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SUMMARY

Forests are crucial for biodiversity, climate stability, and human well-being, yet rising pressures from climate
change and conventional forestry practices threaten their resilience and sustainability. Approximately 30%of
global forests aremanaged intensively, often asmonoculture plantations, compromising biodiversity conser-
vation, carbon sequestration, and ecosystem stability. Here, we propose integrating rewilding-inspired
forestry as a transformative approach to restore ecosystem processes and resilience. By emphasizing tro-
phic complexity, natural disturbances, and species dispersal, rewilding-inspired forestry can enhance biodi-
versity, increase resilient carbon storage, and improve social-ecological resilience. We provide practical rec-
ommendations for implementation, including fostering natural regeneration, reintroducing keystone species,
and adopting assisted migration where necessary. We also discuss ecological, economic, sociocultural, and
policy challenges and opportunities inherent in this urgently needed systematic transformation. We call for a
global commitment to rewilding-inspired forestry as a complementary strategy to protected areas, offering a
nature-based solution for stewarding sustainable forest landscapes and biosphere in the Anthropocene.
INTRODUCTION

Humanity stands at a critical crossroads, faced with the dual

planetary crises of biodiversity loss and climate change.1 As

climate change accelerates and species disappear at an accel-

erating rate, it is necessary to radically rethink the relationship

with nature and reshape land management strategies.2,3 Forests

cover approximately 31%of the world’s land surface and play an

invaluable role in global climate regulation, biodiversity conser-

vation, and sustaining human livelihoods and well-being. Forests

comprise around 80% of terrestrial biodiversity (FAO and

UNEP4). Forests are also, however, threatened by widespread

habitat loss and fragmentation from human activities.5,6 Defores-

tation and forest degradation account for about 10% of global

greenhouse gas emissions.7 Alarmingly, only one-fourth of

global forests remain intact—in other words, naturally regener-

ated and primary forests without clear signs of human manage-

ment8 (Figure 1).

Conventional forestry practices, which we define as the

intensive management of planted forests and plantation for-

ests (rotation period of up to 15 years) primarily for wood

biomass production from periodic clear-cutting,9 are often

characterized by establishing even-aged stands composed

of one or two native or non-native tree species with regular
One Earth 8, Ma
This is an open access article under the
spacing. Globally, 44% of planted forests are dominated by

non-native species, with significant regional differences,

such as predominantly native species in North and Central

America and nearly exclusive reliance on non-native species

in South America.10 This form of management is prevalent in

South America and countries such as Sweden, the United

States, and China, where large-scale monoculture plantations

like Norway spruce, aspen/poplar, and Dahurian larch are

commonly grown. However, in countries such as Slovenia,

principles of close-to-nature (or continuous cover) forestry

guide forest management, promoting biodiversity and

ecosystem resilience through mixed-species and uneven-

aged stands.11,12 Similarly, in the Amazon, indigenous and

traditional forest management emphasizes sustainable use

and conservation, contrasting with the production-driven

focus of conventional forestry. The ecological capacity of

intensively managed forests to conserve biodiversity and

sequester carbon is often very small or even negative,13–16

especially when plantations are established in naturally open

or non-forest ecosystems subject to intensifying climate-

related disturbance regimes.17–19 The outcome is that these

plantations have largely failed to slow or reverse biodiversity

loss and carbon depletion, sometimes even exacerbating the

ongoing biodiversity and climate crises.20–23
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Figure 1. The global extent of forests under different management regimes in 2015
This map is based on data produced by Lesiv et al.9 following forest definition with more than 10% canopy cover of trees higher than 5 m by the Food and
Agriculture Organization, which includes natural woodlands and savannas. ‘‘Natural forest’’ indicates forests without notable signs of management activities,
including primary forests. ‘‘Semi-natural forest’’ refers to naturally regenerated forests with signs of human management, for example, logging and clear-cutting.
‘‘Intensively managed forest’’ includes planted forests and plantation forests (rotation period of up to 15 years) composed of native or non-native tree species.
Examples of plantation forests worldwide are (A) aspen/poplar (Populus) in the United States (photograph by Doug Page), (B) Norway spruce (Picea abies) in
Sweden (photograph by K. Nota), (C) Sitka spruce (Picea sitchensis) in Scotland (photograph by James R. Boyle), (D) Eucalypts (Eucalyptus) in Africa (photograph
by B.G. Kluthe), (E) Dahurian larch (Larix gmelinii) in northern China (photograph by Guangsheng Zhou), (F) Masson’s pine (Pinus massoniana) in southern China
(photograph by William M. Ciesla), (G) rubber (Hevea brasiliensis) in Thailand (photograph by E. Warren-Thomas), and (H) Eucalypts (Eucalyptus) in Australia
(photograph by Jeannie Fletcher).
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Rewilding, the process of restoring the functioning and resil-

ience (resistance, recovery, and adaptive capacity) of ecosys-

tems so that they can autonomously sustain high ecological

complexity and biodiversity, is not intended to create the wilder

past but to restore critical natural processes or elements in a

changing Anthropocene world.24 More specifically, the restora-

tion of trophic (food web) complexity, dispersal, natural stochas-

tic disturbances, and their interactions are identified to be critical

to maintaining biodiversity and ecosystem resilience.25,26

Rewilding is not a new concept in restoring degraded ecosys-

tems,27,28 yet its global potential remains underutilized, espe-

cially concerning intensively managed forests, including planted

forests and plantation forests. In contrast to the impression of

carbon neutrality from wood harvests, the latest global evalua-

tion suggests that forest harvests could bring 3.5–4.2 Gt CO2e

carbon costs per year between 2010 and 2050, approximating

estimated land-use change-induced annual emissions from agri-

cultural expansion.29 With such increasing realization that hu-

man well-being and prosperity are intertwined with the integrity

of global forest ecosystems, we must restore the ecological po-

tential of these compromised forest landscapes as backbones of

biodiversity maintenance and climate regulation.16,30 In this

context, rewilding-inspired forestry emerges as a seemingly

radical but urgently needed approach to address these inter-

twined crises and promote regional to global social-ecological

sustainability.24,31–33

In this Perspective, we scrutinize the limitations of conven-

tional forestry and plantation forests globally while exploring

the transformative potential of rewilding-inspired approaches.

