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Abstract 
 
What is an organism? In the absence of a fundamental biological definition, what constitutes a 
living organism, whether it is a unicellular microbe, a multicellular being or a multi-organismal 
society, remains an open question. New models of living systems are needed to address the 
scale of this question, with implications for how we, as individual humans, see ourselves in 
relation to our collective humanity and the earth. Here we consider a model of living systems 
that can be applied across multiple scales, to show how collective humanity can function as an 
embryonic superorganism or noosphere. Living systems are generally defined by their ability to 
self-sustain against entropic forces of degradation. Life “knows” how to survive from the inside, 
not from its genetic code alone, but by utilizing this code through dynamically embodied and 
functionally specialized flows of information and energy. That is, intertwined metabolic and 
communication networks bring encoded knowledge to life in order to sustain life. However, 
knowledge is itself evolved and is evolving. The functional coupling between knowledge, energy 
and information has ancient origins, enabling the original, cellular “biotechnology,” and the 
streams of evolutionary creativity in biochemical products and forms. Cellular biotechnology also 
enabled the nesting of specialized cells into multicellular organisms. This nested organismal 
hierarchy extends to a planetary scale that includes the biosphere and noosphere. Our model 
reveals how the noosphere mirrors the functional coupling in cellular and human organisms at a 
yet higher scale: human language and culture (communication networks) are coupled with 
economic networks (energy and materials) to yield human technology. This process is guided 
by our collective knowledge and has the potential to be aimed toward sustaining and evolving 
humanity at a global scale. Viewed in this light, a noospheric human organism appears not only 
possible, but in keeping with evolutionary trends.  
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1. INTRODUCTION 
 

1.1 Defining Life’s Principles 
 

Nearly 80 years ago physicist Erwin Schrödinger wrote a book entitled: “What is life?” 
(Schrödinger and Dinger, 1992). Today, it is not uncommon for this question to be dramatically 
extended in spatial scale. Is a social community alive? Could the internet form an organism? 
Might the entire planet be alive? Such questions point to the elusive and yet persistently 
relevant nature of Schrödinger’s question. The considerable excitement generated by his work 
and sustained interest in his book over time has been traced to the fact that Schrödinger was a 
famous quantum physicist and not a biologist (Yoxen, 1979). Naturally, Schrödinger’s interest 
was on defining life from physico-chemical “first-principles,” and was among the first modern 
scientists to draw attention to this issue in biology (Makarov, 2021).  

First-principles provide the foundational axioms, postulates and propositions needed to 
organize a field of science (Herfeld and Ivanova, 2021). With the exception of the principle of 
evolution by natural selection (Okasha, 2021), first-principles have been elusive in biology and 
particularly with respect to the anatomy and physiology of whole organisms (Colombo and 
Wright, 2021). Can an organism be classified in a manner that is more than a list of critical 
properties (Michael and McFarland, 2011)? This question is crucial to the problem of spatial 
scale and collectivity in biology. What is functionally or logically shared between a unicellular 
organism and a multicellular organism? Focusing on organizational similarities can help explore 
the extent to which social collectives function as a “superorganism.” It has been proposed that 
planet earth, collective humanity or both might be a whole organism (de Chardin, 2018; 
Shoshitaishvili, 2022; Stock, 2003). Given the planetary challenges facing humanity in the 21st 
century, these are pressing questions with clear implications for the future. Here, we synthesize 
first-principles based approaches to living systems in order to derive a new model of a living 
organism, the organon. Our goal is to develop a model of an organism that can be applied 
across unicellular, multicellular and multi-organismal “superorganisms.” In particular, we 
consider that collective humanity is forming a living noosphere that is consistent with organismal 
first-principles.  

In a recent and provocative manuscript, Adam Frank and colleagues have proposed that 
intelligence might operate on a planetary scale (Frank et al., 2022). In their work they draw upon 
principles of emergence, information, complexity theory and autopoiesis to propose that 
planetary intelligence spans two evolutionary stages: biospheric intelligence and technospheric 
intelligence. Biospheric intelligence, as described, is similar to other proposals, such as the Gaia 
hypothesis, whereby the earth’s biosphere may show self-maintaining properties. Drawing upon 
the work of Haff (Haff, 2014), they consider that technospheric intelligence will mature when the 
flow of material, energy and information becomes autopoietic, that is self-maintaining. Setting 
aside the challenges of defining how autopoiesis might operate (or whether this is sufficient to 
define life or intelligence (Thompson, 2022)), their work hints at the possibility that the planet 
might be intelligently “steered” by treating the biosphere and technosphere as a coupled 
system. Ultimately, the groundbreaking approach of Frank et al. stops short of considering the 
biosphere or technosphere as an organism. Nonetheless, their work prompts new questions 
about the organismal status of the planet and humanity, and which are the focus of this present 
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work. Building on autopoiesis to include recent advances in theoretical biology, we consider that 
a planetary-scale organism is a useful framework for understanding human societal-level 
organization via the technosphere.  

 
1.2 The Organism as a Unit of Analysis 

 
Defining the term organism (let alone superorganism) is as fraught as defining life. Some 

have suggested that an organism is more like a syndrome defined by major traits (Pepper and 
Herron, 2008). This diagnostic approach neglects the organizational benefit of a first-principles 
approach. It is curious that a general theory of “organisms,” has received relatively little 
attention. Nicolas Rashevsky, working in the middle of the 20th century, was among the first 
mathematical biologists to develop such a theory. Rashevsky utilized topology and category 
theory to represent organisms as graphical relations of nested sets in order to formally define 
qualitative distinctions between living systems. Aside from some ongoing work in the area of 
relational biology, the idea of considering an organism through set theory has largely been 
abandoned (Marshall, 1974; Rashevsky, 1967; Valentinuzzi, 2020). This is unfortunate as 
Rashevsky had made strides in applying his first-principles based approach to sociological 
relations that might be of relevance to planetary-level organisms. As noted by (Rashevsky, 
1966) both organism and organization share the same root, from the greek work organon, 
meaning “tool or instrument,” and later related to organs, functional tissues, societal and 
economic specialization. We apply the organism concept as a generic tool for structuring the 
collective properties and relations that comprise living systems. That is, the organism concept 
can meaningfully organize information, material and energetic flows in cells, multicellular 
organisms and human society. We derive the name of the model from the original greek, 
Organon, and that was given to Aristotle’s collected works by his followers to indicate his work 
as “a tool” for philosophical analysis. By analogy, we consider our organon as a “tool” for living 
systems analysis.  

In the following paper we will examine the key features of this organization in cells, 
multicellular organisms and society. Drawing inspiration from Rashevsky’s topological 
perspective, we will examine correspondence in form and function (homomorphism) between 
the relations that comprise cells, multicellular organisms and societies. We will focus on the new 
frontier of planetary-scale organisms to consider how collective humanity functions as a 
noospheric organism. Our model advances the ideas of Vernadsky and de Chardin, who 
envisioned human collectivity as a noosphere, or social “superorganism” (de Chardin, 2018; 
Vernadsky, 1945), by applying a technical description of an organism that bridges spatial scale. 
In addition, our organon model extends autopoetic models to include evolvability through self-
knowledge and the creation of novel biotechnology. The model identifies the following core 
organismic principles that cut across spatial scale: (1) interdependence of energy and 
information, (2) self-preservation and evolvability through self-knowledge, and (3) extrasomatic 
technology to scaffold increases in spatial scale. It is hoped that the generality of these 
principles will assist in developing a foundation for scientific study of the noosphere. 
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2. ORGANON MODEL 
 

2.1  Interdependent Processes 
 

Life is a process, not a collection of “things.” (Nicholson and Dupré, 2017). We propose 
that organisms sustain and are sustained by the functional organization of the following 
interdependent processes: (1) Bodily form (2) Communication networks (3) Metabolic networks 
(4) Production and (5) Knowledge (See Figure 1).  For clarity, we will examine these systems 
sequentially. However, since they form an interdependent whole, aspects of each system are 
embedded and reflected in each of the others.1  

The spatial extent of the organism is defined by a physical boundary that determines the 
bodily form. This form describes the unique morphology of the organism, where it is physically 
established as a “self,” and where its boundary lies with the environment and to others. There 
are few general theories of body organization since morphology is influenced by diverse 
environments (Schmidt-Rhaesa, 2007). Nonetheless, bodily form sustains the critical boundary 
processes whereby information and energy become integrated into the organism in the first 
place. Clearly, boundaries are foundational for biology. One of the leading candidate theories 
regarding first-principles biology and the origins of life is centered on membranes (described 
formally by the application of Markov blankets to biology (Ramstead et al., 2018). Organismal 
boundaries are not rigid, but are dynamic, flexible and porous to sustain material processing 
(identified in green in Figure 1). The cell membrane of unicellular organisms undergoes dynamic 
fluctuation that enables the entry of material nutrients into the organism and expulsion of waste 
into the environment. The mucous membranes of multicellular organisms support similar 
material transport on at a higher scale; although our organs are considered “internal,” they 
maintain a semi-permeable, fundamental self-other material boundary (e.g. lung and 
gastrointestinal organs are internal to the human body, although their epithelial surfaces 
technically interface with the outside). Information processing by membrane-bound receptors 
alter their dynamics in response to physicochemical aspects of the environment (data) that 
distinguish the self from the environment. This basic principle of a membrane-surface for 
information processing is extended into the nervous system of multicellular organisms via 
networks of membrane-bound electrochemical potentials. It is notable that the nervous system 
and skin share the same ectodermal embryologic origins, in effect, the nervous system 
maintains self-other boundary recognition, but from the “inside.”   

