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Entity of interest: an entity, such as a population or a habitat, that is relevant to people according to certain values, motivations and reference systems and can benefit or suffer from the impact of an alien taxon. Entities of interest can be, for instance, native species, sentient individuals, protected populations or ecosystems, human communities and societies. Ethical, societal or conservational values are crucial to define not only the entity of interest but also to what extent the latter benefits or suffers from the impact of an alien species. For example, supposing that an alien predator decreases the population size of a native prey species, the impact can be considered beneficial for ecosystem functioning if the native species has become, for various reasons, overabundant and competes strongly with subordinate species, or harmful to nature conservation if the native species is rare, protected or endangered [1]. In the first case, ecological functioning and competitively subordinate species (entities of interest) benefit from the impact, while in the second case the native rare species (entity of interest) is harmed by the impact. Thus, the same negative impact on the native prey species can be considered beneficial or harmful in accordance with different values, interests or motivations. 
Native (or indigenous) range: known or inferred distribution of a species generated from historical (written or verbal) records, or physical evidence of the taxon’s occurrence. Where direct evidence is inadequate to confirm previous occurrence, the existence of suitable habitat within ecologically appropriate proximity to the known range may be taken as adequate evidence of previous occurrence [2]. Note that the definition of native range used here coincides with the definition used by the IUCN to describe the extent of occurrence, i.e. the area contained within the shortest continuous boundary which encompasses all known, inferred and projected sites of present occurrence of a taxon, excluding cases of vagrancy [3,4].  
Population: group of individuals of the same species that live in a given area and interbreed. 
· Global population: total number of individuals of a species [5].
· Sub-population: geographically or otherwise distinct group of individuals in the global population for which there is little demographic or genetic exchange [5].
· Local population: group of individuals within a sub-population. This may encompass all individuals within the sub-population or only some of those individuals. In the latter case, a local population is spatially disjunct from other groups of individuals, but shares individuals with other local populations through natural immigration, in which case it may form part of a metapopulation [5]. 

·  Local population extinction: condition that arises from the death of all individuals within a local population. Local population extinction differs from global (species) extinction, which refers to the complete disappearance of a native species from all parts of its range. In situations where a species is only known from one locality, local population extinction may also result in the global species extinction [5,6].
· Local population re-establishment: condition that arises from the establishment of a local population within an area belonging to the native range of the species and where it became extinct.  
Taxon: species or lower taxonomic levels (subspecies, varieties, cultivars, or breeds), including those that are not yet formally described [5].
· Alien taxon: taxon moved and introduced either intentionally or unintentionally by human activities beyond the limits of its native range into an area in which it does not naturally occur. This movement allows the species to overcome fundamental biogeographic barriers to its natural dispersal. Common synonyms are exotic, introduced, nonindigenous, or non-native [7].  
· Neonative taxon: Range-expanding species (i.e. expanding beyond its historic native range) that tracks human-induced environmental change, without specific human assistance [8].   
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[bookmark: _3j2qqm3][bookmark: _Hlk95380819][bookmark: _Hlk95381126]Supporting information B - Table reporting contrasting arguments and approaches used to define how alien taxa are considered and should be managed in accordance with different conservation values/motivations. As multiple values/motivations exist and determine which entities we are interested in (see also Supporting information A), distinct conservation targets can be identified. Note that here we only consider conservation values/motivations that are expressed regardless of any nature’s instrumental (utilitarian) value, i.e. regardless of nature’s contributions to human well-being (see “nature for itself” framing [9]). Also note that such contrasting arguments and approaches are not necessarily mutually exclusive and have been occasionally combined to find a middle-ground to achieve broader conservation goals [10–13]. 
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	Conservation target (or entity of interest)  
	Conservation approach and key examples from the literature
	Values/motivations/rationale behind the conservation approach in relation to alien taxa (as found in key literature) 
	Consequences for the management of alien taxa
	Potential conflicts with other conservation approaches

	Native taxa 






	Native taxon-based conservation [14–18] (nativism)


	“The argument that the threat posed by introduced species is overblown is often buttressed by the observation that native species sometimes also become invasive. An examination of the literature on plant invasions in the United States shows that six times more non-native species have been termed invasive than native species, and that a member of the naturalized non-native pool is 40 times more likely than a native species to be perceived as invasive [...] These results suggest that natives are significantly less likely than non-natives to be problematic for local ecosystems.” [17]

As “alien species have been shown to cause significant changes in native species extinction probabilities, genetic composition of native populations, behaviour patterns, species richness and abundance” [18] native taxa are of primary conservation importance.
	Alien taxa that are causing harmful impacts on native taxa should be prioritized for control and eradication.  Alien taxa management should be based on blacklisting and “guilty until proven innocent” approaches.
	When undertaking conservation efforts to protect native taxa, 
· the conservation status (e.g. rarity or endangerment) of alien taxa in their native range might be overlooked. 

· the ecological function played by alien taxa in the recipient ecosystem might be overlooked.

· the right of sentient alien individuals to exist and to not suffer might be overlooked [19]. 

	Native taxa threatened by climate change 
	Assisted colonization [20–22]


	For species that “face significant risk of decline or extinction under climate change […] resource managers and policy-makers must contemplate moving species to sites where they do not currently occur or have not been known to occur in recent history”. For these species, assisted colonization through translocation “may be the only strategy to prevent extinction” [22].
	Alien taxa that are threatened in their native range by climate change should be protected in the alien range.
	Assisted colonization might lead to alien populations that themselves become a threat for local native taxa [23,24].

Assisted colonization might lead to alien populations that alter important ecological functions in the recipient ecosystem [23,24].

Assisted colonization might lead to alien populations that cause suffering or deaths to sentient beings in the alien range. 

