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Abstract 

Insect herbivores co-occurring on the same host plant interact in various ways. In particular, early-

season insect herbivory triggers a wide range of plant responses that can determine the performance 

of herbivores colonizing the plant later in the course of the season. But the strength and direction 

of such effects are debated, and virtually unknown in the case of novel interactions involving exotic 

insects in their introduction range. We conducted an observational field study in SW France, a 

region recently invaded by the Oak Lace Bug (OLB, Corythucha arcuata Say). We measured early 

chewing damage and subsequent OLB damage in four oak species (Quercus robur, Q. pubescens, 

Q. cerris and Q. ilex). We set up a complementary non-choice experiment in the laboratory, feeding 

OLB with leaves with or without prior herbivory. The four oak species differed in their sensitivity 

to OLB damage, Q. ilex being broadly resistant. Prior herbivory promoted OLB damage in the 

laboratory experiment, but not in the field. However, prior herbivory did not alter the rank of oak 

resistance to the OLB. Our results suggest possible synergistic effects between spring defoliators 

and the OLB. This study brings insight into herbivore-herbivore interactions and their possible 

implications for forest management. 
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Introduction 

Plants have long been seen as providing insect herbivores with such a large abundance of resources 

and niches that interactions among herbivores co-occurring on the same plant were deemed 

unlikely (reviewed by Kaplan and Denno, 2007). Yet, advances in our understanding of the 

mechanisms of plant direct and indirect defenses against herbivores largely challenged this view. 

It is now well established that insect herbivores co-occurring on the same host plants, either 
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simultaneously, during the course of a growing season or even beyond, do interact among each 

others in various ways (Poelman et al. 2008; Moreira et al. 2018; Fernández de Bobadilla et al. 

2021), regardless of whether they belong to the same species or not (Kaplan and Denno 2007; Van 

Dijk et al. 2020; Castagneyrol et al. 2021). In particular, early-season insect herbivory triggers a 

wide range of plant responses, ranging from induced defenses (Thaler et al. 2012; Moreira et al. 

2018; Abdala-Roberts et al. 2019) to altered nutritional quality (Newingham et al. 2007; Gómez et 

al. 2010, 2012; Moreira et al. 2012). These changes indirectly influence and determine the 

performance of subsequent herbivores (McArt and Thaler 2013; Moreira et al. 2015), as well as 

the structure of community of species associated with the plant (Poelman and Dicke 2014; Biere 

and Goverse 2016). However, how early-season herbivory influences late season herbivory is 

paradoxically not well known. 

The effect of early insect herbivory on subsequent herbivory varies substantially among insect 

herbivores and feeding guilds (Bingham and Agrawal 2010; Carmona and Fornoni 2013; Moreira 

et al. 2013; Schaeffer et al. 2018) and ranges from negative to positive (Kaplan and Denno 2007; 

Ohgushi 2008). Plant response to biotic aggressions is coordinated by two antagonistic signaling 

pathways (Erb et al. 2012). Plant pathogens or sucking insects triggers the Salicylic Acid (SA) 

defense pathway (Leitner et al. 2005; Schweiger et al. 2014), whereas necrotrophic pathogens, 

chewing or mining herbivores trigger the Jasmonic Acid (JA) defense pathway (Glazebrook 2005; 

Thaler et al. 2012). The reciprocal antagonistic interactions between the SA and JA pathways are 

responsible for negative interactions between herbivores belonging to the same guild, and positive 

interactions between herbivores of different guilds when sequentially attacking the same plant 

individual (Moreira et al. 2018). For instance, Rigsby et al., (2021) study showed that the positive 

effect of previous hemlock wolly adelgid (Adelge tsugae) on later-instar spongy moth (Lymantria 

dispar) attack on eastern hemlock (Tsuga canadiensis) was mediated by an increase on SA pathway 

and consequent reduction in JA pathway as a result of hemlock wolly adelgid attack. However, 

most of previous studies have been performed under experimental conditions, making it difficult 

to assess the relative importance of this phenomenon in the real world (but see Hernandez-

Cumplido et al., 2016; Kinahan et al., 2020). 

