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The Anthropocene is characterized by accelerating change and global
challenges of increasing complexity. Inspired by what some have called a
polycrisis, we explore whether the human trajectory of increasing complexity
and influence on the Earth system could become a form of trap for humanity.
Based on an adaptation of the evolutionary traps concept to a global human
context, we present results from a participatory mapping. We identify 14
traps and categorize them as either global, technology or structural traps.
An assessment reveals that 12 traps (86%) could be in an advanced phase of
trapping with high risk of hard-to-reverse lock-ins and growing risks of nega-
tive impacts on human well-being. Ten traps (71%) currently see growing
trends in their indicators. Revealing the systemic nature of the polycrisis,
we assess that Anthropocene traps often interact reinforcingly (45% of pairwise
interactions), and rarely in a dampening fashion (3%). We end by discussing
capacities that will be important for navigating these systemic challenges
in pursuit of global sustainability. Doing so, we introduce evolvability
as a unifying concept for such research between the sustainability and
evolutionary sciences.

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

1. Introduction

The Anthropocene is a remarkable result of human cultural evolution [1]. Its
deep cultural evolutionary roots can be seen through its connections to past
human evolutionary transitions, including the evolution of symbolic language,
cognition and social institutions and practices, such as agriculture [2-6]. These
transitions have set in motion new trajectories through processes, such as multi-
level selection and human niche construction, that can be self-reinforcing and
have played important roles in the growing scale of human activities [7-10].
While this growth has delivered large increases in standard of living in many
parts of the World, it also comes with its own new set of problems.

Today’s globally connected systems are characterized by multiple interacting
crises spanning the ecological, social, economic and technological domains
[11-13]. The interconnected, global challenges of the Anthropocene lead to the
question of whether we as humans could be on the verge of being, or already
have become, locked into some form of undesirable trajectory with persistent
crises and growing negative impacts on human well-being. Could the current
Anthropocene trajectory be a trap that modern industrialized societies are naive
to, not unlike seabirds feeding on deadly marine plastics, lacking the capacity
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Figure 1. Anthropocene evolutionary traps. (a) Conceptualizations of evolutionary traps as applied to non-humans (traditional evolutionary traps, e.g. seabirds naive
to marine plastics), individual humans (e.g. overconsumption of sugar in sugar-rich environments) and modern industrialized human societies in the Anthropocene
(e.g. climate change and existential technologies such as nuclear weapons) (photo credits: albatross—Chris Jordan; sugar—fabrikasimf on Freepik; carbon dioxide
concentration and nuclear explosion—public domain). (b) Phases in the evolution of Anthropocene traps and underlying principal processes illustrated with the

example of the growing global challenge of antibiotic resistance [37].

to distinguish them from nutritious marine plankton? If
so, how can societies leverage their collective cultural evol-
utionary potential to embark on a more sustainable trajectory
[11,14-18]? Recent works indicate the important insights into
similar questions from integration across sustainability and
evolutionary science [1,19]. Although concepts such as traps
and capacities for undergoing change are established in both
fields, these concepts and questions have seen few attempts
of integration [20-23].

In this paper, we use the concepts of traps and evolvability
to seek further integration between evolution and social-
ecological systems research. We first adapt the classic concept
of evolutionary traps to a human and larger-scale Anthropo-
cene context. We then present results from a participatory
mapping and analysis of Anthropocene traps, including an
assessment of their interactions, progression and severity.

We end by exploring how the integration of the concept of evol-
vability with those of social-ecological resilience could help
broaden and consolidate a research agenda on capacities
needed to move out of trapped Anthropocene trajectories
towards global sustainability.

The concept of evolutionary traps has been used almost
exclusively for studying how non-human species respond
[24-34]. Key
examples include artificial human lights attracting insects,

to cues in anthropogenic environments

island species responding naively to the presence of intro-
duced predators, and being able to
discriminate between the cues of marine plankton and

seabirds not
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marine plastics [34-36] (figure 1a). In the context of humans,
evolutionary mismatch is a much more frequently used term
compared with traps, especially in fields like evolutionary
psychology and evolutionary medicine [38]. The differences
in terminology between non-humans and humans could
have two inadvertent consequences. First, the disuse of evol-
utionary traps in studies of human behaviour might
inadvertently have prevented a deeper interrogation of the
behavioural cues that maintain traps in human systems.
Second, given how broadly used the concepts of traps are
in systems-oriented sustainability science, such as social-
ecological systems research, it might inadvertently have
slowed down the interdisciplinary integration between
evolutionary and sustainability sciences.

In classic evolutionary traps, organisms exhibit a prefer-
ence for behaviour that lowers biological fitness through
either survival or reproduction [33] (figure 14, left). Applying
the concept of evolutionary traps to humans immediately
faces the challenge that humans are a highly cultural species
with multi-level societies. It therefore requires an expanded
concept that includes cultural and multi-level dynamics, with
attention to key human capacities such as sense-making,
reflexivity, forward-looking and anticipation [39].

We conceptualize human evolutionary traps at the
individual level by looking at impacts on human well-being
in addition to biological metrics of fitness (figure 1a, middle).
Two major approaches to measuring individual well-being
are objective and subjective measurement [40]. Objective
approaches rely on indicators such as access to necessities
like sanitation and healthcare, often collected in population-
wide surveys. Subjective well-being relies on information
expressed by the person in question about how content or
able they are to fulfil life goals. Therefore, the human well-
being approach considers impacts on a broad range of
conditions of human individuals, from basic physical needs
for survival to the subjective experience of life fulfilment.

We define Anthropocene evolutionary traps as phenomena
manifesting at the global scale of human society, i.e. with
dynamics occurring at least across multiple continents, causing
one or more human practices to become maladaptive (figure 1a,
right). Maladaptation becomes apparent through negative
impacts on human well-being, from incremental to cata-
strophic. For Anthropocene traps, we are interested in large-
scale regional or global trends in well-being metrics, as well
as processes at higher levels of social organization and the
environment that are critical for well-being. Relevant social pro-
cesses include the functionality of institutions and
organizations, production and provisioning of goods and ser-
vices, as well as the infrastructure that facilitates coordinated
movement of people, goods, energy and services. Relevant
environmental processes include Earth system stability and
the stability, provisioning and regulation of ecosystem services
at large scales.

Our relatively broad approach to defining evolutionary
traps in the human context should be seen in the context of con-
tinuing debates about how to conceptualize fitness for species
with traits that are subject to intentional and cumulative cul-
tural evolution [41-43]. We do not aim to solve those
discussions here, but instead choose to be pragmatic in
conceptualizing impacts of evolutionary traps in terms of
human well-being. The advantage of this pragmatism is that
we can investigate multiple evolutionary dynamics that inter-
act to impact diverse aspects of human life. Another

advantage is that it allows us to also take seriously the
aforementioned human capacities, which means that
humans can strive to make positive impacts on—sometimes
normative—goals, such as well-being [16,43].

To identify and analyse a broad set of potential Anthropocene
traps, we ran a set of participatory exercises, including
seminars, workshops and questionnaires at the Stockholm Resi-
lience Centre from 2020 to 2022. The initial exploration and
identification of traps had three stages (electronic supplemen-
tary material, figure S1 for details). (1) Setting system
boundaries. (2) Familiarization with evolutionary dynamics.
(3) Identification of evolutionary traps. The insights from these
activities provided the basis for the fourth stage of the study,
assessment and analysis of traps (see §4. Analysis of traps).

1. Anthropocene dynamics and system boundaries. We started
by surveying general dynamics of the Anthropocene
system with the purpose of setting system boundaries for
the subsequent exercise. A questionnaire asked employees
at Stockholm Resilience Centre to open-endedly suggest
important dynamics (processes) influencing or driving
the Anthropocene trajectory as well as describe why these
processes are important. We collected 61 processes and
dynamics from 28 respondents. From this survey, it was
clear that the scope of our further assessment explicitly
needed to consider the technological, social and economic
domains of the Earth system, including human behaviour,
as well as biodiversity and ecosystems.

2. Establishing a shared understanding of evolutionary dynamics.
As the experience of participants with evolutionary
dynamics varied greatly, we sought to create a common
understanding of core topics through four seminars with
12 internal and external speakers presenting conceptual,
theoretical and empirical work relating to evolution in
the Anthropocene. In addition to internal presentations
by the authors of this paper regarding previous and
ongoing work, external speakers included Timothy
Lenton, David Sloan Wilson and Jeroen van den Bergh,
covering systems perspectives, multi-level selection and
evolutionary economics.

3. Identifying Anthropocene traps. With system boundaries set
and an enhanced understanding of key concepts, we pro-
ceeded to solicit written suggestions for Anthropocene
traps from a focus group of 10 participants (all authors)
who had participated in the previous activities. These sug-
gestions were then subject to common scrutiny and
consolidation through two half-day workshops. The first
workshop included eight participants from the focus
group and aimed to review the initial set of traps, consoli-
dating them into comparable groups of similar topical
granularity as well as allowing time to think about traps
that had not been identified in the written solicitation. The
second workshop comprised 14 participants, including
some not involved in suggesting initial traps, who served
as scrutinizers. The workshop focused on review and agree-
ment of proposed criteria for defining traps, establishing the
final set of traps and a general model of how traps evolve.
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Table 1. Anthropocene traps. Description and main dynamics are provided for the 14 traps together with indicator(s) used to identify the current phase (1, n

initiation; 2, scaling; 3, masking; 4, trapping) and trend ('+' growing, ‘+’ mixed). Phases are defined in §6 and figure 1b. The trapping column lists the
mechanisms leading to entrenchment in the final phase (constraints, tipping, conflict, permanence, scale mismatch).

description
global traps
1. simplification increasing specialization produces simplified sub-
systems that are vulnerable to shocks
2. growth-for-growth institutional lock-ins drive pursuit of growth at the

cost of well-being

3. overshoot continued material growth leads to overshoot of Earth
system tipping points

4. division unstable selection for global human cooperation
increases risk of international conflict

5. contagion global connectivity increases the risk of large-scale

technology traps

contagion, e.g. of infectious diseases

6. infrastructure complex material infrastructure becomes maladaptive,
lock-in e.g. owing to sunk costs
7. chemical pollution  capacity to produce complex or persistent compounds
that can cause long-term harm to humans and
ecosystems
8. existential technological arms-races drive the evolution of
technology existential technology, such as weapons of mass
destruction
9. technological reliance on automation can backfire if systems become
autonomy misaligned to human needs
10. dis- and digitalization can amplify spread of mis- and
misinformation disinformation e.g. destabilizing democracies

structural traps

11. short-termism
other traps and promotes conflict

12. overconsumption
overconsumption

13. biosphere separation of human settlements and ecosystems

disconnect reduces awareness about their benefits
14. local social digitalization can lead to loss of local social capital
capital loss through reduced interaction and echo chambers

We set three criteria for identifying a phenomenon as a
potential Anthropocene trap: (1) that it can be described as
evolving from an initially adaptive process; (2) that it, at the
global level, shows signs of undesirable impacts on human
well-being or has been hypothesized to show such signs in
the future; (3) that it has a trapping mechanism that makes it
harder to escape from negative impacts once this mechanism
is activated.

4. Analysis of traps

Based on knowledge gained from the above activities, the
identified 14 traps (table 1; details in electronic supplementary

favour of short-term over long-term benefits reinforces

separation of production and consumption facilitates

indicator trend

trapping mechanism

phase

production constraints 4 +
ecosystems

well-being constraints, conflict 4 +
decoupling

climate change tipping point 4 +

international conflict 3-4 +
conflicts

pandemic events constraints 4 +

fossil fuel constraints 3-4 +
infrastructure

assessment permanence, tipping 4 +
deficit point

nuclear weapons permanence 4 +

Al and robotics permanence 2-3 +

post-truth politics permanence, conflict 3-4 +

short-term scale mismatch 4 +
growth focus

footprints scale mismatch 4 +

biosphere scale mismatch 3-4 +
illiteracy

social media scale mismatch 2-3 +
polarization

material, table S1) were subjected to further assessment by
three authors (P.SJ., RE.V]. and D.LA.O)), including data
analysis, literature review and internally cross-validated
expert opinion with input from the rest of the author group.
As some traps describe general dynamics that can apply
across a variety of topics and sectors, guided by author exper-
tise and availability of evidence, we selected more concrete
indicators that we could use for the assessment (table 1). Our
assessment is summarized in table 1, reported in full in elec-
tronic supplementary material, table S1, and supported by
documentation in electronic supplementary material, tables
52 and S4. Our analysis of the 14 traps proceeds as follows.
We assess whether traps are growing as phenomena. We
group traps based on their connection to evolutionary theory
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Figure 2. System dynamics and interactions of three major groups of Anthropocene traps: global (blue), technology (green), and stuctural traps (orange). (a)
Systems diagram highlighting directed positive relationships between nodes as detailed in electronic supplementary material, table S3. Two reinforcing feedback
loops are indicated with R and positive relationships across groups of traps are indicated with superscript letters (origin, black; receiver, grey) and dashed lined
arrows. (b) A heatmap of the interactions between outcomes of the 14 proposed Anthropocene traps as described in electronic supplementary material, table S4,

showing the effect of the trap listed in the row on that listed in the column.

(electronic supplementary material, table S3) and describe trap
interactions [44] (electronic supplementary material, table 54).
Finally, we formulate a conceptual model for how traps
evolve, and subsequently use this model to assess the current
phase and severity of the 14 traps (electronic supplemen-
tary material, tables S1 and S2). The specific procedures
involved in each of these analyses are described in the
respective sections in this article.

Rather than conclusive, this assessment should be seen as a
first step in the development and application of a framework by
a group of experts, as well as an invitation for further work and
scrutiny. We acknowledge that the risk of traps may in some
cases be unavoidable and has been a historical constant [9].
Yet, the global nature of the connected Anthropocene system
warrants urgent understanding of these undesirable lock-ins.
As any solution aimed at advancing sustainable development
comes at the risk of initiating such trajectories, we end the manu-
script by discussing capacities needed to navigate Anthropocene
traps toward sustainability (§9).

