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inTrODUCTiOn

Increasing trade between continents has facilitated 
intentional and unintentional movement of insect species 
beyond their natural range [1, 2]. Trade in live ornamental 
plants is one of the main pathways of the introduction of 
non-native arthropods to Europe and among them insect 
pests [3, 4]. An increasing number of these alien pests 
originates from Asia [1].

Box tree moth (Cydalima perspectalis Walker, 1859; 
Lepidoptera, Crambidae) (BTM) is one of the recent 
introductions of non-native (alien) insect pests to Europe 

[5]. It is native to East Asia [6] and in Europe it was first 
recorded in the Netherlands and Germany in 2007 [5, 7]. It 
is assumed that it was introduced to Europe with infested 
European box plants and since then it has rapidly spread 
to most European countries and the Caucasus region with 
further trade of infested plants [6¸ 8].

BTM larvae feed on Buxus sp. and cause complete 
defoliation and plant death [6]. The damage it causes is 
substantial since European box is widely used as popular 
ornamental plant in public and private gardens, historical 

aBSTraCT
Background and purpose: Box tree moth (Cydalima perspectalis: Lepidoptera, Crambidae) is an invasive species rapidly 
spreading through Europe and making considerable damage to native and planted European box plants (Buxus sp.). It has 
up to three generations per year and has no natural enemies in Europe which helps it to spread rapidly and to become 
highly invasive in its new range. The aim of this paper is to show i) spatial distribution, ii) number of generations; iii) food 
choice, and iv) genetic distribution of box tree moth in Croatia.
Materials and Methods: Occurrence data of box tree moth were obtained by field observation and data obtained from the 
general public. The number of generations of box tree moth was studied by direct observation of life stages on plants. Food 
choice test was conducted on Buxus sempervirens, Ilex aquifolium, Euonymus japonicus and Ligustrum vulgare used as food 
plants. Haplotype diversity and distribution of box tree moth was done for 5 localities in Croatia and their comparison to 
the haplotypes from China, Korea and 10 European countries.
results: Box tree moth has rapidly spread over the whole territory of Croatia in 4 years and it has three generations per 
year. The larvae showed a clear preference for B. sempervirens leaves and the total consumption was 0.5 g/dry weight of 
box leaves/larva. Three haplotypes were observed and haplotype HT4 was found in 4 out of 5 sampling sites in Croatia. The 
haplotypes observed in Croatia were present in China, which indicates Chinese origin of Croatian populations.
Conclusions: Suitable European climate, widely available host plants and lack of natural enemies have enabled box 
tree moth to become highly invasive, to quickly disperse in its new environment and to make devastating damages to 
ornamental European box plants and hedges.
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parks, cemeteries and other horticulturally important 
plantings [6]. Very valuable are unique natural European 
box populations in Europe and in the Caucasus [9] which are 
threatened by damages of this highly invasive species [10].

BTM overwinters in larval stage between European 
box leaves spun together with silk. Larvae need an obligate 
diapause of 6-8 weeks [11] and they complete their 
development in late spring after feeding voraciously and 
totally defoliating European box plants. Pupae are concealed 
in a cocoon of white webbing among the leaves and twigs. 
The females lay eggs on the underside of leaves in flat, 
barely visible egg clusters. Larval development takes 17 
to 87 days, depending on the temperature [12]. In central 
Europe BTM develops two generations per year [11, 13], 
while three generations per year are reported from southern 
Germany [7], northern Italy [14], southwest Hungary [15], 
in comparison to three to five generations found in native 
China [11, 16].

BTM feeds only on the leaves of Buxus sp. [13], but 
Euonymus japonicus Thunb. and Ilex purpurea Hassk are 
mentioned as host plants in Japanese literature [7, 11]. 
Invasive species can alter their diet by adjusting to new 
hosts in the introduced region [13, 17], so there is a concern 
that BTM larvae could feed on European native species 
(Ilex aquifolium L., Euonymus latifolius L., E. europaeus L., 
E. verrucosus Scop.) that are growing in various continental 
and sub-Mediterranean forest communities in Croatia where 
they form important and biologically diverse understorey 
layer [18].

