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Abstract

In Europe, the box tree moth, Cydalima perspectalis (Walker, 1859) was first reported in 2006, in
southwestern Germany, then spread to almost all countries. Larvae of this species affect the aesthetic value of
the box tree. In the last period, numerous studies were carried out regarding the identification of useful
entomofauna that reduce the numerical density of the population of Cydalima perspectalis. In this study
conducted in north-western Romania (Cluj County, in 2019), entomopathogens and useful entomofauna were
monitored in four areas, represented by four cities. The entomopathogenic agents contaminated the larvae of
the box tree moth in a proportion of 5.6% at Gherla, 6.8% at Dej, 8.7% at Cluj-Napoca and 15.3% at Ciucea.
Most larvae have been infected with Bacillus. At Cluj-Napoca and Ciucea, the presence of the larval
endoparasite Exorista farvarum L. (Diptera: Tachinidae) was reported. Parasitoid species determined a
parasitization rate of 5.1% at Dej, 8.6% at Gherla and 13.4% at Cluj-Napoca. Predators affected pupae in a
proportion of 3.8% at Ghetla, 4.2% at Dej and 16% at Cluj-Napoca. Among the pupae predators, for the first-
time common earwig was reported, Forficula auricularia L. Entomopathogenic agents affected 5.3% of the
pupae collected from Cluj-Napoca, 7.7% in Gherla and 12.5% in Dej. During the monitoring period of the
zoophagous entomofauna and the entomopathogenic microorganisms, affected the pupae in a percentage of
20.1% in Gherla, 21.8% in Dej, 34.7% in Cluj-Napoca, contributing to the diminution of the population of
the harmful species.
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Introduction

The box tree moth, Cydalima perspectalis (Walker, 1859), has its natural range in eastern Asia (India,
China, Korea, Taiwan, Japan and eastern Russia). In Europe, it was first reported in 2006, in southwestern
Germany (however, the species was probably introduced in 2005, but the attack was not initially noted). It was
introduced with infested bush cuttings (Billen, 2007; Kriiger, 2008). Then the species spread rapidly to other
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European countries (Hellers and Christian, 2016; Bury er a/, 2017; Nagy et al, 2017; Raineri et al, 2017;
Agius, 2018; Matsiakh er a/, 2018; Perez and Guillem, 2019).

The spreading area of the species extends due to the anthropic factor, which was widespread with the
biological planting material infested with eggs and larvae of this species (Brua, 2013; Akatov, 2015).

In Romania, the species was reported in 2010 in the Bucharest area (Iamandei, 2010). Then, the areal
expanded continuously, so that in 2014 it produced significant attacks in Timis, Constanta and Botosani
Counties, in 2015 in the Cluj area, and in 2016 in the Maramures, Satu Mare and Silaj areas (Székely et al,
2011; Fora and Posta, 2015; Bunescu and Florian, 2016).

The larvae of this species feed on the leaves of different bush species: Buxus microphylla, B. microphylla
var. insularis, B. sempervirens, B. colchica, B. sinica, B. balearica (Korycinska and Eyre, 2009; Leuthardt er al,
2010; Van der Straten er al, 2010; Hizal, 2012). Studies in Europe have shown that the most scathing attack
was found on Buxus sempervirens var. rotundifolia, a variety preferred by females for oviposition (Leuthardt
and Baur, 2013). The larvae prefer the older leaves for feeding. Under the attacked plants, large amounts of
excrement are observed (Brua, 2013). Sometimes the population density is very high, causing total defoliation
of the attacked plants (Leuthardt and Baur, 2013; Kenis ez a/, 2013), causing the plants to dry out. When the
foliage is destroyed, the larvac also feed on the bark of the branches (Oltean er a/, 2017), causing the plant to
dry.