5. Groups, trends and interactions of traps

We grouped Anthropocene traps in terms of underlying evol-
utionary dynamics based on their connection to three sets
of theories, represented as causal loop diagrams in figure
2a. Construction of causal loop diagrams was based on the
participatory activities and always validated by supporting
references in the literature (electronic supplementary
material, table S3). The first two sets are well established as
evolutionary dynamics, namely multi-level selection for
increasing levels of social organization and reinforcing
dynamics of technological innovation [1,45-49]. A third set

of theories relates to masked interactions and rates of
global change and are well established in sustainability
science, but less so as evolutionary processes, providing an
opportunity for further integration of the two fields. Overall
and based on selected indicators, we assess that 10 out of 14
traps are growing as phenomena, but these trends vary by
groups of traps, as discussed below (table 1). We also find
signs of widespread reinforcing interactions between traps,
as described in §5d.

(a) Multi-level selection and global traps

Multi-level selection of human cultural groups is widely the-
orized as a main driver of the trend toward higher levels of
social organization, cooperation and global connectivity in
the Anthropocene, as well as the increasing ecological foot-
print associated with this trend [1,47]. While this trend is
often traced back to at least the agricultural transition, mul-
tiple subsequent transitions have reinforced this trajectory,
e.g. when new sources of energy and new forms of mobility
have been adopted [47,50-52]. At the global level, the lack of
an out-group for cultural selection means that global
cooperation is likely to be more unstable compared with
lower levels [10,53].

We categorize five traps as global traps based on their
connection to nodes in a five-step multi-level selection loop
(figure 2a blue). The loop is initiated by selection for higher
levels of social organization, which facilitates specialization
and leads to increased efficiency and growth causing expand-
ing resource needs. These needs can be solved through either
conflict or cooperation (increasing connectivity of the
system). Each downstream step in the loop has a trap associ-
ated with it. First, simplification and loss of response
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Figure 3. Trends in trapping mechanisms. Indicative trends of various Anthropocene trapping mechanisms and impacts. (a) Gross Domestic Product (GDP) per capita
compared with self-reported life satisfaction, coded by continent [54,55]. (b) Changes in mean GDP per capita (at purchasing power parity) and mean Gross Progress
Indicator (GPI) per capita over time [56]. (c) Temperature increase from pre-industrial levels over time from historical data (blue) and the five
main Intergovernmental Panel on Climate Change (IPCC) scenarios (red), and median estimates (associated with high uncertainty ranges) of potential climate tipping
point thresholds [57,58], where ‘4" indicates that four separate threshold medians are located around the thick black lines. (d) Number of conflicts (deaths > 25 per year)
worldwide over time involving at least one state-based actor [59,60]. (€) Percentage of the world population that is food insecure over time (Food and Agriculture Organization
(FAO)) and percentage of the world population that is undernourished over time (World Bank) [61,62]. (f) The number of countries assumed to possess functional nuclear

weapons worldwide over time [63,64].

diversity constitute a risk of specialization (trap 1, simplifica-
tion). Second, too much focus on efficiency and growth can
lead to pursuit of growth at the cost of well-being (2,
growth- for-growth). Third, continued resource extraction
from expanding resource needs comes at the risk of ecological
overshoot in the form of resource scarcity, environmental
change and the crossing of ecological tipping points (3, over-
shoot). Fourth, the instability of cultural multi-level selection
for cooperation at the global scale can lead to a trapped con-
dition of global conflict (4, division). Fifth and finally,
increased connectivity from global cooperation comes at the
risk of contagion, such as in the spread of pandemic
events or other shocks in the system (5, contagion).

Most global traps have shown growing trends towards
the end of the recent 30-year period (figure 3; electronic sup-
plementary material, table S2 for details and references).
These trends can be summarized as: increasing shocks to
simplified production ecosystems; increasingly speculative
forms of global economic growth combined with global econ-
omic crises and growing inequality; worsened global
environmental crises in the form of climate change and biodi-
versity loss; and increasing levels of tension between large
nation states or regional political blocks and a rise of armed
conflicts (figure 3d). Finally, there are some indications of a
growth in frequency of global (re-)emerging infectious dis-
ease events, such as HIV, high-pathogenic bird and swine
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flu, antibiotic-resistant infections and COVID-19 [65]. But
there is also uncertainty about the importance of monitoring
bias in shaping these trends [66-68].

Niche construction describes the effects of organisms on the
environment that influence selection pressures on these organ-
isms [69]. Humans have a remarkable capacity for cultural
niche construction, where cultural traits cause environmental
change with selective effects on the same or other cultural
traits [70]. Of specific relevance for the growing role of
technology in the Anthropocene, humans can exhibit a prefer-
ence for innovation of material technology as a problem-
solving strategy for environmental change [1,46,70-72]. We
identified five technology traps relating to an innovation loop
consisting of two self-reinforcing dynamics (figure 24, green).
The first dynamic is that technological innovation results in
unintended consequences, such as new environmental or
social challenges that are often solved with new technological
innovations [46]. The second dynamic operates through the
transmission of technologies through cumulative cultural evol-
ution, which means that there is a trend towards availability of
more complex technologies to combine into and improve new
technologies, a so-called ratchet effect [1,45,73].

In contrast to the global traps, the five technology traps
do not map to individual nodes in the causal loop diagram,
rather, they are outcomes of the overall dynamics. Among
these, there are two phenomena that we consider more
fundamental outcomes of the innovation loop, namely the
risk of locking in to a material infrastructure, e.g. through
sunk costs (trap 6, infrastructure lock-in) and the impacts
on human health and the environment of new synthetic
compounds and materials produced by the technology (7,
chemical pollution). We consider the remaining three traps
to be later-stage phenomena of advanced technology,
namely the capacity of a species to exterminate itself with
powerful technologies (8, existential technology), the risk of
actions of increasingly autonomous technology not aligning
with human goals (9, technological autonomy), and the risk
of growing dis- and misinformation due to the exponential
growth in information facilitated by digital information
technology (10, dis- and misinformation).

Several technology traps show mixed trends in their
selected indicators (electronic supplementary material, table
S1). For infrastructure lock-in, there are large investments in
and reduced costs of renewable energy, but also widespread
dependence and continued investment in fossil fuel infrastruc-
ture [74-76]. Many forms of chemical pollution have decreased,
but new forms are increasing [77]. For existential technology,
there was a small increase in number of nuclear powers in
the twenty-first century combined with a recent abandonment
by some countries of disarmament treaties, yet a reduction of
warheads. The two autonomous technology indicators are
growing as investments in and new forms of artificial intelli-
gence (Al) and robotics are on the rise, e.g. in terms of
generative Al and self-driving cars [78,79]. The growth of digi-
tal information technology is also providing reach and speed to
the spread of dis- and misinformation [80-82].

Four out of the 14 traps do not map to the above well-estab-
lished sets of evolutionary theory but to theories of shifting

baselines and masked interactions in sustainability science
[83-85] (figure 24, orange). These dynamics are byproducts
of the increased rates of global change and levels of connec-
tivity that result from the multi-level and innovation loops.
Specifically, rates of global change can result in loss of historical
ecological knowledge (and social baselines), which together
with information overflow from communications technology
results in shifting baseline syndromes [86]. Similarly, masked
interactions are a result of global connectivity and biased infor-
mation transfer in global networks (e.g. supply chains) that
reduce local signals for globally sustainable behaviours. We
can conceptualize these dynamics as evolutionary processes
by considering their impacts on socially transmitted infor-
mation, a fundamental process of cultural evolution. Shifting
baselines and masked interactions both influence what infor-
mation is transmitted and reduce the adaptive value of that
information through temporal and spatial scale mismatches,
respectively.

Collectively, we refer to traps relating to scale mismatches
as structural traps. Individually, we refer to traps from tem-
poral scale mismatches as temporal traps and spatial scale
mismatches as connectivity traps. Through its links to shift-
ing baselines, a widespread focus on short-term economic
growth and quick technological fixes was identified as the
main temporal trap presenting a risk to long-term sustainabil-
ity (trap 11, short-termism) [87,88]. Among connectivity
traps, the separation of sites of consumption and production
facilitated by global supply chains means that signals of
environmental deterioration in production systems are wea-
kened compared with a local system, increasing risks of
overconsumption (12, overconsumption). Similarly, the
reduced exposure to nature associated with urbanization
comes at the risk of urban populations not being exposed
to signals of environmental deterioration in remote systems
that provide a benefit to them (13, biosphere disconnect).
Finally, reduced face-to-face interactions in local communities
resulting from digitalization and social media, which are cur-
rently increasing long-distance social interactions, could
come at the risk of reducing local social capital and capacity
for collective action (14, local social capital loss).

The four structural traps are all likely growing in impor-
tance (electronic supplementary material, table S1). In short,
there is continued focus on short-term economic growth by
national governments and businesses, despite some excep-
tions confirming the pattern [89,90]. Increasing material and
ecological footprints indicate growing overconsumption
facilitated by global supply chains [91]. More than half of
the global population is now living in urban areas dominated
by large spatial displacements of biosphere support functions
and little green and blue space in many cities [92]. Finally,
there are signs of increasing political polarization correlated
with social media use in many countries [93].

Traps interact at two levels: first, through the overall system
dynamics that generate traps (figure 2a); second, through
the outcomes of one trap on other traps (figure 2b). At the
level of system dynamics, the multi-level selection and inno-
vation loops often reinforce each other under joint dynamics
sometimes referred to as sociocultural niche construction [1].
We identified three interactions between the loops where
this reinforcement can occur (figure 2a, superscripts). First,
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Box 1. Approaches for modelling Anthropocene traps.

From a systems perspective, Anthropocene traps are different from other traps in that they describe an evolving system tra-
jectory rather than a rigid system state, as is usually the case for poverty traps, development traps and rigidity traps [98]
(figure 1b). Understanding Anthropocene traps systemically may require applying more advanced methods and modelling
approaches used in other fields of science for the analysis of complex adaptive and evolving systems or, perhaps even in some
cases, entirely new modelling techniques. Traps are conventionally implemented in mathematical models as undesirable
stable equilibrium states [99,100]. Anthropocene traps that lack adaptation may still be appropriately described as stable
states. However, many Anthropocene traps, as they occur in complex adaptive and evolving systems, would be better
described as stable (attracting) trajectories. For example, increasing resistance of pathogens against new antibiotics is not
near any equilibrium of antibiotic resistance. Still, it is difficult to pull away from this accelerating, evolutionary ‘arms
race’ trajectory owing to its inherent self-stabilizing feedbacks. In addition to characterizing whether a trajectory is a trap
(its stability and resilience), other Anthropocene modelling challenges include searching for multiple kinds of attractors,
dynamics in time and space, and fast and slow dynamic interactions, and mixing discrete and continuous-time processes.

resource needs in the multi-level loop are one type of unin-
tended consequence in the innovation loop (°). Second,
increasing levels of social organization and cooperation
will often enable new innovative capacities [70] (®). Finally,
technological innovation is one of the main ways through
which specialization and increased efficiencies can occur
and resource needs be addressed in the multi-level loop ().
As mentioned, the potential for structural traps is generated
by the global changes in space and time set in motion by
the multi-level and innovation loops. Yet there are even inter-
actions between dynamics of structural traps where masked
interactions help amplify the potential for shifting baselines
and short-termism, as the local baseline is no longer a com-
prehensive indicator of ecological impact [94]. Thus, even
in the presence of local monitoring for failures, such activities
are no longer adequate.

At the level of trap outcomes, we assessed 182 pairwise
interactions between traps (electronic supplementary material,
table S4; figure 2b). Interactions were assessed using internally
cross-validated opinion by the aforementioned three authors
(P.SJ.,R.E.V].and D.I.A.O.) based on insights gained through
the participatory activities and using experts from the author
group to help settle any disputes. Interactions were assessed
on a five-point scale (figure 2b, colours). We estimate that
48% (87) have a net non-neutral effect (figure 2b; electronic sup-
plementary material, table S4). Of these, 95% are amplifying
(83/87) and only 5% dampening (6/87). This analysis reveals
the systemic nature of Anthropocene evolutionary traps as
well as the leverage in addressing root causes. It also means
that addressing a couple of the traps could help alleviate
several others. Foremost among such traps are global division,
short-termism and overconsumption, as well as the growing
concerns about technological autonomy, which all cause
eight amplifying interactions.

To assess the state of progression of traps, we first need a
conceptual model of the general phases through which traps
evolve (figure 1b; electronic supplementary material, table
S2). Based on our dataset of 14 traps, we propose a model
with four phases, namely (1) initiation of a new trajectory,
(2) global scaling of the trajectory, (3) masked signs of negative
impacts in the global system and (4) activation of trapping
mechanisms and growing risks of negative impacts

(figure 1b). Given the topic, it is unavoidable that this concep-
tual model of Anthropocene traps shares similarities with
previous attempts of theorizing about general dynamics in
social-ecological systems and the emergence of the Anthropo-
cene explained by processes of cultural evolution. Examples of
the former include the pathology of natural resource manage-
ment and the adaptive cycle [95-97]. Examples of the latter
include the work on sociocultural niche construction to explain
the origin of the Anthropocene and evolution of unsustainabil-
ity [1,19]. Our model of Anthropocene traps distinguishes itself
from the former by explicitly focusing on the Anthropocene
and the global scale and by integrating cultural evolutionary
processes. Our model distinguishes itself from the latter work
by explicitly focusing on the evolution of traps.

The model is a simple start for investigating Anthropocene
traps and we anticipate new combinations of approaches will
be needed for their more formalized modelling (box 1).
Below we describe the processes involved in the four phases
and we also illustrate the application of the four phases
using the example of antibiotic resistance (figure 1b) [37]. We
focus especially on the trapping phase as the processes of the
first three phases have in part been covered as part of §5.

Processes of innovation and sequential selection and adap-
tation are major processes of the initiation and scaling
phases, respectively. The initiation of trajectories through a
social or technological innovation is described above as part
of a multi-level loop. After this initiation, growing rates of
environmental and social change increase the need for adap-
tation through further innovation, and multi-level selection
increases connectivity and the establishment of global systems
[3,101]. An important dynamic in these two phases that con-
tribute to the early build-up of traps is that sequential
selection will often address short-term, local and monitored
(known) consequences, but less so undesired longer-term,
spatially displaced and unmonitored global outcomes
[95,101,102]. Two well-described and related forms of reinfor-
cing dynamics in the scaling phase are sequential resource
exploitation and innovation arms races. Illustrative cases of
the former are sequential marine resources harvesting after col-
lapsing stocks [103,104] and the sequential exploitation of new
agricultural inputs, such as fertilizers, pesticides and machin-
ery, to reduce labour costs [1,19,102]. An example of arms
races is weapons arms races that occur in response to increasing
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threats (real or perceived), a process underlying the trap of exis-
tential technology, such as nuclear weapons [37,45,49,102].