Environmental data presented to the boundary of the organism must be transmitted to 
the internal systems and structures of the organism. In this process, data is converted into 
information that is of relevance to the organism. In this new data “form,” signals undergo cross-
talk with other relevant processes en route to more centralized processing systems such as the 
nucleus of a cell or the central nervous system of a multicellular organism. We refer to these 
information processing systems as communication networks since they represent the chain of 
reactions that convert data presented to the organism into information that can determine an 
appropriate response. Network structures are a hallmark of biology systems, characterized by 
high-degrees of interconnectivity, robustness to degradation and signal amplification (Albert and 
                                                 
1 In fact, “interdependent” may not be specific enough. See (Sharma, 2015) who proposes the idea of 
“mutual constitution” to explain interdependence in biology. 
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Barabási, 2002). Moreover, both communication and metabolic networks are highly 
interconnected, “everything does everything to everything” according to (Dumont et al., 2001). A 
similar network organization is also present in the metabolic systems that represent the chain of 
reactions that interconvert forms of matter and that ultimately provide energy for use in 
sustaining the organism. Others have highlighted how information and energy are critical 
component processes of living systems (Miller and Miller, 1992), including recognition that in 
some sense, metabolic change and change in information content reflect two sides of the same 
coin (Deacon, 2011; Pol, 1990). In 
our model, communication and 
metabolic networks are diagrammed 
as two sides of a network spectrum 
that is internal to the organism (blue 
and red networks, Figure 1). 

 
Any examination of 

intracellular metabolism will reveal 
how energy and information are 
inextricably entangled. Molecular 
signaling cascades and “second 
messenger” systems run parallel to 
and interact with intermediary 
metabolism in unicellular organisms 
(Auletta, 2013). ATP and related 
compounds, serve as cofactors to 
facilitate enzymatic reactions 
(emphasizing its energetic role) and 
when present in its derivative form, 
cyclic-AMP (cAMP) can serve as a 
so-called “second messenger” in 
communication cascades 
(emphasizing its information 
bearing role). In multicellular 
organisms, metabolic compounds 
are distributed throughout the body 
via the circulatory system, which is 
literally intertwined with the nervous 
system in so-called neurovascular 
bundles. In short, where information 
is processed, energy is processed. 
Brain derived neurotrophic factor 
(BDNF) is a particularly interesting 
example in human physiology, 
originally studied with respect to 
neuroplastic change and 

Figure 1. The organon: a generic template 
organism is characterized by five 
interdependent processes. Communication 
networks (blue) convert data into information 
that is of relevance to the organism. Metabolic 
networks (red) interconvert material 
components and extract energy. Self-
knowledge systems (purple) provide memory 
and mechanisms for innovation to guide the 
production of key material and nonmaterial 
products (orange). Products and technology 
determine the body, structure and behavior of 
the organism at its interface with the 
environment (green).  
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neurogenesis in the brain (Kowiański et al., 2018), BDNF is now appreciated as an endocrine 
hormone necessary to regulate metabolism and adipose tissue distribution (Noble et al., 2011). 
This molecular and cellular energy-information “dual functionality” is an example of biological 
pleiotropy, that is, how a “single molecular function is involved in multiple biological processes.” 
(He and Zhang, 2006). We have previously proposed an “entanglement” between neural activity 
(information) and blood flow (metabolism) (Jacob et al., forthcoming) may constrain and direct 
cognition. In organism function more generally, entanglement between communication and 
metabolic systems may provide constraint on the “possibility space” for biological function 
(Björneborn, 2020; Kauffman, 2014). 

Entangled energetic and information processing results in the production of biosynthetic 
and non-material behavioral “products” that are essential to organismal self-preservation and 
reproduction (identified in orange in Figure 1). Many of these material products are necessary to 
sustain the body and its boundaries. However, since there is no external designer, production of 
self-preserving metabolic compounds and self-preserving behavior depends on an internal 
model of self to guide the process. Since all of these self-modeling processes are in reference 
to the distinct characteristics of the organism they are a form of self-representation. In the cell, 
this self-model is determined by the extensive outer and inner-membrane system that 
distinguishes self from other and that interacts with DNA through signaling cascades. In most 
multicellular animals, this self-model is determined by the interactions between the peripheral 
and central nervous system. The presence of an internal self-model is essential to several 
emerging theories of biological systems, including Friston’s active inference and free-energy 
principle (Adams et al., 2013; Kirchhoff et al., 2018), Rosen’s anticipatory systems (Rosen, 
2012) and Deacon’s autogenesis (Deacon, 2021). Although each theory is quite different in their 
fundamental assumptions, they all extend “self”-organizing and autopoietic models of life to 
emphasize how living systems have some internal representation of self that guides self-
organization. As discussed by (Kirchhoff, 2018) the free energy principle is an advance over 
autopoietic systems because it emphasized self-preservation, beyond self maintenance. We 
refer to this representational, self-model process as “knowledge,” or more accurately self-
knowledge, since it provides the organism with “know-how:” how to make use of data/material to 
sustain the self (See also (Kull, 2009; Vehkavaara, 1998)). 

This self-knowledge process of the organism is in some sense a reflection or 
representation of the larger whole, but embedded on the inside. In our schematic model it is 
denoted by an embedded “o” in the larger “O” in Figure 1. Both the central nervous system and 
the genome serve as a self-representation of the outside, but on the inside. In the language of 
the free energy principle, living systems become “models of causal structure in their local 
environment, enabling them to predict what will happen next and counter surprising violations of 
those predictions.” Friston suggests that this is the origin of homeostasis, that random 
dynamical systems possess internal states that cast organization in terms of a deterministic 
map (Friston, 2009; Kirchhoff et al., 2018). Starting from very different assumptions, Deacon 
proposes that critical dynamical constraints are “offloaded” onto template systems, such as 
DNA, that similarly serve as a self-model of causal structure (Deacon, 2021). An advantage of 
Deacon’s approach is his generic hierarchy of dynamical systems that can be applied to 
molecular, cellular and multicellular systems, including the nervous system, to indicate how 
internalized models of self can evolve from dynamical co-constraint (discussed in more detail 
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below see also (Deacon, 2011; Sherman, 2017). Organisms are nested examples of these self-
models that represent the nature of their reality. Hence the focus on the cell-membrane, which 
makes “predictions” about what the cell will encounter and brains, which make similar 
predictions about what the organism will encounter. 

The self-model is not an abstract entity, but is coextensive with the embodied organism. 
The peripheral nervous system relays bi-directional information flows from the outside to the 
inside just as the nucleus and endoplasmic reticulum are coextensive with the cell membrane. 
Self-knowledge systems are dynamic, and it is this possibility of changing self-knowledge that 
offers a mechanism for organismal development and evolvability. Organismal self-knowledge is 
fundamentally determined by the network of associations that link energetic demands to 
informational contexts such as genomic networks in a cell or neural networks in a brain. For 
example, expression in complex genomic networks depends on the molecular, regulatory 
context in which genetic material is embedded, more comprehensively seen as part of an 
“interactome” (Wang et al., 2021). These -omic approaches reconsider the exclusivity of nuclear 
bound genetic material as a source of memory and, as we will discuss below, offer a system for 
evolvability. We suggest that brain networks serve an analogous function to genomic networks 
in a multicellular organism: a “higher-order” knowledge system for memory and evolvability. 
Biological self-knowledge is not abstract but part of the creative process that yields direct 
material products (such as protein biosynthesis in the cell) and non-material behavioral 
outcomes (such as sensorimotor and cognitive output from the brain). Thus, we suggest that an 
internalized self-knowledge-productivity network, interacting in a communicative and metabolic 
milieu are minimally sufficient organismal ingredients for “true” autopoiesis.   
 
2.2 Creativity and Evolution 
 

Beyond self-maintenance or self-preservation of the body, self-knowledge-productivity 
dynamics must include potential mechanisms for evolvability. Evolution is necessary to create 
new and novel biological products, behaviors and “technology.” In a general sense, organismal 
productivity could be defined as the creative output of intertwined information-metabolic 
relations in the context of a body and in order to support the evolvability of that very body. 
Innovation has been identified as a key aspect of evolvability (Torres-Sosa et al., 2012). In their 
model, criticality dynamics (that is, dynamics on the boundary between ordered and chaotic) 
offer a mechanism to balance phenotype conservation and phenotype innovation. In some 
sense, all gene products were at some point an “evolutionary innovation.” Nonetheless, 
traditional biology texts often describe biosynthesis in mechanical manufacturing terms. This is 
misleading, since genomic-network-knowledge processes are not static engineering blueprints, 
but are continuously shaped by mutational noise, variation and selection dynamics. Many 
biological processes and forms take on novel and “unanticipated” functions over time, defined 
by the term exaptation (Gould, 1991; Gould and Vrba, 1982). The manufacturing analogy leaves 
out the critical “creative” event that enabled the new technology in the first place. 

It is increasingly appreciated that mutational innovation is not random (King and Kashi, 
2007). Certain regions of the genome show higher rates of mutation than others, and regions 
with high mutation rates may be influenced by environmental context, particularly stress 
(Monroe et al., 2022). Genes in mutationally “hot” regions of the genome are more likely to be 
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involved in extracellular communication whereas cold regions are more likely to be involved in 
essential cellular processes (Chuang and Li, 2004). The evolution of cellular products requires 
amplification through multiple generations which are then subject to the selection processes. 
The end result is the production of “creative” biological technology.  

 In multicellular organisms with a central nervous system, brain-based-knowledge 
networks display analogous evolutionary dynamics of noise, variation, selection and 
amplification, however, these dynamics occur over multiple “generations” of behavior. In other 
words, brain-based self-knowledge systems temporally compress creative-evolutionary 
dynamics to occur within a much shorter generation time. This dynamical homomorphism 
between genetic and neural evolution has been previously discussed by Deacon (2011). As 
noted by Levin, body patterning and cognition arise from a common membrane-based origin, so 
it is no surprise that internalized “self-knowledge” systems (Levin, 2019) (genotype networks in 
the case of the body, and brain networks in the case of cognition) share analogous function 
linking self and evolvability. We adapt more generic terminology to realize how brain-plasticity 
yields creative behavioral and psychological “technology.” In Figure 2, we outline in generic 
terms, the cycle of creativity that could be applied to any organism. In Step #1, the creative 
event (mutation, new neural association) changes the structure and dynamics of the self-
knowledge network. In Step #2, this change reverberates out into associated communication 
and metabolic networks to yield novel material or non-material technology. In Step #3, this 
technology changes the form of the organism and its interaction with the environment. In Step 
#4, selection pressures (or lack thereof, see discussion of relaxed selection below) favor 
expansion of possible forms or cull non-adaptive organismal forms. Lastly, in Step #5, since the 
new technology was in some sense “birthed” within self-knowledge networks, this information 
can be retained for future “generations.” and expanded cognitive horizons.  