Biological invasions create new biotic interactions between insects and their host plants, as well as 

among insects co-occurring on the same plant (Kinahan et al. 2020; Rigsby et al. 2021). The 

introduction of insect herbivores in new areas is a major cause of disturbance in natural and 

managed ecosystems. For instance, the invasive pest emerald ash borer (Agrilus planipennis) has 

killed millions of ash trees (Fraxinus spp.) in North America (Herms and McCullough 2014) 

causing cascading direct and indirect effects on forest community composition and ecosystem 

processes (Gandhi and Herms 2010). If indirect interactions between herbivores exploiting the 

same resource are a widespread phenomenon, the damage caused by exotic herbivores may 

accumulate or, on the contrary, reduce the damage caused by native herbivorous insects. The 

invasive oak lace bug (OLB, Corythucha arcuata Say), a native species from North America, is a 

recent example of a fast-spreading non-native insect with considerable damage capability in its 

recently invaded area of distribution (Paulin et al. 2020). By feeding on oak leaves, OLB also 

interacts with other insect herbivores (e.g. chewers and leaf galls; Paulin et al., 2019) and native 

natural enemies (e.g. coccinellids, predatory bugs and spiders; Paulin et al., 2020). Previous studies 
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have investigated the effect of OLB on insect herbivores and have shown that OLB has a negative 

effect on the development of some leaf galling species and chewer herbivore species (Paulin et al. 

2019). The other way around, whereby the OLB is influenced by the resident herbivore community, 

is however unknown. Being a multivoltine sucking insects that triggers the SA defense pathway 

(Leitner et al. 2005; Schweiger et al. 2014), theory predicts that the development of the OLB in the 

course of the season is facilitated by early attacks of its hosts by insects triggering the JA defense 

pathway, typically defoliators (reviewed by Moreira et al., 2018). Investigating the effect of early 

insect herbivory on late OLB attacks may help us to better understand the mechanisms that allow 

this invasive species to build and maintain outbreak densities. 

In this study, we investigated the effect of prior chewing herbivory on oak lace bug (OLB) damage 

and mortality, combining field and laboratory experiments. To that aim, we measured chewing 

damage early in the season and OLB damage late in the season on fifteen trees of four oak species 

(Q. robur, Q. pubescens, Q. cerris and Q. ilex) in a newly invaded area. We complemented this 

observational field study with a controlled no-choice experiment in the laboratory, assessing 

subsequent OLB damage and mortality on intact vs damaged leaves of the same four oak species. 

We predicted that (1) early-season chewing damage has a positive effect on subsequent OLB 

damage, OLB abundance and OLB eggs clutches abundance, and that (2) these effects vary among 

oak species in natural conditions. We also predicted that (3) early chewing damage favor posterior 

OLB damage and reduces its mortality, and that these effects vary among oak species under 

controlled laboratory conditions. 

 

Material and methods 

Target species 

The OLB is a herbivore native to North America. It was introduced in Europe and first found in 

Italy and Turkey in 2000. It is thought that the Balkan and Central European population was spread 

from Turkey (Bernardinelli 2000; Csóka et al. 2020; Paulin et al. 2020) and that likely it was spread 

from Italy to France. The OLB mainly feeds on species of the Quercus genus, most frequently 

attacking Q. robur (L.), Q. petraea (Matt.) Liebl, Q. frainetto (Ten.) and Q. cerris (L.) (Csóka et 

al. 2020) but also other species such as Castanea sativa (Mill.) and Rosa canina (Bernardinelli 

2000). This wide variability of suitable hosts allows its expansion in Europe and Asia (Csóka et al. 

2020; Paulin et al. 2021). It reaches high densities late in the season (late July, late August and 

September), frequently covering the integrity of oak leaves and causing chlorosis, discoloration 

and desiccation of the leaf surface, reducing the photosynthesis and even causing premature leaf 

fall and acorn abscission (Dobreva et al. 2013; Paulin et al. 2020). The OLB was first observed in 

the study area in 2018 (B. Castagneyrol, personal observation).  

 

Observatory field study 

Study site 
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The field experiment was carried out in the city of Bordeaux, SW France, a region characterized 

by an oceanic climate with mean annual temperature of 12.8 °C and annual precipitation of 873 

mm over the last 20 years. We selected four oak species – namely the pedunculate (Quercus robur), 

pubescent (Q. pubescens), Turkey (Q. cerris) and holm (Q. ilex) oaks – in five parks where the four 

species co-occurred (Figure 1).  

