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ABSTRACT  Metasystem transitions are events representing the evolutionary 
emergence of a higher level of organization through the integration of subsystems into a 
higher “metasystem” (A1+A2+A3=B).  Such events have occurred several times 
throughout the history of life (e.g., emergence of life, multicellular life, sexual 
reproduction).  The emergence of new levels of organization has occurred within the 
human system three times, and has resulted in three broadly defined levels of higher 
control and group selection (e.g., band/tribe / chiefdom/kingdom / nation-
state/international).  These transitions represent “Human Metasystem Transitions” 
(HMST).  Throughout these HMST there are several common system-level patterns, 
which I believe are fundamental to understanding the nature and evolution of the human 
system, as well as our future development.  First, HMST have been built around the 
control of three mostly distinct primary energy sources (e.g., hunting, agriculture, 
industry).  Second, the control of new energy sources has always been achieved and 
stabilized by utilizing the evolutionary emergence of higher information processing 
medium (e.g., language, writing, printing press).  Third, controls increasingly become 
more physical localized (i.e., nomadic, rural, urban), and yet manage to control energy 
flows over larger expanses of space in shorter durations of time (i.e., hunting: hundreds 
of thousands of years, agriculture: thousands of years, industry: hundreds of years).  This 
space-time component of hierarchical metasystem emergence can be conceptualized as 
STEM (space-time-energy-matter) compression.  In this framework, the nature of 
increased information-energy control and feedback, as well as the consequent 
metasystem compression of space-time, represent the theoretical pillars of HMST theory.  
Most importantly, HMST theory may have practical application in understanding the 
future of the human system and the nature of the next human metasystem.    
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1. Metasystem Transitions 
Metasystem transitions (MST) are major evolutionary processes that allow for the 
hierarchical emergence of higher organization in living systems (Turchin 1977, 1999).  
According to MST theory, a metasystem (also referred to as a “major transition”) (see: 
Smith and Szathmáry 1995) occurs when living systems achieve higher system 
organization from the controlled coordination (i.e., control system X) of previously 
disparate subsystems (i.e., A1+A2+A3=B) (Turchin 1977, Heylighen and Joslyn 1995, 
Goertzel 2002, Last 2014a).  In this framework, metasystems occur as a step function that 
separates two qualitatively different levels of organization (Heylighen 2014).  This step 
function can be approximately measured as a sigmoid (S-shaped) curve (Modis 2012) 
(see: Fig. 1).   

Figure 1: Metasystem Transition as Sigmoid Curve 

 
Metasystems separate two qualitatively different levels of organization.  The new level of organization 
must emerge from the coordination of new controls (X) utilizing a new information medium for the 
integration of previously disparate subsystems (i.e. A1+A2+A3 = B).  The highest control can then continue 
to replicate (“Branching of the Penultimate Level” (Turchin 1977)), allowing for a new level of group 
selection, and potentially allowing for the generation of another metasystem transition (contingent on 
environmental evolutionary selection pressures for higher information processing functionality).  Through 
metasystems living organizations generate complexity that manifests as hierarchical and developmentally 
constrained cybernetic controls (Heylighen 2000). 

Throughout the evolution of life, metasystems have consistently increased living system 
complexity (Miller & Miller 1990, Smith and Szathmáry 1995).  Common examples 
include the emergence of prokaryotes, eukaryotes, multicellularity, sexuality, societies, 
and superorganisms (Heylighen 2000, Smith & Szathmáry 1995).  These metasystems 
have emerged in a hierarchical and developmentally constrained nature (Smart 2009), 
through progressive and cooperative symbioses at various levels of biological 
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organization (Corning 2005, Margulis & Fester 1991).  This simply means that previous 
metasystems act as structured platforms for the emergence of higher cooperation, and 
therefore, the potential for the generation of a higher metasystem (Heylighen 2000).   

However, the current study of metasystems has progressed with little detailed 
evolutionary analysis of the human system.  Therefore, in this paper I attempt to apply 
MST theory to the human system specifically in order to develop “Human Metasystem 
Transition” (HMST) theory.  This new analysis will give us a deeper framework for 
understanding the specific nature of human transitions, and consequently give us a better 
understanding of the similarities and differences between metasystems that emerge from 
biochemical and technocultural mechanisms, two distinct and competing evolutionary 
pathways (Last 2014b).    

