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Abstract

This research examines the rapid spread of the oak lace bug, Corythucha arcuata (Say, 1832), in Slovakia from 2020
to 2022. A native of the Nearctic region, this pest was first detected in Europe back in 2000 and has since extended
across considerable part of the continent. Monitoring efforts revealed its presence in Slovakiain 2018, with subsequent
surveys showing its distribution through the southern region and a northward expansion. The pest mainly infests
oak trees, and in 2022, it was seen there on as many as 87% of the plots. Out of a total of 233 locations visited in the
period 2020-2022, the bug was found on 169 sites, which represents 72.5%. The study identified the pedunculate
and Turkey oak as primary host-plants. The results provided a clear trend from the bugs moving further north with
each passingyear, covering an estimated total distance of 84.5 km over the three-year timeframe. Factors influencing
its spread included passive transport via vehicles and possible wind-assisted dispersal on alocal scale. The study also
highlights the need for continuous monitoring and management strategies to mitigate its impact on oak ecosystems.
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1. Introduction

The oak lace bug, Corythucha arcuata (Say, 1832)
(Hemiptera: Tingidae), is a small, sap-sucking insect
originally from Eastern North America. Until 2000,
itwasonly known in the Nearcticregion, with aparticular
distribution in the United States and southern Canada
(Drake & Ruhoff 1965). This species was introduced in
Europe, where it was detected for the first time in 2000,
in the Lombardy and Piedmont regions of northern Italy
(Bernardinelli 2000). It quickly spread to neighboring
Switzerland as well (Forster et al. 2005). In the years
ahead, C. arcuata has occurred over a broad area of
southeastern Europe, and several countries (Bulgaria,
Hungary, Serbia, Russia, Albania, Romania, Slovenia,
Bosnia and Herzegovina, France, Ukraine, Greece, Slo-
vakia, Croatia, Bulgaria, Turkey) already reported its
presence on their territories (Csdka et al. 2019).1n 2019,
this species was also found in countries neighboring
Slovakia — in Austria (Sallmannshofer et al. 2019) and
the Czech Republic (Mertelik & Liska 2020). In 2021,

the oak lace bug has already been recorded in Poland,
which is likely the northernmost point of its European
invasion (Gierlasinski & Orzechowski 2023). Larger
areas of oak forests heavily infested by OLB were first
reported in Europe, specifically from Croatia, in 2016.
From the eastern part of the country, where the pest pop-
ulation was the highest as the damage to forest stands,
ithasrapidly spread across the center to the western side
(Franjevi¢ et al. 2016). Even summer vacationers trave-
ling to reach the sea, along the highway from Zagreb to
Split, had a chance since the 20162017 to see a heavy
infestation of the oak forest around, mainly between
Zagreb and Karlovac (personal experiences). Later on,
strong pest outbreaks were reported as well from other
countries, for example from Hungary in 2017 (Csepelé-
nyi et al. 2017), Bulgaria and Romania in 2016-2017
(Simov et al. 2018; Tomescu et al. 2018) or Austria in
2022 (Hoch et al. 2022).

The oak lace bug has wide spectrum of host-plants;
however, the main host-plants are oak trees (Quercus
spp.). Besides several oak species, it was also brought
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to the attention to develop on sweet chestnut (Castanea
sativa Mill.), Acer spp., and European wild apple (Malus
sylvestris [L.] Mill.), Ulmus spp., and many others (Jurc
& Jurc 2017; Simov et al. 2018; Csoka et al. 2019). Not
all authors of publications may took into account the fact
that there are plants on which a psyllid species completes
its immature to adult life cycle (host-plants) and there
are also plants on which adult psyllids feed, but do not
breed and do not spend an extended period of time (food-
plants) (Burckhardtetal. 2014). Itis therefore likely that
many of the “host-plants” listed in the cited literature are
actually just “food-plants” and in reality there are fewer
actual “host-plants”.

Since 2017, we started searching for C. arcuata on
oaks and other trees, in Slovakia’s territory. In June
2018, the presence of this species was first confirmed
when an adult specimen and a few eggs were found near
the village of MuZla in southwestern Slovakia, close to
the Danube River. The place of occurrence is located not
far from the border with Hungary. It was discovered on
leaves of Quercus cerris L. growing in a mixed floodplain,
a broad-leaved forest (Zubrik et al. 2019). No monitor-
ing was realized in 2019, however, a detailed follow-up
on this pest in the country was done during the period
2020-2022 in order to detect its spatial distribution. This
paper presents the results obtained as part of this project.

