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Abstract

Invasive alien species (IAS) are an important threat to forests. One of the best ways to
manage potential IAS is through early detection and rapid response (EDRR) strategies.
However, when dealing with IAS in forests, EU regulations are divided between
phytosanitary regulations and IAS regulations. A version of EDRR for the former has
been in place in the EU for more than 15 years while the latter is still in the process of
being implemented. During 2019, a workshop was held to gather international experts
on different plant health pests and IAS. The purpose of this workshop was to identify
the opportunities and difficulties in applying the EDRR system in the EU phytosanitary
and IAS legislation to four species for providing suggestions to improve the EDRR
system. The model species are well known and come from different trophic levels.
These species were the American pokeweed (Phytolacca americana), the grey squirrel
(Sciurus carolinensis); and the plant health pests Geosmithia morbida and Emerald ash
borer (Agrilus planipennis). We identified the similarities in the challenges of early
detection, rapid response and communication of these species. For all species, difficulties
in species identification, knowledge gaps on the pathways of spread, a lack of resources
and uncertainty over which national government service was the competent authority
were identified as the main challenges. Other challenges like public perception for the
grey squirrel or methodological problems were species-specific. Regarding the rapid
response: public perception, determination of the eradication area, sufficient scientific
capacity and the lack of resources were common challenges for all species. Therefore,
collaboration between institutes dealing with plant health pests and IAS can lead to
better control of both groups of unwanted organisms in forests.

Key words: early warning and rapid response system, plant health legislation, EU

IAS legislation, alien species, Geosmithia morbida, Emerald ash borer, American
pokeweed, Grey squirrel
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Introduction

Forests are often complex systems with great importance for biodiversity,
the economy and human health (Streck and Scholz 2006). They function as
carbon sinks for the increasing levels of greenhouse gasses, which relates to
climate change in the recent century (Aalde et al. 2006). However, in recent
decades, forests are also under pressure from over-exploitation by humans
and/or severely increased frequency of biotic (pathogens, insects, etc.) and
abiotic disturbances ( droughts, storms, fires, etc.) (La Porta et al. 2008;
Klapwijk et al. 2013; Hirka et al. 2018; Kunca et al. 2019). Another important
threat to forests is the increasing number of invasive alien species (IAS)
(Liebhold et al. 1995; Roques 2015). IAS are alien species whose introduction
or spread has been found to threaten or adversely impact biodiversity and
related ecosystem services (EU Regulation 1143/2014). In the context of
this article, we also consider plant pests (including pathogens) as IAS. A
plant pest is any species, strain or biotype of plant, animal or pathogenic
agent injurious to plants or plant products (FAO 2017). These IAS are
brought by human-mediated translocation to new habitats where they lack
natural enemies or encounter “naive” hosts that have not developed resistance
to them (Nunez-Mir et al. 2017; Csoka et al. 2017). In recent years,
management practices to combat IAS have been developed, but these have
had mixed results due to a variety of reasons (Pluess et al. 2012; Klapwijk et
al. 2016). In many cases, efficient control is extremely difficult and
expensive, particularly if there is a delay in recognizing the problem and
applying the appropriate control measures.

The level of success of eradication campaigns for established IAS is
higher when the populations are only locally established or have invaded
confined areas such as islands (Genovesi 2011). However, eradication success
often requires long-term financial support and dedicated management
actions over many years (Kettenring and Adams 2011). Therefore, it is
always easier to prevent potential IAS from entering a country, or to
eradicate them when only locally established (Simberloff 2003).

Early detection and rapid response (EDRR) is a system to prevent the
establishment of an IAS in a new country/area. An EDRR system combines
different tools to detect IAS and eradicate them as early as possible (Yang
et al. 2011). An effective EDRR system at national level uses verified data
from surveillance programmes (including data from both professional and
amateurs surveyors) to enable rapid assessment of the scale of the regulated
organisms’ distribution, followed by effective eradication measures by the
official national responsible body (e.g. National Plant Protection Organisation
in the case of plant pests) (Figure 1). Most of the EDRR systems focus on
entry pathways like ports, airports, railways, roads, distribution centres
(Carnegie and Nahrung 2019) or where IAS are likely to be detected such
as urban areas with special regards to pet or plant trade (Kaiser and Burnet

de Groot et al. (2020), Management of Biological Invasions 11(4): 637-660, https://doi.org/10.3391/mbi.2020.11.4.02 638


https://www.invasivesnet.org

@

uINVASIV[SNH

Challenges and solutions in EDRR for IAS

Early Detection Rapid Response

P

Amateurs

Profesionals

Surveillance

Data quality\ / \

assessment

]

—>|

Information

—> Assessment —> Eradication
systems

.

A 4

Eradicated

J \\ Monitoring/

Figure 1. Flow chart representing the main stages of a system for the early detection and rapid response of regulated plant health

pests or IAS in the EU.

2010). Worldwide, the evidence indicates that the implementation of an
EDRR system has many challenges (Bulman 2008; Lovett et al. 2016;
Carnegie and Nahrung 2019).

