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Abstract Invasion science has not been developed without controversies. Two questions that are still unsolved are:
what is an invasive species?, and are invasive species an inherent conservation problem? These questions have led to dis-
cussions about effects versus origins. In contrast to the definitional problems, a unified framework describing invasion
as a step-by-step process has been widely accepted. I conducted a bibliographic search with two separate databases
searching for (i) evidence of less use of controversial terms over time; (ii) how many articles defined ‘invasive species’;
(iii) the criteria used to define a species as invasive; and (iv) in which stage of the invasion continuum were species la-
belled as invasive located. My results show that controversial terms are widely used, that authors rarely define ‘invasive
species’ and, often, it is very complicated to determine which criterion they used. In addition, only a fraction of the spe-
cies labelled as invasive could be classified as such according to the unified framework of invasion stages. This is not a
merely semantic issue, because invasive is a strong and value-laden term that is used to guide environmental agendas.
The uncritical use of a key concept could hamper research, complicate communication among peers and produce

mixed results.
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INTRODUCTION

Biological Invasions Research (Richardson 2011b) is a
hot research topic that has developed greatly in recent
decades (Davis 2009; Richardson 2011a; Lockwood
et al. 2013). As any other active field in ecology, it is
not free of controversies, some of which are revived from
time to time (Brown & Sax 2004; Davis er al. 2011a;
Simberloff et al. 2011; Richardson & Ricciardi 2013;
Valéry er al. 2013; Blondel er al. 2014; Simberloff &
Vitule 2014). In particular, two central questions are
widely discussed: What is an invasive species?, and are
invasive species a major conservation issue?

The lack of a precise definition of ‘invasive species’
started with Elton’s (1958) seminal book, which did
not define ‘invasive’. Several definitions were later pro-
posed (Davis & Thompson 2000; Richardson et al.
2000; Pysek er al. 2004; Valéry er al. 2008; Lockwood
et al. 2013) and have so far coexisted. These different
definitions have even been used interchangeably in dif-
ferent applications, and different authors have different
opinions about the meaning of ‘invasive species’ (Hulme
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& Weser 2011). Richardson ez al. (2000) even suggested
that authors should provide a definition of invasive spe-
cies in their articles.

The parallel question of whether invasive species are
an important conservation issue (Davis er al. 2011a)
arose because the current conservation-oriented Biolog-
ical Invasions Research arose from a non-conservational
Biological Invasions Research (Davis 2005). Some au-
thors have called for greater recognition of the conserva-
tion potential of non-natives (Schlaepfer er al. 2011),
pleaded for a more nuanced debate (Shackelford ez al.
2013) or pointed out the impracticality of such a term
as ‘invader’ (Carey et al. 2012). In response, others have
stated that origin matters (Simberloff ez al 2012;
Paolucci er al. 2013; Hassan & Ricciardi 2014) and that
Biological Invasions Research is far from being xeno-
phobic (Simberloff 2003). In accordance with this,
Blondel er al. (2014) and Simberloff (2012, 2013)
pointed out that most ecologists nowadays have shifted
from terms like ‘invasive’ or ‘invader’ (potentially pejora-
tive) to less controversial and value-free terms such as
non-native, alien or exotic. Accordingly, Richardson
and Ricciardi (2013) wrote that recent criticisms to Bio-
logical Invasions Research (e.g. Valéry er al. 2013) are
based on ‘a caricature or a parody of the discipline’ and
not on Biological Invasions Research itself, in which
most authors agree on concepts and definitions about in-
vasive species.

A related issue often lost in these debates is that what
some authors call invasive species are in fact invasive
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populations (Colautti & Maclsaac 2004; Davis 2009;
Richardson & Pysek 2012). Davis ez al. (2001) called at-
tention to the indiscriminate use of the term ‘invader’ to
refer to any alien species in a region. Similarly,
Lockwood er al. (2013; page 13) explicitly referred to
the fact that ‘invasive’ should not be used as an all-
encompassing label to describe any new population ar-
riving at a site, even when some populations deserve this
label. Davis (2009, page 5) distinguished between the
normative use of a term (‘invader’, in his example) and
the use of a term, which merely describes a behaviour
(‘invasive’, in his example) and thus recommended that
‘invasive’ should not be used as a taxonomic label. This
line of thinking is important because there is evidence
that biological invasions are a very contextual problem
(Ehrenfeld 2010; PySek & Richardson 2010), and that
a species could have invasive populations in one site
but not another (Kueffer ez al. 2013).

There is less theoretical debate about how a biological
invasion occurs (Blackburn ez al. 2011). Irrespective of
the number of stages or barriers in a given framework
(Davis 2009), most authors agree that a biological inva-
sion is a phenomenon in which a species (or population)
passes from one stage to another. The final step is a suc-
cessful biological invasion and the result is an invasive
species (or population) (Blackburn er al. 2011). Such
frameworks allow us to map the progression of any spe-
cies in the invasion continuum (i.e. the progression
through different stages in a given framework). Correctly
locating a species within a framework is important be-
cause if the normative use of the term invasive species
is common in the scientific literature, then it could over-
state the severity of biological invasions.

In evaluating these controversies, it would be helpful
to understand actual patterns of usage of terms by inva-
sion biologists. Here, I describe the results of a
bibliometric study of Biological Invasions Research, to
determine: (i) whether the use of controversial terms
has become less frequent through time; (ii) the number
of studies that define ‘invasive species’; (iii) which
criteria are used to classify a species as invasive; and
(iv) in what stage of the invasion continuum were species
labelled as ‘invasive’. I followed the terminology pro-
posed by Blackburn er al. (2011) for invasive species
(i.e. individuals dispersing, surviving and reproducing
at multiple sites). Although this definition was proposed

for non-native species, I also included native species
(Valéry er al. 2008), an exception recognized by
Blackburn ez al. (2011). In addition, I used the definition
proposed by Ricciardi ez al. (2013) for ‘impact’.

