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Not a single year goes by without European forests being invaded by new alien species 
of insect herbivore or pathogenic fungi. This ever-increasing flow of alien pests (Santini 
et al. 2013; Roques et al. 2020) is clearly linked to the increase in international trade, 
in particular to containers containing wood packaging material such as wooden crates, 
dunnage, pallets, or potted plants where wood- or plant-living insects and pathogens 
can hide (Meurisse et al. 2019). In 2021, about 60 million containers arrived in Euro-
pean ports (Eurostat 2022), more than 150,000 every day. The largest container ships 
are now 400 m long and carry more than 20,000 containers on each trip. It is obvious 
that the inspection effort, although reinforced, cannot deal with such an impressive 
amount of commodities and it is very unlikely that the flow of international trade will 
decrease in the years to come owing to our globalized economy. Global warming will 
certainly not help because new and shorter sea routes are opening up with the melt-
ing of the Arctic ice. An increasing proportion of freight in Europe comes from South 
America, Africa and especially Asia (Eurostat 2022), all hot regions, and the increase 
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in temperatures in Europe may facilitate their establishment. Damage caused by these 
exotic pests and diseases affects the survival and growth of trees, altering the function-
ing of forests and thus jeopardizing the multiple ecosystem services they provide. In 
addition, eradication and management costs of non-native forest pests are consider-
able. A recent study has shown that the economic cost of biological invasions is of the 
same magnitude as that of natural disasters (like storms or wildfires). They have been 
multiplied by 8 between 1980–2000 and 2000–2020, amounting to more than 1,000 
billion dollars (Turbelin et al. 2023). Because forests provide irreplaceable goods and 
materials for people and the European economy, because maintaining healthy forests 
is essential for their contribution to climate change mitigation through sequestration 
and storage of atmospheric carbon, it is urgent to develop more effective protective 
measures against the ever-increasing threat of invasive forest pests.

The invasion process has four main stages, starting with the arrival of individuals 
(propagules) in a new territory, sometimes followed by a phase of establishment of a 
population, and its development in an epidemic phase, and finally its geographical 
expansion (Paap et al. 2022). The principle of preventing the risks associated with 
these invasive species is to hinder the transition from one phase to the next as quickly 
and effectively as possible. In this context, the role of researchers is to develop, test and 
promote the most relevant methods and tools at each stage of the invasion framework, 
i.e., for the early detection of these invasive alien organisms, for the identification 
of the species and for the monitoring of their damage and spread, but also for new 
eradication and control solutions. These are the principles that the European project 
HOMED (https://homed-project.eu) has applied since 2018 in partnership with 23 
research organizations in Europe but also in Australia, China, New Zealand, South 
Africa and the United States, as they represent the regions of origin of many invasive 
species in the European forests. This project also benefited from a close collaboration 
between forest entomologists and pathologists, which was very useful because insects 
and pathogens often share the same host trees and invasion pathways, or frequently 
have biotic interactions. The two disciplines are complementary in terms of scales of 
analysis and investigation methods (Jactel et al. 2020). This project has led to major 
advances in the management of invasive pests in forests, as illustrated by the 16 articles 
collected in this special issue of NeoBiota. These publications address the four main 
stages of the invasion process and its management.

The first phase is the one preceding the arrival of the alien species in the new ter-
ritory during which the pre-border biosecurity approach is put in place. This is during 
this preliminary phase when it is necessary to reinforce the preparedness of managers 
to the risk of invasion and try to identify the alien species likely to invade the terri-
tory exposed to the risk. The adoption by a large range of end-users (from customs to 
nurseries and forest enterprises) of technological innovations for the management of 
invasive species is highly dependent on the awareness of these organisms by the multi-
ple actors involved in quarantine inspection, management of forest and forest health, 
plant nurseries, urban parks, garden centres, etc. The adequacy of these new tools also 
requires attention to the real needs of these stakeholders. This is revealed by the survey 
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conducted among many forest health stakeholders in 15 European countries (Green 
et al. 2023). When invasive alien pests are known, the susceptibility of potentially ex-
posed woody species can be assessed using sentinel plantations ex patria, i.e., in areas 
where these pests are already present. This approach is illustrated by Paap et al. (2023) 
for the Myrtle rust and by Casarin et al. (2023) for the bacterium Xylella fastidiosa. 
From a risk assessment perspective, it is essential to establish the diversity of invasive 
species known to be harmful to trees as well as their traits or pathways favouring their 
invasive potential, such as cosmopolitan bark beetles (Grégoire et al. 2023), Bupresti-
dae (Ruzzier et al. 2023), or even all the exotic pests associated with a particular tree 
species such as the radiata pine (Brockerhoff et al. 2023).

