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across different member states of the European 
Union.  Classifications and definitions of invasive 
species also differ among countries potentially lead-
ing to an underrepresentation. Here, we use Germany 
as a case study to highlight gaps in invasive species 
classifications. The number of non-native species 
reported as invasive in Germany remains low (~ 14%) 
compared to other European Union member states 
(~ 22%), despite Germany’s strong economy, sig-
nificant research investments, and well-established 
trade networks. This disparities may be attributed 
to complex and multifaceted  factors, encompassing 

Abstract  Biological invasions pose a growing 
threat to ecosystems, biodiversity, and socio-eco-
nomic interests. In the European Union, the introduc-
tion of non-native species through trade, tourism, and 
other pathways has led to unintended consequences. 
Among these non-native species, a subset  exhib-
its negative impacts and  is  commonly referred to as 
‘invasive’.   However, the number of  non-native spe-
cies  and the proportion  considered invasive vary 
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differences in classifications, variations in  research 
effort and focus, and diverse national priorities. We 
further propose that the impacts of non-native species 
on resources and biodiversity may be more likely to 
be overlooked, principally in large economies reliant 
on international trade, such as Germany. This over-
sight could negatively affect conservation efforts and 
funding for research aimed at  improving understand-
ing  invasive species threats. We suggest that this 
underreporting may stem from a focus on maintain-
ing economic growth, which might have taken prec-
edence over addressing the potential ecological and 
economic impacts of invasive species.

Keywords  Economic burden · Biodiversity · 
Biological invasion · Species conservation · European 
Union

Introduction

Non-native species are those intentionally or unin-
tentionally introduced to an ecosystem or area where 
they do not naturally occur (Ruiz and Carlton 2003; 
Britton et al. 2011; Essl et al. 2018). A subset of these 
individuals can survive and establish self-sustaining 
populations. While some of these populations spread 

and become invasive (Soto et al., 2023), only a sub-
set  has known impacts in their new environment by 
negatively affecting native biodiversity (Cucherousset 
and Olden 2011), ecosystem functioning (Vilizzi et al. 
2015), economies, and/or human well-being (Peyton 
et al. 2019; Diagne et al. 2020). Moreover, non-native 
species are often falsely classified as invasive due to 
having an impact (Soto et  al., 2023),  making differ-
entiating between non-native and invasive species dif-
ficult, as definitions of invasive species vary among 
researchers, stakeholders, and policy makers (see e.g., 
Falk-Petersen et al. 2006; Ricciardi and Cohen 2007; 
Simberloff 2013; Pereyra 2016).

While the terminology and definition of ‘invasive’ 
are subject to much debate (Ricciardi and Cohen 
2007; Blackburn et al. 2011) and to reporting failures 
and biases (Pyšek et al. 2008; Hulme et al. 2013), the 
conceptual framework for biological invasions pro-
posed by Blackburn et al. (2011) considered impacts 
to fall outside the definition of invasive species and 
defined invasiveness as the ability of a non-native 
species to establish and spread. This framework 
implies that species can exert impacts and disrupt 
ecosystems along every step of the invasion process 
(Blackburn et  al. 2011). The term invasive however 
is still associated with the impacts exerted, particu-
larly in political and management context. An issue 
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associated with impacts is that they usually grow 
once populations become successfully established 
and abundances increase (Haubrock et  al. 2022). 
Yet, non-native populations can persist at low densi-
ties giving the impression of negligible impact until 
a populational outbreak due to abrupt shifts in e.g., 
environmental conditions (Spear et al. 2021). It is for 
that reason that the Convention on Biological Diver-
sity (CBD) defines plants, animals, pathogens, and 
other organisms that are non-native to an ecosystem, 
and which may cause economic or environmental 
harm or adversely affect human health  as invasive. 
Definitive issues also arise from the challenge of dis-
tinguishing between invasive species and those non-
native species that may or may not have perceived 
benefits (Sax et  al. 2023) or the debate surrounding 
the so-called ‘neo-natives’, i.e., native species which 
expand their range, often because of climate change 
(Essl et al. 2019; Rew et al. 2020; Wilson et al. 2020). 
Complexities further arise considering cases of non-
native species introduced before 1492 that are often 
considered as naturalised (Callaway 2022), trans-
located species within the same country or conti-
nent (Sastrapawira et  al. 2020; Balzani et  al. 2022; 
Baquero et al. 2023), and those with a long history of 
beneficial uses (Hickley et  al. 2015), including con-
troversial initiatives aiming to ‘naturalise by decree’, 
which is arguably a political decision to favour the 
economy and associated activities without any sci-
entific basis (Pelicice et al. 2014). The chaotic termi-
nology in the field of invasion science, in particular 
for the classification of species as non-native or inva-
sive, has resulted in a discrepancy in policy, research, 
and management of non-native species (Pysek et al., 
2008; Turbelin et al. 2017).

A clear definition of the different terms used in the 
biological invasion literature, albeit not the focus of 
this paper (but see Iannone et  al. 2020; Soto et  al., 
2023), is however crucially important for global 
biosecurity and for policy makers to prioritise man-
agement and to fully elucidate the range of impacts 
caused by populations of non-native species (Hau-
brock et al., 2019; Hudgins et al. 2023). With rising 
non-native species numbers, staggering impacts, and a 
lack of effective management strategies, research into 
non-native and invasive species’ success, impact, and 
management has never been as urgent (Seebens et al. 
2020; Tedeschi et al. 2022). This is especially perti-
nent in Europe, which has historically been a centre 

of exploration, colonisation, and later globalisation 
(Menozzi 2013; Kulman and Tamïr 2022), having led 
to the introduction of a vast number of non-native 
species to countless regions worldwide, as well as the 
introduction of numerous non-native species in conti-
nental Europe itself (Turbelin et al. 2017). Introduc-
tions have been facilitated through various pathways 
linked to globalisation, i.e., growing trade networks, 
urbanisation, travel, tourism, and—among others—
the cultivation of animals and plants for aesthetic or 
economic purposes (Huamir et al. 2015; Hickley and 
Chare 2004). An example of the chronogeography of 
the invasion of hematophagous arthropods accord-
ing to historical events, evidenced the crucial role 
Europe has played in the translocation of non-native 
species over the centuries, starting from exploration 
of the "new  world", colonialism, up to more recent 
modern era of global change (Cuthbert et  al.  2023). 
However, along with these introductions, several 
unintended consequences arose: some non-native spe-
cies that escaped or were intentionally released (Man-
giante et al. 2018) thrived in their new environments 
and began to negatively impact recipient ecosys-
tems, human well-being (Pejchar and Mooney 2009), 
and/or economies (Gallardo et  al. 2016), thus being 
labelled as invasive. There are, however, various eco-
logical, economic, and social drivers that contribute 
to the introduction and spread of non-native species 
(Gallardo 2014; Saul et  al. 2017), which oftentimes 
differ depending on the socio-economic character-
istics and value systems of a given country (Hulme 
2007; Haubrock et al. 2021a).

How should non‑native species introduced 
for their economic, cultural or aesthetic benefits 
be considered and classified?