METHODS
Database construction

I constructed two different databases to perform the analysis.
The first database (database I) was composed of all the articles
published in the journal Biological Invasions in the period
1999-2012. The second database (database II) was composed
of all the articles on Biological Invasions Research published
in 21 international journals in the years 2011 and 2012 (see be-
low for details).

To evaluate the use of seven specific terms commonly used
in Biological Invasions Research (cf. Colautti & Maclsaac
2004) (objective 1), I used database I as a proxy for Biological
Invasions Research. I chose the journal Biological Invasions
because it is focused specifically on the subject of biological
invasions, has a broad scope and has been published since the
establishment of the debates considered in this research
(starting in 2000, Davis & Thompson 2000; Richardson ez al.
2000).

To perform the remaining analyses (objectives 2 to 4), I used
database II. I chose the years 2011-2012 for the assessment
because the debates surrounding the definition of ‘invasive spe-
cies’ were firmly established (e.g. Kiihn ez al. 2011), and inva-
sion biologists should have been prepared to recognize and
avoid the pejorative use of the term. I searched in four invasion
journals (Biological Invasions, Diversity and Distribution,
Aquatic Invasions and Neobiota) and 17 other journals, which
encompass all kinds of ecosystems worldwide (marine,
freshwater and terrestrial), all kinds of topics, both applied
and theoretical aspects of biological invasions, primary
research, meta-analysis and reviews, field and laboratory trials
and with a great variety of approaches, from local to global
(Table 1). I selected these journals because many of the most
influential articles in Biological Invasions Research were
published there (Pysek er al. 2006). Although other influential
journals could have been analysed (e.g. PNAS, BioScience),
the broad scope of my analysis prevented me from doing so.

I downloaded all kinds of articles related to Biological
Invasions Research from these journals to make a first selection.
I considered all kinds of papers except book reviews. I based my

Table 1. Journals reviewed to analyse the use of ‘invasive species’ (database II; see text for details)

Annual review of ecology, evolution and systematics Ecological monographs Journal of biogeography
Aquatic invasions Ecology Marine biology

Biological conservation Ecology letters Marine ecology progress Series
Biological invasions Freshwater biology Neobiota

Conservation biology Frontiers in ecology and the environment Oecologia

Diversity and distributions Global change biology Oikos

Ecological applications

Journal of applied ecology

Trends in ecology and evolution
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search on titles, abstracts and keywords, looking for terms
related directly or indirectly (e.g. Biotic Homogenization) to
Biological Invasions Research. I ended the search on 23
November 2013. Given the vast nature of topics published in
Biological Invasions Research (Richardson 2011a), I focused
on papers working with invasive species: those in which authors
called their study species an ‘invader’ or an ‘invasive species’,
and those with a broader spectrum (i.e. review, meta-analysis)
in which the authors worked with the concept of an invasive
species (e.g. Blackburn ez al. 2011). I call this the selection cri-
terion. For all the articles in database II, I searched in the Title,
Introduction and Methods sections for those that fulfilled the
selection criterion described earlier. I avoided using abstracts
and keywords to select articles to review because those two sec-
tions could be found in databases different from those for full
papers (Day 2005), and this could bias the writing of those sec-
tions (e.g. ‘invasive species’ was a common keyword even when
it barely appears in the article). Each article was treated
separately, and the analyses were made with the information
provided in the article without requesting further information
from the corresponding authors.

Use of common terms in Biological Invasions
Research through time

Using database I, I recorded the use (i.e. appearance in the
article) of the following terms: ‘invasive species’, ‘invader’,
‘introduced species’, ‘exotic species’, ‘non-native species’,
‘alien species’ and ‘non-indigenous species’. I obtained the
average use of each term through the period analysed.

Definitions

Using database II, I reviewed the Introduction and Methods
sections looking for a definition of ‘invasive species’, in the
authors’ own words and/or using existing definitions in the lit-
erature and recorded it (i.e. presence/absence). I searched
through these sections instead of the whole article, because
the context and statement of the problem, as well as the defini-
tions, usually are given in the Introduction.

Assessment of criteria used to define invasive
species

Given that there are several definitions of ‘invasive species’, I
looked for the criterion used to classify a species as invasive.
To do this, I first compiled different definitions of invasive spe-
cies to find out what they had in common and determine the
criteria associated with an ‘invasive species’. I selected nine
well-known and widely cited definitions. Although I skipped
some early definitions (e.g. PySek 1995), I focused on articles
published since 2000, when the definition began to be conten-
tious (Davis & Thompson 2000; Richardson ez al. 2000). Based
on this compilation, dominance, impact and spread emerged as
the criteria most commonly associated with the concept of inva-
sive species (Table 2). All nine definitions stated that, to be

© 2016 Ecological Society of Australia

USE OF INVASIVE SPECIES CONCEPT 3

considered as invasive, the species has to spread (even when this
was not the principal criterion, as in Davis & Thompson 2000),
which agrees with the unified framework proposed by
Blackburn ez al. (2011; later).

I reviewed the Introduction and Methods sections of the
articles in database II that fulfilled the selection criterion to
evaluate what concepts were used to classify a species or group
of species as invasive (even when a definition was not provided).
For this classification, I used a nine-class system. Based on the
three main criteria identified (dominance, impact and spread)
and their possible combinations, I obtained a seven-category
classification scheme (Table 3). I also included as a class when
authors called a species invasive because it is ‘invasive else-
where’ or because another/other expert/s labelled the species
as invasive. This class was included to recognize that ‘invasive
species’ is sometimes used as an all-encompassing label, and
because different experts think differently about the invasive
status of a given species (Hulme & Weser 2011). When an
article could not be assigned unambiguously to one of those
previous categories, it was labelled as ‘others’ (Table 3).

Species within the unified framework (Blackburn
et al 2011)

According to Blackburn ez al. (2011), any species (or population)
could be allocated within their unified framework (see Table 1 in
Blackburn ez al. 2011). This framework provides a simple way to
classify any given species into three broad categories within the
invasion continuum (i.e. introduced, naturalized and invasive).
Although this unified framework is recent, it is similar in essence
to previous frameworks (see Blackburn ez al. 2011 for details),
and as stated earlier, all definitions studied consider spread as a
requisite to consider a species as invasive (Table 2). Conse-
quently, I consider it safe to compare the reviewed articles with
the unified framework.

