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This brief report summarises information on ter-
restrial invasive alien plant species (IAPS) in the EU
having a negative impact on pollinators, with a fo-
cus on the non-chemical methods that can be used
to manage them. A limited systematic literature
search revealed 52 publications on IAPS affecting
pollinators since 2000 and highlighted 35 relevant
IAPS. These plants were grouped and ranked us-
ing a combination of their current distribution in
Europe and their impact on pollination. For a se-
lection of these IAPS, information on their native
and alien range, their impact on pollinators, and the
non-chemical management methods that can be
used to tackle them, are provided. Some of the spe-
cies in focus are listed as species of Union concern
under Regulation (EU) No 1143/2014. Based on the
number of publications demonstrating negative im-
pacts on pollinators, the potentially most harmful -
and not yet regulated - species are two goldenrods,
Solidago canadensis and Solidago gigantea.

The management of IAPS is key for conserving
ecosystems. Classical physical methods of control,
such as mechanical removal and manual uproot-
ing, are effective and can be used for some IAPS
in specific conditions. However, it is important to
note that, for many others, these methods have
had limited efficacy, therefore chemical methods
having become an important tool in effective IAPS
management. Some chemical treatments can, of
course, lead to negative impacts upon the wider en-
vironment, but non-target effects can be limited by
following recommended guidance for implementa-
tion. Indeed, chemical control may sometimes have
less non-target effects than repeated physical in-
terventions (as they reduce the need for frequent
site visits and disturbance to the ecosystem). At
the same time, there is growing interest in biolog-
ical control (biocontrol) methods, which involve in-
troducing herbivores or pathogens to target IAPS.
Biocontrol can offer a promising long-term solution
to suppress IAPS, while minimising the use of syn-
thetic chemicals or disturbance caused by physical
management. However, it is essential to carefully
assess the potential risks and impacts of biocontrol
through a thorough evidence-based risk assess-
ment before implementation, as well as to continu-
ally monitor its effectiveness.




IAPS can have direct and indirect impacts on bio-
diversity. They can outcompete native plants, e.q.
by outgrowing and overshadowing or by releasing
growth-inhibiting compounds (allelopathic effects),
and modify habitats, e.g. by nitrogen-fixation and
modification of the soil chemistry (e.g. Liao et al.
2007, Gaertner et al. 2009, Hejda et al. 2009, Vila
et al. 2011, Pysek et al. 2012). Positive, neutral and
negative impacts on plant-pollinator interactions
and networks can be found (see e.g. Bjerknes et al.
2007, Morales & Traveset 2009, Ferrero et al. 2013,
Stout & Tiedeken 2016, Vanbergen et al. 2018 for
an overview), but there is a lack of detailed un-
derstanding on how IAPS influence habitats, and
subsequently the complex and context-dependent
trophic and functional interactions between species
(e.g. Albrecht et al. 2014, Bezemer et al. 2014, Litt et
al. 2014, Arceo-Gémez & Ashman 2016, Charlebois
& Sargent 2017). Recently, Johnson et al. (2022)
found that competition for pollinators destabilised
plant interactions and disrupted plant coexistence.

The negative impacts of IAPS on pollinators and
pollination can be direct, e.g. the IAPS’ pollen or
nectar can be toxic to pollinators (Adler 2001, Ste-
venson et al. 2017, Rivest & Forrest 2019), and indi-
rect, e.g. by replacing native plants that are visited
by specialist pollinators or by promoting generalist
pollinators that then may outcompete specialist
pollinators (e.g. Traveset & Richardson 2006, Val-
tonen et al. 2006, Moron et al. 2009, Stout & Mo-
rales 2009, Schweiger et al. 2010, Hanula & Horn
20113, 2011b, Hudson et al. 2013, Scheper et al.
2014, Fenesi et al. 2015, Stout & Tiedeken 2016,
Parra-Tabla & Arceo-Gémez 2021, Zaninotto et al.
2023). Additionally, IAPS with an ornamental histo-
ry often have showy flowers, which attract pollina-
tors, and flower late in the season, which may affect
plant-pollinator interactions. Little known, but with
potentially severe consequences, is the role of IAPS
as hubs for pathogen transfer and facilitation of
pathogen spread (e.g. Proesmans et al. 2021, Na-
jberek et al. 2023).

Many pollinator species are in decline and becom-
ing increasingly threatened (e.g. Van Swaay et al.
2010, Nieto et al. 2014, Vuji¢ et al. 2022) and so,
in 2018, the European Commission adopted the
first-ever EU framework to address the decline of
wild pollinators — the EU Pollinators Initiative. Ac-
tion 8 of the EU Pollinators Initiative aims to re-
duce the impacts of Invasive alien species (IAS) on
pollinators (e.g. COM 2021). In line with this, and
under the EC funded project “Technical support re-
lated to the implementation of the EU Pollinators
Initiative”, IUCN (2020) provided a summary of the
possible impacts of IAS on pollinators, emphasizing
that native wild pollinators are potentially affected
by ecosystem modification, competition, hybridisa-

tion, predation and disease transmission and par-
asites. While the latter three mechanisms mostly
refer to the impacts caused by animals (e.g. Vespa
velutina, Megachile sculpturalis, Harmonia axyridis,
commercial honeybees and bumblebees), the modi-
fication of terrestrial habitats mostly refers to IAPS.
The document mentions that “When invasive alien
plants dominate an area they transform the availa-
bility of nectar and pollen, often from a diverse suite
of floral species that may provide nutrition at dif-
ferent times of year. While the invasive plant may
provide nutrition, it may only do so for a certain part
of the year and this may only favour certain pollina-
tor groups or species, usually those with generalist
feeding behaviours, negatively affecting those spe-
cialised pollinator species.” (IUCN 2020).

It must be mentioned, however, that there is not a
single determining factor explaining the decline of
pollinators, and that many factors need considera-
tion in attempts to support and promote pollinators’
conservation (IPBES 2017). Van Swaay et al. (2010)
analysed the major threats to European butterflies
and found that agricultural intensification, abandon-
ment, climate change (incl. droughts) and change
of woodland management are leading causes. Inva-
sive alien species were found to threaten endemic
species, especially on islands, e.g. the introduction
of the alien braconid parasitoid Cotesia glomerata
might have contributed to the extinction of the Ma-
deiran Large White Pieris wollastoni (Wiemers et al.
2022) and the decline of the Canary Islands Large
White Pieris cheiranthi (Lozan et al. 2008). Nieto et
al. (2014) analysed the major threats to European
bees and found that agricultural expansion and in-
tensification, livestock farming and ranching, pollu-




tion and residential and commercial development
are leading drivers of extinction risk to bees. The
importance of IAS is recognised, but due to the lack
of data and complex interactions with other factors,
it is not explicitly addressed. Vuji¢ et al. (2022) ana-
lysed the major threats to European hoverflies and
found that agriculture and aquaculture, residen-
tial and commercial development, natural system
modifications (e.g. fire, dams), and climate change
and severe weather, are leading causes. Invasive
and other problematic species affect 52 species of
European hoverflies (11 of which are threatened),
mostly due to predation and competition from the
Harlequin ladybird (Harmonia axyridis) (e.g. Alhmedi
et al. 2010).

The revised EU Pollinators Initiative, which follows
up on the review of progress in implementing the
EU Pollinators Initiative and builds on comprehen-

sive stakeholder consultations and institutional
feedback, sets out actions to be taken by the EU
and its Member States to reverse the decline of
pollinators by 2030 (COM 2023). These actions
are reflected under three priorities, one of which is
‘PRIORITY Il: Improving pollinator conservation and
tackling the causes of their decline’. Under Priority
II, again Action 8 aims to ‘Reduce the impacts of
invasive alien species on pollinators’ through three
specific actions. Action 8.1. aims to assess threats
to pollinators from IAS not yet included in the list
of IAS of Union concern under Regulation (EU) No
1143/2014 and preparing risk assessments for the
most problematic ones. Action 8.2. seeks to assess
management options for IAPS most harmful to wild
pollinators, with a view to increasing the availabili-
ty, uptake, and effectiveness of non-chemical man-
agement options. Finally, Action 8.3 commits to
developing guidelines to promote the use of polli-
nator-friendly native plants and seed mixes in areas
including private gardens, public areas, farmland,
and forests.

The aim of this document is to partially address
Actions 8.1. and 8.2, by identifying the IAPS that
seem the most harmful to pollinators in the EU,
at the same time outlining options for their man-
agement, with a focus on the use of non-chemical
methods.




~ 3.1. Methods

Within the consultation process of the EU Pollinators
Initiative, thematic workshops on the most serious
threats were organised, including one on “Measures
to tackle pressures from invasive alien species on
wild pollinators” (Barov et al. 2022). The workshop
report lists 20 IAPS, most of them also mentioned
by the IUCN report on managing IAS to protect wild
pollinators (IUCN 2020). Searching for spatial pat-
terns, Rabitsch et al. (2021) analysed distributional
data of three species within the EU (Asclepias syria-
ca, Heracleum mantegazzianum, Impatiens glandu-
lifera), and concluded that currently available data
do not allow for defining potential areas at risk to
pollinators from these IAPS.

The IAPS included in IUCN (2020), Rabitsch et al.
(2021) and Barov et al. (2022) served as a start-
ing point for the current study. A partial literature
research was performed on 27.7.2023 using Goog-
le Scholar to identify additional IAPS potentially
having negative impacts on native pollinators. The
search string “invasive plant species pollination”
resulted in more than 68,000 hits, and more than
18,000 after filtering for publications between the
years 2000 to 2023. The titles of the first 200
publications were screened for additional IAPS. Ad-
ditionally, publications referring to plants having
pollen or nectar toxic for pollinators according to
Adler (2001) and Stevenson et al. (2017), and alien
to Europe, were added. This resulted in a list of 35
IAPS potentially having negative impacts on native
pollinators, which are listed and described in Table
2 below. Finally, a Google search using the string
“scientific name of the IAPS"+“invasive” and “scien-
tific name of the IAPS”+“pollination” was performed,
searching for published impacts on pollination. In
total, 52 publications were found and read in full. In
not few cases, however, only anecdotic evidence of
impacts of IAPS on pollinators was found. Reposi-
tories such as the CABI Invasive Species Compendi-
um?, the Global Invasive Species Database? and the
EPPO Global Database (EPPO 2023) were consulted
for additional information.

!https://www.cabidigitallibrary.ora/product/qi

2http://www.iucngisd.ora/gisd

Publications of European species being alien else-
where within Europe have been excluded (e.g. the
Purple loosestrife Lythrum salicaria; Flanagan et al.
(2010)), except for Rhododendron ponticum. |APS
which are not yet present in the wild in Europe were
also not considered (e.g. the Amur honeysuckle Lon-
icera maackii, native to temperate Asia and inva-
sive in North America; McKinney & Goodell (2010),
although IAPS currently present in cultivation only,
can have negative impacts as well. This latter
species, however, could be considered in a future
horizon scanning of IAPS in Europe. Also exclud-
ed are IAPS known to occur in Europe, but where
the impact has been analysed outside of Europe.
Examples of this are Acacia saligna, a species of
Union concern, native to Australia and present in
the Mediterranean region, causing reduced flower
visitation in a native plant in South Africa (Gibson
et al. 2013) and Vincetoxicum rossicum, native to
Ukraine and Russia and introduced to North Amer-
ica and Europe, negatively affecting the migratory
monarch butterfly (Danaus plexippus), being toxic
to its larvae in North America (DiTommaso & Losey
2003, Ernst & Cappuccino 2005).



https://www.cabidigitallibrary.org/product/qi
https://www.iucngisd.org/gisd/

Impact on native pollinators and on pollination was
assessed on a three-point scale: 1 = no published
evidence of impact found (although publications
mentioning potential impacts exist), 2 = limited ev-
idence of impact (one published paper supporting
negative impacts on pollinators in Europe), 3 = high
evidence of impact (more than one published paper
supporting negative impacts on pollinators).

Distribution of the species in Europe was assessed
on a three-point scale, based on the number of
occurrence records for Europe in GBIF (assessed
11.01.2024; applied filters: Basis of records: Human
observation; Continent: Europe): 1 = < 10,000 re-
cords, 2 = 10,000 to 100,000 records and 3 =

> 100,000 records.

Based on the combination of these two criteria, a
species matrix was created (Table 1). Combinations
with many occurrence records and high evidence
of impacts are highlighted in red, the opposite is
highlighted in yellow and intermediate scores are
indicated in orange.

For the ten species (or groups of species) highlight-
ed in red, brief summaries are provided in different
species factsheets in Section 5, including informa-
tion on native and alien range, a description of the
impacts on pollination, a brief account of their biol-
ogy and ecology, and relevant management meth-
ods. In addition, this information is provided for two
species with a currently small distribution (score 1),
but potentially high impact (score 3) on pollination
in Europe.

Table 1: Species matrix with the possible combinations of the three-point scales for Impact (on pollination)
and Distribution (within Europe) of invasive alien plant species.

Distribution
N

Impact

2 3




3.2. Results

Table 2 presents the results of the IAPS mentioned in the analysed references, retrieved through the spe-
cies selection and prioritisation described above.

Table 2: Alphabetic list of the 35 IAPS (invasive alien plant species) with the potential to negatively affect
native plants, pollinators and pollination. D = Distribution criterion (1 = < 10,000 records, 2 = 10,000 to
100,000 records, 3 = > 100,000 records); | = Impact criterion (1 = no evidence, 2 = limited evidence, 3 =
high evidence); * = reference not found in the partial literature search and added later; | = species of Union
concern. A brief summary is provided for each species here, except for those species most impactful to
pollinators in the EU (marked in bold), for which a more extensive description is provided in Section 5.

Common Native # European Impact
name range records
(GBIF)

Amorpha False North 9,720 Outcompeting native Barov et al. (2022)
fruticosa indigobush America plants; Habitat
modification;

Pollinator competition

Anecdotic sources mention that the showy and honey-rich flowers attract pollinators and therefore are in competition with
native plant species for pollination. However, no published evidence for such an impact could be found. It is considered
sometimes as a valuable honey plant.

Araujia Moth plant South 11,455 2 Outcompeting native 1  Coombs & Peter

sericifera America plants; Habitat (2010), Barov et al.
modification; (2022)
“Mothcatching”

The species is considered invasive because of its ability to outcompete and replace native plants, as well as to modify
vegetation structure and natural succession. In Europe, it is present in ES, FR, GR, IT, and PT. It is famous for “catching”
Lepidoptera and other insect flower visitors if their mouthparts become wedged within the flowers, but it is not a carnivorous
plant. Bumblebees and scoliid wasps are pollinators of the plant in Europe. There is no evidence of a significant negative effect
on pollinators at the population or community level in Europe.

Arundo donax Giant reed Temp. 45,720 2  Outcompeting native 1 Barov et al. (2022)
and Trop. plants; Habitat
Asia modification

Invasive in riparian habitats and considered one of the “100 worst” according to IUCN ISSG3. It is a transformer species which
increases fire susceptibility, water use and erosion. Negative effects on ground arthropod invertebrates are documented (e.g.
Herrera & Dudley 2003, Maceda-Veiga et al. 2016), but no evidence for significant negative impacts on pollinators could be
found in Europe or elsewhere (see e.g. CABI 201443, Jiménez-Ruiz et al. 2021).