The species is polyvoltine, the number of generations being in correlation with the thermal
characteristics of the area. In the area of origin, it develops 4-5 generations (Maruyama and Shinkaji, 1987),
and on the European continent, it develops 2-3 generations, with the possibility of growing in the warmer areas
even the fourth generation (Korycinska and Eyre, 2009; Van der Straten e a/, 2010; Leuthardt er a/ 2010).
The larva is the hibernated stage, usually in the age of 2 or 3, located between two leaves, protected by silk
threads (Nacambo eral, 2014). The hibernating larva tolerates well temperatures below minus 16 °C (Raineri
et al, 2017). The adult flight generally starts at the end of May or early June. They are capable of travelling at
distances between 5 to 10 km (Van der Straten er a/, 2010). Adults exhibit positive phototropism, being
attracted to light sources (Géttig and Herz, 2014). Larval development ranges from 28 to 85 days, depending
on the temperature (Lépez and Eizaguirre, 2019). The pupal stage lasts around 10-51 days. A generation, in
optimal conditions, can develop over 30-40 days (Lépez and Eizaguirre, 2019).

In the dynamics of the numerical density of a pest, a unique role is played by the useful entomofauna
(predators and parasites). A series of researches have been carried out regarding the identification of useful
entomofauna that develops on the different stages of development of the species Cydalima perspectalis.
Entomopathogenic nematodes have been reported: Steinernema carpocapsae and Heterorhabditis
bacteriophora (Herz, 2013). Nemastar biopreparate (based on Steinernema carpocapsae, an endoparasitic
nematode) has determinate mortality of up to 75% in second-age larvae and up to 100% in old (forth-age)
larvae (Géttig and Herz, 2018). Parasitic Hymenoptera has been identified, especially in the box tree moth
origin area, some of them being present on the European continent also. The most important are: Apanceles
glomeratus L. Bracon brevicornis Wesmael, Bracon heberor Say., Chelonus tabonus Sonan, Dolichogenidea
stantoni Ashmead, Protapanteles mygdoniaNixon, species of Braconidacfamily (Brua, 2013; Gottigand Herz,
2014; Wan er al, 2014; Belokobylskij and Gninenko, 2016); Apechthis compunctor L., Casinaria sp.,
Ichneumonidac family (Wan er al, 2014); Trichogramma spp., Trichogramma brassicac Bezdenko and
Trichogramma dendrolimi Matsumura, Trichogrammatidac family (Herz, 2013; Wan er al, 2014);
Brachymeria lasus Walker, Chalcididae family (Brua, 2013; Wan er al, 2014); Tyndarichus spp., Encyrtidae
family (Brua, 2013; Wan er al, 2014). Géttig and Herz (2016), verified, under laboratory conditions, the
effectiveness of different Trichogramma species in parasitizing Cydalima perspectalis eggs. The species used in
the experiment were: 7. brassicac Bezdenko, T. bourarachae Pintureau & Babault, 7 cacoeciac Marchal, 7.
cordubensis Vargas & Cabello, T dendrolimi Matsumura, 7 evanescens Westwood, 7. nerudai Pintureau &
Gerding, and T pinroi Voegele. Trichogramma dendrolimi Matsumura gave the best results, and the parasitic
rate was about 40%. Also, Tabone er al (2015) tested 54 strains from 17 Trichogrammaspecies and found that
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five strains are highly virulent. From the Diptera order, the Tachinidaefamily were reported Exorista larvarum
L., Pseudoperichacta nigrolineataWalker and Compsilura concinnata Meigen (Shi and Hu 2007; Kenis et al,
2013; Wan et al,, 2014; Farahani er al, 2018; Martini er al, 2019; Bird er al, 2020). Di Vitantonio (2016), in
laboratory conditions, observed a high parasitic rate of larvae by the Exorista larvarumL.

