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Abstract

:

Some invasive alien species (IAS) may constitute an important threat to global biodiversity due to major ecological impacts. In 2014, the European Union (EU) introduced a regulation (EU) No 1143/201 on the prevention and management of the introduction and spread of IAS. EU member states are required to carry out an analysis of the introduction and spread of potential IAS in their territories. In the case of aquatic alien species, shipping is considered as the main pathway for their introduction. In this study, a horizon-scanning tool was applied for identifying potential aquatic IAS introduced by shipping into the EU Baltic Sea Region (BSR) countries. This tool has mostly been applied on a country level, but it is more reasonable to study the invasive potentiality at a regional scale, especially for aquatic species that generally disperse over long distances. Individual Baltic countries may also benefit from the results of this study. The result of the horizon-scanning method that we applied produced a list of 27 potential aquatic invaders for the EU BSR countries introduced by international marine and inland shipping. In order, Asia (34% of the species), North America (27% of the species), and Indo-Pacific (23% of the species) were the most frequently listed geographical origins of concern. Marine habitat was the most frequent of the potential IAS, accounting for 41% of the species. Fish (26% of the species), Mollusks (18% of the species), and Crustacea (15% of the species) were the most frequent taxonomic groups. The list of potential IAS was prioritized from highest to lowest probability of invasion (establishment, spread, and impact). Eight species reached the highest probability of invasion. One of the potential IAS, Mytilus galloprovincialis, is native to the Mediterranean Region. These results provide valuable information that policy makers can use to develop more efficient prevention strategies for IAS introduced by shipping into the Baltic Sea.
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1. Introduction


Ships are global dispersers of aquatic organisms [1,2]. These organisms commonly attach to the ship’s hulls and/or are transported in ballast water and then released when the water is exchanged [3,4]. Both international marine and inland shipping [2,5,6] are identified as important pathways of non-indigenous aquatic species introduction. The documentation of pathways is essential to detect future invasive alien species (IAS) in a certain region using a horizon-scanning tool [7].



IAS, spreading outside their natural distribution ranges, are important threats for biodiversity, economies, and human health [5,8]. In fact, they are considered as one of the leading causes of global biodiversity loss [9]. Besides, IAS generate economic costs [10,11]. Some of these costs include, e.g., fish-based and recreational activities, the modification of local infrastructure connected with the marine environment [10]. Most of these costs result from management actions: eradication and control [12,13,14]. Moreover, once established, IAS can rapidly expand their ranges across national borders [15]. Therefore, the prevention of the initial introduction and spread should be prioritized as the most cost-efficient measure to combat potential impacts of IAS [16,17]. An effective identification of IAS at early stages of invasion allows countries to act fast when species preventative measures fail [18,19]. For both prevention and rapid action, the identification of IAS is essential as they are likely to spread into new territories [20].



In 2014, the European Union (EU) introduced a regulation (EU) No 1143/2014 on the prevention and management of the introduction and spread of IAS. This regulation provides opportunities for methodological improvements and the applications of new tools to identify potential IAS. Moreover, EU member states are required to carry out a comprehensive analysis and prioritization of the potential IAS in their territories [17]. Fighting the known and established IAS is essential to recover native ecosystems, but the prevention of future invasions has also been identified by the EU as one of the most important steps in the control and management of IAS. Horizon scanning is a predictive tool that has been used by researchers and stakeholders to identify potential IAS, which may be useful to initiate further management actions [7]. This tool was not previously used to the prevention and early identification of IAS in the Baltic Sea. This tool has mostly been applied on a country level, but it is more reasonable to study the invasive potentiality at a regional scale, especially for aquatic species that generally disperse over long distances.



