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Abstract The many qualifying terms attributed to
invasive species reveal the lack of precision sur-
rounding the notion of biological invasion itself. In
spite of several proposed definitions, some basic
disagreements persist concerning characterization of
the phenomenon. These primarily arise from the lack
of pertinence of both of the main current criteria—the
geographic (or biogeographic) criterion and the
impact criterion—to what is really intended by
“invasion.” Faced with this situation, it seems
preferable to adopt an ontological approach allowing
a return to the basic principles of the elaboration
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of a definition. Starting with the nature of the
phenomenon itself (i.e., its essence), we try to
elucidate the notion of biological invasion and we
suggest a general definition compatible with most of
the ideas already expressed.
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Introduction

ALIEN (Crawley et al. 1996), exotic (Green 1997),
NON-INDIGENOUS (Mack et al. 2000; Pimentel et al.
2000; Kolar and Lodge 2001), imporTED (Williamson
and Fitter 1996), iNTrRopUCED (Lonsdale 1994), NoN-
NATIVE (Davis et al. 2000), mmIGRANT (Bazzaz 1986),
coLoNIZER (Williamson 1996), NATURALIZED (Richard-
son et al. 2000a) are among the qualifying terms
attributed to invasive species in the field of invasion
ecology (Davis and Thompson 2000; see Colautti and
Maclsaac 2004 for an exhaustive review of terms).
Beyond the simple semantic aspect, this profusion of
terms clearly reveals the inaccuracy surrounding the
notion of biological invasion itself.

This confusion appeared at the birth of invasion
ecology: indeed, in its founding book, The Ecology of
Invasions by Animals and Plants, Charles Elton
(1958) does not propose a definition of the
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phenomenon, as Richardson et al. (2000a) and
Rejmanek et al. (2002) have noted. Of course, several
definitions of biological invasion have been proposed
since then (Richardson et al. 2000a; Davis and
Thompson 2000; Colautti and Maclsaac 2004; Rich-
ardson and Pysek 2004). But, as rigorous and
methodical as the approaches of these authors are,
their contributions have above all confirmed the
existence of persistent basic disagreements about
what invasion actually is. These ambiguities probably
depend in part on the lack of pertinence of both of the
main criteria currently in use: the geographic (or
biogeographic) criterion and the impact criterion.

Based on the analysis of both these criteria, we
aim to bring new insights to the problem of charac-
terizing biological invasion and to propose a general
definition of the phenomenon that does not lead to
further confusion and that integrates most ideas
already expressed about the subject.

The geographic criterion

Some researchers consider that a species must
overcome a major geographical barrier (cf. barrier
A in Richardson et al. 2000a or passage from stage 1
to stage 2 in Colautti and Maclsaac 2004) and/or to
traverse a great distance (i.e., greater than 100 km
according to Richardson et al. 2000a) to be consid-
ered invasive (Richardson et al. 2000a; Colautti and
Maclsaac 2004; Richardson and Pysek 2004; Pysek
and Richardson 2006; Richardson and Pysek 2006).
To use the expression of Davis and Thompson
(2000), adherents of this view therefore consider that
saltation dispersal is obligatory. The adoption of that
criterion consequently prevents autochthonous, indig-
enous, resident or native species from being invasive
even if they begin to dominate communities during
local plant succession (Richardson et al. 2000a;
Richardson and Pysek 2004; Pysek and Richardson
2006).

However, this stance is not shared by other
researchers who believe a species native to a region
can also qualify as invasive when it colonizes and
dominates a new adjacent or nearby habitat following
diffusion dispersal (Thompson et al. 1995; Davis and
Thompson 2000). This broader notion of biological
invasion (i.e., taking into account both dispersal
modes) dismisses ipso facto the distinction between
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native and non-native species. It also helps simplify
the notion of invasion, because it frees us from the
problem presented by invasive cryptogenic species
that are neither clearly native nor clearly alien
(Carlton 1996).

