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Abstract
The impacts of invasive species can vary widely across invaded sites and depend on the ecological variable 
of study. In this paper, we describe the first harmonised database that compiles scientific evidence of the 
ecological impacts of invasive plant species at continental scale. We summarise results from 266 publica-
tions reporting 4259 field studies on 104 invasive species in 29 European countries. For each study, we 
recorded whether the effects were statistically significant and noted their direction (i.e. decrease or increase 
in the response variable when compared to uninvaded sites). We classified studies, based on the impacts 
on the levels of ecological organisation (species, communities and ecosystems), taxa and trophic level. 
More than half of the studies were conducted in temperate and boreal forests and woodlands and temper-
ate grasslands. Notably, one third of the studies focused on just five invasive species. Most studies were 
on native species followed by studies on communities. Impacts on plants were more frequently studied 
than impacts on other taxa and trophic groups. Overall, 43% of the studies reported significant impacts, 
with more significant decreases (26%) than increases (17%) in the response variables. Significant impacts 
were more frequent on species and communities than on ecosystems; and on plants than on animals or 
microbes. This database is of interest for academic, management and policy-related purposes.
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Introduction

Many non-native species introduced by human agency outside their original area of dis-
tribution invade natural areas and cause ecological impacts to native species, communities 
and ecosystems (Simberloff et al. 2013). Ecological impacts are defined in this paper as 
any statistically significant ecological change occurring when an invasive species is present 
compared to when the invasive species is absent. This change can be a decrease (i.e. nega-
tive impact) or an increase (i.e. positive impact) of any ecological attribute of the invaded 
ecosystem (Jeschke et al. 2014). Thus, it is important to note that negative and positive 
impacts are independent of ethical and societal human values (Vimercati et al. 2020).

Information on the impacts of invasive species is of fundamental importance to 
assist management and policy (Vilà et al. 2019). In particular, empirical studies of eco-
logical impacts provide essential scientific evidence to underpin risk assessment of in-
vasions that are often used to rank and prioritise management actions. Despite the fast 
increase in the number of field studies testing for invasive species impacts, the majority 
focus on a few species and regions. Consequently, there are still important biases and 
gaps in knowledge that preclude our capacity to provide information for management 
and policy actions (IPBES 2023). It is thus of paramount importance to synthesise the 
scientific evidence on impacts to identify which are the most studied invasive species, 
the most studied habitats and the most studied impact types.

Meta-analyses have shown a strong context-dependency not only in the magnitude, 
but also in the direction of the impacts (Pyšek et al. 2012; Gallardo et al. 2016; Volery 
et al. 2021; Romero-Blanco et al. 2023). For example, an invasive N-fixing plant may 
strongly increase soil fertility in a recipient ecosystem with N-deficient soils and lack-
ing native N-fixing species, but may have negligible impacts in communities including 
native N-fixing plants or in soils otherwise rich in N (Vitousek and Walker 1989; Cas-
tro-Díez et al. 2014, 2016). Moreover, invasive species can cause multiple, sometimes 
contrasting, impacts at different levels of ecological organisation (species, communities 
and ecosystems). For example, an invasive N-fixing plant may increase N soil avail-
ability and this can favour the establishment of some native plant species at the expense 
of others, with a neutral effect on species richness (Marchante et al. 2011). Thus, the 
impact of an invasive species can vary, presenting a neutral, negative or positive effect. 
This variability depends on factors such as the identity of the native species under study 
or whether the focus is on particular native species or the entire community. Therefore, 
to guide management decisions and biodiversity conservation efforts, it is important to 
document a broad spectrum of numerical increases and decreases in ecological responses 
following invasion. Given the conservation interest in native species and communities, 
adopting a value-laden perspective, their decrease may be considered deleterious, while 
an increase may be considered beneficial (Vimercati et al. 2020).