I used the information provided in the Introduction and
Methods sections of the articles selected in database II to locate
the species within the unified framework (see Table 4 for de-
tails). I also assigned the articles to two other categories: ‘Insuf-
ficient data’, for those articles describing studies conducted in
natural or semi-natural environments in which species could
not be unambiguously classified, and ‘others’, for those articles

Table 2. Definitions used to classify species as ‘invasive’: +,
criterion used; —, criterion not used; +/—criterion implicit but not
stated as necessary

Source Spread Dominance Impact
Colautti & Maclsaac 2004 + + —
Davis & Thompson 2000 + +/— —
Davis 2009 + +/— +
Lockwood ez al. 2013 + +/— +
Richardson et al. 2000 + - -
Richardson 2011a + + —
Valéry et al. 2008 + +— —
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Table 3. Classification criteria to label a species as ‘invasive’
Category Defining criterion Example
Spread (S) A species is invasive because it spreads across the ‘...and only species that have spread considerable

Dominance (D)

Impact (I)

Invasive elsewhere

terrain

A species is invasive because it dominates the invaded
community

A species is invasive because of its high population
growth
A species is invasive because it produces some impact

A species is invasive because it invades elsewhere

A species is invasive because of expert’s opinion

Others When the criterion used to label a species as invasive is
not clear

Combinations

S+D A species is invasive because it spreads and has high
population growth/dominates the invaded community

S+I1 A species is invasive because it spreads and produce
impact

D+1 A species is invasive because it produces impact and
has high population growth/dominates the invaded
community

S+D+1 A species is invasive because it spreads and has high

population growth/dominates the invaded assemblage

distances from parent populations are considered
‘invasive™®

‘...both native and introduced Typha species are
capable of forming monospecific stands that allow few
coexisting plants once established. Therefore, both
Typha species are also sometimes considered invasive
species... ®

‘...we gained estimates of the population growth rate
(A) and, thus, invasion potential’®

‘...invasive alien is an alien species whose
introductions and/or spread threatens biological
diversity... d

‘We also focused particular attention on those species
listed by the USDA as invasive...”

‘Several taxa of the genus Fallopia (Polygonaceae)
originating from East Asia, are among the most
troublesome invasive weeds worldwide. ..t

¢...that has become invasive on flower heads of the
non-target native host plant...”®

‘For many invaders...particularly if they have become
widespread... oh

‘...(‘invasive’) the species needed to be abundant and
regenerating outside the original plantations...”
¢...categorized them as invasive if they were
considered a widespread or noxious weed”
‘...invasive species establish and dominate areas (...)
but also contribute to further declines of native
species...”™

‘...to promote native species to invader status as a
result of enhanced abundance, greater per-capita

and produces impact

effects and colonization of new habitat within their
native range’1

3Gibson ez al. 2011, PEichiner 2012, “Davis eral. 2011b, dHul'me & Weser 2011, “Oreska & Aldridge 2011, Krebs ez al. 2011, Louda
et al. 2011, "D’Antonio er al. 2011, ‘Nufiez & Medley 2011, 'Palacio-Lopez & Gianoli 2011, “Bauer 2012, 'Carey ez al. 2012.

that could not be unambiguously classified into the other four
categories, or when the term invasive was used as a normative
concept (Table 4).

RESULTS
Use of common words through time

To follow the use of each term through the years (Fig. 1),
1526 articles were reviewed. The term favoured by most
authors was ‘invasive’, which was used in more than half
of the papers published since the appearance of the jour-
nal Biological Invasions in 1999, and in 90% or more of
the papers published since 2008. The terms ‘invader’,
‘introduced’ and ‘exotic’ were used variously between
about 40-60% through the years. The use of ‘exotic’ de-
clined slightly in recent years. The other three terms
(‘alien’, ‘non-native’ and ‘non-indigenous’) were used
far less frequently (about 10-40%).

doi:10.1111/aec.12340

Definitions and criteria

I downloaded 1092 papers for the construction of data-
base II, 700 of which met the selection criteria and were
used to answer the remaining questions. Only a fraction
of the reviewed articles (13%) defined ‘invasive species’.
Regarding the different criteria (spread, impact and
dominance) used to consider a species as invasive, none
of those were used more often than the others (Fig. 2).
Most articles (about 66%) could not be unambiguously
assigned to a specific criterion and were classified as
‘others’. The second most important category (about
18%) was ‘invasive elsewhere’. The other three catego-
ries, encompassing the three main criteria and their
combinations fluctuated between about 0.30% and
about 5.60% of the articles examined. Spread, the chief
criterion in the unified framework and in all the defini-
tions reviewed, was used only in about 4% of articles as
a determining criterion. Impact was used as a criterion

© 2016 Ecological Society of Australia
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Table 4. Classification scheme to place a species within the unified framework of Blackburn ez al. (2011). Use of ‘introduced’, ‘naturalized’

and ‘invasive’ follows Blackburn ez al. (2011)

Category Classification criteria Example

Introduced Recently introduced species (<15 years) and/or absence of Verity et al. 2011
reproduction

Naturalized Self-sustaining populations (i.e. evidence of reproduction or presence Warren et al. 2012
of juveniles)

Invasive Self-sustaining populations with evidence of spread Petty e al. 2012

Articles modelling the spread of a species, or a group of species
Broad-spectrum articles considering a species as invasive based in its

spread
Insufficient data

Insufficient data to differentiate ‘introduced’ from ‘naturalized’ (e.g.

