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AUTOPOESIS

Autopoiesis

Primary Disciplinary Field(s): Systems Theory, Theoretical Biology, Philosophy of Mind,
Cognitive Science, Sociology

1. Core Definition and Systems Logic

Autopoiesis, meaning "self-production” from the Greek words auto (self) and poiein (to create),
defines a system capable of reproducing and maintaining itself by creating its own components. It
represents a fundamental theoretical distinction between systems that are merely complex and
those that are truly alive or self-sustaining. The concept posits that an autopoietic system is
organized as a network of processes (including production, transformation, and destruction) that
recursively generates the components that constitute the system as a distinguishable unity in the
space where they exist. This recursive generation is crucial, as the processes themselves create
the boundaries and structure necessary for their continued existence.

Unlike allopoietic systems, which produce something other than themselves--such as a factory
producing cars, where the factory itself is not produced by the car manufacturing process--the
essential characteristic of an autopoietic system is that its sole product is itself. The system
functions as a closed loop operationally; the components produced by the network of processes
are exactly those components needed to sustain that very network. In biological terms, the cell is
the archetypal autopoietic unit. The cellular metabolism produces the membranes, proteins, and
organelles required for the continuation of metabolic processes, perpetually sustaining the
system's identity and organizational integrity despite continuous material turnover.

The definition emphasizes organizational closure, which signifies that all interactions within the
system refer back to the system itself, maintaining its internal coherence. This internal dynamic
ensures that the system's identity is conserved even when it undergoes structural changes in
response to environmental perturbations. Therefore, autopoiesis shifts the focus of biological study
from external factors, inputs, and outputs--typical of traditional cybernetics--to the intrinsic, self-
referential dynamics that define life itself. The concept provides a powerful lens for understanding
why certain systems exhibit autonomy and individuality, making them distinct from their non-living
surroundings.

2. Etymology and Intellectual Origins

The concept of autopoiesis was originally formulated and introduced in the early 1970s by the
Chilean biologists and philosophers Humberto Maturana and Francisco Varela. Their seminal

work, particularly outlined in the 1973 book De Maquinas y Seres Vivos (later published in English
as Autopoiesis and Cognition: The Realization of the Living), sought to provide a definitive and
purely organizational criterion for defining living systems. Prior attempts to define life often relied
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on characteristics like reproduction, metabolism, or movement, which Maturana and Varela found
insufficient because these traits could sometimes be observed in non-living or artificial systems.

Maturana and Varela developed the concept within the context of theoretical biology and early
cybernetics, specifically reacting against the limitations of first-order cybernetics, which treated
systems as input-output machines. They argued that living systems were fundamentally different
because their primary goal was not to optimize an external function but to conserve their own
identity and organization. This intrinsic goal of self-maintenance is what distinguishes a living
system from an artifact. The introduction of autopoiesis marked a crucial intellectual step toward
recognizing the operational autonomy of living beings and laid the groundwork for the later
development of enactive cognitive science.

The formulation of autopoiesis was highly influenced by developments in systems theory, but it
also provided a radical departure from established views. While general systems theory often
focuses on open systems interacting with their environment, autopoiesis stresses the operational
closure of the system. This closure means that while the system is physically open to energy and
matter flow, the network of relations that defines the system organizationally is closed. This subtle
but profound distinction allowed the theorists to create a strict, non-reducible definition of life,
moving the discourse away from reductionist approaches and towards a holistic understanding of
biological organization.

3. Key Concepts: Structure, Organization, and Components

Understanding autopoiesis requires a clear distinction between three core concepts: organization,
structure, and components. The organization of an autopoietic system refers to the invariant set of
relations that defines the system as a unity of a specific class. This organization is preserved
through the system's operational processes. The system remains the "same" system as long as
this specific network of relations is maintained, irrespective of the physical materials involved.

In contrast, the structure of the system refers to the actual physical components and the concrete
relations between them at any given moment. Structure is mutable; it changes constantly through
processes of material exchange, repair, and growth. For instance, the structure of a cell changes
as old proteins are broken down and new ones are synthesized, but the organization--the network
of processes defined by autopoiesis--remains constant. The organizational definition is abstract
and topological, while the structural definition is concrete and material.

The components are the physical entities (e.g., molecules, membranes, or, in higher systems,
cells or neural elements) that participate in the recursive network of production. These components
must be produced by the system itself and must, in turn, be necessary for the processes that
produce other components. This interdependence creates the recursive loop that guarantees self-
maintenance. When applied to complex biological entities, the concept highlights how modular
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components--such as those in a brain-based architecture--support, nurture, and maintain each

other as a modulated system, minimizing reliance on external, non-self-produced resources.
Organization: The invariant network of relations defining the class identity and unity of the system.

Structure: The physical realization and material configuration of the system at a specific moment,
which is subject to continuous change.

Components: The material constituents that are produced by the system and are essential for
maintaining the autopoietic network of processes.

4. The Role of Closure and Autonomy

Autopoiesis is intrinsically linked to the concepts of operational closure and autonomy.
Operational closure does not imply that the system is isolated from the environment; rather, it
means that the system's internal operations are entirely defined by the network of relations that
constitute the system itself. Environmental interactions are perturbations, or disturbances, which
the system must manage internally to maintain its own organization. The system determines what
counts as a meaningful change based on its internal state, not external dictates.