The environmental assessment of the impacts of invasive species requires the analy-
sis of the full range of ecological changes after invasion. To this end, we conducted a 
comprehensive review of field studies reporting ecological impacts of invasive plant 
species in Europe to identify the most studied species, countries and habitats and to de-
scribe the frequency and direction of impacts. We classified impacts according to four 
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criteria: i) the ecological level at which the impact is measured, i.e. species, communi-
ties and ecosystems; ii) the affected taxonomic level, i.e. microbes, plants and animals; 
and iii) the trophic level of the affected taxa. Beyond identifying the most-studied 
invasive plant species and habitats and their most-studied impacts, our database also 
enables the exploration of differences in the frequencies and directions of impact types 
studied. Specifically, we explored if there were differences in the frequency of impacts 
amongst levels of organisation and taxa.

Material and methods

We started from the studies conducted in Europe extracted from the databases construct-
ed and analysed in Pyšek et al. (2012) and in Castro-Díez et al. (2019). Additionally, we 
searched for new publications on the Web of Science (https://www.webofscience.com/
wos/alldb/basic-search) database on 31 December 2022 with no restriction on publica-
tion year, using the following search term combinations: (plant inva* OR exotic plant 
OR alien plant OR non-native plant) AND (impact* OR effect*) AND (community 
structure* OR diversity* OR ecosystem process* OR competition*). Amongst the re-
trieved documents, we first screened titles and abstracts to identify all publications on 
the impacts of invasive plants conducted in Europe. We then examined each publication 
and constructed a database of impacts according to the following selection criteria:

1. The studies had to be in natural or semi-natural field conditions in Europe. The 
habitat type of the study was classified according to the IPBES unit of analysis (IPBES 2018) 
with the exception that, in this study, coastal areas was considered for terrestrial plants. The 
evidence of impact was based on observational or experimental (i.e. removal or addition 
of target species) field studies comparing simultaneously invaded or uninvaded sites where 
the identity of single invasive species of study was explicitly mentioned. We excluded tree 
plantations. We also excluded those referring to impacts by several invasive species.

2. When the same publication examined different response variables, different 
invasive species, different ecosystem types or geographically different localities, we con-
sidered each as different entries in the database (i.e. study, hereafter).

3. When a response variable was measured at different times (e.g. sampling spe-
cies diversity across years), we made an informed decision on whether to take the 
mean value across times or to consider each measure as independent. However, when 
the variable was repeated across short periods (e.g. sampling N availability in different 
weeks), we only used the final measurement or the most representative (e.g. when the 
soil activity was the highest).

4. When the study manipulated other environmental factors in addition to inva-
sion, we only considered results from the non-manipulated plots.

5. When the study investigated the effects of different degrees of invasion and dif-
ferent residence times (i.e. old vs. recent invasions), we examined differences between 
the least invaded sites and the most invaded sites and differences between uninvaded 
sites and sites with the longest time since invasion.

https://www.webofscience.com/wos/alldb/basic-search
https://www.webofscience.com/wos/alldb/basic-search
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As all studies dealt with established non-native plant species and their threats to 
biological diversity and/or ecosystems, for simplicity, we refer to them as “invasive spe-
cies” through out the text.

Following Vilà et al. (2011), impacts were classified according to the affected level 
of ecological organisation as follows: impacts to native species (e.g. abundance, perfor-
mance, biomass), to communities (e.g. abundance, biomass or diversity) and to ecosys-
tem properties (e.g. soil C/N, nutrient fluxes, decomposition rates, pH, nutrient pools, 
resource availability, soil minerals, soil organic matter and soil salinity/cation exchange 
capacity) (Table 1, Suppl. material 1: table S1). Furthermore, when the information 
was available, the impacts to species and communities were also classified according 
to the affected taxa (i.e. microbes, plants and animals) and to the trophic level of the 
affected taxa (i.e. impacts to herbivores, parasites, plants, pollinators, predators, omni-
vores, decomposers and symbionts) (Table 2). If the native species of concern belongs 
to different trophic levels along its life history, we considered the one during the stage 
of the study. In total, the database considered 23 impact types, which integrate the 
main biodiversity and ecosystem changes after invasion and allow for comparing im-
pacts across studies (see Tables 1, 2).

