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Abstract  46 

Invasion science addresses interconnected ecological, economic, and social challenges posed by the 47 

introduction of non-native species. Hence, invasion scientists have to consider and reconcile 48 

interdisciplinary needs while addressing potential implications of their findings. Navigating diverse 49 

disciplines, including environmental sciences, ecology, economics and the humanities, invasion scientists 50 

seek to arrive at informed decisions on invasion risk, impact, and management. Individual biases, 51 

uncertainties, and systemic pressures influence the ability to maintain objectivity and resist pressures that 52 

might otherwise distort findings or applications. This commentary examines conceptual and ethical 53 

dilemmas within the field of invasion science, particularly reputational and risks of the discipline 54 

perpetuating its own relevance by framing invasions as insurmountable challenges. The discussion 55 

highlights how incentive structures, biased assessments and framing, and conflicts of interest may 56 

compromise the discipline’s integrity. We also explore questions surrounding human responsibility to 57 

animal welfare and highlight ethical conundrums in the management of invasive species. 58 
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Introduction 63 

Human activities, such as trade, travel, and land-use conversion, have dissolved inherent barriers to the 64 

natural occurrence of species (Banks et al. 2015, Doherty et al. 2021). Many ensuing biological invasions 65 

have drastically shaped the global environmental landscape, especially in recent decades (Simberloff 2014, 66 

Roy et al. 2023), altering terrestrial and aquatic ecosystems alike (Ehrenfeld 2010). The introduction of non-67 

native species has disrupted native biodiversity (Li et al. 2016, Olden et al. 2018) and altered recipient 68 

communities and ecosystem functions (Vilà and Hulme 2017). In some cases, biological invasions are 69 

leading to severe economic impacts (Cuthbert et al. 2021, Diagne et al. 2021) and pose significant challenges 70 

to human societies, affecting customary ways of using natural resources (e.g. agriculture, fisheries, forestry 71 

and hunting) and human health and well-being (e.g. the spread of species or new diseases that may be 72 

dangerous for humans) (Bacher et al. 2023). Moreover, biological invasions may even affect our perception 73 

of nature by shifting people’s understanding of what is a “pristine” ecosystem (Soga and Gaston 2018) and 74 

result in the emergence of new bio-phobias (i.e. aversions or fears toward certain species or other elements 75 

of the natural world that pose little or no threat to humans; Soga et al. 2023), especially when non-native 76 

species vector pathogens are introduced (Cuthbert et al. 2023). Invasion science has thus emerged as a 77 

critical discipline, predominantly within ecology, tasked with understanding, preventing, and managing the 78 

effects of non-native species on both natural ecosystems and human societies (Lockwood et al. 2013, 79 

Epanchin-Niell 2017, Shackleton et al. 2019).  80 

The urgency of tackling biological invasions has been underscored by international agreements and 81 

conservation targets, such as the Convention on Biological Diversity’s (CBD) Aichi Biodiversity Target 9, 82 

that highlighted the need to identify non-native species and their pathways of introduction and spread and 83 

implement management strategies globally (Essl et al. 2020). The Target 6 of the Kunming-Montreal Global 84 

Biodiversity Framework, negotiated in 2024 through the Conference of the Parties of the CBD, went even 85 

further: Although details on how this will be achieved, funded, and implemented remains a pressing 86 

question, it ambitiously aims to reduce the rates of introduction and establishment of known or potential 87 

invasive non-native species by at least 50% by 2030 (https://www.cbd.int/gbf/targets/6). One of the 88 

considered tools is rewilding, which triggered the debate on species introductions and reintroductions. 89 

Rewilding focuses on restoring entire ecosystems by enhancing ecological processes rather than targeting 90 

specific species or habitats. Effective rewilding strengthens ecosystem resilience to invasions and stressors; 91 

however, unpredictability of species recolonization raises legitimate concerns (Guareschi et al. 2024). The 92 

challenges facing invasion science are not solely technical or logistical in nature. The discipline is 93 

increasingly confronted with a range of practical, scientific and ethical concerns that underlie its very 94 

foundations (Peretti 1998, Hyatt 2002, Davis et al. 2011). As the young field is maturing, invasion science 95 



must grapple with the potential consequences of its own practices, including the vocabulary used to 96 

communicate (Kueffer and Larson 2014, Golebie et al. 2022, Guareschi et al. 2024), the intricacies of 97 

weighing the benefits versus costs of non-native species introductions (Reaser et al. 2003, Vimercati et al. 98 

2020, Sax et al. 2022), and the ethical implications of removing individuals from natural ecosystems 99 

(Lockwood 1996, Clark 2015, Olszańska et al. 2016). 100 

This commentary seeks to critically explore these issues, with a particular focus on the ways in 101 

which the structure and incentives of the field of invasion science may inadvertently perpetuate the very 102 

challenges it aims to address. While invasion science plays a crucial role in tackling some of these issues 103 

due to meticulous and ongoing research into every aspect related to biological invasions, it is essential that 104 

we also critically examine how the framing of invasion science, the pressures associated with securing 105 

ongoing research funding and potential conflicts of interest may shape the discipline in ways that 106 

compromise its integrity. This commentary aims to explore the deeper questions surrounding the definition 107 

of invasiveness, human responsibility in causing and managing invasions, as well as the ethics and 108 

motivations of intervening in natural ecosystems. We hope to inspire thoughtful reflection, open and honest 109 

dialogue within the invasion science community, advocating for a more ethically and philosophically 110 

grounded approach. Our goal is to encourage the field’s evolution toward meaningful advancements, 111 

informed communication, and constructive conversations, ultimately enhancing its credibility and 112 

effectiveness in serving both ecological and societal needs. While focusing on invasive non-native species 113 

(however defined; Soto et al. 2024), we recognize that the dilemmas and challenges discussed have wider 114 

relevance to conservation, environmental sciences, and natural resource management. 115 