A challenging conflict of values arises when species 
are introduced for their economic, cultural, and/or 
aesthetic benefitsand but  exhibit negative impacts. 
Labelling these species as invasive and implement-
ing policies for curtailing their spread and popu-
lation may threaten the goods and services they 
provide. The presence of benefits in such species 
has ultimately led to them becoming exempt from 
regulatory frameworks (EU Council Regulation 
708/2007), revealing compromises between policy, 
economy, and science, but with the quagmire to deal 
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with the problem of non-native species in certain 
economic sectors (Carpio et al. 2017). This includes 
several species introduced for hunting purposes, 
e.g., the New England cotton-tail Sylvilagus transi-
tionalis or the Canada goose Branta canadensis, but 
also aquaculture species such as the invasive Manila 
clam Lajonkairia lajonkairii and the Pacific oyster 
Magallana gigas, which although harmful (Herbert 
et  al. 2016; Carpio et  al. 2017) have been used in 
aquaculture for extended periods of time. Based on 
the reasoning of ‘no adverse effects’ (Lehtiniemi 
et al. 2015), such species are exempt from the prin-
ciples of the European Union invasive species reg-
ulation (1143/2014).  Only if introduced for other 
purposes than aquaculture, they can  fall under the 
Regulation. Another remarkable example is com-
mon carp Cyprinus carpio, a freshwater fish species 
with high economic value, as well as other species 
introduced for fishing purposes in many European 
countries (Gozlan 2008). Although C. carpio is 
non-native to some regions in Europe (native distri-
bution covers mostly Eastern Europe), its manage-
ment across countries where non-native populations 
have established differs significantly depending 
on how invasive it is perceived to be (e.g. Aksu 
et  al. 2023). Regardless of the actual invasiveness 
(defined as the ability to establish and spread) in 
certain areas, C. carpio classifications vary across 
countries. Consistently, in Turkey where the species 
holds considerable economic importance, regula-
tions on non-native aquatic species management do 
not include C. carpio, as the status of the species 
is not clearly defined as being native to some eco-
regions of the country.  Following translocation in 
its feral ‘naturalised’ form, it is seen as being ubiq-
uitous across Anatolia especially (Gaygusuz et  al. 
2015). Contrastingly, in the United Kingdom, carp 
is valued by anglers and thus, carp management is 
governed by national policies on fish movements. 
This includes regulations on both native and non-
native fish species, such as the Prohibition of Keep-
ing or Release of Live Fish (Specified Species) 
(England) Order 2014 (Vilizzi and Copp 2017). In 
Italy, the species is non-native but highly valued 
among anglers and since it was likely introduced 
before 1500 (Roman times or Middle Ages; Hoff-
man 1995), it is assimilated to a native species for 
its management. Inaccurate species classifications 
can lead to insufficient management practices, as 

evidenced by these examples, potentially resulting 
in heterogeneous outcomes and policy approaches. 
In this example, carp may not be perceived as inva-
sive in Turkey or Italy but in the United Kingdom it 
could be treated as highly invasive.

How can we deal with the differences 
of invasiveness across geographical scales?

Invasiveness can greatly vary according to the con-
sidered geographical dimensions. One example is the 
rainbow trout Oncorhynchus mykiss, which is listed 
among the worst invasive alien species in Europe 
(Lowe et al. 2000; van der Veer and Nentwig 2015). 
Risk assessments and invasiveness screenings have 
found mostly high-risk scores for different European 
countries (Koutsikos et  al. 2019), which, together 
with dense stockings, poses an important ecologi-
cal problem and threat (Stanković et al. 2015). Nev-
ertheless, ecological impacts are mostly anecdotally 
reported, mainly originating from laboratory experi-
ments, or inferred from non-European populations 
(Blanchet et  al. 2007; Fausch et  al. 2007). Differing 
potentials to establish, being e.g., relatively low in 
Mediterranean countries such as Greece (Koutsikos 
et al. 2019) or Spain (Doadrio 2001), but successful 
in Switzerland with potential to spread and negatively 
impact native trout species (Burkhardt-Holm et  al. 
2002), imply varying classifications across Euro-
pean countries. In Germany for instance, established 
populations of non-native fish species exist, although 
most populations rely on continuous stocking activi-
ties (Wolter and Röhr 2010). Although its presence 
clearly has a negative effect in all the aforementioned 
cases, it remains tolerated in most cases and is even 
stocked for angling. Indeed, it is the most impor-
tant fish of Germany’s commercial inland fisheries 
(Wolter and Röhr 2010), as economic benefits ulti-
mately undermine stocking restrictions and manage-
ment interventions targeting the invasion (Britton and 
Orsi 2012; Hickley et al. 2015).

The above case studies illustrate some of the strik-
ing discrepancies on the classification of species as 
non-native or invasive. In what follows, we take a 
closer look at the classification in the European Union 
and Germany as an example of a high gross domestic 
product (GDP) country.
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Reported non‑native and invasive species 
in the European Union and Germany

As a simple proxy for the extent of reporting and list-
ing of non-native species as invasive, we relate the 
number of reported non-native species in a region to 
the number of reported invasive species of that region 
using a suite of EU-wide databases (Table 1). Despite 
acknowledging the spatial heterogeneity among Euro-
pean countries (Gerhards 2007; Bodor et  al. 2014), 
we assumed that the fraction of non-native species 
that—depending on definition—are considered as 
invasive was independent of their recipient envi-
ronments, and therefore, all other things constant, 
should be approximately consistent across contexts 
if reporting is consistent. If this holds, so that the 
percentage of non-native species that are invasive is 
approximately the same across different countries, 
then any national variation in the reported invasive 
species could indicate misclassification. It should be 
noted though that this assumption ignores other fac-
tors influencing invasion success, and was used here 
merely for the purpose of illustrating discrepancies in 
reporting of invasive species. The databases used are 
also imperfect, entailing biases in reporting of non-
native and invasive species, driven by various factors 
such as the interests or capacity of the group compil-
ing the data (i.e., scientists, managers, stakeholders).

Despite the significant number of non-native spe-
cies documented for Europe, the share of non-native 
species listed as invasive in the European Union is 
low (Table  1). This disparity is further exacerbated 
by differences in research effort, political priori-
ties, taxonomic groups (Roques et  al. 2008; Vilizzi 
et al. 2021), ecosystems (Tarkan et al. 2021), defini-
tions of invasiveness (i.e., biological stage-based vs. 
impact-based; see Richardson et  al. 2000; Ricciardi 
and Cohen 2007; Iannone et  al. 2020) and the pres-
ence of benefits (Sax et  al. 2023). These discrepan-
cies in classifications are problematic particularly for 
the policies they inform which are expected to fail at 
treating invasive populations in a consistent manner, 
therefore dampening resource allocation and jeopard-
ising prioritisation of invasive species for manage-
ment (Vilizzi et al. 2021b).

Our evaluation highlights that this discrep-
ancy between non-native species and those listed 
as invasive is particularly prominent in Germany 
(Table  1). Germany’s economy is the largest within 

the European Union (data.worldbank.org), with a 
GDP of EUR€ 3.86 trillion (2021 value), and a strong 
export sector that particularly draws from manufac-
turing (Stehrer and Stöllinger 2015). Indeed,  Ger-
many’s manufacturing industry is the third world’s 
largest exporter of goods (data.worldbank.org) and 
is largely driven by expertise in high-tech industries 
(Beier et al. 2017), with a net trade of goods and ser-
vices of EUR€ 207.13 billion (2021). The significant 
investments in research and development (Pece et al. 
2015) over time have resulted in Germany becom-
ing a global hub for innovation and technological 
advancement (Schiederig et al. 2012). The country’s 
geographical location in Central Europe also makes it 
a crucial transit point for trade and travel, with goods 
and people moving through the country from all cor-
ners of the continent (De Benedictis and Tajoli 2011), 
further facilitated by the Schengen agreement (Fel-
bermayr et  al. 2018). Indeed, Germany’s ports and 
airports, as well as inland waterways, are among the 
busiest in Europe, which has contributed to the estab-
lishment of strong trade networks between Germany 
and other regions, providing numerous opportuni-
ties for the introduction of non-native species (Briski 
et al. 2012; Albero 2022). Additionally, Germany is a 
major hub for tourism and travel, with large numbers 
of people entering and leaving the country on a regu-
lar basis (Becken 2002; Šauer and Bobkova 2018).