Asclepias Common North 5,338 1  Outcompeting native 3 Bagi (2008)*, Kelemen
syriaca’ milkweed America plants; Habitat et al. (2016)*, Szigeti
modification et al. (2020)*

Rabitsch et al. (2021),
Barov et al. (2022),
Kovacs-Hostyanszki et

al. (2022)*
Baccharis Groundsel- North 8,703 1 Outcompeting native 1  Barov et al (2022)
halimifolia’ bush America plants; Habitat
modification

Invasive in saltmarsh and sand dune habitats in western and southern Europe (BE, ES, FR, IT). Monodominant stands replace
native vegetation and reduce phytophagous insect diversity (e.g. Mallard 2008), but no evidence for significant negative
impacts on pollinators could be found in Europe or elsewhere (e.g. Fried et al. 2016, CABI 2019).

3 https://www.iucngisd.org/gisd/100_worst.php



https://www.iucngisd.org/gisd/100_worst.php

Common Native # European Impact
name range records
(GBIF)
Buddleja Butterfly Temp. 185,423 3 Outcompeting native Giuliano et al. (2004)%,
davidii bush Asia plants; Habitat Tallent-Halsell & Watt
maodification (2009)*, Corcos et al.
(2020)*, Barov et al.
(2022)
Carpobrotus Ice plant South 18, 535 (C. 2  Outcompeting native 3  Moragues & Traveset
edulis, C. Africa edulis) plants; Habitat (2005), Suehs et al.
acinaciformis 1,467 (C. modification (2005)*, Bartomeus et
and their acinaciformis) al. (2008b), Jakobsson
hybrids et al. (2008), Vila et
al. (2009), Barov et al.
(2022), Ledn et al.
(2023)*
Catalpa Northern North 25 1 Toxic (iridoid glyco- 1  Stephenson (1981,
speciosa Catalpa America sides deters ants and 1982)
butterflies)

Introduced to Asia and Europe as an ornamental tree for urban gardens and parks. It is pollinated by bees during the day and
by moths in the night. No evidence of significant negative impacts on pollinators could be found in Europe or elsewhere. It is
considered sometimes as a valuable honey plant.

South
America

Pampas Barov et al. (2022)

grass

19,033 2 Outcompeting native 1
plants; Habitat

modification

Cortaderia
selloana

Mentioned by Barov et al. (2022) as a species “taking large areas, impact on pollinators unknown”. It can form dense stands in
natural grasslands and outcompete native plants. It is also known to change soil chemistry, natural succession and increase
the fire risk (e.g. Domeénech et al. 2006). No evidence of significant negative impacts on pollinators could be found in Europe or
elsewhere (CABI 2009b).

Elaeagnus Silver berry Greater 17,958 2 Outcompeting native 1  Barov et al (2022)
angustifolia Middle plants; Habitat
East modification

Introduced to North America and Europe. Invasive in riparian, floodplain and wetland habitats, also in salt marshes and dunes.
It displaces native vegetation and modifies the habitat by nitrogen fixation, interfering with natural succession, and reducing
bird and insect diversity (Katz & Shafroth 2003, Sudnik-Wojcikowska et al. 2009, CABI 2018). The flowers produce nectar and
pollen, which attract and are pollinated by honeybees and bumblebees. It is considered sometimes as a valuable honey plant.
Pendleton et al. (2011) found lower numbers of pollinating insects on the plant compared to native shrubs, but also noted a
lack of pollination studies for this species.

Erigeron Hairy Central 17,246 2 Outcompeting native 1  Barov et al. (2022)
bonariensis fleabane and South plants

(= Conyza America

bonariensis)

Introduced to North America, Africa, Asia, Australia, New Zealand and Europe. It is an important — and difficult to control -
weed in orchards, vineyards, crops, and pastures, has allelopathic effects, competes for water and nutrients with other plants
and is host to different plant pests. It is generally considered less problematic and casual in natural habitats (Wu 2007, Bajwa
et al. 2016, CABI 2021). No evidence of significant negative impacts on pollinators could be found in Europe or elsewhere (Info
Flora 2022).



Species Common Native # European Impact
name range records
(GBIF)

Erythranthe Musk North 485 Outcompeting native 2  Truscott et al.
moschata monkey- America plants; Toxic (alkaloids (2008b), Baude et al.
(= Mimulus flower as secondary (2011)*

moschatus) compounds)

Introduced to South America, South Africa, Tasmania and Europe. Colonises disturbed areas on riverbanks (e.g. Truscott et al.
2008a, Koopman et al. 2012). According to Hejda & Pysek (2008) and Hejda et al. (2009), it has a low impact on native
species richness. Truscott et al. (2008b) found a negative association between Mimulus cover and native and non-native plant
species richness, including native riparian plant species displacement at the local scale. Baude et al. (2011) found, in a pot
experiment, higher soil nitrogen acquisition and competition with the native Lamium amplexicaule, having a negative impact
on nectar amount, quality and floral display on the native species, potentially reducing attractiveness to shared pollinators.

Fallopia japonica Japanese East Asia 170,351 3 Outcompeting native 1 Davis et al. (2018)
(= Reynoutria knotweed plants; Habitat
Jjaponica) modification

Fallopia japonica, and other knotweed species, are well-known widely distributed invasive species in North America and Europe
(e.g. CABI 2013b). Fallopia japonica is considered one of the “100 worst”, building monodominant stands, outgrowing,
overshadowing and replacing native plant species and changing plant and soil communities via allelopathic effects. Negative
impacts on abundance, species richness and biomass of invertebrates are documented (Gerber et al. 2008), with knock-on
effects on some vertebrates (e.g. Maerz et al. 2005). Davis et al. (2018), however, found higher flowering plant species richness
and abundance and higher abundances of bumblebees, higher diversity of hoverflies and higher overall insect diversity at
invaded than uninvaded sites, probably due to late flowering and the paucity of other flowering species at this time of the year.
It is also considered sometimes as a valuable honey plant.

Galinsoga Quickweed  South 43332 2 Outcompeting native 1 Barov et al. (2022)
parviflora America plants

Barov et al. (2022) mention “Bidens parviflora”, a native of eastern Asia that is not introduced elsewhere, but presumably
mean Galinsoga parviflora, which is introduced to all continents. It is an annual herb, competitive in disturbed habitats and an
economically relevant weed in crops, gardens and greenhouses. No evidence for significant negative impacts on pollinators
could be found in Europe or elsewhere (CABI 2014b).

Heracleum Giant Caucasus 148,325 3 Outcompeting native 3 Nielsen et al. (2008),
mantegazzianum’ hogweed plants; Habitat Zumkier (2012)*,
modification Davis et al. (2018),

Rabitsch et al. (2021),
Bogusch et al. (2023)

Impatiens Himalayan Himalayas 417,566 3 Outcompeting native 3 Prowse & Goodridge

glanduliferai balsam plants (2000)*, Chittka &
Schiirkens (2001)*,
Lopezaraiza-Mikel et
al. (2007), Nielsen et
al. (2008)*, Nienhuis
et al. (2009)*, Vila et
al. (2009), Bartomeus
et al. (2010), Cawoy
et al. (2012)*, Thijs et
al. (2012), Emer et al.
(2015)*, Davis et al.
(2018), Rabitsch et al.
(2021), Barov et al.
(2022)



Common Native # European Impact Source
name range records
(GBIF)

Lupinus Nootka lupine  North 2,465 1  Outcompeting native 2 Willow et al. (2017)*
nootkatensis America plants; Habitat
modification; Toxic

Introduced to and widespread in Iceland, established also in Scandinavia. Although floral displays are larger than those of
native plants in Iceland, it was visited less by insects, including the only native bumblebee, which is under threat if native
vegetation is replaced by the alien plants (Willow et al. 2017). It has been shown that secondary compounds (lupanine) are
toxic to bumblebees (Arnold et al. 2014). Nitrogen-fixing and driving vegetation dynamics in nutrient-limited habitats, e.g.
coastal dunes (Hanslin & Kollmann 2016).

Lupinus Large- North 202,529 3  Habitat modification 3 Valtonen et al.
polyphyllus leaved America (2006)*, Jakobsson &
lupine Padrén (2014)*,

Jakobsson et al.
(2015)*, IUCN (2020)

Mahonia Oregon grape  North 52,539 2 Outcompeting native 1  Barov et al. (2022)
aquifolium America plants; Habitat

(= Berberis modification

aquifolium)

Introduced to Europe as an ornamental and honey plant in the early 19th century. It outcompetes and displaces native
vegetation and changes natural succession (e.g. Auge & Brandl 1997, Ross & Auge 2008, CABI 2010). It is pollinated by
insects and is a praised source of pollen and nectar for bumblebees in winter. Competition between honeybees and wild bees
in urban habitats cannot be ruled out (e.g. Renner et al. 2021), but no evidence for significant negative impacts on pollinators
could be found in Europe or elsewhere. It is considered sometimes as a valuable honey plant.

Miscanthus spp.  Silvergrass South 2,881 1  Habitat modification 1  Barovetal. (2022)
Africa,
Trop. and
temp.
Asia

Mentioned by Barov et al. (2022) as a species “taking large areas, impact on pollinators unknown”. It can form dense stands in
natural grasslands and outcompete native plants (e.g. Schnitzler & Essl 2015), but no evidence for significant negative impacts
on pollinators could be found in Europe or elsewhere.

Nicotiana Tree tobacco  South 6,959 1 Habitat modification; 2  Ollerton et al. (2012)*,

glauca America Toxic (alkaloids as Kasiotis et al. (2020),
secondary Barov et al. (2022)
compounds)

Mentioned by Barov et al. (2022) as a species with “dense stands, nectar, not attracting pollinators, climate change favoured”.
Ollerton et al. (2012) and Issaly et al. (2020) found that in regions without bird pollinators (such as in Greece and Mallorca),
seeds are set by selfing and the nectar is only rarely exploited by bees or butterflies. It can form dense, monospecific stands in
semi-arid disturbed habitats, and displace native species (CABI 2013a). Leaf litter of this plant inhibits germination of native
plants (Florentine & Westbrooke 2005) and it shifts the soil microbial community composition (Rodriguez-Caballero et al.
2020). The plant is toxic (containing anabasine) to humans and livestock, and caused up to 25% mortality in feeding
experiments in honeybees (Kasiotis et al. 2020). The significance on pollinators in the environment in Europe remains unclear.



Species i # European Impact Source
records
(GBIF)

Nicotiana Tobacco South 2,621 1 Toxic (alkaloids as Detzel & Wink
tabacum America secondary (1993)*,
compounds) Stevenson et al.
(2017)*

Cultivated around the world and escaped as an agricultural weed in many regions, including Europe. While the toxicity of the
plant is well known, including possible effects on insect behaviour (e.g. Baracchi et al. 2017), there is a lack of studies on its
impact on biodiversity and on pollinators in Europe (CABI 2014c).

Oenothera Pink evening  North 973 1 “Mothcatching” 1  Zlatkov et al. (2018),
speciosa and 0.  primrose, America (0. speciosa) Barov et al. (2022)
biennis Common 40,777 2

evening (0. biennis)

primrose

Oenothera speciosa is a garden escape that has established in Asia, Australia, and Europe (AL, BE, BG, ES, FR, GR, HU, IT, UK). It
has large, showy flowers that are frequently visited by different insects, especially by moths. Zlatkov et al. (2018) have shown
that hummingbird hawk-moths can get stuck in the flowers and subsequently die, but there is no evidence of a significant
negative effect on pollinators at the population or community level in Europe. Oenothera biennis has a wide distribution in
Europe. Oenothera species are insect-pollinated (e.g. Anton et al. 2017), and they prefer dry and disturbed habitats. They rarely
grow in dense stands and rarely outcompete native plants (Mihulka et al. 2006).

Opuntia spp. Prickly pear Northand 75,429 2 Outcompeting native 3 Bartomeus et al.

(e.g. O. South plants; Habitat (2008a), Padron et al.

ficus-indica, America modification (2009), Vila et al.

0. stricta) (2009)

Oxalis pes- Sourgrass South 32,243 2 Outcompeting native 3 Jakobsson et al.

caprae Africa plants (2009), Albrecht et al.
(2016)

Prosopis Mesquite Central 1 1  Outcompeting native 1  Barov et al. (2022)

juliflora and South plants; Habitat

America modification

Introduced as fuel and fodder in Asia, Africa, Australia and present in Europe in the wild in Spain and on Gran Canaria (only
one GBIF record from Gran Canaria). It is nitrogen-fixing, modifies water availability and natural succession and can
outcompete and replace native plants (CABI 2017, EPPO 2018). It is pollinated by insects, especially by bees. There is no
evidence of a significant negative effect on pollinators at the population or community level in Europe.

Rhododendron Pontic Iberia, 62,581 2 Outcompeting native 3 Stout (2007), Vila et
ponticum rhodo- Caucasus plants; Toxic al. (2009), Dietzsch et
dendron al. (2011), Stout &

Casey (2014)*,
Tiedeken et al. (2014*,
2016), Tiedeken &
Stout (2015)*, IUCN
(2020), Barov et al.
(2022)



Species Common Native # European Impact
name range records
(GBIF)
3

Robinia Black locust North 236,853 Habitat modification 2  Buchholz et al.

pseudoacacia America (2015)* Reif et al.
(2016)*, Buchholz &
Kowarik (2019), Barov

et al. (2022)
Senecio South African ~ South 345,003 3 7 1  Vanparys et al. (2008,
inaequidens ragwort Africa 2011%)

Introduced to Europe with wool imports in the late 19th century, it is widespread and still spreading further. It is found in
ruderal and disturbed habitats. It is toxic to mammals (CABI 2014d). Vanparys et al. (2008) showed that the visitation rate by
pollinators and the seed set of S. inaequidens were higher compared to that of the native relative Jacobaea vulgaris (Senecio
Jjacobaea). Vanparys et al. (2011) found, however, that the presence of S. inaequidens did not alter the pollinator visits and
seed set of J. vulgaris, concluding that other traits need to be investigated to explain the different visitation rates and
reproductive success between the two species.

Solanum Silverleaf North 2,337 1 Outcompeting native 2  Tscheulin et al.
elaeagnifolium nightshade America plants; Habitat (2009), Tscheulin &
modification Petanidou (2013)

Unintentionally introduced as contaminant of fodder crops and packing material and unintentionally spread by livestock,
contaminated soil, agricultural vehicles and machinery. Isolated occurrences in Europe (Roberts & Florentine 2022, Tataridas et
al. 2023). Tscheulin et al. (2009) examined the effect of S. elaeagnifolium invasion on flower visitation patterns and seed set
of the co-flowering native Glaucium flavum (Papaveraceae) and found that G. flavum flowers in uninvaded sites received
significantly more total visits from pollinators. Tscheulin & Petanidou (2013) found that, in the presence of potted S.
elaeagnifolium plants, pollen limitation was significantly enhanced, although the overall visitation rates were not reduced, due
to a reduction in honeybee visitation in the presence of the invasive resulting in reduced pollination.

Solidago spp. Canadian North 148,898 (S. 3 Habitat modification 3 de Groot et al.

