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Abstract
Many countries define nativity at a country-level—taxa are categorised as either alien species or native 
species. However, there are often substantial within-country biogeographical barriers and so a taxon can 
be native and alien to different parts of the same country. Here, we use the term ‘native-alien populations’ 
as a short-hand for populations that result from the human-mediated dispersal of individuals of a species 
beyond a biogeographical barrier to a point beyond that species’ native range, but that is still within the 
same political entity as parts of the species’ native range. Based on these criteria, we consider native-alien 
populations to be biological invasions. However, we argue that, in comparison to other alien populations, 
native-alien populations: 1) are likely to be closer geographically to their native range; 2) are likely to be 
phylogenetically and ecologically more similar to native species in their introduced range; and 3) options 
to control their introduction or manage them will likely be more limited. We argue this means native-
alien populations tend to differ from other alien populations in the likelihood of invasion, the types of 
impacts they have, and in how they can be most effectively managed. We also argue that native-alien 
populations are similarly a distinct phenomenon from native populations that are increasing in abundance 
or range extent. And note that native-alien populations are expected to be particularly common in large, 
ecologically diverse countries with disjunct biomes and ecoregions. Reporting, monitoring, regulating 
and managing native-alien populations will, we believe, become an increasingly important component of 
managing global change.
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Introduction

The regulation and management of biological invasions often focus on the species-
level [e.g. the current Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services thematic assessment is on ‘invasive alien species’ (IPBES 2019)]; 
however, biological invasions are fundamentally a population-level phenomenon (Essl 
et al. 2020). A species might be native to a part of a country (or part of another po-
litical entity at which level management decisions are made), but individuals and/or 
propagules can be moved by humans to another part of the country or political entity 
(e.g. provinces, states etc.) where the species is not native (Spear and Chown 2009). 
Therefore, a species can have both native and alien populations within the same coun-
try (Fig. 1 and Table 1). For example, some plants that are native to Eastern Australia 
have been transported by humans and have become invasive in Western Australia (e.g. 
Pittosporum undulatum) and vice versa (e.g. Acacia saligna) (Head and Muir 2004). 
The presence of the Nullabor Plain, as a biogeographic barrier separating Eastern and 

Figure 1. How the concept of native-alien populations differs from other instances of changes in range/
abundance. These are idealised versions and are not mutually exclusive. See Table 1 for a summary of how 
the different phenomena differ in terms of processes and properties.

Phenomenon Description Examples
~Stable Native 
range

Species X had three native populations.

There has been no significant recent changes in the number,
extent or abundance of populations.

For many species endemic to South Africa, the
Cape fold mountains separate potentially
suitable ranges from currently occupied native
ranges (e.g., Proteaceae species, Manning
2018).

Human-mediated 
increase in native 
abundance

Recent human-induced environmental change has led to an
increase in the abundance of Species X within its original native
range

The rock lobster (Jasus lalandii) has increased
in abundance in its native range in the Western
Cape province because an increase in nutrient
levels has led to an increase in food availability
(Van Zyl et al. 1998)

Natural range 
expansion

Species X naturally spread forming a new native population The Murex snail (Acanthinucella spirata)
evolved morphologically in the Pleistocene and
consequently expanded its range on the coast of
California in the United States of America
(Hellberg et al. 2001).

Range expansion in 
response to 
human-induced 
environmental 
change

Human modification of the environment meant that a new range
became suitable for colonisation by Species X, which naturally
spread to form a new native population

Birds and butterflies in Europe have shifted
their ranges due to climate change (Devictor et
al. 2012)

Biological invasion 
(within-country)

Species X was dispersed by humans within Country 1 forming a
new alien population

In this paper we refer to native species with alien populations as
native-alien populations.

The guttural toad (Sclerophrys gutturalis) has
been introduced from its native range in
KwaZulu-Natal province in South Africa and
established a native-alien population in the
Western Cape province where it is not native
(Measey et al. 2017)

Biological invasion 
(between 
countries)

Species X was dispersed by humans from Country 1 to Country
2 forming a new alien population.

Both the species and the population can be regarded as alien to
the whole of Country 2.

240 tree species alien to South Africa have
established populations (Richardson et al. 2020)

Country 1

Country 1

Country 1

Country 1Country 2

Native range;         Increased abundance in native range;          Alien range;         Mountain;         Unoccupied range

Human assisted dispersal;         Natural dispersal;          Human induced environmental change 

Country 1

Country 1
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Western Australia, means that such cases are relatively clear-cut; however, in other cas-
es, whether populations should be considered as native or alien is uncertain. For exam-
ple, following the introduction of the American bullfrog (Lithobates catesbeianus) from 
the eastern United States of America (USA) to some of the country’s western states, 
there was confusion over the species’ status—populations were classified as native by 
some researchers and alien by others (Guo and Ricklefs 2010). Confusion over how 
such introductions should be classified is partly the result of uncertainties in defining 
native ranges (Webber and Scott 2012; Essl et al. 2018; Pereyra 2019), partly as the 
phenomenon has not been clearly defined, and partly as biosecurity is implemented 
primarily at a country’s borders and not always within a country.

As for all introductions, within-country introductions can provide socio-economic 
benefits (Maciejewski and Kerley 2014). Moreover, assisted migration within a country 
might also be essential for species’ survival (Hunter 2007). However, as with all types of 
biological invasions, such introductions can pose significant problems. In the USA, rain-
bow trout (Oncorhynchus mykiss), which is native to eastern USA, has been introduced 
to western USA where it hybridises with California golden trout (O. mykiss aguabonita) 
and Paiute cutthroat trout (O. clarki seleniris) (Lockwood et al. 2013). When the Califor-
nia golden trout and Paiute cutthroat trout hybridise with rainbow trout, the offspring 
are fertile and can mate with either parental population. This has led to introgression 
which threatens the genetic integrity of these rare native taxa (Moyle 2002) and has led 

Table 1. The properties of native-alien populations and other related phenomena. The presented pro-
cesses and properties are based on Essl et al. (2019) and Ogden et al. (2019). The situation for a stable 
native range is not shown as it forms the baseline against which the other phenomena are compared.

