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Editor foreword

Occurrence of new dendrophilous invaders in forests and greenery planta-
tions of Europe and Asia is a great risk and creates new challenges for forest
protection practitioners. Each new invader is not just a surprise but a protection
crudity as well. People are always late as new invaders appear. It is difficult to
develop protection operations against a hazardous insect or a disease agent when
they are not available in the territory.

However, after invader occurrence its damage is evident but protection
operations have not been developed yet and pesticide testing and registration for
protection against the invader take several years.

Very often government and community do not take new invader occur-

rence seriously as needed. It is a clear response since people including main ex-
perts do not have comprehensive knowledge about a new invader.
The actions to eliminate the infected boxwood in the Krasnodar Territiry on the
Black Sea coast were carried out incorrectly. Great risk evidence for forest pro-
tection experts was not adequately assessed by society and authorities. Just after
loss of natural forests with Colchis boxwood which happened 2-3 years after the
pest 1% identification urgency of protection operations was clear for everybody
but in fact there was nothing to protect.

Thus, each new invader occurrence should be regarded seriously and an
information sharing network should be a key element of tree shrub vegetation
protection package against foreign invaders. Nature conservation legislation
should be adjusted so that an invader infestation of nature reserves, national
parks and specially protected territories would not prevent protection operations.

The idea to prepare a joint publication to sum up tree protection experi-
ence available in Russia and neighbor states was discussed in Budapest in 2018,
The idea was realized in this monograph. We believe that the presented protec-
tion experience against specific pests and diseases is valuable for specialists.

Yu.l. Gninenko



1.2. Invasion by the box tree moth, Cydalima perspectalis (Lepidoptera:
Crambidae), in southeastern Europe
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Brop:xenue cammmuToBoii oruéBku Cydalima perspectalis (Lepidoptera:
Crambidae) B oro-socrounyr EBpomy

CammmroBas oraéBka Cydalima perspectalis (Lepidoptera: Crambidae),
poauHON KoTopoH siBnsiercs Bocrounas Asusi, Obuta 3aBe3eHa B EBpomy Gomee
10 ner Hazaa. DTO MPUBENO K 3HAYUTEIIbHBIM MOBPEXKICHUAM caMminuta (Buxus
Spp.) KaKk B TOPOJICKUX O3€JICHUTENIbHBIX MOCAIKAX, TAK U B €CTECTBEHHBIX Jie-
cax. [losBineHne 3TOr0 MHBAa3MBHOI'O BPEIUTENS B FOIO-BOCTOYHOM EBpore eme
He OBUIO JIOCTATOYHO MOAPOOHO 3aT0KyMeHTHpoBaHO. OCHOBHAs II€JIb ATOTO
WCCJICIOBAHMSI COCTOSUIA B TOM, YTOOBI IMOKa3aTh MOAPOOHYI0 KapTHHY Pacmpo-
ctpaneaust C. perspectalis B 11 eBpomedckux cTpaHax IyTeM OOO0OIICHUS
MMEIOIINXCS JaHHBIX O pa3BUTHUH MHBa3uM 3a nepuos ¢ 2010 mo konen 2016 ro-
na. COop JaHHBIX B OCHOBHOM OCHOBBIBAJICSA Ha OTYETaX, MOJYYEHHBIX OT Ipax-
naH. [loy4yeHHble pe3ysbTaThl SICHO TTOKA3bIBAIOT, YTO BPEIHBIA OpraHu3M ObLI
ropaszo 0oJjee MUpPOKO pacupocTpaneH B 3Toi yactu EBpornbl yxxe B 2016 rony,
00 3TOM MOKHO CYAMUTh IO paHee OMyOJIMKOBAaHHBIM paboraM. Taxxe ObLIHU MO-
Jy4YeHbl JI0Ka3aTenbcTBa TOro, uto C. perspectalis mpucyTcTBOBall B AnbaHuu,
Benrpuu u KocoBo, no kpaitHeit Mepe, 3a roj 10 CBOEro MepBoro oGuiraibHo-
ro OT4eTa B ATUX CTPaHax. DTO HCCIEIOBAHUE MOJYCPKUBAET HEOOXOIUMOCTD
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WCIIOJIb30BAHUS BCEX CBEJICHUA B MOHHUTOPUHTE MHBA3MBHBIX UY>KCPOJIHBIX BH-
TIOB.

KuarwueBsle cioBa: uyxxepoansie Buabl, Cydalima perspectalis, camMmur,
pacmpocTpaHeHHe, Ioro-BocTouHasi EBpomna, HaOIOICHUS TPaXIaH.

