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Abstract

Atlantic mastal dune systems in Europe are vulnerable to invasinsnvasive plantsa
continuous procesgriven bytrends in urban plantings escapesfrom gardensand range
expansion oflready establishedlien speciesEarly warning forinvasive alien speciemnd the
sharing of practical experience with their managent was identified as one of the key topics
to address in Atlantic coastal dunes. This requ@egood understanding of the potential
ecological risk associated with alien species introductions and quick and robust prioritisation.

Here, we report on a sgematic risk screening performed within the framework of LIFE DUNIAS
in Belgium. Contrary to other horizon scan® followed a more datariven approach focused

on protected habitats of the NATURA2000 regitdsing a variety of data sourcesewrafted a
longlist ofover 1,300alientaxapresent in the Atlantic coastal regiomhis list was downsized
through a quick relevance check performed by experts. The resulting list of about 250 species
was assigned to ecoseries 6fATURA200@nnex | habitat{salty, sandy and woordy dune)
according to the susceptibility of those habitats. We then performed moderated expert
assessmenti a consensual workshop formit assess the risk of introduction, establishment,
spread andhe potential (or realizedgcological impacfThe resulting risk scoregere combined

with distribution data to identify emerginghorizon scaé speciesas well ashigh impact
established specie$Ve refined these lists for specific Annex | dune habjiamsl present true
horizon san lists for the different countries of potential invaders that are not established yet.
For a small selection of the species qualitative risk management assessment was performed at
the workshop, evaluating the feasibility or eradication from protecteditab in the Atlantic
coastal region.

Using the resulting lists and the results of monitoring in the framework of Article 17 reporting,
we discuss the current way of performing conservation status assessments for coastal dune
habitats andnake recommendatin onhowto better deal with invasive alien speciasrosshe
legislative regimesf the Habitat Directive and the invasive alien species Reguldtierpresent

a list of (potentially) problematic alien species per Annex | habitat. The resulting padritst

of potentially invasive plants represents an important step towards a more harmonized
approach for tackling alien speciesAtlantic coastal dunescross Europe.

Lastly, the report providesdetailed management accounts, species profiles and distion

maps for a number of invasive species with knowledge gaps on effective management methods.
The list of species discussed should be seen in the context of the LIFE DUNIAS project which aims
to manage these species in Belgian coastal dunes. None)etbe accounts represent
evidencebased minireviews and we hope they can be inspirational to the wider community
working on coastal dune managemeanid nature protectiorin dune systemsiNe provide some
practical recommendations and heat maps of higinlyaded areas to inform management
planning.
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1 INTRODUCTION

Coastal areas are characterised by strong natural and social dynamics. On the Belgian coast,
tourist development caused a metamorphosis of the landscape that led to a strong deterioration
of ecological and landscape values in the course of the 20th century. From th@ D8&¢ards,

the Flemish government has pursued an active nature conservation pdffirgt important step

was the official protection of the coastal dunes under the spatial planning regime @uhe
Decreg(decree of 14 July 1993 containing measures for the protection of coastal dunes) (Kuijken
et al. 1993, Kuijken & Provoost 1994)e systematic acquisition of dunes by the Flemish
government followed. An ecosystem vision was developed to guide the management of dunes,
mudflats and salt marshg®rovoost & Hoffmann 1996a & b), and these were followed by the
drafting of several more datled coastal zone management plans (e.g. Provoost et al. 1993,
Hoffmann et al. 1999, Hoys et al. 1996a, Hoys et al. 1996b, Cosyns et al. 2013, Cosyns et al. 2015
Zwaenepoel 2009/an der Bieset al. 2014,b). Alongside, the knowledge base on coastal&un
systems and their ecological functioning was sensibly increased and several monitoring
initiatives were developed and implemented to guide restoration effoand to plan and
evaluate management interventions. These include the development of a netwbrk o
groundwater monitoring in nature reserves, research on distribution and population ecology
(Provoost & Bonte 2004), landscape and vegetation research (Provoost 2008, 2004,
Provoost et al. 2011), research related to dealing with invasive alieriespf&driaens et al.
2019), possible applications of remote sensing in the mapping of dune vegetation (Kissiyar et al.
2005, Provoost et al. 2005) and, more recently, the management monitoring projects
Permanent Inventory of Coastal Nature Reser{febNK ,| Provoost et al. 201@nd PINK I,
Provoost et al. 204and the followup project Coastal Management Evaluati&iEK IProvoost

et al. 2020). The mapping of alien plant species and the evaluation of invasive species
management is an important part of élse monitoring projects and the alien species data of
these detailed surveys are used in the framework of the exercise described in this report.

Over the past two decades, numerous large nat@wstoration anddevelopment projects were

carried outin Belgan coastal dungsn many cases with Europeaa-funding(LIFEprogramme
EuropearCommissior2017), and the nature areas were given appropriate managemgemese

include, for example, LIFE Flemish And North French Dunes Restoration (FLANDRE, LIFE+12
NATBE/000631) and LIFE Zwinduinen Ecologische NatuurOntwikkeling ,(2ERED6
NAT/B/000087 & Zwin Tidal Area Restoration (ZTAR, LIFEO9 NAT/BE/00D4%Bjtethese

positive evolutios and initiativesmajor challenges remain for coastal nature conservatiome

of these is the expansion afrange ofnvasive aliemplant speciegAdriaens et al. 2019

Sustainable management of invasive alien plant species is one of the major challenges for
conservation management, especially in the dynamic systeoastal dunes represent. The
arrival, introduction, establishment and spread of alien species is an ongoing process driven by
continuous import of new species (e.g. from urban plantings or garden escapes) and the range
expansion of alien species from soath or neighbouring countries. Coastal managers need
effective early warning tools to rapidly be aware of newly naturalised problem species, up to
date information and data on managed invasive species in dunes and good knowledge on
effective, sustainable amagement techniges. International cooperation and exchange of
knowledge is essential to increase invasive species awareness across administrative baundaries
In Atlantic coastal dunegarly warning for IAS and the sharing of practical experieneith

their managementwas identified as one of the key topiad the dDune Roadmad for
networking which was developed at a series of workshops coordinated by the European
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Commission through the Natura 2000 biogeographical prodg$ésuston 202Q) More
specificaly, the dune roadmap describes the following actions with respect to the IAS topic
(Houston 2022)

1 58St 2LIYSyid 2F | Wofl Ol tAalQ F2NI ! GtlFyaGAo |
1 Best practice examples of control of |JAS
1 Specific review of experience in the controlRdsa rugosavith details of costs and

development of national programmes

This reportand the DUNIAS workshop presentations and outcoweest to make a contribution
in these fields.

On 1 January 2015 Regudat 1143/2014 on the prevention of the introduction and spread of
invasive alien species (IAS) entered into force, representsing a first European biosecurity
instrument for biodiversity. It sets a common standard for combating IAS across political
jurisdidions at a multinational scale. Although the absence of a dedicated funding mechanism
to support comprehensive implementation has been highlighted as a shortcoming, the EU
Regulation creates impetus for many conservation initiatives on tackling invasmesakcies

and provides legal backing for stakeholders active in invasion management. Its successful
implementation depends however on national enforcement and resource allocation, as well as
the delivery of concrete conservation projects such as LIF[eqiso The EU IAS Regulation
includes a list of IAS of Union concern, IAS whose negative impacts require joint action by
Member States. Three distinct types of measures are envisaged, which follow the approved
hierarchical approachof the Convention on Blogical Diversity (CBOp combating IAS:
prevention of new introductions through trade bans and pathway action plans, early detection
and rapid eradication to prevent establishment, and management to contain established species
and mitigate their impact.

The selection of Elist species is based on risk assessmenite listcurrently (since 2 August
2022) has 88 species. It contains eastern bacchd@ccharis halimifoliavhich is known to
behave invasive in coastal ecosystems and dunes, giant rhithambera tinctoriawhich can
AYy@FRS O2Fraitlf OftAFTFax +a ¢Sttt | Elodeayndttalli A S Y
and curly waterweed.agarosiphon majowhich are known to occur in coastal and dune ponds
(e.g. Provoost and Adriaens 201Hpweverthe selection of species for the list of Uniconcern
follows specific criteria set out in the Regulation. More widespread notorious invasive plant
species of coastal and dune ecosystems (e.g. hottentaC&igpobrotusedulis, Japanese rose
Rosa rugosglack the typical profile of Union List species and are lacking from th@Htistisk
screeningexercise described in this study aimed to provide a more comprehensive overview of
(potentially) problematic plant species, considering in particular the susceptibility of protected
coastal dune habitats (Annex | habitats of the Habitats Directive) oAtlamtic coastal area in
Europe.

O

Through the EuropeahlFE project DUNIAS (DUNe restoration by tackling Invasive Alien
Species, LIFE20 NAT/BE/00144&)consortium of partners under the coordination thie
Agency for Nature and Fore6ANB)works on the management and largecale removal of
invasiveplant species in the Flemish coastal dunes. During the project, exotic shrub spexies
removed, communication andwareness raisingctionsare performed with various target
groups such asnetworking eents and workshopson invasive alien species and their
management One of these workshopgasaimed at experts on invasive plants and the coastal
environment. The workshop aieal to conduct arisk screeningor (potentially) invasivealien
plant species and to exchange experiences and expertise on gemd bestmanagement

s i

doi.org/10.21436/inbor.86703335 Pagel5of 201



practices For species that are present only to a very limited extent, this screening also classifies
as ahorizon scanThis report presents a summary of the methodology and the mainocmiés
of that workshop.

The list of species resulting from thiisk screeningxercise will be used in various ways by the
LIFE DUNIAS project. First, it will guide increased surveillance for absent and newly occurring
alien species in the dunes by implenting this alert list in the early warning portal on the citizen
science platform www.waarnemingen.be/exoten and the LIFE RIPARIASIFEL9
NAT/BE/00095Bearly alert tool fittps://alert.riparias.be)). Second, it will serve as a basis to
makerisk mangementdecisionse.g.which emerging alien specieged arapid responseand

which establisheghighimpact species should be managédhird, it wants to provide baseline
information on the threats alien species pose to European protected habitats, thereby
increasing the complementarity between juridical instruments for protection such as the EU
Habitats Directive and the EU IAS Regulatidio this end, the resulting list é®nfrontedwith

the criteria for Article 17 reporting on habitat conservation sttkinally, it aimed to streamline
alien species interventions in dunes of the European Atlantic coastal region and to promote
exchanges with other LIFE projects on management.

Thisreport further collects accounts on theananagementf a selection of invaise alien plant
species These are specider which theAgency for Nature and ForeANDB needs extensive
informationin light of the plannedictions within theLIFE DUNIABmework.These qualitative
descriptiors of potential management options follows as much as possible the guidelines for the
drafting of best management practices developed by Adriaens €@l5).
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2 METHODS

2.1 RISK.SCREENING

Considering the multitude of species and the continuous changes inamvasessure, which is
subject, for example, to a variety of trends and market mechanisms in horticulture, gardening
and landscaping, there is a need for simple yet robust rapid screening methods for selecting the
highestpriority species. Conducting comprensive risk analyses that can substantively
estimate the probability of arrival, introduction, establishment, spread and the magnitude of
ecological and other impacts, for example using species dispersal models, is expensive and time
consuming.

A commorny used method for identifying future higlisk introductions of alien species is to
conductrisk screeningsWhen these screenings are focused on species that are currently absent
from the assessed region, or present only to a limited extent, such scigenan be considered
ashorizon scansln both cases, theseefer to the systematic examination of potential threats
and opportunitiesThe method has long been used in social and medical sciences but has been
increasingly used in ecology over the last ate (Sutherland et al. 2008). It is now well
established and often used to identify prospective (potentially invasive) alien species.i3ken,
screeningare applied in a twetep approach whereby priority potential problem species
identified bya first screeningindergo a detailed risk analysis. A good example is the European
horizon scan by Roy et al. (202019, which still serves as the basis for the selection of species
undergoing risk analysis for inclusion in the European list of aliegiespof concern to the Union
sensu the IAS Regulation (EU 1143/20A4)another example recent horizon scan initiatives in
European countrieare used a abasisfor national lists of regulated alien species (e.g. Greece

in prep., Bertolino et al. 202@r mammalsinltalys QK2 y R g H).RNA I Sy & HAHH

2.2 CONSENSUS METHOD

For conductingrisk screenings or horizon scarthere are many possible approaches but
typically they consist of aombination of gathering available scientifievidence and a
moderated pro@ss for capturing expert knowledgalso and especially where scientific studies
are lacking. To carry out trezreeningfor LIFE DUNIAS, we used a methodology based on Roy
et al. (2014) (Figure 1). This methodology consists of the following steps:

9 the colection ofdata, literature and expert knowledge to establish an initial longlist of
candidate (potentially invasive) alien spegies

1 a systematic scoring exercise conducted by several experts (scientists and managers)
based on objectified criteria and taig into account the confidence on the statements
made by the experts

1 a consensus workshopA¢sessment of current and future Invasive Alien Species in
European coastal dune ecosysteni®20 May 2022 De Panne, Belgiumwhere
different opinionswere confronted,andimpact and confidencecoreswere adjusted to
finally obtain a prioritised list (Figure 1).

The expert judgements can be supported to a greater or lesser extent with scientific material
provided along with tbm to equalise the knowledge base before the start of the exercise. At

the same time, the consensus workshop offers experts the opportunity to share new insights
with each other, which is a learning process. Of importance is a balanced composition of the
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expert panels and the provision of clear guidelines for the scoring exercise to exclude
interpretation problems or linguistic uncertainty as much as possible.

Literature Expert knowledge =
Preliminary lists of
species
- ]
15 | w27

o & = 1%

= E = T m

2= |t |55 5

[ B Sm 3

£ 2 i z = R
= &
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Ranked list of INNS which are likely
to arrive, establish and impact over
the next decade

Figurel. The process ohorizon scannindpr alien speciesfrom Royet al. (2014).

Specifically, in the context of DUNIAS, we used an adapted version of this methodaliogy.(

The approach differs in the explicit focus on impacts of alien species on different European
protected habitat types of coastal dunes, and imare data-driven workflow for drafting the
longlist of species to considdryusing the Global Biodiversity Information FacilBB{(F).
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2.3 FQCUSPROTECTHEABITAIS

Risk screening®r potentially invasivespecies may differ in their scope(s):

1 geographicscope e.g. for a collection of countries (Matthews et al. 2014, 2017 for the
Netherlands; Roy et 82015, 2019or Europe; Roy et al. 20Xdr Great Britain; Peyton
et al. 2019, 2020 for Cyprus) or specific transboundary regions (e.g. Gatab@016
for the project area of the Interreg 2Seas project RINSE; NOBANIS 2015 for the Northern
European and Baltic regian)

1 speciegyroup (taxonomic) scopée.g. Swart & Robinson 2019 for alien crabs, Thomas
2010 for terrestrial plants, Parrot et @009 for animal species, Bertolino et al. 2020 for
mammals)

1 domainof impactof alien species (e.g. Peyton et al. 2019 for biodiversity, Peyton et al.
2020 for human health and economy)

1 typesof ecosystemée.g. Tsiamis et al. 2020 for marine exotiecps Thomas 2010 for
terrestrial ecosystemsall other references above for both terrestrial, marine and
freshwater systems).

For DUNIAS, weaveput the focus of the horizon scan on protected habitats. This focus already
inherently constitutes a first means of prioritisation within the broader pool of alien species with
potential biodiversity impactsAlso, impact on the quality of protected natura itself
represents a forms of impact that would score higher on the impact s&ide, foreventual use

and application of the resulting prioritised list, this focus offers advantagesrticularthrough

the application of thecriteria around alierspecies for assessing local conservation stafus
habitats(Art 17 reporting)

A logicalclassification we followedor protected habitatsare the Annex | habitats of the
EuropeanHabitats Directive(European Commission 2013or the purpose of thddUNAS

workshop the habitats were groupeih three "ecoseries;'i.e. groups ofhabitats thatshare an

affinity with regard to abiotic conditions, dynamjasr location within the broader coastal
ecasystem(Table 1)These ecoseries were nidlamedas comprisigthed & t @ ¢ X G &l yRe ¢
a a K NJzabiaés ¢
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Tablel. Protected NATURA2000 dune habitats relevant to Atlantic coastal dunes that were the subject of
thematic working groups at the DUNIAS workshop.

Ecoseries Annex lhabitat considered for DUNIAS

¢ARFf alfd Yl N 1110-Sandbanks
1130- Estuaries
1140- Mudflats and sandflats
1210- Annual vegetation of drift lines
1230- Vegetated sea cliffs of coasts
1310- Annuals colonising mud ars&nd
1320- Spartinaswards
1330- Atlantic salt meadows
Embryonic dunes, mobile sand | 2110- Embryonic shifting dunes

dunes and dune graslands | 2120- Shifting dunes alonghoreline (white dunes)

64dal yRASa&é€ | 2130-Fixed coastal dunes witherbs (grey dunes)
2140- Decalcified dunes witEmpetrum
21A0- Machairs
2150- Atlantic decalcified fixed dunes
2190- Humid dune slacks
Dune scrub and woodland 2160- Dunes withHippophae rhamnoides
6 & a KNXzo 6 A S § 2170- Dunes withSalix repenssp.argentea

2180- Wooded dunes of the Atlantic region
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Picturel. Collage of pictures illustrating protected dune habitats considered imiskescreening

1110¢ SandbankgVildaphoto, Yves Adams) | 1130¢ sturies

{ 8y A g v

-y
1140- Mudflats and sandflats 1210- Annual vegetation of drift lineSaxifraga,
Jan varder Straaten)

1320- Spartinaswards 1330- Atlantic salt meadows
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2120- Shifting dunes along shoreline (white
dunes)

2130- Fixed coastal dunes with herbs (grey
dunes)

210— Machairs

2190- Humid dune slacks 2160- Dunes withHippophae rhamnoides
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2170- Dues Wltahx repenssp.argentea 2180- Wooded dunes of he Atlantic regidKris

(Vildaphoto, Yves Adams) Decleer)
I I
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2.4 DRAETINGIAST OBPECIESE CONCERN

2.4.1 The longlist

As our undertaking wa® narrow down avery wide set ofaxain consecutive steps, we break
down the workflow according to a series of ligtsjthe longlist,(2) the workshop list and3)the
shortlist.