The European Union (EU) legislation on plant health focuses on pests
that are affecting the health of plants (Regulation (EU) 2016/2031), while
the EU regulation on IAS (EU Regulation 1143/2014) excludes pests of
plants but includes other species which severely affect biodiversity and
ecosystem services in the European Union. Plant health legislation has a
long history, with the current legislation (Regulation (EU) 2016/2031)
being the 3™ iteration specifically dealing with plant pests since the creation
of the EU. It came into force in December 2019, replacing the previous
legislation (Directive 2000/29/EC) which was active since 1993. The current
legislation includes lists of pest species (priority, quarantine, and
regulated non-quarantine pests), that can be subject to phytosanitary
measures. The legislation lists high-risk hosts whose import into the EU is
banned until a full commodity risk assessment is carried out to prove that
they are not a risk to EU plant health.

A legal framework came into effect in January 2015 (EU Regulation
1143/2014), and provides a firm basis for addressing threats posed by IAS
harmful to biodiversity in the EU. Species on the Union list require actions
from EU Member states to prevent their spread, eradicate or manage them.
So far 66 species are included on the list, including terrestrial and aquatic
plants, mammals, fish, crayfish and invertebrates. The EU Regulation also
provides a timeframe by which EU Member states are obliged to establish
EDRR systems and introduce other measures to prevent introduction and
spread. The experience gained by establishing an EDRR for plant health
pests could guide and benefit the establishment of an EDRR for other IAS.

The current paper provides an overview of the challenges encountered
when developing an EDRR system for IAS taxa of different taxonomic
groups. The aim of this manuscript is to explore the differences, similarities
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and solutions in employing an EDRR systems for detecting four very
different model IAS species:

e A plant - American pokeweed Phytolacca americana Linnaeus, 1753
(Caryophyllales: Phytolaccaceae) is a poisonous herbaceous plant
native to North America that is being currently considered for
regulation by the EU IAS legislation. However, it is spreading rapidly
in central Europe, causing problems by densely overgrowing the
understorey vegetation layer and outcompeting plant species living
in the ground layer.

o A fungal pathogen — Geosmithia morbida Kolarik, Freeland, Utley &
Tisserat, 2010 (Hypocreales: Incertae sedis) is the causal agent of a
disease known as thousand canker disease (TCD) in walnut trees
(Hishinuma et al. 2015). In Europe, it was first detected in Italy in
2013, and it is spreading (Montecchio and Faccoli 2014). It is a
regulated species under the phytosanitary legislation. The disease is
vectored by the walnut twig beetle (WTB), Pityophthorus juglandis
Blackman, 1928 (Coleoptera: Curculionidae, Scolytinae) (Tisserat et al.
2009) and can kill walnut trees (Juglans spp.) in three years (Montecchio
et al. 2016).

e An insect — emerald ash borer Agrilus planipennis Fairmaire, 1888
(Coleoptera: Buprestidae) (EAB) is a pest of ash trees (Fraxinus spp.),
originating from Northeast Asia. It is highly invasive in North America,
killing hundreds of millions of ash trees and causing severe ecological
damage and economic loss (Cappaert et al. 2005; Kovacs et al. 2010).
In 2003, the pest was documented in the European part of Russia
(Haack et al. 2015), and in Ukraine in 2019 (EPPO 2019). This species
is regulated under the EU plant health legislation.

e A mammal - grey squirrel Sciurus carolinensis Gemlin, 1788
(Rodentia: Sciuridae) is native to North America and has invaded the
UK, Ireland and north-western Italy. In Europe, it outcompetes and
transmits an infection that is epizootic in sympatric native red
squirrel (Sciurus vulgaris Linnaeus, 1758), and causes damage to
trees by bark stripping. Since 2016, the grey squirrel is listed as an
IAS of Union concern by the EU Regulation.

These four model species were chosen because there is already a large
amount of experience accumulated globally regarding their detection,
control and eradication.

During the LIFE ARTEMIS conference in 2019 (Zidar 2019), workshops
were held with experts on different IAS groups from all over the world
with presentations on EDRR systems and discussions regarding the
challenges and possible solutions for the EDRR particularly towards the
above-mentioned model species. We first categorized the different challenges
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Figure 2. Venn diagram graphical representation of the four model species used in this study.
Issues common to all species are listed in the centre box. Issues specific to a single species are
listed in the box next to that species. The relevant EU regulations governing the different model
species has been overlaid on the relevant species. Whether the problem is evident in the early
detection [ED] or rapid response [RR] is listed in square brackets after the problem. Image
credits: emerald ash borer — David Williams; grey squirrel — Merike Linndmagi, www.nobanis.org;
thousand canker disease — Ned Tisserat, Colorado State University, www.Bugwood.org; American
pokeweed — Agnes Csiszar.

which are not yet resolved by the EU plant health or IAS legislation. Some
solutions to these challenges are proposed and could be transferred
between the different case study species. A particular focus is placed on
effective communication with and among stakeholders, as it has been
proven of pivotal importance for the successful implementation of an
EDRR system against IAS.

Challenges and solutions for effective early detection

Following the workshop in 2019, a list of issues for each model species was
developed by the workshop participants (Table S1). These issues were
grouped according to whether they were common to the four model
species, or specific to one/some of the model species (Figure 2).

The procedures and methods needed for the early detection of an IAS,
where eradication is still possible, are herewith considered as part of the
EDRR. Possible challenges and solutions for early detection are described
below.

Common challenges

The following common problems were identified for the early detection of
the four model species: species identification, insufficient resources for
monitoring, insufficient information on how to contact the national
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competent authority to report a finding, a dearth of national available
experts, and uncertainty on pathways of spread.

Species identification

Species identification was for all species an issue but depends on the
context or the life history.