Abstract

The box tree moth, Cydalima perspectalis (Lepidoptera: Crambidae), is
native to East Asia and was introduced in Europe more than a decade ago. It
causes severe damage to box trees (Buxus spp.) in both urban and natural
habitats. The occurrence of this invasive pest in southeastern Europe has not
been documented in a comprehensive way yet. The main objective of this study
was to obtain a detailed picture of the spread and distribution of C. perspectalis
in 11 countries by summarising the records of the species from 2010 to the end
of 2016. Data collection was primarily based on reports received from citizens.
The results, due to the involvement of citizen science, clearly indicate that the
pest was much more widely distributed in this part of Europe as early as 2016
than judged from previously published works. Evidence has been obtained that
C. perspectalis was present in Albania, Hungary, and Kosovo, at least one year
before its first official record in these countries. This study highlights the
utilisation of citizen science in the monitoring of invasive alien species.

Key words: alien species, Cydalima perspectalis, Buxus, distribution,
southeastern Europe, citizen science.

Introduction

The current distribution of species has been shaped mostly by their natural
dispersal ability, which has been ruled by several biogeographical barriers for a
long time. However, these boundaries have easily been overcome by
anthropogenic activities, including the intentional and unintentional transfer of
living organisms. Therefore, more and more species, no longer restricted within
their native range, become aliens in different biogeographical regions, where
they may have a severe impact on the invaded ecosystem (Nentwig et Josefsson,
2009). The main pathway of introduction of alien pests of plants in Europe is the
live plants trade (Kenis et al., 2013).

The box tree moth, Cydalima perspectalis (Walker, 1859) (Lepidoptera:
Crambidae: Spilomelinae), is native to East Asia (Mally et Nuss, 2010;
Nacambo et al., 2014; Bras et al., 2019) and was introduced in Europe (Billen,
2007; Kriiger, 2008), where it has been spreading since at least 2007 (Billen,
2007; Leuthardt et al., 2010; Nacambo et al., 2014). It causes severe damage to
box trees (Buxus spp.) in both urban areas and natural Buxus stands. Larvae feed
on leaves and can completely defoliate box trees, and they can also damage the
bark. Severely affected plants may die (Kenis ef al., 2013; Leuthardt et Baur,
2013; Gutue et al., 2014; Nacambo et al., 2014; Matsiakh, 2016; Vétek, personal
observation). As indicated by the studies of Kenis et al. (2013), Matsiakh
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(2016), Raineri et al. (2017), Matsiakh et al. (2018), and Mitchell et al. (2018),
the most harmful consequences of the rapid dispersal of this invasive species
within Europe may be expected in the forest ecosystems where natural
populations of the box tree occur.

The native populations of Buxus sempervirens L. and B. balearica Lam.
in southern Europe underwent severe reduction in the last millennia and are
undergoing a process of fragmentation and isolation (D1 Domenico et al., 2012;
Kenis ef al., 2013). In southeastern Europe, B. sempervirens occurs naturally in
Albania, Greece, Kosovo, Montenegro, and North Macedonia, whereas in
Croatia, Hungary, the Slovak Republic, and Slovenia only its fossil sites are
documented. In Bosnia and Herzegovina, and Serbia, the historical occurrence
of box trees is not verified (Di Domenico et al, 2012). However, in each
country, the box tree is planted frequently in historical, formal and private
gardens and cemeteries as an ornamental plant or for hedging.

The spatial distribution of C. perspectalis in Europe by the end of 2012
was shown by Kenis et al. (2013). Since then, a number of further reports have
confirmed the widespread occurrence of the pest in Europe (for a recent
summary see CABI, 2019; but see also Hellers et Christian, 2016; Kudta and
Dawidowicz, 2016; Bengtsson, 2017; Bury et al., 2017; Agius, 2018; Corley et
al., 2018; Perez et Guillem, 2019). Although some data about the occurrence of
the pest in southeastern Europe up to the end of this current research in Decem-
ber 2016 have already been known from the region (e.g., Jez, 2012; Koren et
Crne, 2012; Matosevi¢, 2013; Glavendekié, 2014; Kulfan et al., 2014; Vétek et
al., 2014, and references therein; Markovi¢ et al., 2015; Ostoji¢ et al., 2015;
Panti¢ et al., 2015; Stojanovi¢ et al., 2015; Strachinis et al., 2015; Nacheski et
al., 2016; Szanyi et al., 2016; Tiiske et Marczali, 2016; Hrnc¢i¢ et Radonji¢,
2014, 2017; Hrn&i¢ et al., 2017; Nacheski et al., 2017), a comprehensive study
providing an overview of the occurrence and distribution of C. perspectalis from
this particular region was missing. This work aims to complete information on
the presence of C. perspectalis in this large area representing a region in some
parts of which vulnerable native (natural) populations of the box tree exist and
are threatened by this pest.

