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Abstract 

Despite their recognized harms to humans and biodiversity, alien species outside of 
domestication/cultivation can also provide socio-economic benefits, which are essential to 
consider when identifying stakeholder conflicts and informing managers and policymakers. 
These benefits often result from the enhancement of ecosystem services, such as the 
provision of food, timber, and other natural resources, or from the reduction of ecosystem 
disservices, such as the control of medical or agricultural pests. While such positive 
impacts are generally acknowledged, there is still no unified framework to classify them in 
a way that allows systematic and rigorous comparisons across species and contexts. A 
major obstacle is the lack of a common metric for evaluating the diverse socio-economic 
impacts of alien species. Monetary approaches can capture some benefits —such as 
income from logging or biocontrol programs—but fall short in their ability to assess non-
market values, such as cultural benefits or health outcomes. Ecosystem Services (ES) and 
Nature’s Contributions to People (NCP) provide broader perspectives but often rely on 
non-comparable or context-specific metrics. We argue that framing the benefits of alien 
species for humans through the lens of the capability approach—and assessing changes in 
people’s preferred activities and states of being as proxies for well-being—offers a holistic 
concept and relevant and comparable metric for socio-economic impact assessments. We 
introduce SEICAT+ (the positive Socio-Economic Impact Classification for Alien Taxa), a 
framework designed to capture impacts of varying magnitudes across all constituents of 
human well-being, i.e. basic materials for a good life, security, health, good social relations 
and freedom of choice and action. We demonstrate how SEICAT+ can complement existing 
approaches based on monetary quantification, ES and NCP, and how it can integrate with 
other, similarly-structured, impact assessment frameworks for alien species—thereby 
enhancing the scope and robustness of their socio-economic evaluations. 
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Introduction 

Throughout human history, the transportation and release of species beyond their native 
range (hereafter referred to as alien species, see Glossary) has often been motivated by the 
effort to enhance the services that natural resources provide to people. This process has 
profoundly altered the distribution of living species on Earth (Capinha et al., 2015). 
Intentional introductions of organisms into ecosystems have been undertaken to provide 
food, timber and firewood, to (re)create ecological or cultural conditions humans are 
familiar with, or in the attempt to control pests, enhance agricultural productivity or limit 
soil erosion (Roy et al., 2024). While such deliberate attempts are not always successful, 
species whose introduction and release are associated with benefits to certain sectors of 
society have often caused unwanted consequences to other sectors or local biodiversity, 
generating conflicts of interest among stakeholders (Zengeya et al., 2017). 

Notably, such conflicts can also arise in cases where the introduction of alien species is 
unintentional. Some accidentally introduced species, such as those escaping 
captivity/cultivation or hitchhiking via human transportation pathways, once established, 
have been integrated into the socio-economic fabric of local communities, therefore 
becoming fundamental components of their economies, livelihoods, or cultural practices 
(Jarić et al., 2025). Regardless of whether introductions are intentional or unintentional, 

Glossary 

Alien species: species introduced beyond their native range by humans. Synonyms: non-
native species, non-indigenous species, exotic species. 

Burdensome activities: activities undertaken by people to prevent or mitigate declines in 
their well-being caused by environmental pressures. 

Taxa: species or lower taxonomic levels (subspecies, varieties, cultivars, or breeds), 
including those that are not yet formally described. 

Constituents [of human well-being]: the basic elements that contribute to what people 
value in life. 

Established [alien species]: alien species that maintain self-sustaining populations in their 
recipient ecosystem, i.e. persist without human intervention. Synonym: naturalized alien 
species. 

Invasive [alien species]: established alien species that cause significant harm to 
biodiversity or people.  

Preferred activities: activities undertaken by people that contribute to their well-being. 

States of being: conditions experienced by people that contribute to their well-being. 
Synonym: valued beings.  

Well-being: the ability of people to do and be what they value in life. 
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conflicts among stakeholders are intensified when benefits are linked to invasive species—
alien species that establish and harm biodiversity, ecosystem services, or human well‑being 
(Roy et al., 2024). While only a subset of alien species become invasive, it remains to be 
assessed how the benefits of alien species more generally compare to the socio-economic 
harms they have caused (De Carvalho-Souza et al., 2024).  .   

However, to date, there is no standardised methodology to comprehensively quantify how 
alien species have benefitted human well-being. While certain approaches have been 
pursued or suggested, they generally lack the capacity to provide a holistic assessment that 
integrates both positive and negative impacts on human well-being across its various 
constituents. These constituents—i.e. basic material for a good life, health, security, good 
social relations, and the freedom of choice and actions (Millennium Ecosystem Assessment, 
2005)—represent the fundamental components through which people experience and value 
changes in their lives, and thus provide a comprehensive basis for assessing the socio-
economic impacts on human well-being. 

Quantifying and comparing the socio-economic benefits of alien species has been attempted 
through monetary approaches, which are mainly adopted by industries and disciplines 
involved in the exploitation of natural capital, such as those linked to forestry, agriculture, 
horticulture and fishery (Bekele et al., 2018; Pienkowski et al., 2015). The revenue generated 
from harvesting naturalized alien trees and hunting alien game species, or the cost savings 
achieved by using self-sustaining alien biocontrol agents in agriculture, can be quantified and 
compared. However, the perceived value of monetary gains or losses can vary significantly 
among individuals and communities depending on cultural, economic, and contextual 
factors, making money an inconsistent proxy for broader socio-ecological impacts. 
Additionally, monetary quantification of both harms and benefits is of little use to assess 
impacts concerning intangible, social and relational resources, or health (Kourantidou et al., 
2022).  

