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ABSTRACT

Biological invasions and human migrations have increased globally due to socio-economic drivers and environmental
factors that have enhanced cultural, economic, and geographic connectivity. Both processes involve the movement, estab-
lishment, and spread of species, yet unfold within fundamentally different philosophical, social and biological contexts.
Hence, studying biological invasions (invasion science) and human migration (migration studies) presents complex parallels
that are potentially fruitful to explore. Here, we examined nuanced parallels and differences between these two phenomena,
integrating historical, socio-political, and ethical perspectives. Our review underscores the need for context-specific
approaches in policymaking and governance to address effectively the challenges and opportunities of human migration
and harm from biological invasions. We suggest that approaches to studying the drivers of biological invasions and human
migration provide an excellent opportunity for transdisciplinary research; one that acknowledges the complexities and
potential insights from both fields of study. Ultimately, integrating natural and social sciences offers a promising avenue
for enriching the understanding of invasion biology and migration dynamics while pursuing just, equitable, and sustainable
solutions. However, while human migration is a clear driver of biological invasions, drawing on principles from biological
invasions to understand past and current human migration risks oversimplification and the potential for harmful general-
isations that disregard the intrinsic rights and cultural dynamics of human migrations. By doing so, we provide insights
and frameworks to support the development of context-specific policies that respect human dignity, foster cultural diversity,
and address migration challenges in ways that promote global cooperation and justice. This interdisciplinary approach
highlights the potential for transdisciplinary research that acknowledges complexities in both fields, ultimately enriching
our understanding of invasion biology and migration dynamics while pursuing equitable and sustainable solutions.

Key words: biosecurity, cultural assimilation, ethnocentrism, ecological resilience, globalisation, sociopolitical dynamics,
transdisciplinary research.
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I. INTRODUCTION

Many core principles and fundamental theories in invasion
science have been intensively explored in recent decades
(Jeschke & Heger, 2018; Daly et al., 2023) and are generally
not considered transferable to the complexities surrounding
human migrations. Repeatedly throughout human history,
however, politicians have misused scientific terminology
and principles to advance ideologically based policies.
For instance, Adolf Hitler purposely misapplied Charles
Darwin’s theories, later referred to as ‘Social Darwinism’,
to support his racist ideologies (Gould, 1996;
Weikart, 2013). More recently, scientists explicitly advocate
against the use of xenophobic concepts when describing
biological invasions — the movement of (non-native) species
by any means, generally mediated by or resulting from
human  activities  beyond  their range
(Simberloft, 2003). However, the rhetoric used by invasion
scientists, particularly the use of terms like ‘invasion’ or
‘invasive’, which evoke ideas of foreignness and threats,
has been misused by activists, journalists, media pundits,
social influencers, and politicians from all sides of the polit-
ical spectrum (Schlaepfer, Sax & Olden, 2011; Sax,
Schlaepfer & Olden, 2022). These groups have inappropri-
ately paralleled the concept of biological invasions with the
fear of immigrants, as seen in political discourse in the USA,
where such rhetoric has fuelled xenophobic sentiment
(Subramaniam,  2001;  Pitoski, Lampoltshammer &
Parycek, 2021). This includes terms like ‘alien’ (exotic, non-
native, non-indigenous) and ‘invasive’ (i.e. non-native species
that spread beyond the introduction point), which are
widely used by invasion scientists (Soto ¢t al., 2024a).

native

This overlap between metaphorical language and invasion
science terminology, often criticised for its militaristic origin
(Dawkins & Krebs, 1979; Guareschi et al., 2024), has been
argued to promote human prejudices and xenophobia
(Simberloff, 2003; Tassin & Kull, 2015; Fall, 2017). This
can influence not just the terminology used, but also the cul-
tural perspectives shaping discourses. Part of the historical
background on the rhetoric of ‘invasions’ concerning human
immigration in the USA has deep roots, tracing back to at
least the 19th century, decades before the term ‘invasive spe-
cies’ was coined to refer to a subset of problematic non-native
species. This theme began to surface prominently with an
1873 advertisement in the San Francisco Chronicle, which
announced the ‘Chinese Invasion’, claiming that 900,000
immigrants were arriving to America from China. This
hyperbolic warning was a prelude to the Chinese Exclusion
Act of 1882, America’s first law banning a specific national
group, influenced by fears stirred by such ‘invasion’ rhetoric.
Over time, this metaphor of invasion expanded to include
not just Chinese but also other Asian immigrants from
Japan and Korea, then Southern and Eastern Europeans,
and by the 20th century encompassing immigrants from
Mexico and other Latin American countries. This invasion
rhetoric has been a fixture in American political discourse
(and in many other countries), often used to provoke fear or
justify restrictive immigration policies (Zimmer, 2019). In
South America, Argentine governments in the late 1800s
made great efforts to attract millions of rural workers by
advertising in European newspapers and lobbying in differ-
ent countries. Although their rhetoric preferred Europeans
over the ‘gauchos’ (people of European descent born in the
Americas), ‘creoles’ (skilled horsemen from Argentina,
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Uruguay, and Brazil), and Indigenous people, the majority of
the European migrants suffered open discrimination and
abuse from a nationalist society that tended to see this mas-
sive immigration as an ‘invasion’ threatening their local
values and way of life (see Gargurevich, 1994). Through a
historical and ecological lens, the parallels between invasion
science and historical immigration policies demonstrate the
existence of a shared metaphorical framework, albeit one
with potential for misleading analogies (Pincetl, 2007), which
may be inappropriate and cause confusion.