For the American pokeweed, identification of young plants is
complicated because they are morphologically similar to some European
native plants (e.g. deadly nightshade (Atropa belladonna)), while in contrast
adult plants are relatively easily identified. Regarding the recognition of
American pokeweed, guides (field guides, leaflets, educational material, etc.)
must be prepared to help with identification of the plant. For the grey squirrel
identification might also be an issue, because coat colour variation can
confound differentiation from native red squirrels (Shuttleworth et al. 2016).

In the case of the two plant pests, there were challenges identified in the
accurate identification of both TCD and EAB. Geosmithia morbida and its
vector are species which are not conspicuous. Detection of the pathogen
using molecular methods (e.g. Moore et al. 2019) is preferable to isolation,
because of the high rates of non-recovery when isolating the pathogen
from naturally infected material (Seabright et al. 2019). Early detection of
the WTB is hampered because of its small size (1.5-1.9 mm in length) and
the large potential for infection of the host without obvious symptoms
(EPPO 2015). Wood boring insects are notoriously difficult to detect, and
EAB is no exception. In the early stages, infested ash (Fraxinus spp.) trees
are asymptomatic and the presence of EAB may go unnoticed until after
adult beetles have emerged from the tree. The characteristic, D-shaped exit
holes are rather small, up to 4 mm and may be difficult to spot in early
stages of infestation because the beetle first attacks the tree in the upper
canopy. Ash dieback (Hymenoscyphus fraxineus), which is widely present
throughout Europe and causes the decline of ash trees could potentially
mask the signs of EAB infestation. Nevertheless, closer examination of
suspect trees, e.g. searching for exit holes of beetles on bark or serpentine
galleries of larvae under the bark, confirm the presence of EAB. EAB can
be confused with other jewel beetles (Buprestidae) or the galleries made by
longhorn beetle larvae (Cerambycidae) (Volkovitsh et al. 2019), leading to
false reporting by citizens. As a result, survey data obtained by citizen
volunteers and data collected on the same trees/plots by an expert can be
contradictory (Roman et al. 2017).

Official point of contact

Once detection and proper identification has occurred, a common
problem to the four model species was a lack of knowledge of which
official authority to report the finding. During the workshop several
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participants noted that they were unsure of the relevant competent
authority responsible for the model species in their country. In many
countries the Ministry of agriculture is the National Plant Protection
Organisation (NPPO) (Eschen 2017), and is responsible for plant health
pests. The competent authority for reporting IAS varies between the
countries and can be a national Ministry, such as an environmental and/or
a provincial governmental body. It is therefore important to communicate
to the surveyors who use the information system whom they should
contact to notify a finding of an important IAS.

Insufficient resources

Insufficient resources were identified as a problem in the early detection
for all of the model species. This is particularly true when a species is not
regulated, like in the case of American pokeweed. For a quarantine species
under the plant health legislation, surveys are in part financed by the EU.
To improve the national surveys with the highest chance of detecting the
model species early in its invasion, a validated system of combining and
collating survey records from both professional and amateur recorders is
needed. Examples of validated systems for national amateur recorders are
the Observatree system in the UK (https://www.observatree.org.uk) and
the Invazivke information system in Slovenia (https://www.invazivke.si).
Having effective surveillance and reporting mechanisms in place would
lead to a more comprehensive understanding of the species spread, and
accurate delimitation of the species’ distribution area.

For the EAB and the grey squirrel, a lack of resources were also
identified as most problematic in the rapid response phase.

A solution to the lack of resources (including experts) would be to invest
in the training of people who already work in forests. For example, well-
trained district foresters and national park rangers are important to inform
and instruct forest owners, green area managers, riverbank managers, and
citizens, in the identification of the IAS for early detection. In the case of
American pokeweed, employees of electricity companies should be informed
as American pokeweed mainly occurs in open areas in forests like electricity
lines where it is brought by birds. EAB has been spreading westward from
Russia towards Europe since its first detection in Moscow in 2003
(Baranchikov et al. 2008), and more recently in Ukraine (EPPO 2019). A
comprehensive monitoring and surveillance programme will be required
under the plant health regulation, as EAB has been listed as one of the 20
priority pests for the EU. This means that national annual risk based
surveys, extensive public and industry awareness campaigns, and the
development and testing of contingency plans is needed for this pest. Any
such public awareness campaign could benefit from the experience of
successful past projects such as that to limit the spread of the Asian longhorn
beetle (Anoplophora glabripennis) and Citrus longhorn beetle (A. chinensis)
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in Italy (Ciampitti and Cavagna 2014). For the grey squirrel there was a
successful establishment of citizen scientists monitoring and controlling
grey squirrel in LIFE14 NAT/UK/000467 project (Shuttleworth et al. 2020).

Lack of knowledge of pathways of spread

To prepare a good ED system for IAS it is important to focus on the
pathways of introduction. However, for the four model species the
pathways were either difficult to identify or impractical in the field to
monitor. The berries (i.e. seeds) of American pokeweed, which are poisonous
for people and mammals, are consumed by birds (harmless for them), and
seeds can be dispersed quickly over long distances (Li et al. 2017). The
highest risk pathway for G. morbida and P. juglandis is unprocessed, fresh
walnut logs and wood, whereas walnut plants-for-planting are not known
to be an important pathway (EPPO 2015). There is also uncertainty about
the natural spread potential of the insect vector. Laboratory flight mill
experiments have shown that adults can fly 2 km in a day (Kees et al. 2017).
The extent to which wind speed, humidity and air pressure affect natural
spread of WTB is unclear (EPPO 2015), but the very small size of adult
beetles suggests the possibility of a passive long-distance dispersal by wind.
Adult EAB are also capable of flying over relatively long distances. Grey
squirrels can also rapidly colonise forest landscapes via natural dispersal
once they have been introduced (Teangana et al. 2000).

