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Abstract

1. Biological invasions threaten biodiversity and human well-being, making invasive

species management a global necessity. Despite substantial investments in
engineering-based management approaches, preventing invasions is becoming
harder with rising species introductions. Additionally, widespread use of a few
control methods raises ethical concerns, demands long-term human control over
natural ecosystems and risks unintended socio-ecological impacts. Hence, there is
a growing interest in alternatives that strengthen ecological processes to control
invasions, aiming to enhance ecological autonomy while reducing dependence on

intensive human control.

. Nature-based solutions (NbS) for biological invasions coupled with the Resist-

Accept-Direct/Adapt (RAD+) framework offer a promising alternative. Here,
we define NbS for biological invasions as ‘measures developed to strengthen
ecological processes that control biological invasions and their undesirable
impacts, enhancing long-term ecological autonomy, resilience, and human well-

being, with the potential to scale through ecological and social feedback’.

. NbS for biological invasions are context-specific, bottom-up and require

flexibility for objective application. To guide their contextual implementation,
we reconceptualize the RAD+ framework, allowing stakeholders to either resist
invasion by strengthening ecological processes that limit invasive species, accept
invasions and direct mixed-species communities towards a state with native
species dominance, or accept invaded ecosystems and assist societal adaptation

to mitigate negative impacts.

. By reviewing global case studies, we highlight the scalability of NbS across

spatiotemporal contexts. These solutions strengthen ecological processes that
control invasive species, support native biodiversity and contribute to climate
change mitigation, while benefiting and empowering Indigenous Peoples and

Local Communities. By limiting intensive human control of ecosystems, NbS for
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1 | INTRODUCTION

In the Anthropocene, the spread of human-introduced species has
become nearly ubiquitous, with even the least modified ecosystems
no longer immune to their presence (Hughes et al., 2020). These
introduced alien species and the socio-ecological disruptions they
cause have become emblematic of human-driven global change
and are collectively referred to as biological invasions (Table 1)
(Seebens et al., 2017). Invasions trigger cascading effects on eco-
system functioning, human livelihoods and economies, potentially
undermining the overall quality of life (Pysek et al., 2020). Their con-
sequences have ranged from intensifying pandemics (Bertelsmeier
& Ollier, 2020) to contributing to biodiversity declines (Bellard
et al, 2016) and inflicting substantial economic losses (Diagne
et al., 2021). A recent global assessment has underscored both the
widespread impact of invasions and the urgent need for their ef-
fective control strategies (IPBES, 2023). In response, interventions
have typically focused on intensive management across large spatial
scales (Sankaran et al., 2024), including control or eradication of in-
vasive species through engineering-based solutions that rely heavily
on industrial, chemical or biotechnological tools. These approaches
often imply continuous human oversight, such as weeding or culling,
and rarely result in ecosystems free of invasions or resilient to in-
vasions (Kopf et al., 2017). The cost of such methods has exceeded
USD 120.5billion over the last five decades (Diagne et al., 2021), yet
despite this investment, invasive species remain increasingly difficult
to manage in our highly interconnected world (Seebens et al., 2021).
Moreover, the indiscriminate use of lethal methods has raised ethi-
cal questions, especially when outcomes fall short of intended goals
(Estévez et al., 2015; Kopf et al., 2017). The IPBES assessment un-
derscores the need for adaptive management approaches that are
tailored to local socio-ecological contexts to develop cohesive and
objective actions.

In many cases, the scale of invasions has far outpaced the ca-
pacity of conventional methods to yield meaningful outcomes. For
example, over two-thirds of India's forest and open ecosystems
(~750,905 km?) are invaded by at least 11 alien plant species (Mungi,
Qureshi, & Jhala, 2023), and their total removal would demand re-
sources many-fold greater than the national environmental budget
(Mungi et al., 2020). Engineering solutions, such as using bulldozers
for removing invasive plants or routine chemical applications, may

biological invasions help address ethical dilemmas associated with lethal and
pervasive management practices.

5. Synthesis and applications: Integrating NbS for biological invasions into policies and
research using the RAD+ framework can reduce the negative outcomes of human
interventions in ecosystems, strengthen ecological autonomy and pave the way

for sustainable and socially just approaches to invasive species management.

biodiversity, ecological restoration, invasive species management, novel ecosystems, resilience

offer short-term, localized success (Bhagwat et al., 2012). Still, they
are often cost-prohibitive when implemented at landscape scale,
with potentially several undesirable social and ecological ramifi-
cations (Bergstrom et al., 2009; Fleischman et al., 2020; Zavaleta
et al., 2001). Can such conventional, costly methods guarantee a
return to pre-invasion ecological baselines? Merely removing in-
vasive species cannot always ameliorate the declining biodiversity
or ecosystem services, particularly when climate change and land
degradation have co-driven these declines (Diaz et al., 2019). Even
with successful eradication, global changes may prevent ecosystems
from returning to their historical baselines (Lampert et al., 2014) and
moreover, controlling invasive species populations in isolation from
the broader pressures of global change, especially when invasive
species are ‘passengers’ of exogenous pressures, risks overlooking
the root causes of their persistence and spread (Essl et al., 2020).
For example, increasing intensities of wildfires and fragmentation
in the Amazon forest facilitate invasion of alien grasses, which may
not be controlled effectively without addressing the underlying
loss of native forest (Silvério et al., 2013). In this context, there is
a pressing need for an alternative, ecosystem-based paradigm that
offers sustainable solutions considering biological invasions and the
concurrent pressure of climate change and biodiversity loss (Cohen-
Shacham et al., 2019; IUCN, 2020).

What is required is a robust framework that consolidates the
uncertainty inherent in invasion management and supports adap-
tive, forward-looking strategies for practitioners and policymakers
(Heller & Hobbs, 2014). This includes developing more nuanced
ways to differentiate between harmful and benign alien species
(Blackburn et al., 2011; Lemoine & Svenning, 2022) and reassess-
ing how invasions are prioritized and managed. Amidst growing rec-
ognition of the limits of conventional methods, a paradigm shift is
emerging, one that seeks not just to remove invaders, but to harness
ecological processes for more resilient outcomes.