For each impact, we recorded the statistical significance (no/yes) and direction (in-
crease/decrease) of differences between invaded and uninvaded plots. For the purpose 
of this analysis, the direction does not mean a desirable/undesirable impact, but a sig-
nificant increase or decrease of the response variable analysed in the invaded compared 
to the uninvaded control treatment, respectively.

To search for differences in the frequency of significant impacts across different 
levels of organisation (species, community, ecosystem) and taxa (animals, microbes, 
plants), we summed the number of responses – whether significant or non-significant 
– for each impact type. Responses were grouped, based on the identity of the invasive 
species and the respective publication.

We employed generalised linear mixed models (GLMMs) with a binomial 
(logit link function) error distribution family (lmerTest package; Kuznetsova et al. 
(2017)). The response variable was a two-column matrix generated using the ‘cbind’ 
function to combine the counts of significant and non-significant impacts. In each 
model, we included as a fixed factor the levels of ecological organisation or taxa. 
To account for the non-independence of data, we included the publication and the 
identity of the invader as random factors. Post-hoc Tukey tests (emmeans pack-
age; Russell (2018)) were then applied to evaluate differences in impact frequencies 
amongst levels of ecological organisation and taxa. To visualise these differences, 
we used the package ggeffects (Lüdecke 2018). All analyses were performed in R 
(v. 4.2.1, R Core Team (2022)).

Open research statement

All data employed in this research are archived in Figshare repository https://doi.
org/10.6084/m9.figshare.23579082.

https://doi.org/10.6084/m9.figshare.23579082
https://doi.org/10.6084/m9.figshare.23579082
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Table 1. Ecological impacts of invasive plant species studied in field conditions in Europe classified by 
categories of ecological organization (species, communities, ecosystems), with indication of the response 
variables examined in the literature. In parenthesis, the sample size (number of field studies testing for 
impacts). See Table S1 for definitions of the impact type classification.

Level of ecological 
organization

Impact type Variables related to

Species (576) Animal (176) Animal abundance (143), activity (10), fitness (4), 
performance (19)

Microbial (5) Microbial abundance (5)
Plant (395) Plant abundance (223), biomass (34), fitness (66), 

performance (72)
Community (2541) Animal (1142) Animal abundance (682), activity (3), biomass (11), 

diversity (446)
Microbial (370) Microbial abundance (111), activity (150), biomass 

(17), diversity (92)
Plant (1016) Plant abundance (254), biomass (130), diversity (632)

Ecosystem (1155) Soil carbon to nitrogen ratio (C/N) (74) C/N (74)
Nutrient fluxes (25) C fluxes (11), N fluxes (14)

Decomposition rates (39) Litter decomposition (38), soil organic matter 
mineralization (1)

pH (134) pH (134)
Nutrient pools (402) C pools (114), N pools (194), P pools (94)

Resource availability (83) Light (19), moisture (60), soil temperature (4) 
Soil minerals (264) Soil minerals (264)

Soil organic matter (85) Soil organic matter (85)
Soil salinity/cation exchange capacity 

(CEC) (49)
Soil CEC (1), salinity (3), salinity/CEC (45)

Table 2. Ecological impacts of invasive plant species studied in field conditions in Europe classified by 
the trophic level of affected species (i.e. decomposers, herbivores, omnivores, parasites, plants, pollinators, 
predators, symbionts) with indication of the response variables examined in the literature. In parenthesis, 
sample size (number of field studies testing for impacts).

Trophic level of the affected 
taxa

Variables related to

Decomposer (269) Decomposer abundance (189), biomass (7), diversity (62), activity (11)
Herbivore (100) Herbivore abundance (62), diversity (36), performance (2)
Omnivore (47) Omnivore abundance (41), diversity (3), fitness (2), performance (1)
Parasite (50) Parasite abundance (44), biomass (2), diversity (4)
Plant (1411) Plant abundance (477), biomass (164), diversity (632), fitness (66), performance (72)
Pollinator (353) Pollinator abundance (190), activity (9), diversity (142), fitness (2), performance (10)
Predator (287) Predator abundance (224), activity (4), biomass (1), diversity (54), performance (4)
Symbiont (23) Symbiont abundance (16), biomass (1), diversity (6)