Metaphorical language is shaping perceptions towards
immigration, reinforcing divisive and exclusionary ideolo-
gies. Similarly, the politicisation of scientific language illus-
trates how terms originally intended for solely scientific
contexts are repurposed in political rhetoric, shaping public
and policy discussions about immigration (Vogelaar, 2021).
The strategic misuse of, e.g. militaristic, language aims to
be emotive and to influence public perception and justify pol-
icy decisions, highlighting the need for careful consideration
of language in both public discourse and science. Dangerous
rhetoric continues to manifest in modern times. For instance,
migrants and asylum seekers are often portrayed as invaders
attempting to breach Europe’s borders, undermining its cultural,
social, political, and economic stability (Toivanen, 2019). More
recently, President Donald J. Trump (Republican) in the USA
referred to migrants as harmful when saying that Democrats
wanted migrants to ‘infest our country’, and Marine Le Pen
(National Rally) in France described immigration as a ‘migrant
mmvasion’. In April 2024, the leaders of the Vox party urged
the Spanish government to ‘block the illegal immigration inva-
sion that threatens Spain’. Similarly, the Australian Kevin Rudd
(Labor) referred to people-smuggling into the country as a
‘scourge’” and Bob Carr (Labor) declared that Sydney was “full’
back in the year 2000. Tony Blair’s (Labour) policies in Great
Britain, as well as many other European politicians from a vari-
ety of different political affiliations (see the recent examples of
hate speech and discrimination toward subcultures in Italy;
Vannacci, 2023), occasionally emphasised ‘control measures’
around illegal immigration (Mulvey, 2010).

Despite superficial similarities, applying invasion science
principles, terminologies, and theories to human migration
risks oversimplifying both their complexities (Scholten, 2022)
and potentially dehumanising migrants by neglecting their
sentience, intrinsic rights, individuality, values, and societal
contributions, thereby reflecting a (largely negative) value-
laden understanding of human movement (Coates, 2007).
This comparison is often leveraged by those constructing nar-
ratives against human migration; vyet, scholars can
recognise the fundamental differences between biological
invasions and human migration, questioning the scientific
basis for such analogies. While similarities in the ethics of both
human migration and species translocations were recently
highlighted (Switzer & Angeli, 2016), distinctions based on
ethical, biological, and social differences have not been thor-
oughly explored in the interdisciplinary literature. In this
context, we examine here the popular use of invasion sci-
ence terminology, by e.g. journalists, activists, and
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politicians, rather than its technical and scientific applica-
tion, by e.g. scientists. Considering the need for a more inte-
grative framework that better articulates perspectives from
the social sciences (McNeely, 2001; Bortolus &
Schwindt, 2022), this study therefore aims to (z) identify
and discuss nuanced parallels and highlight crucial differ-
ences between the study of non-native species introductions
and human migration, and (z) underscore the potential nega-
tive repercussions of hasty and superficial generalisations and
misused terminology.

II. COMPARING NON-NATIVE SPECIES
INTRODUCTIONS AND HUMAN MIGRATION

(1) Non-native species introductions

Since the age of exploration (Crosby, 2004), during the colo-
nial era (Coates, 2007), or when planned as part of state-
building (Maxwell-Stewart, Inwood & Stankovich, 2015;
Godfrey, 2019), the movement of domesticated or wild
organisms with people across continents was unregulated. It
was often incentivised and driven by the colonists’ desire to
impose their vision of ‘improvement’ on both the environ-
ment and the colonised peoples, exploit resources and dom-
inate newly colonised lands by establishing familiar species
from the old homeland (driven by acclimatisation societies),
and to bring ‘strange’ peculiarities home (Lenzner
et al., 2022; Mufioz-Mas et al., 2023). This led to widespread
introductions of non-native species, including crops and live-
stock, which profoundly altered native ecosystems and agri-
cultural practices in both the homeland and the colonised
regions (Cuthbert ¢t al., 2023; Soto et al., 2024b; Turbelin et
al., 2024). Today, globalisation has become a major driver
of non-native species introductions (Seebens et al., 2017)
and the introduction of non-native organisms from any bio-
logical kingdom is recognised to pose major threats to biodiver-
sity, ecosystems, and human societies (Reynolds &
Aldridge, 2021). This causes substantial economic damage
through, e.g. agricultural losses, infrastructure degradation,
and, among others, control costs (Diagne et al., 2021; Gallardo
et al., 2024). The study of non-native species dates back to the
late 18th and early 19th centuries when the effects of species
introductions were first described by Pehr Kalm, a Swedish bot-
anist and disciple of Carl N. Linnaeus (Gottschalk, 1966), the
French naturalist Alcide d’Orbigny, and Charles Darwin
(Ludsin & Wolfe, 2001; Kutschera & Khanna, 2024). The for-
mal field of invasion science was, however, only established in
the late 20th century, following the works of Charles S. Elton
and the publication of his book The Ecology of Invasions by Animals
and Plants (Elton, 1938). Later, the issue of biological invasions
was addressed by the Scientific Committee on Problems of the
Environment (SCOPE) programme, an international group of
22 science unions and 40 national committees that collaborate
on issues pertaining to the environment (White, 1987).
Human activities create pathways for non-native species
introductions. If environmental conditions and propagule
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pressure (i.e. introduction effort, as a composite measure of
the number of attempts made and the amount of individuals
released into a non-native region; Lockwood, Cassey &
Blackburn, 2005) are sufficient, then populations of non-
native species may establish and proliferate (Jeschke &
Strayer, 2005; Milanovi¢ ¢t al., 2020). Once these popula-
tions grow in number, they eventually spread from the initial
location of introduction (Richardson et al., 2000) and may
cause measurable socio-economic or ecological impacts
including, among others, monetary damage and the loss of
biodiversity (Simberloff et al., 2012), hence being deemed as
‘invasive’ (Soto et al., 2024b).