The second phase corresponds to the arrival of invasive species in the new terri-
tory, for example exotic pests in European forests. Here, it is necessary to detect them 
as early and efficiently as possible in order to quickly trigger eradication measures. 
Trapping methods with generic attractants have been shown to be very relevant for the 
detection of exotic bark beetles in high-risk areas such as ports and airports (Roques et 
al. 2023), or with the help of vigilant citizens such as school children (Colombari and 
Battisti 2023). Rotating spore traps have given encouraging results to detect fungal 
pathogens such as the one causing ash dieback (Dvořák et al. 2023). Many invasive 
pathogens go unnoticed in their establishment phase or cause non-specific symptoms. 
It is therefore very important to have reliable and rapid methods to identify them. For 
example, molecular methods such as LAMP or real-time PCR allow the simultaneous 
detection of different organisms, such as Ophiostoma novo-ulmi and Geosmithia spp. in 
elm plants or bark beetle vectors (Pepori et al. 2023). The presence of invasive species 
can also be detected through advanced imaging techniques. For example, the winter 
nests of the pine processionary moth can now be more accurately detected by drone 
images analysed by artificial intelligence algorithms (Garcia et al. 2023).

The third phase involves the establishment of invasive species in the new territory, 
a process that is intended to be interrupted by eradication measures. However, eradica-
tion is often complicated and not always accepted by the citizens. A systematic review 
of the literature has identified the main causes of failure and success of eradication at-
tempts of woody plant pests in Europe, allowing also recommendations for successful 
implementation (Branco et al. 2023).

The fourth phase starts if eradication measures were not successful and therefore it 
is necessary to move to long-term management of established populations by limiting 
their expansion and damage. In particular, studies must be conducted on the climatic 
conditions and the quantity and vulnerability of host trees that favour the spread of 
diseases, as shown with the maple sooty disease (Muller et al. 2023) or the small spruce 
bark beetle (Cocos et al. 2023). Spread models can also be developed to test the role of 
various potential factors on spread (e.g. human-mediated dispersal, urban trees), and 
thus better predict the rate and direction of spread of invasive species such as the citrus 
psyllid (Nunes et al. 2023). Finally, control actions must be considered for the con-
tainment of populations of exotic species that have become established in European 
forests. An interesting solution is that of conservation biological control, which is 
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based on the principle of reinforcing native and generalist natural enemies capable of 
controlling the populations of new exotic prey. More generally, forest diversification 
can induce associational resistance by intermingling host and non-host species, leading 
to less damage from exotic species, as shown in the case of the Douglas-fir midge and 
Swiss rust (Stemmelen et al. 2023).

The publications collected in this special issue demonstrate that current concep-
tual, methodological, and technological advances allow a great progress in the antici-
pation, monitoring and management of invasive pest species in forests. However, it 
should be noted that each of them, taken alone, is not sufficient to significantly reduce 
the risk of pest invasion. It is their combination, in a coherent whole, which will ef-
fectively reduce the impact of the invasive species on European forests. We therefore 
call on the community of researchers and practitioners to work together to develop a 
real strategy for monitoring and managing non-native forest pests by deploying at each 
stage of the invasion and in the areas at risk, the tools and methods that we contributed 
to improve or develop. As non-native species can arrive in different parts of Europe, 
can be highly mobile, borders are not impermeable, and European forests are them-
selves often transboundary, it is obvious that these strategies should be applied con-
tinent-wide. Mobilisation of communities beyond the forest sector and international 
scientific cooperation should therefore be pursued. It is also necessary to continue to 
harmonize national biosecurity policies and ideally to establish a European task force 
capable of reacting rapidly to the arrival or spread of new non-native forest pests, by 
not only assessing the associated risk and but also proposing actions for detection, 
surveillance, and control.

