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Human activities such as the transport of species to new regions and modifications of the environment are increasingly reshaping the distribution 
of biota. Accordingly, developing robust, repeatable, and consistent definitions of alien species that serve scientific and policy purposes has become 
of prime importance. We provide a set of classification criteria that are widely applicable across taxa and realms and offer guidance on their use 
in practice. The criteria focus on (a) acknowledging the role of assessment uncertainty, (b) incorporating time since introduction, (c) considering 
infraspecific taxonomic ranks, and (d) differentiating between alien species whose survival depends on explicit human assistance from those that 
survive without such assistance. Furthermore, we make recommendations for reducing assessment uncertainty, suggest thresholds for species 
assessment, and develop an assessment scheme. We illustrate the application of the assessment criteria with case studies. Finally, the implications 
for alien species management, policy, and research are discussed.
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Human activities are increasingly reshaping the   

 spatial distribution of species (van Kleunen et al. 2015, 

Dyer et  al. 2017). Many different activities are involved, 

including the transport of propagules or live individuals to 

new regions and modifications of the environment, such as 

climate change, land-use change, overharvesting, eutrophi-

cation, and pollution, which alter the suitability or accessi-

bility to resident and incoming species (Lonsdale 1999, Pecl 

et al. 2017) and which cause range expansions of species that 

follow their changing environmental niche. These processes 

occur with widely different intensities and at varying spa-

tial and temporal scales (Crees and Turvey 2015). Species’ 

ranges are not static and are shaped by natural processes 

that are independent of human activities and interact with 

anthropogenic factors (Walther et al. 2009, Pecl et al. 2017), 

making attribution of the causes of change in species distri-

butions difficult and uncertain in many cases.

As a result, assessing the biogeographic status (native 

or alien) of species (or more generally, taxa) has become 

increasingly complicated. Establishing a coherent approach 

for assessing biogeographic status is essential for several 

reasons. For scientists, establishing objective criteria that 

separate native from alien taxa is required if data are to be 

integrated and communicated. This is a fundamental pre-

requisite for comparative analyses across taxa, realms, and 

regions. The issue is also important for conservation man-

agers, policymakers, and the wider public as the numbers of 

alien species are increasing rapidly worldwide (Seebens et al. 

2017, 2018).

Although the native–alien dichotomy forms the basis for 

international policies addressing biological invasions (e.g., 

CBD 2014, EU 2014, IPPC 2017), such policies largely focus 

on the impact of alien species on the environment, economy, 

or human health. However, this article does not address the 

role of potential or actual impacts of alien species, because 

this is a separate dimension of biological invasions that must 

be assessed using different criteria and has already received 

considerable attention (Blackburn et al. 2014, Bacher et al. 

2018). Rather, this article focuses on the biogeographic 

 status of species, independent of impact.

The first attempts to define alien species were devel-

oped more than 100 years ago, with the plant ecologists 

de Candolle, Watson, and Thellung being at the forefront 

(Chew and Hamilton 2011, Kowarik and Pyšek 2012). 

In the decades following the landmark publications of 

Lindroth (1957) and Elton (1958), the criteria for defining 

alien species have been further refined and used ad hoc, 

leading to a myriad of different terms (Copp et  al. 2005, 

Falk-Petersen et  al. 2006) and different interpretations of 

the same terms. The situation has been exacerbated by the 

complexity of the phenomenon of biological invasions and 

the fact that scholars studying different taxa and different 

environments on different continents and from differ-

ent disciplines developed their own terms, concepts, and 
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criteria that invoke different levels of biogeographic resolu-

tion and human values.

Substantial conceptual progress has been made in the last 

two decades in developing criteria for separating native from 

alien taxa (Pyšek et  al. 2004), and especially to determine 

different stages of the invasion process (e.g., Richardson et al. 

2000, Blackburn et al. 2011). Nonetheless, differences remain 

regarding such criteria and their relevance among scientists 

and stakeholders with different backgrounds, perceptions, 

and interests (e.g., Falk-Petersen et al. 2006, Richardson et al. 

2011a, Heger et al. 2013). Recently, some authors have pro-

posed accounting for the role of global environmental change 

that facilitates species range expansions so that only species 

transported outside of their native range by direct transport 

should be considered alien (Webber and Scott 2012, Gilroy 

et al. 2017, but see Hulme et al. 2017). Furthermore, some sci-

entists argue that processes involved in natural colonizations 

and biological invasions are not that different (Hoffmann 

and Courchamp 2016), and others are calling for “the end of 

invasion biology” (e.g., Davis et al. 2011, but see Richardson 

and Ricciardi 2013 and Wilson et al. 2016). Consistency in 

defining alien species is pivotal for these discourses and to 

advance the field of invasion science.

We propose guidelines for assessing the biogeographic 

status of species on the basis of a set of classification criteria 

deemed widely applicable across taxa (plants, animals, fungi, 

and microorganisms), realms (freshwater, marine, and ter-

restrial), and regions, and we provide guidance for their 

interpretation and application in practice. These criteria are 

grounded in biogeographic barriers, human agency, the role 

of human assistance for survival, and time since introduc-

tion. In particular, we consider spatial and temporal criteria 

and their applicability, the role of assessment uncertainty, 

and issues related to taxonomic rank. Finally, we discuss the 

potential implications for research, management, and policy.

Foundations for a harmonized approach to assess 

biogeographic status

We build on the framework developed by Richardson and 

colleagues (2000), which Pyšek and colleagues (2004) elu-

cidated for plants and which was later extended to all taxa 

and elaborated by Blackburn and colleagues (2011). These 

publications have developed a consensus for the processes 

associated with human-mediated dissemination of organ-

isms. In essence, these frameworks conceptualize biological 

invasions as a series of stages separated by barriers. The 

extent to which species progress along the introduction–

naturalization–invasion continuum depends on the ability of 

individuals to survive, reproduce, and spread after they have 

been introduced to a new region by human agency.

We call for the explicit acknowledgement of uncertainty 

in the assessment of the biogeographic status of species. To 

this end, we provide a map of key concepts (figure 1) and a 

decision tree (figure 2) to aid in assessing the biogeographic 

status of species. We further suggest that assessments of the 

biogeographic status of species across taxa and realms must 

be transparent—that is, based on a set of criteria (table 1). 

These criteria have, explicitly or implicitly, already been 

widely used and can be operationalized to provide a clear 

link between the research and management of alien species.