2. Human Metasystem Transitions 
From the application of metasystem transition (MST) theory to the human system, we can 
identify three major system transitions throughout the evolution of our genus Homo.  
Within each of these MST a new level of organization has emerged, which has been 
stabilized by higher controls and higher group selection.  These metasystems broadly 
include systems commonly referred to as “band/tribe”, “chiefdom/kingdom”, and 
“nation-state/international” organizations (see: Fig. 2).  These distinct organizations have 
been stabilized by the control of three mostly distinct primary energy sources: “hunting”, 
“agriculture”, and “industry”.  Band/tribe organizations manifested around the control of 
hunted and cooked animal meat: the Pyrian Regime.  Chiefdom/kingdom organizations 
manifested around the control of domesticated plant and animal resources: the Agrian 
Regime.  Nation-state/international organizations manifested around the control of 
ancient biomass (or fossil fuels): the Carbian Regime (see: Niele 2005).  

The control of these energy sources was always organized through the utilization of a 
new information medium to connect previously disparate subsystems.  During the 
transition to hunting organizations, modern language emerged to facilitate the formation 
of larger group sizes capable of producing the social and technical expertise necessary for 
hunting to become a stable and reliable energy source (Dunbar 2003).  During the 
transition to agricultural organizations, written language functioned to track, collect, and 
stabilize a coordinated large-scale economy fundamentally built on domesticated plants 
and animals (Cooper 2004).  During the transition to industrial organizations, the printing 
press emerged allowing for the flourishing of scientific and technical expertise necessary 
for the exploitation and stabilization of fossil fuels, and the construction of the modern 
world (Niele 2005).   

All of these human metasystem transitions (HMST) can be characterized by subsystems 
of lower control becoming integrated under new higher control regimes.  In the hunting 
transitions parties and groups became integrated into bands and tribes.  In the agricultural 
transitions bands and tribes became integrated or subsumed into chiefdoms and 
kingdoms.  In the industrial transition chiefdoms and kingdoms became integrated or 
subsumed into the formation of the modern nation-state.  Therefore, the modern nation-
state sits atop an ancient evolutionary HMST control hierarchy of ever-more diversely 
integrated subsystems (Fig. 2).   
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Figure 2: Human Metasystem Transitions 

 
Human metasystems appear to be phenomena intimately dependent on information mediums, energy 
systems, and the synergistic feedback processes they can maintain.  Information mediums tend to act as the 
functional tool for the organization of control system resources, capital, and people, and energy systems 
tend to act as structural stabilizers of control system organization.  Therefore, the control of information for 
the purpose of acquiring and distributing energy may represent the nature of complex system control, at 
least in the human system.   

Throughout this process of higher subsystem integration, the stabilization of a new 
HMST appears to compress both space and time.  The highest metasystem controls have 
a tendency to become concentrated in ever-more local physical structures, from foraging 
to rural to urban organizations.  These organizations also display an ever-broader 
extension of control over larger regions of space in shorter durations of time (i.e., 
physical space-time barriers to human control are consistently and progressively 
reduced).  This results in a trend towards metasystem acceleration, as the hunting 
transition occurred over a period of hundreds of thousands of years (if not millions of 
years), the agricultural transition occurred over a period of thousands of years, and the 
industrial transition has been occurring over a period of centuries.  Therefore, in regards 
to both space and time, higher metasystem controls appear to facilitate a culturally and 
technologically driven conquest of dimensionality.   

