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Abstract 

The management of invasive alien species (IAS) is complex and requires consideration of 

intertwined ecological and economic dimensions. Given the wide variety of costing purposes 

and practices, and the associated risk of misunderstandings and/or miscommunication which 

may jeopardize perceptions and management, there is an urgent need to disentangle the 

nature of IAS costs. We provide a synthesis of the nature and diversity of the economic costs 

associated with IAS and the potential limits of their assessment. This work promotes a common 
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understanding of costs of IAS across disciplines, which is essential for improving the 

estimation, interpretation, selection, and uptake of costs when designing IAS management 

policies or raising societal awareness of their threats. Our study contributes to a clearer 

understanding of the nature of costs, serving as a sound basis for managing biological 

invasions. 
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1 Introduction 

 

Alien or non-native (exotic) species invade regions outside their native range, mostly as a 

consequence of human activities. A subset of these species establishes successfully in their 

novel ranges, i.e. become permanent additions to regional species pools. Those exerting 

negative impacts on the recipient environment are known as invasive alien species (IAS) (CBD 

2002; Falk-Petersen et al. 2006; Blackburn et al. 2011). IAS affect the functioning of 

ecosystems and related ecosystem services (Linders et al. 2019), often leading to cascading 

impacts on socio-economic activities and human well-being1 (Bacher et al. 2018). Accordingly, 

negative impacts on the environment caused by IAS may result in significant economic losses 

(IPBES 2019; Shackleton et al. 2018). Biological invasions are therefore a complex 

phenomenon where ecological and economic issues are often intertwined.  

  

Severe risks to human health or biodiversity due to the presence of IAS are sufficient reasons 

to initiate prevention or management actions to halt the ever-increasing spread of IAS 

worldwide (Dana et al. 2019; de Groot et al. 2020). However, understanding the economic 

costs caused by IAS is key, to foster a sound foundation for management decisions (Dana et 

al. 2014; IUCN 2018). These costs can also be used to inform the general public and 

communicate the societal significance of biological invasions (Davis et al. 2018). However, 

costs can vary in nature because, among other reasons, they are not assessed against the 

same criteria and objectives or over the same periods of time (Diagne et al. 2020a; 2021a). 

For instance, some costs are concrete out-of-the pocket expenses linked to management 

measures while others refer to potential loss of value that might be borne in the future under 

certain prospective scenarios (Bacher et al. 2018).2 Systems to summarize or analyze the 

costs of biological invasions are often missing (Marsh et al. 2021). Any simple aggregation or 

extrapolation attempt of these economic costs is likely to lead to erroneous conclusions, which 

may be misleading for evidence-based policy and/or decision-making. With biological 

invasions on the rise and increasing interest in assessing their economic impact (see for 

example the articles in this Special Issue; Seebens et al. 2021), there is a palpable and 

increasing need to disentangle the nature of costs associated with biological invasions and 

provide a clear understanding of their numerous dimensions and how they relate to each other. 

This will help avoid confusion and contribute to more meaningful assessments of economic 

impacts for decision makers and other societal stakeholders affected by invasions.  

  

The body of grey and scientific literature on the economics of IAS has grown substantially in 

recent years. This literature includes cost assessments of IAS across ecosystems (e.g. 

                                                
1 The approach developed in this article focuses on invasive species but, by analogy with their 
harmfulness and propagation dynamics, also applies to pests and pathogens in agriculture and 
aquaculture, and to infectious and vector-borne human diseases. 
2 Out-of-the pocket costs are defined by the American Accounting Association (1952) as “those costs 
which with respect to a given decision of management give rise to cash expenditures” 
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Cuthbert et al. 2021a), taxa (e.g. Bradshaw et al. 2016), regions (e.g. special issue published 

in NeoBiota dedicated to the cost of IAS around the world (Zenni et al. 2021) and sectors (e.g. 

Marsh et al. 2021). Such cost assessments of IAS were conducted by scientists but also 

national sector specific agencies such as agricultural, forestry or the environment (e.g. Great 

Lakes Commission, & St. Lawrence Cities Initiative 2012; U.S. Fish & Wildlife 2012, The 

Research Group, LLC 2014). This literature also includes methodological reviews and 

syntheses (e.g. Lovell et al. 2006; Olson 2006; Frésard 2011; Marbuah et al. 2014; Jackson 

2015; Epanchin-Niell 2017; Warziniack et al. 2021). Although there are multiple frameworks 

for categorizing IAS impacts on the state and dynamics of ecosystems (e.g. Blackburn et al. 

2014; Hawkins et al. 2015), frameworks that classify impacts on humans and economic 

activities are largely missing, except for specific sectors (e.g. Paini et al. 2016 for crop 

production). Two recent general frameworks are the SEICAT framework (Bacher et al. 2018) 

that allows to classify IAS taxa in terms of the magnitude of their impacts on human well-being, 

based on the capability approach from welfare economics, and the Invacost database (Diagne 

et al. 2020a,b), that includes a descriptor of the market and/or activity sectors impacted by the 

IAS. Inter-governmental organizations, such as the IUCN and CABI, have proposed a toolkit 

for the economic analysis of IAS providing methodological elements to define their costs and 

benefits (Emerton and Howard 2008). The spatial planning tool InVEST is being adapted to 

specifically evaluate the costs and benefits of IAS management scenarios at regional scales 

(Gallardo et al. 2019). Despite these syntheses and frameworks, the economic terms and 

concepts related to the impacts of biological invasions lack clarity while they are regularly used 

by environmentalists.  

  

In this paper, we present a systematic assessment on the nature and diversity of economic 

costs associated with IAS. Our objective is to provide a useful framework for both natural and 

social scientists as well as practitioners and other stakeholders, promoting a common 

understanding of this complex topic. We expect this to help clarify the concepts around the 

economic costs of IAS, and thereby to enhance both interdisciplinary collaborations and impact 

of resulting research, with greater output for resource managers, policy makers and the general 

public. We first analyze the economic foundations of the economic costs of IAS and, second, 

propose a synthetic view of the nature of costs. Third, we investigate the approaches and 

decision-making scenarios that mobilize these different cost concepts, highlighting the 

discrepancies associated with cost assessment and cost aggregation. 

 

2 The nature of the economic costs of IAS 

  

There is a wide variety of terms and concepts used in economic cost assessment. Doney 

(1963) discusses one hundred twenty-two specialized or modified cost concepts including 

direct and indirect costs, marginal and total costs, disutility and opportunity costs. This diversity 

reflects the complexity of economic activity. It also reflects the diversity of problems related to 
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costing as well as of disciplines that use these concepts. Thus, many concepts serve limited 

purposes or are used in a confusing way because the object whose cost is being measured is 

distinct from the production or consumption goods for which the cost concepts were originally 

defined. This applies to the costing of IAS, which is based on many concepts used for different 

purposes and perspectives (e.g. Perrings et al. 2002; Pimentel 2005; Born et al. 2005; Jackson 

2015).  