Previous horizon-scanning methods to identify potential IAS have relied on intensive expert consultation and, while often presenting an overview of the potential introduction pathways for individual species, many do not include systematic analyses aimed at prioritizing introduction pathways [21,22]. Invasiveness in locations with similar ecological and climatic conditions is considered one of the most relevant criteria in predicting the invasive behavior of a species [21]. However, a previous study using horizon scanning in northern European countries did not include a formal climate match [22]. Only the European-scale horizon scan carried out by Roy et al. (2015) [23] considered the influence of European climate zones on the potential future establishment of IAS in different European regions. To the best of our knowledge, horizon-scanning was never used to intentionally identify the potential aquatic IAS introduced by shipping into different European Union countries surrounding the Baltic Sea. In this study, an approach to horizon scanning was developed and applied for identifying potential IAS, specifically those aquatic (marine, freshwater, and brackish) species introduced into the Baltic Sea Region (BSR) by shipping. The result will be a list of potential aquatic IAS (plants and animals) identified for the BSR. For each species, the probability of establishment, spread, and impact will also be assessed in order to prioritize the list of IAS. The inventory may facilitate policy decisions relating to the prevention, early detection, and eradication of potential IAS.




2. Horizon-Scanning Approach


A horizon-scanning tool [24,25,26] was applied for the identification of potential IAS introduced into the Baltic Sea (Figure 1) from the EU countries bordering the Baltic Sea: Sweden, Finland, Estonia, Latvia, Lithuania, Poland, Germany, and Denmark. The method consists of six steps (Figure 2), following this criteria: (1) species non-native to the Baltic Sea, whose distribution range have climatic conditions matching those present in the Baltic Sea, (2) species likely introduced by shipping, (3) only considering aquatic species, (4) the taxonomic groups of the species will be plants (including Chlorophyta, Phaeophyta, Rhodophyta, and Spermatophyta) and animals (vertebrates and invertebrates), (5) the species cannot be previously reported in the Baltic Sea, and (6) species will be categorized by origin and environment. The environment of potential IAS in the Baltic Sea (freshwater, brackish, and marine) was determined based on the World Register of Marine Species [27]. The salinity categories used were: brackish (0.5–30 ppt), marine (greater than 30 ppt), and freshwater (less than 0.5 ppt), based on [28]. The information regarding the origin was obtained from international databases and information portals, e.g., the Information system on aquatic non-indigenous and cryptogenic species [29] and Invasive Species Compendium (CABI) [26].



	
Step 1. List of species in regions climatically matched those in the Baltic Sea Region






Only the species from regions climatically matched with the EU Baltic Sea countries (Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, and Sweden) (EU Strategy for the Baltic Sea Region) [30] were included in this horizon-scanning approach.



	
Step 2. Shipping as possible introduction pathways of potential IAS to the Baltic Sea






Shipping is a possible pathway for species introduction classified according to the United Nations Environment Programme as the moving of live organisms attached to transporting vessels and associated equipment and media [31,32]. In this study, we considered only species introduced by shipping. The introduction of organisms is also possible in ships’ ballast water and on the outer hull of ships [3,4], so such introduction pathways are also considered within the shipping pathway group and were included in the horizon-scanning approach (Table 1). Note that the species we considered could also be introduced by different pathways.



	
Step 3. Selecting possible aquatic habitats of potential IAS to the Baltic Sea






The Baltic Sea represents a highly variable environment [33,34], consists of freshwater, brackish, and marine species, and potentially introduced species from different habitats (freshwater, brackish, and marine) may be possible invasive alien species [35,36]. The Baltic Sea creates a multitude of different habitats from oligohaline to polyhaline conditions, with a distinct gradient from fresh- to saltwater, including river deltas, estuaries, and saline conditions in the Danish Straits (Ref. [37]; Table 2). The information on habitat type was obtained using a horizon-scanning tool [26].



	
Step 4. Selecting the taxonomic groups of potential IAS in the Baltic Sea






The aim of the study is to assess different species that may potentially be introduced into the Baltic Sea by shipping. The taxonomic groups considered were: invertebrates, vertebrates, and plants (Chlorophyta, Phaeophyta, Rhodophyta, and Spermatophyta).



	
Step 5. Alien species were then screened using the criteria in [24]: only aquatic alien species that have not been recorded in the Baltic Sea or Baltic inland waters but are potentially able to reproduce in the target waters.






These data were obtained from the following databases: Invasive Species Compendium (CABI) [26], European Alien Species Information Network (EASIN) [38], Global Information System on Fishes (Fishbase) [39], and Global Invasive Species Database (GISD) [40].



	
Step 6. Inventory of the origin and environments of the species on the list of potential IAS for the target sea. The potential IAS are categorized according to the origin and environment.