Of course, it is unknown whether the metasystem conquest of dimensionality will be 
further extended, but there is already evidence that a new information-energy relationship 
is emerging in the human system between the Internet (information medium) and 
renewables (energy structure).  The development and stabilization of a new information-
energy feedback process could provide the basic architecture for a further metasystem 
transition towards higher controls and greater system complexity, with the potential for 
further subsystem integration, and reduction of space-time restrictions on human control.  
Such a metasystem transition would like produce a human civilization best described as a 
“global village” (Last 2014a) within a “global brain” (Heylighen 2014). 
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2.1. Emergence of Bands/Tribes 
The first HMST was caused by the regular exploitation of animal meat (Wrangham 2009) 
via coordinated hunting and complex culture and technology (Ambrose 2001).  This 
allowed our ancestors to organize parties and groups into bands and tribes.  We see 
evidence of a gradual but significant increase in animal meat consumption with the 
emergence of the genus Homo 2 million years ago (Braun et al. 2010, Schoeninger 2012, 
Steele 2010).  This exploitation of animal meat accelerated with successive Homo species 
(e.g., Homo erectus, Homo heidelbergensis, Homo neanderthalensis) (Antón 2003, 
Pontzer et al. 2011, Ungar 2012) between the emergence of the genus and the emergence 
of modern humans approximately 200,000 years ago (McDougall et al. 2005).  As human 
brain size increased there was a concomitant rise in the diversity and proportion of animal 
meat exploited from hunting larger game, and eventually the regular exploitation of 
coastal resources (Aiello and Wheeler 1995, Wrangham 2009, Gamble et al. 2011).  
From an analysis of great ape and modern human hunter-gatherer meat consumption, we 
can see that the consumption of animal meat exploded during the transition from ~5% to 
~65% (Cordian et al. 2002).    

During the acceleration of hunting and cooking animal meat for energy, several 
evolutionary anthropological models suggest that increased communication abilities 
emerged as a result of the functional need to increase the faithfulness of information 
transfer within parties and groups (Aiello and Dunbar 1993, Dessalles 2009, Dunbar 
2009).  Between the emergence of the genus Homo and the emergence of modern 
humans, linguistic ability appears to have improved in three or four evolutionary 
“movements” from grooming to vocal language (Gamble et al. 2011).  These movements 
can be correlated with increased brain size, group size, and increased animal meat dietary 
dependence (Dunbar 2003, Gamble et al. 2011).  From these models we can identify that 
a new relationship between information and energy was becoming established.  Without 
language our human ancestors would not have been able to achieve the coordination, 
faithful cultural transmission, nor the technical know-how to engage in an elaborate and 
complex hunting energy regime.  

The hunting energy regime allowed for the development of new controls for a new 
qualitative level of organization: bands/tribes.  Bands and tribes typically consist of 100-
250 individuals, but can include larger aggregations.  This may seem like an 
inconsequential increase in the level of primate organization, but our closest great ape 
relatives typically operate in party sizes of 5-10 individuals (Chapman et al. 1994, 1995), 
and group sizes that may reach a maximum of 50 individuals (Aiello and Dunbar 1993).  
Therefore, tripling the number of cooperating primates required the development of 
sophisticated kin and social networks, as well as new complex modes of distributed 
decision-making and diversification of labour related to energy acquisition and 
utilization.  This larger and more complex metasystem compressed both space and time.  
This was in part facilitated by the development of long distance endurance running 
capabilities, which co-evolved in the genus Homo with language and hunting (Bramble 
and Liberman 2004).  Long-distance running, along with complex language, allowed 
bands and tribes to form organizations with the capability to migrate, colonize, and 
stabilize in almost any niche on the planet within a relatively short duration of time 
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(Richerson and Boyd 2008).  Consequently the band/tribe organization controlled larger 
areas of space within shorter durations of time when compared to the parties and groups 
of pre-Homo hominid species, and contemporary great ape populations. 

2.2. Emergence of Chiefdoms/Kingdoms 
The second transition was caused by the domestication of plants and animals via selective 
breeding (Diamond 1997, Morris 2011).  We see evidence for independent agricultural 
developments in seven different locations between 9 thousand B.C.E. and 2 thousand 
B.C.E. (Diamond and Bellwood 2003).  These “agricultural revolutions” shared the same 
system-level patterns and included the same general ordering of causal events related to 
the cultivation of plants, domestication of animals, and the rise of sedentism (Morris 
2011).  The degree to which the agricultural system matured was largely dependent on 
the plant-animal complexes available to human populations on different continents 
(Bellwood and Oxenham 2008), and the ecologically influenced (but not dictated) 
diffusion patterns of agricultural cores over centuries and millennia (Putterman 2008).  
However, it is clear that between the original establishment of agricultural systems 11 
thousand years ago to the present day, we have seen an overwhelming directional trend 
towards human populations becoming integrated (or subsumed) within controls 
originating from the agricultural revolutions.  Indeed, the practice of agriculture 
transformed the ecology of nearly every habitable region of the planet Earth (Haberl 
2006).   