Natural predators are very few because larvae of this species have a very high content of alkaloids, derived
from the composition of the box tree leaves (Leuthardr er a/, 2013; Brua, 2013; Martin er al, 2018). Larvae
have been found to retain bi-basic alkaloids in the body, while monobasic alkaloids are metabolized or excreted.
Some species of birds consume only adults that do not contain alkaloids and avoid larvae consumption
(Leuthardt er al, 2013). However, the most famous predator is Vespa velutina Lepeletier (Hymenoptera;
Vespidae), a species present in Europe (Leuthardt and Baur, 2013; Brua, 2013; Wan er al, 2014; Feds and
Charles, 2019). However, Mostini (2018) in Piedmont (N'W Italy) in 2016 reported that some birds consumed
the larvae such as Turdus merula L. and Parus majorL.; and in the north of the Netherlands by Haemaropus
ostralegus L., Parus majorL., Cyanistes cacruleus L., Pica pica L., Sturnus vulgaris L. and Passer domesticus L.
Martin et al (2018), also reported that Parusspp. has a low predatory rate for this pest. In Slovakia, Bakay and
Koll4r (2018) said that adults of Cydalima perspectalisare consumed by Passer domesticus L., Parus majorL.,
Turdus merulaL. and Ficedula albicollis Tem. They also found that the melanic form of box tree moth did not
attract these birds. Predators that feed on eggs of the species Cydalima perspectalis are considered the most
important, because the eggs do not contain toxins, such as bi-basic alkaloids that are accumulated in the body
of the larvae. Therefore, it is expected that the release of Chrysopa carnea, Harmonia axyridis and Orius
majusculus species, raised in biostations, could represent a natural alternative of pest control (Herz, 2013).

Perspective entomopathogenic agents in Cydalima perspectalis species control are: Anagrapha falcifera
nucleopolyhedrovirus (AnfaNPV) baculovirus, Bacillus thuringiensis var. kurstaki, Bacillus thuringiensis var.
aizawai, Beauveria bassiana (Brua, 2013; Kenis ez al, 2013; Rose et al, 2013; Tabone er al, 2015; Zamani et al,
2017). Harizanova er al (2018) in a study carried out in five locations in Bulgaria, in the gut of larvac of
Cydalima perspectalis reported five bacteria (Acinetobacter schindler, Enterococcus casseliflavus, Klebsiclla
mobilis, Pacnibacillus anacricanus and Paenibacillus popilliac) and five species of fungi (Metarhizium sp.,
Beauveriasp., Verticillium sp., Alternariasp. and Mucorsp.). A series of studies are being undertaken regarding
the possibility of using bioproducts (Géttig and Herz, 2014; Wan ez al, 2014).

In landscaping and for green hedges in public space and residential zones of Cluj-Napoca, Romania
(representing over 120 km after R A.D.P Cluj-Napoca statistics), one of the main species used is Buxussp. The
aesthetic value of these species has been severely affected since 2015 by the invasive species Cydalima
perspectalis. In strong attacks, in addition to deteriorating the aesthetic value of the plants, partial or total
drying of the plants occurred (Figure 1). This situation was manifested with maximum intensity in the
USAMYV Cluj-Napoca Park and Hasdeu Campus. Since 2016, the Entomology discipline of USAMYV Cluj-
Napoca was proceeded to an extensive bioecology studies of the box tree moth (Oltean er al, 2017). An
unusually high frequency and intensity of the attack was also reported on the box tree plants in the parks located
in other cities of Cluj County, in Ciucea, Dej and Gherla. Considering the importance of the zoophagous
entomofauna and the entomopathogenic agents in the population density dynamics of this species, the study
of this aspect in the landscape arrangements from Cluj County has started.
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Figure 1. Ca/im perspectalis Walker attack, USAMV Cluj-Napoca campus (photo I. Hulujan)

Materials and Methods

Geographical location of the study

In 2019, the first researches were started regarding the monitoring of useful entomofauna and
entomopathogenic agents that affect the population of Cydalima perspectalis from the parks of the main cities
of Cluj county, N-W of Romania.

The observations were made in four locations: Cluj-Napoca, in the Hasdeu university campus,
(coordinates 46°46'0"N, 23°35'0"E); Ciucea, in the park of the Octavian Goga memorial house (coordinates
46°57'56"N, 22°49'23"E); Gherla, in the park of the Armenian Catholic Cathedral (coordinates 47°01'0"N,
23°53'0"E); and Dej, in the central park (coordinates 47°08'32"N, 23°52"29"E).

