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Opinion

Invasion Biology: Specific
Problems and Possible
Solutions
Franck Courchamp,1,* Alice Fournier,1 Céline Bellard,2

Cleo Bertelsmeier,3 Elsa Bonnaud,1 Jonathan M. Jeschke,4,5,6

and James C. Russell1,7

Biological invasions have been unambiguously shown to be one of the major

global causes of biodiversity loss. Despite the magnitude of this threat and

recent scientific advances, this field remains a regular target of criticism – from

outright deniers of the threat to scientists questioning the utility of the discipline.

This unique situation, combining internal strife and an unaware society, greatly

hinders the progress of invasion biology. It is crucial to identify the specificities

of this discipline that lead to such difficulties. We outline here 24 specificities

and problems of this discipline and categorize them into four groups: under-

standing, alerting, supporting, and implementing the issues associated with

invasive alien species, and we offer solutions to tackle these problems and push

the field forward.

Invasion Biology in Turmoil

Despite some recent strife [1], invasion biology is generally regarded as an important and useful

scientific endeavor at the crossroads of ecology and conservation biology [2]. It has a strong

management component because it is – [45_TD$DIFF]just like conservation biology – both a field of research

and a field of action. Support from society is therefore essential for this discipline – from the policy

makers that decide the focus of research programs to the citizens that can help to implement

[46_TD$DIFF]management actions. However, there is a marked tendency to negate the benefits and even the

necessity of invasion biology, with increasingly frequent articles in newspapers and popular

science books, as well as scientific opinion articles[47_TD$DIFF] [3].

More generally, it appears that, other than a few countries such as New Zealand and Australia,

citizens and organizations of the world very seldom feel concerned with – or are even simply

aware of – the impacts caused by invasive alien species (e.g., [ [48_TD$DIFF]4,5]). This is especially true for the

ecological impacts of biological invasions, which generally go [49_TD$DIFF]disregarded by most. The

sympathetic respondents are generally few, and can sometimes be overcome by an active,

hostile minority who may weaken or even jeopardize the efforts of both scientists and managers.

Understanding this lack of support is therefore crucial given that other major causes of

biodiversity loss such as habitat loss, overexploitation, or pollution do not suffer from the same

societal resistance. It is only once we have made explicit which difficulties are faced by invasion

biology that we can propose adequate solutions (Figure 1).

Specific Difficulties Related to Invasion Biology

We identify here 24 specific difficulties and problems of invasion biology that we, as scientists,

need to act upon. We classify these problems into four distinct types of difficulties: understand-

ing, alerting, supporting, and implementing issues stemming from invasion biology.

Trends

Global analyses and recent syntheses

confirm what the scientific community

has claimed for decades: biological

invasions cause major impacts and

are a major cause of biodiversity loss

worldwide.

Despite increasing evidence, the

importance of biological invasions is

not generally acknowledged by the

public, is not fully accepted by decision

makers, and has even recently been

increasingly disputed by some

scientists.

The mismatch between the urgency to

deal with a major environmental issue

and the little concern it receives from

several key components of society

needs to be recognized and the under-

lying reasons identified and addressed.

Many reasons for this mismatch are not

shared with other global change

aspects and are specific to invasion

biology; in particular, these include dif-

ficulties in raising awareness and

understanding as well as in obtaining

support for the implementation of con-

servation programs.
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Understanding

The concept of invasive alien species (IAS) is generally poorly understood by society. First and

foremost, this is because invasion biology resides in ecology, a science with complexity as its

essence [ [50_TD$DIFF]6]. Understanding the concept of IAS and the problems generated in invaded

ecosystems requires a general understanding of ecology and evolution, and in particular of

interspecific relationships, population dynamics, co-evolutionary processes, and so forth. Those

without an ecological background often hold the candid view that species can simply be added

into ecosystems without consequences. Conversely, the harms related to removing species,

such as cutting large areas of forest or destroying fish stocks, are more straightforward to

understand.

