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1. Introduction

Protecting, restoring, and adapting ecosystems will
be crucial for addressing the global challenges of
the Anthropocene, but managing complex ecosys-
tems under changing conditions is far from simple.
Functioning ecosystems supply a wide array of eco-
system services and provide nature-based solutions
to reduce climate-related risks, but their capacity to
do so is jeopardized by the impacts of climate change
and biodiversity loss. The importance of managing
ecosystems for nature-based solutions is increasingly
recognized bymany governments, who have commit-
ted to ambitious top-down pledges, such as restoring
200 million hectares of degraded ecosystems within
the Bonn challenge or planting 3 billion trees in
the European Union’s biodiversity strategy for 2030.
However, planning effective nature-based solutions
is challenging. Simplified top-down solutions, such
as large-scale tree planting, have shown limited suc-
cess, sometimes even resulting in a loss of biodiversity
and ecosystem services or exacerbated wildfire risk
(Fleischman et al 2020).

Managing ecosystems is challenging because of
their complexity, their spatial and temporal variabil-
ity, the diversity of agents with different values and
perspectives that interact within these systems, and
the uncertainty about how they will develop in the
future. Questions about how to manage complex
systems under uncertainty have long been debated
in other fields, such as economics. The 20th cen-
tury witnessed a prolonged debate between liberal
and socialist economists, with different views about
the capacity of a centralized authority to successfully
plan an economy, based on divergent assumptions
about knowledge, uncertainty, values, autonomy of

individuals and complexity. We believe that some of
the lessons from this ‘socialist calculation debate’ can
provide a relevant perspective on the contemporary
challenges of ecosystem management. In this paper,
we briefly synthesize the ‘socialist calculation debate’,
draw parallels between managing an economy and
managing an ecosystem, and derive relevant lessons
for ecosystem management. We argue that central-
ized, top-down optimization of socio-ecological sys-
tems is unlikely to be feasible, and analogous to a lib-
eral economy, ecosystem management should focus
on ensuring the conditions for socio-ecological sys-
tems to function and self-organize as complex sys-
tems. We also discuss the implications of this per-
spective for researchers that aim to support better
ecosystemmanagement, such as ecologists, landscape
planners, socio-ecological scientists, or land-system
modellers.

2. A brief summary of the socialist
calculation debate

The 1920s saw the beginning of the socialist calcu-
lation debate between liberal economists, most not-
ably Ludwig von Mises and Friedrich Hayek, and
socialist economists such as Oskar Lang and Abba
Lerner (Rothbard 1991). They disagreed about the
capacity of a central authority to manage an eco-
nomy efficiently, and this disagreement was partic-
ularly important during the cold war. Socialist eco-
nomists believed that with sufficient information and
a trial and error strategy, a centralized state would be
able to plan production and satisfy the needs of its
citizens. This strategy relied on Leon Walras’ general
equilibrium theory, according to which an economy
under perfect market conditions would stabilize at
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a price equilibrium, optimizing supply and demand.
The trial and errormechanism of socialist economists
assumed that a central authority could progressively
reveal this price equilibrium point and set the eco-
nomy accordingly.

In contrast, liberal economists believed that plan-
ning an economy is impossible due to the high level of
complexity and innumerable interactions of the sys-
tem. They believed that the assumption of a general
equilibrium was flawed, as the theory of equilibrium
is disconnected from uncertain and ever-changing
real-lifemarkets. In addition, they did not believe that
a single institution has the capacity to keep track of
the enormous amount of day-to-day decisions made
by millions of autonomous and diverse economic
agents, and to calculate optimal prices and produc-
tion rates accordingly. Hayek argued that the uncer-
tainties and scale of such a calculation would make
it practically impossible. Instead of centralized plan-
ning, liberal economists believed that the role of a
governmentwas only to provide boundary conditions
for free interactions of economic agents, such as clear
property rights enforced by a fair judiciary system.
Under such conditions, agents such as consumers and
entrepreneurs can have maximum autonomy in their
decision-making to integrate information and influ-
ence price signals locally. The decentralized interac-
tions of many agents would lead to the emergence of
a functioning market and improved economic out-
comes (Hayek 1982). This understanding of the eco-
nomic system became dominant with the collapse of
the Soviet Union, as the inefficiency of Gosplan, its
central planning authority, demonstrated the imprac-
ticalities of centrally managing a complex economy
(Rothbard 1991).