Drawing from several sources (Table 1), we found 
on average 1080 (min-max: 262–2419) known non-
native species in Germany, out of which only 10.7% 
were classified as invasive based on varying defini-
tions (avg. 116; min-max: 29–196). The most recently 
compiled and most extensive databases on estab-
lished non-native species, i.e., the Established Alien 
Species in the European Union (Henry et  al. 2023) 
listing 2419 established non-native species, and the 
Global Invasive Species Database (GISD; Poorter 
and Brown 2005) listing 196 invasive species, sug-
gest 8.1% of non-native species to be invasive in Ger-
many (Table 1; Supplement 1), which is less than the 
expected 10% according to the ‘tens rule’ (Jeschke 
et al. 2012). We further note that Jeschke and Pyšek 
(2018) even suggested that the invasion ‘tens rule’ 
should be replaced by the ‘50% invasion rule’ for ver-
tebrates and the ‘25% invasion rule’ for e.g., plants 
and invertebrates. Using the Global Register of Intro-
duced and Invasive Species which lists both non-
native and invasive species, Germany reported 6.5% 
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of non-native species to be invasive. This is less than 
half compared to the average among other European 
Union member states (14.7 ± 20.7%) and ~ 3% less 
than the 9.8% reported at the level of the European 
Union, underlining a profound discrepancy in the 
number of non-native species listed as invasive across 
European Union member states.

Using the European Alien Species Information 
Network (EASIN 2023), the discrepancy was simi-
lar when comparing Germany (14.5% of non-native 
species being considered as high-impact invasive 
species) to the national average of European mem-
ber states (21.5 ± 7.3%), but was found to be twice 
as high as at the level of the European Union (6.8%). 
Further, the proportion between the number of inva-
sive alien species of Union concern (last update, 
EU 2022/1203) was 2.23% and between the number 
of invasive alien species of Union concern and those 
with documented monetary costs listed in InvaCost 
(v4.1; Diagne et al. 2020) out of all non-native spe-
cies known to be established (Henry et  al. 2023) 
only  0.91%. These shares were considerably lower 
for invasive species among the invasive alien species 
of Union concern reported for Germany (1.20%) but 
comparable for those reported in InvaCost for having 
a monetary impact (0.87%), further substantiating the 
classification discrepancy (Supplement 1).

Issues with a discrepancy in records

The drivers behind the discrepancy in non-native 
and invasive species listings across European Union 
member states, especially in the case of Germany 
that is used as an example here, are complex and 
multifaceted. Despite knowledge on the role of well-
established trade networks, but also tourism, human 
travel, education and awareness, enforcement of regu-
lations, and other factors facilitating species intro-
ductions in Germany, such as the strong presence of 
the pet and horticulture trade (Nunes et al. 2015), the 
number of recognized invasive species in the country 
remains relatively low (Table  1). This also is found 
to be true when compared to other European Union 
member states (Henry et  al. 2023; Supplement 1). 
This could be due to several reasons: Germany’s 
large research capacity allows for intensive moni-
toring of the spread of non-native species. Academ-
ics together with practitioners have thus contributed 

to implementing various measures to prevent and 
control invasive species. These include strict regula-
tions on the import and transport of plant and animal 
products (EU Regulation 1143/2014; Essl et al. 2011; 
Nehring et  al. 2013, 2015) and regional monitoring 
programs to detect and respond to biological inva-
sions. Additionally, German research institutions have 
played a significant role in developing best practices 
for managing invasive species, particularly in aquatic 
systems (see e.g., Wolter and Röhr 2010). These 
efforts, combined with Germany’s strong economy, 
high level of economic activity, and connectivity 
within Europe, would in theory be expected to result 
in proactive management approaches that lower the 
number of invasive species also compared to other 
European Union member states. Vice versa, Ger-
many could also be considered as a reference point, 
suggesting that other European Union member states 
have a relatively higher share of species listed as 
invasive. This could be, because other countries (1) 
might be more affected by non-native species impacts 
or invader impacts are perceived as more damaging 
due to differently structured economies, thereby (2) 
resulting in more species being wrongly classified as 
invasive despite an impact not being a defining cri-
terion for invasiveness; (3) spend  less resources for 
the management and early detection efforts; or (4) 
have environmental differences which result in more 
non-native species spreading and thus, being classi-
fied as invasive. Another aspect that should be noted 
in this context is the difference in management pur-
poses, as different entities might favour impact over 
spread focused management, where those species 
(rather than populations) that have been highlighted 
as impactful are managed over those that spread 
rapidly.

Previous studies have highlighted a significant 
link between economic output (GDP; GDP per cap-
ita) and the recorded impacts of invasive species 
(see e.g., Haubrock et  al. 2021a). Hence, it could 
be argued that a strong economy can be expected to 
make more investments in academic research that 
succeeds in advancing understanding of invasions and 
documenting with higher accuracy those non-native 
species that have been classed as invasive. However, 
the strength of Germany’s economy and the size and 
intensity of trade networks may have contributed to 
overshadowing the threat of invasions, while also 
limiting proactive management investments, along 
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with public and governmental awareness on the risks 
posed by non-native and especially invasive species 
(Genovesi et  al. 2015; Piria et  al. 2017). Economic 
losses resulting from the impact of these species on 
resources and other environmental assets, such as loss 
and/or degradation of biodiversity and ecosystem ser-
vices, may not be as immediately apparent in a strong 
economy where growth could be overshadowing con-
servation goals. This is, because losses in a nation’s 
GDP due to the damages of invasive species can be 
absorbed by other economic sectors, despite absolute 
losses being higher when compared to weaker econo-
mies due to greater levels of economic activity and 
hence, more damageable assets. At the same time, it 
could be argued that economic interests may result in 
consciously disregarding known impacts in favour of 
their role as commercially valuable resources. This 
is the case for example with O. mykiss and C. carpio 
which are both of commercial importance for inland 
water fisheries, but also the case of the black locust 
tree Robinia pseudoacacia, which is highly invasive 
in Central Europe but important for, among other rea-
sons, the production of honey (Vítková et al. 2017).

Furthermore, it is the authors’ assertion that  the 
prevailing expert focus, whether among research-
ers, policymakers, or stakeholders, appears to have 
drifted away from crucially needed basics to advance 
national understanding of invasions. This shift, not 
pinned to any specific group, potentially leaves the 
core comprehension of non-native species impacts—
essential for invasive classification—underexplored. 
Acknowledging that intricate models overshadow 
basic invasion ecology, it  is clear that emphasis on 
complex methodologies has hidden the importance 
of studying local-level effects. Without assigning 
blame, it is worth suggesting that realigning focus on 
these basics could yield new insights. Understanding 
local-level effects forms a sturdy base for informed 
management, bridging gaps in comprehension and 
strengthening tools to combat invasive species. In 
essence, a well-rounded perspective on invasive spe-
cies and impacts, beyond advanced methods, can pave 
the way for holistic invasion management. This bene-
fits the environment, economy, and society—a crucial 
stride forward. This is also despite government efforts 
to screen for potential non-native species that may or 
may not be invasive and present a threat (see Nehring 
et al. 2013, 2015). The focus on economic growth and 
maintaining Germany’s position as a global leader 

in exports may therefore have taken precedence over 
the need to address the potential ecological and eco-
nomic impacts of invasive species. As a result, there 
may be less pressure to prioritise invasive species 
management, even if the long-term impacts continue 
to accumulate and are known to exacerbate costs if 
not addressed in a timely manner (Ahmed et al. 2022; 
Haubrock et al. 2021b). Ultimately, a focus on short-
term economic gains over long-term sustainability 
could be the reason for limited attention to potential 
environmental consequences of trade.