(S. canadensis and Giant America canadensis) (2007)*, Moron et al.
and S. goldenrod 157,364 (S. (2009), Fenesi et al.

gigantea) giganteaq) (2015), IUCN (2020),

Barov et al. (2022)

Spiranthes ? ? 1 2 Barovetal (2022)
cernua
X odorata

Mentioned by Barov et al. (2022) as a species “growing on meagre grasslands and sand, abundant nectar, evidence of its
impact to be published soon, attracts native plant pollinators; early invasions stage in the Netherlands”. The taxonomy of the
Spiranthes cernua complex, however, is challenging and Pace & Cameron (2017) found no evidence of hybridisation between
the North American S. cernua and (the relatively distantly related) S. odorata.
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Table 3 presents the matrix of IAPS based on the are described in more detail in Section 5, as being
scoring of their geographic distribution and impact ~ considered those currently presenting more risks to
on pollination in Europe. Species highlighted in red  Pollinators and pollination in the EU.

and all remaining species in the impact category 3

Table 3: Matrix of IAPS considering scoring of distribution and impact on pollination in Europe.




4.1. Available methods

The following sections present the most effective
and used non-chemical management methods
against IAPS. The information presented includes
a general description of the methods, good imple-
mentation practices, notes on their effectiveness,
potential costs and resources needed, side effects,
and indication of feasibility or shortcomings of im-
plementation. Information on which of the 11 most

General description

This method involves placing a dense plastic cov-
er (usually polyethylene black in colour) over the
infested area and has been used, for example, in
Danish management actions on giant hogweed
(Suadicani et al. 2017). The cover has to be made
from dense plastic, to eliminate light. It is important
to fix the cover firmly on the ground to prevent any
movement due to wind. For species that depend on
generative reproduction, the cover must be placed
over the species in early spring before germination.
An analogue approach is to cover high stumps after
cutting with plastic sacks (e.g. for Robinia pseudoa-
cacia) to reduce resprouting. For species where the

harmful (groups of) species the method can be
used for is also provided. General considerations
that should be taken into account when using phys-
ical/mechanical methods are highlighted, as well as
some notes on the importance of using chemical
methods in specific circumstances. Finally, the de-
scription of all non-chemical methods is summa-
rised in Table 4 below.

management is targeted against germinated seed-
lings, the plastic cover can be removed in August
of the same vyear. It is important to revegetate the
managed site, ideally with native species. Reveg-
etation can be done by direct seed sowing, or by
spreading local hay or mulch.

It is not recommended to leave the plastic at a site
for a period longer than one vegetation season, as
the additives used in plastic could leach into the
environment and, furthermore, to stop the possible
release of microplastics.




Good implementation practices

The plastic cover must be fixed to the ground properly to eliminate any movement by wind and later dam-
age of the cover. The site has to be checked regularly to fix any possible damages (rift) of the foil that may

decrease its efficiency.

Effectiveness

The method is effective for small areas and species
without underground storage organs. For highly vig-
orous species with rhizomes (rhizomatous species),
this method is not efficient, as e.q. Fallopia sp. can

survive under the cover for more than three years
with no effect. This method is also not suitable for
woody species, as the stumps may destroy the cov-
er.

Costs, effort and resources required

Materials needed include the plastic cover and tools
to fix it to the ground. In the management of gi-
ant hogweed in Denmark, 400 m? were covered per
hour and an estimated cost of 25.000 SEK (approx-
imately 2.200 EUR) was needed per hectar. As the
cover is placed early in the season, the risk associ-

Potential side effects

The use of plastic can lead to environmental issues
like plastic waste accumulation and soil degrada-
tion. Over time, the plastic may break down into
microplastics, which can harm the ecosystem and
potentially contaminate water sources. When re-
moving the plastic, the overall aboveground veg-

ated with potential contact with the sap and skin
burns (phytophotodermatitis) is low. The advan-
tage is that the method is suitable even for organic
farmers. This method is feasibly applied for areas
up to 100-200 m? (Rajmis et al. 2016), and there
are no additional costs identified.

etation has been usually targeted. Therefore, it is
necessary to properly manage the site after the
cover has been removed to aid revegetation. It is
also important to prevent reinvasion from neigh-
bouring areas and from the seed bank.

Feasibility and potential shortcomings

This method is applicable to small areas in grassy
vegetation or in sites where woody species have
been cut to low stumps. It is not suitable for het-

erogeneous sites or sites which have other invasive
species in neighbouring areas, as the method cre-
ates open habitat ready for reinvasion.

Most harmful IAPS that can be managed

Carpobrotus spp., Heracleum mantegazzianum, Impatiens glandulifera, and Oxalis pes-caprae




General description

The recommended method is to pull out the whole
plant with its roots, rhizomes and bulbs. Mature or
regenerating plants should be pulled out, at the
latest, in the early stages of the flowering period
to prevent seed formation. Mature seeds shoot out
into the surroundings during handling, and imma-
ture seeds are able to mature even after the plants
have been pulled out and thus complicate biomass
handling. The treated areas should be checked after
the intervention and during the season (after about
2-3 weeks) and the remaining individuals should be
pulled out. Subsequent repeated control is neces-
sary for several years. Zero tolerance when remov-
ing all individuals and proper treatment (removing
all the organs capable of resprouting) are impor-
tant for the action to be effective, along with pre-
venting seeds from spreading to the site. Handling
of plant material must be done to prevent uninten-
tional spread by plant waste or seeding at the site.
Biomass can only be left at the site if the interven-
tion has occurred before flowering and the plants
have not yet started fruiting. At the same time,
re-rooting of the plants must be prevented, e.g. by
separating the roots from the stem and breaking
the uprooted plant so as to minimise the ability of
the plant to regenerate and form adventitious roots
from the nodes.

Pulling can be used for both annual species (e.g.
Impatiens spp.) and perennial species. For annual
species this is a suitable strategy due to the usually
shallow and simple root system and high efficiency.
Pulling of perennial species (herbaceous or woody)
is only effective on young seedlings that do not

have a branched root or rhizome system (e.g. Bud-
dleja davidii, Prunus serotina). For perennial species,
it is usually effective on young plants or plants in a
sandy substrate. In perennial or repeatedly mown
clumps, it is usually not possible to remove all roots,
but pulling can significantly reduce the species vi-
tality and density and thus be suitable for density
reduction, even if it usually does not lead to com-
plete eradication. Pulling of large shrubs and trees
is discussed in section 4.1.6. Digging up the under-
ground organs.

Good implementation practices

Species capable of regenerating must not be, after
removal, disposed to sites that allow their regen-
eration (rooting). For some species (e.g. Impatiens
glandulifera), the biomass may be left in place, but
only if the disturbance occurs before flowering,
so the plants do not have pollinated flowers from
which germinating seeds can develop. Pulled plants
can be placed in safe locations, e.g. in sunny ar-

Effectiveness

In general, pulling is a very effective method. It can
be applied both to small sites and large sites with
low density of targeted species. Large sites with
high density are demanding on labour effort. The
method creates new disturbed sites and therefore

eas away from watercourses or other sources of
moisture to prevent the plants from regenerating,
or placed on top of surrounding taller vegetation.
In the case of large quantities of managed plants,
pulled plants can be collected on a plastic sheet/foil
and then mechanically damaged. The plastic sheet
should be removed at the end of the growing sea-
son to prevent its damage by frost.

inappropriate biomass management practices and
possible propagule transport must be avoided. For
some species with a high capacity to regenerate
from below-ground biomass (e.q. Fallopia spp., As-
clepias spp.), this method is inappropriate because



it is too risky in terms of further spread. If it is re-
sorted to, all belowground biomass must be sepa-
rated from the soil, dried and burned. The method
is also effective for perennial species intolerant to
disturbance of aboveground biomass and which
do not react to the disturbance by resprouting (e.q.
appropriate for Solidago spp., but not for Asclepi-
as spp.). The method is very efficient for low abun-
dance or rare occurrences of IAPS at the borders of
their distribution. It is cheap and rapid. It can also
be used for species like Senecio inaquidens or Am-
brosia artemisiifolia. Small patches of e.q. Lupinus
polyphyllus can be, under repeated management,
eradicated by pulling through weakening, even if
the whole roots are not excavated.

Costs, effort and resources required

This method is not demanding in terms of equip-
ment, but it is costly in terms of human labour.
The use of volunteers is possible, but the quality
of work must be checked, as usually when pull-

Potential side effects

ing the perennial plants volunteers remove only
the aboveground biomass and roots remain un-
disturbed. Proper practice and control is therefore
needed, as well as training of volunteers.

When done properly there are no side effects, except for possible soil disturbances in the invaded area.

Feasibility and potential shortcomings

The method is easy to apply.

Most harmful IAPS that can be managed

Seedlings of woody species like Buddleja davidii, Rhododendron ponticum and Robinia pseudoacacia; her-
baceous species: Asclepias syriaca (only seedlings), Carpobrotus spp., Impatiens glandulifera, Lupinus poly-
phyllus, Opuntia spp., Oxalis pes-caprae, and Solidago spp.
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4.1.5. Heat treatment

General description

This method is based on exposing the seedbank
and live organs of the plants to heat. Heat can be
produced by different ways including fire, hot foam/
water or microwaves. The methods, if applied at
a small scale, seem to be rather environmentally
friendly, as they are not associated with strong side
effects, but the energy needed to sufficiently heat
the soil or seeds is extreme. Therefore, this limits
the use of these heat treatments in the field. The
majority of studies arise from laboratory experi-
ments. Generally for seeds, temperature equal to or
higher than 90°C does not completely inhibit their
germination and allows 1% or 2% germination. The
effectiveness increases with an increase in the du-
ration of the treatment, as after a longer exposure
(i.e. 30 minutes) to a hot water bath at 50°C and
higher, germination usually decreases significantly
(e.g. Oliver et al. 2020). The effect of heat treatment
is comparable to composting (Strgulc Krajsek et al.
2020).

1. Foam

Hot foam is based on hot water treatment, but is
modified by the addition of biodegradable foaming
agents. The foam insulates the weeds from the sur-
rounding air and increases the energy transfer to the

plants, thus lowering the dose of hot water required
and increasing efficiency.

2. Microwaves

Microwave radiation causes dielectric heating of
moist materials and offers a means of rapidly rea-
ching the temperature needed for loss of seed viabi-
lity and inhibition of germination (60 to 90°C range).
Microwaves are used to control invasive and pest
species for commercial, agricultural, or ecological
purposes, particularly in the interest of developing
non-chemical techniques.

3. Direct heating - fire

Directed heating is based on applying intense heat
by propane torch or a similar tool. It is different to
prescribed burning because it is targeted at the
species being controlled. Direct heating can often
destroy woody invasive plant seedlings. However,
single instances of spot burning are generally not
effective for controlling mature woody invasive alien
species due to their ability to regrow from the roots.

Good implementation practices

For direct heating, heat directed at the roots and
leaves of seedlings usually causes sufficient dam-
age to prevent regrowth. When applied to mature
plants, stems are flame-girdled, killing the above-
ground growth. Frequent repeated spot burning of

Effectiveness

This method is only effective for species with shal-
low root system or young seedlings due to limits of
heat transmission to deep soil layers. The method
destroys the upper organs (leaves). The foam heat
treatment is not effective for seeds, but it can be
used for seedlings that are sensitive to changes in
temperature. Direct fire or microwaves can affect
seeds.

regrowth may eventually lead to mortality, though
the frequency and duration required are often un-
known and likely vary between species and ages of
target plants.




Costs, effort and resources required

The equipment needed for the microwave treat-
ment is costly, as well as the operating costs. In
addition, the available equipment is primarily de-

Potential side effects

The method, in general, has no direct environmen-
tal drawbacks, especially as there is no residue to
contaminate the surroundings, unlike herbicides.
However, results of experiments have revealed the
low applicability of this method in the field (e.g.
microwave treatments), which decreases overall
effectiveness and which is costly. Use of the open

signed for use in laboratory work. The methods de-
pend on supply of energy. A propane torch for direct
burning is relatively cheap.

fire can be limited by local environmental restric-
tions due to risk of the fire spreading. This method
may also induce germination of some species that
require heat treatment for the seeds to germinate
and it may disturb the aboveground vegetation and
thus allow reinvasion.

Feasibility and potential shortcomings

The method needs a high amount of energy to sufficiently heat the soil or seeds, therefore it is used only

in easily accessible sites (e.g. agriculture land).

Most harmful IAPS that can be managed

Carpobrotus spp., Heracleum mantegazzianum, Impatiens glandulifera, Lupinus polyphyllus, Oxalis pes-
caprae, and Solidago spp.
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~ General description

Girdling (ring-barking) is a method applicable to
woody invasive alien plants and is based on remov-
ing a strip of bark around the entire (full girdling) or
partial (ca. 80%) circumference of the plant’s trunk
or stems. The method is therefore practicable only
on relatively large single-stemmed plants. Girdling
a tree involves removing the protective outer layer
of bark and the vascular tissue directly under the
outer layer in a ring around the entire trunk. Girdling
disrupts the ability of a woody plant to move wa-
ter and sugars between the roots and the shoots/
stems and eventually kills the plant above the gir-
dle, though regrowth may occur below the girdle.

. Good implementation practices

Partial ringing consists of removing a strip of bark
(e.g. about 20 cm wide in mature tree) at a height
of 1 to 1.5 m, down to a depth of about 2 cm. The
depth must be sufficient to remove the vascular
cambium, i.e. the thin layer of living tissue in which
nutrients move between leaves, roots and growth
cells. To reduce resprouting, it is important to not
complete the ring and to leave a few centimetres
wide strip of border (about 15-20%), which allows
partial nutrient flow. The tree is thus gradually
thinned out and does not become as massively thin
as if the ring were made around the entire circum-
ference of the trunk. If the tree is not regenerating
widely, partial ringing can be closed in the second
year and cutting the tree in the third year.

. Effectiveness

The method reduces the regeneration of resprout-
ing woody species. This method is partly effective
and, although less effective and more time con-
suming compared to herbicide application, it can
be used in areas where herbicides are not allowed.
Girdling alone is often ineffective for long-term con-
trol of woody invasive species due to their ability
to regrow from the root system. Therefore, it is im-
portant to use partial girdling, which reduces tree
regeneration from roots, compared to full girdling.
Healthy, mature trees can take several years to die
if girdled. Although trees usually regenerate less af-
ter partial girdling than after felling, girdling usually
results in intensive rejuvenation requiring further
intervention.




Costs, effort and resources required

The girdling method is demanding to properly execute, in terms of time and tools needed, and is therefore
not widely used at present. It is also less practical, especially when direct herbicide application to drilled
holes is an available option (see Section 4.4. Notes on using chemical management methods).

Potential side effects

Human labour and training is needed to properly girdle the trees. If done incorrectly, rapid growth of suck-
ers can be expected, which therefore worsens the invasion.

Feasibility and potential shortcomings

The method is feasible, but good training on the application of the method is needed.

Most harmful IAPS that can be managed

Rhododendron ponticum and Robinia pseudoacacia (although the method is not effective enough)
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General description

Cutting is a method suitable for non-resprouting
woody plants. For all trees with vigorous vegetative
reproduction, cutting alone, which produces a dense
growth of shoots, must be replaced by mechanical
intervention combined with targeted application of
herbicides or, if not possible to use herbicides, par-
tial girdling.