Over time, non-native species introductions may result in
a permanent alteration (or deterioration) of the invaded
native communities (Del Rio-Hortega et al., 2022) and
ecosystems (Bortolus, Carlton & Schwindt, 2015; Emery-
Butcher, Beatty & Robson, 2020). Non-native species may
also affect human health and well-being, detrimentally
impacting socio-cultural dimensions including, but not
limited to, monetary losses (Ehrenfeld, 2010; Diagne
et al., 2021). The introduction of non-native species is stud-
ied by invasion scientists to understand their spread dynam-
ics and impacts, but also to identify novel ways to predict,
prevent (by controlling the introduction and spread), con-
tain, suppress, and/or eradicate non-native populations,
thereby mitigating their impacts (Britton et al., 2023).
For example, the emerald ash borer Agrilus planipennis
(Fig. 1A,B) is a beetle species that has turned from an incon-
spicuous East Asian species into one of the most devastating
pests of ash trees in the world. It has destroyed millions of
trees in North America, European Russia, and Ukraine,
and currently threatens central and western European ash
trees in forests and urban areas (Kirichenko et al., 2021;
Musolin et al., 2022; Sun et al., 2024). Another example is
the zebra mussel Dreissena polymorpha, which was introduced
from the Ponto-Caspian region to North America through
ships’ ballast water, prompting global regulations on ballast
water transport and decontamination (Ricciardi &
Maclsaac, 2000). This species can severely impact native
bivalve populations (Sousa, Pilotto & Aldridge, 2011), many
of which are threatened (Lopes-Lima et al., 2018). Dreissena
polymorpha competes with native mussels for food and space
and can attach to their shells (Fig. 1C), impeding their feed-
ing and movement, including burrowing in the soft
substrate during times of water scarcity and droughts to
which native species are more sensitive (Sousa et al., 2011).
Additionally, the cane toad Rhinella marina and buffel grass
Cenchrus ciliaris are both among the most problematic intro-
duced species in Australia; however, they were originally
brought to the country to control crop-infesting beetles
(Shine, 2010) and for pasture production, respectively
(Marshall, Lewis & Ostendorf, 2012).

Among invasion scientists, there is a broad consensus that
the negative effects of non-native species introductions gener-
ally outweigh the benefits they present (Carnetro et al., 2024),
while acknowledging the importance of several non-native
species for economic enterprises and human well-being

(Sax et al., 2022). Indeed, in particular cases, non-native spe-
cies can provide some benefits (Sax et al., 2022) or even coex-
ist due to adaptation and co-evolution between the
established non-native species and the recipient ecosystem
(Schlaepfer et al., 2010; Martin-Forés et al., 2016; Martin-
Forés, Guerin & Lowe, 2017). The negative impacts of
non-native species can vary over time, space, and stakeholder
groups, and depending on the context and species involved
(Simberloff e al., 2024). Successfully proliferating non-native
species can, due to rapid growth and reproduction, be seen as
a readily available source of food (e.g. protein; Haubrock
et al., 2021) or other goods (e.g. wood combustion), especially
in economically disadvantaged regions (Iyer ¢ al., 2021). In
the past, they have been argued to enrich native biodiversity
by, e.g. acclimatisation societies (Lockwood, Hoopes &
Marchetti, 2013). Some non-native species have also become
valuable to agriculture, forestry, hunting, fishing, or are seen
to benefit aesthetics, being an integral part of economies and
food provisioning (e.g. mammals introduced as livestock;
Clout & Russell, 2008). Proponents of non-native species some-
times argue that these species can enhance species richness and
ecosystem diversity (Thomas, 2013; Schlaepfer, 2018), often
overlooking indirect consequences such as alterations in vegeta-
tion community structure (Guerin ¢ al., 2019) or increased
plasticity for introduced populations in the invaded ranges
compared to native ones (Martin-Forés et al., 2018a,b). Alterna-
tively, advocates may not recognise the potential negative
impacts on native ecosystems if non-native species escape
beyond confinement (Simberloff e al., 2012). Another argu-
ment of proponents of non-native species might be their pro-
longed presence at low abundances or biomass, 1.c. in a stage
not posing any threat to native species and ecosystems. How-
ever, it has been shown that shifting environmental conditions
can trigger rapid population growth, transforming a non-
native species from harmless or benign to highly impactful
(Spear et al., 2021). A prominent example of a non-native spe-
cies with diverging values among stakeholders is the spread of
the Himalayan balsam Impatiens glandulifera in Europe (Fig. 2).
The introduction of this large ornamental plant is associated
with both negative effects on soil, fungal compositions, and
native plants, as well as potential benefits (e.g. facilitating the
establishment and spread of pollinators).

(2) Human migration

There is a vast difference in how scholars from various social
science disciplines — such as economics, political science,
international relations, security studies, anthropology, sociol-
ogy, post-colonial studies, and feminist studies — approach
the study of migration. These differences arise because each
discipline begins with distinct ontological and epistemologi-
cal premises. While there have been attempts to integrate
these diverse perspectives, they have been met with limited
success  (Portes, 1997; Faist, 1998; Brettell &
Hollifield, 2000; Glick Schiller, 2008). One element that dis-
tinguishes among theories of migration is the unit of analysis,
particularly concerning the agency of the immigrant and how

Biological Reviews (2025) 000-000 © 2025 The Author(s). Biological Reviews published by John Wiley & Sons Ltd on behalf of Cambridge Philosophical Society.

