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Abstract
In the era of globalization, biological invasions are one of the most serious social issues. Thus, managing its impact is an urgent task. It is essential to control non-native species before they become established. However, it is insufficient to address establishment debt, which occurs when a non-native species has been introduced into an area but has not yet been established in the wild. In particular, unintentionally introduced or contaminated organisms of the aquatic ornamental pet trade are referred to as “hitchhikers” and have not received much attention in the context of establishment debt. To understand the nature of establishment debt, including that of aquatic hitchhikers, I propose the monitoring of non-native species inhabiting artificial isolated waters, such as indoor aquariums, and the construction of a database using environmental DNA metabarcoding. This idea would be an effective non-regulatory management approach when implemented broadly, at the country level. Furthermore, implementation of this strategy in combination with border biosecurity and field monitoring may promote accurate prioritization, rapid species identification, and effective invasion pathway assessment.
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RESEARCH QUESTION
	Invasive species are one of the most serious threats to biodiversity, and managing the impact of biological invasions is an important societal issue. Here, I suggest a new approach for mitigating the impact of biological invasions on aquatic ecosystems.
VALUE
	In the era of globalization, the number of invasive species continues to increase (Seebens et al., 2017). Biological invasions damage ecosystems and native biota, the economy, agriculture, and human health (Pyšek et al., 2020; Simberloff et al., 2013). In particular, invasions of aquatic ecosystems are likely to have greater impacts than those of terrestrial ecosystems (Thomaz et al., 2015). Various efforts to reduce the negative impact of biological invasions have been made, and preventing the establishment (sensu Blackburn et al., 2011) of introduced species is considered an especially effective strategy (Keller et al., 2007; Rout et al., 2011; Simberloff et al., 2013; Vilizzi et al., 2021).
RELEVANT HYPOTHESIS
	According to the most recently constructed unified framework for the management of biological invasions, there are two different stages of management before an invasive species becomes established: prevention and captive management (Robertson et al., 2020). Prevention is often referred to as border biosecurity (Black and Bartlett, 2020; Meyerson and Reaser, 2002) and includes pre-border pathway management and interception based on the framework of Robertson et al. (2020). These approaches are highly effective in preventing the transport and introduction (sensu Blackburn et al., 2011) of non-native species (Simberloff et al., 2013); however, non-native species are transported in various purposes, including via food resources and the pet trade. Thus, pre-border pathway management and interception can conflict with some rights such as trade freedoms and animal welfares (Crowley et al., 2017). 
	Captive management is a strategy that has not yet received much attention (Robertson et al., 2020). Robertson et al. (2020) listed two captive management approaches: limits to keeping (e.g., only one individual allowed) and secure keeping (e.g., individuals must be kept in secure enclosures). However, these approaches also conflict with some rights, despite their efficacy. Furthermore, they require introduced species to be already recognized. In other words, captive management may be insufficient to control the introduction of unrecognized organisms, such as attached organisms and parasites. In particular, indoor bodies of water, such as aquariums, are a dominant medium of aquatic invasion (Cohen et al., 2007; Padilla and Williams, 2004; Strecker et al., 2011). Aquariums are often contaminated with unintentionally introduced non-native species, referred to as “hitchhikers” (Duggan, 2010; Duggan et al., 2018; Ložek et al. 2021; Patoka et al., 2016a, 2016b, 2017, 2020). On the other hand, there are many indoor bodies of water and are usually under human control; accordingly, they are relatively easy to evaluate and manage. The introduction of overlooked non-native species contributes to establishment debt, which comprises part of invasion debt (sensu Rouget et al., 2016) and is recognized as a potential biological invasion threat (Duggan et al., 2018; Patoka et al., 2017). However, the establishment debt of hitchhikers has been largely overlooked, and hitchhiker species have not been sufficiently identified (Duggan et al., 2018; Patoka et al., 2016a, 2016b). This problem cannot be managed by the conventional captive management strategies, and alternative approaches need to be developed.