 
2.3 Networks, Attractors and Extrasomatic Space 

 
Interdependence between communication, metabolism and self-knowledge is reflected 

in network architecture, which as already described, is a hallmark of biology. This 
interdependent perspective emphasizes the centrality of relations rather than the elements 
themselves (McGilchrist, 2021). Network relationships are defined by how elements come 
together. In the case of cells, there must be some “extrasomatic glue” (extra=outside, soma = 
body) that stabilizes and enables the relation. In part, the evolution of multicellularity is enabled 
by new “technology” in this extrasomatic domain; that of cell recognition, adhesion and signaling 
- the relational part of an organism as interactive sets (Glöckner et al., 2016; Levin, 2019). The 
emphasis on extrasomatic relationships may have been central to life’s origins, whereby  

protocells formed stabilizing “networks” (Põldsalu et al., 2021). A neuron provides a 
particularly instructive example of specialized extrasomatic technology. This includes the 
development of new technology in terms of morphology (synapses, dendrites, axons) and 
chemistry (myelin, transmitters etc.). Evolution in neuronal morphology led to differentiation of 
the cell such that the cell body (soma) became dramatically distinct from additional appendages, 
such as the axon and dendrites. We will refer to this process as “extrasomatic” technologization.   

How are these extrasomatic structures formed? A network-only description of organismic 
sets risks implying that biological networks reflect static structures upon which the elements of 
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communication and metabolism dynamically interact. On the contrary, self-knowledge systems 
and their intertwined communication and metabolic networks traverse a rich repertoire of 
dynamical space that in some sense “precede” the structural organization. Constraint on 
dynamics (a reduction in the degrees of freedom) is what determines regularity in biochemical 
and electrophysiologic networks, to cite but two biologically relevant examples (Deacon, 2011; 
Roli and Kauffman, 2020). In the language of dynamical systems theory, the activity of the 
system can be examined computationally and theoretically by examining the phase space of a 
dynamical attractor. Attractor models capture trends, states of recurrence, and the general 
topology of the dynamics. Genomic networks, brain dynamics and sociocultural trends have all 
been described using these methods, studied under the heading of “complexity science” that 
broadly includes investigation of the spatial structure of networks and the temporal dynamics of 
attractors. 

Figure 2. The cycle of technological innovation and evolvability in the organon. The 
emergence, embodiment and selection of new knowledge enables evolvability and is 
characterized by five stages/processes: 1. Creative events in the knowledge system 
arise “spontaneously” (DNA mutation events, ongoing brain activity; magenta 
starburst, upper left corner) in the context of organismal memory (lower left corner, 
stage “0”). 2. Creative association reverberates through corresponding 
communication and metabolic networks to embody novel material and non-material 
technology (orange triangle). 3. Novel technology is presented in an “ecology” of 
organisms, altering interactions in the “extrasomatic” space of the environment and 
other relevant organisms. 4. Evolutionary selection pressures enable the persistence 
of certain innovative technological forms, but not others (far right). 5. Memory for 
innovation is preserved in the knowledge network.  
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 Evolvability, particularly the potential for both innovation and preservation is well-

captured by the attractor model. As described by (Jaeger and Monk, 2014), genotype-
phenotype relationships are determined by what they call “bio-attractors” that engender 
robustness to perturbation via basins of attraction, or particularly stable states of the attractor.2 
Moreover, the injection of novelty interacts with the dynamics of the attractor. As they state: 
“[evolution] is biased toward the novel advantageous phenotype by the underlying geometry of 
the phase and parameter space.” In this manner, organisms can leverage exploration of the 
“adjacent possible,” (Björneborn, 2020; Kauffman, 2014) moving out onto the periphery of the 
attractor trajectory without abandoning their history and the processes that engender 
preservation. Therefore, biological networks, and the extrasomatic structures that enable them, 
must be understood in the context of dynamical attractors.  

In more generic terms, we see attractors as archetypal dynamics, present across a wide 
range of biological and non-biological phenomena, that emerge under particular physical 
constraints. In biological systems, however, their regularity enables the stabilization of specific 
patterns of activity and relationships in reactions that would otherwise be random or of low-
probability (Deacon, 2011). Regularity and reliability in an attractor (eg. A1) enables the 
possibility that other attractors (A2, A3, etc.) might evolve to constrain the system so as to favor 
A1’s formation in the first place. This is the logic of Deacon’s theory of autogenesis. In effect, A2, 
A3, etc., provide a structure (a dynamical constraint) that might ultimately stabilize a network of 
interdependent interactions. When we consider that in biology, attractors themselves have not 
only material output, but functionality (such as catalysis of a particular biosynthetic compound) 
then alternatively, A2, A3, etc., might produce technologies T2, T3, etc., that likewise favor the 
stability of A1. Moreover, given that novel biotechnology is biased toward “extracellular” function, 
these novel technologies might tend to favor higher-order network interactions, that is to 
stabilize relationships in complex networks. Organisms are not mere nested sets of networks or 
attractors, but have evolved the organization systems necessary to sustain those relationships.  

The concept of “form follows function,” has been adapted from architecture to biology 
(Kosak and Groudine, 2004) and invokes a static-dynamic, structure-function and anatomy-
physiology polarities. However, the “attractor logic” of biology blurs these distinctions, and 
especially with respect to development and evolution. Rather than form follows function, we 
might say that form follows attractors which follows function which follows attractors. This logic 
is explicit in the mechanisms whereby brain networks literally form their structural connections 
through activity dependent neuroplasticity. Attractor logic can be seen from at least two 
perspectives, that help bridge spatial scale. Viewed “downwards,” from inside the organism, 
attractors provide reliable network activity-structure relationships. Viewed “upwards,” from the 
inside to outside the organism, they yield material and nonmaterial products that, in turn, 
provide reliable extrasomatic technology for “higher-order” relationships between organisms 
(see Figure 3). Attractor dynamics serve evolvability by containing an “archetypal core” (basins 
of attraction) and capacity to move into the “adjacent possible” (exploration of novel 
trajectories). In this manner, the bio-attractor-logic helps organize organisms of organisms by 
providing a reliable phenotype and the dynamical possibility of individual variation which is 

                                                 
2 See also, the related concept of anti-fragility (Taleb, 2014). 
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necessary for evolution and creativity. This nested complexification (organisms of organisms) is 
supported by this tendency for bio-attractors to form reliable extrasomatic technology, and to 
which we will turn in the next section. 
 
 
 

2.4 Nested and Hierarchical Organismic Sets 
 
 A critical aspect of the organon model is the capacity for nested complexification and the 
evolution of organisms of organisms, or superorganisms. The transition from unicellular to 
multicellular life represents one such example of nested complexification, since the organism as 
a whole is composed of elements that display functionality that is homomorphic to the entire 
organism. Social and planetary superorganisms represent higher order, nested sets whose 
functionality is similarly homomorphic to the multicellular beings that compose them and, in turn, 
the cellular constituents inside them. The evolution of hierarchical nesting depends on several 

Figure 3. Attractor logic of organon function. The activity of communication, 
metabolism and self-knowledge processes over time are modeled after the dynamics 
of attractors. Activity tends around a core, basin of attraction, with nonlinear 
dynamics that give rise to new trajectories in the system (diagramed by the strange 
attractor). These dynamics canalize the structural components of the elements in the 
network (i.e. activity dependent plasticity); providing robustness and memory for the 
system (diagramed by the network). In turn, the network structure provides critical 
constraint on the dynamical trajectory. The products of metabolism can be directed 
inward, toward internal forms / autopoiesis of the body, or outward, toward 
extrasomatic technology and increasing socialization.   
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key ingredients among elements: (1) community, (2) connectivity (3) interdependence, (4) 
specialization, (5) self-knowledge and the development of identity systems that distinguish self 
from other (Figure 4). Community, via spatiotemporal proximity, increases the probability of 
interactions among elements. Exchange of information and material matter via connectivity 
increases the probability of interdependence. Community and connectivity define a primitive 
organismic set, or social group. At this stage, collective phenomena are similar to the formation 
of a bacterial microfilm, or the growth of an insect colony. For example, electrical 
communication in bacterial microfilms enabled mutualism and energetic interdependence 
between cells (Levin, 2007). In this case, the function of each element is essentially the same 
as any other element, but the collective benefits from coordinated entanglement between 
communication and energetics. While autopoetic self-maintenance could be possible at this 
stage, a distinct organism capable of evolvability requires the capacity for memory and 
innovation as discussed above. Our model shares commonality with Damer’s ingredients for the 
origins of life, including the increasing probability of interactions and memory (Damer and 
Deamer, 2020). 