2. Material and methods

Between 2020 and 2022, we conducted visits to identify
potentially suitable zones for the presence of C. arcuata.
We have searched for the species in both, urban environ-
ments (such as municipal parks, recreational areas, and
trees along city roads) aswell as in forests. We chose plots
where oaks are present. The size of the plots depended on
theirlocation in the landscape. When situated in the for-
ested areas, the inspected area typically covered approx-
imately 1 hectare. However, in urban environments or
along roadsides, the plots often consisted of only a few
trees, usually 5 or more. We carried out these visits from
July to September each year.

Two people randomly examined the tree leaves in
the plot up to a height of about 2 m, for a time interval
of approximately 10 min and intensely looked for pest
presence — characteristic symptoms of leaf damage,
the occurrence of eggs, nymphs, or adults. If no signs
were observed, the plot was marked as clear — none was
present. If some were detected during the 10-minute
interval searching, we selected 100 leaves randomly from
different trees in the plot and scored the attack rate on
the scale shown in Table 1. The geographic coordinates
and altitude data were collected for each plot, alongside
information on the tree species on-site, including the
identification of the hosts. For identifying pests, we used
the key by Forster et al. (2005).

Table 1. The scale used to express the degree of infestation by
Corythucha arcuata in a plot (100 leaves examined).

Infestation level

Number of leaves with evidence of C. arcuata occurrence*

5 91-100
4 61-90

3 41-60

2 11-40

1 1-10

0 no presence

Notes: *Leaf damage — characteristic symptoms, occurrence of eggs, nymphs, or
adults.

Weused Rversion4.2.3 (2023—03—15 ucrt) and RStudio
(2023.03.0+386) to estimate in kilometers the northward
movement of the oak lace bug between successive years.
Data analysis was performed with the dplyr package
(Wickham et al. 2023).

The dataset was filtered to include only instances
where the bug occurrence was observed (= 1). The pri-
mary measurement of its spread was the maximum lati-
tude reached by the oak lace bug annually, as it repre-
sented the northernmost boundary of its range. For any
year in which it was found, we extracted the latitudinal
values from the data, resulting in the highest latitude
measure per year. For estimating the bug’s northward
movement inkilometers, we converted these maxlatitude
points to radians and calculated the difference in the lat-
ter between the current and the previous year.

We employed a one-way ANOVA test (Analysis of
variance), followed by ad hoc ¢-tests, to identify a sta-
tistically significant increase in the infestation of sites
by C. arcuata. To achieve this, we utilized data about
intensity of infestation on individual sites over the years.

3. Results
3.1.Occurrence of C. arcuata in Slovakia

In 2020, a survey was conducted primarily in the eastern
part of Slovakia, and it yielded an unexpected result —
C. arcuata was already established in a relatively large
zone (Fig. 1). Based on findings from 2020, the monitor-
ing for the presence of pests was carried out in 2021 and
2022, during which the area of interest was expanded to
cover the whole southern region of the country. In 2021,
severe infestations (level >3) of the bug were identified
in several locations, especially around Sahy (Kosihovce,
Dolné Semerovce, Pribelce). The surveillance in 2022
confirmed that thiszone was the most heavily infested and
a strong one was spreading eastward into the Roznava
region. Additionally, it was noted that this pest was
gradually occurring in more northern areas. It was found
completely unexpectedly in such places as Partizanske,
Banovce, or in Central Slovakia, surrounding Banska
Stiavnica, Harmanec, etc. The northernmost presence
wasin the village of Cingelov Laz near Povazska Bystrica
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Fig. 1. Presence of Corythucha arcuata in Slovakia based on surveys realized in the period of 2020—-2022. Black triangles show
the plots where C. arcuata was found for the first time in 2018. The dot size represents the level of infestation and the localities

marked with an “x” constitute the study sites without C. arcuata.

(Fig. 1). From Fig. 1, it is obvious that C. arcuata was
broadly distributed in Slovakia, in 2022. It occurs along
the entire border with Hungary, scattering in almost all
oak forests, up to the central part of Slovakia.