In the masking phase, a diverse set of structural dynamics
means that initial signs of global system failures, such as eco-
system service degradation or technological failures, are not
addressed (figure 1b). First and foremost, among structural
dynamics, global connectivity is causing interactions to
become distant, e.g. through increasing trade, urbanization
or information and communications technology [105,106].
A consequence of distant interactions is that people impact
environments that they are not physically exposed to, and
hence these impacts become increasingly masked [107,108].
Such local physical exposures have historically been strong
selection pressures on human behaviour, and the removal
of these increases the chance of maladaptive local behaviours
at the scale of the connected system [109,110]. Cities, for
example, offer little exposure to the ecosystems that provide
most of the provisioning services of food, materials and tex-
tiles or the world’s tropical forests and oceans, which
harbour most of the biodiversity and make up the planet’s
largest carbon sink [111,112].

In the fourth and final phase, trapping mechanisms are acti-
vated that make attempts to change trajectory exceedingly
difficult and negative impacts on human well-being more
likely. We identified five trapping mechanisms among the 14
traps: constraints; conflict; ecological tipping points with
lagged and hysteresis effects; the permanence of cumulative
culture; and scale mismatches. As shown in table 1, trapping
mechanisms are unevenly distributed groups of traps. Technol-
ogy traps are dominated by the permanence mechanism,
which is a factor in four out of five traps. Structural traps are
entirely characterized by scale mismatches as the main trap-
ping mechanism. For global traps, trapping mechanisms are
more diverse amongst global traps, where tipping points,
constraints and conflict all feature as the main trapping mech-
anism. The five mechanisms are briefly introduced below.

First, constraints are a trapping mechanism well estab-
lished in evolutionary science and with parallel concepts in
social-ecological system research, such as rigidity traps
[98,113]. Constraints in cultural evolution also arise because
the lack of variation or the presence of maladaptive covaria-
tion between traits prevents an organism from adapting even
in the presence of adaptive environmental cues [114]. Global
challenges where such constraints are relevant include lack of
response diversity in the global production ecosystem and
association between old models of economic growth and
international institutions [115].

Tipping points can be a powerful mechanism of luring a
system into a new state or trajectory, especially when they
involve temporal lags. When they involve hysteresis
effects, crossing such ecosystem tipping points means return-
ing to the previous state requires a disproportionate change
to the system [116]. Committed emissions to future warming
are prominently debated for climate change. In combination
with tipping elements in the Earth system that, when crossed,
further accelerate warming, such lags can potentially risk tip-
ping the entire climate system to a new ‘hothouse’ state
[57,117].

The conflict mechanism relates to the lack of a stable basin n

of attraction for global cooperation. As cultural multi-level
selection has been a significant driver of increasing levels of
human cooperation over time, the absence of this mechanism
at the global scale could also form a trapping mechanism [10].
More generally, conflict trapping can occur when multiple
actors are caught on local well-being peaks without the
capacity to negotiate conflicting interests. Such dynamics
can be seen among public as well as private actors in the
form of ‘selfish states” and ‘selfish corporations’ that pursue
short-term interests [90]. Ultimately, powerful actors with
entrenched interests can keep global systems locked in to
undesirable trajectories [118,119].

For technology traps, the permanence mechanism results
from humans’ increasing capacity for cultural transmission,
such that material technologies, once invented, are unlikely to
go entirely extinct [45]. For example, the exponentially increas-
ing storage capacity that digitalization has brought about
means that uninventing technologies could become harder
[120]. Finally, for structural traps, scale mismatches can be con-
sidered trapping mechanisms when temporal or spatial
mismatches in cultural transmission become hard to realign.
The irreversibility of scale mismatches could be seen as being
of a softer (less material) character compared with, e.g. the per-
manence of cumulative material culture, but in practice such
mechanisms could be just as consequential.

The translation of phases into trap- and indicator-specific cri-
teria is reported in electronic supplementary material, table
52. Applying these criteria and based on the available literature,
we assess that 12 out of 14 traps could be in some stage of the
trapping phase, of which four might only have progressed to
the masking phase (table 1; electronic supplementary material,
table S1). The remaining two of the 14 traps have not progressed
further than the masking phase and might only be in the scaling
phase. Using an ordinal scale, the average phase of traps is 3.67
and the median is 4 (min. 1, max. 4). Together with the overall
growing trends in importance of the indicators, this assessment
reveals a deepening and advanced status of many Anthropo-
cene traps. Below we briefly highlight some more detailed
findings for each of the three groups of traps.

Several of the global traps have likely activated, or are on
the verge of activating, trapping mechanisms. Among these,
institutional lock-ins to intensified production paradigms
with low response diversity are a major constraint on
making production ecosystems more resilient [121,122]. For
ecological overshoot, the lagged temporal dynamics between
emissions and warming mean that we are already committed
to 1.5°C warming even though we are currently only at 0.8°C
[123] (figure 3c). At the largest scale of cooperation for global
sustainability, we see that the aims of individual nations are
not aligned with the global level and many countries cur-
rently benefit from not cooperating for global sustainability
[124]. Finally, COVID-19 has shown the large and robust con-
straints to managing globally connected systems and their
vulnerabilities to pandemics [125].

For technology traps, we have seen the onset of trapping
mechanisms relating to fossil fuel infrastructure lock-in, chemi-
cal pollution and nuclear weapons (electronic supplementary
material, table S1). For example, sunk costs invested in fossil
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infrastructure are delaying climate action to a point of increas-
ing negative climate impacts. Long-term effects and cocktail
effects of pollutants are building up and poorly assessed [77].
And we have been trapped in a phase of existential risks
from nuclear technology since the proliferation of nuclear
arms. Thus, while not theoretically impossible, nuclear weap-
ons technology has proven hard to uninvent [126]. In
comparison, autonomous technology and dis- and misinfor-
mation are likely in an earlier phase of progression, as we
currently see attention related to assessing and preventing
some of their future risks. Thus, there is increasing attention
to risks of AI and robotics; however, signs of many looming
system failures may currently be masked. Despite attention
to the regulation of digital information technology to prevent
spread of dis- and misinformation, such efforts currently look
unlikely to succeed in the short term.

Two of the structural traps appear to exhibit scale
mismatches that are very hard to realign (electronic supple-
mentary material, table S1). For short-termism, there are signs
of a lock-in to harmful short-term growth strategies driven
by a mismatch between individual benefit and collective
harm [89,90,127,128]. For overconsumption, there are few
signs of decoupling between economic growth and consump-
tion-based footprints and few signs of reduced consumption
in high-income countries, indicating large difficulties in aligning
local consumption with its global consequences [129]. In urban
areas, there are some signs of a counter movement to the risks of
a growing biosphere disconnect, e.g. through coalitions of cities,
such as C40 seeking to provide leadership on climate change.
Yet it is still uncertain if such initiatives can make cities act as
overall regenerative global agents of the Earth system and dis-
tant ecosystems. For social media polarization, we may not yet
be trapped, but regulation is proving hard. The question is
whether globally connected societies can be aligned with the
building of local social capital [130,131].

As the trapping phase progresses, negative impacts on human
well-being are more likely to become obvious and widespread.
Evolutionary biology often distinguishes between two levels of
severity of traps, severe and equal-preference traps. Severe
traps have absolute negative impacts on the population and
more readily lead to a population decline, whereas an equal-
preference trap is harder to detect in terms of population-
level impacts without an experimental set-up [34]. Given the
obvious limitations of this approach for Anthropocene traps,
we suggest focusing on domains of well-being affected. For
example, negative impacts from the simplification of food pro-
duction ecosystems can transfer from the realm of food
insecurity (the subjective assessment of being food insecure)
to undernourishment, the state of not getting enough calories,
which in turn can have consequences, such as stunting, wast-
ing and ultimately increasing child mortality. Applying this
approach, we used generally available global datasets and
reports to assess current trap severity.

Several observed negative trends in human well-being are
likely produced by the interaction between global traps. This
includes the recent increases in food insecurity and undernour-
ishment in low- and middle-income countries (figure 3¢) [132].
These are major impacts of the simplification trap that are
worsened by, e.g., ecological overshoot and growth-for-

growth [132,133]. For the growth-for-growth trap, the cross- [ 10 |

country pattern of stagnation in subjective well-being with
economic growth could indicate a relatively mild trap
(figure 3a), but the severe human costs of shocks from econ-
omic crises [134-139], the above trends in food insecurity, and
the indirect effects through ecological overshoot indicate
more severe impacts. For ecological overshoot, some of the
most tangible indicators of current severity include health
and economic impacts of extreme weather events and long-
term droughts [140-143], as well as impacts from ecosystem
collapses and diminished ecosystem services [144,145]. For
global division, current severity is indicated by hardship
due to international economic conflict as well as through
lost livelihoods (e.g. from forced migration), disability and
deaths from armed conflicts [59,60,146]. There are also indir-
ect costs of lack of collective action in addressing global and
social environmental challenges [147-149]. Finally, health
impacts of recent pandemics, HIV, antimicrobial resistance
and COVID-19, as well as indirect impacts from efforts to
manage these pandemics are relevant indicators of the sever-
ity of the contagion trap [65,150-153].

The severity of technology traps is currently most clearly
illustrated for fossil fuel infrastructure, which is one of the
major contributors to the negative impacts of air pollution
on human health as well as indirectly through climate
change [141,142,154-156]. While many chemical pollution
effects are hard to discern, recent work has quantified
impacts relevant for antibiotics in terms of mortality from
antibiotic resistance to more than one million extra deaths
[157]. Existential technology exhibits peculiar severity
dynamics as it may be one of the most irreversible traps,
yet so far, its catastrophic impacts have mainly manifested
locally, with risks of larger-scale impacts looming as demon-
strated by Russia’s threats during the invasion of Ukraine
[158-161]. Thus, another dimension of well-being that is
affected by existential technology is in terms of instilling
fear and contributing to deadlocks in solving conflicts
between nuclear powers. Many impacts of Al are largely
unknown, but have been investigated in terms of amplifying
social biases [162,163]. Finally, impacts of post-truth politics
can be measured in terms of individually harmful behaviours
(e.g. anti-vaccine deaths during COVID-19), social unrest and
delayed collective action.

The severity of structural traps can be assessed at two
scales, first, in terms of impacts on well-being of the commu-
nities involved in the trap, and second, as the contribution of
the structural traps to larger ongoing global and technology
traps. For the latter, several structural traps (short-termism,
overconsumption and biosphere disconnect) interact with
the ecological overshoot, growth-for-growth and likely sev-
eral technology traps (figure 2b). The loss of local social
capital and political polarization contributes both to the
dis- and misinformation trap and potentially also to global
division, as national tensions can affect the ability of actors
to engage in international compromises [86,164].

Many direct impacts of structural traps are poorly quanti-
fied, but relevant variables can be identified for further study.
For short-termism, shifting baselines involves loss of historical
ecological and cultural knowledge, which can impact subjec-
tive aspects of well-being such as identity and belonging
(sense of place), but also loss of adaptive capacity [85,165—-
167]. The severity of the overconsumption trap can be
measured e.g. through polluting activities, loss of ecosystem
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services and poor labour conditions in remote production sites.
Relevant impacts of the biosphere disconnect trap are urban
impacts of climate change and disruptions to biodiversity eco-
system services, including through pandemics. For social
media polarization, there are several studies highlighting the
correlation between mental health issues and social media
use [168-170].

9. Navigating traps: evolving toward
sustainability

In studies of non-human evolutionary traps, organisms can
escape through adaptive genetic responses or some form of
learning [171]. In humans, the relevant question is how
humans can intentionally evolve culturally through socially
and ecologically inclusive processes to pursue this relationship
[11,16,43,172].

Evolvability is a term historically used in parts of evolution-
ary biology to reflect the ability of an organism to evolve in
response to new circumstances [20,173,174]. We propose that
in the context of sustainability for culturally complex species
such as present-day humans, evolvability can be thought of
as a set of cognitive, social and social-ecological capacities
[22,114,175]. Defined as such, there is much activity in both cul-
tural evolution and social-ecological systems research aiming
to understand human evolvability. In cultural evolution, there
is work on intentional cultural evolution [11,16,43,172] and
increasing emphasis on understanding some of the processes
that underlie long-term evolvability, such as the generation of
novelty through innovation [20,176,177]. In sustainability
science, an influential school of thought on evolvability is that
of social-ecological resilience as capacities of persistence
(absorbing shocks), adaptive capacity (responding to change)
and transformability (changing the identity of a system)
[22,23,178,179].

For the question of whether modern societies can leverage
their cultural evolutionary potential to avoid severe Anthropo-
cene traps and move towards global sustainability, we define
global sustainability as a trajectory or state where humans
improve well-being through conscient protection and steward-
ship of a socially inclusive and biodiverse planetary system
[11]. In evolutionary terms, such a conscient transition
toward integration with a planetary system would be unprece-
dented and has been proposed as a new aeon, the Sapiezoic
[180]. It would distinguish itself from previous events where
species had revolutionary impacts on planet Earth, such
as the great oxygenation event that caused a mass extinction
of anoxic life forms, not only by being conscient, but also by
preserving an existing biota and its functions [181,182].

Based on our above analysis of Anthropocene traps, we
here suggest five overarching aspects of evolvability that will
be important for navigating toward global sustainability.
These are (a) the capacity to recognize traps and set goals for
evolving out of them, (b) the capacity to learn about where
we are in relation to these goals and what steps are needed to
approach them, (c) the capacity to reorganize and innovate,
(d) the capacity to be prepared for and respond to surprise,
and (e) the capacity to navigate conflict. The first and second
capacities relate to recognizing current and potential future
Anthropocene traps and understanding how to get out of
them; the third and fourth capacities relate to implementation
of such strategies; and the fifth capacity relates to the ability to

do this at a global level. Here we briefly discuss and give [ 11 |

examples for each of them.