Here, we explore a suite of nature-based solutions (NbS, as de-
fined in Table 1) (Seddon et al., 2021) to transform the way we ad-
dress biological invasions. We argue that NbS offer a pathway to
mitigate the undesirable impacts of invasive species while simul-
taneously sustaining biodiversity, enhancing ecosystem services
and reinforcing the long-term viability of management interven-
tions. Building on this, we demonstrate how NbS can be strategi-
cally implemented through adaptive, scale-sensitive expansion of
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TABLE 1 Concepts and their meanings as used in this manuscript.
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Concept

Alien species (synonymous to
introduced species)

Biological invasion

Control of invasive species

Ecological autonomy
(synonymous to nature's
autonomy or self-sustaining
ecosystems)

Ecological processes

Ecological restoration

Ecosystem-based adaptations
(synonymous to Nature-based
adaptations)

Invasive alien species

Mixed-species community

Native species

Nature-based solutions

Novel ecosystems

Resilience

Trophic rewilding

Meaning

Species that are introduced to a new locality by human agency and have established self-sustaining populations
there (IPBES, 2023)

The process of intentional or unintentional transport or movement of a species outside its natural range
by human activities and its introduction to new regions, where it may become established and spread
(IPBES, 2023; Roy et al., 2024)

Strategies and actions taken to manage, mitigate or eradicate invasive species that threaten ecosystems,
biodiversity and human activities (IPBES, 2023)

Degree to which an ecosystem can maintain its structure, function and processes independently of human
management or artificial inputs, relying on natural feedback mechanisms to sustain its resilience and adapt to
environmental changes (Odum, 1969)

The flow of energy and materials through the biotic and abiotic components of an ecosystem. It includes many
processes, such as biomass production, trophic transfer through plants and animals, nutrient cycling and heat
transfer (IPBES, 2018)

The process of assisting the recovery of ecosystems that have been degraded or destroyed, as well as
conserving the ecosystems that are still intact (United Nations Environment Programme [UNEP] & Food and
Agriculture Organization of the United Nations, 2022)

Use of biodiversity and ecosystem services as part of an overall adaptation strategy to help people and
communities adapt to the negative effects of climate change at local, national, regional and global levels
(United Nations Environment Programme [UNEP], 2019)

A subset of introduced species that have negative impacts on the environment, society or economy (Roy
et al., 2024)

Used here to refer to a community of species consisting of a mix of populations of both native and introduced
species, and where the number of introduced species present can range from one to several (McGeoch, Clarke,
et al., 2024; McGeoch, Ordonez, et al., 2024)

Species within their natural range, including those shifting their range, without human involvement
(IPBES, 2023)

Actions to protect, sustainably manage and restore natural or modified ecosystems, which address societal
challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits
(IUCN, 2020)

Self-reinforcing systems which have biotic or abiotic structures different from historical baselines, as a result of
direct or indirect human agency (Hobbs et al., 2006; Kerr et al., 2024).

The ability of a system and its component parts to anticipate, absorb, accommodate or recover from the
effects of a hazardous event in a timely and efficient manner, including through ensuring the preservation,
restoration or improvement of its essential basic structures and functions (Van Meerbeek et al., 2021)

Ecological restoration strategy that uses species introductions to restore top-down trophic interactions and
associated trophic cascades to promote self-regulating biodiverse ecosystems (Svenning et al., 2024)

frameworks, such as the Resist-Accept-Direct (RAD) model (Lynch 2 | NbS FOR BIOLOGICAL INVASIONS

et al., 2021). To strengthen our suggestions, we provide real-world
examples of NbS-aligned strategies that address invasive species
within the broader context of ecosystem change. Finally, by posi-
tioning biological invasions within an ecosystem-centric lens, we
highlight how NbS can generate potentially cohesive solutions to
multiple global challenges. Across these arguments, we under-
score the value of NbS in supporting ecosystem managers to design
context-sensitive, effective and socially acceptable interventions.
This includes enhancing nature's contribution to the good quality of
life of particularly nature-dependent people. We conclude by iden-
tifying key knowledge gaps, emphasizing the need for research to
provide further evidence to support the RAD framework for NbS for
biological invasions and avoiding the temptation of considering NbS
as a one-size-fits-all solution.

Nature-based solutions have emerged as a flagship concept to guide
innovative actions for protecting and restoring ecosystems (Table 1),
while delivering simultaneous benefits for biodiversity and human
well-being (Cohen-Shacham et al., 2019; IUCN, 2020). These solu-
tions encompass both long-standing ecological processes and novel
interventions, such as natural climate solutions, which are inspired by
nature and informed by ecosystem functioning (Seddon et al., 2021).
In practice, NbS aim to initiate targeted interventions that ultimately
enhance the self-regulating capacity of ecosystems, building ecosys-
tems' autonomy and resilience (Table 1) to exogenous stressors over
the long term (Seddon et al., 2020). At their core, NbS are bottom-up
approaches that are inspired by unique characteristics of ecosys-
tems and are scaled contextually, responding to ecological and social
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conditions across regions (Eggermont et al., 2015). When applied
to managing biological invasions, NbS should aim to achieve both
ecological and social outcomes: protecting biodiversity, enhancing
human well-being—particularly for Indigenous Peoples and Local
Communities (IPLCs)—and offering economically and ecologically
feasible pathways for scalable implementation (Cohen-Shacham
et al., 2019). To support this vision, we propose a working definition

of NbS for biological invasions:

Measures developed to strengthen ecological pro-
cesses that control biological invasions and their
undesirable impacts, enhancing long-term ecolog-
ical autonomy, resilience, and human well-being,
with potential to scale through ecological and social
feedbacks.

The ecological rationale behind this framing of NbS stems from
the evidence that many alien species fail to lead widespread inva-
sions due to inherent biotic resistance and self-regulatory mech-
anisms within ecosystems (Williamson & Fitter, 1996). Even if
contextually true, this pattern highlights the potential for leverag-
ing ecological processes while managing invasions so as to reinforce
ecological processes for invasion control.