We haphazardly selected one to four mature oak trees per species provided with low hanging 

branches that could be reached from the ground (57 oaks) in Angéliques A (44°50N 0°33'W), 

Angéliques B (44°51N 0°33'W), Eugène Bühler (44°52'N 0°34'W), Stehelin (44°51'N 0°37'W) and 

Bordelais (44°51'N 0°36'W) parks (Figure 1). The selected species represent 70 % of the oak 

species present in the public domain in Bordeaux city. All but Q. cerris are native to the region. A 

preliminary survey conducted in 2021 on the 10 most abundant oak species present in the public 

domain of Bordeaux city found that more than 80% of Q. robur (n = 169 trees surveyed), 85% of 

Q. pubescens (n = 269) and 60% of Q. cerris (n = 402) were attacked by the OLB, whereas less 

than 5% of Q. ilex (n = 168) were attacked (B. Castagneyrol and A. Stemmelen,  unpublished data). 

Host range in the study area was therefore consistent with that observed in other countries where 

the OLB was introduced a decade ago (Csóka et al., 2020).  

 

 

Figure 1. Percentage of early chewing damage averaged at branch level in each park and oak species. 

Numbers in brackets correspond to the number of trees selected in each park and oak species. Large solid 

dots and error bars represent raw means ± SE; small dots represent raw data. 

Leaf herbivory 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 2, 2022. ; https://doi.org/10.1101/2022.11.30.518479doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.30.518479
http://creativecommons.org/licenses/by-nc-nd/4.0/


In May 2022, we haphazardly selected three branches facing opposite directions in each tree. In 

each branch, we haphazardly selected one leaf, and attached a thin metallic wire at its basis. We 

then tagged every leaf along the branch, going down to the branch basis, up to 10 leaves. The first 

and fifth leaves had metallic wires of different colors from leaves 2-4 and 6-10. In total, we 

identified 30 leaves per tree and 450 leaves per species.  

We took a high resolution pictures of each leaf in late May and late July to later quantify early 

chewing damage (% leaf area removed or impacted by chewing and mining herbivores) and 

subsequent OLB damage (% leaf area with chlorosis) as well as the number of OLB individuals 

and egg clutches. Early chewing damage and subsequent OLB damage were visually scored by 

assigning each leaf to one of the following classes: 0, 0.1–5.0, 5.1–10.0, 10.1–15.0, 15.1–25.0, 

25.1–50.0, 50.1–75.0 or >75%. We then used the midpoint of each class to average both chewing 

and OLB damage at the branch level, and calculated the mean number of OLB insects and egg 

clutches per branch. Early OLB damage was observed in no more than 11% of leaves in the first 

survey and was not considered in further analyses.  

We found a positive correlation between OLB damage and the abundance of OLB individuals 

(Spearman's r = 0.83) and egg clutches abundance (r = 0.82). The results of the analyses were 

qualitatively the same with the three response variables. We decided to only present data on OLB 

damage in the main text, for it is the most comparable between the field and laboratory study. The 

results of the analyses on the number of OLB individuals and egg clutches are available in the 

supplementary material (Table S1, Figure S1). 

 

Laboratory experiment 

We conducted a no-choice experiment in the laboratory in June 2022 with Q. robur, Q. pubescens, 

Q. cerris and Q. ilex leaves sampled in one of the four parks used in the field study (Park 

Angéliques A). We haphazardly sampled from three to five 50 cm branches on five trees per species 

and immediately brought them to the laboratory. 

We haphazardly collected 10 damaged and 10 intact leaves per tree, and then pooled leaves from 

the different branches, keeping track of tree identity. We thus constituted a random pool of 50 

damaged and 50 intact leaves per species, i.e., 400 leaves. We ensured no chlorotic spots or OLB 

individuals were present on sampled leaves.  

We prepared a total of 400 petri dishes, each receiving one intact or damaged leaf from one of the 

four oak species and one OLB nymph. We collected nymphs on the same branches, the same day 

we sampled branches. We placed a piece of wet filter paper at the bottom to provide the necessary 

moisture to maintain the leaves and nymphs in optimal conditions. We stored petri dishes in 50 

hermetic plastic boxes filled with a thin layer of water to maintain relative humidity. Each box 

contained eight petri dishes consisting of a replica of intact and damaged leaves of each oak species. 

The experiment was conducted at room temperature (~20 °C) and lasted for eight days after which 

we recorded OLB mortality and damage (% leaf area with chlorotic spots). We used the same 

percentage classes as described above and averaged OLB damage at tree level within each level of 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 2, 2022. ; https://doi.org/10.1101/2022.11.30.518479doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.30.518479
http://creativecommons.org/licenses/by-nc-nd/4.0/


early chewing damage. We excluded six leaves (one from Q. cerris, one from Q. pubescens and 

four from Q. robur) on which it was not possible to measure OLB damage because they were 

covered with fungus. Thus, a total of 394 leaves were surveyed.  