We delve into the concept, components and multifaceted sus-
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tainability benefits of rewilding-inspired forestry and its

emphasis on the restoration, conservation, and sustainable utili-

zation of existing intensively managed production forest land-

scapes.34 Furthermore, we present 10 practical strategies for

implementing rewilding-inspired forestry. We discuss the asso-

ciated multidimensional challenges that must be addressed

and opportunities to be harnessed for its large-scale adoption.

By shedding light on the shortcomings of conventional plantation

forests and highlighting the promise of rewilding-inspired

forestry, we aim to underscore the significance and urgency of

forestry rewilding as a social-ecologically sustainable solution

in combating global biodiversity loss and climate change. In do-

ing so, we hope to contribute to the stewardship of more bio-

diverse, resilient, and sustainable forest landscapes and terres-

trial biosphere for both people and nature in a changing

Anthropocene world.

The limitations of conventional forestry and intensively
managed forests
Reduced biodiversity

Conventional forestry practices often prioritize monoculture tree

plantations or limited species mixes and are almost devoid of

shrub or herbaceous undergrowth and large vertebrates (i.e.,

‘‘empty forests’’), resulting in oversimplified ecosystems with

reduced biodiversity and ecological interactions compared to

natural forests.13,35–38 Reduced native diversity of trees makes

forests more prone to the invasion of non-native species.39

Furthermore, although these simplified ecosystems appear to

have a high level of vegetation cover, they provide limited habi-

tats and food sources for a wide range of plant, animal, and
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microbial species, leading to biodiversity loss.6,40 A particularly

concerning aspect of these narrow-minded forestry practices

is their implementation in naturally open ecosystems, which sup-

port diverse grassy biomes and savannahs worldwide, including

open woodlands.17,41 Recent studies have shed light on the

negative ecological and climate implications of introducing plan-

tation forests into these open ecosystems.42,43 These investiga-

tions highlight the risks of undermining the multifunctionality of

these ecosystems, which extends well beyond carbon seques-

tration, and the potential for such practices to disrupt the ecolog-

ical integrity of grassy biomes renowned for their biodiversity and

ecosystem services.20,21,43,44

Habitat loss and fragmentation

Clear-cutting, a common practice in conventional forestry, in-

volves the periodic removal of entire stands of trees and the

construction of road infrastructure, leading to fragmented for-

est landscapes. The contribution of forest roads to fragmenta-

tion is complex, involving permanent and temporary roads,

logging routes within stands, and the creation of forest edges.

Most roads are undocumented ‘‘ghost roads,’’ the leading

driver of tropical forest loss in the Asia Pacific region.45 Forest

roads also cause significant hydrological disturbances,

altering water flow and affecting soil moisture and nutrient dy-

namics.46 This fragmentation disrupts the connectivity be-

tween habitats, making it challenging for species to find

mates, forage, or migrate.47 Fragmented forests are more

vulnerable to invasive species, diseases, and the adverse ef-

fects of climate change, further compromising their ecological

integrity.6,48

Impaired carbon sequestration and climate benefit

While plantation forests can sequester carbon, their capacity to

function as long-term carbon sinks is often inferior to that of nat-

ural forests.7,16,49 For example, despite considerable afforesta-

tion (10% increase in forest area) over the past 250 years,

managed forests in Europe contribute to climate warming rather

than mitigating it because of carbon release (3.1 Pg) from wood

extraction and changes in albedo and evapotranspiration from

the massive conversion of natural or semi-natural broadleaved

forests to monoculture conifer plantations.49 Monoculture plan-

tations lack structural complexity, being even-aged stands.

They have shorter rotation cycles (e.g., logged every 10–60

years) and less resource use efficiency, resulting in reduced car-

bon storage potential compared to biodiverse forest land-

scapes, which are characterized by a greater variety of tree spe-

cies, age classes, and structural complexity, including diverse

undergrowths.16,50 Additionally, carbon emissions resulting

from clear-cutting and the conversion of natural forests to plan-

tations can offset the carbon sequestration benefits of tree

plantations.51

Disruption of ecological processes

Conventional forestry practices, such as clear-cutting and inten-

sive management, can drastically alter soil structure, nutrient

cycling, and hydrological regimes.52 Some tree species in plan-

tations, like eucalyptus, are notably water-intensive, potentially

exacerbating increasing water scarcity in certain regions.

Removing ground vegetation cover and disturbance of soil

structure can result in severe soil erosion, nutrient leaching,

and decreased soil fertility,53 negatively impacting forest health

and the ability of forests to adapt to changing climatic condi-
tions. It often takes years or decades for soil to recover from

massive clear-cutting impacts.