The classification of an action as ‘nature-based’ requires objec-
tive evidence. What constitutes ‘nature’ in intervention strategies
can be as contentious as defining nature itself (Simberloff, 2014). For
this reason, we argue for clarity in defining nature in two aspects of
the intervention: (1) the goal: interventions must lead to a desirable
and resilient state of the natural system with ecological autonomy
(Table 1), and (2) the intervention itself: actions must enhance the
role of ecological processes (Table 1) and entities. For this review,
we assume that the long-term goal of managing biological invasions
is to reduce their negative impacts on both ecological and social
systems. This includes halting biodiversity loss, preserving ecolog-
ical interactions and maintaining ecosystem services that underpin
human well-being. Furthermore, for an intervention to qualify as
NbS, it must be inspired by fundamental ecological mechanisms that
support the resilience of the ecosystem (Seddon et al., 2020). For
example, in tropical grassy biomes, the abundance of invasive plants
may be reduced either through wild herbivore grazing (Guyton
et al., 2020) or through mechanical removal, such as bulldozing
or clearcutting (Sample et al., 2019). While both are ‘disturbance-
based’ interventions, only the former harnesses natural ecosystem
processes. By conserving viable consumer populations, ecosystems
can resist invasion, promote native plant regeneration and reduce
the need for repeated human intervention, making this approach a
more enduring, ecosystem-embedded NbS. In contrast, mechanical
removal requires ongoing human input and carries greater uncer-
tainty in post-removal outcomes, such as the re-invasion of alien
plants due to the disruptive impacts of mechanical methods (Sample
et al., 2019). The former aligns more closely with NbS principles, as
it builds on natural processes, enhances biodiversity and supports a
more autonomous ecosystem response (IUCN, 2020).

Reducing human interventions does not entail dissociating peo-
ple from ecosystems. Many ecosystems are embedded within cul-
tural landscapes shaped by a legacy of traditional use, where local
interventions are related to biodiversity conservation and the regu-
lation of ecological processes (Reyes-Garcia et al., 2024). Given their
intrinsic link to human well-being, NbS must also consider how peo-
ple interact with and depend on the ecosystems (Cohen-Shacham
etal., 2019). Cultural dependence, particularly the extractive depen-
dence on resources like plant biomass, can potentially create tempo-
rary disturbances in the ecosystem that favour invasive plant spread
(Mungi et al., 2020). NbS must buffer native ecosystems in the post-
management phase from the impacts of such disturbances while
promoting resilience to withstand future disturbances. Considering
the interplay between human intervention, provision of ecosystem
services and ecosystem resilience (Table 1) is thus crucial in devel-
oping NbS (Eggermont et al., 2015), making NbS a multi-faceted and
complex approach.

The socio-ecological complexity implicit in NbS creates opportu-
nities for inclusive, locally adapted management in the face of rapid
environmental change and shifting human dependencies. For exam-
ple, Prosopis juliflora is an ecologically damaging invasive plant val-
ued for its fuelwood and fodder in arid regions of Africa and South
Asia (Shackleton et al., 2014). Here, the NbS approach might not aim
solely at eradication, but rather promote adaptive strategies, such as
education campaigns to shift community perceptions and encourage
sustainable alternatives. These efforts can halt anthropogenic prop-
agation of alien plants while allowing for phased removal of estab-
lished plants using ongoing local interventions (Sharma et al., 2024).
Coupled with restoration of native vegetation and fire-herbivory
regimes, this approach would promote long-term resistance to re-
invasions, thus strengthening ecological processes to naturally con-
trol invasions. Such inclusive strategies can help secure ecosystem
services like grazing resources for livestock, while reinforcing native
biodiversity and ecosystem resilience. Ultimately, NbS for biological
invasions must be guided by clear management goals; whether fo-
cused on invasive species removal, restoration of native biodiversity
or both. Development of such objective solutions requires a heuris-
tic and adaptive approach that can accommodate ecological com-

plexity, social context and evolving priorities over time.

3 | ALIGNING NbS FOR BIOLOGICAL
INVASIONS TO THE RESIST-ACCEPT-
DIRECT/ADAPT (RAD+) FRAMEWORK

Frameworks based on dynamic, adaptive management have been
increasingly advocated to address the complexities of rapidly
transforming ecosystems globally (Lynch et al., 2021). The RAD
framework proposed by Lynch et al. (2021) was developed to guide
decision-making amidst ecosystem transformation. We retain the
core RAD structure, which considers whether managers should resist
change, accept it, or direct it towards a desirable trajectory (Aplet
& Mckinley, 2017; Schuurman et al., 2022). For the management of
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biological invasions, we reconceptualize RAD framework as Resist-
Accept-Direct/Adapt (RAD+) framework. In the case of invasive
species management, interventions range from those that employ
minimally intrusive actions to ‘resist’ the invasion of species, to
responses that accept their presence. Subsequent strategies then
either directly guide mixed-species communities towards desirable
state with dominance of native biodiversity or support adaptive
changes that help societies adjust to the novel ecosystem states
induced by invasions (Blackburn et al., 2011; PysSek et al., 2020).
Addition of ‘Adapt’ explicitly acknowledges the importance of so-
cietal responses to invaded novel ecosystems, which may emerge as an
outcome of Accept strategies. In our reconceptualization, accepting
invasions is not a solution in itself, as it entails severe undesirable im-
pacts on biodiversity and human well-being. Acceptance of invasive
species must be followed by a suite of interventions that either con-
trol the abundance of invasive species in ecosystems or mitigate the
undesirable impacts of invasions. In this framing, Accept and Direct
refers to interventions that guide ecological trajectories towards de-
sirable states (e.g. native biodiversity recovery), which ensures har-
nessing ecological processes to ensure native species dominance,
while securing conventional ecosystem services generated by these

mixed-species communities. Alternatively, when invasive species

(@

1) Resist

Human intervention

Ecosystem novelty

1V) Adapt

1509
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steer a novel ecosystem state and controlling the abundance of the
invasive species is not feasible, accept and adapt refers to strategies
that mitigate the undesirable impacts of invasions. While Direct
encapsulates ecological dynamics of mixed-species communities,
Adapt captures the societal dimension—how communities respond
and adjust to transformed ecosystems in ways that reduce harm,
support well-being and may contribute positively to biodiversity and
ecosystem function. The RAD+ framework better reflects the socio-
ecological realities of managing biological invasions with NbS. It is
designed to suit the spectrum of varying abundance and impacts of
invasive species (Blackburn et al., 2011; Pysek et al., 2020), integra-
tion of invasive species into ecological communities and interactions
(Campbell et al., 2022), availability of resources and feasibility of so-
cietal adaptations (Vimercati et al., 2022) (Figure 1).