Results

Our final database included 266 publications describing 4259 field studies of 104 in-
vasive plant species in Europe (Fig. 1, Suppl. material 1: tables S2, S3).
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Figure 1. Total number of field studies testing for impacts in Europe classified by invasive plant species, 
ecological organisation and impact type. The grey shading legend indicates whether the impact is on ani-
mals, microbes, plants or ecosystems.
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Impacts of invasive plants are widely studied across Europe, although around 50% 
of studies were carried out in six countries (Spain, Poland, Czech Republic, Germany, 
Italy and Portugal) and there are some countries without any studies (e.g. Albania, 
Bulgaria, Estonia and Latvia) (see Fig. 2). Most studies were conducted in temperate 
and boreal forests and woodlands (33%) and temperate grasslands (26%), followed by 
coastal areas (14%) and Mediterranean forests and woodlands (12%) (Fig. 3).

Figure 2. Map of locations (red dots) of field studies on the ecological impacts of invasive plant species 
in Europe. Twelve publications described studies in multiple countries and were represented by a dot in 
each country.
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Figure 3. Percentage of publications on field studies testing for impacts classified by the invaded habitat 
in Europe. Habitats were classified according to the IPBES unit of analysis (IPBES 2018).

While the number of invasive plant species studied has increased linearly since 
about 2005, the number of publications on impacts have increased exponentially 
(Fig.  4a). One third of the publications examined the impacts of only five species 
(Reynoutria japonica, Impatiens glandulifera, Solidago gigantea, Carpobrotus edulis and 
Robinia pseudoacacia) out of 104 (Fig. 5). The studies on these five species have been 
concentrated in the last two decades and are still increasing to date (Fig. 4b).

The most studied impacts are on the abundance of species followed by impacts on 
the abundance and diversity of communities. Impacts on plants have been more stud-
ied than impacts on other taxa and trophic groups (Fig. 6). The second most studied 
impacted group is that of pollinators, followed by predators and decomposers (Fig. 6d). 
Impacts on microbial communities, although less frequently studied, have increased in 
the last few years (Fig. 6b). The number of field studies testing for impacts to ecosys-
tem properties have increased one order of magnitude in the last decade (Fig. 4c), with 
impacts on nutrients pools and soil minerals being the most common (Fig. 6c).

Overall, 43% of studies found significant impacts of invasive plants with more 
decreases (26%) than increases (17%) on the response variables. Although more than 
half of the species (58 out of 104) have impacts in both directions, 10% of the invasive 
species showed only increase responses and 30% decrease responses (Fig. 5).
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Figure 4. Cumulative total number of publications on impacts and invasive plant species studied (a), 
number of field studies testing for impacts on the five most studied species (b) and across ecological levels 
of organisation (c) in Europe. See Table 1 for impact type classification.
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Figure 5. List of invasive plant species with the total number of field studies testing for impacts, publica-
tions and impact frequency (i.e. percentage of significant responses). Blue and orange bars indicate the 
proportion of decreases and increases, respectively.
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Figure 5. Continued.
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Figure 5. Continued.

Figure 6. Cumulative number of field studies testing for impacts to species (a) and communities (b) by taxa, 
ecosystem properties (c) and amongst trophic levels (d) in Europe. See Tables 1, 2 for impact type classification.
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Results on the frequency of significant impacts and their direction can be found in 
Fig. 7. In studies where the affected level is species, 41% of the impacts (n = 576) were 
significant, with more decreases (25%) than increases (16%) on the response variables. 
At the community level, 47% of impacts (n = 2528) were significant, with two times 
more decreases (32%) than increases (15%). At the ecosystem level, 38% of impacts 
(n = 1155) were significant, with fewer decreases (15%) than increases (23%). When 
impacts were classified by the affected trophic levels, altogether 45% of impacts (n = 
2807) were significant, with two times more decreases (30%) than increases (15%).