Biological material

In Cluj-Napoca and Ciucea, the biological material was collected on 2019.09.26, and 2019.10. 07 in Dej
and Gherla. On the hedge alignments with box tree, three sections were randomly established (each section
represents a repetition) with alength of 5 m (a total of 15 m for each location), from which the larvae and pupae
were taken. In order to be able to make the statistical interpretation in each location, they were collected
separately on each repetition (section) noting the location and the number of the repetition. The day after the
biological material was collected, it was analyzed in the laboratory. In the first stage, the larvae and pupae of
cach sample were separated into two categories: healthy and attacked by the zoophagous entomofauna or
entomopathogenic agents. Infested or contaminated larvac and pupae were analyzed with a binocular
magnifying glass. In larvae, the frequency of their contamination with entomopathogens was determined. In
pupae, the percentage of parasitic specimens, partially consumed by predators, and also those infested with
entomopathogens was determined.

Analysis of endoparasites

The parasitized pupae had an orifice left by endoparasites. Assuming that the endoparasites did not
entirely abandon the pupae attacked by endoparasites, the healthy pupae at the first evaluation were kept in the
laboratory for 14 days at an average temperature of 25 °C. The literature shows that the pupal stage at this
temperature lasts on average, 10.2 days (Lépez and Eizaguirre, 2019). Pupae from which no adults appeared
were re-analyzed, and corrections were made to the results noted in the first analysis. The total larvae collected
were: 342 in Cluj-Napoca, 418 in Ciucea, 266 in Dej and 213 in Gherla. The number of pupae collected was:
558 in Cluj-Napoca, 348 in Dej and 279 in Gherla. The results obtained were statistically processed using the
analyze of variance, completed by the Duncan test when the value F was statistically assured.
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Results and Discussion

Frequency of larvae contaminated with entomopathogens

Figure 2 shows the percentage of larvae contaminated with entomopathogenic agents in the monitored
locations. The value of this parameter is different from one location to other. In Cluj-Napoca, out of the 342
examined larvae, the contaminated larvae were in a proportion of 8.7%, with oscillations between 4.2% and
11.3%. In Ciucea, the highest frequency of contaminated larvae was reported. Of the 418 larvae collected,
15.3% were contaminated. The frequency of contaminated larvae was between 10.8% and 18.2%. As can be
seen from figure 2, the difference between this locality and the other three localities is statistically assured (SD
=5.33-5.63). In Dej, 266 larvae were analyzed, and the percentage of larvae contaminated was between 4.6%
and 9.6%, with an average of 6.8%. Gherla has the lowest percentage of infected larvae. Of the 213 larvae taken,
5.6% were infected. The differences between the percentage of larval infestation in Cluj-Napoca, Dej and
Gherla are not statistically assured (SD = 5.33-5.63). In cach location, most larvac were affected by bacteria of
the genus Bacillus (Figure 3). The literature also states that the incidence of bacterial larval contamination is
higher than that of fungi. Thus, Harizanova et a/ (2018) in the observations made over three years in five
locations in Bulgaria, it had average contamination of 10.2% with Bacillus anaericanus, 52.4% with Bacillus
popilliae, and the contamination with fungi was 28.6% with Beauveriasp., by 29.6% with Metarhiziumsp.,and
by 13.6% with Verticillium sp.
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Figure 2. Percentage of Cydalima perspectalis Walker larvae contaminated with entomopathogens