The movement via human enterprise (e.g. trade, recreational activities)
was identified for all of the model species. Movement of TCD on logs is
one possible explanation for the large expansion (over 300 km) of the pests
range between reports in 2016 (EPPO 2016) and 2019 (Guidotti et al.
2019). The EAB can also spread via movement of wood and wood
packaging material (EPPO 2013a). In North America, the cultural practice
of transporting firewood to campsites on recreational vehicles has led to
the rapid spread of EAB across the continent (Koch et al. 2012). Globally
there is a large international trade in wood commodities, and this is seen as
a major pathway for many insect pests (Meurisse et al. 2019). Several
researchers have identified the need for improvements in the phytosanitary
surveillance of wood and wood packaging pathway (Haack et al. 2014; Eyre
et al. 2018). This improved inspection should be backed up by reliable
pathway analysis and identification of high-risk areas to anticipate points
of EAB introduction direction of spread. The techniques for early detection
of EAB also need to be improved and monitoring programs among countries
need to be harmonized, based on perspective detection approaches and
international policy standards (Semizer-Cuming et al. 2019). There have
been examples of both the American pokeweed and the grey squirrel being
introduced (accidentally and purposefully) to new areas (Signorile et al.
2016; Hoppenreijs et al. 2019).
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Need for improvement in monitoring technologies

For all of the model species the technologies for monitoring would benefit
from further improvement. Trapping systems for WTB monitoring, based
on volatile organic compounds, have been developed and deployed
effectively in surveying for this pest. For example, annual surveys of WTB
populations in Italy using multi-funnel traps baited with specific aggregation
pheromones have shown good efficacy (Faccoli et al. 2016). For EAB, EAB-
green sticky prism traps or Fluon-treated multi-funnel traps placed in the
upper canopy of ash trees and baited with a pheromone and green leaf
volatile have proved to be useful (Francese et al. 2013; Silk et al. 2019), but
they are less effective in some cities, likely due to limited attractive radius
of the traps in these studies particularly when the pest is present at low
densities. In addition, the placement of traps in towns and cities can be
problematic due to the significant size of some of the traps designed for
capturing buprestids. To increase the effectiveness of pest detection,
girdled trap trees could also be used (Mercader et al. 2013) as a means to
monitor EAB by citizens. A program like “adopt-a-tree” could be established
on a large scale, recruiting citizens to carry out systematic and careful
visual inspections of trees in their area and report symptoms of EAB. To
accurately identify infested trees during ED, a method that can detect EAB-
infested trees before the tree exhibits external signs of infestation, involves
the careful peeling of the outer bark from the basal 50 cm of each of two
mid-crown branches (Ryall et al. 2011). Legg et al. (2014) estimated that
peeling branch samples from 148 trees would detect EAB with 90%
probability in an area with as few as 3% of trees infested. This method has
been used in Canada and provided the first detection of EAB in Quebec
City - one small gallery and immature larva detected in a sample of 233
trees (466 branches) (Robert Lavalée pers. comm.). Sniffer dogs are capable
of detecting trees infested with Asian long-horned beetle (Hoyer-Tomiczek
et al. 2016), and preliminary studies testing their feasibility for detecting
EAB-infested trees are underway (Hoyer-Tomiczek and Hoch 2020), so
this method may be available for EAB detection in the future.

There is a knowledge gap in the efficacy of the use of sentinel trees in
order to provide an ED system for TCD and EAB. These have been used in
several regions and for several pests previously (Eschen et al. 2019a), and
methods have been developed (Morales-Rodriguez et al. 2019; Eschen et al.
2019b) to improve their effectiveness. Monitoring of susceptible hosts in
botanic gardens would further develop our knowledge of a pests host range
and distribution (e.g. Cséka et al. 2020). Accurate mapping of all street
trees within a city would help target risk-based surveillance in order to
detect or delimit the spread of EAB and TCD. For example, the city of
Belfast in Northern Ireland, UK has a comprehensive openly available
database of all trees within the city limits (https://www.opendatani.gov.uk/
showcase/the-public-trees-of-belfast-city). In Canada, the costs of obtaining
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an inventory of street tree species in Fredericton, New Brunswick, was
greatly reduced by engaging the services of forestry students at the
University of New Brunswick who made it a class project (Anon 2016).
Although, camera traps are an effective non-invasive grey squirrel
monitoring method, especially when deployed in remote areas (Goldstein
et al. 2014), these rely on attracting animals to food baited locations at key
geographical locations (Sapsford 2019) with associated inter-specific
infection risks.

