





2.3.4 Symptoms of damage caused by larvae

Figure 11: Japanese beetle larvae damage to a lawn, leading to discolouration and patchy appearance of the sward (©
Servizio fitosanitario cantonale, Sezione dell’agricoltura, canton of Ticino).

The grubs of Japanese beetles damage the roots of their host plants, and as with the adults, feeding symptoms are
non-specific. They are similar to the feeding damage caused by cockchafers (Melolontha spp.). Discoloured patches
of grass, increasing in size over time, indicate the presence of Japanese beetle grubs in the soil (Figure 11). At first
the grass sward becomes thinner, accompanied by discolouration or wilting. Affected lawns and grassed areas may
die off completely when suffering from water stress in later summer and early autumn. A severe infestation of P.
Japonica grubs can cause the roots to completely detach from the above-ground plant parts, enabling the turf to be
lifted and rolled back with ease. Visible signs of damage to vulnerable plant species are evident at densities of as
little as 15-20 larvae /m? (Crutchfield et al., 1995). In contrast, some other plant species show no signs of damage
even at larval densities of 600 larvae/m? Less visible damage generally occurs with sufficient irrigation and fertilisa-
tion, and lower temperatures (Crutchfield et al., 1995).

When larval densities are high, wildlife such as wild boars, badgers and crows foraging for grubs in grassland cause
highly visible, indirect damage (EPPO, 2016). This secondary damage is often more serious than that caused by the
grubs. Moist meadows and pastures, irrigated sports grounds and recreational areas (e.g. football pitches, golf
courses, racecourses, camp sites, outdoor pools, parks and gardens) and tree nurseries, turf production sites and
irrigated pastures are particularly at risk.
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2.4 Natural enemies

In the 1920, the fauna of natural enemies of the Japanese beetle was studied in detail in the Asiatic range to identify
species which could be imported into the USA for use as classical biological control agents. In total, seven parasitoid
species which attack P. japonica were found in Japan, including five species of flies (Tachinidae) which parasitise
adult beetles only, as well as two larval parasitoids in the Tachinidae (Diptera) and Scoliidae (Hymenoptera) families,
which attack larvae. Among these parasitoids, three tachinid species were relatively common, namely /stocheta al-
drichi, Hamaxia incogrua and Prosena siberita, with the first having the highest rate of parasitisation (Clausen et al.,
1927; Clausen et al., 1933). Other known predators include ants (Formicidae) and ground beetles (Carabidae), which
have been observed feeding on eggs and larvae (Terry et al., 1993; Zenger & Gibb, 2001). In addition, adult beetles
and grubs are predated by various bird species such as crows (Corvus spp.), starlings (Sturnidae) and gulls (Laridae).
Moles (Talpidae) and wild boar (Suidae) as well as presumably badgers and foxes also feed on grubs in the soil
(Sim, 1934). Furthermore, beetles and larvae are susceptible to entomopathogenic microorganisms, e.g. fungi in the
genera Metarhizium, Beauveria and Ovavesicula, and bacteria in the genera Paenibacillus and Rickettsia. Grubs are
also parasitised by entomopathogenic nematodes (roundworms) in the genera Steinernema, Heterorhabditis and
Hexamermis (Figure 12) (CABI, 2022).

Figure 12: Japanese beetle grub parasitised by a nematode in the genus Hexamermis (© Giselher Grabenweger, Agroscope).
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2.5 Occurrence and spread

Figure 13: Global distribution map of the Japanese beetle; the regional resolution is imprecise as individual countries and
federal states are not differentiated (© EPPO Global Database, last updated 7.11.2024, https.//qd.eppo.int/taxon/POPIJA/dis-
tribution).

The Japanese beetle is native to Northern Japan and the Russian Kuril Islands. As a result of anthropogenic
introduction, the Japanese beetle has become established in North America, the Azores, and more recently in North-
ern ltaly, from where it has colonised Southern Switzerland (Figure 13) (EPPO, 2024). There are also unconfirmed
reports of P. japonica sightings in Vietnam (2011), Bhutan (2015), China and Taiwan (2020), and South Korea (2020)
(Streito & Chartois, 2022) — and despite a comprehensive survey, the Korean report has not yet been confirmed. It
seems likely that it may have been confused with the closely related species Popillia quadriguttata. Records of the
Japanese beetle in China are also regarded as invalid or unreliable (EPPO, 2016). Overall, it is assumed that P.
japonica can occur in all regions where the mean soil temperature at a depth of 0.5 to 1 m lies between 17.5 and
27.5 °C in summer and does not fall below -9.4 °C in winter (CABI, 2022). Central Europe thus appears to be partic-
ularly suitable, while Northern European countries have a lower risk of infestation (Borner et al., 2023).