1. Sprout control as a subset of cutting

This consists of the mechanical removal of sprouts
of invasive woody plants by machete, brush scythe,
brush saw or chainsaw. Timing is crucial to pre-
vent resprouts from becoming woody. It can also
be used before grazing to create a homogeneous
population of fresh resprouts. This method is used
in habitats like under electricity lines and pylons,
along railways and roads due to being easier to ap-
ply (low demand on personnel training). However, to
maintain the site in the same condition, it has to be
repeated regularly, almost every year. The method
is not recommended for final and sustainable man-
agement of IAPS.

. Good implementation practices

Cutting on tall stumps (ca 1-1.5 m) is used to reduce
the formation of coppice where, for safety reasons,
ringing or drilling with herbicide injection cannot be
used, leaving the tree to die. Cutting (large trees

Effectiveness

This method is effective for non-resprouting woody
species like Pinus nigra and P. strobus. It is not rec-
ommended for species (trees and shrubs) with root
or stump regeneration (e.g. Robinia pseudoacacia,

or sprouts) can be used for homogenisation of the
stand before the following and final management
actions (e.g. herbicide spraying).

Rhododendron ponticum and Acer negundo). For
these species, it is better to use girdling, if use of
herbicides is not allowed.



Costs, effort and resources required

This method is cheap and straightforward to apply, with no special equipment required.

Potential side effects

If applied to resprouting species, then the species
develops dense and large stands of resprouts at
the site, which are almost impossible to eradicate.
Taking the example of Ailanthus altissima, if the
adult tree is just cut down, it resprouts quickly from

the roots and stump, and creates a dense stand
which is costly to eradicate. Partial girdling reduces
the number of resprouts, but does not kill the indi-
vidual.

Feasibility and potential shortcomings

This is a relatively easy method to apply. If applied to resprouting species, then the species develops dense
and large stands of resprouts at the site, which are almost impossible to eradicate.

Most harmful IAPS that can be managed

This method is not recommended for any of the
listed species as a method of management that
leads to final eradication. However, it can be used
for controlling the spread of Buddleja davidii by re-
ducing its seed set. For Rhododendron ponticum, it
can be used to create access to sites where stands
are overgrown by the branches, for subsequent her-
bicide application, or for control of spread.




4.1.6. Digging up the underground organs

General description

Digging up the roots covers two approaches: digging
the roots of rhizomatous species and digging of
relatively compact roots, mostly shrubs and trees.
Digging rhizomatous roots is very laborious and
usually does not lead to the complete eradication of
the species on the site. Digging up the underground
organs can be replaced by ploughing in some occa-
sions, such as at infested agricultural land and only
for species which have limited resprouting capaci-
ty. Ploughing can be used for mechanical prepara-
tion of infested sites by splitting the underground
organs for following control by other techniques.
Ploughing is only marginally effective (only effec-
tive on seedlings), but can stimulate resprouting
even in herbaceous species (e.g. Asclepias syria-
ca). Ploughing also has the disadvantage of creat-

ing large disturbances suitable for seedlings from
unmanaged invaded areas to establish. Moreover,
both methods carry the risk of further spreading
the species through plant material left on machin-
ery or in contaminated soil.

On the other hand, removal with an excavator can
be used for non-regenerating species, but also for
trees and shrubs that form root suckers (e.qg. Ailan-
thus altissima, Robinia pseudoacacia, Acer negundo,
Amorpha fruticosa and Budleja davidii). In this case,
the underground roots have to be removed deeply
and widely. If digging is chosen, all belowground bi-
omass must be separated from the soil, dried and
burned.

Good implementation practices

Annual plants and some shallow-rooted perennial
plants can be removed with their roots by scraping
the soil, which removes the top layer of soil and
much of the seed bank. Vines, deep-rooted peren-
nial forbs and grasses, shrubs, and trees more often
require deeper and more targeted excavation. This
technique can be used for eradication of IAPS, but it

Effectiveness

The method is very effective for species with a
compact undergrown root/rhizome system. An add-
ed advantage is the absence of stumps that would
hinder follow-up care. For species with fragile and
long roots/rhizomes it is not recommended (e.g. Fa-

must be followed by efforts to revegetate a site and
ensure its seed bank is fully depleted. If eradication
is the goal, this measure should be combined with
other measures aimed at detecting and treating
(mainly removing) emerging seedlings, for instance,
from missed propagules or ineffective treatments,
to ensure its long-term effectiveness.

llopia sp., Asclepias syriaca). Even for regenerating
tree and shrub species (e.g. Robinia spp. and Ailan-
thus altissima) it can be used if done properly and
possible resprouts managed in following years.

Costs, effort and resources required

It requires a large amount of human labour for large areas. For rapid eradication of a few individuals, this
method is possible. The cost of mechanisation work is high. It is necessary to treat and deposit the con-

taminated soil in an appropriate place.

Potential side effects

A disadvantage of this method is the amount of
contaminated soil that needs to be dealt with. This
method is most effective at controlling small inva-
sive species populations, as the removal of large in-

vasive species populations would require extensive
effort, create large-scale disturbances and pose
issues associated with the disposal of large above-
and below-ground biomass.



. Feasibility and potential shortcomings

For some species with a high capacity to regener-
ate from below-ground biomass, this management
method is inappropriate because it is too risky in
terms of further spread. For species without seed-
banks or without rhizomes, the soil can be free-
ly used. For species with seeds below the tree or

with a rich rhizome/root system, the soil has to be
moved, deposited and used with caution. Digging is
sometimes recommended for Fallopia spp. or sim-
ilar species, but the amount of contaminated soils,
deep and wide rhizome system and risk of uninten-
tional spread due to soil transport is very high.

Most harmful IAPS that can be managed

Seedlings of Asclepias syriaca, Buddleja davidii, Carpobrotus spp. Heracleum mantegazzianum,
Lupinus polyphyllus, Opuntia spp., Oxalis pes-caprae, Rhododendron ponticum, Robinia pseudoa-
cacia, and Solidago spp.
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Grazing in fenced pastures is suitable for large ar-
eas and areas under organic farming. For grazing,
various kinds of animals can be used. When grazing
is applied, the carrying capacity of the site has to
be taken into account to set the amount of animals

Grazing needs to be carried out in such a way as to
ensure the appropriate length and timing of graz-
ing, the size of the herd and the appropriate type of
livestock. It is important to consider grazing charac-
teristics and livestock weight when planning man-
agement using this method. The grazing intensity
must be chosen with regard to the carrying capac-
ity of the land to avoid damaging the vegetation
cover and reducing soil erosion. Grazing must be
started before the plants or shoots become woody.
If needed, resprouting woody species can be cut to
become fresh (see section 4.1.5. Cutting). It must be

This method is effective for large invaded areas and
for reducing the seed set. Grazing can be used to
reduce the density of IAPS on large tracts of land,
but rarely leads to complete eradication of species.
In addition, some of the IAPS here described are ei-

Grazing must be applied repeatedly over several
years. A one-off intervention is not recommended
due to the minimal effect and large disturbances
that will lead, in the majority of cases, to an in-
crease in invasive species density. The costs for
grazing depend on the local availability of the an-
imals, need for their transport, etc. The costs will
differ for areas reqularly managed by grazing or
sites that are grazed irreqularly. Irregular pastures
need extra fencing, transport of animals to the site
and additional equipment like water or shelter in-
frastructure.

needed. Grazing is less effective than mowing be-
cause it is less regular and the grazing itself de-
pends on the behaviour of the animals. The whole
pasture needs to be controlled for non-grazing in-
dividuals.

timed so as to avoid the formation of seeds, which
animals may spread in their droppings or on their
fur. Areas, and edges of areas, not grazed must
be subsequently and timely managed (i.e. before
seed production). This practice is recommended for
minimising reinvasion of land intended for organic
farming, after it has been treated with other meth-
ods (e.g. herbicides). Grazing can also be introduced
after spraying herbicides to control emerging seed-
lings, but not before the expiry of the protective pe-
riod of the product used.

ther unpalatable or respond quickly to disturbance
through vegetative growth and/or germination, so
this method would not be effective for those (see
examples below).




Potential side effects

Using animals in management has to be consid- is a risk of seeds or other propagules being spread
ered in the context of the invaded habitat, as the by animals on coats, fur and, in addition, of seeds
occurrence of animals is associated with nitrogen  being incorporated into the soil by their hooves.
increase and change of disturbance regime. There

Feasibility and potential shortcomings

It is important to consider the diversity of species and Gleditsia triacanthos), so the method is not ef-
available to the grazing animals, ensuring that they  fective for those. Some species cause photoderma-
have access to species other than the invasive ones. titis (e.g. Heracleum mantegazzianum), so should be
Some invasive plants can be toxic if ingested (e.g. handled with care. Grazing is not possible to apply
Asclepias syriaca and Prunus serotina) and some in forest canopy in selected EU countries.

are thorny (e.qg. Acacia spp., Robinia pseudoacacia

Most harmful IAPS that can be managed

Heracleum mantegazzianum, Impatiens glandulifera, Lupinus polyphyllus, Oxalis pes-caprae (possible), Robinia
pseudoacacia (mostly for requlating resprouts) and Solidago spp.
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General description

Clipping is usually based on manual removal of generative organs, mostly flowers before seed set. If spe-
cies are vigorous, then repeated clipping is necessary to avoid seed dispersal. In cases of clonal plants,
blocking the generative reproduction may induce vegetative resprouting.

Good implementation practices

The removed material needs to be destroyed (burnt).

Effectiveness

For monocarpic plants (e.g. H. mantegazzianum), it is an efficient method. The method is efficient for small
infestations of non-clonal herbaceous species. This method is applicable in cases when the regular man-
agement action is delayed, so removing generative organs helps to prevent seeds being spread.

Costs, effort and resources required

There is no special equipment needed for clipping.
Garden scissors or removing (hand-picking) is the
most frequent method. Clipped flowers or seed
pods need to be stored in plastic bags if transfered
to a waste incinerator, or in paper bags if burned at
a site by the managers’ themselves.

Potential side effects

Not known.

Feasibility and potential
shortcomings

This method is very time-consuming and it only hin-
ders generative reproduction, so it cannot serve as
a long-term solution for many species.

Most harmful IAPS
that can be managed

Asclepias syriaca, Buddleja davidii, Heracleum man-
tegazzianum and Lupinus polyphyllus




General description

Root cutting is based on destroying the upper part
of the root of non-vegetatively reproducing herba-
ceous species. Roots must be cut at least 10-15 cm
below the ground, at the beginning of the growing
season (before flowering, April to June) and left on
the ground to become dry. Similar to root cutting is
the so-called “spring digging”, which is done early

in the spring using a hoe when the plants emerge
(end of March-April). This is important, especially
in the case of H. mantegazzianum, when the plants
are small, the root is only 5-10 cm deep and the risk
of contact with leaves (and burning) is small (Pergl
2017).

Good implementation practices

On wet sites the roots need to be removed from the site or placed on the foliage of the up-rooted plants

without soil contact.

Effectiveness

Very effective method suitable for relatively small areas or low density stands of IAPS.

Costs, effort and resources required

No special resources are needed. Only the labour, and digging and protection equipment (e.g. gloves) are

required.

Potential side effects

Not known.

Feasibility and potential shortcomings

The method is suitable for species like H. mantegazzianum and can be applied to areas with relatively low

coverage, and areas up to approximately 500 m2.

Most harmful IAPS that can be managed

Heracleum mantegazzianum and Lupinus polyphyl-
lus
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General description

Mowing is preferred over mulching, as it reduces
the amount of nutrients in the system. It should be
noted, however, that many species react to mow-
ing by developing short aboveground biomass with
small inflorescences. Therefore, the height of the
following cuts needs to be adjusted appropriately.
For species that respond to mowing by growing in
the ground (e.g. Ambrosia spp. and Heracleum man-
tegazzianum), the mowing height should be grad-
ually reduced, because mowing repeatedly at the

4.1.10. Mowing and mulching

usual height will allow them to avoid further de-
struction and to form seeds.

If the locality is infested with species capable of
vegetative reproduction, then the mowing meth-
od can be used temporarily, but must eventually
be replaced by herbicide application to completely
eradicate the species. If there are no seeds or prop-
agules, the harvested biomass can be freely used,
but the possibility of regeneration has to be taken
into account.

Good implementation practices

Timing of the mowing/mulching is crucial and it has to be done before flowering and setting seeds. If there
is a risk of any seeds ripening from non-mature seeds, the cut biomass must be harvested immediately

and not left in situ.

Effectiveness

Mowing and grazing are usually only complementa-
ry management measures to reduce seed produc-
tion of IAPS. Mowing and mulching are often applied
in large areas of infestation, or in sites with restric-
tions on the use of herbicides (e.g. organic farms,

protected areas). Mowing and mulching are usually
not efficient methods for eradication, but they can
be suitable for the long-term management of pop-
ulations and depletion of the seed bank.

Costs, effort and resources required

Suitable methods for large scale management of IAPS by regular agricultural mechanisation. Several
mowing efforts per season are needed due to the regeneration ability of many species.

Potential side effects

Mowing will not eliminate the population and may initiate stand thickening. The mechanisation can be a
vector of dispersal of propagules from invaded sites. Therefore, cleaning the equipment is essential.

Feasibility and potential shortcomings

Mowing and mulching are applicable at various
stands, including large and homogeneous stands
where machinery can be used. At small and heter-
ogeneous sites, manual equipment is usually used.

Mulching can be preferred at these sites, to reduce
the costs of biomass transport. However, mulching
can hide invasion foci and make the following man-
agement problematic.

Most harmful IAPS that can be managed

Heracleum mantegazzianum, Impatiens glandulifera, Lupinus polyphyllus, Oxalis pes-caprae and Solidago

Spp.



4.1.11. Biocontrol

General description

Biocontrol is a technique that uses naturally-oc-
curring host-specific insects, mites or pathogens to
help control invasive alien species. Biocontrol can
be very cost-effective, though it does not result in
full eradication. This approach is limited to those
weeds for which safe biological control agents have
been identified, tested, and authorised. It is impor-
tant to note that biocontrol is not currently requlat-
ed at the EU level, however any application for its
use needs to be done in accordance with national
legislation. Before any release of an alien species
as a biological control agent, an appropriate thor-
ough risk assessment should be made.

In the context of European IAPS, the most promis-
ing species for which biocontrol might be used are
Acacia saligna, water plants such as water hyacinth,
water lettuce and Ailanthus altissima (Lesieur et al.
2023). Additionally, for Opuntia spp., effective bio-
control agents already exist, which have been used
in various regions of the world, although not in Eu-
rope (see Novoa et al. 2019 for a list and further
details).

For A. altissima, a highly specialised agent called
Ailantex, based on the fungus Verticillium nonalfal-
fae (Maschek & Halmschlager 2018, Lechner et al.
2023), which causes Ailanthus wilting, is in some
countries already used (Austria) or tested for its
management and effectivity (Czech Republic). A dis-
advantage is the relatively long decay (2-3 years)
of Ailanthus stands. Also, Ailantex is not biocontrol
in strict sense, as the fungus has to be applied to
each clone and does not spread spontaneously. Ad-
ditionally, for Acacia saligna, there is a biocontrol
program using bud-galling wasps successfully run-
ning in Portugal (Marchante et al. 2017). Results
from biocontrol of knotweeds in the UK are not
clearly positive and the agent has not fully set in
the invaded areas (Shaw et al. 2009). The UK has
also been testing the use of biocontrol against Im-
patiens glandulifera, but the results are not yet fully
available (Pollard et al. 2021).