Ineffective or not available eradication methods

Ineffective or unavailable eradication methods were listed as a problem for
all model species. For the American pokeweed, little research has been
done on trying to find effective methods for its eradication. In Slovenia,
local efforts to eradicate the species by cutting did not work efficiently,
however, during the LIFE ARTEMIS project pulling of saplings and
digging up of plants was tried and early evidence indicates that these
methods are effective. To prevent infestation in forests, alternative forest
management practices—for example selective cutting instead of clear-cutting,
tending of young forests, and quick reforestation—would help reduce the
suitable environments for the American pokeweed to establish. For the
TCD, given the lack of effective treatment options, eradication programs
rely on the removal and destruction of infested trees. This may help to slow
the spread, but it is often hindered by incomplete host inventories and
variation in susceptibility among host species (USDA 2009). In addition,
current treatments applied to walnut to protect against common pests
would have no effect on either the pathogen or the vector (EPPO 2015).
Once the fungus has colonized the host tissues, it will continue to grow,
thus systemic and contact insecticides targeting the beetle do not prevent
the progress of the disease (Frank and Bambara 2019). The bark protects
them from most chemical intervention and pruning of infected branches is
ineffective as by the time symptoms develop the pathogen/vector will have
spread systemically (EPPO 2015). Recent results have shown that methyl
bromide fumigation, a product no longer registered in the EU, can be
effective at killing the pathogen and vector in its the wood and wood
packaging pathway (Seabright et al. 2019). Preventative measures for use in
the field such as using the entomopathogen Beauveria bassiana and/or the
insecticide permethrin to control the vector have shown promising results
(Mayfield et al. 2019).

As the EAB is already invasive in the USA, there was already more
research done for RR (Mercader et al. 2015). However, the limited control
options to deal with EAB (emamectin benzoate which is extensively used
in the US to deal with EAB is not widely approved for use within Europe)
would seriously compromise any eradication or containment efforts. The
insecticide TreeAzin, which protects ash trees from EAB for up to 2 years
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and has low toxicity to non-target species, may have more public
acceptance (McKenzie et al. 2010; Mercader et al. 2015). Finally, research
on alternative controls, such as breeding of EAB-resistant ash is being
explored (Herms et al. 2015; Wu et al. 2019). Recent evidence in the US
indicates a small percentage of North American ash have survived EAB
invasion and will be tested for putative resistance in tree breeding
programs (Tanis and McCullough 2015; Showalter et al. 2020).

For the eradication of the grey squirrel, live-trapping or shooting are
effective removal tools (Gill et al. 2019). However, trapping can be labour
intensive with frequent daily trap inspections needed where red squirrel is
present, or where there is a significant risk of capturing non-target species
(Shuttleworth et al. 2016).

Contingency planning

Contingency planning was identified as an important activity for all of the
four model species. Contingency planning includes a number of parts,
including identification of roles and responsibilities for government and
stakeholders in emergency response to a detection of a regulated organism,
information on operational activities to contain/eradicate the regulated
organism, suitable communication activities to be conducted, and detail of
the need for regular tests of the contingency plan (EPPO 2009). As stated
earlier, EAB is a priority pest under the EU plant health regulation,
therefore EU Member states will need to develop contingency plans for this
pest. Several national and regional contingency plans already exist for EAB
(Forestry Commission 2017; Anon 2018). There are also EAB-specific
containment/eradication standards available to guide national responses to
EAB detections (EPPO 2013b). Contingency plans are often situation
specific. For example, the most likely scenario for EAB invasion into EU
Member states was probably interceptions on traded wood products or
plants for planting. However, given the current spread pattern of EAB
westwards from Russia through Ukraine, the contingency plans may need
to be organised under different invasion scenarios. To the best of the
authors” knowledge, no contingency plans exist for TCD or grey squirrel.
American pokeweed is not a regulated species therefore the establishment
of a contingency plan at national level is probably of low priority. Due to
the long history of contingency planning in plant health science, there may
be much cross learning in the plant health sector for those in the IAS sector.

Species-specific problems
Legislation

The workshop participants also highlighted some issues that were unique
to one of the model species. While EAB, TCD and the grey squirrel are all
regulated under EU legislation, American pokeweed is not yet. Listing a
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species in legislation enables the strongest means of controlling its spread.
Such legislation would ensure the development and implementation of an
EDRR system for American pokeweed in the EU.

Public attitude

A problem specific to the grey squirrel is that surveillance reliant upon the
general public may be hampered by citizens being unwilling to report sightings
because of concerns about control using lethal means (Dunn et al. 2018). Any
requests for information and sightings must therefore clearly communicate
the risk posed to native red squirrels by grey squirrels. In particular, in the
UK and Ireland, grey squirrels carry squirrel pox virus infection (Romeo et
al. 2019) and therefore parallel disease surveillance of sympatric red
squirrels is necessary in the vicinity of the congener (Everest et al. 2017).

