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We propose that the global environmental crises of the Anthropocene are the
outcome of a ratcheting process in long-term human evolution which has
favoured groups of increased size and greater environmental exploitation.
To explore this hypothesis, we review the changes in the human ecological
niche. Evidence indicates the growth of the human niche has been facilitated
by group-level cultural traits for environmental control. Following this logic,
sustaining the biosphere under intense human use will probably require
global cultural traits, including legal and technical systems. We investigate
the conditions for the evolution of global cultural traits. We estimate that
our species does not exhibit adequate population structure to evolve these
traits. Our analysis suggests that characteristic patterns of human group-
level cultural evolution created the Anthropocene and will work against
global collective solutions to the environmental challenges it poses. We illus-
trate the implications of this theory with alternative evolutionary paths for
humanity. We conclude that our species must alter longstanding patterns
of cultural evolution to avoid environmental disaster and escalating
between-group competition. We propose an applied research and policy
programme with the goal of avoiding these outcomes.

This article is part of the theme issue ‘Evolution and sustainability: gath-
ering the strands for an Anthropocene synthesis’.

1. Introduction

Our species has come to dominate Earth’s ecosystems. This state has been termed the
‘Anthropocene’ [1], a geological epoch defined by stratigraphic signatures of human
activity such as concentrations of carbon dioxide and radioisotopes [2]. In this
period, humans have changed global ecological processes [3] and shifted in the
interactions between ecosystem processes and evolution in countless species [4].

The Anthropocene creates a novel evolutionary condition for both the
biosphere and our species. Our exponential population growth, dramatic environ-
mental modification and technological systems have created a novel evolutionary
environment for humanity, which may entail existential risk for humanity [5].
Also, human environmental impacts are on course to constitute one of the
larger extinction events over approximately 3.7 billion years of life [6]. However,
while mass extinctions are mostly thought to be caused by violent non-biological
causes, such as volcanism or impact events, the current mass extinction (i.e. [7])
appears to be a biogenic event caused by a single species.

Research on human environmental impacts has mostly overlooked the
role of human evolution. Likewise, contemporary visions for environmental
stewardship (e.g. [8]) are rarely informed by either human evolutionary history
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or current evolutionary mechanisms. When evolutionary
theory is invoked, it is often used as a metaphorical tool
rather than a useful mechanistic theory of change (e.g.
[9,10]). Currently, global environmental research does not
commit to an evolutionary understanding of human behav-
iour or integrate the evolutionary history and processes that
have resulted in the global-scale impacts of human societies.
Like Ehrlich & Ornstein [11], we propose that understanding
human evolution is key for understanding the causes and
progression of the Anthropocene as well as for the effort to
design a livable future.

Research that does connect human evolution to anthropo-
genic environmental impacts highlights two key factors: the
role of culture and the importance of group structure and
cooperation [12,13]. The evolution of human culture (including
language) is widely understood to be a central feature of
human evolution (e.g. [14]) and is increasingly recognized as
important in understanding human environmental behaviour
[15]. However, the role of culture in human environmental
impact is complex. On one hand, as Ehrlich & Ehrlich [16,
p- 781] suggest: ‘'Humanity created the Anthropocene through
cultural evolution’. On the other, human culture is seen as
necessary to achieve sustainability through cooperative
solutions [10,17,18]. Thus, adaptive cultural evolution is impli-
cated both as a cause of global environmental decline, and the
key to spread policies and solutions to mitigate anthropogenic
impacts [19].

The evolution of group-level cultural traits via cultural
group selection [20,21] is a central candidate mechanism to
explain the evolution of human environmental exploitation
[22]. Ellis proposes that the cumulative feedbacks between
cultural niche construction and cultural group selection
have led to the human domination of the biosphere by
selecting for groups that exploit natural resources ever
more efficiently and at ever greater scales [3,23]. Theoretical
models have shown that cultural group selection can generate
sustainable resource use behaviour in simple systems of
groups under conditions of territorial resource control
[24,25] and empirical research has begun to bear this out
[26,27]. However, human prosociality is expansive and goes
beyond simple parochial patterns of cooperation. For
example, humans readily form cooperative connections and
exchange cultural elements between groups [28]. Between-
group cooperation can take the form of trade networks,
military alliances and treaties, and may often be coupled
with cultural transmission including the sharing of language
and traditions. These long-distance between-group inter-
actions may play a role in natural resource management
and environmental exploitation as well [29]. Human capacity
to grow new cooperative and cultural connections between
groups may even result in the formation of new social units
at a larger scale. Therefore, based on what we know of the
evolution of human culture, cooperation and groups, it
remains unclear what the prospects for global cooperation
in environmental management are. This paper is a contri-
bution to a more complete theory of how human evolution
gave rise to and may unfold during the Anthropocene.

