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The Anthropocene is characterized by accelerating changes 
in climate, land use, pollution, and global connectivity, largely 
reshaping ecosystems across spatial and temporal scales (Keys 
et al.  2019; Willcock et al.  2023). These rapid transformations 
frequently outpace the adaptive capacity of native species, 
contributing to widespread biodiversity loss and, possibly, to 
a 6th mass extinction (Barnosky et  al.  2011; Hoffmann and 
Sgrò  2011). In contrast, invasive species often thrive in dis-
turbed environments, thereby further exacerbating ecological 
disruptions across diverse ecosystems (Gu et al. 2023). As such, 
biological invasions have emerged not only as a consequence 
of global change but also as a significant driver of further en-
vironmental degradation (Sage  2020). Increasingly, evidence 
indicates that the interactions between biological invasions and 
other global change drivers are complex, nonlinear, and can 
often produce unexpected economic, ecological, or evolution-
ary outcomes (Ricciardi et al. 2021; Hu et al. 2025). For exam-
ple, global change-induced environmental extremes can result 
in rapid evolution in invasive species, which can enhance the 
probability of invasion success and alter species interactions 
and ecosystem functioning (Moran and Alexander 2014; Borden 
and Flory  2021). Thus, there exists an urgent need to deepen 
our understanding of the complex ecological and evolutionary 
dynamics underlying interactions between biological invasions 
and global change, and, more importantly, to develop effective 
management solutions.

Over the past decade, research has advanced from treating inva-
sions as isolated phenomena to examining how multiple global 
change drivers shape the entire invasion process, spanning 

transport, introduction, establishment, spread, and impact. 
Recent studies increasingly investigate invasions across multi-
ple levels, ranging from individuals and populations to species 
and communities, while integrating ecological and evolutionary 
principles to elucidate the dynamics and mechanisms underly-
ing invasion success (e.g., Chapple et al. 2022; Hu et al. 2025; 
Zarri et al. 2025). Moreover, the integration of big data and ar-
tificial intelligence allows the development of climate-smart, 
adaptive management strategies that provide insights from di-
verse disciplines, including multi-omics and socioeconomics 
(e.g., Tuia et al. 2022; Thorogood et al. 2023).

As a reflection of the growing scientific interest in this topic, this 
Global Change Biology Special Issue titled “The ecology and evo-
lution of invasive species under global change” attracted more 
than 120 submissions. The 17 published papers present both 
empirical and conceptual advances, shedding light on how inva-
sive species interact with multiple dimensions of global change 
across scales, ranging from molecular to ecosystem levels. These 
studies highlight the importance of viewing invasive species not 
only as threats to be managed, but also as natural experiments 
that provide valuable insights into how life responds to environ-
mental disruptions.

Collectively, the 17 articles published in this Special Issue span 
diverse taxa and ecosystems, encompassing field studies, labo-
ratory experiments, meta-analyses, and methodological inno-
vations. These papers also thoroughly cover research frontiers 
and compelling questions in biological invasions under global 
change, including the ways global change drivers reshape 
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invasion pathways and risks, management frameworks and de-
cision tools for climate-smart biosecurity, functional traits and 
adaptive strategies underlying invasion success, extreme events 
and stressors tipping the balance of invasion outcomes, effects 
of invasions on ecosystem processes such as soil dynamics and 
carbon cycling, as well as how pathogens, dispersal networks, 
and socioecological linkages mediate the cascading impacts of 
biological invasions. Together, these papers provide integrative 
evidence that advances invasion science and informs conserva-
tion practice and policy under accelerating global change.

1   |   Theme 1: Reshaped Invasion Pathways Under 
Global Change

Six studies (Biancolini et  al.  2024; Cao Pinna et  al.  2025; 
Deshpande et  al.  2024; Marcolin et  al.  2025; Rodrigues 
et  al.  2024; Zhou et  al.  2024) within this theme addressed a 
shared question: How does climate change determine where, 
when, and how invasions occur? These studies have moved 
from single-species, single-region forecasts to multispecies, 
multiscenario, and mechanistic appraisals of where and how 
invasions will spread under global change. Large-scale species 
distribution modelling (e.g., for 205 non-native mammals) iden-
tified new invasion hotspots when suitability was combined 
with dispersal constraints (Biancolini et  al.  2024), while con-
trolled experiments and scenario-based analyses revealed that 
invasion outcomes could change direction and magnitude de-
pending on the climate scenario used (Rodrigues et  al.  2024). 
Regionally focused, niche-dynamics studies showed frequent 
niche unfilling and expansion that were mediated by traits such 
as dispersal ability and trait variability (Cao Pinna et al. 2025). 
Simultaneously, empirical work documented how shifting an-
imal movement patterns (e.g., bird migration changes) and so-
cioeconomic urban gradients altered dispersal pathways and the 
provisioning of services that can facilitate spread (Deshpande 
et  al.  2024; Marcolin et  al.  2025). Finally, synthesis and map-
ping efforts highlighted that invasion-linked pathogen–vec-
tor systems can directly threaten major carbon sinks (Zhou 
et al. 2024). Together, these findings provide compelling cases 
for integrated invasion-risk assessments that explicitly combine 
climate projections, changing dispersal networks, species traits, 
and socioecological dynamics.