Figure 3. Cydalima perspectalis Walker larvae contaminated with entomopathogens (photo I. Hulujan)
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In Cluj-Napoca and Ciucea, we reported eggs and attack symptoms produced by the endoparasitic
Exorista larvarum L. (Figure 4). In Cluj-Napoca, the proportion of infected larvae was 3.7%, and in Ciucea
5.2%. This parasite belongs to the order Diptera, family 7achinidae. It is a polyphagous species that parasites
the larvae of many species of Lepidoptera. The adult lays an egg on the exoskeleton of the host larva (Figure
4a). After hatching the larvae enter the body of the parasite-host, and at the place of penetration, a dark spot
appears due to the melanization of the skin (Valigurova er a/, 2014). In the parasitized larva, the phenomenon
of cellular defense manifested by the formation of a haemocyte capsule of multi-cellular sheaths (Figure 4b). Di
Vitantonio (2016) and Martini ez a/ (2019) under laboratory conditions found that, although the larvae of the
species Exorista larvarum L. parasitized the larvae of Cydalima perspectalis causing their death, they did not
complete their biological cycle. They died because the host encapsulated them. However, this endoparasite can
cause a decrease in the population density of the box tree moth, because the endoparasite is maintained on other
species of Lepidoptera in the ecosystem. In the area of origin of the species, Cydalima perspectalisthe mortality
of larvae caused by Exorista sp., it was between 32.6% and 47.5% (Shi and Hu, 2007).

Figure 4. a) Cydalima perspectalis Walker larvae with eggs of Exorista larvarum L. b) microencapsulated
Exorista larvarum L. larvae (photo I. Hulujan)

Frequency of pupae artacked by parasites

Regarding the parasitism rate of Cydalima perspectalis pupae between the three monitored locations,
there are statistically assured differences (SD = 1.89-1.93) (Figure 5). In the Asian area where the native area
of this pest is, specific parasites have been reported, such as the braconid Chelonus tabonus, which are not
found in Europe. The literature shows that the pupae of many species from the families 7orzricidae, Pyralidae,
Pieridae, Lycaenidac are parasitized by polyphagous parasites, which can even affect the pupae of Cydalima
perspectalis (Wan et al, 2014).

At Cluj-Napoca, 558 pupac were analyzed. It is the location where the highest proportion of parasitism
of pupae was reported. The percentage of parasitism ranged from 9.2% to 18.8%, with an average of 13.4%,
these having obvious holes through which different parasitoid species left the parasitized pupae (Figure 6). The
high percentage of parasitization of the pupace is undoubtedly determined by the fact that in this location no
chemical treatments were applied in 2019, which allowed the development of a more numerous parasitoid
entomofauna.
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Figure 5. Percentage of parasitized pupae

Figure 6. Parasitized pupae of C) jda/ima perspectalis Walker parasite (photo I. Hulujan)

In the biological material collected from Cluj-Napoca and brought to the laboratory, a parasitic wasp
from the Fulophydae family also appeared, which laid its eggs on viable pupac from the storage pots (Figure 7).

In Dej, 348 pupae were analyzed, and the percentage of parasitized pupae was 5.1% (with oscillations
between 3.5% and 7.8%). In this location was the lowest percentage of parasites of the pupae. In Gherla, the
average percentage of parasitism was 8.6% (with oscillations between 7% and 11.4%).

Two chemical treatments were applied in Dej and Gherla this year. The first treatment was applied in
June using a synthetic pyrethroid (Karate Zeon - 0.02%), and the second treatment in August with Mospilan
20 SC - 0.02%. These insccticides have been frequently used to control this pest (Rose ez a/, 2013; Raineri et
al, 2017). These insecticides certainly affected the zoophagous entomofauna, which determined a lower
percentage of parasitism compared to the one reported in Cluj-Napoca.
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Figure 7. Parasitic wasp from the Eulophydac family depositing eggs on Cydalima perspectalis pupac
(photo I. Hulujan)

Frequency of pupac attacked by predators

As shown in the literature, predators affect the larval stage to a small extent due to the alkaloids that
come from the consumed Buxus leaves. In larvae, sometimes the concentration in alkaloids can be 20 times
higher than in box tree leaves (Brua, 2013; Leuthardt ez a/, 2013). In pupae, the concentration of alkaloids is
much decreased, and the frequency of pupae attacked by predators is higher compared to larvae.