As early as 2020, over 60% of the plots visited were
invaded by C. arcuata (refer to Fig. 2). This was entirely
surprising, considering that it had only been two years
since the pest being first discovered in the country, in
just a couple of places (Zubrik et al. 2019). In 2022,
it was present in as many as 87% of the plots. Out of
a total of 233 locations visited during the period from
2020 to 2022, the bug was on 169 sites, accounting for
72.5% (Fig. 2).

The oak lace bug presence was confirmed not only
in lowlands, but also in locations at higher elevations,
or in mountainous regions, respectively. The majority of
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Fig. 2. Ratio of plots with and without the presence of this pest
according to years. “absent” — the number of locations with-
out its occurrence, “present” — the number of locations with
its occurrence.
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plots with its occurrence were found at altitudes rang-
ing from approximately 170 m to 300 m (average was
246.8 ma.s.l.). Additionally, the species was recorded in
highly elevated areas, with occurrences even at an alti-
tude of 953 m a.s.l. (Fig. 4).

3.2. Intensity of infestation

In infested plots, host trees were typically showing leaf
discolorationin 2020 and 2021, but the change was not as
pronounced asitwasin 2022.In 2022, infected oak trees
were visible from a distance in the regions around Sahy.
By examining Fig. 3, it is visually apparent that the num-
ber of sites with a low degree of infestation (level 1) has
decreased from 2020 to 2022. Conversely, the number of
locations with a higher degree (levels 2—5) hasincreased.
The sites with the strongest level, the fifth one, increased
from 13.2% in 2020 to 16.0% in 2022 (Fig. 3).

Table 2 displays the intensity of infestation by C. arcu-
ata on visited locations, measured on a scale of 0 to 5.
The data includes the average intensity, variance, and
the results of ¢-tests for the years 2020, 2021, and 2022.
While there are no significant differences between the
years 2020 (average intensity 1.11) and 2021 (average
intensity 1.11), the year 2022 shows a notable increase
in the average intensity to 2.21. The ¢-test result being
significant confirm a statistically significant difference in
the intensity of C. arcuata attacks in 2022, which differ
fromboth 2020 and 2021. These data confirm arapid and
significant increase in pest activity in 2022.



M. Zubrik et al. / Cent. Eur. For. J. 70 (2024) 286—293

70
M Infestation level 1
M Infestation level 3

60 M Infestation level 5

50

40

=x

30

20

10

) I

2020

B Infestation level 2
Infestation level 4

2022

2021
Years

Fig. 3. The proportion of individual infestation levels recorded in visited plots for a given year.

Table 2. The annual intensity of C. arcuata infestation of vis-
ited locations, measured on a scale of 0 to 5. Different letters
indicate statistical differences between variables.

Year (variable) Average Variance t-test
2020 1111111 1.616487 a
2021 1.107143 2.097403 a
2022 2.210526 2.48626 b
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Fig. 4. Distribution of plots with presence of C. arcuata (169
plots) along altitude (meters above sea level). Circles repre-
senting original values of particular study plots are accompa-
nied with box-and-whisker plot illustrating non-outlier range
(whiskers), lower and higher quartiles (box) and median of
altitudes.

3.3. Host-plants of C. arcuata

At 169 locations where C. arcuata was identified, we
examined a total of 16,900 leaves originating from ten

distinct host tree species during our monitoring. From
this substantial sample, we detected various pest stages
or characteristic symptomson 5,704 leaves. The distribu-
tion among individual tree species is as follows: Quercus
cerris L. 28.8%, Quercus roburL.67.6%, Quercus petraea
[Matt.] Liebl. 2.4%, Quercus polycarpa Schur 0.6%, and
Crataegus spp. 0.6%.The pedunculate oak Q. robur L.
and the Turkey oak (Q. cerris) were the most common
host-trees within Slovakia during the study. We can
confirm that all the five aforementioned species can be
considered host-plants as all stages of the pest were found
on the leaves.

3.4. Northward movement

The oak lace bug has been progressively moving north
over the years in Slovakia. In 2020, the most northern
point of its spread was recorded at the latitude of 48.3°N
(Table 3). In the following year, it had traveled further
north, reaching a peak of48.8°N, indicating anorthward
spread of approximately47.1 km. By 2022, the pest went
to 49.1°N, marking a movement of about 37.4 km from
the previous year. The data clearly show a consistent
trend of a bug migrating from the south over a three-
year span. During this period, their migration covered
an approximate distance of 84.5 km northward.