More fundamentally, even though they refuse to
consider autochthonous species as invasive, some
researchers (Richardson et al. 2000a; Pysek and
Richardson 2006) recognize that the high functional
similarity between native species that suddenly
dominate during a local succession and alien species
that invade a system (Thompson et al. 1995; Prach
and Pysek 1999; Meiners 2007) can reveal the
existence of common mechanisms in the two situa-
tions. Consequently, a definition that restricts
biological invasions to an intrinsically geographical
phenomenon (i.e., specific to non-native species)
(e.g., Richardson et al. 2000a; Colautti and Maclsaac
2004) rather than to an ecological one does not seem
justified at this stage in our opinion, because it
departs from husserlian logic and does not allow one
to reach the ipseity or essence of the phenomenon—
i.e., what makes something itself and not anything
else (Husserl 1913). Thus, the biogeographically
based definition would lead to the curious situation
that a species native to Europe would be invasive if it
rapidly colonized an area in North America, but it
would not be invasive if it similarly expanded in an
area adjacent to its original range—e.g., the European
starling Sturnus vulgaris L. spreads into Europe
(Pascal et al. 2006) but invades North America
(Feare 1984). Similarly, Douglas fir (Pseudotsuga
mengziesii) is invasive in New Zealand (Kay 1994) but
“encroaches” on grassland habitats in British Colum-
bia (Bai et al. 2004).

A focus on the fundamental ecological criteria
inherent in the phenomenon seems to us a more
reasonable and general way to define a biological
invasion, not necessarily excluding the spatial dimen-
sion of the phenomenon.

The impact criterion

The impact criterion also gives rise to a background
debate. Indeed, some researchers believe that a
species must have a major impact (positive or
negative) on the community/ecosystem in which it
spreads in order to be considered invasive (Davis and
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Thompson 2000; Davis and Thompson 2002; Inderjit
2005). Others works suggest on the contrary that this
criterion should not be retained for characterizing the
biological invasion phenomenon, on the one hand,
because it can prove to be very difficult to assess and,
on the other hand, because it gives rise to a margin of
interpretation (Richardson et al. 2000a; Daehler 2001;
Rejmanek et al. 2002): what is the threshold value
from which we can consider that there is an impact?
What constitutes a major impact?

Beyond the explanations advanced by Richardson
et al. (2000a), Daehler (2001) and Rejmanek et al.
(2002), a further fundamental reason leads us to reject
this criterion too: at the stage of the definition, the
characterization of the phenomenon itself should rest
solely on criteria relative to its “substance”, to its
“being” (i.e., ousia in Greek), and not to its effects or
consequences, which are circumstantial and variable.
Indeed, from an ontological viewpoint, a definition
expresses the nature or the essence of a thing and of
that thing only: to use the terms of Aristotle in the
book Z of The Metaphysic (1991), “it is from the
substance only that there is definition”. More
precisely, this Aristotelian posture assimilates the
essence/substance to the quiddity, that is to say the
being by itself, that which remains in the modifica-
tions of its predicates (i.e., beyond its appearance and
its attributes) and thus constitutes the kernel of
stability and reality. For this reason, the substance
represents, according to Aristotle, the founder gno-
seological principle: the substance is identified as the
subject par excellence independently of time and
movement, the prime being (logically and chronolog-
ically), the unique and permanent principle around
which all the rest revolves.

As an illustration, when an earthquake occurs,
seismologists always distinguish the primary phe-
nomenon, characterized by its magnitude on the
Richter scale (i.e., instrumental measurement inde-
pendent of the measure point), from its impact (i.e.,
nature/type and importance of damages), which may
vary considerably depending on fixed factors (e.g.,
distance from the epicenter, nature and resistance of
the subsoil, types of buildings, human population
density) or fortuitous (e.g., local time of the earth-
quake and habits of the population). Consequently, the
fact that earthquakes of comparable magnitude should
be able to cause very dissimilar losses (i.e., one
phenomenon may have different impacts depending

on the context) led scientists to characterize the
impact independently of the primary phenomenon
itself by means of intensity scales (e.g., Mercalli scale,
M.S.K. scale) different from the magnitude scale to
avoid confusion (Rothé 1977; Madariaga and Perrier
1991).

Similarly, the effect of a biological invasion—its
impact—is circumstantial by nature: it depends on
both the identity of the invader (i.e., on its biological
traits) and the recipient community/ecosystem (i.e.,
on the biological traits of resident species). A species
that would invade two different ecosystems in the
same proportions (e.g., percentage of the occupied
area, percentage of the total biomass of the ecosys-
tem)—that is to say, in a way, with the same
“magnitude”—need not have the same effect in both
these environments.

