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Abstract
In a recent Discussion Paper, Hoffmann and Courchamp (2016) posed the question: are biological invasions and natural colonisations that different? This apparently simple question resonates at the core of the
biological study of human-induced global change, and we strongly believe that the answer is yes: biological invasions and natural colonisations differ in processes and mechanisms in ways that are crucial for
science, management, and policy. Invasion biology has, over time, developed into the broader transdisciplinary field of invasion science. At the heart of invasion science is the realisation that biological invasions
are not just a biological phenomenon: the human dimension of invasions is a fundamental component in
the social-ecological systems in which invasions need to be understood and managed.
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Something in the way they move
Hoffmann and Courchamp (2016) argue that human-mediated extra-range dispersal
does not differ in terms of processes or mechanisms from natural colonisation, but that
all dispersal events sit on a broad but continuous spectrum of species movements. Their
rationale is that in both human-mediated extra-range dispersal and natural colonisations,
populations have to overcome the same barriers (survival, reproduction, dispersal and
further range expansion), and differ only in the “inconsequential” way in which they
move from the original to the novel recipient locations (using their own means versus
human transportation). Hoffmann and Courchamp (2016) suggest that there are four
main reasons why scientists traditionally consider human-mediated extra-range dispersal
and natural colonisations separately: (i) propagule pressure is greater for human-mediated
extra-range dispersal; (ii) colonisation pressure is greater for human-mediated extra-range
dispersal; (iii) genetic diversity is different; and (iv) human-mediated extra-range dispersal
is more likely to result in invasions which lead to mass extinctions. They then argue that
these differences are not clear-cut, and that even if such differences exist, they are differences of degree (e.g. rate or magnitude) rather than of kind. They conclude that humanmediated extra-range dispersal events “do not represent a distinctly different or change in
process, just an acceleration of the colonisation process through multiple mechanisms”.
We agree with Hoffmann and Courchamp (2016) that there is much to be learnt
by invasion scientists from studying processes of natural colonisation (and vice versa;
ecologists researching colonisation processes may learn from developments in invasion
science). The same mathematical and theoretical models of dispersal and establishment
can sometimes apply. For example, the concept of hierarchical filters for delineating
pools of native species in studies of assemblages of natural communities resembles the
concept and stages of the invasion pathway (Blackburn et al. 2011; Karger et al. 2016).
In comparing when and where particular models are useful, and how parameter values
differ, there can be useful insights for understanding and management.
Nevertheless, we disagree with the rest of their thesis—and note that the arguments made have already been well identified, characterised, and repeatedly rebutted
(Cassey et al. 2005; Ricciardi 2007; Richardson and Ricciardi 2013). In particular, the
dynamics and processes of dispersal leading to biological invasions are often quantitatively and qualitatively different from dispersal leading to natural colonisation (Wilson
et al. 2009a; Wilson et al. 2009b). Wilson et al. (2009b) identified seven key properties
of dispersal pathways: propagule pressure, genetic diversity, potential for simultaneous movement of coevolved species, selectivity of what is moved, the duration of the
dispersal opportunities, evolutionary distance (time since divergence) between species
in the original and new ranges, and the level of human assistance provided in spread
and establishment. Hoffmann and Courchamp (2016) examined three of these, but
all aspects are important (and there may be others). By focusing on the properties of
different types of dispersal it becomes clear that human-mediated extra-range dispersal
often varies very substantially in both kind and degree from natural colonisation. There
is something in the way humans move species that moves them like no others.
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Here, there and everywhere
In some cases, natural and human-mediated extra-range dispersal are qualitatively similar. Hoffmann and Courchamp (2016) provide three examples of this (tsunamis, rangeshifts due to climate changes, and Lessepsian migration). Wilson et al. (2009b) categorised such dispersal events as extreme long-distance dispersal, leading-edge dispersal,
and corridor respectively. However, there are other types of dispersal that simply never
happened before humans evolved and started moving around the world, termed mass
dispersal and cultivation (Fig. 1, Wilson et al. 2009b). These pathways are now major
drivers of invasions. Such dispersal often results in the movement of massive numbers of
individuals of species, that never would have dispersed naturally, to locations where they
are provided substantial resources that facilitate establishment and invasion.