The information on the origin was obtained from international databases and information portals, e.g., the information system on the aquatic and cryptogenic non-indigenous species (AquaNIS) [29] and Invasive Species Compendium (CABI) [26].



The information on the environment of potential IAS to the Baltic Sea was obtained from the World Register of Marine Species (WoRMS) [41].



Prioritization of the List of Potential IAS


The list of potential IAS was prioritized based on the probability of establishment, spread, and impact of each species. Following a similar procedure used in previous studies [7,23], for each invasion stage (establishment, spread, and impact), we assigned a probability value from 1 to 5. For the introduction stage, we assumed that the probability of introduction was high for all the species in the list. Then, for each species, we multiplied the three probability values. The result was a probability of invasion for each species, being the maximum score 125 and the minimum 1. Finally, we ordered the species from higher to lower probability of invasion. The available information from the species was essential to assign the probability values. We used a semi-quantitative approach, which is useful to provide us with an idea of the species with the most invasive potential. The criteria to provide the probability scores was similar as that used in previous studies [7,23]. For instance, the species with high genetic variability and those reported to grow fast and/or tolerate a high range of environmental conditions (also habitat generalists) were considered to have a high probability of establishment. Additionally, the species known to have elevated competitive abilities were considered as those with high probabilities of establishment. The species with high reproduction capacities, able to, naturally and/or artificially (facilitated by humans), expand their distributional ranges in different areas, were contemplated as those with high probabilities to spread. The species able to adapt and evolve in the introduced range were also considered as those with high spread probabilities. Finally, we provide a high probability of impact to the species for which their negative effects to biodiversity, ecosystems, and ecosystem services are reported in the literature. If the species is considered a harmful species in other parts of the world in terms of its ecological and socioeconomic effects, then the probability of impact for that species will also be high [7,23]. The information from the species was obtained from the literature and the databases: the Global Invasive Species Database (GISD) [40] and Invasive Species Compendium (CABI) [26]. One specific criterion that we followed was: for each invasion stage of each species, we assigned the lowest probability (1) both when it is known that the probability is low and when no information is available. The method for species prioritization may not be the most precise and different researchers may assign different scores, but this surely helps managers to easily identify the most dangerous IAS and the most threatened native communities, habitats, and ecosystems and focus the efforts on them.





3. Results


The horizon-scanning tool was applied to create the list of potential IAS introduced by shipping into the Baltic Sea. The resulting list (consisting of 27 species) (Table 3) comprised potential IAS that are recommended for prevention and early eradication measures in the Baltic Sea. There are different taxonomic groups among the potential IAS: fishes, mollusks, crustaceans, tunicata, bryozoan, and plants (Chlorophyta, Phaeophyta, Rhodophyta, and Spermatophyta) (Figure 3). The most common taxon of the list was fish, following by mollusk and crustacean (Figure 3). Regarding donor regions, Asia and North America were the most frequently listed geographical origins (native ranges) of concern (Figure 4). The marine habitat region was the most frequent, accounting for 41% of the species (Figure 5).



After the prioritization of species, we obtained four clear groups of species that shared the same probabilities of invasion (establishment, spread, and impact). The group sharing the highest probability of invasion contain eight species from different taxonomic groups: Plants (three species), Echinoderm (one species), Tunicata (one species), Crustacean (one species), Rhodophyta (one species), and Mollusk (one species). In general, fish species resulted to be less problematic, with low probabilities of invasion as compared to the other species (Table 4).




4. Discussion


Shipping is considered as the most important pathway of the introduction of aquatic alien species into the Baltic Sea [42] and is in the ranking of the most serious vectors of unintentional species introduced to this sea. The introduction via ballast water, sediment, and ship bilge water is probable and needs a specific regulation and management at the regional scale to improve prevention measures [43]. Besides, existing legislation should be better implemented, e.g., the Ballast Water Management Convention BWM (IMO) [1,32]. In fact, the International Convention for the Control and Management of Ships’ Ballast Water and Sediments entered into force globally on 8 September 2017. According to IMO (2004) [43], all the ships engaged in international trade are required to manage their ballast water to avoid the introduction of alien species into coastal areas, including exchanging their ballast water (D-1 standard) or treating it using an approved ballast water management system (D-2 standard). All ships must carry a ballast water record book and an International Ballast Water Management Certificate. The D-1 standard requires ships to exchange their ballast water in open seas, away from coastal waters. Ideally, this means at least 200 nautical miles from land and in water at least 200 m deep. All ships will have to conform to the D-2 standard. For most ships, this involves installing special equipment. The ship should meet the D-2 standard at a date determined by its flag state, but not later than 8 September 2024. Until then, the introduction of new IAS is possible.