Incorporating scientific research and public edu-
cation into decision-making processes and policy 
design is important to ensure the long-term sustain-
ability of a country’s economy and environment. The 
number of those non-native species listed as invasive 
differs among databases due to varying criteria and 
definitions of what an invasive species is, resulting 
in listing errors (McGeoch et  al. 2012) and conse-
quently, a high variability among European Union 
member states as well as between the national and the 
European Union level. This number is further often 
derived without regional or national invasiveness 
screenings or impact assessments, as non-native spe-
cies with known impacts in one country are presumed 
to be invasive also in another (Vilizzi 2012). This, 
paired with limited or inadequate invasiveness screen-
ings or impact assessments for most species in e.g. 
Germany (Nehring et al. 2013, 2015; Haubrock et al. 
2021b; Vilizzi et al., 2022), suggests that the number 
of invasive species is likely substantially higher than 
the estimated 8% (but may vary substantially depend-
ing on definition). The number of invasive species 
recognized at the national level is therefore highly 
likely to increase with proper risk, invasiveness and 
impact assessments (e.g., Tarkan et  al. 2022) that 
draw from the available lists of non-native species. 
To this end, unified classification as to what consti-
tutes ‘invasiveness’ (see Soto et al. 2023), is expected 
to help, particularly when considering highly debated 
species such as the racoon Procyon lotor, the Egyp-
tian goose Alopochen aegyptiaca, the rainbow trout 
O. mykiss, or carp C. carpio (Salgado 2018; Bier-
mann and Geist 2019; Hohmann and Woog 2021), 
many of which have benefits and costs (Kourantidou 
et al. 2022).

The lack of consensus on the definition for what 
constitutes an invasive species (i.e., the evidence of a 
generated impact over the potential to spread; see e.g., 
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Blackburn et  al. 2011; Soto et  al.  2023) hinders the 
effectiveness of management interventions, which are 
also limited by the availability of resources. Consen-
sus on the definition for invasive species can aid with 
prioritisation, assessment of management feasibility 
and appropriate action based on the species’ invasion 
stage (Estévez et al. 2015; Roberts et al. 2018; Hau-
brock et al. 2022). The lack of a standardised and gen-
erally accepted definition on invasive species (Falk-
Peterson et  al. 2006; Ricciardi and Cohen 2007), is 
exacerbated by varying degrees of research effort and 
different ecological, economic, and social drivers that 
pose a significant challenge for developing effective 
management strategies across interconnected ecosys-
tems and landscapes in the European Union (Keller 
et  al. 2011; Genovesi et  al. 2015). Without a more 
unified approach to invasive species classification and 
management that also clearly distinguishes between 
non-native species and invasive non-native species, 
the European Union risks hindering its ability to 
coordinate management across space and prioritise its 
efforts towards mitigating impacts of the most detri-
mental non-native species. In light of the increasing 
conservation challenges posed by invasive species 
(Courchamp et al. 2017), it is more relevant than ever 
to develop a coordinated and sustained approach, at 
both national and European Union levels, to miti-
gate impacts on biodiversity, ecosystems, and human 
well-being, as well as prevent to the extent possible 
new introductions, from which a subset will become 
invasive.

A way forward

To establish effective management strategies, it is 
crucial that invasiveness is based on the same crite-
ria and that  a standardised definition is  adopted by 
all institutions relevant to the European Union, stake-
holders involved in invasion sciences, and managers 
of problematic invasive species. Additionally, a criti-
cal consideration is that invasiveness should not be 
assessed for an entire species, but rather at its popula-
tion level, as the potential for invasiveness (defined as 
either the species’ ability to spread or cause impacts) 
may vary significantly across different regions within 
the European Union. By recognizing these complexi-
ties and adopting a consistent approach, the Euro-
pean Union can more readily enhance its ability to 

effectively address the challenges posed by non-native 
and invasive species and develop better targeted and 
region-specific management strategies.

Specifically in Germany, as well as in other Euro-
pean Union member states, efforts should be cog-
nisant to (1.) strengthen regulations on trade and 
transport and increase biosecurity measures. Given 
Germany’s strong trade networks and the coun-
try’s position as a major hub for travel and tourism 
in Europe (Selke 1936; Hau 2001), it is important 
to implement stronger regulations on the import and 
transport of non-native plant and animal products, 
as well as measures to prevent unintentional ‘hitch-
hiking’ of species. This can include more rigorous 
screening and monitoring of shipments and protocols 
for ballast water monitoring and sterilisation (David 
et  al. 2015), as well as increased penalties for those 
found to be in violation of regulations. Similar meas-
ures could be implemented more thoroughly at the 
European Union level to help prevent the spread of 
invasive species across member states (Caffrey et al. 
2014).

Furthermore, (2.) investments in public aware-
ness, communication with stakeholders, and educa-
tion should be increased (Patoka et  al. 2018; Lipták 
et  al. 2023) to raise awareness of the issue and the 
potential environmental and economic impacts of 
invasive species and bring invasions (and their suc-
cessful management) to the forefront of conservation 
agendas and to increase community science engage-
ment (Cooper et al. 2007). Communication and infor-
mation campaigns should be also addressed to miti-
gate stakeholder conflict (e.g., conservationists vs. 
resource users etc.) on contentious species, leading 
to a good understanding of trade-offs present (Novoa 
et al. 2018; Kourantidou et al. 2022). Neglecting pub-
lic education can lead to the failure of an initiative 
and inhibit community science engagement (Cooper 
et  al. 2007). Additionally, decision makers should 
design policies with considerations in mind of con-
flicting stakeholder interests for certain invasive spe-
cies (e.g., conservationists vs. resource users etc.) and 
a good understanding of trade-offs present (Novoa 
et  al. 2018; Kourantidou et  al. 2022). Inclusive pro-
cesses and stakeholder consultations at early stages 
of management design are known to be key in creat-
ing successful policies that are also most likely to be 
accepted by those affected by and/or with direct inter-
est in the invasion (Shackleton et al. 2019; Reid et al. 
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2021; Kourantidou et  al. 2022). Furthermore, there 
is a need to critically analyse the designation of non-
native species recognized as harmful by the Interna-
tional Union for Conservation of Nature’s World’s 
Worst Invasive Species list and species of concern 
in the European Union. Despite ongoing efforts for 
improving communication and management, these 
efforts are mostly limited to few non-native taxa, with 
a large number of species known to cause impacts to 
human health and biodiversity still largely neglected 
(European Commission 2022 ; Meriggi et  al. 2022). 
Yet, the so-called ‘worst invasive species’ are not 
always the costliest (Cuthbert et al. 2022). More effort 
can therefore be invested in the future for developing 
comprehensive lists of species of regional concern 
that draw from known or expected impact, consid-
ering the relevant biogeographic context rather than 
political/national boundaries. Such boundaries may 
also be allowing for inconsistencies in management 
across space due to heterogeneous invasive species 
definitions. These efforts should be expanded to target 
relevant stakeholders but also the general public that 
may include for example tourists or those working 
in industries that may be particularly involved in the 
spread of invasive species.