Approaches based on ecosystem services allow for the identification and measurement of a 
wider spectrum of gains and losses acquired by humankind from nature, but different 
services are measured with different metrics and are not directly comparable (Liss et al., 
2013; McElwee, 2017; Pandeya et al., 2016). For instance, Gallardo and colleagues (2024) 
identified widespread potential impacts of 94 alien species on seven key ecosystem services 
in Europe, particularly on outdoor recreation, habitat maintenance, crop provisioning, and 
soil and nitrogen retention. However, in their spatially explicit analysis, the harms of alien 
species on ecosystem services were assessed separately for each service due to the lack of a 
standardized approach for comparing different types of services. A similar approach has 
been pursued by Hoffman et al. (2025), who estimated the effects of alien species on the 
ecosystem services in the Noronha archipelago by using the INvasive Species Effects 
Assessment Tool (INSEAT) (Martinez-Cillero et al., 2019). While the INSEAT framework uses 
expert judgment and a categorical scale to estimate the magnitude of both positive and 
negative impacts of alien species on individual ecosystem services, it remains unclear how 
changes across different services can be meaningfully compared. 
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Finally, more integrated approaches based on the interdependencies between nature, 
human well-being, and culture—such as the Nature’s Contributions to People (NCP) or the 
One Health Framework—can capture context-specific and plural perspectives (Hill et al., 
2021; Panel (OHHLEP) et al., 2022; Pascual et al., 2017), but are often applied using 
qualitative methods (Pires et al., 2020) and rely on highly diverse and subjective indicators 
(Liu et al., 2023). For example, the recent IPBES report listed 3424 negative impacts and 
1103 positive impacts caused by alien species on all nature’s contributions to people in 
terrestrial realms (Bacher et al., 2025); however, these figures represent a broad spectrum 
of impact types whose magnitude could not be consistently quantified or compared across 
contexts (Bacher et al., 2024). Alternatively, incorporating biological invasions into the One 
Health concept has helped reveal links between alien species and health-related emergences 
(Odgen et al. 2019), such as zoonotic disease emergences (Zhang et al., 2022), although a 
stronger biosecurity approach has been advocated by some to achieve more effective 
integration. It remains to be established, however, whether One Health can be extended to 
other constituents of well-being, beyond narrative or descriptive terms (Gozlan et al., 2024).    

The current lack of a unified metric to compare the benefits of alien species to humans 
across different contexts restricts our understanding of complex impact dynamics, as 
previously highlighted by various authors (Rickowski et al., 2025; Sax et al., 2022; Vimercati 
et al., 2020). Standardized and comprehensive comparisons would help to identify which 
alien species provide the greatest benefits to humans across contexts, elucidate the ways 
through which these species have been integrated into the socio-economic fabric of local 
communities, and advise on which management measures should be taken for conflicting-
generating species (sensu Zengeya et al., 2017). Additionally, quantifying the socio-economic 
benefits of alien species may pave the way for identifying the key ecosystem services they 
provide, highlighting opportunities to substitute them with native species when necessary, 
and informing management decisions for sustainable biodiversity conservation and human 
well-being. 

Here, we build on the Socio-Economic Impact Classification for Alien Taxa (SEICAT; Bacher et 
al., 2018), a framework based on the capability approach (Sen, 1999), which emphasizes 
both people’s capabilities i.e. the opportunities they have, and their functionings i.e. what 
they are effectively able to do and be—to reach certain levels of well-being (Robeyns, 2005). 
SEICAT assesses the negative impacts of alien species on human well-being. By using an 
analogous rationale, we develop the positive Socio-Economic Impact Classification for Alien 
Taxa, or SEICAT+, as a complimentary framework to assess positive socio-economic impacts 
of alien species. SEICAT+ can be applied across all constituents of well-being. These 
constituents describe the essential components that contribute to a fulfilling life (Millennium 
Ecosystem Assessment, 2005): i) basic material for a good life, ii) health, iii) security, iv) good 
social relations, and v) the freedom of choice and actions. After defining the foundations and 
main elements of SEICAT+, we use key examples to illustrate how it differs from more 
traditional approaches adopted in environmental economics. We also suggest that SEICAT+ 
can be used in combination with similarly structured impact assessment frameworks from 
the Impact Classification for Alien Taxa (ICAT) family developed in invasion science, such as 
SEICAT (Bacher et al., 2018), EICAT (Blackburn et al., 2014; IUCN, 2020a, 2020b) and EICAT+ 
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(Vimercati et al., 2022) to identify contexts under which trade-offs in benefits and costs 
exist, thereby informing managers and policymakers. 

Currency and structure of SEICAT+ 

Well-being is a multidimensional concept that comprise both objective and subjective 
components that vary across socio-economic contexts, prompting the development of 
various approaches and indicators for its quantification (Hicks et al., 2016). Under SEICAT+, 
positive socio-economic impacts of alien species are assessed using three indicators— 
changes in (i) people’s preferred activities (Fig. 1), (ii) states of being, and (iii) burdensome 
activities (Fig. 2)—which together capture improvements in well-being. The concept of 
preferred activities, as outlined by Probert et al. (2023), refers to activities undertaken by 
individuals that contribute to their well-being (e.g., fishing, farming, collecting firewood), 
thus aligning with Sen’s notion of functionings—the valued “doings” that people have reason 
to pursue (Sen, 1999). Building on Sen’s notion of functionings, states of being, or “valued 
beings”, denote valued conditions, such as being healthy, happy, or safe, which likewise 
constitute integral dimensions of well-being. Preferred activities are distinguished from non-
preferred, or burdensome activities, which, by contrast, are undertaken to prevent or 
mitigate decreases in well-being (Probert et al., 2023), for example in response to ecosystem 
disservices caused by other species—both alien and native—or by broader environmental 
pressures, including climate extremes, land/water degradation, or pollution. The inclusion of 
burdensome activities as an additional indicator of changes in well-being (Fig. 2) enables 
assessors to capture a broader range of reported impacts, addressing a gap in the literature, 
which often focuses on how alien species trigger indirect compensatory responses rather 
than direct impacts on human well-being (Probert et al., 2023). In accordance with SEICAT, 
SEICAT+ assigns each reported impact to one of five ascending categories of impact 
magnitude by considering semi-quantitative scenarios. The scenarios describe increases in 
preferred activities, improvements in states of being or decreases in burdensome activities, 
relative to the period before the introduction and establishment, or in the absence of, an 
alien species.  

