulated assemblies of 
rigid structures … as well as labile assemblies of 
not-so-rigid structures like the biopolymers … in 
organisms.” (Pattee 2001: 12)

With the exception of molecular sys-
tems that do not generate physical con-
tiguous boundaries, such as the distributed 
immune system, many molecular systems 
show one of their most important topologi-
cal features, namely the physical embodi-
ment of their relational boundary as a phys-
ical container for the whole mechanical and 
chemical activity within the “topological 
unity” constituted by the dynamic system 
itself.

When some interactions are expressed 
as attractive forces of constraint, the projec-
tion of the relational network topology in 
a 3D coordinate system will coincide with 
the spatial topology of a resulting dynami-
cal form generated by the composition pro-
cesses. Dynamical forms are not artifacts 
“created” by the topology of the abstract 
relational graph, but physical structures 
resulting from the interactions between 
physical components. By definition, the 
projected 3D topology of the graph should 
reflect the physical 3D topology if the ob-
server adequately defined the spatial state-
variables from the start. Dynamical spatial 
forms act as physical and chemical supports 
for the processes themselves and the pro-
cesses give rise to these forms in a recur-
sive manner, moment after moment, along 
with the transformations undergone by the 
interaction structure. At the same time, the 
interaction dynamics seen as a form build-
ing process (morphogenesis) of “labile as-
semblies of not-so-rigid structures” (Pattee 
2001) allows for continuous transforma-
tions of the dynamical form that take place 
along a timeline, so that new macro-struc-
tural resources may become continuously 
available for the emergence of new mecha-
nisms.

A fundamental condition for life?
The relational structure building pro-

cesses leading to the manifestation of 
physical phenomena affecting large physical 
structures (macro-structures) facilitates the 
emergence of higher order mechanisms ca-
pable of playing a role in the emergence of 

anti-disruptive compensating mechanisms. 
Even more significantly, it also facilitates the 
emergence of complex mechanisms of sub-
structure building processes that may become 
essential for the emergence of embodied 
capabilities such as system physical repli-
cation. Conversely, the emergence of such 
structures with their accompanying mecha-
nisms recursively facilitates the evolution of 
the relational structure building processes 
that originated them. This evolution can be 
either epigenetic (within the lifespan of the 
system), or phylogenetic (when reproduc-
tion and genetic transmission mechanisms 

become available in the organism’s struc-
ture).

The conceptual tools proposed in this 
explanatory approach allow observers to 
distinguish the relevance of morphogenetic 
processes in the face of other processes less 
concerned with the 3D spatial topology of 
the overall structure. In my opinion this is ex-
tremely relevant, to the point that I think that 
we have the right to ask whether this spatial 
topological compactness of molecular inter-
actions was indeed the fundamental condition 
that made life as we know it on earth (and 
perhaps also autopoiesis) possible.

There are distance-dependent relations

Projection

3-dimensional
coordinates system

Multi-dimensional
coordinates system

Projection of 3 spatial coordinates
(associated to state-variables)

in 3D Euclidian space

Z-axis Nodes

Nodes and relations

Equivalent graph in multi-dimensional
relational space

Topological
correspondence Morphogenesis

Y-axis

X-axis

Physical dynamic objects

Figure 2: Illustration of the correspondence between the topology of a 3-dimensional projection 
of the spatial coordinates of nodes in a multi-dimensional graph (defined by those state-vari-
ables that express distances separating dynamic objects and their mutual orientations) into Eu-
clidean space and the physical topology (form) of the observed dynamic objects’ spatial structure.
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Considerations concerning 
spatially distributed systems
In other observational domains, the 

above-mentioned mapping of the relational 
network topology with a spatial topology of 
physical structures may not exist because 
spatial proximity is not a mandatory cat-
egory for the state-variables that need to 
be included in the definition of dynamical 
objects’ states. This is the case, for instance, 
of those domains where the spatial distance 
between components does not play a role in 
the establishment of cause-effect couplings. 
In these cases, the emergence of disrup-
tion compensation mechanisms cannot rely 
solely on the manifestation of the physical 
properties of large-scale spatially contiguous 
macro-structures.