In the following section, we review and elaborate the 

classification criteria that we consider relevant for assessing 

the biogeographic status of species (figure 1). We discuss 

features that we consider pertinent to each classification cri-

terion, with a particular emphasis on ambiguous situations 

and uncertainties, and propose criteria and thresholds for 

classification (table 2). We then provide recommendations 

on how each classification criterion should be interpreted to 

ensure consistency in its usage. Finally, we identify remain-

ing areas of uncertainty and illustrate these with examples.

Criteria for classifying the biogeographic status of 

species

Subsequently, we present the four classification criteria for 

assessing the biogeographic status of species.

Criterion no. 1: Crossing biogeographic barriers. Crossing biogeo-

graphic barriers is fundamental for separating native from 

alien species (Wilson et al. 2009). The application of this crite-

rion is straightforward in most situations, but uncertain cases 

remain (Webb 1985, Pyšek et al. 2004). For instance, uncer-

tainty arises when new occurrences of a species are located 

very close to, but still outside, the presumed native range of 

the species and when there is no obvious geographic distri-

bution barrier. Similarly, when species have fragmented or 

disjunct native ranges, the classification of new occurrences 

in areas outside the species’ core localities can be difficult.

Species are often labeled as alien on the basis of admin-

istrative boundaries (e.g., international or subnational 

borders), although these boundaries often do not match 

biogeographic boundaries. In such cases, it might be unclear 

whether species whose native range extends close to the 

administrative border without obvious biogeographic barri-

ers in between should be deemed native or alien. Conversely, 

species can be native and alien within the same political 

entity if that political entity spans more than one biogeo-

graphical region. In such situations, a useful approach is to 

assess the biogeographic status of individual populations of 

a taxon, as has been done, for example, in some national 

distribution atlases of vascular plants (e.g., Preston et  al. 

2002) and in detailed assessments of particular plant taxa 

(e.g., Australian Acacia species; Richardson et  al. 2011b). 

However, assessing the biogeographic status of populations 

is only feasible when long-term biological inventories have 

been undertaken or when clear genetic markers are available 

to assist the identification of original and human-mediated 

distributions (Sjölund et al. 2017).

This classification criterion is not so easy to apply to spe-

cies whose native ranges are unknown or highly uncertain 

or that have evolved as a direct consequence of human activ-

ity. The latter include (a) alien species that have hybridized 

with other alien or native species in the introduced range 
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(Pyšek et al. 2004) and (b) native species that had originally 

been ecologically, geographically, or otherwise separated 

but have been brought into contact by human activity and 

have subsequently hybridized. Moreover, many plant species 

cultivated for ornamental or utilitarian reasons have been 

so strongly modified by breeding that they now represent 

distinct infraspecific taxa or even species that are distinct 

from their ancestors. Similarly, some species evolved only in 

artificial habitats, such as agricultural fields. Both groups of 

species were termed anecophytes by Zohary (1962), a term 

that only applies to plants. Although this phenomenon is 

more frequent in plants, cases exist in animals (e.g., domes-

tic cats, dingoes, and the marbled crayfish). These taxa have 

no native occurrences, because their existence is the result of 

human activities; therefore, their entire range is alien.

The definition and relevance of biogeographic barriers 

are also very different for species with different dispersal 

potential and ecological requirements. For example, disper-

sal over short distances (e.g., rivers) might not be possible 

for flightless terrestrial species whose propagules are not dis-

persed by wind, water, or highly mobile animals. However, 

species that disperse over long distances by air currents, are 

good swimmers, survive floating on water, or are occasion-

ally transported by birds might be able to reach oceanic 

islands (Green 2016, Carlton et al. 2017). In other words, the 

location and strength of biogeographic barriers are highly 

contingent on species traits and landscape features, making 

it unwise to generalize across a wide range of taxonomic or 

ecological groups.

As a rule of thumb, Richardson and colleagues (2000) 

proposed that in the absence of knowledge about the trans-

portation mechanism, a distance of at least 100 kilometers 

between native range and new occurrences should qualify 

for plant species to be considered as alien (supplemental 

Regional species pool

Taxon to be evaluated

Biogeographic barrier crossed
No Yes Uncertain

Human agency

Direct human agency Indirect human agency UncertainNo human
agency

Survival

Only aided
survival Unaided by humans Uncertain

Native Cryptogenic Data Deficient
Alien

(outside capt. /
cultivation)

Alien
(in captivity /
cultivation)

 

 
Uncertainty

 Low Medium High

Figure 1. A conceptual map of the proposed scheme for assessing the biogeographic status of taxa occurring in a regional 

species pool, showing the four assessment criteria, the levels of uncertainty in assessment, and the resulting assessment 

outcomes. We propose applying the terms cryptogenic to taxa of uncertain biogeographic status and data deficient for 

taxa for which an assessment of biogeographic status is unfeasible because of the lack of data (see figure 3). For proposed 

definitions, see table 1. For simplicity, the date of first introduction is not included here.
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appendix S1). They added that this threshold should be used 

critically and fine-tuned to specific situations, such as for 

islands that are separated from other islands or the main-

land by shorter distances. Although not widely applied, we 

believe that the 100-kilometer threshold is useful in many 

situations, such as in contiguous continental regions close 

to the boundaries of biogeographic regions and in large 

contiguous water bodies such as large lakes, river networks, 

or coastal regions. However, very steep environmental 

gradients can still effectively separate native species pools 

over short distances. Such examples are quite common 

and include tributaries of separated but neighboring river 

systems; mountain ranges separated by deep valleys; islands 

within an archipelago; or ecologically distinct habitats such 

as caves, springs, and isolated cliffs. Selecting shorter or 

longer (for highly mobile species) distances as a threshold 

can be well justified but should be made on the basis of an 

explicit assessment of the strength of bio geographic barriers.

Criterion no 2.1: Direct human agency. Direct human agency 

includes the human-mediated physical movement of propa-

gules or individuals, both intentional and unintentional, of any 

life-cycle stage beyond the native range of the species. There is 

a wide range of motivations and means by which such move-

ments occur; these can be classified along a continuum from 

intentional to unintentional. Hulme and colleagues (2008) 

proposed a classification of pathways that was adopted and 

further modified by the Convention on Biological Diversity, 

with support from International Union for Conservation of 

Nature (IUCN) Species Survival Commission Invasive Species 

Specialist Group (CBD 2014). The importance of introduc-

tion pathways varies spatially, temporally, and between and 

within taxonomic groups (Essl et al. 2015b).

The movement of propagules or live individuals involves 

three processes: (1) collection, (2) transport and introduction 

into the new region, and (3) subsequent release or escape to 

sites away from captivity or cultivation. These processes can 

happen intentionally or unintentionally, but intentional and 

unintentional collection, transport, and release are multi-

faceted phenomena that grade into each other (Hulme et al. 