Another difficulty is that the outlines of the key notions of biological invasions are ambiguously

delineated [ [50_TD$DIFF]6]. For example, some authors wish to include native species into the concept of

invasion (e.g., [ [51_TD$DIFF]7,8], but see also [[52_TD$DIFF]9,10]). The concept of an invasive species is also shifting

because of climate change: species naturally colonizing new adjacent areas because of the

geographic expansion of their suitable climatic niche are considered invasive by some, but not by

others [ [53_TD$DIFF]11]. The necessity to invoke a human cause in the process of invasion is also a point of

discussion [ [54_TD$DIFF]12]. The understanding of biological invasions by the general public would benefit

from greater rigor and consistency within the scientific community [ [55_TD$DIFF]13,14].

Although some definitions (e.g., [ [56_TD$DIFF]15]) and unified frameworks [ [57_TD$DIFF]16,17] have been proposed,

terminology issues persist. The terms alien, allochthonous, domesticated, exotic, foreign,

introduced, invasive, naturalized, non-indigenous, non-native, or pest can all be found in the

literature, sometimes used interchangeably but also sometimes with different meanings[8_TD$DIFF]. Def-

initions vary according to the scientific field concerned – ecology, economics, philosophy, law,

ethics, sociology, management, etc. – and the actors and objectives targeted [ [58_TD$DIFF]18] (Figure 2). In

addition, the status of ‘invasive’ is dynamic in space and time (Box 1). For all the aforementioned

reasons, the scientific messages themselves may be multiple, even contradictory, and therefore

unclear. Thus, standard and clear definitions would make [59_TD$DIFF]understanding on invasive species

more efficient.

Moreover, the complexity of the processes in action in biological invasions often prevents

specialists from issuing scenarios with simple, quantitative alternatives and uncertainty mea-

sures [ [50_TD$DIFF]6]. Because invasions depend on the combination of dynamic interspecific relationships,

abiotic effects, and anthropogenic influences, it is extremely complicated to obtain reliable

predictions of spread and impacts. Contrary to the effects of other global threats on biodiversity,

such as climate change (e.g., [ [60_TD$DIFF]19]), global scenarios for biological invasions are seldom

proposed by experts [61_TD$DIFF]because of the aforementioned complexities of the systems. This lack

of scenarios hinders political credibility and public acceptance, andmaintains the lack of a sound

basis for decision makers to work from.

Because of a lack of consensus within the scientific community and the inherent complexity of

biological invasions, the public is much less aware of this global threat than of most other drivers

of biodiversity loss. However, increasing understanding about IAS alone is not sufficient. The

public also needs to be alerted and convinced (not necessarily by scientists) that IAS need close

attention.

Alerting

The main difficulty in alerting the public to the need to pay closer attention to IAS lies in the

ongoing challenge to demonstrate the impact of IAS. Although some scientists would prefer

impacts not to be part of the definition of IAS [ [62_TD$DIFF]20], the ecological and socioeconomic damage

these species cause is often the ultimate reason for studying and counteracting them [ [63_TD$DIFF]17].
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Economic impacts can be relatively straightforward to estimate but, even so, recent studies

show how little is known about the economic impacts of even the most damaging IAS [ [64_TD$DIFF]21].

Defining an ecological impact is different and even more complex [ [65_TD$DIFF]17,22,23]. The metric of the

impact, the threshold above which a process is considered problematic, the amplitude and

duration of such effects, and the markers of consequences all need to be defined, measured,

and distinguished from the background noise of normal ecological variation. A recent study

showed that environmental impacts were demonstrated for only 30% of alien bird species, while

data are lacking for the remaining species [ [66_TD$DIFF]24].

Two dimensions make it difficult to demonstrate the significant impact of IAS: time and spatial

scales [[67_TD$DIFF]25]. Several decades generally separate introduction from invasion [ [68_TD$DIFF]26,27], the changes

are usually gradual, tending to pass unnoticed, and the impacts are context-, region-, and

species-dependent. Second, showing that the observed changes are a consequence of the

invasion generally requires complex experimental approaches. This represents a heavy burden

of proof for the invasion biologist, especially for taxonomic groups that are less well studied,

known, or appealing to the public (Box 2).

