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ARTICLE INFO ABSTRACT
Keywords: Despite calls for more integrated ecosystem restoration approaches, many restoration projects continue to focus
Ecosystem restoration on simple metrics capturing isolated ecological or social system dimensions. To realize the potential of ecosystem

Forest landscape restoration
Leverage points
Social-ecological systems
Regeneration

restoration to generate a multitude of desirable social-ecological outcomes, we argue that a change in mindsets is
needed to move from planting trees to regenerating people-nature systems. Drawing on a leverage points
perspective, we propose that changing the paradigms that underpin restoration could shift the modus operandi
from an instrumental perspective of ‘nature for people’ to a relational perspective of ‘people with nature’.
Following three interacting realms of leverage for transformational change, we use the case study of western
Rwanda to exemplarily illustrate how restoration can serve as a critical entry point for re-connecting people and
nature in degraded landscapes, re-structuring the time scales considered in natural resource management, and re-
thinking the use of diverse types of knowledge in this context. Combining these three realms in place-based
restoration efforts can inform new avenues for ecosystem restoration that are rooted in genuine social-
ecological relationships. This, in turn, could trigger regenerative dynamics in restoration landscapes - i.e.,
mutually reinforcing dynamics that support both human and non-human wellbeing. This approach reflects a
broader transition from repairing fragmented landscape elements to regenerating integrated social-ecological
systems.
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1. Introduction

The recovery of degraded or destroyed ecosystems can contribute to
biodiversity conservation, human well-being, and climate change miti-
gation and adaptation (Gann et al., 2019). In practice, however, many
ecosystem restoration efforts remain below their potential (e.g., Maes
et al., 2024; Jahel and Lambin, 2025). In response, scientists and prac-
titioners have called for more integrated approaches to restoration that
encompass ecological and social system elements as well as their in-
teractions and feedbacks (Fischer et al., 2021; Tedesco et al., 2023).

Still, despite such calls, many restoration projects continue to pursue
social and ecological objectives in poorly integrated ways, or even at the
expense of one another. In northern India, for example, large-scale tree
planting programs resulted in modest shifts in forest composition but
offered no substantial benefits for climate change mitigation or local
livelihoods (Coleman et al., 2021). In Senegal, tree plantings for the
Great Green Wall impeded pastoral livelihoods by converting pasture-
land, blocking livestock routes, and obstructing access to water points
(Turner et al., 2021). In contrast, reports from restoration projects that
are genuinely grounded in social-ecological systems thinking show that
mutualistic gains for both people and nature are possible. In southern
Brazil, for example, forest restoration informed by a social-ecological
project design resulted in numerous positive ecological and social out-
comes as well as receiving lasting community support (da Silva et al.,
2024). These examples illustrate the importance and potential of inte-
grating social and ecological dimension in restoration efforts.

To move social-ecological ecosystem restoration practice forward,
we argue that a change in mindsets is needed: too often, restoration
projects are still primarily about planting trees rather than about rec-
reating viable relationships between people and nature — despite most
projects being implemented in human-dominated landscapes (Erbaugh
et al., 2020). Drawing on our experiences from Rwanda, we outline how,
ideally, restoration can be a gateway for people to live with nature in
ways that enhance both biodiversity and human well-being, signalling a
shift from repairing isolated features of a landscape to regenerating the
manifold and interacting elements and dynamics that constitute a
complex social-ecological system.

2. Leveraging change in ecosystem restoration

There are countless valuable guidelines for ecosystem restoration (e.
g., Gannetal., 2019; FAO et al., 2021; Osborne et al., 2021). While these
are all useful in different contexts, ultimately, a simple cookbook for
social-ecological restoration will not be enough to motivate and inform
truly integrative, self-sustaining restoration projects. Rather, we believe
that a fundamental shift in mindsets is needed to move from linear
thinking towards systems thinking. When the measured goals of a
restoration project remain focused on simple metrics such as number of
trees or hectares planted, the number of households involved, or the
number of jobs generated, this likely neglects vital social-ecological
dynamics and may (even inadvertently) continue pathways of
top-down governance. In contrast, when we see the goal of restoration in
the re-creation of meaningful relationships between people and nature,
restoration is not merely something that can be counted, but a funda-
mental shift in people’s being and doing on a daily basis.