(a) Recognizing traps

At the global level, there are clear signs of increased awareness
of some pressing or looming Anthropocene traps expressed by
their inclusion in global policy frameworks. Increasingly inte-
grated agendas like the Sustainable Development Goals
(SDGs) are an encouraging sign of efforts towards setting
goals for global sustainability [183]. There is, however, room
to improve. For example, the SDGs have been criticized for
being short-term goals and for not delivering a set of clear pri-
orities to the 17 goals [184]. This comes at the risk of countries
cherry-picking goals and e.g. mixing concepts of relative
sustainability (improvement) and absolute sustainability
(respecting certain thresholds). In addition to these risks,
inaction is not sanctioned, which could explain slow progress
on many goals [124].

(b) Measurement and foresight

Basic but sufficiently accurate measurements that capture
ongoing social and environmental change are essential to
detect and act on traps. Measuring human well-being and
natural and social capital is essential here. Recent years
have seen increased activity in this field, such as the design
of new inclusive metrics of economic growth and growing
global databases of human well-being indicators [185,186].
However, the Anthropocene system is still operated by
conventional metrics and institutions [187].

Increasing human capacity for foresight is vital to avoid
undesirable technology traps. Foresight involves enhancing
our aptitude to predict both Earth system and social
dynamics and depends on the ability to learn from available
information gathered through measuring and monitoring
what matters. Current measurements and metrics may fulfil
some of the current needs. However, increasing human
capacity to foresee traps in the future will require metrics
that truly encompass human well-being’s dependence on
the biosphere [11].

() Reorganizing and innovating

Phasing out and reorganizing institutions and sectors that are
locking us in to or toward trapped conditions constitute an
essential capacity to start moving along desired pathways.
For example, the Bretton-Woods institutions have focused
excessively on economic growth measured as GDP rather
than growth in well-being. Thus, they may not function as
intended from the beginning [188]. To move towards a
more sustainable economic growth model, these institutions’
traits will have to be reconfigured. In addition, generating
new solutions can complement the reconfiguration of existing
ones. A key innovative capacity for sustainability will be to
deploy new social and nature-based practices and large-scale
solutions [189,190] that help reduce Anthropocene risks
[191,192]. Enhancing this capacity should be compared with
the lock-in risks involved in geoengineering based mainly on
material technologies that can potentially amplify technology
traps [193].
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While enhanced abilities to reconnect, predict and innovate
will be necessary, human societies must always be prepared
for surprises in the form of unknown unknowns [194]. Main-
taining the capacity to adapt to future surprises requires
bolstering diversity in the form of variation and redundancy
[115]. Modular and re-usuable designs ensure that institutions
and infrastructures can be rearranged quickly in response to
unexpected change. It is also essential to nurture methods to
identify timely and appropriate responses despite these uncer-
tainties and surprises. Such methods build on embracing
uncertainties and being prepared to find sufficient evidence,
prioritize no-regrets policies and get the big picture roughly
right by abstracting from irrelevant details [195].

As global division can potentially reinforce many other traps,
a key capacity for human evolvability is to navigate such con-
flicts between levels and domains of social organization, from
the global to the individual. Here human ability to work with
each other with diplomacy and bridging of perspectives will
be necessary. While these abilities work well locally, they can
be more challenging to maintain at larger scales and require
the ability to reconcile sometimes quite diverse perspectives
and needs.

The climate negotiations are a prime illustration of the
significant conflicting incentives between mainly high-, low-
and middle-income countries. The perceived short-term
benefits of quickly addressing climate change are minor for
low- and middle-income countries if they prevent economic
and well-being growth, and not even high-income countries
are on target to achieve these goals [196]. In parallel with
trying to solve these conflicts at the highest level, coalitions
of like-minded private and public actors can work to increase
incentives for global sustainability action [197-198].

To facilitate these overarching capacities, we propose that
a key capacity in evolving for sustainability will be to collec-
tively imagine new futures. Creating common narratives and
stories and local versions of these here will be necessary [43].
In the past, cultural multi-level selection theory has identified
the perception of a common enemy as important for collec-
tive action [109]. In the Anthropocene, narratives will have
to recentre on both a common friend and enemy—the

common friend being Earth and its capacity to support life. [ 12 |

The common enemy could well be the hostility of outer
space and the difficulty of surviving in numbers anywhere
else than within the biosphere [11,18,200].

This work did not require ethical approval from a human
subject or animal welfare committee.

All the data supporting the findings of the paper are
presented in the supplementary material and the tables therein [201].

We have used Al-assisted technologies for spell-
checking and as inspiration for rewording individual sentences.

P.S]J.: conceptualization, data curation, formal
analysis, investigation, methodology, project administration, supervi-
sion, visualization, writing—original draft, writing—review and
editing; R.E.V.].: data curation, formal analysis, methodology, project
administration, validation, visualization, writing—review and editing;
D.LA.O.: conceptualization, writing—original draft, writing—review
and editing; L.W.-E.: writing—review and editing; J.E.D.: writing—
review and editing; H.O. writing—review and editing; P.O.:
writing—review and editing; M.N.: writing—review and editing;
S.J.L.: writing—review and editing; T.H.: writing—review and editing;
C.E.: conceptualization, funding acquisition, writing—review and edit-
ing; G.D.P.: writing—review and editing; A.-S.C.: writing—review and
editing.

All authors gave final approval for publication and agreed to be
held accountable for the work performed herein.

We declare we have no competing interests.

We acknowledge funding from the IKEA foundation, Mar-
ianne and Marcus Wallenberg Foundation, the Marcus and Amalia
Wallenberg Foundation, and the Erling-Persson Foundation. P.S.J.
was funded by the European Union (ERC, INFLUX, 101039376).
LW.-E. acknowledges funding from Horizon Europe (101081661)
and Formas — A Swedish Council for Sustainable Development
(2022-02089); J.ED. and LW.-E. from the European Union (ERC,
ERA, ERC-2016-ADG-743080); J.E.D. from the German Federal Minis-
try for Education and Research (BMBF) (PIK Change,
01LS2001A); PSJ. and SJ.L. by the Swedish Research Council
Formas (2020-00371); and S.J.L. from the Australian Government (Aus-
tralian Research Council, FT200100381). Views and opinions expressed
are, however, those of the author(s) only and do not necessarily reflect
those of the European Union or the European Research Council.
Neither the European Union nor the granting authorities can be held
responsible for them.

The paper is the result of a joint three-year explora-
tion of evolutionary dynamics of the Anthropocene in the Stockholm
Resilience Centre’s Anthropocene Dynamics theme. We thank every-
one who participated at some stage in any of the activities described
in electronic supplementary material, figure S1, including external
speakers of the seminar series who provided valuable food
for thought.

Ellis EC. 2015 Ecology in an anthropogenic
biosphere. Ecol. Monagr. 85, 287-331. (doi:10.
1890/14-2274.1)

Szathmdry E. 2015 Toward major evolutionary
transitions theory 2.0. Proc. Nat/ Acad. Sci. USA 112,
10 104-10 111. (doi:10.1073/pnas.1421398112)
Waring TM, Wood ZT. 2021 Long-term gene—culture
coevolution and the human evolutionary transition. Proc.
R. Soc. B 288, 20210538. (doi:10.1098/rsph.2021.0538)
Wilson DS, Van Vugt M, 0'Gorman R. 2008
Multilevel selection theory and major evolutionary
transitions: implications for psychological science.
Curr. Dir. Psychol. Sci. 17, 6-9. (doi:10.1111/j.1467-
8721.2008.00538.x)

Ginshurg S, Jablonka E. 2021 Evolutionary
transitions in learning and cognition. Phil.

Trans. R. Soc. B 376, 20190766. (doi:10.1098/rsth.
2019.0766)

Powers ST, Van Schaik CP, Lehmann L. 2016 How
institutions shaped the last major evolutionary
transition to large-scale human societies. Phil.
Trans. R. Soc. B 371, 20150098. (doi:10.1098/rsth.
2015.0098)

Richerson PJ, Boyd RT, Efferson C. 2023

Agentic processes in cultural evolution:

relevance to anthropocene sustainability. Phil. Trans.

R. Soc. B 378, 20220252. (doi:10.1098/rstb.2022.
0252)

10.

n

Lenton TM, Scheffer M. 2023 Spread of the cydles: a
feedback perspective on the Anthropocene. Phil. Trans.
R. Soc. B 378, 20220254. (doi:10.1098/rsth.2022.0254)
Ellis EC. 2023 The Anthropocene condition: evolving
through sodial—-ecological transformations. Phil. Trans.
R. Soc. B 378, 20220255. (doi:10.1098/rsth.2022.0255)
Waring TM, Wood ZT, Szathmary E. 2023
Characteristic processes of human evolution caused
the Anthropocene and may obstruct its global
solutions. Phil. Trans. R. Soc. B 378, 20220259.
(doi:10.1098/rsth.2022.0259)

Folke C et al. 2021 QOur future in the Anthropocene
biosphere. Ambio 50, 834—869. (doi:10.1007/
$13280-021-01544-8)


http://dx.doi.org/10.1890/14-2274.1
http://dx.doi.org/10.1890/14-2274.1
https://doi.org/10.1073/pnas.1421398112
https://doi.org/10.1098/rspb.2021.0538
http://dx.doi.org/10.1111/j.1467-8721.2008.00538.x
http://dx.doi.org/10.1111/j.1467-8721.2008.00538.x
http://dx.doi.org/10.1098/rstb.2019.0766
http://dx.doi.org/10.1098/rstb.2019.0766
http://dx.doi.org/10.1098/rstb.2015.0098
http://dx.doi.org/10.1098/rstb.2015.0098
https://doi.org/10.1098/rstb.2022.0252
https://doi.org/10.1098/rstb.2022.0252
https://doi.org/10.1098/rstb.2022.0254
https://doi.org/10.1098/rstb.2022.0255
https://doi.org/10.1098/rstb.2022.0259
http://dx.doi.org/10.1007/s13280-021-01544-8
http://dx.doi.org/10.1007/s13280-021-01544-8

Downloaded from https://royal societypublishing.org/ on 30 January 2024

20.

21.

22.

23.

24,

25.

26.

27.

Keys PW, Galaz V, Dyer M, Matthews N, Folke C,
Nystrom M, Cornell SE. 2019 Anthropocene risk. Nat.
Sustain. 2, 667-673. (doi:10.1038/541893-019-
0327-x)

Helbing D. 2013 Globally networked risks and how
to respond. Nature 497, 51-59. (doi:10.1038/
nature12047)

Wilson DS, Hayes SC. 2015 Evolving the future:
toward a science of intentional change. Behav. Brain
Sci. 37, 395-416. (doi:10.1017/
50140525X13001593)

Ellis EC, Magliocca NR, Stevens CJ, Fuller DQ. 2018
Evolving the Anthropocene: linking multi-level
selection with long-term social—ecological change.
Sustain. Sci. 13, 119-128. (doi:10.1007/s11625-
017-0513-6)

Biglan A, Johansson M. 2021 The nurture
consilience: a framework for intentional cultural
evolution 1. In Applied behavior science in
organizations (eds RA Houmanfar, M Fryling, MP
Alavosius), pp. 225-243. New York, NY: Routledge.
Bell AV, Richerson PJ, McElreath R. 2009 Culture
rather than genes provides greater scope for the
evolution of large-scale human prosociality. Proc.
Natl Acad. Sci. USA 106, 17 671-17 674. (doi:10.
1073/pnas.0903232106)

Bai X et al. 2015 Plausible and desirable futures in
the Anthropocene: a new research agenda. Glob.
Environ. Change 39, 351-362. (doi:10.1016/j.
gloenvcha.2015.09.017)

Snyder BF. 2020 The genetic and cultural evolution
of unsustainability. Sustain. Sci. 15, 1087-1099.
(doi:10.1007/511625-020-00803-z)

Wagner A. 2017 Information theory, evolutionary
innovations and evolvability. Phil. Trans. R. Soc. B
372, 20160416. (doi:10.1098/rsth.2016.0416)
Hansen TF, Pélabon C. 2021 Evolvability: a
quantitative-genetics perspective. Annu. Rev. Ecol.
Evol. Syst. 52, 153-175. (doi:10.1146/annurev-
ecolsys-011121-021241)

Folke C. 2006 Resilience: the emergence of a
perspective for social—ecological systems analyses.
Glob. Environ. Change 16, 253-267. (doi:10.1016/j.
gloenvcha.2006.04.002)

Walker B, Holling CS, Carpenter SR, Kinzig A. 2004
Resilience, adaptability and transformability in
social—ecological systems. Ecol. Soc. 9, 5. (doi:10.
5751/ES-00650-090205)

Greggor AL, Trimmer PC, Barrett BJ, Sih A. 2019
Challenges of learning to escape evolutionary traps.
Front. Ecol. Evol. 7, 408. (doi:10.3389/fev0.2019.
00408)

Brenner SL, Jones JP, Rutanen-Whaley RH, Parker
W, Flinn MV, Muehlenbein MP. 2015 Evolutionary
mismatch and chronic psychological stress. J. Evol.
Med. 3, 235885. (doi:10.4303/jem/235885)

Diggs Jr GM. 2017 Evolutionary mismatch:
implications far beyond diet and exercise. J. Evol.
Health 2(1). (d0i:10.15310/2334-3591.1057)

Li NP, van Vugt M, Colarelli SM. 2018 The
evolutionary mismatch hypothesis: implications for
psychological science. Curr. Dir. Psychol. Sci. 27,
38-44. (doi:10.1177/0963721417731378)

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

Manus MB. 2018 Evolutionary mismatch. Evol.
Med. Public Health 2018, 190—191. (doi:10.1093/
emph/eoy023)

Dezecache G, Frith CD, Deroy 0. 2020 Pandemics
and the great evolutionary mismatch. Curr. Biol. 30,
R417-R419. (doi:10.1016/j.cub.2020.04.010)
Gelfand MJ. 2021 Cultural evolutionary mismatches
in response to collective threat. Curr. Dir. Psychol.
Sci. 30, 401-409. (doi:10.1177/
09637214211025032)

Segovia-Cuéllar A, Del Savio L. 2021 On the use of
evolutionary mismatch theories in debating human
prosociality. Med. Health Care Philosophy 24,
305-314. (doi:10.1007/511019-021-10025-4)
Folwarczny M, Otterbring T, Sigurdsson V, Tan LKL,
Li NP. 2022 Old minds, new marketplaces: how
evolved psychological mechanisms trigger
mismatched food preferences. Evol. Behav. Sci. 17,
93-101. (doi:10.1037/ebs0000288)

Schlaepfer MA, Runge MC, Sherman PW. 2002
Ecological and evolutionary traps. Trends Ecol.
Evol. 17, 474-480. (d0i:10.1016/50169-
5347(02)02580-6)

Robertson BA, Rehage JS, Sih A. 2013 Ecological
novelty and the emergence of evolutionary traps.
Trends Ecol. Evol. 28, 552-560. (doi:10.1016/].tree.
2013.04.004)

Santos RG, Machovsky-Capuska GE, Andrades R.
2021 Plastic ingestion as an evolutionary trap:
toward a holistic understanding. Science 373,
56-60. (doi:10.1126/science.abh0945)

Schlaepfer MA, Sherman PW, Blossey B, Runge MC.
2005 Introduced species as evolutionary traps. Ecol.
Lett. 8, 241-246. (doi:10.1111/}.1461-0248.2005.
00730.x)

Jorgensen PS et al. 2018 Antibiotic and pesticide
susceptibility and the Anthropocene operating
space. Nat. Sustain. 1, 632—641. (doi:10.1038/
$41893-018-0164-3)

Carroll SP, Jargensen PS, Kinnison MT, Bergstrom T,
Denison RF, Gluckman P, Smith TB, Strauss SY,
Tabashnik BE. 2014 Applying evolutionary biology
to address global challenges. Science 346, 1245993.
(doiz10.1126/science.1245993)

Boyd R, Richerson PJ. 1985 Culture and the
evolutionary process. Chicago, IL: University of
Chicago Press.