Moreover, biofouling, the unwanted colonization of aquatic organisms on ships’ hulls, may have a huge environmental and economic impact: not only on spread of non-indigenous species, but also on increasing vessel fuel consumption, operating costs for vessels, and greenhouse gas emissions [44]. Therefore, the guidelines for the control and management of ships’ biofouling to minimize the transfer of invasive aquatic species (Biofouling Guidelines) (resolution MEPC.207(62)) [45] are intended to provide a consistent approach to the management of biofouling. Management actions such as, ship cleaning, ship repair, and anti-fouling coatings should be implemented. The Guidelines were further supplemented by the guidance for minimizing the transfer of invasive aquatic species as biofouling (hull fouling) for recreational crafts, which was approved by the MEPC at its sixty-fourth session in October 2012 and circulated as MEPC.1/Circ.792 [46]. Therefore, biofouling control solutions, e.g., using coatings to protect vessels against biofouling, should be applied [47,48,49,50,51]. However, anti-fouling management actions are not always sufficient to prevent the introduction of alien species.



Aquatic species spread through the global shipping network [2,52] and the Trans-European Inland Waterway network [53,54]. The ‘Corridor’ pathway connects aquatic environments and emphasizes the role of large-scale canals that connect river catchments, waterways, basins, and seas. This means that there is still a considerable risk of species introduction by not only large cargo vessels but also by small, military, or recreational ships and boats [2] and from using vessel components, e.g., sailing/angling equipment and ropes [55]. Additionally, the introduction probability via biofouling as hitchhikers on ships using corridors is confirmed [3,4,32]. All these pathways of aquatic species introduction by shipping were implemented in the horizon scanning.



Under anthropopressure, during human-assisted ship transport, many organisms may spread beyond their native ranges. In fact, the species that were previously identified as potentially invasive for the Baltic region via shipping in 2015 [22], such as Dikerogammarus villosus, Palaemon macrodactylus, Neogobius gymnotrachelus, N. fluviatilis, and N. kessleri, are already present in the Baltic countries [26]. Our study predicted that the geographical origins of potential IAS in the Baltic Sea are Asia, North America, Indo-Pacific, Europe, and even warmer regions, such as the Mediterranean, Indonesia, Africa, and Australia. Our result about the potentiality of warmer regions to act as donors of IAS to the Baltic region confirm previous models [5], which predicted that climate warming will lead to elevated invasions in temperate regions. If water temperatures continue increasing under climate warming, many species from warm geographical regions will find appropriate environmental conditions at higher latitudes [56]. From the best of our knowledge, no aquatic species native to the Mediterranean Region have been recorded in the Baltic Sea. However, caution is needed as the horizon scanning we performed identified a potential invasive species of the Baltic Sea from the Mediterranean Sea, specifically, the commercial species of mussel Mytilus galloprovincialis. The potential impact of this species once it is established in the new ecosystem is uncertain, but it was reported that it can outcompete native mussels and the probability of establishment and spread is rather high due to its high adaptability to different environments and its high reproductive potential [26]. Prevention measures on this species should be based on prohibiting cultivation in foreign areas and monitoring unintentional introductions.