Targeting deep leverage points (Meadows, 1999) by changing the
paradigms that underpin restoration could shift the modus operandi
from an instrumental perspective of ‘nature for people’ to a relational
perspective of ‘people with nature’ (Reyers and Bennett, 2025). Through
this, restoration can help to change the design and intent of a system — i.
e., the structure of information flows, rules, power and self-organization,
and the underpinning values, goals, and worldviews, respectively
(Abson et al., 2017) — and thereby shape the trajectory of restoration
landscapes. In the context of ecosystem restoration, fostering such a
paradigm shift could be achieved by focusing on three interacting realms
of leverage for transformational change laid out by Abson et al. (2017):
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people’s connections to nature in restored landscapes (re-connect),
institutional structures and governance mechanisms that enable and
shape restoration activities (re-structure), and knowledge production and
use of diverse knowledge types on ecosystem restoration (re-think)
(Fig. 1). In Section 3, we provide tangible place-based examples from
western Rwanda to illustrate how transformational change could be put
into practice along these three realms.

3. Re-connecting, re-structuring, and re-thinking ecosystem
restoration in western Rwanda

3.1. Re-connecting humans and nature

First, to re-connect humans with more-than-human nature, ecosystem
restoration projects need to first recognise where such links remain
strongest. In western Rwanda, homegardens are vital spaces of inter-
action between human and more-than-human nature, but they typically
remain underrecognized in a restoration context. Recent research in
western Rwanda has shown that the diversity of native trees and shrubs
is substantially higher in homegardens than in the surrounding agri-
cultural mosaic where tree planting interventions were implemented as
part of restoration projects (Nyiramvuyekure et al., 2025). As such,
homegardens are important strongholds of native biodiversity and could
be valuable sources of seeds for future restoration activities.

The relatively high diversity of native species in homegardens also
indicates that native species are valued by local communities to the
extent that they are actively maintained and propagated around the
house. Moreover, homegardens are central elements of sustainable
nutrition because they harbour diverse food plants that are rich in vi-
tamins and micronutrients (Reyes-Sacdalan et al., 2025).

Thus, homegardens are sources of native biodiversity, sources of
nutrition, and important islands of biodiversity within an otherwise
impoverished landscape. In addition, their potential to act as re-
positories of local knowledge, bolster food sovereignty, strengthen local
economies, and enhance climate resilience has been documented in
other contexts such as Uganda, Mexico, and India (Whitney et al., 2018;
Salcedo and Ceccon, 2020; Mallick et al., 2024). This makes home-
gardens ideal starting points for strengthening the connection between
human and more-than-human nature and for carrying this connection
into the wider landscape.

3.2. Re-structuring time scales of restoration governance and practice

Second, to re-structure ecosystem restoration practice in western
Rwanda, governance and finance instruments need to mirror ecological
and social realities on the ground. Here, one central aspect is the prev-
alent mismatch between short-term restoration projects and the long
timeframes at which ecological and social restoration processes unfold
(Hodge and Adams, 2016; Moreno-Mateos et al., 2020).

Species selection is one example where time plays a central role. In
Rwanda - and many other settings — a common argument to justify why
introduced species are favoured in restoration plantings is their fast
growth that provides much-needed immediate returns to communities
(Ruticumugambi et al., 2024; Bapfakurera et al., 2025). While such
short-term gains are important, long-term benefits provided by native
plant species are also vital for sustained livelihoods, biodiversity con-
servation, and climate change mitigation and adaptation (Di Sacco et al.,
2021).

Similarly, time plays a central role in social processes with needs and
preferences related to restoration shifting over time (M. Frietsch et al.,
2024). Transdisciplinary approaches can support the participatory
development of restoration projects that consider different temporal
scales from the perspective of diverse actors. One such approach - the
three horizons framework — was recently trialled in Rwanda (manuscript
in preparation). By providing a structured approach to think about the
current system, desirable futures, and ways to bridge present and future
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(Sharpe et al., 2016), the application of the framework showed how
concrete ways forward for restoration can be developed when different
time frames are made explicit.

By integrating short- and long-term perspectives, restoration projects
can deliver sustained benefits in different social-ecological domains
grounded in local needs and knowledge — not only in the next years but
also in the coming decades and centuries. This is particular critical in
western Rwanda, where the majority of people directly rely on the land
they live on (National Institute of Statistics of Rwanda, 2023), and
where rapid population growth is projected for the coming years (UN
DESA, 2019).

3.3. Re-thinking restoration practice through the lens of different types of
knowledge

Third, to re-think how ecosystem restoration can be put into practice,
diverse knowledge systems need to be integrated. Restoration actors
hold different types of knowledge that are often only partially being
drawn upon in Rwanda - and in many restoration settings elsewhere
(Reyes-Garcia et al., 2019). Yet, when scientific and local traditional
knowledge are interweaved, more comprehensive understandings of the
landscape can be generated, and new solutions be developed (Tengo
et al., 2017). Specifically, traditional knowledge can contribute groun-
ded information on historical system states, guide site and species se-
lection, and inform context-sensitive land management and monitoring
practices (Uprety et al., 2012; Reyes-Garcia et al., 2019). This, in turn,
can enhance social acceptance, economic feasibility, and ecological
effectiveness of restoration interventions (Uprety et al., 2012).