2   |   Theme 2: Cutting-Edge Frameworks for Risk 
Assessment and Management

Four studies (Chen et  al.  2024; Colberg et  al.  2024; Dolan 
et al. 2025; Zhao et al. 2024) in this theme addressed the question: 
What conceptual and methodological tools allow managers and 
policymakers to anticipate future invasion threats and adapt in-
terventions effectively under rapid global change? These studies 
approach invasion management not through static risk identi-
fication, but rather through actionable decision-support frame-
works that explicitly incorporate climate uncertainty, pathways, 
and biological adaptation. Reviews and conceptual papers set 
out climate-smart principles and managerial priorities (Colberg 
et  al.  2024), while mathematically explicit prioritization tools 
translate multidimensional risk (suitability × pathways × socio-
economics) into ranked actions for managers (Zhao et al. 2024). 

Other studies highlighted policy trade-offs; for example, Dolan 
et al. (2025) discussed how river-restoration via barrier removal 
may unintentionally accelerate aquatic invasions unless staged, 
monitored, and coupled with biosecurity measures. Importantly, 
integrating biological complexity, notably multi-omics mea-
sures of adaptive potential, improved the predictive accuracy 
of invasion-risk models and allowed managers to triage species 
or populations by predicted maladaptation (Chen et  al.  2024). 
Overall, the field is converging on practical, evidence-based 
tools that can be embedded into policy and operational work-
flows under climate change.

3   |   Theme 3: Functional Traits and Adaptive 
Capacity

Five studies (Chen et  al.  2024; Fehlinger  2024; Mantoani 
et al. 2025; Nuhfer and Bradley 2025; Zhao et al. 2025) in this 
theme answered an interesting fundamental question: Which 
functional traits and adaptations determine invasion poten-
tial and guide species' responses to environmental change? 
Experimental comparisons and multifactor manipulations 
showed that invasiveness is not universally synonymous with 
stress tolerance and that invasive species can be more sensi-
tive under compound, interacting stressors than native species 
(Zhao et al. 2025). Studies of extreme events have shown that in-
vasion dynamics can be highly nonlinear and time-dependent, 
in ways that are not captured by models relying solely on long-
term average climate conditions (Mantoani et al. 2025). Parallel 
syntheses on managed relocation and trait selection provided 
operational lists of high-risk traits (e.g., high reproductive out-
put, long-distance dispersal) which can be used to balance 
assisted-migration decisions against invasion risk (Nuhfer and 
Bradley 2025). As well, a discussion of traits (e.g., ornamental 
appeal) and vectors/pathways (e.g., human-mediated release) 
highlighted sociocultural drivers that select for invasion-prone 
species, especially in urban and leisure contexts (Fehlinger 2024). 
Lastly, Chen et al. (2024) used an integrated genome–epigenome 
index framework to show that certain native populations of a 
widespread invasive species tracked environmental changes 
with minimal maladaptation. Thus, these populations may be 
particularly likely to seed new invasions under climate change 
(Chen et  al.  2024). This finding calls for a management para-
digm shift from reacting to established invaders to proactively 
monitoring and managing native-range populations that could 
become future invaders. Together, these papers contribute trait-
informed toolkits for forecasting and mitigating invasion under 
both gradual and extreme environmental change.

4   |   Theme 4: Responses to Stress and Extreme 
Events

Within this theme, three studies (Buttimer et al. 2025; Mantoani 
et al. 2025; Zhao et al. 2025) investigated how climate extremes 
and environmental stressors influence invasion performance, re-
silience, and ecological outcomes. These studies symmetrically 
revealed that climatic extremes and abiotic stressors could recon-
figure invasion performance, sometimes in counterintuitive ways. 
Warming extremes often affect native and non-native species 
differently, with evidence that the former can sometimes display 
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greater resistance to escalating stressors, complicating the expec-
tation that warming universally favors invaders (Zhao et al. 2025). 
Conversely, extreme cold episodes create dynamic, transient win-
dows that can either set back invaders or remove native competi-
tors depending on timing and life history (Mantoani et al. 2025). 
Experimental drought work on amphibian–pathogen systems 
showed a striking trade-off; drought suppressed pathogen abun-
dance, but increased transmission and disrupted hosts' protective 
skin microbiomes, counterintuitively amplifying disease risk de-
spite lower pathogen load (Buttimer et al. 2025). These findings 
stress that extremes can alter not just establishment and spread, 
but also epidemiological dynamics and community resilience. 
Therefore, monitoring and management must explicitly account 
for extreme event contexts and non-linear responses.