It has been proposed that human evolution can be
described as an evolutionary transition in inheritance and
individuality (ETII) [30]. In this paper, we develop the hypoth-
esis that the human domination of the biosphere is a unique
consequence of this ongoing human evolutionary transition
and explore the implications. Our effort is in the spirit of

developing the novel theory necessary for the unprecedented [ 2 |

challenges of our time [31].

Many agree that human evolution may be partly defined by
some kind of evolutionary transition [32-36]. These proposals
differ on whether the transition hinges on individuality or
inheritance. For example, while protolanguage may have
appeared in Homo erectus and catalysed human evolution
[37], the ‘social protocell’ model [36] depends on differential
reproduction of cultural groups with heritable institutions
[38]. For Powers et al. [35], the emergence of culturally deter-
mined institutions marks the central transition. Others posit
that a transition in individuality is ongoing and may culminate
in the future [34] or even involve an egalitarian transition
joining humans with artificial intelligence [39]. The ETII
hypothesis builds on these proposals. It posits that long-term
human evolution is driven by a shift in the primary mechanism
of evolutionary inheritance from genes to culture [30], caused
by the greater adaptive power of cultural evolution in
humans (e.g. [14,40-42]).

The hypothesis suggests that human evolution is domi-
nated by a positive feedback between the adaptive capacity
of human culture, which generates group-level adaptations,
and the strength of human groups which employ them
(figure 1a). This evolutionary ratchet generates two central pat-
terns. The first is a shift in the bulk of adaptive information
from genes to culture. This pattern, called ‘fitness export’
[43,44], occurs as the human reliance on group-level social
and technological adaptations increases, causing selection
on human genes to wane. The second is a shift in human
organization from individuals to groups, a defining pattern
of evolutionary transitions in individuality (ETIs) generally
[45]. This shift is characterized by increases in the spatial and
social scale of societies and their degree of internal cooperation.
Like other ETIs, the human ETII involves a positive feedback
mechanism [46] which drives the emergence of a higher
level of organization and individuality. Unlike other ETlIs, a
hypothetical ETII would conclude with the emergence of
a population of cultural superorganisms and is therefore novel
in many regards. The ETII hypothesis is supported by evidence
for group-structure and cultural adaptation in human evol-
ution [20,47—49], but raises questions about the evolution of
human interaction with the environment.

We have argued that the evolutionary ratchet of the ETII
helps to explain patterns of human evolution past and
present [30]. Cumulative cultural evolution is believed to
have strong evolutionary ratcheting effects [50,51]. Here, we
explore how the same ratcheting feedbacks might addition-
ally generate interactions between human evolution and
ecology in the past, present and future. The ecological setting
is crucial for the understanding of particular major transitions
in general [52].

The logic connecting human domination of the biosphere
to the ETII is simple. The evolution of human societies has
been typified by positive feedback between the adaptive
capacity of human groups and their growth and proliferation
(ETII ratchet, figure 1,A). These dynamics entail positive
feedback between the scale and intensity of environmental
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Figure 1. An evolutionary ratchet of environmental intensity. The positive feedback system of the ETII (A) entails additional positive feedback (B), in which group-
level cultural innovations in environmental management tend to increase the scale and intensity of environmental modification and extraction, which in turn

accelerates the proliferation of cultural groups with those innovations.

resource use and the adaptive benefits human groups extract
from those resources (environmental ratchet, figure 1,B).

Proposals for the Anthropocene geological epoch have
placed its onset in the mid-twentieth century [2] with the
global sedimentation of novel inorganic residues. However,
these recent global-scale impacts are clearly part of a larger
trend in human environmental impacts and the scale of
human societies with roots millions of years in the past.
This trend, we propose, is the ETIL

This cumulative process extends from the emergence of
cultural transmission in the Homo lineage and includes collec-
tive environmental practices such as cooperative hunting [53],
herding [54], fishing and agriculture [55]. Ongoing iterations
of growth, elaboration and expansion have resulted in both
continental-scale societies of immense power and the global
environmental impacts they have engendered.

The relationship between organisms and their environment is
typically described through the concept of the ecological niche.
In classical niche theory, the niche is the set of abiotic and
biotic conditions under which a species can survive and repro-
duce at a population-sustaining rate [56]. Organisms can also
modify their environment to make it more favourable for them-
selves—this process is known as mniche construction [57].
Humans are perhaps the ultimate niche constructors in terms
of our environmental modifications. In humans, niche con-
struction is largely the result of accumulated cultural
adaptations for environmental modification and resource
extraction. This has been termed cultural niche construction
[58-60]. Over evolutionary history, the human niche has chan-
ged dramatically (table 1), growing from that of a primate
omnivore to a planetary-scale niche constructor [72], affecting
nearly every aspect of ecology [73], evolution [74] and eco-
evolutionary dynamics [4] in the natural world.