Also, in the case of pupac attacked by predators, there are differences between the three localities. There
are statistically assured differences between the attack reported in Cluj-Napoca and the one in the other
localities. However, there are no significant differences between Dej and Gherla (SD = 2.82-2.87) (Figure 8).
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Cluj Dej Gherla
SD=2.82-2.87
Figure 8. Percentage of pupae attacked by predators

As in the case of parasitized pupae in Cluj-Napoca, where no chemical treatments were applied to
control them, compared to the other localities, the highest proportion of pupae attacked by predators was
reported, the percentage of pupae attacked ranged between 12.5% and 19%, with an average of 16%, these
having obvious symptoms being partially consumed by predators (Figure 9).

During the collection of larvae and pupac of Cydalima perspectalis, we reported on the box tree bushes
1-5 adults of Forficula auricularia L. that fed only on the pupae of this species (Figure 10). This species is a
predator of the order Dermaptera, family Forficulidae. In the literature, it is mentioned as a predator of many
species of phytophagous insects, but there is no reference to Cydalima perspectalis.
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The reporting of the species Forficula auricularia L. as a predator of Cydalima perspectalis pupae is a
novelty for the investigated area.

Regarding the contribution of predators in diminishing the biological reserve of the species Cydalima
perspectalis in the other two locations, it was much lower. In Dej, the percentage of attacked pupae was 4.2%
(between 2.5% and 6.2%). At Gherla, the lowest frequency of attacked pupae was reported, being only 3.8%.
Here the percentage of pupac attacked in the analyzed samples ranged between 1.5% and 6.5%. The difference
between these two localities is not statistically assured (SD = 2.82-2.87).

Frequency of pupae contaminated with entomopathogens

The frequency of pupac contaminated with entomopathogenic microorganisms from the three
monitored locations is shown in Figure 11. The differences reported between locations are statistically assured
(SD =1.94-1.98). In Cluj-Napoca, of the total number of pupac collected and analyzed in the laboratory, 5.3%
were infected by entomopathogenic agents, here being the lowest frequency. On the analyzed samples, the
percentage of infestation was between 2.8% and 7.3%.
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Figure 11. Percentage of pupae contaminated with entomopathogens
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Figure 12. Cydalima perspectalis Walker pupae damaged (parasitism, predators, contamination) by
location
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The highest percentage of infested pupae was reported in Dej, averaging 12.5%. In the analyzed samples,
this parameter ranged between 10.2% and 15.7%. At Gherla, 7.7% of the pupae were contaminated by
entomopathogenic microorganisms (between 4.6% and 9.8%).

Biotic ecological factors have a cumulative contribution in diminishing the biological reserve of a pest.
Let us analyze the total number of Cydalima perspectalis pupae attacked by the zoophagous entomofauna on
the three monitored localities. It is found that in Cluj-Napoca the percentage of attacked pupae is 29.4%
(13.4% parasites and 16% predators), in Dej 9.3% (5.1% parasites and 4.2% predators) and Gherla 12.4% (8.6%
parasites and 3.8% predators). Adding to this percentage the frequency of pupae contaminated by
entomopathogenic microorganisms, we reach a total damage percentage of 34% in Cluj-Napoca, 21.8% in De;j
and 20.1% in Gherla. The Figures 12 and 13 reveals that there are significant differences between the three
locations but also regarding the mode of damage (parasitism, predators, contamination) of the species

Cydalima perspectalis.

Conclusions

In the investigated area, it was found that in 2019 the entomopathogenic microorganisms contaminated
the larvae and pupae of Cydalima perspectalisin a proportion of about 10%. In two cities in northwestern of
Romania, Cluj-Napoca and Ciucea, the presence of the larval endoparasite Exorista larvarum L. was reported.
The treatments with synthetic pyrethroids and neonicotinoids determined the decrease of the frequency of

pupac affected by zoophagous species. A number of 1-5 adults of Forficula auricularial. have been reported on
box tree bushes consuming pupae of Cydalima perspectalis(Walker, 1859).
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