	Ecosystem functions  


	Ecosystem functions-based conservation [25–28]  




	“Some characteristics, for instance nutrient cycling rates, do not necessarily depend on particular species in a particular location and, hence, substitution of one species by another has little impact. There might therefore be no measurable consequence of invasion of a particular species for ecosystem functions” [26]. “Shifting from a species-based to an ecological functions-or socioeconomic-based approach might be an option” [27]. 
	Both native and alien taxa are included in conservation planning; as long as the main ecosystem functions are maintained in a region, alien taxa can either be protected or controlled. Novel ecosystems can sometimes be accepted. 
	When undertaking conservation efforts to secure ecosystem functions, the decline of native populations might be acceptable [28].

When undertaking conservation efforts to secure ecosystem functions, the conservation status (e.g. rarity or endangerment) of alien taxa in their native range might be overlooked. 

When undertaking conservation efforts to secure ecosystem functions, the right of alien and native sentient beings to exist and to not suffer might be overlooked.

	Lost ecosystem functions
	Rewilding [29–32]

	“Rewilding releases outside the indigenous range might be justified if an ecological function has been lost due to extinction, e.g., dispersal of large seeded plants by giant tortoises” [30]. “We here focus on rewilding as trophic rewilding, defined as species introductions to restore top-down trophic interactions and associated trophic cascades to promote self-regulating biodiverse ecosystems” [31]. 
	Introduction of taxa outside their native range can be pursued to restore lost ecosystem functions.  Alien taxa restoring lost ecosystem functions should be accepted. 
	Rewilding might lead to alien populations that become a threat for local native taxa [33–35].

Rewilding might lead to alien populations that alter important ecosystem functions [33–35].

When undertaking conservation efforts to restore ecosystem functions, the right of alien and native sentient beings to exist and to not suffer might be overlooked.


	Sentient beings (native or alien) 
	Compassionate conservation [19,36,37]


	“Killing raises pernicious ethical questions regarding the values placed on individuals and populations, suppression of one species to promote another, categorization of species as invasive and inherently malicious, eradication of species from their introduced ranges when their populations are jeopardized in their native ranges, and penalizing others for our own misdeeds […]. Humanity has a moral obligation to help restore threatened populations, but harming sentient beings is a serious matter that cannot be justified solely on the basis of noble aims” [19]. 
	Sentient alien beings should not be managed in a way that causes their suffering or death.
	Not killing or harming sentient alien beings might cause substantial harm to native taxa or lead to their extinction [38–40]. 

Not killing or harming sentient alien beings might cause alterations to ecosystem functions or lead to their disappearance [38–40].

Not killing or harming native sentient beings might hinder translocation and assisted colonization of predatory taxa, as the latter will inevitably harm native prey [39,40].
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[bookmark: _Hlk95381185]Supporting information C - Circumstances under which the prevention/mitigation of a decreasing change is considered as a positive change under EICAT+.
In EICAT+, we also consider as positive impacts (i.e. increasing changes) cases in which an alien species prevents/mitigates decreasing changes, e.g. when the performance of a native individual, the size of a native population, or the occupancy of a native species would have decreased, or decreased to a greater extent, if the alien species had not been introduced. Although some of these positive impacts can be inferred, the prevention of a decreasing change should be assessed under EICAT+ only when there is convincing evidence that a certain biodiversity attribute (e.g. population size) would have decreased, or decreased to a greater extent, in the absence of the alien species. In the case of extinction prevention, for instance, it must be clear that: i) the population was locally heading toward extinction before the introduction of the alien and ii) the alien taxon prevented, through a specific impact mechanism, an extinction that would have occurred in its absence [41,42] (Fig. 2b). Other cases where an alien species may prevent or mitigate decreasing changes are, for instance, those in which the abundance (i.e. a proxy for population size) of a native species declined in the uninvaded (i.e. control) plots but not, or to a lesser extent, in the plots invaded by the alien. Note that positive impacts associated with the prevention/mitigation of a decreasing change will generally be more difficult to study and identify than those associated with actual increasing changes, as the former require extensive data regarding the temporal trend of individual performance, population size or area of occupancy.  
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[bookmark: _hzolfkg4v7ku][bookmark: _Hlk95381514][bookmark: _Hlk95381552]Supporting information D - EICAT+ mechanisms and sub-mechanisms by which an alien taxon can cause positive impacts on native biodiversity attributes and examples of positive impacts sourced from the literature and assessed under EICAT+ (ML+ = Minimal positive impact, MN+ = Minor positive impact, MO+ = Moderate positive impact, MR+ = Major positive impact, MV+ = Massive positive impact). Rationales behind the formulation of the mechanisms and sub-mechanisms can be found in the main text and in Supporting information G, H and J. 
	[bookmark: _1ci93xb] EICAT+ mechanisms
	EICAT+ sub-mechanisms
	Examples of positive impacts from the literature assessed through EICAT+

	1. Provision of trophic resources
  The alien taxon provides trophic resources to native taxa, leading to a positive impact on native taxa.
 