The following considerations are intend-
ed to highlight the conditions that would al-
low an observer to distinguish the physical 
effects of purely relational outcomes of the 
unity’s internal dynamics when its com-
ponents are distributed over distances that 
preclude the possibility of building up ma-
terial structures as an immediate and direct 
physical effect of cause-effect coupling. This 
issue needs to be addressed, not just as a 
mere theoretical exercise, but mainly as a 
reasoning path that will prove to be essential 
to understanding social systems.

Distant agents need 
to coordinate activities
For systems where components are ar-

bitrarily distributed in space, I would like to 
point to a situation in which dynamic objects 
may perform some of their changes of state 
as physical activities that, once triggered, 
are no longer related to the component that 
triggered the said transition. This situation 
cannot be excluded from our analysis, even 
if it is not the case for all distributed dynam-
ic systems in all circumstances. Certainly, 
coupled components may remain in perma-
nent reciprocal interaction conditions, tran-
sition after transition (i.e., in the equivalent 
graph this would be represented by a couple 
of persistent oriented relations linking a pair 
of nodes in both directions after each inter-
action network rearrangement), and in this 
case, the successive states of coupled com-
ponents would remain mutually dependent 
for long periods – locked in a “peer-to-peer” 
relationship – and the overall systemic dy-

namics could be explained as a direct effect 
of those persistent cross determinations.

However, when the evolving relational 
network topology is less persistent, the fol-
lowing question arises: “how can triggered 
transitions occurring among “peer-to-peer” 
momentarily-coupled components produce 
global effects on the whole interaction net-
work?” At this stage, one may wonder at 
what point a unity ceases to operate as a 
distributed dynamic system and becomes 
instead better described as an exogenous 
ensemble of interactions. In these discus-
sions, I am assuming that the considered 
unity has been circumscribed at least as an 
“identifiable set of dynamic objects interact-
ing together” with a lasting dynamic struc-
ture possessing an intrinsic self-sustained 
lifespan (see Urrestarazu 2011b: 51).

When components are situated in sepa-
rated physical environments, we need to dis-
tinguish the particular region of space where 
each component is capable of obtaining the 
necessary resources to accomplish their trig-
gered physical activities (henceforth I will 
refer to this delimited region by the term 
niche: see Figure 3) Components that do not 
share a niche, or that exist in spatially non-
overlapping niches, need to consume energy 
and “manipulate” matter taken from their 
respective niches in a totally interaction-
independent manner.

For the sake of clearly exposing this ar-
gumentation, let us focus on systems where 
this type of cause-effect coupling is the only 
observable one (or where it is extremely pre-
dominant). If we are to explain – in purely 
relational terms – how the interaction struc-
ture dynamics generates structure-deter-
mined physical results affecting the whole 
system’s structure or any locus within its 
spatial extension, we need to rely only on 
explanations concerning the localized ac-
tivities of the “isolated” components. This 
is valid for explaining the emergence of all 
sorts of perturbation or disruption compen-
sating mechanisms and, most importantly, 
the possible existence of component produc-
tion transformations involving the partici-
pation of several components. This means 
that the only available resources for building 
up compensating mechanisms leading to the 
conservation of the system’s identity must be 
provided by the components themselves and 
by exploiting their respective separate niches.

In these physical circumstances there is 
no other reasonable choice but to assume 
that components should be capable of some-
how coordinating their activities via the pre-
vailing interaction mechanism that couples 
them in order to generate collective respons-
es and produce material effects anywhere in 
the spatial region where the unity exists. By 
coordinated activity I mean a succession of 
physical actions performed by several com-
ponents in their localized environment as a 
result of structure-determined state transi-
tions triggered in them by cause–effect cou-
plings with other components pertaining to 
the same lasting interaction network.

Individual component’s activity may 
have only a localized scope in physical 
space, and therefore, in order to affect the 
whole system, these local resources should 
be used to produce patterns of coordinated 
activity among components whilst the said 
components could well remain confined to 
their niches. If components are also capable 
of displacing themselves beyond their original 
niches, this could result in the occurrence 
of physical encounters between components 
that would otherwise remain separated. 
This would obviously enhance the odds 
that purely relational outcomes of causation 
flows within the spatially distributed inter-
action structure could “materialize” as effec-
tive physical outcomes, such as new compo-
nent production.