Implications of pathogen-insect relationships

Many plant pathogens need a vector—very often an insect—for their
dispersal in new habitats. The low frequency of occurrence of G. morbida
on generic vectors such as Stenomimus pallidus (Coleoptera: Curculionidae)
suggests a very casual relationship between the fungus and this beetle, a
hypothesis supported also by the low population density of S. pallidus
indicating that it may not be capable of vectoring enough of the pathogen
to adversely affect tree health (Ginzel and Juzwik 2014). Instead, the strong
interactions occurring between G. morbida and P. juglandis must be
considered as one of the major components of a highly specific insect-
pathogen complex, where the containment of the vector may have significant
effects on the dispersal potential of the pathogen. Unfortunately, in the
rapid response against the TCD invasion, the capacity to manage the
insect-pathogen complex is usually limited, with efforts to promptly
control the vector considered ineffective in the reduction of the TCD
spread in the USA (Cranshaw and Tisserat 2009). Nevertheless, in some
cases the TCD early detection is also possible in the absence of specific disease
symptoms. In 2013, adults of P. juglandis were caught in traps in Maryland,
but G. morbida had not been identified through search for visual
symptoms and random sampling of branches. In 2014, adults were trapped
again in that same traps, and G. morbida was also identified from a log
baited with P. juglandis pheromone (Maryland Department of Agriculture
2014). A similar trend was recorded also in Italy where the P. juglandis
populations are monitored with pheromone traps since 2014—leading to
the first record of the species in Europe (Montecchio and Faccoli 2014)—in
the main walnut plantations of the Northern regions. The presence of TCD
infection symptoms are also investigated visually on the plantation trees,
and very often evidence of the pathogen presence is recorded only the year
following the first insect discovery in the plantation (Faccoli pers. observation).
In this respect, fungus-vector relationships have strong implications in the
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early-detection mechanisms, because the development of the disease
“thousand cankers” needs the combined presence of both P. juglandis and
G. morbida, making the early interception of the vector a prerequisite for
the occurrence of the pathogen.

Effects on commerce

Especially when the IAS are associated with plants, an economical aspect
will follow (Born et al. 2005). This might have implications for the
willingness of people to submit their record of the tree pest. On one hand it
might be that the neighbouring forest owner realises the consequences of
the submission of the record of a priority species, which can lead to all the
host plants are being destroyed (Mackenzie and Larson 2010). However, in
Slovenia it was shown that forest owners are in favour of cutting the trees
in order to eradicate a particular species (Japelj et al. 2019). It is important
that awareness is raised regarding the problems of the particular species.

In the cases of two of the model species a significant potential effect on
commerce in outbreak areas was identified. In the vicinity of an outbreak
of either EAB or TCD the NPPO would most likely impose extensive
phytosanitary control mechanisms. For example, a ban on trade of susceptible
host plants, and the untreated wood of host plants would most likely be
enacted in the area surrounding the outbreak. Furthermore, eradication
treatments applied to susceptible host plants could negatively affect trade
and tourism in the infested area. In the case of EAB, the PRA for the EU
area listed the potential negative economic, environmental and social
impacts of an EAB outbreak as being high (EPPO 2013a). For TCD, the
EPPO PRA (EPPO 2015) indicated that negative effects would be seen in
the EU in terms of economic, environmental and social aspects. The
negative social effects were rated as locally high in areas where walnuts are
common and provide an important source of income.

Communication as an integrated part of the EDRR system

Having communication plans in place is important for prevention and early
detection of IAS (Liebhold and Kean 2019). The design of communication
strategies depend on many factors, including the visibility or the damage
caused by the species, the previous knowledge of the target groups, and
what the intended outcome is (e.g. improving identification skills, increase
reporting rates, or enhance public support for eradication). In addition,
communication should focus on positive messaging to avoid potential
disengagement due to overly negative messaging. Here we will provide
some examples for prevention, early detection and rapid response.

For the grey squirrel, effective early detection via members of the public
can be achieved successfully through social media campaigns that aim to
empower people with field identification skills and knowledge of species
threat (Bryce and Tonkin 2019). The creation of new, or support to
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existing, community-based squirrel monitoring groups has been invaluable
in the United Kingdom and is a sustainable and cost-effective approach
(see Shuttleworth et al. 2015).

Dissemination of knowledge and raising awareness among stakeholders,
is important to stop additional plantings of American Pokeweed. There
should be an increase of coordination to take responsibility for different
parts of the invasion pathway, create regulatory rules if necessary, and to
coordinate information for increased effectiveness.

Tree diseases are cases where there is relatively more experience with
communication and the mobilisation of citizens for early detection. As
with other plant health threats, training and awareness-raising among
stakeholders (including the public) can aid in early detection of the disease.
In the UK, training through the Observatree network has led to a number
of new disease reports and reports of detection of threatening plant health
pests (Anon 2017). Efforts to facilitate reporting could include provision of
a dedicated phone number for reporting plant health and biosecurity
concerns, as is the case in New Zealand (MPI 2019). The project Sentinel
Plant Network for the detection and diagnosis of significant plant pests and
diseases (including WTB and TCD) is focused on citizen science and
funded in USA through the USDA’s APHIS, Animal and Plant Health
Inspection Service.

For managers and officials making decisions about funding programs to
mitigate EAB impacts, a positive framing of the message (i.e. “we can reduce
costs and keep more of our ash trees alive by actively managing EAB”) is
more effective than a negative framing (i.e. “EAB is going to kill all of your
ash trees”). Studies in the US have shown that protecting a portion of
urban ash trees with insecticides keeps more trees alive and costs less than
removing heavily infested trees or doing nothing (McCullough and Mercader
2012; Vannatta et al. 2012). Similarly, positive messaging to reduce the
human-assisted spread of EAB, such as “use local firewood” rather than
“don’t move firewood!” may resonate better with the public. Using television
and social media to increase public awareness on EAB and encouraging
citizens to report sightings of ash trees that display signs of infestation will
help managers identify suspect trees for removal or protection with
insecticides.

In addition, municipalities, public institutions or non-governmental
organizations could initiate citizen science projects to raise awareness and
encourage the recording of IAS as is done in the Green Pioneers project at
Meise Botanic Garden (Bogaerts et al. 2019). As mentioned before, the
message should be positive, stressing the importance of the ability of natural
forest rejuvenation and the ways pokeweed may affect such processes.

