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Introduction

Non-native insect species have appeared at an alarmingly 
increasing rate worldwide and also in Europe in recent de-
cades (Roques, 2010; Kenis and Branco, 2010; Tuba et 
al., 2012; Smith et al., 2018). More new non-native insects 
feeding on woody plants were recorded in Hungary during 
the last three decades than in the previous 110 years (Csó-
ka et al., 2012). While some non-native insects spread 
slowly and do not cause detectable economic/ecological 
damage, others become invasive, rapidly expand their 
range and subsequently have rather severe effects in their 
newly invaded area, causing severe economic and ecologi-
cal damage. The oak lace bug (Corythucha arcuata Say, 
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1832 – Heteroptera: Tingidae; abbreviated to OLB here-
after) is a recent example of a fast-spreading non-native 
insect with significant damage potential in its newly in-
vaded range. In this paper, we briefly summarize the most 
important knowledge available on OLB and highlight the 
knowledge gaps for this species. Identifying these gaps 
may help determine necessary directions for further OLB 
research in Europe.

A brief summary of the origin, biology and European 
spread of OLB

OLB is native to the Eastern USA as far north as South-
ern Canada. The adult bugs overwinter in bark crevices or 
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under raised bark. It has 2 or even 3 generations per year 
(Connell and Beacher, 1947; Csepelényi et al., 2017a). 
The females lay their eggs in groups of 10–100 on the un-
derside of oak leaves. Both nymphs and adults feed here 
by sucking from the lower leaf surface, resulting in sepa-
rate small (1–3 mm), later increasing and merging greyish-
yellow spots on the upper leaf surface. Heavy infestation 
can cause total discoloration of the foliage by the second 
half of the growing season, sometimes even as early as late 
June (Csepelényi et al., 2017a; Paulin et al., 2020).

Within Europe, OLB was first reported in northern 
Italy (Bernardinelli et al., 2000). Even then, it was 
predicted that the species might spread through most of 

Europe and that range expansion was likely unstoppable. 
However, very few new country records were reported 
over the following decade. Explosively rapid spread was 
only observed more than a decade after the first European 
record. As OLB is a typical “hitchhiker”, its long-distance 
spread is facilitated by road and rail traffic. With this hu-
man-mediated help, it can “jump” long distances within 
a short time. The stages in its spread within Europe are 
summarized in Fig 1.

The estimated total forest area infested by OLB in five 
countries (Croatia, Hungary, Romania, Russia in Europe, 
and Serbia) exceeded 1.7 million hectares (Table 1) by au-
tumn 2019.

Table 1. Estimation of the infested area in five countries in autumn 2019 
 

Country Infested area (ha) Source 

Croatia 300,000 B. Hrašovec – pers. comm. 

Hungary 114,000 Our own survey 

Romania 160,000 F. Bălăcenoiu – pers. comm. 

Russia (European part) min 1,000,000 Y. Gninenko – pers. comm. 

Serbia min 180,000 M. Glavendekic – pers. comm. 

Total min 1,754,000 – 

 

 

Fig. 1. The European distribution of OLB in 2020, with the year of first record for each country. The map is based on the 
following reports: Bernardinelli and Zandigiacomo (2000), Mutun (2003), Forster et al. (2005), Dobreva et al. (2013), 

Csóka et al. (2013), Hrašovec et al. (2013), Don et al. (2016), Neimorovets et al. (2017), Glavendekic (2017), Jurc & 
Jurc (2017), Dautbašić et al. (2018), Streito et al. (2018), Derjanschi & Mocreac (2018), Avtzis (pers. comm.), Zúbrik 

et al. (2019), Sallmannshofer et al. (2019), Mertelík and Liška (2020).