As cultural adaptations for niche construction have accu-
mulated over evolutionary history, the scale and intensity of
human environmental impacts have grown in tandem. Prior
to human cultural and linguistic abilities, human ecological

impacts were not substantially different from that of other
large primates. That changed when hominin species developed
collective scavenging and hunting behaviours somewhat prior
to 2 Ma [67-69]. A strategy of confrontational scavenging may
even have predated H. erectus [64]. These collective strategies
were probably facilitated by protolanguage and vice versa
[75,76]. The global expansion of modern humans beginning
approximately 200 kya [65] represented another change in
the human niche. Human expansion was probably caused by
improvements in culturally coordinated group behaviour and
the cultural transmission of fire making methods and resulted
in the extinction of numerous large mammals [77,78]. These
cultural and group-level characteristics enabled a transition
to cooked food with greater nutrient availability, and fewer
toxins and pathogens. Increases in carnivory probably helped
early humans expand their geographical niche [79]. Niche con-
struction continued with the domestication of dogs (ca 23 kya,
[80]) and cattle (ca 11 kya, [81]). Human impacts grew signifi-
cantly with the advent of agriculture at the start of the
Holocene ca 11.5 kya [82,83]. The emergence of agricultural
societies with heavy local impacts including irrigated farm-
land, controlled pastures and cities contributed to a global
transformation of land use by 3000 ya [84]. The industrial
revolution marked the emergence of group-level inorganic
metabolism in which human groups vastly expanded their
ability to control inorganic energy and materials, giving
societies more power, and greater control over the environ-
ment. Industrial technology resulted in new types of impacts
including chemical pollution, ozone degradation, fishery
collapse, landscape modification, groundwater depletion,
anthropogenic drought, toxic pollution, radioactive waste,
anthropogenic climate change and others.

A few observations can be made. First, the size of human
groups have increased by eight orders of magnitude over
human evolution. Second, the scale and intensity of environ-
mental resource use and concomitant impacts have also grown
dramatically over human evolution, reaching and exceeding
global limits in some cases (i.e. [85]). The dramatic growth in
the scale of the human ecological niche implies that evolutionary
interactions between human groups have also changed. Evol-
utionary competition between human groups was initially low
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as groups were small and sparse. Most of human evolution can
therefore be characterized as an eco-evolutionary regime of indir-
ect resource competition between human groups in which no
group could influence the global environment or all other
groups. While inter-group competition and parochial altruism
are thought to have played an important role in the evolution
of hunter—gatherers (e.g. [86]), societal interactions (including
trade and warfare) and environmental modifications remained
local or regional. After the agricultural revolution, inter-group
war became larger, more structured and more important in
human evolution [87]. Following the industrial revolution,
societal interactions including communication, trade, war,
diseases and environmental interactions became increasingly
global. Also, the survival and status of human groups
became globally interdependent [88,89]. This began a new eco-
evolutionary regime of direct resource competition in which
single groups can strongly influence the global environment,
and potentially all other groups. This novel eco-evolutionary
condition for human groups typifies the Anthropocene. Three
salient examples of this interdependence are anthropogenic
climate change, the COVID-19 pandemic and the proliferation
of society-ending nuclear weapons. Also, while the scale and
impact of human groups has increased, the finite resources of
Earth have not, which suggests that human groups may not
yet be well adapted to the novel conditions of the Anthropocene.

4. Group-level cultural traits for environmental
control

A general trend also emerges from table 1. Group-level cultural
traits for direct environmental control have emerged in paral-
lel with each new expansion in the environmental scale and
intensity of human societies. These include extractive traits
such as irrigation systems, forest harvesting machines and
mechanized agricultural technology as well as management
traits such as water quotas, forest use regulations and pesti-
cide laws. Early human traits for environmental control are
exemplified by coordinated food collection such as coopera-
tive hunting [67-70], fishing and gathering that emerged in
the Pleistocene. The emergence of agriculture in the Holocene
involved more complex group-level environmental control
traits including canal irrigation [90], harvesting restrictions,
stone architecture, transportation and cities. Later, the indus-
trial revolution was accompanied by even more complex
traits, including continental trade and transport networks,
eradication policies for nuisance species and diseases [91], agri-
cultural subsidies, national environmental laws, natural space
protections, environmental regulation, pollution fines, genetic
modification, anti-extinction policies and the emergence of
global environmental law [92].

Group-level environmental management traits are also
evolutionarily novel, and the nature of and constraints on
the evolution of these traits are poorly understood. Following
our conceptual model in figure 1, novel technologies and
systems for resource extraction (e.g. whaling ships) could
enable the expansion of human groups. Larger groups
encounter new challenges in managing the environment at
the larger scale (e.g. decline of whale populations) and new
opportunities (e.g. fossil fuel energy). Over time, groups
may learn and evolve new traits, technologies and systems
for controlling and sustaining these resources (e.g. whaling
limits treaties), as well as new extractive technologies

(e.g. fossil fuel combustion technology). In this hypothetical [ 5 |

process, extractive traits emerge first, followed by societal
growth. This may sometimes lead to constraints on extraction
driven by an ongoing need energy and materials. So,
the scale of management traits should often lag behind the
scale of societal organization. For example, continental air
quality laws can only emerge after a society has reached
the continental scale.