In this respect, various studies have suggested that
the intensity of the impact would be stronger the
more marked the differences between the traits of the
invasive species and those of the resident species
(Grime 1998; Dukes and Mooney 2004; Strauss et al.
2006): more generally, invasion impact would essen-
tially vary according to the probability of addition
and/or loss of a functional group within the recipient
ecosystem. Indeed, because functional diversity
strongly determines the invasibility of a community
(Crawley et al. 1999), the loss and/or the addition of
some traits would necessarily have considerable
consequences for ecosystem functioning (Schulze
and Mooney 1993; Chapin et al. 2000). Furthermore,
because functional diversity is positively correlated
with species richness from a statistical viewpoint
(Diaz and Cabido 2001; Hooper et al. 2002), the
impact of biological invasions on the functioning of
recipient communities/ecosystems will tend on aver-
age to be higher when number of native species is
lower.

Consequently, impact, which varies greatly
depending on multiple factors, is an unsuitable
criterion for defining a phenomenon that is stable
and constant by nature; in this case, biological
invasion. Indeed, the objective is to make what is
common and permanent appear, and not what differs
in time and space. To use Husserl’s words (1913), it
is a matter of extracting from the phenomenon ”its
specificity, its permanent network of essential pred-
icates which necessarily occur with it so that others
determinations, those one which are secondary and
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relatives, might fall to it”; according to him, the real
knowledge is vision of absolute forms.

Such a definition does not negate the importance
of research on the impact of biological invasions,
especially to implement management and eradication
policies (e.g., U.S. Executive Order 13112, article
8(h) of the Convention on Biological Diversity,
GISP). It would be particularly useful to determine
a scale to measure of “the extent of the impact”
(cf. Parker et al. 1999) organized in levels of alert
(like the Mercalli scale for the seisms) in order to
help managers to define priority actions. The stan-
dardization of an operational procedure to quantify
impact, allowing classification of invasions in spec-
ified categories and organization into a hierarchy
could constitute a new area of research.

Towards a mechanistic definition of the biological
invasion phenomenon

For the above reasons, the geographic and impact
criteria do not seem suitable to us for characterizing
biological invasions. In accordance with the previ-
ously adopted Aristotelian position, it would be
preferable to rely on the phenomenon’s quiddity
(i.e., substance). Indeed, the permanence/stability that
characterizes the latter makes it the founder principle
of knowledge, according to Aristotle. From a phe-
nomenological viewpoint, and in husserlian terms,
the task thus consists of proceeding to an “eidetical
reduction” , which in others words amounts to going
from the phenomenon to the pure essence in order to
reach an intuition of the eidos of the thing, that is to
say of what it is in its essential and invariable
structure once all that is contingent and accidental in
it is eliminated (Husserl 1913).

The substance—etymologically viewed as the
foundation, “what stands (-stare) under (sub-)”—
thus implies that we should return to the mechanism
itself at the origin of the phenomenon. This mech-
anism common to all biological invasions will
constitute the kernel of the definition that we will
propose.

In a trivial way, the effort of characterizing the
phenomenon thus amounts to identifying the univer-
sals/transcendentals (i.e., the general notions
resulting through abstraction of the intersection of
singular objects) from the search for what is present
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in all biological invasions. In this respect, from a
theoretical viewpoint, a biological invasion, accord-
ing to us, always appears in the course of an
interspecific competition sensu lato—i.e., direct or
apparent (i.e., mediated by an interaction of another
form like predation or mutualism)—that underscores
the superiority of a unique species, qualified as
invasive, over the other, functionally similar species
that use the same resource in the same way (e.g.,
nutrient, food, habitat) within an ecosystem. This
competitive advantage necessarily occurs after the
disappearance of one (or several) barrier(s)/obsta-
cle(s) to the dominance of this species. This lifting of
constraint(s), which from a conceptual viewpoint
destructures the system and inevitably leads to a
redistribution of its elements, can occur in two ways:
(i) following the introduction of a non-native species
that can benefit from an overwhelming competitive
advantage as a result of the lack of common
evolutionary history with the recipient community’s
species belonging to the same guild/functional
group—e.g., the “enemy release hypothesis” (Blos-
sey and Notzold 1995; Keane and Crawley 2002),
“novel weapons hypothesis” (Callaway and Ridenour
2004); (ii) following a major exogenous modification
of the environment (e.g., eutrophication, loss/addition
of top predators, fire/change in fire regime) that
changes the competition regime through the redistri-
bution of the selective forces at work (Byers 2002).
With this definition, the invasive species can be
native or non-native: indeed, a native species can be
considered as “novel” towards a changed environ-
ment as well (Davis and Thompson 2000; Sax and
Brown 2000; Byers 2002).