Phenomenon Biogeographic 
barrier

Survival and reproduction Distance from native 
range

Range expansion 
within political 

entities
Human-mediated 
increase in native 
abundance

No barrier 
crossed

There is likely to have been 
an increase in survival or 
reproduction

Within native range No range expansion

Natural range 
expansion

Biogeographic 
barrier crossed 
naturally

Rates need not have changed 
in most of the native 
range, but some increase in 
neighbouring areas

Within natural dispersal 
distance of native range

Within or between 
political entities

Range expansion 
in response to 
human-induced 
environmental 
change

Human-induced 
changes might 
have weakened 
biogeographic 
barriers

There is an increase in 
survival and reproduction in 
neighbouring areas

Within natural dispersal 
distance of native range

Within or between 
political entities

Biological 
invasion (within-
country)

Biogeographic 
barrier crossed by 
human agency

Individuals will not always 
survive and reproduce in the 
new range, but could if the 
environment is suitable

Further than natural 
dispersal distance from 
native range

Within political 
entity

Biological 
invasion (between 
countries)

Biogeographic 
barrier crossed by 
human agency

Individuals will not always 
survive and reproduce in the 
new range, but could if the 
environment is suitable

Further than natural 
dispersal distance from 
native range

Between political 
entities
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to declines in their populations (Lockwood et al. 2013). In South Africa, the antelope 
Damaliscus pygargus phillipsi (blesbok) is native to much of the country, but not to the 
Western Cape province. Blesbok were introduced and established alien populations in 
the Western Cape, hybridising with the endemic bontebok (D. pygargus pygargus) (van 
Wyk et al. 2017). This hybridisation has occurred between non-admixed bontebok/non-
admixed blesbok and hybrids, but no F1 individuals have been identified. Only through 
concerted and intensive interventions was the extinction of the bontebok prevented.

Alien species that have been introduced from one country to another receive the 
majority of research attention and biological invasion frameworks are often developed 
with such introductions in mind. In contrast, those that have established alien popula-
tions within countries to which they are native have received relatively little research 
attention (Vitule et al. 2019). For example, in the Global Register of Introduced and 
Invasive Species (GRIIS), only a few countries (including Spain and the USA) report 
such populations—the majority of countries (including Brazil and South Africa) do 
not (http://www.griis.org: Data accessed 20 July 2021). Moreover, in the USA, while 
the presence of alien populations of species that are native to the USA have been rec-
ognised, the severity of their potential impacts has been neglected (Guo and Ricklefs 
2010). Globally, established alien populations of species that are native at the country-
level are often ignored in analyses and, consequently, the scope of biological invasions 
and their impacts are underestimated and management actions could be misinformed 
(Vitule et al. 2019). This gap in research is partly because most of the monitoring, 
reporting, and management of biological invasions is performed at national or larger 
administrative levels [e.g. through national-level reports to the Convention on Biologi-
cal Diversity (CBD)]. While national and international mechanisms seek to manage 
the movement of species between countries (such as CITES), instruments that control 
the purposeful or inadvertent human-mediated within-country movement of species 
are, in general, lacking, and in countries where such regulations do exist the legislation 
is often poorly enforced (Measey and Davies 2011).

In this perspective piece we: 1) define this phenomenon; 2) contrast it with other 
forms of range changes; 3) discuss expectations of how this phenomenon is likely to 
differ from other biological invasions; 4) identify situations where it is most likely to 
occur; and 5) discuss the management implications.

A proposed definition

The presence of biogeographical barriers means that some species occur in the same 
place at the same time (sympatric speciation), while other groups of organisms are 
separated by a physical or geographic barrier (allopatric speciation) (Orr and Smith 
1998). Sympatric speciation is defined as evolution of intrinsic barriers to gene flow in 
the absence of extrinsic barriers, while allopatric speciation is the evolution of intrinsic 
barriers to gene flow in the presence of extrinsic barriers (Orr and Smith 1998). An 

http://www.griis.org
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alien species is defined as an organism whose presence in a region is due to human-
mediated dispersal (i.e. direct human agency or substantial indirect human agency) 
across a biogeographic barrier to a site where the species has not recently naturally 
occurred (Essl et al. 2018). Though here we note that the use of the term ‘species’ is a 
misnomer, as biological invasions and evolution operate at the population-level. Defi-
nitions differ as to what constitutes an invasive population, but it is generally taken 
to be alien organisms that survive and spread from sites of introduction to form self-
sustaining populations (Blackburn et al. 2011), that, in some definitions, may cause 
negative impacts (e.g. CBD 2002). Regardless of the precise definition, the relevant 
biogeographic barriers that separate native ranges from (potential) alien ranges need 
not coincide with political boundaries. These biogeographical barriers include abiotic 
barriers, such as mountain ranges and changes in climatic conditions, and biotic bar-
riers, such as the absence of key interacting species. As a consequence, if individuals 
are moved by humans within a country to which they are native and this results in the 
establishment of a population beyond the species’ native range, a species can techni-
cally be both alien and native in the same country (Spear and Chown 2009). Hereafter, 

Box 1. Terms used to describe native-alien populations.

The ISI Web of Knowledge and Google Scholar were searched between May and June 2020 using the following search 
strings: “Intra-country established alien species”, “Intracontinental exotics”, “within-country aliens”, “within-country 
movement of native species”, “native-alien populations”, “extralimital species”, “alien natives”, “domestic exotics”, 
“native alien species”. Note that ‘native invaders’ (sensu Simberloff 2011) are distinct from ‘native-alien populations’, 
as native invaders become ‘invasive’ (increase in abundance or extent) within their native range (see ‘Human-medi-
ated increase in native abundance’ and ‘Range expansion in response to human-induced environmental change’ in 
Table 1). The following discrete terms were found.

Domestic exotics: Species that form invasive populations outside of their natural distribution, but within the borders 
of the same nation (Guo and Ricklefs 2010). [6 hits]

Extralimital species: Indigenous species translocated or intended to be translocated to a place outside its natural 
distribution range, but excluding an indigenous species that has extended its natural distribution range by natural 
means of migration or dispersal without human intervention (Spear and Chown 2009). [> 20 hits]

Home-grown exotic: Species that form invasive populations outside of their natural distribution, but within the 
borders of the same nation (Cox 1999). [1 hit]

Intra-country established alien species: Species that are introduced and establish amongst regions or in a novel region 
within the same country (Vitule et al. 2019). [1 hit]