Additionally, it is imperative to address the consequences of

excluding large herbivores from plantation forests at functional

densities, a common practice intended to mitigate tree dam-

age.36 Whether it concerns wild species or those extensively

managed by pastoralists, this exclusion represents a significant

deviation from ecological norms.54–56 Large herbivores play

pivotal roles in forest landscapes by facilitating nutrient cycling,

dispersing plant seeds, and creating and maintaining open hab-

itats beneficial for other species through physical distur-

bances.57–59 They contribute to forest dynamics by browsing

on young trees and shrubs, which prevents overgrowth and pro-

motes diverse vegetation mosaics. These mosaics enhance

biodiversity by providing various habitats for different species

and supporting plant diversity and new growth, which benefits

a wide array of wildlife. By maintaining dynamic and diverse hab-

itats, large herbivores enhance the resilience of forest ecosys-

tems to environmental changes.58 The absence or insufficient

presence of these keystone species at their natural densities

can lead to ecological imbalances and homogenization of forest

landscapes, compounding challenges to forest resilience to

climate change.24,58,60

Lack of resilience to climate change

Intensively managed forests aremore vulnerable and less resilient

to direct and indirect impacts of climate changedue to their limited

genetic, species, andstructural diversity.61–64 For example,mono-

cultures lack diversity in rooting depth and draw water from just

one level in the ground, leading to a greater risk of droughts and

floodsanddisrupting thenaturalwatercycle.65–67Their oversimpli-

fiedstructuresand functions result in amorevulnerable soil-water-

vegetationcontinuumthat is lessable towithstandfires,pests,dis-

eases, and extreme weather events.15,18 In particular, plantation

forests comprising highly flammable species such as pine and

eucalyptus are more vulnerable to increased fire risks from a

warmer and drier climate, suggesting that any carbon stored risks

catastrophic release in the future.18 The possibility of plantation-

induced mega-fires from continuous and homogenized fuel loads

also threatens the sustainability of surrounding natural ecosys-

tems and human settlements.68

Social-ecological disconnections

Conventional forestry practices often prioritize timber produc-

tion at the expense of other ecosystem services and utilization

of forest landscapes and resources. This narrow focus harms

indigenous and local communities relying on natural forests for

their livelihoods and cultural traditions.69,70 For example, con-

trary to the expectation of increasing employment and income

for local populations, expanding large-scale tree plantations in

southern Chile has exacerbated poverty and inequality among

them.71 In northern Europe, the Sami culture relies on natural

boreal forests, which supply shelter and food for their semi-

domesticated reindeer and materials for Sami handicrafts. The

ongoing clear-cutting practices have significantly compromised

reindeer husbandry by destroying critical habitats for ground and

tree-living lichens, the primary food resource for reindeer.72 By

neglecting the broader ecosystem services and livelihoods pro-

vided by natural forests, conventional forestry undermines the

potential of forests to contribute to global Sustainable Develop-

ment Goals beyond timber extraction.73
One Earth 8, March 21, 2025 3



Figure 2. A conceptual framework for
rewilding-inspired forestry as a nature-
based solution for biosphere sustainability
The figure positions rewilding-inspired forestry
within a three-dimensional space that distin-
guishes it from conventional and other green
forestry paradigms, such as close-to-nature (or
continuous cover) forestry. The framework is
defined by three axes: the degree of naturalness,
representing the restoration and reliance on nat-
ural processes such as trophic interactions, sto-
chastic disturbances, and species dispersal; the
multifunctional delivery of ecosystem services,
including biodiversity conservation, climate miti-
gation, and socio-economic benefits; and social-
ecological resilience to global change (e.g.,
climate change, pest invasion). Conventional
forestry is placed in the lower left, focusing on
intensive management for wood production, with
minimal reliance on natural processes and lower
resilience. Close-to-nature forestry occupies
an intermediate position, reflecting moderate
dependence on natural processes, ecosystem
service delivery, and resilience. Rewilding-
inspired forestry is situated in the upper right,
emphasizing very high naturalness through tro-
phic complexity, natural stochastic disturbances,
and long-distance dispersal, fostering biodiverse,
resilient forest landscapes that adapt to climate
changewhile deliveringmultifunctional ecosystem
services. The framework highlights rewilding-
inspired forestry as a nature-based, holistic, for-
ward-looking approach with the largest potential
(represented by the size of the circular illustra-
tions) to promote biosphere sustainability under
global change. Credit for the image illustrating
rewilding-inspired forestry: mixed reality.
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Rewilding-inspired forestry as a nature-based solution
for biosphere sustainability
In the context of the United Nations Decade on Ecosystem

Restoration, we propose rewilding-inspired forestry as a na-

ture-based sustainable solution to address the limitations of

conventional forestry while tackling the dual planetary crises

of biodiversity loss and climate change.1,31–33 This concept

does not simply rest on the incremental ‘‘greening’’ of forestry,

such as through close-to-nature or retention forestry, but

rather expands beyond these frameworks by emphasizing

the restoration of trophic complexity, stochastic disturbances,

and long-distance dispersal as integral processes driving

resilient forest landscapes25,26 (Figure 2). In synergy with

ongoing rewilding initiatives in global rangelands,28 we envi-

sion that such ‘‘rewilded’’ production landscapes worldwide

can help address the crucial gap in biosphere sustainability

efforts as a land-sharing action complementary to expanding

protected areas.1,74 We highlight that rewilding-inspired

forestry should emphasize the integrated restoration, conser-

vation, and sustainable utilization of existing production forest

landscapes by maintaining resilience-promoting natural pro-

cesses as much as possible.34 By allowing natural processes

to restore and self-sustain ecosystems,25 rewilding-inspired

forestry aims to create more biodiverse, multifunctional, and

social-ecologically resilient forest landscapes that provide

multiple ecosystem services, including carbon sequestration,

heterogeneous habitats for a wide range of species,57 espe-
4 One Earth 8, March 21, 2025
cially those that are threatened or endangered, and sustain-

able livelihoods.13,75,76

Rewilding-inspired forestry can draw valuable lessons from

and create synergies with less impact on silvicultural systems

to maximize its applicability. Close-to-nature forestry, consid-

ered a cornerstone of the European Green Deal (EU Biodiversity

and Forest Strategies for 2030),11,77 shares several principles

with rewilding-inspired forestry. This approach emphasizes the

emulation of old-growth forest structures, promoting uneven-

aged andmixed-species stands throughmethods such as selec-

tion cutting.78 These practices enhance forest biodiversity and

complexity, making forests more resilient to environmental

changes and disturbances. Slovenian forests, for instance, are

renowned for their biodiversity and multifunctionality, thanks to

the application of these principles.11 Rewilding-inspired forestry

builds upon these principles but places a stronger emphasis on

restoring trophic interactions (e.g., through the presence of large

herbivores or predators), allowing natural stochastic distur-

bances (e.g., windthrows, wildfires) to shape structural hetero-

geneity and supporting long-distance dispersal of species to

new habitats.25 Importantly, rewilding-inspired forestry pro-

motes more heterogeneous vegetation mosaics, including

open and semi-open areas with higher light availability and richer

habitat diversity, whereas close-to-nature forestry tends to favor

closed-canopy conditions with more shaded understories, with

the former clearly more advantageous for biodiversity overall.

As a result, rewilding-inspired forestry aims for a more dynamic
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equilibrium that can enhance social-ecological resilience and

enable forest landscapes to adapt more readily to climate

change while still delivering multiple ecosystem services to

society.