The Role and Importance of Invasion Science 116 

Invasion science is concerned with understanding and managing the causes and consequences of biological 117 

invasions. Its objectives are multifaceted, ranging from (1) identifying relevant vectors and pathways 118 

through which species are introduced to new regions (McGeoch et al. 2016), (2) predicting which non-119 

native species may ultimately become a burden to the recipient ecosystems (Heger and Trepl 2003, Vilizzi 120 

et al. 2021), (3) forecasting the environmental conditions (human disturbance, biotic resistance, etc.) that 121 

make some habitats more susceptible to invasions than others (Torres et al. 2023), (4) understanding the 122 

interconnected ecological and societal impacts of these invasions (Simberloff et al. 2013), and (5) 123 

developing both proactive strategies to prevent introduction and establishment (e.g. biosecurity protocols) 124 

and reactive strategies to mitigate the effects of those established (e.g. (functional) eradication; Robertson 125 

et al. 2020, Green and Grosholz 2021). The contributions of invasion science as a discipline therefore extend 126 

beyond academic research, being deeply embedded in practical efforts to protect and restore ecosystems, 127 



conserve biodiversity, and safeguard human livelihoods (Britton 2023), with regular conflicts within and 128 

trade-offs among these objectives (Frawley and McCalman 2014, Chew 2015, Kourantidou et al. 2022).  129 

Despite being a relatively young discipline, invasion science has had a broad influence on policy 130 

and decision-making (Essl et al. 2020), shaping international agreements and national policies aimed at 131 

preventing the introduction and spread of invasive species (Early et al. 2016, Meyerson et al. 2022). 132 

However, invasion science must remain adaptable and responsive, as its relevance and effectiveness depend 133 

on continuously evolving to address complex and ever-changing challenges posed by globalization 134 

(Meyerson & Mooney 2007), climate change (Brönnimann and Brönnimann 2015), environment (Foley et 135 

al. 2013, Madhok 2021) and technological shifts (Larson et al. 2020). The discipline's continued relevance, 136 

effectiveness, and integrity hinges not only on its adaptability but also on its ability to address ethical 137 

concerns and avoid conflicts of interest (Frank 2021). Given its growing influence on policy and 138 

management decisions, invasion science must remain vigilant against biases and subjectivity that could 139 

undermine its credibility (Larson 2007, Ricciardi and Ryan 2018, Cassini 2020). This vigilance includes 140 

framing non-native species responsibly based on current knowledge (Pereyra et al. 2024, Simberloff et al. 141 

2024), critically examining the motivations behind research priorities, and resisting the pressures of a 142 

'publish or perish' system that incentivizes quick, surface-level science aimed more at career advancement 143 

than at fostering long-term solutions (Paasche and Österblom 2019, Urai and Kelly 2023).  144 

The Philosophical Nature of Invasions and Human Responsibility 145 

Should biological invasions be considered a natural phenomenon if they are linked to human activity? Some 146 

researchers view biological invasions as processes that are inherently natural, but significantly accelerated 147 

by human activity, involving species expanding their native range with or without human mediation 148 

(Williamson 1996, Davis 2009). Additionally, some may distinguish range expansions of those without, or 149 

with less clear, involvement of human-induced environmental changes (Essl et al. 2019). Others have argued 150 

that invasion science should be concerned exclusively with species that overcome natural barriers to 151 

dispersion owing to human intervention. This is because a species’ occurrence in an area can only be 152 

regarded as native if the occurrence is independent of human activities (Pyšek 1995, Oficialdegui et al. 153 

2024). From a perspective of impact all these dispersal processes, regardless of their spontaneity, may be 154 

relevant, as even species naturally expanding their range can have ecological, economic, and social 155 

consequences that parallel those of non-native species introduced to new regions. Such consequences can 156 

encompass damages to economies, changing environmental conditions, biotic interactions, and ecosystem 157 

functioning which can be responsible for regime shifts and local extinctions in a worst-case scenario 158 

(Zarzyczny et al. 2023). While immigration, emigration, and extinctions are inherent parts of eco-159 



evolutionary dynamics, it remains crucial to minimize the human-driven acceleration or general alteration 160 

of these processes. Therefore, “naturalness” of range expansion cannot be the sole valid argument to allow 161 

or prevent invasions. Ultimately, the most logical distinction may involve whether human mediation 162 

contributes to a species' movement into a new area, as these actions fundamentally alter the pace and scope 163 

of these natural dynamics, and the responsibility of duty to respond. 164 

The definition of what constitutes an "invasive" non-native species (see for instance Soto et al. 165 

2024) or the concepts of nativeness and non-nativeness (Davis et al. 2011, Oficialdegui et al. 2024) are in 166 

themselves topics of ongoing debate. Traditionally, a non-native species is defined as an organism 167 

introduced by humans (accidentally or intentionally) into an area where it has no evolutionary history (Soto 168 

et al. 2024). The term “invasiveness” has been commonly applied by institutions like the IUCN or the CBD 169 

to describe non-native species that harm the environment, human health, or the economy, and that may also 170 

be widespread (Richardson and Pyšek 2006). However, these definitions raise some fundamental questions. 171 

What does it—scientifically and practically—mean for a species to be 'non-native' (Djuraeva and Catedral 172 

2020, Oficialdegui et al. 2024), especially when some argue that nativeness cannot be fully or objectively 173 

defined? Do species inherently belong wherever they currently exist or are considered natural, regardless of 174 

their duration of presence or their evolutionary and migratory origins? How do we [objectively] determine 175 

the threshold for what constitutes ‘harm’—should this threshold be binary or might a more gradual, 176 

quantitative approach offer better clarity (Crystal-Ornelas and Lockwood 2020)? How can we objectively 177 

quantify the wide diversity of ecological impacts and what kind of metrics can we develop to measure and 178 

report impacts (Bernardo-Madrid et al. 2022)? When defining spread, do we focus on individual ecosystems 179 

(e.g. rivers) or larger landscapes such as catchments (Haubrock et al. 2024b)? And should ecosystems be 180 

managed to preserve a specific state, or should they be allowed to evolve autonomously, even if that means 181 

accepting the presence of non-native species (Schlaepfer et al. 2011, Gbedomon et al. 2020)? These 182 

questions are central to invasion science but have no unequivocal answers. Even though humans have a 183 

natural tendency to understand reality by categorizing things and phenomena into fixed groups, a process 184 

known as “category learning” (Ashby and Maddox 2005), any such attempt is prone to oversimplify 185 

complex and nuanced phenomena. This challenge should encourage reflections on the rapidly evolving 186 

nature of the field and invite a more nuanced understanding of invasion science’s foundational assumptions.  187 