References

Branco S, Douma JC, Brockerhoff EG, Gomez-Gallego M, Marcais B, Prospero S, Franco JC, 
Jactel H, Branco M (2023) Eradication programs against non-native pests and pathogens 
of woody plants in Europe: which factors influence their success or failure? In: Jactel H, 
Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and 
technical innovations to better manage invasions of alien pests and pathogens in forests. 
NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.95687

Brockerhoff EG, Gresham BA, Meurisse N, Nahrung HF, Perret-Gentil A, Pugh AR, Sopow 
SL, Turner RM (2023) Pining away and at home: global utilisation of Pinus radiata by na-
tive and non-native insects. In: Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Bran-
co M, Kenis M (Eds) Conceptual and technical innovations to better manage invasions of 
alien pests and pathogens in forests. NeoBiota @@: #–##. https://doi.org/10.3897/neo-
biota.@@.95864

Casarin N, Hasbroucq S, López-Mercadal J, Miranda MÁ, Bragard C, Grégoire J-C (2023) 
Measuring the threat from a distance: insight into the complexity and perspectives for 
implementing sentinel plantation to test the host range of Xylella fastidiosa. In: Jactel H, 
Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and 

https://doi.org/10.3897/neobiota.@@.95687
https://doi.org/10.3897/neobiota.@@.95864
https://doi.org/10.3897/neobiota.@@.95864


Management of non-native forest pests and pathogens 5

technical innovations to better manage invasions of alien pests and pathogens in forests. 
NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.90024

Cocos D, Klapwijk MJ, Schroeder M (2023) Tree species preference and impact on native 
species community by the bark beetle Ips amitinus in a recently invaded region. In: Jactel 
H, Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and 
technical innovations to better manage invasions of alien pests and pathogens in forests. 
NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.86586

Colombari F, Battisti A (2023) Citizen science at school increases awareness of biological in-
vasions and contributes to the detection of exotic ambrosia beetles. In: Jactel H, Orazio 
C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and technical 
innovations to better manage invasions of alien pests and pathogens in forests. NeoBiota 
@@: #–##. https://doi.org/10.3897/neobiota.@@.95177

Dvořák M, Štoidl P, Rost M (2023) Vertical spread of Hymenoscyphus fraxineus propagules. In: 
Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Concep-
tual and technical innovations to better manage invasions of alien pests and pathogens in 
forests. NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.90981

Eurostat (2022) Eurostat. https://ec.europa.eu/eurostat/data/database
Garcia A, Samalens J-C, Grillet A, Soares P, Branco M, van Halder I, Jactel H, Battisti A (2023) 

Testing early detection of pine processionary moth Thaumetopoea pityocampa nests using 
UAV-based methods. In: Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Branco 
M, Kenis M (Eds) Conceptual and technical innovations to better manage invasions 
of alien pests and pathogens in forests. NeoBiota @@: #–##. https://doi.org/10.3897/
neobiota.@@.95692

Green S, Dehnen-Schmutz K, Drakulic J, Eschen R, Orazio C, Douma JC, Lundén K, Colom-
bari F, Jactel H (2023) Awareness, detection and management of new and emerging tree 
pests and pathogens in Europe: stakeholders’ perspectives. In: Jactel H, Orazio C, Robinet 
C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and technical innovations 
to better manage invasions of alien pests and pathogens in forests. NeoBiota @@: #–##. 
https://doi.org/10.3897/neobiota.@@.95761

Grégoire J-C, Jactel H, Hulcr J, Battisti A, Inward D, Petter F, Grousset F (2023) Cosmopolitan 
Scolytinae: strong common drivers, but too many singularities for accurate prediction. In: 
Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual 
and technical innovations to better manage invasions of alien pests and pathogens in 
forests. NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.89826