P. japonica was first recorded in the USA in 1916 in a nursery in New Jersey. The Japanese beetle is now wide-
spread throughout the eastern States apart from Florida. In Canada, however, its range is restricted to the southern
parts of Ontario and Quebec. First identified on the Portuguese island of Terceira in the Azores in the early 1970s,
today the Japanese beetle is found on eight of the nine islands of the Azores. In 2014, the Japanese beetle was
recorded on the European mainland for the first time when an outbreak was reported in the Ticino Valley Natural
Park in Northern Italy. Around 180 adult beetles were collected along a 2-km stretch near Turbigo. Although the entry
pathway is unknown, it seems likely that these beetles may have entered by plane since Milan’s Malpensa Airport
and an American airbase are located close to the infested area (EPPO, 2016). This population has since spread
throughout Northern Italy, arriving in Switzerland three years later.

In 2017, Japanese beetles were trapped in Switzerland for the first time in the border municipality of Stabio in
Ticino. Captures have since risen rapidly and the population has spread northward, reaching parts of the Magadino
Plain for the first time in 2024. In addition, in 2023 several thousand beetles were trapped for the first time in the
canton of Valais south of the Simplon Pass. It is assumed that this population migrated from Northern Italy by natural
means. Also in 2023, a small, isolated population was discovered in Kloten near Zurich. Further small, isolated pop-
ulations were also found in the Basel region and in the cantons of Solothurn and Schwyz in 2024. Additionally, a
small population was also discovered in the canton of Valais in the Brig-Visp area. Since 2021, traps set up for the
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4.1 ‘Pheromone’ traps

Figure 15: ‘Pheromone’ trap for monitoring adult Japanese beetles (© Joana Weibel, Agroscope).

‘Pheromone’ traps (Figure 15) can attract Japanese beetles from a distance of several hundred meters, mak-
ing it easier to detect them (EPPO, 2016). They contain a lure based on a combination of the female sex phero-
mone (‘Japonilure’ [(R,Z)-5-(1-decencyl)-dihydro-2(3H)-furanone]) and floral attractants (kairomone; phenethyl
propionate + eugenol + geraniol in a ratio of 3:7:3). The traps attract both male and female beetles. The beetles
fly towards the attractants and fall through a funnel into a container from which they cannot escape. Although the
lure is highly effective, the traps never attract and catch all beetles in the surrounding area. Traps are set up at
selected sites with different aims, depending on the situation (monitoring for early detection, delimiting survey, mass
trapping). They enable individual beetles and small populations to be located and provide information about estab-
lished populations, such as flight period and population growth year on year. Due to their high attractiveness, ‘pher-
omone’ traps increase the risk of spreading Japanese beetle, so they can only be set up by order of the responsible
cantonal or federal services. The beetles caught in traps are representative for the incidence and sex ratio of the
population (Legault et al., 2024). This makes the traps a reliable tool for monitoring the Japanese beetle.

The general criteria to be considered when setting up a ‘pheromone’ trap are described below. These criteria are
based on the recommendations of EPPO (2016) and EFSA (2023).

4.1.1 Positioning of the traps

The placement in the landscape and the distance between the traps are adapted to the given situation. A distance
below 200 m is generally assumed to be unsuitable and not practical for conducting a spatially differentiated mon-
itoring (EPPO, 2016). Furthermore, traps should be placed at a distance of 3—7.5 m away from host plants to prevent
the landing of attracted beetles on the plants. Ideally, traps should be placed in a sunny position since direct solar
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5.2 Arable production

Figure 20: Japanese beetle infestation in a) maize and b) soya (© Giselher Grabenweger and Tanja Graf, Agroscope).