Table 3. Annual northward movement of Corythucha arcuata.

Year Max latitude Difference in latitude  Northward movement
(°N) (radians) (km)

2018* 47.6 — —

2020 43.3 — —

2021 438.8 0.00739 471

2022 49.1 0.00587 374

Note:*For comparison, we present latitude of locality Muzla — the place of the first
discovery of OLB in Slovakia (Zabrik et al. 2019).
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4, Discussion

A survey conducted in 2020 revealed that C. arcuata,
the oak lace bug, was already in a relatively large area
in Slovakia’s east. Subsequent monitoring in 2021 and
2022 confirmed its spread across the southern region,
with heavy infestations found in the first place around
Sahy. Pest populations gradually expanded to more
northern zones, reaching locations such as Partizanske
or Banovce, and Central Slovakia. This pest was widely
distributed in Slovakia by 2022, scattering in oak for-
ests along the border with Hungary and extending into
the central part of the country. The oak lace bug is spread-
ingrapidly since 2018 and occupied most of broad-leaved
forest stands with oaks in Slovakia until 2022 (for four
years). We can speak about the very quick spread of the
pest during the period between 2018 and 2022. Through-
out Europe, 2015-2016 range expansion seems to be
faster than the process it was from 2000 to 2015, and as
“rapid” was reported from several European countries
(Franjevi¢etal. 2016; Csepelényietal. 2017; Simov et al.
2018; Hoch et al. 2022).

The incidence of C. arcuata increased significantly
from 2020 to 2022. In 2020, over 50% of the plots visited
were with the oak lace bug, while it was present in 2022 in
asmany as 87% of them. The infestation level also height-
ened as time goes by, with a greater proportion of sites
exhibiting a higher degree to which they were infested
in 2022 compared to 2020. Several authors reported the
same results — damage gradually increasing after the
settlement of the pest in new territories (Franjevic¢ et al.
2016; Hoch et al. 2022).

Itcanbe assumed that the oaklace bug reached Slova-
kia from Hungary, where it has been present since 2013
(Csoka et al. 2013; Zubrik et al. 2019), and particularly
in the years 2016 and 2017, it had already spread quite
extensively (Csepelényi et al. 2017).

Direct mortality of oak trees caused by C. arcuata
has not yet been recorded, but a negative impact on their
healthis highly probable (Paulin et al. 2020). Anincrease
in the activity of secondary pests and fungal pathogens
can be expected (Pap et al. 2018; Stojanovi¢ etal. 2021).
In Slovakia, the main secondary pests of oak forests are
Scolytus intricatus (Ratzeburg, 1837) (Coleoptera: Cur-
culionidae), species of the genus Agrilus (Coleoptera:
Buprestidae), Armillaria (Basidiomycota: Physalacri-
aceae), or Microsphaera (Erysiphaceae: Ascomycota).

There is a noted connection between oak defolia-
tion and acorn crop reduction, with even minor foliage
loss, causing significant declines in acorn yield. While
observations in Croatia and Hungary have shown early
acorn fallout and reduced acorn size in heavily infested
oak stands, attempts to establish a direct link between
oak lace bug infestation and acorn crop reduction have
not yielded significant results (Franjevi¢ et al. 2018).
The long-term cumulative effects of oak lace bug infes-
tations on acorn crops could have practical implications
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for forestry, potentially leading to significant difficulties
innatural oak stand regeneration and reproductive mate-
rial production (Paulin 2020).

Presence of C. arcuata can affect the biodiversity of
oak forests due to exploitative competition (exhausting
the food source before other herbivores can finish their
development) (Paulin et al. 2020).

The pedunculate oak (Q. robur L.) and the Turkey
oak (Q. cerris L.) were identified as main host-plants for
this pestin Slovakia. Asin Europe, some other trees were
also recognized as such (Jurc & Jurc 2017; Simov et al.
2018; Csoka et al. 2019), we expect this spectrum could
be larger in the country too, if more attention is being
paid to this issue in our study.

Adults of oaklace bugs are not strong fliers; however,
we observed them quite frequently in the air. Especially
in heavily infested areas, it is common to see adult indi-
viduals flying around the host-trees during windless days.
We assume that wind may also have an important role as
a pathway for their dispersal mainly at alocal level (from
crown to crown).

