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Abstract

The Japanese beetle, Popillia japonica Newman (Coleoptera, Scarabacoidea), listed
by the European Commission as one of the 20 priority plant pests, is reported for
the first time in Slovenia. In the summer of 2024, eight beetles were found in
funnel traps at two motorway service stations in central Slovenia: Lukovica South
and Barje South. Visual inspections in the surrounding area revealed no infestation
or damage to susceptible host plants. In addition to morphological identification,
we confirmed the presence of P. japonica through molecular barcoding using the
cytochrome ¢ oxidase I (COI) gene. Based on its distribution in neighbouring northern
Italy, the nearby outbreak and the isolated findings near the Slovenian border as
well as the heavy freight traffic between northern Italy and Slovenia, a passive transport
of P. japonica as a hitchhiker is very likely.

Key words: first finding, priority plant pest, scarab beetle, invasive alien species,
DNA barcoding, hitchhiker, quarantine pest

Introduction

The Japanese beetle, Popillia japonica Newman, 1841, belongs to the family
of scarab beetles and the genus Popillia Dejan, 1821 (Coleoptera:
Scarabaeidae), which includes 322 described species, most of which occur
in Africa and Asia (EPPO 2006; Kumar et al. 2021). Popillia japonica
originates from East Asia and is native to Japan. The species was
introduced to America at the beginning of the 20" century, where it was
observed in a nursery in New Jersey, from where it spread to the west,
Canada and the southern USA (Clausen et al. 1927; Fleming 1972; Frank
2016). In Europe, this invasive, non-native species was first discovered in
the early 1970s on the Azores island of Terceira (Portugal) (Simoes and
Martins 1985; Martins et al. 1988). In July 2014, a major outbreak of this
pest occurred on the European mainland in the Ticino River Valley in
northern Italy (Gotta et al. 2023), in a natural park that stretches across the
regions of Lombardy and Piedmont (EPPO 2014). Despite phytosanitary
measures taken to prevent the spread, the beetle expended to the border
areas of Lombardy and Piedmont (Della Rocca and Milanesi 2022; Gotta et
al. 2023) and established itself in the neighboring area of the Canton of
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Ticino in southern Switzerland in June 2017 (EPPO 2017; Strangi et al.
2024). In 2018, one specimen was found in southern Bavaria, Germany
(Urban et al. 2019). There have also been reports of interceptions outside
the established infestation areas in the Netherlands (EPPO 2019), Germany
(EPPO 2022a) and Italy (Bassi et al. 2022; EPPO 2022b). The outbreak in
Lignano occurred in 2023 (ERSA 2024), and there has been further spread
in Switzerland in the Valais region, as well as isolated outbreaks in Zurich
(2023) and Basel (2024) (EPPO Global Database 2024; Holling 2024).

The Japanese beetle is one of the 20 priority pests on a list classified by the
European Commission (Commission Delegated Regulation (EU) 2019/1702).
It has been selected as the pest with the highest potential economic,
environmental and social impact among the quarantine pests of the EU
(Baker et al. 2019). This highly polyphagous, herbivorous beetle has a host
range of more than 400 plant species belonging to 94 plant families and can
cause major damage to agriculture and horticulture (Tayeh et al. 2023). It
is a known pest of agricultural crops, turf, small fruits, tree fruits and forest
trees, as well as ornamental and wild plant species in areas where it has been
introduced (Fleming 1972; Ladd 1989; Potter and Held 2002). Vitis spp.
and Zea mays are considered as the main hosts of concern in Europe
(Schrader et al. 2019). In northern Italy, damage has been documented by
adults feeding on leaves and fruits of various crops, including grape,
soybean and corn. In addition, damage to peaches, plums, persimmons
and other fruits in infested areas has been observed in private orchards and
gardens. Defoliation has also affected vegetables and ornamental plants
(Bosio et al. 2022).

The adult beetles cause damage to various parts of the plant and the
damage to the leaves often leads to complete skeletonization of the foliage.
Damage is also caused by grubs, which can occur in high densities in lawns
and pastures where they feed on the roots of a wide range of grass and
weed species (Fleming 1972; Potter and Held 2002). Damage is most
commonly observed in autumn (September and October) and spring
(April and May), when the grubs are in the third instar stage (EPPO 2016;
Baker et al. 2019). The cost of controlling both larval and adult stages is
estimated at over 460 million dollars annually in USA in turf and
ornamentals (Potter and Held 2002). The potential economic damage in
Europe in the absence of management is estimated between 30 million
euros and 7.8 billion euros per year, depending on the spread rate and
affected area (Straubinger et al. 2022).