Special caution is needed for the worst potential aquatic IAS identified for the Baltic region, i.e., those with invasion scores of 125. All these species are easily established in the new ecosystem, able to rapidly spread, and they can cause important ecological and economical damages [26]. For instance, the species Faxonius rusticus of North American origin is considered one of the most aggressive crayfish, able to decrease biodiversity and cause cascading trophic interactions. In turn, Limnoperna fortunei from Asia, may cause environmental impact and great economic consequences connected with biofouling problems. The control measures for these species are extremely difficult and costly and for some of them, such as Grateloupia turuturu, Cabomba caroliniana, and Limnoperna fortunei, control measures are nearly ineffective [26]. Besides, control methods may have secondary undesirable effects because some of them, such as the chemical methods, are not species-specific. Prevention measures are essential to face these invasions, implementing, e.g., education campaigns informing about the importance to properly clean ships that may contains potential IAS species or involving citizens in detecting the presence of easily identifiable IAS, such as F. rusticus. It is also recommended to use Integrated Pest Management, considering a combination of different control measures at early stages of invasion. The research on the ecology and management of these species should be encouraged to create rapid response plans (RRP), as the one already available for the species Myriophyllum heterophyllum. Collaboration among countries is essential to effectively prevent the spread of IAS and implement RRPs. In the case of plants, it is important to know their dispersal period in the invaded area to implement control measures out of that period [26].



The water salinity of donor and recipient regions is one of the most important environmental factors when we consider potential distribution of species [57]. For an invasive species, it is important not only to spread, but also to establish permanent populations in the invaded areas. The species identified in this study as potential IAS in the Baltic Sea are mostly inhabitants of marine habitats, but some of them are euryhaline (prefer freshwater to saline environment) or may live in saline (brackish and marine) environments. The wide range of water salinity in the recipient region (the Baltic Sea) increases the possibility for the listed species to establish in the future. The salinity gradient in the Baltic Sea is from almost 0 ppt in the innermost parts of the large gulfs to 6–8 ppt in the Baltic proper and to about 35 ppt in the Kattegat (because the Kattegat is characterized by a quite sharp halocline at about 15 m depth dividing the surface mixed layer with a salinity of from 15 ppt to 25 ppt from the deep water with salinity from 32 ppt to about 35 ppt); this causes the Baltic Sea to be susceptible to invasions of freshwater, brackish, and marine species [42,58]. The salinity preferences of analyzed species were included in horizon scanning.



We should also remember that a successful invasion depends on multiple other factors such as, e.g., species interactions (e.g., [59]) and competition with native species (e.g., [60], which are still not included in the horizon-scanning tool. The Baltic Sea is a geologically young, species-poor system that is likely to have decreased biotic resistance to invasion [35], so the number of IAS is still growing [61]. Most of the species listed here as potential invaders of the Baltic Sea have elevated competitive abilities and are able to affect native diversity.



The present study represents the first step to establish potential IAS in the Baltic Sea, being essential to the development of future studies to experimentally identify the invasive potential of the listed species. However, predictions based on horizon scanning [25] should be compared to other risk assessments to obtain more information to implement monitoring programs and start processes of early warning and early detection. Climate matching among donor and recipient regions of IAS is an important step to identify potential IAS using horizon scanning. For instance, accounting for climate matching, we identified potential IAS that may be introduced via shipping in the Baltic region that were not previously identified. In addition, researchers could also use other methods, such as modeling future invasions, to prioritize the potential IAS [62]. Such a tool also provides a reliable method to identify possible IAS that could arrive in the future. Further steps, monitoring surveys, not yet performed in all Baltic ports, consequently, will be needed. The list of potential IAS provides a basis for cost-efficient management measures. The further spread of IAS into the Baltic Sea may have consequences for the economies of all the countries in the Baltic Sea Region.




5. Conclusions


Horizon scanning supports decision making and helps identify, categorize, and prioritize potential invasive species from regional to more local (e.g., country and city) levels. The horizon scanning presented here may be also applied in other regions, but it is necessary the use of available data on climatically matched countries for the potential IAS. We identified eight aquatic species with high probabilities of invasion (establishment, spread, and impact) in the Baltic Sea, being good candidates in which managers may start applying prevention measures. Horizon scanning provides a starting point for the design of the early identification and rapid action measures for the effective management of potential IAS. If some species are unsuitable to be in the Baltic Sea, then ways to prevent their spread should be found. Therefore, further steps and monitoring surveys will be needed.
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Figure 1. The Baltic Sea with bordering EU countries: Sweden, Finland, Estonia, Latvia, Lithuania, Poland, Germany, and Denmark (source: On The World Map—Free printable maps, accessed on 13 November 2022). 
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Figure 2. Processes involved in the horizon-scanning method considered at each step of the study. 
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Figure 3. Taxonomic groups of the potential IAS in the Baltic Sea. 
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Figure 4. Geographical origin of the potential IAS in the Baltic Sea. 
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Figure 5. Environments of the potential IAS in the Baltic Sea (information of the environment of each species was based on WoRMS [28]). Saline means brackish or marine habitats. 
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Table 1. Possible introduction pathways among shipping of potential IAS to the Baltic Sea.
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	Pathways in Horizon Scanning
	Literature Sources