The first scenario, Minimal Positive Impact (ML+), describes cases where people experience 
no improvement in well-being due to an alien species—indicated by no increase in preferred 
activities or states of being (Fig. 1). Alternatively, if only burdensome activities are examined, 
they show no decrease due to the alien species (see Fig. 2). This scenario may occur when 
the introduction of an alien species did not translate into a measurable change in people’s 
preferred activities or states of being.  This may also occur when a change of activity is not 
perceived as a measurable improvement to well-being by the people involved in the impact. 
For instance, an alien fish species could have been introduced for recreational fishing, but 
there is no evidence that anglers spend more time on their recreational activity or 
experience an increased level of satisfaction after the alien fish species was introduced. 
Similarly, it might have been hypothesized that a self-sustaining population of introduced 
conifers benefited the timber industry, but there is no evidence that the income generated 
from timber sales has increased. Likewise, the introduction of a self-sustaining alien 
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biocontrol agent with the scope to facilitate corn farming might not translate into a higher 
corn yield or a lower usage of pesticide (Fig. 1).  

The second scenario, Minor positive impact (MN+), describes cases where people experience 
improvements to well-being due to an alien species, as indicated, for instance, by increased 
frequency of, or satisfaction with, preferred activities among individuals who already 
participate in those activities  However, such improvements do not translate into a higher 
number of people participating in a preferred activity (i.e. no increase in activity size, Fig. 1). 
These changes, which facilitate the performance of existing preferred activities by 
individuals, involve activity attributes measured at the individual level, such as, income 
generated, degree of satisfaction, or resources acquired. Note that while well-being 
improvements measured at the individual level may also manifest as decreases, such as 
reduced effort or time spent, these can quickly be reframed as increases when viewed in 
terms of activity-related efficiency. Examples of Minor positive impacts include: an alien fish 
species increasing the time spent on recreational fishing by individual anglers;  an alien fish 
species decreasing the time spent by commercial fishers to reach the same level of target 
catch, thus increasing fishing efficiency; an alien tree species increasing the income of 
workers employed in the timber industry; an alien biological control agent suppressing a 
crop pathogen, resulting in an increased yield (Fig. 1). Improvements in valued states of 
beings (e.g. feeling well, being happy or healthy) are also captured in this scenario. Examples 
of Minor positive impacts related to improvements in valued states of being include: an 
aesthetically appealing alien plant increasing the level of psychological satisfaction among 
residents in the area; an alien beetle decreasing the allergenic pollen load produced by an 
alien plant population, thereby improving the physical health of individuals with airborne 
allergies. Improvements in states of being, without further information if these lead to 
changes in activities, can only be captured by the Minimal and Minor levels as under SEICAT 
(see Probert et al., 2023), because they are measured at the individual level and cannot be 
aggregated across populations. For example, it may be relatively straightforward to 
determine whether the physical health of some individuals has improved due to an alien 
beetle (i.e. reports in reduced seasonal allergies), but it is much harder to estimate how 
many people are now healthy, given the qualitative and continuous nature of states of 
being. In contrast, the number of people that undertake preferred activities can be readily 
quantified, and these activities are therefore used as indicators at all levels of positive 
impact, including those beyond Minor, from Minimal to Massive.  

All reductions of burdensome activities due to alien species, in the absence of accompanying 
information on changes in preferred activities or states of being, are classified exclusively 
within this scenario. Conceptually, such reductions make it easier for individuals to engage in 
preferred activities or attain desired states of being (see Table 1 and brown bracket in Fig. 2). 
For example, the introduction of an alien biocontrol agent may reduce farmers' reliance on 
pesticides, reducing farming costs.  

The third scenario, Moderate positive impact (MO+), refers to cases in which the alien 
species improves well-being by increasing the number of people participating in an 
established preferred activity. Such increases in activity size may involve individuals who had 
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previously undertaken a preferred activity, later discontinued it, and are now resuming it, as 
well as those who have never engaged in this existing preferred activity. Examples of 
moderate positive impacts include: an alien biological control agent suppressing an 
agricultural pest, thereby enabling a subgroup of farmers—who had ceased farming due to 
the pest—to recommence their activities (Fig. 1); an alien fish species resulting in an increase 
in the number of recreational anglers in a lake, including people who never fished before; an 
alien parakeet species increasing the number of wildlife enthusiasts visiting urban parks 
(Crowley et al., 2019). As noted above, improvements in states of being and reductions in 
burdensome activities cannot be assessed beyond the Minor positive level and so cannot be 
assigned Moderate positive impacts under SEICAT+ (Fig. 1-2).  

The fourth and fifth scenarios, Major positive impacts (MR+) and Massive positive impacts 
(MV+), refer to cases in which the alien species improves well-being by either: i) enabling 
preferred activities which did not exist or were completely abandoned before the 
introduction of the alien species; or ii) preserving existing preferred activities that would 
have disappeared if the alien species had not been introduced. The latter (ii) encompasses 
situations in which the continuation of a preferred activity depended on the presence of a 
particular alien species. The assessment of such positive impacts is done with a 
counterfactual approach, provided that the use of experimental and quasi-experimental 
designs, baseline data and controls for confounding factors enable causal inference (Ferraro, 
2009). As in EICAT+ (Vimercati et al., 2022), for instance, it must be clear that (i) the activity 
was locally heading towards cessation before the establishment of the alien species; and (ii) 
the alien species, through a specific constituents, prevented an activity cessation that would 
otherwise have occurred in its absence. Note that the availability of alternative measures to 
preserve the preferred activity—for example, in farming, replacing the main crop with 
another one more resistant to a pathogen instead of relying on an alien self-sustaining 
biocontrol agent—does not affect the impact classification, provided the activity would have 
ceased in the absence of any intervention. Massive positive impacts (MV+) are those that 
persist even after the alien species is removed or disappears from the area. In contrast, 
Major positive impacts (MR+) end once the alien species is no longer present—such as in 
case of the cessation of an activity. In other words, the key distinction is that Major positive 
impacts are contingent on the continued presence of the alien species, whereas Massive 
positive impacts are not. 

Examples of Major positive impacts include: the recommencement or maintenance of a 
farming activity—previously abandoned or heading towards cessation because of an 
agricultural pest (Fig. 1)—made possible or sustained through the introduction of an alien 
biocontrol agent; the creation of a new fishing activity in a formerly fishless lake after the 
introduction of an alien fish species that would cease if the latter were removed;  the 
practice of firewood collection in an area, enabled by the presence of wild alien trees, would 
cease if the trees were removed. Cases relevant to Massive positive impacts include, for 
example, those where following the introduction and establishment of an alien biocontrol 
agent, a previously abandoned farming activity resumes and continues but (Fig. 1) is not 
conditional on the ongoing presence of the biocontrol agent. This is because the alien 
biocontrol agent enabled the eradication of the pest that had prevented farming, allowing 
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the activity to persist even if the alien species is eventually removed. Another example 
classified as a Massive positive impact is the post-mining phytoremediation of contaminated 
soils carried out by an alien plant capable of absorbing heavy metals from the soil (Reeves et 
al., 2018), thus enabling farming or recreational activities that were previously unfeasible, 
even after the alien plant has been removed.  