The frequency of significant impacts was similar between the species and com-
munity levels (z = 0.17, p = 0.99), but higher than at the ecosystem level (z = 2.32, p = 
0.05 and z = 3.94, p < 0.001, respectively). Additionally, the frequency of significant 
impacts was similar between animals and microbes (z = 0.17, p = 0.99), but lower than 
for plants (z = 3.86, p < 0.001 and z = 2.94, p < 0.01, respectively) (Fig. 8).

Figure 7. Frequency of significant plant invader impacts vs. percentage of non-significant impacts (grey 
bars) studied in field conditions in Europe. Blue and orange bars indicate the percentage of decreases and 
increases, respectively. See Tables 1, 2 for impact type classification.
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Figure 8. Frequency of significant plant invader impacts studied in field conditions in Europe across lev-
els of ecological organisation (left) and taxa (right). Open circles are observed values (i.e. the proportion of 
significant impacts grouped by invader species and publication). Black dots are predicted values obtained 
from the models and their 95% confidence intervals.

Discussion

Evidence about the impacts of invasive plants on different properties of the recipient 
ecosystems is scattered across many different studies and technical reports (Kumschick 
et al. 2015), preventing its efficient transfer to managers and policy-makers. Here, we 
provide the first harmonised database synthesising results from field studies about the 
ecological impacts of invasive plants at a continental scale. However, a great proportion 
of studies focuses on a few invasive species in temperate central European countries or 
in southern Mediterranean countries. As already indicated ten years ago (Hulme et al. 
2013), bias continues to be the norm in the study of impacts, probably reflecting the 
academic interest of research groups on the most common species in their countries. 
This database can be of scientific, management and policy use at different national and 
international scales.

The exploration of impact studies indicates that the main geographic gap of knowl-
edge in Europe corresponds to Baltic and Balkan countries. The least represented habi-
tats in impact studies are desert and xeric shrublands, high mountains and subtropi-
cal forests. In Europe, subtropical forests of major conservation status are located in 
Macaronesian islands, where non-native species invasion is prevalent. Many of these 
islands exhibit a higher proportion of non-native than native plant species in their flora 
(Kueffer et al. 2010), emphasising the crucial need to identify invasive species causing 
major impacts (Silva et al. 2008). The impacts of invasive plants in desert and semi-arid 
habitats are also poorly studied, despite an increasing number of dry-tolerant invasive 
plants promoted by ornamental xero-gardening (Morente-López et al. 2023). In the 
face of climate change, it is also imperative to focus more on the impacts of invasive 
plants in mountain regions. Climate warming is expected to enhance the dispersal 
and establishment of invasive species at higher altitudes, making this an area of critical 
concern (Carboni et al. 2018).
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Ecological impacts were statistically heterogeneous in their significance and direc-
tion. Significant impacts were more frequent on species and communities than on eco-
systems. Any change in ecosystem properties can be considered adverse, as it modifies 
ecosystem functioning (Strayer 2012; Vilà and Hulme 2017; Castro-Díez et al. 2019). 
Compared to impacts on ecosystems, the impacts on species and communities are 
more directly linked to changes in biodiversity. According to our database, there were 
two times more studies reporting negative effects than positive effects on the studied 
species and community response variables. Negative effects indicate a decrease in na-
tive species abundance, fitness or diversity after invasion and are, therefore, considered 
detrimental for nature conservation. On the contrary, positive effects indicate the re-
verse and, thus, can be assumed to be beneficial. However, even increasing effects on 
native species and communities can have cascading effects, depending on the position 
of the native species in the trophic network (Gallardo et al. 2016).

While the correspondence from value-free to value-laden effects of invaders on bio-
diversity is not always straightforward (Vimercati et al. 2020), our database on impacts 
studied in Europe contributes significantly to the global assessment on impacts of inva-
sive species. This comprehensive database aligns with the broader finding that invasive 
species globally tend to cause more harm than benefits on nature (Bacher et al. 2023).