Good implementation practices

The best way of implementing biocontrol largely depends on the biocontrol agent. The spread and estab-
lishment of the agent needs to follow specific guidelines to assure its effectivity.

Effectiveness

If available as an option, the method can be effective. Even if not eradicating the IAPS fully, it should re-

duce their abundance.

Costs, effort and resources required

Research, testing, implementation and monitoring of biocontrol agents is costly and time consuming. How-
ever, in the long-term, it can be cheaper, or a better investment of resources, compared to the overall costs

of other classical management methods.

Potential side effects

There is the risk of the biocontrol agent switching target organism to a native species. However, these
risks can be mitigated through the application of rigorous evidence based risk assessments and testing

(Sheppard et al. 2019).
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. Feasibility and potential shortcomings

In any case of using biocontrol, national legislation needs to be followed. If the method is approved, then
e.qg. in case of Ailanthus altissima, the application of Ailantex is straightforward and can be applied to large
polycormons, which can be hard to manage by other methods.

. Most harmful IAPS that can be managed

Opuntia spp.




4.2. General considerations for all manual/mechanical

methods

The timing of any type of intervention is crucial; if
it is performed too early, the plants have time to
regenerate and form seeds, whereas with late in-
terventions, germinating seeds are often already
formed before the management action. Manage-
ment usually needs to be repeated within a grow-
ing season, so that seed formation does not occur
during the season. It is important to always man-
age the entire stand to prevent regeneration from
any remaining individuals. Management of neigh-
bouring areas must also be ensured, e.g. to limit
further seed supply from surrounding areas. This is
especially important when large scale disturbances
occur due to the management actions put in place.

1. Disposing of the material - composting

To prevent the establishment of IAPS at new sites,
management requires careful handling of biomass
from managed species and soil contaminated with
rhizomes or seeds. Many species are able to re-
generate even from small fragments of rhizomes
and stems or from seeds persisting in the soil for
several years. For species with a rhizome system
or a perennial seed bank, soil should be deposited
separately during manipulation to prevent spread
over the whole area. At sites of nature conservation
value and limited nutrient availability, it is neces-
sary to ensure that all biomass is removed, so that
decomposing material does not enrich the soil, es-
pecially with nitrogen, which slows down the recov-
ery of natural communities (e.g. Lupinus spp., Rob-
inia spp.). In areas where elevated nitrogen content
is not a risk, biomass can be left and mulched. For
species at risk of regeneration from above-ground
biomass, the biomass should be crushed. Biomass
left in situ must not contain rhizomes and seeds,
or pollinated flowers that could produce germinat-
ing seeds. To limit the transport of biomass and the
possible dispersal of seeds and rhizome fragments
into the surrounding area, it is possible to collect
the uprooted plants on an impermeable plastic and
then remove/spray any regenerating plants with
herbicide. The plastic must be removed before the
winter period.

It is also possible to use the removed biomass in
biogas plants or industrial composting areas. If the

biomass contains seeds or vegetative parts capa-
ble of regeneration, this use is only possible if the
heat treatment is high and long enough to destroy
them. The treatment of biomass of IAPS must be
prioritised to avoid storage and possible regenera-
tion. Composting in home composters is not recom-
mended due to the unstable temperature that may
not be sufficient to dispose of the seeds. Burning is
an appropriate method of disposal of dry biomass,
and is recommended for the disposal of biomass of
flowering or fruiting plants, parts of plants or seeds
themselves, and also for the disposal of dried rhi-
zomes. The advantage of on-site burning is that the
risk of unintentional transport of propagules is min-
imised.

2. Monitoring

Monitoring of the management actions (e.g. suc-
cess rate, costs incurred) must include checking the
field work being carried out, and conformity with
the methodologies and timetables. The effective-
ness of the interventions must be assessed after
actions are completed, but also for several years
thereafter (at least 5 years), and the management
actions be repeated, if necessary.
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Table 4: Summary overview of all non-chemical management methods, their effectiveness, resources
needed, side effects and suitability for different IAPS.

Method Effectiveness Effort and Side effects Not suitable Most harmful IAPS
resources for suitable to be
required managed*

* Note: Please see sections above for examples of more species that can be managed using these methods.




Method

Grazing

Clipping
generative
organs -
flowers

Root cutting

Mowing and
mulching

Biocontrol

Effectiveness

Effective for
non-resprouting
IAPS and reducing
the impact of
resprouting IAPS,
long term
management, large
areas

Effective for
preventing seed’
production and
further spread

Effective for
herbaceous species
with tap root

Effective for
non-resprouting
IAPS and reducing
the impact of
resprouting IAPS,
long term
management, large
areas

Long term
effectiveness;
suitable for large
polycormons or
populations that
cannot be managed
mechanically

Effort and
resources

required

Need for
complementary
management
(mowing, etc.)

Demanding on
time and labour

Demanding on
time and labour

Part of
traditional land
use; suitable for
large areas

Precise
application;
delay of results
due to long
process

Side effects

Risk of transporting
seeds and
propagules with
animals; adding
nitrogen to the soil

None

None

Risk of transporting
seeds and
propagules;
mulching changes
the community
composition

None

Not suitable
for

Rapid eradication,
toxic plants,
habitats with
complicated
access

Large plants
(shrubs and trees)

Large areas,
woody roots,
rhizomatous
species

Rhizomatous
species (A.
syriaca, Fallopia
spp.)

Species for which
there is a lack of
biocontrol agents

Most harmful IAPS
suitable to be
managed*

H. mantegazzianum,
I. glandulifera,
L. polyphyllus,
Solidago spp.

A. syriaca, B. davidii,
H. mantegazzianum,
L. polyphyllus

H. mantegazzianum,
L. polyphyllus

H. mantegazzianum,
I. glandulifera,

L. polyphyllus,

0. pes-caprae,
Solidago spp.

Potential to use for
Opuntia spp.

* Note: Please see sections above for examples of more species that can be managed using these methods.
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4.4. Notes on using chemical management methods

Integrated application of chemical methods along-
side manual/mechanical methods is often used in
order to ensure the highest management effective-
ness of IAPS. A combination of manual/mechanical
and chemical methods is often recommended when
the former cannot be used independently due to
leading to regeneration and vegetative rejuvenation
of species, which causes thickening and expansion
of their cover. Even though the use of herbicides is
sometimes not the preferred option, in many cases
their application leads to more effective eradication
of 1APS, which is also associated with less needed
visits to the invaded site, less disturbance, etc. (Per-
gl et al. 2020, Hocking et al. 2023). If possible, se-
lective herbicides with direct stem injection are pre-
ferred, as well as stem debarking and application of
herbicide on the scar or by using a herbicide torch.
The injection of herbicide into the trunk (into drilled
holes) or on the wound after bark stripping are re-
ferred to as targeted application methods. These
are environmentally friendly methods, as they have

no side effects when used correctly (as opposed to
foliar spraying), so can be applied in sensitive and
valuable natural sites, such as protected areas.
Their main advantage is their high efficiency, as the
vast majority of individuals die off after a single ap-
plication without producing resprouts. The method
is applicable for trees and shrubs and requires that
trees are left to die spontaneously, after which they
can be left to decay or completely dead trees can be
felled. Foliar spraying of herbicides should be seen
as a last option for large areas and guidelines for
each herbicide need to be followed. When any form
of chemical control is planned, it needs to always
be done according to the relevant local and national
legislation, and to the National Action Plans for the
Sustainable Use of Plant Protection Products.

Herbicides are effective for the management of
most IAPS. However, even using chemical manage-
ment methods, for some rhizomatous species, es-
pecially when the management targets old and de-
velopped stands of IAPS, the treatment needs to be
repeated and, for others, even after several years
individuals may not be completely eradicated (e.g.
Fallopia spp.).



5. Factsheets for the terrestrial invasive

alien plant species most impactful to
pollinators in the EU

5.1. Asclepias syriaca, Common milkweed

North America Europe. Present in most Member Introduced to Europe in the 17th century for ornamen-
States, widespread and common in  tal purposes. Spreads through natural spread of seeds
the central, eastern and by wind, often along roads and railways, and through
Southeastern regions, especially in  anthropogenic spread of seeds and rhizome fragments
the Pannonian Basin. with machinery and soil (Follak et al. 2021). Popular

with beekepers.

Note: The species is listed as of Union concern since 2017.

Common milkweed (Asclepias syriaca) © Ryan Hodnett, (CC BY-SA 4.0) via Wikimedia Commons
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Biology and ecology

Asclepias syriaca is a perennial herb that reproduc-
es both by seeds and rhizomes. The seeds are easily
spread by wind over long distances and survive in
the soil for more than five years. The shoots are

Impacts on pollination

Bagi (2008) reported that the species can detract
bees from pollinating sunflowers, and cause crop
loss. Szigeti et al. (2020) found that honeybees
and bumblebees showed a preference for milkweed
above native plants; overall however, they did not
find negative effects on pollinator communities.
Kovdacs-Hostyanszki et al. (2022) found no signifi-
cant differences between control and invaded sites
at the plant species level, but found a significantly
reduced abundance of hoverflies at A. syriaca in-
vaded sites. Asclepias syriaca preferably colonises

Management

Asclepias syriaca is able to regenerate well from
rhizome fragments. This poses a risk, e.g. during soil
transport or by contamination of agricultural ma-
chinery. In order to achieve complete eradication of
A. syriaca, only chemical methods (foliar spraying of
large stands and direct application of herbicides on
leaves e.qg. by herbicide torch) are currently known
to be effective (Table 5).

In areas where herbicide cannot be used, seed for-
mation must be prevented by manual/mechanical
methods. However, this will not lead to eradication,
but will instead stimulate branching and further
spread, since it responds to damage by vigorous
vegetative growth and by branching from under-
ground rhizomes. However, it is possible to manu-
ally clip the seed pods before their opening, though
it is important to note that the sap of A. syriaca is
toxic, so gloves and protective clothes are needed.

Mowing and grazing are only complementary man-
agement measures to reduce seed production,
which can be used temporarily, but if complete
eradication is needed these methods must eventu-
ally be replaced by herbicide application. Mowing
will not eliminate the population and may initiate
stand thickening. Two mowing efforts per season
are advisable - the first just before flowering (at the
flower bud stage) and the second before regenerat-
ing individuals’ flowers. Mowing at an earlier stage
of development induces faster regeneration, requir-
ing frequent repetition of the intervention. The bi-
omass must always be harvested and disposed of
in an appropriate manner. Grazing is less effective
than mowing because the sward is not sought after

annual and die back in autumn, with new shoots
growing from the rhizome system each spring. The
rhizomes usually grow horizontally at a depth of
10-40 cm but can reach up to 1.5 m deep.

sand dune habitats, which offer suitable habitat
for many wild bee species, including endemic and
threatened species. Grasslands are very important
habitats for pollinating insects (Kudrnovsky et al.
2020) and decreases of native grassland species
(Kelemen et al. 2016) may have negative effects
on specialist pollinating insects. Negative impacts
on non-pollinating invertebrates have been demon-
strated (e.g. Galle et al. 2015, Somogyi et al. 2017,
Kapilkumar et al. 2019).

by animals (it can cause health problems) and are-
as not grazed need to be controlled. If grazed areas
produce fruit, there is a risk of seeds being spread
on the animals’ coats and, in addition, seeds being
incorporated into the soil by their hooves.

Digging up the roots is very laborious and does not
lead to the complete eradication of the species on
the site. Ploughing is only marginally effective (only
effective on seedlings), but it can stimulate regen-
eration. Moreover, both methods carry the risk of
further spreading the species through plant mate-
rial left on machinery or in contaminated soil. Pull-
ing can only be used effectively on young seedlings
that do not have a branched rhizome system.



Table 5: List of methods used for management of Asclepias syriaca, indicating their suitability for different
management objectives, potential unintended effects and relevant notes. Methods that are not recom-
mended to be used to manage the species are shown at the end.

Method Rapid Management of Control Unintended effects
eradication/manag. established sites/large spread and notes
small populations populations

Clipping Effective for Human labour
generative stopping demanding, not
organs (seed spread leading to eradication
pods) of the population

Pulling/Dig- Only for juvenile plants Not recommended Not recommended May induce regenera-
ging up the (seedlings) tion

underground

organs

Ploughing Marginally effective (only| Not recommended Not recommended Stimulates branching
effective on seedlings) and further spread;
risk of unintentional
spread

Grazing Not recommended Not recommended Not recommended May be toxic for
animals

Mowing and Not recommended Not recommended Not recommended Stimulate branching

mulching and further spread;
risk of unintentional
spread

Recommended literature regarding management of
the species:

- Bakacsy & Bagi (2020)
- Berki et al. (2023)

- Csiszar & Korda (2017)
- Follak et al. (2021)

- Lapin (2017)

Asclepias syriaca © Ruslan Kastani, (CC BY-SA 4.0) via Wikimedia Commons




5.2. Buddleja davidii, Butterfly bush

Temperate
Asia (China)

Europe, North America, South
America, South Africa, Australia,
New Zealand

Biology and ecology

Buddleja davidii is a perennial, semi-deciduous
shrub or small multi-stemmed tree originating
from China. In central Europe, it invades disturbed
locations like gravel river banks. This shrub typical-
ly reaches a height of 3-5 m. Its fragrant flowers
bloom in racemose inflorescences, measuring 10-
25 cm long, with lilac-coloured corollas. The fruit is
a capsule. There are around 50 known varieties and
cultivars. Buddleja davidii plants readily reproduce
asexually from stem and root fragments, and indi-

Impacts on pollination

The large flowers attract generalist butterflies (via
olfactory cues, Lehner et al. 2022), wasps, hornets,
lacewings, beetles and honeybees (Tallent-Halsell
& Watt 2009); nectar is provided, but the plant is
not used by any European butterfly species as the
host for larval development. Pollinators might be
withdrawn from native plants (Giuliano et al. 2004,
Corcos et al. 2020) in natural habitats, as it can
form monodominant stands, prevent growth and
displace pioneer native species and accelerate suc-
cession (CABI 2009a, Tallent-Halsell & Watt 2009).

Introduced to Europe in the late 19th century for
ornamental purposes. Spreads through natural spread
of seeds by wind and water, often along roads and
railways, and mostly anthropogenic spread of seeds
(CABI 2009a).

viduals that are disturbed by flooding and mechan-
ical means have been observed regenerating from
buried stems, stumps, and roots soon after the dis-
turbances. Debris from B. davidii left on floodplains
can also regenerate, flower, and spread if left on
site. Regarding its seedbank, B. davidii has a rela-
tively short seed viability. In laboratory conditions,
seed viability remains high for up to 2.5 years, but
declines rapidly between 2.5 and 3.5 years.

Butterfly bush (Buddleja davidii) © Julia Sumangil, (CC BY-SA 4.0) via Wikimedia Commons




Management

Controlling B. davidii using solely manual/mechan-
ical methods has shown mixed results. To limit its
spread, it is recommended to remove seed capsules
(dead-heading, clipping) before they ripen. On a
small scale, physically removing young shrubs (cut-
ting or digging up the whole plants with roots) can
help in the early stages of invasion, but it is not
ideal for mature plants in well-established popu-
lations. For cut plants, the application of glypho-
sate herbicides (always in accordance with local,
national and EU legislation) is known to be effec-
tive. Larger shrubs with dense pubescent leaves are
less susceptible to foliar application with herbicide,
therefore precise methods like targeted application

on stumps or drilling and injection are effective, but
require more effort (Table 6).