Native-alien species: Species native to some areas of a country or territory, but introduced by humans into places 
outside of their natural range of distribution in that country, where they become established and disperse (Pagad et 
al. 2018). [1 hit]
While the term ‘extralimital species’ was the most common, we prefer ‘native-alien’ as it is explicit regarding the popula-
tion’s status at political and biogeographic levels and as it is currently used in the Global Register of Introduced and Inva-
sive Species (Pagad et al. 2018). However, we adapted the term (to “native-alien population”) to reflect that invasions are a 
population level phenomenon. The global biodiversity standard, Darwin Core, currently allows for each record to be clas-
sified as either native or introduced to that site according to the term ‘establishmentMeans’ as: introducedAssistedColoni-
sation, vagrant and uncertain (https://dwc.tdwg.org/em/; Groom et al. 2019). Native-alien populations would, therefore, 
be classified as introduced, but this will not separate native-alien populations from other alien populations, unless linked 
to additional information on national status, it will be important that this is clarified in any future revisions to the term.

https://dwc.tdwg.org/em/
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we refer to such populations using the short-hand ‘native-alien populations’ (see Box 
1 for other terms used). This term might seem oxymoronic, but ‘native’ refers to the 
status of the population in a political entity (e.g. a country), while ‘alien’ refers to 
biogeographical status. This means that, in the context of alien-native populations, 
the terms alien and native can refer to status at different spatial scales. As with alien 
populations introduced from other countries, the status of a native-alien population 
can be classified as casual, established or invasive [as per the recently adopted Darwin 
Core term ‘dwc:degreeOfEstablishment’ (see Groom et al. 2019)]. To facilitate the im-
plementation of the term native-alien populations, we have developed a protocol, based 
on the definition (manuscript in preparation). This means there is a process both to 
circumscribe the phenomenon and to confirm instances, with a clear link through to 
the causes and consequences (Latombe et al. 2019).

We, therefore, define a native-alien population as a population that is: (1) within 
a country to which the species is native, (2) founded by individuals moved by direct 
human agency [or substantial indirect human agency, see Essl et al. (2018)], (3) over a 
biogeographical barrier and (4) to an area beyond the species’ native range. We believe 
the use of this term is justified because, while native-alien populations are a subset of 
alien populations, their properties are likely to differ from other alien populations and 
these differences are likely to have consequences for invasion success, impacts, manage-
ment and regulation (Table 1). The development of a clearly-defined term that distin-
guishes these populations from other range changes and alien populations will be ben-
eficial, as it will enable the development of conceptual frameworks that can be used to 
classify these populations and so reduce uncertainties in invasion science (Heger et al. 
2021). Various terms are currently in use for the native-alien population phenomenon 
(Box 1) and, therefore, we encourage one terminology be used by everyone globally.

Native-alien populations differ from other forms of range change

The capability of an organism to colonise suitable, but unoccupied habitats or envi-
ronments through natural dispersal depends on its dispersal traits. The dispersal of a 
species is facilitated by three processes: (1) natural processes (evolution and natural 
environmental changes); (2) human-mediated dispersal (including biological inva-
sions); and (3) human-induced environmental change (i.e. land-use change, human-
disturbance, human-mediated climate change) (Table 1). Evolutionary changes that 
could facilitate range expansion include shifts in host range or the development of re-
sistance to herbicides. As an example, the murex snail (Acanthinucella spirata) evolved 
morphologically in response to climatic changes in the Pleistocene and consequently 
expanded its range on the coast of California in USA (Hellberg et al. 2001). Similarly, 
native species can shift their ranges by responding to natural environmental changes. 
Natural range expansion and contraction has been reported in a number of taxa in 
response to natural climatic variation, where species ranges expand into cooler regions 
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when the climate warms and then contract again during cooling periods (Parmesan 
and Yohe 2003). Examples of this phenomenon have been reported for marine fish, 
limpets, barnacles, and zooplankton in the United Kingdom (Southward et al. 1995) 
and butterflies in Finland and Sweden (Henriksen and Kreutzer 1982; Parmesan et al. 
1999). These range expansions and contractions are infrequent and usually occur ad-
jacent to the native range. Human-assisted dispersal can occur through the intentional 
or unintentional transport of propagules by humans, either within or between coun-
tries, to different biogeographical regions. For example, Sclerophrys gutturalis (Guttural 
toad), which is native to South Africa, has been introduced unintentionally by humans 
to areas outside its native range within South Africa (Measey et al. 2017), while 240 
tree species, alien to South Africa, have been introduced from Australia (Richardson et 
al. 2020). Species can also spread into new areas by tracking human-induced environ-
mental changes, such as climate change or the removal of predators (Essl et al. 2019). 
For example, birds and butterflies in Europe have shifted their ranges due to climate 
change (Devictor et al. 2012). Alternatively, human-modification of the environment 
can facilitate an increase in the abundance of species within their native ranges. For 
example, the rock lobster (Jasus lalandii) has increased in abundance in its native range 
in the Western Cape province of South Africa because an increase in nutrient levels has 
led to an increase in food availability (Van Zyl et al. 1998). Human assisted dispersal 
of organisms to new regions, whether within or between countries, is likely to result 
in reproductive isolation as the newly-formed native-alien or alien population could 
be isolated from its native range by a biogeographical barrier and would result in bi-
otic homogenisation at the species-level. In contrast, changes to the abundance and/
or range of organisms within or adjacent to their native range, due to natural processes 
or human-induced environmental changes, are unlikely to result in reproductive isola-
tion, but will often also lead to biotic homogenisation (McKinney 2005).

The three processes that facilitate dispersal (natural processes, human agency and 
human-induced environmental change) can act synergistically to ensure that a species 
reaches suitable, but unoccupied habitat (Essl et al. 2019). For example, species can 
be moved by humans from their native range to new areas that were previously not 
suitable for establishment, but are now suitable due to human-induced environmental 
changes. In addition, many synanthropic species (e.g. the house mouse) would be ex-
pected to show increases in abundance and extent of populations within their native 
ranges, i.e. as a result of human modifications to the environment, they might also 
have formed alien populations in countries to which they are alien and in countries 
to which they are native to a part of. The three processes described above result in a 
number of distinct phenomena that will tend to differ in key features (Fig. 1, Table 1). 
Here, we focus on why native-alien populations will likely differ from alien popula-
tions introduced from other countries in several important ways and, as a consequence, 
the likelihood of invasion and the types and magnitude of impact these phenomena 
have are likely to differ, noting that native-alien populations will only occur under the 
conditions defined above.
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Native-alien populations are expected to be physically much closer to their native 
range than alien populations introduced from other countries, with the geographic 
distance roughly an order of magnitude different (Fig. 2; t = 15.6, df = 64.4, P < 0.001). 
Given the shorter geographical distances, it is likely that native-alien populations will 
differ from alien populations introduced from other countries in key properties of dis-
persal, including propagule pressure, genetic diversity (Vilatersana et al. 2016), poten-
tial for simultaneous movement of co-evolved species, selectivity of what is moved, and 
the duration of dispersal opportunities (Wilson et al. 2009). Such differences may lead 
to quantitative and qualitative differences in the probabilities of establishment and inva-
sion and in the types of impact that are likely to occur. For example, the relatively short 
distance between these native-alien populations and their native range, means that prop-
agule pressure [i.e. encompassing the number of individuals introduced and the num-
ber of introduction events for any particular species (Lockwood et al. 2009)] will likely 
be higher than for alien populations introduced from other countries. In addition, the 
higher the number of introduction events the greater the chance that propagules come 
from a wide variety of sources and the higher the potential genetic diversity. Therefore, 
genetic diversity is potentially higher for native-alien populations than for alien popula-
tions introduced from other countries (Vilatersana et al. 2016). These differences will 
have consequences for invasion potential (Bossdorf et al. 2005; Roman and Darling 
2007) because, if propagule pressure is low, the entire genetic diversity of the species is 
unlikely to be present in the introduced individuals (Wilson et al. 2009) and this could 