	Hitchhikers on ship or boat
	[32]



	Ship bilge water
	[1,32]



	Ship ballast water and sediment
	[1,32]



	Ship hull fouling
	[3,32]
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Table 2. Possible habitats of potential IAS to the Baltic Sea.
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	Habitat Types Selected in Horizon Scanning Tool
	Literature Sources





	  1. Freshwater
	



	  1.1. Freshwater
	[33,35]



	  1.2. Rivers/streams
	[33,35]



	  2. Brackish
	



	  2.1. Estuaries
	[33,35]



	  2.2. Lagoons
	[33,35]



	  3. Marine
	



	  3.1. Bays
	[33,35]



	  3.2. Benthic zone
	[33,35]



	  3.3. Inshore marine
	[33,35]



	  3.4. Marine
	[33,35]



	  3.5. Pelagic zone (offshore)
	[33,35]



	  4. Littoral
	



	  4.1. Coastal areas
	[33,35]



	  4.2. Rocky shores
	[33,35]
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Table 3. List of potential IAS in the Baltic Sea introduced by shipping.
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	Species Scientific Name
	Species Group
	Origin
	Environment Based on [27,41]





	Acanthogobius flavimanus

(Temminck & Schlegel, 1845)
	Fish
	Asia
	F, B, M



	Acentrogobius pflaumii

(Bleeker, 1853)
	Fish
	Indonesia
	B, M



	Alosa pseudoharengus

(Wilson, 1811)
	Fish
	North America
	F, B, M



	Arcuatula senhousia

(Benson, 1842)
	Mollusk
	Asia
	M



	Asterias amurensis

Djakonov, 1950
	Echinoderm
	Northern Pacific
	M



	Botrylloides violaceus

Oka, 1927
	Tunicata
	Northwest Pacific
	M



	Bugula neritina

Thornely, 1912
	Bryozoan
	Cryptogenic
	M



	Bythotrephes longimanus

Leydig, 1860
	Crustacean
	Northern Europe and Asia
	F, B, M



	Cabomba caroliniana

A. Gray
	Plant

(Spermatophyta)
	North America
	F



	Channa micropeltes

(Cuvier, 1831)
	Fish
	South-east Asia
	F



	Charybdis japonica

(A. Milne-Edwards, 1861)
	Crustacean
	Western Pacific
	M



	Didemnum vexillum

Kott, 2002
	Tunicata
	Japan
	M



	Faxonius rusticus

(Girard, 1852)
	Crustacean
	North America
	F



	Grateloupia turuturu

Yamada, 1941
	Plant

(Rhodophyta)
	Asia
	M



	Hydrilla verticillata

(L. f.) Royle
	Plant

(Spermatophyta)
	Asia, Africa and Australia
	F



	Limnoperna fortunei

(Dunker, 1857)
	Mollusk
	Asia
	F



	Morone americana

(Gmelin, 1789)
	Fish
	North America
	F, B, M



	Myriophyllum heterophyllum

Michx.
	Plant

(Spermatophyta)
	North America
	F



	Mytilopsis sallei

(Récluz, 1849)
	Mollusk
	Caribbean islands and the Bay of Mexico
	B, M



	Mytilus galloprovincialis

Lamarck, 1819
	Mollusk
	Mediterranean
	M



	Perca flavescens

(Mitchill, 1814)
	Fish
	North America
	F, B



	Potamocorbula amurensis

Schrenck, 1862
	Mollusk
	Asia
	B, M



	Pseudodiaptomus marinus

Sato, 1913
	Crustacean
	Indo-Pacific region
	B, M



	Tricellaria inopinata

d’Hondt & Occhipinti Ambrogi, 1985
	Bryozoan
	Pacific
	M



	Tridentiger trigonocephalus

(Gill, 1859)
	Fish
	Asia
	F, B, M



	Ulva pertusa

Kjellman, 1897
	Plant

(Chlorophyta)
	Indo-Pacific region
	M



	Undaria pinnatifida

(Harvey) Suringar, 1873