Hoffmann and Courchamp (2016) use examples of the colonisation of volcanic
islands to argue that organisms move regardless of humans. This is true but disingenuous. Most individuals of most animal species move some distance in their lifetimes, but
those distances are constrained at a range of scales. Thus, we can study activity schedules,
home ranges, migration routes, and geographic ranges as more or less real entities. At
the broadest of these scales, the presence of biogeographic regions shows that there are
fundamental barriers to the spread of species that are not normally breached even over
evolutionary timescales. If dispersal was not limiting why can we distinguish Gondwanan and Laurasian taxa? The existence of examples like the Great American Interchange
(cited by Hoffmann and Courchamp (2016)) simply serve to highlight how rare are
major faunal exchanges across such barriers. Biogeographic breaks are hugely important. Some groups might be less restricted by biogeographical features (particularly those
groups that can form part of the aerial plankton), but other groups (in particular soil
organisms) can be profoundly affected, with the resulting biogeographical breaks hard to
distinguish. This is why species that cross such biogeographical breaks (either naturally
or through human-mediated means) can occasionally have profound impacts.
The transportation of alien species by human agency across biogeographic barriers
that have never historically been crossed before is essentially a daily occurrence now
(Seebens et al. 2016). No passerine birds of European origin had colonised New Zealand
over the tens of millions of years of the archipelago’s independent existence, but now
there is a thriving assemblage of such species that has developed in New Zealand over
the last 150 years thanks to human intervention (Duncan, Blackburn & Cassey 2006).
The pond slider (Trachemys scripta) is native to the southeast of the U.S.A. and Mexico.
The maximum recorded dispersal distance of nesting females is 1.4 km (Steen et al.
2012; Garcia-Diaz et al. 2015). Yet, since the 1960s, the species has been introduced to
77 countries around the world, establishing self-sustaining populations in 36 countries
(i.e. a dispersal distance of ~20,000km). Consider the alien fauna and flora of the region
where you live. Which, if any, of these organisms could have arrived by natural colonisation? Are these simply differences in rates? Notwithstanding events like the Tohoku
tsunami, to view human-mediated extra-range dispersal as simply a difference of degree
from natural colonisation is to stretch the concept of degree beyond breaking point.
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A

B
Figure 1. Human-mediated dispersal and natural colonisation: are they that different? A Stonehenge and
B a rocky shore were both created by rolling stones, but they are quite different in origin and these differences are important. A is courtesy of Diego Delso, under the CC BY-SA 4.0 licence, https://commons.
wikimedia.org/w/index.php?curid=35323153); B is courtesy of Tim Blackburn.

Even in instances where the differences between natural colonisation and humanmediated extra-range dispersal appear qualitatively similar, the degree can be important.
Mass extinctions are “just” extinctions that occur at a higher rate; conservation biology
is really only the population biology of species with small or declining populations;
epidemiology is “just” the population biology of disease-causing organisms; medicine
is “just” the diagnosis, treatment, and prevention of disease in one particular primate
species. Are medical doctors basically specialised vets? That they are not is because
differences in degree have important implications for the causes and consequences of
the processes under investigation. For example, small populations are affected by stochastic events in ways that large populations are not, justifying the distinction between
conservation and population biology. Differences of degree also matter because natural
systems are frequently non-linear, such that increases in some parameters can lead to
step changes in their responses. This is why we worry about humanity’s contribution
to atmospheric CO2, even though this is a natural (and naturally varying) component
of the atmosphere, and the concentrations of CO2 in the atmosphere are well within
the levels seen over geological time scales. As a further example, Gaston et al. (2003)
compared natural and alien colonisations to Gough Island. Gough has accumulated 28
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indigenous pterygote insect species over its 2–3 million year existence, but a further 71
pterygote species have been added to its insect fauna in the 325 years since humans first
landed. Thus, the rate of accumulation on Gough Island has increased by 2–3 orders
of magnitude as a result of human transport. This does not represent an acceleration,
but rather a step change in species accumulation, akin to the difference between rates
of background and mass extinctions (Pimm et al. 2014). Degree matters.