Similarly, messages about the importance of preserving the red squirrel
and reporting alien sciurid species should be promoted and disseminated
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through social and printed media as well as workshops and professional
channels: this type of approach has been used for the UK LIFE NAT/UK/
000467 project (http://www.redsquirrelsunited.org.uk) and has led to positive
outcomes.

In cases when rapid response actions are taken following a detection, it
is of utmost importance to inform the public and landowners about the
specific actions that are going to be taken and to explain why this is
necessary.

People who are negatively affected by EAB or TCD may disagree with
the decisions taken, especially when such actions involve cutting trees on
privately owned lands (Mackenzie and Larson 2010). Showing the evidence
of infested trees and explaining that the removal of trees will save many
other trees is then a strong message to convey. In order to encourage
worried landowners to report suspicious cases, reconstitution funding
could be made available to cover the cost of treatment and repurposing of
the affected land. Such a reconstitution fund was made available to
landowners in Ireland affected by ash dieback (Hymenoscyphus fraxineus)
to reduce the resulting financial hardship.

Communication is even more important to raise public awareness of
grey squirrel’s impacts and detection via press and social media coverage
and to coordinate with woodland owners and regional conservation
agencies (Bryce and Tonkin 2019). Indeed, the public are often unaware of
the impacts caused by grey squirrel and its presence is often considered
desirable by some citizens (e.g. in UK: Dunn et al. 2018). Thus, it can be
difficult to communicate lethal management actions on mammals as they
are sentient, perceived to be “cute” species and elicit a diffused empathy
(Verbrugge et al. 2013). This can negatively impact species control activities
in some areas. Depending on cultural differences between countries, citizens
can impede or even sabotage lethal management activities (e.g. in Italy in
the past), and control programs have not included such methods (e.g. in
Netherlands) reverting to non-lethal means of control. A recent study
published in Italy, using media reporting as an indicator for public perception
of management activities to control grey squirrel populations (Lioy et al.
2019) showed that communication efforts decreased the amount of negative
news coverage on control activities in certain parts of Italy, highlighting the
potential of communication campaigns. A similar result was reported by
Verbrugge et al. (2017) for Netherlands, where communication was important
for the effective eradication of Pallas squirrel (Callosciurus erythraeus). In
this case, introduced squirrels were live-trapped on privately owned lands,
after public support was created through personalized communication
efforts (Verbrugge et al. 2017), sterilised and housed in captivity.
Communication campaigns should be directed towards professionals and
citizens for increasing their awareness and involving them in the early
detection and monitoring of squirrels. This is particularly crucial when
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species density decreases after a control activity or is low at the beginning
of a new invasion, and it is difficult to detect few specimens. For example,
in Scotland a Community Hub information management system for staff
and volunteers is under development to better retrieve and integrate data from
all sources and thus improve feedback and actions (Bryce and Tonkin 2019).

General discussion

A number of challenges have been identified for the EDRR for each of the
four model IAS species. Interestingly, many of the issues were common for
these four organisms, including the identification, funding, knowledge of
institutional frameworks, available resources and capacity, and a lack of
understanding of the pathways regarding early detection (Figure 2). However,
considering the dissimilarities, the problems were rather species-specific or
were due to the selection of the species. For the RR many issues overlapped
with ED.

The overlap in challenges between early detection and rapid response is
not so surprising. Rapid response activities are divided into (i) the need to
delimit the infested range of the species, and (ii) eradication actions.
Delimiting the range involves surveying the area and identifying other
individuals of the regulated species in a certain radius around the first
observation.

Identification of the species depends on the variability within and
between species in areas such as life history, identification methods, and on
the trophic level. For all the selected species, identification was mentioned
as a challenge which could be solved with education and training for
surveyors. Non-experts have more problems identifying species of insects
and pathogens than they do species of plants. (Japelj et al. 2019). More media
attention on insect pests and pathogens was shown to improve the
accuracy of species identification by the general public (Japelj et al. 2019),
as these pests can often cause types of damage which can be confused. This
would make the possibility of citizen science for the detection of IAS more
useful for early detection (Roy et al. 2018). In all of the countries
represented at the workshop we noted a limited resource for surveillance.
In many countries, there are only a few taxonomic experts on each
taxonomic group to support surveillance (e.g. fungal taxonomy in Europe;
Dahlberg et al. 2010), while the use of public would give more eyes in the
tield. Another problem is the lack of identification material like guide
books available to compare IAS with the local flora and fauna, although
this is slowly being developed for both the general public (Kus Veenvliet et
al. 2019) and the experts (e.g. for EAB see Parsons 2008; Volkovitsh et al.
2019). To reach this goal it would be good to educate people by preparing
identification materials for both experts and the general public, where the
emphasis should be on the more difficult to identify species.
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We found that the pathways of movement of the four model species
were very species-specific, varying from wood trade to animal trade and
horticulture. Focusing the early detection methods for each of the model
species on their most likely pathways is crucial. Important high-risk areas
like ports are key points for introduction of IAS and therefore setting
multilure traps or sentinel trees, would help to detect the species early
(Rassati et al. 2014). However, detection outside of the point of entry might
already be too late, therefore thorough checking consignments with
detection dogs and other types of inspection technologies are more likely
to detect and prevent the species from establishing and spreading. For the
American pokeweed, the primary introduction route is mainly horticulture,
while the immediate spread strategy in the area takes place via birds. Given
this secondary pathway, a surveillance programme should use a risk based
and bioclimatic sampling strategy to systematically survey the region,
rather than focussing primarily on the points of entry. Whether an early
detection strategy should focus heavily on the pathway depends on the way
the IAS are spreading and should be decided for each species individually.