 
 
	1.1. Provision of trophic resources through predation 
  The alien taxon provides trophic resources by being preyed upon by native taxa, leading to a positive impact on native taxa.
	· The outbreak of an alien moth that represents an abundant trophic subsidy for two native cuckoos did not increase their reproductive success and inter-annual population size [43]. ML+
· The physiological condition of a native reef fish improved due to increased prey provided by an abundant alien amphipod [44]. MN+
· Over-winter mortality of a near-threatened shorebird decreased due to the introduction of an alien shellfish that acts as a new food source [45]. MN+
· Population size of native predatory birds increased after the introduction of an alien crayfish [46] (but see also Ramo et al. [47] who casted doubts on the role of the crayfish as a driver of increase in bird population size). MO+
· Population size of three native waterfowl increased after the introduction of alien zebra mussels that were incorporated in the waterfowl diet [48]. MO+

	
	1.2 Provision of trophic resources through parasitism 
  The alien taxon provides trophic resources to a native parasite, leading to a positive impact on native taxa 
	-

	
	1.3 Provision of trophic resources through grazing/herbivory/browsing 
  The alien taxon provides trophic resources by being grazed, browsed or consumed through herbivory by native taxa, leading to a positive impact on native taxa.
	-

	
	1.4 Provision of trophic resources through commensalism/scavenging/detritivory
  The alien taxon provides trophic resources to native taxa through commensalism, scavenging or detritivory,  leading to a positive impact on native taxa.
	· An alien mussel increased food availability for a native amphipod through biodeposition of faeces and pseudofaeces, thus increasing the amphipod's feeding rate and body length [49]. MN+ 

	
	1.5 Provision of trophic resources through mutualism
  The alien taxon provides trophic resources to native taxa through mutualism, leading to a positive impact on native taxa.
	· An alien mealybug prolonged worker ant longevity in a native ant by providing honeydew [50]. MN+ 
· An alien forb established a mutualism with native arbuscular mycorrhizal fungi, thus increasing their abundance [51,52]. MO+
· Alien shrubs increased the abundance of several native frugivore birds by providing fleshy fruits [53]. MO+ 
· Alien zooxanthellae established a mutualism with bleached native corals, thus preventing the disappearance of photosynthetic corals under stressful thermal conditions due to climate change [54,55]. MR+

	2. Overcompensation 
  The alien taxon causes an overcompensatory response in native taxa, leading to a positive impact on native taxa (see also Supporting information H).
	2.1 Overcompensation to competition
  The alien taxon causes an overcompensatory response to competition in native taxa, leading to a positive impact on native taxa.
	-

	
	2.2 Overcompensation to predation
  The alien taxon causes an overcompensatory response to predation in native taxa, leading to a positive impact on native taxa.
	-

	
	2.3 Overcompensation to parasitism
  The alien taxon causes an overcompensatory response to parasitism in native taxa, leading to a positive impact on native taxa.
	-

	
	2.4 Overcompensation to grazing/herbivory/browsing 
  The alien taxon causes an overcompensatory response to grazing/herbivory/browsing in native taxa, leading to a positive impact on native taxa.
	-

	[bookmark: _3whwml4]3. Hybridization 
  The alien taxon hybridizes with native taxa without altering their taxonomic status (see also Supporting information J), leading to a positive impact on native taxa. 
	3.1 Genetic rescue through hybridization 
  The alien taxon hybridizes with native taxa and increases their fitness by introducing new alleles (heterosis), leading to a positive impact on native taxa. 
	· Hybrids between island and mainland Torrey pine exhibit increased height and fecundity [56]. MN+
· The introduction of individuals from a separate subspecies of cougar increased individual survival in a previously declining native population through heterosis [57,58]. MN+
· The introduction and hybridization of individuals from a separate subspecies of cougar increased the area of occupancy of a previously declining native population through heterosis [59]. MV+
· The Norfolk Island boobook owl, which had dwindled to a single female, was saved from extinction by hybridization with males from a different subspecies of boobook owl [60]. MV+

	
	3.2 Evolutionary rescue through hybridization
  The alien taxon hybridizes with native taxa and allows them to cope with environmental changes by introducing adaptive genetic variation, leading to a positive impact on native taxa. 
	· Hybrids between a native plant and a congeneric alien plant were more plastic in rates of photosynthesis and transpiration in response to drought than individuals from the native plant [61]. MN+
· Hybrid staghorn corals exhibited increased uptake of algal endosymbionts and photochemical efficiency [62]. MN+
 · The American chestnut was considered to be “functionally extinct” in its native range, but has been revived by the planting of thousands of resistant hybrids with Chinese chestnut [63]. MV+

	4. Disease reduction
  The alien taxon reduces incidence in, or transmission, of diseases (caused for instance by pathogens or parasites) to native taxa, leading to a positive impact on the native taxa.
	-
	· An alien forb increased the growth rate of a native plant likely through the production of allelochemicals suppressing soil borne 
pathogenic fungi [64]. MN+

	5. Dispersal facilitation
  The alien taxon facilitates the dispersal of individuals or propagules (such as seeds, spores, cysts, gametes, pollen) of native taxa, leading to a positive impact on native taxa.
	5.1 Dispersal facilitation through commensalism
  The alien taxon facilitates the dispersal of individuals or propagules (such as seeds, spores, cysts, gametes, pollen) of native taxa through commensalism, leading to a positive impact on native taxa
	- 

	
	5.2 Dispersal facilitation through mutualism
  The alien taxon facilitates the dispersal of individuals or propagules (such as seeds, spores, cysts, gametes, pollen) of native taxa through mutualism, leading to a positive impact on native taxa.
	· An alien tortoise promoted seedling patches of an endangered tree by facilitating dispersal and germination of seeds through endozoochory [65]. MN+
· An alien bird was the sole known pollinator of an endemic native plant [66,67]. MR+
· An alien bird dispersed seeds of native plants, replacing the seed dispersal function of native birds that have become extinct [42]. MR+