Table 1. Estimation of the infested area in five countries in autumn 2019
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Known and potential hosts of OLB

The host range of OLB was surveyed in 20 botanical gar-
dens and arboreta in 7 countries (Csóka et al., 2019). 27 
of the 48 oak (Quercus) species checked were found to 
be suitable hosts, and of these 15 were recorded as new 
hosts globally. Almost all Eurasian deciduous oaks can be 
hosts (both in section Quercus and section Cerris). None 
of the North American red oaks (Section Lobatae) are suit-
able hosts. This means that at least 30 million hectares of 
oak forests may become suitable hosts in Europe. In other 
words, lack of hosts is unlikely to restrict further spread 
of OLB.

In addition to oak hosts, Csóka et al. (2019) recorded 
29 non-oak host species (Rubus, Corylus, Acer, etc.). The 
survival rate and fecundity of OLB developing on non-
oak hosts are still unknown. According to Bernardinelli 
(2006a), OLB nymphs can develop successfully on Rubus 
leaves (with less than 30% mortality). These potential 
hosts may be important for further spread of OLB.

Climatic limitation of the further spread?

Climate may also have a very significant influence on the 
establishment, spread and population dynamics of an alien 
invasive species. Bernardinelli (2006b) made a com-
parison between the native range (the eastern USA and 
Canada) and Europe and concluded that most of Europe 
could be suitable climatically for further spread of the 
OLB. Zielinska and Lis (2020) discussed the risk of OLB 
establishment in Poland. They concluded that southern 
Poland is suitable for OLB both from in terms of climatic 
conditions and presence/abundance of oak forests. Our 
field survey on overwintering mortality (Csepelényi et al., 
2017b; Paulin et al., 2019) proved that the overwinter-
ing adults suffered 50% or lower mortality even in rela-
tively cold winters. This suggests that the winter weather 
is unlikely to restrict further spread to the east, north and 
west, particularly if we consider the tendency under cli-
mate warming towards shorter and milder winters. Natural 
barriers to dispersal (e.g. the Carpathians, Alps) may slow 
range expansion, but are unlikely to prevent it in the longer 
term.

Natural enemies and pathogens

A number of arthropod native enemies are mentioned from 
the USA including an unnamed hover fly (Connell and 
Beacher 1947), two mirid bugs (Hyaliodes vitripennis 
and Deraeocoris nebulosus) and an anthocorid bug, Orius 
insidiosus (Connell and Beacher 1947; Wheeler et al., 
1975). Connell and Beacher (1947) mentioned several 
birds (finches, treecreepers and nuthatches) feeding on 
OLB, particularly on adults. 

Puttler et al. (2014) found that an egg parasitoid, 
Erythmelus klopomor Triapitsyn (Hymenoptera, Mymari-
dae), was the most common and abundant natural enemy 
of OLB. Its host range is restricted to tingids and it seems 
to prefer OLB. All its host species overwinter as an adult; 
therefore it is likely that the parasitoid also overwinters as 

an adult in bark crevices and under raised bark. Puttler et 
al. (2014) consider this species to be a promising candidate 
for a classical biological control program against OLB in 
Europe.

Many native natural enemies (coccinellids, lacewings, 
predatory bugs, velvet mites, spiders, etc.) have been re-
corded to feed on some developmental stage of OLB since 
its discovery in Europe, but none strongly regulate its pop-
ulations. The situation in Hungary is the same. There are 
sporadic records of native enemies, but none are signifi-
cant from the point of regulation. Some generalist preda-
tors, such as red wood ants (Formica rufa), avoid OLB, 
even if infested leaves are placed on the ground near their 
hills (our own unpublished observation). A hypothetical 
explanation (not yet proven experimentally) is that some 
repellent chemicals are present in or on the body of OLB 
nymphs and adults. Knowledge on natural enemies report-
ed from two invaded European countries (Italy and Hun-
gary) is summarized in Table 2.