Manage, maintain, or do nothing? 188 

A central debate revolves around whether ecosystems should be restored or, when still in an uninvaded (i.e. 189 

pristine) healthy state unaffected by human influence and stressors, maintained in such a pre-invasion state, 190 

or whether they should be allowed to adapt and evolve in response to the presence of non-native species 191 



(Cassini 2020, Warren 2023). Some argue that all species, including humans, are part of nature's dynamic 192 

processes (Marean 2015, Graf 2022), and that efforts to eradicate non-native species may have unwanted 193 

and unintended consequences for native species and ecosystems (Zavaleta et al. 2001, Crowley et al. 2017). 194 

For example, many management strategies for eradicating non-native species (e.g., the introduction of 195 

parasites, and predators, use of sexual interferents, anticoagulants, other substances and systematic trapping) 196 

have been shown to sometimes also harm non-target species (Lohr and Davis 2018). Besides, concerns 197 

surrounding the eradication of non-native species (Inglis 2020), particularly in large-scale eradication 198 

efforts, poses significant double standards (Fenoglio et al. 2018) and moral dilemmas, especially when these 199 

species have become a part of the local ecosystem (Kopf et al. 2017, Parke and Russell 2018). Many people, 200 

including scientists, oppose the culling of non-native animal species for ethical reasons (animal suffering) 201 

or emotional attachment. For example, efforts to eradicate gray squirrels (Sciurus carolinensis) in the UK 202 

have largely failed, partly due to public resistance (Dunn et al. 2018), despite the damage gray squirrels 203 

cause to native ecosystems including the near extinction of red squirrels (Sciurus vulgaris). The difficulty 204 

of eradicating established invasive non-native species also raises practical issues (but see Spatz et al. [2022] 205 

and Benkwitt et al. [2021] for successful eradications on islands), and control efforts can be costly and 206 

require continuous intervention (Green and Grosholz 2021). However, the suppression of the invader’s 207 

population to levels below those that cause unacceptable ecological damage can be feasible (“functional 208 

eradication”; Green and Grosholz 2021). Regardless of the skepticism revolving around eradication, a 209 

considerable number of studies demonstrate that it is possible to eradicate a broad range of taxonomic 210 

groups, in diverse ecosystems, with positive consequences for co-occurring native species (Hoffmann 2010, 211 

Beltran et al. 2014, Tiberti et al. 2019). Moreover, the removal of non-native species can lead to the 212 

simultaneous elimination of associated pathogens responsible for emerging infectious diseases, providing 213 

an additional collateral benefit (Lafferty et al. 2018, Hossack et al. 2023).  214 

Finally, the question whether to maintain or manage is context-dependent because some non-native 215 

species may, after an initial disruption, integrate into ecosystems and provide new (possibly beneficial) 216 

ecological roles or economic opportunities. The case of the Australian redclaw crayfish (Cherax 217 

quadricarinatus) in parts of Africa, Asia, and South America illustrates the complexity and context-218 

dependency of assessing invasive non-native species: initially introduced as an aquaculture species and later 219 

establishing wild populations, the redclaw crayfish is seen by invasion scientists as a potential threat to 220 

native ecosystems and has been shown to damage fishing nets and caught fish (Madzivanzira et al. 2021). 221 

However, this species has simultaneously provided an important source of protein for low-income 222 

communities and economic benefits through fisheries (Andriantsoa et al. 2020, Haubrock et al. 2021). 223 

Hence, efforts to manage the redclaw crayfish, while challenging and ecologically reasonable (Mashar and 224 



Aryasa 2021), raise questions about whether eradication or control measures would be socio-economically 225 

viable, given the species’ contributions to local livelihoods (Nunes et al. 2017, Haubrock et al. 2021).  226 

For these reasons, managers and policy makers face dilemmas regarding whether a particular 227 

species in a certain ecosystem should be managed and if so, whether the goal should be maintenance or 228 

eradication. In ethical theory, three schools—consequentialism, deontology, and virtue ethics (Roby 229 

2018)—offer distinct approaches to evaluating moral dilemmas, each reflecting different moral priorities 230 

relevant to invasion science. Consequentialism, for instance, focuses on outcomes and may justify actions 231 

that reduce harm caused by non-native species, even if such actions require lethal control. Deontological 232 

ethics, on the other hand, prioritizes adherence to rules or duties, viewing certain actions—like killing 233 

sentient beings—as inherently wrong, regardless of outcomes (as long as the harm on non-native species is 234 

not considered in the assessment). Meanwhile, virtue ethics centers on character and intention, encouraging 235 

compassion and balance in conservation decisions. Latombe et al. (2024) illustrate these ethical tensions 236 

using the ‘trolley problem’ as a powerful thought experiment, highlighting different asymmetry variations 237 

relevant for conservation: (i) asymmetry of numbers (different numbers and ratio of entities of nature are 238 

affected); (ii) asymmetry of victims (different species are affected); (iii) asymmetry of impacts, (iv) spatial 239 

and temporal asymmetry; and (v) uncertainty and unforeseen consequences variation. These dilemmas also 240 

reflect competing ethical perspectives in invasion science: an ecocentric view, which prioritizes ecosystem 241 

integrity; a sentientist view, which seeks to minimize suffering for all sentient beings; a biocentric view, 242 

which values all life forms equally; and an anthropocentric view, which emphasizes human interests. In 243 

conservation, similar dilemmas arise when deciding whether to sacrifice potentially harmful non-native 244 

species to protect or preserve ecosystems due to intrinsic rights or ethical concerns about suffering (Kopnina 245 

and Coghlan 2022). Some species may be threatened in their native regions, while being introduced and/or 246 

invasive in other parts of the world and thus potentially acting as rescue populations (Hume et al. 2021). 247 

These conflicting ethical perspectives shape the moral landscape of invasion science, where each framework 248 

could lead to different decisions regarding the management of invasive non-native species. Incorporating 249 

these ethical dimensions into invasion science allows for more nuanced decision-making that accounts for 250 

both ecological notions and human values. 251 

Another dimension of this debate involves the concept of "novel ecosystems" and alternative stable 252 

states. As introduced non-native species become entrenched in their new environments, they often create 253 

ecosystems that are significantly altered and often impoverished (in terms of biodiversity, ecosystem 254 

services, etc.) compared to the more ‘pristine’ pre-invasion conditions, raising questions about whether these 255 

systems should be considered “natural” or valued in their own right (Didham et al. 2005). On the other hand, 256 

some argue that these novel ecosystems could be recognized and managed for their emergent properties, 257 



such as unique ecosystem functions or services that they now provide thanks to the presence of new species 258 