	6. Epibiosis or other direct provisioning of habitat
  The accumulation of individuals of native taxa on the surface of the alien taxon, or other direct provisioning of habitat (e.g. provision of refuge, breeding, nesting, foraging, resting, roosting, overwintering sites) lead to positive impacts for native taxa.  
	6.1 Epibiosis or other direct provision of habitat through commensalism
  The accumulation of individuals of native taxa on the surface of the alien taxon, or other direct provisions of habitat through commensalism lead to positive impacts for native taxa.  
	· Reefs created by an alien tubeworm supported a greater biomass of infauna than adjacent sandy areas [68]. MN+
· An alien forb increased hunting success and abundance of native spiders by providing foraging habitats [69,70].  MN+
· An alien green alga provided a new three-dimensional micro-habitat for a native mussel on breakwaters, thus increasing the abundance of the mussel [71]. MO+
· An alien brown alga provided a new substrate for native epiphytic algae, thus increasing their abundance [72]. MO+
· An alien bivalve increased the abundance of a native mayfly by providing hard surfaces [73]. MO+
· An alien oyster reintroduced lost structural complexity by directly creating biogenic reefs, thus increasing abundance of native reef-
associated sessile suspension feeders [74–76]. MO+
· An alien mussel increased the abundance of a native sea slug by providing desiccation refuge [77]. MO+
· An alien plant increased the abundance of certain native spiders in dune habitats [78]. MO+ 
· The removal of an alien plant decreased the abundance of a native spider that used the litter produced by the alien plant as a highly 
suitable habitat [79]. MO+ 
· An alien tree increased the abundance of multiple native generalist birds, possibly by providing suitable nesting and foraging 
habitats [80]. MO+
· Alien grasses provided fledging sites to a native bird that was previously extinct in the area [81]. MR+
· An alien plant provided refugia for critically endangered, declining and protected native land snails by producing litter that protects 
them from predation by rats [41]. MR+ 
· Novel habitats created by alien plants supported distinct insect communities, sometimes including native insect taxa being otherwise 
rare or absent [82]. MR+
· An alien oyster reintroduced lost structural complexity by directly creating biogenic reefs, thus enhancing colonization of native reef
-associated anthozoans, bryozoans, hydrozoans that are absent in the non-invaded sites [75,76]. MR+

	
	6.2 Epibiosis or other direct provision of habitat through mutualism
  The accumulation of individuals of native taxa on the surface of the alien taxon, or other direct provisions of habitat through mutualism lead to positive impacts for native taxa.  
	· An alien seaweed provided foraging habitat, and thus increasing growth, of a native polychaete worm that decorates its tube cap with the alien seaweed. Such decoration behaviour also increased survivorship and growth in the alien seaweed [83]. MN+

	7. Chemical impact on ecosystem 
  The alien taxon causes changes to the chemical characteristics of the native environment (e.g., pH; nutrient and/or water cycling), leading to a positive impact on native taxa.
	-
	· An alien plant increased the biomass of a native grass by increasing the availability of soil nitrogen [84]. MN+
· An alien bivalve increased the abundance of a native aquatic plant, likely by modifying oxygen and nitrogen levels through bioturbation [85]. MO+
· An alien tree facilitated re-establishment of locally extinct native plants in degraded lands, likely by causing changes in soil chemistry [86]. MR+
· An alien green alga modified the quantity, biochemical composition, and nutritional quality of organic detritus in areas characterized by low sediment deposition rates, thus increasing the abundance of native meiofauna [87]. MO+

	8. Physical impact on ecosystem 
  The alien taxon causes changes to the physical characteristics of the native environment (e.g. disturbance or light regimes), leading to a positive impact on native taxa. 
	-
	 · Alien marine filter feeders generally reduced turbidity and increased light penetration, hence allowing seagrasses and macrophytes to grow at greater depths and thus supporting greater biomasses per unit area by providing more three-dimensional habitat [88]. MN+
· An alien tree altered light and temperature regimes (i.e. microclimate), thus increasing canopy cover and facilitating the re-establishment of locally extinct native plants in degraded lands [86]. MR+

	9. Structural impact on ecosystem
  The alien taxon causes changes to the structural biotope characteristics of the native environment (e.g. changes in architecture or complexity), leading to a positive impact on native taxa.
	-
	· An alien macroalga created a complex three-dimensional habitat, thus increasing abundance of native epibiotic invertebrates [89]. MO+
· Multiple native invertebrates from different feeding guilds (fungivore, herbivore, predator, or saprophage) became more abundant in the ground of bush fragments invaded by three alien plants [90]. MO+
· An alien tree facilitated the re-establishment of locally extinct native plants in degraded lands, possibly by causing changes in soil structure [86]. MR+

	10. Indirect impacts through interactions with other taxa
  The alien taxon interacts with other taxa, native or alien, leading to an indirect positive impact on native taxa. 
	10.1 Indirect impacts through interactions with other alien taxa negatively affecting native taxa. 
  The alien taxon interacts with other alien taxa that constrain native taxa through negative interactions (e.g. through EICAT mechanisms such as predation, herbivory, competition or toxicity), leading to an indirect positive impact on native taxa. Note that when the alien taxon interacts with other taxa that cause disease in the native taxa (i.e. being pathogens or parasites), the indirect impacts should be classified in accordance with the EICAT+ mechanism 4 (disease reduction).
	· An alien canid suppressed the abundance of alien mesopredators, cats and foxes, thus increasing the abundance of native small
mammals and a native owl [91]. MO+
· An alien ctenophore predated on another invasive alien ctenophore that had caused the collapse of zooplanktonic communities
and small pelagic fish, thus controlling the invasive population and allowing the recovery of zooplankton and small pelagic fish [92]. MR+
 ·Alien cats controlled the abundance of alien rabbits, thus preventing substantial damages to native vegetation and local disappearance of native megaherbs and grasses that were indeed observed after the eradication of alien cats [93]. MR+
· An alien weevil used as a classical biocontrol agent suppressing an alien invasive aquatic weed, thus allowing the recovery of native aquatic algae and macroinvertebrates [94]. MR+
· An alien coccinellid beetle used a as a classical biocontrol agent suppressed and cause the extinction of an alien scale, thus preventing the extinction of a native endemic plant [95,96]. MV+