Ryan RM, Deci EL. 2001 On happiness and human
potentials: a review of research on hedonic and
eudaimonic well-being. Annu. Rev. Psychol. 52,
141-166. (doi:10.1146/annurev.psych.52.1.141)
Henrich J, Boyd R, Richerson PJ. 2008 Five
misunderstandings about cultural evolution.

Hum. Nat. 19, 119-137. (d0i:10.1007/512110-008-
9037-1)

Ramsey G, De Block A. 2017 Is cultural fitness
hopelessly confused? Br. J. Phil. Sci. 68, 305-328.
(doi:10.1093/bjps/axv047)

Wilson DS, Madhavan G, Gelfand MJ, Hayes SC,
Atkins PWB, Colwell RR. 2023 Multilevel cultural
evolution: from new theory to practical applications.
Proc. Natl Acad. Sci. USA 120, 2218222120.
(doi:10.1073/pnas.2218222120)

4,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Lade SJ, Anderies JM, Currie P, Rocha JC. 2021
Dynamical systems modelling. In The Routledge
handbook of research methods for social-ecological
systems (eds R Biggs, A de Vos, R Preiser, H
Clements, K Maciejewski, M Schliiter), pp. 359-370.
New York, NY: Routledge. (doi:10.4324/
9781003021339-31)

Arthur WB. 2009 The nature of technology: what it
is and how it evolves. New York, NY: Free Press.
van der Leeuw S. 2020 Social sustainability, past
and future: undoing unintended consequences for
the Earth’s survival. Cambridge, UK: Cambridge
University Press. (doi:10.1017/9781108595247)
Gowdy J, Krall L. 2013 The ultrasocial origin of the
Anthropocene. Ecol. Econ. 95, 137-147. (doi:10.
1016/j.ecolecon.2013.08.006)

Wilson DS, Wilson EQ. 2007 Rethinking the
theoretical foundation of sociobiology. Q. Rev. Biol.
82, 327-348. (doi:10.1086/522809)

Turchin P. 2016 Ultrasociety: how 10,000 years of
war made humans the greatest cooperators on Earth.
Chaplin, CT: Beresta Books.

Gowdy J, Krall L. 2014 Agriculture as a major
evolutionary transition to human ultrasociality.

J. Bioecon. 16, 179-202. (doi:10.1007/s10818-013-
9156-6)

Gowdy JM. 2021 The evolution of human
ultrasociality. In Ultrasocial: the evolution of human
nature and the quest for a sustainable future (ed. JM
Gowdy), pp. 1-86. Cambridge, UK: Cambridge
University Press.

Ehrlich PR, Ehrlich AH. 2022 Returning to ‘normal’?
Evolutionary roots of the human prospect.
BioScience 72, 778-788. (doi:10.1093/biosci/
biac044)

Wilson DS, Madhavan G, Hayes SC, Atkins PWB,
Colwell RR. 2023 Multilevel cultural evolution: from
new theory to practical applications. Proc. Natl Acad.
Sci. USA 120, €2218222120. (doi:10.1073/pnas.
2218222120)

Helliwell JF, Layard R, Sachs JD, Neve J-ED, Aknin
LB, Wang S (eds). 2022 World happiness report
2022. New York, NY: Sustainable Development
Solutions Network. See https://worldhappiness.
report/ed/2022/.

World Bank. 2023 World development indicators.
Data catalog. Washington, DC: World Bank. See
https://datacatalog.worldbank.org/search/dataset/
0037712/World-Development-Indicators (accessed 6
March 2023).

Kubiszewski |, Costanza R, Franco C, Lawn P,
Talberth J, Jackson T, Aylmer C. 2013 Beyond GDP:
measuring and achieving global genuine progress.
Ecol. Econ. 93, 57-68. (doi:10.1016/j.ecolecon.2013.
04.019)

Armstrong McKay DI et al. 2022 Exceeding 1.5°C
global warming could trigger multiple climate
tipping points. Science 377, eabn7950. (doi:10.
1126/science.abn7950)

Lee J-Y et al. 2021 Future global climate: scenario-
based projections and near-term information. In
(limate change 2021: the physical science basis.
Contribution of Working Group | to the Sixth


https://doi.org/10.1038/s41893-019-0327-x
https://doi.org/10.1038/s41893-019-0327-x
http://dx.doi.org/10.1038/nature12047
http://dx.doi.org/10.1038/nature12047
https://doi.org/10.1017/S0140525X13001593
https://doi.org/10.1017/S0140525X13001593
https://doi.org/10.1007/s11625-017-0513-6
https://doi.org/10.1007/s11625-017-0513-6
https://doi.org/10.1073/pnas.0903232106
https://doi.org/10.1073/pnas.0903232106
http://dx.doi.org/10.1016/j.gloenvcha.2015.09.017
http://dx.doi.org/10.1016/j.gloenvcha.2015.09.017
https://doi.org/10.1007/s11625-020-00803-z
http://dx.doi.org/10.1098/rstb.2016.0416
http://dx.doi.org/10.1146/annurev-ecolsys-011121-021241
http://dx.doi.org/10.1146/annurev-ecolsys-011121-021241
https://doi.org/10.1016/j.gloenvcha.2006.04.002
https://doi.org/10.1016/j.gloenvcha.2006.04.002
https://doi.org/10.5751/ES-00650-090205
https://doi.org/10.5751/ES-00650-090205
https://doi.org/10.3389/fevo.2019.00408
https://doi.org/10.3389/fevo.2019.00408
https://doi.org/10.4303/jem/235885
https://doi.org/10.15310/2334-3591.1057
http://dx.doi.org/10.1177/0963721417731378
http://dx.doi.org/10.1093/emph/eoy023
http://dx.doi.org/10.1093/emph/eoy023
http://dx.doi.org/10.1016/j.cub.2020.04.010
http://dx.doi.org/10.1177/09637214211025032
http://dx.doi.org/10.1177/09637214211025032
https://doi.org/10.1007/s11019-021-10025-4
https://doi.org/10.1037/ebs0000288
https://doi.org/10.1016/S0169-5347(02)02580-6
https://doi.org/10.1016/S0169-5347(02)02580-6
http://dx.doi.org/10.1016/j.tree.2013.04.004
http://dx.doi.org/10.1016/j.tree.2013.04.004
http://dx.doi.org/10.1126/science.abh0945
http://dx.doi.org/10.1111/j.1461-0248.2005.00730.x
http://dx.doi.org/10.1111/j.1461-0248.2005.00730.x
https://doi.org/10.1038/s41893-018-0164-3
https://doi.org/10.1038/s41893-018-0164-3
http://dx.doi.org/10.1126/science.1245993
http://dx.doi.org/10.1146/annurev.psych.52.1.141
http://dx.doi.org/10.1007/s12110-008-9037-1
http://dx.doi.org/10.1007/s12110-008-9037-1
https://doi.org/10.1093/bjps/axv047
http://dx.doi.org/10.1073/pnas.2218222120
https://doi.org/10.4324/9781003021339-31
https://doi.org/10.4324/9781003021339-31
https://doi.org/10.1017/9781108595247
http://dx.doi.org/10.1016/j.ecolecon.2013.08.006
http://dx.doi.org/10.1016/j.ecolecon.2013.08.006
http://dx.doi.org/10.1086/522809
http://dx.doi.org/10.1007/s10818-013-9156-6
http://dx.doi.org/10.1007/s10818-013-9156-6
http://dx.doi.org/10.1093/biosci/biac044
http://dx.doi.org/10.1093/biosci/biac044
http://dx.doi.org/10.1073/pnas.2218222120
http://dx.doi.org/10.1073/pnas.2218222120
https://worldhappiness.report/ed/2022/
https://worldhappiness.report/ed/2022/
https://datacatalog.worldbank.org/search/dataset/0037712/World-Development-Indicators
https://datacatalog.worldbank.org/search/dataset/0037712/World-Development-Indicators
http://dx.doi.org/10.1016/j.ecolecon.2013.04.019
http://dx.doi.org/10.1016/j.ecolecon.2013.04.019
http://dx.doi.org/10.1126/science.abn7950
http://dx.doi.org/10.1126/science.abn7950

Downloaded from https://royal societypublishing.org/ on 30 January 2024

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

Assessment Report of the Intergovernmental Panel
on (Climate Change (eds V Masson-Delmotte et al.),
pp. 553—672. Cambridge, UK: Cambridge University
Press.

Gleditsch NP, Wallensteen P, Eriksson M, Sollenberg
M, Strand H. 2002 Armed conflict 1946-2001: a
new dataset. J. Peace Res. 39, 615-637. (doi:10.
1177/0022343302039005007)

Davies S, Pettersson T, Oberg M. 2022 Organized
violence 1989-2021 and drone warfare. J. Peace
Res. 59, 593-610. (doi:10.1177/
00223433221108428)

FAOSTAT. Suite of food security indicators. Rome,
[taly: FAO. See https://www.fao.org/faostat/en/
#data/FS (accessed 15 October 2022).

Food and Agriculture Organization. Prevalence of
undernourishment (% of population). Washington,
DC: World Bank. See https://data.worldbank.org/
indicator/SN.ITK.DEFC.ZS?view=chart (accessed 15
October 2022).

Bleek PC. 2017 When did (and didnt) states
proliferate?: chronicling the spread of nuclear
weapons. Cambridge, MA: Belfer Center for Science
and International Affairs.

Nuclear Threat Initiative. Countries and areas.
Washington, DC: NTI. See https://www.nti.org/
countries/ (accessed 1 March 2023).

Roychoudhury S, Das A, Sengupta P, Dutta S,
Roychoudhury S, Choudhury AP, Ahmed ABF,
Bhattacharjee S, Slama P. 2020 Viral pandemics of
the last four decades: pathophysiology, health
impacts and perspectives. Int. J. Environ. Res. Public
Health 17, 9411. (doi:10.3390/ijerph17249411)
Baker RE et al. 2021 Infectious disease in an era of
global change. Nat. Rev. Microbiol. 20, 193-205.
(doi:10.1038/541579-021-00639-z)

Allen T, Murray KA, Zambrana-Torrelio C, Morse SS,
Rondinini C, Di Marco M, Breit N, Olival KJ, Daszak
P. 2017 Global hotspots and correlates of emerging
zoonotic diseases. Nat. Commun. 8, 1124. (doi:10.
1038/s41467-017-00923-8)

Jones KE, Patel NG, Levy MA, Storeygard A, Balk D,
Gittleman JL, Daszak P. 2008 Global trends in
emerging infectious diseases. Nature 451, 990-993.
(doi:10.1038/nature06536)

Odling-Smee J, Erwin DH, Palkovacs EP, Feldman
MW, Laland KN. 2013 Niche construction theory: a
practical guide for ecologists. Q. Rev. Biol. 88, 3-28.
(doi:10.1086/669266)

Fogarty L, Creanza N. 2017 The niche construction
of cultural complexity: interactions between
innovations, population size and the environment.
Phil. Trans. R. Soc. B 372, 20160428. (d0i:10.1098/
rsth.2016.0428)

0Odling-Smee J, Turner JS. 2011 Niche construction
theory and human architecture. Biol. Theory 6,
283-289. (doi:10.1007/513752-012-0029-3)
Gluckman P, Hanson M. 2019 Ingenious: the
unintended consequences of human innovation.
Cambridge, MA: Harvard University Press.

Enquist M, Ghirlanda S, Jarrick A, Wachtmeister CA.
2008 Why does human culture increase

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

8.

88.

exponentially? Theor. Popul. Biol. 74, 46-55.
(doi:10.1016/j.tpb.2008.04.007)

Bloomberg NEF. 2023 Energy transition investment
trends 2023. See https://about.bnef.com/energy-
transition-investment/.

Baker DR. 2023 $1 Trillion green investment
matches fossil fuels for first time. Bloomberg, 26
January 2023. See https://www.bloomberg.com/
news/articles/2023-01-26/global-clean-energy-
investments-match-fossil-fuel-for-first-time.

[EA. 2022 World Energy Investment 2022.

See https://www.iea.org/reports/world-energy-
investment-2022.