	Plant

(Phaeophyta)
	Asia
	M







Note: Abbreviations: F—Freshwater; B—Brackish; M—Marine.
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Table 4. Prioritized list of species. The potential invasive species for the Baltic Sea are listed from highest to lowest probability of invasion. For each species, the scores (1–125) were obtained by multiplying the probabilities of establishment, spread, and impact. Probabilities are assigned based on previous information found in the literature and Global Invasive Species Database (GISD) [40] and Invasive Species Compendium (CABI) [26]. Different colors group species sharing the same scores.
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Probability




	
Species

	
Species Group

	
Origin

	
Establishment

	
Spread

	
Impact

	
Probability of Invasion






	
Asterias amurensis

	
Echinoderm

	
Northern Pacific

	
5

	
5

	
5

	
125




	
Botrylloides violaceus

	
Tunicata

	
Northwest Pacific

	
5

	
5

	
5

	
125




	
Cabomba caroliniana

	
Plant (Spermatophyta)

	
North America

	
5

	
5

	
5

	
125




	
Faxonius rusticus

	
Crustacean

	
North America

	
5

	
5

	
5

	
125




	
Grateloupia turuturu

	
Plant (Rhodophyta)

	
Asia

	
5

	
5

	
5

	
125




	
Hydrilla verticillata

	
Plant (Spermatophyta)

	
Asia, Africa, and Australia

	
5

	
5

	
5

	
125




	
Limnoperna fortunei

	
Mollusk

	
Asia

	
5

	
5

	
5

	
125




	
Myriophyllum heterophyllum

	
Plant (Spermatophyta)

	
North America

	
5

	
5

	
5

	
125




	
Charybdis japonica

	
Crustacean

	
Western Pacific

	
5

	
5

	
4

	
100




	
Didemnum vexillum

	
Tunicata

	
Japan

	
5

	
5

	
4

	
100




	
Morone americana

	
Fish

	
North America

	
5

	
5

	
4

	
100




	
Undaria pinnatifida

	
Plant (Phaeophyta)

	
Asia

	
5

	
5

	
4

	
100




	
Potamocorbula amurensis

	
Mollusk

	
Asia

	
5

	
4

	
5

	
100




	
Arcuatula senhousia

	
Mollusk

	
Asia

	
4

	
5

	
5

	
100




	
Bythotrephes longimanus

	
Crustacean

	
Northern Europe and Asia

	
5

	
5

	
3

	
75




	
Mytilopsis sallei

	
Mollusk

	
Caribbean islands and the Bay of Mexico

	
5

	
5

	
3

	
75




	
Tricellaria inopinata

	
Bryozoan

	
Pacific

	
5

	
5

	
3

	
75




	
Alosa pseudoharengus

	
Fish

	
North America

	
3

	
5

	
5

	
75




	
Pseudodiaptomus marinus

	
Crustacean

	
Indo-Pacific region

	
5

	
4

	
3

	
60




	
Mytilus galloprovincialis

	
Mollusk

	
Mediterranean

	
5

	
5

	
2

	
50




	
Ulva pertusa

	
Plant (Chlorophyta)

	
Indo-Pacific region

	
5

	
5

	
2

	
50




	
Perca flavescens

	
Fish

	
North America

	
5

	
3

	
2

	
30




	
Acentrogobius pflaumii

	
Fish

	
Indonesia

	
3

	
5

	
2

	
30




	
Acanthogobius flavimanus

	
Fish

	
Asia

	
4

	
1

	
5

	
20




	
Channa micropeltes

	
Fish

	
South-east Asia

	
3

	
3

	
2

	
18




	
Bugula neritina

	
Bryozoan

	
?

	
4

	
1

	
4

	
16




	
Tridentiger trigonocephalus

	
Fish

	
Asia

	
1

	
5

	
1

	
5
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