Aligning with the trophic complexity-stochastic disturbances-

dispersal framework for rewilding complex ecosystems,25,26 we

suggest that rewilding-inspired forestry comprises four comple-

mentary, context-dependent components. First, passive natu-

ral regeneration and recolonization leverage the inherent ca-

pacity of forest landscapes to self-repair, guided by dispersal

dynamics and the unpredictable yet enriching role of natural

stochastic disturbances.79 Second, assisted natural regenera-

tion and recolonization catalyze trophic complexity through

strategic restorative interventions that enhance natural species

dispersal, thus accelerating ecosystem recovery. Third, reintro-

ductions of keystone tree and animal species directly infuse

ecosystems with necessary biodiversity, reestablishing trophic

complexity and introducing beneficial natural stochastic distur-

bances. Lastly, assisted migration and colonization is a for-

ward-thinking strategy that not only anticipates future ecolog-

ical shifts but also promotes adaptability and resilience within

and across changing forest landscapes, ensuring the continuity

and functionality of trophic networks and dispersal mecha-

nisms under climate change. By integrating these components

into a coherent strategy anchored in rewilding principles, re-

wilding-inspired forestry stands apart as a holistic, forward-

looking approach to forestry that simultaneously advances

biodiversity conservation, ecosystem resilience, and sustain-

able resource use.

Sustainability benefits of rewilding-inspired forestry
Themultiple rewilding benefits are spatiotemporally far-reaching

and interconnected, extending across ecological, economic,

and social dimensions, thus championing the stewardship of

broader forest landscapes and regional to global social-ecolog-

ical sustainability.80,81

Biodiversity conservation

Rewilding-inspired forestry is essential for combating biodiver-

sity loss. By promoting heterogeneous vegetation structure,

forestry rewilding encourages the recovery of diverse tree, un-

dergrowth, animal, and microbial species, providing connected

and expansive habitats for various organisms.13,82,83 By

restoring natural forest processes, such as seed dispersal and

natural regeneration, rewilding-inspired forestry facilitates the

return and expansion of native species, including those threat-

ened or endangered.84–86

Climate change mitigation

Rewilding-inspired forestry plays a crucial role in mitigating

climate change by enhancing the capacity of forests to

sequester CO2.
76,87–90 Through rewilding, forests can regen-

erate naturally with diverse plant species, creating structurally

complex ecosystems that maximize resource use efficiency

and carbon storage potential.14,16,30 Without periodic clear-cut-

ting and the conversion of natural forests to plantations, carbon

losses associated with wood extraction, transportation, soil

scarification, and land reclamation are reduced. Furthermore,

maintaining a continuous forest cover avoids significant green-

house gas emissions typically released during the clear-cut

phase without vegetation.51 Consequently, rewilded forests
tend to have higher carbon sequestration rates and long-term

storage capacity, making them valuable carbon sinks that help

offset greenhouse gas emissions.25,91

It is essential, however, to acknowledge the ongoing debate

and uncertainty surrounding carbon sequestration in different

types of forests and management regimes.92 Some studies sug-

gest that young, fast-growing managed forests may sequester

carbon more rapidly than old-growth forests in the short term

due to higher growth rates. In contrast, old-growth forests pro-

vide long-term carbon storage and contribute to maintaining

ecosystem stability and resilience.30,93 Moreover, the substitu-

tion of forest rawmaterials for fossil-based products in managed

forests can also contribute to climate change mitigation,

although the balance of these benefits varies by context, and

biodiversity costs are often not considered.92

Enhanced ecosystem resilience and adaptability

Rewilding intensively managed forests is a strategic approach

that significantly enhances ecosystem resilience and adapt-

ability.63,82,84,94 It underscores the need for dynamicmanagement

strategies that can adapt to the varying rates of ecological re-

sponses to climate change.95,96 When rewilding forests, we

restore natural resilience-promoting elements and processes

and promote them to their natural complexity, reinstating native

floraand fauna that are evolutionarily adapted tovariedconditions.

This process nurtures and maintains the widest possible array of

tree species, particularly those with traits (e.g., hydraulic, pheno-

logical) to endure increasing disturbances such as droughts, fires,

andalienbiotic agents,which in turnbolsters ecosystem resilience

and reduces the likelihoodof ecosystemcollapse.61,65,97–99 Ina re-

wilded forest landscape, ecosystems become more self-regu-

lating and robust, capable of resisting and recovering quickly after

disturbances.100 Thus, rewilding is a powerful tool to enhance for-

est resilience and adaptability, essential for navigating our uncer-

tain future in the Anthropocene.80,95,101

Improved ecosystem multifunctionality

In essence, rewilding enhances ecosystem multifunctionality,

thereby driving multiple sustainability benefits.102–104 These

functions span carbon sequestration, nutrient cycling, soil reten-

tion, water regulation, and pollination—all pivotal for mitigating

climate change and supporting ecosystem health. Meanwhile,

forestry rewilding builds robust and resilient ecosystems that

withstand a wider range of environmental changes and distur-

bances,19 thus improving ecosystem stability. Beyond the

ecological sphere, rewilding can also facilitate sociocultural

and economic benefits, including supporting local livelihoods,

enhancing cultural values, and creating opportunities for na-

ture-based tourism.105,106 By transitioning from a production-

centric approach to one that emphasizes multifunctionality, re-

wilding-inspired forestry promises to foster a more biodiverse,

resilient, and sustainable future of forest landscapes.

Economic benefits

While the primary goal of forestry rewilding is ecosystem resto-

ration and conservation, it inherently supports sustainable utili-

zation of forest resources, except for some rewilded forest land-

scapes to be protected to fulfill the ‘‘30 by 30’’ deal.74 This

nuanced approach advocates for integrating selective harvest-

ing within rewilded forests, aligning with natural stochastic dis-

turbances to maintain ecological integrity. Forestry practices

such as selective logging of timber and harvesting non-timber
One Earth 8, March 21, 2025 5
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forest products can be conducted sustainably by carefully

mimicking the stochastic nature of these disturbances in terms

of location, frequency, and magnitude.107 This method not only

contributes to local economies by improving livelihoods but

also adheres to rewilding principles.69

Moreover, with their rich biodiversity and scenic landscapes,

rewilded forests emerge as prime destinations for ecotourism,

offering substantial economic opportunities for local commu-

nities through employment, tourism-related enterprises, and

the promotion of local crafts and products.108 These activities

bolster regional and national economic development. Further-

more, the superior carbon sequestration capabilities of rewilded

forests offer the prospect of generating carbon credits.81 This

market-based incentive not only provides financial returns but

also encourages ongoing conservation and rewilding initiatives.