35US017 SUOLULLOD dA 31D 3|dedjdde 8y Ag pausenob afe sSoe O 8sn JO S9N 10} Akeiq 1T 8uluO A3|IM UO (SUOIPUOD-pUe-SULBY /WO AS | 1M Ale.q Ul |uoy/Sd)y) SUORIPUOD pue SWS L 84} 39S *[S202/20/T2] uo Afeidiauliuo 4311 ‘esid ¥NO Ad #0002 MA/TTTT OT/I0p/L0d 8| 1M Akeiq 1t uo//sdny wolj popeo|umod ‘0 ‘XS8TE9YT



Danish A. Ahmed and others

Fig. 1. (A) Emerald ash borer Agrilus planipennis (specimen collected on European ash Fraxinus excelsior in Moscow Region, Russia, on
15 July, 2006; size 10.5 mm (photograph by K. V. Makarov, with permission). (B) Galleries of 4. planipennis larvae under bark of a dead
ash tree F. excelsior in Moscow region, Russia, 2016 (photograph by D. L. Musolin). (C) The duck mussel Anodonta anatina heavily
infested by the zebra mussel Dreissena polymorpha (photograph by Ronaldo Sousa).

the decision to migrate is made. The neoclassical theory of
migration (Kurekova, 2011) takes the rational individual as
its unit of analysis, asserting that the decision to migrate is
made by weighing pros and cons (push—pull factors) accord-
ing to classic methodological individualism. Human capital
theory (Fleischhauer, 2007) extends this approach by exam-
ining the convertibility rates of individuals’ abilities and
capacities in the new society, thereby assessing potential suc-
cess. This approach, viewing human migration as a funda-
mental aspect of human nature (Rizvi, 2022), emphasises
individual agency and the pursuit of comfort and economic
well-being, and has profoundly shaped societies and cultures
throughout history (Fisher, 2013; Niedenthal et al., 2019).
The new economics of migration, on the other hand, takes
the household as its unit of analysis. It posits that the decision
to migrate is made collectively by the household, generally to
reduce risks and diversify opportunities for the entire family

(Stark & Bloom, 1985; Abreu, 2012). This approach implies
various strategies where some individuals may migrate while
others remain at home, supporting each other mutually. This
perspective influences the understanding of integration and
the calculation of a migration’s impact. Immanuel Waller-
stein’s world-systems theory introduces structural factors as
the main determinants of immigration, using the nation-state
as the unit of analysis. In this theory, the movement of capital
across borders in a highly globalised economy characterised
by unequal exchanges forces labour from peripheral and
semi-peripheral regions to migrate to core states (Massey
et al., 1993).

In the literature, the concepts of ‘immigration’ and
‘migration’ are often used interchangeably, despite their dis-
tinct meanings and implications. Immigration is the process
of moving (e.g. to a foreign country), with a focus on the des-
tination aspect of migration (Brettell & Hollifield, 2022).
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Impatiens glandulifera

Fig. 2. Flowering individual of the Himalayan balsam Impatiens
glandulifera, an ornamental plant introduced to Europe from Asia
in 1840, where it escaped from botanical gardens into
surrounding areas, and has since established dense populations.
This non-native species can dominate moist habitats such as tall
herb vegetation along rivers, where it may outcompete native
plants. Original image by U. Kutschera.

Migration often indicates the relocation of individuals from
one location to another, frequentty — but not
necessarily — crossing political borders, with the intention of
establishing permanent or long-term residency (Castles, de
Haas & Miller, 2014; Wallerstein, 2015). Migration is the def-
inition and unit of analysis utilised in this review. Following
Fairchild’s (1925) typology, human migration across national
borders for the purpose of settling in a different country
(Kaitmazova & Caberti, 2016) is classified into (7) economic
migration (including both high- and low-skilled migrants mov-
ing to find economic prosperity), (zz) family reunification
(migrants moving to join family members who have already
settled abroad), (i) forced migration (including refugees
and asylum seekers managed under the 1951 Refugee
Convention), and () student migration (encompassing sig-
nificant numbers of students moving in pursuit of higher
education). Moreover, migration can be classified by dura-
tion. Temporary migration encompasses workers (and
international interns) migrating for seasonal or short-term
work assignments that contribute to the migration of ideas
or, in certain cases, ‘semi-forced labour’, while permanent
migration characterises the long-term or indefinite reloca-
tion of individuals or groups to a new country or region,
often involving formal processes such as obtaining residency
or citizenship. Migration can, however, also be classified as
irregular if it occurs outside legal frameworks and regula-
tions as in the case of overstaying visas and human smug-
gling (Bales, 2012; Freeman, 2017).

Human migration is generally driven by human needs and
the will to thrive (often referred to as ‘human nature’;
Rizvi, 2022) by seeking economic opportunities or fleeing
political instability and conflicts. Many of these drivers are
directly influenced by human actions and policies
(Castelli, 2018; Czaika & Reinprecht, 2022), but generally