Figure 2. Density plot showing the distance between any two random points within a country and 
between two random points in different countries (t = 15.6, df = 64.4, P < 0.001). The distance between 
random points within a country (‘within-country’) represents the distance between native-alien popula-
tions and their native range, while the distance between random points in different countries (‘between 
countries’) represents the distance between alien populations introduced from other countries and their 
native range. See Suppl. material 1 for full methods.
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result in genetic bottlenecks that reduce the chances of survival (Excoffier et al. 2009). 
In contrast, high propagule pressure is likely to result in a large proportion of the total 
genetic diversity of a species being present in the introduced population, increasing the 
chances of species survival and invasion success (Roman 2006).

Table 2. Number of plant species with native-alien populations and alien populations introduced from 
other countries that are in the same genus and family as native species in their alien range, at local and 
national levels. Local level is the Garden Route National Park in South Africa (Baard and Kraaij 2019), 
while the national level is the whole of South Africa, excluding islands (SANBI 2019). These data were 
analysed using Chi-square tests and Fisher’s exact tests (in instances where there were expected values of 
less than 4, see Crawley 2007). See Suppl. material 2 for full methods.

a) Local (the Garden Route National Park)
Native-alien 
populations

Alien to the whole 
of South Africa

Analysis

Number of species with congeners present 14 (93%) 10 (10%) P = < 0.001, Fisher’s exact test
Number of species with confamilials present 15 (100%) 72 (72%) P = 0.020, Fisher’s exact test
Number of species 15 100
b) National (South Africa)

Native-alien 
populations

Alien to the whole 
of South Africa

Analysis

Number of species with congeners present 71 (95%) 900 (23%) χ2 = 201.25, df = 1, 
P = < 0.001

Number of species with confamilials present 75 (100%) 2230 (57%) χ2 = 56.008, df = 1, 
P = < 0.001

Number of species 75 3912

In the context of invasion science, alien organisms are expected to be ecologically 
novel in their introduced range (i.e. evolutionarily and ecologically different from na-
tive species) (Saul and Jeschke 2015). However, as there is a relatively short geographi-
cal distance between native-alien populations and their native range (Fig. 2), there 
tends to be a greater number of closely-related taxa in the introduced range of native-
alien populations in comparison to alien populations introduced from other countries 
(see Table 2) and this means that native-alien populations are likely to be less phylo-
genetically and ecologically distinct from native populations in their alien range (Saul 
and Jeschke 2015; Essl et al. 2019). This will have consequences for the probability 
of invasion [cf. Darwin’s Naturalisation Hypothesis (Darwin 1859; Daehler 2001)] 
and the types of impact. As there has been less time for differentiation or reproductive 
isolation, native-alien populations might be less likely to possess traits that are new 
to the alien range (e.g. novel weapons), but more likely to occupy similar niches to 
those occupied by native populations (Callaway and Ridenour 2004). Consequently, 
native-alien populations are, in general, more likely to experience higher levels of com-
petition (Gilbert and Levine 2013) and natural enemies (Enders et al. 2020) in their 
introduced range, but are also more likely to be suited to the abiotic conditions (e.g. 
climate), and suitable mutualists are more likely to be present. Native-alien popula-
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tions are also more likely to hybridise with closely-related native populations (Bossdorf 
et al. 2005; Roman and Darling 2007; and examples of rainbow trout introductions in 
USA and blesbok introductions in South Africa, discussed above).

Which conditions give rise to native-alien populations?

Native-alien populations can be found in any nation where biogeographic barriers 
prevent organisms from dispersing to suitable, but unoccupied ranges. However, 
large countries are, generally, more environmentally heterogeneous than smaller 
countries (Fig. 3 and Suppl. material 3: Fig. S1b). Large countries tend to have more 
biomes (Fig. 3a) and more ecoregions (Suppl. material 3: Fig. S1a) than smaller 
countries; and have more biomes (Fig. 3b) and ecoregions (Suppl. material 3: Fig. 
S1b) that are non-contiguous. Therefore, while country size is an imprecise proxy of 
environmental heterogeneity and the presence of biogeographical barriers, native-
alien populations are likely to be more common in large countries than small coun-
tries. We note that native-alien populations are likely to be particularly prevalent in 
countries like Russia, the USA, and India, because they have a relatively high num-
ber of biomes and ecoregions, and a high number of non-contiguous biomes and 
ecoregions (Fig. 3; Suppl. material 3: Fig. S1). We tried to explore this issue using a 
global dataset of bird introductions, but even for this well-studied group, the data 
quality was not sufficiently reliable (see Suppl. material 3).

We also hypothesised that taxa that are both poor dispersers, and that are likely to 
be moved by humans are most likely to form native-alien populations. These are taxa 
for which dispersal distances are short enough that the native range can be restricted 
to one part of a country, and suitable alien range can only be reached with substantial 
assistance from humans. However, we did not find a suitable dataset to test this. Testing 

Figure 3. The relationship between country size and a) the number of biomes in the country (Gener-
alised linear model: t = 19.20, df = 106, P < 0.001); and b) the number of biomes with non-contiguous 
patches (Generalised linear model: t = 24.45, df = 106, P < 0.001). A similar pattern is evident for ecore-
gions (Suppl. material 3: Fig. S1). See Suppl. material 3 for full methods. USA: United States of America, 
Ind: India, Chi: China, Rus: Russia.
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which species-level traits are more likely to result in native-alien populations will require 
some careful analyses, but will be important to better understand the phenomenon and, 
arguably, might reveal differences in the propensity of taxa to become invasive.