NEW RESEARCH IDEA
	To evaluate the establishment debt of hitchhikers, I propose a strategy based on monitoring non-native species inhabiting artificial isolated waters, such as indoor aquariums and garden ponds, and establishing a database using molecular markers. 
How to tackle the question through the proposed new idea
	The research idea can be implemented by surveying non-native species, including hitchhikers, in waters that are both artificial and isolated. Environmental DNA (eDNA) metabarcoding, an extremely powerful passive survey tool with a high detection ability, should be prioritized as a tool for creating biological surveys of aquatic regions (e.g., Mahon and Jerde, 2016; Rees et al., 2014). Furthermore, while it is unrealistic to expect researchers to survey every indoor aquarium, the combination of eDNA metabarcoding and citizen science (Biggs et al., 2015) could greatly reduce the time and cost of surveys. eDNA is a rapidly developing area. The technical details of sample collection should be based on relevant research and reviews (Castro et al., 2021). In addition to the passive eDNA surveys, active approaches, namely, individual-based (e)DNA barcoding, and taxon sampling and examination by taxonomists are the subsequent and essential strategies in establishing the database. 
	The choice of molecular markers for metabarcoding is extremely critical, as the accuracy of identification depends largely on the resolution of the marker and the completeness of the reference DNA databases, such as GenBank and BOLD (Castro et al., 2021; Creer et al., 2016; Meiklejohn et al., 2019). Accordingly, different markers are selected depending on the target taxon (Saddhe and Kumar, 2018). In addition, the combination of multiple markers is useful for increasing the accuracy of identification (Bucklin et al., 2016; Meiklejohn et al., 2019). Metabarcoding with high-throughput sequencing can implement multiplexed markers (Zhang et al., 2018), which may greatly reduce the effort required to use multiple markers. On the other hand, the problem of incomplete reference databases is difficult to solve immediately; however, this could be alleviated by taxonomists assessing the results of molecular identification using collected samples (Ammon et al., 2018).
	Similar studies using molecular markers for non-native species management have been conducted: some focused on species identification at the border biosecurity; for instance, by monitoring the pet trade (Ng et al., 2016; Rey et al., 2019), and others focused on detection and monitoring in the wild (Biggs et al., 2015; Mahon and Jerde, 2016; Rusch et al. 2020; Westfall et al., 2020). These studies and the idea proposed here have a commonality in the method of using DNA, and the data accumulated in each study can be utilized for each other through the databases. Therefore, the ideal strategy should be to continuously accumulate data of commonality in each monitoring.
Motivation
	The more broadly this idea is implemented, the more effective it will be. Therefore, I have suggested this strategy to be widely available. As with other management strategies for non-native species, this approach should be implemented in accordance with national and local policies. It can also be suitable for educational purposes and thus, developing a standard format may increase the efficiency of conducting surveys.
	The recommended database can support the detection of organisms based on establishment debt, especially species or life stages that are generally difficult to be identified except by experts, for example, eggs and larvae. This was a challenge in previous studies about hitchhikers (Patoka et al., 2017). In addition, quantifying the amount of establishment debt within an area will help assess potential establishment risks and improve the accuracy of prioritization, which is the primary method of risk assessment for non-native species (McGeoch et al., 2016). Accurate prioritization followed by regulatory management, such as limits to keeping, could minimize economic losses and value conflicts, which are currently important aspects of biological invasions management (Shackleton et al., 2019). In addition, the database assessed by taxonomists might mitigate the general concerns of the barcoding approach, namely the incompleteness of reference databases, since organisms that are not registered in reference databases can be examined sequence-by-sequence. This way, sequences detected in the field can be identified for certain as also being present in the captive environment, and help in the management of invasive species in the field. Moreover, ideally, when a new non-native species is discovered in the field, it may be possible to identify not only the species but also its invasion pathways using the establishment debt database. This idea focuses on aquatic areas where eDNA is an applicable method; however, the strategy could also be applied to artificial gardens containing ornamental plants and parasites hosted by exotic pets (Hulme, 2015), despite the difficulty of metabarcoding. 
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