Sönmez et al. (2016) tested several entomopatho-
genic fungi against OLB under laboratory conditions in 
Turkey. Beauveria bassiana seemed to be the most ef-
ficient (both against nymphs and adults), causing >80% 
mortality. Kovač et al. (2020) reported four naturally oc-
curring entomopathogenic fungi (Beauveria pseudobassi-
ana, Lecanicillium pissodis, Akanthomyces attenuatus and 
Samsoniella alboaurantium) from Croatia, without giv-
ing information on prevalence or population impacts of 
these pathogens. Overwintering OLB adults killed by an 
unidentified entomopathogenic fungus (likely Beauveria 
sp.) were found at several locations in Hungary, but the 
mortality rate these imposed was less than 0.1% (our own 
unpublished data). 

It is very likely that the explosive spread and outbreaks 
of OLB in Europe can at least partly be explained by es-
cape from its natural enemies, since in the USA, OLB is 
much less abundant and is not even considered a signifi-
cant forest pest.

Known and predicted impacts on oaks and oak ecosys-
tems

The impacts of OLB on oaks and oak ecosystems in its 
native range are little-known. Only early leaf abscission 
and general weakening of infested trees (without provision 
of data) are mentioned (Connell and Beacher, 1947). In 
its native range it is not considered a significant pest, and 
therefore no focused research has specifically addressed 
the damage it causes. But explosive range expansion and 
extremely high abundance in consecutive years in some 
recently invaded European countries may suggest high po-
tential risk, both from ecological and economic points of 
view. 

Direct, evident impacts

Nymphs and adults sucking on the underside of leaves 
cause small but later expanding and merging spots on the 
upper leaf surface. These spots often cover the whole leaf 
surface. When OLB reaches high densities, this discolor-
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ation can be observed on 100% of the foliage by late July 
or August, but sometimes as early as late June. Severely 
infested leaves dry and fall 1.5–2 months before normal 
leaf abscission. With a little practice, these symptoms can 
be recognized even from long distance: drone, aerial and 
even space images (MODIS, Sentinel, Google Earth, etc.) 
can help to detect severe infestation. The estimated area of 
infestation in five countries is shown in Table 1 (autumn 
2019).

Physiological impacts

While tissues on the underside of affected leaves remain 
relatively intact, the chlorophyll all but disappears from 
the upper surface tissues of severely infested leaves. This 
has an important negative effect on photosynthesis since 
ca. 80% of this happens in the palisade chlorenchyma of 
the leaves’ upper surface (Lambers et al., 1998). Accord-
ing to a recently published Serbian study, photosynthetic 
activity decreased by 58.8%, transpiration activity de-
creased by 21.7%, and stomatal conductance decreased by 
35.7% on severely infested leaves (Nikolić et al., 2019). 
It is very unlikely that this impact would not have severe 
long-term impact on the oaks’ nutrient and water flow.

Potential impacts on growth

Insect defoliation of oaks in spring is known significant-
ly reduce radial growth (Muzika and Liebhold 1999; 
Colbert and Fekedulegn, 2001). However, hardly any 
information is known on the effect of defoliation occur-
ring later in the growing season (mid-summer or later). 
The within-year phenology of oak growth is dependent on 
many environmental variables. However, it is quite clear 
that most radial growth in oaks (Q. robur, Q. petraea, Q. 
cerris) occurs in the first part of the growing season, with 
80% of growth typically completed by late July (Szőnyi 
1962; Járó and Tátraaljai, 1984–1985; Hirka, 1990–
1991). Based on these facts, it can be assumed that damage 
caused by OLB (if it does not happen extremely early) will 
not have dramatic effects on within-year radial growth, but 
the accumulated effect of many years’ repeated damage 
will likely have a significant impact on it.