Thelonglistrefers to the full list of plant species that are considered alien to thenditt coastal
dune region, and thus worthy of closer examinatidrhis is the list that was shared with
contributors to request for theiindividual input prior to the workshap

To compilethe longlist we used alata driven approachFirst, we compiledrad standardized
alien species checklistselecting tracheophytes, bryophytes and marchantiophytes at the rank
of species, subspecies or variet{ésr brevityNBS F SNNB R (2 | &froa LISOA S&Q

I The GRIIS (Global Register of Introduced and Invasive sgetpes/griis.org/, [Pagad
et al. 2018, 202P checklists ofEU countries with Atlantic coastal dune8€lgium,
France, Irelad, Netherlands, Spain, Denmark, Germany, Porjugatluding also the
United Kingdom given its central position within the Atlantic regibtence, the
following GRIIS checklists were mined for their alien plants:

GRIIBelgium(Desmet et al. 2021)

GRIIFrance (Thevenot et al. 2022)

GRlSrelando h QCt eyy SG Ff® wnuno

GRIINetherlandgvan Delft et al. 2022)

GRIISSpain(Dana et al. 2022)

GRIIS United Kingdom (Roy et al. 2020)

GRII®enmark(Mgller et al. 2020)

GRIIS Germany (Gollash et al. 2022)

GRIISortugal (Marchante et al. 2020)

1 The species list dbiulio et al. (2020AnnexS7) comprising alien plant species across
European coastal dunes of the Atlantic, Baltic, Black Sea and Mediterranean coasts of
Europe

1 An ad hoc lisbf 101 invasive nomative plant species in sand dunes in the United
Kingdom, compiled within the framework of this exerciseby a group of Ukand
internationalcolleagues (Peyton et al. unpublished)

O OO O0OO0OO0OOoOOoOOo

We then excluded species that were to be considered synonyms according to the GBIF
taxonomic backbonand only retainecaccepted names of taxa

Also,taxanative to @ny part of) Europewere excluded mostly using native range and origin
information from GBIF and GRIIS Belgium (Desmet et al. 2881these data were hard to
retrieve, a conservative approach was taken, by retaining doubtful species at this(fmint
quality control,seebelow).

The resulting compilatioat this point consistedf 5.309 unique plant taxa

Second, we harvestepost-1950 occurrenceshuman observationsnd observationgfor all
these taxafrom GBIFWe then retained only those taxaith at least one occurrence in the
Atlantic coastalzone Thiszonewas integrated in the analysis as a grid of cell&Gk 10km?
(Figure2).
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As a result, the longlist ended at317plant taxa.This list was thegirculated as a spreadsheet

via e-mail to potential participants and interested contributors to the workshop. Thesgew
either people active in the management of alien species in coastal dunes, botanists or experts
in invasive specief\(inex2).

65°N

60°N

55°N

50°N 4

45°N A

40°N =— T 1 T T
10°W 5°W 0° 5°E 10°E

Figure2. The selection of0 x 10kn? squares considereds the European Atlantic coastal zoasused
for the selection of occurrences of alien plait the screening

2.4.2 The workshop list

The contributors were asked to individually examine the longlist over the course of-a pre
workshop period (28 April to 16 May). The input gathered from them would be used to compile
the workshop list

Spefically, the contributors were asked to assess tiewing aspects from the longligEigure
3):

1. perform quality control on thenative status (native to Europe). Any native species was
to beflagged, for omission ifiurther analysis.
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2. addany species to the list that they thought was misghgisfocusing on species alien
to Europe but occurring in the Atlantic coastal are@&ny such specieshould betaken
along in further steps.
3. providetheir opinion on theelevance of the species for further scorig@r this, species
were flagged with any of the following three marftdank if thespecies was unknown
to them):
0 1 = ecological impact unknown
0 2 =no relevant ecological impact
0 3= (potential) ecological impa The contributors were informed thakis mark
YSFEyd a YdzOK |ay aL GKAYy]l GKA& &aLISOASa
4. ONLY for the species thedntributorsmarked ashaving apotential) ecological impact
(mark = 3)they were asked tdlagthose habiats (see0) where the speciesvould be
expected togrow in
5. ONLY for the species thedntributorsmarked as having @otential) ecological impact
(mark = 3)theywere asked to indicate the mechanisrthrough which the species could
exert a(potential) impact(see5.1.1).
6. Transversally, contributorsvere aked to provide evidenceor statementsfor any
modification to the spreadsheeso as to document the process as best as possible and
follow an evidencébased approachThis could be done throughe comments box.

e — —
1|l ;
1 i E H H H
1l G SSRAR L
HEH 7 HE 5|

L iigsi ; - el i
i P O P it A ofi 32300 el
e IR LERRE ) ) T
i i [ Ll B EEEEHHEEHHEERRE - HUERBUER
The taxa # (10 km)* grid cells | For pre-workshop input from contributors: Focus of

(phylum, family, name and rank) within the Afl. coastal| - Relevancemark ("1°,°2°, "3 or blank) the
Zone, per country - Susceptibility of habitats ("X or blank) workshop

Impact mechanisms ("X’ or blank)
Status: native to Europe
("X ar blank)
Status: Union list
("X or blank)

Figure3. A sample from the longlisin spreadsheeformat, as circulated to contributors preorkshop.

The nstructions deliberately stated that a rapid screeniwgs sufficientat this point, and that
contributors ould base themselveen theirready knowledge.

When the longlists were returned to sy line that had any change to it, relative to the integer
longlist (i.e., marks that were added, or species that were addgdwas extracted and
transferred to a master fileAs suchwe received 3.300 lines of feedback on 1.446 species. For
about half of the species (731), there was input from two or more contribu@ssompared to
715 species with input from only when contributéiigured).

s i

doi.org/10.21436/inbor.86703335 Page26 of 201



600 -
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Number of species
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Number of contributors

Figured. Frequency distribution of the number of spies given the number of contributors that provided
input on that species.

Then,we filtered all species that were marked as havifgptential) ecological impacfmark =

3) byat least one contributor to take further to the next stedn case a species was marked as
having an impact, but also as native to Europe (in an earlier step, or by anothebator in
parallel), that species was kept within the lighis resulted in thevorkshop list that ended at
344plant taxa(Figure5, Annex %. These were the species that were éakto the workshop (19

20 May).

GRIIS Y
5,309 taxa @ 21
e A484
. « Discuss
x native to Europe sandies “ RasEaTe
LI potential ecological
impact 181 taxa
’ Y SHORTLIST
y 1,317 taxa 0 quality control
habitat =
Q A = shrubbies
>1 occurrence Lo c ) 5 :
i i o 10
< b €E Jo. e.0
4 = 3%%o
kggelioﬁversily 158 taxa 1 L .
Information Facility 241 taxa Distribution
LONGLIST WORKSHOP LIST SCORING HORIZON SCAN LIST

Figureb. Schematic representation of the different steps in the process of prioritisation through risk
screening.
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2.4.3 The workshop(risk scoring)

The goal othe workshopwas toassess the ecological risk of species taadsformthe resulting
prioritized list intoa shortlist, bringingtogether allthe risk scores for species deemed relevant
by participants. Here, we will provide further details on the workshopthednethods used for
scoring The results of the shortlist will be dealt with in chapter

For the scoring part of the workshop, the participants wdigded in three groupsfollowing

the three habitat groupsrecognized earlierecoseriey aal ft 6ASaéx aalyRASaE
Tablel). As such, the participants were asked to focus on the species relevant t@tbejn
Thisrelevance wadvased on whether at least one expert had predlydlagged that species for

at least onesubsceptiblenahbitat from that habitat groupParticipants were presented with all

the species from the workshop list, so changes to habifatkling or removing a susceptible

habitat for an alien speciespuld be maé onworkshop.Alsg species could beewly addedo

the list and had then to be considered and scored by each of the three groups

The joint oaworkshopassessent wasbasedon a number of criteria relating to the different

steps of the invasioprocess (Blackburn et al. 201ahdthe potentialinvasion impact. Experts

were asked to consider the LIFE DUNIAS timeframe when assessing species, which roughly
corresponds to the next ten years. Before scoring was performed in fmelagiroups, guidance

was provided on the methodology used for scorife scoring system used is largely based on
Peyton et al. (2019).

In general, it was stressed that the scope for scoring was the species in the context of the
protected habitatsconsidered(Table 1, Pictee 1). Experts had been given a presentation on
those specific habitats and were asked to consider these throughout scoringthaitspatial

and landscape context in which they occurred. Also, experts were remithdédhe scoring
exercisegartlyrepresents a horizon scafi.e. impacts may have not yet manifested themselves),
and thus requires them to embrace the notion of risk éikhood). Also, they were asked to
clearly disentangle the different invasion stages (e.g. score biodiversity impact inigspet
spread).
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Picture2. Before heading off into breadut groups, participants to the workshop received presentations
on the highest impact IAS in the different countries, their impact mechanisms, as well as guidance on the
criteria for scoring biodiversity impact.

For thescoring, experts were directed to a number of information sources, such a&BiE
(https://www.gbif.org/) and theGRIIS checklists of the different countridtge habitat manual
(European Commission 2013cientific and scholarly libraries (Web of Knowledge, Google
scholar), the CABI Invasive Species Compendium
(https://www.cabidigitallibrary.org/product/q), the Manual of Alien Plants
(https://alienplantsbelgium.myspecidafo/), Wikipedia etc. To provide reasoning behind
scores or to document information sources, a comment field was available in the spreadsheet.

2.4.3.1 Likelihood ofintroduction

The likelihood ofintroduction was scoredon a 5point scale (1 = low likelihood; 5 = high
likelihood) To assess this, experts were specifically asked to consider the likelihood that the
species would arrive in the protected habitgfBable 1)within the European Atlantic coastal
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zone Figure2). Secies that alreadwrrivedin the Atlantic coastal zone (as evidenced by the
number of 10x10 km grid cells in which they occur in the different countries, see 8dL.rigt
necessarilyhave a highlikelihood of introduction in protected areasExperts were asked to
consider this, taking into account specific introduction pathwaysh asornamental trade,
natural dispersal, transport commoditigéiarrower et al. 2018)neighbouring populabns,
locationandsize of potential source populatioiis.g.in gadens, urban areagublic greenery,
ruderals) propagule pressurer introduction effort(numberand frequency) the presence in
ornamental garden trader anyother relevant consideration

2.4.3.2 Likelihood of establishment

The likelihood of establishment in the protected habitéIsble 1)within the European Atlantic
coastal zoneRigure2) was scoredn a 5point scale (1 = low likelihood; 5 = high likelihaod)
Establishment is interpreted as the formation of sustainable,sgdtaining populations. We
note that the establisment score is interpreted at the level of the specific habitat series
considered, rather than at the level of the Atlantic coastal zdvm@.species that are already
established irthe Atlantic coastal zone (as evidenced by the number of 10x10 km gsdircell
which they occur in the different countries, s&el.]) this does not necessarily mean the
likelihood is high in protected areas. For instangédnalophytic species might be widespread in
the Atlantic coastal zone, but it will score low in the habitat serrabmryonic dunes, mobile sand
Rdzy Sa | yR RdzyS ZJoNddzy/ Sl v RONID G & Iy RR & & Espérts weRe 0 a a4 K NHzi
asked to considelikelihood of establishment, taking into accouhe physiologyof the species
(e.g. halophytenitrogen fixing specigsits reproductive biology (e.g. specifiequirements such

as pollinators formation of seeds, cold tolerance, mechanism of vegetateroductior),
physiological constraints on establishméatg. germinatiomequirements, dormancgyor biotic
resistance of the habitat(e.g. available ecological niches, presence of competing species).

2.4.3.3 Likelihood ofspread

The likelihood of spread in the protected habitéf@ble 1)within the European Atlantic coastal
zone Figure2) was scoren a 5point scale (1 =olw likelihood; 5 = high likelihoodppread is
defined as the expansion of the geographical distribution of an alien species withprotieeted
habitats in the Atlantic coastadrea. Experts were asked to score this based on data or
knowledge on the spées dispersal capacity (e.g. dispersal of berries by birds, arivdater
dispersed seedsvegetative spread] propensity for humamediated (e.g. visitors, cars,
intentional introductions for erosion control or dune stabilisatiepyead or other.

2.4.3.4 Likeliood of biodiversity impact

In this assessment, specifically, we considered thpaict on species and habitats of
conservation concern more specifically mpact on legally protectedhabitats of the
NATURA200€egime.The likelihood obiodiversity impact in the protected habita{§able 1)
within the European Atlantic coastal zortlddure2) was score@n a 5point scale T = minimal

2 = minor, 3 = moderate, 4 = major, 5 = massive provide an equal baseline on the magnitude

of impact, experts were provided guidance adapted from the risk assessment template used for
drafting pest risk assessments for the Union List of the EU &eguilEuropean Commission
2022.
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Table2. Scores and criteria used for scoring the potential magnitude of biodiversity impact of species.

Score Biodiversity and ecosystem impact

Minimal The species (potentially) causescdl, shoriterm population decling, but
causeso significant ecosystem impact

Minor The species (potentially) causescal, shoriterm population loss Some
ecosystem impastare possible but these are mostéversible changes

Moderate | The speciespptentially) causes masurable longerm damage to population:
and ecosysters) but the damage is mostly local or regional amersible it
does not causextinctionof native species.

Major The species (potentially) causesdrterm, irreversible ecosyem change the
impacts spread beyond the local level and are more widespread, the sp
(can) caus@opulation loss or extinction afative species

Massive The species (potentially) causes widespreatgterm population loses or
extinctions in natve speciesaffecting several species with serious ecosys
effects

2.4.3.5 Overall impact on biodiversity

The overall impact on biodiversity was calculatgdr each of the three habitats groups
separately, sed) as the product othe scores for likelihood ahtroduction, establishment,
spread and impact. Hencthe maximum scor@er habitatgroupwas625, the minimum score
was 1.

Introduction x Esablishment x Spread % Impact = Overall score
[1-5] x [25] x [15] x [£5] = [1625]
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Picture3. Photographic impression of the joint assessment of alien species at the LIFE DUNIAS workshop
Assessment of current and future Iniw&sAlien Species in European coastal dune ecosy§mranne,
Belgium, 121 May 2022)Here, the salties group are in action.

2.4.3.6 Scoring of confidence

Experts were asked to provide a confidence on their scoring for each of the different criteria
(introduction, establishment, environmental impact) as well as on the overalesfalowing
Peyton et al.Z019 (Table3). This confidence was used for the consenbuilding as well as to
provide a general feel of the quality and amount of evidence available for the difference criteria.

Table3. Score and descriptions for scoring the level of confidence on the assessments.

Score Description

Low (L) no direct observational evidence is availal
or evidence is difficult to interpret o
considered low quality

Medium (M) | some direct observational evidence
available but may be ambiguous or difficult
scale within thespecific geographic context

High (H) direct observational evidence is available a
straightforvard  to  interpret  without
controversy and considered high quality
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2.4.4 Postworkshop assessments

Given thedepth at which species needed discussion, and the largmber of species for

discussion, not all speciesuld bedealtwith ati KS g2 NJ] a K2 LJ® t | NI A Odzf | NI &

GaKNHzooeé KFEoAGFEd ANRAzIZ a2YS aLISOASa 6SNB
sure that the mostelevantones(based on e.gthe preworkshop input)vere discussed at that
occasion.

To complete the scoring, the INBfoject team (Annex2) took the scoring further in group
discussions (similar to the emorkshop discussions) after the workshop.

2.5 LIMITATIONS OF THE EXERCISE

We slould reiterate that we started from a longlist of species with at least one GBIF occurrence
in the Atlantic coastal region. Although this renders the exercise more-dfatan (and
therefore more efficient), and perhaps more realistic and more focusedegent invasion
events, our risk screening was confined to alien plant species omath&o distantorizon.The

t ST

LIFE DUNIASoject did not have the capacity to run climate matching algorittm® ¥ @ 5 QK2 y R

et al. 2022 for Union List species in Flandesimg occurrence cubes using Oldoni et al. 2020a,
2020b, 2022a, 2022bvanderhoeven et al. 20)7to perform detailed species distribution
models(e.g.https://trias-project.qgithub.io/riskmaps/, or the procedure followed in EU pest risk
assessments for the EU Regulati@hapman et al. 20)9r to provide experts with a systematic
literature review to asist in scoring. These could however considerably improve future
exercises.