 

Statistical analyses 

Preliminary data exploration confirmed that Q. ilex was a poor host species for the OLB: none of 

the 450 leaves sampled in the field had chlorotic spots, which were only found in 2 leaves (2%) in 

the no-choice experiment. We first ran non-parametric Kruskal-Wallis tests followed by pairwise 

comparisons to test differences in OLB damage among the four species. We restricted further 

analyses to data collected in the three other species (Q. robur, Q. pubescens and Q. cerris). 

Field survey — First, we tested the effects of early chewing damage and oak species as well as their 

interaction on OLB damage, OLB insect and egg clutches abundance at branch level, in natural 

conditions with linear mixed effect models (LMM). Early season chewing damage (continuous 

variable) and oak species (three-levels factor) were included as fixed effects, and Tree ID as 

random effect nested within Park ID to account for pseudo-replications of branches within trees 

and trees within parks at each park and tree. Some leaves were not retrieved during the second 

survey and were therefore not considered in the analyses. The final dataset represented a total of 

42 trees with 1106 leaves and 119 branches.  

Laboratory no-choice experiment— We tested the effect of early chewing damage (two-levels 

factor: intact vs damaged) and oak species (three-levels factor) on OLB damage and mortality in 

separate generalized mixed-effects models (GLMM). The OLB damage model had a Gausian error 

distribution whereas the mortality model has a binomial error distribution and logit-link. Early 

chewing damage and oak species were included as fixed effects and Tree ID as random effect to 

account for repeated measurements on each tree. We averaged OLB damage and summarized dead 

OLB vs alive OLB per tree (total: n = 15 trees, excluding Q. ilex leaves).  

We estimated and compared (G)LMM fit by calculating marginal and conditional R2 (respectively 

R2m and R2c) in order to estimate the proportion of variance explained by fixed (R2m) and fixed 

plus random factors (R2c) (Nakagawa and Schielzeth 2013). All analyses were conducted in the R 

4.0.5 (R Core Team 2020). We ran (G)LMM and calculated summary statistics and model 

coefficients with functions provided in libraries with package lme4 (lmer and glmer functions) 

(Bates et al. 2018).  

 

Results 

Field experiment 

Early chewing damage represented on average (± SE) 3.6 ± 0.21% of the total leaf area early in the 

season, while OLB damage represented on average 11.4 ± 0.51% of the leaf area (42 trees and 

1106 leaves, excluding Q. ilex trees) (Figure 1). OLB abundance was on average 1.7 ± 0.21% of 
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the inspected leaves, whereas OLB egg clutches abundance was on average 0.5 ± 0.03% of the 

inspected leaves late in the season. 

OLB damage varied significantly among species (Table 1), with no OLB damage found in Q. ilex. 

Specifically, it was greater in Q. robur and Q. cerris than in Q. pubescens (Figure 2). OLB damage 

was also significantly lower on Q. ilex than on the rest of the oak species (Kruskal-wallis followed 

by post-hoc test). OLB damage was not influenced by early herbivory or by the interaction between 

oak species identity and early herbivory (Table 1). 

Table 1. Summary of (G)LMMs testing the effect of early chewing damage*, oak species and their 

interaction on OLB damage and mortality. P-values are indicated within brackets and significant effects are 

in bold. Marginal (R2m) and conditional (R2c) R2 are reported. *Early chewing damage is treated as a 

continuous and categorical variable in the field and laboratory experiments, respectively. 

Predictors 

  Field experiment Non-choice experiment 

 OLB damage OLB damage OLB mortality 

df χ2-value χ2-value χ2-value 

Early chewing damage* 1 0.396 (0.529) 14.30 (< 0.001) 0.578 (0.447) 

Oak species 2 12.45 (0.002) 1.408 (0.495) 2.457 (0.293) 

Early chewing damage* × Oak species 2 4.095 (0.129) 0.220 (0.896) 2.579 (0.276) 