Vink ez al. 2011
Blackburn et al. 2011

Siesa et al. 2011

absence of reproductive structures or juveniles in the samples)

Naturalized populations (i.e. presence of juveniles) without evidence of

spread

Absence of specific data (e.g. time since introduction, reproductive

Kowarik & von der Lippe. 2011

Hladyz ez al. 2011

features and evidence of spread) that allow unambiguous classification

in the invasion continuum

Others Laboratory, greenhouse, microcosm or mesocosm studies involving an

‘invasive species’

Articles with more than one species, making infeasible the distinction

Richards ez al. 2012

Mercer et al. 2012

between stages for each species, or articles where the terms (e.g. exotic,
alien and invasive) were used interchangeably, making the distinction

infeasible

Theoretical or broad-spectrum articles in which ‘invasive’ is not

defined or clearly specified

Models where spread is not the main subject

Liu et al. 2012

Thiele ez al. 2011
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Fig. 1. Use of seven common terms in the journal Biological
Invasions over time. Inv=invasive species; NN =nonnative
species; Al =alien species; Ind =invader; Ex = exotic species;
NiN = non-indigenous species; Int = introduced species.

in about 6% of the articles and dominance in about 2%
of the articles.

Invasive species within the unified framework

Regarding my fourth question, most of the articles could
not be unambiguously categorized using the unified
framework and were labelled as ‘others’ (about 57%;
Fig. 3). In many cases (about 19%), data contained in
the articles were insufficient to classify them. Only 17%

© 2016 Ecological Society of Australia

of the papers (n=115) provided enough data to catego-
rize the species as invasive according to the unified
framework (Fig. 3). Forty-one articles (about 6%) and
15 articles (about 2.5%), respectively, provided enough
data to categorize the species as naturalized or intro-
duced, respectively (Fig. 3).

DISCUSSION

Although the use of specific terminology within Biologi-
cal Invasions Research has been discussed, this is the
first attempt to quantify it rather than rely on the opinion
of experts. My results show that value-laden terms (i.e.
invasive, invader) are used more often than other options
(i.e. exotic, non-native, alien and introduced). In addi-
tion, articles rarely define ‘invasive’, and in many cases,
it is not possible to infer the criterion (i.e. spread, domi-
nance and impact) that was used to label a species as
‘invasive’. Finally, based on the information provided
in their articles, it is hard to place a species within the
unified framework of Blackburn ez al. (2011). Overall,
the results show that the vague use of concepts remains
the rule rather than the exception within Biological
Invasions Research.

‘Invasive’ was the most widely used among the seven
terms analysed and its use has increased in recent years.
‘Invader’, ‘introduced’ and ‘exotic’ were used similarly
with slight variations between years. Other terms
(‘non-native’, ‘non-indigenous’ and ‘alien’) were much

doi:10.1111/aec.12340
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Spread Dominance

Others
65%

Papers with a classification
criterion: 18%

Fig. 2. Prevalence of different criteria used to classify a species as invasive. The names of some criteria are abbreviated; see Table 3

for full versions. D = Dominance I = Impact; S = Spread.

Introduced MNaturalized

2%

Invasive
16%

Insufficient data
19%

Fig.3. Classification of species in articles from database IT ac-
cording to invasion stage in the unified framework of Blackburn
et al. 2011 (see text for details).

less used through the years. These results contradict the
assertion that authors have shifted to neutral terms,
avoiding the use of pejorative terms.

Regarding the second question (i.e. how many articles
define ‘invasive species’?), few of the articles reviewed in
database II did it. Likewise, the criterion used to
consider a species invasive was identified in few of the
articles reviewed, and none of the criteria was predomi-
nant. Contrary to previous assertions, my results show
that Biological Invasions Research has not moved to
the use of the biogeographical criterion, because this cri-
terion was used only by 4% of the articles reviewed. The
single most important category was ‘invasive elsewhere’,

doi:10.1111/aec.12340

which contradicts the suggestion not to use ‘invasive’ as
an all-encompassing label (LLockwood et al. 2013).

Many of the articles reviewed cannot be unambigu-
ously assigned to any of the stages of an invasion
(introduction, naturalization and spread) within the uni-
fied framework of Blackburn et al. (2011), and only
some can be assigned to the invasive stage within this
framework. This finding is consistent with the lack of
definition of ‘invasive species’ and with the use of ‘inva-
sive’ as an all-encompassing label. Admittedly, a simple
definition covering all taxa would not be feasible.
Certain rates of spread have been suggested for plant
species (Richardson et al. 2000), but they could be
meaningless for other groups. The same can be argued
for other criteria, such as the number of years or genera-
tions needed for a species to become ‘naturalized’ or ‘in-
vasive’. However, the absence of a universal definition
cannot serve as a free pass to label any species as ‘inva-
sive’ based on citation practices, experts’ opinions or a
normative use of a concept (Davis 2009; Herrando-
Pérez et al. 2014).

Hodges (2008) stated that there is no evidence that an
ambiguous concept generates misuse throughout a
research field. Overall, my results provide evidence that
authors publishing within Biological Invasions Research
neither define what an ‘invasive species’ is nor explain
which criterion is used for a species to be considered
‘invasive’. In addition, my results show that classifying
species into those categories can be arbitrary. Although
meanings cannot be inferred from the selection of words
made by authors, my results also show an increase, not a
decrease, in the use of value-laden terms. For instance,
the neutral neologism ‘Neobiota’ (Kithn ez al. 2011)
has faded into oblivion, with almost zero use, even in
the journal Neobiota. Larson (2011) mentioned that

© 2016 Ecological Society of Australia



‘invasion’ is not a neutral term, and that instead, it
usually conflates spread with impact and leads us to as-
sume that invasive species are those that we have to do
something about. Although it could be argued that
authors use ‘invasive’ as a technical term without any
connotation, the absence of definitions or guiding prin-
ciples, as shown here, contradicts such an assumption.
Humair er al. (2014) showed that ecologists working
within Biological Invasions Research lack consistency
in their use of basic concepts, as well as having an im-
plicit bias against non-native species. In preparing this
review, [ have encountered many expressions that imply
that native species are natural and desirable, while non-
native ones (often referred as invasive) are not, some-
thing which has been repeatedly denied (e.g. Simberloff
et al. 2011; Simberloff 2012, 2013).