2008), and it might be difficult to disentangle human-medi-

ated from natural dispersal (Copp et al. 2005, Wilson et al. 

2009). For instance, intentionally introduced individuals are 

often planted (e.g., trees used in forestry) or held in captivity 

(e.g., pets), but release of propagules or individuals to areas 

away from sites of captivity or cultivation can occur acci-

dentally (e.g., by seeds that disperse into adjacent habitats) 

or intentionally (e.g., by releasing individuals; Hulme et al. 

2008). Another important example is the accidental intro-

duction of pathogens with their intentionally or accidentally 

introduced host species and their subsequent spread to other 

hosts in the new regions (Roy et al. 2017).

We propose that clear evidence for direct human agency 

(e.g., documented introductions, releases or escapes, and 

interceptions with imported goods) as the causal factor for 

species introduction is needed to fulfill the criterion of a 

Figure 2. The decision tree for assessing the biogeographic status of taxa occurring in a regional species pool. For proposed 

definitions, see table 1. Direct and indirect human agency are merged here, because the assessment of these two criteria 

must be done together in practice. For simplicity, the date of first introduction is not included here.
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Table 1. The proposed four criteria relevant for assessing the biogeographic status (native or alien) of taxa. A short 

description is given of each criterion, the invasion process or processes (sensu Blackburn et  al. 2011) for which the 

criterion is most relevant, the suggested evidence required for operationalizing the criteria, and key references. We have 

added a “transport” process, which includes the pickup and movement of propagules to the new region. This is not 

included in Blackburn and colleagues (2011) but is essential for introduction and subsequent invasion events.

Number Criteria Relevant invasion 
process(es)

Description Evidence required References

1 Biogeographic 
barriers

Transport, 
introduction

Crossing of biogeographic barriers 
between range edge and new 
occurrence

Evidence for crossing 
biogeographic barriers (e.g., river 
catchments, mountain ranges, 
marine environments separating 
continents and islands, and 
persistent oceanographic fronts) 
between the native and new 
ranges; the minimum distance 
between the native and new 
ranges as a proxy for crossing 
dispersal barriers.

Richardson et al. 
(2000, 2011a), 
Wilson et al. (2009)

2.1 Direct human 
agency

Transport, 
introduction, 
establishment

Direct human contribution to 
the crossing of biogeographic 
distribution barriers via the 
(intentional and unintentional) 
transport of propagules, gametes, 
or organisms that may survive 
and subsequently reproduce

Evidence of direct human 
agency can include documented 
introduction events, releases, 
plantations, and escape events; 
strong indirect evidence for direct 
human agency, such as the 
known association of species with 
transport pathways, first records 
in introduction hubs (e.g., ports).

Richardson et al. 
(2000, 2011a), 
Pyšek et al. (2004). 
Hulme et al. 
(2008), Blackburn 
et al. (2011), Gilroy 
et al. (2017)

2.2 Indirect human 
agency

Transport, 
introduction, 
establishment

Substantial indirect human 
contribution to the crossing of 
biogeographic distribution barriers 
via, for example, change in 
connectivity or the creation of new 
ecosystems with fundamentally 
different properties

Evidence for substantial indirect 
human agency involved in 
introduction, such as habitat 
affiliation (e.g., occurrence limited 
to heavily modified ecosystems), 
dependence on human-mediated 
resources (e.g., strongly modified 
habitats or introduced alien 
species that are used as essential 
resource), spread via human-made 
corridors (e.g., canals or traffic 
infrastructure).

Richardson et al. 
(2000, 2011a), 
Pyšek et al. (2004), 
Gollasch (2011), 
Hulme et al. (2008, 
2016), Blackburn 
et al. (2011)

3 Survival 
without human 
assistance

Establishment Survival of individuals without 
explicit human assistance

Evidence of survival of individuals 
without explicit human assistance 
and the time span of survival. 
It separates alien species that 
survive unaided outside captivity 
or cultivation from those that 
depend on aided survival (e.g., 
planted in fields, gardens, or 
greenhouses or held in captivity, 
such as in zoos or as domestic 
animals).

Richardson et al. 
(2000, 2011a), 
Pyšek et al. (2004), 
Blackburn et al. 
(2011)

4 Date of first 
introduction

All invasion 
processes

Provides an indication of how 
long an alien species has been 
present in a region (ideally both 
in and outside of captivity or 
cultivation). In many cases (e.g., 
Europe), there is a clear and 
important difference in when alien 
species were introduced (before 
or after the start of the European 
Age of Exploration in 1492)

Year of introduction in confinement 
(for species introduced on 
purpose). Year of first record of 
an occurrence without human 
assistance (as proxy for year of 
first occurrence).

Kowarik (1995), 
Richardson et al. 
(2000, 2011a), 
Crees and Turvey 
(2015)

taxon being deemed alien. However, only in a minority of 

cases will the introduction and release or escape of a spe-

cies in the new range be observed and documented. More 

often, direct human agency is inferred through association 

of first occurrences with relevant introduction pathways. 

If such inferences are deemed robust (low uncertainty; see 

discussion on assessment uncertainty), then such data are 

sufficient to classify a species as alien outside of captivity or 

cultivation.

Criterion no. 2.2: Indirect human agency. Besides direct physi-

cal movement of individuals from one region to the other, 

changes in the distributions of species can be the indirect 

consequence of human actions that change biophysical 

characteristics of the environment (Crees and Turvey 2015, 

Lewis and Maslin 2015). These changes might modify the 

suitability of a region for a particular species via a range of 

potential mechanisms such as habitat modification, anthro-

pogenic climate change, the creation of novel resources, 

5

ht
tp
://
do
c.
re
ro
.c
h



the elimination of native competitors or predators, or, most 

notably, increasing connectivity via infrastructure corridors 

(e.g., Gollasch 2011, Crees and Turvey 2015; see our table 2). 

Many of these indirect human-mediated changes are gradual 

causing subtle to pervasive changes to a region’s invasibility.

The construction of infrastructure corridors has resulted 

in increased connectivity between regions, thereby facilitat-

ing the spread of species across biogeographic boundaries 

(Wilson et  al. 2009). This is particularly true for aquatic 

organisms that have spread via canals linking seas or river 

catchments that have been separated for millions of years 

(Copp et al. 2005, Gollasch 2011). Such taxa can unequivo-

cally be considered alien.

Changes in the suitability of a region may occur for many 

reasons. The human alteration of landscapes has created new 

habitats and resources and has facilitated many large-scale 

range expansions, such as the twentieth-century spread of 

the Eurasian collared dove (Streptopelia decaocto) in Europe 

(Snow and Perrins 1998) and the upstream range expansion 

of fishes in the River Danube and associated invasions of the 

River Rhine via the Rhine–Main–Danube canal (Copp et al. 