Increasingly, policy scholars suspect that in the case of
global resources such as atmospheric carbon dioxide or ocean
pollution, sustainable management will require a complex set
of global cultural traits for environmental management, including
novel social, technical, and legal systems at the global scale
(e.g. [93,94]). Thus, it would seem that planetary sustainability
could most-readily be achieved by a global-scale cultural group
with the proper group-level cultural traits. This is why Corning
[95] suggests that a global superorganism may be necessary to
tackle global climate change.

One early theory of global environmental sustainability is
the Gaia hypothesis [96]. It suggests that Earth systems and
the biosphere have evolved to become collectively self-regulat-
ing. But evidence does not support the original Gaia hypothesis
[97]. In evolution, complex evolved traits necessary to maintain
homeostasis emerge from long-term adaptive evolution among
a population of self-organized systems rather than from self-
organization alone. New versions of Gaia theory have argued
that self-regulating ecological features could emerge via
sequential selection for ecological persistence if communities
can flexibly reassemble in a resilient biosphere [98-100]. How-
ever, global-scale reorganization would be very slow and
persistence selection would probably oppose that of selection
onsub-global groups. Therefore, the persistence selection mech-
anism would have to be strong enough to override selection on
the rapidly evolving sub-global human groups, which is highly
unlikely. Thus, even the newer Gaia theory does not provide a
plausible route to global sustainability. Moreover, neither
theory incorporates human cultural evolution.

5. The population structure problem of the
human evolutionary transition

We can use this basic understanding of the evolution of group-
level environmental management to explore the prospects for
a sustainable or well-managed biosphere. As highlighted
above, the hypothetical ETII engages an evolutionary ratchet
that may have led human culture towards increasingly pro-
found environmental impacts, at increasing spatial scale with
consequences for the health of the biosphere and even the
long-term survival of our species. Here, we argue that our
specific evolutionary path will determine the fate of human-—
environment interactions and global sustainability. Our
concern derives from four observations:

(i) human evolution is driven by group-level cultural evolution
in the very long term: the ETII suggests that human
evolution is driven by group-level cultural evolution
[30], which requires a population of groups [21,20].
Evolutionary competition between groups is a key pro-
cess in ETIs that strengthens group-level identities
and solidifies group-level control of individuals and
resources [45];
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(ii) global sustainability requires global cultural traits for environ-
mental management: the sustainable regulation of a
planetary biosphere would appear to require a refined
and complex set of technical and legal systems and
behaviours (e.g. [94]), and would include and enforce
cooperation between groups. These global cultural traits
could be expressed by a single global society or global-
scale individual. Such global cultural traits could evolve
through adaptive cultural evolution among a population
of global-scale entities;

(iii) the scale of environmental management traits lags behind
the scale of society: extractive traits may precede the
expansion of human groups. However, cultural traits
for environmental management at a given scale seem
to emerge most robustly within societies of that scale
and therefore only evolve after those societies form.
For example, strong fines for pollution are more
common within nations that between them; and

(iv) evolution in a population of sub-global groups favours the
emergence of sub-global traits for environmental control:
Earth supports a population of evolving sub-global
groups. Evolution among entities in a shared environ-
ment favours adaptations for resource competition
and extraction (e.g. [101]). Thus, there can be limited
collective action towards environmental stability in
the face of evolutionary competition between groups.

Therefore, the population structure necessary for the
adaptive evolution of global cultural traits for environmental
regulation is in conflict with the current and historical
evolutionary processes acting on human groups. Phrased
another way, competition among cultural groups precludes
the evolution of global systems to sustainably manage the
planet. Cultural group selection could plausibly generate
adaptive global cultural traits if operating among groups
with sovereign control over separate planets. However, this
is not likely to occur in our species in the foreseeable
future, particularly before the worst effects of our global
impacts (such as climate change) are felt. This idea is sup-
ported by mathematical models which show that
environmental patchiness is often necessary for successful
evolutionary transitions [102]. The problem is we have only
one patch.

This is the population structure problem of the human ETII. To
evolve the traits necessary to maintain a sustainable planetary
environment, a population of global-scale societies is required.
Short of gaining access to new livable planets, this problem
appears to have no simple solution and poses mounting
dangers for human survival and biosphere stability in the
coming millennia.

The Anthropocene and the ETII are linked by the scale of
environmental control and cooperation they imply or require.
The ETII operates on human cooperation over time, which
global environmental challenges require. Also, the Anthropo-
cene is defined by its global scale, a scale that human impacts
have recently breached. Thus, we reason that factors and changes
that influence human evolution and the ETII will have relevance
for global environmental challenges, and vice versa.