Difficul�esDifficul�es

Lack of knowledge on

many systems

Blurry defini�ons

Evolving concepts

Field-specific frameworks

Lack of general rules

Difficult measure and

demonstra�on of impacts
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Difficult an�cipa�on of

system evolu�on

Local scale interests

Sympathy for many IAS

Reluctance to kill
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Develop theory
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term program relevance
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Figure 1. Difficulties and Proposed Solutions for Advancing Invasion Biology, According to the Four Categories of Issues Identified. The alternation of

text colors in the boxes is purely for ease of reading.
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The history of invasion biology has shown that the generally poor understanding of the intricacies

of invaded trophic webs, communities, and ecological networks has regularly made it impossible

to accurately predict the outcome of invasions, or the outcome of the removal of invaders.

Unexpected indirect effects, also called surprise effects, have generated undesired outcomes

[ [69_TD$DIFF]28–[70_TD$DIFF]30]. Suchmishaps are damaging the credibility of invasion biologists and themessages they

attempt to deliver.

The lack of a universal theoretical context and general rules is a further impediment to raising

awareness on the magnitude of this threat. Even the ecological traits that characterize IAS

Box 1. What Time-Frames and Impact Thresholds Define an IAS?

There is no commonly agreed time-frame or scale of impact after introduction that define a species as invasive. Each

species has its own specific timespan before it comes into stasis with the local ecosystem, and even that is also species-

and context-specific. For example, the European honey bee Apis mellifera, introduced worldwide as a pollinator centuries

ago, is now rarely presented as invasive, its negative impact on local pollinators being generally overlooked. By contrast,

the Asian Megachile sculpturalis, recently detected in Europe, is suspected to be invasive, based on a single record of

nest eviction of a native pollinator in the USA, and its potential for pollination has been ignored. To objectively [1_TD$DIFF] prioritize for

management [14_TD$DIFF], it is necessary to consider both the ecological and economic impacts, as well as the time since

introduction, of the species in question. Furthermore, impacts of invasive species can take decades to occur, a scale

at which awareness of change is harder. Even if impacts are not detected since introduction, potential synergies with

climate change could generate novel impacts that did not occur before, challenging further the concept of invasive

species (see main text). This further illustrates the lack of any rigorous time-frame characterization of the key definitions.

This overall paucity of clear delineation of the concepts adds further confusion to the general lack of understanding of

invasion sciences [2_TD$DIFF] among citizens.

Scep�c 

Adversary 

Neutral 

Concerned 

Supporter 

Improved

communica�on

Improved

collabora�on

Interna�onal

trade industry

Civil society

Public sector

Tourism industry

Lawyers

Local communi�es

Policy makers

State and federal agencies

Animal rights socie�es

Green industry

Hun�ng industry

Foresters

Natural area managers

Academia

Conserva�on organiza�ons

Figure 2. Different Types of [12_TD$DIFF]Stakeholders with which Invasion Biologists Interact. Their position regarding

biological invasions is not always in consensus and can be context-specific.
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(or communities sensitive to invasion) are generally lacking [ [71_TD$DIFF]31–[72_TD$DIFF]33], although there are excep-

tions [ [73_TD$DIFF]34]. Historically, conservation biologists have dealt with key new invasions on a case-by-

case basis, without theoretical methodologies or conceptual frameworks. No general rules for

prevention and response actions are highlighted, which further weakens the perception that IAS

are a crucial threat.

An additional issue that makes alerting difficult is that invasive species are a multi-faceted threat.

Owing to the tremendously high number of IAS and species that may potentially become

invasive, it is challenging to ‘put a face’ on the problem of biological invasions, which is not the

case with deforestation, pollution, climate change, or overexploitation. It is also arduous to view a

species as problematic when the species is damaging in one place, but not so (or even

sometimes endangered) in its native habitat. In that case, one must grasp that it is not the

(many) species that are a potential problem, but the species–environment interaction. The

myriad of studies on IAS generally focus on one or a few species, diluting the recognition of each.