Significant impacts were more frequently reported on native plants than on native 
animals or microbes. In general, it seems that invasive species most frequently impact 
native species from the same broad taxonomic group (Bacher et al. 2023). For plants, 
this is an expected result because the main mechanism of interaction amongst plants is 
resource competition or facilitation, while the mechanisms of impact of invasive plants 
on animals are more diverse and often indirect, depending on the type of interaction, 
feeding mode and trophic position. Furthermore, impact studies on microbes are rela-
tively recent and predominantly focused on soil bacteria and fungi (Dawson and Sch-
rama 2016). However, it is important to note that, since our focus was on field studies, 
our review may not have captured all the impacts on plant-soil feedbacks, which are 
often mediated by microorganisms, such as pathogens or symbionts. It is largely un-
known how the strength of plant-soil feedbacks compares with plant-plant competi-
tion. This is an area of research which deserves more attention because such interactions 
influence the co-occurrence of native and invasive species (Lekberg et al. 2018).

Other areas of research interest might include the analysis of the major causes of 
the variation in impacts and improving their prediction. For this purpose, the infor-
mation provided in our database could be associated with other aspects of biological 
invasions (Strayer 2012). For instance, links with their pathways of introduction (Pergl 
et al. 2017), their local or regional abundances (Bradley et al. 2019), the species traits 
and the biotic and abiotic characteristics of the invaded habitats (Pyšek et al. 2012; 
Sapsford et al. 2020) or their invasion history (Lenzner et al. 2022). The frequency and 
direction of impacts could also be compared to those of invasive animals and amongst 
invaded areas to determine taxonomic differences in impact across regions.

Causal impacts, together with the probability of arrival and establishment, is one 
of the main requested information to identify potential invasive species. Therefore, 
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from a management point of view, the database displays and harmonises the available 
peer-reviewed publications that can be used for horizon scanning to identify potential 
invasive species in countries where they are not yet present (e.g. Lucy et al. (2020); 
Cano-Barbacil et al. (2023)). The information from the database can also be used to 
populate standardised impact assessments, such as the EICAT-IUCN (Blackburn et al. 
2014) and to assist species management prioritisation, based on the magnitude of their 
impacts on biodiversity.

From a policy perspective, it is important to highlight that, although our analysis 
screened all European countries, the database does not include information for 29 of 
the 39 invasive plant species of EU concern (European Union 2014, 2017). Moreover, 
of the 20 most studied species according to our database, only three are regulated, 
namely Impatiens glandulifera, Heracleum mantegazzianum and H. sosnowskyi. These 
mismatches can be explained by some of the features of the EU Regulation (Car-
boneras et al. 2018). Some regulated species are not yet present in the EU (e.g. many 
aquatic plant species), but, if introduced, would be capable of establishing self-sustain-
able populations. On the other hand, some species are present, form self-sustainable 
populations and cause significant adverse impacts on biodiversity and ecosystem ser-
vices in Europe, but listing the species will not prevent, minimise or mitigate their 
impacts and are therefore not listed.

Conclusion

Our first comprehensive European database of the field studies reporting on the eco-
logical effects of invasive non-native plants indicates that invasive plants cause impacts 
to species, communities and ecosystem processes of a wide range of taxa at different 
trophic levels. Major gaps in knowledge are found in Baltic and Balkan countries, in 
desert and semi-arid shrublands, subtropical forests and high mountains. To improve 
the knowledge of the impacts of invasive plant species, we also advocate for more stud-
ies on species that are still locally rare and with restricted distribution, and on how they 
modify plant-soil-microbe interactions.

The information provided in this database is of interest for academic, manage-
ment and policy-related purposes at the national, European and international scale. 
We acknowledge that our database may not encompass all relevant studies. The Web of 
Science has been the most widely used database for bibliometric analysis, offering more 
comprehensive coverage of older literature compared to Scopus. However, Scopus in-
cludes a larger list of journals than the Web of Science (Mongeon and Paul-Hus 2016). 
Further extensions of the database should also include a broader keywords string. For 
example, although restoration studies may not be explicitly designed to detect impacts, 
they can offer valuable insights into ecological differences between invaded plots before 
and after intervention in removal plots. Our database will have to be updated as new 
field studies on the ecological impacts of invasive species are published.
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