Any domain of environmental management can be charac- [ 6 |

terized according to two variables: the spatial scale over which
the environmental resource must be sustained, and the level
of cooperation necessary to benefit from the resource in a
durable manner. Sustainability challenges require a minimum
level of cooperation in a society of a certain minimum spatial
size. For example, to solve local lake pollution, the level of
cooperation needed is only that which is sufficient to stop
pollution among the lakeshore residents, while to solve
groundwater management, cooperation is needed among
groundwater users of a watershed [103]. If these users
are farmers who depend on groundwater irrigation for
their livelihoods, the required level of cooperation is very
high as cooperation might entail major economic loss. In this
way, each environmental resource can be visualized as a
sustainability frontier (figure 2).

Each new frontier presents an adaptive challenge that
requires the development of novel social and technological
arrangements (i.e. cultural traits) for environmental control
at new and greater scales. Human societies have experienced
many sustainability frontiers in the past, solving some (e.g.
maintaining captive populations of food species, supplying
nutrients for crop growth) and failing others (e.g. watershed
pollution, biodiversity protection). The Anthropocene is
characterized by global sustainability frontiers (disease,
water, climate change, antibiotic resistance, zoonotic diseases
and pandemics) which remain to be solved.

Each axis in figure 2 has a characteristic societal dynamic.
The y-axis represents intensity of cooperation within groups.
A general finding from the evolution of cooperation [45] and
cultural multi-level selection in humans [20,47] is that
cooperation in a group is often driven by competition between
groups. Therefore, increases in between-society competition tend
to move societies along the y-axis (i.e. [36]). For example, fierce
competition between gangs of lobstermen seems to have
driven the evolution of within-gang cooperation via cultural
group selection [26]. The x-axis represents the spatial scale of
resources and human groups. The spatial scale of a resource
determines the spatial scale of a society capable of sustainably
using it. For example, the Roman empire was among; the first to
build large-scale aqueduct infrastructure, because it occupied
the territory necessary to control large-scale water distribution
in part through the growth of political hierarchy. Therefore,
increases in hierarchical organization tend to move societies along
the x-axis.

Over human evolution, societies have grown in scale of
environmental control, intensity of cooperation and in popu-
lation size (figure 2, lower left). The evolutionary ratchet of
the ETII hypothesis suggests that human evolution is unlikely
to remain in this quadrant.

Hypothetically, a completed ETII would produce cultural
superorganisms: societies with total and complete cooperation,
including, presumably, the group-level reproductive centraliza-
tion observed in eusocial insects. If an ETII were to complete,
the transition might unfold over thousands to millions of
years across this planet or many. However, the ETII may fail.
Its core feedback mechanism of evolutionary competition
between human groups in a shared environment could drive
humanity to extinction through multiple scenarios (figure 2,
top, population structure problem). By comparison, success in
climate change requires a much lower level of cooperation
(agreement to use certain energy sources) and could unfold
relatively rapidly via cooperation between societies. However,
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Figure 2. Dimensions of environmental management create an attractor landscape for long-term human evolution. Environmental sustainability challenges (curved
frontiers) require a minimum level of cooperation in a society of a certain minimum spatial size. Alternative potential paths move humanity toward different long-
term evolutionary outcomes. In path B, competition between societies over common environmental resources creates cultural selection between groups for increas-
ingly direct competition and conflict. Path A, growing cooperation between societies facilitates the emergence of global cultural traits to preserve shared

environmental benefits.

solving global climate change does require social coordination
at a global scale (figure 2, right).

Using figure 2, we can evaluate potential evolutionary
paths for their sustainability outcomes, existential risks and
likelihoods. We focus on two contrasting paths characterized
by different eco-evolutionary processes. We consider these
paths equivalent to the dynamic adaptive policy pathways
approach of [104]. Future evolutionary paths are unknown
and inherently stochastic and reversible. Societal failures
from environmental damage have occurred [105-107]. Count-
less paths are possible. Societies may grow and proliferate,
shrink and die off. We highlight two evolutionary paths
(path A and path B) which represent alternative possible
futures of interest. Both paths start from our species current
position and move in different directions relative to global
sustainability frontiers, and to the long-term outcomes of
human evolution.

Growing cooperation between societies facilitates the emer-
gence of global cultural systems of environmental control
necessary to solve shared challenges such as climate change.
This is the sustainable and desirable path. It relies on the
bottom-up self-organization of systems of global environmental
governance, and voluntary expansion of cooperation between
groups and societies. Although prior societal expansion may
have occurred in this mode, it is not congruent with a human
ETIL Specifically, path A is not favoured by evolutionary

processes for two reasons. First, selection on groups operates
against cooperation between groups. Second, the population
structure problem described above suggests that accumulating
adaptive variation in global cultural traits is unlikely.

Growing competition between societies over environmental
resources accelerates the evolution of traits for direct competition
and conflict. This undesirable path has significant evolutionary
momentum. As we have detailed, much of recent human evol-
ution has been characterized by between-group competition
driving the growth of within-group cooperation and hierarchy
[48,87,108,109]. However, path B is distinguished from prior
evolutionary history because it occurs in a state in which direct
environmental competition becomes increasingly unavoidable.
In the short term, path B could result in major ecological collapse
and human dieback as groups become more powerful but not
more integrated (figure 2, left).