This dual strategy—melding sustainable forestry with rewild-

ing—illustrates a forward-looking model for managing land-

scapes outside strictly protected areas, ensuring both ecological

integrity and economic sustainability.

Social benefits

The integration of rewildingwith sustainable forestry practices of-

fers significant social benefits to indigenous peoples and local

communities, extending beyond ecological and economic di-

mensions.109 This inclusive approach fosters a sense of steward-

ship and pride among community members, enhancing social

cohesion and ensuring the longevity of rewilding projects through

local engagement.80,110 The diverse relationships between indig-

enous communities and nature mean that the benefits of rewild-

ing can vary widely. For instance, in the Amazon rainforest, indig-

enous communities have integrated traditional ecological

knowledge with rewilding efforts, restoring degraded lands and

reviving biodiversity.111 This not only enhances ecosystemhealth

but also reinforces cultural traditions and strengthens communal

ties to the land. Similarly, in North America, reintroducing bison

on tribal lands has provided ecological benefits and cultural revi-

talization for Native American communities.112

By restoring ecosystems to a state with high ecological integ-

rity, rewilding initiatives resonate deeply with the cultural and

spiritual values of local communities, strengthening ancestral

ties to the land. This reconnection with natural heritage enriches

cultural identity and promotes a collective commitment to

ecosystem preservation. Additionally, the recreational opportu-

nities afforded by rewilded and sustainably managed forests,

such as hiking, bird watching, and nature photography, play a

crucial role in enhancing human health and well-being. Encour-

aging public access and engagement with these landscapes

supports mental and physical health, fostering societal appreci-

ation for the intrinsic and instrumental values of natural ecosys-

tems. For example, in Japan, ‘‘shinrin-yoku,’’ or forest bathing,

has gained popularity for its mental health benefits.113 Thus, sus-

tainable forestry integrated with rewilding principles emerges as

a holistic approach that honors and leverages the land outside

protected areas for the mutual benefit of biodiversity conserva-

tion, economic development, and social well-being.114

How to ‘‘rewild’’ forestry and intensively managed
forests?
Rewilding intensively managed forests involves letting natural

processes self-sustain forest landscapes upon the termination
6 One Earth 8, March 21, 2025
of conventional forestry practices and accomplishment of any

necessary initial active interventions rather than actively manag-

ing them. A locally adapted and regionally embedded integrated

approach is imperative for the worldwide success of this

approach, which encompasses ecological restoration, socio-

economic integration, and sound policymaking and governance.

Generally, the newly developed guiding principles for rewilding

and reforestation also apply to rewilding-inspired forestry.115,116

Here, we briefly outline 10 non-exclusive essential strategies

or steps in this transformative social-ecological stewardship

(Figure 3).

Landscape-scale social-ecological assessment

This foundational strategy involves an extensive inventory and

integrated evaluation of the prevailing social-ecological dy-

namics within expansive forest landscapes, including both

degraded and intact areas. Key components include identifying

regional keystone species crucial for ecosystem functioning and

mapping critical habitats and connectivity zones vital for species

migration and genetic diversity. Additionally, assessing soil and

hydrological conditions is essential for understanding the for-

est’s capacity to support diverse life and its resilience against

environmental changes. Equally important is discerning the

presence and impact of invasive species. However, it should

be acknowledged that some non-native species may have

become integral to certain ecosystems and do not require imme-

diate removal unless they are invasive and detrimental.117

Intact forest landscapes, which have experienced minimal hu-

man disturbance, are crucial in maintaining biodiversity and

ecosystem services and serve as benchmarks for restoration

efforts. Recognizing and preserving these intact areas while inte-

grating them into broader rewilding strategies can enhance the

overall resilience and connectivity of forest landscapes. In addi-

tion, identifying and understanding crucial natural disturbance

regimes in intact landscapes can inform the design of rewilding

interventions that aim to restore such processes in degraded

areas. These disturbances, including wildfires, droughts, wind-

throws, and pest outbreaks,19 often drive ecological processes

such as nutrient cycling, succession, and habitat heterogeneity,

contributing to long-term ecosystem resilience and adaptation.

Incorporating these disturbance regimes into rewilding strate-

gies can help mimic natural dynamics and enhance ecosystem

functionality.

This assessment also requires a thorough examination of the

multifaceted impacts and interests of human activities, such as

local community dependence on forest resources, to ensure that

rewilding efforts align with both human well-being and ecological

integrity. Developing and employing novel tools like satellite

remote sensing for broadscale monitoring and ground surveys

for detailed, site-specific insights, alongside analyses of natural

disturbance regimes, this strategy is necessary for a nuanced un-

derstanding of the current social-ecological status of forest land-

scapes.118 Such a robust assessment forms the foundation for

informed and effective rewilding interventions, ensuring that these

initiatives not only restore ecological functions but also integrate

human dimensions, thereby fostering a harmonious and sustain-

able coexistence between nature and society.

Objective setting and prioritization

Setting specific, measurable, achievable, relevant, and time-

bound (SMART) objectives119 for forestry rewilding is crucial.
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For instance, a specific and measurable goal might be restoring

a degraded forest landscape to its pre-disturbance ecological

state within 3 decades, incorporating benchmarks such as suc-

cessfully reintroducing two native keystone species or achieving

a 25% increase in forest cover. Achievability and relevance are

reflected in goals like enhancing the forest’s carbon sequestra-

tion capacity, a tangible objective aligned with global climate

change mitigation efforts. Time-bound targets provide clear

deadlines, fostering a sense of urgency and enabling regular

progress assessment. Prioritization in this context should be

informed by a combination of factors: the urgency of ecological

restoration (e.g., restoring areas most affected by deforestation),

the feasibility of success (e.g., choosing species with a higher

likelihood of survival and adaptation), and the ecological signifi-

cance of the targeted species or habitats (prioritizing those that

contribute significantly to biodiversity and ecosystem services).

This systematic approach in setting and prioritizing objectives

ensures that rewilding initiatives are not only ambitious but

also practical and grounded in ecological realities, thereby

enhancing their potential for successful and impactful outcomes

in fostering resilient and sustainable forest landscapes.