Note that cases where alien species have displaced native species used in an existing 
preferred activity—subsequently becoming the sole resource for that activity—must not be 
classified as Major or Massive positive impacts. These situations do not reflect the 
preservation of an activity that would have otherwise disappeared without the alien species; 
without the introduction of the alien species, the native species would still be there, and the 
activity would have continued normally. Rather, these cases represent a mere substitution of 
one species for another, which might lead to: no positive impacts on preferred activities or 
state of being (Minimal positive impacts); positive impacts on preferred activities or states of 
being measured at the individual level (Minor positive impacts); an increase in the number of 
people participating in an existing preferred activity (Moderate positive impacts). Note that 
if such a substitution leads to a decrease or the disappearance of the existing preferred 
activity, these negative impacts should be assessed with SEICAT (Bacher et al., 2018), not 
SEICAT+. Also note that native species displacement caused by alien species can be assessed 
as a Major or a Massive negative impact under EICAT. 

Importantly, the five scenarios (and their corresponding impact categories) are used to 
classify each reported impact, but only when suspected improvements in well-being (i.e., 
increases in preferred activities, improvements in states of being, or decreases in 
burdensome activities) have been measured using an appropriate study design, allowing the 
SEICAT+ assessor to reliably interpret the data. Absence of reported improvements to well-
being is therefore not automatically equivalent to the absence of improvements. It also 
follows that cases assigned a ML+ score or higher differ from those classified as Data 
Deficient (DD), which applies when available information or the methodology employed is 
insufficient to assign an alien species to one of the five SEICAT+ impact categories. For 
example, in the case illustrated in Fig.1, if the introduction of an alien biocontrol agent to 
reduce corn pests is not accompanied by measurements of changes in corn yield, pesticide 
usage, or farmer satisfaction, then no increase in well-being—i.e., no positive impact under 
SEICAT+—can be assessed. 

Moreover, impact reports should contain sufficient information to identify the community of 
interest, which is essential for accurately assessing the impacts of alien species on human 
activities and well-being (Probert et al., 2023). In SEICAT+, a community of interest is defined 
as the specific group of people whose participation in a preferred activity, or whose state of 
being, is improved (or thought to be improved) by the presence of an alien species in the 
wild. Communities of interest can be identified using information on individual participation 
or responses, collected through questionnaires, interviews, or other direct observations. 
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Figure 1. Conceptual scheme for the five semiquantitative scenarios used in SEICAT+ and SEICAT to assess 
positive impacts (above the blue arrow) and negative impacts (below the blue arrow) caused by two 
hypothetical alien species (a parasitoid wasp intentionally introduced as biocontrol agent and a crop pest 
unintentionally introduced in the area) on the same preferred activity (corn farming). In both SEICAT and 
SEICAT+, only preferred activities—not states of being—are relevant for assigning moderate, major, or massive 
impacts. Underlined text indicates the direction and type of change in human activities caused by alien species, 
while asterisks denote whether a preferred activity’s existence is contingent on the continued presence of the 
alien species. Symbols were courtesy of the Integration and Application Network, University of Maryland 
Center for Environmental Science (ian.umces.edu/media-library). 
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Figure 2. Illustration of SEICAT+ and SEICAT scenarios including the use of burdensome activities as an 
additional indicator for human well-being impacts. Conceptual scheme for the five semiquantitative scenarios 
used in SEICAT+ and SEICAT to assess positive impacts (above the blue arrow) and negative impacts (below the 
blue arrow) caused by two hypothetical alien species (a parasitoid wasp intentionally introduced as biocontrol 
agent and a crop pest unintentionally introduced in the area) on the same preferred activity (corn farming) 
and/or on a burdensome activity (pesticide application). In both SEICAT and SEICAT+, hereafter collectively 
referred to as SEICAT(+), only preferred activities—not states of being or burdensome activities—are relevant 
for assigning moderate, major, or massive impacts. While preferred activities can be undertaken regardless of 
burdensome activities (brown insets), the latter are pursued only to prevent or mitigate ecosystem disservices 
caused by alien species or other environmental stressors. Given the link between preferred and burdensome 
activities, any change caused by an alien species on the latter implies at least a Minor impact under both 
frameworks, as the species either facilitates (under SEICAT+) or hinders (under SEICAT) a certain preferred 
activity or state of being. When only changes in burdensome activities are found without further details on 
preferred activities or states of being (brown brackets and insets), the impact should be classified as Minor 
under SEICAT(+). When no change in burdensome activities are found without further details on preferred 
activities or states of being, the impact should be classified as Minimal under SEICAT(+).Changes in burdensome 
activities cannot be used to generate SEICAT(+) scores (purple and green boxes on the right) beyond the minor 
level, although they can still be used to obtain similarly structured scores that span from MC/ML+ to MV/MV+ 
(brow boxes on the right) allowing the assessor to capture and compare the full spectrum of changes 
associated with burdensome activities in a structured and consistent way (Probert et al. 2023).  Underlined text 
indicates the direction and type of change in human activities caused by alien species, while asterisks denote 
whether a preferred activity’s existence is contingent on the continued presence of the alien species. Symbols 
were courtesy of the Integration and Application Network, University of Maryland Center for Environmental 
Science (ian.umces.edu/media-library). 
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In summary, only preferred activities are used as indicators to generate SEICAT+ scores that 
span across all levels of positive impact, from Minimal to Massive (Table 1, Fig. 1). In 
contrast, improvements in states of being are assessed only at the Minimal and Minor levels, 
reflecting individual-level well-being (Table 1, Fig. 1). As in SEICAT (Probert et al., 2023), the 
five-tier structure of SEICAT+ can also be applied to burdensome activities (see Fig. 2), but 
they should be classified and reported separately, since the full classification cannot be 
used—changes in burdensome activities are restricted to Minimal and Minor levels in both 
SEICAT and SEICAT+, hereafter collectively referred to as SEICAT(+), and are evaluated based 
on their impact on individual preferred activities or states of being (Fig. 1). In practice, this 
means that the core indicator of SEICAT(+) is based on changes in preferred activities; 
however, when these are not explicitly examined, as is often the case (Probert et al., 2023), 
changes in states of being and burdensome activities can still provide complementary 
evidence and allow for a partial classification of positive impacts (Table 1, Fig 2.).  