Japanese beetles can sometimes be found in large numbers in arable crops (Figure 20) such as maize or soya.
Maize can be attacked by Japanese beetle larvae, with large numbers found mostly in the weedy margins of maize
fields (Figure 20a). In individual cases that are not economically relevant, root damage causes stems to develop a
characteristic ‘gooseneck’ bend. In heavily infested areas, when flowering coincides with the flight period, adult bee-
tles have also been observed congregating at the cob tips and devouring the ‘maize beard’, which can impair cob
pollination (Fleming, 1972; Edwards, 1999). However, more recent studies suggest that the earlier studies over-
estimated the impact and that economic damage is generally only a concern when consumption of the maize
beard coincides with other damage factors such as heat or drought stress(Edwards, 1999).

Soya is one of the most important crops in the USA, and the Japanese beetle can often be found there (Hammond,
1994). As with maize, it is now assumed that the damage to soya caused by the Japanese beetle was overestimated
in earlier sources. The economic damage threshold is only reached, if at all, when Japanese beetles are present at
the same time as other insect pests (Ribeiro et al., 2022). The economic threshold can also be reached in individual
cases when severe feeding damage occurs shortly before the soya bean harvest (Shanovich et al., 2019).
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control of Japanese beetles. To date, no microsporidia have been detected on Japanese beetles in Europe. However,
a closer investigation of their occurrence in the grubs of closely related native chafer beetles has to take place.

6.4.2 Macroorganisms

Macroorganisms are multi-cellular organisms, most of which are visible to the naked eye. They include small crea-
tures such as nematodes, insects, spiders and mites. They are used for biological control because they feed on or
infect pest organisms.

6.4.2.1 Nematodes

Figure 31: Japanese beetle grub infected with the nematode Heterorhabditis bacteriophora (BTG) (© Giselher Grabenweger,
Agroscope).

The use of nematodes (roundworms) has proved effective in controlling larvae in the soil. A few products
containing nematodes as biocontrol agents are already available on the European market for controlling Japanese
beetle grubs. Species from the genera Heterorhabditis and Steinernema are the most well-studied. In both the USA
and Europe, it has been shown that the use of H. bacteriophora against Japanese beetle grubs (Figure 31) can have
efficacy of over 90% under favourable environmental conditions (Villani & Wright, 1988; Klein & Georgis, 1992;
Marianelli et al., 2017; Torrini et al., 2020; Sciandra et al., 2024). Strains of these genera occurring naturally in the
infested areas have been tested alongside commercially available strains. In some cases, these locally adapted
strains proved more effective than commercial strains (Simdes et al., 1993; Torrini et al., 2020). The success of
nematode treatments depends largely on careful application; they are best applied in the evening when there is as
little direct sunlight as possible. In addition, the nematodes must be injected directly into the soil with sufficient water
(the CULTAN method) or applied to the soil surface and ‘watered in’. The soil temperature also plays an important
role; as soon as it starts to drop in autumn, nematodes become less active. Furthermore, the first and second larval
instars of the Japanese beetle are more susceptible to nematodes than the third. For these reasons, it is advisable
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for biological control, the biological safety of T. vernalis for European non-target species should be verified under
quarantine conditions. In Switzerland, comprehensive evaluation of biological safety forms the basis for the approval
of potential candidates for classical biological control in accordance with the Ordinance on the Handling of Organisms
in the Environment.

For T. popilliavora — the last of the three potential parasitoid species mentioned — there is little information available
to determine whether the species would be suitable for biological control in Europe. For this reason, we will not
describe this species in detail.

6.4.2.3 Predators
i

Figure 33: Zebra spider that has caught two adult Japanese beetles in its web (© Tanja Graf, Agroscope).

In Switzerland, several predators are known to feed on adult Japanese beetles and their grubs. However, they all
have a wide prey spectrum, and Japanese beetles are by no means their only food source. Spiders, for instance, eat
adult beetles (Figure 33); and as already mentioned, various birds and mammals also predate grubs in the soil (see
2.4 Natural enemies) (Sim, 1934). In some cases, predators appear to have a measurable impact on P. japonica
populations (Potter & Held, 2002; EPPO, 2016). However, it is not possible to use native predators in a targeted way
to control invasive pests due to their large prey spectra.

6.5 Biotechnical control

Biotechnical methods involve mass trapping using ‘pheromone’ traps and baited net traps. Chemical lures based on
the female sex pheromone and a floral attractant (see 4.1 'Pheromone’ traps) draw the beetles to a specific location,
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where they are then caught in traps or poisoned on nets treated with insecticide. These two biotechnical control
measures can be used both within and outside agricultural cropping areas.