Regarding flexibility in definitions, some authors
(Colautti & Maclsaac 2004; Colautti & Richardson
2009) have argued in favour of a precise and objective
lexicon, whereas others (e.g. Larson 2007; Hodges
2008) have argued that this approach is futile, impracti-
cal and even undesirable. Hodges (2008, 2014)
suggested that prescriptive approaches to terminology
are detrimental, rather than beneficial. Other authors
(Davis 2009; Heger er al. 2013a,2013b; Humair et al.
2014) have emphasized that providing a universal defini-
tion of ‘invasive species’ is not feasible. Consider for
example a recent debate about invasive species. Valéry
et al. (2013) provided a definition of ‘biological invasion’
as ‘the appearance of a state of dominance of a species
and the rapidity of changes observed’. Blondel er al.
(2014) counter-argued that such definition is ‘limited,
self-created and non-widely accepted’ and denied the
logic behind it, which allows native species to become in-
vasive. Without generally accepted definitions, confu-
sion arises. For instance, this flexibility in the use of the
language has led invasive species to become ‘the second
cause of biodiversity loss’, based more on bold state-
ments than on real data (Chew 2015).

Herrando-Pérez ez al. (2014) described a ‘silent rule’ in
scientific publications, in which key terms do not need to
be defined and a reference in a previous article is an easy
way to validate them. Davis (2009, 2011) mentioned that
some assumptions within Biological Invasions Research
(e.g. invasive species as a conservation problem) have
reached the fact level and do not need further explana-
tion. The metaphorical web (sensu Larson 2011) gener-
ated through Biological Invasions Research presents
‘invasive species’ as different from ‘non-invasive species’,
while those with greatest spread are those with greatest
impacts (but see Ricciardi & Cohen 2007). In addition,
those with greater impact are those that deserve priority
attention (Kuebbing & Simberloff 2015). Ultimately, it
is the impact of an invasive species that defines it as a con-
servation problem. However, ‘impact’ is not usually de-
fined (e.g. Gallardo er al. 2015), and the theory defines

© 2016 Ecological Society of Australia
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it in such a way (e.g. Barney er al. 2013; Ricciardi ez al.
2013; Simberloff er al. 2013) that makes it impossible
for an invasive species not to produce impact. Regardless
of whether it is the local extinction of a population or the
increase in local diversity, it is called ‘impact’ if it refers to
a non-native species and ‘effect’ if it refers to a native spe-
cies (Chew & Carroll 2011). Clearly, the way we write
about ‘invasive species’ tells many of our interpretation.
Given the society-oriented and conservation-oriented
nature of Biological Invasions Research (Davis 2005),
several authors have suggested that flexible language is
better to communicate with the community and the
stakeholders involved (Larson 2011; Humair er al.
2014). However, it is not clear how this confusing use
of terms could help understanding among peers, and
the potential for confusing use of the lexicon to
jeopardize communication among peers is usually not
considered (Herrando-Pérez ez al. 2014). Those who ad-
vocate for a more flexible lexicon should state clearly
how it favours communication among peers, because
the example highlighted earlier suggests that misunder-
standings are already occurring. Until a universal defini-
tion of ‘invasive’ appears, or until the temporal and
spatial limits to define ‘naturalized’ or ‘invasive’ for
different groups can be established, Biological Invasions
Research could be greatly favoured by the use of com-
mon concepts, clearly stated and defined in every article
(Colautti & Richardson 2009). Journals can also ask au-
thors to define key concepts in their articles (e.g. inva-
sion, invasive), or provide rules of thumb to avoid
confusion or bias (e.g. Biological Conservation suggests
the use of ‘effect’ instead of ‘impact’). Nowadays, none
of the four invasion journals reviewed in this research
ask authors to define those concepts in their ‘Instruc-
tions for authors’. The creation of a common repository
of terms as proposed by Herrando-Pérez er al. (2014)
can be a useful tool to advance in this direction.
Admittedly, nobody will hesitate to label as ‘invasive’
any new population of the zebra mussel (Dreissena
polymorpha) outside its current introduced distributional
range. It would be wise to deal with this new population
quickly and preventively, because of the well-known un-
certainty about every case of invasion. However, by no
means, we should label it as ‘invasive’ if we do not want
to be inconsistent with theory (Blackburn er al. 2011).
This normative labelling has shown to be inefficient in
practice (Carey et al. 2012). It is well known that
Biological Invasions Research has several biases (Pysek
et al. 2008), and the same occurs with the impacts of in-
vasive species (Hulme ez al. 2014; Gallardo ez al. 2015),
mainly based on a small group of well-studied species,
too widely generalized (Davis 2009). To answer ques-
tions as the limits of the different stages in an invasion
process (Blackburn er al. 2011; Richardson & Pysek
2012), the reasons behind different outcomes of each in-
vasion (Kueffer er al. 2013), or even the way to approach

doi:10.1111/aec.12340
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the ever-increasing arrival of new species (LLarson 2007;
Davis 2009; Larson 2011), we should start by setting a
common language (Herrando-Pérez ez al. 2014).