Jactel H, Desprez-Loustau ML, Battisti A, Brockerhoff E, Santini A, Stenlid J, Björkman C, 
Branco M, Dehnen-Schmutz K, Douma JC, Drakulic J, Drizou F, Eschen R, Franco JC, 
Gossner MM, Green S, Kenis M, Klapwijk MJ, Liebhold AM, Orazio C, Prospero S, 
Robinet C, Schroeder M, Slippers B, Stoev P, Sun J, van den Dool R, Wingfield MJ, 
Zalucki MP (2020) Pathologists and entomologists must join forces against forest pest and 
pathogen invasions. NeoBiota 58: 107–127. https://doi.org/10.3897/neobiota.58.54389

Meurisse N, Rassat D, Hurley BP, Brockerhoff EG, Haack RA (2019) Common pathways 
by which non-native forest insects move internationally and domestically. Journal of Pest 
Science 92(1): 13–27. https://doi.org/10.1007/s10340-018-0990-0

https://doi.org/10.3897/neobiota.@@.90024
https://doi.org/10.3897/neobiota.@@.86586
https://doi.org/10.3897/neobiota.@@.95177
https://doi.org/10.3897/neobiota.@@.90981
https://ec.europa.eu/eurostat/data/database
https://doi.org/10.3897/neobiota.@@.95692
https://doi.org/10.3897/neobiota.@@.95692
https://doi.org/10.3897/neobiota.@@.95761
https://doi.org/10.3897/neobiota.@@.89826
https://doi.org/10.3897/neobiota.58.54389
https://doi.org/10.1007/s10340-018-0990-0


Hervé Jactel et al.  /  NeoBiota @@: #–## (2023)6

Muller E, Dvořák M, Marçais B, Caeiro E, Clot B, Desprez-Loustau M-L, Gedda B, Lundén 
K, Migliorini D, Oliver G, Ramos AP, Rigling D, Rybníček O, Santini A, Schneider S, 
Stenlid J, Tedeschini E, Aguayo J, Gomez-Gallego M (2023) Conditions of emergence of 
the Sooty Bark Disease and aerobiology of Cryptostroma corticale in Europe. In: Jactel H, 
Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and 
technical innovations to better manage invasions of alien pests and pathogens in forests. 
NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.90549

Nunes P, Robinet C, Branco M, Franco JC (2023) Modelling the invasion dynamics of the 
African citrus psyllid: The role of human-mediated dispersal and urban and peri-urban 
citrus trees. In: Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M 
(Eds) Conceptual and technical innovations to better manage invasions of alien pests and 
pathogens in forests. NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.#####

Paap T, Wingfield MJ, Burgess TI, Wilson JR, Richardson DM, Santini A (2022) Invasion 
frameworks: A forest pathogen perspective. Current Forestry Reports 8(1): 74–89. https://
doi.org/10.1007/s40725-021-00157-4

Paap T, Santini A, Rodas CA, Granados GM, Pecori F, Wingfield MJ (2023) Myrtus communis 
in Europe threatened by the pandemic and South African strains of the myrtle rust path-
ogen Austropuccinia psidii (Sphaerophragmiaceae, Pucciniales). In: Jactel H, Orazio C, 
Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and technical 
innovations to better manage invasions of alien pests and pathogens in forests. NeoBiota 
@@: #–##. https://doi.org/10.3897/neobiota.@@.95823

Pepori AL, Luchi N, Pecori F, Santini A (2023) Duplex real-time PCR assay for the simul-
taneous detection of Ophiostoma novo-ulmi and Geosmithia spp. in elm wood and insect 
vectors. In: Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M 
(Eds) Conceptual and technical innovations to better manage invasions of alien pests and 
pathogens in forests. NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.90843

Roques A, Shi J, Auger-Rozenberg MA, Ren L, Augustin S, Luo YQ (2020) Are invasive pat-
terns of non-native insects related to woody plants differing between Europe and China? 
Frontiers in Forests and Global Change 2: 91. https://doi.org/10.3389/ffgc.2019.00091