By considering factors, such as the invaded area, ecological in-
teractions and resources available for interventions, managers can:
(1) ‘resist’ the onset of invasions to retain pre-invasion conditions;
(2) if resistance is not feasible or in case of existing widespread inva-
sions, accepting invasions as a property of the ecosystem can help
in choosing between the next two alternatives; (3a) ‘direct’ ecosys-
tems along trajectories of community dynamics that favour native

biodiversity despite the presence of aliens; and (3b) support societal

NG

Invasion expanse

>

(c)

Community turnover
|
|
i
i
|
-

>

(d)

Interventions

= = o I E——

Adaptations

FIGURE 1 (a)lllustrating RAD+ (Resist-Accept-Direct/Adapt) framework for implementing nature-based solutions (NbS) for biological
invasions in a hypothetical example of woody plant invasions in dry savannas. The type of NbS for biological invasions could be chosen
based on the (b) prevalence and impacts of invasive species, (c) novel interactions between and within native and alien species and the
resultant community dynamics, and (d) feasible human interventions and societal adaptations necessary for ecosystem management. In
grassy savannas (i), natural or traditional fire regimes and grazing limit invasion of woody plants. Prolonged suppression of fire and herbivory,
however, can weaken this natural control, facilitating plant invasions. If invasion is at an early stage, assisted burning and reintroducing
large herbivores can resist invasion by removing invasive plants and promoting fire- and herbivory-adapted native species (ll). In cases of
large-scale, dense invasions by fire-adapted plants (lll), reintroducing fire may cause intense burns and trigger further alien plant invasions.
Eliminating fire altogether can also promote plant invasions and diminish native forage and herbivore diversity. Introducing herbivores with
diverse feeding preferences in such contexts can reduce alien plant abundance, providing a reprieve for native species and steering the
ecosystem towards a resilient, mixed-species community (lll). When alien species pervasively dominate and the use of fire or herbivores

is unfeasible/inconsequential (1V), local communities may adapt to the novel invaded state by harvesting alien plants or adapting grazing
strategies, thus reducing negative impacts while assisting native biodiversity recovery. We view the measures aimed at resisting invasions
and directing mixed communities as NbS for biological invasions, and adaptations to invaded states as nature-based adaptations.
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‘adaptations’ to irreversible changes in ways that minimize negative
societal impacts, which may promote native biodiversity (Figure 1).
We use the RAD+ framework as a lens through which to envisage
NbS for biological invasions—employing resist and direct strategies
to guide interventions while advocating for adaptive measures when
invasions exceed practical control, thereby emphasizing the ne-
cessity of nature-based adaptations (Table 1). This framework also
allows flexible application across invasion scenarios. For example,
when invasions are passengers of anthropogenic changes (e.g. forest
fragmentation aiding invasive plants), eradicating invasive species
population and strengthening invasions resistance by halting/miti-
gating the anthropogenic change (e.g. restoring native forest plants)
can be the option. If invasions are pervasive, becoming drivers of
complex changes, mitigating their undesirable impacts through
nature-based adaptations (e.g. switching the dependence from na-
tive plant biomass to invasive plant biomass) may be a pragmatic op-
tion. We have listed examples of NbS for biological invasions aligned
to RAD+ in Table 2 to outline the importance of contextuality.

3.1 | Resist

Nature-based solutions in the resist category target the inherent
ecological processes that limit the establishment or spread of in-
vasive species, thereby conserving the native species composition
(Beaury et al., 2020; Mungi et al., 2021). This approach is particu-
larly effective in the early stages of invasion, when the spatial ex-
panse and impact of invasive species are still limited and have not
become fully integrated into community interactions (Figure 1b,c).
We identify five key ecological processes—consumption, competi-
tion, rewiring of ecological associations, ecosystem interactions and
natural disturbance regimes—that can naturally prevent biological
invasions (Table 2). For instance, on islands in Indonesia, the endemic
toad Ingerophrynus celebensis preys on the alien ant Anoplolepis
gracilipes, thus potentially serving as a natural control (Wanger
et al,, 2011). In Hawaiian Acacia koa forests, a dense canopy struc-
ture can competitively limit the spread of alien understorey grasses,
such as Pennisetum clandestinum and Ehrharta stipoides (Funk &
McDaniel, 2010). Such examples highlight how biotic resistance
is bolstered by ecological functions provided by native predators,
competitors and their communities. Nevertheless, pervasive global
change and extensive human exploitation have depleted the diver-
sity of consumers and competitors (Dirzo et al., 2014), diminishing
the ecological processes that could resist invasions. Thus, protecting
biodiverse ecosystems from disturbances, curbing poaching and re-
storing functional diversity can serve to support NbS that promote
natural resistance (Table 2). Yet in today's largely defaunated and
degraded landscapes (Dirzo et al., 2014), merely declaring an area
as protected from human impacts would be insufficient to harness
ecological processes that resist invasions. Active conservation and
restoration measures that promote trophic control and ecological
autonomy are needed (Svenning et al., 2024). While such proac-
tive measures may require sustained, though intermittent, human

involvement, they help strengthen ecological self-regulation in con-
trast to continual, resource-intensive engineering solutions.

Given the dynamic nature of ecosystems, resistance should
be seen working alongside inherent ecological variability (Aplet &
Mckinley, 2017). Therefore, we assume that ecosystem variability
driven by inherent ecological functions and mechanisms can add
to the diversity of ecological interactions that synergistically resist
invasions (Turner, 2010; Van Meerbeek et al., 2021). For example,
natural disturbances caused by fire and flooding in tropical savan-
nas can periodically curb the abundance of invasive plants and pro-
mote the regeneration of native flora (DeSantis et al., 2011; Te Beest
et al.,, 2012). NbS that help maintain or restore such natural distur-
bance regimes—through assisted burning, controlled flooding or pe-
riodic biodiversity restoration—can enhance resistance. However,
these solutions require careful contextualization; disturbances that
control invasive herbaceous species in one ecosystem may, under
different conditions, promote the spread of invasive plants. For ex-
ample, in the Sonoran Desert, prescribed burning controls alien grass
but promotes alien forb recruitment (Schwab et al., 2023). Thus, the
suitability of any intervention must be weighed against local ecolog-

ical settings, species traits and potential unintended consequences.

3.2 | Acceptand direct

With increasing invasions, the inherent resistance and resilience of
native ecosystems (Table 1) are diminishing due to multiple factors,
and ecosystem managers are witnessing rapid transitions from estab-
lished to emerging novel ecosystems following biological invasions
(Lynch et al., 2022). With a constant rise in the prevalence of invasive
species across global ecosystems (Seebens et al., 2017), transitions
towards mixed communities of native and alien species (Table 1) are
becoming widespread. In scenarios where mixed-species communi-
ties predominate, objectives solely focused on resisting invasion can
prove inadequate, necessitating interventions that reduce the abun-
dance of invasive species and the negative impacts of unavoidable
invasions on biodiversity and ecosystem services (Figure 2).