The emergence of coordinated activity 
through cause-effect coupling means that 
components enter into sequences of mutu-
ally dependent state transitions or activ-
ity patterns that constitute triggering events 
for the manifestation of other activity pat-
terns. If these activity patterns are able to 
propagate, reach any structural locus within 
the system’s interaction network, and pro-
duce specific localized effects resulting in 
structure-determined material effects that 
compensate for external disruptive interac-
tions and maintain organizational invari-
ance, the absence of spatial proximity and 
the presence of a non persistent “connectivity” 
between components involved in triggering 
and caused transitions would not hinder the 
system’s ability to behave as a whole.

In other words, what an observer would 
expect is that these activity patterns could 
lead mutually interacting but spatially sepa-
rated components to reach states in which 
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they can induce specific global network 
rearrangements capable of continuously 
maintaining the system’s organization and 
the production of new components in a sit-
uation in which components are not neces-
sarily spatial neighbors. This is a capability 
that we would expect to be observable if we 
were to identify a social dynamic system as 
being autopoietic, for instance.

Non-relational self-sufficient activity
The absence of persistent spatial “con-

nectivity” between components of a dynamic 
system requires a great self-sufficiency of in-
dividual components, as they need to “react” 
to triggering activity patterns produced by 
far-away located components and produce 
caused activity patterns on their own. These 
activity patterns, once triggered, cannot be 
considered as explainable in pure relational 
terms at the scale of description of the whole 
system, as they are determined mainly by the 
local physical conditions prevailing in the 
component’s niche. Nonetheless, they may 
be “modulated” – although not completely 
determined – by successive distant interac-
tions by other system’s components that im-
pinge on the said component.

In this sense, the distribution of com-
ponents over space imposes on observers a 
permanent shift between two spatial scales 
of observation and description, namely the 
scale of the overall extension of the unity 
(where the interaction mechanism manifests 
itself over distances) and the scale appropri-
ate to observe and describe the components’ 
localized activities in their respective niches. 
Furthermore, the observer needs to be cau-
tious to discriminate the effects that are a di-
rect outcome of distant cause-effect coupling 
from the derived effects due to the self-suffi-
cient activity of components.

Temporal scales 
of description
The following considerations are expan-

sions of an earlier discussion concerning 
time and causality that I exposed in Part 1 
of this work (Urrestarazu 2011a: 311). The 
notion of time as commonly used in every 
day life and in most objectivist scientific ap-
proaches has been deeply discussed by Mat-
urana:

“ Living takes place in the now, in the moment in 
which it is taking place. Living is a dynamics that 
disappears as it takes place… in no time, without 
past or future. Past, present and future are notions 
that… we observers, invent as we explain our oc-
currence in the now. We invent past as a source 
of the now or present, and we invent future as a 
dimension that arises as an extrapolation of 
the features of our living now, in the present. As 
past, present and future are invented to explain 
our living now, time is invented as a background 
in which past, present and future can take place. 
But life, living, takes place as now, as a flow of 
changing processes… The awareness that the [ex-
planatory] notion of time arises as an abstrac-
tion from the coherences of the experiences of 
the observer…, is not a problem. What becomes a 

problem in the long run is the unaware adoption 
of the notion of time as an explanatory principle 
that is accepted as a matter of course giving to it 
a transcendental ontological status” (Maturana 
1995; all capitalized emphasis are mine, italics are 
Maturana’s).

In the following paragraphs I shall deal 
with the abstract operation of distinguish-
ing regularities that arise for us (as observ-
ers) as the outcome of observations and de-
scriptions performed at different moments 
in the dynamic history of an observed uni-
ty. Up to now, all that has been discussed 
in previous topics concerning distinctions 
about spatiality referred to interactions’ 
structures observed and described as they 

Activity

Matter exchange

Energy fluxes

Triggering interaction provoked by another
far-away dynamic component

Local spatial environment

Niche

Minimum activation energy

Energy reservoirs

Matter

Physical dynamic component

Figure 3: A physical component affected by a far-away source of causation flow reacts with an 
activity sustained only by local resources of matter and energy available in its niche, which has 
only a localized scope in physical space.
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appear to us at a “a given moment.” But this 
is intrinsically an idealization because in 
most cases we cannot observe all that hap-
pens in all loci of a spatial extension simul-
taneously. We observe sequentially in our 
own successive “nows,” and we extrapolate 
backwards to construe a synthetic picture 
of an instantaneous structure changing 
over time and describe it from within this 
abstracted synchronic perspective. When 
adopting a diachronic perspective, we can 
observe and describe the actual changes un-
dergone by the interaction structure “mo-
ment after moment” and here we are also 
confronted with the choice of an adequate 
scale of temporal description if we want to 
identify regularities occurring in a timeline.