Buddleja davidii debris is problematic because stem
and root fragments can easily regrow. Piles of de-
bris that are not properly dealt with (burned, com-
posted, or treated to kill all seeds and fragments)
can become a concentrated source of new plants in
the next season. Once B. davidii establishes itself in
a disturbed area, it becomes challenging to remove
or manage. Manual removal is labour-intensive and
costly, while herbicides work in small areas in the
short term but require repeated manual application.

Table 6: List of methods used for management of Buddleja davidii indicating their suitability for different
management objectives, potential unintended effects and relevant notes.

Method Rapid
eradication/manag.

small populations

Only for juvenile plants
(seedlings)

Not recommended

(regeneration) (regeneration)

Digging up the| Possible Possible
underground

organs

Clipping
generative
organs (seed
pods)

Management of
established sites/large
populations

Not recommended

Not recommended

Unintended effects
and notes

Control
spread

Not recommended

Effective to
reduce the
seed set

Stimulates branching
and further spread;
need to properly deal
with the biomass

Possible Need to deal properly
with the soil (seeds)

and debris

Human labour
demanding at large
scales

Effective for

stopping
spread

Recommended literature regarding management of

the species:

. Tallent-Halsell & Watt (2009)
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5.3. Carpobrotus edulis, C. acinaciformis and their
hybrids, Ice plant

South Africa North America, South America, Introduced for ornamental purposes, and for soil and
North Africa, Australia, New sand dune stabilisation. Spread through natural spread
Zealand, Europe (on coastal of seeds by birds and mammals and shoot fragments;
habitats of southern and western anthropogenic spread both intentionally and
Europe) unintentionally.

Note: For the controversial taxonomy of C. edulis and C. acinaciformis and their hybrids see e.g., Campoy et
al. (2018) and Novoa et al. (2023).

Ice plant (Carpobrotus edulis) © R~P~M, (CC BY-NC-ND 2.0) via Flickr




Biology and ecology

Carpobrotus spp. are notable invasive species which
are problematic mainly in the Mediterranean region
due to their aggressive spread. They are succulent
perennial plants with thick, fleshy leaves that range
in colour from bright green to bluish green. The
flowers are large and daisy-like, from pink to purple
to yellow in colour. It rapidly forms dense mats and

Impacts on pollination

Carpobrotus spp. are pollinated by Hymenoptera
(bumblebees, honeybees and wild bees). Compe-
tition for pollinators with native plant species, but
also neutral and facilitative effects, depending on
the species, have been found (Moragues & Trave-
set 2005, Suehs et al. 2005, Jakobsson et al. 2008,
Bartomeus et al. 2008b, Vila et al. 2009); as well
as reduced seed production in a native species
(Jakobsson et al. 2008). It is a potential threat to
the conservation of many endemic Mediterranean
plant species in coastal areas and sand dunes and
therefore to their pollinators, which in some cases
are endemic and highly species-specific (Ledn et al.
2023).

Management

Controlling Carpobrotus spp. is challenging and
is usually done by physical removal (e.g. digging/
pulling), solarisation, potentially prescribed fire and
chemical treatment (Table 7). However, these ap-
proaches may have limitations, such as being la-
bour intensive, costly, or potentially harmful to na-
tive species. Effective management often requires
long-term efforts to prevent re-establishment. A
review of management actions done in Europe is
available in Chenot et al. (2018) and Campoy et al.
(2018).

Physical removal can be highly effective, particu-
larly in sandy soils where it requires less physical
effort. However, this method can be time consum-
ing when dealing with extensive Carpobrotus spp.
infestations. For such cases, the most efficient ap-
proach involves rolling up the Carpobrotus spp. mat
from one side while severing the roots beneath
using shovels. Alternatively, a brush rake can also
prove effective. Once Carpobrotus spp. have been
manually removed, it is crucial to transport the
plant material to a secure location to dry. If possi-
ble, covering it with black plastic can expedite the
drying process and prevent root and fragment re-
generation. However, managing and disposing of
the plant material can present logistical challenges.

outcompetes native vegetation through aggressive
growth. The species are able to reproduce through
seeds, and vegetatively through trailing stems and
stem fragments. They occupy various habitats, in-
cluding coastal areas, rocky shores, sand dunes,
and disturbed sites.
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Solarisation entails covering the soil with plastic
sheets to control smaller Carpobrotus spp. infesta-
tions. However, it is not recommended for exten-
sive infestations, as it can lead to significant and
lasting physical, chemical, and biological changes in
the soil. Some studies have found solarisation to be
ineffective in managing Carpobrotus spp. invasions.

Prescribed fire can potentially be used to control
Carpobrotus spp., as the high temperatures during a
controlled burn can effectively kill Carpobrotus spp.
seeds stored in the topsoil. However, due to many
possible unintended effects and lack of experience,
using controlled burning in areas with Carpobrotus
spp. infestations should be approached with careful
consideration.

Chemical control, primarily through herbicides,
proves most effective when dealing with pure Car-
pobrotus spp. clumps. Additionally, chemical control
by spraying may be suitable after manually re-
moving Carpobrotus spp. to prevent regrowth from
seeds.

Table 7: List of methods used for management of Carpobrotus spp. indicating their suitability for different
management objectives, potential unintended effects and relevant notes.

Method Rapid Management of Control Unintended effects
eradication/manag. established sites/large spread and notes
small populations populations

Rolling up the
Carpobrotus spp. mat
from one side while
severing the roots
beneath using shovels

Digging up the | Recommended Recommended Effective
underground

organs

[Pulling

Covering soil Effective Not recommended for Effective
with plastic large areas
sheets

Heat No clear efficiency, No clear efficiency, Effective
treatment eradicates seeds eradicates seeds

(prescribed

fire)

Recommended literature regarding management of
the species:

« Chenot et al. (2018)
- Campoy et al. (2018)



5.4. Heracleum mantegazzianum, Giant hogweed

Caucasus North America, South America, Introduced to Europe in 1890 for ornamental purposes,
Australia, New Zealand, Europe as pasture for bees (honey plant), and a cover plant (for
(widespread) hunting). Spreads mainly through spread of wind

dispersed seeds and water.

Note: The species is listed as of Union concern since 2017.

Biology and ecology

Heracleum mantegazzianum is a monocarpic (dies
after flowering) species and reproduces exclusive-
ly through seeds. It begins flowering at the age of
3-5 years, but in unsuitable conditions the plant
may wait until it is 12 years to do so. The species
forms a short persistent seed bank, with the ma-
jority of seeds germinating within the first and sec-
ond years. However, a small proportion of seeds can
persist in the soil for up to 7 years, posing a risk of
re-infestation.

Heracleum mantegazzianum © Katrin Schneider, (CC BY-SA 4.0) via Wikimedia Commons Giant hogweed (Heracleum mantegazzianum) © ChristianWernerZH, (CC BY-SA 2.0) via Flickr
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Impacts on pollination

Heracleum mantegazzianum outcompetes and
replaces native plant species, which may lead to
changed plant communities and shifts in plant-de-
pending pollinators. Zumkier (2012) compared the
pollinator community (visitation) and plant fitness
(seeds set of co-flowering plant) of H. mantegaz-
zianum and the native H. sphondylium in an ex-
perimental garden setup and found low competi-
tion between the two species, a neutral effect on
seed set, and a high attractiveness of the large
H. mantegazzianum inflorescences for honeybees.
Davis et al. (2018) found lower abundances of sol-
itary bees and hoverflies at invaded compared to
uninvaded sites. Grace and Nelsen (1981) did not
find much overlap of flower visitors between H.

Management

The preferred mechanical method to manage this
species is root cutting, where it is crucial to cut it
at least 10 cm below the ground. In areas with
silty soil or long-grazed areas, deeper cutting may
be necessary. The excavated roots can either be
left to dry on the surface or, in waterlogged sites,
should be removed. The method is suitable in ar-
eas with low cover and smaller populations (up to
approximately 500 m? and around 200 individu-
als) (Table 8). Pulling the seedlings is not advised
due to high risk of removing only leaves and fol-
lowing regeneration from roots.

As H. mantegazzianum is a monocarpic species, a
suitable approach is to target flowering plants in
small stands. To prevent seed production, plants
should be prevented from setting seeds by re-
moving the inflorescences. Timing is crucial; the
intervention should occur when plants are in full
bloom or at the start of fruit formation (typically
June to July). Care must be taken to avoid seed
release during handling and repeated visits are
needed.

Mowing and grazing are effective for controlling
large stands and depleting the seed bank when
herbicide use is limited. These methods do not kill
plants, but delay flowering and lower seed produc-
tion. Grazing can be carried out by animals such
as sheep or cattle, but caution is needed as some
animals can be sensitive to the sap. Regardless
of the chosen method, management should be
repeated to ensure any unaffected or overlooked
individuals are addressed, because H. mantegaz-
zianum has a high regeneration potential. Main-
tenance should continue for at least 5-10 years
to deplete the seed bank effectively. Managing

mantegazzianum and the native H. sphondylium
and Nielsen et al. (2008) found little evidence of
negative effects on pollination. Recently, Bogusch
et al. (2023) found that, while the flowers of H.
mantegazzianum were frequently visited by high
abundances of insects, the community’s pollina-
tors were relatively species poor and uneven, with
a few generalist Diptera species and the honey-
bee dominating over all other flower visitors. They
concluded that giant hogweed is not a necessary
part of flower communities for flower visiting in-
sects, and it should be eradicated because of its
negative effects on other plants, landscape and
humans.

neighbouring areas is necessary to prevent the
spread back to mown or grazed areas.

Another method involves using a dense plas-
tic cover placed over the invaded sites in Febru-
ary-March before mass germination. This cover,
made from dense plastic and securely fixed to the
ground, causes all hogweed plants underneath
to die. The cover should be removed before win-
ter. Hot treatments (foam, water) can be used for
managing young seedlings.

Heracleum mantegazzianum is sensitive to a wide
range of herbicides which can be applied directly
to leaves by spraying or by injection.




Table 8: List of methods used for management of Heracleum mantegazzianum indicating their suitability
for different management objectives, potential unintended effects and relevant notes. Methods that are
not recommended to be used to manage the species are shown at the end.

Method

Covering soil
with plastic
sheets

Heat
treatment
((EIET))

Ploughing

Clipping
generative
organs
(flowers)

Root cutting

Pulling

Rapid
eradication/manag.
small populations

Effective

Effective for young

seedlings

Not recommended

Not recommended

Recommended

Recommended

Not recommended

Not recommended

Management of
established sites/large
populations

Not recommended

Not recommended

Not recommended

Reduces the seed set,
not killing the plants

Not recommended
(human labour
demanding)

Not recommended
(human labour
demanding)

Reduces the seed set,
not killing the plants

Not recommended

Recommended literature
regarding management

Control
spread

Not recommended

Not useful for
flowering
plants

Not effective
due to
regeneration

Effective, but
need to repeat

Effective

Effective

Effective, but
need to repeat

Not effective

Unintended effects
and notes

Suitable for small
areas, plastic must be
removed; revegetation
actions needed

Suitable for very
young seedlings and
small areas

Not recommended
due to high
regeneration and
seeds germinated
from seed bank

Need to repeat,
suitable for large
areas

Need to repeat,
suitable for large
areas

of the species:

- Nielsen et al. (2005)
- Pergl (2019)

- Py3ek et al. (2007)

+ Rajmis et al. (2016)
- Tiley et al. (1996)




5.5. Impatiens glandulifera, Himalayan balsam

Himalayas Introduced to Europe in 1839 for ornamental purposes.
It was also introduced as pasture for bees (honey
plant). Spreads via contaminated soil and garden
waste; seeds can be transported with rivers over long

distances.

North America, South America,
Asia, New Zealand, Europe
(present in almost all Member
States and biogeographic regions,
where it is particularly abundant in

the Atlantic and Continental
regions)

Note: The species is listed as of Union concern since 2017.

Biology and ecology

Impatiens glandulifera is an annual plant reaching
heights of up to 2.5 meters. This plant reproduces
only by seeds and if damaged, it can regenerate
from the nodes. It invades primarily riparian habi-
tats, but can also flourish in damp woodlands and
waste grounds.

Impacts on pollination

It forms dense stands that cover the soil, and shade
out and replace native annual and perennial plant
species because of early germination and rapid
growth. Impatiens glandulifera is nectar-rich and its
flowers attract more pollinators, especially bumble-
bees, than native plants, having a negative effect
on the fitness of the native plant species through
competition for pollinators, luring pollinators away
from native species (Prowse & Goodridge 2000,
Chittka & Schirkens 2001). Lopezaraiza-Mikel et
al. (2007) and Nielsen et al. (2008) found that /.
glandulifera invaded plots had significantly higher
visitor species richness, visitor abundance and flow-
er visitation. However, this did not translate in facil-
itation for pollination, as more generalised insects
were more likely to visit the alien plant. Nienhuis
et al. (2009) found highest proportion of visitors
for Bombus spp. in I. glandulifera invaded sites and
for solitary bees in sites where /. glandulifera had
been removed, while no negative impacts on gen-
eral pollinator abundance or functional insect di-
versity were found. Bartomeus et al. (2010) found
no evidence that /. glandulifera outcompetes native
plants for pollinators, and that pollinator abundanc-
es depend on landscape structure, but are modulat-
ed by this mass- and late-seasonal floral resource.
They also found /. glandulifera receiving higher vis-
itation rates than simultaneously flowering native
plants, mainly from bumblebees, but no differences
of visitation rates for the plant community, except

Himalayan balsam (Impatiens glandulifera) © Thomas Bresson, (CC BY 2.0) via Flickr

for the honeybee which increased their visits in in-
vaded sites. Cawoy et al. (2012) studied effects of
I. glandulifera on visitation rate, insect behaviour,
pollen deposition and reproductive success of two
native plant species (Epilobium angustifolium and
Aconitum napellus ssp. lusitanicum) and found that
proximity and abundance increased bumblebee vis-
itation rates, while abundance had a negative ef-
fect on honeybee visits to both native plant species.
Bumblebees preferred I. glandulifera and deposited
considerable quantities of alien pollen on the na-
tive plants, without significantly decreasing seed
set. Also, Emer et al. (2015) found that the rela-
tionship between flower visitation and pollen load or
deposition is not straightforward for I. glandulifera
and pollen transfer networks are more complex. Re-
cently, Najberek et al. (2023) found that increased
bumblebee visitation to . glandulifera increased
transmission rates of pathogen fungi, which could
pose a serious threat both to native biodiversity and
nearby crop production.



Management

Management efforts of this species need to include
a focus on preventing the spread to new areas, es-
pecially through soil transport contaminated with
seeds. When complete eradication is the goal, the
management must start upstream and progress
throughout the watershed where the species is
present.

A recommended method is the pulling up of entire
plants, including their roots. Pulling should target
mature or regenerating plants, ideally in the early
flowering stage before the seed formation. Treated
areas need regular inspection (approximately every
2-3 weeks) to pull any remaining individuals. Con-
tinued monitoring is necessary for several subse-
quent years. For local eradication efforts, removing
all plants is essential, along with preventing seed
influx into the area. Pulled plants can be left in place
only if the intervention occurred before flowering
and the plants do not contain any seeds. Measures
should prevent re-rooting, such as separating roots
from stems and breaking the uprooted plants to
minimise regeneration and the development of ad-
ventitious roots from nodes (Table 9).

