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Abstract Since the 1990s, there have appeared

numerous articles in scholarly journals and the popular

press that deny the risks posed by non-native species

and claim that the field of invasion biology is biased,

uninformative and pseudoscientific. Unlike normal

scientific debates, which are evidence based, this

discourse typically uses rhetorical arguments to dis-

regard, misrepresent or reject evidence in attempt to

cast doubt on the scientific consensus that species

introductions pose significant risks to biodiversity and

ecosystems; thus, it is similar to the denialism that has

affected climate science and medical science. Invasive

species denialism, like science denialism in general, is

typically expressed in forums where it avoids expert

peer review. Denialist articles have increased expo-

nentially over the past three decades, most notably in

the mainstream popular press. This burgeoning phe-

nomenon could impede development and implemen-

tation of policies designed to safeguard against

invasive species spread and impact.
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Introduction

Over the past 50 years, ecology has been an arena for

vigorous scientific debates concerning, inter alia, the

importance of competition in structuring natural

communities, the efficacy of single large versus

several small nature reserves, niche-based versus

neutral models of biodiversity, and the need for null

models in ecological studies. These debates are based

on facts presented and evaluated in peer-reviewed

journals. In the subdiscipline of ecology concerned

with biological invasions, however, mainstream views

are being increasingly challenged through a different

form of discourse: more ideological than scientific,

based on contrasting values rather than on facts, and

expressed largely through popular media. It involves

laypeople, scholars in the social sciences and human-

ities, and a small minority of ecologists who downplay

or deny the risks posed by non-native species. These

contrarians assert that non-native species present no

real threat to biodiversity (or ecosystems) and are no

more likely than natives to cause environmental

damage (e.g. Sagoff 2005; Pearce 2015a, b), despite

peer-reviewed research that shows otherwise (Salo

et al. 2007; Simberloff et al. 2012; Paolucci et al. 2013;

Ricciardi et al. 2013; Hassan and Ricciardi 2014).

Many of them claim that the field of invasion biology

is biased, uninformative, pseudo-scientific, and a

hindrance to conservation (Davis and Thompson

2002; Theodoropoulos 2003; Davis et al. 2011;
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Thompson 2014; Pearce 2015a, b) and, therefore,

should be abandoned (see references cited in Sim-

berloff and Vitule 2014).

These claims are almost always made outside the

lens of scientific peer review, occasionally appearing

in opinion articles of scholarly journals, but much

more frequently in books, magazines, newsmedia, and

internet blogs. Russell and Blackburn (2017) likened

this discourse to science denialism because it typically

disregards, misrepresents or rejects evidence in

attempt to manufacture doubt on research concerning

biological invasions—as has occurred with climate

science and medical science (Oreskes and Conway

2010; Lewandowsky et al. 2013). Citing some recent

examples, Russell and Blackburn (2017) suggested

there has been a rise of ‘invasive species denialism’

but did not demonstrate a trend. In rebuttal, Crowley

et al. (2017) argued that, although some people do

disbelieve or disregard the evidence presented, ‘‘this

does not necessarily equate with widespread (or rising)

denialism towards invasive species.’’

Here, we show that invasive species denialism is

indeed rising (Fig. 1). We identified 77 articles

published from 1994 to 2016 in scholarly journals

and mainstreammedia (newspapers, online news sites,

radio, online video, magazines, books) that express

denialism in whole or in part, including where it is

presented as being equivalent to evidence-based

scientific views (see Supplementary Material). We

limited our search to these mainstream outlets and

omitted articles from internet blogs (apart from those

linked to media organizations), even though they are

major purveyors of science denialism (Lewandowsky

et al. 2013) and there exist various websites devoted to

attacking invasion biology (e.g. milliontrees.me;

friendsofphragmites.com; dtheo.org). Our search

focused primarily on English-language articles and

western news media. For these reasons, our quantifi-

cation certainly underestimates the frequency and

extent of the phenomenon. Nevertheless, an exponen-

tial trend is evident (Fig. 1).