Table 1. Detailed descriptions and examples illustrating how to assign SEICAT+ impact categories across the five 
levels of impact magnitude. 

SEICAT+ levels of 
 impact magnitude 

Illustrative examples 

Preferred activity: 
farming a certain 
crop for income.  

Preferred activity: 
recreational hiking. 

Preferred activity: 
recreational 
fishing. 

State of being 
(when no specific 
preferred activity is 
examined): being 
healthy. 

Burdensome activity 
(when no specific 
preferred activity or 
state of being is 
examined): pesticide 
application. 

Minimal positive impact (ML+) 
 
No positive impacts on preferred activities 
or states of being measured at the 
individual level, despite availability of 
studies conducted to quantify these 
impacts. Also, no decreases in burdensome 
activities detected.  Note that although 
some alien species might have been 
expected to have positive impacts on 
human well-being —for instance, by 
providing alternative food resources or 
other material assets previously absent—
these impacts should be considered 
minimal under SEICAT+ if the alien simply 
interacts with humans without notably 
altering any of their activities or states of 
being.  
 
Only alien species for which positive 
impacts on human well-being have been 
investigated but not detected are assigned 
an ML+ category. Alien species that have 
been evaluated under the SEICAT+ process 
but for which impacts have not been 
assessed in any study should not be 
classified in this category, but rather should 
be classified as Data Deficient. 

 The introduction of 
a biocontrol agent 
does not alter the 
farming activities 
measured at the 
individual level. For 
instance, farmers 
achieve the same 
yield, or neither the 
quality nor the 
revenue from selling 
crops changes. 

Hikers maintain the 
same frequency of 
visits or report 
analogous levels of 
satisfaction in areas 
where an alien 
shrub has been 
introduced. 

Recreational 
fishers maintain 
the same fishing 
frequency or 
report analogous 
levels of 
satisfaction in 
lakes where an 
alien fish species 
has been 
introduced. 

The introduction of a 
fish species intended 
to control malaria-
vector mosquitoes 
does not produce 
any measurable 
increase in individual 
people's survival. 

The introduction of a 
biocontrol agent does 
not reduce pesticide 
application. 
 
 
 
 
 
 
 
 
 
 
 

Minor positive impact (MN+) 
 
Positive impacts on preferred activities or 
states of being measured at the individual 
level, but no increase in the number of 
people participating in an activity (i.e. no 
increase in activity size). 
By making it easier for people to participate 
in their “pre-alien” activities or by 
enhancing their state of being, individuals 
benefit in at least one constituent of well-
being (i.e. basic material for good life, 
health, security, good social relations, and 
the freedom of choice and actions). 
Increases of well-being can be detected 

The introduction of 
a biocontrol agent 
alters the farming 
activities measured 
at the individual 
level so that well-
being is improved. 
For instance, 
farmers achieve 
better yield, or the 
quality or the 
revenue from selling 
crops increase. 
Alternatively, the 
cost of controlling 

People hike more 
often than before 
or with a higher 
satisfaction, 
because an area 
invaded by an alien 
shrub appears more 
attractive than 
before.  

Fishers fish more 
often, with 
greater 
satisfaction or 
with improved 
catches in a lake 
where an alien 
fish species was 
introduced.   
 

The introduction of a 
fish species intended 
to control malaria-
vector mosquitoes 
produces a 
measurable increase 
in individual survival. 

The introduction of a 
self-sustaining 
biocontrol agent 
reduces pesticide 
application; with a 
lower use of pesticide, 
a lower number of 
people involved in the 
application or its 
disappearance from the 
area.  
 
The presence of a self-
sustaining alien 
biocontrol agent lowers 
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through e.g. income/salary gains, greater 
satisfaction, greater happiness, health 
improvements, lower effort or expenses to 
participate in activities, decreased difficulty 
in accessing goods, enhancement of social 
activities and reduction of fear. 
 
When decreases in burdensome activities 
are found but no further details on 
preferred activities or states of being are 
provided, the impact should be classified in 
this category. 

crop pathogens 
decreases, or the 
health status of 
farmers increases as 
they use a lower 
amount of 
pesticides.  
 

a plant’s production of 
allergenic pollen, 
decreasing people’s 
reliance on—and 
expenditure or—
antihistamines.  
 
 

Moderate positive impact+ (MO+) 
 
Increase in the number of people 
participating in an existing preferred activity 
(i.e. increase in the activity size). This occurs 
through a partial restart of an activity (that 
has been dismissed by some) or a 
participation of additional people in the 
activity (consider also positive relative 
changes, as in EICAT+, Vimercati et al. 
2022).  
 

 The introduction of 
a biocontrol agent 
improved the 
farming activities 
measured at the 
community level, as 
new individuals take 
up farming or 
former farmers 
resume their 
farming activities. 

More hikers 
undertake the 
activity because an 
area invaded by an 
alien shrub appears 
more attractive 
than before.  
 

More fishers take 
up the activity in a 
lake where an 
alien fish species 
was introduced.   
 

 Not applicable at 
this level of impact 
magnitude. 
 

Not applicable at this 
level of impact 
magnitude. 

Major positive impact (MR+) 
 
Re-establishment of an historical preferred 
activity, creation of a new one or 
preservation of an activity that would have 
disappeared if the alien taxon had not been 
introduced. Activity existence is conditional. 
i.e. depends on the presence of the alien 
taxon (if the alien taxon is removed, the 
activity disappears).  

 The introduction of 
a self-sustaining 
biocontrol agent 
allowed the 
preservation of a 
farming activity that 
would have 
disappeared if the 
agent had not been 
introduced.  

Hikers begin 
undertaking the 
activity in an area 
that has become 
attractive due to 
the invasion of an 
alien shrub; 
however, the area 
stops being 
attractive once the 
shrub is removed. 