Mowing is a suitable method for managing exten-
sive stands. In the first year, mowing should be
done 2-3 times and the cut plants should either be
trampled or mulched. Within about two seasons,
the stand will reach a stage where individual pieces
can be uprooted. Plants should be mowed as low
as possible (below the first node) to limit regener-
ation. The first mowing should occur no later than
the budding stage of the first flowers. Early mow-
ing leads to plant regeneration, while later mowing
allows production of seeds. Mowing should be re-
peated multiple times per season, and control areas
should be inspected for emerging plants.

Grazing can lead to plant trampling, subsequent re-
generation, and seed production. Thus, a combined
approach is recommended. The vegetation should
be mowed or mulched before flowering and then
allowed for grazing, with simultaneous monitoring
and removal of flowering plants.

Mowing and grazing can be used as landscape
management tools to limit seed production. How-
ever, these methods should be executed with care
to minimise seed spread to uninvaded areas. Given
the existence of effective mechanical methods, her-
bicide application is not recommended.

Himalayan balsam (Impatiens glandulifera) © John Knight, (CC BY 2.0) via Flickr

Heat treatment by foam or water can be effective
for young seedlings, as they are heat/frost sensitive
in the beggining of the vegetation season. Repeat-
ed visits to the site are neccesary due to continuous
germination.
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Table 9: List of methods used for management of Impatiens glandulifera indicating their suitability for
different management objectives, potential unintended effects and relevant notes.

Method Rapid Management of Control Unintended effects
eradication/manag. established sites/large spread and notes
small populations populations

Recommended Recommended, Recommended, Need to carefully
effective effective handle the biomass

Heat Possible Not recommended Not recommended Can be used for
treatment seedlings

(hot

water/foam)

Not recommended Possible, recommended Possible, recommended
for large areas. Does for large areas. Can be
not kill all plants, but used for lowering
can be used for species density and

lowering species seed set
density

Not recommended Possible, recommended Possible, recommended
for large areas. Does for large areas. Can be
not kill all plants, but used for lowering
can be used for species density and
lowering species seed set
density

Recommended literature regarding management of
the species:

- Beerling & Perrins (1993)
- Helmisaari (2010)

- Karlovarsky kraj (2015)

- Nienhuis et al. (2009)

- Oliver et al. (2020)

- Saegesser et al. (2016)

- Tanner (2017)
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5.6. Lupinus polyphyllus, Large-leaved lupine

North America South America, Australia, New Introduced to Europe in 1829 for ornamental purposes.
Zealand, Europe (widespread) Has been introduced as pasture for bees (honey plant),

for soil improvement (nitrogen addition) and
stabilisation, and fodder for livestock and game
animals. Spreads through seeds via contaminated soil
and garden waste; vehicles and machinery (often along
roads and railways); natural spread of seeds by water,
livestock and wildlife.

Note: An EU-Risk Assessment was produced in 2016 (conclusion: High Risk with high confidence), but the
species is not listed as of Union concern.

Biology and ecology

Lupinus polyphyllus is a perennial herbaceous plant
from the Fabaceae family. It has high regenera-
tion capacity after shoot damage and reproduces
through seeds. The lifespan of the plant is under 20
years, and while some forms contain alkaloids that
are mildly toxic, alkaloid-poor variants are used as
fodder for wildlife and domestic animals. The im-
pact of L. polyphyllus is mainly through enriching
the soil with nitrogen.

Impacts on pollination

Lupinus polyphyllus reduces plant diversity and
changes plant communities due to nitrogen en-
richment in the soil and its toxic compounds (e.g.
Hejda et al. 2009, Loydi et al. 2015), with subse-
quent effects on insect communities. Valtonen et al.
(2006) found that plant species richness, cover and
diversity along road verges in Finland was lower in
L. polyphyllus invaded sites compared to non-in-
vaded sites. The abundance of butterflies and di-
urnal moths was also lower in L. polyphyllus invad-
ed sites. Jakobsson & Padron (2014) found that L.
polyphyllus attracted bumblebees and that other
flower resources (potted Lotus corniculatus) be-
came increasingly available for solitary wild bees.
Jakobsson et al. (2015) found that L. polyphyllus
facilitated pollination of two native plants (potted
Lotus corniculatus and Lychnis viscaria), but only at
the local scale (within 5 m). The bumblebees’ pref-
erence for L. polyphyllus during the flowering peri- "&£ . ¥ ; . &
od is of concern, as the plant diverts and detracts ESsCEP ' » | ¢
R 2 X »

bumblebees from pollinating native plants. . A diul NG L‘ -&‘!?ﬁ;é"?‘&"’k 3
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Management

Single L. polyphyllus plants or small stands can be
mechanically removed by uprooting, but this has to
be repeated several years and over the season to
prevent seed set (Table 10).

The species benefits from irreqular management.
Therefore timely, regular, consistent, and long-term
mowing has to be implemented. To prevent seed
set, mowing should occur before seeds become
mature; even green and soft seeds can still lead to
plant regeneration. Regular mowing and grazing
are important for conserving semi-natural grass-
lands. Additional mowing is often necessary when
L. polyphyllus is flowering. All biomass must be re-
moved to prevent nitrogen enrichment of the soil.

Recent studies have explored heat treatments to
kill L. polyphyllus seeds, but their seeds have thick
seed coats, making them resistant to heat treat-
ments. Removing the flowers can be used to reduce
the seed set. The plant is decorative, so the general
public can be asked to collect the inflorescences. To
be effective, the plants have to be managed repeat-
edly over the season, as they regenerate quickly.
Removing seed pods is not recommended due to
vertical ripening of the pods and risk of seed re-
lease.

Chemical control is effective for this species.
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Table 10: List of methods used for management of Lupinus polyphyllus indicating their suitability for
different management objectives, potential unintended effects and relevant notes. Methods that are not
recommended to be used to manage the species are shown at the end.

Method

Pulling/Dig-
ging up the
underground
organs

Clipping

generative
organs

Ploughing

Rapid
eradication/manag.
small populations

Possible, only for small
areas

Effective if repeated for
several years

Effective if repeated for
several years

Not recommended

Management of

established sites/large

populations

Not recommended

Effective if repeated
for several years

Not recommended

Effective if repeated for
several years

Not recommended

Control
spread

Possible, only for
small areas

Recommended

Not recommended

Unintended effects
and notes

Has to be repeated
several years and over
the season to prevent
seed set

Effective for limiting
seed set; does not Kkill
the plants in short
period

Human labour
demanding; does not
kill the plants

Effective for limiting
seed set; does not kill
the plants

Stimulates the
regeneration from
underground organs;
risk of unintentional
spread

Recommended literature regarding management of

the species:

- Eckstein et al. (2023)
- Fremstad (2010)
- Ramula (2020)




5.7. Opuntia spp., Prickly pear

North and South
America

Different Opuntia spp. have been introduced to Europe
as early as the 1500s for ornamental purposes and for
the dying industry. These species are used as fruit and
fodder crop, as landscaping and as windbreaks. Natural
spread of seeds occurs by animals and water. It can
spread also by fragments of stem (paddlelike
cladodes).

Africa, Tropical Asia, Australia,
Europe

Note: Among the most commonly introduced species in the EU are Opuntia ficus-indica, Opuntia stricta and

Austrocylindropuntia spp.

Biology and ecology

Opuntia spp. are a group of succulent plants native
to the Americas. They are characterised by their
flat, paddle-shaped stems called cladodes, which
are covered in spines and glochids (tiny hair-like
structures). They produce colourful, often edible
fruits and showy flowers. They are adapted to var-
ious climates, from dry arid deserts to more tem-
perate regions, and are known for their resilience
and ability to thrive in diverse ecosystems. They are
often introduced as ornamentals, food and forage,
dye and as medicinal plants.

The primary method of spreading for opuntioid
cacti is vegetative. This form of dispersal occurs
throughout the year when cladodes, immature fruit,
or flowers detach and come into contact with the
ground. Small cladodes or parts of them from many
opuntioid cacti easily attach themselves to clothing,
footwear, and the fur and limbs of animals, which
aids in their dispersal. Additionally, new growth and
spread can also occur from the flowers, giving rise
to new segments or roots.

Impacts on pollination

Opuntia spp. grow in dense, monospecific stands,
displace native and endemic plant species (and in-
vertebrates, Robertson et al. 2011) and modify nat-
ural succession. Opuntia spp. are mostly pollinated
by medium- and large-sized bees (Tenorio-Escan-
don et al. 2022). Bartomeus et al. (2008a) found
that Opuntia spp. competed for pollinators with
native species and affected the plant-pollinator

Prickly pear (Opuntia spp.) © John Winder, (CC BY-NC-ND 2.0) via Flickr

network structure by significantly attracting more
pollinator species, and having more pollinator visi-
tations than native plants in the area. Padrén et al.
(2009) and Vila et al. (2009) found that Opuntia
spp. modified the number of links between plants
and pollinators via integration of the most gener-
alist pollinators, but did not affect native network
properties.



Management

During control activities, it is essential to eliminate
all cladodes and fruits from the area, since they
have the capacity to regenerate, even under severe
conditions. Under appropriate conditions, physical
control methods, such as manual (by hand) or me-
chanical (using machinery) removal, can present a
practical and cost-effective approach for managing
all opuntioid cactus species. Hand removal proves
highly effective for small plants and scattered in-
festations, while machinery-based removal works
well for large, densely packed, and impenetrable
stands. However, it is important to note that physi-
cal removal can dislodge cladodes, which have the
potential to regrow into new plants. Proper disposal
is crucial and should involve deep burial (Table 11).

In terms of biocontrol of opuntioid cacti, two main
agents are employed: Cactoblastis cactorum, a
stem-boring moth, and various Dactylopius spe-

cies, cochineal scale insects. Cactoblastis cactorum
has been highly effective in controlling O. stricta
(common prickly pear) in most situations. Estab-
lishing infections in vulnerable cacti species with
C. cactorum and cochineal insects can be relatively
straightforward, either by introducing the agents as
eqggs (C. cactorum) or by placing infected segments
onto unaffected plants (C. cactorum larvae or cochi-
neal Dactylopius). Biocontrol is the most cost-effec-
tive option for managing widespread cactus inva-
sions and has been successful in various regions of
South Africa, USA, Australia and Spain. More details
about Opuntia biocontrol can be found in Novoa et
al. (2019).

Opuntia spp. also respond positively to herbicide
stem injection techniques, including pad injection
and drill-and-fill methods.

Table 11: List of methods used for management of Opuntia spp. indicating their suitability for different
management objectives, potential unintended effects and relevant notes.

Method Rapid
eradication/manag.

small populations

Effective

Effective

Pulling/
Digging up
the
underground
organs

Biocontrol Effective Recommended

Recommended literature
regarding management
of the species:

- Potter & Sheehan (2017)
- Novoa et al. (2019)

Management of
established sites/large
populations

Unintended effects
and notes

Control
spread

Effective Potential to regrow

from waste

Recommended

58




59

5.8. Oxalis pes-caprae, Sourgrass

South Africa North America, South America,
North Africa, Asia, Australia, New
Zealand, Europe (mostly in the

Mediterranean)

Biology and ecology

Oxalis pes-caprae is a perennial herb with under-
ground bulbs, a height of ca. 10-30 cm, and with
tufted habitus. It grows in the vicinity of human set-
tlements, on the edges of paths, as a weed in vege-
table crops, in thickets, and at the edges of forests.
It is usually found in slightly shaded places, but also
occurs in sunny, sandy and rocky sites. It flowers
from December to May.

Impacts on pollination

Jakobsson et al. (2009) and Albrecht et al. (2016)
found spatial scale-dependent effects of the alien
plant on the pollination of native plants. In the lat-
ter study, at the landscape scale, honeybees and
bumblebees where attracted into invaded sites,
translating into native plant visitation facilitation
by honeybees, while bumblebees almost exclusively
visited the non-native O. pes-caprae.

Management

The preferred management method for small in-
festations is hand pulling, which can be applied to
plants of all sizes. In more compacted substrates,
hand pulling must be made during the rainy season,
as to facilitate the removal of the bulbs. Training
of the workers is needed, as it is important to also
remove bulbs, so no bulbs are left in the ground.
The hand pulling method must be repeated several
times over the year to weaken the plant (Table 12).

The effects of mowing, grazing and cutting the spe-
cies are not known. Based on the ecology of the
species, the effectiveness of these methods is as-
sumed to be low (due to the presence of tubers) and
their use is associated with the risk of unintentional
transport of seeds, tubers and contaminated soil.

Introduced to Europe at the end of the 18th or the
beginning of the 19th century for ornamental purposes.
Spreads through unintentional and natural vegetative
spread by seeds and bulbils that are dispersed by soil
movement and garden waste, small mammals, vehicles
and machinery, and water.

It is very important to limit the risk of spreading
bulbs due to the transport or natural movement of
contaminated soil. It is also important to adopt ad-
equate cleaning techniques of any machinery that
operates in infested areas. In agricultural infested
areas, typical agronomic preventive and control
measures, such as crops rotation, should be adopt-
ed.

Biocontrol through parasitic plants (Orobanche
spp.) has been considered, but the effectiveness is
unclear.

Foliar application of herbicides is effective.



Table 12: List of methods used for management of Oxalis pes-caprae indicating their suitability at dif-
ferent scale, context and effectiveness management objectives, potential unintended effects and relevant
notes.

Method Rapid Management of Control Unintended effects
eradication/manag. established sites/large spread and notes
small populations populations

Pulling Low effectiveness Recommended, but Recommended Need to remove whole
demanding on time at plants, including the
large infestations with bulbils

many bulbils

Grazing Low effectiveness Low effectiveness Possible The species is
palatable, but may
cause sheep
intoxication in case of
excessive ingestion

Recommended literature regarding management of

the species:

- Marshall (1987)
. Lazzaro et al. (2019)




5.9. Rhododendron ponticum, Pontic rhododendron

Iberia, Caucasus Western Europe, Asia Introduced to Great Britain in 1763 and to Germany in
1784 for ornamental purposes. Planted as a windbreak,
used for erosion control, and as a cover plant (for
hunting). Spreads through natural spread of seeds by
wind and water.

Biology and ecology

Rhododendron ponticum is an evergreen shrub in-
troduced as a cultivated flowering plant. The seeds
from R. ponticum ripen in December and dispersal
begins in the beginning of spring. Seeds are very
small and are designed for dispersal primarily by
wind. Seeds remain viable for up to one year. Ma-
ture plants that are already established on suita-
ble sites expand their area of occupation either by
vegetative spread through stem layering or by seed
dispersal and seedling establishment.

Impacts on pollination

Rhododendron ponticum contains grayanotoxins,
which are secondary compounds in the nectar that
are neurotoxic to honeybees and some wildbees
and beneficial to some bumblebees (Tiedeken et
al. 2014, 2016). Rhododendron ponticum causes
changes to the composition of the flower-visiting
community (Dietzsch et al. 2011, Stout & Casey
2014, Tiedeken & Stout 2015, Tiedeken et al. 2016)
by replacing native species.