(Davis et al. 2011). Whether these emergent qualities justify a shift in management goals remains a critical 259 

question that should be carefully considered. Recognizing these different values associated with native 260 

versus non-native ecosystems is critical. Restoration of historical conditions may remain a priority, 261 

particularly in cases where native species and ecosystem functions can still be recovered. Yet where non-262 

native species of high functional importance may be extirpated, the economic cost of restoration might not 263 

be justified. For instance, an urban park dominated by non-native trees may serve as one of the few 264 

accessible green spaces in a heavily urbanized environment. While ecologists would argue for a replacement 265 

by native counterparts, urban planners may emphasize that non-native trees, which are typically fast-266 

growing, play a key role for the well-being of the inhabitants of the cities, offering aesthetic value, regulating 267 

microclimatic conditions through shading, and many other ecosystem services (Almas 2017). Consequently, 268 

the management of urban green spaces becomes a balance between human perceptions, needs, and use 269 

versus the ecological requirements to preserve and enhance native biodiversity (Aronson et al. 2017).  270 

An additional concern is that the lack of pre-invasion data (i.e., baseline information), which are 271 

still scarce in several geographic contexts and ecosystems (Haubrock et al. 2024c), can complicate 272 

assessments of the full ecological impact of invasive non-native species and hinder the development of 273 

effective management strategies (Pergl et al. 2020). The detection of non-native species in an ecosystem 274 

often triggers an escalation in monitoring efforts, leading to more frequent and systematic observations 275 

through a positive feedback loop. However, many ecosystems have historically lacked consistent 276 

monitoring. Where available, recent advancements in monitoring techniques, such as environmental DNA, 277 

render comparisons with conventional methods challenging (Everts et al. 2024), resulting in blurred 278 

comparisons between historic and recent data on species distributions and population dynamics (Haubrock 279 

et al. 2023), which has especially been a problem in the context of cryptogenic species in aquatic ecosystems 280 

(Katsanevakis et al. 2020).  281 

Finally, the use of non-native species to fill empty niches can be seen as a pragmatic approach, 282 

although it raises further ethical and ecological questions about whether this is a form of acceptable 283 

ecosystem manipulation or an exacerbation of existing ecological problems (Chevalier et al. 2024). 284 

Moreover, this issue becomes even more complex when advocating for some of these rather impactful non-285 

natives as now being responsible for key ecosystem functions (Guareschi et al. 2024). For example, rats can 286 

pollinate or disperse seeds of rare plant species, sometimes being the almost exclusive species present 287 

capable of performing these roles—despite being the same rats that previously decimated bird populations 288 

that once fulfilled those very functions (Pattemore and Wilcove 2012).  289 



These aforementioned points open up the following two broader questions about the goals of 290 

conservation and ecological management (e.g. Kim et al. 2006, Papeş et al. 2011).  291 

What does invasion science strive to achieve? 292 

From a consequentialist perspective, one might ask what outcomes should be prioritized to achieve the 293 

“greater good”: should the focus be on mitigating the damage caused by past human activities and 294 

invasions, or should we prioritize preventing future invasions by changing current behaviors and policies? 295 

A deontological perspective, however, might focus on identifying what actions are inherently “right”—for 296 

instance, protecting native biodiversity as a matter of principle, regardless of the cost-benefit balance of 297 

outcomes. These differing ethical lenses lead to critical questions about conservation goals. Should we 298 

focus on restricting global trade and travel to minimize the risk of future invasions, even at the cost of 299 

economic and lifestyle impacts? For instance, the development of regulatory frameworks such as the 300 

International Maritime Organization's Ballast Water Management Convention (IMO 2017, Park et al. 2020) 301 

regulating the transfer of aquatic species through ship ballast water, reflects the direct application of 302 

invasion science to global policy, often yielding positive outcomes. Such stringent ballast water regulations 303 

in the Great Lakes demonstrate it is possible to reduce new introductions without restricting trade and 304 

travel, balancing ecological protection with human activity (Ricciardi and MacIsaac 2022). Nevertheless, 305 

questions remain about how much society should limit its actions to preempt future invasions—measures 306 

that may pose considerable economic and social trade-offs. 307 

How can invasion science achieve its goals? 308 

Once goals are established, the next consideration is how to best achieve them. A crucial aspect of non-309 

native species management is determining the most effective methods to reach conservation objectives, 310 

which often requires scientific, objective approaches informed by cost-benefit analyses. For example, if 311 

non-native species introductions cannot be entirely prevented, there is a question of whether resources 312 

should be invested in scaling up systematic monitoring and innovative techniques to detect early invasion 313 

stages, improving the chances of eradication (Martinez et al. 2020, Haubrock et al. 2024d). Here, the rate 314 

of species introductions becomes highly relevant, as lower rates provide more opportunities to manage 315 

impacts before they escalate. Alternatively, should resources focus on restoration efforts to mitigate the 316 

impacts of invasions that have already occurred (Green and Grosholz 2021)? Deciding between prevention, 317 

monitoring, and restoration involves trade-offs that must be carefully weighed according to the context of 318 

each invasion and must include ecological, social, and economic impacts, which may differ based on both 319 

local conditions and the anticipated consequences of specific actions (Rout et al. 2011, Smart et al. 2020). 320 



Understanding the role of anthropogenic factors in biological invasions is crucial for effectively 321 

managing these events, as human activities (such as global trade, urbanization, and habitat destruction) are 322 

primary drivers of this phenomenon (Hulme 2007, Rodríguez-Labajos et al. 2009, Dalmazzone and 323 

Giaccaria 2014, Capinha et al. 2023). However, while much attention has been given to the impacts, less 324 

emphasis continues to be placed on anthropogenic factors that facilitate introductions and spread, such as 325 

unregulated trade and consumer behavior (Levine and D’Antonio 2003, Lockwood et al. 2019, Jarić et al. 326 