 

2.1 Ecological damage and economic costs of IAS 

There are several definitions and uses of the concept of economic costs of IAS in the literature, 

with approaches that focus exclusively on the economic damage costs of IAS (e.g., Kremer-

Nozic et al. 2000), on the management costs of IAS (e.g., Scalera 2010), or on the total costs 

of IAS aggregating all costs, including damage and management costs (e.g. Pimentel et al. 

2005, Diagne et al. 2021a, Crystal-Orneiras et al. 2021). While most approaches to economic 

costs are limited to an analysis of monetary costs (i.e. expressed in a monetary value) (e.g. 

Kremer-Nozic et al. 2000), some studies propose hybrid approaches considering that 

economic costs consist not only of monetary values (e.g. Lubchenco 1997). Before going into 

the details of the different categories of costs, we propose a broad definition of economic costs 

and ecological damage of IAS. We express the consequences of biological invasions in 

normative terms in relation to conservation ecology (ecological damage) and economics 

(economic costs) by considering that any loss of biodiversity or human well-being, respectively, 

are considered negative.  

  

We define ecological damage3 of IAS as the harm to ecosystems caused by IAS, such as a 

loss of biodiversity or ecological function (blue circle in Fig. 1a). Ecological damage can take 

multiple aspects that are expressed in biophysical units (e.g. number of lost native species, 

volume of degraded water). They can hardly be aggregated since they are measured in 

different units. 

  

We define economic costs of IAS as the harm caused by IAS to human welfare (yellow circle 

in Fig. 1a), welfare referring to a measure of human satisfaction as originally defined by Smith 

(1759) and widely discussed since4. These costs arise from all negative consequences for 

which a value can be assigned by humans (e.g. monetary, existence or bequest values). This 

implies that the economic costs are made up of the costs of damage caused by IAS to humans, 

but also the costs of preventing and controlling this damage. They include disutilities on health, 

security, infrastructure and economic production as well as welfare losses associated with 

                                                
3 Ecological damage is part of environmental damage. The latter is defined by the United Nations 
(inforMEA.org) as the deterioration of the environment through depletion of resources such as air, water 
and soil; the destruction of ecosystems and the extinction of wildlife.  
4 More precisely, welfare refers to the well-being of individuals, the economy of well-being being defined 
by the OECD (2020) as the capacity to create a virtuous circle in which citizens’ well-being drives 
economic prosperity, stability and resilience. Following the OECD well-being framework, the 
determinants of well-being are manifold and include wealth, health, happiness and comfort. 

https://en.wikipedia.org/wiki/United_Nations_International_Strategy_for_Disaster_Reduction
https://en.wikipedia.org/wiki/United_Nations_International_Strategy_for_Disaster_Reduction
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investments in IAS prevention and control. Economic costs can also be an indirect 

consequence of environmental damage through, for example, negative feedbacks impacting 

other economic sectors. In this sense, economic costs include all the additional costs resulting 

from economic disruptions due to the environmental damage. Although often expressed in 

monetary terms (red dots in Fig. 1b), economic costs can be measured through other 

quantitative or qualitative metrics. Non exhaustively, these metrics include time costs (e.g., 

time to bypass an area inaccessible due to IAS, time to treat IAS or repair damage), 

convenience costs (e.g., inconvenience caused by IAS, loss of eudaimonic well-being) or 

psychological costs (see Zeithaml (1988) for an overview of non-monetary costs and perceived 

value).  

 

Many ecological damages have a negative impact on humans and can therefore also entail 

economic costs (green shaded area in Fig. 1a). For example, an alteration of the ecological 

structure of landscapes or a degradation of biodiversity, when perceived negatively by humans, 

constitute an ecological damage but also an economic cost. On the other hand, ecological 

damages which are not perceived or at least not perceived negatively by humans, do not 

constitute an economic cost (blue crescent in Fig 1a). Examples include unnoticed loss of 

biodiversity (e.g. in the deep sea or in primary forests), long-term ecological damage that is 

not perceived due to uncertainties and unknowns (e.g., via very long-term ecological cascade 

effects), or ecological impacts that are perceived positively by humans but are ecologically 

harmful. Conversely, some economic costs are not ecological damages (yellow crescent in the 

Fig. 1a). The principal example being the costs of direct impacts on human activities or 

infrastructure, with no link with ecosystem degradation such as yield loss for off-ground 

cultivation or damages to infrastructure such as water intake pipes related to hydroelectric 

dams or telephone cables. Nevertheless, the gradient between natural and managed systems 

should lead to consider the boundaries between “pure” ecological damage (blue in the Fig. 1), 

or “pure” economic costs (yellow in the Fig. 1), and situations where ecological damage triggers 

economic costs (green in the Fig. 1) as blurred. 
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Fig 1 (a) Schematic representation of the economic costs (yellow) and ecological 

damage (blue) caused by IAS. In many cases, when ecological damage has a negative 

impact on human well-being, it is also perceived as an economic cost (green). (b) The 

economic costs can be expressed in monetary (red dots) and non-monetary terms 

  

When ecological damages trigger economic costs, those costs are expressed as welfare 

losses and are therefore either monetary values (e.g willingness to pay) or non-monetary 

values of satisfaction losses such as time costs or well-being losses. Although in Figure 1b, 

monetary and non-monetary costs are represented in equal parts, cost assessments are based 

primarily on monetary valuation (see Diagne et al., 2020 for an exhaustive analysis). This is 

true for the cost of damage caused by IAS and even more so for management costs of IAS, 

which are essentially measured in monetary terms as these costs are mostly monetary 

expenses (Zavatela, 2010). This focus on the monetary unit is explained by the fact that it 

makes it possible to aggregate these costs (and thus to evaluate a total cost) but also to 

compare them (which is essential when it comes to comparing the cost of damage with the 

cost of management and thus to evaluate the management effort to be put in place).5 The use 

of the monetary standard implies however measuring satisfaction according to a utilitarian 

vision, through the sole prism of money. Moreover, when market values are not available, as 

is the case for many goods and services related to health, education, or the environment, 

monetary measurement requires resorting to non-market valuation methods. It involves the 

assessment of costs based on observation of real-world choices (revealed preference 

methods) or explicit statements (stated preference methods) of the economic agents. These 

methods come along with several limitations, which have been widely discussed in the 

environmental economics literature (Cameron and Carson 1989; Spangenberg and Settele 

2010; Alfred 2006; Carson 2012; Hausman 2012; Johnston et al. 2017), as well as 

methodological advances to bound them (Carson 2012; Freeman III et al. 2014; Rakotonarivo 

et al. 2016). While expressing in monetary terms all economic costs triggered by ecological 

                                                
5 In economics, cost underlies the determination of supply and in conjunction with demand provides the 
elements of the pricing mechanism which is the main organizing force of the economic system. 
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damages might be desirable in that it simplifies the inclusion of impacts to the environment in 

decision-making and policy-design processes, economic costs with non-market values are not 

all commensurable (Alfred 2006; Bacher et al. 2018). This may be because they are not all 

well-understood, not systematically measured and reported, or because the monetary metric 

is not always acknowledged by the scientific and civil communities (Spangenberg and Settele 

2010). Non-market values are inevitably contingent on humans' subjective perceptions and 

understanding (Shackleton et al. 2019).  