Most mass traps are equipped with a large container capable of retaining a substantial number of attracted beetles.
The use of mass traps can locally reduce isolated populations in a spatially confined infested areas (Potter
& Held, 2002; Switzer et al., 2009; EPPO, 2016). In the USA, mass traps were set up close to elderberry and blue-
berry plantations to protect the crops against P. japonica. Several million adult Japanese beetles were caught within
a three-year period; very few adults were observed in the crops during this time and foliar damage was low (Pifiero
& Dudenhoeffer, 2018). Mass trapping to control the closely related Popillia quadriguttata has also been investigated
in China. Here, mass trapping reduced the number of adult beetles by 93% and the number of grubs in the soil by
90% (Chen et al., 2014a). A follow-up study found a direct positive correlation between the number of P. quadriguttata
adults caught and the protection of maize, soya and cabbage (Chen et al., 2014a; Chen et al., 2014b).

The downside of using lures is that they risk attracting more beetles than the traps can hold (Wawrzynski & Ascerno,
1998) or enticing them to areas that were previously free from infestation. It is important to empty the traps at regular
intervals, because the smell of their decaying conspecifics repels any Japanese beetles remaining in the area (Gio-
vanni Bosio, pers. communication). The use of mass traps for eradication and containment purposes therefore re-
quires good regional planning and coordination. The unregulated use of mass traps baited with chemical lures in
private gardens and allotments must be discouraged as it may accelerate the spread of the invasive pest (EPPO,
2016).

Figure 34: Japanese beetles lured to an insecticide-treated net (LLIN) (© Giselher Grabenweger, Agroscope).

Long-lasting insecticide-treated nets (LLINs) were originally developed to protect people from mosquitos, which
transmit diseases such as malaria and yellow fever. The use of these nets has since been extended to agriculture
for the targeted control of pests (Gotta et al., 2023). Nets treated with the pyrethroids a-cypermethrin and deltamethrin
have now been tested against Japanese beetles. Adult Japanese beetles are attracted by lures to the nets (Figure34),
where they come into contact with the insecticide, are poisoned and die. Preliminary results from Italy are prom-
ising and there appears to be some degree of flexibility in the configuration of the LLINs. A larger, horizontal net was
found to increase the probability of landing and also extend the beetles’ residence time. The LLINs remain effective
in the field for around one month (Paoli et al., 2023). Furthermore, a few LLINs per hectare appear to be enough to
provide an effective control (Paoli et al., 2024). Preliminary results from Switzerland are also promising. In a pilot
study conducted in 2024, the number of adult Japanese beetles in the LLIN-treated trial areas was reduced by around
one half compared to the untreated control areas (Agroscope, unpublished data).
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Unlike the large-scale application of insecticides, the advantage of mass traps and LLINs is that the lures specifically
target Japanese beetles, thereby reducing the risk to non-target organisms and to the environment. Lannan & Guédot
(2024) tested a similar strategy to control Japanese beetles in the USA. In a two-year study in commercial vineyards,
chemical lures were hung from grapevines at the edge of the plots. This peripheral area was subsequently treated
with a broad-spectrum insecticide (spot spraying). The efficacy of this approach was similar to the winegrowers’
standard management practices in terms of number of adult beetles in the vineyard and leaf damage. However, it
succeeded in reducing insecticide applications by 96% (Lannan & Guédot, 2024). The downside of spot spraying is
that it also attracts larger numbers of beetles to plots with potentially low levels of infestation. The effectiveness of
this measure depends largely on the attractiveness of the crop and the presence of other host plants immediately
surrounding the crop to be protected.

6.6 Insecticidal control

Figure 35: Use of insecticides to eradicate Japanese beetles (© Fiona Eyer, Strickhof, canton of ZH).

The use of conventional biological or synthetic insecticides is often a simple and cost-effective measure to control
pests quickly and effectively (Figure 35). In the last century, the use of broad-spectrum insecticides to control Japa-
nese beetle populations was widespread in the USA due to their high efficacy and relatively low cost (Gotta et al.,
2023). However, side-effects on non-target organisms and negative effects on people and the environment have led
to restrictions on their use and modifications to the application methods (Althoff & Rice, 2022). Today, insecticides
containing the active ingredients bifenthrin, carbaryl, cyfluthrin, deltamethrin and permethrin are used in the USA to
control adult Japanese beetles (USDA, 2015).