Instant and duration
Time-related descriptions of observed 

phenomena are subject to limitations de-
rived from our perceptive capabilities as hu-
man observers and from the technical pos-
sibilities of measurement devices (clocks) 
that we may employ to observe the causal 
relationships that we wish to establish be-
tween dynamic objects undergoing state 
transitions. The notion of an instantaneous 
state, for example, is necessarily an idealiza-
tion relative to the minimum time interval 
that we are able to discriminate with a clock. 
Any time interval that is lower than the unit 
time interval defined by our clock is an 

“instant.” Any time interval that is equal or 
greater than the unit time interval is “dura-
tion.” But if we use a higher resolution mea-
surement device, an “instantaneous event” 
may be described as possessing “duration” 
in a lower scale of time description.

For example, time intervals separating 
significant low-level triggering quantum 
events in molecules can be resolved with-
in durations of the order of picoseconds 
(10–12 seconds), whereas most resulting 
accomplishments of complex macromo-
lecular events (typically, protein folding, 
for example) can be discriminated within 
time intervals ranging from milliseconds 
to microseconds (10–3 to 10–6 seconds) at 
the most. In this case, if the scale of tem-
poral description was chosen such that the 
unit time interval was of the same order of 
magnitude as the “duration” of interaction 
propagation, the “duration” of triggering 
events could be considered as null (more 
than six orders of magnitude lower than the 
unit time interval in this case) and be prop-
erly called “instantaneous events.”

Pertinent events
The choice of an adequate temporal 

scale of description, even if it is not bottom-
level limited by the observer’s clock reso-
lution, is crucial for the observer’s ability 
to distinguish the occurrence of pertinent 
events in a given observational domain. In 

the most general case, the unit time inter-
val should be chosen to be lower than the 
smallest time interval separating pertinent 
triggering events as observed in a given ob-
servational domain for an identified inter-
action mechanism affecting the state evo-
lution of dynamical objects. A description 
accuracy problem arises when the time sep-
aration between triggering events, the “du-
ration” of the triggering events themselves, 
and the “duration” of interaction propaga-
tion are of the same order of magnitude. 
Stated in observational terms, this difficulty 
means that the observer would be unable to 
ascertain that between the initial state of a 
network node and its observed caused end 
state, no intermediate states have occurred 
due to the effects of other temporally in-
distinguishable triggering transitions that 
meanwhile occurred in other connected 
nodes.

A possible way out of this conundrum 
would be to distinguish significant end states 
from insignificant intermediate states by 
means of a suitable criterion. For example, 
the criterion could be the selective obser-
vation of major local changes of the graph 
topology in the causal vicinity of a consid-
ered node: if the graph topology remains 
unchanged (or just slightly perturbed) dur-
ing the occurrence of intermediate states, 
the corresponding triggering transitions 
in neighboring nodes could be neglected 
in the overall description of the dynamics 
of the considered node’s neighboring rela-
tional “volume” and be considered as non-
events. In this sense, significant end states 
would be provoked by less frequent “signifi-
cant” causation events and a higher tempo-
ral scale of description would be perfectly 
adequate. In our experience as observers of 
the molecular domain, for example, this sit-
uation is actually an unavoidable matter of 
fact because the complexity and “temporal 
density” of molecular structural changes is 
practically out of the reach of our analytical 
resolution power as observers.