involve the movement of people across natural or political
borders. Large-scale human migrations, often referred to as
‘mass migrations’ (i.e. excluding, e.g. the migration of indi-
viduals for academic, expat, student, and other comparable
purposes), despite not being clearly defined by migration
scholars (Abramitzky, Boustan & Eriksson, 2014), started
around 2 million years ago with Homo erectus spreading across
continents, followed by various archaic humans and eventu-
ally modern Homo sapiens around 70,000-50,000 years ago
(Posth et al., 2016; Saltré e al., 2024). These modern humans
expanded into Eurasia, interbred with local populations such
as Neanderthals and Denisovans, and eventually reached
remote areas like the Americas 20,000 years ago and Ocea-
nia within the last 2,000 years (Spriggs, 2011; Villanea &
Schraiber, 2018). Migrations also continuously occurred
throughout ancient times, including the Indo-European
Migrations (Shevoroshkin, 1986; Andersen, 2003), the
Greek Colonisation (Donnellan, 2016) and, among others,
the Migration Period during the later stages of the Roman
Empire (Goffart, 2006; De Ligt & Tacoma, 2016). The
transatlantic slave trade stands as the most extensive
coerced human migration across oceans in recorded history
(Schrover, 2022). These migrations have profoundly shaped
the fate of our planet, impacting not only human societies
but also natural ecosystems and  biodiversity
(Sponsel, 2013). They have led to the emergence of diverse
cultures, languages, and traditions, contributing to the rich
tapestry of human civilisation we know today (McAuliffe &
Khadria, 2020). As such, historical migrations have to be
distinguished from, for example, migrations between the
First and Second World War, post-World War II migratory
movements of, for instance, Europeans to Australia and
South America, and ultimately major migration flows that
appeared after 2010 following the events of the Arab Spring
(Ongley & Pearson, 1995; Bani Salameh, 2019).
Throughout history, individuals have been compelled to
relocate due to disasters (triggered by both natural and
human-derived hazards), the depletion of resources, or mili-
tary defeats (Eltis & Richardson, 2008). During the transat-
lantic slave trade, an estimated 10—12 million Africans were
forcibly transported as slaves to the Americas by European
traders (Palmer, 1994; Walvin, 2013), with African rulers
and merchants from many nations participating in capturing
and selling such human commodity (Bennett, 2018;
Fage, 2019). Approximately 5 million Africans were sent to
Brazil, 2-3 million to the Caribbean, and roughly 450,000
to North America, where slave owners, despite constituting
only a small minority of the people, included primarily white
Europeans, but also black individuals and Native Americans
(Rodrigues, 1962; Marques, 2019). Besides these tremendous
numbers, many more died before being sold into slavery and
during the transatlantic transport (Palmer, 1994). On the
other hand, the economic role of these slaves evolved signifi-
cantly as the commercial landscape of the New World trans-
formed. Migrant slaves working outside the household
became much more numerous and economically significant
as the commercial transformation proceeded. Plantation,
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agriculture, and mining in North America, staffed predomi-
nantly by slaves, emerged as dominant economic activities
in the 17th and 18th centuries. Unlike the rhetoric of
‘invasion’ used to stir fear and justify restrictive immigration
policies in the 19th and 20th centuries, the transatlantic slave
trade of earlier centuries was rationalised under the guise
of economic necessity and racial superiority, highlighting
a starkly different and morally abhorrent justification
(Wilson, 1996; Williams, 2013). While having shaped the cul-
tural nature of, for example, the USA (Davis, 1988), Brazil
and Argentina (Borucki, Eltis & Wheat, 2015), this has also
led to a common association of slavery with these specific
forms of labour organisation.

In fact, slavery was historically considered a normal insti-
tution across various cultures worldwide (Newman, 2022).
The moral and ethical revolution that recognised slavery as
inherently wrong emerged prominently in the West, particu-
larly with the abolitionist movements led by republicans in
the USA, culminating in the abolition of slavery in the 19th
century (Miers, 2011). Even at the peak of the West African
slave trade, the exact number of Africans transported across
the Atlantic to work in various sectors remains uncertain.
What is known is the connection between the group of people
belonging to the larger ethno-linguistic family known as the
‘Slavs’ in Eastern Europe and the word ‘slave’, which
emerged in the early mediaeval period when many Slavs
were captured and enslaved by various European powers,
as well as Muslim traders. This led to the adoption of the
term sclavus in Medieval Latin to mean a person in servitude
(Ktosowska, 2020; Stefan, 2021) as about 8 million people were
moved between the 17th and 19th centuries (McNeill, 1984).
The social and economic inequalities perpetuated by historic
slave trades and colonialism have had long-lasting impacts on
human migration patterns, a phenomenon later described as
‘super-wicked” (Levin et al., 2012; Pitoski et al., 2021). Nowa-
days, slavery, albeit illegal throughout the world, still persists
in a more elusive way, with more than 27 million people still
trapped in one of history’s oldest social conundrums
(Bales, 2012) and 50 million people subjected to modern
slavery according to the global slavery index (https://
www.walkfree.org/global-slavery-index; Walk Free, 2023),
a vast percentage of whom are migrants (Baker, 2019).

The extraction of resources and exploitation of labour in
colonised countries created significant socio-economic dis-
parities, driving mass migrations both during and after the
colonial period (Heywood, 2017). Post-colonial states often
struggle with economic instability and political turmoil,
exacerbated by the legacies of colonial exploitation and
uneven development, further fuelling migration (Gutiérrez
Rodriguez, 2018). Moreover, continued exploitation by
wealthy nations through unfair trade practices, debt impo-
sition, and resource extraction perpetuates these inequal-
ities, leading to ongoing human displacement and
migration (Gutiérrez Rodriguez, 2018). Consequently,
humans in these regions may want to migrate to more eco-
nomically favourable regions or countries. However, their
ability to migrate is often limited by inadequate access to
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humanitarian aid (van Houte, Kagh & Leerkes, 2023)
or subjected to exploitation by human traffickers (e.g. in
the Mediterranean; Achilli, 2016). Upon arriving at the
intended destination (which may not always be the next safe
country; Popescu, 2016), migrants may receive varying
levels of assistance from local communities. These commu-
nities are typically expected to assist with their settlement
by providing resources and access to the social system
(Gutiérrez Rodriguez, 2018). The recipient society’s will-
ingness to help can be motivated by various factors, includ-
ing relational ‘warm glow’, historic guilt, a high degree of
altruism, the need to fill workforce and labour market short-
ages or to gain political leverage (Stoll, 2009). For instance,
a study by Dustmann & Frattini (2014) on the economic
consequences of immigration in the UK revealed that
immigration policies have been significantly shaped by gov-
ernmental needs and the specifically the need to address
labour shortages in critical sectors such as healthcare and
construction. Their analysis showed that these economic moti-
vations can sometimes overshadow altruistic or historical rea-
sons for accepting migrants, emphasising a strategic
approach to immigration that may benefit the host country’s
economy (Dustmann & Frattini, 2014).