The transition from the social collective to “true” organism is the focus of much work in 
major evolutionary transitions. Higher-order organismic sets represent a major evolutionary 
transition (Szathmáry, 2015), and involve complex and bidirectional interactions between 
developmental and ecological processes (Watson et al., 2016). While many of these details are 
largely outside the scope of the current work, several important evolutionary mechanisms 
warrant discussion. The transition from a basic organismic set to a distinct self-preserving 
organism likely involves additional processes, particularly specialization, self-knowledge and 
multilevel selection. Specialization reflects the capacity of certain members to take on unique 
roles in the communal environment. This leads to dependency between group members and 
enhances the probability of organism development (see also Deacon’s forthcoming? paper). 
Functional interdependence requires the emergence of new extrasomatic technology between 
elements. The emergence of specialization to support not only interdependence but functional 
organization, likely evolves via both multilevel selection (Folse and Roughgarden, 2010; Wilson, 
1997) and relaxed selection (Deacon, 2010; Hui and Deacon, 2010). In the case of relaxed 
selection, innovative technology might be enhanced through new, unforeseen interactions. This 
creative biotechnology must then be “selected for” at this higher-order group level, a process 
known as multilevel selection. Technology that envelopes or embodies these processes for 
protection (extrasomatic) or compartmentalization (inner form) would then potentiate functional 
interdependence. Lastly, the emergence of any new technology via these evolutionary 
processes depends on a mechanism to retain/remember technological advances in the context 
of the whole organism. As suggested above, we consider that systems for self-knowledge are 
necessary so that the organism can remember, innovate and contextualize communicative and 
metabolic processes. This short sketch illustrates in very general terms how organon functions 
might develop into nested tiers of collective, high-order organisms  
 Of note, the nested organon model is a process model, and as such, differs from a more 
traditional component focused mechanical model which is largely derived from an engineering 
context. (For an excellent and extensive review of this distinction, see (McGilchrist, 2021) 
Chapter 12). Engineered components could in principle have the capacity to fulfill most of the 
functions described. In fact, this is the approach largely taken by (Miller and Miller, 1992). As 
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noted by McGhilchrist (and his citation of (Dumont and Prakash, 2014)) living systems are full of 
subtle variations (sensitivity to initial conditions) that impact structure in a manner that do not 
follow “mechanical design principles and as such may not have a known analogue in nonliving 
physical systems.” Nonetheless, one could imagine a microchip that in parallel might exchange 
information between conducting elements (communication), extract energy (metabolism), 
produce material components and maintain a memory of prior activity. The critical difference 
between this microchip and the organon is that the organon evolved out of serendipitous 
exaptation, pleiotropic and entangled reactions. For example, elements that evolved to stabilize 
a boundary (membrane) might then become entangled with communication cascades relevant 
to certain boundary conditions, that are, in turn, linked to energetic availability. The evolution of 
the resting membrane potential, from a signaling mechanism in response to cell damage, to a 
signal for movement, calcium homeostasis and ultimately, the spontaneous generation of action 
potentials in multicellular organisms, provides a particularly instructive example of exaptation 
and the serendipitous entanglement between metabolism and communication (Brunet and 

Figure 4. Evolution of increasing socialization among a social group (A) and nested 
hierarchy (B) of organons. Stage 1 is defined by community that is dependent on 
spatiotemporal proximity. Stage 2 is defined by connectivity that is dependent upon 
“extrasomatic” products and technology that increase the probability of interactivity. 
Stage 3 is defined by interdependence in the communicative, metabolic and 
knowledge networks that sustain organons. Stage 4 and 5 is defined by embodied 
specialization and the capacity to offload self-knowledge unto distinct networks for 
memory, production and evolvability. 
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Arendt, 2016). In short, form, function and organization cannot be simply diagrammed in 
biological processes. Nonetheless, we recognize that in an effort to characterize these 
processes, some static diagramming may be necessary to help convey critical, yet evolving 
relationships, as we have done here. 

The basic principle whereby a dynamically structured set of relations makes the organon 
possible, also makes a dynamically structured set of higher-order organons possible, yielding a 
new, global organon (c.f. Figure 4A and 4B). The higher-order global organon, realizes new 
functionality and the recognition of a unique “self.” This enables something Deacon refers to as 
dynamical depth, whereby higher order nonlinear processes can be formed out of relationships 
between lower order nonlinear dynamical processes, to help explain the distinct functional 
“jumps” that occur in higher order organisms (Deacon and Koutroufinis, 2014). These nested 
interdependencies mean that new processes and functionality are possible at each higher level. 
Of note, these nested hierarchies likely establish new boundaries with respect to sentience and 
cognition. Although a cell is proposed to demonstrate minimal sentience, the human organism is 
similarly sentient but does not have phenomenal access to cellular sentience. It is, in effect, 
“unconscious” to the lower order elements. We will return to the role of sentience in the 
noosphere at the conclusion of this paper. Next we turn to the application of the organon model 
to the noosphere.  
 
 
3. APPLICATION TO NOOSPHERE 
 
 In the sections above, we have developed a general model of organism function. This 
model is organized around three core processes: (1) interdependent communication and 
metabolic dynamics (2) internalized self-knowledge systems for productivity, creativity and 
evolvability, and (3) “extrasomatic” scaffolding for hierarchical nesting of organisms. Utilizing this 
model we can compare the functional organization of a cell, human organism and social human 
superorganism (Figure 5). Cutting across these processes, we have identified the importance of 
attractor dynamics and network organization that help distinguish living organisms as holistic 
processes, rather than collections of components. This generic, process orientation can help 
develop a speculative model of a collective human superorganism, or noosphere.  
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3.1 Body and Form  

 
In the discussion that follows, we consider that the formal elements (individuals) of the 

noosphere are humanity and our extrasomatic technological extensions. This matches the initial 
conceptualization, as proposed by Vernadsy and Chardin (de Chardin, 2018; Vernadsky, 1945) 
and 21st century formulations (Rana, 2021; Shoshitaishvili, 2021; Voronkova, 2016). Together, 
humanity and our technology determine the spatial extent and boundary of the noosphere; its 
“body.” At present, the body of the noosphere is largely fixed in space. Although there is some 
degree of internal migration among individual humans in addition to technological extension into 
the cosmos (albeit rather limited), the noosphere is largely sessile or adherent to the earth. This 
lack of global mobility suggests several possibilities about the bodily form of the noosphere and 
its status as an organism. One possibility is that the bodily form of the noosphere is more akin to 
other sessile organisms such as sponges, plants or fungi. However, this contradicts other 
examples of social superorganisms that maintain the relative animal or plant-like tendencies of 
their constituent members. A colony of social insects will continue to demonstrate global 
patterns of nest movement (McGlynn, 2012) and tree species connected by a mycorrhizal 
network demonstrate collective learning and memory, but remain largely sessile (Simard, 2018).  

The current noosphere is not only fixed in spatial orientation, it is fully dependent upon 
the larger ecology of the earth. Of course, the word for such unidirectional resource extraction is 
parasitism, a term with decidedly negative connotations and that is on occasion linked to 
collective humanity (Pauly, 2014). Unidirectional resource support also occurs within species 
during development and the physiology of mammalian pregnancy mirrors parasitic infection 
(Rivara and Miller, 2017). In this context, another possibility is that the noosphere is early in its 
development and at a stage in which it remains fully dependent on the earth, more like an 
embryo. This perspective is also consistent with relative immobility and development “critical 
periods” for growth and connectivity dynamics (Figure 6). It is difficult to estimate the lifespan of 
the noosphere. According to (MacAskill, 2022) if humanity is anything like the average lifespan 

Figure 5. Comparison of 3 organisms according to the organon model. A cell 
(left), human organism (middle), and noosphere (right). Color scheme is the 
same as Figure 1. 
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of other mammalian species 
(approximately 1 million years), then 99.5% 
of the “life” of the noosphere would still lie 
in the future. Therefore the noosphere is 
merely embryonic, or an infant, at best. 
Frank et al. propose that a similarly 
dramatic expansion in temporal scale is 
needed to understand the planetary 
lifecycle. Although we must be careful not 
to confuse developmental and evolutionary 
processes, their underlying dynamics share 
many important similarities: related to the 
field of evo-devo studies (Müller, 2007). In 
the discussion that follows, we will consider 
the implications of both evolutionary and 
developmental processes within the biology 
of the noosphere.  

As noted above, there is dramatic 
variability in body plans and organizations 
among living systems on earth. Across a 
wide range of environmental conditions, a 
body is dependent on self-maintenance of 
constituent elements. In the noosphere, the 
size of the total human population and its growth rate becomes a critical factor determining its 
morphology (i.e. size and extent). Cellular turnover is a defining feature of multicellular 
organisms, likened to the ship of Theseus, which is completely rebuilt and yet retains its identity 
(Sender and Milo, 2021). This turnover varies dramatically between tissues: the mean lifespan 
of epithelial cells in the stomach is ~10 days, whereas many neural tissues survive the lifespan 
of the organism (Sender and Milo, 2021). The noosphere continues to develop, human 
generation by human generation, although population size and rate of growth may vary across 
societies. In fact, population dynamics over the course of history are related to periods of 
sociopolitical instability (Turchin, 2008). Out of this instability, new organization may arise and 
could share parallels with developmental “critical periods” in many biological organisms, during 
which the rate of cell genesis, growth and functionality vary dramatically. Neurogenesis, for 
example, peaks in human embryonic weeks 16-24 and drops off rather substantially before 
birth. This is followed by a 2 year period of dramatic increases in synaptic connectivity, followed 
by several decades of pruning and refinement of synaptic connections (Estrin and Bhavnani, 
2020). This developmental pattern of genesis, connectivity and refinement is seen across a 
range of organ systems and may be instructive for our understanding of the noosphere. It is 
possible that the growth of humanity, in terms of total numbers, and our technological 
connectivity will mirror these developmental processes. 

Despite 20th century fears of a “population bomb,” the earth’s human population has 
begun to level off over the past several decades. The anthropocene era has been defined by a 
“great acceleration” in population growth and technology (Shoshitaishvili, 2021). From a 
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developmental perspective, stabilization of the human population may enable new phases of 
connectivity and refinement in functional organization. On the one hand, deceleration of 
population growth may have a beneficial impact on the biosphere, and climate change in 
particular (Dodson et al., 2020), but on the other hand, reduction in fertility may have profound 
economic consequences (Bricker and Ibbitson, 2019). Analogous tradeoffs are well studied in 
living organisms, whereby demography and biomass production constrain growth. The dramatic 
diversity in evolved organismal form (size, morphology etc.) is governed by the extent to which 
biomass production is partitioned between growth and parental investment (Burger et al., 2019). 
The recent decline in human fertility as a result of urbanization, suggests that the period of 
accelerating growth may be slowing, and as a result the noosphere may be entering a new 
developmental critical period.  

Demographic changes can have unanticipated and reverberating impacts across culture, 
economy and technology. Reductions in fertility impact the capacity for technological innovation, 
as younger generations tend to drive cultural and technological creativity (Jones, 2020). 
Although consistent with a developmental stage of population stabilization, it remains to be seen 
how noospheric technology will evolve in this unprecedented redistribution in the age of its 
constituents. As we will discuss, technology is a core feature of the noospheric organism that 
shapes its body, communication and metabolism. Next we consider how the technology 
“envelope,” a noospheric ectoderm that, like the cell membrane, serves the dual purpose of 
energetic and material inter-conversation and as a medium for communicative exchange. 