As a result, communication on IAS is often local, and related to specific cases, either of which

misses most of the global audience, or addresses themwith foreign issues generally irrelevant to

the global audience. It presents invasions as a gathering of multiple cases varying in time and

space rather than as a general issue, with a global cause, upon which we can act.

Supporting

One major impediment to the support of studies and actions in biological invasions is the huge

sympathy capital for many IAS. Some have been introduced because they are beautiful (e.g.,

ornamental flowers, aquarium fish, exotic pets), cute and/or domestic (e.g., cats, grey squirrels),

or useful (e.g., game, fur mammals). Strong conflicts of interest may also arise that prevent

support for IAS removal [ [74_TD$DIFF]35]. In addition, even when people recognize the need for invasive

species management, they [75_TD$DIFF]may not support early eradications or preventive measures when

threats are less apparent [ [76_TD$DIFF]36]. A related argument is that, because invasive species have been

introduced by humans, it is neither fair nor ethical to kill them, suggesting that their eradication

may be considered akin to a punishment following a fault that was not their own. Cats are a

strong illustration of this sympathy capital: eradicating invasive cats can be difficult, and often

inefficient actions such as live trapping, transporting, sheltering, and neutering are regulated [ [77_TD$DIFF]37].

The case of the grey squirrel in Italy is also a good illustration of the difficulties invasion biologists

can encounter because of the public empathy for IAS [ [78_TD$DIFF]38,39].

Similarly, there are strong ethical implications of basing conservation programs on killing, even if

it is to protect other species. There is a general reluctance to support conservation programs

Box 2. Complexities in Demonstrating the Impact of IAS

Proving and measuring the impact of IAS on invaded ecosystems is extremely difficult. A typical example is the

introduction of rats on islands [[15_TD$DIFF]59]. Rats have been unambiguously observed to prey upon eggs, chicks, and adult

birds. Even so, these repeated observations are insufficient to prove that they have an impact at the population level and

endanger entire bird populations. Although well documented and recognized by the scientific community, demonstrating

and quantifying to what extent they affect local communities requires population dynamics studies, which are intensive.

This is one example of an IAS that is undoubtedly known to have a consistent impact on the invaded ecosystems, but

scientists must still collect evidence to support their warnings and management recommendations.

An additional difficulty in alerting the public about the threat that IAS represent arises from the fact that a majority of IAS

are unknown or unfamiliar to most people. For example, many invasive invertebrates and microorganisms can have

dramatic impacts. Not only are these taxa less studied by researchers but also, if impacts are ultimately proven, the

results are deemed harder to communicate to the public as compared to research on charismatic mammals, birds, and

plants. For some invasions, such as earthworms in deglaciated parts of North America where the impacts on soil

communities are wide-ranging both in scale and in type, there is very little public awareness, and therefore interest is not

stimulated. These examples illustrate two types of obstacle that make it complicated to voice concerns about the threat

that IAS represent.

Trends in Ecology & Evolution, Month Year, Vol. xx, No. yy 5
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that are only indirectly positive, but remain directly negative for life in the short term. This leads to

a lack of support from animal rights proponents. It remains arduous to justify killing some

individuals, even if it is for the benefits of entire populations or species [ [79_TD$DIFF]40], because animal ethics

does not put species conservation above individual suffering. Although lethal removal can

sometimes be the only sustainable solution [[80_TD$DIFF]41], this is not readily accepted by many. For all

other drivers of biodiversity loss, the actions are directly positive: for example, planting trees,

refraining from buying wildlife products, or cleaning up polluted beaches. Killing species to

protect the environment can be seen as too indirectly positive, at best.

Of course, actions tomitigate biological invasions are not limited to eradicating or controlling IAS,

and the general public can be advised to act appropriately, or more often, to refrain from

particular activities. Asking them not to release plants or animals in locations outside their native

range, for instance, can be viewed as a constraint to their liberty and is therefore not imple-

mented willingly, even if the underlying rationale is understood. Recommendations are also often

counterintuitive; for example, people can consider releasing animals into wild habitats as a

righteous action.