2005). The human-mediated extirpation of top predators in 

many regions of the world has facilitated range expansions 

of competitively inferior smaller predators (mesopredator 

release; Ritchie and Johnson 2009). Similarly, ongoing cli-

mate change attributable to human activities (IPCC 2013) has 

become a key driver of the expansion of species toward pre-

viously uninhabitable regions (Walther et  al. 2009). In par-

ticular, mobile taxa, such as birds (Devictor et al. 2008), are 

already colonizing new regions far from their historic range.

In many such situations, range expansions are only pos-

sible because humans provided new essential resources for 

the expansion of a species in a new region. For instance, 

the recent spread of the Mediterranean nettle-tree butterfly 

(Libythea celtis) into central Europe (Rabl and Rabl 2015) was 

made possible by the previous introduction of its food plant, 

Table 2. An overview of the potential changes in region invasibility (sensu Lonsdale 1999) due to indirect human 

agency, which may affect the survival, reproduction, and spread of taxa colonizing new regions. Note that we suggest 

that substantial indirect human agency involved in changes in region invasibility is necessary to qualify a taxon as alien 

or cryptogenic and that we suggest that several of the mechanisms identified below are not relevant for categorizing 

taxa as alien (see main text).

Indirect factor Explanation Relevance for 
species spread

Evidence required Suggested thresholds References

Land-use change Human-mediated 
changes in land use and 
anthropogenic disturbance 
regimes affecting 
ecosystem distribution 
and quality

Increase in 
invasibility of 
the focal region 
for species 
adapted to the 
new ecosystems, 
decrease for other 
species

Species ecology (e.g., 
restriction to heavily 
modified ecosystems)

Not considered relevant 
for separating native 
from alien taxa

Richardson et al. 
(2011a)

Anthropogenic 
climate change

Human-mediated change 
in global to regional 
climates

Increase in the 
invasibility of the 
focal region for 
species adapted to 
the new climates

Species ecology (e.g., 
preferences of warm 
climates and climatic 
habitat suitability as 
predicted by Species 
Distribution Models)

Not considered relevant 
for separating native 
from alien taxa

Devictor et al. 
(2008), Walther 
et al. (2009), 
Webber and Scott 
(2012)

Change in 
resource 
availability

Human-mediated changes 
in availability of important 
resources (e.g., nutrients, 
food, and nesting sites)

Increase in the 
invasibility of the 
focal region for 
species dependent 
on increased or 
newly available 
resources

Interaction of 
species ecology with 
human-mediated 
environmental change

Not considered relevant 
for separating native 
from alien taxa

Mack and Smith 
(2011), Richardson 
et al. (2011a)

Change in biotic 
composition and 
interactions

Human-mediated changes 
in biotic interactions 
(e.g., functional loss of 
guilds as top predators 
or herbivores) due to 
selective pressures (e.g., 
hunting and fishing)

Increase in 
invasibility of the 
focal region due to 
changes in biotic 
interactions, such 
as for species 
released from 
the competition 
of native species 
(e.g., mesopredator 
release)

Observed range 
expansions of 
species after 
functional extinction 
of competitors, 
predators, or 
pathogens

Not considered relevant 
for separating native 
from alien taxa

Snow and Perrins 
(1998), Lonsdale 
(1999), Ritchie and 
Johnson (2009), 
Richardson et al. 
(2011a)

Change in 
connectivity

Human-mediated increase 
in connectivity between 
similar ecosystems or 
realms (e.g., interoceanic 
and interriver basin canals 
or terrestrial transport 
networks such as roads 
and railways)

Increased likelihood 
of invasion into 
the focal region 
for species 
from regions 
with increased 
connectivity 

Existence of human-
made corridors that 
connect previously 
biogeographically 
separated regions

Taxa that spread into 
new regions via human-
made corridors that 
connect previously 
biogeographically 
separated regions are 
alien

Richardson et al. 
(2011a), Gollasch 
(2011)
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the nettle tree (Celtis australis) for ornamental use, along with 

climate change that allowed winter survival of the insect.

As a specific phenomenon, mobile debris from humans 

such as drifting plastic in the ocean may foster the long-

distance spread of sessile species; such floating human-made 

structures may be big in size and colonized by many marine 

species, as has been shown for debris washed ashore in 

North America after the tsunami in Japan in 2011 (table 2; 

Carlton et al. 2017).

However, in the vast majority of cases, the causal factor 

or factors responsible for such rapid range expansions and 

the potential human-mediated contribution remain largely 

unknown. Therefore, attributions are usually best guesses 

based on often circumstantial evidence and expert opinion. 

Uncertainty in such situations will remain large. Furthermore, 

the scale and velocity of global environmental change in the 

future will likely make range shifts of species a widespread 

phenomenon (Webber and Scott 2012). In most cases, but 

not necessarily all, newly suitable regions will be located in 

proximity to the current ranges of expanding species.

The contribution of indirect human agency to the 

spread of species is often difficult to authenticate (with 

the important exception of infrastructure corridors that 

connect previously separated regions); therefore, doing so 

is associated with substantial uncertainties. The degree to 

which indirect human-mediated environmental change 

should be considered in assigning alien status to a species 

has become strongly contested, and some authors and legal 

instruments suggest that it should not be considered at all 

(Webber and Scott 2012, Gilroy et al. 2017) or only in very 

specific situations (EU 2014). These authors reason that 

range shifts of species in response to environmental pres-

sures are an increasingly common phenomenon that is nec-

essary to ensure species survival and that such movements 

should not be considered as biological invasions. Besides, 

attributing the colonization of new areas to the underlying 

factors is often associated with substantial uncertainties for 

indirect human-mediated contributions to species spread 

(table 3).

Following the approach advocated by Richardson and 

colleagues (2000, 2011a), we suggest using a conservative 

approach for classifying species as alien on the basis of 

indirect human agency. This ensures that species expanding 

their range into adjacent territories presumably in response 

to changing climate, habitat, or resource availability are 

not automatically classified as alien. Therefore, we propose 

that evidence for substantial indirect human agency that 

is decisive for a taxon to colonize a new region is neces-

sary for this taxon to fulfill this criterion and therefore be 

classified as alien. Such substantial indirect human agency 

might involve the construction of infrastructure corridors 

that breach biogeographic barriers, such as canals between 

seas or river catchments (Gollasch 2011, Hulme et  al. 