Characteristics of invasive species denialism

Science denialism has been defined as the use of

rhetorical arguments to give the appearance of legit-

imate debate where there is none, with the ultimate

goal of casting doubt on scientific consensus (Di-

ethelm and McKee 2009). Crowley et al. (2017)

claimed that Russell and Blackburn (2017) unfairly

equate ‘honest disagreement’ with denialism and,

moreover, that there is no scientific consensus about

biological invasions. On the contrary, as indicated in

research literature spanning over three decades, the

collective judgement of a vast majority of invasion

biologists is that the biogeographic origin and evolu-

tionary relationships of a species are relevant to its

invasion success and environmental impact, and that

non-native species introductions pose significant risks

to biodiversity and ecosystems. This consensus and

the evidence on which it is based continue to be denied

(see Simberloff 2011; Richardson and Ricciardi 2013;

Simberloff 2015a, b).

As did Russell and Blackburn (2017), we distin-

guish between genuine scientific debate and denial-

ism; the former uses evidence (from experiments,

systematic observations, or new analyses of data) to

challenge models, whereas denialism rejects scientific

evidence. A fundamental characteristic of denialism is

repetition of claims that have already been refuted in

the scientific arena. People promulgating these claims

typically make their assertions in forums where they

can avoid expert peer review and impugn the

Fig. 1 Annual number of published articles (journal papers,

radio and video broadcasts, news and magazine articles, books)

that promote invasive species denialism—defined here as

ignoring or denying scientific facts and making claims that

have already been refuted in the peer-reviewed literature.

Articles published between 1990 and 2016, inclusive, were

searched through Web of Science, Google Scholar, and Google

News archives using invasive species, non-native species, and

alien species as search terms. Exponential curve fitted by

nonlinear regression: y ¼ e0:18x�2:10, where x is the number of

years since 1990 (R2 = 0.745, P\ 0.0001)
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credibility of the science or even the integrity of its

researchers. Exemplifying these tactics are several

contrarians who have insinuated that invasion biology

is afflicted with a bias arising from xenophobia and

latent racism (e.g. Theodoropoulos 2003; Raffles

2011; Winograd 2013; Thompson 2014; but see

Simberloff 2003). Furthermore, they accuse research-

ers of stoking alarmism for financial gain (Pearce

2015a; Thompson 2014) and of working in collusion

with major pesticide companies (Theodoropoulos

2003; Cockburn 2015). Misrepresentation of motiva-

tions and ethics is a common characteristic of science

denialism, as has been witnessed in campaigns against

climate change and public health policies. For exam-

ple, pro-tobacco groups highlight the fact that Hitler

supported anti-smoking campaigns (Diethelm and

McKee 2009). Allusions to Nazi Germany have

likewise been used to attack invasion biology

(Theodoropoulos 2003; Thompson 2014). Thompson

(2014) compared attempts at distinguishing native and

non-native species to separating humans by skin

colour in apartheid South Africa or by Jewishness in

Nazi Germany; he emphasized that Hitler advocated

for gardens to be planted only with native species.

A comprehensive example is an opinion piece

printed in New Scientist by journalist Fred Pearce in

which he attempted to cast doubt on evidence that

invasions play a significant role in native biodiversity

loss (Pearce 2015b). In this polemic, Pearce attacked a

highly-cited 2005 paper by ecologists Miguel Clavero

and Emili Garcı́a-Berthou, who examined the Inter-

national Union for the Conservation of Nature (IUCN)

Red List database and found that invasive species were

implicated in over 50% of the animal extinction cases

for which a cause was known. After referring

disparagingly to their paper’s length (‘‘just four

paragraphs long’’), Pearce insinuated improper pro-

fessional conduct by claiming that, upon request, the

authors could not provide him with details of their

analysis or notes on which species they had included in

their study—a charge he repeats in a book that was

published the same year (Pearce 2015a). In a response

letter, Clavero and Garcı́a-Berthou (2015) countered

that in October 2013 (2 years before the publication of

Pearce’s opinion piece) they had sent him supplemen-

tary information that included a complete taxonomic

list of extinct species and the recorded causes of

extinction from the IUCN database, which is freely

available online. Pearce’s apparently false charge was

later omitted from an updated online version of his

New Scientist article. It should also be noted that in

their 2005 paper, Clavero and Garcı́a-Berthou cited

several previous statistical studies that indicate that

invasive species are important causes of extinction of

birds, fishes, and mammals. Such studies continue to

be published (e.g. Clavero et al. 2009; Doherty et al.