2020). This is despite the problem that even if a non-native species appears neutral or benign in a specific 327 

place or region, its impact is influenced by local context dependencies (Catford et al. 2022). The range 328 

expansion of a non-native species can lead to negative ecosystem effects elsewhere, sometimes even after a 329 

lag period. Such 'sleeper' populations may persist at low abundances for years or even decades, becoming 330 

disruptive only when triggered by certain environmental changes (Spear et al. 2021; Everts et al. 2024, 331 

Sousa et al. 2024). Additionally, the invasiveness of one non-native species may depend on the presence of 332 

another non-native species, which alters ecosystem properties in ways that facilitate the establishment and 333 

proliferation of the first species (O’Loughlin and Green 2017). Acknowledging the numerous factors that 334 

can render a non-native species problematic in one but not another context raises important questions about 335 

the transferability of risk and impact assessment tools for non-native species and suggests that any 336 

assessment should be population-level based (rather than focusing on taxonomic identities) to yield the most 337 

accurate outcomes for informing management strategies (Haubrock et al. 2024b, Tarkan et al. 2024). All of 338 

this may be responsible for inconsistencies in management prioritization for non-native species due to e.g. 339 

different outcomes across a range of assessment and screening (Błońska et al. 2024). While improving risk 340 

assessments and management prioritization for non-native species is essential, these measures merely 341 

address the symptoms rather than the root causes of biological invasions. Effective long-term solutions 342 

require proactive strategies that target the sources of introductions—such as stricter regulations on trade, 343 

improved public awareness, and more robust monitoring at borders (Lodge et al. 2006, Vander Zanden et 344 

al. 2010)—to reduce the likelihood of new species becoming established in the first place.  345 

Preserving heritage or embracing change? 346 

Value-laden discussions ultimately flavor the decision on which species “belong” in an ecosystem, shifting 347 

discussions towards more moral dimensions that necessitate thoughtful reflection. For instance, the invasive 348 

European starling (Sturnus vulgaris) in Argentina (Palacio et al. 2016) and the common carp (Cyprinus 349 

carpio) in some European’s freshwaters (Badiou et al. 2011) have, despite their often negative effects, now 350 

become integral parts of their respective ecosystems (Vilizzi 2012), even serving as a valuable recreational 351 

resource (Britton 2023). This raises two questions (1) if these well-established and harmful non-native 352 

species, which have adapted to their new environments (in some cases in Europe for several centuries) and 353 



may even provide certain ecological functions, should be removed in favor of restoring native species, and 354 

(2) how threatening is the presence of the non-native species to the native species in recipient ecosystems. 355 

Should society accept them as part of the evolving ecological landscape (Marris 2013) or should we manage 356 

them in an attempt to preserve pristine pre-invasion conditions? This dilemma forces invasion scientists to 357 

confront the question of whether their goal is to restore the past or to manage threats for the foreseeable 358 

future (Ruiz-Navarro et al. 2016)—a future where, on vastly different timescales, humans may well go 359 

extinct or a virtually new Pangaea in which many biogeographic boundaries are erased, allowing many 360 

species to freely disperse across once-separate lands and oceans (Watson and Watson 2020).  361 

Another layer of complexity is added when considering the cultural and social dimensions of non-362 

native species introductions (Nuñez and Simberloff 2005, Nuñez et al. 2018). In some cases, non-native 363 

species have become culturally integral to local communities and hold intrinsic, instrumental, and other 364 

values (Roy et al. 2023), complicating efforts to control or eradicate them. For example, the wild horse 365 

(Equus ferus caballus) in the western United States, while a non-native species, is deeply embedded in 366 

American culture and history (Bhattacharyya et al. 2011). Efforts to manage wild horse populations, 367 

therefore, must navigate not only ecological considerations but also cultural and ethical ones. An even 368 

clearer example is the release of captive “prayer animals” by Buddhists (Liu et al. 2012, Everard et al. 2019, 369 

Magellan 2019). Although such practices must not be endorsed, given the deep religious significance, 370 

discussions on the impact of non-native species involved must be approached with respect and cultural 371 

sensitivity. Ultimately, recognizing the intrinsic, instrumental, and cultural values tied to non-native species 372 

highlights complex value comparisons and ethical dilemmas that invasion scientists ought to consider 373 

thoughtfully in management and communication strategies.   374 

Ethical Conundrums  375 

The ethical dilemmas in invasion science are perhaps best exemplified by the cost-benefit analyses 376 

underlying impact assessments of non-native species. While scientists, managers, and society at large  377 

generally seek to advance knowledge and/or improve societal outcomes, perceptions of 'improvement' can 378 

vary greatly depending on context and perspective. Invasion scientists, for instance, are often drawn to the 379 

field by a predilection for nature conservation and a commitment to addressing threats such as the impacts 380 

of non-native species, a perspective that can shape research focus and priorities. Those who view non-native 381 

species as a significant threat often conclude that the costs of biological invasions outweigh any benefits 382 

(Carneiro et al. 2024). Cost-benefit analyses of non-native species, however, often reveal that benefits 383 

accrue to specific groups (e.g., sport fishery managers), while broader societal costs (e.g., eradication) 384 

depend on socioeconomic and geopolitical contexts, emphasizing the need for inclusive, transdisciplinary 385 



approaches to management (Pocock et al. 2020; Schlaepfer et al. 2011; García-Llorente et al. 2011; Sutcliffe 386 

et al. 2018; Guareschi et al. 2024). Recognizing the normative aspects in evaluating the costs and benefits 387 

of non-native species is therefore crucial, as perceptions of value can vary greatly across different social and 388 

geographical contexts (Kelsch et al. 2020). Real-world examples can illustrate the ethical dilemmas faced 389 

by invasion science. One well-known example is the management of the invasive non-native European 390 

green crab (Carcinus maenas) in North America which presents a complex ethical challenge, highlighting 391 

a conflict between conservation goals and unintended consequences. While the species is considered highly 392 

problematic by posing a threat to native biodiversity, control efforts have raised concerns about collateral 393 

damage to non-target species and ecosystems (Jivoff 2002), especially since control efforts are often 394 

ineffective (Ens et al. 2022). Conversely, successful resolutions can demonstrate how the discipline can 395 

navigate these challenges. The attempted eradication of the invasive non-native brown tree snake (Boiga 396 

irregularis) from some Pacific islands relied on combining scientific research, public engagement, and 397 

ethical decision-making, yielding partial success through interception of new incursions (Kaiser and 398 