There are however many areas in the world withastal grasslands, salt marshes and sand
dunes both in the Northern and Southern hemisphere (évtartinezet al. 2004).Therefore,
there might very well be species on the horizon that currently have no occurrences at all in the

European Atlantic coastal region. These can be considé@dNHzS Q K 2 NRA.lOgeysuch Ol y

example is theAsiatic sand sedg@&arex kobomui a sedge spres fromsandy coastal areas
of eastern Asiavhich has become an invasive speciesimilar habitats irthe north-eastern
United Statesand other parts of the world after being planted fstabilising sand dungCABI
compendium, Kim 2005).

Also, we note that GBIF data are subject to publication biases (e.g. Groom et al. 2015), with some

countries pushing more datasets to GBIF and differences in publication frequency between
countries. Lastly, the GRIIS checklist of the different countreeb@terogenous in the way they
are composed and (if at all) maintained and updated (Reyserhove et al. 2020).

Finally the risk screening we performed is sensitive to the amount of experts and the expertise
that could be mobilized within the framework ofiesingletwo-day workshop with preliminary,
non-remunerated work for experts to screen the long(idhnex 2)At the DUNIAS workshop, in
particular, representation from France, Denmark, Germany and the Mediterranean was rather
poor.

2.6 MANAGEMENTHASIBILYT

A second part of the workshop was devoted to a qualitative management prioritization exercise.
To structure thisfirst, a number of management case studies were presented on various species
(Annex 1). After that, guidance was provided on assessment of management feasibility and a
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survey was filled by the workshop participants to grasp their opinions on the feasibilit
management of a number of high profile IAS.

To broadly assess management feasibility, we used an adapted version of the framework of Booy
et al. (2017, 2020) that is used for assessing eradication feasibility using expert judgement. This
methodologyused the criteria effectiveness, practicality, cost, acceptability;taoget impacts,
window of opportunity and likelihood of reintroduction for judging on an overall feasibility of an
eradication strategy which should be clearly defined before suchceseeis undertaken. Such a
thorough assessment (cf. Adriaens et al. 2019), with predefined invasion scenarios and
eradication strategies was impossible within the framework of a-tl&g event and without

prior knowledge on the exact list of species thatulbcome out of the prioritization. Also,
proper expert elicitation would try to grasp the evidence base used by the experts, would rule
out linguistic uncertainty by providing guidance and would assess uncertainty on the opinions
by asking assessors fdreir confidence on statements and/or the quality of evidence. All of this
was not part of the workshop.

Nonetheless, @ structure the survey and to allow comparison of feasibility across the different

species, participants had to answer the same questbiNg S @ S NEBI believ@SetalliGtiny d

the species from the Atlantic coastal area is feasibe b 23S GKF G F2NJ GKAa |
participants were asked to consider the specific protected habitats within the delimitation of

the Atlantic coastal area osidered for the exercise. Participants could choose only a single

option out of the following categories of answehsat were inspired by most of the criteria of

Booy et al(2017) except for practicality

1 I honestly have no clue

1 VYes, totally, this shoulde the goal

1 No, I think there are no effective methods available (effectiveness)

T No, I think this would be too costly (cost)

1 No, I think this would face disapproval or resistance from individuals, groups or sectors
(acceptability)

1 No, I think management @uld do more harm than good (nearget impact of
management)

1 No, the species is already too widespread, it is already too late (~ window of
opportunity)

1 No, I think there would be instant recolonisation from other infected areas (likelihood
of reinvasion)

To increase the chances of getting clear pattesissa basis for discussiomspondents were

askedtoK Al SAGKSNI 6KS R2y Qi 1y263 & SdlywthNlthg2 06AGK
ay2¢ OlFGS3I2NRBOP® ¢ KS NI A dz dissugsibn anldg lpatigipadtsSoNBE  dza S R
management feasibility for some of the IAS under consideration.
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3 RESULTS

In this part,we willfirst elaborate on the results from thghortlist, i.e. the listof species with
risk scoresassignedat the workshop(see2.4.3. Fordetailsregarding the steps that preceded
this selection (i.e. the longlist and the workshop ligd refer to the methodologySecond, we
will present the esults from themanagement feasibility as assessedt the workshop(see
2.4.4.

3.1 SRECIES OF.CONCERN

During the workshop, ten species were added towwekshop lis{whichwas used athe initial
input for the scoring assessment and counted 344 spesies above) On the other handa
total of 113speciesvere not taken further for scoring, because (1) theyd not been attributed
to any of the coastdiabitats prior to the workshopnor on the workshop itself; or (2) they were
agreed on tdbe native to Europe, thus falling out of scogs a result, the shortlist with actual
risk scores was ended 241 plant taxa

An overview of the scores (the produaftthe scores for introduction, establishment, spread and
impact, range: 625) for these 241 plant taxa is providedAnnex3.

Subsequently, some reconsiderations were takentmnshortlist on whichaxacould better be
lumpedfor further analysige.g. a subspecies with its species).Agapanthus praecox orientalis
with A. praecoxclosely related species of species complexeg,Casuarina cunninghamiana
together with C. equisetifoliafunctionally similar species of the same geneg.Cotonaster
spp. of lowgrowing habi}. After having done so, the shortlist was narrowed down to 181
functional taxa.

3.1.1 Highrisk species: overall

Looking only at the overall score across the habitat groups (i.e. considering the maximum score
of the three groups)twelve species were attributed the maximum score of GRabled).

Tabled. Top ranking species for overall ecological impact across albthitahgroups based on the
maximum of scores across habitat groups.

# TaxonName max(score)
1 Ailanthus altissima 625
2 Baccharis halimifolia 625
3 Berberis aquifolium 625
4 Campylopus introflexus 625
5 Carpobrotus edulis 625
6 Crassula helmsii 625
7 Heracleum mantegazzianum 625
8 Paspalum vaginatum 625
9 Prunus serotina 625
10 Rosarugosa 625
11 Rubus armeniacus 625
12 Solidago alt./can./gig. 625
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Under the rationale of horizon scanninij,is of a generalinterest to consider the highisk
species that currentlgnly occurto a limited extent in the Atlantic coastal regiofp look at this,

we positionedthe 181 taxa according tilveir scores and the number of occupied grid cahisl
considered the median of the scores and the occupambysgroupsthe species of intereghigh
potential ecological impact, relatively rare in the Atlantic coastal aire#f)e upper left corner
(Figureb). In order to isolate this subset of speciase use the median ahe occupancy to
separate the more widespread species from the more rare species, and subsequently use the
medianof the scores within the lattegroup to separate the more riglspecies from the less

risky speciesThe median of the scores is calculated only for therrhedf ofspecies (not athe
species), since the widespread species tend to pull the median of scores upwards. This is because
the likelihood of introduction is part of the risk score, and this likelihood is, by definition, high
for such widespread species.
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Figure6. The score (across habitat groups) and the number of occupied gridTdetlverticagreen line
is the median of the occupancies. The horizontal green line is the median of the scores, for those species
that fall below the occupancy median.

Thisresults in a set of 44 species, givemable 5These correspond to the purple points in
Figure 6
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Tableb. Top ranking species for overall ecological impact across all the habitat groups for the contingent
of species that are not too widespread in the Atlantac coastal ateahbrizon scan species).

# TaxonName # TaxonName

1 Acaena anserinifolia/ovalifolia 23 Ligustrum japonicum

2 Acaena caesiiglauca 24 Ligustrum lucidum

3 Acaena novagelandiae 25 Lindernia dubia

4 Aloe arborescens 26 Lonicera maackii

5 Alternanthera philoxeroides 27 Ludwigia peploides

6 Alternanthera sessilis 28 Mesembryanthemum cordifolium
7 Amelanchier spicata 29 Myriophyllum heterophyllum
8 Araujia sericifera 30 Opuntia ficusndica

9 Aroniamelanocarpa/prunifolia 31 Opuntia stricta

10 Arundo donax 32 Oxalis pesaprae

11 Asclepias syriaca 33 Paspalum vaginatum

12 Atriplex micrantha 34 Populus balsamifera trichocarpa
13 Berberis julianae 35 Populus jackii

14 Conyza bilbaoana 36 Reynoutria bohemica

15 Delairea odorata 37 Schinus molle

16 Disphyma crassifolium 38 Schinus terebinthifolia

17 Equisetum hyemale affine 39 Solanum spp. (5 spp.)

18 Gaillardia pulchella 40 Spartina patens

19 Galillardia x grandiflora 41 Spiranthes cernua x odorata
20 Gaultheria mucronata/procumbens 42 Tetragonia tetragonioides
21 Hydrocotyle bonariensis 43 Vaccinium corymbosum

22 Ipomoea indica 44 Vaccinium macrocarpum

When looking at the distribution of species acressceptibleK | 6 A G | G a =
G &4 K NXz0 0 & € potenhtially invasiveipecies Figire?)dititive s, Salty
habitats are naturally more resistant to invasions. They represent a relatively specialized habitat

YR GKS

S asSs

(and mostlyrequire species to exhibit a degree of salt tolerancadaptation to a very dynamic
system such as mudflats oriflines) and therefore have a lower number of species.
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Figure7. The number o$pecies marked for each of the habitats.

Baccharis halimifoligCarpobrotus edulj$tesembryanthemum cordifoliurMiscanthus sinensis
andRosarugosawere considered relevant and assessed in all three habitat groups

“zalties” “candies”

“shrubbies”

Figure8. The distribution of the 1Bscored taxa, according to the three habitat groups.

There was particular overldp species Y2y 3 (G KS & al y Rabigatgloyp ®iguiied K NHzo 6 & ¢
8). Toa large extenthese representedvoody species that find habitat in closed vegetations,

but may establislin open vegetationConsistently, & this contributes to scrub encroachment,

which is regarded as a threat to grassldik@ habitats the scoresfor these specietended to

be slightly highemi KS & & | Y Riguge9).3 N2 dzLJ 6
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Figure9. The scores of the 76 species shared amongitiel y R &sbrubbyy RKIGo A G G IANB dzLJA & ¢ F
line is the equality line (compare the density of points abgve and below this line). The purple line is a
linear regression, with the grey zone showing the standard error.
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3.1.2 Highrisk species: salty habitats

Twenthyeight speciegout of the 181 )were attributed scores pertaining to one or more of the
aal f bits (coddsl110 1130 1140 1210 1230 1310 1320 1330, their overall scores
ranging from 6 to 625.

Are-iteration ofthe above analyist (2 A&az2f | (0S¢ 0 KEISAONS KB 6 6zdH IS NR & § T
the occupancyscore graph), results mset of ninepriority speciegFigurel0, Table6).
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Figurel0. The score{ 2 NJ (i K S ¢ and theindiraber ®faBcdplell grid cells. The vertical green line
is the median of the occupancies. The horizontal green line is the mefitae scores, for those species
that fall below the occupancy median.

Table6. Top ranking alien speciesg#lty habitatsin terms of their potential ecological impacts with a
less than median distribution area in the Atlantic coastal area.

TaxonName

Aloe arborescens

Alternanthera philoxeroides
Alternanthera sessilis

Atriplex micrantha
Hydrocotyleébonariensis
Mesembryanthemum cordifolium
Opuntia ficusndica

Opuntia stricta

Paspalum vaginatum
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3.1.3 Highrisk species: sandy habitats

C2NJ GKS

G a [(2¥1R 8120 2630 21X 21402150 2190, 146 species (out of 181)

were giverrisk scores. Their overall scores ranged from 4 to BRbty-six specie¢Table7) fall
within the upper left quarter of the occupanacore Figurell).
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occupanciesthe horizontal line the median tfie scores for species below the occupancy median.

Table7. Top ranking alien species sdindyhabitatsin terms of their potential ecological impacts with a

less than median distribution area in the Atlantic coastal area.

# TaxonNane # TaxonName

1 Acacia melanoxylon 19 Ligustrum japonicum

2 Acaena anserinifolia/ovalifolia 20 Ligustrum lucidum

3 Acaena novagelandiae 21 Lindernia dubia

4 Aloe arborescens 22 Ludwigia peploides

5 Amelanchier spicata 23 Mesembryanthemum cordifolium
6 Araujia sericifera 24 Myriophyllum heterophyllum

7 Aronia melanocarpa/prunifolia 25 Opuntia ficusndica

8 Asclepias syriaca 26 Opuntia stricta

9 Berberis julianae 27 Oxalis peaprae

10 Conyza bilbacana 28 Populus balsamifera trichocarpa
11 Disphyma crassifolium 29 Populus jackii

12 Equisetum hyemale affine 30 Reynoutria bohemica

13 Gaillardia pulchella 31 Schinus molle

14 Gaillardia x grandiflora 32 Schinus terebinthifolia

15 Gaultheriamucronata/procumbens 33 Spiranthes cernua x odorata

16 Hydrocotyle bonariensis 34 Tetragonia tetragonioides

17 Ipomoea indica 35 Vaccinium corymbosum

18 Ipomoea purpurea 36 Vaccinium macrocarpum
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3.1.4 Highrisk species: shrubby habitats
[ FaAdt e ¥F2N (K(@odes21a0 M1 2 80)¢104Kspedids ivérdigiven scores (out

of 181). Their scores ranged from 4 to 625

Twentythree high rankingspecieqTable8) were relatively rare in terms of their occupancy in

the Atlantic coastal regiorF{gue 12).

e o
600 +

o o o ® ° °
»
D 400 A ®e9 oo o
E e o o [}
<
) o ® ™
- @0 o o °
2 °
o (Y o ® o  © ° °
o [
o) 200 A * P >

™ °
£9~ 5 s ¢ ~
™
. ‘. ) o .J o
° ®
AR
0- ® °
0 500 1000 1500

Number of occupied grid cells

Ky R

GKS ydzyoSNJ 27

Figue12d ¢ K S

& O hiibbyd T2 MB dilKS

200dzLIA SR

line is the median of the occupancies. The horizontal green line is the median of the scores, for those
species that fall below #hoccupancy median.

Table8. Top ranking alien speciesgfrubby habitatsin terms of their potential ecological impacts with

a less than median distribution area in the Atlantic coastal area.

# TaxonName # TaxonName

1 Acaena anserinifolia/ovalifolia 13 Lonicera maackii

2 Acaena caesiiglauca 14 Melia azedarach

3 Acaena novagelandiae 15 Mesembryanthemum cordifolium
4 Amelanchier spicata 16 Populus balsamifera trichocarpa
5 Aroniamelanocarpa/prunifolia 17 Reynoutria bohemica

6 Asclepias syriaca 18 Ribes aureum

7 Berberis julianae 19 Schinus molle

8 Delairea odorata 20 Schinus terebinthifolia

9 Equisetum hyemale affine 21 Symphoricarpos orbiculatus

10 Gaultheriamucronata/procumbens 22 Vaccinium corymbosum

11 Ipomoea indica 23 Vaccinium macrocarpum

12 Ipomoea purpurea
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3.1.5 Horizon scan species

Combining the distribution data and the potential ecological impact score from the risk
screening workshop, we can identify the species that do not occur in the Atlantic coastal region
of some of the individuatountries but represent a more than medianoémgical risK Table9).

This list can have applications in multiple domains

1 They are candidates for hapteventive actionthrough legislative action (e.g. bans on
sale and planting) or soft preventative action (e.g. codes of conduct with the
horticultural sector awareness raising campaigns with garden owners

1 They can be included iearly warning systemssuch as the alien species portal
www.waarnemingen.be/exoterdirected towardscitizen scientists andhaturalists in
Belgium which currently highlights a thematic list dfi1 plant invaders deemed
relevant to the DUNIAS projecthis way, naturalists are made more aware of these
potential problem species, can get acquainted with their identification and impact, and
are stimulated to rapidly report those species if they atveethem;

1 They could be the subject dedicated surveillancelans;

1 They represenprime targets for rapid eradicatioractions should they establish in
protected coastal dune areas.

Pictured. Riri-piri bur (Acaenanovaezelandiag, of concern incoastal sand dunes the UK and Ireland
and a true horizon scan species for the European mainland. It forms dense mats aadvistk be
spreadinghrough the movement of people and animals along footpaths and from cdsai-E RAPID
2018)
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Table9. Alien species that do not occur with more than one 16kmthe Atlantic coastal region of the different countries but represent a more than median
ecological riski.e. which have a maximum overall impact score (across the three habitat groups) > 192.