Potential impacts on oak health

The health status of oak forests is influenced by many 
abiotic and biotic factors. Many studies worldwide report 
that more frequent and severe droughts will significantly 
reduce the health of forest trees, including oak stands. If 
these climate predictions are accurate, further declines 
in forest health can be expected (Csóka 1996, 1997; 
McManus and Csóka, 2007; Csóka et al., 2009, 2015, 
2018; Klapwijk et al., 2013; Berki et al., 2018; Hirka 
et al., 2018; Mátyás et al., 2018). A new invasive insect 
imposing severe physiological effects on oaks will almost 
certainly contribute to further deterioration, worsening 
the prospects for oak forests, particularly if damage is re-
peated over the long-term. The disturbance in nutrient and 
water flow will almost certainly increase the stress level 

and become a significant element of the “damage chain”, 
resulting in oak decline and mass mortality. 

Several species of tingid bugs, for example the sy-
camore lace bug (Corythucha ciliata), are mentioned as 
potential vectors of a plant pathogen (Mitchell, 2004). 
Though as-yet unproven, it is possible that OLB could act 
as a vector for leaf pathogens.

Potential impacts on acorn crop

There are many observations but few scientific records on 
the connection between the negative effects of oak defo-
liation and the acorn crop. According to Crawley (1985) 
even a minor foliage loss (8–12%) caused by spring cater-
pillars can significantly reduce acorn yield.

According to observations in Croatia and Hungary, 
substantial early acorn abscission and smaller acorn size 
can be detected in oak stands severely infested by OLB. 
There were efforts to quantify these observations in Cro-
atia, but so far no significant direct link has been found 
(Franjevic et al., 2018). The same is true for our own ex-
periments in 2019. 

Acorn growth usually accelerates in July during the 
time when the negative physiological effects caused by 
OLB intensify. Therefore it is assumed that the physiolog-
ical effects of OLB on oak foliage have detectable knock-
on effects on acorn crop. Acorns of Turkey oak (Quercus 
cerris) develop for two years, meaning that OLB effects 
will directly influence acorn development for two years.

Another important question is how the cumulative 
effects of OLB infestation over several years will influ-
ence the quantity and quality of the acorn crop. This could 
have severe practical concerns, since the periodicity and 
troublesome predictability of acorn yields have already 
caused and are still causing significant difficulties in for-
estry. This could escalate to significant decrease or even 
total loss of the acorn crop, hindering natural regeneration 
of oak stands or the production of reproductive material 
in nurseries.

Potential impacts on oak-associated insect species

Oaks are characteristic and dominant tree species in many 
natural habitats in Europe and harbor uniquely high diver-
sity of herbivorous insect species (Crawley, 1983). Com-
pared to other tree species, oaks probably support the high-
est associated species richness. In the UK, oaks support 
423 species of herbivore (feeding on living plant tissue: 
Kennedy and Southwood, 1984), with corresponding 
richnesses of 298 species from Germany (Altenkirch, 
1986) and over 670 species from Hungary (Csóka and 
Ambrus, 2016). Oak-feeding Lepidoptera alone comprise 
more than 300 species in Hungary (Csóka and Ambrus, 
2016). Most species that feed on oaks are polyphagous, 
but in Hungary the number of specialist oak-feeding in-
sect species approaches 300 (Csóka and Ambrus, 2016). 
Mitchell et al. (2019) mentioned 326 species (57 fungi, 
257 invertebrates, 12 lichens) obligately associated with 
oaks in the UK. It is clear that oaks are keystone species 
that play an important and irreplaceable role in maintain-
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ing the biodiversity in forested ecosystems. In Hungary, 
approximately 450 insect species (many of which are rare 
and protected) feed (chewing, mining, galling, etc.) on 
oak leaves (Csóka and Ambrus, 2016). Richness of these 
species peaks during the first half of the growing season, 
feeding on younger foliage. Later in the season the poten-
tial number of oak-feeding species decreases; during the 
second half of the growing season, oak feeders are usually 
dominated by the second generation of bivoltine species 
and oak specialists (monophagous/oligophagous). How-
ever, even later in the season the number of species po-
tentially feeding or developing on the leaves is high, at 
approximately 180 species in August/September.