2016) and include a recent comprehensive analysis of

the IUCN database that supports Clavero and Garcı́a-

Berthou’s original findings and goes further to

conclude that alien species are the most common

threat associated with vertebrate extinctions overall

(Bellard et al. 2016). These studies have been

dismissed or ignored by Pearce and other contrarians,

including Thompson (2014), who asserted that ‘‘the

data can show whatever we want them to show,

provided we choose them right’’—a common refrain

of those who deny climate science.

What is fueling the rise?

Invasive species denialism has grown in spite of

burgeoning evidence demonstrating the significant

role of invasions in biodiversity loss, food web

disruption, altered ecosystem function, and human

health risk (e.g. Mazza et al. 2013; Ricciardi et al.

2013; Bradshaw et al. 2016; Paini et al. 2017). This

trend may be fueled by a range of motivations, such as

those of free-market ideologues opposed to ecologists’

calls for increased regulation on transportation and

trade in living organisms (e.g. Bailey 2000). Denial-

ism could also stem from distrust of scientific insti-

tutions in a post-truth society (Lewandowsky et al.

2013) or from conflicting values and perceptions of

nature (Simberloff 2012; Estévez et al. 2013). Another

motivation, for some, might be a desire to attain

increased visibility; a contrarian message can facilitate

exposure in the popular press as well as in some

scholarly journals (Duffy 2013). Regardless of the

cause, this extreme form of dissent is not evidence-

based and therefore does not constitute a scientific

controversy. Within academia, it is most often

expressed by social scientists and philosophers, and

far less by natural scientists; only 6% (5/77) of the

articles we identified were published in natural science

journals.

Invasive species denialism is lent credence by

science reporters who present contrarian assertions
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alongside those of mainstream ecologists in a false

equivalence (‘balanced reporting’), as has been

observed for other environmental issues (Boykoff &

Boykoff 2004). This ‘‘he said/she said framework of

modern journalism’’, according to Oreskes and Con-

way (2010), ignores the reality of the scientific

process: ‘‘We [the media] think that if someone

disagrees, we should give that someone due consid-

eration. We think it’s only fair. What we don’t

understand is that in many cases, that person has

already received due consideration in the halls of

science’’ (Oreskes and Conway 2010, p. 169).

Conclusion

In raising this issue, it is not our intention to stifle

scientific dissent. Contrarians are free to offer evi-

dence in the scientific arena. Denialism occupies an

extreme end of a continuum of skepticism and should

not be confused with vigorous fact-based debates

expressed in the invasion biology literature concern-

ing, for example, the extent to which invasions may be

‘passengers’ rather than drivers of environmental

change, the risks of assisted colonization and rewil-

ding, and the safety of biological control. By contrast,

rejecting decades of research as ‘biased’ science is not

honest debate. A credible challenge to a thriving

scientific discipline requires more than opinion arti-

cles and manufactured controversies in the media.

In an era of rapid global change, invasion biology’s

relevance to biosecurity, conservation, and ecosystem

management is indisputable and increasing (Meyerson

and Reaser 2003;Walther et al. 2009; Paini et al. 2017;

Ricciardi et al. 2017), yet we anticipate that invasive

species denialism will continue to have a voice in

mainstream media outlets that mistakenly treat it as

indicating a scientific controversy. The resulting

manufactured doubt could have real consequences.

A recent expert evaluation of emerging global issues

affecting the science and management of invasive

species (Ricciardi et al. 2017) concluded that growing

denialism in the public sphere could impede develop-

ment and implementation of policies designed to

prevent, control, or mitigate invasive species spread

and impact. Effective management of invasive species

and other environmental problems requires commu-

nity consensus—which is dependent on public per-

ceptions, motivations and values, and how scientific

evidence is communicated (Shine and Doody 2011).

Therefore, invasion biologists must convey their

findings more pervasively and persuasively to the

general public, using all media tools available.
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