Strategic restorative interventions

Active interventions can be essential for restoring severely

degraded areas. These efforts often start by addressing invasive

species to mitigate their detrimental impact on native ecosys-

tems. For instance, reducing the dominance of invasive plant

species can facilitate the recovery of native flora and associated

fauna.120 Additionally, restoring ecological corridors is vital for

reconnecting fragmented forest patches and facilitating species

migration and genetic exchange, which is crucial for the resil-

ience and adaptability of wildlife populations.25,121 Restoring

key ecological processes, such as natural fire regimes in fire-

dependent ecosystems, can also rejuvenate forest health and

diversity.25,122 However, reconstructing natural fire regimes is

particularly complex in regions where the dominant landscape

has been extensively cultivated and transformed. For example,

in regions of southern and central Europe where landscapes

have been heavily transformed by human activities, historical

fire regimes may no longer be applicable in the traditional sense.

However, in certain Mediterranean regions, fire remains a critical

disturbance mechanism. It is essential to adopt a localized

approach to rewilding, recognizing that while fire may not be

central to all forest landscapes, it remains relevant in specific

contexts that still experience natural or semi-natural fire cycles.

By actively addressing the most pressing ecological deficits,

these interventions set the stage for the gradual recovery and

self-sustaining dynamics of rewilded ecosystems.

Fostering natural regeneration

In many contexts, natural regeneration proves both cost-effec-

tive and ecologically sound, as it promotes the return of com-

plete, biodiverse, and resilient forest landscapes.79,84,123,124

Central to this is minimizing human-induced disturbances,

such as clear-cut logging or urban encroachment, creating a

conducive environment for natural processes to unfold. A critical

component of this strategy is trophic rewilding,26,36,54 which in-

volves restoring trophic complexity and top-down predator con-

trol of deer and other mesoherbivores.58 However, realizing the

risks in areas with human populations, the reintroduction of large

predatorsmust be carefully considered andmanaged tomitigate
potential conflicts. Near urban areas and settlements, apex

predators can pose safety concerns and conflicts with human

activities. In such cases, alternative strategiesmay be employed.

For instance, simulating predator presence through selective,

regulated hunting may mimic these ecological effects if carefully

implemented (hunting for fear125), promoting patchy vegetation

regeneration and enhancing ecosystem resilience while ad-

dressing human safety and economic concerns.

Species reintroduction and recolonization

This strategy targets reintroducing keystone species that have

either disappeared or whose populations have drastically

declined in specific areas, including various trees, large animals,

and other organisms with limited dispersal capacities. Effective

rewilding efforts should aim to create conditions supporting

the resurgence of both well-known species and those from the

regional species pool that are currently absent locally (dark di-

versity), thereby fostering a more comprehensive restoration of

ecosystems.126 Keystone species, such as large herbivores or

apex predators, are of particular interest due to their significant

impact on ecosystem dynamics. For example, reintroducing a

large herbivore like the European bison can aid in seed dispersal

and landscape engineering, while the return of a predator like the

gray wolf can initiate top-down trophic cascades, regulating

mesoherbivore populations and promoting ecosystem integ-

rity.58,127–129 These actions are instrumental in enhancing forest

resilience by fostering diverse and robust ecological networks,

particularly in the face of escalating climate change-related dis-

turbances.

In addition to wild species, the role of domestic livestock

grazing in rewilding should be considered. When managed

appropriately, domestic livestock can mimic the ecological

roles of extinct or extirpated large herbivores, contributing to

vegetation management and maintaining open habitats. How-

ever, it is essential to carefully manage livestock grazing to pre-

vent overgrazing and ensure that it aligns with broader rewild-

ing goals.56 Adaptive management practices, such as rotational

grazing and the use of mixed livestock species, can optimize

the ecological benefits of grazing while minimizing negative

impacts.28

Furthermore, species reintroductions must be underpinned

by robust studies at a regional scale to ensure their success

and sustainability. These studies should assess the ecological

and climate suitability of habitats, potential interactions with

existing species, and the socio-economic implications of rein-

troduction efforts. Importantly, to employ the emerging strat-

egy of ‘‘prestoration’’ in response to climate change, the

habitat suitability assessment of species to be (re)introduced

must go beyond the present and into the future.130,131 Addi-

tionally, facilitating natural recolonization is equally crucial,

which can be achieved by establishing wildlife corridors to

connect fragmented habitats or removing barriers that impede

species movement. Such interventions not only contribute to

the restoration of historical species distributions but they

also ensure the long-term sustainability and functionality of

forest landscapes.

Assisted migration and colonization

This proactivemeasure alignswith the rates-focused framework,

offering tailored solutions for forest landscapes experiencing

fast, slow, or abrupt rates of change.95,132 Assisted migration
One Earth 8, March 21, 2025 7
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involves deliberately relocating species to more suitable habi-

tats, particularly those at risk due to climate change.131 This

intervention is particularly relevant in fragmented social-ecolog-

ical landscapes where human activities hinder natural species

migration. For instance, relocating a tree species northward in

response to shifting climate zones can mitigate the mismatch

between the slower pace of ecological adaptation and rapid cli-

matic shifts, thus reducing ecological disequilibria and

enhancing ecosystem resilience.95,133,134 However, assisted

migration should be considered carefully and applied in contexts

where natural dispersal is unlikely to occur within decades and

where human interventions are necessary to reestablish ecolog-

ical integrity. By contextualizing assisted migration within these

parameters, we can ensure that it is used effectively to enhance

the resilience and adaptability of forest landscapes in the face of

climate change. As a strategic element of forestry rewilding, as-

sisted migration not only aids in maintaining or restoring

ecosystem integrity but also acts as a forward-looking measure

to ‘‘future-proof’’ these ecosystems against impending environ-

mental uncertainties.135,136 This tactic adds a critical layer of

adaptability to rewilding initiatives, significantly contributing to

the overarching goal of maintaining biosphere sustainability un-

der global change.
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Reducing human impact