Persson L et al. 2022 Outside the safe operating
space of the planetary boundary for novel entities.
Environ. Sci. Tech. 56, 1510-1521. (doi:10.1021/acs.
est.1c04158)

Davila Delgado JM, Oyedele L, Ajayi A, Akanbi L,
Akinade O, Bilal M, Owolabi H. 2019 Robotics
and automated systems in construction:
understanding industry-specific challenges for
adoption. J. Building Eng. 26, 100868. (doi:10.1016/
jjobe.2019.100868)

Zhang D et al. 2022 The Al Index 2022 annual
report. Measuring trends in artificial intelligence.
Stanford, CA: Stanford Institute for Human-Centered
Artificial Intelligence. See https://aiindex.stanford.
edu/ai-index-report-2022/.

Tagliabue F, Galassi L, Mariani P. 2020 The
‘pandemic’ of disinformation in COVID-19. SN
Compr. Clin. Med. 2, 1287-1289. (doi:10.1007/
$42399-020-00439-1)

Lewandowsky S. 2021 Climate change
disinformation and how to combat it. Annu. Rev.
Public Health 42, 1-21. (doi:10.1146/annurev-
publhealth-090419-102409)

Lewis B, Marwick AE. 2017 Media manipulation and
disinformation online. See https://datasociety.net/
library/media-manipulation-and-disinfo-online/.
Papworth SK, Rist J, Coad L, Milner-Gulland EJ.
2009 Evidence for shifting baseline syndrome in
conservation. Conserv. Lett. 2, 93—100. (doi:10.
1111/j.1755-263X.2009.00049.x)

Pauly D. 1995 Anecdotes and the shifting baseline
syndrome of fisheries. Trends Ecol. Evol. 10, 430.
(doi:10.1016/50169-5347(00)89171-5)

Soga M, Gaston KJ. 2018 Shifting baseline
syndrome: causes, consequences, and implications.
Front. Ecol. Environ. 16, 222-230. (doi:10.1002/
fee.1794)

Bak-Coleman JB et al. 2021 Stewardship of global
collective behavior. Proc. Natl Acad. Sci. USA 118,
€2025764118. (doi:10.1073/pnas.2025764118)
Sterner T et al. 2010 Quick fixes for the
environment: part of the solution or part of the
problem? Environ. Sdi. Policy Sustain. Dev. 48,
20-27. (doi:10.3200/ENVT.48.10.20-27)

Laverty KJ. 1996 Economic ‘short-termism'”: the
debate, the unresolved issues, and the implications
for management practice and research. Acad.
Manage. Rev. 21, 825-860. (doi:10.5465/amr.1996.
9702100316)

89.

90.

9.

92.

93.

9%4.

95.

9.

97.

9.

9.

100.

101.

102.

103.

104.

Graham JR, Harvey (R, Rajgopal S. 2005 The
economic implications of corporate financial
reporting. J. Account. Econ. 40, 3—73. (doi:10.1016/
jjacceco.2005.01.002)

Henderson RM. 2021 Changing the purpose of
the corporation to rebalance capitalism. Oxf. Rev.
Econ. Policy 37, 838-850. (doi:10.1093/oxrep/
grab034)

Wiedmann TO, Schandl H, Lenzen M, Moran D, Suh
S, West J, Kanemoto K. 2015 The material footprint
of nations. Proc. Natl Acad. Sci. USA 112,
6271-6276. (doi:10.1073/pnas.1220362110)

Alberti M. 2023 Cities of the Anthropocene: urban
sustainability in an eco-evolutionary perspective.
Phil. Trans. R. Soc. B 378, 20220264. (doi:10.1098/
rsth.2022.0264)

Falkenberg M et al. 2022 Growing polarization
around climate change on social media. Nat. Clim.
Change 12, 1114-1121. (doi:10.1038/s41558-022-
01527-x)

Crona Bl et al. 2015 Masked, diluted and drowned
out: how global seafood trade weakens signals from
marine ecosystems. Fish Fish. 17, 1175-1182.
(doi:10.1111/faf.12109)

Holling CS, Meffe GK. 1996 Command and control
and the pathology of natural resource management.
Conserv. Biol. 10, 328-337.

Holling C. 1985 Resilience of ecosystems: local
surprise and global change. In Sustainable
development and the biosphere (eds WC Clark, RE
Munn), pp. 292-317. Cambridge, UK: Cambridge
University Press.

Gunderson LH, Holling CS, Light SS. 1995 Barriers
and bridges to the renewal of ecosystems and
institutions. New York, NY: Columbia University
Press.

Carpenter SR, Brock WA. 2008 Adaptive capacity and
traps. Ecol. Soc. 13(2). (doi:10.5751/ES-02716-
130240)

Lade SJ, Haider L), Engstrom G, Schliiter M. 2017
Resilience offers escape from trapped thinking on
poverty alleviation. Sci. Adv. 3, €1603043. (doi:10.
1126/sciadv.1603043)

Heitzig J, Kittel T, Donges JF, Molkenthin N. 2016
Topology of sustainable management of dynamical
systems with desirable states: from defining
planetary boundaries to safe operating spaces in the
Earth system. Earth Syst. Dyn. 7, 21-50. (doi:10.
5194/esd-7-21-2016)

Gunderson LH, Holling CS. 2001 Panarchy:
understanding transformations in human and
natural systems. Washington, DC: Island Press.
Jorgensen PS, Avila Ortega DI, Blasiak R, Cornell S,
Gordon LJ, Nystrm M, Olsson P. 2022 The lure of
novel biological and chemical entities in food-
system transformations. One Earth 5, 1085-1088.
(doi:10.1016/j.0neear.2022.09.011)

Berkes F et al. 2006 Globalization, roving bandits,
and marine resources. Science 11, 1557-1558.
(doi:10.1126/science.1122804)

Eriksson H, Osterblom H, Crona B, Troell M, Andrew
N, Wilen J, Folke C. 2015 Contagious exploitation of


https://doi.org/10.1177/0022343302039005007
https://doi.org/10.1177/0022343302039005007
http://dx.doi.org/10.1177/00223433221108428
http://dx.doi.org/10.1177/00223433221108428
https://www.fao.org/faostat/en/#data/FS
https://www.fao.org/faostat/en/#data/FS
https://data.worldbank.org/indicator/SN.ITK.DEFC.ZS?view=chart
https://data.worldbank.org/indicator/SN.ITK.DEFC.ZS?view=chart
https://www.nti.org/countries/
https://www.nti.org/countries/
https://doi.org/10.3390/ijerph17249411
http://dx.doi.org/10.1038/s41579-021-00639-z
https://doi.org/10.1038/s41467-017-00923-8
https://doi.org/10.1038/s41467-017-00923-8
https://doi.org/10.1038/nature06536
https://doi.org/10.1086/669266
http://dx.doi.org/10.1098/rstb.2016.0428
http://dx.doi.org/10.1098/rstb.2016.0428
http://dx.doi.org/10.1007/s13752-012-0029-3
http://dx.doi.org/10.1016/j.tpb.2008.04.007
https://about.bnef.com/energy-transition-investment/
https://about.bnef.com/energy-transition-investment/
https://www.bloomberg.com/news/articles/2023-01-26/global-clean-energy-investments-match-fossil-fuel-for-first-time
https://www.bloomberg.com/news/articles/2023-01-26/global-clean-energy-investments-match-fossil-fuel-for-first-time
https://www.bloomberg.com/news/articles/2023-01-26/global-clean-energy-investments-match-fossil-fuel-for-first-time
https://www.iea.org/reports/world-energy-investment-2022
https://www.iea.org/reports/world-energy-investment-2022
https://doi.org/10.1021/acs.est.1c04158
https://doi.org/10.1021/acs.est.1c04158
http://dx.doi.org/10.1016/j.jobe.2019.100868
http://dx.doi.org/10.1016/j.jobe.2019.100868
https://aiindex.stanford.edu/ai-index-report-2022/
https://aiindex.stanford.edu/ai-index-report-2022/
https://doi.org/10.1007/s42399-020-00439-1
https://doi.org/10.1007/s42399-020-00439-1
https://doi.org/10.1146/annurev-publhealth-090419-102409
https://doi.org/10.1146/annurev-publhealth-090419-102409
https://datasociety.net/library/media-manipulation-and-disinfo-online/
https://datasociety.net/library/media-manipulation-and-disinfo-online/
http://dx.doi.org/10.1111/j.1755-263X.2009.00049.x
http://dx.doi.org/10.1111/j.1755-263X.2009.00049.x
http://dx.doi.org/10.1016/S0169-5347(00)89171-5
http://dx.doi.org/10.1002/fee.1794
http://dx.doi.org/10.1002/fee.1794
http://dx.doi.org/10.1073/pnas.2025764118
https://doi.org/10.3200/ENVT.48.10.20-27
https://doi.org/10.5465/amr.1996.9702100316
https://doi.org/10.5465/amr.1996.9702100316
http://dx.doi.org/10.1016/j.jacceco.2005.01.002
http://dx.doi.org/10.1016/j.jacceco.2005.01.002
http://dx.doi.org/10.1093/oxrep/grab034
http://dx.doi.org/10.1093/oxrep/grab034
http://dx.doi.org/10.1073/pnas.1220362110
https://doi.org/10.1098/rstb.2022.0264
https://doi.org/10.1098/rstb.2022.0264
https://doi.org/10.1038/s41558-022-01527-x
https://doi.org/10.1038/s41558-022-01527-x
https://doi.org/10.1111/faf.12109
https://doi.org/10.5751/ES-02716-130240
https://doi.org/10.5751/ES-02716-130240
https://doi.org/10.1126/sciadv.1603043
https://doi.org/10.1126/sciadv.1603043
https://doi.org/10.5194/esd-7-21-2016
https://doi.org/10.5194/esd-7-21-2016
http://dx.doi.org/10.1016/j.oneear.2022.09.011
http://dx.doi.org/10.1126/science.1122804

Downloaded from https://royal societypublishing.org/ on 30 January 2024

105.

106.

107.

108.

109.

10.

m.

n2.

3.

4.

5.

116.

17.

18.

9.

120.

marine resources. Front. Ecol. Environ. 13, 435-440.
(doi:10.1890/140312)

Dorninger C, Menéndez LP, Caniglia G. 2023 Social-
ecological niche construction for sustainability:
understanding destructive processes and exploring
regenerative potentials. Phil. Trans. R. Soc. B 378,
20220431, (doi:10.1098/rsth.2022.0431)

Pisor AC, Borgerhoff Mulder M, Smith KM. 2023
Long-distance social relationships can both undercut
and promote local natural resource management.
Phil. Trans. R. Soc. B 378, 20220269. (doi:10.1098/
rsth.2022.0269)

Verones F, Moran D, Stadler K, Kanemoto K, Wood
R. 2017 Resource footprints and their ecosystem
consequences. Scient. Rep. 7, 40743. (doi:10.1038/
srep40743)

Wiedmann T, Lenzen M. 2018 Environmental and
social footprints of international trade. Nat. Geosdi.
11, 314-321. (doi:10.1038/541561-018-0113-9)
Waring TM, Brooks JS, Goff SH, Janssen MA,
Smaldino PE. 2014 A multi-level evolutionary
framework for sustainability analysis. Ecol. Soc. 20,
34. (doi:10.5751/ES-07634-200234)

Berkes F, Folke C. 1998 Linking social and ecological
systems for resilience and sustainability. In Linking
social and ecological systems: management practices
and social mechanisms for building resilience (eds F
Berkes, C Folke), pp. 1-25. Cambridge, UK:
Cambridge University Press.

Seto KC et al. 2012 Urban land teleconnections and
sustainability. Proc. Natl Acad. Sci. USA 109,
7687-7692. (doi:10.1073/pnas.1117622109)
Andersson E, Barthel S, Borgstrom S, Colding J,
Eimquist T, Folke C, Gren A. 2014 Reconnecting
cities to the biosphere: stewardship of green
infrastructure and urban ecosystem services. Ambio
43, 445-453. (doi:10.1007/513280-014-0506-y)
Futuyma DJ. 2010 Evolutionary constraint and
ecological consequences. Evolution 64, 1865—1884.
(doi:10.1111/}.1558-5646.2010.00960.x)

Sterelny K. 2006 The evolution and evolvability of
culture. Mind Lang. 21, 137-165. (doi:10.1111/j.
0268-1064.2006.00309.x)

Walker B et al. 2023 Response diversity as a
sustainability strategy. Nat. Sustain. 6, 621-629.
(doi:10.1038/541893-022-01048-7)

Crépin A-S, Biggs R, Polasky S, Troell M, de Zeeuw
A. 2012 Regime shifts and management. £col. Econ.
84, 15-22. (doi:10.1016/j.ecolecon.2012.09.003)
Steffen W et al. 2018 Trajectories of the Earth
system in the Anthropocene. Proc. Natl Acad. Sdi.
USA 115, 8252-8259. (doi:10.1073/pnas.
1810141115)

Chaffin BC et al. 2016 Transformative environmental
governance. Annu. Rev. Environ. Resour. 41,
399-423. (doi:10.1146/annurev-environ-110615-
085817)

Dauvergne P, Lister J. 2012 Big brand sustainability:
governance prospects and environmental limits.
Glob. Environ. Change 22, 36-45. (doi:10.1016/].
gloenvcha.2011.10.007)

Gillings MR, Hilbert M, Kemp DJ. 2015 Information
in the biosphere: biological and digital worlds.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Trends Ecol. Evol. 31, 180-189. (doi:10.1016/].tree.
2015.12.013)

Khoury CK, Bjorkman AD, Dempewolf H, Ramirez-
Villegas J, Guarino L, Jarvis A, Rieseberg LH, Struik
PC. 2014 Increasing homogeneity in global food
supplies and the implications for food security. Proc.
Natl Acad. Sci. USA 111, 4001-4006. (doi:10.1073/
pnas.1313490111)

Nystrm M, Jouffray J-B, Norstrém AV, Crona B,
Jorgensen PS, Carpenter SR, Bodin 0, Galaz V, Folke
C. 2019 Anatomy and resilience of the global
production ecosystem. Nature 575, 98—108. (doi:10.
1038/s41586-019-1712-3)

IPCC. 2018 Summary for policymakers. In Global
warming of 1.5°C. An IPCC special report on the
impacts of global warming of 1.5°C above pre-
industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening
the global response to the threat of dlimate change.
Geneva, Switzerland: IPCC. See https://www.ipcc.
ch/sr15/download/.