 

2.2 The private and social costs of IAS 

By their very nature, IAS belong to the class of mobile public bads in that they produce costs 

to society as they proliferate and propagate in space and time impacting negatively public 

goods (e.g. biodiversity conservation).6 As soon as an IAS spreads from one property, region 

or country to another, it becomes a spatial externality7 and failure to prevent its spatial 

propagation is detrimental to the recipients of the bad. The distinction between private costs 

from social costs is usual in the economics literature. It allows to analyze the costs of IAS at 

different scales and to promote socially optimal management. Private costs are defined as the 

costs incurred by a private agent as a result of their private activity or, in the case of an IAS, 

as a result of the prevalence of the IAS on their property. Social costs are the total costs to 

society and include both private costs plus any external costs, these last being defined as the 

costs borne by third parties that are not compensated.8 As an illustrative example of these cost 

concepts, the red swamp crayfish (Procambarus clarkii) was introduced in Europe through 

Spain by a crayfish farm in 1972. Over the next 40 years the crayfish spread through Spain, 

but also through 10 other European countries (Holdich 1999). The impacts of this IAS result in 

both economic costs (i.e., on fishing or agriculture) and ecological damages (i.e., on 

biodiversity). If the crayfish farm from which the invasive crayfish was introduced incurs a cost 

as a result of the spread of the crayfish in his property, that cost would be a private cost. The 

costs borne by fishers and farmers and more generally by individuals who value biodiversity in 

the neighboring areas are external costs. The social cost of the crayfish invasion is the cost 

collectively borne at the European scale or even beyond (e.g. as trade losses in other countries 

outside Europe). 

These cost concepts are useful in several respects. First, private and external costs allow for 

distinguishing which costs are borne by whom. Social costs represent the total cost of an 

activity and are used to assess the costs of IAS. Private, social and external costs are used in 

                                                
6 Symmetric to a public good, a public bad shares with this category of good the properties of non-
excludability and non-rivalry. For a more thorough discussion, see Kolstad (2000) or more recent 
editions. The concept of mobile public bad is introduced by Costello et al. (2017). It reflects the fact that 
the bad is spatially mobile in the image of transboundary pollution, epidemics, pests, or biological 
invasions. 
7 An externality is a cost or benefit incurred by an agent as a result of a third party without agreement. 
The concept was initially defined by Pigou (1920) when studying pricing. The costs of public bads are  
negative externalities produced by the agent that causes them. 
8 These concepts originate in the work of Pigou (1920) on the internalization of externalities, 
complemented by the fundamental work of Coase (1960) on the problem of social cost. 

https://en.wikipedia.org/wiki/Hidden_cost


Accepted version in Biological Invasions before the proofs (May 2022)  

9 

the process of managing IAS and internalizing efficiently the externality. Second, and more 

importantly, these concepts allow to address market failures, as pricing mechanisms must take 

into account all costs associated with an activity in order to work effectively. To return to our 

example, if the external costs of introducing the crayfish into the farm had been paid by the 

owner, he would never have chosen to produce it because the costs incurred would have been 

much greater than the expected profit from farming the crayfish. The evaluation of external 

costs and the implementation of pricing mechanisms that make those responsible for negative 

externalities pay their costs are one of the cornerstones of public economics. Making the 

producers of externalities pay the price of external costs resolves market failures and thus 

achieves social efficiency (Pigou, 1920).9   

 

In the presence of an external cost, the notion of liability is key insofar as the market failure is 

solved as soon as this cost is borne by the party that is responsible for it. In case of pollution 

from a production activity impacting a third party, the problem is simple as it is possible to make 

the firm liable for the nuisance to pay for it. It is more complex when it comes to the proliferation 

of a species. As Perrings et al. (2000) note, liability is often irrelevant with respect to IAS as 

those responsible for their introduction are difficult to identify or may have disappeared. Hence, 

the boundary between private and external costs of IAS is sometimes ambiguous as invasions 

are often unintentional and not the result of a deliberate choice (Hulme et al. 2008). An IAS 

introduced involuntarily into private property is a negative externality often produced by an 

unknown entity that is not necessarily aware of it. When the IAS establishes on the property, 

it becomes a private cost for the owner. It is also an external cost however, in the sense that 

the property owner did not intentionally introduce this IAS that is coming from elsewhere. 

Nevertheless, as Coase (1960) shows, market imperfection can be solved in spite of liability. 

For example, it is conceivable that a landowner free of IAS makes a monetary transfer to an 

infected neighbor in order for the latter to control the IAS on her/his property so that it does not 

spread over. As we shall see in section 3.1, efficient management of IAS requires coordination 

and cooperation at the landscape level, and the mechanisms to drive this are based on an 

assessment of private, external and social costs. Assessment of landowner's private costs and 

external costs incurred in neighboring properties is used to define monetary arrangements or 

agreement terms to coordinate management efforts. The social cost is used to compel 

landowners to manage IAS on their properties and design public policies for this social cost to 

be as small as possible. 

 

2.3 The economic costs and benefits of IAS  

Economics studies how agents allocate resources to best serve their interests. As conveyed 

by Epanchin-Niell (2017), beyond the assessment of the economic cost of IAS, the economics 

                                                
9 Note that Coase (1960) completes the analysis by showing that bargaining between parties makes it 
possible to resolve the market imperfection provided that transaction costs are nil or low. Transaction 
costs are defined as the costs associated with a market transaction including prospecting costs, 
negotiation costs and monitoring costs (Coase 1937, Dahlman 1979). 
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of IAS management aims at understanding trade-offs associated with actions or policies. 

These trade-offs concern in particular the choices of where, when and how to manage IAS, 

which invasions to manage and how to ensure coordination for effective management. The 

cost of one alternative over another is an input to the analysis of these questions, as are the 

relative benefits of the different alternatives. It is common practice to compare the costs and 

benefits of a management action, or even to define a least-cost strategy, known as cost-

effective (section 3.1). This leads to a comparison between the costs of management and the 

benefits of this management, the latter being the costs of damage avoided thanks to the 

management effort. Therefore, the dichotomy between management costs and damage costs 

is common in the literature, with the economic costs of IAS referring to the sum of the two. 