The introduction 
of an alien fish 
enables the re-
establishment of 
fishing in a lake 
where all native 
fish had 
disappeared due 
to anthropogenic 
changes. 

Not applicable at 
this level of impact 
magnitude. 
 

Not applicable at this 
level of impact 
magnitude. 
 

Massive positive impact (MV+) 
 
Re-establishment of an historical preferred 
activity, creation of a new one or 
preservation of an activity that would have 
disappeared if the alien species had not 
been introduced. Activity existence is not 
conditional, i.e.  does not depend anymore 
on the presence of the alien species (i.e. if 
the alien species is removed, the activity 
does not disappear).  

The introduction of 
self-sustaining 
biocontrol agent 
allowed the 
preservation of a 
farming activity that 
would have 
disappeared if the 
agent had not been 
introduced. Since 
the alien biocontrol 
agent caused the 
extirpation of the 
crop pest, it is no 
longer essential for 
sustaining farming 
and could therefore 
be removed or 
allowed to go 
extinct. 

Hikers begin 
undertaking the 
activity in an area 
that has become 
attractive due to 
the invasion of an 
alien shrub; 
however, since this 
has allowed people 
to discover and 
establish the area 
as a desirable hiking 
destination, the 
alien shrub is no 
longer essential for 
sustaining hiking 
and could therefore 
be removed or 
allowed to go 
extinct. 

The introduction 
of alien algae 
contributes to 
bioremediation by 
absorbing 
pollutants from 
the water, 
thereby improving 
water quality and 
safeguarding the 
presence of local 
fish species in a 
lake in which 
fishing is 
undertaken. The 
removal of the 
alien algae 
removes the 
pollutants they 
absorb but does 
allow continuing 
the fishing activity 
that has been 
kept up during 
periods of acute 
pollution.  

Not applicable at 
this level of impact 
magnitude. 
 

Not applicable at this 
level of impact 
magnitude. 
 

 

Key differences between SEICAT+ and other approaches 

The development of SEICAT+ enables a standardised and holistic comparison of the positive 
socio-economic impacts of alien species across various dimensions of human well-being, 
ecological contexts, and global regions—something that was not achievable with the 
previous approaches used in environmental economics. Table 2 illustrates how SEICAT+ fills 
key methodological and conceptual gaps in environmental economics by expanding the 
framework’s capacity to capture relevant, nuanced, context-specific impacts and enhancing 
comparability across diverse socio-ecological systems. 
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Table 2. Real-world examples of positive impacts from alien species, evaluated using the SEICAT+ framework and other prominent frameworks in environmental economics. 
These frameworks are compared based on their inclusion of key features that enhance their applicability across a range of species and socio-ecological contexts. All 
examples are drawn from Bacher et al. (2025), who conducted their impact assessment using the Nature’s Contributions to People (NCP) approach (Díaz et al., 2018). They 
also carried out SEICAT-like assessments for Good Quality of Life impacts (i.e., well-being), which did not quantitatively classify impact magnitude but identified the key 
constituents of human well-being affected. Symbols were courtesy of the Integration and Application Network, University of Maryland Center for Environmental Science 
(ian.umces.edu/media-library). 

 Impact (1): 
Alien marbled crayfish 
used as a healthy and 
cheap source of 
protein by a local 
community in 
Madagascar 
(Andriantsoa et al., 
2020).  
 
 
 

 

Impact (2):  
Alien rapa whelk has created 
commercial fishing 
opportunities with dredges 
and hookah systems since 
the early 1980s along the 
Turkish coast of the Black 
Sea (Aydın, 2016). 
                                                 
  

 

Impact (3):  Alien date palm, 
being present throughout the 
lifetimes of living people, has 
been positively perceived and 
considered as a part of the 
landscape by some members 
of aboriginal communities in 
Millstream area, Queensland, 
Australia (Trigger, 2008).  
 

  

Impact (4): Alien Prosopis spp. has 
offered microclimate regulation by 
regulating temperature, reducing 
the occurrences of sandstorms and 
offering shade in arid and semi-arid 
ecosystems used by pastoralists in 
Afar Region, Ethiopia, and Baringo 
County, Kenya (Bekele et al., 2018).  
 

 

Impact (5): Alien flea 
beetle as a biocontrol 
agent, used to 
successfully control the 
invasive ragwort and 
reduce national control 
costs to dairy farms in 
New Zealand (Fowler et 
al., 2016). 
 
 
 

        

Key features 

Consideration 
of both material 
and immaterial 
aspects. 

Quantitative or 
semi/quantitati
ve estimates of 
impact 
magnitude 
(when possible). 

Clear 
distinction 
of varying 
degrees of 
impact 
magnitude. 

Consideration 
of burdensome 
activities 

SEICAT+  Although no specific 
activity is mentioned, a 
positive impact on a 
state of being (being 
well-nourished) has 
been recorded. 
Impact magnitude: 
Minor positive (i.e. 
semi-quantitative). 

Positive impacts on human 
well-being by creating a 
commercial benthic fishing 
activity with dredges and 
hookah systems that did not 
exist before. High economic 
gain with catch per unit 
effort of 1050 kg/day and 
income rate of 78% for 207 
vessels employing on 
average 3 individuals each. 
No other species caught 
with dredges and hookah 
systems are mentioned.  
Impact magnitude: Major 
positive (i.e. semi-
quantitative). 
 

Although no specific activities 
mentioned, a positive impact 
on a state of being (being 
happy) has been recorded 
with: “certain aboriginal 
interviewees commented on 
how the palms contributed to 
the area’s ‘beauty’, with  some 
remembering how they had 
played and swum in the 
presence of the shady trees as 
children” and “One middle-
aged woman mentioned how 
she had not visited the place 
for some time due to her 
disappointment on the last 
occasion because of the 
clearing and burning of the 
palms by government 
environmental agencies”. 

Positive impacts on human well-
being by facilitating pastoralism 
through microclimate regulation, as 
perceived by pastoralist 
communities. 
Impact magnitude: Minor positive 
(i.e. semi-quantitative). 