Another source of the lack of support comes from the confusion between naturalized alien

species of economic value (e.g., cultivated plants) and harmful invasive species. The messages

that invasion biologists strive to put forward is that management actions are limited to species

that have important negative impacts on ecosystems or socioeconomies, and are not directed at

species that have no or positive impacts [2].

Likewise, the recurrent reproaches that invasion biologists are xenophobic because their models

of study are alien species are as unfounded as they are unreasonable. Refraining from using war-

like vocabulary is one step towards this. It is noteworthy that [81_TD$DIFF]no one seems shocked that

conservationists ‘fight’ against deforestation or poaching, but ‘fighting’ against invasive species

has negative connotations because it is directed against other living organisms.

While the species responsible for invasions are too numerous to assign a clear face to the

problem, invasion biologists also lack iconic victims that need to be saved. Climate change is

personified by the polar bear, poaching shows rhinos and elephants, deforestation is illustrated,

for example, by orang-utans, overexploitation campaigns show whales, and marine pollution is

associated with seabirds trapped in oil spills and sea turtles tangled in plastic. By contrast,

invasion biology has no global face to focus salvation efforts on.

Implementing

When implementing actions against biological invasions, the first challenge is that their success

is never definitive: years of management can be negated by a single biosecurity breach.

Conservation programs face the challenge to predict IAS distributions, prevent introductions,

intercept and monitor IAS, and, where possible, perform eradication measures; all these steps

are extremely challenging, especially in the final phases when the remaining individuals are at low

density and eradication seems complete. Because the success of management actions cannot

be guaranteed, most funders and decision makers are hesitant to support invasion biology

programs.

More than in many other struggles for biodiversity, there are legal difficulties associated with IAS.

First, where does the burden of responsibility lie: when an [82_TD$DIFF]alien species is released into the wild,

is it the responsibility of the trader (e.g., pet store), of the user (e.g., pet owners), or of the releaser

(often unknown)? Most countries such as in Europe still use black lists (species proved to be

invasive are intercepted; this approach is also used by the new EU regulation on IAS [ [83_TD$DIFF]42]) to

regulate the entry of [82_TD$DIFF]alien species, while from an ecological perspective it would be advisable to

6 Trends in Ecology & Evolution, Month Year, Vol. xx, No. yy



TREE 2187 No. of Pages 10

use white lists (only species known to have a very low invasion potential are to be allowed in).

Moreover, species are considered to be non-native only if they come from distinct political

borders, not geographical ones. This is obviously problematic in the case of overseas territories:

in France, any invasive species can legally be imported from French Guyana or New Caledonia,

even when they cause important damage there. Although increasing numbers of countries have

adopted legislation to address the issues of IAS [ [84_TD$DIFF]43,44], very few are adequate, even fewer are

satisfyingly implemented, and none are enforced across geopolitical frontiers. For instance, it is

only illegal to farm invasive American mink in some European countries; other European

countries continue to breed them, and the fur industry constitutes an important and continuous

source of invasive American mink in Europe [ [85_TD$DIFF]45]. Moreover, legislation for and the implementa-

tion of conservation programs across geopolitical frontiers are complicated because restrictions

on goods flow and quarantine measures tend to clash with the economic goals of global free

trade. A review on social conflicts in invasive species management found that they arose based

largely on differences in value systems and on risk perceptions of stakeholders and decision

makers [ [86_TD$DIFF]46], something that now needs to be taken into account in management strategies.

Finally, the ‘tragedy of the commons’ [[87_TD$DIFF]47] applies maliciously to biological invasions because

short-term individual or economic interests may be greater than the common good; but, unlike

climate change for example, the loss is rarely shared by all. Some can benefit from actions that

will lead to biological invasions, while not directly suffering from the resulting damage (losses to

biodiversity are often economic externalities and damage can be localized). Typical examples are

the substantial economic costs caused by invasive insects transported accidentally by interna-

tional trade. These introductions could be avoided, but only at a high cost for the importers, who

have no economic incentive to do so. Many other types of [88_TD$DIFF]examples exist, from the human cost

of herbicide use to remove [82_TD$DIFF]alien plants to interests from different stakeholders in horticulture,

forestry, or sport-fishing industries [ [89_TD$DIFF]48– [90_TD$DIFF]51].