 
3.2 Cultural Communication Networks 

 
The massive interconnectivity of humanity in the 21st century is most popularly known 

by the term globalization. As discussed by Steger (Steger, 2017), this term has developed into 
the notion of a “steamroller flattening local, national and regional scales…[and] as the spectre of 
‘Americanization’ haunting the rest of the world.” Instead, he proposes the term globality to 
“signify a social condition characterized by tight global economic, political, cultural, and 
environmental interconnections and flows that make most of the currently existing borders and 
boundaries irrelevant.” Steger highlights the intensification of social exchanges and cites 
Castells (Castells, 2004) concept of a “global network society, fuelled by communicative 
power.’” While these networks have dramatically transformed economic, political and cultural 
landscapes, we first focus on culture as the “symbolic construction, articulation and 
dissemination of meaning.” (Steger, 2017). We examine metaculture as broadly encompassing 
the dimension of semantics and the dynamics of its spread (Urban, 2001). Culture rests upon 
the uniquely human, symbolic modes of communication that have dramatically expanded the 
meaning of what can be communicated (Deacon, 1998) and the spatiotemporal scale by which 
such communications spread (Kaufer and Carley, 1993). Of course, part of the amplifying power 
of noospheric communication is a result of extrasomatic technology. However, culture itself is 
described as a socially transmitted, extrasomatic extension of technology and behavior 
(Gabora, 2008). And (Tomlinson, 2018) has conceived of technology as a means of 
“systematizing” culture itself. Thus, metacultural networks for communication are found at the 
core of the noosphere; co-evolving and accelerating technological development while 
constrained by economic and uniquely human systems for ethics and sociality (Figure 7). 
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Noospheric communication 
networks represent a dramatic advance 
over “traditional” communications 
biotechnology, such as intracellular 
signaling cascades, excitable membranes 
or vocal calls between organisms. In a 
limited sense, human extrasomatic 
innovation for communication echoes the 
evolution of electrical signaling between 
cells, which dramatically changed the 
speed of cell to cell communication. 
Electrical communication in bacterial 
microfilms and multicellular organs (even 
those outside the brain) enabled new 
capacity for communication between cells 
and interdependence at a collective level 
(Levin, 2007). However, as thoroughly 
explored by (Deacon, 1998), human 
language is a higher order symbolic 
capacity that leverages abstract, 
conceptual processing that is not available 
to other forms of communication. 
Communication through symbolic 
language can take on a life of its own. The human developmental imperative to learn and use 
language is so pronounced that it has been likened to a virus that utilizes the human brain to 
sustain itself (Deacon, 1998). Not surprisingly, we think of concepts, ideas and symbolic logic, 
i.e. the essence of culture, as spreading “virally” as they resonate through social networks, 
amplified by technology (Wang and Wood, 2011; Welker, 2002). Urban, has likened culture to a 
“restless entrepreneur” that “ journeys” from individual to individual and group to group, bringing 
forth something new (Urban, 2001). He sees this dynamic process of cultural change as 
“metaculture” that enables acceleration to culture itself through novelty. Analogous to the 
manner in which a single neuron can perform a “computation” and rapidly transmit the output, 
noospheric metaculture enables its own information processing logic, embedded in 
communication networks that rapidly transmit this information across the globe.  

Cultural communication can be a reflection of local processing (e.g. the peripheral 
nervous system) or as part of a relay toward “centralized” processing of self-knowledge (e.g. the 
central nervous system). As discussed above, biological networks display high degrees of 
interconnectivity that support semi-regular, recurrent activity dynamics; what we’ve termed the 
attractor logic of biological networks (see section 2.3). In biological communication networks, 
this might manifest as periodicity in molecular signaling cascades (van Roekel et al., 2015) or 
re-entrant processing in neural networks (Bressler and Kelso, 2016). Both processes support 
signal amplification analogous to autocatalysis, processes that can catalyze their own 
production (Kauffman and Clayton, 2006). In fact, the cognitive core of culture has been 
proposed to be similar to autocatalysis (Gabora and Steel, 2017). Gabora, considers that 
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“...elements of culture reflect the states of the worldviews that generate them. Interactions 
amongst items in memory increases their joint complexity, eventually transforming them into a 
conceptual network, which continually revises itself as new inputs are incorporated. This 
enables the creative connecting and refining of concepts and ideas necessary for the individual 
to participate in the evolution of cultural novelty.” Despite the increase in functional complexity, 
cultural communication networks retain many of the same underlying dynamics as their cellular 
and molecular precursors. 

Deacon refers to these autocatalytic processes as morphodynamic, form amplifying 
processes. However, he also notes that unlike other “automatic” processes in nature, living 
systems apply unique constraints on these processes since, as discussed, they are intertwined, 
if not entangled with their metabolic support. For example, a whirlpool “automatically” generates 
its form, but is not “at risk” of dying, since there is no self to maintain. As discussed above (see 
section 2.1), information-energy coupling is a hallmark of biological processes, and the evolution 
of higher order nested complexity in social organisms. Mirroring the process whereby gap 
junctions establish metabolic interdependency between cells (Levin, 2007) human 
communication shows similar metabolic interdependency, established through our social 
communities. Our cultures find their origins in our capacity to sustain the population through 
environmental energetics, initially through food and agriculture (Nabhan, 2013). As 
demonstrated by work in social baseline theory, individual cognition is conducted in reference to 
the energetic availability of the community (Coan and Sbarra, 2015). Information processing in 
society and the cultural spread of misinformation is more pronounced in response to extreme 
income inequality (Ecker et al., 2022). Thus, it may be difficult to disentangle cultural 
“information processing dynamics” from the metabolic-energetic processes in society. 

In some sense, noospheric communication networks follow previously evolved 
organismal paradigms: incorporation of extrasomatic technology, attractor logic and metabolic 
interdependence. However, it is important to emphasize the uniqueness of human symbolic 
communication (Deacon, 1998). Communication in different global regions takes on a unique 
“feel,” what we colloquially mean by culture. These cultural contexts not only inform the actions, 
economy, technology and reproductive focus of a society - culture tells us what matters, what 
we value as a society. Since this ethical information is not inherent in neuronal or molecular 
networks, cultural ethics are largely unique to human societies and the noosphere. Moreover, 
ethical positions are typically held in reference to a particular social group with varying degrees 
of affiliation to humanity as a whole. There is no unique planetary identity. Moreover, the 
information dynamics of global cultural communication networks are certainly intertwined, but 
they do not converge to a centralized “self” processing. In short, the extent to which globalized 
communication networks have given rise to a system for self-knowledge remains to be seen, 
and we will discuss further below (see section 3.5). This state of affairs is again consistent with 
the embryonic perspective. During early development, the embryo has limited contact with the 
external environment, protected in the womb. The current status of the noosphere has limited 
contact with the greater cosmos, but yet continues to develop in anticipation of this greater 
contact. Relatedly, humanity has yet to develop a collective or global ethic, but perhaps as we 
begin to understand our role in the cosmos, a communication of collectivity might develop. In 
fact, as we face new and unprecedented planetary challenges, driven largely by the manner in 
which we use and consume energy, pressures for a global ethic have increased. 
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Below, we discuss the potential for more centralized cultural processing that is emerging 
in the infosphere. First we discuss the metabolic system of the noosphere, its economic 
networks. 

 
3.3 Metabolic Networks for Economic Specialization 
 
 In a prescient article, Herman Daly writes: “Economics is the part of ecology which 
studies the outside-skin life process insofar as it is dominated by commodities and their 
interrelations.” (Daly, 1968) Daly sees economics as an extension of the biological sciences, 
extending the “extrasomatic” definition of culture and technology. He explores the rationale for 
biological analogies in economics, including reference to evolutionary processes, an ecology of 
interactions, and the thermodynamics of steady-state, disequilibrium dynamics (Daly, 2014, 
1968) See also (Hodgson, 1995). In complementary fashion, biological compounds and 
processes are often described by economic metaphors. ATP is seen as the energy “currency,” 
the distribution of blood flow is often described in “budgetary” terms (Howarth et al., 2012; 
Raichle and Gusnard, 2002) and depletion of oxygen in exercise and disease processes is 
referred to as “debt” that must be “repaid” (Barbee et al., 2010). On the one hand, economic  
metaphors risk simplifying or obscuring complex systemic dynamics (Taylor and Dewsbury, 
2018). On the other hand, these metaphors may point toward shared truths about metabolic and 
economic homeostasis and their ultimate dependence on physical laws and the environment. A 
dynamic balance between the work of the organism and the extraction of energy required for 
this work is necessary to sustain life.  

At the level of the noosphere, the collective economy of humanity can be seen as a 
study of metabolism. Others have also 
conceived of metabolism more broadly, that 
at its core, is a process of arranging 
material into form, beyond simply energy 
production as described by Jonas (Jonas, 
1992) as cited in (Weber, 2002). Thus the 
economy of the noosphere, like our 
metabolism, may utilize material surpluses 
and redistribution to offset stress and 
leverage serendipitous interactions 
(referred to as “dark causality” in financial 
networks) to create interdependent and 
entangled systems (Figure 8). Ultimately, 
recognition of this interdependence might 
erode the individualistic, “acting in the self-
interest” models of economics, in favor of 
broader, empathy-based models related to 
the corresponding field of metaeconomics 
(Lynne, 2020, 2006). 

The current global economy is 
largely decentralized, depends on 
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serendipitous interactions, and is profoundly affected by shifting socio-political currents 
(Keleher, 2020). Models and predictions by economists are challenged by the complexity of 
determining interactions across social, biological and geophysical systems. With respect to the 
dominant system of market capitalism, recent work suggests the great preponderance of 
interactions in financial market interactions are “dark,” that is they don’t yield consistent 
relationships from a dynamical systems perspective (Stavroglou et al., 2019). These obfuscated 
market dynamics bear resemblance to the “dark matter” of unicellular metabolism, for which 
only 2% of chemical compounds show an identified function (da Silva et al., 2015). This 
“molecular messiness” has been proposed as the starting point for the evolution of new 
pathways, compounds and functions (Noda-Garcia et al., 2018). Tissue specialization, the 
hallmark of advanced multicellular organisms, is likely to have arisen out of such coincidental 
metabolic reactions that when coupled with compartmentalization, might allow catalysis of novel 
and specialized metabolites (Alam et al., 2017). Viewed from this light, noospheric metabolism 
remains open to novel economic development, but demonstrates limited global regulation. 