Opverall, any given aid, which arguably differs among soci-
eties, comes at the price of the expectation of the migrant’s
will to integrate (by adapting to the new cultural environ-
ment). Over multiple generations, integration leads to assim-
ilation in terms of values, behaviours, cultural norms, and, in
some cases, religious beliefs — whether fully or partially (sensu
Hirsch, 1942) — into the recipient society (Gordon, 2015).
This anticipated integration does not always succeed and
success rates may differ substantially among ethnic groups
(see e.g. Kogan, Fong & Reitz, 2020), recipient societies,
and the historical setting (Benitez, 2004; Anghel, 2012), ulti-
mately being modulated by the number of migrating people,
their culture and composition (see e.g. Statham &
Tillie, 2016; Salikutluk & Menke, 2021), and the recipient
soclety’s socio-cultural conditions (Anghel, 2012).

(3) Similarities

At first glance, the principles underlying the introduction of
non-native species and human migration can appear similar
due to the movement of organisms or individuals and
the pivotal role of human actions as enablers or drivers
(Table 1). Both processes may also involve the establishment
of newcomers, whether they are non-native species or foreign
people, who may spread and, depending on their origin, cul-
ture, or biological parameters and the surrounding context,
integrate into the new environment to varying degrees.
In both cases, future climatic and land use changes are pre-
dicted to play a major role, either by enhancing the likeli-
hood that non-native species will establish and spread
elsewhere (e.g. Townhill et al., 2017) or by increasing the
hardship and decreasing the quality of life for humans in
some regions (by e.g. decreasing access to fresh water;
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Table 1. Relevant terminology and their similarities and dissimilarities in the context of biological invasions and human migration.

Phenomenon Conceptualisation Similarities Dissimilarities

Movement The relocation of Both involve movement across Non-native species are often relocated
organisms (non-native borders, often driven by human unintentionally or intentionally for
species) or individuals activities and eventually economic or aesthetic purposes,
(human migrants) to new resulting in the establishment of whereas human migration is driven by
areas. newcomers. individual or collective intentional or

unintentional decisions for economic,
political, religious and/or safety
reasons.

Establishment The process by which Success depends on the match Non-native species establishment can be
newcomers integrate between the newcomer’s traits purely ecological (i.e. governed by biotic
into the new and the new environment. and abiotic factors), whereas human
environment and migrants face social, cultural, political,
procreate. and economic integration challenges.

Impact The effects on the Both can have significant impacts, ~ The most notable impacts of non-native
receiving environment positive or negative. species are often ecological and socio-
or society. economic, affecting local ecosystems

and economies. By contrast, the impacts
of human migration are primarily felt in
social, cultural, economic, and political
dimensions, influencing communities,
cultures, and governance structures.

Ethics The moral implications of ~ Both involve ethical Non-native species management
the introduction or considerations regarding the prioritises ecological balance and
migration. control, regulation or biodiversity, whereas human migration

management of their involves complex human rights issues,

movement. the sentience of individuals, and
questions of fairness and justice within a
community.

Terminology The language used to Both use value-laden terms like While these terms have specific scientific

Historical context

Integration

Management and policy

describe the
phenomenon, including
expressions and
concepts.

The historical background
and development of the
phenomenon.

Observed patterns (in time
and space) and
theoretical frameworks
explaining how
newcomers integrate.

Strategies and regulations
to handle the
phenomenon.

‘invasion’, ‘establishment’, and
‘control’, which can shape
public perception.

Historical and technological
events have shaped the
movement of both non-native
species and human migrants.

Ecological integration in species
introductions can be compared
to how human migration fills
vacant societal roles, suggesting
parallels in how both
ecosystems and societies adapt
to new arrivals.

Both require management to
mitigate negative impacts and
enhance positive outcomes.

meaning in ecology, misuse of scientific
terms like ‘invasion’ in human
migration contexts can dehumanise
migrants.

Species introductions typically occurred

within an ecological or colonial context,
whereas the historical context of human
migration often involved forced mass
movements (e.g. slavery or fleeing war)
in partial or complete absence of justice
and with significant socio-political
consequences.

Species integration focuses on ecological

niches and interactions, whereas human
integration models involve social,
economic, and cultural dimensions.

Non-native species management focuses

on prevention, control, containment,
and eradication, whereas policies for
human migration often prioritise legal
status, social integration, and
humanitarian aid.