2017) or bridges creating new connections with islands; 

the creation of new ecosystems with fundamentally differ-

ent properties (e.g., heated indoor environments in cool 

climates); or the provision of new essential resources (e.g., 

alien plants that are crucial as food for expanding animal 

species). We acknowledge that the extent of indirect agency 

facilitating the spread of a species is in many cases difficult 

to quantify in practice, so a certain level of uncertainty will 

remain in such situations, and this needs to be effectively 

communicated.

Criterion no. 3: Survival without human assistance. This criterion 

is not necessary to classify taxa as alien, but it is critical to 

discriminate between aliens that survive only with human 

assistance and those that survive outside of captivity or 

cultivation—that is, without explicit human assistance. The 

latter species pool includes casual, established (natural-

ized), and invasive alien species (sensu Richardson et  al. 

2000, Blackburn et  al. 2011); distinguishing between these 

advanced invasion stages is beyond the scope of this article. 

The former species pool includes those alien species for 

which not only the presence in a region is due to human 

activities but also their survival and propagation depends on 

purposeful human assistance (e.g., the sowing and tendering 

of garden and greenhouse plants or the feeding of animals 

held in captivity). Such species include pets, zoo animals, 

garden plants, and species used in forestry, agriculture, and 

landscaping. This species pool can donate species to the lat-

ter over time, because alien species that are dependent on 

human assistance often only start to spread after substantial 

time lags (Kowarik 1995). Note that unlike Blackburn and 

colleagues (2011), we propose the term outside of captivity 

or cultivation rather than in the wild because the latter term 

has proved difficult to implement in practice and has created 

confusion between different users.

Although the assessment of this criterion is straight-

forward in principle, the absence of data often precludes 

its explicit evaluation. Furthermore, in some situations, it 

is unclear whether an occurrence of a species represents 

unaided survival. For example, planted or sown plant spe-

cies used in forestry, landscaping, or growing in abandoned 

gardens or previously cultivated places may survive for long 

periods as remnants of cultivation. We suggest that only 

if there is evidence of further unaided reproduction and 

dispersal of planted individuals should such occurrences be 

considered to fulfill this criterion. We note that for cultivated 

plants, the proposed threshold implicitly invokes sexual or 

vegetative reproduction as necessary for qualifying a species 

as alien without human assistance (survival alone only quali-

fies for being a cultivation remnant; Pyšek et al. 2012) and 

therefore as an alien dependent (at least at some point in its 

life cycle) on human assistance.

An important aspect in applying this classification 

criterion is the time span required for classifying an indi-

vidual (or a population) as having survived unaided by 

human assistance. There is a consensus among ecologists 

that very short-term occurrences (up to a few weeks) 

are deemed insufficient to qualify a species as fulfilling 

this criterion (see discussion in Blackburn et  al. 2011). 
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Therefore, escapes or releases of pets or zoo animals and 

introductions of species that were only able to survive up 

to a few weeks are not considered sufficient to classify 

them as having survived unaided by humans. Similarly, 

we recommend that propagules (seeds and dormant stages 

of animals) introduced to a new region and that remain 

viable for long time periods do not qualify as fulfilling the 

criterion of unaided survival if they do not become active 

(i.e., germinate or hatch).

There is, however, less agreement on the classification 

of species that survive over many weeks to several months 

under favorable conditions but that are not able to survive 

unfavorable periods (e.g., winter months for many tropical 

species in temperate regions). We suggest that such species 

should be classified as alien without human assistance but 

only as casual if the unaided survival is for several weeks to 

a few months. This approach has already been widely used in 

many alien species databases and inventories (e.g., DAISIE; 

www.europe-aliens.org). We acknowledge that there is a gray 

zone and that the minimum period deemed sufficient is 

dependent on the specific context (e.g., generation time of 

the focal species) and therefore open to a certain amount of 

personal judgement.

Criterion no. 4: Date of first introduction. Human-mediated 

species introductions began many millennia ago (e.g., din-

goes occurred in Australia approximately 5000 years ago; 

Crees and Turvey 2015). There have been massive tempo-

ral changes in introduction pathways, propagule pressure, 

source areas, and invasibility of the target regions. Data gen-

erally become scarcer the further back in time we go (Webb 

1985, Crees and Turvey 2015).

However, most alien species were introduced relatively 

recently. In particular, the gradual development of a global 

trade network following European-led colonization in the 

fifteenth to eighteenth centuries radically changed the tra-

jectories of biological invasions (Seebens et al. 2017). Some 

of these regions (e.g., isolated islands) had previously not 

been colonized by humans, whereas other regions already 

had human populations that may have introduced alien 

species prior to European colonization (Hofman and Rick 

2017).

How long propagules or live individuals have been resi-

dent in an area is an important consideration when seeking 

to separate old introductions from recently introduced 

alien species. The residence time can refer either to the 

time since a taxon was introduced into the new region in a 

Table 3. Criteria for the delineation of cryptogenic taxa (i.e., those of unknown biogeographic origin, which cannot be 

categorized as native or alien; Carlton 1996, Richardson et al. 2011a). We propose that several of the criteria have to 

be fulfilled by a taxon so that a medium uncertainty of the assessment qualifies it as cryptogenic.

Indications of 
alien status 

Definition Relevant 
invasion stages

Evidence required References

Biogeographic 
barriers

Taxon range suggests human-
mediated range expansion 

All Biogeographically anomalous distribution (e.g., 
disjunctions implausibly caused by natural 
biogeographic processes)

Söderström 
(1992), Wilk-
Wozniak et al. 
(2016)

Phylogeography Taxon most closely related to the 
focal species occur in distant 
regions, or genetic population 
structure within a species suggests 
human-mediated introduction

All Geographic genetic population structure (e.g., 
indication of human-mediated admixture)

Pérez-Portela 
et al. (2013)

Genetics Genetic composition of the 
populations in the new range

All Indications of recent introduction (e.g., low or 
absent genetic variability within and among 
populations as indication for recent founder 
populations; close genetic relationship with 
populations from distant regions of the 
undisputed native range; indication of admixture 
likely caused by human introduction)

Webb (1985), 
Pérez-Portela 
et al. (2013)

Species ecology Taxon ecology (e.g., habitat 
affiliation) suggests absence of 
native populations 

All Restriction of a taxon in the focal region to 
human-made or highly modified habitats

Söderström 
(1992), Wilk-
Wozniak et al. 
(2016)

Recording history Absence of old records All Absence of old records of a taxon in the focal 
region despite historical recording effort

Söderström 
(1992)

Spread 
characteristics

Spread behavior of the populations 
in the new range: rapid expansion 
and high dispersal rate from 
existing populations

Spread Rate of spread of a taxon in the focal 
region suggests a recent human-mediated 
establishment (e.g., from a site of introduction, 
captivity or cultivation)