Specialization and functional organization is a hallmark of multicellular life, but it remains 
unclear the extent to which the noosphere demonstrates specialized “tissue” for energy or 
material extraction. The lungs and gastrointestinal mucosa provide specialized surface area for 
the extraction of oxygen and nutrients, respectively. Organs such as the liver and kidneys have 
specialized the role of detoxification. Some countries are increasingly described in terms of 
geophysical and economic specialization, however, global coordination is poor (Rusu, 2013). 
Specialization is of little use to the organism if it cannot be functionally organized. A few relevant 
energy sectors, particularly fossil-fuels, have given rise to global economic coordination (e.g. 
OPEC) that developed to deal with economic stress. The impact of stress may be highly 
relevant since the evolutionary context for tissue specialization was likely a direct consequence 
of stressors such as nutrient deficiency (e.g. evolution of adipose tissue, or glycogen storage in 
the liver), build-up of excess metabolites (with the evolution of kidneys) or adjustments to the 
increasing atmospheric content of oxygen (Hedges et al., 2004). Metabolic regulation in 
response to stress in animals is largely accomplished by the autonomic nervous system. Organ 
systems must be coordinated via a relative balance of the sympathetic (fight or flight) and 
parasympathetic (rest and digest) divisions. Notably, the autonomic nervous system evolved 
early in the metazoan era, concurrently with multicellular life and tissue differentiation (Shimizu 
and Okabe, 2007). In fact, stress responses are present in bacterial microfilms, suggesting that 
the coordination of metabolic output is a hallmark of superorganism behavior and a necessary 
precursor for specialized functional organization (Martinez-Corral et al., 2019). The autonomic 
nervous system reflects a higher level metabolic function that coordinates diverse tissue 
responses during stress. Investigations into the presence, role and implementation of such a 
system may be of high relevance to the noosphere.  
 Even in the absence of a centralized coordinating system for metabolism, increasingly 
complex and sophisticated processes for external energy extraction, distribution and use have 
developed. As discussed above, language and culture are seen as “extrasomatic” means of 
communication, with respect to individual humans, but are “intrasomatic” with respect to the 
noosphere. In the metabolic domain, economics is “extrasomatic” with respect to individual 
humans, but is “intrasomatic” with respect to the noosphere. Extrasomatic energy use in the 
form of fire was present early in the evolution of the human species. Use of fire was likely 
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central to the evolution of social groups, advanced cognitive capacities and metabolic changes 
arising from the availability of newly digestible nutrients (Burton, 2011; Wrangham, 2009). 
Accordingly, fire represents an early example of cultural-economic entanglement in the 
noosphere. Throughout most of the 20th and early 21st centuries power supply and 
telecommunications networks have been delivered in tandem (mirroring the neurovascular 
bundle of vasculature and  neurons). Some estimates suggest that communications technology 
could use up to 51% of global electricity in 2030 (Andrae and Edler, 2015). We still rely on fire, 
but our means of combustible fuels have expanded dramatically over the past several centuries.  

According to (Smil, 2022), we’ve seen about a 1,500-fold increase in energy availability 
over the past 220 years.3 This has been analyzed as resulting in a new “metabolic scaling law” 
for modern cities, compared to hunter-gatherer and pre-industrial societies (Burger et al., 2017). 
Energetic surplus has been a key driver of economic development, beginning in early 
agricultural societies. Around this same time, interest-bearing loans may have originated as a 
means to finance trade in response to surplus (Graeber, 2012). In his historical analysis of early 
human societies, Graeber identifies gifting and debt as the central forms of human economy 
that predate money, presenting evidence against the “myth” of barter societies. He describes 
debt as “the essence of society itself” because it recognizes our mutual dependence on each 
other that makes society possible. The economic framing extends to the problem of “cheaters” 
in microbial communities, where certain individuals do not “contribute to the public goods” that 
sustain the microbial biofilm and must be “minimized” (Smith and Schuster, 2019). However, in 
some experimental circumstances, cheaters are fully supported by “intensification” of 
cooperative behaviors and are necessary for phenotypic variability (Foster and Kokko, 2006; 
Martin et al., 2020). The situation may not be so simple as to divide between indebted 
“cheaters” and “cooperators.” Nonetheless, overabundant resources and functional 
interdependence are also the key factors for the process of relaxed selection. As discussed 
above, relaxed selection might facilitate novel technology. Loss of selecting pressures, might 
lead to degradation of certain functions that lead to full interdependence between individuals, or 
“addiction,” in the terms of Deacon and Hui (Hui and Deacon, 2010). Individual humans do not 
flourish in isolation; we are an intensely social species. New economic models based on sharing 
may be needed (Heylighen, 2017) so as to heed Graeber’s warning about reducing “all human 
relations to exchange, as if our ties to society, even to the cosmos itself, can be imagined in the 
same terms as a business deal.”  

The dramatic rise in extrasomatic energy availability and increasing functional 
interdependence may support the ever-expanding socialization of the Noosphere (see also 
Figure 4). However, this energy is largely provided by the extraction of fossil fuels and 
corresponding demand for new technologies. This use, of course, has been described as 
unsustainable, addictive and with devastating consequences on the environment (Tamminen, 
2012). An embryonic perspective helps us see how this use might necessarily be temporary. 
The energetic cost of embryogenesis is difficult to ascertain but estimates suggest that this cost 
is much higher than during adulthood (Ghosh et al., 2022). Much of this energetic cost is 
necessary to sustain cellular genesis, but is also necessary for the dramatic build-up of cellular 
                                                 
3 To provide a more visceral “feel” for this amount, Smil describes this in terms of physical labor, 
reporting that: “it is as if 60 adults would be working non-stop, day and night, for each average 
person.” He notes that in affluent countries this number would likely be >200 adults. 
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products that form the bulk form and function of multicellular organ systems. Since an embryo is 
not self-sustaining, this initial energetic cost is provided maternally but is impossible to sustain 
indefinitely. Across many species, specialized organs, such as the placenta, have evolved 
independently and in distinct lineages to support the embryo (Roberts et al., 2016). Fossil fuel 
use may be more akin to a noospheric placenta, necessary to establish rapid growth, but largely 
transitory across the scale of development. In this light, the technology enabled by fossil fuel 
use might be seen as initial scaffolding for more sustainable if not autopoietic organization in 
later stages. It is toward technology and creativity that we now turn.  

 
3.4 Production, Technology and Creativity 
 

Thus far, we have discussed the bodily form of the noosphere, its rate of growth, and 
extrasomatic “technological” extensions that amplify possibilities within cultural and economic 
spheres. In this light, technology is seen as a necessary bodily product. Entangled cultural-
communication and economic-metabolic networks are aimed at sustaining the very bodily 
products from which they arose in the first place. While this perspective is dynamic in the sense 
that constitutive processes of co-constraint enable autopoiesis, they are static, insofar as the 
system as a whole returns to a fundamental steady-state or homeostasis. Evolutionary and 
developmental dynamics that occur over longer time-scales offer the opportunity for adaptive 
responses and “new'' steady-state dynamics. As discussed above, organismal processes are 
less like stable cycles and instead, better modeled by dynamical attractors. We proposed that 
extrasomatic technology is a primary driver of new functions and dynamical trajectories. 

In our examination of the metabolic products of cells and organs, biosynthetic 
compounds can be seen as a form of extrasomatic “biotechnology.” Of course, these products 
evolved and were not engineered by the cell. However, there is an important distinction between 
the factory/warehouse that produces the technology and the creative origins of the product. That 
is, evolution-like processes are likely to occur at the stages of creative development. 
Technological discovery often arises from chance interactions, stressors and multi-level 
selection (Stanley and Lehman, 2015). Aspects of biosynthesis that seem the most “factory-
like,” such as protein synthesis, reflect stable (well-canalized) and foundational biological 
processes that are ubiquitous across nearly all cell types. As outlined above (see section 2.2), 
we suspect that the noosphere must be sustained by: (1) fundamental and stable biosynthetic 
products and (2) creativity, and feedback dynamics between these processes. These two 
processes have previously been identified as critical ingredients that enable evolvability: a 
balance of conservation and innovation (Torres-Sosa et al., 2012). Feedback between these 
processes and humanity, may give rise to a unique ecological domain, the “technosphere,” 
(Haff, 2014) or perhaps an interdependent ecological unit arising out of human culture, 
economics and technology, known as a “technobiont.” (Magallanes and López-Corona, 2019) 
(See Figure 9) 

We propose that the fundamental products of the noosphere are also like the 
fundamental products of a human being, largely composed of structural tissue, the extracellular 
excretion of skin, bones, connective tissues. The dramatic communicative and metabolic 
activities of the noosphere, to say nothing of its evolving global form, are not possible without 
stably conserved material products. In society, these materials are like the absolutely critical, 
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but much ignored extracellular matrix of a 
cell, and not typically seen as exciting 
technology: namely cement, steel, plastic 
and ammonia. These products are not 
readily replaceable by other materials, 
represent 17 percent of the world’s 
primary energy supply, and 25 percent of 
all CO2 emissions originating in the 
combustion of fossil fuels (Smil, 2022). 
According to Smil, the world consumed 
about 4.5 billion tons of cement, 1.8 
billion tons of steel, 370 million tons of 
plastics, and 150 million tons of ammonia. 
These products establish the built-
environment and operations necessary to 
sustain an earth-bound “technosphere.” 
(Haff, 2014).  