Only partial data on the occurrence of BTM in Croatia 
have been published [19] and since then there have been 
reports of damages from all over Croatia.

A preliminary genetic study on BTM was carried out 
by Bras et al. [20] to describe the genetic diversity in the 
native area (Asia) and in some European countries in the 
introduction area and to disentangle the invasion pathways 
of BTM introduction into Europe. They analysed a fragment 
of the mitochondrial genes COI-COII. For the present study, 
we used a subset of those data with a focus on Croatia, in 
order to compare the genetic variation in this country with 
other European countries and Asia.

Although widely present in Croatia, our knowledge 
about certain aspects of the biology and ecology of BTM 
has been limited. Therefore, in our research we focused on 
the following: i) detailed spatial distribution; ii) number of 
generations; iii) food choice, and iv) genetic distribution of 
BTM in Croatia.

MaTerialS anD MeTHODS

Spatial Distribution of Box Tree Moth
Data about the occurrence of BTM in Croatia were 

obtained by field observation conducted by the authors 
of this study and by the data obtained from professional 
nursery growers, other professionals working with plants 
and the general public (enquiries via the web portal Štetnici 
Hr and personal enquiries via phone and e-mail) in the years 
2013, 2014, 2015 and 2016. For each location where BTM 
larvae and damages were found and reported, the name of 

the location, geographic coordinates and the year of the first 
damages were recorded. Whenever possible, photographic 
material was requested from the general public to minimise 
false identification.

Spatial distribution map of BTM occurrence was made 
using ArcMap 10.1 (ESRI, USA).

The number of Generations of Box Tree Moth
We researched the biology of BTM in 2014 by direct 

observations of life stages on European box plants. The plants 
were located in Zagreb (45°49’12.18”N; 15°59’22.97”E) and 
Jastrebarsko (45°40’14.87”N; 15°38’41.58”E). The plants 
were checked every week from April until October. We did 
not measure the dimensions of larvae in different larval 
stages, but only observed the presence of larvae, pupae and 
adults. Adults were observed on plants, street and home 
lights on the locations of observations.

Food Choice Test of Box Tree Moth
Food choice test was conducted in the entomological 

laboratory of Croatian Forest Research Institute. BTM larvae 
were collected in April 2015 in Jastrebarsko (45°40’14.81”N, 
15°38’47.91”E). We collected the young overwintering larvae 
and we tried to choose larvae which were approximately the 
same size but without determination of exact larval stages. 
Buxus sempervirens, Ilex aquifolium, Euonymus japonicus 
and Ligustrum vulgare L. were chosen as food plants. Ilex 
aquifolium was chosen because it grows naturally in forests 
and is protected by Croatian law on nature protection. 
Euonymus japonicus belongs to the same genus as the native 
E. latifolius, E. europaeus, E. verrucosus. Euonymus japonicus 
was easily available for the test and is an ornamental plant 
very often grown together with European box. Euonymus 
latifolius, E. europaeus and E. verrucosus were not tested 
since their leaves were not easy to obtain at the time of 
the test. We assumed that preliminary test on any member 
of the genus Euonymus could show preference of BTM for 
this plant genus. Ligustrum vulgare was tested because 
we received lots of reports from the general public about 
damages from BTM larvae on L. vulgare and because both 
Buxus and Ligustrum are often planted in the same hedge.

We used 50 larvae for each food plant, each larva kept 
separately in a petri dish. They were kept under laboratory 
conditions of 20±1 °C with a relative humidity of 65% and 
a photoperiod of 16h:8h (L:D). Fresh leaves were collected 
every week from the same plant and kept on twigs in glass 
jars with water. Leaves of chosen food plants were weighed 
in a fresh state on a Sartorius BD ED 100 (ATL 224-I) analytical 
laboratory balance (limit 0.001 g) and then given to larvae. 
Fresh leaves were added when the larvae consumed them 
or when they dried out, usually every day or every other day. 
All leftover leaf material was collected, oven dried at 70°C 
for 24 hours and weighed.