	
	10.2 Indirect impacts through interactions with other native taxa negatively affecting native taxa. 
  The alien taxon interacts with other native taxa that constrain native taxa through negative interactions (e.g. through EICAT mechanisms such as predation, herbivory, competition or toxicity), leading to an indirect positive impact on native taxa. Note that when the alien taxon interacts with other taxa that cause disease in the native taxa (i.e. being pathogens or parasites), the indirect impacts should be classified in accordance with the EICAT+ mechanism 4 (disease reduction).
	· An alien fish decreased the abundance of a competitively dominant native fish, thus increasing the juvenile growth rate of competitively subordinate native fish [97]. MN+
· An alien brown alga reduced the abundance of a previously dominant native red alga, thus increasing the abundance of other 
native red and brown algae [72]. MO+
· An alien ant displaced mutualistic native ants that prune native lianas off from their host plant, thus increasing the abundance of lianas [98]. MO+
· A toxic alien toad decreased the abundance of native goannas, thus causing a trophic cascade that increased the population size of four native lizard families preyed upon by goannas [99,100]. MO+
· An alien ant increased the abundance of non-predatory native invertebrates, likely by decreasing the abundance of their predators [101]. MO+
· An alien ant decreased the abundance of three competitively dominant native ants, thus increasing the abundance of a competitively
subordinate, and locally rare, native ant [102]. MO+

	
	10.3 Indirect impacts through interactions with other alien taxa positively affecting native taxa. 
  The alien taxon interacts with other alien taxa that facilitate native taxa through positive interactions (e.g. through other EICAT+ mechanisms such as provision of trophic resources or dispersal facilitation), leading to an indirect positive impact on native taxa. 
	-

	
	10.4 Indirect impacts through interactions with other native taxa positively affecting native taxa. 
  The alien taxon interacts with other native taxa that facilitate native taxa through positive interactions (e.g. through other EICAT+ mechanisms such as provision of trophic resources or dispersal facilitation), leading to an indirect positive impact on native taxa.
	· An alien shrub increased fruit removal rates of a native plant by increasing the abundance of native frugivores birds [53]. MN+
· An alien plant reduced pollen limitation in a native plant by attracting pollinators (magnet species effect), thus increasing the 
reproductive success of the native plant [103]. MN+ 
· When compared with a native fruit tree, an alien fruit tree increased below-canopy seed rain and the abundance of seedlings of native plants by attracting a variety of frugivore species [104]. MN+ 
· An alien bivalve increased the abundance of a native bivalve, likely by enhancing, through selective grazing, the preferred diatom
resources (other native taxa) of the native bivalve [85]. MO+


 













[bookmark: _Hlk95382082][bookmark: _Hlk95381812]Supporting information E - Table reporting examples sourced from the literature and classified as information that cannot be classified under EICAT+, but that contain information about mechanisms and might set the stage for future studies. Although these studies described the existence of mechanisms by which alien taxa may cause positive impacts on native taxa, such literature is considered as non-relevant, as it did not measure, or provide information on, biodiversity attributes used in EICAT+ (e.g. performance of individuals or population size). Rationales behind the formulation of the mechanisms and sub-mechanisms can be found in the main text and in Supporting information G, H and J. 
	 EICAT+ mechanisms
	EICAT+ sub-mechanisms
	  Examples of non-relevant information for EICAT+ sourced from the literature 

	1 Provision of trophic resources
  The alien taxon provides trophic resources to native taxa, leading to a positive impact on native taxa.
 
 
 
	1.1. Provision of trophic resources through predation 
  The alien taxon provides trophic resources by being preyed upon by native taxa, leading to a positive impact on native taxa.
	· An alien cladoceran constituted an important food source for many native fish [105].
· An invasive bivalve substantially contributed to the diet of many fish and birds [106].
· Native rodents and invertebrates consumed alien toxic toads without showing overt ill effects [107,108].
· Alien gobies were the main prey for native cod and perch, in the diet of multiple piscivorous fish taxa and in the diet of all top predators [109,110].
· An alien goby was a very important food source for a native cormorant, constituting at least 35% of its prey [111].
· An alien apple snail (Pomacea maculata) was an important food source for a native ibis, constituting ca. 26-40% of its diet [112].
· Alien mammals (European hare/rabbit, wild boar, sheep, and cattle/horse) represented ca. 77, 84 and 99% of the diet of two native fox species and a native couguar [113].
· Alien crayfish was the main food resource for a native otter [114].

	
	1.2 Provision of trophic resources through parasitism 
  The alien taxon provides trophic resources by being parasitized by native taxa, leading to a positive impact on native taxa 
	· Alien phytophagous insects were attacked by complexes of native parasitoids worldwide [115]. 
· Alien bivalves were adopted as hosts by a native trematode [116]. 
· In an animal-parasite literature review, native taxa (arthropods, parasitoids, protozoa, and helminths) found to account for 67% of the parasite fauna of alien animal taxa from a range of taxonomic groups [117]. 
· An alien mink was adopted as host by native nematodes and trematodes [118].