Without these conserved 
products, the creative explosion in new 
technology would not be possible. 
Technology has been proposed to 
represent the concluding form of an 
evolutionary association process (Brian 
Arthur, 2009), matching contemporary work on the origins of creativity (Gabora, 2019) as well 
as early perspectives (Saunders and Koestler, 1966). The association of novel contexts is 
critical to the emergence of creative technology. As discussed above (Section 3.3), there is an 
important role for “molecular messiness” in the evolution of new metabolic pathways (Noda-
Garcia et al., 2018). The field of chemical ecology includes multiple examples of biochemical 
products being “repurposed” by other organisms for communication and chemical defense (Dyer 
et al., 2018). These processes blur the distinction between “pure” catabolism and “pure” 
anabolism, such that new catabolic capacities yield new functionality via novel technology. For 
example, humans show a high degree of metabolic flexibility, including the capacity to shift from 
exclusively fat based to largely carbohydrate based diets. The ability to store and utilize fat has 
been identified as crucial to the evolution of the brain (Cunnane and Crawford, 2003). The 
expansion of the prefrontal cortex represents a new “technology” to arise out of the novel 
associative contexts of the increasing availability of raw materials (perhaps dietary changes and 
the use of fire) and higher-order, network interactions driven by enhanced socialization and 
symbolic processing in spoken language. Neural network technology, including myelin, 
synapses, etc. systematizes the communicative capacity of the neuron, defining critical modes 
and constraints on information exchange. This systematizing process may be a more generic 
outcome of technological advances into extrasomatic space, including that of culture, as 
discussed above (Tomlinson, 2018).  

Technology makes the expansion into extrasomatic space possible. However, in the 
same manner that cellular morphology changed to accommodate the global multicellular form, 
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human bodies and our interaction with technology has changed dramatically to accommodate 
global changes in culture, communication and economics. Modern humanity is intertwined with 
technology, so much so that some have proposed that humanity is a “technobiont,” an extension 
of the holobiont concept, whereby a host organism has multiple species living in or around it 
(Magallanes and López-Corona, 2019). Much as the microbial microbiome interacts expands 
upon the genome of individual human cells, a “technosphere” may interact and expand upon 
individual humans. The technosphere has been described as the “large-scale energy and 
resource extraction systems, power generation and transmission systems, communication, 
transportation, financial and other networks, governments and bureaucracies, cities, factories, 
farms and myriad other ‘built’ systems, as well as all the parts of these systems, including 
computers, windows, tractors, office memos and humans.” (Haff, 2014).  

Technology dramatically changes how individual humans can function, in what 
capacities and to what extent. Building off the work of Rosen’s (m,R) systems (Renner et al., 
2021) have explored the impact of “cyborgization” of humanity; part human, part machine. They 
note that technological replacement with “cyborgs” leads to a loss of functional independence, 
identity, and reduced ability to self-replicate (evocative of the interchangeable “borg” from Star 
Trek). Ethical concerns notwithstanding, their perspective makes potentially mechanical 
assumptions about the relation between individual humans and society. It is difficult to define 
“individual identity” (a topic we return to below), nonetheless, the loss of identity and 
independence may be consistent with the process of relaxed selection and greater social 
interdependence. Certain individual functionality may be lost while greater functional possibility 
space is also realized as technology liberates individuals from the time-consuming activity to 
generate energy (Smil, 2022). 

Evolutionary trends in the interaction between the technosphere must be consistent with 
the current early developmental stage of the noosphere. Early in development, many cells are 
pluripotent; they can develop into specialized tissue depending on the context. Thus, rather than 
viewing humanity as replaceable microchips (Harari, 2016), it may be that current humans are 
more like stem cells with the potential to give rise to multiple specialized functions within society. 
Indeed, it is more likely for a single human to hold multiple roles and viewpoints, even conflicting 
perspectives over the course of a lifetime (Marks and MacDermid, 1996). We suggest that 
technology likely facilitates, rather than abets, this deepening and multifaceted differentiation of 
human roles and responsibilities within socioeconomic systems. Nonetheless, at a global scale, 
the impact of technology on individual and social identities remains to be seen. Haff importantly 
notes, among his several “rules” regarding the uncertain and indeterminate impact of the 
technosphere on humanity, that we may be impotent to influence and control the outcome (Haff, 
2014).  

 As noted by Frank et al. the immature technosphere can exact significant environmental 
harm. The above analysis blurs the distinction between biological and non-biological products. 
Some see human technology as “unnatural” (Angermeier, 2000) and for others, “our deepest 
hope lies in technology, but our deepest trust lies in nature” (Brian Arthur, 2009). Arthur sees 
technology as a “chemistry of functionalities” in a process of “technology becoming biology- and 
vice versa.” The noospheric perspective developed here is that technology forms the 
extrasomatic glue (in terms of basic materials) and also the innovative novel products that make 
the body of the noosphere possible. Others have described how both culture and technology 
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extend what is natural and artificial, producing the “virtual reality of our everyday lives.” Quote 
by (Grimshaw, 2013) in (Wilson, 2017). Indeed what is virtual in our lives provides the 
foundations for digital learning, adaptation and evolution, that is, the infosphere. These 
processes require the organism to maintain a representation of itself in the embedded exchange 
of signals and energy in the production process itself. Next we turn toward the biology of self-
knowledge and the global brain of the noosphere. 
 
3.5 Self-Knowledge in the Global Brain 
 

Thus far, our application of the organon model to the noosphere has identified 
interdependent interactions between the metadynamics of culture, economics, technology and 
demographics. In the language of Frank et al., the system remains “immature” in the sense that 
it does not demonstrate self-maintaining autopoiesis. This threshold is critical, for both individual 
organisms and the noosphere. In the organon model, we proposed that this threshold depends 
on the capacity of the system to identify itself, that is, an internal model of self-knowledge is 
needed to know what self to maintain. This self-knowledge system enables memory, evolvability 
and the generation of novel technological products. As discussed above, the brain acts 
analogously to the genome in its ability to store self-knowledge, support mechanisms for 
actualization (produce actions and behaviors) and demonstrate evolvability in the sense of 
novelty, creativity and evolution-like processes (see section 2.1 and 2.2). Both the genome and 
the brain contain an internalized “self-model” (of the cell or organism) against which current 
environmental conditions are compared. In this section, we will examine current theories of a 
planetary or global brain, and whether a planetary infosphere may ultimately serve these 
functions: coordinating production, evolvability and a “meta-self” identity from a diversity of 
individual human archetypes (See Figure 10). 

According to Floridi, although the information society has been around for millenia, “it 
became a reality… once the recording and transmitting facilities of ICTs [information 
communication technologies] evolved into processing capabilities.”4 The infosphere has made 
humanity dependent upon ICTs, and he describes humans as informational organisms (what he 
calls ‘inforgs’) that are necessary to utilize, interpret and create novel technology. A distinct, but 
related concept is the global brain, which in varying forms has been proposed to serve as a 
collective brain for humanity or the planet, and may include the infosphere as central to its 
architecture. Francis Heylighen defines the global brain as a “self-organizing, adaptive network 
formed by all people on this planet together with the information and communication 
technologies that connect them into a cohesive system.” Drawing upon cybernetic principles, 
this vision highlights the possibility of planetary coordination. The global brain perspective has 
been applied to address economic inequality (Goertzel et al., 2017; Heylighen, 2017) 
sociopolitical challenges (Last, 2017; Rosenblum, 2017) and environmental sustainability 
(Breyer et al., 2017). In theory, the greater complexity and organization within societal networks, 
the greater potential to realize the control aspect of this global brain. Floridi emphasizes how 
sovereign states may undergo “political apoptosis” that could give rise to a new informational 

                                                 
4 Wikipedia itself exemplifies the memory of such a process, containing the collective memory of 
society based on multiple participants, remediation and bricolage (Deuze, 2006). 
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world order. He proposes an idealized, 
supranational “political multi-agent system” 
that is teleological, interactive, autonomous 
and adaptable; consilient with many of the 
core elements of our self-knowledge model. 
In addition, he recognizes several important 
challenges to this model, particularly identity, 
cohesion and an ethical infrastructure. Many 
of these critiques have also been voiced by 
(Wilson, 2017) who argues that as a 
computational discrete-state machine, the 
infosphere is fundamentally not an organism 
and unable to address the semantic, or 
meaning dimension of humanity. 

On the basis of this work, we propose 
that the noospheric system for self-
knowledge (whether it is an infosphere or 
nascent global brain) will need to to serve 
dual roles: (1) “immediate” functionality via 
the coordination of humanity within possibility 
space and (2) “futurist” functionality via 
evolvability into novel, creative spaces. To help illustrate these functions we can compare them 
with the functions of the central nervous system of complex animals that generally supports both 
basal autonomic function (role 1) and creative, novel behavior (role 2). Autonomic function 
coordinates bodily and multicellular activity that is largely unconscious. These core processes 
are well canalized and cannot deviate much from their dynamical trajectory or else risk death. 
Creative, novel behavior is largely the function of the highly plastic cerebral cortex; much of its 
activity is reflected in conscious awareness. Creative processes can and do deviate from their 
dynamical trajectory to support novel adaptations and are typically bound within the narrative 
thread of conscious experience (ongoing sights, sounds, perceptions, stories etc.). It is this 
latter, narrative aspect of the brain's functionality that we typically attribute to our identity. 
Nonetheless, autonomic and narrative trajectories interact. In higher-organisms, autonomic 
activity is profoundly shaped by cognitive interpretation (Seery, 2011). Moreover, the heart, 
lungs and especially the gut all feedback to the brain to influence cognition (Azzalini et al., 
2019). Thus, as a self-knowledge system, the central nervous system reflects both an embodied 
self that is oriented toward coordination of basal function as well as a narrative self, inclined 
toward the future, as the font of creative endeavors. The noosphere likely needs to sustain both 
coordinating and identity functions for both self-maintenance (autopoiesis) and evolvability. 

Critical to the emergence of self-knowledge is the interdependence between information 
and energetics. Culture and economy interact via the infosphere, determining what technology 
is relevant to produce for the individual, or the group. Despite their different academic origins, 
both metaculture and metaeconomics emphasize the role of self-other processing. Each 
perspective evaluates higher-order metadynamics that alter the scope of what is included in the 
“self.” In the metacultural domain, there is a global flow of culture supported by a shifting 
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allegiance of “we.” (Urban, 2001) In the metaeconomic domain, “self-interest only economics” is 
expanded to include “other-interest economics” based on empathic factors (Lynne, 2020). In 
both cases, the trend is toward a blurring of how the individual self is defined and toward a 
larger “metaself.” The convergence toward a global economic or cultural system is not a 
foregone conclusion and neither of these processes are without risk of damage to what is local 
(Steger, 2017). Rather, as humanity awakens to our collective predicament, it may set in motion 
an evolutionary process to critically expand the relevance of “the other” such that it becomes 
part of a greater “metaself.”5  

In an idealized form, the infosphere might maintain a virtualized representation of 
humanity's metaself, its body and its aspirations. This representation shows us what is possible 
now and is constantly pushing toward what may be possible in the future. The nucleus 
maintains the entire genetic code for the cell, but does not come even remotely close to 
transcribing even a small fraction of this data at a given moment. Evolvability through mutation 
occurs over the relatively “long,” generational time. Similarly, the brain maintains a virtualized 
representation of the body, but only a fraction of this representation is actively processed in 
conscious awareness. Evolvability through neuroplasticity occurs over a more compressed 
timescale. Each of these processes, the present and future orientation, contribute to the blurring 
of what is meant by an individual self. The individual cell and human are necessarily incomplete, 
and always in evolution (Deacon, 2011). Sociologists recognize that the individual, human self is 
a reflexive process that as “an object to one’s self, [can] be both subject and object,” and that 
emerges not from biology (exclusively) but from the “social experience.” (Callero, 2003) Thus, 
sociology may extend back into biology as biology pushes into sociology. 