Positive impacts on 
human well-being by 
reducing the cost of 
controlling the invasive 
ragwort, i.e. through a 
decrease in an existing 
burdensome activity, (Fig. 
1). The invasive ragwort 
negatively affects farming 
activities and the dairy 
industry. “With a per farm 
cost of ragwort control of 
$2789, the total national 
saving in reduced ragwort 
control costs from the 
impact of ragwort flea 
beetle in 2005 was $24.5 
million. “ 
Impact magnitude: Minor 
positive (i.e. semi-

YES 
 
 

YES YES YES 

http://ian.umces.edu/media-library
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Impact magnitude: Minor 
positive (i.e. semi-
quantitative). 

quantitative). 
 

Monetary 
approach 

Although not reported, 
it would be possible to 
estimate how much of 
a household’s income 
is spent on food now 
that the marble 
crayfish is available. 
Impact magnitude: in 
USD (i.e. quantitative) 

“Average seasonal income of 
a vessel was 55,613 Turkish 
lira (TL) and the expense 
12,483 TL, resulting in a 
43,132 TL net average profit 
for 207 vessels.” 
Impact magnitude: in TL 
(i.e. quantitative) 

Intangible asset. No monetary 
value can be assigned. Impact 
magnitude: NA (i.e. 
quantitative). 

“Considering microclimate 
regulation benefits of 
Prosopis, average respondent 
households from Afar and Baringo 
felt that if [Prosopis] is reduced 
below a certain threshold, they will 
lose USD 5.36 
and USD 3.89 per annual, 
respectively”. Impact magnitude: in 
USD (i.e. quantitative). 
 

“With a per farm cost of 
ragwort control of $2789, 
the total national saving 
in reduced ragwort 
control costs from the 
impact of ragwort flea 
beetle in 2005 was $24.5 
million. “ 
Impact magnitude: in 
NZD (i.e. quantitative). 
 

NO YES YES Yes 

INSEAT 
framework - 
Ecosystem 
services 
approach 
applied to 
introduced 
species 

Noticeable reversible 
or substantial 
reversible increase in a 
provisioning 
ecosystem service  
Impact magnitude:  
score 2 or 3 (i.e. semi-
quantitative). 

Substantial reversible 
increase in a provisioning 
ecosystem service.  
Impact magnitude:  
score 3 (i.e. semi-
quantitative). 
 

Too small to be significant or 
noticeable reversible increase 
in a cultural ecosystem service.  
Impact magnitude:  
score 1 or 2 (i.e. semi-
quantitative). 
 

Noticeable reversible or substantial 
reversible increase in a regulating 
ecosystem service.  
Impact magnitude:  
score 2 or 3 (i.e. semi-
quantitative). 

Noticeable reversible or 
substantial reversible 
increase in a regulating 
ecosystem service.  
Impact magnitude:  
score 2 or 3 (i.e. semi-
quantitative). 

YES YES NO NO 

Nature’s 
Contributions 
to People 
approach - 
IPBES report* 
 

Impact classified as 
positive on food and 
feed (12.). 
 Impact magnitude: 
NA (i.e. qualitative). 

Impact classified as positive 
on food and feed (12.). 
Impact magnitude: NA (i.e. 
qualitative) 

Impact classified as positive on 
physical and psychological 
experiences (16.). 
 Impact magnitude: NA (i.e. 
qualitative) 

Impact classified as positive on 
regulation of climate (4.).  
Impact magnitude: NA (i.e. 
qualitative). 

Impact classified as 
positive on regulation of 
detrimental organisms 
and biological processes 
(10.). 
Impact magnitude: NA 
(i.e. qualitative). 

YES NO NO Yes 

One Health 
Approach 

Benefits on human 
health via good 
nutrition value and 
cheap cost. 
Impact magnitude: NA 
(i.e. qualitative).  

Benefits on human health 
via increased livelihood. 
Impact magnitude: NA (i.e. 
qualitative).  
 

Benefits on human health 
through increased 
psychological experiences. 
Impact magnitude: NA (i.e. 
qualitative).  

Benefits on human health via 
increased livelihood. Impact 
magnitude: NA (i.e. qualitative). 

Benefits on human health 
via increased livelihood. 
Impact magnitude: NA 
(i.e. qualitative).  

YES NO NO YES 

                                                                                                                                                                                                                                                                      * Numbers refer to the classification by Díaz et al., 2018 
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A first advantage of SEICAT+ over approaches based on the monetary quantification is that 
both tangible and intangible aspects can be assessed. Cases in which alien species provide 
psychological satisfaction through their aesthetics, support the preservation of cultural or 
religious practices, or indirectly contribute to psychological stability by enabling access to 
specific resources, cannot be adequately addressed through monetary valuation. Instead, 
they require an approach that recognizes their symbolic, emotional, and ecological 
significance, which can be captured in SEICAT+ by assessing how alien species affect 
community-specific activities or individual states of being. Another key advantage of SEICAT+ 
is its ability to integrate information gathered through diverse methodologies and 
approaches into relevant, standardized semi-quantitative categories, thus producing data 
that enable more meaningful ranking and comparison across cases. While this feature is 
shared by most monetary approaches and by ecosystem service-based frameworks such as 
INSEAT (Martinez-Cillero et al., 2019), it is notably absent from several recently popular 
approaches in environmental assessment, including the Nature’s Contributions to People 
(NCP) approach and the One Health framework. It follows that, although these approaches 
are well-suited for identifying theoretically complex links between ecosystem features and 
societal dimensions—and for providing a qualitative list of benefits alien species may offer to 
humans (e.g., Bacher et al., 2025)—they fall short in enabling meaningful and replicable 
comparisons across locations and species.—they fall short in enabling meaningful and 
replicable comparisons. 