Webb (1985), 
Söderström 
(1992)

Population 
persistence

Absence of permanent populations Release, 
establishment

Populations of a taxon in the focal region are 
not permanent or dependent on the human-
mediated influx of propagules

–

Association 
with means of 
introduction

Association of propagules or live 
individuals with potential means of 
introduction (e.g., ballast water)

Transport, 
release

First records of a taxon in the focal region at the 
likely point of human-mediated introduction (e.g., 
arboreta, harbors, and railway stations)

Söderström 
(1992), Hewitt 
et al. (2004)
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confined environment (e.g., as cultivated plants in gardens, 

aquaria, ornamental ponds, plantations, or agriculture) or 

to the time since they were released or escaped from captiv-

ity or cultivation. For biological invasions, the former is rel-

evant to the study of spatiotemporal introduction patterns 

and processes of spread once propagules have been moved 

to the new region. The latter is relevant for assessing the 

residence time of an alien species occurring outside captiv-

ity or cultivation and its invasion success; there can be an 

extended time lag between both processes (Kowarik 1995). 

It is also important to recognize that propagules and certain 

life-cycle stages might remain dormant over extended peri-

ods after introduction into a new region. Thus, the emer-

gence of a first population can be much more recent than 

the introduction of propagules. However, the date when 

dormant life stages were first introduced to a new region is 

rarely known.

Before the late fifteenth century, the movement of spe-

cies beyond their native range was in most cases spatially 

restricted. In the centuries following the discovery of the 

Americas by Europeans, however, a truly global network of 

species exchange characterized by high propagule pressure 

emerged (Seebens et  al. 2017). Therefore, using the year 

1492 to separate ancient alien species (i.e., archaeobiota) 

from more recent ones (i.e., neobiota) has become widely 

accepted (Richardson et al. 2000, 2011a, Crees and Turvey 

2015) and proven to be a useful distinction, particularly in 

Europe (Pyšek et al. 2005) and the Americas. We propose 

to keep this date as a reference point for distinguishing 

ancient and more recent aliens while recognizing that it 

is not always clear whether species have been introduced 

before or after this date. However, in specific contexts and 

other regions, different temporal thresholds might be more 

useful to characterize important regional break points in 

introduction characteristics. Therefore, the additional use 

of region-specific temporal thresholds may be useful but 

should be made explicit. For example, the arrival of the First 

Fleet to Australia in 1788 marked the onset of introduc-

tions of alien species by European settlers, and the opening 

of the Suez Canal in 1869 sparked a surge of invasions of 

species native to the Red Sea into the Mediterranean Sea 

(Gollasch 2011).

We note that archaeobiota are often considered to be 

important for nature conservation. For instance, in most 

central European countries, archaeophytes are evaluated in 

national Red Lists, and threatened archaeophytes such as 

ruderal and segetal species (mostly of south European or 

western Asian origin) and some archaeozoa are targeted by 

conservation action (e.g., Zając et al. 2009). Some of these 

archaeobiota later followed the European-led colonization 

of other regions of the world, where they were introduced 

after 1492 and where they must be considered neobiota. To 

conclude, in the majority of cases, alien species biosecurity 

policy focuses implicitly on relatively recently introduced 

alien species (i.e., neobiota; Seebens et al. 2018) and even 

on not-yet-introduced species.

Considering assessment uncertainty

The application of assessment criteria is unavoidably associ-

ated with uncertainties that arise for several reasons (e.g., 

incomplete or contradictory data, attributing relevance to 

different data sets, or linguistic ambiguities). Some uncer-

tainties can be reduced through the acquisition of additional 

data and new methods, resulting in improved understanding 

of the species under evaluation, or with better definitions 

of the criteria (to reduce linguistic uncertainty; Blackburn 

et al. 2014). However, the unraveling of uncertainty is often 

not feasible in practice. Indeed, some types of uncertainty 

can never be sufficiently reduced. Consequently, we sug-

gest the inclusion of uncertainty estimates (i.e., the degree 

of uncertainty) associated with alien species categorizations 

according to any of the four criteria above. We suggest a 

categorization into three levels—high, medium, and low—

based on approaches used by the Intergovernmental Panel 

on Climate Change to classify climate-change uncertainty 

(Mastrandrea et al. 2011) and adapted by Blackburn and col-

leagues (2014) and Bacher and colleagues (2018) to classify 

the uncertainty with which the environmental and socioeco-

nomic impacts exerted by alien species are known.

We propose that low uncertainty be assigned when there is 

direct evidence to support the assessment, when the data are 

reliable and of good quality, and where all evidence points in 

the same direction. Medium uncertainty should be assigned 

when there is some evidence to support the assessment but 

the quality or quantity of the data is insufficient for definitive 

assessment. We suggest that high uncertainty is defined when 

there is a lack of evidence to support the assessment (e.g., a 

newly identified species in a region without any information 

available that allows assessment of the biogeographic status) 

or data are of low quality or ambiguous. Uncertainty levels 

correspond to probabilities that the assigned assessment out-

come is the correct one (figure 3). Low uncertainty means the 

assessor feels that there is a more than 90% chance that the 

assessment is correct. Medium uncertainty corresponds to a 

75%–90% chance of the assessment being correct. High uncer-

tainty corresponds to a 50%–75% chance of correct classifica-

tion and means the assessor concludes that a lack of necessary 

data renders the assessment highly uncertain. Therefore, an 

assessment of the biogeographic status of a taxon is impos-

sible, and the assessment outcome is data deficient.

The assessment of uncertainty levels can differ among 

experts because people may assign different relevance and 

uncertainties to the same data or different people may be 

aware of different data sources; multiauthor assessments or 

other forms of group consultation processes are therefore 

recommended. Uncertainty may also change over time as 

new data become available. This can result in changes over 

time of the assessment outcome of a given species in a given 

region. For instance, for the second edition of the checklist of 

alien vascular plant species of the Czech Republic, a total of 

41 species that were considered to be alien in the first edition 

were removed from the list because new archaeobotanical 

evidence resulted in them being reclassified as native (Pyšek 
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et  al. 2012). Using palaeoecological methods, van Leeuwen 

and colleagues (2008) showed that at least six presumed alien 

species are, in fact, native to the Galápagos archipelago. A 

similar example is the freshwater fish crucian carp (Carassius 

carassius) in the British Isles. It was initially believed to be 

alien (presumably introduced in the 1400s along with com-

mon carp, Cyprinus carpio) because of a lack of mention of 

the species in historical literature. It was then believed by 

some to be native because of the identification of pharyngeal 

bones from the species at a Roman archaeological site near 

London. But more recently, it was reclassified as alien with a 

low uncertainty on the basis of genetic evidence (Jeffries et al. 