Country |Horizon scanecies

Carpobrotus edulis, Mesembryanthemum cordifolium, Tetragonia tetragonioides, Alternanthera philoxeroides, AltersasgiksaSchinus
molle, Schinus terebinthifolia, Hydrocotyle bonariensis, Araujia sericifera, Yucca aloifolia, Yucca filamentosa, Aloere;iDedsirea
odorata, Solidago altissima, Berberis darwinii, Opuntia fiodia, Opuntia stricta, Lonicera ekii, Tradescantia fluminensis, I[pomoea
indica, Gaultheria shallon, Vaccinium macrocarpum, Acacia dealbata, Acacia longifolia, Acacia saligna, Lupinus arbozeausinGonia,
Crocosmia crocosmiiflora, Ligustrum lucidum, Spiranthes cernua x odoxales gescaprae, Pinus contorta, Paspalum vaginatum, Sparti
alterniflora, Spartina patens, Acaena anserinifolia, Acaena caesiiglauca, Acaenazetaradiae, Acaena ovalifolia, Aronia melanocarpa,
Aronia prunifolia, Cotoneaster frigidus, Cotoneasteggnifolius, Cotoneaster microphyllus, Cotoneaster nitens, Cotoneaster pannosus,
Cotoneaster watereri

Lophocolea semiteres, Mesembryanthemum cordifolium, Tetragonia tetragonioides, Alternanthera philoxeroides, Alternasthgra ses
Atriplex micrantha, Schinus molle, Schinus terebinthifolia, Hydrocotyle bonariensis, Araujia sericifera, Yucca aloddilamémntosa, Yucc
flaccida, Yucca gloriosa, Aloe arborescens, Ambrosia artemisiifolia, Arctotheca calendula, Baccharikshaioifia coronopifolia,
Gaillardia pulchella, Gaillardia x grandiflora, Solidago altissima, Solidago gigantea, Berberis aquifolium, BerberisBelibeas thunbergii,
Opuntia ficudndica, Opuntia stricta, Lonicera japonica, Lonicera maackii, $cadéa fluminensis, Ipomoea indica, Elaeagnus angustifoli
Ireland Equisetum hyemale affine, Vaccinium macrocarpum, Acacia dealbata, Acacia longifolia, Acacia saligna, Lindernia dubiéap&tmyitata,
Ligustrum lucidum, Ludwigia peploides, Spiranthes eexnadorata, Oxalis pesaprae, Phytolacca americana, Paspalum vaginatum, Spa
alterniflora, Spartina patens, Spartina x townsendii, Reynoutria bohemica, Acaena anserinifolia, Acaena caesiiglaucajekrzatarckii,
Aronia melanocarpa, Aronia prdioiia, Cotoneaster dielsianus, Cotoneaster divaricatus, Cotoneaster frigidus, Cotoneaster hjelmqvistii
Cotoneaster microphyllus, Cotoneaster nitens, Cotoneaster pannosus, Cotoneaster suecicus, Cotoneaster watereri, Rraneseroti
multiflora, Rubusarmeniacus, Populus balsamifera, Populus balsamifera trichocarpa, Populus jackii, Acer negundo, Ailanthus altissir
Lophocolea semiteres, Alternanthera philoxeroides, Alternanthera sessilis, Schinus molle, Schinus terelbiytiriéoiidyle bonariensis,
Yucca flaccida, Solidago altissima, Berberis darwinii, Berberis julianae, Berberis thunbergii, Opuntia stricta, Lonkieraquestum
hyemale affine, Vaccinium macrocarpum, Acacia longifolia, Acacia saligna, Spiranthesxoediovata, Pinus contorta, Spartina patens,
France |Acaena anserinifolia, Acaena caesiiglauca, Acaena noeiamdiae, Acaena ovalifolia, Amelanchier lamarckii, Aronia melanocarpa, Aror
prunifolia, Cotoneaster bullatus, Cotoneaster dielsianus, Cotoneasteicdiva;, Cotoneaster frigidus, Cotoneaster hjelmqvistii, Cotoneas
integrifolius, Cotoneaster microphyllus, Cotoneaster nitens, Cotoneaster pannosus, Cotoneaster suecicus, Cotoneast®ubatereri
armeniacus, Populus balsamifera trichocarpa, Popultlsija

Belgium
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Netherlands

Mesembryanthemum cordifolium, Alternanthera philoxeroides, Alternanthera sessilis, Atriplex micrantha, Schinus molle, Schinus
terebinthifolia, Hydrocotyle bonariensis, Araujia sericifera, Yucca aloifolia, Yucca filamentosapstescens, Arctotheca calendula,
Gaillardia x grandiflora, Solidago altissima, Berberis darwinii, Opuntiaifidicsa, Opuntia stricta, Ipomoea indica, Acacia dealbata, Acac
longifolia, Acacia saligna, Lupinus arboreus, Ligustrum lucidum, Spiraetines & odorata, Paspalum vaginatum, Spartina alterniflora,
Spartina patens, Acaena anserinifolia, Acaena caesiiglauca, Acaenazedaadiae, Acaena ovalifolia, Cotoneaster frigidus, Cotoneastel
integrifolius, Cotoneaster microphyllus, Cotoneaster njt@uoneaster pannosus, Cotoneaster suecicus, Cotoneaster watereri, Populu

Spain

Lophocolea semiteres, Alternanthera philoxeroides, Alternanthera sessilis, Atriplex micrantha, Schinus terebinthiftdiamHerac
mantegazzianum, Yucddamentosa, Yucca flaccida, Gaillardia x grandiflora, Solidago altissima, Impatiens glandulifera, Berberis darv
Berberis julianae, Berberis thunbergii, Opuntia stricta, Lonicera maackii, Lonicera nitida, Crassula helmsii, Equisetamaffiyema
Gaultheria shallon, Vaccinium macrocarpum, Lupinus arboreus, Gunnera tinctoria, Elodea nuttallii, Claytonia perfoliata, ¢xashelifiora,
Ludwigia peploides, Spiranthes cernua x odorata, Pinus contorta, Spartina alterniflora, Spartina anglica, Spansn&partina x
townsendii, Fallopia sachalinensis, Koenigia polystachya, Reynoutria bohemica, Acaena anserinifolia, Acaena caesigtaucay®ea
zelandiae, Acaena ovalifolia, Amelanchier lamarckii, Aronia melanocarpa, Aronia prunifolia, Cotdndesdtes, Cotoneaster dielsianus,
Cotoneaster divaricatus, Cotoneaster frigidus, Cotoneaster hjelmqvistii, Cotoneaster integrifolius, Cotoneaster micGuibyhaster
nitens, Cotoneaster simonsii, Cotoneaster suecicus, Cotoneaster watereri, Rift@aniRbsa rugosa, Rubus armeniacus, Populus
balsamifera, Populus balsamifera trichocarpa, Populus jackii

United
Kingdom

Alternanthera philoxeroides, Alternanthera sessilis, Atriplex micrantha, Schinus molle, Schinus terebiHydiolétyle bonariensis, Arauj
sericifera, Yucca aloifolia, Yucca filamentosa, Yucca flaccida, Aloe arborescens, Solidago altissima, Opuadieafisuntia stricta,
Lonicera maackii, Ipomoea indica, Equisetum hyemale affine, Acacia longifotigg #alggna, Lindernia dubia, Ludwigia peploides, Spirar
cernua x odorata, Paspalum vaginatum, Spartina patens, Spartina x townsendii, Acaena caesiiglauca, Aronia prunifolibaBamifasa
trichocarpa
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Denmark

Lophocolea semitere€arpobrotus edulis, Mesembryanthemum cordifolium, Tetragonia tetragonioides, Alternanthera philoxeroides,
Alternanthera sessilis, Atriplex micrantha, Schinus molle, Schinus terebinthifolia, Hydrocotyle bonariensis, Araujia ¥eiciealoifolia,
Yuca filamentosa, Yucca flaccida, Yucca gloriosa, Aloe arborescens, Arctotheca calendula, Baccharis halimifolia, Delairéaaithdia
pulchella, Gaillardia x grandiflora, Solidago altissima, Berberis darwinii, Berberis julianae, Opuntmliteay®puntia stricta, Lonicera
japonica, Lonicera maackii, Lonicera nitida, Tradescantia fluminensis, Ipomoea indica, Crassula helmsii, Elaeagnuis aBguistéaim
hyemale affine, Gaultheria shallon, Vaccinium macrocarpum, Acacia dealbata, Acaciailgnifatia saligna, Lupinus arboreus, Gunner;
tinctoria, Myriophyllum aquaticum, Crocosmia crocosmiiflora, Lindernia dubia, Ligustrum lucidum, Ligustrum ovalifoliugmi Ludwi
grandiflora, Ludwigia peploides, Spiranthes cernua x odorata, Oxalsapese ,Phytolacca americana, Paspalum vaginatum, Spartina
patens, Fallopia sachalinensis, Koenigia polystachya, Acaena anserinifolia, Acaena caesiiglauca, Acazemndizee Acaena ovalifolia,
Aronia prunifolia, Cotoneaster dielsianus, Cotoneaster franckitoneaster frigidus, Cotoneaster integrifolius, Cotoneaster microphyllu
Cotoneaster nitens, Cotoneaster pannosus, Cotoneaster simonsii, Cotoneaster watereri, Populus balsamifera trichochrsaalfigaimha

Germany

Lophocolea semitere€arpobrotus edulis, Mesembryanthemum cordifolium, Tetragonia tetragonioides, Alternanthera philoxeroides,
Alternanthera sessilis, Atriplex micrantha, Schinus molle, Schinus terebinthifolia, Hydrocotyle bonariensis, Araujia ¥eicdealoifolia,
Yuca filamentosa, Yucca flaccida, Yucca gloriosa, Aloe arborescens, Arctotheca calendula, Baccharis halimifolia, Delairdaadlthochia X
grandiflora, Solidago altissima, Berberis darwinii, Opuntia fiedica, Opuntia stricta, Lonicera maackii, Loraaatida, Tradescantia
fluminensis, Ipomoea indica, Equisetum hyemale affine, Gaultheria shallon, Vaccinium macrocarpum, Acacia dealbatagfobaja lon
Acacia saligna, Lupinus arboreus, Gunnera tinctoria, Myriophyllum aquaticum, Crocosmia crocashiiifiernia dubia, Ligustrum lucidun
Ludwigia grandiflora, Ludwigia peploides, Spiranthes cernua x odorata, Oxatiggras, Pinus contorta, Paspalum vaginatum, Spartina
alterniflora, Spartina patens, Spartina x townsendii, Fallopia sachalinensisigi€opolystachya, Acaena anserinifolia, Acaena caesiiglaug
Acaena novagelandiae, Acaena ovalifolia, Aronia melanocarpa, Aronia prunifolia, Cotoneaster dielsianus, Cotoneaster divaricatus,
Cotoneaster frigidus, Cotoneaster hjelmqvistii, Cotoneastegiiifolius, Cotoneaster microphyllus, Cotoneaster nitens, Cotoneaster pani
Cotoneaster simonsii, Cotoneaster suecicus, Cotoneaster watereri, Populus balsamifera trichocarpa, Populus jackii
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Portugal

Campylopus introflexus, Lophocoksaniteres, Mesembryanthemum cordifolium, Tetragonia tetragonioides, Alternanthera philoxeroide
Alternanthera sessilis, Atriplex micrantha, Schinus terebinthifolia, Heracleum mantegazzianum, Yucca aloifolia, Yudoadil&dfueca
flaccida, Baccharis tienifolia, Gaillardia pulchella, Gaillardia x grandiflora, Solidago altissima, Solidago canadensis, Solidago gigante
Impatiens glandulifera, Berberis aquifolium, Berberis darwinii, Berberis julianae, Berberis thunbergii, Opuntia stieta, inaaickii
Lonicera nitida, Cornus sericea, Crassula helmsii, Elaeagnus angustifolia, Equisetum hyemale affine, Gaultheria stmallon, Vacc
macrocarpum, Acacia saligna, Lupinus arboreus, Ribes sanguineum, Gunnera tinctoria, Elodea nuttallii, Lindernia wuiéap&fajiata,
Ligustrum lucidum, Ligustrum ovalifolium, Ludwigia grandiflora, Ludwigia peploides, Spiranthes cernua x odorata, Prtsa, dtiches
contorta, Paspalum vaginatum, Spartina alterniflora, Spartina anglica, Spartina patens, Spartvresgndii, Fallopia sachalinensis, Koeni
polystachya, Reynoutria bohemica, Acaena anserinifolia, Acaena caesiiglauca, Acaerzetawdiae, Acaena ovalifolia, Amelanchier
lamarckii, Aronia melanocarpa, Aronia prunifolia, Cotoneaster bullatus, Cotenehslsianus, Cotoneaster divaricatus, Cotoneaster
franchetii, Cotoneaster frigidus, Cotoneaster hjelmqvistii, Cotoneaster horizontalis, Cotoneaster integrifolius, Cotoreapteyllus,
Cotoneaster nitens, Cotoneaster pannosus, Cotoneaster simanshge@ster suecicus, Cotoneaster watereri, Prunus serotina, Rosa
multiflora, Rosa rugosa, Rubus armeniacus, Populus balsamifera, Populus balsamifera trichocarpa, Populus jackii, Lyaimm barba
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3.2 MANAGEMENT FEASIBILITY

For a number of established IAS (eAjlanthus altissimaBaccharishalimifolia, Berberis
thunbergii Cotoneaster spp.participants appeared surprisingly positive about the prospects of
eradication fromprotected areas withinthe Atlantic coastal regianSpecies such as tree of
heaven A. altissimg, although very common along infrastructure, roadside and other habitats,
are deemed feasible to eradicate from protected areas. This might indicate that eradication from
certain areas where hashigh impact, is feasible despite the general impression that the species
is everywhere on a territory and therefore totally unmanageable.

On the other end of the spectrum are species such as Australian swamp ston€cegsula
helmsi), where most partipants deem(complete eradication too costly and not feasible
anymore (too late) Kigure13, Annex4). Indeed, the costs of effective eradication can be
considerablealthough succesful removal has been achieved (van der Loop 28fjar
patterns are observed faCarpobrotusradication, yet for this species the overall feasibility was
scored much higher by at least ten responde@karly, the potential for instamecolonisation
was seen as a hindrance to effective eradication.

Yes, totally |

No, would lead to disapproval -
No, too costly

No, no effective methods -

No, more harm than good A

No, instant recolonisation -

No, already too late

| have no clue -

T T

20 30

Figurel3. Feasibility assessment for eradication (criteria on Y axis, number of respondents on X axis) of
Crassula helmsii

For a number of species, clearly, theare outstanding questions from experts as to the
feasibility of eradication from the Atlantic coastal area.-Bir burr (Acaena novaeelandiag,
Japanese barberryB. thunbergi), heath star mossQampylopus introflexjis montbretia
(Crocosmia crocosmiiflor&igurel5), the horsetailEquisetum hyemale affinevater primrose
(Ludwigia grandiflory tree lupin Lupinus arboreysand giant/tall goldarod (Solidago
gigantedaltissimay KIF R &G €SFad GSy NBaLRyRSyda AyRAOI
whether they could effectively be eradicated from protected areas in the Atlantic @neaex

4). For some species this is most probably reminisceni¢ lack of knowledge and experience

on management. For other species is it surprising. For instanagandiflorais a well known
aquatic invasive plant of the Unidist which is under management since very long, therefore
management methods shouldebquite well known. Despite this, perhaps there are still
questions on how to effectively eradicate it. Long established invaders like heath star moss,
which can impact moss dunes, probably have not been under systematic management yet.
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Yes, totally 4

No, would lead to disapproval -
No, too costly

No, no effective methods -

No, more harm than good -

No, instant recolonisation A

No, already too late -

| have no clue A
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— k- T T

0 10 20 30

Figureld. Feasibility assessment for eradication (criteria on Y axis, number of respondents on X axis) of
Spartina anglicaand xample of a species with clear knowledge gaps.

For Spartina anglicqdFigure14) and heath star mos<C( introflexu} clearly respondents were
aware of nontarget effects of managemenffinex4). Indeed Spartina anglicés an ecosystem
engineer in tidal mudflats witloot systems binding mud and steptherebyincreasing silt
deposition Campylopus introflexuerms extensive, dense mats on moss dunes and therefore
removal could have netarget impact on typical native mossesinvertebrates

Yes, totally 4 o
No, would lead to disapproval - 1
No, too costly - 1

No, no effective methods 4 | 0
No, more harm than good A
No, instant recolonisation -

No, already too late4{ | 0

I have no clue | [ 0

0 10 20 30

Figurel5. Feasibility assessment for eradication (criteria on Y axis, number of respondents on X axis) of
Crocosmia crocosmiiflorand xample of a species with clear knowledge gaps.