Raising awareness can, in turn, (3.) encourage sus-
tainable economic practices: while economic growth 
is undeniably important for both Germany and the 
European Union, it is crucial to maintain a balance 
with sustainability considerations (Kostetckaia and 
Hametner 2022). While significant momentum has 
been built in recent years, over carbon-clean practices 
and technologies, broader conservation and ecosys-
tem disturbance considerations have received less 
attention. Sustainable practices should tackle environ-
mental degradations and disturbances that can be per-
vasive factors that promote invasion success, and thus 
their regulation could help resist biological invasions 
(Ricciardi et al. 2021). Other measures include invest-
ing in research and development of new technologies 
and practices that can help prevent and control inva-
sive species, as well as a the  prioritisation of trade 
partners which are in closer proximity to reduce novel 
species introductions (Hudgins et al. 2023).

Finally, (4.) international cooperation and research 
in addressing the challenges posed by invasions 
should be fostered. The spread of invasive species is 
a global conservation issue that requires international 
cooperation to be  effectively addressed. Despite the 

strong economy, investments into targeted research 
for biological invasions (i.e., horizon scanning or 
risk and impact assessments; González-Moreno 
et  al. 2019; Roy et  al. 2019; Bernardo-Madrid et  al. 
2022) remain limited in practice. Germany and the 
European Union could work with other countries 
and international organisations to develop efficient 
evidence-based strategies for identifying, preventing, 
and controlling the spread of invasive species. This 
can include sharing best practices, strengthening of 
research collaborations, and providing financial and 
technical support to and sharing research capacity 
with countries that may be more vulnerable to the 
impacts of invasive species. Most importantly, it is 
key to establish foundations for reaching consensus 
on shared strategies and definitions regarding inva-
sive species, as this is key to forming shared policies 
that will help discourage new high-risk introductions 
and address existing ones. By taking these steps, Ger-
many and other European Union member states can 
better protect their native biodiversity and ecosys-
tems, promote sustainable economic development, 
and safeguard public health and well-being for future 
generations.

Author contributions  PJH, IS and AST: Conceptualization, 
Writing, Visualization – original draft, review & editing. RNC, 
PB, EB, CCB, VDS, EJH, AK, RLM, MK, DR, AERS, MT, 
ET: Writing – original draft, review & editing.

Data availability  All data generated or analyzed during this 
study are included in this published article and are available 
from the corresponding author.

Declarations 

Conflict of interest  The authors have no conflicts of interest 
to declare that are relevant to the content of this article.

Consent for publication  All authors have consented to pub-
lish this version of the manuscript.

References

Ahmed DA, Hudgins EJ, Cuthbert RN, Haubrock PJ, Renault 
D, Bonnaud E, Diagne C, Courchamp F (2022) Model-
ling the damage costs of invasive alien species. Biol 
Invasions 24: 1949–1972

Aksu S, Emiroğlu Ö, Balzanic P, Britton JR, Köse E, Kurtul I, 
Başkurt S, Mol O, Çınar E, Haubrock PJ, Oztopcu-Vatan 
P, Tarkan AS (2023) High trophic similarity between 
non-native common carp and gibel carp in Turkish 



381Discrepancies between non-native and invasive species classifications﻿	

1 3
Vol.: (0123456789)

freshwaters: implications for management. Aquac Fish. 
https://​doi.​org/​10.​1016/j.​aaf.​2023.​08.​003

Albero L (2022) Snakes on a plane: accidental translocation of 
a small colubrid (Macroprotodon cucullatus) via a com-
mercial flight, with a review of similar events. Herpetol 
Notes 15:23–26

Balzani P, Dekoninck W, Feldhaar H, Freitag A, Frizzi F, Frouz 
J, Masoni A, Robinson E, Sorvari J, Santini G (2022) 
Challenges and a call to action for protecting European 
red wood ants. Conserv Biol 36:e13959

Baquero RA, Oficialdegui FJ, Ayllón D, Nicola GG (2023) The 
challenge of managing threatened invasive species at a 
continental scale. Conserv Biol. https://​doi.​org/​10.​1111/​
cobi.​14165

Becken S (2002) Analysing international tourist flows to esti-
mate energy use associated with air travel. J Sustain Tour 
10:114–131

Beier G, Niehoff S, Ziems T, Xue B (2017) ——Sustain-
ability aspects of a digitalized industry–—a comparative 
study from China and Germany. Int J Precis Eng Manuf 
4:227–234

Bernardo-Madrid R, González-Moreno P, Gallardo B, Bacher 
S, Vilà M (2022) Consistency in impact assessments of 
invasive species is generally high and depends on proto-
cols and impact types. NeoBiota 76:163–190

Biermann G, Geist J (2019) Life cycle assessment of common 
carp (Cyprinus carpio—— L.) – a comparison of the 
environmental impacts of conventional and organic carp 
aquaculture in Germany. Aquaculture 501:404–415

Blackburn TM, Pyšek P, Bacher S et  al (2011) A proposed 
unified framework for biological invasions. Trends Ecol 
Evol 26:333–339

Blanchet S, Loot G, Grenouillet G, Brosse S (2007) Competi-
tive interactions between native and exotic salmonids: 
a combined field and laboratory demonstration. Ecol 
Freshw Fish 16:133–143

Bodor Á, Grünhut Z, Horeczki R (2014) Socio-cultural cleav-
ages in Europe. Reg Stat J Hung Cent Stat Off 4:106–125

Briski E, Ghabooli S, Bailey SA, MacIsaac HJ (2012) Invasion 
risk posed by macroinvertebrates transported in ships’ 
ballast tanks. Biol Invasions 14:1843–1850

Britton JR, Gozlan RE, Copp GH (2011) Managing non-native 
fish in the environment. Fish Fish 12:256–274

Britton JR, Orsi ML (2012) Non-native fish in aquaculture and 
sportfishing in Brazil: economic benefits versus risks to 
fish diversity in the upper river Paraná Basin. Rev Fish 
Biol Fish 22:555–565

Burkhardt-Holm P, Peter A, Segner H (2002) Decline of fish 
catch in Switzerland. Aquat Sci 64:36–54

Caffrey JM, Baars JR, Barbour JH et al (2014) Tackling inva-
sive alien species in Europe: the top 20 issues. Manag 
Biol Invasions 5:1

Callaway E (2022) Invasive plant species carry the leg-
acy of colonialism. Nature. https://​doi.​org/​10.​1038/​
d41586-​022-​03306-2

Carpio AJ, Guerrero-Casado J, Barasona JA et al (2017) Hunt-
ing as a source of alien species: a European review. Biol 
Invasions 19:1197–1211

Cooper CB, Dickinson J, Phillips T, Bonney R (2007) Citizen 
science as a tool for conservation in residential ecosys-
tems. Ecol Soc 12:11

Courchamp F, Fournier A, Bellard C et  al (2017) Invasion 
biology: specific problems and possible solutions. 
Trends Ecol Evol 32:13–22

Cucherousset J, Olden JD (2011) Ecological impacts of non-
native freshwater fishes. Fisheries 36:215–230

Cuthbert RN, Diagne C, Haubrock PJ, Turbelin AJ, Cour-
champ F (2022) Are the 100 of the world’s worst: 
Invasive species also the costliest? Biol Invasions 
24:1895–1904

Cuthbert RN, Darriet F, Chabrerie, O. et  al. (2023) Invasive 
hematophagous arthropods and associated diseases in 
achanging world. Parasites Vectors 16, 291 . https://​doi.​
org/​10.​1186/​s13071-​023-​05887-x

David M, Gollasch S, Leppäkoski E, Hewitt C (2015) Risk 
assessment in ballast water management. Global mari-
time transport and ballast water management: issues and 
solutions, pp 133–169