Restoration actors in western Rwanda engage in a portfolio of
different activities (Taremwa et al., 2022) and approach restoration
planning, implementation, and monitoring from different, yet comple-
mentary, angles (M. Frietsch et al., 2024). This suggests the availability
of a broad spectrum of both traditional and scientific knowledge to
inform restoration. However, although valuable traditional knowledge
of the benefits associated with native species still exists in Rwanda
(Nsengimana et al., 2020; Bulonvu et al., 2025), this knowledge is at risk
of being lost as these species disappear from the landscape. This is
representative of a larger trend of traditional knowledge being jeopar-
dized because of cultural and ecological changes (Haq et al., 2023). This
illustrates that integrating diverse knowledge types is important to (1)
preserve valuable existing knowledge and (2) benefit from this knowl-
edge to inform restoration practices tailored to local conditions.

To make the available knowledge actionable, diverse actors need to

planting trees
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work together throughout iterative cycles of restoration activities, sys-
tematically and collaboratively assessing, adjusting, and improving
restoration policy and practice. Here, living laboratories that bring
together committed actors from community, practice, science, and
government in a true partnership can be a valuable tool for collaborative
restoration planning, implementation, and monitoring (Fischer et al.
2021).

3.4. New avenues for ecosystem restoration western Rwanda

When these three realms of leverage for transformational change —
re-connect, re-structure, and re-think — are combined, new, truly inte-
grative avenues for ecosystem restoration can emerge. Such new ave-
nues, in turn, will be more likely to be successful because they are
grounded in genuine social-ecological relationships.

One tangible opportunity for a new way to re-connect, re-structure,
and re-think in the context of restoration in Rwanda is the development
of a coffee corridor connecting three National Parks in Western Rwanda
(Reckmann et al., 2025): the Rwandan government has long recognized
the potential to connect Nyungwe National Park via Gishwati-Mukura
National Park to the Volcanoes National Park (Kisioh, 2015). Howev-
er, a viable strategy to turn this vision into reality appears elusive to
date. A combination of local preferences and practices, future-oriented
governance, and local and scientific knowledge could help to guide
the development of a new corridor that works for both biodiversity and
people.

If successful, such a corridor could trigger regenerative dynamics in
several domains. For example, a high diversity of native trees that is
itself multifunctional could form a diverse overstorey of a shade coffee
system. Such a multifunctional coffee corridor could facilitate synergies
between social, economic and ecological objectives (Gather and Wollni,
2022) — native tree dominated, smallholder-owned shade coffee plan-
tations thus could be valuable stepping stones for biodiversity by
effectively reducing the isolation of habitat patches (da Rocha et al.,
2021) while also contributing to food security and local livelihoods
(Manlosa et al., 2020; Hylander et al., 2024; Reckmann et al., 2025).

The process of putting such a corridor into practice is complex, time
and resource intensive, and subject to many open questions. Here, the
three realms of leverage for transformational change — re-connect, re-
structure, and re-think — could be valuable points of reference for how to
strike a new path instead of continuing old patterns of isolated envi-
ronmental management decisions that do not account for the manifold
interactions in a social-ecological system. Specifically, a series of

regenerating people-nature systems
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participatory processes (such as the ones outlined in Sections 3.2 and
3.3) could bring together all affected actors to jointly identify steps to re-
connect, re-structure, and re-think the social-ecological restoration
landscape in the study area. Importantly, the transformation of the
restoration system hinges on political support and would not be a one-
time effort but a long-term, iterative process.

4. Conclusion

A shade coffee corridor is just one place-based example of how
restoration can move beyond simply repairing degraded or destroyed
system elements towards creating regenerative, self-sustaining systems
that benefit both people and nature. True long-term success will hinge
on recognising the ongoing and inherently intertwined social-ecological
journey that ecosystem restoration ultimately entails: regenerating
social-ecological systems will be far more challenging than just planting
trees, but also far more rewarding if it succeeds.

To move forward, we encourage actors who plan, implement,
manage, monitor, and research ecosystem restoration in degraded
landscapes across the world to recognize the interactions between
social-ecological system elements that characterize restoration land-
scapes — and then tap into the regenerative potential that exists in all
social-ecological systems to move from planting trees to regenerating
people-nature systems. As illustrated above, a leverage points perspec-
tive that (1) makes explicit the importance that underpinning paradigms
and mindsets play in system change and (2) offers guidance for putting
transformational change into practice can serve as a valuable entry point
for exploring pathways towards regeneration in specific restoration
landscapes.
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