  

Although these concepts, defined and discussed in the further subsections, are intrinsically 

linked to each other, their interrelatedness is the cause of much confusion in the literature. 

Figure 2 illustrates the distinction and tenuous link between the costs and benefits of invasions 

on the one hand (part (a)) and the costs and benefits of managing them on the other (part (b)). 

It reads as a mirror image (the vertical central gray line is the mirror) and allows us to highlight 

the links and equivalences, or correspondences, between these two categories of concepts. 

Colors are used to identify loss (red) or gain (blue) situations. On the left (Fig. 2a.) are the 

costs and benefits of IAS and on the right (Fig. 2b) are the costs and benefits of IAS 

management. As can be seen, the damage/loss costs of IAS are equivalent to the benefits of 

management, because management prevents these damages and losses. Similarly, the 

benefits of IAS (i.e. the positive contribution of IAS), when they exist, are losses when it comes 

to IAS management. They are forgone benefits that should be subtracted when assessing the 

total benefits of IAS management. This mirror effect is explained by the fact that IAS 

management mitigates the ecological and economic damage they cause. Management is 

costly but produces benefits by reducing the cost of the damage caused by IAS.  
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Fig 2 Correspondence between the economic costs and benefits of IAS (a) and of IAS 

management (b) represented on both sides of a mirror (vertical central gray line). 

Colors are used to identify loss (red) or gain (blue) situations. 

 

2.3.1 The economic costs of IAS  

In the economics literature on biological invasions, the economic costs of IAS are generally 

described as consisting of damage/loss costs and management/control/applied mitigation 

costs (e.g. Perrings et al. 2000, Pimentel et al. 2005, Born et al 2005, Kettunen et al. 2009, 

Marbuah et al. 2014, Epanchin-Niell 2017, Diagne et al. 2020b, 2021a, Warziniack et al. 2021). 

These terms are often used without being defined or even illustrated with examples. Emerton 

and Howard (2008) adopt the term “opportunity costs (benefits lost)” to refer to what others 

name damage/loss costs.10 They describe this category of costs as composed of “On-site 

production losses”, “Losses to other sectors and activities”, and “Congestion and crowding 

costs” (Emerton and Howard 2008: 44-45). Management costs usually refer to the set of costs 

incurred at the different stages of managing an invasion (e.g. Robertson et al. 2020) including: 

understanding and predicting invasions and their impacts, prevention measures for 

introduction or spread (e.g. education and awareness campaigns, quarantine), early detection 

(e.g. phytosanitary control of introduction pathways, border checks), surveillance, monitoring 

and control (e.g. eradication campaigns, mitigation or containment strategies). Marbuah et al. 

(2014) specifies that control costs are sometimes used as a proxy measure of damage cost. 

This applies in particular to the costs of repairing damage on human-made infrastructures or 

of human health expenses, which may be considered in assessments both as management or 

damage/loss costs. As a matter of fact, repairing the damage of an IAS is a management 

action, but the expenses incurred correspond to the value of the damage/losses suffered. 

                                                
10 Usually in economics, the opportunity cost is defined as the sacrifice of not adopting an alternative 
choice (e.g. management) (Viner 1930) 
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Emerton and Howard (2008) assume that repairing costs are management costs that they 

define as “direct physical expenditures on prevention, eradication, containment, management 

and restoration activities, such as spending made on equipment, wages, infrastructure, 

transport, maintenance, research, etc.”. On the contrary, Diagne et al. (2020b) consider these 

costs are damage/loss costs because they are dedicated to the consequences of the invasion 

and not to the management of the IAS itself.  

 

We define management costs as the expenses dedicated to managing the IAS (Fig. 2a,b top). 

We define damage/loss costs as the damage caused by IAS and the expenses to repair11 

these damages (Fig. 2a). They include: 

- physical capital and infrastructure loss (including repair of damage to infrastructure or the 

endangerment of economic activities),  

- human capital loss (including human health expenses), 

- natural capital loss (biodiversity loss/degradation) accompanied by losses/degradation in 

ecosystem services (which encompass all four services, e.g. provisioning services such as 

harvest/yield/production, regulating services such as carbon sequestration and climate 

regulation, supporting services such as primary production and nutrient cycling, and 

cultural services such as recreation, tourism and aesthetic values).  

 

A substantial number of studies have attempted to measure the economic damage/loss costs 

of IAS, at the stage when the IAS has already successfully established in the region under 

study. As not all damages can be assessed to the same standard (e.g., monetary) and because 

they are either unknown or uncertain, such assessments are often not comprehensive. While 

there is relatively less methodological bias in the assessment of management costs than in the 

assessment of damage costs, few studies have attempted to provide an overall picture of 

management costs (exceptions being Scalera (2010) and Tucker et al. (2013) for an 

assessment at a European scale, Hoffmann and Broadhurst (2016) for Australia, Ahmed et al. 

(2021) for the cost of inaction in IAS management). Instead, studies focusing on the costs of 

control or on the cost of eradication of a single species at a given location or region are more 

common (e.g. Howald et al. 2007; Brockerhoff et al. 2010; Holmes et al. 2015; 2016; Robertson 

et al. 2017; Jardine and Sanchirico 2018).  

 

2.3.2 The economic benefits of IAS  

Economic agents may benefit from the presence and/or use of IAS (benefits of IAS) (Fig. 2a), 

either through revenues from their exploitation, or because IAS contribute positively to 

ecosystem services (e.g. provisioning services such as exploitation and commercialization of 

introduced fish or shellfish, regulating services such as wetland plants controlling pollution 

through absorbing heavy metals, cultural services such as opportunistic recreational hunting 

                                                
11 We follow the perspective of Diagne et al. (2020b) which is more suited to approaches aimed at 
defining management strategies (see section 3.1). 



Accepted version in Biological Invasions before the proofs (May 2022)  

13 

of an established IAS). IAS may also have a positive ecological impact on native species, 

through food webs for instance (e.g. bird population feeding on an invasive crayfish). 

Kourantidou et al. (2022) have reviewed and discussed the different aspects behind these IAS 

that can simultaneously be assets and liabilities (or burdens). Many exotic species, later turning 

into IAS, have been introduced on purpose, for economic or ecological reasons, without first 

conducting a cost-benefit or a risk-benefit assessment of their introduction (McNeely 2001). 