Finally, although this article discusses definitions, I am
not proposing a definition of ‘invasive species’ because it
is not needed. The unified framework of Blackburn ez al.
(2011) allows us to place any species (or population) in
the invasion continuum, and provides a guide of specific
terminology. To avoid annoying simplifications, it is rea-
sonable to label the species according to this framework
(or any other in the author’s preference). This is not only
to avoid hampering Biological Invasions Research by giv-
ing the name ‘invasive’ to what is not invasive, but to allow
more focus on the biological invasion phenomenon itself,
rather than on the invasive species per se (Strayer 2009). Ir-
respective of the lexicon or significance of being non-native
(Davis 2009; Davis et al. 2011a; Simberloff ez al. 2011;
Valéry et al. 2013), biological invasions are very complex,
even when the species (or population) does not achieve
an invasive status. Species introductions have increased at
unprecedented rates in the past decades (Ricciardi 2007),
and biotic homogenization is a widely recognized phenom-
enon (e.g. Baiser ez al. 2012). There is increasing evidence
that populations, not species, invade (Richardson & Pysek
2012, Rueffer er al. 2013), that most populations of many
invasive species have low densities (Hansen et al. 2013),
and that even with highly studied invasive species, there is
a small proportion of cases with evidence of impact
(Kulhanek ez al. 2011). The impact of a species (or popula-
tion) does not depend on what we decide to call it, but does
change the interpretation of those impacts (Larson 2011).
While communication among peers can be hampered by
this use of ‘invasive’, there is little evidence that a fear-
related message mobilizes people into action (Larson
2011). It does not matter how many more cases of a given
species producing some impact we present, it will be mean-
ingless if we cannot place it correctly into a given frame-
work. ‘Invasive species’ is a strong and connotative term,
used to mobilize people and funds, and to set environmen-
tal agendas. Thus, it should not be used vaguely.

ACKNOWLEDGEMENTS

The editor and two anonymous reviewers provided
helpful assistance that greatly improved the overall read-
ability of this manuscript. David Strayer, Soledad Avaca,
Francisco Sylvester, Pablo Demetrio and Maite
Narvarte provided useful discussion about previous ver-
sions of this article. David Strayer improved greatly the
readability of this manuscript.

REFERENCES

Baiser B., Olden J. D., Record S., Lockwood J. L. & Mckinney M.
L. (2012) Pattern and process of biotic homogenization in the
New Pangaea. P. Roy. Soc Lond. B Bio. 279, 4772-17.

doi:10.1111/aec.12340

Barney J. N., Tekiela D. R., Dollete E. S. J. & Tomasek B. J. (2013)
What is the ‘real’ impact of invasive plant species? Front. Ecol.
Environ. 11, 33-329.

Bauer J. T. (2012) Invasive species: “back-seat drivers” of ecosys-
tem change. Biol. Inv. 14, 1295-304.

Blackburn T. M., Pysek P., Bacher S. er al. (2011) A proposed uni-
fied framework for biological invasions. TREE 26, 333-9.
Blondel J., Hoffmann B. & Courchamp F. (2014) The end of Inva-
sion Biology: intellectual debate does not equate to nonsensical

science. Biol. Inv. 16, 977-9.

Brown J. H. & Sax D. F. (2004) An essay on some topics
concerning invasive species. Aust. Ecol. 29, 530-6.

Carey M. P., Sanderson B. L., Barnas K. A. & Olden J. D. (2012)
Native invaders — challenges for science, management, policy,
and society. Front. Ecol. Environ. 10, 373-81.

Chew M. K. & Carroll S. P. (2011) The invasive ideology: biolo-
gists and conservationists are too eager to demonize non-
native species. The Scientist September 7. www.the-scientist.
com/?articles.view/articleNo/31143/title/Opinion-The-Inva-
sive-Ideology-/.

Chew M. T. (2015) Ecologists, environmentalists, experts, and the
invasion of the ‘second greatest threat’. Int. Rev. Env. Hist. 1,
7-4.

Colautti R. I. & MaclIsaac H. J. (2004) A neutral terminology to de-
fine ‘invasive’ species. Dwers Dist. 10, 135-41.

Colautti R. I. & Richardson D. M. (2009) Subjectivity and
flexibility in invasion terminology: too much of a good thing?
Biol. Inv. 11, 1225-9.

Davis M. A. & Thompson K. (2000) Eight ways to be a colonizer ;
two ways to be an invader: a proposed nomenclature scheme
for invasion. Bull. Ecol. Soc. Am. 81, 226-30.

Davis M. A., Thompson K. & Grime ]J. P. (2001) Charles S. Elton
and the dissociation of invasion ecology from the rest of ecol-
ogy. Diwvers. Dist. 7, 97-102.

Davis M. A. (2005) Invasion biology 1958-2005: the pursuit of
science and conservation. In: Conceprual Ecology and Invasion
Biology: Reciprocal Approaches to Nature (eds M. W. Cadotte,
S. M. McMahon & T. Fukami) pp. 35-64. Springer,
Dordrencht. The Netherlands.

Davis M. A. (2009) Invasion Biology. Oxford University Press,
Oxford. New York.

Davis M. A. (2011) Researching invasive species 50 years after
Elton: a cautionary tale. In: Fifty Years of Invasion Ecology.
The Legacy of Charles Elton (ed D. M. Richardson) pp.
269-76. Wiley-Blackwell, Oxford-UK.

Davis M. A., Chew M. K., Hobbs R. J. ez al. (2011a) Don’t judge
species on their origins. Nazure 474, 9-10.

Davis P. B., Menalled F. D., Peterson R. K. D. & Maxwell B. D.
(2011b) Refinement of weed risk assessments for biofuels
using Camelina sariva as a model species. J. Appl. Ecol. 48,
989-97.

Day R. A. (2005) How to Write and Publish a Scientific Paper. The
Oryx Press, Phoenix-Arizona.

D’Antonio C. M., Hughes R. F. & Tuninson J. T. (2011) Long-
term impacts of invasive grasses and subsequent fire in season-
ally dry Hawaiian woodlands. Ecol. Appl. 21, 1617-28.

Fichiner F. B. (2012) Note on McGlynn's article: ‘Native and inter-
active plant interactions in wetlands and the minimal role of
invasiveness’ in Biological Invasions (2009) 11:1929-1939.
Biol. Inv. 14, 1077-8.

Elton C. S. (1958) The Ecology of Invasions by Animals and Plants.
Chapman & Hall, London.

Ehrenfeld J. G. (2010) Ecosystem consequences of biological inva-
sions. Ann. Rev. Ecol. Evol. System. 41, 59-80.

