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Editorial on the Research Topic
 Understanding the Impact and Invasion Success of Aquatic Non-native Species: How They Interact With Novel Environments and Native Biota




INTRODUCTION

The introduction of non-native aquatic species through a wide range of human-induced pathways (e.g., fisheries, fish stocking, aquaculture, sport fishing, shipping, ornamental and aquarium fish trade, opening new inter-sea channels) is considered as a main driver of biodiversity loss and ecosystem services downgrading in aquatic ecosystems all over the world (García-Berthou et al., 2005; Katsanevakis et al., 2014; Havel et al., 2015). The current extent, frequency, and the rate of introduction of invasive species have dramatically increased in the recent years due to the higher mobilization and expanding demands in world-wide trade activities. While the spread of a species beyond its native range could be a natural process, proliferated intensity of human intervention in exploiting new ecosystems along with the effects of global climate change has long been thought to cause the increasing frequency of global invasions and range expansions of non-native species (Simberloff et al., 2013; Vilizzi et al., 2021).

It is a generally disregarded fact that not all non-native species are a threat to their hosting ecosystems. However, we should note those that may become invasive. The term “invasive” has been described in various ways but should refer to the non-native species that have proved to cause detrimental impacts on biodiversity and ecosystem services (Rejmánek, 2011). To understand whether a non-native species exhibits invasive characteristics, a wider set of detailed information on its specific impacts through field and experimental studies is needed. This is even more demanding for some invasive aquatic species that should be assessed on multiple scales. The other species present in the invaded environment, regardless of being native or non-native, are also expected to play a key role in the magnitude of the impacts of a new invader. Therefore, one of the most complex issues is to predict the ways in which introduced species can influence native communities under the diverse and stochastic nature of interactions within the environment that is novel to the invader (Blossey, 2011), and how they can interact with other non-native species originating from different areas. Hence, standardized methods to assess impacts are rather hard to be developed as data on specific effects of invasive species are barely available and the nature of these impacts is variable. In this regard, it is essential to take up evidence-based science to drive better-informed policy and economic models so as to provide a more sustainable balance between ecosystem services and the conservation/protection of native/endemic species and fragile ecosystems.

To address these issues, our Research Topic titled “Understanding the Impact and Invasion Success of Aquatic Non-native Species: How They Interact with Novel Environments and Native Biota,” compiled a series of research studies providing new data and approaches in assessing the invasion success and the impacts of various non-native species in the different regions of the world belonging to various groups of organisms and from various environments. A range of invasion ecology specialists endeavored to provide up-to-date information on the multifaceted issues of non-native species introductions and to map conservation priorities in terms of biological invasion. A total of 10 articles, including original pieces of research, a review, a brief research report and a hypothesis and theory, are included as part of this Research Topic. Below, an overview of these articles is provided.



RESEARCH TOPIC OVERVIEW

While the articles in this Research Topic can be roughly grouped based on their primary focus on the type of the organisms or environments, we follow an organization of the showcase with topics ranging from studies on single species to communities and, finally, to theoretical and modeling ones.