Mukheibir, 2010) and increasing incentives to migrate
(Hermans & McLeman, 2021; Smirnov et al., 2023).
frameworks
describe human migration through push-—pull dynamics,

Anthropological and

sociological

where adverse conditions in the origin region (e.g. conflict,

economic hardship, or environmental degradation) ‘push’

often

individuals to leave, while attractive conditions at the desti-
nation (e.g. economic opportunities, safety, or better living
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conditions) ‘pull’ them in. These dynamics closely mirror
ecological processes governing species invasions because,
next to human activities, environmental pressures like habitat
degradation or climate change ‘push’ species out of
their native range, while better resource availability, lower
competition, or predator release in new ecosystems ‘pull’
them towards successful establishment. Moreover, while
both processes may involve discussions around ethical con-
siderations, such as open borders and equal moral treatment,
these principles do not apply uniformly. In the context of
human migration, some advocate for the right to free move-
ment and emphasise the unjust nature of exclusion based
solely on origin, promoting assessments of impacts based on
actual effects rather than origin (Davis et al., 2011). However,
regarding non-native species, regulations and ethical consid-
erations often diverge significantly. Many regions and coun-
tries have strict legal frameworks, such as the European
Union Regulation 1143/2014, designed to prevent the intro-
duction, establishment, and spread of specific non-native spe-
cies deemed potentially harmful. In these cases, equal moral
treatment and the right to move freely are not extended to
all organisms, as conservation and ecological integrity are
prioritised over unrestricted movement. Integration can be
seen as a process that requires time and becomes frustrating
or even harmful for both sides if not successful, with long-
lasting legacy effects that shape the ecological, social, or soci-
etal balance of the new ecosystem or society (Benitez, 2004).
This is because, arguably, any newly arriving entity is not
directly an integrated part of the new environment, but in
some cases may have rapid detectable effects in the case of
introduced non-native species (Simberloff et al., 2012) or
cause religious and cultural shifts as well as socio-economic
changes over time in the case of humans. Just as in the study
of non-native species introductions, the number of translo-
cating individuals — whether propagule pressure for species
or the scale of human migration — plays a crucial role in
determining whether the presence of newcomers potentially
modulates the degree of change, positive or negative, in the
recipient environment (Koopmans, 2010). This outcome
can be further influenced by cultural differences between
the human migrant and the recipient society as stark cultural
differences (or if migrants reject the cultures of host societies)
increase the likelihood of conflicts (Watters, 2011). However,
underlining the importance of ‘intent’, human migrants are
sometimes intentionally attracted to fill key labour gaps,
similar to non-native species that have been seen as a way
to fulfil lost ecosystem functions due to environmental
changes and excessive human alterations to ecosystems
(Svenning et al., 2016).

Human well-being and similarly the integration of
migrants and their impact on native societies can be based
on four main categories (MEA, 2005): (7) safety; (z) material
and immaterial assets; (z27) health; and (@) social, spiritual
and cultural relations. The impact of non-native species on
these socio-economic aspects is part of the proposed Socio-
economic Impact Classification of Alien Taxa (SEICAT;
Bacher e al, 2018) and potentially also SEICAT+
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(Vimercati et al., 2020). The principle of this system is to work
with the freedom of choice and action, i.e. the opportunity to
be able to achieve what a person values doing and being.
However, EICAT (Blackburn et al.,, 2014) and EICAT+
(Vimercati et al., 2022) are already standard ways of classify-
ing the environmental impact of non-native taxa and can
hardly be transferred to the context of migrants. Conversely,
the SEICAT and SEICAT+, which are based on impact on
human society, could be used for both non-native taxa and
migrants.

(a) Common origins

The apparent similarities between human migration and the
introduction of non-native species can be traced back to rel-
evant, yet outdated economic theories like the Concentric
Ring Theory of urban development (Brown, 2002). This the-
ory, formulated by Ernest Burgess as part of the Chicago
School of Sociology in the early 20th century, suggested that
urban areas develop in a series of concentric rings that extend
outward from the city centre. According to this theory, the
central business district is at the core, surrounded by transi-
tional zones that house poorer, immigrant, or ethnic groups.
As these groups move in, they push the original, often wealth-
ler inhabitants outward to more suburban rings. This pro-
cess, described as ‘invasion’ and ‘succession’, portrays the
central areas as continually being overtaken by newer, eco-
nomically disadvantaged residents who are characterised as
less ‘hardy’ due to their socio-economic —status
(Splansky, 1966; Park & Burgess, 2019). Indeed, this model
resembles the introduction, spread, and impacts of non-
native species in ecological systems, as both processes involve
newcomers establishing themselves and potentially displa-
cing the original occupants, leading to a reconfiguration of
the existing system. However, while the displacement of
native species by introduced ones is regarded as forced and
negative, the movement of pre-existing human populations
due to immigration is voluntary and planned, and often
includes material gains from the rents of their former proper-
ties [e.g. the emergence of conventillos or tenement houses in
Argentina; Gargurevich, 1994; Benitez, 2004].

Throughout the past, there have been numerous attempts
to draw analogies between human migration and non-native
species invasions (Simberloff, 2003). This has perpetuated
the use of ‘invasion’ terminology to describe human move-
ment and fostered a perception of similarities driven by
inherent human tendencies to recognise patterns, even
though such a linkage is tenuous at best. While humans are
biologically a single cosmopolitan species, cultural identities,
which transcend political borders, challenge generalisations
based solely on geographic origin. This can be exemplified
by the subdivision of Germany into East and West
Germany and even lower, state-level partitioning (van
Hoorn & Maseland, 2010), but also by political, ethnic
and ecological boundaries existing on the African conti-
nent (Dallimer & Strange, 2015). These unique cultural
identities highlight the diversity within the human species
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and hamper most generalisations at the species level. Com-
parable recent works suggest that the intrinsic operative
importance in the study of non-native species introductions
is at the population level (Haubrock et al., 2024). This means
that while humans as a species have become cosmopolitan,
they should not be dehumanised by being described as
‘invasive’ organisms in any part of the world (Utych, 2018).
Rather, it should be acknowledged that humans have allegedly
originated in Africa (Hershkovitz et al., 2018; but see also
Stringer, 2020; Wolpoff, 2020; Bergstrom et al., 2021). Early
hominins later spread and mterbred with other hominin
species such as Neanderthals in Europe and Denisovans in
Asia (Stringer, 2020), technically becoming — after millions of
years — an established non-native species in most regions,
including the African continent (Eswaran, Harpending &
Rogers, 2005; Marean, 2015), and having arguably inflicted
substantial damage to the environment (exemplified in the
extinction of megafauna during the Pleistocene; Barnosky
et al., 2004). The spread of humanity has nevertheless resulted
in the emergence of diverse cultural identities globally, which
must be considered and respected in discussions about migra-
tion and its effects on recipient societies.