Finally, one of the main reasons such types of dispersal need to be distinguished
from natural colonisation is what happens post-arrival. While conceptually the same
barriers are present, the resources provided for establishment mean that some barriers
are rendered inconsequential. How and where individuals arrive matters a great deal.
For example, every year dozens of geese, ducks, raptors, rails, gulls, terns, pigeons,
cuckoos, shorebirds, flycatchers, vireos, thrushes, warblers, sparrows, orioles, and other
North American bird species arrive in the UK to the immense excitement of birdwatchers. Yet, since naturalists recognised the phenomenon in the early 19th century,
none of these species has colonised and established permanent populations in the UK.
In contrast, over the same period, the UK has gained well-established breeding populations of at least two North American species (Canada goose Branta canadensis and
ruddy duck Oxyura jamaicensis) as a result of deliberate introductions. The largely stochastic and widely distributed arrival of small numbers of (probably exhausted) birds
is extremely unlikely to have the same establishment outcome as concentrated and
oftentimes intentional introductions of large numbers of well-provisioned individuals.

All down the line
An important emerging lesson in invasion science is that the manner by which species
are introduced has long-lasting consequences on invasion trajectories (Donaldson et
al. 2014). The invasion process (progression along the introduction-naturalisationinvasion continuum) is different for organisms introduced by humans to the processes associated with establishment and colonisation of organisms that arrive without
human assistance (Hulme et al. 2016). Invasions differ from natural colonisation
in biogeographical, ecological and anthropogenic dimensions (Rejmánek 2000), and
historically too little research has focussed on how species are moved around (Puth
and Post 2005). This is changing, and there has been a recent focus on introduction
pathways (Essl et al. 2015a; Cope et al. 2016; Faulkner et al. 2016; Ricciardi 2016;
Seebens et al. 2016). Moreover, species that have arrived in a new region through
human-mediated extra-range dispersal or through natural colonisation can, of course,
also co-opt the same dispersal pathways once in a region. This has been acknowledged
many times before (e.g. Richardson and Pyšek 2006; Hulme et al. 2008) and is an
important part of the reasoning behind the unified framework for biological invasions
proposed by Blackburn et al. (2011). This is why there is an important distinction
between transport and introduction in this framework, a distinction which is lost in
Hoffmann and Courchamp’s unhelpful edits to it.
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The terminology of biological invasions that was proposed for plants in 2000 and
generalised across taxa a decade later (Richardson et al. 2000; Blackburn et al. 2011)
has been accepted by the majority of researchers because it is useful. The scheme has
provided the basis for several recent large scale syntheses of the macroecology of invasions in a variety taxonomic groups (e.g. Essl et al. 2015b for bryophytes, Capinha
et al. 2015 for gastropods, and van Kleunen et al. 2015 for plants). Such applications highlight strengths and weaknesses, and we welcome such tests of the scheme.
As noted by Hoffmann and Courchamp (2016), there is more work to be done on
the coding of the different stages proposed in the scheme by (Blackburn et al. 2011),
and in particular we need recommendations on how to apply it in practice (Wilson et
al. 2014). However, by failing to appreciate the importance of introduction dynamics, the revisions proposed by Hoffmann and Courchamp (2016) reduce the scheme’s
general applicability rather than increase it.