ForA. novaezelandiaethe consensus was that every effort should be made to prevent it from
reaching the European mainland. The species is subject to debate Wkihg to the feasibility

of its eradicationEradication ofeastern bacchariB( halimifolia) was deemed quitedasible by
workshop participants but this could be the result of overrepresented northern European
experts as the species is very widespread in certain areasuthernFrance and Spain. For
Cotoneastesspecies, which are effectively widespread, the sjiga from the group wasra
eradication approach tailored to specific areas where removal could be achieved with low
prospect of recolonisation from gardens. Participants indicated this argument was valid for
many other species. Newbies like teiccaspedes, although sometimes surprisingly hard to
remove, were deemed very feasible gradicate One important element brought in the
discussion was that the coastal area offers unique opportunities to justifying management. The
removal ofnarrow-leaved ragwar (Senecio inaequidepdypically a larbowintensivemanual
interventionin moss dunes, can for instance be justiftedsideringhe species has been shown

to enhancethe growth of marram grasfCalamagrostisarenarig after it dies off, nutrients
homogenize and enrich the sand. This process stabilizes dunes and lowers sediment transport
which accelerates natural succession. This could eventually hadymer growth and further
reduce dune heightwhichcompromise coastl protection(Van De Wallet al. 2022)

A general comment was that invasive species removal in itself should be viewed within the
context of ecosystem restoration of the entire coastal dune system.
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4 |ASIN CONSERVATION STAABSESSMENTS

The HabitatsDirectiveaimsto maintain and restog habitats @nnex } and speciesf community
interest (Annexes Il, IV and Y in a favourable conservation status\s Member Statesare
requiredto report every six yearsn the progress madamonitoring and reporting focuseson
capturing the status and trends of these habitat types and spgéieicle 17) For habitats
status and trend information is requirezh the range, area, and habitat qualiiyhe occurrence
and/or abundance ofnivasive alien species one of the pressures that this habitat quality
monitoring is focusing on. In this chapter, we explore the criteria with respect to IAS and the
results of that monitoringWe confront this with the actual situation in the field and provide
recommendatims for an optimized monitoring strategy with respect to I#Sed on the risk
screening at the workshop

4.1 CURRENT DEALING WASIN. THE MONITORING.FOR ART

In Flanders (Belgium) the information nedds reporting on conservation statuse met using
two monitoring strategies: (Ihabitat mapping to assess the range and area of habiteid (2)
a regional monitoring network to assess the quality of habitdtegtra et al. 2014, Westra et al.
2023. Theactualmonitoring network consists of aund 150 randomly selected sampling points
per habitat Theseare revisited once every six yeaFarBelgiancoastal habitats this results in
around 1000 sampling pointper cycle. The monitoringconsists ® performing a classic
vegetation relevé (9m?) ahestimating a humber of habitatpecificquality indicators such as
structural composition, disturbances, tree encroachmanid/or the occurence of(invasive)
alien specie®n a larger scale (1000m®$rare or very dynamic habitéypesin Flanderdqe.g.
2150Atlantic decalcified fixed dunesr 2110-Embryonic shifting dunésare monitored over
their entire surfacearea

Evaluationin terms of good or bad conservation statissbased on matrices with a set of
indicators andaccompanyingthreshold valuesfor each habitat (Oosterlynck et al. 2020).
Indicators can be grouped infour categories:

9 typical species composition (positive indicator species),
1 disturbances (negative indicator species),

9 habitatstructures

9 spatial configuration (abitat size and fragmentation).

Occurrence and abundance of IASdluded as aisturbancesndicatorin the large majority of

evalution matricegTable10.). The presence ofAS is considered relevant for all except two

habitats2 ¥ (G KS dal yReé¢ SO2aSNRARS& 0H MO habitatsoftthen =  H M dn
GrENHzo 6 @ ¢ S O2 &S KRG and only mnbabat2HFm TU/KS G al f G 8The SO2 a SNA
initial selection of IA% based on thdnvasive Species Ecological Impact Assessmawailable

through the Harmonia database of the Belgian Forum on Invasive Species
(https://ias.biodiversty.be/). All category A specieslefined as having a high impact and a hon

isolated distributionin Belgiumwere listed Branquart 2007 Vanderhoeven et al. 2015

At the time of publication these criteria applied 30 vascular plant§rable10.). The evalation
matrices stressthat these lists of IAS shouldbe treated as norexhaustive and should
accordingly be complemented with new (local) introductions of IAS posing an actual or future

s i

doi.org/10.21436/inbor.86703335 Pages0of 201



threat. The standard threshokfor abundanceof IAS for a habitat patch to be in good condition
is that they areaabsent.In a number of case®.g. Berberisaquifolium Prunus serotinand
Ailanthus altissiman scrub dune habitats, a less stribtéshold isappliedfor pragmatic reasons
as the prospectsf total eradicationare low This also goes for tHeeath star mos€ampylopus
introflexusin more opendecalcifiedcoastal dunénabitats.

In some cases,am-invasive alien species are also considered when evaluating the condition of
dune habitats(Table10). These species often thrive there amdncausesignificant structural
damageto the habitat despite them not spreading considerably is clear thatfor many
habitats, many of the here idetified relevant alien species (se8.1) are notyet taken into
account in the current criteria for conservation status assessmerttisevenincludedspecies

of Unionconcern of the EU IAS Réagtion such aBaccharis halimifolia

Table10. Overview of thecriteriafor assessing the conservation status of NATURAZO8S6tal
dune habitats in Flandenlating to invasivealien speciegIAS) and other (noronsidered
invasive) alien species (OA®rsion 3 (Oosterlynck et al. 20).

Habitat IAS OAS Tresholds
2110 none listed none listed
2120 none listed Corispermum <= 10% cover OAS

leptopterum Senecio
inaequidens Conyza

canadensis
2130 _hd Rosarugosa X Conyza canadensi{ IAS: absent
Galillardia xi OAS: <= 10% cover
grandiflora, Iberis
umbellata
Oenotheraspp.,
2130 had { Rosarugosa X none listed absent
2150 Rosa rugosa  Campylopus none listed C. introflexus <= 10%]
introflexus. X cover
R. rugosaabsent
2160, 2170 Berberis  aquifolium, Prunus Symphoricarpos IAS: At most occasion:
serotina, Cotoneaster spp, | albus, Ribes alpinuni OAS: <= 10% cover
Ailanthus altissima X Ribes odoratum

Ribes sanguineumn
Ribes spicatum,
Lycium  barbarum
Tamarix spp.,
Fallopia auberti
Eleaegnuspp® 2~ >

s i

doi.org/10.21436/inbor.867@335 Pages1of 201



2180 Alnus incana, Populus trichocarg None listed absent
Populus balsamifera, Ailantht
altissima, Prunus serotin&erberis
aquifoliumz X

2190 Crassula helm&ii X None listed absent

4.2 CONSERVATION. STATUS OF BELGIAN DUNE HABITATS BASEIL

Here,we explore anddiscuss some resultd the conservation status monitoring in dune habitat
specifically with regards to théASindicators from the most recent Art 1 reporting cycle
(Paelinckx et al. 2019).

The field data roughly spans a period from 2012 to 2018 and comprises 70 measurements in
Habitat 2120, 503 measurements in 2130 Habitat, 96 measurements in 2160 Habitat, 73
measurements in 2170 Habitat, 27 in Z18abitat and 204 in 2190 Habit@tablel1).

Table11l. Number of vegetationalevés PINK (Permanent Inventory Nature Reserves along the Coast,
Provoost et al2010, 2014 and MATURA000 monitoring.

Type Name PINK NATURAZ2000 | Remarks
Relevés Relevés
2110 Embryonic shifting dune 0 0 Entire surface
surveyed
2120 Shifting Dunes 0 69
2130 Grey dunes 420 83
2150 CalluneUlicetum 0 0 Entire surface
survey
2160 Dunes with Hippophas 42 54
rhamnoides
2170 Dunes with Salix repen 42 31
2180 Wooded dunes 0 27
2190 Humid dune slack 154 50
Total 658 314
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Results from thenonitoring are expressed as an estimate of the proportion of habitat area in a
good condition for a certain indicatoFigurel6). The estimates are calculated fronmaandom

set of vegetation relevés and therefore allow for calculation of confidence intervals. The dashed
line represents the 75% threshold that is suggested in the Habitat Directive lassabtecut-

off point between an overall unfavourable or favouralgionservation status.

2130 2160

ree encroachment =
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Indicator

T I | |
0 2 il 75 100

5o Percentage in FV condition

S Unknown impact | @ saium @ Higt Evaluation - Favourable 8= Unfavourabie —8— Unkiioun Impact @ Medhun @) Hig
2170 2190
1
tree encroachment= F g i y tree encroachment — L
I [
'
1
uderalisation— ; L { ! uderalisation= !
I I
I '
‘5 I ‘ﬁ 1
o th 1 @ 1 e—
i | 8 |
° o
3 i 2 '
- I - 1
[ I '
I 1
1 1
i i
I
+ 2] 1
!
1 | i | | 1 1 1 | i
0 % 50 75 100 0 25 50 7 100
Percentage in FV condition Percentage in FY condition
Evaluation -8~ Favourable =8~ Uniavouratle Unknown Impact @ Mediom @ High Evaluation —#— Favourable —#— Unfavourable Unknown Impact @ Medum @ Hogt

Figurel6. Monitoring results fo(a) 2130 Habitat (Fixed coastal dunes with herbs (grey dunes), n = 503),
(b) 2160 Habitat (Dunes with Hippophae rhamnoides, n=8§)2170 (Dunes with Salix repens ssp.
argentea, n=73) an@d) 2190 (Humid dune slacks, n=204) for the relevant indicators form evaluation
matrices version 3 (Oosterlynck et al. 2020) on the left, gedup pressures and vegetation indicators on

the right (Paelinckx et al. 2019). Estimates of the proportion of sampling points in favourable condition
are shown as coloured dots (red, green, and grey) according to their relation to the 25% threshold (dashe
vertical line). Left and right confidence intervals are shown by means of the flags. The size of the dots
reflects their importance (medium or high) in the overall calculatboonservation status, which is an
integration of these different indicatoriato one final verdic{favourable or unfavourab)e

Strikingly, results from the Art. 17 vegetation monitoring indicate that IAS are currently not
posing a significant threat to Atlantic dune habitakéowever,it is generally accepted that
mitigating ne@tive impactfrom invasive alien plant species is one of the major challenges for
nature conservation today especially in dynamic systenmich ascoastal dunes This
discrepancy calls for some critical reflections on the ability of the current monitpriograns
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and associated indicators to accurately captthie real world pressure associated with IAS in
dune habitats Some recommendations for future consideration are listed in the next chapter.

4.3 RECOMMENDATIONS FOR CONSIDERATION OF IAS IN

As outlined abovgdetailed monitoring for keystone species, disturbance indicatorsteuitat
structure seems to be missing largeale changes in habitat quality due to IAS. The apparent
discrepancy between the reatorld IASproblem in dune habitats and the results from the Art
17 monitoring is mainly the consequence of the predefined threshold levelimallfavourable
conservation status, i.e. with ditle as 024% of the total habitat surface in unfavourable
condition the overall status is favourablét the habitat patch levethe treshold for good
ecological statuss absencef high impact IAS, yet, when aggregating information for Art. 17
reporting, the tresholdallows up to 24% of the patches to be infested to seextent with 1AS
Although for all dune habitats IAS presence is estimated well below this share, mostly around a
few percent, confidence intervals often range up to-Z%%. Since IAS, by definition, rapidly
invade and dominate natural stand®-evaluation of applied thresholdss neededto confirm

if these are truly compatible with a favourable and thus sustaingtfieture)habitat condition.

The dscrepancy between the actual 14f8oblem in dune habitats and the results from the Art
17 monitoring caralsoin part be assigned to mapping rules and habitat definitidngasive
alien specieslominated vegetation is excluded frorthe habitat definition, and therefore their
presence is currently underrepresented in the sampling population.

Furthermorg it can be argued that strict presence/absence and coverage data of IAS in a random
sampling design iprobably not an appropriatemonitoring methodology to capturefuture
invasion dynamics of)AS.Alien speciesntroductions, in many casesare isolated and rare
events yetgiven the right conditionsthey canrapidly evolve into a more widespreddture
problems. Monitoring the surface area or coverage of alien species is not representative of
future potential habitat impact through plantinvasions as he current sampling design does

not capturesuchrare events Nonethelessthe monitoringshouldbe able todetect invasion
procesgsonce the trend becomes more explicit.

Based on these observations, we propose a numbereasbmmendations for Article 17
reporting:

9 To pursue a more qualitative assessmenttad presence oflfAS. This could be achieved
by screening a larger proportion of the sample, in this case dune habitatssfaciic
set of (I)AS of interest for a spific habitattype.

1 Itcould prove valuable tmcorporateexistingadditionaldata onthe distribution offocal
IAS speciegcf. the PINK/BEKurveys in Belgiumdn top of the systematic surveys
performed for determining local conservation status

1 The pesence of an IAS should weigh more the overall status assessment. For
example,2 Sy adz2NBE O2KSNByOS 2F GKS tS3ratlaAros
it could be relevant to include a target on the absolute absence of Union List species of
the IAS Regulation in any protected coastal dune habitat (i.e. their presence would lead
to unfavourable conservation status), especially for Union List species that were
identified impacting coastal habitats in our risk screening (Bagcharis halimifolia
Heracleum mantegazzianyrilanthus altissimainvasive macrophytesftinex3),

s i

doi.org/10.21436/inbor.86703335 Pageb4 of 201

NX



1 High impact species identified through the risk screerfiraple12) couldbe added to
the currentevaluation matriceshat are used for conservation status assessments in the
framework ofArticle 17 monitoringTablel0). Using this list of (potentially) high impact
alien specie¢Tablel?2) throughout the Atlantic coastal region wouddso harmonize the
monitoring approach across Member States. Of course, when selecting species, the
context of the specific country should be taken into accouartd further, more refined
selections of alien species could be needed eadding taxa, reevduation of
(potentially) affectechabitats when new research becomes availabpecies that were
missing from the longlistadapting the scores to the specific contextremoving
irrelevant species etc

Pictureb. Invasive plant species can profoundly impactgpecies compositiorstructure and functiomg
of coastal dune ecosystemSpanish Daggefyucca gloriogafrom eastern North Americawestern
balsampoplar (Populus trichocargafrom the western United Stas, and Russiarvine (allopia
baldschuanicafrom central Asiaaccompany native buckthoriHippophae rhamnoidg@shrubin nature
reserveTer YddOostduinkerke, Belgium, 2012).
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Tablel2. High riskspecies for the different Annex | habitats (criterion for selection: overall score > median score of the respective falygtatey > 232,5 for "salties”, > 180
for "sandies", > 144 for "shrubbies9pecies of the same genwith equal impact scorewere lumped for convenience (s&el).

Habitat Species

hab_ 1110 | No species identified that matches the criterium

Alternantheraphiloxeroides, Alternanthera sessilis, Baccharis halimifolia, Cotula coronopifolia, Hydrocotyle bonariensis, Paspalwmyagin
Spartina ang./alt./x t.

hab_ 1140 | Paspalum vaginatum, Spartina ang./alt./x t.

hab_1210 | Atriplex micrantha, Carpobrotus edulidydrocotyle bonariensis

Acaena novaeelandiae Aloe arborescens, Baccharis halimifolia, Carpobrotus edulis, Cotula coronopifolia, Hydrocotyle bonariensis,
Mesembryanthemum cordifolium, Opuntia fiemslica, Opuntia strictaYucca spp. (4 spp.)

hab_1310 | Baccharis halimifolia, Cotula coronopifolia, Paspalum vaginatum, Spartina ang./alt./x t.

hab 1320 | Paspalum vaginatum, Spartina ang./alt./x t.
hab_1330 | Atriplex micrantha, Baccharis halimifolia, Cotula coronopifolia, Paspahgimatum, Rosa rugosa, Spartina ang./alt./x t.
hab_2110 | Aloe arborescens, Araujia sericifera, Arctotheca calendula, Baccharis halimifolia, Carpobrotus edulis, Rosa rugosa fEtteagomides

Acaena novagelandiae, Aloe arborescens, Aimia artemisiifolia, Araujia sericifera, Arctotheca calendula, Baccharis halimifolia, Berberis
aquifolium, Carpobrotus edulis, Elaeagnus angustifolia, Gaillardia pulchella, Gaillardia x grandiflora, Hydrocotyle phstam barbarum,
Oxalis pexaprae, Populus balsamifera, Populus balsamifera trichocarpa, Populus jackii, Rosa rugosa, Senecio inaequidens, Tetragonial
tetragonioides, Yucca spp. (4 spp.)