The ‘direct’ approach encompasses interventions designed to
leverage ecological processes to control invasive species abundance
and enhance ecosystem resilience. We elaborate on four key di-
recting interventions that can serve as NbS for biological invasions,
namely, biological control, trophic rewilding, ecosystem recovery
and the creation of designer ecosystems (Table 2). For example,
the reintroduction of large herbivores in Mozambique's Gorongosa
National Park resulted in the control of the invasive Mimosa pigra
(Guyton et al., 2020), and the introduction of the fungus Puccinia
spegazzinii has been used to control the invasive climber Mikania mi-
crantha in Papua New Guinea and Vanuatu (Ellison & Cock, 2017). In
these cases, invaders are not eradicated but rather reduced in abun-
dance, providing a respite for native species to reassert themselves
and resulting in mixed-species communities dominated by natives.
Management interventions, such as reintroducing locally extinct
species, implementing biological control, conducting active trophic
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TABLE 2 Examples of nature-based solutions (NbS) for biological invasions with respect to the ecological or social mechanisms underlying
them and key examples demonstrating the utility of NbS for biological invasions.

Key nature-based solutions (NbS) for
biological invasions

Underlying socio-ecological

mechanisms Key examples

Resist

Controlling invasion by
natural consumption

Controlling invasion by
natural competition

Resistance by native
ecological communities

Resistance by mutualistic
interactions between
native species

Removal via natural
disturbances

Accept and direct

Reviving lost resistance by
restoring trophic diversity

Introducing novel
biological consumer

Recovery of nature

in abandoned human
landscapes or areas with
reduced biodiversity

Designing ecologically
resilient systems

Protecting the diversity of consumer guild;
reviving the population of key consumers;
preventing poaching of consumers; protecting
natural areas with a high abundance of
consumers; maintaining connectivity in
different populations of consumers to ensure
their long-term demographic viability

Protecting areas with rich native biodiversity;
preventing fragmentation of terrestrial
ecosystems; reviving the population of key
competitors through population and habitat
management

Preserving species richness and abundance
of hyperdiverse tropical forests; preserving
ecosystem engineers; restoring trophic
cascades; reviving ecological functional
diversity

Preserving functional diversity of mutualistic
interactions to assist mutualistic rewiring
among native species within mixed-species
communities can assert dominance of native
species; preventing mutualistic interactions
among native and invasive species (e.g.
removing flowers of invasive plants to reduce
visitation by pollinators)

Reviving natural fire regime in the fire-
adapted ecosystems; reviving natural flood
regime in flood-adapted ecosystems

Reintroducing extinct native consumer
species; reintroducing native competitor
species; population augmentation of
megafauna; introducing a functional analogue
of an extinct ecosystem engineer

Evidence-based introduction of novel
biocontrol agents; introduction of a host-
specific disease inducing organisms; sterile
insect technique

Assisting trophic rewilding in abandoned
landscapes for recovering ecosystems
resilient to impacts of invasive species;
Restoring/rewilding ecosystems by
reintroducing extinct megafauna or analogous
trophic complexity

Restoring coral reefs in socio-ecologically
appropriate areas; planting mangroves in
suitable conditions; integration of alien
species with benign or positive impacts;
integrating climatic range shifters to create
resilient ecosystems under climate change

Endemic toad Ingerophrynus celebensis on an island in
Indonesia control on invasive ant Anoplolepis gracilipes by
predation (Averett et al., 2016). White-tailed deer Odocoileus
virginianus in the United States control invasive plants
Celastrus orbiculatus and Ligustrum vulgare by herbivory
(Wanger et al., 2011)

Dense native tree canopy in Hawaiian forest competitively
limit invasion of understorey Pennisetum clandestinum and
Ehrharta stipoides (Funk & McDaniel, 2010). Allelopathic
leaf litter of many native plants in Panama inhibit growth of
invasive Saccharum spontaneum (Cummings et al., 2012)

Native plant richness protected from human impacts naturally
resist alien plant invasions in temperate forests in the United
States (Beaury et al., 2020). Native species richness along with
structural intactness of native plant cover resist invasions in
tropical wet and humid biomes in India (Mungi et al., 2021)

In South China evergreen forest, mutualistic relationships
between soil biota and native plants synergistically reduce
the abundance of invasive Mikania micrantha and Eupatorium
catarium (Chen et al., 2017). In Patagonian temperate forests
the mutualistic relationship among native plants, pollinators
and seed dispersers reinforces native species diversity,
reducing impacts of invasive bumblebee (Vitali et al., 2022)

Using controlled levels of fire reduced invasions of woody
plants in North America's forest-prairie ecotone (DeSantis
et al., 2011); and controlled invasive Chromolaena odorata in
South African savanna (along with mechanical control) (Te
Beest et al., 2012)

In Rhode Island, Mauritius, introduced tortoises—functional
analogue of the extinct tortoises, control invasive plants by
herbivory (Griffiths et al., 2010). In Mozambique, trophic
rewilding with mammalian herbivores reduced invasive plant
Mimosa pigra (Guyton et al., 2020)

Globally, more than 450 novel control agents have been
experimented to control 175 invasive plants (Schwarzlander
et al., 2018). Hatchery-raised sea urchins Tripneustes gratilla
were introduced to control macroalgae invasions on coral
reefs in Hawai‘l (Neilson et al., 2018)

Recovery of novel plant assemblage in abandoned fields

in Mediterranean region assists diverse native plants and
soil nutrients reducing negative impacts of invasions (Sitzia
et al., 2018). Recovery of Bison bison in North America

has reduced invasive plants in restored areas (Ratajczak
etal., 2022)

Restoring mangroves increased ecological complexity and
resists invasive species (Suarez-Menendez et al., 2020);
climate change induced range shifting species can add to
ecological complexity and reduce the negative impacts of
invasive species (Cranston et al., 2022)

(Continues)
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TABLE 2 (Continued)

Underlying socio-ecological
mechanisms

Accept and adapt

Harnessing values of
invasion induced alternate
state

Autochthonous
adaptations by human
societies

Planned adaptations by
human societies
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Key nature-based solutions (NbS) for
biological invasions

Valuing and conserving novel ecosystems;
utilizing novel interactions in native and alien
species to promote biodiversity and resultant
resistance to future invasions

Local behavioural changes by people for
reducing the harvest of invasion impacted
native species; utilizing alien species as a
resource to shift explicit dependence on
native species

Replacing commercially important native
species impacted by invasions, with alien
species; industrial scale utilization of invasive
species for livelihood opportunities to
people who lost resources due to invasion;
commercial production of pharmacological
applications, bioactive compounds, etc. using