This is why we have good reasons to assume that se-
vere infestation by OLB over a large area – which results 
in premature yellowing and drying of the foliage – will 
have a serious impact (due to exploitative competition) 
on the insects developing in the foliage during the second 
half of the growing season. Heavily infested leaves are un-
suitable food sources for many leaf-feeding species in late 
summer and early autumn. Our preliminary results show 
that the caterpillars of tawny prominent (Harpya milhau-
seri), oak marbled brown (Drymonia querna) and some 
geometrid larvae (i.e. Cyclophora spp.) have all starved 
and died when only heavily infested leaves are available 
as food. A similar situation applies for leaf galling gall 
wasps (Cynipidae). We observed that the galls of Cynips 
quercusfolii as well as Neuroterus quercusbaccarum and 
N. numismalis were unable to complete their develop-
ment at all or only with high mortality on severely infested 
leaves (Paulin et al., 2019). This effect can be especially 
drastic if it repeats over several years or becomes chronic. 
We would expect that severe decline of some herbivorous 
insect populations could have a significant trophic cascade 
of negative impacts on their predators and parasites as 
well.

It is not yet known whether mass infestation of the 
OLB in a given year has any effect on herbivorous com-
munities in the following spring. It is also not yet known 
how the long-term (or permanent) negative physiological 
impacts will influence other oak-associated species (my-
corrhizal fungi, litter decomposers, etc.). 

Potential impacts on the surface waters

Savvidis et al. (2009) named sycamore lace bug (Corythu-
cha ciliata) as the causal agent of mass fish mortality in 
northwest Greece. The faeces and adult bugs were washed 
into a stream from infested Platanus trees during heavy 
rains, and these were shown experimentally to cause mass 
mortality of young farmed trout. There is thus reason to 
believe that mass abundance of OLB could have similar 
impacts on fish and aquatic invertebrates living in natural 
surface waters.

Human-health concerns

The sycamore lace bug (Corythucha ciliata) occasionally 
bites and causes painful inflammations on human skin 

(Dutto and Bertero, 2013; Izri et al., 2015). Occasional 
bites by OLB adults searching for food are reported from 
Romania (Ciceoi et al., 2018), Hungary (Paulin et al., 
2020) and Croatia (Kovač et al., 2020). It is very likely that 
this kind of human/OLB interaction will become more and 
more frequent in future if the species’ range expands even 
further and its abundance remains high. This may particu-
larly happen in infested oak forests frequently visited by 
tourists, but even more likely in parks, on oak alleys in 
towns and private gardens with planted oaks.

Control options

Small scale chemical control can only be considered in 
gardens and parks. Systemic insecticides are most likely 
the best options, since both larvae and adults are relatively 
protected on the underside of the leaves. But even in case 
of a successful chemical control, there is a high risk of re-
infestation, so possibly only more than one spraying would 
guarantee good results. 

In large oak forests, chemical control is absolutely not 
feasible. Firstly, it would be unacceptably expensive, par-
ticularly because most probably more than one treatment 
during a season would be necessary. Even more important-
ly, this heavy chemical load on oak forests would cause 
very serious undesired non-target effects.

Successful classical biological control seems to be the 
only viable option for fighting the OLB in its newly in-
vaded range. But a program like this must be preceded by 
studies on non-target organisms and a rigorous survey of 
the potential undesired ecological effects.

Conclusions

OLB seems to be a potentially very dangerous invasive 
species both from an ecological and economic point of 
view. In the long term, it will likely have negative im-
pacts on oak growth, health, acorn crop, and associated 
rich communities of oak-related organisms (insects, fungi, 
etc.). However, there are major knowledge gaps concern-
ing the details and complexity of potential OLB impact on 
oaks and oak ecosystems. Filling these gaps is absolutely 
vital in justifying the necessity for a classical biological 
control program.
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