The essence of this strategy lies in minimizing human interven-

tions that alter the natural course of forest landscapes. This in-

cludes scaling back or halting conventional forestry practices

such as monoculture tree planting, soil scarification, and drain-

ing, which often disrupt natural processes. Restricting access

to ecologically sensitive areas helps safeguard them from

anthropogenic pressures, allowing ecosystems to regenerate

and evolve autonomously. However, it is essential to implement

these restrictions in a way that respects and involves indigenous

and local communities. Furthermore, allowing natural processes

to take their course does not imply complete passivity in all cir-

cumstances.137 For example, natural forest fires can be critical

in maintaining habitat diversity and nutrient cycling in certain

ecosystems, although their importance can vary depending on

the specific ecological context.138 Decisions about whether to

intervene in natural fires should be guided by principles of so-

cial-ecological balance.139 Intervention may be necessary if fires

threaten human safety and critical infrastructure or if they could

cause disproportionate ecological damage. Otherwise, allowing

fires to burn naturally can support ecological resilience and the

regeneration of diverse habitats. Similarly, deadwood fromwind-

throws contributes to habitat complexity and nutrient cycling but
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may also lead to bark beetle outbreaks.140 In many cases, allow-

ing windthrows to remain supports ecological succession and

habitat diversity. However, proactive measures like monitoring

pest populations and implementing localized control strategies

when outbreaks pose significant risks may be necessary to pre-

vent broader ecological damage.

An illustrative example of this strategy is transitioning from

widespread clear-cutting practices to nature-mimicking selec-

tive logging.141 This shift reduces the ecological impact of timber

harvesting by promoting habitat heterogeneity and better resem-

bling natural disturbance regimes, thereby enhancing biodiver-

sity and maintaining ecological integrity. Such an approach not

only facilitates the recovery of forest ecosystems but also aligns

with broader sustainability goals by fostering ecologically robust

landscapes that are less dependent on human management,

thereby contributing to the resilience and long-term health of

both the forests and the local communities they support.

Monitoring and adaptive management

Continuous monitoring is crucial to gauge the progress and

health of rewilded ecosystems,142 necessitating a range of

methods from ground-level surveys to assess plant and animal

populations and the growth and health of trees to advanced

remote sensing techniques for a broader ecological assess-

ment.63,143 For instance, tracking the regeneration of native

tree species using high-resolution satellite imagery and deep

learning can provide insights into the success of reforestation ef-

forts,144 while wildlife cameras and population surveys can help

evaluate the success of species reintroductions. The data gath-

ered from these monitoring activities are instrumental in guiding

science-driven adaptive management strategies. This approach

allows for fine-tuning rewilding efforts in response to observed

outcomes and emerging challenges, ensuring that the interven-

tions remain effective and responsive to changing ecological

and climatic conditions. For example, if monitoring reveals an

imbalance in predator-prey dynamics, management strategies

can be adapted to address these issues, thus maintaining

ecological balance and forest health. Such adaptive manage-

ment not only underscores the resilience and adaptability of re-

wilding landscapes but also ensures that rewilding practices are

continually informed by empirical evidence, thereby enhancing

their efficacy and sustainability.80,145

Community engagement and co-management

This strategy recognizes the invaluable role of local commu-

nities, which often have a profound connection with forest land-

scapes and possess rich traditional ecological knowledge.145

Actively involving local communities in the rewilding process

also fosters a sense of local ownership and responsibility for

conservation efforts. For instance, involving indigenous commu-

nities in the monitoring and management of reintroduced spe-

cies can integrate traditional practices with scientific methods,

enhancing the effectiveness and cultural relevance of rewilding

initiatives.146 This collaborative strategy also plays a crucial

role in strengthening social-ecological sustainability, as it aligns

ecological objectives with local socio-economic needs and aspi-

rations, thereby ensuring broader community support and miti-

gating potential conflicts. By viewing rewilding not just as a bio-

physical process but also as a socio-cultural endeavor, it

becomes a holistic and inclusive movement that binds ecolog-

ical restoration with cultural values and community well-being,
thereby strengthening the resilience and sustainability of both

the ecosystems and the societies that depend on them.

Robust policy and governance frameworks

Lastly, rewilding efforts should be underpinned by robust pol-

icies and institutions that prioritize ecosystem resilience of

broader forest landscapes and social-ecological sustainability.

Essential measures include expanding and fortifying protected

area networks to safeguard critical habitats and biodiversity hot-

spots. Stringent forest conservation policies can deter detri-

mental practices like illegal logging and habitat destruction.

Incentivizing private landowners to participate in rewilding ef-

forts, perhaps through financial or regulatory benefits, can signif-

icantly expand the scope and impact of these initiatives. Owner-

ship rights are a critical aspect of rewilding policy. Clearly

defining and securing these rights can prevent conflicts and

ensure that landowners and indigenous communities have the

authority and incentives to engage in rewilding activities. Addi-

tionally, the longevity and stability of political and financial initia-

tives are essential for the success of rewilding projects. Long-

term funding commitments and consistent policy support are

necessary to maintain rewilding efforts and adaptively manage

the ecosystems as they evolve. Creating shared governance

structures is also crucial for coordinating and overseeing rewild-

ing initiatives, ensuring that they align with both ecological objec-

tives and social needs.145 These governance bodies can facili-

tate stakeholder engagement, ensuring that the interests and

knowledge of local communities, conservationists, and policy-

makers are harmoniously integrated. Such collaborative frame-

works can help navigate potential conflicts, balance diverse in-

terests, and leverage the strengths of various stakeholders. By

embedding rewilding initiatives within such comprehensive and

well-structured policy and governance frameworks, we can

ensure their effectiveness, sustainability, and alignment with

broader goals of ecological integrity and social well-being.

In summary, rewilding-inspired forestry is a complex, multi-

faceted endeavor that necessitates a well-coordinated and

adaptive implementation. Its potential to conserve biodiversity,

mitigate climate change, and promote social-ecological sustain-

ability makes it a transformative strategy for stewarding more

resilient and sustainable forest landscapes and terrestrial

biosphere.

Outlook: Challenges and opportunities
The implementation of rewilding-inspired forestry worldwide

represents a significant shift toward ecological restoration that

simultaneously addresses the intertwined crises of climate

change and biodiversity loss. While promising, this endeavor

navigates a terrain fraught with both considerable challenges

and transformative opportunities.81,147,148 The journey toward

rewilding our planet’s forests in current and future production

landscapes necessitates a deep and nuanced understanding

of the complex social-ecological systems that comprise the

Anthropocene biosphere3 and a commitment to sustainability-

driven policies and practices at global and local levels.