Key examples

Accepting the dense forest developed by alien plants on
Ascension Island can retain novel biodiversity (along with
restored sites for native species) (Wilkinson, 2004). Globally,
introduced dispersers can assist certain plants (e.g. those who
rely on birds/mammals to disperse seeds) to follow changing
climate (Fricke et al., 2022)

Local communities in Central India harvest multiple alien
plants for medicinal and ethnic use thereby reducing invasions
and benefiting from it (Wagh & Jain, 2018). Communities in
the Western Ghats have switched from using native plant
biomass to invasive Lantana camara biomass for livelihood
sustenance, which allows native plants to recover and
potentially limit invasions (Howard, 2019; Kannan et al., 2014)

Industrial utilization of marine invasive species for use in
pharmacological applications is suggested to reduce invasion
while benefitting financially (Giakoumi et al., 2019). In
Caribbean and western Atlantic, invasive marine fishes are
commercially consumed for providing a reprieve to depleted
native fishes and concomitantly reduce invasive fishes (Noll &
Davis, 2020)

invasive species

rewilding on abandoned landscapes and facilitating assisted biodi-
versity recovery, can serve as NbS for directing ecosystems towards
a biodiverse trajectory (Derham et al., 2018). Such strategies are also
effective when invasive species are removed on a large scale, and na-
tive species fail to recover due to the absence of a source population
or the unsuitability under ongoing global change (Prior et al., 2018).
Active ecosystem restoration using the direct principle may incor-
porate functional analogues of extinct species to counteract the
impacts of dominant invasives, potentially resisting future invasions
and maximizing biodiversity and its associated benefits for human
well-being (Campbell et al., 2022). For example, Aldabrachelys gi-
gantea and Astrochelys radiata tortoises were introduced in Mauritius
to consume alien plants and restore the native species component in
these mixed communities (Griffiths et al., 2010).

Although novel ecological trajectories remain contentious and
evoke uncertainty, such uncertainties are common even following
engineering-based solutions like large-scale eradication. What often
follows such eradication without restoration is an unintended novel
trajectory towards a functionally downgraded state prone to more
invasions, due to altered environmental and biological functions
(Guido & Pillar, 2017; Reynolds et al., 2017). Given the high prev-
alence and long-term persistence of alien species in many ecosys-
tems (Figure 1b), their interactions with native species—ranging from
detrimental to facilitative (Figure 1c)—can be significant (Simberloff
& Von Holle, 1999). Thus, directing mixed-species ecosystems to-
wards desired biodiverse trajectories requires the careful activation
of ecological processes, the promotion of novel feedbacks, emer-
gent regulatory functions and the participation of local communities
to mitigate the negative impacts of invasions and harness ecosys-
tem services (McGeoch, Clarke, et al., 2024; McGeoch, Ordonez,

et al., 2024). Nonetheless, directing ecosystems towards a desir-
able state is relatively feasible when invasions are moderate and
have not disrupted all ecological interactions (Rastogi et al., 2023)
(Figure 2). The decision to apply directing interventions must be
weighed against multiple outcomes and local context. For example,
while some herbivores, such as Antilope cervicapra, may facilitate
the dispersal of the alien shrub Prosopis juliflora in Indian savannas
(Jadeja et al., 2013), a functionally diverse herbivore guild—including
megaherbivores—can reduce the abundance of other alien plants in
these landscapes (Mungi, Jhala, et al., 2023). Thus, only when her-
bivores effectively diminish invasions should they be introduced as
part of a direct intervention. Strategically, the success of directing
approaches hinges on robust community ecology research and an
understanding of community assembly processes, which remain
complex and variable. As science for the management of mixed-
species ecosystems is still emerging, further experimental research

is essential to build evidence for the efficacy of these approaches.

3.3 | Acceptand adapt

Adapting to biological invasions becomes critical when managers
must accept the abundance of invasive species due to their social
importance, the vast scale of invasions or limited capacity for control
(Nerlekar et al., 2022; Thompson et al., 2021). Unlike resistance and
direct interventions, adaptations aim to enhance biodiversity and
societal benefits amidst prevalent invasions. Typically, when ecosys-
tems are dominated by high abundances of alien species for extended
periods, emergent interactions between aliens and natives can alter

community structure and turnover, ultimately steering ecosystem
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species while promoting invasive ones. Adaptations may be planned,
strategized and executed via policies and institutions (Giakoumi
et al., 2019), or emerge organically as individual or small group re-
sponses (autochthonous adaptations) that transform established
socio-cultural practices (Howard, 2019; Howard & Pecl, 2019). We
elaborate on three types of adaptations in the context of biological

invasions: novel ecosystem adaptations, autochthonous adaptations

The positive impacts of societal adaptations on biodiversity
can generally be categorized into two groups: those that enhance
native biodiversity and those that leverage novel ecosystem ser-
vices. For instance, the involvement of local communities in man-
aging the woody invasive plant Prosopis juliflora in Kenyan savannas
has led to the commercial use of the charcoal made from the plant,
providing renewable energy and tangible local benefits (Mwangi
& Swallow, 2008). In other situations, social and management ad-
aptations are crucial to transition livelihood practices—such as
replacing the use of native plant biomass with invasive species bio-
mass—to reduce invasion extent and protect native species (Rai &
Scarborough, 2015). In India, local communities have long relied on

native plant biomass for crafts and furniture; however, given the
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FIGURE 2 Linkage in between invasion process (a), management
regime (b) and Resist-Accept-Direct/Adapt (RAD+) typology

(c). (@) An alien species expands in area and in abundance over
time, eventually fundamentally changing the ecosystem. (b) The
management cost and ecological impacts of alien species increase
with increasing abundance and the potential of restoring baseline
system becomes more uncertain. (c) The invasion abundance

and management options could be compared with the RAD+
framework and alternate stable state scenario, where prior to
alien species introduction, a baseline state (I) comprising native
species existed. Here resisting invasions via eradication followed
by strengthening ecological processes offering resistance can
help in retaining native communities. Acceptance of alien invasions
can be imagined leading to higher expansive distribution and
interactions with native species forming mixed communities. Such
mixed communities can be directed to a desirable biodiverse state
by limiting the densities of invasive species and restoring native
ecological processes (Il). When the invasion control is unfeasible
or ineffective and have severe impacts, accepting the invaded
state and assisting societal adaptations to harness novel ecosystem
services from invaded ecosystems could guide in mitigating
negative impacts of invasions (ll1).

trajectories under the alien species influence (Figure 1c) (Foxcroft
et al., 2010; Silvério et al., 2013). Such trajectories may necessitate
interventions to secure novel ecosystem services and accommodate
emergent biodiversity—approaches that are inherently heuristic and
require active social participation (Figure 3). We define adaptations
to biological invasions as strategies designed to reduce the immedi-
ate negative impacts on human well-being, biodiversity and ecosys-
tem services (Figure 1). These strategies are particularly importantin
heavily modified systems (e.g. grazing savannas and secondary for-
ests), where societal behaviour may exacerbate the decline of native

prevalence of invasive plants, several government agencies are now
developing economic models in which invasive biomass substitutes
native material (Figure 3). These planned adaptations often draw
inspiration from autochthonous practices, where local groups have
repurposed invasive biomass for small-scale production of wooden
crafts (Kannan et al., 2014) (Figure 3).