More problematic is that path B creates a self-reinforcing
(positive) feedback system which selects for ever more
competitive human groups. Positive feedbacks are probably a
common feature in ETIs [46]. This competitive feedback could
accelerate an ETII in humans at the sub-global scale. Feedback
could progress from a mere lack of willingness to engage
in between-group cooperation over global environmental
regulation (indirect competition), into direct competition over
environmental resources, and finally into survival competition
and outright military conflict. Warfare selects for aggressive
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and expansionist group-level cultural traits and destructive
technologies. For example, the emergence, refinement and
proliferation of nuclear weapons were driven by conflict
(World War II, The Cold War) between nations. If human
evolution in an ETII becomes characterized by this type of
evolutionary competition, it could lead to intense global war-
fare among increasingly aggressive groups, and even mutual
destruction and human extinction in the very distant future.
To clarify, our species may not be at immediate risk of extinc-
tion. Some humans might even survive a global nuclear
winter. However, our social structure and way of living is
probably in near-term danger.

However, how realistic is path B? We do not yet have
sufficient evidence to evaluate this question. Recent meta-
analysis supports multiple causal connections between
resource interactions and war [110]. In their evaluation of
the global catastrophic risks (GCRs) facing humanity, Fisher
& Sandberg [111] counted 15 of 18 GCRs as anthropo-
genic—they believe humanity may face more categories of
risk from its own actions than from any external source.
Thus, path B could lead to biosphere collapse in the short
term or extinction in the very long term (figure 2, upper
left). As Segaard Jergensen et al. [112] argue, the Anthropo-
cene may contain evolutionary traps for humanity. If so,
path B is the largest and final trap. It should be our desperate
goal to avoid such a path at all costs.

7. The expansive nature of human sociality

Human sociality is uniquely expansive, and so it may be that
the historical upward trajectory in the scale and intensity
of cooperation can continue into the Anthropocene, avoiding
the worst outcomes we have described. Human groups often
cooperate and share cultural elements even in the absence of
external pressures (see [29]), creating a fitness interdependence
which may mitigate competitive outcomes. Perhaps the
expansive quality of human sociality may mitigate this scenario.

(a) Between-group cultural transmission

The global transfer of cultural elements today is beyond that
of any other era, with internet connectivity increasingly ubi-
quitous. Perhaps such between-group cultural transmission
could facilitate the emergence of a global social identity
which could support the development of necessary global
sustainability traits (see [113]). However, between-group
transmission may often reinforce cultural group selection
[20], which is centrally implicated in the cumulative cultural
evolution of extractive traits including fossil fuel technology.
So, between-group cultural transmission provides no escape
from the accelerating feedbacks of path B.

(b) Trade

Trade is a strong type of between-group cooperation and an
important force in human society and evolution. Human
trade is akin to niche partitioning, in which ecological compe-
tition promotes the evolution of clearly separated niches,
reducing future competition [114]. Humans have traded for
possibly hundreds of millennia (e.g. [115]). However, trade is
generally thought to emerge in positive-sum conditions when
there are ‘gains to trade.” Also, without effective regulation,
trade can generate negative environmental and social

externalities, particularly in industrial economies. Indeed, the n

success and growth of global trade appear to be a primary
driver of the environmental crises of the Anthropocene. So, if
trade is used as part of solutions, it must be applied with
great care.

(c) Collective environmental governance

Research the on emergence of collective environmental govern-
ance, exemplified by Ostrom [103], reveals that human culture
sometimes evolves to modify the conditions of resource conflict
to facilitate sharing, conservation and mutually beneficial out-
comes. Emergent self-governance also occurs between groups,
such as in formation of international treaties, providing
some hope for global environmental governance. However,
the critical precondition in models of the cultural evolution
of sustainable environmental governance [24,25] is the avail-
ability of locally controllable resources, which give group
fitness value to cultural traits for environmental management.
On the other hand, such models do not include complex cogni-
tion or foresight, so humans may solve collective challenges
more readily than current models predict. However, it may
be, our argument is that if human society can create similar
institutions at the global level, we will need to do so not only
without the assistance of adaptive group-level cultural
evolution, but in spite of it.

If human sociality emerged from an evolutionary tran-
sition in inheritance and individuality as has been proposed
[30], then there is nothing in its expansive nature which
could offer any escape from the evolutionary challenges we
have described in the Anthropocene. It remains to be seen
how well the expansive nature of human sociality can coun-
terbalance reductions in the scope for mutually beneficial
environmental cooperation.