© 2016 Ecological Society of Australia


www.the-scientist.com/?articles.view/articleNo/31143/title/Opinion-The-Invasive-Ideology-/
www.the-scientist.com/?articles.view/articleNo/31143/title/Opinion-The-Invasive-Ideology-/
www.the-scientist.com/?articles.view/articleNo/31143/title/Opinion-The-Invasive-Ideology-/

Gallardo B., Clavero M., Sanchez M. 1. & Vila M. (2015) Global
ecological impacts of invasive species in aquatic ecosystems.
Glob. Change Biol. DOI: 10.1111/gcb.13004.

Gibson M. R., Richardson D. M., Marchante E. ez al. (2011) Re-
productive biology of Australian acacias: important mediator
of invasiveness? Divers. Dist. 17, 911-33.

Hladyz S., Abj rasson K., Giller P. S. & Woodward G. (2011) Im-
pacts of an aggressive riparian invader on community structure
and ecosystem functioning in stream food webs. ¥. Appl. Ecol.
48, 443-52.

Hansen G. ]J. A., Vander Zander M. J., Blum M. J. et al. (2013)
Commonly rare and rarely common: comparing population
abundance of invasive and native aquatic species. PLoS One
8e77415.

Hassan A. & Ricciardi A. (2014) Are non-native species more likely
to become pests? Influence of biogeographic origin on the im-
pacts of freshwater organisms. Front. Ecol. Environ. 12, 218-23.

Heger T, Saul W.-C. & Trepl L. (2013a) What biological invasions
‘are’ is a matter of perspective. ¥. Nar. Conserv. 21, 93—-6.

Heger T., Pahl A. T., Botta-Dukat Z. er al. (2013b) Conceptual
frameworks and methods for advancing invasion ecology.
Ambio 42, 527-40.

Herrando-Pérez S., Brook B. W. & Bradshaw C. J. A. (2014) Ecology
needs a convention of nomenclature. BioScience 64, 311-20.

Hodges K. E. (2008) Defining the problem: terminology and prog-
ress in ecology. Front. Ecol. Environ. 6, 35-42.

Hodges K. E. (2014) Clarity in ecology: terminological prescription
is the wrong route. BioScience 64, 373.

Hulme P. E. & Weser C. (2011) Mixed messages from multiple in-
formation sources on invasive species: a case of too much of a
good thing? Dwwers. Dist. 17, 1152—60.

Hulme P. E., Pysek P., Jarosik V., Pergl J., Schaffner U. & Vila M.
(2014) Bias and error in understanding plant invasion impacts.
TREE 28, 212-8.

Humair F., Edwards P. J., Siegrist M. & Kueffer C. (2014) Under-
standing misunderstandings in invasion science: why experts
don’t agree on common concepts and risk assessments.
Neobiota 20, 1-30.

Kowarik I. & von der Lippe M. (2011) Secondary wind dispersal
enhances long-distance dispersal of an invasive species in ur-
ban road corridors. Neobiota. 9, 49-70.

Krebs C., Gerber E., Matthies D. & Schaffner U. (2011) Herbivore
resistance of invasive Fallopia species and their hybrids.
Oecologia 167, 1041-52.

Kuebbing S. E. & Simberloff D. (2015) Missing the bandwagon:
nonnative species impacts still concern managers. Neobiota
25, 73-86.

Kueffer C., PySek P. & Richardson D. M. (2013) Integrative invasion
science: model systems, multi-site studies, focused meta-
analysis and invasion syndromes. New Phyt. 200, 615-33.

Kihn I., Kowarik I., Kollmann J. ez al. (2011) Open minded and
open access: introducing NeoBiota, a new peer-reviewed jour-
nal of biological invasions. NeoBiota 9, 1-12.

Kulhanek S. A., Ricciardi A. & Leung B. (2011) Is invasion history
a useful tool for predicting the impacts of the world’s worst
aquatic invasive species? Ecol. App. 21, 189-202.

Larson B. M. H. (2007) An alien approach to invasive species: ob-
jectivity and society in invasion biology. Biol. Inv. 9, 947-56.

Larson B. M. H. (2011) Metaphors for Environmental Sustainability:
Redefining our Relationship with Nature pp. 301. Yale University
Press, New Haven.

Liu S., Walshe T., Long G. & Cook D. (2012) Evaluation of poten-
tial responses to invasive non-native species with structured
decision making. Cons. Biol. 26, 539—46.

© 2016 Ecological Society of Australia

USE OF INVASIVE SPECIES CONCEPT 9

Lockwood J. L., Hoopes M. F. & Marchetti M. P. (2013) Invasion
Ecology, 2nd edn. Wiley-Blackwell, Oxford, UK.

LoudaS. M., Rand T. A., Kula A. A. R., Arnett A. E., West N. M.
& Tenhumberg B. (2011) Priority resources access mediate
competitive intensity between an invasive weevil and native flo-
ral herbivores. Biol. Inv. 13, 2233-48.

Mercer A., Pino J., Pons X. & Brotons L. (2012) Modelling alien
invasive species distributions from digital biodiversity atlases.
Model upscaling as a means of reconciling data at different
scales. Div. Dist. 18, 1177-89.

Nufiez M. & Medley K. A. (2011) Pine invasions: climate predicts
invasion success; something else predicts failure. Div. Dist. 17,
703-13.

Oreska M. P. J. & Aldridge D. C. (2011) Estimating the financial
costs of freshwater invasive species in Great Britain: a stan-
dardized approach to invasive species costing. Biol. Inv. 13,
305-19.

Palacio-Lopez K. & Gianoli E. (2011) Invasive plants do not display
greater phenotypic plasticity than their native or non-invasive
counterparts: a meta-analysis. Ozkos 120, 1393—401.

Paolucci E. M., Maclsaac H. J. & Ricciardi A. (2013) Origin mat-
ters: alien consumers inflict greater damage on prey
populations than do native consumers. Divers. Dist. 19,
988-95.

Petty A. M., Setherfield S. A., Ferdinands K. B. & Barrow P.
(2012) Inferring habitat suitability and spread patterns from
large-scale distributions of an exotic invasive pasture grass in
north Australia. ¥ Ecol. Appl. 49, 742-52.