Ecological challenges

The loss of species and reduction in genetic diversity are signifi-

cant barriers to forest resilience, often exacerbated by frag-

mented landscapes that hinder species migration and reduce

genetic exchange.62 Furthermore, climate change introduces
One Earth 8, March 21, 2025 9
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unpredictable ecological shifts, affecting species distribution and

disrupting ecosystem dynamics. These challenges are com-

poundedby thepresenceof invasive species,whichcanoutcom-

pete native flora and fauna, altering the delicate balance of forest

ecosystems, especially in drylands.149 Addressing these ecolog-

ical challenges necessitates a robust commitment to scientific

research and continuous monitoring of rewilded ecosystems.

By leveraging both scientific insights and traditional ecological

knowledge, we can enhance adaptive management strategies

that respond effectively to dynamic environmental conditions.145

Although forestry rewilding is a globally relevant strategy, identi-

fying priority areas for rewilding—those with the greatest ecolog-

ical significance and feasibility—enables focused efforts where

they can have the most impact.150 Priority areas may range

from small-scale projects (e.g., 100 ha), which are valuable for

restoring localized biodiversity and serving as pilot sites, to land-

scape-scale initiatives (e.g., 100 km2) that aim to reconnect frag-

mented habitats and enhance ecosystem functionality, and even

to regional planning efforts (>10,000 km2) that integrate large-

scale ecological, social, and economic dynamics. Restoring

connectivity between fragmented habitats through ecological

corridors and removingbarriers to speciesmovement is essential

at all scales, fostering genetic diversity, ecological resilience, and

long-term sustainability. A mixed approach, tailored to specific

ecological and social contexts, allows rewilding efforts to maxi-

mize their impact across spatial scales.

Economic and financial constraints

Transitioning from conventional forestry to rewilding-inspired

practices presents significant economic and financial chal-

lenges. Initially, these practices may disrupt existing value

chains in forestry and traditional income streams from timber

and non-timber forest products, creating economic uncer-

tainties. Additionally, the upfront costs of rewilding projects,

such as restoring degraded lands and implementing new man-

agement practices, can be substantial. Limited access to finan-

cial resources and investment can hinder the scale and speed of

rewilding efforts, especially in regions with constrained eco-

nomic conditions. To address these economic and financial con-

straints, it is essential to diversify income sources through initia-

tives such as ecotourism, sustainable harvesting of non-timber

forest products, and participation in carbon credit mar-

kets.107,151 These alternative income streams can offset the

initial economic impacts and provide long-term financial stabil-

ity. Developing public-private partnerships can also attract in-

vestment and share the financial burden of rewilding projects.

Moreover, international funding mechanisms and grants dedi-

cated to climate changemitigation and biodiversity conservation

can provide crucial support for rewilding initiatives. By aligning

rewilding projects with global environmental goals, it is possible

to tap into financial resources allocated for sustainable develop-

ment and climate action.

Socio-cultural acceptance and engagement

Forestry rewilding also faces socio-cultural challenges, particu-

larly resistance to changes in land use and forestry practices.

These changes can disrupt established livelihoods and cultural

traditions, leading to potential conflicts with local communities

that depend on conventional forestry for their livelihoods. Imple-

menting rewilding-inspired forestry requires a collaborative and

integrative approach that respects and incorporates local cul-
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tural contexts. Actively involving local communities in the plan-

ning and execution of rewilding initiatives fosters a sense of

ownership and aligns ecological objectives with socio-economic

needs. By integrating traditional practices with scientific

methods, rewilding projects can gain broader community sup-

port and ensure successful implementation. Education and

outreach programs can further promote understanding and sup-

port for rewilding, ensuring that these initiatives are culturally

resonant and socially sustainable.

Policy and institutional barriers

Policy and institutional barriers present significant hurdles to the

progress of forestry rewilding initiatives. Existing forestry and

land-use policies may not support, or may even contradict, re-

wilding principles,34 hindering the adoption of these strategies.

Overcoming these barriers requires comprehensive policy re-

form and the establishment of science-policy interfaces that

facilitate dialog and collaboration among stakeholders across

relevant spatial scales at all levels (e.g., International Model For-

est Network). Promoting policies supporting rewilding principles

and creating flexible policy frameworks adaptable to diverse so-

cio-economic contexts are essential. Establishing shared gover-

nance structures that involve a wide range of stakeholders,

including government agencies, local communities, conserva-

tionists, and the private sector, can harmonize efforts and

resolve conflicts. The current global environmental crisis, char-

acterized by rapid biodiversity loss and climate change, presents

an urgent opportunity to integrate rewilding principles into policy

frameworks. This urgency is driving shifts in environmental and

conservation policy. Notably, the European Union’s June 2024

adoption of the Nature Restoration Law provides a unique and

timely opportunity to implement rewilding-inspired forestry at a

continental scale. By aligning our proposed strategies with this

policy, forestry rewilding can contribute to achieving the restora-

tion targets of the EU and serve as amodel for integrating rewild-

ing principles into national and international environmental

legislation.

In conclusion, the grand biosphere sustainability challenges

posed by biodiversity loss and climate change require urgent

transformative actions that move beyond conventional forestry

andconservationpracticesonaglobal scale.Rewilding intensively

managed forests, including plantations, offers a powerful nature-

basedsolution for restoring ecological processes, enhancing resil-

ience, and achieving global sustainability goals.73 Despite the

challenges, ranging from ecological complexities to socio-eco-

nomic and policy hurdles, rewilding-inspired forestry presents sig-

nificantopportunities forbiodiversityconservation,climatechange

mitigation, and social-ecological resilience. Harnessing these op-

portunities necessitates a strong commitment to science-based

policymaking, global cooperation, and active engagement of all

stakeholders, from international policymakers to local commu-

nities. By integrating rewilding principles into forest management,

we can steward more biodiverse, multifunctional, and resilient

landscapes, fostering a sustainable and harmonious coexistence

of people and nature in the Anthropocene.
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