Materials and methods

Data about the occurrence of C. perspectalis were collected from 11 coun-
tries until 11 December 2016: (in alphabetical order) Albania (AL), Bosnia and
Herzegovina (BA), Croatia (HR), Greece (GR), Hungary (HU), Kosovo (under
the terms of UNSCR 1244) (XK), Montenegro (ME), North Macedonia (MK),
Serbia (RS), the Slovak Republic (SK), and Slovenia (SI). The countries joined
the study in different years in the following chronological order: 2012: HU;
2013: HR, SI, SK; 2015: AL, BA, ME, RS, XK; 2016: GR, MK. As we could
not find any contact persons to participate in this study in AL, BA and XK, the
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data from these countries are limited and do not represent the actual distribution
of the species in these regions.

The data about the occurrence of C. perspectalis were collected by active
search for the pest by the authors of this study (in each country except for AL
and XK) at locations with expected presence of Buxus spp. (e.g., cemeteries,
public parks, castle gardens). This was primarily based on observations of indi-
viduals (larvae, pupae and adults) and damage symptoms of the pest, but catches
of the moth in light traps were also considered (in HR, HU and SI). In addition,
citizen science was also involved to gather data in some of the participating
countries. In this case, citizens (partly including the members of professional or-
ganisations) were requested (e.g., through specific calls uploaded to professional
websites and via e-mails) to provide relevant observational data. For each obser-
vation, the following basic information was recorded: location (name and
geographic coordinates); date (at least the year) of the record; and name of the
recorder. If available, the data such as an elevation and a brief description of the
site and environment were also recorded. Sites with different geographical
coordinates but within the same settlement (location) were considered as a
single record. Due to the conspicuous appearance of the larva and adult of C.
perspectalis, and the characteristic symptoms of damage to Buxus plants,
identification by non-professionals was considered as reliable. Besides the data
received and collected actively by the authors, the presence records in the
studied region known from any types of publications (see Introduction; note: not
all the sources are indicated there) were also used to complete the picture of the
spread and distribution of the pest in southeastern Europe by the end of 2016.

The records of the presence of C. perspectalis from the 11 countries were
finally shown on a distribution map, where the data are displayed by the year of
the earliest record for each location, to visualise the spread of the pest (ESRI
ArcGIS Pro software, version 2.4.0, Coordinate system: GCS WGS 1984, Map
projection: WGS 1984 Web Mercator Auxiliary Sphere).

Results and discussion

By the end of 2016, we had collected data about the occurrence of C.
perspectalis from a total of 685 locations in southeastern Europe. In this region,
C. perspectalis was first recorded at Zalaegerszeg [46.8360°N, 16.8456°E], HU,
in 2010 (Fig. 1). The total number of records and the year of the first record of
the species in each country are shown in Table 1.

The distribution pattern of C. perspectalis in the studied area supports the
CLIMEX map of predicted distribution and relative abundance of the species in
Europe (Nacambo et al., 2014). The species was recorded in the altitudes
ranging from 0 m at Strunjan [45.5262°N, 13.6051°E] (adults) to 1031 m at
Poljubinj [46.1905°N, 13.7822°E] (adult), both locations in SI.
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Table 1. Total number of records and the year of the first record of Cydalima perspectalis
in the 11 countries of southeastern Europe

Total

Countr number of Year of the Source of data of the
y first record year of the first record
records
Albania 1 2016 present study
Bosnia apd 15 2014 Ostoji¢ et al. (2015),
Herzegovina present study
Croatia 72 2012 Koren and Crne (2012)
Greece 12 2013 Strachinis et al. (2015)
Hungary 404 2010 present study
Kosovo 1 2016 present study
Montenegro 71 2014 Hrnci¢ et Radonji¢ (2014),
present study
North Macedonia 6 2014 Nacheski et al. (2016, 2017)
. Glavendeki¢ (2014),
Serbia 53 2014 HabiProt (2019)
Slovak Republic 37 2012 Pastorilis et al. (2013),
present study
Slovenia 63 2011 Jez (2012),
present study

Several locations in western SK, specifically Bratislava and nearby places,
and the southwest of this country, a large part of western HU, mainly the
northwestern region, and the area west of lake Balaton (including Zalaegerszeg,
see above), northeastern SI and northwestern HR were invaded by the end of
2013. If we compare these findings with the information about heavily infested
area shown in figure 3 in Kenis ef al. (2013), it seems that C. perspectalis had
reached the western part of the studied region (also) by active dispersal.