The blurring of the self-other boundary is thus a central step, if not the central step that 
enables the transition across the organism to superorganism threshold. At some point, 
individual cells must identify as much with their community as themselves in order for the social, 
multicellular organism to emerge. Similar processes have occurred in the transition to 
multicellularity, based on both “cheating” and cooperativity (Foster and Kokko, 2006), 
bioelectrical communication (Levin, 2019) and novel extrasomatic biotechnology in genomic 
mutation (Chuang and Li, 2004). In the noosphere, there is ongoing labeling of in-groups, out-
groups, “cheaters” and “freeloaders,” perhaps emergent from racialized emotion (Bonilla-Silva, 
2019). These group level emotions have profound political consequences, and are the antipode 
to metaself dynamics which might broaden the scope of “human concern” to include “the other.” 
(Powell, 2012). It is hoped that a new understanding of self/metaself dynamics might help frame 
these political challenges and a speculative proposal is now considered. 

The dynamical trajectory of the autonomic brain is oriented toward sustaining the body. 
Biologically, such processes are referred to as instinctual. We are largely unaware of most of 
these processes that reflect the core dynamics of the embodied brain. The cell maintains a 
similar set of basic functions that arise out of genomic interactions and could, (taking some 

                                                 
5 For example, I can see myself as both materially (metabolism/economics) and semiotically 
(communication/culture) as extended into all of humanity. My awareness of the larger “Self” may 
be minimal (e.g. numinous in the language of analytic psychology) and the presence of the 
larger “Self” doesn’t discount the relevance of my individual self nor its body, any more than I 
discount the individual cells of my own body. 
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descriptive biological liberty), be similarly labeled as instinctual. Instinctual dynamics sustain the 
individual somas of humans and cells. For both the cell body and human body, there are also 
emergent processes that situate the individual self in the context of the larger metaself. The 
dynamical trajectory of the human psyche and narrative self is co-extensive with the social 
domain. Even here, much of the activity is unconscious, but rather than directed “downward” as 
instinct, is directed “upward” toward society (Following the same up/down conventions as 
section 2.3). These self-psyche dynamics might be generally labeled as archetypal since they 
capture the unique role of human psychology in the social context. Analogously, the dynamical 
trajectory of cellular function contains “upward” facing functions that gives rise to a phenotype 
that is necessary to support the multicellular organism. By extension, the archetypes of the 
embodied brain are necessary to support the noosphere. The attractor model captures both 
instinct and archetypal dynamics. In addition, these nested processes rely on extrasomatic 
technology in the form of extracellular signals (hormones, transmitters, social networks etc.) that 

Figure 11. Hierarchical nesting of attractor dynamics within and between 
organisms. Attractor dynamics (purple) maintain critical inner-facing functions 
(“soma”) within the cell (genome-interactome), human body (embodied physiology 
or instincts) and as proposed for the noosphere (infosphere). Attractor dynamics 
also include an outward facing function (“psyche”) that includes the cell’s 
phenotype, human archetype and speculatively, a planetary role in the noosphere. 
Outer phenotype / archetype determine roles in the organism or society and are 
supported by extrasomatic technology that is specific to each organism and enable 
greater networking of individuals. 
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help coordinate the functionality of the collective organism and through connective tissue that 
links specialized individuals and a diversity of phenotypes. These signals must be integrated 
centrally, as they are in the hypothalamus, brainstem and autonomic centers of the brain, so 
that the brain can have access to the diversity of somatic information. Diverse human 
archetypes express themself uniquely in the technosphere through symbolic communication 
and energy consumption that is aided by the built environment. Figure 11 outlines a schematic 
of instinct/archetypal influences on the organism hierarchy. At an even further emergent level, 
we speculate that the noosphere may develop a unique planetary or even cosmic role. 

We use the term archetype more generally than as was proposed by Jung, although we 
largely follow his instinct/archetype distinction (Kastrup, 2021). His vision of a collective 
unconscious that arises vis–a-vis our social, familial and cultural embedding highlights the 
tension between strictly individual and more collective poles of the psyche. Archetypes may not 
necessarily be “conscious” to the individual, but may still serve the community. Archetypes 
might help functionally organize the noosphere, setting narrative patterns to help guide and 
make meaning of our connectivity. Humanity is not merely metabolically and/or cognitively 
connected, we are connected in a moving global narrative.  

 
4. CONCLUSIONS 

 
We have developed and applied a generic model of an organism that can support a 

hierarchically nested “superorganism.” At the level of a human noosphere, this organism 
depends on an entanglement between politics, economics, culture and global identity. Given 
that the current developmental stage of such an organism is more consistent with an embryo, 
the model is highly speculative and cannot predict the final form, organization or function of the 
noosphere. Nonetheless, it is hoped that critical homomorphisms have been identified between 
biological communication and culture, metabolic systems and economics, biological and human 
technology and the evolution of self-knowledge. Moreover, each of these systems is 
interdependent, hierarchically arranged from “extrasomatic” technology and constrained by an 
attractor logic. 

We have not directly addressed the role of sentience, nor consciousness in this 
discussion. Clearly, this could be seen as a major oversight, given that human consciousness 
has enabled and uniquely shaped all of the functions described above. As sentience may be a 
function of cells and not merely a nervous system (Damasio, 1999; Deacon, 2011; Thompson, 
2022) this raises critical questions about the difference between unicellular sentience and 
multicellular sentience. How might individual sentient organisms combine to give rise to a 
coherent “whole” of sentient or conscious experience? Such questions are central to 
superorganism function, but are clearly outside the scope of the current work. In addition, our 
treatment of attractor dynamics and network theory were brief and limited to conceptual 
descriptions. Future directions might include more formal inclusion of dynamical systems theory 
and the thermodynamic work involved in determining relations between organismic sets. 
Discussions of culture, economics, technology and the infosphere were similarly cursory, 
intended to provide a generic scaffold for future investigation. 

As recently described by David Sloan Wilson, Teilhard recognized the importance of 
integrating the “hard evolutionary sciences with conscious efforts to manage cultural change.” 
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(Wilson 2022) This massively interdisciplinary project is of high relevance today, but we cannot 
make progress without attempts to bridge disparate scientific siloes, languages and 
microcultures. “Hard” science and culture can interact in highly unexpected ways, particularly at 
the planetary level where politics, economics and technology become entangled. Consider, for 
example, the role of the U.S. national space program, which was initially driven by political 
agendas, transformed technology, struggled economically and foundationally shaped our culture 
and ultimately our self-knowledge in unexpected ways. The images of earth from space have 
been promoted by some to be the most important, unanticipated outcomes of the space 
program (Nezami et al., 2021). The ‘overview effect’ is the feeling of awe and connectedness 
that is experienced when the earth is seen from space. These may be like our first glimpses of 
the noospheric metaself, like an infant who first recognizes themself in a mirror (Bahrick and 
Moss, 1996).  

The theory of conscious evolution suggests that we might have the capacity to steer the 
emerging noospheric identity and the embryonic analogy suggests we may be entering a critical 
period in order to do so. Estimates suggest that the infosphere contains multiple zettabytes (1 
zettabyte = 1 billion terabytes) of data (Floridi 2014). However, only an infinitesimally small 
fraction of this data is oriented toward self-preservation at a global scale. The developing brain 
is defined by high levels of spontaneous neural activity (activity in the absence of an explicit 
stimulus) that, in the context of life experience, drives neuroplasticity to form mature neural 
networks (Ganguly and Poo, 2013). The current state of the infosphere may be like the 
developing brain: demonstrating high levels of activity that have not yet been meaningfully 
coordinated and connected. Sustaining spontaneous brain activity and enabling neuroplasticity 
requires extensive energetic input, much like our current high demands for fossil fuels. It is 
notable that the developing nervous system demonstrates immature neurometabolic coupling, 
where oxygen debt is a signal for increased metabolic support and carefully coordinated 
metabolic dynamics are not yet established (Kozberg et al., 2016; Kozberg and Hillman, 2016). 
Even in the mature brain, blood flow to brain regions often far exceeds the apparent energetic 
demands (Ekstrom, 2021).  

In the mature brain, high levels of spontaneous neural activity and metabolism will be 
associated with distinct brain networks that link autonomic-embodied and narrative “self in 
context” activity (Koban et al., 2021). The metaself of the noosphere is likely yet to emerge, but 
may benefit from healthy support from the entire “body” in addition to a deepening of its 
contextual understanding and role in the cosmos. If metaeconomics, and brain development is 
our guide, it may be necessary to reconsider how we distribute economic resources and shape 
the narrative around their use. New political approaches have arisen from a noospheric 
perspective (Ronfeldt and Arquilla, 2021) that may benefit from placing collective humanity in a 
planetary, if not cosmic context. Nonetheless, we should be cautious when applying the 
principles of unicellular or multicellular organization, since as we move up the hierarchy, new 
properties emerge that could not have been predicted from the lower order components. This is 
particularly true with respect to human ethics and morality; it is difficult to imagine how they 
might shape the noosphere. We fundamentally don’t know how this process will occur, what 
balance of creative innovation and conservation of dynamic forms will be necessary. And it 
remains to be seen if we can direct conscious evolution to bring (perhaps even “birth”) the 
noospheric embryo into being. 
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