This leads directly to the concept of structural coupling. While the system is operationally closed,
it is thermodynamically and materially open. It exists in an environment with which it maintains a
history of reciprocal interactions. Structural coupling refers to the recurrent, mutually consistent
interactions between the autopoietic system and its environment, leading to coordinated and
mutually dependent changes in structure without loss of the system's defining organization. For
example, a living organism structurally adapts to its niche (changes in its physical form or behavior)
while preserving its core autopoietic organization (remaining alive).

The result of operational closure and structural coupling is autonomy. An autopoietic system is
autonomous because its dynamics are determined by its internal organization, not by external
control or prescriptive instruction. While external factors can trigger structural changes (e.g., light
stimulating photoreceptors), the nature of the response is determined entirely by the internal state
and structure of the system. This autonomy is what allows organisms to pursue their own self-
maintenance and goal-directed behavior, contrasting sharply with machines designed to fulfill
exogenous purposes. The brain, for instance, operates as an autopoietic network, continuously
maintaining and re-patterning its neural connections to ensure the stability of the entire cognitive
architecture.

5. Applications in Cognitive Science and Neuroscience

The initial biological formulation of autopoiesis was rapidly extended by Varela and others into the
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domain of cognitive science, forming the foundational bedrock for the Enactive Approach to

Cognition. In this context, autopoiesis challenges the traditional computational view of the mind,
which often treats the nervous system as a device that processes symbolic inputs from a pre-given
external world. Instead, the enactive view posits that cognition is fundamentally based on the
operational circularity of the living system itself.

The nervous system is viewed not merely as a processor but as a subsystem that, in conjunction
with the body, recursively generates its own boundaries and operational domain. The primary
function of the nervous system is to ensure the stable coupling and structural coherence of the
organism as an autopoietic unit. Perception, therefore, is not the passive reception of information,
but an active, circular process where the organism enacts its world through movement and
sensory-motor feedback loops that are constrained by its need for self-maintenance.

In neuroscience, autopoiesis provides a framework for understanding how brain architectures
maintain dynamic equilibrium. A brain-based architecture is a modular system in which
components support each other with few needs for external resources beyond basic
sustenance. The neural networks continuously produce and reproduce patterns of activity and
synaptic connections necessary for the continued functioning of the network itself. Disruptions,
such as injury or disease, are seen as threats to the autopoietic integrity of the neural system,
forcing structural changes that either restore coherence or lead to collapse. This perspective
highlights the importance of the inherent self-sustaining capacity of the nervous system in
generating coherent experience and action.

6. Autopoiesis in Social Systems Theory

One of the most significant expansions of the autopoiesis concept came through the German
sociologist Niklas Luhmann, who applied it to define and analyze social systems. Luhmann argued

that social systems--such as legal, economic, political, or scientific systems--are also autopoietic,
but their operational closure is achieved not through biological metabolism, but through
communication.

Luhmann's theory posits that a social system is a closed network of communications that
recursively produces subsequent communications. For example, the legal system produces legal
communications (laws, verdicts, contracts), which require other legal communications for their
interpretation and application. This forms an autonomous, operationally closed system. Individuals
(psychological systems) and biological organisms (autopoietic living systems) are merely the
structural context for the social system; they are not its components. Social systems use
individuals to realize communications, but the systems themselves are defined solely by the
difference between communication and non-communication.

This application allows for a rigorous analysis of how modern differentiated societies function. Each
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social subsystem (economy, politics, science) operates autonomously based on its own specific
binary code (e.g., payment/non-payment in the economy; true/false in science) and struggles to
maintain its operational closure against interference from other systems. This theoretical move
provides a strong framework for interpreting phenomena like systemic corruption or ethical failures,
where the system's internal logic of self-reproduction overrides external moral or ecological
concerns. Luhmann's adaptation solidified autopoiesis as a central concept in contemporary
European social theory.

7. Criticisms and Limitations

Despite its profound influence, autopoiesis has faced several significant criticisms, primarily
concerning its scope, testability, and potential for ambiguity when applied outside of basic cellular
biology. One major criticism is that the strict definition provided by Maturana and Varela is often too
restrictive, making it difficult to apply consistently to intermediary or artificial life forms. Critics argue
that the requirements for operational closure and component production are so stringent that very
few systems, beyond the simple cell, fully meet the criteria.

Furthermore, the concept is sometimes criticized for being descriptive rather than predictive. Since
autopoiesis provides an organizational definition of a living unit, it explains what a living system is
but offers limited tools for predicting how specific structural changes will occur or precisely how the
system will evolve over time. The high level of abstraction in defining "organization" versus
"structure" can also lead to difficulties in empirical observation and falsification, particularly in
complex systems like the brain or social structures.

In the context of Luhmann's social theory, critics question whether communication truly functions
as a self-reproducing component in the same rigorous sense that biological components sustain
metabolism. The analogy between the material boundaries of a cell and the abstract boundaries of
a social discourse is often strained. While autopoiesis excels at defining systemic identity and
autonomy, the challenge remains in bridging the gap between the concrete material processes of
biology and the highly abstract, informational processes of cognition and society without diluting
the concept's original strength.

Further Reading

Wikipedia: Autopoiesis

Stanford Encyclopedia of Philosophy: Autopoiesis and the Organization of Life

Wikipedia: Humberto Maturana

Wikipedia: Niklas Luhmann
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