2017); it was very likely introduced at the same time as the 

common carp after all.

Identifying cryptogenic and data deficient taxa

Carlton (1996) introduced the term cryptogenic to classify 

species for which indications for alien status in a study 

region are available but for which definitive evidence is lack-

ing, implying that the species could be native. In the absence 

of direct evidence, which is often the case for species of taxo-

nomic groups whose native ranges are insufficiently known, 

definite assessment of the biogeographic status is de facto 

impossible. Therefore, the identification of probable alien 

species must be based on circumstantial evidence, taking a 

range of factors into account (table 3).

Several studies have shown that cryptogenic species can be 

important constituents in some taxonomic groups and that 

they may differ from species that are unambiguously identi-

fied as alien in several ways (e.g., Peréz-Portela et al. 2013, 

Essl et  al. 2015a, Wilk-Woźniak et  al. 2016). For instance, 

cryptogenic bryophytes differ from alien ones in terms of 

habitat affiliation (the former are mostly restricted to heavily 

modified habitats; Essl et al. 2015a). However, even when the 

biogeographic status of a species is intractable, the assess-

ment of the invasion stage may be done independently and 

may yield valuable information. Therefore, we suggest using 

the combination of cryptogenic and the invasion stage of a 

species as an additional qualifier (e.g., established crypto-

genic species).

We propose that taxa should only be classified as crypto-

genic if an assessor judges the focal species to be alien (respec-

tively native) to the focal region with a likelihood of 75%–90% 

(figure 3). There will be situations in which the lack of data 

does not allow for an assessment of the classification criteria 

at all or only permits a very tentative assessment. We suggest 

introducing the category data deficient for such assessment 

outcomes. This category is analogous to the extinction risk 

assessment procedure in Red Lists (IUCN 2017).

Taxonomic ranks and biogeographic status

Taxa of all ranks that fulfill the first three proposed criteria 

can be classified as alien outside of captivity or cultivation. 

However, in most inventories and databases, only species 

and subspecies are included, whereas lower infraspecific 

taxa (e.g., varieties and cultivars) are either excluded or only 

included if they are morphologically well separated (e.g., 

DAISIE). This lack of inclusion of lower-ranking infraspe-

cific taxa in part reflects the difficulty in recognizing and 

identifying them morphologically given the large number 

of horticultural cultivars. In addition, many varieties or 

cultivars of popular ornamental plant species lose typical 

cultural traits when they escape from cultivation. Therefore, 

dedicated studies are necessary to assess the wide range of 

cultivars in alien floras (Pergl et al. 2016).

If the cultivars pertain to a species that is also native in the 

focal region, then the spread of escaped cultivars may lead 

to introgression with native populations (Pyšek et al. 2013). 

For instance, Aquilegia vulgaris is a popular native garden 

plant in central Europe. Molecular studies have shown that 

many native populations of this plant have been affected 

by introgression (Petit 2004), whereas this phenomenon 

Figure 3. The recommended classification of uncertainties (i.e., the probability that the assessment result is correct) in the 

assessment of the biogeographic status of taxa into different uncertainty classes, as well as the corresponding assessment 

outcomes. In principle, any taxon is either native or alien to a region of interest. Note that a 50% probability of correct 

classification is equal to a by-chance outcome. Ambiguous, insufficient, or missing data for the assessment may introduce 

uncertainties. If the assessor assumes that the likelihood that the assessment is correct is more than 90%, the assessment 

outcome is native or alien. If the likelihood that the assessment is correct is 75%–90%, the assessment outcome is 

cryptogenic. If uncertainty is even higher, the assessment outcome is data deficient.
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is difficult to identify morphologically. There are more 

examples of species, such as hazelnut (Corylus avellana), 

in which widespread introgression into native populations 

from cultivated plants is impossible to detect morpho-

logically and can only be detected using molecular methods 

(Petit 2004). Therefore, although species may be native to a 

region, infraspecific taxa or genotypes from other regions 

may have been introduced by human activity. The most 

prominent example is the spread of European Phragmites 

australis genotypes in North America, where the species is 

also native but both phylogeographic groups are taxonomi-

cally classified as different subspecies (Packer et  al. 2017). 

The subspecies native to Europe qualifies as alien in North 

America. Similarly, cultivars of native plant species or races 

of native animal species may have been bred in the native 

region, and such infraspecific taxa then also qualify as alien.

Another important case in this context occurs when a spe-

cies is no longer extant in its original native habitats but has 

colonized human-made habitats. If these populations origi-

nate from source populations representing different infraspe-

cific taxa from outside the focal region, then we propose that 

they should be classified as alien. For instance, in central 

and western Europe, the native shrub Cornus sanguinea is 

widely planted and often spreads from sites of cultivation. 

Frequently, planted individuals belong to subsp. australis, 

which is native to southeastern Europe but does not occur 

in the region of introduction. Accordingly, the occurrences 

of Cornus sanguinea subsp. australis are considered alien in 

central European checklists (e.g., Essl and Rabitsch 2002).

Hybridization can cause the introgression of genes of an 

alien species into a native gene pool. A prominent exam-

ple are backcrossings of Populus × canadensis—which is 

a hybrid of the European poplar P. nigra and the North 

American P. deltoidea—with P. nigra (i.e., with one of their 

parents). Where P. × canadensis and P. nigra cooccur (e.g., in 

central European floodplains), genetic studies have revealed 

that a substantial proportion of saplings are backcrosses 

(Smulders et al. 2008). Similarly, native red deer (Cervus ela-

phus) and alien Sika deer (Cervus nippon) frequently hybrid-

ize in Europe and produce fertile offspring that should be 

considered alien (Smith et al. 2015). A quantitative picture 

can be inferred from the Czech alien flora that includes 23 

hybrids of archaeophytes and 33 of neophytes with native 

species (Pyšek et al. 2012).

To conclude, the introduction and spread of low-ranking 

infraspecific and hybrid taxa is an important phenomenon, 

and we argue that populations of such taxa should be clas-

sified as alien. Therefore, recording infraspecific taxa that 

can be safely identified in the field is valuable. We also 

suggest that flagging these taxa in comparative analyses is 

useful because of the large uncertainties and biases involved. 

However, if introgression has not (yet) led to the recognition 

of an infraspecific taxon, then we recommend that such taxa 

should not be considered alien.

Following established approaches, and although genetically 

modified organisms (GMOs) do share some commonalities with 

alien species (Jeschke et al. 2013), we propose that they should 

not automatically be considered to be alien organisms, except 

when they fulfill the generally applicable classification criteria.