Distinguishing processes
This consideration leads us to conceive 

the possibility of distinguishing interactions 
of a higher order: namely, state sequences 
of “internal” transition events occurring 
in a considered node that are correlated 
with transition events occurring in nodes 

Research perspectives

These results obtained in this paper could be applied with the aim of exploring 
reliable possibilities of detecting autopoietic systems in the domain of social or-
ganizations and of showing rigorously what are the odds that this quest could 
be doomed or not doomed to failure. By applying this explanatory approach 
and its associated conceptual tools, a way is open to discuss more deeply the 
class-identity status of social systems: it could be worthwhile to assess to what 
extent social systems can be better described as possessing varying degrees of 
autonomy (Varela’s notion) instead of focusing exclusively on autopoiesis.
Results can also be applied to address the case of virtual dynamic systems 
designed in software environments, and show that in this domain it is essential 
to distinguish the notion of process – conceived as an abstract dynamic entity 
existing in an observational domain deployed over time and endowed with ob-
servable behaviors determined by phenomena occurring in a material process-
ing substrate (hardware). These insights could then be used to analyze the pos-
sibility of exploiting the conceptual tools proposed in this explanatory approach 
to the design of virtual simulated autopoietic systems in software domains and 
contribute thereby to problems posed in computational autopoiesis.
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of its relational neighborhood that can be 
observed and described as a whole within a 
certain time interval. This is nothing less 
than distinguishing the occurrence of a 
process involving the structure-determined 
activity of a certain number of nodes. If we 
express this back in terms of the behavior 
of dynamic objects existing in the observa-
tional domain, we could distinguish groups 
of components that enter into sequences 
of cause-effect couplings that constitute a 
local substructure interacting as a whole 
with the rest of the structure (and possibly 
with other similar groups of components). 
I remind the reader that in the most gen-
eral case, the term “local” does not refer 
here to spatial locality, but to a “relational” 
topological vicinity in a multidimensional 
relational space (see Urrestarazu 2011a: 
320). In this sense, these groups of compo-
nents can be considered as the “processors” 
performing the said processes. Nothing 
prevents us from ascribing to these proces-
sors the status of components of a higher 
order dynamic system if we are able to as-
cribe them a suitable set of state-variables 
and consider their abstract representation 
as nodes of a higher order graph compris-
ing the oriented relations that represent the 
cause-effect couplings between “processors” 
groups. This operation of distinction can be 
captured in language as a higher order ab-
straction made by the observer by means of 
the notion of dynamic process. This higher 
order observational entity may be properly 
understood as a dynamic object on its own, 
described from a diachronic perspective, 
and possessing a spatial extension related to 
the volume occupied by the physical objects 
involved in causation flows during the in-

tervals between the occurrences of signifi-
cant events.

I mean by this that to a “localized” 
subset of connected nodes, the observer 
can assign global collective states and se-
lectively distinguish the “external” causal 
interactions (external with respect to the 
subset and coming from the rest of the 
overall causal graph) that determine the 
transitions of the subset taken as a partial 
whole. In this sense, the said processes may 
be considered to “exist” as dynamic entities 
in a higher level observational domain (not 
instantaneously, but within time intervals 
that are structure-determined by the inter-
nal dynamics of the said “processors”).

This operation of distinction consti-
tutes an observer-dependent change of 
perspective in which processes may be seen 
as interacting with other processes and be 
considered as components of a more com-
plex system deployed over time. The result-
ing system, if circumscribable, pertains to 
a different observational domain, distinct 
from the observational domain where the 
lower order dynamic objects exist. Wheth-
er this system is autopoietic or not is an is-
sue completely unrelated to the properties 
of the lower order system and its autopoi-
etic nature needs to be assessed separately.

Interacting processes
Maturana and Varela have referred, 

since their earliest works (i.e., their defini-
tion of the autopoietic machine), to process-
es of production of components in general 
– and to molecular processes in particular 
– from the perspective that the coupling 
between physical components (i.e., mol-
ecules) gives rise to the relational structure 

that makes those processes operate, pro-
duce new components, and recursively re-
generate the same kind of relational struc-
ture. Here, Maturana & Varela (1980: 79) 
distinguish the notion of the “… network 
of processes which constitute an autopoi-
etic machine… in the space of the compo-
nents that it produces” (emphasis is mine), 
by keeping the notion of process distinct 
from the notion of physical component seen 
from a synchronic spatial perspective (from 
which, processes are distinguished only as 
a background dynamics that produces syn-
chronic results such as component activity 
and the components themselves). But later, 
Varela (1989: 46) emphasized further the 
idea that the organization of some dynamic 
systems is determined by the relations, not 
between the components of the mechanistic 
unity, but between the processes involved in 
component production within, that is to 
say that they could be considered as “com-
ponents” within a more abstract and com-
plex description of the system’s structure.