R2m (R2c)   0.16 (0.76) 0.32 (0.43) 0.16 (0.31) 
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Figure 2. Variation of OLB damage (% chlorosis) among oak species in the field experiment. Small dots 

represent raw data, large symbols and error bars represent raw means ± SE. The gray shading area indicates 

that Q. ilex was not included in the LMM. Different letters (a, b and c) indicate significant differences 

between oak species obtained with the post-hoc test, and were the same as in the LMM with only the three 

other oak species 

 

Non-choice experiment 

After eight days of the no-choice experiment, chlorotic spots caused by OLB covered 20.1 ± 100% 

of leaf surface. This raw mean was strongly influenced by the inclusion of Q. ilex leaves in the 

calculation and both OLB damage and mortality was significantly different between Q. ilex and 

the rest of oak species (Kruskal Wallis). Excluding this species, OLB damage was on average 26.5 

± 1.07%. Of the 392 OLB nymphs used in the experiment, 136 were dead after eight days (i.e., 

34.7%), including 92 that were forced to feed on Q. ilex leaves (i.e., 23.5% of the total).  
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Figure 3. Variation of OLB damage (% chlorosis) among oak species in the non-choice experiment. Small 

symbols represent raw data, large symbols and error bars represent raw means ± SE. The gray shading area 

indicates that Q. ilex was not included in the GLMM. Different letters (a and b) indicate significant 

differences between oak species). Significant differences were obtained with the post-hoc test, and were the 

same as in the LMM with only the three other oak species 

Contrary to what we observed in the field, OLB damage did not differ significantly among the three 

deciduous oak species (Table 1, Figure 3) but was significantly lower on Q. ilex than on the rest 

of the oak species (Kruskal-wallis followed by post-hoc test, Figure S2). It was on average 23.5% 

higher on leaves that had been previously attacked by chewing herbivores (Table 1, Figure 3). The 

effect of early herbivory on OLB damage was consistent across oak species (no significant 

Herbivory × Species interaction, Table 1). OLB mortality did not vary between herbivory 

treatments or among the three oak species (Table 1), but was significantly higher on Q. ilex than 

on the rest of the oak species ((Kruskal-wallis followed by post-hoc test, Figure S2). 

 

Discussion 

We found that subsequent damage caused by the invasive oak lace bug (OLB) Corythucha arcuata 

to three of its hosts in the European introduced range were facilitated by early chewing damage. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 2, 2022. ; https://doi.org/10.1101/2022.11.30.518479doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.30.518479
http://creativecommons.org/licenses/by-nc-nd/4.0/


This effect was however only observed under controlled laboratory conditions. On the contrary, 

we observed significant differences in host sensitivity to the OLB only in the field. We found no 

evidence that early herbivory influenced the rank of sensitivity of different host species to the OLB.  

Early chewing damage increased leaf sensitivity to the OLB in a non-choice experiment but it did 

not influence OLB mortality as larvae were still able to feed on intact leaves. As the OLB is a 

piercing-sucking herbivore, this result is consistent with previous studies having reported an 

antagonism between the JA and SA pathways, the former being triggered by and directed to 

chewing herbivores, and the latest by and to sap-feeding herbivores (Thaler et al. 2012; Moreira et 

al. 2018). However, how much this cross-talk influences herbivore-herbivore interactions in the 

real world is controversial. For instance, positive interactions were documented between the 

hemlock woolly adelgid (Adelge tsugae) and the spongy moth (Lymantria dispar) (Kinahan et al. 

2020). On the contrary, Ali and Agrawal (2014) found that although monarch larvae (Danaus 

plexippus) triggered the JA pathway in damaged milkweed (Asclepias syriaca), the subsequent 

downregulation of the SA pathway had no noticeable effects on the oleander aphid (Aphis nerii). 

The fact that the facilitative effect of prior herbivory on OLB damage was only observed under 

controlled laboratory conditions further questions the mechanisms at play and their relative 

importance.  

It is true that a non-choice experiment may not be representative of what occurs in the wild where 

herbivores move freely and can choose their food based on its perceived quality. But should have 

the OLB been able to select among damaged vs undamaged leaves, undamaged leaves would have 

been avoided and damaged leaves even more damaged than what we observed. In this case, it is 

particularly surprising that this pattern was not observed in the field. This suggests that other 

ecological factors with prominent importance determined the distribution of OLB and associated 

damage within oak foliage. Herbivores chose their feeding resource based on perceived quality 

(Mattson 1980; Wetzel et al. 2016), but also based on perceived risk (Jeffries and Lawton 1984). 