Roques A, Ren L, Rassati D, Shi J, Akulov E, Audsley N, Auger-Rozenberg M-A, Avtzis D, 
Battisti A, Bellanger R, Bernard A, Bernadinelli I, Branco M, Cavaletto G, Cocquempot C, 
Contarini M, Courtial B, Courtin C, Denux O, Dvořák M, Fan J-t, Feddern N, Francese 
J, Franzen EKL, Garcia A, Georgiev G, Georgieva M, Giaruzzo F, Gossner M, Gross L, 
Guarneri D, Hoch G, Hölling D, Jonsell M, Kirichenko N, Loomans A, Luo Y-q, Mc-
Cullough D, Maddox C, Magnoux E, Marchioro M, Martinek P, Mas H, Mériguet B, 
Pan Y-z, Phélut R, Pineau P, Ray AM, Roques O, Ruiz M-C, Sarto i Monteys V, Speranza 
S, Sun J-h, Sweeney JD, Touroult J, Valladares L, Veillat L, Yuan Y, Zalucki MP, Zou 
Y, Žunič-Kosi A, Hanks LM, Millar JG (2023) Worldwide tests of generic attractants, a 
promising tool for early detection of non-native cerambycid species. In: Jactel H, Orazio 
C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and technical 
innovations to better manage invasions of alien pests and pathogens in forests. NeoBiota 
@@: #–##. https://doi.org/10.3897/neobiota.@@.91096

https://doi.org/10.3897/neobiota.@@.90549
https://doi.org/10.3897/neobiota.@@.#####
https://doi.org/10.1007/s40725-021-00157-4
https://doi.org/10.1007/s40725-021-00157-4
https://doi.org/10.3897/neobiota.@@.95823
https://doi.org/10.3897/neobiota.@@.90843
https://doi.org/10.3389/ffgc.2019.00091
https://doi.org/10.3897/neobiota.@@.91096


Management of non-native forest pests and pathogens 7

Ruzzier E, Haack RA, Curletti G, Roques A, Volkovitsh MG, Battisti A (2023) Jewels on the 
go: exotic buprestids around the world (Coleoptera, Buprestidae). In: Jactel H, Orazio 
C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) Conceptual and technical 
innovations to better manage invasions of alien pests and pathogens in forests. NeoBiota 
@@: #–##. https://doi.org/10.3897/neobiota.@@.90829

Santini A, Ghelardini L, De Pace C, Desprez‐Loustau ML, Capretti P, Chandelier A, Cech T, 
Chira D, Diamandis S, Gaitniekis T, Hantula J, Holdenrieder O, Jankovsky L, Jung T, 
Jurc D, Kirisits T, Kunca A, Lygis V, Malecka M, Marcais B, Schmitz S, Schumacher J, 
Solheim H, Solla A, Szabò I, Tsopelas P, Vannini A, Vettraino AM, Webber J, Woodward 
S, Stenlid J (2013) Biogeographical patterns and determinants of invasion by forest patho-
gens in Europe. The New Phytologist 197(1): 238–250. https://doi.org/10.1111/j.1469-
8137.2012.04364.x

Stemmelen A, Castagneyrol B, Ponette Q, Prospero S, San Martin G, Schneider S, Jactel H 
(2023) Tree diversity reduces co-infestation of Douglas fir by two exotic pests and patho-
gens. In: Jactel H, Orazio C, Robinet C, Santini A, Battisti A, Branco M, Kenis M (Eds) 
Conceptual and technical innovations to better manage invasions of alien pests and patho-
gens in forests. NeoBiota @@: #–##. https://doi.org/10.3897/neobiota.@@.94109

Turbelin AJ, Cuthbert RN, Essl F, Haubrock PJ, Ricciardi A, Courchamp F (2023) Biologi-
cal invasions are as costly as natural hazards. Perspectives in Ecology and Conservation. 
https://doi.org/10.1016/j.pecon.2023.03.002

https://doi.org/10.3897/neobiota.@@.90829
https://doi.org/10.1111/j.1469-8137.2012.04364.x
https://doi.org/10.1111/j.1469-8137.2012.04364.x
https://doi.org/10.3897/neobiota.@@.94109
https://doi.org/10.1016/j.pecon.2023.03.002



	Management options for non-native forest pests along their invasion pathways
	Anchor 2
	References