Applicability across taxonomic groups and realms

The conceptual approach and the recommendations 

 presented here are intended to be applicable across all 

taxonomic groups. In practice, several issues affect the 

assessment of the biogeographic status between taxonomic 

groups.

First, for bacteria, archaea, and many groups of eukary-

otic fungi, the species concepts used for macroorganisms 

are difficult to apply. Therefore, different approaches are 

used in microbial and fungal taxonomy, and these have 

changed in recent decades as a consequence of progress in 

molecular science (Sharma et al. 2015). In the twenty-first 

century, the microbial species concept that has become 

most widely accepted is the polyphasic species concept, 

which is based on combining several characters (e.g., 

morphology, physiology, biochemistry, and genetics). The 

species concept used for microbes is still in flux, and new 

techniques that are currently on the horizon are expected 

to shape future developments (Sharma et  al. 2015). These 

substantial specificities of microbial species concepts and 

the severe lack of data on other criteria relevant for clas-

sifying the biogeographic status of species (e.g., on native 

range and the role of human contribution to range exten-

sions) render the classification of microorganisms as native 

or alien notoriously difficult. However, there is an urgent 

need to consider them in such classifications, particularly 

because of their potential devastating effects on biodiversity 

and humans (Roy et al. 2017).

Second, there are vast differences in biogeographic knowl-

edge between taxonomic groups, and these are exacerbated 

between regions and realms. Most taxonomic groups (e.g., 

fungi and microbes), most regions (the tropics in particu-

lar), and most species in certain ecosystems (e.g., deep-water 

marine and subterranean environments) are understudied. 

These biases in knowledge have important ramifications for 

the assessment of the biogeographic status of species and the 

associated uncertainties.

Third, there are specific differences between realms 

(freshwater, marine, and terrestrial) that are relevant for 

alien species classification. For instance, for freshwater 

organisms, the most relevant biogeographic barriers are 

often those that separate river catchments. For marine spe-

cies, besides physical connectivity and distance between 

marine regions, important barriers for species distribu-

tions involve gradients in biophysical characteristics of the 

aquatic medium (e.g., temperature, salinity, and depth of 

the water body). Over relatively short distances, contiguous 

marine regions are usually relatively well connected with 

each other, because marine currents are effective conduits 

for the dispersal of propagules. Such marine currents may 

introduce unidirectional connectivity, because dispersal 

is much easier along a prevailing current than against it. 
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These specificities of the marine realm must be considered 

when defining thresholds for the proposed classification 

criteria.

Applicability in translocations, managed relocations, 

and reintroductions

Translocations involve the deliberate movement of organ-

isms from one site and release at another, and they have been 

recognized and applied as a viable conservation strategy 

under specific but limited preconditions and when applied 

following specific procedures (IUCN 2013).

From a biogeographic point of view, intentional transloca-

tions can be classified into restocking (i.e., the introduction 

of individuals from other populations into a remnant popu-

lation to increase population size and genetic variation), 

reintroductions (i.e., the planned introduction of a regionally 

extinct taxon into its former native range), and managed 

relocation (i.e., the planned introduction of a taxon outside 

its [former] native range; Richardson et  al. 2011a, IUCN 

2013). Restocking and reintroduction may involve individu-

als of infraspecific taxa other than those which existed at 

a site, as has been the case for restocking cougars (Puma 

concolor) from Texas to Florida (Conroy et  al. 2006) and 

for the reintroduction of the European beaver (Castor fiber) 

into many European countries (Frosch et al. 2014). Although 

such translocated individuals are native at the species level, 

they are alien at lower taxonomic levels if they belong to an 

infraspecific taxon that is not native in the target region of 

the translocation. Similarly, in several cases, organisms have 

been released outside their native range to perform specific 

ecological functions of now-extinct species (e.g., transloca-

tions of extant tortoises to replace the extinct Mauritian tor-

toise; Griffiths et al. 2010). The same logic will apply when 

techniques for resurrecting extinct species from preserved 

genetic material become available (Seddon et al. 2014).

Managed relocation aims to reduce potential negative 

effects of global change (especially rapid land-use and cli-

mate change) on defined biological units such as popula-

tions, species, or ecosystems by moving species from their 

current areas of occupancy to locations where the probability 

of future persistence is predicted to be higher (Richardson 

et  al. 2009). In most cases, species earmarked for managed 

relocation would be classified as alien in the target region, 

and the risk of such species becoming invasive at that site is 

a key consideration when deciding whether to undertake the 

translocation (Richardson et al. 2009). This is analogous to 

classical biological control. Biocontrol is an important tool 

in invasive alien species management and so conservation 

more generally, but the agents used usually qualify as being 

alien and incur risks that must be assessed before releases 

are made.

Conclusions

We have reviewed basic criteria and presented guidelines for 

separating native from alien species and for fine-tuning key 

concepts that should reduce ambiguity, support cross-taxa 

analyses, and improve communication among scientists, 

managers, decision-makers, and the wider public.

Unambiguous terminology is crucial for enforcing poli-

cies and legislative tools. In fact, many legal or policy instru-

ments are based on an explicit terminology (e.g., EU 2014), 

and the criteria and guidelines proposed by the present 

publication are meant to support a consistent interpreta-

tion of concepts and terms that underpin efforts to manage 

biological invasions. We recommend that national, regional, 

and international institutions should consider the recom-

mendations proposed here when developing new legislative 

or policy documents and when enforcing existing ones. 

We also suggest that based on the criteria proposed in the 

present publication, a global terminology of biological inva-

sions should be developed and adopted by relevant envi-

ronmental institutions such as the IUCN and Convention 

of Biological Diversity in collaboration with the plant and 

animal health sectors (e.g., IPPC, OIE; IPPC 2017) and 

should be considered in the post-2020 biodiversity frame-

work. Transferring the concepts presented in this publica-

tion to the policy domain will require a dialogue with the 

key actors, including the standard-setting organizations. 

This dialogue should combine a rigorous and robust scien-

tific basis with the need to provide a clear and unambiguous 

terminology, which at the same time does not undermine 

existing policy tools.

Given the gradual nature of some mechanisms that are 

relevant to separate alien from native species; the enormous 

differences between taxa, realms, and regions; and progress 

in the field, the total harmonization of classification terms is 

probably an unrealistic aim (Heger et al. 2013). Uncertainties 

and ambiguities in assessing the biogeographic status of spe-

cies cannot be totally eliminated. Nonetheless, we hope that 

this synthesis will be useful for advancing robust definitions 

of alien, cryptogenic, and native species.
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