As illustrated here, invasion biology is characterized by a wicked combination of multiple

difficulties, many of which are idiosyncratic to this discipline. Consequently, we need to clearly

delineate them and find specific solutions to address them (Figure 1).

Towards Possible Solutions

Scientific Progress

Although invasion biology has grown enormously in the past decades, a new level must now be

reached to face the current challenges of this field both from within and outside. As suggested

above, improving the theoretical corpus and developing new predictive tools, both at the level of

ecosystem trajectories and at larger scales (scenarios for global invasions in the coming

decades), would benefit the discipline not only regarding the issue of understanding but also

well beyond, into alerting and supporting. Qualitative progress in deciphering the processes of

invasions, the traits leading to invasiveness or invasibility, and the dynamics of introduced

species can now benefit from the latest quantitative developments of modern data science and

advanced statistics. Better incorporation of economics and social sciences into ecological

studies, especially regarding impacts, is also now crucial. Lastly, in parallel to better defining

and quantifying ecological impacts, scientists should focus on further advancing solution-based

approaches that also imply a more integrated collaboration with political and social scientists.

Standardization

Another important category of solutions common to many of the specific difficulties mentioned

above will come from standardization efforts. Consensual definitions have recently been pro-

posed [ [91_TD$DIFF]15,16]. Although it is unrealistic to propose that everyone uses exactly the same set of

definitions, we recommend that people are explicit and clear about the definitions they use[9_TD$DIFF]. For

instance, one should be clear whether the term IAS is only used to refer to species that cause
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negative impacts. Efforts should be made to improve general conceptual frameworks and tools

to characterize and measure the progress and impacts of IAS [ [63_TD$DIFF]17]. These must then be adopted

by the scientific community [ [50_TD$DIFF]6] to better understand, measure, and predict the outcomes of

invasions, to be more persuasive, and to obtain more solid support. The management of IAS,

including the different levels of involvement of various stakeholders, also needs to benefit from

more standardized processes so as to optimize outcomes [ [92_TD$DIFF]50]. Standardization should also be

aimed at legislation [ [93_TD$DIFF]52]. Although some progress has been achieved [ [83_TD$DIFF]42], inadequacies or lack

of enforcement have been reported for many legislative frameworks (e.g., [ [93_TD$DIFF]52– [94_TD$DIFF]54]). Across

Box 3. Shifting Our Science Communication Paradigm

Part of the lack of broader support from society is because some of the main principles of invasion biology diverge from

personal interests, and even sometimes with the core values of individuals. Invasion biology is indeed a clear example

where scientific understanding can conflict with central beliefs of members of the public, creating a tension between

scientists and society. In such cases, scientists, who frequently attribute public disagreement to ignorance or mis-

understanding, must realize that more genuine interactions between experts and citizens depend upon a shift of science

communication and upon recognition of different values and motivations. [16_TD$DIFF]We [17_TD$DIFF]now [18_TD$DIFF]need to [19_TD$DIFF]shift from [20_TD$DIFF]the one-way [3_TD$DIFF]model

[21_TD$DIFF]based [22_TD$DIFF]on [23_TD$DIFF]the belief that more knowledge [24_TD$DIFF]is [25_TD$DIFF]needed to convince the public, to [26_TD$DIFF]a [27_TD$DIFF]new [28_TD$DIFF]communication [29_TD$DIFF]paradigm [30_TD$DIFF]that

accepts that public [31_TD$DIFF]resistance [32_TD$DIFF]may [33_TD$DIFF]not [24_TD$DIFF]be [34_TD$DIFF]due [35_TD$DIFF]to [36_TD$DIFF]lack [37_TD$DIFF]of information alone. [38_TD$DIFF]

This shift should help to alleviate the effects of the recent multiplication of both the transmitters and the receivers of the

scientific message [ [39_TD$DIFF]57]. On the one hand, science communicators are no longer limited to a small group of prestigious

experts; the already complex scientific message broadens, multiplies, and sometimes becomes contradictory, thus

losing focus and impact. In parallel, the citizen sphere receiving this information is divided into many interest groups,

including specialists, hobbyists, lobbyists, funding institutions, policy makers, and politicians, all having different

dialogues on the issues.