Management implications

A country’s conservation or biodiversity management goals play a crucial role in de-
termining whether a population is classified as native or alien. The focus of manage-
ment goals has consequences because if too much attention is paid to preventing new 
introductions from other countries, then within-country invasions could be missed. 
For example, in USA, the impacts of native-alien populations have been realised, 
but the management response has been delayed (Guo and Ricklefs 2010), while the 
impact of alien populations introduced from other countries have been given a full 
management response. Therefore, native-alien populations are treated and managed 
differently by different countries. However, there may also be differential manage-
ment across lower political levels (e.g. provinces, states) and, consequently, native-
alien populations could be managed in different ways (as native or alien) in different 
parts of the same country. However, such differential management may make sense 
in some cases, for example, in cases where provinces or states vary in size or vary in 
their biological diversity, native-alien populations may be more prominent in some 
provinces or states than others. National legislation can be used to guide the man-
agement of native-alien populations. For example, in South Africa, native species, 
such as Sclerophrys gutturalis and Hyperolius marmoratus (both amphibians), are listed 
under the National Environmental Management: Biodiversity Act (NEMBA) as in-
vasive species that require compulsory control in the Western Cape province, but are 
not listed as invasive species in their native ranges in the Limpopo, Mpumalanga, 
and KwaZulu-Natal provinces (Department of Forestry Fishery and the Environment 
2013; Measey et al. 2017). As these native-alien populations can result in invasions 
at provincial or state levels and cause negative impacts on native populations where 
introduced, sub-national regulation might be preferable. For example, an analysis of 
native and alien plant distributions by Rouget et al. (2015) supported biome-level 
strategies for the control of alien plant species in South Africa. There is, thus, a need 
for a careful alignment of management and policy between different geographic and 
political scales from national to local. However, while it might make more ecological 
sense to regulate and manage native-alien populations, based on biogeography, this is 
often impractical both due to bureaucracy and biology. Funds and management are 
often administered according to political boundaries and which biogeographic breaks 
are important might be highly context-specific.

Classifying the introduction status of populations relies largely on knowing where 
the native range is within a country. This is expected to be easy for taxa, such as large 
mammals, that have been monitored and tracked over time (Skinner and Chimimba 
2005) and for which data on human-mediated transportation exist. Conversely, it will 
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be very difficult for other taxa, such as microbes, for which the native range is not well 
circumscribed and that have been moved unintentionally by humans using vectors and 
pathways that are poorly understood. For example, it is difficult to identify the location 
of the native range of marine species due to a lack of surveys across a number of marine 
environments, a lack of taxonomic expertise, the use of different terms in marine inva-
sion science and challenges with taxonomic resolution at a global scale for a number of 
species (Robinson et al. 2005; Mead et al. 2011; Robinson et al. 2016). Native ranges 
are likely to expand and contract naturally and, in some instances, species might be in-
troduced by human action into areas where they have historically occurred. This creates 
problems when identifying native-alien populations as these shifts increase uncertainty 
when describing the native range.

Conclusion and recommendations

We have argued here that native-alien populations will likely differ from other bio-
logical invasions and other forms of range shifts in terms of geographic, evolution-
ary, and ecological characteristics. Native-alien populations can cause significant and 
often specific negative impacts [through hybridisation in particular, for example, van 
Wyk et al. (2017) and Lockwood et al. (2013)]. We recommend a standardised ap-
proach to be used to compile lists of native-alien populations, for example, that taken 
by the Global Register of Introduced and Invasive Species (Pagad et al. 2018). Man-
agement and regulation should also ideally follow relevant biogeographic barriers or 
at least operate at the political level most relevant for a particular group of taxa, but 
this is often impractical at present. To conclude, while we recognise that the phenom-
enon of native-alien populations is an artefact of political boundaries, it has inherent 
regulatory implications and so the phenomenon must be increasingly and explicitly 
included in conservation predictions, planning, and management so that these popu-
lations are correctly classified, included in alien species inventories, and managed as 
biological invasions.

Funding

The South African Department of Forestry, Fisheries and the Environment (DFFE) 
are thanked for funding, noting that this publication does not necessarily represent the 
views or opinions of DFFE or its employees. TISO Foundation and the University of 
Pretoria are thanked for funding.

Data resources

Data for this study are available on request from the authors.



Taxa that are native and alien to different parts of the same country 69

Acknowledgements

We acknowledge Birdlife International for data on the native ranges of bird species. 
We thank Johan Baard, Nanna Joubert, Arne Witt, Pieter Winter and Tony Rebelo for 
contributing data on native-alien plant populations. We also thank Sabrina Kumschick 
and Tsungai Zengeya for comments on an early draft. Comments during the review 
process from two anonymous reviewers greatly improved the manuscript.

References

Baard JA, Kraaij T (2019) Use of a rapid roadside survey to detect potentially invasive plant spe-
cies along the garden route, South Africa. Koedoe 61(1): 1–10. https://doi.org/10.4102/
koedoe.v61i1.1515

Blackburn TM, Pyšek P, Bacher S, Carlton JT, Duncan RP, Jarošík V, Richardson DM (2011) 
A proposed unified framework for biological invasions. Trends in Ecology & Evolution 
26(7): 333–339. https://doi.org/10.1016/j.tree.2011.03.023

Bossdorf O, Auge H, Lafuma L, Rogers WE, Siemann E, Prati D (2005) Phenotypic and ge-
netic differentiation between native and introduced plant populations. Oecologia 144(1): 
1–11. https://doi.org/10.1007/s00442-005-0070-z

Callaway RM, Ridenour WM (2004) Novel weapons: Invasive success and the evolution of 
increased competitive ability. Frontiers in Ecology and the Environment 2(8): 436–443. 
https://doi.org/10.1890/1540-9295(2004)002[0436:NWISAT]2.0.CO;2

CBD [Convention on Biological Diversity] (2002) Guiding principles for the prevention, in-
troduction and mitigation of impacts of alien species that threaten ecosystems, habitats or 
species. Annex to COP 6 decision VI/23 of the Convention on Biological Diversity. www.
cbd.int/doc/decisions/cop-06-dec-23-en.pdf

Cox GW (1999) Alien species in North America and Hawaii. Island Press, Washington DC.
Crawley MJ (2007) The R Book. Wiley, Chichester. https://doi.org/10.1002/9780470515075
Daehler CC (2001) Darwin’s naturalization hypothesis revisited. American Naturalist 158(3): 

324–330. https://doi.org/10.1086/321316
Darwin CR (1859) The origin of species. J. Murray, London.
Department of Forestry Fishery and the Environment (2013) National environmental man-

agement: Biodiversity Act (10/2004): Alien and Invasive Species Regulations No R. 506. 
Department of Environmental Affairs, Pretoria.