Thus, insect herbivores may choose plants that provide enemy-free space over the best food (Singer 

et al. 2004; Ghosh et al. 2022). It is also possible that the microclimate played a disproportionate 

role on the feeding behaviour of the OLB in the field, as has already been described for other 

species (Bernaschini et al. 2020; Rytteri et al. 2021; Stewart et al. 2021). This does not imply that 

prior herbivory was not influential, but merely that its effect was overcome by something else. In 

particular, the gregarious behaviour of the OLB lay may also alter the effect of previous herbivory. 

For instance, Kroes et al. study (2015) showed that cabbage aphids (Brevicoryne brassicae) 

manipulate defense induction in the thale cress (Arabidopsis thaliana), in a density-dependent 

manner. It is also possible that predation altered herbivore-herbivore interactions in the field, which 

remains difficult to assess given the very little knowledge we have on OLB enemies in its 

introduced range (Bernardinelli and Zandigiacomo 2000; Sönmez et al. 2016; Kovač et al. 2020; 

Paulin et al. 2020). 

We revealed differences in oak sensitivity to the OLB that were independent of prior chewing 

damage. We found that OLB damage varied among oak species in the field experiment, but not in 

the non-choice experiment. These results may indicate that OLB damage rate can be similar on Q. 

robur, Q. cerris and Q. pubescens in situations when only confronted by one of these host species 

as was also shown in the non-choice experiment. In situations when OLB can choose, like in the 
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field study, OLB shows preferences for specific oak species such as Q. robur and Q. cerris. More 

specifically, OLB damage was significantly higher on both Q. robur and Q. cerris than on Q. 

pubescens in the field experiment, suggesting that both Q. robur and Q. cerris are more susceptible 

and are more suitable hosts to OLB damage. Similar differences in insect herbivore damage among 

oak species have been also described on OLB (Marković et al. 2021) as well as on other insect 

herbivore species such as Lymantria dispar and Thaumetopoea processionea (Milanović et al. 

2014; Damestoy et al. 2019, 2021). It is however important to recall that preferences for a given 

species as measured by host choice by mobile herbivore stages may not perfectly reflect the 

subsequent amount of damage (Marković et al. 2021). Still, it is noticeable that, overall, the 

hierarchy of oak sensitivity to the OLB was consistent across studies, thus calling for further 

examination of defense traits at play.  

Despite positive interactions between defoliators and OLB, prior herbivory did not make Q. ilex a 

more suitable host. Similarly, Csóka et al., (2020) study also found that Q. ilex leaves are not 

attacked by OLB in any of the forest stands recorded in ten countries (Bosnia and Herzegovina, 

Bulgaria, Croatia, Hungary, Italy, Romania, Russia, Serbia, Slovenia and Turkey). This deciduous 

oak species is mainly attacked by fungal pathogens such as Phytophthora quercina, P. cinnamomi 

and P. ramorum; as well as by polyphagous lepidopterans such as Lymantria monacha, L. dispar, 

Tortrix viridana and Malacosoma neustria (De Rigo and Caudullo 2016). However, some of the 

characteristics of its leaves, such as their toughness, may not be attracted to sucking insects such 

as OLB, or even increases its mortality  as it is the case of Q. suber (Bernardinelli 2006) and Q. 

ilex (Bernardinelli, 2006; Csóka et al., 2020, our results). 

Conclusion and implications 

The facilitation of OLB damage by early chewing damage found in this study could indicate us 

that there might be a variability in the risk of OLB damage among populations depending on the 

diversity and activity of insect herbivores. As a consequence, synergistic effects between major 

spring defoliators such as the spongy moth (Lymantria dispar) and the OLB can take place and 

result in profound consequences on the structure of ecological communities -both trees and insects 

- and the dynamic of forest ecosystems in the study area. It is therefore of great importance to 

continue studying the interaction of this invasive species with other organisms and with the 

environment, as well as to study the consequences it may have to the plant growth and fitness of 

the different oak species that it attacks before its damage begins to be irreversible. These findings 

indicate that a large proportion of European deciduous forests may be particularly prone to damage 

by this invasive pest, which should be a greater concern for foresters that it is yet (Bălăcenoiu et 

al. 2021). 

Acknowledgments 

The authors warmly thank Cloée Jean and Timothé Lajubertie for their technical assistance in the 

field and in the laboratory. M.G. did this study through the research core group "Forest biology, 

ecology and technology" (P4-0107) financed via the Slovenian Research Agency. 