These process-like components are 
necessarily distinguished from an abstract 
diachronic temporal perspective according 
to the ontological consideration concern-
ing the notion of time by which “… time is 
a dimension in the domain of descriptions, 
not a feature of the ambience” (Maturana & 
Varela 1980: 133). This cannot be taken to 
mean that processes “represent” entities as 
if they were physical material objects, but as 
observable dynamic objects – as defined in 
this explanatory approach – brought forth by 
the observer from a diachronic perspective. 
I endorse here Siegfried Schmidt’s views 
concerning the passage from distinguishing 
objects to distinguishing processes:
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“ Processes do not represent ‘reality’; instead 
they produce real-for-us results. Without these 
results nothing could be represented or referred 
to… The coupling of processes results and their 
attribution as ‘real-for…’ must be socially ac-
cepted and thus intersubjectively confirmed.” 
(Schmidt 2011: 4)

My point in discussing these distinc-
tions is to show that the conceptual tools 
proposed in this explanatory approach may 
consistently be applied to address both the 
synchronic and the diachronic perspectives. 
Moreover, processes may be described as 
also interacting by means of spatially and 
chronologically distributed causation pat-
terns (Urrestarazu 2011a: 319), which can 
also be perceived as successions of trigger-
ing events that are identifiable by observ-
ing the chronological/spatial regularities of 
their occurrence.

Conclusion

The choice of appropriate spatial and 
temporal scales of observation/description 
is not a trivial operation of the observer 
when it comes to observing dynamic sys-
tems demanding a careful distinction be-
tween phenomena occurring in the local 
spatial vicinity of components and in time-
frames that we may consider as “instan-
taneous” and phenomena that manifest 
themselves over much wider distances and 
within time-frames that we may consider as 
possessing extended “durations.”

One of the main obstacles appearing in 
the analysis of potentially autopoietic dy-
namic systems existing in meta-molecular 
domains concerns the explanation of pos-
sible component production transforma-
tions that could be consistently verified 
by applying the VM&U “validation test,” 
and my proposed formal generalization of 
similarity component production trans-
formations. From the perspective of this 
explanatory approach and by using its cor-
responding conceptual tools, the observer 
would be able to extend easily the notions 
discussed by Maturana and Varela for the 
case of spatially compact systems – namely, 
most of the aspects related to the topol-
ogy of the relational structure of molecular 
systems – to observational domains where 

the system’s components do not constitute 
an entity showing a topological “form” in 
physical space.

The spatial distribution of components 
involving no direct “material” interactions 
(only cause-effect couplings resulting from 
“signaling” interactions, for instance) poses 
a serious problem when observing and de-
scribing component production within the 
core of the system. In this case, component 
production/destruction transformations 
due to purely relational outcomes of cause-
effect couplings cannot be accomplished 
other than as outcomes of components’ co-
ordinated activities performed in their spa-
tially separated niches. In order to circum-
vent this difficulty, a diachronic perspective 
must be applied by observers in order to 
explain component production/destruction 
mechanisms as the outcome of processes in-
volving structure-determined coordination 
over relatively long time intervals.

These considerations lead us to estab-
lishing a link with Varela’s fundamental 
concept of autonomy by showing how the 
notion of process and the “the recursive in-
terdependence of processes” (Varela 1981: 
17) plays an important role in the definition 
of organizational closure, a concept that is 
intimately tied to describing autonomous 
systems (“Closure Thesis” in Varela 1981): 
a general class of dynamic systems from 
which the class of autopoietic systems is a 
particular case.
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Figure 4: Observer’s schematic description of a cause-effect interaction  
(from Urrestarazu 2011a).

Glossary of key concepts 
introduced so far
In Parts 1 and 2 (Urrestarazu 2011a, 2011b), 

I defined some key concepts that are invoked 
in many explanations and discussions pro-
posed in this part. In order to facilitate the 
reader’s understanding without requiring 
consultation of the previous papers, I provide 
here some summarized definitions without 
further discussion. For more detailed explana-
tions, the reader should consult the references 
provided for each concept (with “c” referring 
to column and “p” to paragraph).