Devictor V, van Swaay C, Brereton T, Brotons L, Chamberlain D, Heliölä J, Herrando S, Jul-
liard R, Kuussaari M, Lindström A, Reif J, Roy DB, Schweiger O, Settele J, Stefanescu 
C, Van Strien A, Van Turnhout C, Vermouzek Z, WallisDeVries M, Wynhoff I, Jiguet 
F (2012) Differences in the climatic debts of birds and butterflies at a continental scale. 
Nature Climate Change 2(2): 121–124. https://doi.org/10.1038/nclimate1347

Enders M, Havemann F, Ruland F, Bernard-Verdier M, Catford JA, Gómez-Aparicio L, Haider 
S, Heger T, Kueffer C, Kühn I, Meyerson LA, Musseau C, Novoa A, Ricciardi A, Sagouis A, 
Schittko C, Strayer DL, Vilà M, Essl F, Hulme PE, van Kleunen M, Kumschick S, Lockwood 

https://doi.org/10.4102/koedoe.v61i1.1515
https://doi.org/10.4102/koedoe.v61i1.1515
https://doi.org/10.1016/j.tree.2011.03.023
https://doi.org/10.1007/s00442-005-0070-z
https://doi.org/10.1890/1540-9295(2004)002%5B0436:NWISAT%5D2.0.CO;2
https://doi.org/10.1002/9780470515075
https://doi.org/10.1086/321316
https://doi.org/10.1038/nclimate1347


Takalani Nelufule et al.  /  NeoBiota 74: 57–74 (2022)70

JL, Mabey AL, McGeoch MA, Palma E, Pyšek P, Saul W, Yannelli FA, Jeschke JM (2020) 
A conceptual map of invasion biology: Integrating hypotheses into a consensus network. 
Global Ecology and Biogeography 29(6): 978–991. https://doi.org/10.1111/geb.13082

Essl F, Bacher S, Genovesi P, Hulme PE, Jeschke JM, Katsanevakis S, Kowarik I, Kühn I, Pyšek 
P, Rabitsch W, Schindler S, van Kleunen M, Vilà M, Wilson JRU, Richardson DM (2018) 
Which taxa are alien? Criteria, applications, and uncertainties. Bioscience 68(7): 496–509. 
https://doi.org/10.1093/biosci/biy057

Essl F, Dullinger S, Genovesi P, Hulme PE, Jeschke JM, Katsanevakis S, Kühn I, Lenzer B, 
Pauchard A, Pyšek P, Rabitsch W, Richardson DM, Seebens H, Van Kleunen M, van der 
Putten WH, Vilà M, Bacher S (2019) A Conceptual Framework for Range-Expanding 
Species that Track Human-Induced Environmental Change. Bioscience 69(11): 908–919. 
https://doi.org/10.1093/biosci/biz101

Essl F, Latombe G, Lenzner B, Pagad S, Seebens H, Smith K, Wilson JRU, Genovesi P (2020) 
The Convention on Biological Diversity (CBD)’s Post-2020 target on invasive alien species 
– what should it include and how should it be monitored? NeoBiota 121: 99–121. https://
doi.org/10.3897/neobiota.62.53972

Excoffier L, Foll M, Petit RJ (2009) Genetic consequences of range expansions. Annual Review 
of Ecology, Evolution, and Systematics 40(1): 481–501. https://doi.org/10.1146/annurev.
ecolsys.39.110707.173414

Gilbert B, Levine JM (2013) Plant invasions and extinction debts. Proceedings of the National 
Academy of Sciences of the United States of America 110(5): 1744–1749. https://doi.
org/10.1073/pnas.1212375110

Groom Q, Desmet P, Reyserhove L, Adriaens T, Oldoni D, Vanderhoeven S, Baskauf SJ, Chap-
man A, McGeoch M, Walls R, Wieczorek J, Wilson JRU, Zermoglio PFF, Simpson A 
(2019) Improving Darwin Core for research and management of alien species. Biodiversity 
Information Science and Standards 3: e38084. https://doi.org/10.3897/biss.3.38084

Guo Q, Ricklefs RE (2010) Domestic exotics and the perception of invasibility. Diversity & 
Distributions 16(6): 1034–1039. https://doi.org/10.1111/j.1472-4642.2010.00708.x

Head L, Muir P (2004) Nativeness, invasiveness, and nation in Australian plants. Geographical 
Review 94(2): 199–217. https://doi.org/10.1111/j.1931-0846.2004.tb00167.x

Heger T, Jeschke JM, Kollmann J (2021) Some reflections on current invasion science and 
perspectives for an exciting future. NeoBiota 68: 79–100. https://doi.org/10.3897/neo-
biota.68.68997

Hellberg ME, Balch DP, Roy K (2001) Climate-driven range expansion and morphological 
evolution in a marine gastropod. Science 292(5522): 1707–1710. https://doi.org/10.1126/
science.1060102

Henriksen HJ, Kreutzer IB (1982) The Butterflies of Scandinavia in Nature (Skandinavisk 
Bogforlag). Denmark.