Additionally, compared to other bi-directional impact frameworks (Kumschick et al., 2012; 
Martinez-Cillero et al., 2019) SEICAT+ facilitates clear distinctions of different levels of 
impact magnitude. This level of clarity is absent in existing frameworks, which rely on vague 
and subjective terminology. For instance, INSEAT defines impact levels using phrases like 
'too small to be significant,' 'noticeable,' 'substantial' or 'intense increase in the ecosystem 
service.' Similarly, the impact-based prioritisation framework proposed by Kumschick and 
colleagues (2012) used loosely defined expressions such as 'potential positive influence but 
not reported', 'occasionally leading to increased', 'regularly leading to increased', 'small 
quality increase,' 'larger quality increase,' or 'massive quality gain'. Notably, a similar 
terminological vagueness was observed in the widely used GISS framework (Nentwig et al., 
2010, 2016), which ultimately led authors who originally contributed to its development to 
outline the well-defined SEICAT framework (Bacher et al., 2018). To minimize subjective 
judgments, SEICAT(+) frameworks build on the EICAT(+) frameworks (Blackburn et al., 2014; 
IUCN, 2020b; Vimercati et al., 2022) by adopting explicit demarcations between impact 
levels. Specifically, SEICAT+ differentiates: (1) Minor from Moderate impacts based on 
whether the number of people involved in the activity increased; (2) Moderate from Major 
impacts based on whether the entire activity’s existence is reliant on the alien species; and 
(3) Major from Massive impacts depending on whether the activity’s existence is contingent 
on the continued presence of the alien species (Figure 1, Table 2). Therefore, SEICAT+ does 
not rely on subjective thresholds for categorizing impacts, a feature acknowledged to 
improve consistency among assessors and inter-rater reliability of assessments across 
different species and contexts (Bernardo-Madrid et al., 2022). 
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Lastly, SEICAT+ profits from the recent clarification and expansion of the SEICAT framework 
(Probert et al., 2023) to account for cases in which alien species improve human well-being 
by reducing, minimizing or eliminating the need for burdensome activities. Several studies 
have documented cases where ecosystem disservices are mitigated following the 
introduction of species outside their native range (Castro‐Díez et al., 2019; Milanović et al., 
2020). Both the Nature’s Contributions to People (NCP) framework and the One Health 
approach can qualitatively address these benefits: the former by recognizing positive 
impacts of alien species under the category “regulation of detrimental organisms and 
biological processes”; the latter by assessing improvements in human, animal, and 
environmental health resulting from reduced reliance on burdensome activities, such as the 
widespread use of insecticides or herbicides. However, neither approach provides an 
indicator that enables comparisons across taxa and regions. Semi-quantitative frameworks—
such as INSEAT and the prioritization framework for management proposed by Kumschick et 
al. (2012)—have overlooked this aspect, as they do not offer a strategy to use studies 
reporting changes in burdensome activities only. Monetary approaches can capture such 
changes, especially when the economic impacts directly attributable to alien species are 
clearly separated from the costs of managing them or mitigating other ecosystem 
disservices. A notable example of this, albeit focused solely on negative impacts, is the 
InvaCost methodology and dataset (Bradshaw et al., 2024; Diagne et al., 2020) which 
systematically report both societal economic losses and management expenditures side by 
side. By integrating the aspects outlined above, SEICAT+ enables users to assign a magnitude 
of impact to all cases where an alien species reduces society’s participation of burdensome 
activities (Figure 1), while—consistent with the InvaCost approach—clearly distinguishing 
direct effects on preferred activities from indirect effects related to compensatory measures 
(Fig. 2). 

SEICAT+ in practice 

Given the innovative features and conceptual flexibility of the SEICAT+ framework, we 
anticipate that it will serve a wide range of purposes across various domains and 
environmental contexts. While SEICAT has been used to compare negative impacts of alien 
species across disparate stakeholder groups and well-being dimensions (Bacher et al., 2023; 
Evans et al., 2020; Galanidi et al., 2018; Gruber et al., 2022), to demonstrate the 
exacerbation of their widespread damages on target activities over time (Gourari et al., 
2025; Oussellam et al., 2021), and to design questionnaires capturing data on stakeholders’ 
perceptions and alien-mediated socio-economic losses (Nardelli et al., 2024), similar 
applications can be envisioned for SEICAT+. The novel framework can also be used to 
systematically identify alien species that, despite their well-documented negative impacts on 
people and nature, provide significant positive contributions to human activities across both 
global and national contexts (Kumar et al. in preparation). This seems particularly relevant 
where human populations significantly rely on nature, as in most tropic regions (Mungi et al., 
2025). Such insights may inform management but also ensure that active alien species 
control is accompanied by the restoration of native species capable of providing comparable 
ecosystem services (Bekele et al. 2018). Additionally, SEICAT+ can deliver insights on which 
alien species can be pro-actively employed, for example as biocontrol agents (Van Driesche 
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et al., 2010), or temporarily tolerated given their benefits on human well-being. SEICAT+ 
data can therefore inform risk analysis processes informing regulatory frameworks 
(Kumschick et al., 2020), support conflict resolution strategies (Estévez et al., 2015) and 
facilitate deliberative, participatory approaches involving affected stakeholders (Crowley et 
al., 2017).  

From a heuristic perspective, when integrated with data derived from other semi-
quantitative frameworks of the ICAT family, SEICAT+ can contribute to a more 
comprehensive understanding of human–nature interdependencies, while also investigating 
which social and ecological agents, institutions, and processes mediate these interactions, 
for instance via the promising social-ecological network methodology (Rickowski et al., 
2025). With the development of SEICAT+, the ICAT frameworks can now capture all types of 
impacts, both environmental and socio-economic, and in all directions, positive and 
negative, enabling a more comprehensive assessment of their effects on systems and 
stakeholders. Bi-directional impact assessment studies that employ both SEICAT and SEICAT+ 
may also explore factors that influence the distribution, magnitude and direction of socio-
economic impacts associated with alien species, in parallel with efforts to disentangle drivers 
of alien-mediated environmental change (Bescond--Michel et al., 2025). 

Concluding remarks 

The development of the SEICAT+ framework responds to calls for more inclusive 
assessments of alien species by accounting for their positive impacts on relational, 
instrumental, and intrinsic values (Sax et al., 2022), while not overlooking their negative 
effects on biodiversity or human societies. SEICAT+ also contributes to broadening the scope 
of invasion science by integrating the perspectives of diverse stakeholders and 
acknowledging the wider social and political dimensions involved in impact evaluation (Reed 
et al., 2023), while remaining grounded in established frameworks and approaches validated 
by multiple scholars in the field to ensure transparency and advance the discipline 
(Lockwood et al., 2023). The framework complements existing approaches in welfare 
economics by providing a structured means of capturing and assessing the positive impacts 
of alien species to humans, thereby enriching scientific inquiry and supporting more 
informed, context-sensitive management decisions. 
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