Agricultural organizations formed sedentary populations of varying sizes and scales, but 
all were ultimately stabilized by the new organization of symbolic information in the 
form of written language (Cooper 2004).  Indeed, we have evidence of recorded human 
symbols functioning to communicate information that predates agricultural organizations 
by tens of thousands of years, if not hundreds of thousands of years (Hawks 2013).  
Therefore, recording symbols is likely as old, or older, than the modern human species 
(Conkey 1997).  This ability to record symbolic information facilitated the increased 
sociopolitical complexity necessary to organize early agricultural organizations, as the 
first written records are largely composed of lists related to administration and taxes 
(Cooper 2004).  In the most intensified agricultural cores (e.g., Mesopotamia, Egypt, 
China, and Mesoamerica) we have the best evidence of this early record keeping (Trigger 
2004).  From this evidence we find that increased population size increased the need for 
administration and wealth redistribution to collectively maintain the first city-states, 
chiefdoms, and kingdoms (Morris 2011).  Without written records for the practical 
administration and continued maintenance of agricultural resources, large interconnected 
farming networks would not have been able to provide the energy surplus for the 
emergence of civilization (Stewart 2010).  After the new information-energy relationship 
between writing and agriculture was established in the most productive agricultural cores, 
more individuals could dedicate their time and energy towards non-food related tasks 
(Morris 2011).  This eventually culminated in writing as a medium for recorded narrative, 
bringing spoken language and written language closer together (Stewart 2010).  
Therefore, the cultural and technological capabilities of agricultural groups vastly 
expanded. 
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Controls facilitating the metasystem transition towards the most intensified agricultural 
systems represented a new qualitative level of organization exhibiting increased 
functional specialization.  The smallest of these controls reaches sizes of 1-10 thousand 
individuals (Gabriel 2007), but in the most intensified agricultural regions, controls 
managed to organize empire as large as 10-100 million individuals (Taagepera 1979, 
1997).  These organizations were highly centralized in their nature and manifest in 
cultural kin-based institutional structures often referred to as chiefdoms and kingdoms, 
although our conceptual framework to discuss ancient agricultural political organizations, 
especially within an evolutionary perspective, needs to be improved (see: Graeber 2004).  
These more complex agricultural systems compressed both space and time in comparison 
to lower metasystems.  Spatially most humans began organizing in rural villages and 
towns, and temporally controls managed to organize vaster regions of space and shorter 
durations of time (Stanish 2002, Taagepera 1979, 1997).  To facilitate this transition, 
humans domesticated horses for more efficient intracontinental travel and constructed 
sailing ships for the beginnings of very primitive intercontinental travel (Innis 2007).  

2.3. Emergence of the Nation-State 
The third transition was caused by the exploitation of fossil fuels (e.g., coal, petroleum, 
natural gas) (Landes 2003, Allen 2009).  This transition happened so quickly that it only 
required one diffusion center (e.g., England) (Allen 2009).  Therefore, the diffusion of the 
new energy economy was largely dependent on the European sociopolitical context into 
which it was unleashed.  European colonial and neo-colonial entities started exploiting 
fossil fuels well before any other sociopolitical entity was able to develop a post-
agricultural economy (excluding Japan) (Robertson 2003).  This development gave most 
western European and European neo-colonial entities a tremendous energetic advantage 
over non-European peoples and territories.  But global industrialization has been 
developing and accelerating in “non-Western” countries between 1945 and the present 
(i.e., the post-colonial era) (Weiss 2003).  Similar to the initial diffusion of fossil fuel use, 
the modern period of industrialization is dependent on sociopolitical context (i.e., 
sociopolitical groups ability to control the resources and development of their territory).  
But unlike the first diffusion, most modern industrializing nations are emerging in a far 
more competitive and quickly evolving energy landscape. 