Hunter ML (2007) Climate change and moving species: Furthering the debate on assisted 
colonization. Conservation Biology 21(5): 1356–1358. https://doi.org/10.1111/j.1523-
1739.2007.00780.x

IPBES (2019) Summary for policymakers of the global assessment report on biodiversity and 
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (Advance unedited edition). IPBES secretariat, Bonn.

https://doi.org/10.1111/geb.13082
https://doi.org/10.1093/biosci/biy057
https://doi.org/10.1093/biosci/biz101
https://doi.org/10.3897/neobiota.62.53972
https://doi.org/10.3897/neobiota.62.53972
https://doi.org/10.1146/annurev.ecolsys.39.110707.173414
https://doi.org/10.1146/annurev.ecolsys.39.110707.173414
https://doi.org/10.1073/pnas.1212375110
https://doi.org/10.1073/pnas.1212375110
https://doi.org/10.3897/biss.3.38084
https://doi.org/10.1111/j.1472-4642.2010.00708.x
https://doi.org/10.1111/j.1931-0846.2004.tb00167.x
https://doi.org/10.3897/neobiota.68.68997
https://doi.org/10.3897/neobiota.68.68997
https://doi.org/10.1126/science.1060102
https://doi.org/10.1126/science.1060102
https://doi.org/10.1111/j.1523-1739.2007.00780.x
https://doi.org/10.1111/j.1523-1739.2007.00780.x


Taxa that are native and alien to different parts of the same country 71

Latombe G, Canavan S, Hirsch H, Hui C, Kumschick S, Nsikani MM, Potgieter LJ, Robinson 
TB, Saul WC, Turner SC, Wilson JRU, Yannelli FA, Richardson DM (2019) A four-com-
ponent classification of uncertainties in biological invasions: Implications for management. 
Ecosphere 10(4): e02669. https://doi.org/10.1002/ecs2.2669

Lockwood JL, Cassey P, Blackburn TM (2009) The more you introduce the more you get: The 
role of colonization pressure and propagule pressure in invasion ecology. Diversity & Dis-
tributions 15(5): 904–910. https://doi.org/10.1111/j.1472-4642.2009.00594.x

Lockwood JL, Hoopes MF, Marchetti MP (2013) Invasion Ecology, 2nd edn. Wiley, Chichester.
Maciejewski K, Kerley GIH (2014) Understanding tourists’ preference for mammal species in 

private protected areas: Is there a case for extralimital species for ecotourism? PLoS ONE 
9(2): e88192. https://doi.org/10.1371/journal.pone.0088192

McKinney ML (2005) Species introduced from nearby sources have a more homogenizing ef-
fect than species from distant sources: Evidence from plants and fishes in the USA. Diver-
sity & Distributions 11(5): 367–374. https://doi.org/10.1111/j.1366-9516.2005.00181.x

Mead A, Carlton JT, Griffiths CL, Rius M (2011) Introduced and cryptogenic marine and estu-
arine species of South Africa. Journal of Natural History 45(39–40): 2463–2524. https://
doi.org/10.1080/00222933.2011.595836

Measey J, Davies SJ (2011) Struggling against domestic exotics at the southern end of Africa. 
Forglog 97: 28–30.

Measey J, Davies SJ, Vimercati G, Rebelo T, Schmidt W, Turner A (2017) Invasive amphib-
ians in southern Africa: A review of invasion pathways. Bothalia 47(2): 1–12. https://doi.
org/10.4102/abc.v47i2.2117

Moyle PB (2002) Inland fishes of California. Unibersity of California Press, Berkeley.
Ogden N, Wilson J, Richardson D, Hui C, Davies SJ, Kumschick S, Le Roux JJ, Measey J, 

Christian Saul W, Pulliam JRC (2019) Emerging infectious diseases and biological inva-
sions – a call for a One Health collaboration in science and management. Royal Society 
Open Science 6(3): e181577. https://doi.org/10.1098/rsos.181577

Orr MR, Smith TB (1998) Ecology and speciation. Trends in Ecology & Evolution 13(12): 
502–506. https://doi.org/10.1016/S0169-5347(98)01511-0

Pagad S, Genovesi P, Carnevali L, Schige D, McGeoch MA (2018) Data Descriptor: Introduc-
ing the Global Register of Introduced and Invasive Species. Scientific Data 5(1): 1–12. 
https://doi.org/10.1038/sdata.2017.202

Parmesan C, Yohe G (2003) A globally coherent fingerprint of climate change impacts across 
natural systems. Nature 421(6918): 37–42. https://doi.org/10.1038/nature01286

Parmesan C, Ryrholm N, Stefanescu C, Hill JK, Thomas CD, Descimon H, Huntley B, 
Kaila L, Kullberg J, Tammaru T, Tennent WJ, Thomas JA, Warren M (1999) Poleward 
shifts in geographical ranges of butterfly species associated with regional warming. Nature 
399(6736): 579–583. https://doi.org/10.1038/21181

Pereyra PJ (2019) Rethinking the native range concept. Conservation Biology 00: 1–5. https://
doi.org/10.1111/cobi.13406

Richardson DM, Foxcroft LC, Latombe G, Le Maitre DC, Rouget M, Wilson JR (2020) The 
biogeography of South African terrestrial plant invasions. In: van Wilgen BW, Measey 
J, Richardson DM, Wilson JR, Zengeya TA (Eds) Biological invasions in South Africa. 
Springer, Berlin, 65–94. https://doi.org/10.1007/978-3-030-32394-3_3

https://doi.org/10.1002/ecs2.2669
https://doi.org/10.1111/j.1472-4642.2009.00594.x
https://doi.org/10.1371/journal.pone.0088192
https://doi.org/10.1111/j.1366-9516.2005.00181.x
https://doi.org/10.1080/00222933.2011.595836
https://doi.org/10.1080/00222933.2011.595836
https://doi.org/10.4102/abc.v47i2.2117
https://doi.org/10.4102/abc.v47i2.2117
https://doi.org/10.1098/rsos.181577
https://doi.org/10.1016/S0169-5347(98)01511-0
https://doi.org/10.1038/sdata.2017.202
https://doi.org/10.1038/nature01286
https://doi.org/10.1038/21181
https://doi.org/10.1111/cobi.13406
https://doi.org/10.1111/cobi.13406
https://doi.org/10.1007/978-3-030-32394-3_3


Takalani Nelufule et al.  /  NeoBiota 74: 57–74 (2022)72

Robinson TB, Griffiths CL, McQuaid CD, Rius M (2005) Marine alien species of South 
Africa - Status and impacts. African Journal of Marine Science 27(1): 297–306. https://
doi.org/10.2989/18142320509504088

Robinson TB, Alexander ME, Simon CA, Griffiths CL, Peters K, Sibanda S, Miza S, Groenewald 
B, Majiedt P, Sink KJ (2016) Lost in translation? Standardising the terminology used in 
marine invasion biology and updating South African alien species lists. African Journal of 
Marine Science 38(1): 129–140. https://doi.org/10.2989/1814232X.2016.1163292

Roman J (2006) Diluting the founder effect: Cryptic invasions expand a marine invader’s 
range. Proceedings. Biological Sciences 273(1600): 2453–2459. https://doi.org/10.1098/
rspb.2006.3597

Roman J, Darling JA (2007) Paradox lost: Genetic diversity and the success of aquatic invasions. 
Trends in Ecology & Evolution 22(9): 454–464. https://doi.org/10.1016/j.tree.2007.07.002

Rouget M, Hui C, Renteria J, Richardson DM, Wilson JRU (2015) Plant invasions as a bio-
geographical assay: Vegetation biomes constrain the distribution of invasive alien species 
assemblages. South African Journal of Botany 101: 24–31. https://doi.org/10.1016/j.
sajb.2015.04.009

Saul WC, Jeschke JM (2015) Eco-evolutionary experience in novel species interactions. Ecol-
ogy Letters 18(3): 236–245. https://doi.org/10.1111/ele.12408

Simberloff D (2011) Native invaders. In: Simberloff D, Rejmánek M (Eds) Encyclopedia of 
biological invasions.University of California Press, Berkeley and Los Angeles.