Acaena anserinifolia/ovalifolia, Acaena novaslandiae, Acer negundo, Ailanthaltissima, Aloe arborescens, Ambrosia artemisiifolia,
Amelanchier lamarckii, Amelanchier spicata, Araujia sericifera, Arctotheca calendula, Asclepias syriaca, Baccharig, igdirbddb aquifolium,
Berberis darwinii, Berberis julianae, Campylopu®ftexus, Carpobrotus edulis, Cotoneaster horizontalis (creeping habit), Cotoneaster spp
growing habit (7 spp.), Cotoneaster spp.,-tatbwing habit (9 spp.), Crocosmia crocosmiiflora, Elaeagnus angustifolia, Fallopia sachalineng
hab_ 2130 | Gaillardia pulchia, Gaillardia x grandiflora, Gaultheria mucronata/procumbens, Gaultheria shallon, Gunnera tinctoria, Heracleum
mantegazzianum, Ipomoea indica, Ligustrum japonicum, Ligustrum lucidum, Ligustrum ovalifolium, Lophocolea semiteresdanpirs)s
Lycium larbarum, Opuntia ficugndica, Opuntia stricta, Oxalis peaprae, Phytolacca americana, Picea sitchensis, Pinus contorta, Populus
balsamifera, Populus balsamifera trichocarpa, Populus jackii, Prunus serotina, Reynoutria bohemica, Reynoutria japanigas&drabus
armeniacus, Senecio inaequidens, Solidago alt./can./gig., Tetragonia tetragonioides, Yucca spp. (4 spp.)

hab_1130

hab_1230

hab_2120
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hab_2140

Acaena anserinifolia/ovalifolia, Aronia melanocarpa/prunifolia, Baccharis halimifolia, Fallopia sachali@endiseria mucronata/procumbens,
Heracleum mantegazzianum, Lophocolea semiteres, Picea sitchensis, Rosa rugosa, Vaccinium corymbosum

hab_21A0

Gunnera tinctoria, Rosa rugosa

hab_2150

Acaena anserinifolia/ovalifolia, Acaena novaalandiae, Amelanchier laarckii, Amelanchier spicata, Arctotheca calendula, Aronia
melanocarpa/prunifolia, Baccharis halimifolia, Berberis aquifolium, Berberis darwinii, Campylopus introflexus, Carpalimet@otzheaster
horizontalis (creeping habit), Cotoneaster spp.-tpowing habit (7 spp.), Cotoneaster spp.,-talbwing habit (9 spp.), Crocosmia crocosmiiflo
Fallopia sachalinensis, Gaultheria mucronata/procumbens, Gaultheria shallon, Ipomoea indica, Ligustrum japonicum, luigigstnum |
Ligustrum ovalifolium, Lopleolea semiteres, Lupinus arboreus, Lycium barbarum, Opuntiarfitica, Opuntia stricta, Oxalis peaprae,
Phytolacca americana, Picea sitchensis, Pinus contorta, Prunus serotina, Reynoutria japonica, Rosa rugosa, Solid&gjg.allétagonia
tetragonioides, Vaccinium corymbosum

hab_2190

Acaena novagelandiae, Acer negundo, Aloe arborescens, Araujia sericifera, Arctotheca calendula, Aronia melanocarpa/prunifolia, Bacd
halimifolia, Berberis darwinii, Carpobrotus edulisfoneaster horizontalis (creeping habit), Crassula helmsii, Crocosmia crocosmiiflora, Elo
nuttallii, Equisetum hyemale affine, Gaultheria mucronata/procumbens, Gaultheria shallon, Gunnera tinctoria, Heracleurazzianieg,
Hydrocotyle bonariensis, patiens glandulifera, Ipomoea indica, Lindernia dubia, Ludwigia grandiflora, Ludwigia peploides, Lupinus arbor
Mesembryanthemum cordifolium, Myriophyllum aquaticum, Populus balsamifera, Populus balsamifera trichocarpa, PrunusReyotintja
bohenica, Reynoutria japonica, Schinus molle, Schinus terebinthifolia, Solidago alt./can./gig., Spiranthes cernua x odoggaial etra
tetragonioides, Tradescantia fluminensis, Vaccinium corymbosum, Vaccinium macrocarpum

hab_2160

Acacia dea./lon./sal., Acaeramserinifolia/ovalifolia, Acaena caesiiglauca, Acaena neagandiae, Ailanthus altissima, Amelanchier lamarckii
Amelanchier spicata, Asclepias syriaca, Baccharis halimifolia, Berberis aquifolium, Berberis darwinii, Berberis juiana¢h@dverdi
Carpobrotus edulis, Claytonia perfoliata, Cotoneaster horizontalis (creeping habit), Cotoneaster spowiog habit (7 spp.), Cotoneaster sp
tall-growing habit (9 spp.), Crocosmia crocosmiiflora, Elaeagnus angustifolia, Equisetum hyemalEaifipe, baldschuanica, Fuchsia
magellanica, Heracleum mantegazzianum, Ipomoea indica, Koenigia polystachya, Lonicera japonica, Lupinus arboreus, Meesrabryant
cordifolium, Picea sitchensis, Pinus contorta, Prunus serotina, Reynoutria bohemica, fiejapautica, Ribes sanguineum, Robinia
pseudoacacia, Rosa rugosa, Schinus molle, Vaccinium macrocarpum, Yucca spp. (4 spp.)

hab_2170

Acacia dea./lon./sal., Acaena anserinifolia/ovalifolia, Acaena caesiiglauca, Acaenazedeadiae, Ailanthus altissimAmelanchier lamarckii,
Amelanchier spicata, Aronia melanocarpa/prunifolia, Baccharis halimifolia, Berberis aquifolium, Berberis darwinii, CarpdbligiuClaytonia
perfoliata, Cotoneaster horizontalis (creeping habit), Cotoneaster sppgrtmming hait (7 spp.), Cotoneaster spp., tghowing habit (9 spp.),
Crocosmia crocosmiiflora, Delairea odorata, Elaeagnus angustifolia, Fallopia baldschuanica, Fuchsia magellanica, |pman&ee mgia

polystachya, Lophocolea semiteres, Mesembryanthemumfobuuin, Picea sitchensis, Prunus serotina, Ribes sanguineum, Robinia pseudo
Rosa rugosa, Schinus molle, Spiraea douglasii
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Acacia dea./lon./sal., Acaena anserinifolia/ovalifolia, Acaena caesiiglauca, Acer negundo, Agdtigbimsa, Amelanchier lamarckii, Amelanch
spicata, Aronia melanocarpa/prunifolia, Berberis aquifolium, Berberis darwinii, Carpobrotus edulis, Claytonia perfatiassseCizea,
Cotoneaster horizontalis (creeping habit), Cotoneaster spp-gtowinghabit (7 spp.), Cotoneaster spp., 4gibwing habit (9 spp.), Delairea
hab_2180 . : : - . : g . L
odorata, Fuchsia magellanica, Heracleum mantegazzianum, Ipomoea indica, Koenigia polystachya, Lonicera maackii, ldayitephoitdlea

semiteres, Mesembryanthemum cordifoliungd?i sitchensis, Prunus laurocerasus, Prunus serotina, Robinia pseudoacacia, Rosa multiflor
rugosa, Schinus molle
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5 MANAGEMENACCOUNTOFSELECTERPECIES

The followng chapter presents management accounts for a selecti@pecies considered for
managementctionin the LIFE DUNIAS project. This selection is specific to the project and has
no direct link with the horizon scanning exerise. It pres@siseciallya number of new invasive
species where aomprehensiveverview of potential control methods wasrgelylacking(e.g.
Cotoneastespp.,Lycium barbarunParthenocissuspp.) therefore species which are managed

for some time already (e.derunus serotinpare lacking from this overviewrunus serotinas

one of the most widespread invasive alien plants along the Belgian coast and certainly a priority
for management (se8.1). Management of the species is howeverfoemed for quite some

time alreadyand hest practiceinformation is therefore already available(e.g. Buysse 2012
Invexo 2012 For many of the high impact dune invaders identified through the horizon scan
(e.g. Vincetoxium nigrumAronia x prunifolia Gaultheria shallon Prunus serotinaSyringa
vulgarig, we are happy torecommend van Valkenburg et al. (2022) for basic information on
managemeni{see especially summary tables 1 and 2 in this publication)

5.1 STRUCTURE OF MANAGEMENT ACCOUNTS

5.1.1 Species profils

The species profile presents a tabulated overviefaofual data(F) as well adata coming from
the assessments performed at the horizon scagnivorkshop(HS). The exact meaning of the
different fields is described for a dummy specigamplein Tablel3.

Tablel3. Description of fields used for species profiling in the management accounts. F = information is
factual, HS = formation is based on assessments from the horizon scanning workshop.

Union List(F) Indicates whether the species fisesenton the list of invasive species |
Unionconcern sensu Regulation 1143/20(dcluding the update of Augus
2022 Implementing Regulatiog022/1203.

Environment (F) Indicates the environments (marine, brackish, freshwater, terrestrial)
species can grow in

Natura 2000 Tick boxes indicating which Annex | habitats of the EU Habitats Dire

susceptibility (HS) considered during the horizon scan workshop (§geare susceptible fo

invasion by thespecies i.e. where the species could sustain populatior
the European Atlantic coastal arelote that this is only a selection ¢
coastal dune habitats considered during the exercise which had the sp
geographicscopeof the Atlantic coastal aremn a number of Europeal
countries(Figure2).

Occurrence in_Atlantic Indication of the degree of invasiawithin the Atlantic coastatoneof each

coastal zongF, HS) of the countries considered. Not¢hat the Atlantic coastal zonds
interpreted asagridded version othe European Atlantic coastal regi¢t0
x 10 knd cells) Per country, the umber of grid cellsccupied by the specse
is represented as calculated from GBIF déla.also present the occurrenc
relative (%) to the total number of 10 x 10 koells in the Atlantic coaste
region of every countryBelgium19, Denmark108, Fance448, Germany
146,Ireland402,Netherlands204, Portugal 19, Spain 192, United Kingd
1412) Note that GBIF is certainly subject to gaps in data publicatitich
could profoundly impact the quality of alien species distributiisGroom
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Impact scoring (max
score across habitats

(HS)

Overall impact score

per habitat (HS)

Impact mechanisms (F

HS)

Distribution maps (F)

et al. 2015) this is especially the case fdata from citizen sciences(g.
PriceJones et al. 2022)

Tick boxes of impact 8) and confidence (low, medium, high) scol
resulting from the horizon scanning workshop, separated for each ste
the invasion process rtroduction, establishment, spread and

environmental impact).

Overall ecological impact score (product of scores across all invasion s
coming out of the horizon scanning workshop. The maximum of this s
is 625. The score is presented geabitat group(@ & I f G & ¢ K

MooNnNT dal yReépHOdAT I daE Ndzaomahy). K
indicates the species was not assessed in that ecoseries which means
deemed ecologically less relevant in the preselection stage 6r it coulc
be considered during the workshop.

Tick boxes outlining potential or documented ecological impacts usi
selection of impact mechanisms relevant for alien plaiiteese are adapte:
from the impact mechanisms defined ithe Environmental Impact
Classification for Alien Taxa (EICAssifcation of invasion impac
mechanisms of the IUCN (IUCN 2020, largely based on Blackburn et a
andHawkins et al. 20)5%nd the impact descriptions used in thaidelines
for Environmental Impact Assessmaitalien taxgISEIA]Branquart 2007)
FYR GKS . St3Aly NRal lFaaSaayvySyi

1. Competition the alien species competes with native species
resources (e.g., food, water, spaceincluding pollinators,
potentially leading to negative impacts on native spedivste that
we consider allelopathy as a forms of competition.

2. Hybridization the alien taxon hybridises with native taxa, leadi
to deleterious impact on native taxar genetic pollutionthrough
introgression threatening genetic integrity.

3. Toxicity / poisoning the alien speciesis toxicto other biota
(including humans) causes physical discomfort (rhiniti
conjunctivitis, skinburng)r isallergenic by ingestion, inhalation ¢
contact. Contrary to the IUCN definition we consider allelopa
impact on other plantsindercompetition.

4. Interactions with other IASthe alien taxon interacts with othe
native or alien taxa (e.g. through any mechanism, incluc
pollination, seed dispersal, apparent competition, mesoprede
release), facilitating indirect deleterious impact on native taxa.

5. Nutrient cycling the alienspecies potentially causessignificant
chemical modification of the habitat (e.g. nutrient concentratiol
soil mineralsnitrogen fixation

6. Physical modification of habitatthe alien species causes chang
to the physical characteristics of the native environment (¢
disturbanceregimes light regimesincreased erosion potentially
leading to negative impasbn nativespecies.

7. Disruption of natural successioithe alienspecies causes chang
in the composition and/or rate of succession wégetation
communities that share the same habitat

8. Disruption of food websthe alien speciemodifies the structure
of the food web (e.g. plantherbivore interactions at variou:
trophic levelspotentially leading to ecosystem imbalance

Three distribution maps are presented: {t distribution within (red dots)
and outside (blue dots) the Europeditlantic coastal zonédepicted in
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grey) using GBIF data GBIF Occurrence Downloc
https://doi.org/10.15468/dl.32ed7}, (2) the dstribution in Flandergnorth

Belgium) using GBIF data [GBIF  Occurrence  Downlo¢
https://doi.org/10.15468/dl.32ed 7} since 1950 showing NATURA2(D
areas (EU Bird arlUHabitat Directiveareas togetheyin green and (3) a
recent(2007%2022)account of thedistribution ofin the Flemish coastal are
based onthe most reliable and completplant surveysavailable i.e PINK
(Provoost et al. 2010, 2014) and BEK (Provoost et al. 2020)adiddted
data fromthe citizen science platform www.waarnemingen.$vinnen et
al. 2018, Vanreusel et al. 2022)[GBIF Occurrence Downloz
https://doi.org/10.15468/dl.b4waf]. These maps depict the beach (
yellow), potected coastal dune areg@ green)and major road network
for orientation.When downloading data from GBIF, we used only valide
presnce data with codrdinated.ogether, these maps provide a crude id
of (1) the relative importance of Belgian coastal dune populations in
European distribution, (2) the relative importance of coastal di
populations in the regional, Flemish distrttan, and (3) a detailed accour
of the known distribution in protected coastal dunes along the Belg
coast.

5.1.2 Invasion history and distribution

This chapter provides a brief account of invasion history of the spiecEslgium(and Flanders

in particular) with emphasis on what is known with respect to the invasiorthef coastal
ecosystem Data on introduction date, pathways of introduction asipread are reported, as

well as any referenced data on trends in distribution or impacts. These sections also provide
brief accouns of the species native range, degree of establishment and known impacts.

Furthermore, a pecies trend is presented for tHerkish region, based on data from Florabank
(Van Landuyt et al. 2012). The trendliflmsed on a generalized additive model with binomial
distribution and logit linkjpresents a timeseries of the percentage of well surveyed 1x1 km
squares with the specieBlorabank represents a systematic plant survey where recorders write
down all plant species they find in a square. A well prospected square is defined as a square
where at least 100 plant species were recorded.

5.1.3 Management profile

This section provides aribf account ofmorphological, anatomical, functional or ecological
characteristics that are relevant for management, so as to give the manager a first impression
of what (she is dealing with. Typical examples include: whether the species is tuberous or
rhizomatous and can therefore regenerate from these structuces resproutfrom root or

stem fragments or other, information on the formation of a seed bank and the longevity of it,
information on sexual reproduction such as the amount of seeds produbeit, mode of
dispersal (wind, water, zoochory) and whether these require a cold period to break dormancy.
Often, also some specific information on the reasons for invasion success is mentioned here.

5.1.4 Options for management

Because a full begtractice adapted to regional conditions and taking into account management
objectives (sensu the guidelines for drafting best management practices formulated by Adriaens
et al. 2015 2018 was impossible within the timeframe of this work, this section qualitatively
describes potential options for management of the species in the coastal dune context based on
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scholarly literaturereferenced sourceand enquiries by email with (inter)natiahcolleagues
The information is structured according to the nature of the methods described:
mechanical/manual, chemical or biologicalsynopsis focussing on feasible manual/mechanical
methods is available ihable14.

Species Management methods

Cotoneasters@otoneaster spp Uprooting using a spade or mechanical pull
of both the stumps and superficial root
Ideally this is done before the formation
berries as these should be removed as w|
Followup to deal with resprouting shoots.

Snowberry ymphoricarpos alblis Manual digging with a spade to remove plar
and underground rhizomes, winching a
pulling entire plants mechanically. Aftercal
is neededto treat resprouting stems frron
underground rhizomes.

Japanese rosdRsa rugosp Mechanical excavation @hizomes and rootg
until a depth ofone metreand taking into
account aone metre lateral buffer aroung
visible plantsPlant material is best sieved o
of the substrate with a (drum) sieve with tw
cm mesh. Followap management is ver
important to remove resprouting roots, thi
can mostly be done manually or with a shoy

Oregon grapeRerberis aquifolium Mechanical excavation of rhizomes and ro
until a depth of 60 cm and taking into accou
a lateral buffer around visible plantslant
material is best sieved out of the substrg
(e.g. drum sieve, shaking). Follaw
management is very important to remae
resprouting roots, this can mostly be doi
manually or with a shovel.

Tree of heavenAilanthus altissimp Manual removal of young seedlings
pulling. Mechanical removal dfigger trees
with a crane, removing as much of the ro
system as possibledeally performed before
seed set.Aftercare to removeregenerating
sprouts (on trunks).

Oleaster Elaeagnus angustifolja Pulling, digging or mechanical removal
trees. Alternatively, cutting with stum
treatment (1 ml 41% glyphosatefrollowup
treatment of any resprouts and seedlings.
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Eastern bacchariBaccharis halimifolia Hand pulling or mechanical removal of ent
plants with their root systems.l&hts should
be removedbefore fruiting and seedset (i.e.
before end of September),ideally before
flowering.Aftercareto dealwith root runners
andseedlings.

Virginia creepersRarthenocissus spp Manual pulling or digging, removing the ro
system as much as possible. Mechan
removal in winter followed by chemici
treatment (1% glyphosate solign) the
following season should yield good resul
First cut the liana loose from the tree
needed. Care should be taken to tre
removed plant material properly.

Tablel4. Synopsis gpontentially suitablenanagement methods for the different speciesthe context
of removals for the LIFE DUNIAS project

With regards to chemical methods and any trademarks of products or active compounds
mentioned, it is important to note that we did not explore which obsle products are currently
allowed for use against the species in Belgium and Flanders and under which conditions. Because
this information is extensivesubject to changeand exemptions are possibleje refer tothe
competent authorities for further inquies (Federal Public Service Health, Food chain safety and
EnvironmentFlanders Environment Agencly).any casdegalrestrictionsshould be considered
before application is performedn general, caution is recommended when using chemicals near
open water, choosing compounds or products that have less harmful effects on aquatic life. Also,
choose methods that allow spot application, bringing chemical agents as directly as possible
onto the target species to reduce the effect on other vegetation (dugnp treatment, stem
injection, spraying of foliage). Dry (but not too hot) weather conditons during application are
important to consider to avoid washing away of the chemical agd®Groot and Oldenburger
2011). Proper disposal of treated plant matekig important as plants can resprout, rerout or
form seeds after treatment from removed fragments. The options for this (composting, removal
from site and the ways to do this) need to be considered before undertaking management.
Unless specific attentiofis needed for any of the species described, we here refer to the
referenceguide on IAS plant disposal IUCN France[CN Comité francais, Suez Recyclage,
Valorisation France 2022).