From an ecological viewpoint, an invasive species
is finally always alien to its novel environment as a
result of either a change OF the environment (alien
species) or a change IN the environment (native
species or alien species that spread after a lag time).

In reality, whatever the nature of the change, it is
invariably the superiority of the response of a given
species over those of functionally similar species that
leads to its dominance or to its invasion in the novel
environment (Shea and Chesson 2002). That is, the
differential response of species associated with a
change in and/or of the environment always offers
some “niche opportunities”—e.g., through the open-
ing of a novel niche or through the extension of a pre-
existing niche—by means of which a species is able
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to invade the environment (Shea and Chesson 2002).
The stochasticity and brevity of these opportunities
have been underlined by Johnstone (1986) and Davis
(Pysek et al. 2004) who called it “plant invasion
windows” and “transient window opportunity”,
respectively.

The idea that interspecific competition sensu lato
is the unique, indivisible/irreducible and universal
mechanism at the origin of the biological invasion
phenomenon is moreover reinforced by the theoret-
ical models of Tilman (1999) (i.e., the adaptation of
the R* rule) and Davis et al. (2000) (i.e., the
fluctuating resource theory): designed for modeling
biological invasions, they are indeed based only on
this one interaction. In other respects, Tilman’s
model, which was initially developed to explain the
course of plant succession and, in particular, the dom-
inance of species (Tilman 1985), establishes the link
between alien and native species invasions.

The competitive advantage of an invasive spe-
cies—i.e., the superiority of its response—following
its introduction or the modification of its environment
has two origins: (1) in the match between its traits
(e.g., behaviour, physiology, anatomy) and those of
the other species belonging to the same functional
group, and (2) in the new relations (i.e., weakening/
strengthening of pre-existing interactions, appearance
of new interactions) established between it and all
species present in its environment (e.g., predators,
mutualists, commensals). In this respect, it seems to
us that these new relations like predation (Bruno
et al. 2005) or mutualism (Richardson et al. 2000b),
when they occur, play only secondary roles in
realizing the phenomenon: it is question of contin-
gent, accidental and, by definition, peripheral
interactions. Of course, they can influence it (e.g.,
determine its probability of occurring), but they do
not constitute its mainspring mechanism and conse-
quently do not represent its essence. For the same
reasons, we believe that however important propa-
gule pressure is in determining whether an invasion
occurs, it cannot characterize the phenomenon itself.

Finally, in pursuing the ipseity of the phenomenon,
it seems to us that some elaboration is needed
concerning two points relative to the spatiotemporal
dimension of biological invasions.

First, the use of the term “invasive” to character-
ize all non-native species present in many places and
environments worldwide is not justified: indeed, an

invasive species becomes dominant, in density and/or
biomass, in its novel environment, whereas the
ubiquitous/cosmopolitan non-native species that have
great colonization ability are not always present in
sufficient densities and biomasses to become domi-
nant. Even though it is, of course, conceivable that
some species can be considered as both invasive and
ubiquitous, nothing allows to generalize this linkage.

Secondly, biological invasions have a distinctive
temporal element that distinguishes them from the
extension of species’ distribution on a geological
time scale, which are sometimes termed “invasions”.
Indeed, a biological invasion is characterized by its
rapidity: the overwhelming competitive advantage of
an invasive species always results in an exponential-
type increase of the demography and/or of spatial
occupation. This criterion differentiates biological
invasions from the major (re)colonizations of biota in
the course of evolution (e.g., after glaciations), which
are very slow processes.

Thus, based on the foregoing considerations, the
definition we propose is:

A biological invasion consists of a species’
acquiring a competitive advantage following
the disappearance of natural obstacles to its
proliferation, which allows it to spread rapidly
and to conquer novel areas within recipient
ecosystems in which it becomes a dominant
population.

This mechanistic definition of the biological
invasion phenomenon seems sufficiently general to
characterize what is common to all invasions. In
return, it deliberately omits some variable aspects
(e.g. impact, dispersal means). Nevertheless, these
idiosyncrasies peculiar to each invasion still consti-
tute essential subjects of research, both in their own
right and in order to facilitate their management.
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