Preliminary studies between 2017 and 2019 on the chemical control of adult Japanese beetles in Italian vineyards
found that the pyrethroids deltamethrin, lambda-cyhalothrin and acrinathrin are most effective, followed by acetam-
iprid and chlorantraniliprol (Bosio et al., 2022; Gotta et al., 2023). In contrast, azadirachtin, pyrethrum, a soap prep-
aration, chlorpyrifos-methyl, thiamethoxam, tau-fluvalinate, etofenprox and sulphur had low to no effect (Bosio et al.,
2022). In 2021, the trials were extended to other crops such as peaches, maize and two species of ornamental plants,
with twenty different active ingredients tested overall. Data showed that acetamiprid, deltamethrin, phosmet, pirimi-
carb, lambda-cyhalothrin, etofenprox, indoxacarb and abamectin were highly effective at killing adult beetles both
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through direct exposure to the insecticide and by contact with recently treated surfaces (Santoiemma et al., 2021;
Gotta et al., 2023). In contrast, chlorantraniliprole was not effective in all the tests conducted, while sulfoxaflor and
metaflumizone showed limited effectiveness and only through direct contact. Azadirachtin, chlorpyrifos-methyl, pyre-
thrine, rapeseed oil, flupyradifurone, spinosad, a mixture of paraffin oil and cypermethrin as well as the fungus Beau-
veria bassiana were found to have no or only very limited effect. One week after application, however, only the active
ingredients acetamiprid, deltamethrin, sulfoxaflor and phosmet retained a long-term residual effect (Santoiemma et
al., 2021). Overall, only some of these active ingredients are approved for agricultural use in Switzerland and at the
time of writing in January 2025, no insecticide has a regulatory approval for the control of the Japanese beetle. Some
insecticides have been granted temporary ‘emergency approvals’ for the control of P. japonica. However, their use
is strictly governed by the cantonal phytosanitary services (the relevant ‘General Rulings’ can be found on the Federal
Food Safety and Veterinary Office, FSVO website).

It is difficult to control P. japonica grubs by applying conventional insecticides to the soil and this method is rarely
considered nowadays due to safety and environmental concerns. That said, we have outlined some findings on the
control of larvae in the soil below for the sake of completeness. In the USA, various insecticides from the classes of
organophosphates, carbamates, neonicotinoides, dacylhydrazines and pyrethroids were tested on larvae in the soil
between the 1970s and the 1990s. Due to lack of efficacy and/or high toxicity to non-target organisms, the use of
many of these active ingredients was banned at the end of the 20th century (Potter & Held, 2002). Nonetheless, the
active ingredients imidacloprid, halofenzide, trichlorfon and chlorantraniliprol are still used in the USA in tree nurseries
and turf grass to control larvae in the soil (USDA, 2015), with the first two instars being more susceptible to the
insecticides than the third (Oliver et al., 2009). However, Switzerland no longer permits the use of conventional soil
insecticides. Instead, entomopathogenic nematodes are mainly used to control Japanese beetle grubs in the soil
(see 6.4.2.1 Nematodes).

In future, gene silencing using RNA molecules could be a highly promising method for controlling the Japanese
beetle. This process involves the ingestion of species-specific RNA molecules by the target organism, leading to the
disruption of its vital functions and ultimately to its death. Preliminary findings from a laboratory study on the efficacy
of this method in controlling adult P. japonica are very encouraging (Carroll et al., 2023).

Lastly, we would like to point out that Japanese beetles in the USA have already developed resistance to soil insec-
ticides (Niemczyk & Lawrence, 1973). Furthermore, the harvest period for several crops such as cherries, apricots
and various types of berries coincides with adult Japanese beetle attacks, which greatly limits the use of chemical
treatments due to the mandatory waiting period between insecticide applications and harvesting. And finally, insec-
ticides approved for use in organic production (namely products based on the active ingredients azadirachtin (neem),
rapeseed oil, spinosad or the fungus Beauveria bassiana) are often only poorly or partially effective in controlling
adult Japanese beetles (Pifiero & Dudenhoeffer, 2018).

6.7 Protection of crops

Nowadays numerous control measures are used to eradicate and contain the Japanese beetle. Local eradication
strategies targeting individual infestations and regional containment strategies to prevent the further spread of this
quarantine pest rely on various measures implemented at large scale and across crops. These measures are listed
and described in the national emergency plan for the monitoring and control of the Japanese beetle. For this reason,
we do not intend to discuss these control measures in more detail in this article. Instead, we would like to develop
long-term prospects and consider which phytosanitary measures could be used in the abovementioned crops if the
Japanese beetle becomes widely established in future.