Roumasset 2002, Clark et al. 2017). This emphasizes that it can be possible to address non-native species 399 

problems in a way that balances ecological, social, and ethical considerations.  400 

From potentially perpetual problems to solving the unsolvable 401 

Many scientific disciplines have increasingly become concerned with ethics. A primary epistemological 402 

concern found in many scientific disciplines is the perpetuation of the problem it seeks to solve (Ioannidis 403 

2012). This issue could be particularly acute in invasion science given the incentive structures that often 404 

drive scientific research and the need for non-native species to be portrayed as a major problem to justify 405 

research or management project proposals. Where research funding is highly competitive, dwindling, and 406 

often sourced from government funds, it may be directed away from other worthwhile research that offers 407 

more tangible societal and environmental returns. This is, however, not to argue that biological invasions 408 

are not a problem, but rather that the reliance on funding and professional recognition (van Dalen and 409 

Henkens 2012) may inadvertently incentivise invasion scientists to frame the problem of invasive non-410 

native species as ongoing or unsolvable (van Dalen and Henkens 2012). For example, this may lead to a 411 

focus on the most sensational or alarming aspects of invasions, sometimes at the expense of identifying 412 

sustainable solutions. Although more research on this issue may be needed in invasion science specifically, 413 

studies from related fields suggest that research framing can be influenced by funding and professional 414 

incentives (van Dalen and Henkens 2012, Bratton 2018, Intemann 2022).  415 

As a case in point, the use of the term “invasive”, often without particular evidence (Roberts et al. 416 

2013, Soto et al. 2024), is symptomatic of this sensationalism through exaggeration and hyperbole (Kimmel 417 



et al. 2023). Researchers frequently refer to the “100 of the World's Worst Invasive Alien Species” (Lowe 418 

et al. 2000) to underscore the significance of their target organism, overlooking that the list was limited and 419 

never intended to be comprehensive and lacks, after a quarter of a century's worth of evidence, empirical 420 

support for the impact of some listed species, particularly in the Global South (Cuthbert et al. 2022). 421 

Paradoxically, research findings can be at times overstated, presenting the issue as neatly “solved”, yet 422 

accompanied by vague and generalized calls for additional data collection—raising questions about whether 423 

the cost of gathering more data is truly justified in relation to the actual impact. This ultimately leads to 424 

many conclusions being based on assumptions or theoretical models rather than robust, real-world impact 425 

data (Ricciardi and Simberloff 2009). In the absence of such adequate data, theoretical frameworks can 426 

serve as a (necessary) shortcut for invasion scientists to bolster their arguments and heighten awareness of 427 

potential threats. However, this approach can be problematic, as it risks damaging the credibility of the field. 428 

By emphasizing speculative or worst-case scenarios without sufficient empirical support (i.e. framing a non-429 

native species as invasive without evidence), the discipline may inadvertently foster an atmosphere of 430 

urgency that may not always align with evidence (Mattingly et al. 2020, Sagoff 2020, Pereyra et al. 2024).  431 

Challenges in the Framing of Invasion Science 432 

The reliance on speculative studies in invasion science, for example unverified claims about the inevitable 433 

spread or impact of non-native species, can also result in an echo chamber effect. This occurs when initial 434 

assumptions—such as the idea that all non-native species are inherently harmful—are repeatedly reinforced 435 

without proper validation (Karst et al. 2023). Such cycles entrench dominant narratives, stifle consideration 436 

of more balanced or evidence-based approaches and risk biasing the management of non-native species 437 

(Sutherland and Wordley 2017, Pereyra et al. 2024). For example, resources may be inefficiently allocated 438 

toward presumed threats instead of focusing on verified ecological and societal impacts. This diversion not 439 

only reduces the efficacy of management actions but also risks favoring short-term economic or political 440 

gains over long-term ecological stability (Kourantidou and Kaiser 2021). In the long term, these practices 441 

might undermine the credibility of invasion science and diminish its capacity to positively influence 442 

biodiversity conservation and ecosystem management.  443 

Furthermore, we also posit that a seemingly “unsolvable” narrative in invasion science is unhelpful and 444 

inaccurate for several reasons. Such a narrative erodes public trust in the discipline and discards many of 445 

the success cases that should be celebrated and more broadly disseminated (Parkes and Panetta 2009, 446 

Courchamp et al. 2011, Pennisi 2024). Failure to recognize the positive outcomes of past management 447 

actions adequately may create public and stakeholder apathy—if the problem is unsolvable, why waste 448 

resources on it?—and, ultimately, may only further perpetuate the framing problem. Additionally, framing 449 



the issue as “unsolvable” may discourage the involvement of scientists and stakeholders who would 450 

otherwise engage positively with the issues, while also reducing individual accountability for non-native 451 

introductions and mitigation.  452 

Selective framing of issues is another concern. According to a recent review of the published 453 

literature, introduced species were framed negatively by scientists regardless of attributed harm to the 454 

environment (Pereyra et al. 2024). However, Simberloff et al. (2024) noted that such analyses may be 455 

limited by their focus on introduction sections, which are often dedicated to emphasizing the importance of 456 

the topic and may not reflect the more nuanced perspectives typically found in the discussion or conclusion 457 

sections. Studies have revealed that researchers often prioritize the most visible or easily addressed aspects 458 

of non-native species, such as their impacts on charismatic species or economically valuable ecosystem 459 

services, while overlooking other important but less-attention grabbing or impactful effects (Thomsen et al. 460 

2014). The resulting lack of comprehensiveness can marginalize the social and cultural impacts of invasions 461 

on e.g. indigenous communities (Gozlan 2017, Witt 2017), and result in a neglect of non-native species that 462 

are less charismatic (Pyšek et al. 2008). Considering the “publish or perish” culture permeating today’s 463 

academia (van Dalen and Henkens 2012), it is reasonable to assume that researchers selectively study 464 

“appealing” non-native species. This tendency is similar to the over-use of buzzwords (e.g. “megafauna”) 465 

and can bias assessments by directing efforts towards species perceived as having significant impacts as 466 

such studies are more likely to produce results that can be published in high-impact journals (Parker et al. 467 

2016). Moreover, not all non-native populations become “invasive” (either by spreading or having a 468 

detectable impact; Soto et al. 2024) and not all non-native species present the same level of threat 469 