(b) Integration into new environments

Another example of a shallow similarity is the process of
integration. When human groups of different cultural back-
grounds coexist, a process called ‘acculturation’ exists.
Acculturation is the process of mutual influence and adapta-
tion among cultural groups. Typically, this process is imbal-
anced, with the receiving group usually being numerically
dominant and playing the prevailing role. According to the
model of acculturation proposed by Berry (2017), individuals
may adopt one of four strategies: integration, assimilation,
separation, or marginalisation. This depends not only on
their own views on the value of preserving their cultural iden-
tity and maintaining relationships with the larger society, but
also on the attitudes, policies, and behaviours of the receiving
society. The recipient society’s openness to diversity, inclu-
siveness, and support for multiculturalism, or conversely, its
discriminatory practices and exclusionary policies, can signif-
icantly influence which acculturation strategy is most viable
or desirable for newcomers. Thus, acculturation is a dynamic
and reciprocal process, shaped by both the individual’s
choices and the broader social context within the host society.
These can be compared to terminology used for non-native
species (Tables 2 and 3; Blackburn ez al., 2011), as well as to
the hypotheses around ‘biotic resistance’, whereby the char-
acteristics of the invaded environment alongside non-native spe-
cies traits influence establishment success. Piontkowski’s
Cloncordance Model (Piontkowski, Rohmann & Florack, 2002)
further explores how acculturation attitudes can lead to different
social outcomes, such as consensual (harmonious coexistence),
conflictual, culturally problematic, and contact problematic
states. According to this positivist rational-choice theoreti-
cal model, the intent of the migrating group is crucial: if
both groups favour integration, it leads to a consensual
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and harmonious state. Conversely, if the dominant group
prefers assimilation while the migrating group seeks to pre-
serve their identity (separation), it can lead to high conflict
and problematic social interactions. This model also posits
that if the dominant group prefers exclusion while the
non-dominant group seeks integration, or if both groups
prefer segregation, different conflictual states can arise.
High conflict may occur if the non-dominant group prefers
marginalisation while the dominant group aims for any
form of contact, underscoring the importance of aligning
acculturation attitudes to foster successful integration and
minimise social tensions. Notably, unlike humans, non-
human species do not base their decisions or ecological
interactions (e.g. competition, predation, mutualism) on
what we refer to as ‘rational choices’ (Elster, 1986). How-
ever, the integration of intentionally introduced non-native
species into ecological communities may not go as planned
and can result in ecological surprises, such as in the case of
classical biological control introductions using generalist
predators (e.g. cane toads; Shine, 2010; Shine, Ward-Fear &
Brown, 2020).

The principles of island biogeography (i.e. importance
of area and isolation explaining species diversity in terms
of immigration and extinction on islands) and range expan-
sion can offer valuable insights into patterns of arrival, estab-
lishment, and spread of both biological invasions
(Mollison, 1986; Moser ¢t al., 2018) and human migration in
new environments (Whittaker & Ferndndez-Palacios, 2007,
Whittaker, Ferndndez-Palacios & Matthews, 2023). This is
because key factors like dispersal ability and carrying capacity
can shape the outcomes of both ecological and societal inte-
gration. For instance, the relative isolation and available area
of a recipient environment — whether an actual island ecosys-
tem or a socially or culturally insular community — can influ-
ence the likelihood of new arrivals successfully establishing
themselves. Moreover, dispersal ability determines the capac-
ity to overcome environmental barriers, which is similarly
critical for both biological invasions and human migration.
In ecological systems, successful non-native species often dem-
onstrate high dispersal rates or adaptations that facilitate
spread, while in human migration, technological advance-
ments and social networks can serve analogous functions, aid-
ing individuals in navigating geographic and socio-political
barriers. Carrying capacity also provides a shared concep-
tual framework, as it represents the environmental or socie-
tal threshold for sustaining new arrivals without negative
consequences.

Migration is often followed by a form of integration,
although the processes may be complex and may also bring
changes to the host society. However, not all migration
results in integration as some instances may lead to segrega-
tion or conflict instead. The risks accompanying unsuccessful
integration often lie in the socio-economic, cultural, and
linguistic challenges host societies face in integrating immi-
grants, particularly when there is a strong emphasis on
preserving their own heritage and identity without ade-
quately considering those brought by immigrants (Oliver &
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Table 2. Comparable terminology between non-native species introductions (after Blackburn et al., 2011) and international human
migrations, highlighting why any comparison is to be considered as controversial and problematic.

Non-native species introductions

International human

Category migrations

Definition Term Term Definition

Movement of species into a Transport Stage International migration Movement of people across national
new region borders, temporarily or permanently,

voluntarily or involuntarily, for a variety
of reasons

Release of species into a new  Introduction Immigration Arrival of people in a state with the
location intention to remain for a period of time

(usually more than 1 year)

Species’ 