De Benedictis L, Tajoli L (2011) The world trade network. 
World Econ 34:1417–1454

Diagne C, Leroy B, Gozlan RE et al (2020) InvaCost, a public 
database of the economic costs of biological invasions 
worldwide. Sci Data 7:277

Doadrio I (ed) (2001) Atlas Y Libro Rojo De Los peces con-
tinentales de España. Museo Nacional de Ciencias 
Naturales. Dirección General de Conservación de la 
Naturaleza

Essl F, Nehring S, Klingenstein F, Milasowszky N, Nowack C, 
Rabitsch W (2011) Review of risk assessment systems 
of IAS in Europe and introducing the German–Austrian 
Black List Information System (GABLIS). J Nat Conserv 
19:339–350

Essl F, Bacher S, Genovesi P et al (2018) Which taxa are alien? 
Criteria, applications, and uncertainties. Bioscience 
68:496–509

Essl F, Dullinger S, Genovesi P et  al (2019) A conceptual 
framework for range-expanding species that track human 
induced environmental change. Bioscience 20:1–12

Estévez RA, Anderson CB, Pizarro JC, Burgman MA (2015) 
Clarifying values, risk perceptions, and attitudes to 
resolve or avoid social conflicts in invasive species man-
agement. Conserv Biol 29:19–30

EU (2014) EU Regulation (EU) No 1143/2014 of the European 
Parliament and of the Council of 22 October 2014 on 
the prevention and management of the introduction and 
spread of invasive alien species. European Commission. 
Official Journal of the European Union, 2014. http://​eur-​
lex.​europa.​eu/​eli/​reg/​2014/​1143/​oj

EU (2022) Commission implementing regulation no 2022/1203 
of 12 July 2022 amending implementing regulation (EU) 
2016/1141 to update the list of invasive alien species of 
Union concern. Official J Eur Union L 186:10–13

European Commission, Joint Research Centre, Free G, Van de 
Bund W, Gawlik B et al An EU analysis of the ecologi-
cal disaster in the oder river of 2022: lessons learned and 
research-based recommendations to avoid future ecologi-
cal damage in EU rivers, a joint analysis from DG ENV, 
JRC and the EEA. Publications Office of the European 
Union. https://​doi.​org/​10.​2760/​067386

Falk-Petersen J, Bøhn T, Sandlund OT (2006) On the numer-
ous concepts in invasion biology. Biol Invasions 
8:1409–1424

https://doi.org/10.1016/j.aaf.2023.08.003
https://doi.org/10.1111/cobi.14165
https://doi.org/10.1111/cobi.14165
https://doi.org/10.1038/d41586-022-03306-2
https://doi.org/10.1038/d41586-022-03306-2
https://doi.org/10.1186/s13071-023-05887-x
https://doi.org/10.1186/s13071-023-05887-x
http://eur-lex.europa.eu/eli/reg/2014/1143/oj
http://eur-lex.europa.eu/eli/reg/2014/1143/oj
https://doi.org/10.2760/067386


382	 P. J. Haubrock et al.

1 3
Vol:. (1234567890)

Fausch KD (2007) Introduction, establishment and effects 
of non-native salmonids: considering the risk of rain-
bow trout invasion in the United Kingdom. J Fish Biol 
71:1–32

Felbermayr G, Gröschl J, Steinwachs T (2018) The trade 
effects of border controls: evidence from the European 
Schengen Agreement. JCMS J Common Mark Stud 
56:335–351

Gallardo B (2014) Europe’s top 10 invasive species: relative 
importance of climatic, habitat and socio-economic fac-
tors. Ethol Ecol Evol 26:130–151

Gallardo B, Clavero M, Sánchez MI, Vilà M (2016) Global 
ecological impacts of invasive species in aquatic ecosys-
tems. Glob Change Biol 22:151–163

Gaygusuz Ö, Tarkan AS, Aydın H, Dorak Z, Top N, Karakuş 
U, Vilizzi L (2015) Stocking of common carp (Cyprinus 
carpio) into some newly-established reservoirs of north-
west Anatolia may enhance the spread of non-native fish. 
Turk J Fish Aquat Sci 15:833–840

Geiter O, Homma S, Kinzelbach R (2002) Bestandsaufnahme 
Und Bewertung Von Neozoen in Deutschland. Umwelt-
bundesamt Forschungsbericht 296 89 901/01. UBA-FB 
000215. https://​www.​umwel​tbund​esamt.​de/​sites/​defau​lt/​
files/​medien/​publi​kation/​long/​2141.​pdf

Genovesi P, Carboneras C, Vilà M, Walton P (2015) EU adopts 
innovative legislation on invasive species: A step towards 
a global response to biological invasions? Biol Invasions 
17:1307–1311

Gerhards J (2007) Cultural overstretch? Differences between 
old and new member states of the EU and Turkey. Rout-
ledge, Abingdon

Gozlan RE (2008) Introduction of non-native freshwater fish: 
Is it all bad? Fish Fish 9:106–115

González-Moreno P, Lazzaro L, Vilà M et al (2019) Consist-
ency of impact assessment protocols for non-native spe-
cies. NeoBiota 44:1–25

Hau H (2001) Location matters: an examination of trading 
profits. J Finance 56:1959–1983

Haubrock PJ, Balzani P, Azzini M, Inghilesi AF, Veselý L, Guo 
W,  Tricarico E (2019) Shared histories of co-evolution 
may affect trophic interactions in a freshwater commu-
nity dominated by alien species. Front Ecol Evol 7:355

Haubrock PJ, Ahmed DA, Cuthbert RN et  al (2022) Invasion 
impacts and dynamics of a european-wide introduced 
species. Glob Change Biol 28:4620–4632

Haubrock PJ, Turbelin AJ, Cuthbert RN et al (2021) Economic 
costs of invasive alien species across Europe. NeoBiota 
67:153–190

Haubrock PJ, Cuthbert RN, Sundermann A, Diagne C, Golivets 
M, Courchamp F (2021) Economic costs of invasive spe-
cies in Germany. NeoBiota 67:225–246

Henry M, Leung B, Cuthbert RN, Bodey TW, Ahmed DA, 
Angulo E, Balzani P, Briski E, Courchamp F, Hulme PE, 
Kouba A, Kourantidou M, Liu C, Macêdo RL, Oficialde-
gui FJ, Renault D, Soto I, Tarkan AS, Turbelin AJ, Brad-
shaw CJA, Haubrock PJ (2023) Unveiling the hidden 
economic toll of biological invasions in the European 
Union. Environ Sci Eur 35:43

Herbert RJ, Humphreys J, Davies CJ, Roberts C, Fletcher 
S, Crowe TP (2016) Ecological impacts of non-native 
Pacific oysters (Crassostrea gigas) and management 

measures for protected areas in Europe. Biodivers Con-
serv 25:2835–2865

Hickley P, Chare S (2004) Fisheries for non-native species in 
England and Wales: Angling or the environment? Fish 
Manage Ecol 11:203–212

Hickley P, Britton JR, Macharia S, Muchiri SM, Boar RR 
(2015) The introduced species fishery of Lake Naivasha, 
Kenya: ecological impact vs socio-economic benefits. 
Fish Manag Ecol 22:326–336

Hoffman RC (1995) Environmental change and the culture of 
common carp in medieval Europe. Guelph Ichthyol Rev 
3:57

Hohmann R, Woog F (2021) How aggressive are Egyptian 
Geese Alopochen aegyptiaca? Interactions with Greylag 
Geese Anser anser and other birds in an urban environ-
ment. Wildfowl 71:234–243