Atalah et al. quantified the ecological impacts of the Mediterranean fanworm (Sabella spallanzanii), an undesired invasive species in New Zealand, by investigating the diversity and abundance of benthic communities using a manipulative field experiment. Their research revealed compositional differences of benthic communities when exposed to S. spallanzanii. They concluded that the negative impacts have the potential to reach up to functioning of soft-sediment habitats through alterations to nutrient cycling, bioturbation, and benthic-pelagic coupling. Rolla et al. (1) assessed the extent of spatiotemporal variation in the growth and settlement rates of zebra mussel (Dreissenapolymorpha) in a recently colonized artificial lake area in the UK, aiming to better understand its establishment to propose more efficient management options. For control measures, they suggested that removal of mussels in deep waters might be beneficial during the summer and early autumn but depending on local conditions due to the existence of contrasting density-dependent mechanisms. Rolla et al. (2) investigated the variation in the trophic ecology of top mouth gudgeon (Pseudorasbora parva), the most invasive freshwater fish in Europe, in four contrasting freshwater habitats in South Wales, using stable isotope data and stomach content data as a complementary tool. Their study revealed great variation in diet and trophic position between neighboring waters even only a few kilometers apart. They also found higher diversity in the diet and a more generalist pattern in ponds containing fewer competitors, on the other hand, a poor condition and low-trophic position in the ponds with other cyprinids. Hudson et al. reviewed the genetic, genomic, and phenotypic pieces of research on three-spine stickleback (Gasterosteus aculeatus) in Central Europe, focusing on Switzerland and the invasion of the Lake Constance region. In the Lake Constance region, they found rapid phenotypic and genetic divergence between a lake population and some stream populations; and, also, considerable phenotypic variation within the lake population itself, alongside their attempt to document and discuss the complex colonization history, and trace the invasion pathways of stickleback. Haubrock et al. investigated the trophic interactions of the invasive alien species in the Arno River (Tuscany, Italy) using stable isotopes and dietary analyses. Their results suggested that species sharing close geographic origin (or shared histories of co-evolution) would exhibit a lower potential to compete than species from different origins, which affect their potential impact on native species. Jurlina et al. addressed the potential interactions between the native and alien trout groups (Salmo spp.) within the western part of the Balkans. Their study focused on the alternative life histories (e.g., occurrence of migratory behavior), cross-breeding, and introgression between the alien and native populations. Their results showed the occurrence of cross-breeding and introgression of genes between some of the alien and native populations. They concluded that migratory behavior might have two contrary consequences; i.e., it provides native trout stocks an alternative way to cope with the alien strains and/or species introduced into their home streams but also enables non-native brown trout to intrude into the recipient streams and introgress into their resident trout stocks. McCarthy et al. dealt with one of the poorly studied impacts of non-native species, i.e., their roles in changing biogeochemical processes, such as the emission of greenhouse gases (GHGs). They compared emissions of nitrous oxide (N2O), methane (CH4), and carbon dioxide (CO2) produced by a native (Crassostrea virginica) and non-native (Ostrea edulis) oyster species. They briefly reported that the non-native oyster is a lower GHG emitter than the native one and emphasize that, at least in terms of GHG emissions, this non-native species introduction may not be detrimental to the environment. Their results also showed that GHG fluxes and chlorophyll-a consumption rates were not driven by a common set of environmental parameters, nor did fluxes vary consistently with oyster characteristics. South et al. evaluated the competitive interaction indirectly by comparing the closing force of two invasive crayfish species (Cheraxquadricarinatus and Procambarusclarkii) with a native analogous freshwater crab (Potamonautesperlatus). Their results suggested that the native crab had the capacity to hold a competitive mechanical advantage, a kind of biotic resistance toward both invaders, but that this varies with sex.

Finally, two articles contributed by their modeling approaches. Copp and Fox took up a critical perspective and reviewed their own model developed in 2007. The model is applied to non-native populations of pumpkinseed (Lepomisgibbosus) in nine countries of Europe and western Asia by aiming to estimate the efficiency of the model for predicting the potential invasiveness of non-native freshwater fish populations. Their model was not strongly supported in their tests with the pumpkinseed likely due to the shortcomings in the dataset they used, as well as the uncertainty of the source populations. Yet, they concluded that, as long as the size and the quality of the life-history database are sufficient, such life-history models can be useful for predicting invasiveness status in non-native freshwater fishes. Yogurtçuoglu et al. addressed the establishment and invasiveness potential of the rainbow trout (Oncorhynchus mykiss) in Turkey, where it is the most cultured non-native fish species. They proposed an integrated approach in which habitat suitability and invasiveness risk assessment are used together to identify its geographic overlap probability with the native salmonid species of conservation concern. They further proposed a metric by blending the benefited risk assessment approach with the spatial analysis of the native trout species to prioritize and categorize the sensitivity of native salmonids against the overlap and interaction (including hybridization) with rainbow trout. Their results suggested that the northern region is the most suitable area for the rainbow trout, and Salmo abanticus, one of the endangered native trout, had the highest vulnerability and priority in conservation sense.



CONCLUSIONS

Conservationists are expected to elucidate the relations between the level and nature of propagule pressure from non-native species introductions and its potential ecological impacts on biodiversity. However, demonstrating ecological impact resulting from the introduction of non-native species is inherently difficult, as the impact can also be indirect through, for instance, the introduction of infectious agents, sexual pheromone pollution, or social network. This is also true since the long (lag) phase may pass before these impacts become apparent. Consequently, it may be highly difficult to foresee ecological impacts before they are eventually identified. This represents one of the most challenging aspects of invasion biology, which requires experimental design procedures to undertake large-scale replicated experiments. Such experiments should be set up using the latest innovative tools within a population level or, preferably, a community/ecosystem-level approach (e.g., involving dynamic food web modeling) to discriminate yet unseen non-native ecological impacts. The collection in this Research Topic is believed to serve this goal, providing state-of-the art experimental designs and risk assessment tools and models to predict impact of non-native species.
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