4 | SYNERGIES WITH SOCIETAL
CHALLENGES AND ETHICAL VALUES

A crucial aspect of NbS for biological invasions using the RAD+
framework is its alignment with a suite of global commitments and
ambitions to reverse biodiversity loss, while also co-benefitting cli-
mate change mitigations (IPBES, 2023; IPCC, 2021). The resources
to tackle multiple challenges threatening ecosystems and society
are often limited, especially in the Global South (McGeoch, Clarke,
et al., 2024; McGeoch, Ordonez, et al., 2024; Seddon et al., 2020).
Investing in isolated solutions for each global challenge can exhaust
these limited resources while yielding negligible impact (Turney
et al., 2020). For example, smallholder pastoral communities in the
Global South are increasingly affected by intensifying heat and
drought, compounded by widespread invasions of woody plants
that reduce native forage for livestock grazing (Bekele et al., 2018).
These simultaneous stressors result in reduced grazing areas that
exacerbate the negative impacts of grazing on soil carbon and plant
diversity (Koerner & Collins, 2014) and result in competition with
wild herbivores. In such contexts, invasive plant control must be
socioeconomically feasible, and restored socio-ecological systems
should remain resilient to ongoing climatic changes and invasions.
Strategies, such as initially reducing the abundance of woody inva-
sives with community participation (Nerlekar et al., 2022), followed
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FIGURE 3 (a) Grassy ecosystems invaded by woody Lantana camara due to a legacy of historical propagation and anthropogenic land-
use. Even after the anthropogenic land-use was converted to natural land-use, the invasion persisted. (b) Uprooting Lantana camara by the
management team and involving local communities reduced the propagule pressure of the plant. (c) Assisted revegetation of native plants
followed by the recovery of megafauna strengthens ecological processes that resist future invasions. This strategic use of NbS directs
mixed-species communities towards native species dominance. (d) Alternatively, in areas where the restoration of ecological processes

is unfeasible, local communities opt for the utilization of Lantana camara plant parts for making baskets and other furniture. This societal
adaptation to use invasive plant biomass reduces extractive dependence on native plants and economically benefits the communities.
[Photographs: (a, b) Rajat Rastogi, (c) Jayanta Bora, (d) Kannan et al. (2014)].

by restoring rotational grazing using a diverse herbivore guild (Herrik
et al., 2023) and concurrently preventing fragmentation of grassy
ecosystems, can serve as effective NbS. These measures not only
direct ecosystems towards biodiverse grassy states but also bolster
natural controls against future invasions, alleviating the adverse im-
pacts of concentrated grazing that contributes to mitigating climate
change impacts (Ren et al., 2024). While such NbS for biological inva-
sions require integrative and participatory models, they effectively
address the convergent impacts of global challenges. Failure to do
so may exacerbate biodiversity loss, invasion impacts, poverty and
social conflicts (McLennan, 2021). Other NbS for biological invasions
can significantly align with global initiatives for mitigating climatic
changes and halting biodiversity loss. For instance, protecting intact
forest systems from human modification not only enhances biotic
resistance to invasions (Mungi et al., 2021) but also conserves mega-
herbivores that reduce invasive plants by consuming them (Mungi,
Jhala, et al., 2023). Thus, declaring biodiverse forested areas as pro-
tected increases carbon sinks, stabilizes climatic patterns and pro-
vides myriad ecosystem services—an effective strategy to address
multiple global challenges.

NbS for biological invasions not only have the potential to pro-
mote equitable outcomes to key stakeholders directly associated
with ecosystems, such as IPLCs but also benefit from their tradi-
tional knowledge (Seebens, Niamir, et al., 2024). NbS are dependent
on the meticulous knowledge about ecosystems and ecological

processes that regulate biodiversity and function; however, such
knowledge is often concentrated in a few well-studied regions, leav-
ing large areas in the Global South underrepresented (McGeoch,
Ordonez, et al., 2024). This gap can be bridged by collaborating with
IPLCs, as their long-term traditional knowledge associated with the
ecosystem proves invaluable for bottom-up planning in the devel-
opment of NbS for biological invasions (Reyes-Garcia et al., 2024).
For example, in Australia, the Yellomundee Aboriginal Bushcare
group uses traditional cool-burning fire regimes to suppress alien
species and promote native regeneration—a method now widely ad-
opted across northern Australia (Barber & Glass, 2015). Similar tra-
ditional practices were used by local communities in peninsular India
to reduce the woody encroachment in dry savannas and improve
forage production for herbivores (Ratnam et al., 2016). Suppressing
these conventional practices due to colonial forestry practices has
led to increased woody plant invasions in savannas and reduced
ecosystem services (Shackleton et al., 2014). To avoid such unde-
sirable outcomes while harnessing the benefits derived from local
ecosystems, it is essential to strengthen the collaboration among
IPLCs, scientists, and other stakeholders in devising NbS for biolog-
ical invasions. For instance, New Zealand implemented a policy to
strengthen community-based governance of a marine world heritage
site, empowering IPLCs to proactively reduce invasion pathways
and advise government agencies on suitable actions (Cunningham
et al., 2019). This initiative not only improves ecological outcomes
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but also ensures diverse representation in ecosystem management
and aligns equitable development, a win-win strategy for both eco-
system and society.