	
	1.3 Provision of trophic resources through grazing/herbivory/browsing 
  The alien taxon provides trophic resources by being grazed, browsed or consumed through herbivory by native taxa, leading to a positive impact on native taxa.
	· A native shrimp consumed leaves of two alien trees and an alien bamboo in feeding trials [86].  
· A salt marsh grass formed extensive monoculture meadows and provided food for many grazers such as geese, ducks and other water birds and wildlife [119]. 
· Alien plants were fed upon by multiple phytophagous insects [120,121]. 
· Flowers of an alien plant were consumed by native snail taxa [122]. 
· An alien seagrass was the preferred prey of a native sea turtle, as revealed by stomach content analysis of stranded and bycaught individuals [123].
· An alien bryozoan was the preferred prey over other native resources by a key native sea urchin, as revealed by stomach content analysis [124].

	
	1.4 Provision of trophic resources through commensalism/scavenging/ detritivory 
  The alien taxon provides trophic resources to native taxa through commensalism, scavenging or detritivory, leading to a positive impact on native taxa.
	· Alien mammals (sheep/goat, hare/rabbit, red deer and cow/horse) represented 98.5% of the diet of a native scavenging raptor [125].
· Alien toad road-kills were eaten by native scavenging raptors that have learnt to avoid the most toxin-laden body parts of the toad [126]. 
· Dung of multiple alien taxa were attracted and thought to be used by native dung beetles [127,128]. 
· Alien parrots made seeds and fruits more available for native fauna due to food wasting [129].

	
	1.5 Provision of trophic resources through mutualism
  The alien taxon provides trophic resources to native taxa through mutualism, leading to a positive impact on native taxa.
	· Alien plant species were integrated into existing native plant–pollinator networks worldwide [130–133].
· An alien tree produced seeds consumed and dispersed by native birds, bats, insects, and ants [86].
· Alien plants provided fruit to native birds which have shifted their diet and now frequently forage on the alien plants in an archipelago [42].  
· Alien plants produced fleshy fruits that are consumed by native animal taxa worldwide [134].   

	2. Overcompensation 
  The alien taxon causes an overcompensatory response in native taxa, leading to a positive impact on native taxa (see also Supporting information H).

	2.1 Overcompensation to competition
  The alien taxon causes an overcompensatory response to competition in native taxa, leading to a positive impact on native taxa.
	-

	
	2.2 Overcompensation to predation
  The alien taxon causes an overcompensatory response to predation in native taxa, leading to a positive impact on native taxa.
	-

	
	2.3 Overcompensation to parasitism
  The alien taxon causes an overcompensatory response to parasitism in native taxa, leading to a positive impact on native taxa.
	-

	
	2.4 Overcompensation to grazing/herbivory/browsing 
  The alien taxon causes an overcompensatory response to grazing/herbivory/browsing in native taxa, leading to a positive impact on native taxa.
	-

	3. Hybridization 
  The alien taxon hybridizes with native taxa without altering their taxonomic status (see also Supporting information J), leading to a positive impact on native taxa. 
	3.1 Genetic rescue through hybridization 
  The alien taxon hybridizes with native taxa and increases their fitness by introducing new alleles (heterosis), leading to a positive impact on native taxa. 
	-

	
	3.2 Evolutionary rescue through hybridization
  The alien taxon hybridizes with native taxa and allows them to cope with environmental changes by introducing adaptive genetic variation, leading to a positive impact on native taxa. 
	-

	4. Disease reduction
  The alien taxon reduces incidence in or transmission of diseases (caused for instance by pathogens or parasites) to native taxa, leading to a positive impact on the native taxa.
	-
	· An alien ant attacked and killed parasites of native trophobiotic coccids, thus reducing the presence of parasites in the native coccids [135]. 
· An alien vole reduced the presence of the bacteria Bartonella in a native wood mouse by dilution effect [136].
· An alien oyster and an alien limpet interfere with the transmission of free-living infective trematode larval stages and thereby mitigated the 
parasite burden of native mussels [137].
· Alien toads might have reduced the burden of lungworms in the native fauna by taking up lungworms that otherwise would infect native taxa and that fail to develop in the alien toads [138,139]. 
· An alien vole reduced the presence of parasitic worms in a native wood mouse by dilution effect [140].  
· An alien fish acted as a sink for a parasitic worm of a native fish, thus reducing the parasite burden of the native fish [141]. 

	5. Dispersal facilitation
  The alien taxon facilitates the dispersal of individuals or propagules (such as seeds, spores, cysts, gametes, pollen) of native taxa, leading to a positive impact on native taxa.
	5.1 Dispersal facilitation through commensalism
  The alien taxon facilitates the dispersal of individuals or propagules (such as seeds, spores, cysts, gametes, pollen) of native taxa through commensalism, leading to a positive impact on native taxa
	· Alien bison facilitated dispersal of seeds of native plants by epizoochory [142].
· Livestock ungulates facilitated dispersal of native grassland seeds by epizoochory [143,144]. 


	
	5.2 Dispersal facilitation through mutualism
  The alien taxon facilitates dispersal of individuals or propagules (such as seeds, spores, cysts, gametes, pollen) of native taxa through mutualism, leading to a positive impact on native taxa.
	· An alien passerine bird pollinated a native vine formerly pollinated by now extinct and declined bird taxa [145].
· Alien honeybees pollinated an endemic native shrub [146].
· An alien possum facilitated the dispersal and germination of seeds of native plants by feeding on their fruits [147].
· Alien ants dispersed seeds of native plants [148].
[bookmark: _2bn6wsx]· Alien honeybees pollinated multiple native plants that nearly lost all their native pollinators after the introduction of an alien predatory 
lizard[149] (which does not prey upon the alien honeybees).
· Alien feral pigs dispersed seeds of a native tree by endozoochory [150].
· Alien pollinators provided pollination service to native plants [133].
  Alien parrots dispersed seeds of native plants by mutualistic epizoochory, i.e. by feeding on fruits and seeds that adhered to the surface of parrots after fruit/seed consumption [151].