Hoffmann and Courchamp (2016) argue for more work on impacts, and we
strongly support this call. Despite recent efforts to provide robust insights (Vilà et
al. 2011; Pyšek et al. 2012), data on impacts are rare (be they by native or alien
species). More information is urgently needed both observational and experimental
(Kumschick et al. 2015). However, what data there are strongly suggest that natives
are significantly less likely than aliens to be problematic for local ecosystems (Simberloff et al. 2012; Paolucci, MacIsaac & Ricciardi 2013; Buckley and Catford 2016),
and that aliens can be extremely problematic. Hoffmann & Courchamp’s suggestion
that “with the (dramatic) exception of a few mammals, ants and pathogens,…there
is little evidence that exotic species induce species extinctions” flies in the face of the
abundant evidence that aliens are a major driver of native species extinction, including alien molluscs, fish and reptiles (Pyšek et al. 2016) – aliens have been the major
cause of vertebrate extinctions over the last 500 years (Bellard, Cassey & Blackburn
2016). Even were that not the case, population-level declines (see Pyšek et al. 2016 for
examples), introgression and losses of genetic diversity (Munoz-Fuentes et al. 2007),
and the loss of community-level identity (i.e. homogenisation; Lockwood and McKinney 2001) are all crucial, and increasingly well documented, impacts of biological
invasions. Impact should not be measured solely by species-level extinctions, but by a
suite of measure of impacts on people, places and biodiversity. Standardised schemes
for categorising environmental impact designed for invasive species (Blackburn et al.
2014) can potentially be adapted for native species, and proposed schemes to classify socio-economic impacts of alien taxa hold much promise for conservation more
generally. But understanding where a taxon has come from, and in particular whether
it is invasive or not, is often essential to understanding why these impacts occur and
how they can be managed.
There are some excellent schemes that provided a basis for how to determine if
invasive taxa are different from other taxa (van Kleunen et al. 2010), but in our view,
efforts to partition off the “real biological” signal from the influence of humans is not
only impractical, but at heart fails to recognise that invasions are intrinsically a human
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product. Understanding the processes and mechanisms of biological invasions requires
not just ecological studies, but an understanding of how humans move organisms to
their new ranges, how they interact with them on arrival, and how they move them
around their new ranges. This is why invasion biology has grown and developed into
invasion science (Richardson 2011).

No expectations?
Hoffmann and Courchamp (2016) make an attempt at reductio ad absurdum with
the question: are humans an “invasive” species or not. We agree that this discussion
is mostly extraneous semantics, albeit one that can lead to some very disturbing conclusions, but it highlights the essential problem. We cannot extricate humans from
invasions or invasions from humans. Invasions provide not only valuable test cases for
ecologists, evolutionary biologists, and physiologists, but also important insights for
our understanding of humans and their interactions with the environment. Hoffmann
and Courchamp (2016) argue that if we want to understand the ecological process of
dispersal, then invasion ecology should do more to productively engage with scientists
in other fields. That is exactly what invasion ecologists do (in fact most of us learnt
our trades in other fields before turning to invasion science). There are plenty of examples of transdisciplinary research on biological invasions produced by collaborations
between invasions ecologists and social scientists, economists and evolutionary ecologists, decision scientists and mathematical biologists (Lockwood, Hoopes & Marchetti
2013). These collaborations only serve to highlight the pivotal role of humans.
Neither can we observe any evidence within the field of invasion science of the isolation of researchers working on different taxa. This may have been true twenty years
ago, but the last decade has seen rapid development, as data from a broader range of
taxa and standardised analytical and conceptual frameworks became available (Hulme
et al. 2008; Walther et al. 2009; Blackburn et al. 2014; Essl et al. 2015a). The result
has been a series of multi-author collaborations comparing invasion patterns in multiple taxa (Lockwood, Cassey & Blackburn 2005; Pyšek et al. 2010; Vilà et al. 2010;
Essl et al. 2011; Aronson et al. 2014; Kumschick et al. 2015).
To conclude, biological invasions and natural colonisations are very often different; sometimes this matters, sometimes it does not. We should clearly focus more on
processes and mechanisms, but the null expectation should be that biological invasions
are qualitatively and quantitatively different from natural colonisation. Indeed, that is
why we are moving from a Holocene period characterised by biogeographic regions
with a rich global texture of unique and distinctive biotas, into an Anthropocene characterised by homogenisation, extinction and other massive global changes (Lewis and
Maslin 2015). If future civilisations will be able to recognise this change in the geological record, we should be able to recognise it while it goes on around us each and every
day of the year.
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