3. Parallels to ecosystemmanagement

Similar to markets, ecological and socio-ecological
systems are complex systems where innumerable
human andnon-human agents interact, and their dis-
tributed interactions lead to the emergence of pat-
terns at a higher scale. For example, in river eco-
systems, local-scale interactions between plants and
water flow result in patterns of heterogeneous hab-
itat patches at the stream level, providing diverse
habitats and regulating streamflow (Cornacchia et al
2020). In socio-ecological systems, local stakehold-
ers with clearly defined property rights self-organize
to develop institutions, enforce sustainable manage-
ment practices, and cope with social and ecological
uncertainties (Ostrom et al 2012).

Diversity is an important condition for well-
functioning markets and socio-ecological systems,
which are prone to similar structural inefficiencies
when facing monopolies and oligopolies. In markets,
overly dominant companies can lead to inefficient
markets by manipulating prices, eliminating compet-
itors and reducing innovation. Similar inefficiencies

have been shown for socio-ecological systems, as their
resilience is reduced when the diversity of actors is
limited (Grêt-Regamey et al 2019), while biodiversity
is generally linked to improved ecosystem functioning
(Gonzalez et al 2020).

The mismanagement of economies and socio-
ecological systems often stems from similar policy
mistakes: simplifying a system to gain in predict-
ability rather than accepting uncertainties to allow
for complexity. While socialist decision-makers were
attempting top-down control to establish a fair and
stable post-capitalist economy according to the sim-
plifiedmodel of the general equilibrium theory,many
ecosystem managers have attempted to control eco-
logical processes to achieve a stable and predictable
provision of natural resources. Attempts to reduce
ecosystem heterogeneity and complexity made these
systems less resilient and more vulnerable in the face
of extreme, unexpected events (Holling and Meffe
1996). For example, the suppression of forest fires and
disruption of indigenous land-management practices
in western North America led to more homogen-
eous landscapes and a higher risk of extreme fires
(Hagmann et al 2021).

There are also some dissimilarities between eco-
nomies and socio-ecological systems. Markets are
shaped by one species—humans, who interact using
price as a signal. Ecosystems consist of a wide range
of species, and the signals they interact with can be
physical, chemical, or biological, and as such, more
difficult to monitor than prices in a market. In addi-
tion, while self-organizing markets tend to efficiently
provide private goods (e.g. cars), they tend to be ill-
suited to deliver public goods (e.g. air quality), and
regulation by a state or other authority is often needed
to secure the provision of public goods or reduce
harmful effects on the environment (Hayek 1944).
In contrast, complex and self-organizing ecosystems
often efficiently provide public goods, such as air
purification and climate regulation. These dissimil-
arities further underline the need to foster complex,
functioning ecosystems.

4. Implications for ecosystem
management—support self-organization
of complex ecosystems

Fostering complexity and self-organization in eco-
systems means giving space to processes such as
stochastic disturbances (e.g. fires, floods, or insect
outbreaks), trophic complexity (including the pres-
ence of large predators) and connectivity across space
(Perino et al 2019). These processes can make ecosys-
tems more resilient and capable to cope with future
changes (Bullock et al 2022). Their importance is
increasingly recognized, especially in the context of
rewilding. However, giving space to ecosystem com-
plexity is also possible in the context of natural
resourcemanagement. For example, ecosystem-based
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approaches to forest management aim to maintain
ecosystem processes and biodiversity while man-
aging forests for timber and other ecosystem services
(Messier et al 2015). In the context of rapid global
change, this type of management requires that indi-
vidual ecosystem managers have the agency, capa-
city, and flexibility to adapt their local management
to changing ecological and social conditions.