The ‘deficit model’ of science communication (Figure I) stipulates that an increase in the transfer of information from

experts to the public will convince the latter about the accuracy and reliability of the discipline [ [40_TD$DIFF]56]. In this model it is

assumed that knowledge is the only factor guiding how individuals reach judgments, even though social identity,

ideology, and trust often have stronger impacts [ [41_TD$DIFF]55]. It is purely one-way communication: experts decide and determine

the best strategy to adopt, and then communicate their solutions to policy makers. This model is now considered to be

inefficient and outdated.

By contrast, the ‘dialogue model’ or ‘public engagement model’ (Figure I) is based on a genuine interchange with the

public that recognizes and incorporates differences in knowledge, values, perspectives, and interests. It is a two- or multi-

way discussion with public stakeholders on benefits, drawbacks, and costs, based on deliberative public engagement

techniques. Invasion biologists must be trained in these techniques to become better able to engage with the public.

Society: contributors to social 

intelligence

Deficit model

Experts

Dialogue model

Experts

Knowledge

transfer

Governments

Trade and industrySociety: receivers of

informa�on

Figure I. Deficit and Dialogue Models of Science Communication[13_TD$DIFF].
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borders, laws and economic incentives to compel importers to prevent the flow of species may

help to resist the ‘tragedy of the commons’ scenario.

Communication

Many issues related to the acceptance and support of invasion biology by society arise from

[95_TD$DIFF]inappropriate communication, possibly because scientists rely on an out-datedmodel. Scientific

communication must be transformed in its form and content. First, by taking full advantage of

modern tools of communication [ [41_TD$DIFF]55] and citizen science. Second, by adapting our messages

and our communication model [ [96_TD$DIFF]56,57] to our various audiences [ [41_TD$DIFF]55], including stakeholders with

various perceptions [ [76_TD$DIFF]36] or opposing interests [ [97_TD$DIFF]49,50,58]. It is time tomove from a one-way, top-

down model where science aims to deliver knowledge and truth, to an authentic dialogue with

the public, permitting mutual understanding and resolution for both parties (Box 3). Third,

scientific concepts related to biological invasions need to be translated into simple and intelligible

messages for the general public. It is urgent to clarify the ecological notions necessary to

understand why IAS are a threat to biodiversity, and perhaps to focus on fewer threatened iconic

species rather than on multiple IAS. This way, biological invasions might be identified as a global

threat and general phenomenon against which action can be taken, rather than a patchwork of

locally specific and distinct issues that are impossible to rally support against. Scientific findings

and existing global scenarios should be converted into explicit and useful guidelines for decision

makers and managers, and disseminated more widely. Our communication strategy must

recognize and incorporate differences in knowledge, values, perspectives, and motivations

[ [40_TD$DIFF]56]. Both the process of biological invasions and the identity of invasive species should bemade

clearer to the public, as should be the species potentially affected by them [98_TD$DIFF] (e.g., find an 'iconic

victim'). The vocabulary employed should neither be war-like nor centered on killing, nor be

authoritarian, if we aim to obtain support from society for developing research, legislation,

management, and prevention programs. Finally, increased awareness of IAS impacts may come

through highlighting the economic costs of IAS. This will attract the attention of people other than

scientists, who may then become more receptive to the growing ecological problems and

perhaps shift the stance and the relationships of some stakeholders with our discipline (Figure 2).

To close, there is an imperative need and considerable potential to advance invasion biology,

standardize its methods, and improve its communication strategy. We believe that it is only by

acknowledging the idiosyncrasies of our scientific field, and by adapting our actions and

messages to these peculiarities, compared to other drivers of biodiversity loss, that we will

acquire the necessary support to advance this discipline.
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