The females of P. japonica produce a sex pheromone, identified as (R, Z)-
5-(1-decenyl) dihydro-2(3H)-furanone, to attract males (Tumlinson et al.
1977; Doolittle et al. 1980). In addition, studies have shown that the floral
lure (phenethyl propionate:eugenol:geraniol, 3:7:3) (Ladd and McGovern
1980) acts synergistically in combination with sex pheromones, which can
lead to an improvement in the catch of females (Klein et al. 1981). Sex lures
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(pheromones) and floral lures (kairomones) can be used in pest control by
enabling early detection of new infestation (Alm et al. 1996), mass trapping
(Chen et al. 2014; Pifero and Dudenhoeffer 2018), attract and kill
measures (Paoli et al. 2023) and mating disruption of insect pests (Witzgall
et al. 2010).

According to European Plant Health Regulation (EU) 2016/2031,
P. japonica is classified as a quarantine pest for the European Union and is
subject to official control. As part of an official surveillance program, we
report on the first findings of P. japonica in Slovenia. Beetles were identified
using both morphological and molecular (DNA barcoding) methods.

Materials and methods

Insect sampling

The official survey programme for P. japonica in Slovenia has been
running since 2016 and involves monitoring the pest with a trap based on a
combination of sex pheromones and floral lures in sites where there is a
high risk of introduction of this pest, such as major entry points, airports,
ports, bus and train stations, major motorway service stations, petrol
stations on major transport routes, nurseries, orchards, vineyards and
garden centres. In addition, visual inspections were carried out for the
presence of adults on the major host plants. In 2024, the funnel traps with
barrier cross in the color combinations green lid / green funnel /
transparent bucket / green barrier cross (Pherobank, Netherlands), which
were baited with a sex pheromone and a floral lure for P. japonica
(Pherobank, Netherlands), were set up at a total of 26 high-risk sites in
Slovenia (Figure 1A). The traps were attached to the fence or metal frame
about 1.5 meters above the ground, close to the host plants. Baits remained
effective throughout the season.

All traps were set in mid-May and checked at 14-week intervals until the
end of September 2024. Exceptions were the Lukovica and Barje locations
(Table 1), where we increased the number of traps and visual inspections
after the first findings of P. japonica (Table 2). The beetles in the traps were
collected by hand and stored in 96% ethanol for further morphological and
molecular identification.

Morphological identification

Visual inspection of the captured specimens was carried out using a Leica
M205C motorized stereomicroscope and LAS-X software (Leica, Wetzlar,
Germany). Morphological identification of the beetles was confirmed
based on the following diagnostic characters: size and shape of the beetle,
five tufts of white hairs on the lateral side of the abdomen, two dorsal spots
with white hairs on the last abdominal segment and the shape of the tibia
(protibial aspect) and tarsus on the foreleg for sex identification, based on
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Figure 1. (A) Distribution map of 26 locations in Slovenia from 2024 with main roads (green lines)
and locations where the funnel traps were set (yellow dots — traps without P. japonica, red dots
— traps with captured P. japonica; left red dot Barje South and right red dot Lukovica South).
(B) Motorway service station with confirmed P. japonica — Barje South [trap location
46.027833, 14.482975]. (C) Motorway service station with confirmed P. japonica — Lukovica
South [trap location 46.166609, 14.693673]. Base map: HCMGIS (2024).

Table 1. Number and sex of P. japonica specimens caught in pheromone traps at two positive
locations and dates of capture in 2024.

No. of caught

specimens
Location Coordinates Altitude Date 2024 Male Female

Lukovica 46.166609, 14.693673 332 m 10 July 1
24 July 2
31 July 1
14 August 1

28 August 1

Barje 46.027833, 14.482975 291 m 17 July 1
05 September 1

EPPO standard PM 7/74 (1) (EPPO 2006). A reference collection of
voucher specimens kept at the Laboratory of Entomology of the Plant
Protection Department (Agricultural Institute of Slovenia) was used as a
comparison for identification. All captured specimens are kept in the same

laboratory.

Modic et al. (2025), Biolnvasions Records 14(3): 553-563, https://doi.org/10.3391/bir.2025.14.3.06 556


https://doi.org/10.3391/bir.2025.14.3.06
https://www.invasivesnet.org

7)

&

INVASIVESHET

First report of Popillia japonica in Slovenia

Table 2. Additional traps set up at Lukovica and Barje sites after the first findings in 2024.