In the same way that earlier human metasystems were dependent on the organization of 
higher information mediums, modern governing structures were enabled from the 
development of mass-produced recorded symbolic information (i.e., the printing press).  
The first experiments with paper (105 C.E.), printing (713 C.E.), and moveable type 
(1041 C.E.) started in East Asia over the course of several centuries (Gunaratne 2001).  
These developments predate the famed Gutenberg printing press, which was developed in 
mid-15th century Germany (Harnard 1991), but the system-level pattern of significance 
for this development is that similar moveable type technologies were developed in the 
two most intensified agricultural cores: Western and Eastern Eurasia (Morris 2011).  This 
phenomenon provides us with the suggestion that, like previous information mediums 
(e.g., language, writing), the printing press as a medium emerged and adapted in response 
to increased population size and sociopolitical complexity.  However, the effects and 
diffusion of the printing press in Europe were far more profound than those in East Asia: 
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between 1500-1700 European cultures, technology, and society were forever changed by 
the proliferation of “ancient” knowledge, as well as the ability to diffuse philosophical, 
scientific, artistic, and technical literature to ever-broader audiences (Eisenstein 1980, 
Dittmar 2011).  This medium fully matured with “industrial scale” printing press 
technology in the 19th century, allowing for the organization and maintenance of the 
modern nation-state, as well as intercontinental empire and eventually the beginnings of 
international governance (Eisenstein 1980).  From the new information-energy feedback 
between the printing press and fossil fuels, the modern world emerged: the printing press 
enabled the flourishing of knowledge for the exploitation of fossil fuels, and then fossil 
fuel energy distribution in turn increased the percentage of humans that could engage 
with the knowledge generated by the printing press. 

Controls in the first industrial metasystem manifest in the establishment of the nation-
state.  Nation-states, like the agricultural organizations that preceded them, had a 
proclivity for colonial and neo-colonial empire building (e.g., British Empire, American 
Empire) (Mann 2012).  However, industrial organizations represent the largest controls in 
human history, with the largest entities (e.g., China, India) encompassing as many as 1-
1.5 billion humans (Winters and Yusuf 2007).  Throughout the industrial era various 
forms of the nation-state have emerged, but these control systems are typically more 
decentralized and driven and/or influenced by significantly higher citizen input than is 
typical of the largest agricultural organizations.  Once again, the industrial metasystem 
compressed space-time when compared to previous metasystems, as humans began (and 
continue) to spatially aggregate in dense urban organizations.  Industrial organizations 
also compressed time, as they are able to control vaster expanses of space in shorter 
durations of time.  The primary intracontinental mechanisms to facilitate these industrial 
advances included the development of the steam engine (19th century) and automobiles 
(20th century), and for intercontinental travel the steam ship (19th century) and airplane 
(20th century) (Crafts 2004, Mowery and Rosenberg 1999).   

3. Future Human Metasystem Transition 
As demonstrated (see: 2.0-2.3), throughout the evolution of the human system, 
increasingly complex control systems have emerged from the development of new 
information-energy systems (Fig. 2).  Within this framework of thinking about human 
evolution, nation-states currently represent the highest control systems, and thus, the 
highest human metasystems.  However, it is unlikely that these organizational structures 
represent the pinnacle of cosmic complexity, as cultural and technological evolution 
could still produce higher complexity in the future (see: Smart 2009, Chaisson 2012, 
Heylighen 2014).    

Human Metasystem Transition (HMST) theory offers a new way to understand the future 
emergence of a new level of human complexity.  And considering that previous human 
metasystems have been built on the feedback between information-energy systems, this 
next metasystem may not be too far away from emerging.  In terms of energy, it appears 
that the next human metasystem transition would primarily be based on the full 
exploitation of solar energy.  Many energy experts have recognized that there is a strong 
pressure for a new carbon-neutral energy economy that can provide more energy to a 
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greater number of people (e.g., Lewis and Nocera 2006, Şen 2004).  Many energy experts 
have also realized that solar provides us with the best opportunity to achieve this next 
energy system (e.g., Bradford 2006, Goetzberger et al. 2002, Lewis and Nocera 2006, 
Liang et al. 2010).  Of course, other energy sources could (and will likely) compliment 
solar, like wind and geothermal (Carrasco et al. 2006, Haralambopoulos and Polatidis 
2003).  Also, we should not underestimate the potential future of nuclear energy, either 
the fission or fusion variety (Niele 2005).  However, whether our next energy system is 
primarily based on solar or nuclear fusion, both sources are in a sense “solar” in a direct 
or indirect form considering that nuclear fusion mimics the properties of stellar bodies 
(Niele 2005).   