Hudgins EJ, Cuthbert CN, Haubrock PJ et al (2023) The eco-
logical dimension of global trade: origin and recipient 
regions of biological invasion costs. Nat Sustain

Hulme PE (2007) Biological invasions in Europe: drivers, pres-
sures, states, impacts and responses. Biodivers Under 
Threat 25:56–80

Hulme PE, Pyšek P, Jarošík V et  al (2013) Bias and error in 
understanding plant invasion impacts. Trends Ecol Evol 
28:212–218

Humair F, Humair L, Kuhn F, Kueffer C (2015) E-commerce 
trade in invasive plants. Conserv Biol 29:1658–1665

Iannone BV, Carnevale S, Main MB et al (2020) Invasive spe-
cies terminology: standardizing for stakeholder educa-
tion. J Ext 58:27

Jeschke JM, Pyšek P (2018) Tens rule. Invasion biology: 
hypotheses and evidence. CAB International, Walling-
ford, pp 124–132

Jeschke JM, Gómez Aparicio L, Haider S, Heger T, Lortie CJ, 
Pyšek P, Strayer DL (2012) Support for major hypoth-
eses in invasion biology is uneven and declining. Neo-
Biota 14:1–20

Keller RP, Geist J, Jeschke JM, Kühn I (2011) Invasive spe-
cies in Europe: ecology, status, and policy. Environ Sci 
Europe 23:1–17

Kostetckaia M, Hametner M (2022) How sustainable develop-
ment goals interlinkages influence European Union coun-
tries’ progress towards the 2030 Agenda. Sustain Dev 
30:916–926

Kourantidou M, Haubrock PJ, Cuthbert RN et al (2022) Inva-
sive alien species as simultaneous benefits and burdens: 
trends, stakeholder perceptions and management. Biol 
Invasions 24:1905–1926

Koutsikos N, Vardakas L, Zogaris S, Perdikaris C, Kalantzi 
OI, Economou AN (2019) Does rainbow trout justify its 
high rank among alien invasive species? Insights from a 
nationwide survey in Greece. Aquat Conserv Mar Freshw 
Ecosyst 29:409–423

Kulman A, Tamïr D (2022) A man and his minnows: the intro-
duction of Gambusia affinis to mandatory Palestine. 
Front Conserv Sci 3:649955

Lehtiniemi M, Ojaveer H, David M et  al (2015) Dose of 
truth—monitoring marine non-indigenous species to 
serve legislative requirements. Mar Policy 54:26–35

Lipták B, Kouba A, Patoka J, Paunović M, Prokop P (2023) 
Biological invasions and invasive species in freshwaters: 

https://www.umweltbundesamt.de/sites/default/files/medien/publikation/long/2141.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/publikation/long/2141.pdf


383Discrepancies between non-native and invasive species classifications﻿	

1 3
Vol.: (0123456789)

perception of the general public. Hum Dimens Wildl. 
https://​doi.​org/​10.​1080/​10871​209.​2023.​21777​79

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) Hun-
dred of the world’s worst invasive alien species: a selec-
tion from the global invasive species database. Invasive 
Species Specialist Group of the IUCN-World Conserva-
tion Union

Mangiante MJ, Davis AJS, Panlasigui S, Neilson ME, Pfing-
sten I, Fuller PL, Darling JA (2018) Trends in nonindig-
enous aquatic species richness in the United States reveal 
shifting spatial and temporal patterns of species introduc-
tions. Aquat Invasions 13:323–338

McGeoch MA, Spear D, Kleynhans EJ, Marais E (2012) 
Uncertainty in invasive alien species listing. Ecol Appl 
22:959–971

Menozzi F (2013) Invasive species and the territorial machine: 
shifting interfaces between ecology and the postcolonial. 
Ariel Rev Int Engl Lit 44:181–204

Meriggi C, Drakare S, Lacambra EP, Johnson RK, Laugen AT 
(2022) Species distribution models as a tool for early 
detection of the invasive Raphidiopsis raciborskii in 
European lakes. Harmful Algae 113:102202

Nehring S, Kowarik I, Rabitschm W, Essl F (2013) Natur-
schutzfachliche Invasivitätsbewertungen für in 
Deutschland wild lebende gebietsfremde Gefäßpflanzen. 
BFN-Skripten 352. https://​www.​bfn.​de/​sites/​defau​lt/​files/​
BfN/​servi​ce/​Dokum​ente/​skrip​ten/​skrip​t352.​pdf

Nehring S, Kowarik I, Rabitschm W, Essl F (2015) Natur-
schutzfachliche Invasivitätsbewertungen für in 
Deutschland wild lebende gebietsfremde Wirbeltiere. 
BFN-Skripten 409. https://​www.​bfn.​de/​sites/​defau​lt/​files/​
BfN/​servi​ce/​Dokum​ente/​skrip​ten/​skrip​t409.​pdf

Novoa A, Shackleton R, Canavan S et al (2018) A framework 
for engaging stakeholders on the management of alien 
species. J Environ Manag 205:286–297

Nunes AL, Tricarico E, Panov VE, Cardoso AC, Katsanevakis 
S (2015) Pathways and gateways of freshwater invasions 
in Europe. Aquat Invasions 10:359–370

Patoka J, Magalhães AL, Kouba B, Faulkes A, Jerikho R, 
Vitule JRS (2018) Invasive aquatic pets: failed policies 
increase risks of harmful invasions. Biodivers Conserv 
27:3037–3046

Pece AM, Simona OEO, Salisteanu F (2015) Innovation and 
economic growth: an empirical analysis for CEE coun-
tries. Procedia Econ Finance 26:461–467

Pejchar L, Mooney HA (2009) Invasive species, ecosys-
tem services and human well-being. Trends Ecol Evol 
24:497–504

Pelicice FM, Vitule JRS, Lima Junior DP, Orsi ML, Agostinho 
AA (2014) A serious new threat to Brazilian freshwa-
ter ecosystems: the naturalization of nonnative fish by 
decree. Conserv Lett 7:55–60

Pereyra PJ (2016) Revisiting the use of the invasive species 
concept: an empirical approach. Austral Ecol 41:519–528

Peyton J, Martinou AF, Pescott OL et al (2019) Horizon scan-
ning for invasive alien species with the potential to 
threaten biodiversity and human health on a Mediterra-
nean island. Biol Invasions 21:2107–2125

Piria M, Copp GH, Dick JT et al (2017) Tackling invasive alien 
species in Europe II: threats and opportunities until 2020. 
Manag Biol Invas 8:273–286

Poorter MD, Browne M (2005) The global invasive species 
database (GISD) and international information exchange: 
using global expertise to help in the fight against invasive 
alien species. Plant protection and plant health in Europe: 
introduction and spread of invasive species, held at Hum-
boldt University, Berlin, Germany, 9–11 June 2005, pp  
49–54.