	6. Epibiosis or other direct provisioning of habitat
 The accumulation of individuals of native taxa on the surface of the alien taxon, or other direct provisioning of habitat (e.g. provision of refuge, breeding, nesting, foraging, resting, roosting, overwintering sites) lead to positive impacts for native taxa.  
	6.1 Epibiosis or other direct provision of habitat through commensalism
  The accumulation of individuals of native taxa on the surface of the alien taxon, or other direct provisions of habitat through commensalism lead to positive impacts for native taxa.  
	· An alien shrub provided breeding sites and shelter to three native birds [152].  
· An alien gorse was thought to provide habitat and refugia from predators to native giant weta that were threatened with extinction [153].
· Alien trees provided roosting sites to native monarch butterflies [130].
· Empty shells of an alien bivalve were used by two native hermit crabs [85].
· Alien tree-shrub taxa provided breeding sites to multiple native birds [154].  

	
	6.2 Epibiosis or other direct provision of habitat through mutualism
  The accumulation of individuals of native taxa on the surface of the alien taxon, or other direct provisions of habitat through mutualism lead to positive impacts for native taxa.  
	-

	7. Chemical impact on ecosystem 
  The alien taxon causes changes to the chemical characteristics of the native environment (e.g., pH; nutrient and/or water cycling), leading to a positive impact on native taxa.
	-
	· An alien burrowing polychaete facilitated the switch from a seasonally hypoxic system back to a normoxic system, alleviating eutrophication, and speeding decomposition of organic matter, thus contributing to the recovery of benthic communities [155].
· An alien brown algae was a suitable adsorbent for Zn(II) and Cd(II) pollutants [156].
· An alien green alga had the capacity to reduce the environmental impact of nitrogen-rich effluents in coastal ecosystems [157].

	8. Physical impact on ecosystem 
  The alien taxon causes changes to the physical characteristics of the native environment (e.g. disturbance or light regimes), leading to a positive impact on native taxa. 
	-
	· Fossorial activity of alien marmots formed burrows that can be used by small mammals, carnivores, herpetofauna and invertebrates [158,159].
· The appearance of alien zebra mussel is associated with decreases in chlorophyll a and increases in water transparency promoting the expansion of submerged macrophytes [160].

	9. Structural impact on ecosystem
  The alien taxon causes changes to the structural biotope characteristics of the native environment (e.g. changes in architecture or complexity), leading to a positive impact on native taxa.
	-
	·An alien tree increased the rate of primary succession on new lava flows sevenfold, thus disrupting natural plant succession processes and affecting how native and alien taxa colonized the lava flows [161].
 ·An alien parrot built communal nests that were used by native birds and mammals [162].

	10. Indirect impacts through interactions with other taxa
  The alien taxon interacts with other taxa, native or alien, leading to an indirect positive impact on native taxa. 
	10.1 Indirect impacts through interactions with other alien taxa negatively affecting native taxa. 
  The alien taxon interacts with other alien taxa that constrain native taxa through negative interactions (e.g. through EICAT mechanisms such as predation, herbivory, competition or toxicity), leading to an indirect positive impact on native taxa. Note that when the alien taxon interacts with other taxa that cause disease in the native taxa (i.e. being pathogens or parasites), the indirect impacts should be classified in accordance with the EICAT+ mechanism 4 (disease reduction).
	· An alien crab fed upon an alien snail, thus acting as a biocontrol agent and facilitating native taxa [163].
· An alien fish fed upon two alien mussels, thus acting as potential biocontrol [164].
· An alien cornetfish has a positive effect on native fish and invertebrates by predating on alien demersal predatory fish, as revealed by a food-web model that considered various indicators such as biomass, ecotrophic efficiency or predation mortality [165].

	
	10.2 Indirect impacts through interactions with other native taxa negatively affecting native taxa. 
 The alien taxon interacts with other native taxa that constrain native taxa through negative interactions (e.g. through EICAT mechanisms such as predation, herbivory, competition or toxicity), leading to an indirect positive impact on native taxa. Note that when the alien taxon interacts with other taxa that cause disease in the native taxa (i.e. being pathogens or parasites), the indirect impacts should be classified in accordance with the EICAT+ mechanism 4 (disease reduction).
	· An alien ant interacted with herbivorous insects of native plants, thus reducing folivory on the native plants [166].
· In a laboratory setting, a marine alien epizootic limpet fouled native mussels decreasing predation rate by sea stars due to more difficult 
handling of fouled mussels in the course of the predation process (i.e. by pulling the two valves apart), thus reducing predation mortality [167].
· An alien ant adopted defensive behaviours to protect a native aphid from native predatory threats [168].
· Alien ants adopted defensive behaviours to protect native trophobionts (e.g. aphids) from predatory threats [148,168].
· An alien parrot participated in a cooperative defence against predators with native birds that used the communal nests built by the parrot [162].

	
	10.3 Indirect impacts through interactions with other alien taxa positively affecting native taxa. 
  The alien taxon interacts with other alien taxa that facilitate native taxa through positive interactions (e.g. through other EICAT+ mechanisms such as provision of trophic resources or dispersal facilitation), leading to an indirect positive impact on native taxa. 
	· An alien rust fungus used as a biocontrol agent against two alien wattles induced the formation of galls that accumulated multi-trophic food webs of native insect taxa [169].
· An alien bud-galling wasp used as a biocontrol agent against two alien wattles induced the formation of galls that accumulated multi-trophic food webs  of native insect taxa [169].