Also, when applying chemicals, it should be noted that performing small scale trials is always a
useful strategy before applying such products more broadly and across larger surface areas in
protected areas. Such trials, depending on the needs and le¥édsowledge, could consider
modes of application (leaf treatment, stump treatment or other combinations), effectiveness of
different chemical formulations, netarget effects, health and safety, public opposition etc.

With regards to biological control,evprovide information on biocontrol initiatives and tried to

find information on operational biocontrol programmes against the species and what stage
these are at (screening of potential agents, host specificity testing, release). Biological control in
Flenders is legally possible with an specific exemption on the Species Decree (and after
preliminary risk assessment) and can be a full part of an integrated control str&egyld such
programmes be implemented, release should be accompanied by thoroumftic follow-up
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and contingency measuredowever, to date, no initiatives have been taken in this direciion
Flanders

In google scholar, management information was sought using a varying set of keywords
including the species name (or its congensysionyms or commaon hames in various languages),
and any of the terms [Invasive], [Norative], [Exotic], [Removal], [Eradication], [Management],
[Control], [herbicide], [biological contral]lf information on management was found, it is
presented hereincduding an indication of management success and with emphasis on data
relevant for potential practical application of the method within the framework of the LIFE
DUNIAS project.
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5.2.1 Species profile

Union List

Environment

Natura 2000
susceptibility

Occurrence in Atlantic
coastal zone (Number
of occupied 10km&rid

celly

Impact scoring (max
score across habitats)
Introduction
Establishment
Spread
Environmental impact

Overall mpactscore
per habitat

Impact mechanisms

Distribution

s

T
<
(0]
(2

marine

brackish

1110- Sandbanks
1130- Estuaries

1320- Spartinaswards
1330- Atlantic salt meadows

21A0- Machairs *

2190- Humid dune slacks
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1140- Mudflats and sandflats

1210- Annual vegetation of drift lines *
1230- Vegetated sea cliffs of coasts *
1310- Annuals colonising mud and sand

2110- Embryonic shifting dunes

2120- Shifting dunes alonghoreline (white dunes)
2130- Fixed coastal dunes with herbs (grey dunes)
2140- Decalcified dunes witBEmpetrun

N No
A freshwater
'H terrestrial

2150- Atlantic decalcified fixed dunes

H 2160- Dunes withHippophae rhamnoides
'H 2170- Dunes withSalix repenssp.argentea
'H 2180- Wooded dunes of the Atlantic region

Belgium 13(68%)
France 170(38%)
Ireland 1(0.2%)
Netherlands 53(26%)
Spain 32(17%)
Score

1 234

i A A A

REEN

REEN

nnnnH

(Salty) habitats 1110330
(Sandy) habitats 21180/-90
(Shrubby) habitats 21680

'H Competition

Hybridization

Toxicity / poisoning
Interactions with other IAS
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United Kingdom 62 (4%)
Denmark 0
Germany 5 (3%)
Portugal 7 (37%)
Confidence
Low Medium High
I
iAo
A A
Ao

625

300

'H Nutrient cycling

'H Physical modification of habitat
'H Disruption of natural successior

N Disruption of food webs
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Figurel?. Distribution ofAilanthus altissimavithin (red dots) andoutside(blue dots)the European
Atlantic coastal zonén grey)

Figurel8. Distribution ofAilanthus altissimén Flanders since 1950. NATURA2000 areas (EU Bird
Habitat Directive) in green.

Figurel9. Distributionof Ailanthus altissimén the Flemish coastal aréda007-2022)based on
detailed plant surveyéProvoost et al. 2010, 2014, 2020)d the citizen science platform
www.waarnemingen.be (Vanreusel et al. 20%achs (yellow), coastal dunes (green) and major

roads (brown) are shown for orientation.
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5.2.2 Invasionhistory anddistribution

Tree of heaveris very widespread in th®lediterraneanregion(Figurel?). It hasbeen used as
an ornamental tree in public parks and private gardens and estates for wellbosentury. It
wasreported naturalised in Belgm since the 195@ and has been on thencrease, especially
in urban areas since 198Wan Landuyt 2006, DEMNA 202erloove 202Q)Although the
occupancy trend in protected areas in Belgium is unclear in general, both the number of
observations and the occupancy the species in Belgiumre gill increasing.n Flanderghe
speciesis spreading relatively recentlwith most records dating post990 (Figure20), and
further rapid expansion is very likely suitable, uninvaded areas (especially in thermophilous
river valleys and coastal duneéyYan Landuyt 20Q6Verloove 202 It is still increasingly
reported in urban areaswhereit is more adapted to cope with the urban heat effect, and is
expected to us these urban refuges to invade more natural areas (Géron et al)2022

]
o

—
(8]

4]

Percentage of well prospected 1 km?* grids with Ailanthus altissima
—
(=]

0_

1970 1980 1990 2000 2010 2020
year

Figure20. Trend in the percentage of well prospected 1x1km squares in Flanders wiarehus
altissimawas recorded based on the floristic surveys inddank (Van Landuyt et al. 2012).

Ailanthusaltissimais locallyverycommon especiallyn manmade habitats such as wastelasd
disused railwag, on oldwalls,brownsites,along motorways and on canal banksimpacts on

native vegetation through allelopathy, especially at the level of the roots (Heisey 1890).
Flanders, outside ruderal and urban settings, the species has colonized dunes and invaded
almost 10% of protected dune reserves over a surface afegout 2000 m? (INBQdata). A
biggerAilanthuscoastal woodlandorest inthe Calmeynbos (De Pannayhich originatedas an
escape from a nearby residential aréas meanwhile been removed [Amaire pers. comnj).

5.2.3 Management profile

Ailanthus altissima is a deciduous treevhich can grow up t®5 m.lIt is a lightdemanding,
thermophilic species occuring on wellained soilsThe plants are physiologically adapted to
withstand periods of drought by reducing evapotranspiration vial#f@@esn combination with
reduced root hydraulic conductanc@rifilo et al. 2004 van Valkenburg et al. 2022The
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flowering period isJuneJuly, after which the speciegroduces abundantwinged seedgPicture

6), up toonemillion per tree (Weber 2003de Groot and Oldenburger 201 Thesesasilyspread

by wind and waterand can disperse over several hundred meters (Landenberger et al.,2007)
covelinglarger distancef dispersed byvater (Kowarik & &imel 2008)However, seds do not
remain dormant for more than one year (Hunter, 2000).

The speciess apersistent stump and root sproutgMiller, 2003) After death or injury of the
main stem the wide-spreading shallow root system can give risartany sprouts. Thus, the
species can easily propagate from root cuttingsifder coppicing.Treeof-heaven spouts have
been found to have-3 m of first year height growth, while seedlings can grefvr in the first
year. This vigorous growth can continue for 4 or more years.

Picture6. Ailanthus altissimayoung tree (left) and fruit@ight).

5.2.4 Options for management

5.2.4.1 Mechanical and manual

Allanthusaltissimais probably best controlled bynanual removal (pulling) of young seedlings
that do not have a tap root yefMeloche and Murphy 20068Q-bank 2019 CABI 2019)This
should (as witlBaccharis halimifollapreferably be performedfter rain when the soil is loose
although this could be less relevant for coastal dureesd when the seedlings are large enough
to grab.Care should be taken to remove the entimot systemto preventresprouing (SEPPC,
2012)and plants should be pulled young and before seed Isethe context of sandy dunes,
bigger plants and trees can be mechanically pulled out with a crane, trying to remove as much
of the root system as posséyl after which the remaining regenerating sprouts should be
removed manually. In terms of the organisation of a pulling campaign, in AustraliBraldéey
Method is advocated fonature reservesvith budgetary constrainteind with sensitive plant
populations(Bradley 1971) (se®.1.4). This makes sense with a pioneering, allelopathic species
like Ailanthusthat will profit from nonvegetated areasThe removal of rootstocks by hand
diggingis a slow but sure way eémovd. Thistechnique is suitable for small infestations and
around trees and shrubs where other methods argractical.Of course, in case budgets (and
machinery) are available, larger source populations could move up the priority list.

Another possibilitys manuakutting (potentially usingools such as brush cutters, power saws,
axes, machetes, loppers and clippershis method however onlyemoves aboveyround
portions of the plantand mostly causes the plants to regenerate and produce even more shoots
Qutting trees usually causdbe formation of root shootsand without additional treatment of
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the stumps this can lead to a significamtiease in stem numbeand strong compaction of the

stand (Meloche and Murphy 2006 If possible, the entire root siem should be removedor

exampleby pulling themout with a craneBigger trees can be girdledstfanding deadvoodin

an areais not a problem, with the effect being greatest in sprimigen the trees are actively
growing.Girdlingusuallycauses fewer root shoot® be formed than with cuttingdAgentschap

voor Natuur en Bos 2014Mechanical treatments adbiggertrees alone €.g.cutting the trunk

at the root collamor girdlingthe treedo not kill the tree but rather stimulate vigorous resprouting

from the remaining trunk and roots (Burch, 2003; CABI, 20B8)Sy | -uRSudap f S
GNBFGYSyidé LISNF2NY¥SR SIOK &8SIFENI F2NJ p 02y asSodziaicg
to respout (ConstarNava, 2010).

Followup after management is always necessary regardless adpptedmethod, as the tree
can regenerate from root remnant3reated #es should bevisitedone or more times a yeatr,
and new suckers or seedlings handled dummdeast 3 years. There lmwever little risk of a
viabledurableseed bank building upn case this is possiblestablishing a cover of (preferably
native) trees or grassanhelp shade out and discourage-establishment ofilanthusseedlings.

5.2.4.2 Chenical

Past experiments have proven that only the application of herbididgsglyphosatefriclopyr
combined with physical treatment has effectively controlled regrowth of adult trees after
cutting and significantly reduced the presence/ofaltissimain invaded areas (Burch 2003
Meloche2006 DiTomasd Kyser2007).

Stem injection(with cover of thedrilled hole$ is advocated ashe safest technique to be used,
especiallyon treesin natural habitatsUndiluted glyphosates(.g.Myrtos® 360 SL, NUFARM Italia

srl, Milan- 360 g It1) is injected into holes the stemwith a plastic syringe. One ml die
herbicide is used when DBH (diameter at breast height) of trees is lower than 8 cm, while 2 mL
are used when DBH is larger than 8 ¢mterrestrial ecosystems glyphosate has low mobility,

as it is rapidly adsorbed by soil colloids and eventuallytiveted by microbial degradation
(Badalamenti & La Mantia 2013yet glyphosate and any other product thaely on
biodegradation to become inactiv@nbecome persistent on sterile soils such as sand and, peat
whichcan have implications for the recoloation of the site and any subsequent use of the soil

(T. Renalspers. comm). DiTomasiq2007) showedundiluted imazapyr to be equally effective
while Miller (2003proved Garlon 3A, Pathway*, Pathfinder Il, or Arsenal AC* in dilutions to be
effective. For felled trees, these herbicides can also be applied to stem and stump tops
immediately after cutting After injection each holeshould besealed with a woungealing
compound.The herbicide must penetrate to the cambial tissue and be wabhkrble to be
effective (wiki.bugwood.org. One hole is drilled into each tree, with a diameter ranging from 8

to 10 mm. Trunk holes are located 1 m above the soil surface, about 5 cm deep into the stem or
trunk, holes are pointed downward (at 45Badalamati & La Mantia 2013)Stem injection
needs to be performed late in the vegetative growth of the species when an injected herbicide
is readily translocated to the roots, mglimmer being the best time.

Basal bark applicatignwvhich involves applyingdh (10-20%9 concentrations of herbicides in oil

or other penetrating carrierhecessary for the mixture to penetrate bark and enter the vascular
systen) to the basal portion of stemsloes not require any cutting.his method should provide
good root kill especially in fall when vascular fluids are moving toward the roots
(wiki.bugwood.orgy. Imazapyr is another herbicide which is effective for basal bark application
(Boer, 2013). Followp foliar herbicide application to basal sprouts and root suckers may be
necessary (Swearingen & Panhill, 2009).
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Cutstump treatment implies cutting the tree down and direct{within 20 minutes)applying
herbicides to the cusurface. This is best done during the growing seagoaferably in late
spring and is effective in kilg root systemsimazapyr, triclopyr, dicamba, Garlon 4, Tordon K
herbicides and a combination of 2,4 D and picloran have been described (DIiT&n&sser
2007; Burch, 2003; Boer, 20133lyphospate has provenot very effective (Swearingen &
Panhill, 2009).

For saplings and seedlingdoliar spray methodtan be appliedising glyphosate (neselective)
or triclopyr (selective fodicots; so excluding grasses and conifers, among othiss large
thickets of seedlingthese active compounds kaproven to be effective and could be uskxt
spot treatments(SEEPPC, 200Miller 2003. Granular herbicide pelletscattered at the bases
of unwanted plants and leached down to the roots with rainfalé not discussed here for their
presumed highepotential of nontarget effects.

5.2.4.3 Biological

There appears to be currently no operational biocontrol programme for this tree species. Ding
et al. (2006) reported 46 phytophagous arthropods, 16 fungi, and one potyvirus attakking
altissimain its nativerange in China, some apparently causing significant damage. Two weevils,
Eucryptorrhynchus brandind E. chinensjsare major pests of the plant in China and are specific
to A. altissimashowing promise as potential biological control agents. Two rusfifAecidium
ailanthiJ. Y. Zhuan sp. nov. a@dleosporiunsp. have been reported on tree of heaven in China
and are also promising potential candidates for biological control of the plant. In its introduced
range (North America, Europe), nine insectbieores and 68 fungi were found associated with
the species. Based on this screening, the authors identified Ailanthus webwaitevd
punctelld, and the soilborne fungususariumosysporunf. sp.perniciosun{causative agent of
mimosa wilt) as potentialluseful biocontrol agents that should be the subject of host specificity
testing and proper risk assessment.

Since 2020, CABI has been working with partners to coordinate options for biological control of
tree of heaven in Canada (https://www.cabi.orgépects/biologicalcontrol-of-tree-of-
heaven/). This research focuses on the potential of the eriophyid mitelus taihangensis
(formerlyA. mosoniens)sas a biocontrol agent. The mite, which is established in parts of Europe
(e.g. ltaly), can cause seeedamage to seedlings and can inhibit new growth in early spring
(Marini et al. 2021). Host specificity testing is ongoing.
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5.3.1 Secies profile

Union List H Yes n No
Environment n marine n freshwater
'H brackish 'H terrestrial
Natura 2000 i 1110- Sandbanks
susceptibility 'H 1130- Estuaries
 1140- Mudflats and sandflats
i 1210- Annual vegetation of drift lines *
'H 1230- Vegetated sea cliffs of coasts *
'H 1310- Annuals colonising mud and sand
i 1320- Spartinaswards
'H 1330- Atlantic salt meadows
'H 2110- Embryonic shifting dunes
'H 2120- Shifting duneslong shorelindwhite dunes)
'H 2130- Fixed castal dunes with herbs (grey dunes)
'H 2140- Decalcified dunes witkmpetrunt
'H 21A0- Machairs *
'H 2150- Atlantic decalcified fixed dunes
'H 2190- Humid dune slacks
'H 2160- Dunes withHippophae rhamnoides
'H 2170- Dunes withSalix repenssp.argentea
'H 2180- Wooded dunes of the Atlantic region
Occurrence in Atlantic  Belgium 10(53%) United Kingdom 2(0.1%)
coastal zone (Number France 208(46%) Denmark 0
of occupied 10kmAyrid  Ireland 0 Germany 0
cells Netherlands 6 (3%) Portugal 0
Spain 28(15%)
Impact scoringmax Score Confidence
score across habitats) 1 2 3 4 Low Medium High
Introduction nnnnH n n H
Establishment AR AR H A 4 H
Spread AR AR H A n H
Environmental impact 4 7 3 4 H A A H
Overall mpactscore (Salty) habitats 1112330 625
per habitat (Sandyhabitats 211650/-90 500
(Shrubby) habitats 21680 320
Impact mechanisms 'H Competition 'H Nutrient cycling
N Hybridization 'H Physical modification of habitat
| Toxicity / poisoning 'H Disruption of naturakuccession
N Interactions with other IAS n Disruption of food webs
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Figure21. Distributionof Baccharis halimifoliavithin (red dots) andoutside(blue dots)the European
Atlantic coastal zonén grey)

Figure22. Distributionof Baccharis halimifolian Flanderssince 1950NATURA2000 areas (EU Bird
and Habitat Directive) in green.

Figure23. Distributionof Baccharis halimifolitn the Flemish coastal ar¢a20072022) based on
detailed plant surveyéProvoost et al. 2010, 2014, 2020)dthe citizen science platform
www.waarnemingen.be\(anreusekt al. 2022)Beadtes (yellow), coastal dunes (green) and major

roads (brown) are shown for orientation.
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5.3.2 Invasion history andlistribution

In Belgium,Baccharishalimifoliabenefited from urban sprawlalongthe Belgiancoastandthe
demandfor plantsadaptedto the coastalclimatefor plantationsin publicgreenery alongroads
andtramways(e.g.in DePanne)pn roundaboutsandin private gardens Easterrbaccharishas
spreadthroughoutthe entire coastlinesince1997(Rappé&006 Rappéet al. 2004 Figure23). It
is mostly found in (sub)urbanenvironmentsand fringes of natural areas,where it growsin
grasslandor open scruh Thespeciess on the increasesince2000 (Figure24). Basedon field
surveyswithin 46 naturereserveqProvoostet al. 2012,2015),it occursin 11 %of Belgiandune
areasandthe infectedareaamountsto about 800 m?2 (unpublisheddata). Most of the plantsin
gardensand publicgreeneryhowever,are not includedin thisinventory.