In many invasion management cases, lethal control measures
can trigger ethical controversies that intensify conflicts among
managers, animal welfare advocates and members of IPLCs (e.g.
Bhattacharyya & Larson, 2014). Actions, such as culling and poison-
ing invasive animals, often generate negative perceptions because
they rely on violent means and are perceived as violations of animal
rights (Futhazar, 2020). In contrast, NbS for biological invasions pro-
pose using natural regulatory mechanisms, such as the introduction
of natural consumers, facilitation of trophic cascades or the resto-
ration of natural disturbance regimes, to reduce invasive popula-
tions. These approaches are seen as enacting a ‘natural order’ that
may alleviate ethical concerns (Perry & Perry, 2008). Furthermore,
NbS are viewed as acceptable forms of human intervention that
ultimately aim to decouple management from continuous, heavy-
handed control, thereby promoting ecological autonomy. Thus, by
leveraging inherent ecological processes to achieve population con-
trol, NbS provide a more ethically and socially acceptable alternative
to lethal methods. This paradigm not only addresses animal welfare
concerns but also aligns with goals to restore and sustain resilient
ecosystems with reduced reliance on ongoing human intervention.

5 | CHALLENGES AND OPPORTUNITIES

Although NbS for biological invasions can generate significant syn-
ergies with efforts to restore biodiversity, mitigate climate change
and benefit local communities while effectively managing inva-
sions, they are not a panacea for contemporary global challenges.
The magnitude and severity of climate change and biodiversity loss
far exceed what any single approach, including NbS, can achieve in
isolation. Global initiatives aimed at reducing species introductions,
protecting native ecosystems from degradation, cutting greenhouse
gas emissions and promoting equitable benefits remain fundamental
to a sustainable future (IPBES, 2018, 2023; IPCC, 2021). In regions
where resources are especially scarce, particularly in the Global
South, the reliance on isolated, narrow-scale, engineering-based
interventions for invasion management can rapidly deplete limited
funding and effort, often without delivering lasting desirable out-
comes, such as invasion eradication. Such blanket applications not
only risk unintended adverse impacts on ecosystems and local com-
munities but may also exacerbate existing environmental inequities.

Engineering-based interventions remain the most popular ap-
proach to managing invasions. This popularity rests on the fact
that engineering-based interventions ascertain immediate, albite
temporary, removal of invasive species, whereas NbS for biological
invasions demand a deeper understanding of underlying ecological
processes. Unlike methods that guarantee only transient control,
NbS require long-term strategies that gradually reduce invasive spe-
cies and their impacts through adaptive management. Furthermore,
NbS for biological invasions can hardly be generalized without
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rekindling context-specificity and rejecting the mechanical notion of
‘one model fits all. Hence, NbS for biological invasions are largely
scale-sensitive, which can be difficult to accommodate in traditional
management paradigms. Large-scale application of NbS necessitates
large-scale monitoring of ecosystems, as it produces heuristic under-
standing of the socio-ecological dynamics vital for developing NbS.
Investments are hence required for two aspects: (1) implementation
of long-term large-scale monitoring of ecosystems based on scien-
tific protocols and (2) developing experimental science to translate
ecological data into management strategies.

Misinterpretations of NbS presents another major challenge.
There has been growing criticism of interventions that are labelled as
NbS yet fall short of the core idea of strengthening ecological mech-
anisms and reducing human control. For example, Miyawaki forests
or tree plantations in open dry grassy areas, following invasive plant
control, have been practised in Africa and South Asia under the ban-
ner of NbS. These plantations are increasingly contested due to their
blanket application in ecologically unsuitable areas, the inefficacy in
resisting future invasions, the resulting social injustices (Fleischman
et al., 2020) and even the potential contribution to climatic warm-
ing (Rohatyn et al., 2022). NbS for biological invasions must be pro-
tected from such misinterpretations. No solution can be, by default,
nature-based unless scientifically tested to have the potential to
meet the desired objectives. Our study provides a flexible RAD+
framework to pick the most suitable/desired objective and imple-
ment NbS for biological solutions inspired by the local knowledge
about the ecosystem.

The scale of implementing NbS for biological invasions remains
a critical facet for its success. Unlike engineering-based solutions,
NbS has the advantage of naturally scaling up via spontaneous eco-
logical and social processes, and the potential of establishing eco-
logical autonomy. However, functional biodiversity that brings most
of the NbS for biological invasions is largely restricted to smaller
areas (Dirzo et al., 2014), whereas biological invasions extend across
broader landscapes (Seebens et al., 2024). Hence, different solutions
are required for managing biological invasions in the absence of bio-
diversity across different land-tenure systems. For example, in a
large protected areas like Mozambique's Gorongosa National Park or
India's Kaziranga National Park, the restoration of a functional her-
bivore guild can control the abundance of invasive plants (Guyton
et al., 2020; Mungi, Jhala, et al., 2023). However, the biodiversity-
depauperate multiple-use areas that surround such protected
areas are often densely invaded patches of alien plants, acting as a
propagule for invading protected areas. Here, participatory control
of invasive plant density and restoring native communities can re-
duce the invasion pressure on protected areas while directing the
multiple-use areas towards native species dominance. Thus, NbS
for biological invasions becomes a landscape strategy that requires
scientific investments, policy instruments and support from society.
Using RAD+ typology sequentially can be helpful in certain cases,
where invasions are resisted initially to buy time for long-term ef-
forts that direct ecosystems to a desired resilient state. The deci-
sion space is not static and might invoke uncertainty in ecosystem
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management; however, the optimum solution is a shifting target;
what constitutes a feasible option at one time may not be so in the
future (Lynch et al., 2021).

Ecological information required to design NbS for biological inva-
sions does not alone dictate the decision on developing management
actions; as with all societal decisions, cultural, policy-contextual and
political factors play a role. Differences of opinion among invasion
ecologists, ecosystem manager and local communities arise from a
combination of scientific uncertainty along with different value sys-
tems (based on experience, culture and worldview). Uncertainties
are contentious around NbS for biological invasions. But depending
on the definition, such uncertainties are integral to every transform-
ing system, particularly when the rates of transformations are un-
precedented. As conservation increasingly becomes interventionist
(Hobbs & Cramer, 2008), we see NbS become even more relevant
to mitigate the negative outcomes of human interventions. The
presence of NbS in international frameworks for biodiversity man-
agement (e.g. IPCC and CBD) has spurred their adoption in national
policy instruments. As globalization increasingly mixes species from
disparate parts of the planet, NbS for biological invasions holds a key
role in limiting such introductions from turning into invasions. NbS
for biological invasions offers opportunities to limit human control
on ecosystems, while still achieving desirable outcomes in ecosys-
tem management and aiming for ecological autonomy.
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