In general, many species, including some plant-eat-
ing insects like the gypsy moth for example, can be dis-
persed over large distances by wind (Doane & McManus
1981). The maximum transport distance for insects can
vary widely depending on factors such as wind speed,
weather conditions, and their size, weight, and wing
structure. While some may only travel a few meters or
less, others can be carried over several kilometers. There
isno information that might verify if the oak lace bug can
go over long distances assisted by the wind. In its spread
in Slovakia, anthropogenic factors, such as passive trans-
port by vehicles, likely played a greater role. Although
there were some occurrences away from the main roads,
the majority of locations with pest presence were near
them. The significance of passive transport through traf-
ficforthelong-distance spread of C. arcuatahas alsobeen
observed and confirmed in other countries (Bernardinelli
2006; Mutun et al. 2009; Jurc & Jurc 2017; Hoch et al.
2022). Regarding further spread, in addition to passive
transport, climatic factors appear to be highly significant.
Some recent study shows, that the increasingly warmer
winters may not limit the expansion into more northern
areas (Paulin et al. 2021, 2023).

The results of this study should be understood within
the context of our methodology for data collection. In
particular, our analysis was based on localities that were
monitored for the presence of Corythucha arcuata. The
geographic scope of our observations was limited and
did not cover the total area of Slovakia.

While we are cautious not to generalize our findings
tozones beyond our study sites, we argue that our results
still provide valuable insights into the northward spread
of the oak lace bug. Our approachbased on analyzing the
point’s maximum latitude of pest occurrence each year
is geared toward tracking the edge of the species range
expansion. This facilitates our understanding of the
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Fig. 5. Symptoms of Corythucha arcuata presence on Turkey oak (Q. cerris L.) —left and the pedunculate oak (Q. robur L.) —right.

broad northward movement for the bugs, even though
not every location within this range has been thoroughly
investigated. The further northward spread of the spe-
ciesinourregionis expected. The recent discovery of the
species in Poland in 2021 (Gierlasinski & Orzechowski
2023) underscores these concerns. Defining the precise
boundaries of this expansion is challenging, as compar-
ing it with the species’ original North American range —
USA and South Canada (Barber 2010) —may not provide
an ideal reference due to differing climatic conditions.
Nevertheless, Europe, encompassing the territory from
the Baltic Seato Spain (excluding mountainousregions),
appears to offer a conducive environment for this species.

The results show a clear trend from the bugs traveling
further to the north with each year that goes, spanning
an estimated total length of 84.5 km over two seasons —
the average annual movementwas42.25 km. Webelieve
that despite the localized nature of our observations, this
finding provides a reasonable approximation of their
northward spread in Slovakia during the study period.

However, it is important to stress that broader geo-
graphical coverage will be necessary to deliver a more
comprehensive picture of the oak lace bug distribution
across Slovakia.

5. Conclusions

The paper examines the rapid spread of the oak lace bug,
C.arcuata,in Slovakiabetween 2020 and 2022. Thisinva-
sive species, originally native to North America, was first
detected in Europe in 2000 and has since spread to various
countries. In Slovakia, the study’s findings reveal a signifi-
cant expansion of C. arcuata within a short timeframe,
with the pest now occupying alarge portion of the country.

The study documented a remarkable increase in the
presence of C. arcuata in Slovakia over the years, with
over 87% of the surveyed plots exhibiting varying degrees
of infestation by 2022. The level of infestation intensi-
fied, as higher degrees of pest presence were observed
in 2022 compared to 2020. The authors suggest that the
spread of C. arcuata in Slovakia has been rapid between
2018 and 2022.

The paper underscores the potential negative impact
of the oak lace bug on oak forests, as increasing infesta-
tions may affect tree health and lead to secondary pest
outbreaks and fungal pathogen activity. Additionally, the
study identified the pedunculate oak (Q. robur L.) and
the Turkey oak (Q. cerris L.) as the primary host-plants
of the pest in Slovakia.
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Anthropogenic factors, such as passive transport via
vehicles, are believed to have played a significant role in
the spread of C. arcuata in Slovakia. The authors note
that passive transport through traffic likely facilitated
the pest’s introduction to the country, primarily from
Hungary.

This research provides valuable insights into the
spread of an invasive species and its potential impact on
local ecosystems. The paper highlights the need for con-
tinued monitoring and management efforts to mitigate
the effects of C. arcuata on oak forests in Slovakia and
beyond.
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