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Editorial on the Research Topic

Invaders on the Horizon! Scanning the Future of Invasion Science and Management

INTRODUCTION

In the current era of dynamic human-environment interactions, the phenomenon of biological
invasions is a key fingerprint of the Anthropocene (IPBES, 2019). Alongside a changing climate
and an increasingly connected world, the rate and number of introduced species, and particularly
of established invasive species, is predicted to increase (Seebens et al., 2017). Invasive species are
organisms that are introduced (intentionally or accidentally) by humans into regions beyond their
natural distributions, where they spread rapidly, representing a major driver of biodiversity and
ecosystem change (Stoett et al., 2019), and impact on humanwelfare, culture, health, and economies
(Simberloff et al., 2013).

Anticipating future challenges and opportunities is paramount for adequate strategy
development, policy making, risk management, threat identification, and research prioritization
in invasion science (Ricciardi et al., 2017). Several studies have been conducted to anticipate future
invasion processes and their risks (e.g., Gallardo et al., 2016; Roy et al., 2019; Hughes et al., 2020;
Lucy et al., 2020), and thereby pinpoint future monitoring and management measures toward
invasive species (e.g., Matlack, 2002; Robertson et al., 2003; Booy et al., 2020).

To effectively anticipate invasions and be prepared for the challenges ahead, some priority
issues have been proposed for fostering progress and adjusting the course of invasion research and
management (e.g., Caffrey et al., 2014; Ricciardi et al., 2017; Dehnen-Schmutz et al., 2018). Among
the proposed priority issues are the development of new technologies to tackle invasive species,
the improvement of ecological prediction and knowledge on invasion risks, and the consideration
of socio-economic factors in invasion research and management. This Research Topic includes 15
papers exploring these three broad issues, and draws on research papers, reviews and case studies
that aim to contribute to advance the way biological invasions can be studied and managed.
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TACKLING INVASIONS WITH NEW

TECHNOLOGIES

A set of papers in this Research Topic focus on technological
advancements within the fields of genetics, remote sensing,
and electric barriers to help with the management of invasive
species. Resh et al. show the usefulness of whole genome
scanning to determine the source of introduction of invasive
species. Using the introduction of the invasive fish Channa
argus in the United States of America from China as case
study, they show how detailed information from whole genome
scanning can support the development of targeted strategies
to regulate established populations and inhibit further spread.
Datta et al. discuss the latest developments of satellite remote
sensing and machine learning technologies to improve our
capacity to monitor the invasive plant Eichhornia crassipeswithin
freshwaters systems. Egly et al. test the efficiency of electric
barriers, a potential new technology to manage invasive species,
for two invasive invertebrates, Procambarus clarkii and Hyalella
azteca, showing that although the barriers may not slow or
prevent spread of invasive invertebrates when attached to water
vehicles, they can be useful to prevent the spread of these species
through active upstream movement.

IMPROVING ECOLOGICAL PREDICTION

AND KNOWLEDGE

Several papers focus on making predictive ecology more relevant
to decision makers. Dinis et al. advance the application of species
distribution models to predict the success of the Australian gall-
forming wasp, Trichilogaster acaciaelongifoliae, as a biocontrol
agent for the invasive tree Acacia longifolia in Portugal, serving
as a framework for similar biocontrol programs in other regions
worldwide. Morais et al. use a system dynamic modeling
approach to find the cost-effectiveness optimum of control
actions toward the invasive shrub Hakea sericea under wildfire
risk scenarios. Finally, Holenstein et al. model the distribution
of 1,602 non-native species in the vicinity of 671 protected areas
through time in Norway, highlighting that management efforts
should extend beyond the interior of protected areas.

Other papers focus on challenging different hypotheses
underlying the invasion process. Using an experimental design
in grasslands with the invasive species Ambrosia artemisiifolia
and Solidago gigantea, Yannelli et al. show no evidence to
support a limiting similarity effect. Instead, the authors suggest
that native communities more effectively suppress invaders that
arrived after the natives. Similarly, native communities that
produce the most biomass suppress invaders more effectively
than native communities that share similar traits with these
invaders. Through a multi-species greenhouse experiment with
10 alien invasive plant species in China, Gao et al. find no support
for the idea that soil nutrient heterogeneity favors the invasion
success of exotic plant species in native plant communities. Other
ecological issues pertaining to invasive species, and particularly
marine invasions, are also represented in this Research Topic,
namely through a review on the potential role of plastic debris as

vectors for the introduction of invasive species (García-Gómez,
Garrigós et al.), and the observation of rapid invasion processes
and impacts caused by the alga Rugulopteryx okamurae in
Mediterranean and Atlantic waters (García-Gómez, Florido,
Olaya-Ponzone, Sempere-Valverde et al.; García-Gómez, Florido,
García-Gómez, Florido, de Rada et al.).

INCLUDING SOCIO-ECONOMIC FACTORS

IN INVASION MANAGEMENT

The remaining set of papers presented in this Research Topic
focus on the identification of priority invasive species that
pose socio-economic risks and impacts. Peyton et al. undertake
horizon scanning using expert-elicitation to predict arrivals
of invasive alien species that could have adverse human
health or economic impacts on the island of Cyprus, and
from there, to inform biosecurity policies and communication
around invasive species. Likewise, Lenzner et al. conduct a
survey among 126 experts in invasion science, suggesting an
increasing trend in the spread and establishment of alien
species in island systems associated to socio-economic activities
and human mediated pathways. Goldsmit et al. adopt a
screening assessment tool to identify invasive species of high-
risk environmental and economic impacts in Canada, supporting
the creation of watch lists to inform adaptive management
for preventing the establishment of invaders. Finally, grounded
on historical records and paleoenvironmental reconstructions,
Costa et al. highlight how trends in international trade,
importation of goods, and enhanced connectivity by increasing
flights and shipping will probably promote the arrival and
spread of several new non-indigenous freshwater species in the
Azores archipelago.

CONCLUDING NOTE

There are no expectations that invasive species will pose
fewer challenges in the future. In fact, most predictions
suggest the opposite (Seebens et al., 2017), in particular
when coupled with other global change drivers like climate
change. In order to understand the true complexity of invasion
processes and to know how to manage invasive species, it
is clear that a multidisciplinary and collaborative approach
is needed. A diversity of perspectives grounded on better
ecological knowledge, inclusion of socio-economic perspectives
and adoption of reliable technologies can elucidate the challenges
of invasion science, as well as offer new and more effective
ways to manage invasive species and mitigate their impacts.
This Research Topic has highlighted the opportunities that the
rapidly expanding fields of remote sensing, electric barriers, and
genetics bring to the understanding, surveillance, and control
of invasions. It has further challenged existing hypotheses and
explored new ones to improve knowledge on fast invasions
and their interactions with native biota. Additionally, it has
emphasized the importance of socio-economic factors in
invasion management, namely through the role of humans
as vectors of invasions and receivers of their impacts. In a
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constantly changing world and with rapid advances in science
and technology, scanning the future of invasion science may be
challenging, yet is imperative to adjust the course of invasion
research and management.
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