In both markets and socio-ecological systems,
self-organization occurs at different scales, which are
nested from the smallest to the largest scale. The
recognition of this nestedness in socio-ecological sys-
tems led to the promotion of the subsidiarity prin-
ciple, where the relevant scale of governance should
be the smallest possible scale (Marshall 2008). This
principle is consistent with liberal economics, which
promotes the highest possible level of agency to indi-
viduals and freedom to contribute to higher levels of
organization.

In many cases, giving space to self-organization
means less rather than more intervention in eco-
systems. For example, in the restoration of tropical
forests, natural regeneration has been shown to be
more successful and faster than active regeneration
(i.e. tree planting) (Crouzeilles et al 2017). Simil-
arly, removing constraints on natural regeneration is
likely to outperform planting in mangrove restora-
tion (Su et al 2021), and removing anthropogenic bar-
riers to restore connectivity in river-floodplain sys-
tems improves flood regulation, water quality, and
freshwater biodiversity (Wohl et al 2015). However,
hands-off approaches are often overlooked as valid
policy options, perhaps due to people’s preference
towards additive intervention (Adams et al 2021).
While initiatives to ‘plant a billion trees’ might sound
more appealing than ‘allowing forests to regenerate’,
hands-off approaches to ecosystemmanagement may
often bemore effective (and cost-efficient) than active
interventions.

Sometimes, active interventions are necessary,
particularly when complexity is decreased and the
conditions for self-organization are not met. In eco-
nomies, many liberal economists agree that states
should intervene to break up monopolies and enable
diversity and fair competition. Similarly, interven-
tions in ecosystems are needed when ecological
processes are disrupted to the extent that self-
organization is not possible. For example, when dis-
persal is prevented by a lack of connectivity between
forest patches in a fragmented landscape, planting
trees can kickstart forest regeneration. Such active
interventions are more likely to be successful on the
long term if they prioritize strengthening complexity
and self-organizing processes in ecosystems (Bullock
et al 2022), and ensure the agency and land rights of
local communities (Fleischman et al 2020).

5. The role of research

Many researchers aim to support better decisions in
ecosystemmanagement. As more data becomes avail-
able at higher spatial and temporal scales, and as
modelling techniques progress, it has become increas-
ingly popular to producemodels andmaps that could
inform policy decisions, such as optimising regional
ecosystem services or prioritising global ecosystem
restoration actions. While such large-scale datasets
are interesting from a scientific perspective, they often
neglect the diversity and autonomy of agents (e.g.
local land users) that would be affected in case these
models were translated into policies (Wyborn and
Evans 2021). We therefore believe it is important to
remain humble about our capacity to predict and
optimize the development of socio-ecological systems
under uncertainty. Instead of proposing large-scale
top-down solutions to the complex problems of cli-
mate change or biodiversity loss, scientists can engage
in participatory processes and explore future scen-
arios together with other stakeholders. Such transdis-
ciplinary research can support the autonomy of local
agents and strengthen the self-organizing capacity of
socio-ecological systems (Lang et al 2012).

Although the relevance of participatory
approaches in decision-making is increasingly recog-
nized, many decisions regarding ecosystem manage-
ment are still ultimately taken in a top-down man-
ner. In this context, parallels between economies and
ecosystems could serve as a tool to better commu-
nicate the limitations of such command-and-control
approaches, the importance of complexity, and the
utility of hands-off approaches in ecosystemmanage-
ment to decision-makers that may be more familiar
with economics rather than ecological theory. There-
fore, further research is needed to understand the sys-
tem characteristics and processes that are essential for
ecosystems’ complexity and self-organization capa-
city, and to understand in which cases interventions
(or lack thereof) are needed to strengthen these char-
acteristics. While many experiments have demon-
strated relationships between biodiversity and ecosys-
tem functioning at small scales, it is still unclear how
these relationships change over spatial and temporal
scales (Gonzalez et al 2020). A better understand-
ing of how relationships between diversity, resilience,
and self-organization can be translated across dif-
ferent ecological and socio-ecological systems could
help informmore targeted and efficient conservation
and restoration actions.
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