Dynamic objects
2011a: 314.c2.p1
Dynamic objects are defined as entities, 

agents, components (or whatever we want to 
name as physical entities existing in an obser-
vational domain) that are capable of perform-
ing changes of state. The state of a dynamic 
object is defined as a set of values ascribed 
to a number of variables or features that the 
observer can associate with the object at a 
given time. The chosen variables, called state-
variables, should express quantifiable features 
that are subject to changes in the object’s 
dynamics. The values of the state-variables 
should be describable and observable by the 
community of observers at any chosen time. 
A state transition (or change of state) of a dy-

namic object occurs when at least one state-
variable value changes over time.

Boundary
2011b: 54.c1.p4
The boundary of a dynamic system is a sub-

set of components that have reached states in 
which they are subject to external interactions. 
Boundary components may interact or not in-
teract with other boundary components.

Causation structure
2011a: 317.c2.p1–3
The network of oriented relations rep-

resented by the graph associated to the in-
teraction configuration constitutes the in-
stantaneous dynamic structure of the system. 
It is a causation structure, i.e., the path of 
propagation for all the possible causal effects 
triggered by a transition occurring in any dy-
namical object whose equivalent node is “con-
nected” to the graph.

Cause-effect coupling
2011a: 314.c3.p4–6
We distinguish a cause-effect coupling 

(interaction) between two dynamic objects 
A and B (see Figure 4) if a state transition in 
object A (triggering or causing transition in A) 
is the condition sine qua non of a state tran-
sition in object B (a triggered transition in B). 
The latter means that:

a  |	 in the absence of any other cause-effect 
coupling between B and any other object 
different from A, the caused transition in 
B never occurs before the occurrence of 
the triggering transition in A; and

b  |	 whenever objects A and B are in a speci-
fied state and a specified triggering tran-
sition in A occurs, the same caused tran-
sition always occurs in B, within a finite 
time interval.
The mechanism responsible for cause-ef-

fect coupling between dynamic objects is not 
specified, but it is assumed to exist.

Component
2011a: 317.c2.p4
A dynamic object X belongs to a dynamic 

structure if there are one or more dynamic 
objects coupled directly to X by an interaction 
represented by an oriented relation “point-
ing” to X and all of them are coupled in the 
same way to each other at a given time. Such 
an object is called a component of the struc-
ture.

Core
2011b: 54.c1.p5
The core of a dynamic system is a sub-

set of components having reached states in 
which they are not subject to external inter-
actions. Core components may interact or not 
interact with boundary components.



BI
OL

OG
IC

AL
–E

PI
ST

EM
OL

OG
IC

AL
 C

ON
CE

PT
S 

IN
 T

HE
 T

heo
r

y 
of

 A
utopoiesis







194

Autopoietic Systems: A Generalized Explanatory Approach Part 3  Hugo Urrestarazu

Theory of Autopoiesis

 CONSTRUCTIVIST FOUNDATIONs vol. 7, N°3

Autopoietic Systems: A Generalized Explanatory Approach Part 3  Hugo Urrestarazu

Theory of Autopoiesis

Dimension
2011a: 315 Figure 2; 318 Table 1
The dimension of a node (pertaining to a 

causation structure’s graph) is defined by the 
cardinal number of the set of state-variables 
ascribed to the dynamic physical object that 
the node represents in abstract terms. The 
node is defined as a “point” in a multi-dimen-
sional space (i.e., as an n-tuple {V1, V2, …, Vn}, 
where the Vis are the state-variables and n is 
the number of state-variables considered.

Dynamic system
2011a: 315.c1.p8
A general dynamic system is defined as 

a set of dynamic objects linked together via 
cause-effect coupling (i.e., causal interaction) 
and seen as an interaction network that can 
be represented by an equivalent graph in 
which each node corresponds to a multi-di-
mensional point and the edges correspond to 
the oriented relations linking them.

Equivalent graph
2011a: 316.c3; 317.c1; Figure 3
This is a graph made of nodes and edges 

representing a network of interactions be-
tween multiple dynamic objects existing in a 
given observational domain, where the nodes 
represent the interacting objects at a given 

time and the edges represent the interactions 
as oriented relations established between 
them through observation.