Considering the first published report (location and date) of the particular
country combined with the data from Germany which indicate the rate of the
spread of C. perspectalis to be approximately 5-10 km/year (Van der Straten and
Muus, 2010), there were locations (with the damage by the moth) outlying from
heavily invaded areas. These were, for example, the following ones: Dobra
Niva, PreSov, and Turfia nad Bodvou (SK); Budapest and Miskolc (HU); Osijek
(HR); and Kifissia (GR). At least in these cases the occurrence of the species is
not likely to be directly related to its first official reports from the countries
concerned. Also, it may not be expected that the pest reached these sites by
active spread from the known invaded areas but its arrival in outlying areas with
infested planting material seems to be the most probable pathway of
introduction. Human-assisted introduction, when C. perspectalis was introduced
with plants for planting as a contaminant, following the terminology given by
Rabitsch (2010), seems to be confirmed by the observations of damaged plants
found in nurseries or garden centres at Dobra Niva (Buxus trees introduced from
Italy) and Budapest (Buxus plants introduced from Zala county, western HU),
both as early as 2013. Moreover, damage to Buxus in nurseries or garden centres

21




were noticed at locations in other countries as well, for example at Daj¢ (AL),
Filiria (GR), Jastrebarsko (HR), Penovi¢i (ME), Marena (MK) and Liplje (RS).
This indicates the potential contribution of these facilities to the unintentional
dispersal of the pest highlighted by Gninenko et al. (2014) and Plant et al.
(2019). Passive dispersal via plant trade may largely facilitate and speed up the
spread of C. perspectalis in those regions or countries where Buxus spp. are not
native to and in which box trees are used only for ornamental purposes in parks
and private gardens. In these cases, the transportation, even for long distances,
and planting of infested plants may make formerly uninvaded locations act as
stepping-stones for further invasion of the surrounding areas. The potential
steppingstone role of cemeteries may also be highlighted, because Buxus has
been a quite popular plant here even at small settlements as we found in our
survey. For example, in HU, the damage by the pest was recorded in more than
40 graveyards, also on relatively old bushes. It thus seems possible that if these
sites contain the appropriate host (MatoSevic ef al., 2017), they provide the moth
with suitable places for oviposition, supporting the consequent development of
their offspring and their further (‘unaided’) spread (i.e. secondary spread from
the point of entry) towards native environments (Rabitsch, 2010).

Damage to Buxus in countries where there are no natural stands of this
taxon remains only of aesthetic concern, though potentially paired with severe
economic effects especially in historical and formal gardens and parks.
However, the loss of native Buxus populations may have huge ecological
impacts (Mitchell et al., 2018). As indicated by Raineri et al. (2017) and
Naceski et al. (2018), the pest has already reached the natural Buxus stands in
AL and MK. Therefore, heavy damage to Buxus, similar to that already
observed, for example, in native populations of southwestern Germany and
northern Switzerland (Kenis et al. 2013; Vétek, personal observation, 2013),
northern Italy (Raineri et al, 2017), and the western part of the Republic of
Georgia (Matsiakh et al., 2018), may also be expected in the Balkans.

This study also indicates how citizen science can contribute to the better
understanding of the history of invasion of an alien insect. As both the insect
and the type of damage are easy to identify by non-professionals, C. perspectalis
is an ‘ideal’ target organism for further monitoring by the involvement of the
public. Nevertheless, the irregular pattern of distribution across the studied
region as well as the great differences in the number of presence records by
country should be interpreted very carefully regarding the real occurrence of the
pest, because a wide range of factors might have influenced our results. For
instance, the starting date of monitoring, efforts made and area investigated, and
the enthusiasm and motivation of citizens to gather and provide the data should
be considered. Our study comprehensively reveals the history of the spread of C.
perspectalis in southeastern Europe by the end of 2016. It also shows that the
pest had already been present in AL (at Daj¢ in 2016), HU (at Zalaegerszeg in
2010) and XK (at Kosovska Kamenica in 2016) at least one year earlier than the
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first known ‘official’ record from these countries (cf. Raineri ef al., 2017; Safian
et Horvath, 2011; Geci et Ibrahimi, 2018).
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Editor's opinion

The All-Russian Scientific Research Institute for Forestry and
Mechanization of Forestry, together with the East Palaearctic Section of the
International Organization for Biological Control of Pests and Animals,
prepared this collective monograph to show the scale of penetration of new
invaders into the forests of Eurasia and the problems that arise when each new
invader appears. For quite a long time, new invaders appeared only in the forests
of European countries, while the vast forests of Siberia were, as it were, outside
their influence. However, the 21st century brought not only an increase in the
flow of invasive deedrophilic insects into the forests of Europe, but also the
spread of this process into Siberian forests. It is now becoming clear that the
process of the emergence of new invaders in the forests of Europe and Siberia
will not only slow down, but most likely, it may intensify. In order to effectively
confront these new "invaders", the combined efforts of scientists and
practitioners from all concerned countries are needed.

This collective monografia is an attempt to summarize some intermediate
results of the study of forest invaders in the space from Western Europe to
Siberia and Central Asia. It does not pretend to provide an exhaustive coverage
of the issue: as the process of penetration of new invaders continues, so does the
process of studying and developing measures to protect against them.

Yu.l. Gninenko
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