Biermann F et al. 2022 Scientific evidence on the
political impact of the Sustainable Development
Goals. Nat. Sustain. 5, 795-800. (doi:10.1038/
$41893-022-00909-5)

Galaz V. 2022 Global environmental governance in
times of turbulence. One Earth 5, 582-585. (doi:10.
1016/j.oneear.2022.05.018)

MacKenzie D, Spinardi G. 1995 Tacit knowledge,
weapons design, and the uninvention of nuclear
weapons. Am. J. Sociol. 101, 44-99.

Barton D, Manyika J, Koller T, Palter TR, Godsall J,
Zoffer J. 2017 Measuring the economic impact of
short-termism. Boston, MA: McKinsey Global
Institute. See https://www.fcltglobal.org/resource/
measuring-the-economic-impact-of-short-termism/.
Barton D, Manyika J, Williamson SK. 2017 Finally,
evidence that managing for the long term pays off.
Harvard Business Rev. See https://hbr.org/2017/02/
finally-proof-that-managing-for-the-long-term-
pays-off.

Barrett S et al. 2020 Social dimensions of
fertility behavior and consumption patterns

in the Anthropocene. Proc. Natl Acad. Sci.

USA 117, 6300-6307. (doi:10.1073/pnas.
1909857117)

Carothers T, 0'Donohue A (eds) 2019 Democracies
divided: the global challenge of political polarization.
Washington, DC: Brookings Institution Press. See
https://www.jstor.org/stable/10.7864/j.ctvhd8j2p.
Gallup. 2022 Confidence in institutions. See https://
news.gallup.com/poll/1597/Confidence-Institutions.
aspx (accessed 28 February 2023).

Cottrell RS et al. 2019 Food production shocks across
land and sea. Nat. Sustain. 2, 130-137. (doi:10.
1038/541893-018-0210-1)

FAQ. 2022 The state of food security and nutrition in
the world 2022. Rome, Italy: FAO. (doi:10.4060/
€c0639en)

Heyes J, Tomlinson M, Whitworth A. 2017
Underemployment and well-being in the UK before
and after the Great Recession. Work Employ. Soc.
31, 71-89. (doi:10.1177/0950017016666199)

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Friedline T, Chen Z, Morrow S. 2021 Families’
financial stress & well-being: the importance of the
economy and economic environments. J. Fam. Econ.
Iss. 42, 34-51. (doi:10.1007/510834-020-09694-9)
Burgard SA, Kalousova L. 2015 Effects of the great
recession: health and well-being. Annu. Rev. Sociol.
41, 181-201. (doi:10.1146/annurev-soc-073014-
112204)

Harper C, Jones N. 2011 Impacts of economic crises
on child well-being. Dev. Policy Rev. 29, 511-526.
(doi:10.1111/j.1467-7679.2011.00544.x)

Sdona E, Briana DD, Malamitsi-Puchner A. 2020
Impact of economic crises on offspring health and
the developmental origins of health and disease
concept. Acta Paediatr. 109, 453—459. (doi:10.
1111/apa.15040)

Williams C, Gilbert BJ, Zeltner T, Watkins J, Atun R,
Maruthappu M. 2016 Effects of economic crises on
population health outcomes in Latin America,
1981-2010: an ecological study. BMJ/ Open 6,
€007546. (doi:10.1136/bmjopen-2014-007546)
Burke M, Gonzdlez F, Baylis P, Heft-Neal S, Baysan
G, Basu S, Hsiang S. 2018 Higher temperatures
increase suicide rates in the United States and
Mexico. Nat. Clim. Change 8, 723-729. (doi:10.
1038/541558-018-0222-x)

Keya TA, Leela A, Habib N, Rashid M, Bakthavatchalam
P. 2023 Mental health disorders due to disaster
exposure: a systematic review and meta-analysis.
Cureus 15, €37031. (doi:10.7759/cureus.37031)

Waite TD et al. 2017 The English national cohort
study of flooding and health: cross-sectional
analysis of mental health outcomes at year one.
BMC Public Health 17, 129. (doi:10.1186/512889-
016-4000-2)

Carleton TA, Hsiang SM. 2016 Social and economic
impacts of climate. Science 353, aad9837. (doi:10.
1126/science.aad 9837)

Ommer RE. 2007 Coasts under stress: restructuring
and social—ecological health. Montreal, Canada:
McGill-Queen’s University Press. See https://www.
jstor.org/stable/j.ctt7zmmg.

Micklin P. 2007 The Aral Sea disaster. Annu. Rev.
Earth Planet. Sci. 35, 47-72. (doi:10.1146/annurev.
earth.35.031306.140120)

UNHCR. 2023 Global trends report 2022. Geneva,
Switzerland: UNHCR. See https://www.unhcr.org/
global-trends-report-2022 (accessed on 12 July
2023).

Stern N. 2006 Stern Review: the economics of
dlimate change. London, UK: Government Equalities
Office, Home Office.

Schnabel I. 2020 When markets fail — the need for
collective action in tackling climate change. Frankfurt
am Main, Germany: European Central Bank
Directorate General Communications. See https://
www.ech.europa.eu/press/key/date/2020/html/ecb.
$p200928_1~268b0b672f.en.html.

Keohane RO, Victor DG. 2016 Cooperation and
discord in global climate policy. Nat. Clim. Change
6, 570-575. (doi:10.1038/nclimate2937)

JHU. 2023 Coronavirus dashboard. Baltimore, MD:
Johns Hopkins University and Medicine Coronavirus


http://dx.doi.org/10.1890/140312
https://doi.org/10.1098/rstb.2022.0431
https://doi.org/10.1098/rstb.2022.0269
https://doi.org/10.1098/rstb.2022.0269
https://doi.org/10.1038/srep40743
https://doi.org/10.1038/srep40743
http://dx.doi.org/10.1038/s41561-018-0113-9
http://dx.doi.org/10.5751/ES-07634-200234
http://dx.doi.org/10.1073/pnas.1117622109
https://doi.org/10.1007/s13280-014-0506-y
http://dx.doi.org/10.1111/j.1558-5646.2010.00960.x
http://dx.doi.org/10.1111/j.0268-1064.2006.00309.x
http://dx.doi.org/10.1111/j.0268-1064.2006.00309.x
http://dx.doi.org/10.1038/s41893-022-01048-7
http://dx.doi.org/10.1016/j.ecolecon.2012.09.003
https://doi.org/10.1073/pnas.1810141115
https://doi.org/10.1073/pnas.1810141115
http://dx.doi.org/10.1146/annurev-environ-110615-085817
http://dx.doi.org/10.1146/annurev-environ-110615-085817
http://dx.doi.org/10.1016/j.gloenvcha.2011.10.007
http://dx.doi.org/10.1016/j.gloenvcha.2011.10.007
http://dx.doi.org/10.1016/j.tree.2015.12.013
http://dx.doi.org/10.1016/j.tree.2015.12.013
http://dx.doi.org/10.1073/pnas.1313490111
http://dx.doi.org/10.1073/pnas.1313490111
http://dx.doi.org/10.1038/s41586-019-1712-3
http://dx.doi.org/10.1038/s41586-019-1712-3
https://www.ipcc.ch/sr15/download/
https://www.ipcc.ch/sr15/download/
https://doi.org/10.1038/s41893-022-00909-5
https://doi.org/10.1038/s41893-022-00909-5
http://dx.doi.org/10.1016/j.oneear.2022.05.018
http://dx.doi.org/10.1016/j.oneear.2022.05.018
https://www.fcltglobal.org/resource/measuring-the-economic-impact-of-short-termism/
https://www.fcltglobal.org/resource/measuring-the-economic-impact-of-short-termism/
https://hbr.org/2017/02/finally-proof-that-managing-for-the-long-term-pays-off
https://hbr.org/2017/02/finally-proof-that-managing-for-the-long-term-pays-off
https://hbr.org/2017/02/finally-proof-that-managing-for-the-long-term-pays-off
http://dx.doi.org/10.1073/pnas.1909857117
http://dx.doi.org/10.1073/pnas.1909857117
https://www.jstor.org/stable/10.7864/j.ctvbd8j2p
https://news.gallup.com/poll/1597/Confidence-Institutions.aspx
https://news.gallup.com/poll/1597/Confidence-Institutions.aspx
https://news.gallup.com/poll/1597/Confidence-Institutions.aspx
https://doi.org/10.1038/s41893-018-0210-1
https://doi.org/10.1038/s41893-018-0210-1
https://doi.org/10.4060/cc0639en
https://doi.org/10.4060/cc0639en
https://doi.org/10.1177/0950017016666199
https://doi.org/10.1007/s10834-020-09694-9
http://dx.doi.org/10.1146/annurev-soc-073014-112204
http://dx.doi.org/10.1146/annurev-soc-073014-112204
http://dx.doi.org/10.1111/j.1467-7679.2011.00544.x
http://dx.doi.org/10.1111/apa.15040
http://dx.doi.org/10.1111/apa.15040
http://dx.doi.org/10.1136/bmjopen-2014-007546
http://dx.doi.org/10.1038/s41558-018-0222-x
http://dx.doi.org/10.1038/s41558-018-0222-x
https://doi.org/10.7759/cureus.37031
http://dx.doi.org/10.1186/s12889-016-4000-2
http://dx.doi.org/10.1186/s12889-016-4000-2
http://dx.doi.org/10.1126/science.aad9837
http://dx.doi.org/10.1126/science.aad9837
https://www.jstor.org/stable/j.ctt7zmmg
https://www.jstor.org/stable/j.ctt7zmmg
https://doi.org/10.1146/annurev.earth.35.031306.140120
https://doi.org/10.1146/annurev.earth.35.031306.140120
https://www.unhcr.org/global-trends-report-2022
https://www.unhcr.org/global-trends-report-2022
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200928_1~268b0b672f.en.html
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200928_1~268b0b672f.en.html
https://www.ecb.europa.eu/press/key/date/2020/html/ecb.sp200928_1~268b0b672f.en.html
https://doi.org/10.1038/nclimate2937

Downloaded from https://royal societypublishing.org/ on 30 January 2024

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Resource Center. See https://coronavirus.jhu.edu/
map.html (accessed 12 July 2023).

Torales J, 0'Higgins M, Castaldelli-Maia JM,
Ventriglio A. 2020 The outbreak of COVID-19
coronavirus and its impact on global mental health.
Int. J. Social Psychiatry 66, 317-320. (doi:10.1177/
0020764020915212)

Samiji H, Wu J, Ladak A, Vossen C, Stewart E, Dove
N, Long D, Snell G. 2022 Review: Mental health
impacts of the COVID-19 pandemic on children and
youth — a systematic review. Child Adolesc. Mental
Health 27, 173-189. (d0i:10.1111/camh.12501)
0'Mahoney LL et al. 2023 The prevalence and long-
term health effects of Long Covid among
hospitalised and non-hospitalised populations: a
systematic review and meta-analysis.
eClinicalMedicine 55, 101762. (doi:10.1016/j.eclinm.
2022.101762)

Lelieveld J, Klingmiiller K, Pozzer A, Burnett RT,
Haines A, Ramanathan V. 2019 Effects of fossil fuel
and total anthropogenic emission removal on public
health and climate. Proc. Natl Acad. Sci. USA 116,
7192-7197. (doi:10.1073/pnas.1819989116)
Kampa M, Castanas E. 2008 Human health effects of
air pollution. Environ. Pollut. 151, 362-367. (doi:10.
1016/j.envpol.2007.06.012)

Romanello M et al. 2022 The 2022 report of the
Lancet Countdown on health and climate change:
health at the mercy of fossil fuels. Lancet 400,
1619-1654. (doi:10.1016/50140-6736(22)01540-9)
Murray UL et al. 2022 Global burden of bacterial
antimicrobial resistance in 2019: a systematic
analysis. Lancet 399, 629-655. (doi:10.1016/50140-
6736(21)02724-0)

Chen H, Humayun H, Knight M,Carey A, Gigova R,
Kostenko M. 2023 Russia plans to station

tactical nuclear weapons in Belarus, Putin says.
(NN, 26 March 2023. See https://www.cnn.com/
2023/03/25/world/russia-putin-nuclear-weapons-
belarus-intl-hnk/index.html (accessed on 12 July
2023.

Agence France Presse. 2023 Putin says Moscow
suspending participation in new START nuclear
treaty. Barron’s Newslett., 21 February 2023. See
https://www.barrons.com/news/putin-says-moscow-
suspending-participation-in-new-start-nuclear-
treaty-d307fa0f (accessed 12 July 2023).

Roth A, Walker S, Rankin J, Borger J. 2022 Putin
signals escalation as he puts Russia’s nuclear force
on high alert. Guardian, 28 February 2022. See
https://www.theguardian.com/world/2022/feb/27/
vladimir-putin-puts-russia-nuclear-deterrence-
forces-on-high-alert-ukraine.

Wolfgang B. 2022 Angry Putin wields energy,
nuclear threats against West. Washington Times, 27
April 2022. See https://www.washingtontimes.com/
news/2022/apr/27/angry-putin-wields-energy-
nuclear-threats-against-/ (accessed on 12 July
2023).

Obermeyer Z, Powers B, Vogeli C, Mullainathan S.
2019 Dissecting racial bias in an algorithm used to
manage the health of populations. Science 366,
447-453. (doi:10.1126/science.aax2342)

163.

164.

165.

166.

167.

168.

169.

170.

7.

172.

173.

174.

175.

176.

177.

178.

Kordzadeh N, Ghasemaghaei M. 2022 Algorithmic
bias: review, synthesis, and future research
directions. Eur. J. Inform. Systems 31, 388-409.
(doi:10.1080/0960085X.2021.1927212)

van der Leeuw S. 2020 Solutions always cause
problems. Social sustainability, past and future:
undoing unintended consequences for the Earth’s
survival, pp. 157-179. Cambridge, UK: Cambridge
University Press.