8. Research agenda

We propose a novel research agenda aimed at understanding
the constraints on human evolution in a limited biosphere.
Rigorous theoretical and empirical research on this topic
might help humanity avoid potential catastrophes. We pro-
pose a series of research questions ranging from general
and theoretical topics to pressing and applied matters:

(i) does the human ETII hypothesis have internal validity? Basic
research on the ETII is necessary. A theoretical model of
the human ETII is needed to test the internal validity
of Waring & Wood’s [30] theory. Such models
could draw on existing models of human ETIs (e.g.
[38,102,116]) and endogenous cultural group selection
[24]. In addition, we might study the processes and
constraints on previous ETIs in other systems. For
example, it may be possible to draw useful analogies
between the genetic kin selection in fraternal ETIs such
as the evolution of multicellularity [102,117] and the
evolution of eusocial termites approximately 150 Ma
[118], and the ‘cultural kin selection” expected in a
human ETII;

(ii) how strong is cultural group selection in humans? To date,
empirical evidence for adaptive group-level cultural
evolution has been largely driven by case studies
[20,26,119], and few quantitative studies have been per-
formed (see [47]). However, large temporal datasets are
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Figure 3. Environmental impact increases with proxy measures of group fitness. (a) Across nations, per capita carbon emissions (2021 data: [127]) are strongly
correlated with the Human Development Index (2020 data: [128]). Other measures of wellbeing could also be used. (b) Across large corporations, total carbon
emissions (2019 data: [129]) are correlated with corporate revenue (2015 data: [130]). Data do not include scope 3 emissions from the supply chain. These cor-
relations are at least partly causal because fossil fuel consumption remains the easiest way to increase energy consumption and immediate quality of life. These
relationships suggest that both types of human group are probably experiencing group-level cultural selection for increased carbon emissions. To solve anthropogenic
climate change, the direction of selection needs to be reversed.

increasingly easy to construct for recent history, and
approaches such as the SESHAT global history data-
bank methodology [120] can be used for deep
historical datasets, and archeological research could be
employed to estimate evolution among human group-
ings and settlement types over large time periods of
the past;

(iii) how strong is cultural group selection for sustainable environ-

mental traits among nations and corporations? Synder’s
[121] hypothesis that humans evolved culturally (and
perhaps genetically) to be unsustainable can be tested
empirically. Earth only supports a small population of
nations (approx. 200), with a slow generation time
(approx. 250 years, see [122-124], but it houses an esti-
mated 300 million companies [125], with an average
longevity of less than 20 years [126]). Thus, we expect
the rate of adaptive cultural evolution by selection and
cultural learning to be dramatically faster in companies
than in territorial governments. In figure 3, we demon-
strate how current group populations can be studied
with carbon footprint data;

(iv) how can cultural evolution among corporations and nations

be harnessed to reduce global environmental risks? Group-
level cultural evolution could be studied with an eye
towards policy and intervention. However, nations
and corporations probably evolve very differently.
Nations are obligate and exclusive territorial groups
while companies vary in their territorial claims. So, cul-
tural group selection on countries should at least favour
the maintenance of critical environmental resources
within those territories. Indeed, countries do display a
set of territorial resource traits including strategic
energy (oil) reserves, agricultural supports and subsi-
dies, and various environmental quality regulations.
Companies, by contrast, are non-territorial groups. So
cultural selection on companies should favour resource
and energy acquisition regardless of external or

deferred impacts. These differences may addressable
through policy;

(v) can global environmental governance emerge without an
ETII? The degree of global cooperation required for sus-
tainable management of the global biosphere may be
high (e.g. international economic and military treaties
on environmental regulation), but it must be less than
that required for a full ETII (e.g. group-level reproduc-
tive specialization). This suggests that an evolutionary
transition is not necessary to solve near term global
environmental challenges. Indeed, global environ-
mental traits and laws have already emerged [92].
These include the Montreal Protocol, the United
Nations Framework Convention on Climate Change,
and the Paris Agreement. Detailed study of the con-
ditions for the evolution of global self-governance is
needed. Comparative case studies and theoretical mod-
elling linking cultural evolution, economics and
political science is needed; and

(vi) can a human ETII be completed on a single planet, even in
theory? The population structure problem should be
formally tested. New models could build on multi-
level selection models with environmental resource
constraints [24,131], ETI models with environmental
patchiness [102,116] and cultural adaptation models
with population size constraints [21,132]. These can
enable new questions to be tested. For example, how
could the forces and factors of cultural evolution be
intentionally structured to improve the chances of
the emergence of global cultural sustainability traits?

Finally, if our interpretation of the ETII hypothesis is
valid, the problem of the Anthropocene is not just that
humanity needs to solve collective environmental challenges
at an unprecedented scale. It is that the central patterns of
human evolution may prevent us from doing so. In this
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light, we propose a new definition of the Anthropocene as a
period in human evolution:

the Anthropocene: the period in which global environmental factors

determine human evolutionary outcomes.
The definition has five key features. First, it is not a geological
epoch defined by stratigraphic features, but a novel period in
human evolution defined by eco-evolutionary conditions.
Second, this period is defined by the conditions in which
individual human groups are sufficiently powerful to influ-
ence the global environment and thereby all other human
groups. Third, this period entails a conflict between the
scale of a society that could express the global cultural
traits necessary to sustainably manage the global environ-
ment (i.e. global-scale society) and the human population
structure necessary to evolve those traits (i.e. many such
societies). Fourth, under the global environmental constraints
of this period, the signature processes of group-level cultural
evolution described by the ETII hypothesis may reduce the
scope for the evolution of global environmental management
traits. Fifth, the global constraint on human evolution endan-
gers the completion of a human evolutionary transition and
threatens the long-term persistence of our species.