For communication, the general approaches towards the general public
would be (1) avoiding the catastrophist attitude (that usually leads to fear,
sense of impotence and blocks any actions); (2) not denying the problem of
the IAS, but (3) sending realistic and positive messages to favour proactive,
responsible and conscientious behaviours (Tricarico et al. 2018). To this
end, citizens should be involved in management of IAS (e.g. through
citizen science, adoption of codes of conduct and good practices, such as
“use local firewood”, “adopt a tree”, and management actions when
possible) and positive stories should be reported (e.g. not only successtul
EDRR by technicians, but also how with citizens’ help a new invasion was
blocked or mitigated) in order to receive their support. A recent study
conducted by Japelj et al. (2019) about social perception on the most
detrimental IAS to Slovenia’s forests showed that almost all respondents
(97%) support an EDRR system, with the non-lethal measures more
preferred than lethal ones. However, lethal measures could be the only
option in certain cases. People opposing such management actions,
especially for mammals, will always be present in the community and it is
important to be conscious of this. However, it is also fundamental to make
those people aware that “doing nothing” is always a management choice,
and that this choice comes with certain consequences (on biodiversity,
human health and activities) (Japelj et al. 2019). Eriksson et al. (2019)
analysed the public’s awareness of invasive forest pathogens and the
acceptability of policies aiming to combat them in nine European
countries. Once again, they found that media exposure was positively
associated with awareness of these pathogens and strengthened the link
between problem awareness and policy acceptability.

In this study we intentionally focused on four very different species, with
different legal status and biology. It was therefore expected that we would
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get exaggerated differences in early detection, rapid response and
communication problems. By using these species we discussed the core
issues and sought to identify common solutions. One of the main problems
of IAS management is that many are not regulated, and contingency plans
are not yet developed, as the species have not yet been identified as a
serious threat. A relatively low number of IAS are listed in the EU IAS
regulation. For plant health pests, it is well known that the regulatory
aspects can take many years to be implemented, and that many pests are
missed by the phytosanitary framework and go on to cause disease
epidemics (Brasier 2008; Liebhold et al. 2012). Horizon scanning exercises,
the use of sentinel plants and intensive collaboration with countries with
potential IAS are therefore very important tools to select potential species
to be included for regulation (Roy et al. 2018; Eschen et al. 2019b).

There are many differences between the plant health and IAS legislation
in the EU. The plant health legislation has been in force for many years and
deals with IAS causing disease in plants and affecting the environment and
economy, and this receives strong attention from stakeholders. The EU
IAS regulation is still in the early stages of implementation and focuses on
IAS causing a threat to biodiversity. The implementation of the IAS
regulation can benefit from the extensive experience built with the
implementation of the plant health legislation.

After the categorization of the different challenges we found that many
challenges are cross cutting over the four model species. Having these
issues solved in a general EDRR framework would make detection of plant
pests and other IAS more efficient. Therefore, we recommend the
following actions: 1) diagnostic protocols developed for amateurs should
be prepared for every species using either morphological and molecular
approaches especially for species on the list of Union concern; 2) there
should be increased consideration of IAS issues in research calls, and an
increased focus on developing and sustaining national experts in areas
such as plant pathology and taxonomy (EPPO 2004); 3) information on
how to contact the national competent authority to report a finding should
be easily accessible nationally; 4) there is a need for more experts or increase
the knowledge among professionals or amateurs; 5) frequent pathways of
spread nationally should be investigated so targeted surveillance can be
planned; 6) research should focus on effective methods for surveillance and
eradication; and 7) contingency plans or rapid response plans are needed
urgently at the national level.

Governments should especially focus on these challenges in order to
provide a robust EDRR system that is effective against IAS (i.e. both plant
health pests and other IAS). However, it is also important to give due
consideration to the species-specific issues that may arise, therefore
additional resources needs to be devoted to solving these challenges.

Current EDRR activities tend to focus on a part of a pathway rather than
formulating a comprehensive EDRR approach across the entire invasion
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pathway (i.e. covering the country of origin of the IAS, the port of entry of
the IAS and the range into which the IAS has invaded). Taking such a
comprehensive approach into account would mean coordination among
regulatory authorities and levels of government, as well as using strong
international trans-jurisdictional collaboration. For this, clear roles, data
sharing agreements, detection/response plans, evaluation/update cycles of
the EDRR system, and communication plans, are needed. In order to keep
the EDRR system efficient, the system measuring the effectiveness should
be established by linking risk maps, data collection and post survey
evaluation of the detection of non-native species. Whenever this does not
seem to be the case the EDRR system should be adapted and updated when
new information is known.

In conclusion, we investigated the EDRR system with case studies of
four different IAS. Although these species have different trophic levels and
are covered by different types of legislation, there are many similar problems
which need similar solutions. Although the plant health regulation and the
EU IAS regulation have differing terminology and contents, we suggest
there can be a large amount of learning from each other regarding the
solutions in the fight against IAS in forests.
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