Slawinski N, Pinkse J, Busch T, Banerjee SB. 2017
The role of short-termism and uncertainty
avoidance in organizational inaction on climate
change: a multi-level framework. Bus. Soc. 56,
253-282. (doi:10.1177/0007650315576136)

Bunce M, Rodwell LD, Gibb R, Mee L. 2008 Shifting
baselines in fishers' perceptions of island reef
fishery degradation. Ocean Coast. Manag. 51,
285-302. (doi:10.1016/j.0cecoaman.2007.09.006)
Soga M, Gaston KJ. 2016 Extinction of

experience: the loss of human—nature interactions.
Front. Ecol. Environ. 14, 94-101. (doi:10.1002/fee.
1225)

Best P, Manktelow R, Taylor B. 2014 Online
communication, social media and adolescent
wellbeing: a systematic narrative review. Child.
Youth Serv. Rev. 41, 27-36. (doi:10.1016/].
childyouth.2014.03.001)

Keles B, McCrae N, Grealish A. 2020 A systematic
review: the influence of social media on depression,
anxiety and psychological distress in adolescents.
Int. J. Adolesc. Youth 25, 79-93. (doi:10.1080/
02673843.2019.1590851)

Primack BA, Shensa A, Sidani JE, Whaite EO, yi Lin
L, Rosen D, Colditz JB, Radovic A, Miller E. 2017
Social media use and perceived social isolation
among young adults in the US. Am. J. Prevent.
Med. 53, 1-8. (doi:10.1016/j.amepre.2017.01.010)
Keeler MS, Chew FS. 2008 Escaping an evolutionary
trap: preference and performance of a native insect
on an exotic invasive host. Oecologia 156, 559-568.
(doi:10.1007/500442-008-1005-2)

Wilson DS. 2016 Intentional cultural change. Curr.
Opin. Psychol. 8, 190-193. (doi:10.1016/j.copsyc.
2015.12.012)

Kirschner M, Gerhart J. 1998 Evolvability. Proc. Nat!
Acad. Sci. USA 95, 8420—8427. (doi:10.1073/pnas.
95.15.8420)

Pigliucci M. 2008 Is evolvability evolvable? Nat. Rev.
Genet. 9, 75-82. (doi:10.1038/nrg2278)

Heyes C. 2018 Enquire within: cultural evolution and
cognitive science. Phil. Trans. R. Soc. B 373,
20170051, (doi:10.1098/rsth.2017.0051)

Fogarty L, Creanza N, Feldman MW. 2015 Cultural
evolutionary perspectives on creativity and human
innovation. Trends Ecol. Evol. 30, 736-754. (doi:10.
1016/j.tree.2015.10.004)

Schlaile MP, Kask J, Brewer J, Bogner K, Urmetzer S,
De Witt A. 2022 Proposing a cultural evolutionary
perspective for dedicated innovation systems:
bioeconomy transitions and beyond. J. fnnov. Econ.
Manag. 38, 93-118. (doi:10.3917/jie.pr1.0108)
Reyers B, Moore ML, Haider LJ, Schliiter M. 2022
The contributions of resilience to reshaping

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

sustainable development. Nat. Sustain. 5, 657—664. m

(doi:10.1038/541893-022-00889-6)

Folke C, Carpenter SR, Walker B, Scheffer M, Chapin
T, Rockstrdm J. 2010 Resilience thinking: integrating
resilience, adaptability and transformability. Ecol.
Soc. 15, 20. (doi:10.1038/nnano.2011.191)
Grinspoon D. 2016 Earth in human hands: shaping
our planet’s future. London, UK: Hachette.

Lenton TM, Latour B. 2018 Gaia 2.0: could humans
add some level of self-awareness to Earth’s self-
regulation? Science 361, 1066—1068. (http://www.
bruno-latour.fr/node/776)

Williams M, Zalasiewicz J, Haff P, Schwégerl C,
Barnosky AD, Ellis EC. 2015 The Anthropocene
biosphere. Anthrop. Rev. 2, 196-219. (doi:10.1177/
2053019615591020)

UNDESA. 2019 Global Sustainable Development Report
(GSDR) 20179. The future is now: science for achieving
sustainable development. Geneva, Switzerland: United
Nations Department of Economic and Social Affairs.
See https://sdgs.un.org/gsdr/gsdr2019.

Lim MML, Segaard Jergensen P, Wyborn CA. 2018
Reframing the sustainable development goals to
achieve sustainable development in the
Anthropocene—a systems approach. Ecol. Soc. 23,
22. (doi:10.5751/ES-10182-230322)

Ouyang Z et al. 2020 Using gross ecosystem product
(GEP) to value nature in decision making. Proc. Natl
Acad. Sci. USA 117, 14 593-14 601. (doi:10.1073/
pnas.1911439117)

Polasky S, Bryant B, Hawthorne P, Johnson J, Keeler
B, Pennington D. 2015 Inclusive wealth as a metric
of sustainable development. Annu. Rev. Environ.
Resour. 40, 445—-466. (doi:10.1146/annurev-
environ-101813-013253)

Galaz Rodriguez V, Collste D. 2022 Economy and
finance for a just future on a thriving planet.
Stockholm, Sweden: Beijer Institute. (doi:10.17045/
sthimuni.19792957.v1)

Malay OE. 2019 Do beyond GDP indicators initiated
by powerful stakeholders have a transformative
potential? Ecol. Econ. 162, 100-107. (doi:10.1016/j.
ecolecon.2019.04.023)

Seddon N, Smith A, Smith P, Key I, Chausson A,
Girardin C, House J, Srivastava S, Turner B. 2021
Getting the message right on nature-based
solutions to climate change. Glob. Change Biol. 27,
1518-1546. (doi:10.1111/gch.15513)

Schroter B, Hack J, Hiiesker F, Kuhlicke C, Albert C.
2022 Beyond demonstrators—tackling fundamental
problems in amplifying nature-based solutions for
the post-COVID-19 world. npj Urban Sustain 2, 4.
(doi:10.1038/542949-022-00047-z)

Steffen W et al. 2015 Planetary boundaries: quiding
human development on a changing planet. Science
347, 1259855. (doi:10.1126/science.1259855)
Steffen W, Broadgate W, Deutsch L, Gaffney 0,
Ludwig C. 2015 The trajectory of the Anthropocene:
the great acceleration. Anthrop. Rev. 2, 81-98.
(doi:10.1177/2053019614564785)

Barrett S et al. 2014 (limate engineering
reconsidered. Nat. Clim. Change 4, 527-529.
(doi:10.1038/nclimate2278)


https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://doi.org/10.1177/0020764020915212
https://doi.org/10.1177/0020764020915212
http://dx.doi.org/10.1111/camh.12501
http://dx.doi.org/10.1016/j.eclinm.2022.101762
http://dx.doi.org/10.1016/j.eclinm.2022.101762
http://dx.doi.org/10.1073/pnas.1819989116
https://doi.org/10.1016/j.envpol.2007.06.012
https://doi.org/10.1016/j.envpol.2007.06.012
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://www.cnn.com/2023/03/25/world/russia-putin-nuclear-weapons-belarus-intl-hnk/index.html
https://www.cnn.com/2023/03/25/world/russia-putin-nuclear-weapons-belarus-intl-hnk/index.html
https://www.cnn.com/2023/03/25/world/russia-putin-nuclear-weapons-belarus-intl-hnk/index.html
https://www.barrons.com/news/putin-says-moscow-suspending-participation-in-new-start-nuclear-treaty-d307fa0f
https://www.barrons.com/news/putin-says-moscow-suspending-participation-in-new-start-nuclear-treaty-d307fa0f
https://www.barrons.com/news/putin-says-moscow-suspending-participation-in-new-start-nuclear-treaty-d307fa0f
https://www.theguardian.com/world/2022/feb/27/vladimir-putin-puts-russia-nuclear-deterrence-forces-on-high-alert-ukraine
https://www.theguardian.com/world/2022/feb/27/vladimir-putin-puts-russia-nuclear-deterrence-forces-on-high-alert-ukraine
https://www.theguardian.com/world/2022/feb/27/vladimir-putin-puts-russia-nuclear-deterrence-forces-on-high-alert-ukraine
https://www.washingtontimes.com/news/2022/apr/27/angry-putin-wields-energy-nuclear-threats-against-/
https://www.washingtontimes.com/news/2022/apr/27/angry-putin-wields-energy-nuclear-threats-against-/
https://www.washingtontimes.com/news/2022/apr/27/angry-putin-wields-energy-nuclear-threats-against-/
http://dx.doi.org/10.1126/science.aax2342
http://dx.doi.org/10.1080/0960085X.2021.1927212
https://doi.org/10.1177/0007650315576136
https://doi.org/10.1016/j.ocecoaman.2007.09.006
https://doi.org/10.1002/fee.1225
https://doi.org/10.1002/fee.1225
http://dx.doi.org/10.1016/j.childyouth.2014.03.001
http://dx.doi.org/10.1016/j.childyouth.2014.03.001
http://dx.doi.org/10.1080/02673843.2019.1590851
http://dx.doi.org/10.1080/02673843.2019.1590851
https://doi.org/10.1016/j.amepre.2017.01.010
http://dx.doi.org/10.1007/s00442-008-1005-2
http://dx.doi.org/10.1016/j.copsyc.2015.12.012
http://dx.doi.org/10.1016/j.copsyc.2015.12.012
http://dx.doi.org/10.1073/pnas.95.15.8420
http://dx.doi.org/10.1073/pnas.95.15.8420
http://dx.doi.org/10.1038/nrg2278
https://doi.org/10.1098/rstb.2017.0051
http://dx.doi.org/10.1016/j.tree.2015.10.004
http://dx.doi.org/10.1016/j.tree.2015.10.004
http://dx.doi.org/doi:10.3917/jie.pr1.0108
https://doi.org/10.1038/s41893-022-00889-6
http://dx.doi.org/10.1038/nnano.2011.191
http://www.bruno-latour.fr/node/776
http://www.bruno-latour.fr/node/776
http://dx.doi.org/10.1177/2053019615591020
http://dx.doi.org/10.1177/2053019615591020
https://sdgs.un.org/gsdr/gsdr2019
http://dx.doi.org/10.5751/ES-10182-230322
http://dx.doi.org/10.1073/pnas.1911439117
http://dx.doi.org/10.1073/pnas.1911439117
http://dx.doi.org/10.1146/annurev-environ-101813-013253
http://dx.doi.org/10.1146/annurev-environ-101813-013253
https://doi.org/10.17045/sthlmuni.19792957.v1
https://doi.org/10.17045/sthlmuni.19792957.v1
http://dx.doi.org/10.1016/j.ecolecon.2019.04.023
http://dx.doi.org/10.1016/j.ecolecon.2019.04.023
http://dx.doi.org/10.1111/gcb.15513
https://doi.org/10.1038/s42949-022-00047-z
http://dx.doi.org/10.1126/science.1259855
http://dx.doi.org/10.1177/2053019614564785
http://dx.doi.org/10.1038/nclimate2278

Downloaded from https://royal societypublishing.org/ on 30 January 2024

194.

195.

196.

Polasky S, Carpenter SR, Folke C, Keeler B. 2011
Decision-making under great uncertainty:
environmental management in an era of global
change. Trends Ecol. Evol. 26, 398—404. (doi:10.
1016/j.tree.2011.04.007)

Polasky S et al. 2020 Corridors of clarity: four
principles to overcome uncertainty paralysis in the
Anthropocene. BioScience 70, 1139—1144. (doi:10.
1093/biosci/biaa115)

Green F, Healy N. 2022 How inequality fuels climate
change: the climate case for a Green New Deal. One

197.

198.

199.

Earth 5, 635-649. (doi:10.1016/j.0neear.2022.05.
005)

Nordhaus W. 2015 Climate clubs: overcoming
free-riding in international dlimate policy. Am. Econ.
Rev. 105, 1339-1370. (doi:10.1257/aer.15000001)
Overland |, Sadagat Huda M. 2022 Climate clubs
and carbon border adjustments: a review. Environ.
Res. Lett. 17, 093005. (doi:10.1088/1748-9326/
ac8dag)

Osterblom H, Bebbington J, Blasiak R, Sobkowiak M,
Folke C. 2022 Transnational corporations, biosphere

200.

201.

stewardship, and sustainable futures. Annu. Rev.
Environ. Resour. 47, 609-635. (doi:10.1146/
annurev-environ-120120-052845)

Latour B, Porter C. 2017 Facing Gaia: eight lectures
on the new dlimatic regime. Oxford, UK: Polity Press.
See http://ebookcentral.proquest.com/lib/sub/detail.
action?doclD=4926426.

Segaard Jergensen P et al. 2023 Evolution of the
polycrisis: Anthropocene traps that challenge global
sustainability. Figshare. (doi:10.6084/m9.figshare.c.
6858564)


http://dx.doi.org/10.1016/j.tree.2011.04.007
http://dx.doi.org/10.1016/j.tree.2011.04.007
http://dx.doi.org/10.1093/biosci/biaa115
http://dx.doi.org/10.1093/biosci/biaa115
https://doi.org/10.1016/j.oneear.2022.05.005
https://doi.org/10.1016/j.oneear.2022.05.005
https://doi.org/10.1257/aer.15000001
http://dx.doi.org/10.1088/1748-9326/ac8da8
http://dx.doi.org/10.1088/1748-9326/ac8da8
http://dx.doi.org/10.1146/annurev-environ-120120-052845
http://dx.doi.org/10.1146/annurev-environ-120120-052845
http://ebookcentral.proquest.com/lib/sub/detail.action?docID=4926426
http://ebookcentral.proquest.com/lib/sub/detail.action?docID=4926426
http://dx.doi.org/10.6084/m9.figshare.c.6858564
http://dx.doi.org/10.6084/m9.figshare.c.6858564

	Evolution of the polycrisis: Anthropocene traps that challenge global sustainability
	Introduction
	Making sense of human evolutionary traps
	Methods: identifying and analysing Anthropocene traps
	Analysis of traps
	Groups, trends and interactions of traps
	Multi-level selection and global traps
	Innovation loops and technology traps
	Scale mismatches and structural traps
	Trap interactions

	A model of trap evolution
	Initiation and scaling
	Masking
	Trapping

	Current phases
	Severity of traps
	Navigating traps: evolving toward sustainability
	Recognizing traps
	Measurement and foresight
	Reorganizing and innovating
	Being prepared for the unknown
	Navigating conflict
	Ethics
	Data accessibility
	Declaration of AI use
	Authors' contributions
	Conflict of interest declaration
	Funding

	Acknowledgements
	References