Location  No. of additional traps Coordinates Installation date (2024)
Lukovica 1 46.166379, 14.693006 11 July
2 46.167379, 14.693973 11 July
3 46.168199, 14.695498 11 July
4 46.167350, 14.692279 11 July
5 46.165518, 14.688373 11 July
6 46.160250, 14.696778 21 August
7 46.161056, 14.702611 21 August
8 46.163554, 14.694020 04 September
Barje 1 46.029576, 14.477490 24 July
2 46.029636, 14.480899 24 July
3 46.024370, 14.477225 07 August

Molecular analyses

DNA was extracted from the legs of two specimens, one from Barje and
one from Lukovica, both morphologically identified as P. japonica. The
NucleoMag Tissue kit was used for DNA purification (Macherey-Nagel,
Germany) according to the manufacturer’s instructions. A 658-bp fragment
of the COI gene was then amplified using the previously published primers
LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and HCO2198
(5-TAAACTTCAGGGTGACCAAAAAATCA-3") (Folmer et al. 1994). PCR
was performed using 25 pul MyFi mix (Bioline), 1 pl of each primer, 4 pl of
DNA sample and H,O to a final volume 50 ul. The PCR reactions consisted
of an initial denaturation phase of 3 min at 94 °C, followed by 5 cycles of 30 s
at 94 °C (denaturation), 30 s at 45 °C (annealing) and 1 min at 72 °C
(extension) and then 35 cycles of 30 s at 94 °C (denaturation), 1 min at 51 °C
(annealing) and 1 min at 72 °C (extension). The final extension cycle was
carried out for 10 min at 72 °C. The PCR products were applied on 1%
agarose gel and then sent to Eurofins Genomics (Ebersberg, Germany) for
purification and sequencing in forward and reverse direction. The
sequences were visually inspected, assembled and edited using Geneious
Prime 2024.0.5 (GraphPad Software, LLC, Boston, Massachusetts, USA).
The resulting consensus sequences were imported into the EPPO Q-Bank
database (European Plant Protection Organization), and into the BLAST
(Basic Local AlignmentSearchTool), which compared the given nucleotide
sequences with those stored in the GenBank database.

Results and discussion

Using traps baited with a sex pheromone and a floral lure for P. japonica
(Pherobank, Netherlands), a total of 8 adult specimens of the Japanese
beetle (6 males, 2 females) were caught at two locations (Lukovica and Barje).
The earliest capture was on 10 July, the latest on 5 September 2024 (Table 1).

In Slovenia, we confirmed the first finding of the Japanese beetle on 10
July 2024 at the Lukovica South motorway service area (Figure 2C). A live
male beetle of P. japonica was caught in a funnel trap. One week after the
first finding (17 July 2024), another beetle, this time a female, was confirmed
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Figure 2. (A) Popillia japonica male caught in the Pherobank trap at the Lukovica South
location on 14 August 2024. (B) Positive location Barje South with funnel trap and motorway
behind & (C) positive location at the motorway service station Lukovica South with funnel trap.
Photographs by Spela Modic.

at a second location at the motorway service area Barje South (Figure 2B).
The air distance between two sites is 22.4 km. We did not detect the beetle
at any of the other 24 investigated locations in 2024.

After the first detection, we immediately intensified thorough visual
inspections for the presence of adults and damage on major host plants, as
well as increased the number of pheromone-baited traps within a radius of
1 km (Table 2), all in accordance with Commission Implementing Regulation
(EU) 2023/1584. Considering the proximity of Lake Gradisce, we also carried
out inspections in the surrounding area, as the eggs are typically laid in
moist soil environments, e.g. in meadows near surface waters or in irrigated
gardens (Jelmini et al. 2022). By the end of the season, a total of nine traps
had been set up at the Lukovica and four traps at Barje (Table 2). No
beetles were caught in any of the additional traps, with the exception of
additional trap number one in Lukovica South on 28 August 2024. This
trap was located only 40 meters from the first positive location and the
capture of this specimen is included in Table 1.

In Central Europe, the garden beetle Phyllopertha horticola L.
(Scarabeidae) is the species most similar in appearance to P. japonica,
which could potentially lead to misidentification of adult specimens.
Morphologically, the two species are clearly distinguished by the presence
of five white hairs tufts on the sides of the abdomen and two dorsal patches
with white hairs on the last abdominal segment, which are characteristic
only of specimens of P. japonica (Figure 2A). Using the morphological key
of the EPPO standard PM 7/74 (1) (EPPO 2006), all specimens caught were
clearly identified as P. japonica.
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To confirm the morphological identification, the COI barcode region of
one specimen per finding site was sequenced. Results showed 99.84-100%
identity with GenBank reference sequences for P. japonica of accessions
OP974626 (Italy, Cameri), OP951914.1 (Canada, Vancouver) and
GBMNE17053-21 (Switzerland, Genestrerio) (Nardi et al. 2024) and
99.84-100% identity with Q-Bank reference sequences for P. japonica of
accessions JSTR12914_0105, JSTR12914_0101 and JSTR12509_0101 (Italy,
no region specified). The resulting consensus sequences were submitted to
GenBank under accession numbers PQ638940 and PQ670134.