Total consumption (Tc) was calculated according to 
Waldbauer [21] using formula: Tc=[(Lwg*(Fw/Dw))–Lwf] where 
Lwg is the weight of fresh leaves given to larvae and Lwf is 
leftover leaf material, both of them in dry weight/gram 
(dw/g). To obtain the value of Lwg in dry weight/gram, a 
coefficient Fw/Dw (Fw-fresh weight of leaves, Dw-dry weight 
of leaves) obtained from 10 leaves (similar in shape and size 
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to the leaves that were given to larvae) was used. To obtain 
the dry weight of Lwg and Lwf, they were oven dried at 70°C 
for 24 hours.

Genetic Distribution
Sampling of material, DNA extractions, PCR 

amplifications of COI-COII and sequencing were performed 
following the protocol described in Bras et al. [20]. 
Specimens of BTM were collected in the native area (China 
and Korea) and in the introduced area (Austria, Belgium, 
Bulgaria, France, Germany, Hungary, Italy, Serbia, Slovenia 
and Switzerland) as described in Bras et al. [20]. In addition, 
a total of 18 BTM specimens belonging to 5 localities in 
Croatia were collected in 2014. Butterflies were collected 
in Osor and Artatore (Mali Lošinj) and caterpillars were 
collected on European box plants on three others localities 
(Zagreb, Vinica, Višnjevac). Haplotype diversity and 
haplotype distribution were calculated with DNAsp v.5. [22].

reSUlTS anD DiSCUSSiOn

Spatial Distribution of Box Tree Moth in Croatia
Data on the occurrence of BTM in Croatia yielded a 

distribution map (Figure 1) with different layers for each 
year (2013, 2014, 2015 and 2016). In this graphic depiction 
it is clearly visible that BTM has in 4 years spread rapidly 
over whole Croatia. The pest was first recorded in Istria in 
2012 [23] and the first outbreak was recorded in the region 
around Varaždin in 2013 [19] (Figure 1). The pest quickly 
spread eastwards and southwards in 2014, and by the end 
of 2016 all the locations we examined showed presence 

of the moth. The spread was facilitated by the movement 
of infested plant material since European box plants with 
presence of larvae were observed in several garden centres 
in Croatia (Dinka Matošević, personal observation). During 
our research we have seen and received numerous reports 
on damages on valuable European box ornamental hedges 
and plantings in Croatia (e.g. Trsteno Arboretum and 
Lokrum Island near Dubrovnik). European box is also a part 
of traditional folk costume in the region of Novi Vinodolski, 
while old European box plants are an important part of 
public and private gardens in this region. In 2014 and 2015 
all European box in this region has been defoliated by BTM 
which caused loss of valuable old plants and concern among 
local citizens.

The number of Generations of Box Tree Moth in Croatia
On the basis of field observations we can assume that 

BTM has three generations per year in Croatia (Table 1). In 
2014, we observed overwintering larvae feeding until the 
end of May and the beginning of June, pupae and then 
adults emerging during June. Young larvae were observed 
from 5 July 2014 and moths were observed flying from 1 to 
15 August. Young larvae were again found on leaves from 
15 August and adults were observed again in October 2014.

CLIMEX model [11] shows 3 generations per year for 
continental Croatia (Marc Kenis pers. comm.); 3 generations 
have been observed in northern Italy [14] and southwestern 
Hungary [24], which is comparable to our results. The 
average monthly air temperature in continental Croatia was 
in June 2014 in the category very warm with average daily 
temperatures above 25°C, in August and September 2014 
in the category normal and in October 2014 in the category 

FiGUre 1. The map of yearly spread of box tree moth (Cydalima perspectalis) infestations in Croatia. Infestations are visualized 
with 20 km buffers around confirmed infestation points and coloured according to the year of observation.
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very warm [25]. These conditions were favourable for BTM 
to develop 3 generations per year since larval development 
takes 23 days at 25°C, and 17 days at 30°C [12] with adults 
living up to two weeks [6] (Mark Kenis pers. comm.). Very 
similar occurrence of adults and three generations were 
recorded in Győr-Bácsa (NW Hungary) in 2014 [24].

