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Editorial on the Research Topic
 Data Mining and Methods for Early Detection, Horizon Scanning, Modelling, and Risk Assessment of Invasive Species



Alien species are taxa introduced to areas beyond their natural distribution by human activities, overcoming bio-geographical barriers [1]. Accelerating movement of humans, animals and goods are driving an increasing rate of biological invasions [2, 3]. Through a multitude of mechanisms of introduction, broadly classified into five categories—release, escape, contaminant, stowaway, and corridor—many thousands of species have moved into new regions [2]. In Europe alone, ~15,000 alien species have been recorded, with an increasing trend in new introductions [4]. For most taxonomic groups, the global rate of new introductions is increasing with no sign of saturation in the accumulation of alien species [5].

Many alien species have become invasive with substantial impacts on biological diversity, human health and ecosystem services. Impacts of invasive species range from reduction in individual fitness of native species to population declines, local extinctions, changes in community composition, effects on entire ecosystem processes, and wider ecosystem function, health problems in humans or even deaths, and substantial economic losses [6–11]. The ecological impacts of invasive species are so severe that they are considered as one of the major drivers of global biodiversity loss [12, 13].

The Convention on Biological Biodiversity (CBD) recognized the need for the “compilation and dissemination of information on alien species that threaten ecosystems, habitats, or species to be used in the context of any prevention, introduction and mitigation activities,” and calls for “further research on the impact of alien invasive species on biological diversity” [14]. Indeed, research efforts to better understand the factors controlling alien species introduction, initial dispersal, establishment success, distribution, abundance, spatio-temporal dynamics, and invasiveness have been intensified. In the 1990s and 2000s, research on human-mediated invasions has exploded, with an exponential increase of publications dealing with or mentioning biological invasions (Figure 1). In addition, many peer-reviewed journals specifically targeting biological invasions have been established (e.g., “Biological Invasions,” “Aquatic Invasions,” “Management of Biological Invasions,” “BioInvasions Records”), a large number of dedicated information systems and online databases have been created [15], and a number of international initiatives advancing research and collaboration in the field have been promoted [16].
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FIGURE 1. Number of publications registered in Scopus by year, including the words “biological invasions” or “non-indigenous species” or “alien species” or “invasive species.”



Despite the intensification of research efforts, there are still substantial gaps in our knowledge on the dynamics of biological invasions and the accumulation of alien species across regions and taxa. Understanding the spread and successful introduction of invasive species is highly complex as biological, social, geographic, economic, and climatic factors influence the way an invasive species is introduced and determine the options available for its eventual detection and control. This in turn calls for an interdisciplinary approach as traditional ecological approaches need to be combined with data mining and data analytics [17]. Data availability has often been the limiting factor in predictive modeling [18, 19]. With the rapid development of smart sensors, social networks, digital maps, and remotely-sensed imagery, spatio-temporal data are more ubiquitous and richer than ever before [20]. The availability of such large datasets (big data) poses great challenges in data analysis [21]. In addition, increased availability of computing power facilitates the use of computationally-intensive methods for the analysis of such data [22]. Thus new methods are needed to understand biological invasions and to efficiently use new technologies and handle big datasets. The current Research Topic in Environmental Informatics aims to address this interesting and cutting-edge theme. Specifically, the special issue focuses on data analysis and novel methods for early detection, horizon scanning, modeling, and risk assessment of invasive species. These themes have been rapidly developing or are expected to develop in the near future (Figure 2). Ten contributions were finally accepted after the peer review process.
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FIGURE 2. Number of publications registered in Scopus by year, including the words “biological invasions” or “non-indigenous species” or “alien species” or “invasive species” and one of the following words: “modeling,” “risk assessment,” “early detection,” and “horizon scanning.”



Data in alien species inventories are often scattered in numerous disconnected formats and databases that lack interoperability entangling their analysis. In their contribution, Groom et al. describe seven ways that data on alien species can be made more accessible and useful. These include data management plans, interoperability of information sources, metadata documentation, existing data formulation, use of common data semantics, data availability, and long-term data preservation.

Spatially explicit high resolution data are elementary for assessing the impacts of alien species and mitigation; however, often these data are unavailable. Environmental explanatory covariates available at the resolution of the alien species, as well as at finer resolutions, can be used to infer alien species presences at finer resolutions using random forests, a machine learning technique, as suggested by Daliakopoulos et al.

Building and managing large datasets of alien species is elementary for their monitoring and management. The geodatabase of the European Alien Species Information Network (EASIN), an initiative of the European Commission, is presented by Deriu et al. The key feature of EASIN is that it aggregates, integrates, and harmonizes spatio-temporal data of alien species in Europe, through standardized processes, supporting both research and policies on biological invasions.

Land use change is the major contributor to the introduction and spread of alien species, and forest lodging and road constructions increase the exposure to infectious diseases. In addition, climatic changes can facilitate alien species and disease spread. The spatio-temporal spread of Hemorrhagic fever with renal syndrome (HFRS) is studied using powerful statistical methods and core areas in China, and the association of climatic cycles are quantified by He et al. demonstrating the applicability of modern space-time modeling and mapping techniques to assess biological invasions.

Islands are undergoing strong pressure from alien species due to their restricted size and increased human impact. Hypotheses of invasibility were explicitly tested by Bjarnason et al. using a detailed statistical framework, and it was concluded that areas of high species richness have greater invasibility. A negative relationship between alien and endemic species richness was also recorded potentially providing inverse learning patterns between alien and endemic species.

The fact that closely related species share a higher chance of becoming infected or attacked by pests allows the identification of taxa with different degrees of vulnerability. Using publicly available information about pest-host interactions and their geographic distributions, in combination with host phylogenetic reconstructions, Robles-Fernández and Lira-Noriega estimated a pest-host interaction or infection index in geographic space as spatially explicit tool for risk assessment.

Species distribution models are a commonly used tool for the analysis of alien species. However, they strongly rely on species' presence/absence and confirmed absences are hard to quantify. Environmental DNA is a novel technique that presents higher detectability and accuracy in comparison to conventional sampling techniques, and can effectively differentiate between species' presence/absence, improving species distribution models, as argued by Muha et al.

Calibrated Individual based models (IBMs) are useful tools for investigating the dynamics of alien species. Samson et al. highlight how early-stage data-limited IBMs can play an important role in defining key research priorities of invasive species in order that subsequent models can provide robust insight into potential management interventions.

Ensemble methods are meta-algorithms that combine several techniques into a unique predictive model to minimize variance; they are increasingly employed in science including a recent application to draw up the habitats' maps for mosquito alien species [23]. However, the development of these models should not be done in a “black box” mode and it should be accompanied by a set of in-depth analysis regarding key training and operation decision points, thereby promoting a reproducible evaluation of the proposed methodology, as suggested by Demertzis et al.

Uncertainty is an attribute of (lack of) information and it is a vital component in other scientific disciplines; however, it is usually missing from marine invasion science studies. The final contribution in this Research Topic, by Katsanevakis and Moustakas, argues that without assessing uncertainty, it is hard to envisage future improvements. In addition, if scientists are perceived by the public either to overstate their findings in order to receive high visibility or to downplay the uncertainty of their findings, society is likely to lose confidence in the outputs of invasion science.

We believe that this Research Topic provides useful new insights for advancing the field of invasion science, by combining knowledge and techniques from multiple disciplines. Science initially went from the phase of “homo-universalis” to high specialization potentially missing the inter-connection with other scientific disciplines. While this may have been a necessity in the history of science, in the big data and globalization era the necessity and feasibility of a more integrated data-based but combining practical and theoretical knowledge approach appears to be more feasible than ever before.
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