B. halimifoliashowsa particularpreferencefor saltyenvironmentssuchasthe banksandupper
saltmarshof the Yzerestuaryin Nieuwpoortor the greenbeachinthe . bf & S Aoa the®ast
coast (mostly publicly managedreservesbut also many smaller standson private property)
(Provoost& Adriaens,2011). Potential habitat is present as Atlantic salt meadows (Zwin,
Uitkerksepolder, Scheldtestuary),an Annex| habitat. Thespeciesstarts growingasindividual
shrubsbut canform an extendeddensescrub.Outsidecoastalareas,there are someisolated
Baccharidoushesthat mostly representplanted shrubs,gardenescapesand roadside planting
(the plantswithstand salt spray).It is only rarely found in agriculturalareas.Forsomeof those
locationsit is unclearwhether the plants produceseedlingsB. halimifoliais currently already
under managementin some nature reservese.g. it is considerederadicatedfrom the Bayof

Heistand Uitkerke. The plant is unmistakableby the form of its leaves.Alongthe coast,the

speciesis includedin the floristic monitoring schemes so the distribution is believedto be

representative In the Netherlandsindividualplantsare found only in a few locations(Zeeland
province), but the specieshas no established populations. In the past it disappeared
spontaneouslyn someplaces(vanValkenburget al. 2014)and someplantshavebeenactively
removedby NVWA(NVWA2016).In Francejt iswidelydistributedalongthe entire Atlanticand

Provencecoast(Friedet al. 2016) (Figure21). Alongthe Atlantic coast,it reachesthe Belgian
border and occurs in nature reservesin Nord-PasDeCalaissuch as in Wimereux and

Ambleteuse.
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Figure24. Trend in the percentage of well prospected 1x1km squares in Flanders Vi#ameharis
halimifoliawas recorded based on the floristic surveys in Florabank (Van Landuyt et al. 2012).

An expertpaneldeemederadicationto be the recommendedgoalfor managemat in Belgium
(Adriaenset al.2019).Toachievethis, asurveyshouldbe conductedto determinethe full extent
of the B. halimifolia distribution, usingthe existingspeciesmonitoring (PINK BEK)of natural

areasand NATURA200@reasalong the coast (Provoost et al. 2012) but adding dedicated
surveillanceat likely placesof introduction of B. halimifolia, especiallyalong roadsides,on

brownfieldswith bare soil and alongcanals.Increasedattention for the speciess requiredin

the Polderarea,especally in areaswith halophyticgrasslandsThe most appropriatetime for

surveillances during the flowering period (mostly JuneAugust).B. halimifolia hasa very high
seedproductionandisdispersedywind andwater, whichensuresagoodcolonizationcapacity
(Friedet al. 2016).Outsidethis coastalareaB. halimifoliaoccursin plantingsbut is muchmore
rare in the wild (Figure22). Yet,suitable habitat (moist soilswith high organiccontent, poorly
drained salinesoils)is presentfurther east (e.g.alongthe river Scheldtand in natural areas
aroundthe port of Antwerp) and is well within rangeof its wind-dispersedfruits. Thebanon

sdling, growingand planting the speciesshouldbe strictly enforced Publicauthorities should
be informedon ecologicatisksand be stimulatedto removecurrentBaccharistands.

5.3.3 Management profile

B. halimifoliaproducesmasse®f smallfruits whichare easilydispersedoy wind andwater over
longdistanceslt hasalonglived seedbankexpectedto persistfor aminimumof 2 years.
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Picture?. Baccharis halimifolig habitus (left) andeaves (right).

5.3.4 Options for management

5.3.4.1 Mechanical and manual

Youngplants (maximum of 1 to 1.5 m in heighgre yearround manuallyremovedby hand
pulling of the entire plant, includingthe root systemto preventresprouting Thisis bestdone
when the soil is moist, which facilitates total removal of the plant. Biggershrubs,for which
manualremoval is impossible,can be removed mechanicallyusing an excavatorto pull out
entire plantsfrom the soil.

On largerBaccharisbushes (>3 m), girdling an option and has been applied in a Corsican
saltmarsh in combination with removal of fruiting branches. A sufficient number of branches
should be girldled, with a band of at leasb4&m of bark removed. However, some resprouting
was noticed, mostly under the girdled zones (Singh et al. 2022). Other plants were succesfully
removed using a stump grinder and manual removal of sprouts from the mother plant.

Asthe specieds dioecious,ideally,all managemeninterventionsshouldbe performed before
flowering to prevent the spread of pollen and the subsequentformation of seeds If
managemenis undertakenlater in seasonto preventseedsfrom spreadingplantsshouldbe
removedbefore fruiting. In Belgium,the speciesmostly flowers from AugustOctober Asthe
speciessstill casualn the wild in the Netherlandseradicationis preferablyperformednorth to
southalongthe Belgiancoast.In combatingthis speciesit is extremelyimportant to controlthe
contaminationof adjacentareasgiventhe simpledistribution of the speciessiawater andwind.
In addition, it is crucialto thoroughly cleanmachinesand materialsto preventfurther spread
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though some contamination of machineryis always possible should seedsget caught in
lubricatinggreasefor instance(pers.comm.M. vande Loo).

If possible the managemenivasteis besttreated by controlledburningto preventregrowth. If
thisisnot possible deadplantscanbe stackedon a heap,takinginto accountthat root material
doesnot touchthe bottom andinflorescencesre placedat the bottom of the heap.In Corsica
the removed plant material was placesin plastic bagsbefore being incineratedto prevent
further dispesalof seedsduringand after managemen{(Singh et al. 2022

Continuedaftercareis necessaryn light of the strongregrowth viaroot runnersand seedlings
(Miller & Skaradek,2002). Mowing or cutting Baccharisstands before bloom targets only
aboveground plant material and does not ensure permanentremoval. The sameis true for
managementconsistingof cutting inflorescencesThesecan howeverbe suitable methodsto
buytime shouldone be unableto implementmore drasticmeasures

5.3.4.2 Chemical

B. halimifoliaplantscanalsobe cut with scissorsfter whichglyphosatasappliedonthe stumps
(glyphosate36%diluted in oil in a proportion of 1:1) (Ihobe2014).Treatments of glyphosate,
2,4-D acid or 2,4D amine achieved over 90% control in a var@tyests (Auld 1970; Armstrong

and Wells 1979). Weber (2003) reported that chemical control provided satisfactory results with
2,4-D, dicamba plus MCPA, glyphosate, picloram plu€2dnd tryclopyrDiTomaso & Kyser
(2007 identified that triclopyr wasfar more efficient than imazamox, aminopyralid and
glyphosate. Combinations of herbicides (e.g. picloram combined with aminopyralid and triclopyr
or 2,4D combined with dichloprogp) have provided efficient results (still visible after 6 months)

in France(Commission syndicale de grande Briére Mottiere 2007). Foliar spraying has been
tested in estuarine environments.

Herbicides may also be applied on cut stumps (for plants of more than 1.5 m in height), just after
cutting, and this is particularly efficiemwhen the tree is cut at the soil level (Charpentier, Riou
and Thibault 2006). The application of glyphosate and ammonium sulfamate (the latter active
substance is less toxic than glyphosate) has controlled 90% of the trees treated with the method
in an &periment in France (Commission syndicale de grande Briere Mottiere 2007). It is
recommended to apply such a measure in autumn when sap is going down. Applied in the north
of Spain, this methodology showed high effectiveness (97%) in small or mediadnvasions,

and less effectiveness in large and widespread invasions/$P@). Application on stumps
greatly reduces the quantities of active substances used, however the concentration of the
product has to be much higher than in the case of foliar sprayifticient application of
glyphosate on stumps requires concentrationsfakl higher (c50% of commercial dilution)

than foliar application requires (2% of commercial dilution, Ihobe 2014).

5.3.4.3 Biological

Grazing can be a useful method to treat resprouting after physical removal was applied. In
France, sheep have been used to control resprouting after application of physical methods on
largeareas in saltmarshes, but with continuous grazing pressure (GA EBIV6).

Due to the high cost of mechanical removal and the unintended effects of herbicide application
on other species, alternative management methods such as controlled inundatioreessdtal
biological control could also be considered (Fried e2@L6).Australia has released a bush rust
and 12 species of insect to control the spediesvever this did not yield the desired results
(Fried et al. 2016 and references therein)
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5.4.1 Species profile

Union List Yes
Environment marine
brackish
Natura 2000 1110- Sandbanks
susceptibility 1130- Estuaries

1320- Spartinaswards
1330- Atlantic salt meadows

21A0- Machairs *

2190- Humid dune slacks

T T TS1T 51351 T SISt Tt TSI SIS Tt T1 T1 351 S

Occurrence in Atlantic  Belgium 17 (89%)

coastal zone (Number France 144(32%)

of occupied 10km4rid Ireland 0

celly Netherlands 127(62%)
Spain 20(10%)

Impact scoring (max Score

score across habitats) 1 2 3 4

Introduction nnnnH

Establishment AR AR H

Spread AR AR H

Environmental impact 4 7 3 4 H

Tidal salt marshes

(Sandy) habitats 21180/-90
(Shrubby) habitats 21680

'H Competition

Hybridization

Toxicity / poisoning
Interactions with other IAS

Overall mpactscore
per habitat

Impact mechanisms

o & P & e B

Distribution

s
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1140- Mudflats and sandflats

1210- Annual vegetation of drift lines *
1230- Vegetated sea cliffs of coasts *
1310- Annuals colonising mud and sand

2110- Embryonic shifting dunes

2120- Shifting duneslong shorelingwhite dunes)
2130- Fixed coastal dunes with herbs (grey dunes)
2140- Decalcified dunes witBEmpetrun

'H No

i freshwater

'H terrestrial

2150- Atlantic decalcified fixed dunes

2160- Dunes withHippophae rhamnoides
2170- Dunes withSalix repenssp.argentea
2180- Wooded dunes of the Atlantic region

United Kingdom 129(9%)
Denmark 5 (5%)
Germany 37(25%)
Portugal 0
Confidence
Low Medium High
[
[ T
[ T
Ao H

625

500

'H Nutrient cycling
'H Physical modification of habitat
'H Disruption of natural succession

i Disruption of food webs
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Figure25. Distribution ofBerberis aquifoliunwithin (red dots) andoutside (blue dots)the European
Atlantic coastal zonén grey)

Figure26. Distribution ofBerberis aquifoliunm Flanders since 1950. NATURA2000 areas (EU Birc
Habitat Directive) in green.

Figure27. Distributionof Berberis aquifoliunm the Flemish coastal ar¢a007%2022) based on
detailed plant survey&Provoost et al. 2010, 2@12020)and the citizen science platform
www.waarnemingen.be (Vanreusel et al. 20¢aches (yellow), coastal dunes (green) and majo

roads (brown) are shown for orientation.
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5.4.2 Invasion history andlistribution

ThealieninvasiveBerberisspeciedormingavastpopulationin Belgiancoastaldunesisreferred
to asOregongrape- Berberisaquifolium Pursh.(Berberidaceae)ormerly known as Mahonia
aquifolium Nutt. The exactorigin and taxonomyof most individualsin the wild is uncertain.
Many of the invasiveBerberispopulationsin central Europemay havearisenfrom hybridized
cultivarsof B.aquifoliumwith B. repensdLindl.or B.pinnatalLag. whichbelongto the compound

leavedBerberisspp. and originate from the western statesof North America(Adhikariet al.

2015 Ross& Auge2008. Thesetaxahavebeensubjectto selectionfor ornamentalpurposes,
e.g.for faster growth rate, reproductiveversatility, stresstolerance,pathogenresistanceand
greater biomassproduction (Ross& Auge2008; Rosset al. 2008).Indeed, Rosset al. (2008)
showedthat the majority of cultivarsandinvasivepopulationsin Germanyformed a genepool

different from the native species.Cultivatedforms of B. aquifolum are now naturalizedin

variousnatural and seminatural environmentsin Europe It is one of the most successfualien

shrubsin centraland easternGermanywhere it invadesseminatural habitats (Auge& Brandl|
1997).Thespeciess commonin westernand central Europe,from the Pyreneego southern
Scandinavia.

In BelgiumB. aquifolum was first recorded in the wild in 1906 and naturalizedhe period
192(;1950 (Verloove 2002). Its distribution only increased rapidly gimed99@3; the reasons

for this increase are unknown. The highelnsities are foundn the northern part of the
country, notably in urban environments and in the coasiahes (Verloove 200Figure26). In
urban areas it occupiea wide range of habitats such as waste land, disused industrial and
railway yardsyrailway tracks and old walls. In the south of Belgium, it also occurs on rocky,
woodedslopes (Verloove 20@h

0 500 1000 2000 Meters

Figure 28. Occurrence oBerberis aquifoliunin dune reserves along the Belgian west coast (Data:
Provoost et al. 2015).
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The first observatioralong the coast dates back to 19#2owever, the lege expansion only

occurred during the past decadéSigure29). Verloove (2006) describes the expansion in the
O2Fadlt RdzySa a I AaNBOSyl LKSy2YSyAthoaght yR & OK|
the trend is unknown, it is however not uncommon in the European Atlantic coastal dune area
(Figure25).

- [ ]
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Percentage of well prospected 1 km?* grids with Berberis aquifolium

1970 1980 1990 2000 2010 2020
year

Figure29. Trend in the percentage of well prospected 1x1km squares in Flanders videsteeris
aquifoliumwas recorded based on the floristic survaéy$lorabank (Van Landuyt et al. 2012).

Acacording to the INBO data on invasive alien species in the coastal ®erris aquifoliuns
currently the most frequently encountered nenative shrub speciesn terms ofnumbers of

point- or patchoccurrenceg5000 so far)Total infested area is about 10 ha, a figure preceded
only by Rosa rugosdseeb5.7.2, at least before the lagye scale eradication projects &osa
rugosacarried out in 2020 and 202Especially the smaller dune areas along the western part

of the dunes are heavily infestdry Oregon grapé-igure27). It is scattered and relatively rare
along the rest of the coast.h& concentration of plants along the edges of the dune sites
indicatesthat gardens and public plantings borderingtural areas represent a major source of
introduction. The distribution shows strong concentrations, usually close to garidénvilla
districts. The expansion seems localised despite its capacity for ornithochorous spread. The vast
majority of the plants occur in a few large clusters (sevegalmsize) that provide the lion's
share of seeds for further dispers&ligure28). It is very likely that the seed production in the
natural areas P now is already much higher than in the original garden soufeessequently

the dune reserves themselves currently act as the main dispersal source since the very large
populations already preserfProvoost et al. 20105

5.4.3 Management profile

Berberisaqguifolium is an evergreenperennial shrub. Plantscan grow up to two meters, are
many-stemmed and stoloniferous. The speciesshowsrapid clonal growth, mostly by stem
layeringand below-ground stolons (Augeand Brandl1997). Throughits highly branchedroot
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systemi,it attachesitself firmly in the sand.Asaresultof its strongvegetativegrowth with root
suckersthe speciedocally appeas in monospecificstands,overgrowingand displacingnative
speciesandthoroughlyimpactingdune successioriVerloove2002,2006 Provoostet al. 2015).

Thea LIS Onireto@sblue berries are easilydispersedover long distancesby thrushesand
other songbirdsaswasshownfor other BerberispecieqSilanderandKlepeisl999).Therefore,
the plant can appear everywherewithin the dune sites, including placeswhich are hardly
accessibléo managerssuchasdensescruh

Thecultivatedorigin of the naturalisedBerberisaquifolium populationsmeansthe plantsdiffer

from their natural ancestorsin morphology and other characteristics.Common garden
experimentsshowedthat plants from invasivepopulationsin central Europegrew largerin

termsof stemlength,numberof leavesandabovegroundbiomasghan either of the two native

species(R0ss2009). This author therefore concludesthat hybridization and subsequent
selectionby breedershaveled to an evolutionaryincreaseof plant vigourin the introduced

range.TheBelgiancoastalpopulationsare extensivelysuckeringandhaveleaveswith numerous
leafletswhichaccordingto someauthorssuggestsntrogressiorfrom B.repengVerloove2018).
However,Rosset al. (2008) could not find evidenceof hybridizationof B. aquifoliumand B.

repens shrubswith pinnateleavesyellowflowersandfleshyfruits.

Picture8. Left: Berberis aquifoliunvegetation coverRight:B. aquifoliumindividual shrub.

5.4.4 Options formanagement

Oregon grape and its hybrids should be removed with the roots as regrowth from the root
system is possible. Ripe berries should also be removed (van Valkenburg et al. 2022).

5.4.4.1 Mechanical and manual

Asfor all ligneousinvasivespecies,seedlingsand young plants can be pulled out manually.
However,throughits highly branchedroot system,evenyoungplants of B. aquifoliumattach
firmly in the sand makingmanualpulling difficult andlabor-intensive.In afield experimenton
isolatedindividual Berberisplants, Adriaenset al. (2019)found 65%o0f the plantsresprouting
after careful manual uprooting. This means even small remnants of roots or stolons can
resprout.
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