Pyšek P, Richardson DM, Pergl J et al (2008) Geographical and 
taxonomic biases in invasion ecology. Trends Ecol Evol 
23:237–244

Reid CH, Hudgins EJ, Guay JD, Patterson S, Medd AM, Cooke 
SJ, Bennett JR (2021) The state of Canada’s biosecurity 
efforts to protect biodiversity from species invasions. 
FACETS 6:1922–1954

Rew LJ, McDougall KL, Alexander JM et  al (2020) Moving 
up and over: redistribution of plants in alpine, Arctic, and 
Antarctic ecosystems under global change. Arct Antarct 
Alp 52:651–665

Ricciardi A, Cohen J (2007) The invasiveness of an intro-
duced species does not predict its impact. Biol Invasions 
9:309–315

Ricciardi A, Iacarella JC, Aldridge DC et al (2021) Four prior-
ity areas to advance invasion science in the face of rapid 
environmental change. Environ Rev 29:119–141

Richardson DM, Pyšek P, Rejmanek M, Barbour MG, Panetta 
FD, West CJ (2000) Naturalization and invasion of alien 
plants: concepts and definitions. Divers Distrib 6:93–107

Roberts M, Cresswell W, Hanley N (2018) Prioritising invasive 
species control actions: evaluating effectiveness, costs, 
willingness to pay and social acceptance. Ecol Econ 
152:1–8

Roques A, Rabitsch W, Rasplus JY, Lopez-Vaamonde C, 
Nentwig W, Kenis M (2008) Alien terrestrial inver-
tebrates of Europe, in: handbook of alien species in 
Europe. Springer, Dordrecht, pp 63–79

Roy HE, Bacher S, Essl F et  al (2019) Developing a list of 
invasive alien species likely to threaten biodiversity and 
ecosystems in the European Union. Glob Change Biol 
25:1032–1048

Ruiz GM, Carlton JT (2003) Invasive species: vectors and 
management strategies. Island Press, Washington

Salgado I (2018) Is the raccoon (Procyon lotor) out of control 
in Europe? Biodivers Conserv 27:2243–2256

Sastraprawira SM, Razak IHA, Shahimi S et  al (2020) A 
review on introduced Cichla spp. and emerging concerns. 
Heliyon 6:e05370

Šauer M, Bobkova M (2018) Tourist flows between central 
European metropolises (in the context of metropoloitisa-
tion processes). Geogr Tech 13:125

Saul WC, Roy HE, Booy O et al (2017) Assessing patterns in 
introduction pathways of alien species by linking major 
invasion databases. J Appl Ecol 54:657–669

Sax DF, Schlaepfer MA, Olden JD (2023) Identifying key 
points of disagreement in non-native impacts and valu-
ations. Trends Ecol Evol. https://​doi.​org/​10.​1016/j.​tree.​
2023.​03.​004

Schiederig T, Tietze F, Herstatt C (2012) Green innovation in 
technology and innovation management–an exploratory 
literature review. R&d Manage 42:180–192

Selke AC (1936) Geographic aspects of the German tourist 
trade. Econ Geogr 12:205–216

https://doi.org/10.1080/10871209.2023.2177779
https://www.bfn.de/sites/default/files/BfN/service/Dokumente/skripten/skript352.pdf
https://www.bfn.de/sites/default/files/BfN/service/Dokumente/skripten/skript352.pdf
https://www.bfn.de/sites/default/files/BfN/service/Dokumente/skripten/skript409.pdf
https://www.bfn.de/sites/default/files/BfN/service/Dokumente/skripten/skript409.pdf
https://doi.org/10.1016/j.tree.2023.03.004
https://doi.org/10.1016/j.tree.2023.03.004


384	 P. J. Haubrock et al.

1 3
Vol:. (1234567890)

Seebens H, Blackburn T, Dyer E et al (2017) No saturation in 
the accumulation of alien species worldwide. Nat Com-
mun 8:14435

Seebens H, Clarke DA, Groom Q, Wilson JRU, García-Berthou 
E, Kühn I, Roigé M, Pagad S, Essl F, Vicente J, Winter 
M, McGeoch M (2020) A workflow for standardising and 
integrating alien species distribution data. NeoBiota 59: 
39–59. 

Shackleton RT, Adriaens T, Brundu G et al (2019) Stakeholder 
engagement in the study and management of invasive 
alien species. J Environ Manag 229:88–101

Simberloff D (2013) Invasive species: what everyone needs to 
know. Oxford University Press, Oxford

Soto I, Ahmed DA, Balzani P, Cuthbert RN, Haubrock PJ 
(2023) Sigmoidal curves reflect impacts and dynamics of 
aquatic invasive species. Sci Tot Environ 872:161818

Spear MJ, Walsh JR, Ricciardi A, Zanden MJV (2021) The 
invasion ecology of sleeper populations: prevalence, per-
sistence, and abrupt shifts. Bioscience 71:357–369

Stanković D, Crivelli AJ, Snoj A (2015) Rainbow trout in 
Europe: introduction, naturalization, and impacts. Rev 
Fish Sci 23:39–71

Stehrer R, Stöllinger R (2015) The Central European Manufac-
turing Core: What is driving regional production shar-
ing? (No. 2014/15 – 02). FIW-research reports

Tarkan AS, Tricarico E, Vilizzi L (2021) Risk of invasiveness 
of non-native aquatic species in the eastern Mediterra-
nean region under current and projected climate condi-
tions. Eur Zool J 88:1130–1143

Tarkan AS, Emiroğlu Ö, Aksu S, Başkurt S, Aksu S, Vilizzi 
L, Yoğurtçuoğlu B (2022) Coupling molecular and 
risk analysis to investigate the origin, distribution and 
potential impact of non-native species: an application 
to ruffe Gymnocephalus Cernua in Turkey. Eur Zool J 
89:102–114

Tedeschi L, Biancolini D, Capinha C, Rondinini C, Essl F 
(2022) Introduction, spread, and impacts of invasive 
alien mammal species in Europe. Mam Rev 52: 252–266

Turbelin AJ, Malamud BD, Francis RA (2017) Mapping the 
global state of invasive alien species: patterns of invasion 
and policy responses. Glob Ecol Biogeogr 26:78–92

Van der Veer G, Nentwig W (2015) Environmental and eco-
nomic impact assessment of alien and invasive fish 

species in Europe using the generic impact scoring sys-
tem. Ecol Freshw Fish 24:646–656

Vilizzi L (2012) The common carp, Cyprinus carpio, in the 
Mediterranean region: origin, distribution, economic 
benefits, impacts and management. Fish Manag Ecol 
19:93–110

Vilizzi L, Copp GH (2017) Global patterns and clines in the 
growth of common carp Cyprinus carpio. J Fish Biol 
91:3–40

Vilizzi L, Copp GH, Hill JE et al (2021) A global-scale screen-
ing of non-native aquatic organisms to identify poten-
tially invasive species under current and future climate 
conditions. Sci Total Environ 788:147868

Vilizzi L, Tarkan AS, Copp GH (2015) Experimental evidence 
from causal criteria analysis for the effects of common 
carp Cyprinus carpio on freshwater ecosystems: a global 
perspective. Rev Fish Sci 23:253–290

Vilizzi L, Hill JE, Piria M, Copp GH (2022) A protocol for 
screening potentially invasive non-native species using 
Weed Risk Assessment-type decision-support tools. Sci 
Tot Environ 832: 154966

Vítková M, Müllerová J, Sádlo J, Pergl J, Pyšek P (2017) Black 
Locust (Robinia pseudoacacia) beloved and despised: 
a story of an invasive tree in Central Europe. For Ecol 
Manag 384:287–302

Wilson JR (2020) Definitions can confuse: why the neona-
tive neologism is bad for conservation. Bioscience 
70:110–111

Wolter C, Röhr F (2010) Distribution history of non-native 
freshwater fish species in Germany: how invasive are 
they? J App Ichthyol 26:19–27

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.


	Discrepancies between non-native and invasive species classifications
	Abstract 
	Introduction
	How should non-native species introduced for their economic, cultural or aesthetic benefits be considered and classified?
	How can we deal with the differences of invasiveness across geographical scales?
	Reported non-native and invasive species in the European Union and Germany
	Issues with a discrepancy in records
	A way forward
	References