Management

Seedlings and relatively young small bushes can
be pulled by hand, which can be used to eradicate
small scale invasions. Ideally, early detection will al-
low management before the plants can reproduce
(ca. <10 years old) (Table 13).

Pontic rhododendron (Rhododendron ponticum) © vm56, (CC BY-NC) via iNaturalist

For larger more established invasions, integrated
management is needed, using both physical and
chemical measures, the choice and application be-
ing determined by the different stages of the in-
vasion (i.e., plant growth). See IUCN (2019a) which
summarises the best practices set out in Edwards
(2006) and Higgins (2008) to manage this species.
Stem treatment is the most effective and efficient
method of killing large R. ponticum bushes. Where




there is no access to treat the stems, an overall
foliar spray is the next option. Another option for
larger bushes is to reduce their size by cutting and
then applying the herbicide. Without herbicide ap-
plication, R. ponticum can regenerate easily from
cut or flailed stumps.

At sites where the use of herbicides is not possible,
partial girdling (ca. 70% of perimeter) is recom-
mended. The method causes slow exhausting of the
adult tree with reduced resprouting. This method is
recommended above the high stump, but it needs
to leave the tree to die out several years.

Table 13: List of methods used for management of Rhododendron. ponticum indicating their suitability for
different management objectives, potential unintended effects and relevant notes.

Method Rapid Management of Control Uninterded effects
eradication/manag. established sites/large spread and notes
small populations populations

Pulling/Dig- Effective only for Effective only for Effective
ging up the juvenile plants juvenile plants

underground

organs

ETR Not effective enough Not effective enough Reduces the seed set Has to be done in
girdling (but may induce large several years (see
vegetative lateral method description),
spread) not in sunny and open
habitats

Not effective (high May be used for Effective Rapidly regenerating
regeneration) enabling access for species
herbicide application

Recommended literature
regarding management
of the species:

- IUCN (2019a)
- Edwards (2006)
- Higgins (2008)




5.10. Robinia pseudoacacia, Black locust

North America North America, South America,
Africa, Asia, New Zealand, Europe

(widespread)

Biology and ecology

Robinia pseudoacacia is a deciduous broadleaf tree
that typically grows to a height of 12 to 18 m, but
can reach heights of up to 30 m under favourable
conditions. It has a curved trunk and a sparse, ir-
regular crown. On warm, rocky slopes, it exhibits a

Impacts on pollination

The negative impacts of R. pseudoacacia on biodi-
versity include competition with native plants, ni-
trogen enrichment in the soil, and succession and
habitat modification with subsequent changes at
higher trophic levels (insect and bird communities)
(e.g. Buchholz et al. 2015, Reif et al. 2016, Poblador
et al. 2019). Buchholz and Kowarik (2019) tested
whether the attractiveness of R. pseudoacacia vs.

Introduced to Europe between 1623 and 1635 for
ornamental purposes. Has been lately largely planted
for forestry, erosion control and pasture for bees
(“honey plant *). Reproduces through seeds that can be
spread via contaminated soil and garden waste,
vehicles and machinery and water. Regenerates rapidly
by root suckers when damaged.

shrub-like growth pattern, reaching heights of 3 to
5 m, with an untamed crown and twisted trunk. It
belongs to the Fabaceae family and thus is able to
add nitrogen to the soil.

a common native plant (Cytisus scoparius) for pol-
linators changed with increasing urbanisation and
found higher visitation rates for R. pseudoacacia,
but no significant differences in actual flower ac-
cess. Robinia pseudoacacia visits decreased with
increasing urbanisation, but the authors consider
R. pseudoacacia still a “pollinator-friendly” tree for
certain urban settings.

cust (Robinia pseudoacacia)

Commons

O Agnieszka Kwiecien, Nova, (CC BY-SA 4.0) via Wikimedia



Management

Robinia pseudoacacia management must consider
the species’ high sprouting ability, which is stim-
ulated by damage, even in older individuals. After
cutting R. pseudoacacia, vigorous regeneration oc-
curs within a radius of up to 15 meters from the
removed individual, making clear-cutting or strip
cutting highly ineffective (Table 14). Robinia pseu-
doacacia has a preference for light, thus it does not
spread well into closed forest stands. Seedlings of
R. pseudoacacia thrive only on disturbed bare soil.
Seeds of R. pseudoacacia do not germinate well and
do not disperse to large distances.

In commercial forests with scattered R. pseudoa-
cacia occurrences, clear-cutting should be avoided.
Due to R. pseudoacacia’s light preference, it should
be replaced with selective cutting and promoting
natural stand regeneration by releasing native spe-
cies to create canopies and allow for fruiting. Incre-
mental thinning should progressively favour young-
er individuals or groups of target trees. On steppic
sites, the sprouting of R. pseudoacacia can be limit-
ed by sheep and goat grazing. Goats are preferred
for long-term care, as they actively seek R. pseudo-
acacia leaves and shoots. Trees in cities can be dug
out by mechanisation, but the resprouting shoots
need to be treated by herbicide. Robinia pseudoa-
cacia management requires subsequent treatment
over 3-5 years.

Local eradication cannot be achieved by using only
mechanical control. Effective management strate-
gies involve targeted herbicide application methods
directly to the tree. In the case of young individu-
als, herbicide is applied to the wound after partial
bark removal. These targeted application methods
require that the treated trees are subsequently left
untouched for spontaneous decay. In exceptional
cases, where trees cannot be left standing for the
necessary herbicide absorption period, they can be
cut to a high stump. After the emergence of shoots
from the stump, herbicide can be injected into the
stump and the root suckers treated. However, this
approach is more time-consuming, requires specific
materials, and demands high-quality subsequent
treatment.

Other methods, such as cutting to a high stump
with delayed injection or cutting to a low stump
with immediate herbicide application to the cut sur-
face, are less effective compared to targeted herbi-
cide application to the intact trunk. These methods
result in the formation of new shoots, necessitating
further herbicide use for their control.

At sites where the use of herbicides is not possible,
partial girdling (ca. 70% of perimeter) is recom-
mended. The method causes slow exhausting of the
adult tree with reduced resprouting. This method is
recommended above the high stump, but it needs
to leave the tree to die out several years.

In the case of excessively dense and continuous
stands, foliar spraying is necessary, which carries
the risk of damaging the surrounding vegetation.
The resulting bare surface is susceptible to recolo-
nisation by undesirable species.

On nutrient-poor sites, all biomass from treated in-
dividuals must be removed to prevent the enrich-
ment of the soil with nitrogen, which slows down
the recovery of natural communities. The harvest-
ed area should not be ploughed, as soil disturbance
significantly promotes R. pseudoacacia regenera-
tion. If biomass burning is practiced, it should not
occur in areas where R. pseudoacacia is present, as
the species is also stimulated by fire (root regener-
ation and seed germination).
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Table 14: List of methods used for management of Robinia pseudoacacia indicating their suitability for
different management objectives, potential unintended effects and relevant notes. Methods that are not
recommended to be used to manage the species are shown at the end.

Method Rapid Management of Control Unintended effects
eradication/manag. established sites/large spread and notes
small populations populations

Can be effective for Not recommended Not recommended Induces regeneration
small seedlings

Partial Not effective enough Not effective enough Reduces the seed set Has to be done in
girdling (but may induce large several years (see
vegetative lateral method description),
spread) not in sunny and open
habitats

Digging up the| Individual trees can be Not recommended If not properly dug,
underground dug out may induce

organs regeneration from
remaining roots

Does not kill the tree, Does not kill the tree, Reduces the seed set

can be used for can be used for (but may induce large

regulating resprouts regulating resprouts vegetative lateral
spread)

Cutting Not effective, must be Not effective, must be Not effective, cutting Induces massive
combined with combined with induce strong regeneration and
herbicide application; herbicide application; vegetative spread resprouting
tall stumps show tall stumps show
relatively smaller relatively smaller
regeneration, but the regeneration, but the
cutting does not kill cutting does not kill
the tree the tree

Recommended literature
regarding management
of the species:

- Csiszar & Korda (2017)
- Sadlo et al. (2017)




5.11. Solidago spp. (S. canadensis and S. giganteaq),
Canadian and Giant goldenrod

North America Asia, Australia, New Zealand, Introduced to Europe in the 17t (S. canadensis) and
Europe (widespread) 18th (S. gigantea) century for ornamental purposes and

also introduced as pasture for bees ( "honey plant ).
Spread through unintentional spread of rhizomes and
seeds via contaminated soil and garden waste, vehicles
and machinery (often along roads and railways),
animals, and artificial corridors (water canals). Natural
spread occurs through seeds by wind.

Solidago canadensis © Marek Slusarczyk, (CC BY 3.0) via Wikimedia Commons
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Biology and ecology

Solidago canadensis and S. gigantea are perenni-
al clonal herbaceous plants with small, wind-dis-
persed seeds. The species establish themselves
quickly from wind-dispersed seeds and start flow-
ering in their second year. Solidago spp. also spread

Impacts on pollination

Negative effect on the diversity and abundance of
wild pollinators, regardless of their nesting and food
specialisation (Moron et al. 2009). Reduction in na-
tive plant species richness and negative effects on
the abundance of bees, but not of hoverflies, have
been reported. Native flowers experienced reduced
visitation by wild bees, honeybees and hoverflies
due to the augmented presence of S. canadensis

Management

The species thrives under irreqular management
practices, such as mowing followed by several
years of no intervention. Recommended measures
to control the spread of these species include re-
peated mowing (for several years). Small, localised
populations of Solidago spp. can be uprooted by
hand pulling; however, the risks of disturbing the
vegetation should be considered. In the case of per-
sistent populations that do not respond adequately

clonally, forming monodominant stands. The spe-
cies can be found spreading vigorously along trans-
portation routes, roadsides, and in disturbed areas
including construction sites.

(Fenesi et al. 2015). Native plant species richness
and the richness, abundance and diversity of but-
terfly species were lower in invaded stands of S.
canadensis. Hoverfly abundance, diversity and spe-
cies richness were negatively affected in July before
the onset of flowering of S. canadensis, but tended
to be positively affected in August during the height
of flowering (De Groot et al. 2007).

to mechanical management, herbicide application
(foliar spraying) can be considered according to na-
tional legislation (Table 15).

Ploughing the sites invaded by Solidago spp. is not
recommended, as it stimulates regeneration, frag-
ments the rhizomes, disturbs the soil and allows its
colonisation by seeds. Mowing or grazing are me-
chanical methods that can reduce the seed set.




Table 15: List of methods used for management of Solidago spp. indicating their suitability for different
management objectives, potential unintended effects and relevant notes. Methods that are not recom-
mended to be used to manage the species are shown at the end.

Method Rapid Management of Control Unintended effects
eradication/manag. established sites/large spread and notes
small populations populations

Effective if repeated for Not recommended, Effective

several years human labour
demanding

Effective if repeated for | Effective if repeated for | Effective
several years several years
Effective if repeated for | Effective if repeated for | Effective
several years several years

Ploughing Not recommended Not recommended Not recommended Stimulates
regeneration; risk of
unintentional spread

Recommended literature regarding management of
the species:

. Csiszar & Korda (2017)
- [UCN (2019b)

Canadian goldenrod (Solidago canadensis) © F. D. Richards, (CC BY-SA 2.0) via Flickr




6. Conclusions and potential limitations

This report briefly summarises information on ter-
restrial IAPS in the EU having a negative impact
on pollination, with a focus on the non-chemi-
cal methods that can be used to manage them.
Around 50 publications since 2000 were analysed
and relevant |APS prioritised based on their distri-
bution and impact on pollination in Europe.

Regarding the IAPS that currently present the
highest threat to pollinators in the EU, the num-
ber of European occurrence records included in
GBIF only has illustrative character, as the data
were not thoroughly checked for specific details
on the species distribution. In addition, the litera-
ture search performed was not exhaustive, so it is
possible that some information on other species
or impacts has been missed. A more informed pri-
oritisation of species should ideally be based on
more robust data or by using an expert-consensus
exercise.

It is evident, however, that there is a lack of spe-
cific studies on impacts of IAPS on pollinators
and pollination. Arguably, the most harmful - and
not yet requlated in the EU - species are the two
goldenrods, Solidago canadensis and Solidago
gigantea. Note that Solidago altissima, another
North American species, has been recorded only
recently from Europe for the first time, at a single
location in Belgium (Verloove et al. 2017). As such,
these three species would be good candidates for
developing full risk assessments and for potential
future listing under the EU IAS Regulation.

Regarding the use of non-chemical options to
manage |APS, mechanical methods are usually
sufficiently effective for managing annual spe-
cies (e.g. Impatiens glandulifera) or can be used
for non-resprouting perennial species (e.g. Hera-
cleum mantegazzianum). For perennial species
with clonal dispersal ability, mechanical methods
often do not lead to eradication of stands, even
after several years of repeated application. What
is more dangerous, applying solely mechanical
methods can induce regrowth and worsen the
situation. The same limitations of these methods
can also apply to relatively small annual species
creating large populations with high density (e.g.
Senecio inaequidens). The use of large machinery
such as bulldozers and backhoes can be effective,
as it removes whole plants and soil with seeds,
but it does result in the need to store and/or treat
large amounts of contaminated soil. In the case
of plants that reproduce by seeds, a wide range of
mechanical methods may be used to prevent seed

production. Nevertheless, it is important to car-
ry out management methods with caution and to
minimise the movement of biomass and contam-
inated soil, and to always ensure that machinery
is cleaned.

In areas where herbicides cannot or should not be
used, seed formation must be prevented by me-
chanical methods. However, this will not kill the
stands of many invasive species (e.g. Asclepias
syriaca); on the contrary, it will stimulate their
growth and spread, since those species respond
to damage by vigorous vegetative growth and by
branching from underground rhizomes and roots,
or by activation of adventive buds. Thus, for many
resprouting species (e.q. Asclepias syriaca, Robin-
ia pseudoacacia), purely mechanical methods are
inappropriate or not effective enough and should
be combined with targeted herbicides application
(if habitat conditions allow). Biocontrol, which has
been successfully tested and applied for some of
the species, offers another option in the manage-
ment toolbox, but it is essential to carefully assess
potential risks and side effects.

This short and preliminary overview of IAPS with
negative impacts on pollinators in the EU, and the
possible non-chemical management options to
reduce these impacts, has demonstrated that the
available information is fragmented. Some of the
species with the highest impact are very widely
distributed in Europe and management will be
challenging, but rewarding, even if only at the lo-
cal or regional scale. In a future horizon scanning
exercise for IAPS, special attention should be giv-
en to possible impacts on pollinators, to support
preventive measures. The impacts of IAPS (and
invasive alien animal species) on pollinators and
pollination provide a unique opportunity to coun-
teract more than one important environmental
problem with appropriate and targeted measures
and fulfil obligations provided by the EU Pollina-
tors Initiative and the EU Regulation on Invasive
Alien Species. In addition, this report highlights
only a few of the problematic IAPS in Europe, and
therefore can be taken as a guideline for spe-
cies having similar life-forms, invaded habitats,
etc. Much of the information shown here is rele-
vant for other species such as Ailanthus altissima
(very similar to Robinia pseudoacacia), Senecio in-
aquidens (counterpart of Carpobrotus edulis, but
only pulling and herbicides can be recommended),
and Fallopia spp. (partly similar to Asclepias syri-
aca).
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