The information medium stabilizing the establishment of a higher level of systems-
organization is already emergent and evolving: the Internet.  The Internet at full maturity 
is hypothesized to be a medium acting as a “nervous system” for humanity, facilitating 
all intelligent agent interaction all the time (Goertzel 2002, Heylighen 2002).  Such a 
communication medium would likely be referred to as a “global smart grid” or a “global 
brain” (Heylighen 2011), and would emerge from increasing Internet use, increasing 
access to the Internet, and the development of the “Internet of Things” (IoT) (Atzori et al. 
2010, Kopetz 2011, Kortuem et al. 2010).  If the human system were able to stabilize this 
higher level of information-energy feedback, we would enter a complex landscape as 
different from the industrial world as the industrial world is from the agricultural world, 
or as different from the agricultural world was from the hunting world.   

However, all metasystem transitions are fundamentally dependent (and defined) around 
the formation of a new control system.  Currently, international control mechanisms 
exist, but the nation-state has not been socioeconomically superseded.  However, modern 
nation-states appear to represent an insufficient level of organization to manage 
socioeconomic issues in the 21st century (e.g., Piketty 2014).  Furthermore, data suggest 
that individual opinion of modern governments is at an all-time low globally (see: Glenn 
et al. 2014).  It is possible that these control structures will be superseded in the 21st 
century (Stewart 2014) however understanding the future nature of human controls is still 
a study in its infancy (see: Graeber 2004).  Will the next system be a transition towards 
global governance?  Will the next system experience fragmentation to local governance?  
Or will it be a system providing a wholly new type of control structure?  Whatever the 
nature of the next system of human controls, what we can learn from previous human 
metasystem transitions is that they will likely be organized utilizing the highest emergent 
information medium (i.e., the Internet).  And indeed, there has been a recent flourishing 
of studies suggesting that some form of transition to “e-democracy” is something we 
should all consider with greater seriousness (e.g., Chadwick 2009, Fountain et al. 2011, 
Lathrop and Ruma 2010, Noveck 2009).   

Furthermore, if past human metasystem transitions are any indication, and new digitally 
based controls emerge to stabilize feedback between new global information-energy 
systems, we should suspect the continuation of the trend towards further space-time 
compression.  This would likely result in a global human network composed of 8-12 
billion individuals that can seamlessly interact with few global restrictions on travel and 
communication.  Such a system would require the emergence of more efficient 
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intracontinental and intercontinental travel mechanisms, but also, controls facilitating a 
more fluid dynamic between individuals and societal boundaries.  Although, perhaps, this 
world is difficult to imagine given current global conflicts, this system description is 
consistent with the trends characteristic of previous human metasystem transitions 
(Hanson 1998, 2008), current trends towards international cooperation during the later 
stages of the industrial transition (Karns and Mingst 2004, Krahmann 2003), as well as 
current projections on global population in the mid-21st century (Boongaarts 2009, Cohen 
2003).  Therefore, if humanity undergoes a further metasystem transition this century, we 
would be part of a process that is birthing a global biocultural superorganism (see: 
Turchin 1977).  Considering that no such entity has ever existed, the concept and 
foundations of the metasystem, should receive far more of our attention.  

4. Conclusion 
I have tried to describe a theoretical model for the evolution of the human system based 
on the exploitation of energy and the establishment of new information mediums.  Both 
phenomena appear to fundamentally govern human system structure and also appear to 
build on the previous established processes, allowing the stabilization of new 
organization and complexity.  From an evolutionary cybernetic perspective this theory 
has the potential to better integrate unique human species processes within a systems-
level evolutionary model.  Previous biochemical metasystem transitions have followed 
very predictable patterns related to organization and complexity, and it appears as though 
the human system is not distinct in this respect even though a new and unique pathway 
has emerged and continues to dominate evolutionary change within our lineage (i.e., 
technocultural).  If such simple fundamental mechanisms govern the establishment of 
higher-level organization within the human system, this may make our systems behavior 
far easier to predict and model in the future.  Within this theoretical framework it also 
seems possible to predict and describe a hypothetical 21st century system transition.  We 
can extrapolate from contemporary system-level processes related to energy and 
information to better understand our systems fundamental future development (see also: 
Last 2014c). 
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