Our investigation leads us to suspect that the typical descrip-
tion of the challenges facing humanity in the Anthropocene
is understated. When the patterns and processes of long-term
human evolution in the environment are also considered,
there is no clear and safe path through the Anthropocene.
Nonetheless, our framework provides useful policy guidance
to avoid near-term environmental disaster in a few ways.

First, the Anthropocene should be understood in terms of
human evolution, and the ETII provides inspiration for new
policy approaches and methods. We do not propose building
policy solely from a new and untested theory. However, our
mechanistic framework is an improvement over calls for a
‘crisis discipline’ of global collective behaviour [133] and
GCR research [5,111], which have lacked mechanistic theory.
Other theories of human evolution should be similarly
explored. By integrating empirically validated and character-
istic patterns of long-term human evolution with the
collective behavioural requirements for global environmental
sustainability, we can refine our estimation of the likelihood
of catastrophic outcomes and develop useful guidance for
policy exploration and inclusive sustainable solutions.

We suggest a simple and pragmatic approach: focus on sol-
ving the most pressing global environmental challenge of the
moment. We do not need to solve the population structure pro-
blem of the ETII, at least not immediately. Similarly, we need
not solve all the interconnected global environmental problems
of the Anthropocene at once, although a sustainable global
society must have that capacity. Right now, we need to solve
the collective challenge of climate change. Then, we should
turn to the next most pressing collective challenge and can
keep solving collective global challenges for as long as we can.

Our study puts the role of cooperation and competition in
human affairs in a different light than traditional economics
and policy discussions. While growing global cooperation
among societies may be the primary goal, cultural evolution

via group competition is the evolutionary force that drives the
most relevant adaptive change in human systems. This
suggests, paradoxically, we must use competition among
groups to build cooperation between groups. However, this
may not be as far-fetched as it sounds. Perhaps we can use
these two forces in careful concert to grow our collective
capacity for global resource stewardship. For example, today’s
societies benefit from managed group-level cultural evolution
in the form of peaceful competition through social systems
such as markets and research grant competitions. Both generate
socially valuable outputs. So, we could build intentional, peace-
ful and ethical systems of competitive cultural evolution to
generate solutions for advancing global environmental
cooperation.

For example, our study provides inspiration for solving
climate change. We need to alter the direction of cultural selec-
tion on fossil fuel use among nations (via treaties) and
companies (via market regulation). The means to accomplish
this managed evolution are often equivalent to traditional
policy approaches (e.g. carbon taxes and carbon tariffs [134]), cli-
mate clubs, investment in alternatives and bans on fossil fuel
extraction and use). Evolutionary analysis simply provides an
integrated theory and set of metrics. It also reminds us that
these simple solutions may be the only real alternative to a spir-
aling pathway of increasingly direct conflict between groups.

In conclusion, connecting the Anthropocene and the ETII
hypothesis has proved fruitful in both directions. The ETII
helps to explain the human domination of the biosphere, from
its evolutionary roots, to its current dynamics, to the shape of
alternative paths we may chose. Meanwhile, the Anthropocene
forces us consider if the ETII is likely to complete.

The ETII hypothesis proposes that human evolution has
been dominated by feedbacks which accelerate group-level
cultural adaptation and the intensity of group-level environ-
mental control and impacts. This evolutionary ratchet has
created the powerful niche-constructing groups that domi-
nate human activity today, and the global-scale impacts
they have generated. Human cultural evolution generally,
and the ETII specifically, is the cause of the Anthropocene.
This suggests that the sustainability and survival challenges
of the Anthropocene are understated. The Anthropocene
puts the processes that have steered human evolution for
possibly millions of years in conflict with the evolutionary
requirements for the global cultural traits we need.

Ours is a bleak reading of the possibilities of the future of
environmental management and human evolution on Earth.
However, it is useful because it is bleak. Worst-case scenarios
are an indispensable planning tool (e.g. [5]). So, it may be on
the intentional processes in cultural evolution, including inno-
vation, foresight, planning and collective action, must be
where we make our stand [135,136], by building global govern-
ance for the Anthropocene [94] even though it is against the
interests of existing groups. It is our hope that this perspective
can contribute to that collective effort, expanding the consider-
ations of society today to help better select long-term paths in
future.

We have suggested that humanity might be poorly
adapted to survive a new evolutionary relationship to the
biosphere. Even if this proposition is only slightly likely, or
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partially true, it deserves sharp attention. We hope that our
raising the issue strikes new alarms and helps to motivate
greater efforts at collective action.
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