 

Economists typically consider the economic benefits of IAS management as avoided damages 

that would be otherwise caused by the IAS (Fig. 2b). As previously explained, the fundamental 

question resource managers often come across is: what are the costs of the IAS management 

action compared to the benefits associated with this action? The net economic benefits of a 

management program can be estimated as the benefits of IAS management (damages/loss 

avoided thanks to the management action, blue in Fig. 2b) minus the losses due to IAS 

management (the management costs and the potential forgone benefits of IAS related to the 

IAS management action, red in Fig. 2b, to which the possible negative or positive side effects 

of management can be added (not shown in Fig. 2b)). This approach is developed in section 

3.1. 

 

2.4 The direct and indirect economic costs of IAS 

Economists typically make the distinction between direct costs related to production (cost of 

labor, cost of raw materials, etc.) and indirect costs generated (taxation, overheads, long-term 

investment in infrastructure, behaviors and market adjustments etc.).12 This translates into a 

distinction between the costs immediately incurred and those that are more diffuse, shared, 

longer term and by nature complex to assess. For invasive species scholars, the dividing line 

between direct and indirect costs comes down to a suite of principles. For Emerton and Howard 

(2008), “direct economic impacts arise from the effects of the invading species on the host 

habitat or ecosystem and measures to manage the invasive species, while indirect economic 

impacts refer to effects on other sites, sectors and times in terms of markets, prices, health, 

nutrition, trade, the environment and public and private spending”. This definition is somehow 

confusing as costs incurred in other sites are typically referred to as external costs. But the 

costs incurred in other connected sectors clearly contribute to the indirect costs of IAS and call 

for an understanding of the macroeconomic interrelationships at work. In this perspective, 

assessing the costs of IAS related to human disease (e.g. Asian Tiger Mosquito), Chiadmi et 

al. (2020) assume direct costs are those related to health expenditures (patient care, treatment, 

etc.), whereas work absenteeism or decreases in productivity are considered as indirect costs. 

Born et al (2005) or Holmes et al. (2009) propose another definition and distinguish costs 

based on their ease of quantification. They define indirect costs as secondary costs such as 

                                                
12 The American Accounting Association, Committee on Cost Concepts and standard (1952) defines 
direct cost as costs obviously traceable to a unit of output or segment of business operations. Indirect 
costs are defined as costs not readily identifiable or incurred as a result of the production of specific 
goods or services. 
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long term costs (impacts with time lags) or more diffuse costs with cascading impacts 

(interspecific interactions, macroeconomic retroactions). 

 

Between these two definitions and consistently with economics literature, we assume direct 

costs are the costs immediately incurred, whatever the site or sector impacted, that are 

straightforward to identify and quantify. Indirect costs are then assumed to be secondary, and 

more diffuse (for instance through species interdependencies or macroeconomics effects). 

Considering this definition, while indirect costs are not necessarily always hard to quantify, 

they are generally more difficult to identify than direct costs as they involve understanding 

ecological interdependencies on the one hand, economics interdependencies on the other.  

 

A related distinction, as proposed by Diagne et al. (2020b), is between observed costs (i.e., 

those actually incurred by an IAS within its invasive distribution area at the time of the 

assessment) and potential costs (i.e., those not incurred but expected for an IAS beyond its 

actual distribution area and/or predicted over time within or beyond its actual distribution area). 

While the direct/indirect distinction emphasizes the link to the invasion, the observed/potential 

distinction informs on the likelihood of existence of the cost at the time of evaluation, regardless 

of its temporal or spatial location relative to the invasion. As potential costs are the subject of 

numerous sources of socio-economic and ecological uncertainty, they deserve careful 

consideration for any use in cost assessment (Diagne et al. 2021a, Leroy et al. 2020). To take 

this uncertainty into account, cost assessments can use expected utility approaches (von-

Neumann and Morgenstern 1944) and assign probabilities to different possible scenarios 

about the invasion and its impacts. Some ecological or interdisciplinary works seeks to build 

on the expected spread of the IAS, for instance using simple generalized linear models based 

on the known distribution for ragweed (Ambrosia artemisiifolia) in Europe (Richter et al. 2013), 

using general hierarchical model framework for spatiotemporal processes based on 

abundance variation for the eurasian collared-dove (Streptopelia decaocto) in the United-

States (Hooten et al. 2007), projecting the rate of migration over time based on current local 

observations and past observations made abroad for the ruffe (Gymnocephalus cernuus) in 

the United-States (Leigh 1998) or assuming a colonisation of all suitable habitats identified in 

climate modelling for the Red Imported Fire Ant (Solenopsis invicta) in Australia (Wylie & 

Janssen-May 2017). 

 

2.5 The nature of the economic costs of IAS  

To summarize, we distinguish 7 main cost concepts used in the literature on biological 

invasions. We have listed them in Table 1 below, which is intended to cover each cost 

dimension. In order to illustrate these concepts, we voluntarily use a single case study 

published in Biological Invasions in 2022: the invasion of primrose willow (Ludwigia grandiflora) 

in the Brière marsh (France) (Bougherara et al. 2022).  
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Table 1 Distinctions in the nature of costs of IAS 

 

Duos of 
concepts to 
disentangle 

Definition of the 
concept 

Illustration of the 
concept through the 
case study 

Usefulness of the 
distinction 

Economic costs vs. ecological damage 

Economic 
costs 

Harm to human 
wellbeing caused by IAS 
activity (i.e. problems of 
navigability). 

The invasion of primrose 
willow in the Brière marsh 
harms the tourist activity 
by threatening boat rides  

Understanding what an 
economic cost is and 
what type of impact 
triggers that cost. 

Ecological 
damage 

Harm to the ecosystems 
caused by IAS  

The invasion of primrose 
willow in the Brière marsh 
harms the biodiversity of 
the marsh. 

Monetary costs vs. non-monetary costs 

Monetary costs Costs expressed in 
monetary terms, can be 
based on loss of market 
and/or non-market 
values 

Monetary loss due to the 
decrease in the number of 
boat rentals on the Brière 
marsh, willingness to pay 
of tourists to improve the 
conservation status of the 
Brière marsh 

Expanding our 
understanding of 
economic costs beyond 
monetary costs. 

Non-Monetary 
costs 

Costs expressed in 
other than monetary 
terms 

Loss of biodiversity of the 
Brière marsh Note that 
had, for example, the 
willingness to pay for 
restoring the biodiversity 
of the Brière marsh been 
estimated, this would be 
included under “monetary 
costs”. 

Loss of market values vs. loss of non-market values 

Loss of market 
values  

Value lost from 
product/service traded 
on the market 

Monetary losses in the 
tourism sector due to the 
primrose willow invasion 

Describing the 
damage/loss costs 
encompassing the 
existence of both market 
and non-market values 
lost (mostly unreported 
and/or unmeasured). 

Loss of non-
market values 

Value lost that is not 
traded on the market; a 
monetary value can 
possibly be assessed 
through non-market 
valuation methods 

Biodiversity loss, travel 
costs to visit the Brière 
marsh and discover its 
native biodiversity 

Management costs vs. damage/loss costs 

Management 
costs 

Monetary expenses for 
the management of the 
IAS.  Non-monetary 
management costs are 
rare. 