5   |   Theme 5: Feedback and Ecosystem Processes

Two complementary studies (Sun et al. 2025; He et al. 2025) in this 
theme investigated how invasions reshape ecological feedback 
and ecosystem functions. By linking invasion dynamics to below-
ground feedback and carbon-cycle consequences, these studies 
showed that invasions can generate self-reinforcing ecosystem 
change. Integrating eco-evolutionary dynamics and plant–soil 
feedback demonstrated how warming and biocontrol herbivory in-
teract with soil community shifts to modify an invader's spread po-
tential—feedback that can either accelerate or dampen expansion 
depending on microbial and herbivore responses (Sun et al. 2025). 
Combining meta-analysis and empirical work showed that plant 
invasions commonly elevate soil microbial biomass carbon, with 
implications for soil carbon storage, nutrient cycling, and long-
term ecosystem function (He et al. 2025). Both studies illuminated 
mechanistic pathways through which invasions alter ecosystem 
processes and generate feedbacks that in turn reshape invasion 
trajectories and carbon budgets—a critical link for scaling local 
invasions to global biogeochemical consequences.

6   |   Theme 6: Pathogens and Biosecurity Risks

Two papers (Buttimer et al. 2025; Zhou et al. 2024) in this theme 
explored the ways pathogens, vectors, and biosecurity risks in-
teract with environmental change to amplify invasion impacts. 
Complex drought × disease interactions in amphibians can sup-
press pathogen prevalence while simultaneously increasing host 
susceptibility and transmission potential through microbiome 
disruption, complicating straightforward mitigation (Buttimer 
et al. 2025). In an invasive pathogen–vector system, climate-driven 
expansion of the vector and increased host vulnerability can shift 
productive forests from carbon sinks to carbon sources (Zhou 
et al. 2024). Both studies highlight that accurate invasion-risk as-
sessment must explicitly account for host–pathogen–vector ecol-
ogy and biosecurity pathways, as ignoring these interactions risks 
underestimating biodiversity loss and carbon-cycle consequences 
under changing climates.

7   |   Future Remarks

In the rapidly changing Anthropocene, biological invasions 
are both drivers and consequences of global change, posing 

significant threats to ecosystems, economies, and human well-
being. Emerging research highlights that invasions have been 
shaped by a complex interplay of multiple global change stress-
ors and anthropogenic impacts, including climate change, land-
use alteration, and global trade, which not only facilitate the 
spread of invasive species but also modulate the vulnerability of 
native communities (Early et al. 2016; Ortiz et al. 2023; Gallardo 
et  al.  2024). Evidence increasingly shows that the causes and 
consequences of global change-driven invasions are far more 
complex than previously understood (Ortiz et al. 2023; Gallardo 
et al. 2024). Therefore, concurrent research on multiple stress-
ors, with the integration of knowledge from multiple disciplines, 
is needed to improve predictions. Integrative research is a par-
ticularly powerful means to advance our understanding of in-
vasion science and ecosystem resilience to invasions and other 
global change-driven impacts. Furthermore, advancing theo-
retical frameworks, such as multiscenario integrative models 
spanning from molecular to ecosystem levels, while incorpo-
rating ecology, evolution, and social sciences, offers comprehen-
sive insights into invasion dynamics. Simultaneously, technical 
innovations, including environmental DNA/RNA (eDNA/
eRNA) monitoring, remote sensing, and big data-driven arti-
ficial intelligence approaches, enable large-scale detection and 
tracking of invasions. Integrating these theoretical and techni-
cal approaches supports global, interdisciplinary strategies for 
scenario-based planning, proactive management, and informed 
development of policies to mitigate, anticipate, and manage 
biological invasions under global change.

Global change, including biological invasions, is a major driver 
of biodiversity loss and ecosystem transformation worldwide. 
This Special Issue addresses this urgent challenge by present-
ing research that advances understanding of invasion processes 
and their ecological consequences, while offering insights to 
support ecosystem protection, restoration, and adaptive man-
agement. As global change continues to reshape the biosphere, 
invasion science provides essential tools for predicting biodiver-
sity responses, informing conservation strategies, and guiding 
sustainable management practices. We anticipate that this col-
lection will stimulate further interdisciplinary and international 
collaboration, further fostering deeper integration of invasion 
biology and conservation science to address the pressing chal-
lenges of a rapidly changing world.
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