(Goodenough 2010). However, while many studies focus on abundant invaders that cause significant 470 

ecological changes—potentially leading to an overestimation of the average impact of non-native species 471 

(Gozlan 2008)—it is often the cumulative impact of these highly impactful species, regardless of the total 472 

number of species introduced, that poses the most critical challenges for ecosystems and management 473 

efforts. This can result in an overemphasis on certain non-native species while overlooking others that might 474 

also play important roles in introduced ecosystems. To ensure effective management, it is essential to also 475 

document and study cases where non-native species have positive, neutral, or relatively benign impacts (e.g. 476 

Fobert et al. 2011, Sax et al. 2022; Bacher et al., 2023) or where the resistance of native species and 477 

ecosystems remains strong against arising effects (Britton 2023, Nicolosi et al. 2023).  478 

Additionally, while challenges such as publication bias and funding limitations affect many 479 

scientific fields, they carry particular implications for invasion science, where studies are often prioritized 480 

based on observable impacts. The so-called “file drawer problem” (Franco et al. 2014) can lead to a 481 

publication bias that emphasizes the most dramatic cases of non-native species effects, underrepresenting 482 



studies that find neutral or less impactful results. Indirect or spurious correlations can skew our 483 

understanding by creating a disproportionate focus on high-impact species (Everts et al. 2024), potentially 484 

leading to an incomplete view of non-native species ecology. In turn, these biases may reduce chances for 485 

funding follow-up research on less impactful non-native species. This bias not only limits funding for 486 

research on less impactful species but also perpetuates alarming narratives, rather than recognizing that non-487 

native species often reflect for instance pre-existing ecosystem degradation (MacDougall and Turkington 488 

2005), leading to misattributions of causality when declines in natives may result from shared external 489 

pressures (Cassini 2020). A prime example can be seen in the widely cited list of the "100 of the World’s 490 

Worst Invasive Species" (Lowe et al. 2000), which, while useful for raising awareness about biological 491 

invasions, has faced criticism for its biogeographic and taxonomic biases rather than a comprehensive 492 

scientific assessment of global non-native species impacts (Hirsch et al. 2016, Cuthbert et al. 2022). 493 

Although these lists serve as effective tools for public engagement, their reliance on subjective voting 494 

procedures and limited data can result in unintended prioritization biases. Concomitantly, there is a notable 495 

bias documenting non-native species problems in the global South, where ecosystems, socioeconomics, and 496 

environmental challenges differ markedly from those in the North (Nuñez and Pauchard 2010, Speziale et 497 

al. 2012, Zenni et al. 2017, Guareschi et al. 2024, Jenkins et al. 2024). Aside from the global South, this 498 

bias is also evident in difficult-to-study regions (e.g. the Arctic) or ecosystems (e.g. caves and other 499 

subterranean habitats), where unique environmental conditions complicate both research and management 500 

efforts, leading to further underrepresentation in the literature (Kaiser and Kourantidou 2021, Nicolosi et al. 501 

2023) and reflecting broader global research gaps and biases evident in assessments such as IPBES (Roy et 502 

al. 2023). Similarly, language barriers and a reliance on accessible online data, primarily gathered by 503 

researchers from wealthier regions focusing on broad-scale ecological patterns, exacerbate the 504 

underrepresentation of non-native species research from the global South. This skewed understanding 505 

reflects not only academic bias, but also broader global inequalities tied to limited scientific capacity in 506 

under-resourced regions. Also, beyond the scientific terminology in invasion biology, a cultural language 507 

barrier can arise when an invasive species is not only biologically unfamiliar but also new to the local culture 508 

and society. The lack of specific terms to easily name or describe the new non-native species can result in 509 

distinct differences in the values and perceptions associated with them (Guareschi et al. 2024). 510 

Legislative Compliance and Cost-Benefit Analysis 511 

Another dilemma arises from the implementation of new legislation. Pietrzyk‐Kaszyńska et al. (2023) 512 

analyzed a case study on the enforcement of the European Union's regulation on non-native species 513 

(Regulation (EU) 1143/2014) in Poland, focusing on institutions and scientists conducting research on non-514 

native species. Final implementation of the regulation implied that all actions (e.g. handling, transport, stock, 515 



reproduction) on listed non-native species that may threaten native species or habitats are allowed only 516 

under permission of the General or Regional Directorate of Environmental Protection, applying to 517 

everyone, from individual citizens to scientific institutions. A survey among Polish scientists revealed a 518 

very low number of permit applications and limited awareness of the current law, including within scientific 519 

units. Improper enforcement of legal regulations and public policies was also highlighted to have long-term 520 

implications for the ability to conduct research with researchers faced with the dilemma of whether to 521 

continue their ongoing, often EU-funded, projects without the newly required permits or to comply with 522 

updated legal regulations, potentially halting their studies (Stoett 2010). The survey results suggest that 523 

when faced with the choice between jeopardizing a current project and proceeding with it despite the new 524 

regulations, opting for the latter might be seen as a last resort. Additionally, the researchers noted that new 525 

regulations have negatively impacted their work related to non-native species, with the results also 526 

suggesting widespread noncompliance with legal requirements among scientists (Pietrzyk‐Kaszyńska et al. 527 

2023). However, it is important to clarify that the solution is not to argue for an exemption for scientists but 528 

rather to advocate for clearer, more accessible permit processes and policies that facilitate research while 529 

ensuring environmental protection. Striking a balance between rigorous non-native species regulations and 530 

the practical need of scientific research is crucial to both advancing knowledge and adhering to legal 531 

frameworks. 532 

Moreover, even within a society, the costs and benefits of non-native species may differ markedly 533 

between different individuals and stakeholders based on derived benefits and costs, values, experiences, and 534 

general views around morality and ethics (Sutcliffe et al. 2018). While a manager may invoke a 535 

consequentialist approach (the ends justifying the means) to eradicate a harmful non-native species, this 536 

may be unacceptable to others with a relational view on animal rights where the moral status of a living 537 

being is determined instead by its relationship with humans (Bremner and Park 2007). Additionally, most 538 

non-native species were introduced as a result of anthropogenic activities, often with beneficial intentions 539 