Costs of labor associated 
with manual uprooting of 
the primrose willow 

Distinction of main cost 
categories according to 
the purpose they serve 
or the cause that 
triggers them 
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Damage/loss 
costs 

Monetary and non-
monetary losses related 
to the presence IAS, 
monetary expenses for 
the repair of human-
made infrastructure 

Monetary losses in the 
tourism sector, loss of 
revenues from fishing, 
loss of biodiversity of the 
Brière marsh 

Direct costs vs. indirect costs 

Direct costs Immediately incurred 
costs, typically easy to 
identify and quantify 

Salaries of agents in 
charge of uprooting 
primrose willow and cost 
incurred by fishers 
catching less fish in the 
marsh 

Highlighting the 
presence of indirect, 
hidden costs and diffuse 
costs that are difficult to 
assess.  

Indirect costs Secondary and diffuse, 
difficult to identify, with 
varying degrees of 
difficulty in quantification 

Effects associated with 
the weakening of tourism 
activity, closure of hotels 
or restaurants, job losses 

 Observed costs vs. potential costs 

Observed 

costs 

Costs incurred at the 
time of the assessment  

All the aforementioned 
costs realized due to the 
presence of the primrose 
willow invasion 

Distinguishing between 
realized costs and costs 
expected under certain 
assumptions  

Potential costs Costs expected and/or 
projected beyond the 
time of the assessment, 
within or beyond the 
current IAS distribution 
area  

Costs estimated in the 
scenario where 
management fails to stop 
the spread of primrose 
willow beyond its current 
range  

Private costs vs. social costs 

Private costs Cost born by private 
agents 

In the presence of 
primrose willow, cattle no 
longer eat grass from the 
pastures. A private cost is 
that of the farmer, who 
must find alternative 
pastures. 

Understanding of the 
way IAS impact different 
groups of people/entities 
in order to design 
appropriate mechanisms 
aimed at achieving 
socially desirable 
outcomes through the 
management of IAS Social costs Total cost born by 

society (= private costs + 
external costs) 

Cost borne by all the 
agents who are directly or 
indirectly affected by the 
primrose willow invasion 
such as farmers, fishers, 
hunters and tourists of the 
Brière marsh.  

  

Figure 3 shows the combination of three of the seven concepts listed in Table 1 in the form of 

a cube, with one fixed concept (economic costs). Each combination could in turn be broken 

down into several situations using the remaining cost concepts. Both from the perspective of 

providing decision support tools (section 3.1) and in the perspective of assessing the costs of 
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IAS for public awareness purposes (section 3.2), the assessment consists of estimating for 

one or more IAS, at a more or less large spatial scale, each component of the cube described 

in Figure 3. Support for management strategies will generally be aimed at comparing 

management costs and damage/loss costs (weighting two halves of the cube). Awareness 

approaches will seek to assess the full range of costs (adding up all the entities making the 

cube). 

  

 

Fig 3 The different combinations of three concepts of the economic cost of IAS 

(damage/loss and management costs, monetary and non-monetary costs, direct and 

indirect costs). Each component of the cube represents a unique combination of one 

of the two distinctions within each of the three concepts (dark gray), illustrated with an 

example (light gray) 

 

 

3 The use of the different nature of costs in decision making 

 

The literature on the economics of IAS has made significant advances in recent years, helping 

to inform decisions and policy making (see for example Epanchin-Niell (2017), Büyüktahtakin 

and Haight (2018) for recent reviews). The evaluation of the costs of IAS meets two needs. 

The first is to provide data to feed into economics and operations research methods (such as 

mathematical models) and provide insight on management strategies to guide public policies 
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(section 3.1). The second need is to highlight the societal importance of the social cost of 

invasions and underpinning public intervention (section 3.2). In the following section, we review 

management methods and discuss their main weaknesses and limitations. 

 

3.1 Cost concepts in IAS management methods 

Considering approaches in support of IAS management policies, we distinguish those with a 

qualitative focus from those with a quantitative focus. Both have either been developed from a 

private (focus on private costs) or a benevolent social planner standpoint (focus on social and 

external costs). The perspective adopted on costs and benefits is that of IAS management (Fig 

2b) rather than that of the IAS itself (see Fig 2a). 

  

Approaches with a qualitative focus are mostly based on bioeconomic modelling and have in 

common the goal to model the interactions between economic and ecological systems (e.g. 

Epanchin-Niell and Wilen 2015; Springborn et al. 2016; Courtois et al. 2018; Skonhoft and 

Kourantidou 2021). By construction, the economic structure of these models is either inspired 

by a cost-benefit or cost-effectiveness logic. The first includes the costs and benefits (avoided 

damages/losses) of management. The second includes management costs, and occasionally 

the benefits derived from it. Rather than assessing the cost/benefit or cost/effectiveness ratio 

of a portfolio of management strategies however, these approaches aim to qualitatively 

characterize optimal conditions, identify determinants of suboptimality and solve them. Going 

beyond just the valuation and aggregation of costs and benefits (as in the case of cost-benefit 

analysis, see below), it is the marginal values and therefore the relative gradients of cost and 

benefit functions that are assessed and analyzed. The focus is then on qualitative assumptions 

of costs and benefits, and while the functional forms implicitly account for direct and indirect 

costs, and market and non-market values, they are primarily stylized and conceptual. These 

approaches are nonetheless informative and provide important qualitative results regarding 

the impact of cost uncertainty (e.g. Sims and Finnoff 2013), the inefficiencies associated with 

the external costs of private management (e.g. Fenichel et al. 2014; Aadland et al. 2015) and 

regulating these inefficiencies by internalizing these costs via taxation or subsidies (Costello 

et al. 2017). 

  

Approaches with a quantitative focus based on cost estimates are mainly cost-benefit analysis 

(CBA), cost-effectiveness analysis (CEA) and multicriteria decision analysis (MCA). Like 

bioeconomic models, these approaches provide guidance on how, where, or when to manage 

IAS, but they promote insights based on cost estimates.  

 

CBA aims to assess the net benefits of management strategies (i.e avoided damages/losses 

from management minus management cost) to determine whether these strategies are 

desirable from an economic point of view (e.g. Zavaleta 2000; Keller et al. 2007; Brown and 

Daigneault 2014a,b; Reyns et al. 2018). The approach is particularly useful for assessing the 
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return on investment of a given management strategy or for ranking alternatives in order of net 

benefit. Using CBA, the challenge is to assess management costs and avoided 

damages/losses as comprehensively as possible and, to be comparable, to express these 

costs in monetary terms. Because of the many flaws of non-market economic valuation 

methods, an inevitable weakness of CBA applied to IAS is that it biases monetary estimates 

of the full value of biodiversity and of ecosystem services (Turner et al. 2003). This problem is 

particularly salient when the approach is used to specifically assess the monetary (cardinal) 

value, or return on investment, of a particular management strategy.13 It is less salient when 

the approach is used ordinally to compare the relative profitability of several strategies.  