Environmental object
2011a: 317.c3.p5
A dynamic object Y does not belong to 

an identified (observed) dynamic structure at 
a given time if there is no direct cause-effect 
coupling linking Y to any member of the iden-
tified structure such that the corresponding 
oriented relation “points” to Y, even if there 
could be oriented relations originated in Y and 
“pointing” to one or more components of the 
dynamic structure. Such an object is said to 
belong (at a given time) to the environment in 
which the structure emerges.

Medium
2011b: 53.c3.p1
The medium of a dynamic system is the 

set of all dynamic objects existing in the ob-
servational domain that do not belong to its 
structure (i.e., that cannot be represented as 
connected nodes of the equivalent graph, but 
can be described by means of the same set of 
state-variables). The medium is a part of the 
environment, namely the collection of those 
dynamic objects that are potentially capable 
of becoming components of the dynamic sys-

tem. A system component interacts with the 
medium if it interacts directly with at least 
one dynamic object of the medium (i.e., it is 
“sensitive” to a state transition occurring in 
the latter). An interaction of a system compo-
nent with a medium object is called an exter-
nal interaction. All other interactions affect-
ing a dynamic system component are called 
internal interactions.

Observational domain
2011a: 307.c3.p2–308.c1.p2
The meaning ascribed in this paper to the 

term “observational,” as derived from terms 
such as “observing” and “observer,” is meant 
to correspond to the notions explained by 
Maturana (1988). The term “observational 
domain” refers to any domain of perceived 
phenomena in which we, as human observ-
ers, can perform sensorial and operational 
experiences through interactions with the 
observable entities under consideration. It is 
assumed that any observational domain is a 
physical domain and that ordinary physical 
laws are applicable in it. These interactions 
should occur as phenomena pertaining to 
our own biological domain (i.e., phenomena 
of our own direct sensorimotor perception 
capabilities) or as indirect biological effects 
resulting from the use of suitable transduc-
ers (measurement apparatus). Hence, the 
attention is focused on the occurrence of hu-
manly observable and describable events oc-
curring in what appears to us as the ordinary 
physical space. This definition can be extend-
ed to software entities evolving in a virtual 
space since all simulated virtual “objects,” 
“events,” “causation flows,” etc., correspond 
to strictly isomorphic and traceable physi-
cal events occurring in a material substrate 
(hardware) that – by virtue of being humanly 
designed – is entirely accessible to human 
observation.

Oriented relation
2011a: 315.c1.p.7
A cause-effect coupling can be repre-

sented formally as an oriented relation (see 
Figure 5) in an abstract multi-dimensional 
relational space (linking multi-dimensional 
points with as many dimensions as the num-
ber of variables considered in the associated 
state-variables set). A dynamic object can be 
represented by a point in a multi-dimension-
al space and an interaction as an oriented 

observed
phenomenal
domain

abstract
multi-dimensional
relational domain

state of object a
at time t

state of object b
at time t

oriented relation

values of state variables

observer

object a
object b

causal interaction

Sa(t) Sb(t)

 Sa(t) ~ {v1(t), v2(t), …, vn(t)}a

Sb(t) ~ {v1(t), v2(t), …, vn(t)}b

R(Sa(t), Sb(t))

Figure 5: Abstract representation of an observed interaction as an oriented relation in a multi-
dimensional relational space (from Urrestarazu 2011a).
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relation (ordered pair of points). The order 
of the pair is defined by placing the object 
undergoing a triggering transition first, fol-
lowed by the object undergoing the transi-
tion caused.

Same kind components
2011b: 61.c2.p1
Two dynamic objects are considered to 

be of the same kind if their dynamic states at 
a given moment can be described by the ob-
served state-variable values of a unique set 
of variables common to both objects, i.e., they 
share the same multi-dimensional relational 
space.

Similarity component production 
transformations
2011b: 62–63, Section “A generalized 
description of component production 
mechanisms”
The following is a summary of the re-

lational aspects involved in the production 
of similar components through three basic 
mechanisms:
a  |	 similarly separable node: due to cause-

effect coupling a node can split and result 
in two or more nodes representing com-
ponents of the “same kind”;

b  |	 similarly compoundable node: due to 
cause-effect coupling, two or more nodes 

can merge into one node representing a 
component of the “same kind”;

c  |	 similarity co-producer nodes: due to 
cause-effect coupling, two or more con-
nected nodes can participate in the cre-
ation of one or more nodes, representing 
the buildup process of new components 
of the “same kind.”
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