Rights and permissions 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 2, 2022. ; https://doi.org/10.1101/2022.11.30.518479doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.30.518479
http://creativecommons.org/licenses/by-nc-nd/4.0/


For the purpose of Open Access, a CC-BY 4.0 public copyright licence 

(https://creativecommons.org/licenses/by/4.0/) has been applied by the authors to the present 

document and will be applied to all subsequent versions up to the Author Accepted Manuscript 

arising from this submission. 

Author contributions 

E.V.C, B.C, M.G, L.S and A.S contributed to the study conception and design. Material preparation 

and data collection were performed by E.V.C, L.S, O.B and Y.M. EVC estimated early chewing 

damage and OLB damage, while E.V.C, O.B and Y.M measured the OLB abundance and OLB 

egg clutches abundance. Data analysis was performed by E.V.C and BC. The first draft of the 

manuscript was written by E.V.C and all authors commented on previous versions of the 

manuscript. All authors read and approved the final manuscript. 

Data availability statement 

The datasets generated during the current study are available from the corresponding author on 

reasonable request 

References 

Abdala-Roberts L, Pérez Niño B, Moreira X, et al (2019) Effects of early-season insect herbivory 

on subsequent pathogen infection and ant abundance on wild cotton (Gossypium hirsutum). J 

Ecol 107:1518–1529. https://doi.org/10.1111/1365-2745.13131 

Ali GJ, Agrawal AA (2014) Asymmetry of plant‐mediated interactions between specialist aphids 

and caterpillars on. Funct Ecol 28:1404–1412 

Bălăcenoiu F, Japelj A, Bernardinelli I, et al (2021) Corythucha arcuata (Say, 1832) (Hemiptera, 

Tingidae) in its invasive range in Europe: perception, knowledge and willingness to act in 

foresters and citizens. NeoBiota 69:133–153 

Bates D, Maechler M, Bolker B, Walker S (2018) lme4: Linear Mixed-Effects Models using 

“Eigen” and S4 

Bernardinelli I (2006) Potential host plants of Corythucha arcuata (Het., Tingidae) in Europe: A 

laboratory study. J Appl Entomol 130:480–484. https://doi.org/10.1111/j.1439-

0418.2006.01098.x 

Bernardinelli I (2000) Distribution of the Oak lace bug Corythucha arcuata (Say) in northern 

Italy (Heteroptera Tingidae). Redia 83:157–162 

Bernardinelli I, Zandigiacomo P (2000) Corythucha arcuata (Say): a new pest for European oaks. 

Methodology of forest insect and disease survey in Central Europe. Proceedings of the 

IUFRO working party 7.03.10 workshop. September 24–28. In: Knizek M, Forster B, 
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Supplementary Information 

Table S1. Summary of LMMs testing the effect of early chewing damage (% of chewing damage for the 

field experiment and oak species on OLB abundance and OLB egg clutches abundance. P-values are 

indicated within brackets and significant effects are in bold. Marginal (R2m) and conditional (R2c) R2 are 

reported. 

Predictors 

  Field experiment 

 

OLB abundance 
OLB egg clutches  

abundance 

d

f χ2-value χ2-value 

% Chewing damage 1 0.435 (0.510) 3.568 (0.059) 

Oak species 2 13.62 (< 0.001) 8.897 (0.012) 

% Chewing damage × Oak 

species 2 0.156 (0.925) 2.710 (0.260) 
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R2m (R2c)   0.16 (0.59) 0.16 (0.59) 

 

 

 

Figure S1. Variation of early OLB abundance (a) and OLB egg clutches abundance (b) among oak species 

in the field experiment. Small dots represent raw data, large symbols and error bars represent raw means ± 

SE. The gray shading area indicates that Q. ilex was not included in the LMM. Different letters (a, b and c) 

indicate significant differences between oak species obtained with the post-hoc test and were the same as in 

the LMM with only the three other oak species 
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Figure S2. Variation of OLB mortality (proportion of dead OLB insects) among oak species in the non-

choice experiment. Small symbols represent raw data, large symbols and error bars represent raw means ± 

SE. The gray shading area indicates that Q. ilex was not included in the GLMM. Different letters (a and b) 

indicate significant differences between oak species, whereas the asterisks indicate significant differences 

between herbivory treatments (damaged vs intact leaves). Significant differences were obtained with the 

post-hoc test, and were the same as in the LMM with only the three other oak species  
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