Popillia japonica can invade and spread through various pathways,
including national and international trade, especially through the
movement of eggs, larvae and pupae in the soil and growing media
accompanying host plants for planting, as well as through infested plants
for planting and cut flowers (Schrader et al. 2019). It can also hitchhike on
cargo or passenger planes, trains, cars and lorries. Therefore, unintentional
transport by humans is one of the most important ways of its spread
(Hamilton et al. 2007; Borner et al. 2024). Slovenia is easily accessible to
P. japonica from the infested area in northern Italy and Switzerland via the
road freight network (Borner et al. 2024). Italy recently reported two new
findings near the border with Slovenia. The first in August 2022, when a
male was found in a trap near Doberdo del Lago (Doberdob) (Bassi et al. 2022;
EUROPHYT 2024a), which is about one kilometre from the Slovenian
border. And the second at Buja (near Udine) (EUROPHYT 2024b), which
is about 24 km from the Slovenian border. On the other hand, in the
coastal town of Lignano Sabbiadoro (Linjan, IT), which is about 40 km
from the Slovenian border, a demarcated area was established in 2023 due
to the outbreak of the Japanese beetle (ERSA 2025; CNA Friuli Venezia
Giulia 2025).

It is not clear how P. japonica was introduced to Slovenia, but since we
found the beetles at two resting stops on important motorway connections
from the west, we consider the findings to be coincidental due to the
“hitchhiking” habits of this species and assume that the introduction route
of the Japanese beetle to Slovenia is most likely related to its presence in
northern Italy and the heavy lorry traffic from this region. The distance
between Turin (Torino, IT) and Ljubljana (SI) is approximately 622 km by
road, while the distance between Milan (Milano, IT) and Ljubljana is about
504 km. When calculating driving times for freight vehicles, speed limits,
working time regulations for drivers and possible traffic obstructions along
the route must be considered. The estimated driving time for freight
vehicles on the Turin-Ljubljana or Milan-Ljubljana route is approximately
8 to 10 hours. These times include planned rest breaks and take into
account the average speeds of freight vehicles on European roads. Truck
drivers must adhere to regulations regarding driving times and mandatory
breaks as stipulated in Regulation (EC) No. 561/2006 of the European
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Parliament and Council. The daily driving time for truck drivers is limited
to a maximum of 9 hours per day, whereby an extension to 10 hours is
permitted twice a week. From this it can be concluded that the driving
times from infested areas in northern Italy and obligatory breaks for
drivers may favour “hop on” and “hop off” of P. japonica on motorway
resting stations in central Slovenia. Additionally, given that Lignano is a
well frequented location on the Adriatic coast of Italy, with significant
tourist routes extending through Slovenia and encompassing various
camping sites, the outbreak in this area could also be the source of the
intercepted P. japonica “hitchhikers”.

Although there are numerous records of adult specimens of P. japonica
both in Europe (Italy, Germany, Switzerland, etc.) and beyond (Krell 2012),
these occurrences have not necessarily led to population establishment in
the respective areas. Additionally, in the second half of the 20™ century, the
Japanese beetle was successfully eradicated three times in California (Potter
and Held 2002) as well as in Nevada and Oregon (Alm et al. 1996). Future
investigations will show whether such a population has already established
itself in central Slovenia or whether the captured specimens were merely
hitchhikers. Public awareness activities have been carried out (media releases).
No further specimens have yet been found during the follow-up inspection
of other pheromone traps. Visual inspections of the surrounding area
revealed no signs of pest infestation on the host plants and no damage to
the plants. As there are currently no signs of an established population at
either location, no demarcated area has been established. In 2025, official
monitoring will be intensified by increasing the number of pheromone
traps and visual inspections. If the survey results indicate that the
specimens are not merely incidental hitchhikers, a demarcated area will be
established and eradication measures will be implemented.

Conclusions

Popillia japonica was detected for the first time in Slovenia in July 2024.
The most likely entry pathway into central Slovenia is by hitchhiking on
freight or tourism-related transportation from northern Italy. The first
results of the isolated trap findings during the monitoring activities in
surrounding areas of the two locations in central Slovenia indicate that the
species has not spread to host plants in the immediate vicinity. Further
research should clarify whether these findings represent a transient
introduction (e.g., hitchhiker specimens) or indicate the presence of an
already established, yet localized population in central Slovenia.
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