	
	10.4 Indirect impacts through interactions with other native taxa positively affecting native taxa. 
  The alien taxon interacts with other native taxa that facilitate native taxa through positive interactions (e.g. through other EICAT+ mechanisms such as provision of trophic resources or dispersal facilitation), leading to an indirect positive impact on native taxa.
	· Several native plants were visited more frequently by native pollinators (magnet species effect) after the introduction of alien plants [170].
· Alien parrots indirectly facilitated dispersal of native plants by making their seeds and fruits more available for native fauna due to food wasting [129].



Supporting information F - How to attribute a confidence score in EICAT+ 
We recommend assigning confidence scores in line with the EICAT guidelines. A confidence score of either low, medium or high is assigned to each individual impact report to reflect the assessor’s judgement that the assigned confidence score is the ‘true’ impact. Under the EICAT guidelines, assessors are instructed to consider five key sources of uncertainty when assigning confidence scores [171,172]. Most importantly, it must be stressed that the confidence scores do not necessarily reflect the quality of an impact observation. For instance, a robust study that finds an effect of an alien species on the performance of a native species (e.g. growth) but does not in any way examine whether this translates to effects to the native species population size cannot be assigned a high confidence score as we have no information as to whether the ‘true’ impact could be higher. Thus, confidence should be assigned in consideration of the question “could the true impact be higher (or lower)?”. 

Supporting information G - Additional information around the rationale behind the formulation of the EICAT+ mechanisms and sub-mechanisms
In some cases, mechanisms under EICAT+ are identical to those under EICAT; they differ only in that native biodiversity attributes (e.g. individual performance or population size) increase instead of decrease (blue cells in Fig. 3). Examples include chemical, physical or structural impacts on ecosystems (e.g. EICAT+ mechanisms 7-8-9) and hybridization (mechanism 3, see also Supporting information J for additional details around this mechanism under EICAT+). In other cases, the terminology for the EICAT+ mechanisms has been partially modified in comparison with EICAT, as they differ in whether the alien or native taxon is carrying out the action (yellow cells in Fig. 3). For instance, under EICAT, predation describes the consumption of a native prey taxon by an alien taxon. In contrast, under EICAT+, provision of trophic resources through predation (sub-mechanism 1.1) might describe the consumption of an alien prey taxon by a native taxon (Fig. 3).  Examples of mechanisms unrelated to EICAT mechanisms are those that do not have a negative (-) interaction (e.g. those involving commensalism or mutualism, green cells in Fig.3), e.g. provision of trophic resources through commensalism/scavenging/detritivory (sub-mechanism 1.4) or epibiosis or other direct provisions of habitat through mutualism (sub-mechanism 6.2). Additionally, we introduce the mechanism overcompensation, and its related sub-mechanisms, to cover cases in which native biodiversity attributes (e.g. individual performance or population size) increase through overcompensatory responses towards initially negative interactions (pink cells in Fig. 3, Supporting information H). 

Supporting information H - Additional information about how alien species can cause positive impacts on native biodiversity through overcompensation
 Alien species can cause overcompensatory responses in native taxa at both individual and population levels, thus increasing some biodiversity attributes used in EICAT+, such as individual performance or population size. Overcompensatory responses occurring at individual level have been observed in plant-herbivore interactions, for instance when plants damaged by herbivores have higher fitness when compared with related plants that are undamaged [173,174] (see sub-mechanism 2.4 in Fig. 3). Various degrees of tolerance to consumption have also been detected in host-parasite interactions[175] (see sub-mechanisms 2.3 in Fig. 3). Compensatory and overcompensatory responses at individual level are generally due to allocation trade-offs between contrasting processes such as growth, storage and reproduction [176]. Overcompensatory responses occurring at population level have been observed in age and stage-structured populations characterized by density-dependent traits (e.g. density-dependent mortality) at various stages of the life-cycle [177]. Classical antagonistic interactions such as predation, parasitism and grazing/herbivory/browsing (see sub-mechanisms 2.2, 2.3, 2.4 in Fig. 3) or mutually antagonistic interactions such as competition (see sub-mechanism 2.1 in Fig. 3) can decrease survival at early stages, thus counter-intuitively increasing population size [177,178].  

Supporting information J - Additional information about how alien species can cause positive impacts on native biodiversity through hybridization
There are two main sub-mechanisms by which hybridization can positively impact native biodiversity: genetic rescue and evolutionary rescue [179]. Genetic rescue refers to an increase in the fitness or size of a native population following the introduction of new alleles through hybridization, whereas in evolutionary rescue, the introgression of adaptive genetic material is required for a population to adapt and survive under a changing environment. Only cases in which the taxonomic status of the impacted species or subspecies has not been lost (i.e. when the impacted taxon can still be taxonomically identified) should be classified as due to genetic or evolutionary rescue [180]. Cases in which the taxonomic status of the native taxon has been lost through hybridization should on the contrary be assessed under EICAT, as these cases indicate negative impacts on native biodiversity [5,171,181]. Both genetic and evolutionary rescue have been experimentally demonstrated in laboratory and greenhouse environments and subsequently confirmed in natural populations [182,183]. Out of the two, genetic rescue has been demonstrated most widely, in part because a single generation of hybridization can enhance the fecundity of an inbred population through heterosis. Evolutionary rescue through hybridization is likely equally common, but it is a slower process and requires several to many generations to document. 
Because of the potential risks associated with hybridization between native and alien species, such as genetic or demographic swamping [180], it is important to be able to predict whether hybridization will positively or negatively impact biodiversity. Frankham [183] has provided detailed guidelines for the management of genetic rescue with hybrids and Chan et al. [179] offers a decision tree that can apply to both genetic and evolutionary rescue. Both papers make the point that small and isolated populations that lack sufficient genetic variation for survival and/or adaptation to anticipated environmental change are likely to benefit from hybridization, especially if the alien donor is closely related and genetically diverse.    
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