(e.g., for agriculture or companionship), which can lead to more favorable public perceptions and further 540 

complicate the ethical debate (Shackleton et al. 2019). When non-native organisms are considered 541 

charismatic and desirable by some, for example, gray squirrels within the UK and the raccoon (Procyon 542 

lotor) within Germany, the significant negative impacts on native ecosystems may be overlooked due to a 543 

favorable public perception (Dunn et al. 2018). Moreover, this perceived cost-benefit dimension often 544 

intersects with political interests, where politicians may intentionally overlook the introduction of non-545 

native species in exchange for public support, particularly by promoting activities like sport fishing or 546 

hunting that resonate with their voter base (Maguire 2004, Ready et al. 2016). Given their short-term 547 

political horizons, long-term conservation goals can be deprioritized in favor of immediate gains. As 548 



invasion science encompasses both social and environmental responsibilities, and is often funded by the 549 

public, it must be responsive to evolving societal views and ethical values when determining actions, despite 550 

the occasional ethical dilemmas that may result.   551 

The challenge of effectively communicating the distinction between native and non-native species 552 

presents another dilemma, as it raises fundamental questions about how we value and define nature, 553 

determine which species belong where, and justify management actions to a public that may be increasingly 554 

disconnected from historical biodiversity (Gadgil et al. 1993, Taylor 2011, Wägele 2014). As such, it is 555 

crucial for invasion scientists to address the broader public's understanding of biodiversity and the 556 

distinction between native, non-native, and invasive non-native species to ensure effective policy-making 557 

and public engagement (Selge et al. 2011). The erosion of ecological memory across generations, where 558 

younger people may lack the historical reference points of what "wild nature" once looked like, however, 559 

exacerbates this challenge (Leccardi et al. 2023), a phenomenon known as shifting baseline syndrome (Pauly 560 

1995, Soga and Gaston 2024). As a result, “biodiversity” often becomes a vague concept, making it harder 561 

for the public to grasp why some species are considered harmful invaders and others valuable contributors 562 

to ecosystems (Meinard et al. 2019). This “management" or “conservation” paradox complicates 563 

conservation efforts, as policies and decisions may lose public support if local residents cannot differentiate 564 

between or relate to species that authorities in charge of management wish to protect or remove (Allison 565 

2012, Wolf et al. 2019). To guide effective action, it is essential to assess both species- and population-level 566 

impacts, contextualizing any incidental benefits within the specific regions and communities affected to 567 

develop well-prioritized, context-sensitive conservation strategies (Guareschi et al. 2024). Invasion 568 

scientists must work alongside biodiversity conservationists to not only refine and unify their narratives but 569 

also develop clear, compelling communication strategies that help the public and policymakers appreciate 570 

the necessity of managing species for both ecological integrity and long-term societal benefit. 571 

Conclusions: Evolving and Adapting Invasion Science 572 

Invasion science stands at a critical juncture, facing the dual challenge of addressing the complexity of 573 

biological invasions and meeting the evolving expectations of society. As invasion scientists, we recognize 574 

the importance of self-reflection and constructive engagement to tackle pressing ecological challenges. To 575 

ensure its continued relevance, the field must embrace a forward-looking, interdisciplinary approach. Based 576 

on the discussions in this commentary, we propose the following key directions for evolution and adaptation 577 

in invasion science: 578 



1. Shift from Reactive to Proactive Management: Prevention should take precedence over remediation, 579 

with greater emphasis on proactive measures such as biosecurity protocols, early detection 580 

surveillance systems, and public education campaigns. Proactive approaches not only save 581 

resources but also minimize ecological disruptions by targeting invasion pathways before non-582 

native species establish (Leung et al. 2002, Early et al. 2016). For instance, stringent biosecurity 583 

measures have proven effective in reducing the likelihood of introductions in high-risk areas like 584 

islands, where biodiversity is particularly vulnerable (Roy et al. 2023). 585 

2. Embrace Interdisciplinary and Transdisciplinary Collaboration: Solving the complex challenges 586 

posed by biological invasions requires integrating insights from ecology, social sciences, and the 587 

humanities (Shackleton et al. 2019). These interdisciplinary efforts should be complemented by 588 

close partnerships with stakeholders, policymakers, and coordinated decision-making bodies 589 

(Kurtul and Haubrock 2024). Such collaborations ensure that management strategies are not only 590 

scientifically sound but socially acceptable and ethically grounded. For example, engaging local 591 

communities in co-designing management solutions can enhance compliance and effectiveness 592 

(Vaz et al. 2017). 593 

3. Address Global Inequities and Research Biases: Overcoming the underrepresentation of non-native 594 

species research in the global South, the e.g. inclusion of indigenous people and incorporation of 595 

their perspectives where relevant (Wehi et al. 2024), and other under-studied regions is critical to 596 

achieving a more comprehensive understanding of biological invasions (Nuñez and Pauchard 2010, 597 

Zenni et al. 2017). Investments in capacity building, inclusive collaboration, and equitable access 598 

to resources can bridge these gaps and help correct the global imbalance in invasion science (Díaz 599 

et al. 2019). Addressing such inequities will also strengthen the ability to respond to invasions in 600 

the most vulnerable and biodiverse regions. 601 

4. Incorporate Ethical and Cultural Dimensions: Invasion science must acknowledge and address the 602 

ethical implications of management decisions, including differing cultural perceptions of non-native 603 

species (Guareschi et al. 2024). For instance, non-native species that are considered pests in one 604 

region may be valued resources in another, highlighting the need for nuanced approaches. 605 

Understanding and respecting these dimensions will foster more equitable and inclusive solutions, 606 

ensuring that management strategies reflect the values and priorities of all stakeholders involved. 607 

5. Advance Fundamental Ecological and Evolutionary Knowledge: Beyond its applied aspects, 608 

invasion science contributes to our understanding of ecological and evolutionary processes, such as 609 

species dispersal, adaptation, and interactions (Cox 2013). These insights not only inform invasion 610 



management but also intersect with broader conservation efforts, including habitat restoration, 611 

climate change mitigation, and biodiversity protection. By enhancing ecosystem resistance and 612 

resilience, invasion science can play a critical role in safeguarding ecological integrity in the face 613 

of accelerating global change. 614 

By focusing on these priorities, invasion science can evolve to meet the challenges of a rapidly changing 615 

world. Balancing effective management with ethical considerations and interdisciplinary collaboration will 616 

ensure the field remains a vital force in achieving ecological sustainability and social responsibility. 617 
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