Skinner JD, Chimimba CT (2005) The Mammals of the South African Sub-Region. Cam-
bridge University Press, Cambridge. https://doi.org/10.1017/CBO9781107340992

SANBI [South Africa National Biodiversity Institute] (2019) An inventory of alien plant spe-
cies in South Africa. https://www.sanbi.org

Southward AJ, Hawkins SJ, Burrows MT (1995) Seventy years’ observations of changes in 
distribution and abundance of zooplankton and intertidal organisms in the western Eng-
lish Channel in relation to rising sea temperature. Journal of Thermal Biology 20(1–2): 
127–155. https://doi.org/10.1016/0306-4565(94)00043-I

Spear D, Chown SL (2009) The extent and impacts of ungulate translocations: South Africa 
in a global context. Biological Conservation 142(2): 353–363. https://doi.org/10.1016/j.
biocon.2008.10.031

van Wyk AM, Dalton DL, Hoban S, Bruford MW, Russo IM, Birss C, Grobler P, van Vuuren 
JB, Kotzé A (2017) Quantitative evaluation of hybridization and the impact on biodiversity 
conservation. Ecology and Evolution 7(1): 320–330. https://doi.org/10.1002/ece3.2595

Van Zyl RF, Myfield S, Pulfrich A, Griffiths CL (1998) Predation by West Coast rock lobster 
(Jasus lalandii) on two species of winkle (Oxystele sinensis and Turbo cidaris). South African 
Journal of Zoology 33(4): 203–209. https://doi.org/10.1080/02541858.1998.11448473

Vilatersana R, Sanz M, Galian A, Castells E (2016) The invasion of Senecio pterophorus across 
continents: Multiple, independent introductions, admixture and hybridization. Biological 
Invasions 18(7): 2045–2065. https://doi.org/10.1007/s10530-016-1150-1

Vitule JRS, Occhi TVT, Kang B, Matsuzaki S, Bezerra LA, Daga VS, Faria L, Frehse FA, Wal-
ter F, Padial AA (2019) Intra-country introductions unraveling global hotspots of alien 

https://doi.org/10.2989/18142320509504088
https://doi.org/10.2989/18142320509504088
https://doi.org/10.2989/1814232X.2016.1163292
https://doi.org/10.1098/rspb.2006.3597
https://doi.org/10.1098/rspb.2006.3597
https://doi.org/10.1016/j.tree.2007.07.002
https://doi.org/10.1016/j.sajb.2015.04.009
https://doi.org/10.1016/j.sajb.2015.04.009
https://doi.org/10.1111/ele.12408
https://doi.org/10.1017/CBO9781107340992
https://www.sanbi.org
https://doi.org/10.1016/0306-4565(94)00043-I
https://doi.org/10.1016/j.biocon.2008.10.031
https://doi.org/10.1016/j.biocon.2008.10.031
https://doi.org/10.1002/ece3.2595
https://doi.org/10.1080/02541858.1998.11448473
https://doi.org/10.1007/s10530-016-1150-1


Taxa that are native and alien to different parts of the same country 73

fish species. Biodiversity and Conservation 28(11): 3037–3043. https://doi.org/10.1007/
s10531-019-01815-7

Webber BL, Scott JK (2012) Rapid global change: Implications for defining natives and al-
iens. Global Ecology and Biogeography 21(3): 305–311. https://doi.org/10.1111/j.1466-
8238.2011.00684.x

Wilson JRU, Dormontt EE, Prentis PJ, Lowe AJ, Richardson DM (2009) Something in the 
way you move: Dispersal pathways affect invasion success. Trends in Ecology & Evolution 
24(3): 136–144. https://doi.org/10.1016/j.tree.2008.10.007

Supplementary material 1

File S1
Authors: Takalani Nelufule, Mark P. Robertson, John R. U. Wilson, Katelyn T. 
Faulkner
Data type: Methods (docx. file)
Explanation note: Methods for the simulation that illustrates that native-alien popula-

tions are likely to be closer geographically to their native range than populations 
introduced from other countries.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.74.81671.suppl1

Supplementary material 2

File S2
Authors: Takalani Nelufule, Mark P. Robertson, John R. U. Wilson, Katelyn T. 
Faulkner
Data type: Methods (docx. file)
Explanation note: Method for determining whether native-alien populations tend to 

have a greater number of closely related taxa (congeneric and confamilial species) 
in their introduced range than alien populations introduced from other countries..

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.74.81671.suppl2

https://doi.org/10.1007/s10531-019-01815-7
https://doi.org/10.1007/s10531-019-01815-7
https://doi.org/10.1111/j.1466-8238.2011.00684.x
https://doi.org/10.1111/j.1466-8238.2011.00684.x
https://doi.org/10.1016/j.tree.2008.10.007
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.74.81671.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.74.81671.suppl2


Takalani Nelufule et al.  /  NeoBiota 74: 57–74 (2022)74

Supplementary material 3

File S3
Authors: Takalani Nelufule, Mark P. Robertson, John R. U. Wilson, Katelyn T. 
Faulkner
Data type: Methods (docx. file)
Explanation note: Method for testing whether native-alien populations are particularly 

prevalent in large, ecologically diverse countries.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.74.81671.suppl3

http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.74.81671.suppl3

	Native-alien populations—an apparent oxymoron that requires specific conservation attention
	Abstract
	Introduction
	A proposed definition
	Native-alien populations differ from other forms of range change
	Which conditions give rise to native-alien populations?
	Management implications
	Conclusion and recommendations
	Funding
	Data resources
	Acknowledgements
	References