Food Choice of Box Tree Moth
BTM larvae showed a clear preference for B. 

sempervirens leaves. The mortality rate of larvae feeding 
on European box leaves was 5% and the total consumption 
was 0.5 g/dry weight of box leaves/larva. Larvae successfully 
pupated and moths emerged.

Larvae did not develop on the other three tested 
species (E. japonicus, I. aquifolium and L. vulgare). The 
mortality rate of larvae on these three species was 100% 
with no feeding or growth recorded.

Our results show that BTM do not feed on Ilex aquifolium 
and Euonymus japonicus and therefore we assume that they 
pose no threat to native and protected I. aquifolium growing 
in Croatian forests. Although we did not make food test on 
Euonymus latifolius, E. europaeusand E. verrucosus we can 
also assume that box tree moth is also not able to feed on 
our native Euonymus species.

Genetic Distribution
In the native area, 6 haplotypes were observed in 

China [20]. Among them, 4 haplotypes were present in the 
introduced area but were not homogeneously distributed 
between countries (Figure 2b).

In Croatia, a total of 3 haplotypes were observed (Table 
2). The haplotype HT4 was the most abundant. It was found 
in 4 sampling localities including Višnjevac where it was the 
only haplotype observed in the 5 sequenced specimens (H = 
0) (Figure 2a). We observed one haplotype in Vinica (HT2), 
which is the first place where a BTM outbreak was observed 
in Croatia [19].

The haplotypes observed in Croatia were present 
in China, which indicates Chinese origin of Croatian 
populations, and which corresponds to the assumptions of 
Nacambo et al. [11] for the origin of the invasive populations 
of BTM in Europe. Moreover, Bras et al. [20] observed a 
spatial genetic structuration in the introduced area with the 
presence of two groups: West Europe (HT1 mostly observed) 
and Southeast Europe (HT4 mostly observed). Our results 
(HT4: 13 specimens for 18 sequenced) indicate that Croatia 
belongs to the south-eastern group. In addition, high genetic 
diversity (3 out of the 4 haplotypes present in Europe) 
observed in Croatia may suggest a multiple introduction 

TaBle 1. Field observations of the development of box tree moth (Cydalima perspectalis) in 2014. The presence of larvae on 
plants is shown in table as circles, and the presence of adults is shown as a butterfly symbol.

FiGUre 2. Haplotype distribution of box tree moth (Cydalima perspectalis) in Europe based on data (a) from the present study 
on Croatia and (b) Bras et al. [20] for other European countries. Circle size is proportional to the number of individuals. FR: 
France; DE: Germany; BE: Belgium; CH: Switzerland; IT: Italy; AT: Austria; SL: Slovenia; HR: Croatia; HU: Hungary; RS: Serbia; 
BG: Bulgaria.

Month 1 2 3 4 5 6 7 8 9 10 11 12

larvae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

adult
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event of BTM. Nevertheless, information on the ornamental 
plant trade in Croatia will help to better understand invasive 
pathways of BTM.

COnClUSiOnS

BTM is an invasive insect pest that has rapidly spread 
on the whole territory of Croatia in the period of 4 years 
causing complete defoliation and death of ornamental 
European box plants. This rapid dispersal and severe 
damages are possible by developing three generations per 
year. BTM shows clear preference for Buxus sempervirens 
only. Croatian haplotypes show a Chinese origin of the 
species with high probability of multiple introductions by 
infested plant material. When alien phytophagous insects 
arrive at a new location, their survival, establishment and 

spread depend on various factors such as the availability of 
preferred host plants and the suitability of the local climate 
[26]. Suitable European climate, widely available host plants 
and lack of natural enemies [27] have enabled this insect 
pest to become highly invasive and quickly disperse in its 
new environment.
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