 

Monetization of all costs is not necessary when using CEA. The approach, also called cost-

utility analysis, aims to select the strategy that achieves a management objective at the lowest 

cost. This objective need not be monetary nor even economic. Instead, it can be biophysical 

such as reducing the spread of an IAS, lowering its prevalence (e.g. Louette et al. 2013), or 

eradicating it (e.g. Martins et al. 2006; Howald et al. 2007; Robertson et al. 2017). In addition, 

CEA may include social considerations such as public acceptability constraints and 

management considerations such as budget constraints (e.g. Roberts et al. 2018; Courtois et 

al. 2021). When the management objective assigned in CEA is to reach the highest 

management benefit at the lowest cost, the costs considered are the costs of management 

(whether private or social), the benefits are the damage/losses avoided through management, 

or a subset of that damage/loss. However, contrary to CBA, benefits need not be expressed 

in monetary terms but can be expressed in a biophysical unit. Indeed, because CEA does not 

seek to inform us about how profitable a management strategy is, there is no need to raise 

monetary values. This does not however, mean that CEA can cope with composite costs 

expressed in distinct units. For example, if the management objective is to minimize monetary 

and non-monetary losses from IAS, one needs to define an aggregation rule that allows making 

these losses comparable and therefore aggregable. Problems similar to those encountered in 

CBA related to standardizing all costs may thus be encountered in CEA as well.  

 

Although MCA does not solve the problem of comparability, the objective of the approach is 

precisely to tackle decision problems that involve several criteria. MCA is based on the 

assumption that there is no one optimal management solution but compromise solutions. Like 

CBA or CEA, MCA can be applied to select eradication, control, surveillance, prevention and 

monitoring strategies, and can even be used to compare prevention versus control strategies 

or any other combination of IAS interventions. The ingredients of the approach, the so-called 

evaluation criteria, may vary according to the context, in particular the categories of costs 

                                                
13 The evaluation of damage/loss costs is often approached through the analysis of replacement and 
control costs or through willingness to pay approaches. Indirect and potential costs are particularly 
complex to estimate as they depend on ecological and economic interdependencies. Formal 
approaches to evaluate these costs using partial or general equilibrium models have been proposed, 
although they are not yet widely applied to IAS costing (see Warziniak et al. 2021 for a review). 
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incurred due to the IAS, as well as management requirements relevant to public policy. Criteria 

may include management costs, monetary damage/loss costs, non-monetary damage/loss 

costs and even ecological damages that do not trigger economic costs (e.g. Schmiedel et al. 

2016). Management requirements such as acceptability, feasibility, distributive justice or risk 

and uncertainty can also be included in the criteria (e.g. Booy et al. 2017). Each criterion may 

be expressed in its own unit (e.g. monetary or biophysical terms, Likert scales), the advantage 

being the avoidance of the inevitable flaws that underlie economic valuation methods. The 

solution promoted by MCA does however rely on the preferences of users (e.g. modelers, 

decision makers) regarding the relative weights of criteria (aggregation rule) and these 

preferences are not always easy to elicit. A number of participatory approaches have therefore 

been devised in order to elicit weights from a set of stakeholders or experts. The aggregation 

rule obtained remains, however, contingent on the elicitation method, making MCA subject to 

aggregation biases as well (see Bouyssou 1990, Podinovski 2002, Munda 2004). This may 

explain why MCA has enjoyed limited practical application, with few studies examining their 

effectiveness. 

 

3.2 Highlighting the societal importance of the costs of IAS for raising awareness 

and underpinning public intervention 

The evaluation of the costs of IAS can also be used for (1) raising awareness of the general 

public for changing individual behaviours and of decision makers for defending the place of 

IAS in the political agenda and (2) registering a species in the lists of IAS with regard to their 

economic cost criterion by evaluating the importance and significance of these costs for society 

as a whole or in specific local contexts.  

 

For these two objectives, a benevolent social planner perspective is often adopted with a focus 

on both social and external costs. The costs and benefits of IAS itself (Fig 2a) are used, rather 

than those of the IAS management (see Fig 2b) as was the case in section 3.1. In worldwide 

or region-wide studies, costs are aggregated to produce large numbers with societal impacts 

(Pimentel et al. 2001, Pimentel 2011, Diagne et al. 2021a). Assessments are conducted across 

different ecosystems (e.g. aquatic: Cuthbert et al. 2021) and/or economic sectors (e.g. 

agriculture: Paini et al. 2015) over different scales, be it spatial (e.g. national : Hoffmann and 

Broadhurst 2016; regional: Heringer et al. 2021; global: Diagne et al. 2021a), temporal (e.g. 

weeks, years: Angulo et al. 2021b), or taxonomic (e.g. species: Schaffner et al. 2020; class: 

Bradshaw et al. 2016).14 The Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (IPBES), recognizing that the threat of IAS lacks quantification and is not 

well understood by decision makers, is currently conducting a “thematic assessment of 

invasive alien species and their control” including an analysis of their costs and benefits to be 

presented at the tenth session of the Plenary (https://ipbes.net/invasive-alien-species-

                                                
14 see Appendix for a review of the different assessment studies. 
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assessment). These combined costs can either be compared to each other or to other 

economic aggregates in order to highlight critical invasive problems and set priorities.  

 

Cost estimates inevitably involve methodological biases related to estimation methods (see 

Carson 2012, Johnston et al. 2017 or Hanley and Roberts 2019 for a review) but also, in the 

case of global assessments, to the aggregation of heterogeneously estimated costs originating 

from different case studies (Warziniack et al. 2021). This heterogeneity includes the temporal 

and geographical scales, the currency in which costs are measured, whether they are 

assessed at a species or at a spatial level, whether they are monetary or measured with 

another unit, or whether they are reported or estimated. Pioneering global IAS cost 

assessments summed and extrapolated cost data published in case studies using simple 

heuristics and rules of thumbs (e.g. Pimentel et al. 2001). Building on this work, Kettunen et 

al. (2009), based on a previous study synthesizing existing economic costs of IAS in Europe 

conducted within the DAISIE15 project (Vila & Basnou 2008), proposed two aggregation 

protocols. The first combines actual cost data from the collected studies using real or estimated 

costs, while the second is based on spatial extrapolation considering value transfer. Cost 

extrapolation methods also involve several methodological biases related to invasion risk and 

the choice of heuristics. We refer the reader to Olson et al. (2006)’s discussion on the topic. 