Pysek P. (1995) On the terminology used in plant invasions studies.
In: Plant Invasions — General Aspects and Special Problems (eds P.
Pysek, K. Prach, M. Rejmanek & M. Wade) pp. 71-81. SPB
Academic Publ., Amsterdam.

Pysek P. & Richardson D. M. (2010) Invasive species, environmen-
tal change and management, and health. Ann. Rev. Environm.
Res. 35, 25-55.

Pysek P., Richardson D. M., Rejmanek M., Webster G. L.,
Williamson M. & Kirschner J. (2004) Alien plants in checklists
and floras: towards better communication between taxono-
mists and ecologists. Taxon 53, 131-43.

Pysek P., Richardson D. M. & Jarosik V. (2006) Who cites who in
the invasion zoo: insights from an analysis of the most highly
cited papers in invasion ecology. Preslia 78, 437-68.

Pysek P., Richardson D. M., Pergl J., Jarosik V., Sixtova Z. &
Weber E. (2008) Geographical and taxonomic biases in inva-
sion ecology. TREE 23, 237-44.

Ricciardi A. (2007) Are modern biological invasions an unprece-
dented form of global change? Conserv. Biol. 21, 329-36.
Ricciardi A. & Cohen J. (2007) The invasiveness of an introduced
species does not predict its impact. Biol. Inv. 9, 309-15.
Ricciardi A., Hoopes M. F., Marchetti M. P. & Lockwood ]J. L.
(2013) Progress toward understanding the ecological impacts

of non-native species. Ecol. Monog. 83, 263-82.

Richards C. L., Schrey A. W. & Pigliucci M. (2012) Invasion of di-
verse habitats by few Japanese knotweed genotypes is correlated
with epigenetic differentiation. Ecol. Letz. 15, 1016-25.

Richardson D. M., Pysek P., Rejmanek M., Barbour M. G.,
Panetta F. D. & West C. J. (2000) Naturalization and invasion
of alien plants: concepts and definitions. Divers Dist 6, 93-107.

Richardson D. M., ed (2011a) Fifty Years of Invasion Ecology. The
Legacy of Charles Elton. Wiley-Blackwell, Oxford-UK.

Richardson D. M. (2011b) Invasion science: the roads travelled and
the roads ahead. In: Fifty Years of Invasion Ecology. The Legacy
of Charles Elton (ed D. M. Richardson) pp. 397-407. Wiley-
Blackwell, Oxford-UK.

doi:10.1111/aec.12340



10 P.J. PEREYRA

Richardson D. M. & Pysek P. (2012) Naturalization of introduced
plants: ecological drivers of biogeographical patterns. New
Phyrol. 196, 383-96.

Richardson D. M. & Ricciardi A. (2013) Misleading criticisms of
invasion science: a field guide. Divers Dist. 19, 1461-7.

Shackelford N., Hobbs R. J., Heller N. E., Hallet L. M. & Seastedt
T. R. (2013) Finding a middle-ground: the native/non-native
debate. Biol. Conserv. 158, 55-62.

Schlaepfer M. A., Sax D. F. & Olden J. D. (2011) The potential
conservation value of non-native species. Cons Biol 25, 428-37.

Siesa M. E., Manenti R., Padoa-Schioppa E., de Bernardi F. &
Ficetola G. F. (2011) Spatial autocorrelation and the analysis
of invasion processes from distribution data: a study with the
crayfish Procambarus clarkii. Biol. Inv. 13, 2147-60.

Simberloff D. (2003) Confronting introduced species: a form of xe-
nophobia? Biol. Inv. 4, 179-92.

Simberloff D. (2012) Nature, natives, nativism, and management:
worldviews underlying controversies in invasion biology.
Environm. Eth. 34, 5-25.

Simberloff D. (2013) Invasive Species. What Everyone Needs to Know.
Oxford University Press, Oxford-New York.

Simberloff D. & Vitule J. R. S. (2014) A call for an end to calls for
the end of invasion biology. Oikos 123, 408—13.

Simberloff D., Alexander J., Allendorf F. ez al. (2011) Non-natives:
141 scientists object. Nature 475, 36.

doi:10.1111/aec.12340

Simberloff D., Souza L., Nunez M. A., Barros-Garcia N. & Bunn
W. (2012) The natives are restless, but not often and mostly
when disturbed. Ecology 93, 598-607.

Simberloff D., Martin J.-L.., Genovesi P. et al. (2013) Impacts of biolog-
ical invasions: what’s what and the way forward. TREE 28, 58-66.

Strayer D. L. (2009) Twenty years of zebra mussels: lessons from the
mollusk that made headlines. Front. Ecol. Environm. 7, 135-41.

Thiele J., Isermann M., Kollmann J. & Otte A. (2011) Impacts
scores of invasive plants are biased by disregard of environmen-
tal co-variation and non-linearity. Neobiota. 101, 65-79.

Valéry L., Hervé F., Lefeuvre J. & Simberloff D. (2008) In search of
a real definition of the biological invasion phenomenon itself.
Biol. Inv. 10, 1345-51.

Valéry L., Fritz H. & Lefeuvre J. (2013) Another call for the end of
invasion biology. Ozkos 122, 1143-6.

Verity P. G., Pursell J. E. & Frischer M. E. (2011) Seasonal patterns in
size and abundance of Phyllorhiza punctata: an invasive
scyphomedusa in Coastal Georgia (USA). Mar. Biol. 158, 2219-26.

Vink C.J., Derraik J. G. B., Phillips C. B. & Sirvid P. J. (2011) The
invasive Australian redback spider, Latrodectus hasseltii, Thorell
1870 (Araneae: Theridiidae): current and potential distribu-
tions, and likely impacts. Biol. Inv. 13, 1003-19.

Warren R. J., Bahn V. & Bradford M. A.(2012) The interaction
between propagule pressure, habitat suitability and density de-
pendent reproduction in species invasion. Ozkos. 121, 874-81.

© 2016 Ecological Society of Australia