Recent assessments proposed more sophisticated cost aggregation methods. To deal with 

temporal heterogeneity of cost data, Diagne et al. (2021a) use the invacost R package (see 

Leroy et al. 2020) to implement two cost aggregation protocols. The first is designed for use in 

data-poor scenarios. It allows both the cumulative costs and the average annual costs of IAS 

to be estimated over different time intervals, using the cost estimates as they appear in the 

collected studies. The second is designed for use in data-rich scenarios. Using an ensemble 

modeling approach, it calculates the average annual costs of IAS by estimating the long-term 

trend in annual cost. Model inputs are primarily based on observed cost estimates from 

collected studies (potential costs (introduced at the end of section 2.4) are often excluded from 

cost analysis to improve the realism of cost estimates), supplemented by educated guesses 

regarding the likely start and end years (Leroy et al. 2020). Aggregating the costs of studies 

conducted in different countries also raises the question of expressing these evaluations in a 

common currency. Global studies either express IAS costs in US dollars (Pimentel et al. 2001, 

Pimentel 2011, Diagne et al. 2021a) or in euros (Kettunen et al. 2009) and are based on 

exchange rate conversions. In addition, Diagne et al. (2020a,b), include a standardization of 

cost data based on the Purchasing Power Parity (PPP) to make the currencies from different 

countries comparable.  

 

Not all studies assessing the costs of IAS, however, take a global or even intertemporal 

perspective. Many studies focus on the costs of one IAS or on IAS in a given area. Aggregation 

biases appear then to a lesser extent and in any case, it is no longer a question of aggregating 

                                                
15 Delivering Alien Invasive Species Inventories for Europe 
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estimates from heterogeneous16 studies but rather of aggregating costs of different natures 

(e.g. cost on infrastructure, biodiversity loss). These studies are likely to raise awareness of 

the cost of an IAS or an area particularly vulnerable to IAS (e.g. Chakir et al. 2016). They may 

also aim to compare the costs of several IAS (e.g García-Llorente 2008), or even the costs of 

one or several IAS in different areas (e.g. Japelj et al. 2019). Although forwarding estimates of 

IAS costs, these analyses are not all focused on the cardinal value of cost but on ordinal 

estimates. This is the case, for example, in Bougherara et al. (2022), where the cost of an IAS 

is evaluated in different zones of a regional park to order the zones where costs are deemed 

to be the highest. For these authors, the cardinal value of the cost does not really matter, the 

focus being on the areas where the costs are relatively the highest.  

 

More generally, beyond awareness of the cost of IAS, the relative costs of IAS or of invaded 

sites are important information delivered by these studies. The distribution of costs between 

socioeconomic groups, sectors or sites is key to decision making, for instance when economic 

instruments or corrective measures are to be introduced (Emerton and Howard 2008). This 

distributive problem is particularly salient when poor and vulnerable people depend on the 

positive contribution of IAS for their livelihood (Emerton and Howard 2008, Perrings 2007, 

Shackleton et al. 2007). From a perspective similar to that of the UN system of environmental 

economic accounting (see seea.un.org), it is de facto appropriate to consider in a spatially 

explicit way the main stakeholders bearing the costs of IAS, be it management costs or the 

cost of damages/losses caused. 

 

4 Conclusion 

 

Clearly and unambiguously understanding economic costs of IAS is a powerful tool in the 

design of sound management policies for the prevention and control of IAS. This understanding 

can also contribute significantly to raising awareness of IAS threats and stimulate coordinated 

action. As the nature of economic costs of IAS is complex, careful attention should be paid to 

the way they have been calculated across space and time. Defining and distinguishing the 

different cost concepts helps inform cost-benefit, cost-effectiveness or multi-criteria analyses. 

At the same time, it is a prerequisite for deciding whether it makes sense to aggregate the 

different costs assessed and when the distribution of costs across affected stakeholders 

matters. In some cases, it may be useful or necessary to assess costs in non-monetary units 

and to make decisions based on monetary and non-monetary valuations combined. 

Accounting for the great variety of cost assessment objectives and practices, we have provided 

a synthesis on the fundamentals of IAS costs with the expectation that a shared understanding 

of the nature of costs can advance their estimation, interpretation, selection and uptake.  

                                                
16 There is also surely less heterogeneity in the aggregations made within the framework of the ACBs 
for the management of the IAS described in part 3.1 because the subject is more targeted (a species, a 
given scale, over a known period). 

http://seea.un.org/
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5 Appendix 

  

Appendix The variety of studies evaluating the monetary economic cost of IAS. 

Given are main perspectives used in the literature and key references 

Perspective of the 

evaluation 

Examples of studies 

Spatial scales 

National Australia (Hoffman and Broadhurst 2016), Germany (Haubrock et al. 

2021a), Spain (Angulo et al. 2021b), France (Renault et al. 2021), 

United-Kingdom (Cuthbert et al. 2021b), Argentina (Duboscq-Carra et 

al. 2021), Brazil (Adelino et al. 2021), Russia (Kirichenko et al. 2021), 

Japan (Watari et al. 2021), Ecuador (Ballesteros-Mejia et al. 2021), 

India (Bang et al., this issue), United-States (Fantle-Lepczyk et al. 

2021) 

Regional  Great Britain (Williams et al. 2010), Mediterranean basin (Kourantidou 

et al. 2021), Singapore and South-East Asia (Haubrock et al., 2021b) 

Continental Africa (Diagne et al. 2021b), Asia (Liu et al. 2021), Europe (Haubrock 

et al. 2021c), North America (Crystal-Ornelas et al. 2021), Central and 

South America (Heringer et al. 2021)  

Global Pimentel et al. (2001), Pimentel (2011), Diagne et al. (2021a) 

Focus 

IAS  Emerald ash borer (Kovacs et al. 2010), red imported fire ant (Gruber 

et al. 2021)  
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Taxon  

  

Terrestrial arthropods (Vaes-Petignat and Nentwig 2014), insects 

(Bradshaw et al. 2016), fishes (Haubrock et al. 2022), macrofouling 

freshwater bivalves (Haubrock et al. submitted this issue), rodents 

(Diagne et al. submitted this issue), terrestrial invertebrates (Renault 

et al. submitted this issue), crayfish (Kouba et al. 2021) 

Type of ecosystem Terrestrial ecosystems (Olson 2006), aquatic ecosystems (Lovell et al. 

2006, Cuthbert et al. 2021a), insular ecosystems (Reaser et al. 2007, 

Bodey et al. 2021) 

Specific threatened 

ecosystem  

  

Plants on rangelands and wildlands (Duncan et al. 2004), protected 

areas (Moodley et al. 2022)  

Impacted economic sector Forest uses (Holmes et al. 2009), agriculture (Paini et al. 2016) 
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