It is already clear that vulnerable crops can only be protected in future through an integrated, multi-crop control
approach. It is imperative that phytosanitary strategies include a range of measures that are implemented at regional
level by different cooperating stakeholders. This is vital, as there is a clear-cut spatial separation between the pres-
ence of eggs, larvae and pupae on the one hand and adult Japanese beetles on the other and because individually,
all known measures are effective only to a limited extent. Effective and sustainable phytosanitary strategies must
therefore be composed of a combination of different preventive, mechanical, biological, biotechnical and chemical
control measures.
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It is worth mentioning that very few crops are harmed by grubs and adult Japanese beetles at the same time.
However, this might nonetheless occur in irrigated vegetable or berry crops, as eggs may be laid in and between
crops close to grasses. In orchards, trees are unlikely to sustain direct damage when Japanese beetle grubs are
developing on the roots of the understory. We believe that the mostly unirrigated and shallow soils of vineyards are
unlikely to provide a suitable habitat for grubs to develop in large numbers in the grassy understory. Furthermore, we
can assume that direct control of grubs in arable crops is seldom cost-effective, even when maize roots are locally
infested with Japanese beetle larvae (Figure 20a).

We believe that direct control of grubs is economically viable only in specific irrigated turfed areas. The use of nem-
atodes will play a key role in this areas (Table 1), as this is currently the only effective measure to control
Japanese beetle larvae in the soil without damaging the sward. To prevent the spread of the pest, turf producers
should take care to ensure that grubs are not inadvertently transferred in the turf grass. Adapted watering strategies
can reduce egg laying and larval development wherever grubs develop directly in the crops. Nevertheless, it is im-
portant to provide sufficient water to ensure that crops are not damaged by this measure and that the required quality
standards for the harvested crop are maintained (Table 1). Covering the soils with plastic sheeting or mulches or
modifying the soil substrate can reduce egg laying in turf grass as well as in vegetable and berry crops. Selective
tillage in annual and perennial crops can also reduce the host plant spectrum for egg laying and the food supply for
grubs, as well as directly killing grubs in the soil. In grassed areas, sowing Bermuda grass hybrids, which reduce egg
laying, can reduce primary and secondary grub damage. Potentially, intercropping might also reduce economically
unsustainable feeding damage caused by adult beetles in certain crops. In future, it might also be worth growing
vulnerable annual crops away from larval breeding grounds. Nets provide particularly effective protection against
feeding damage by adult Japanese beetles. The number of netted crops will continue to rise, especially close to
larval breeding grounds (Table 1). Currently, it is difficult to imagine vineyards completely protected by nets, but their
foliage can be treated with the mineral powder kaolin to protect them from adult damage. On the other hand, in other
crops the widespread use of kaolin to protect the foliage is problematic, as the crop is often marketed immediately
after harvesting and is not allowed to have any visible spray residue. In small plots with particularly profitable crops,
it may be possible to collect adult beetles by hand. However, under the existing general conditions we do not believe
that this measure is economically viable at large scale. It is unlikely that the use of conventional insecticides to control
adult Japanese beetles will be completely avoidable, but spot spraying can strongly reduce the amount applied and
the spray residues on the harvested crop. The use of attractants to lure adults to specific areas which are then treated
with conventional insecticides is therefore a promising measure to protect very attractive crops. This measure can
be used in all crop groups and significantly reduce the amount of pesticide needed. Attractants can also be used to
lure adult Japanese beetles into traps or on insecticide-treated nets (LLINs). Mass trapping and LLINs can be used
at large scale both within and outside of agricultural crops (Table 1).

Future phytosanitary control strategies against the Japanese beetle will most likely consist of a combination of differ-
ent options from this list of possible control measures (Table 1). It remains to be seen what role repellents, biological
control agents or even gene silencing will play in the future control of the Japanese beetle as further development is
still needed and there are also legal hurdles to overcome. Furthermore, it is still unclear how potential larval breeding
grounds such as moist meadows and pastures are actively protected against Japanese beetles, and by whom. How-
ever, individual control measures such as avoiding transportation, controlling irrigation, covering the soil, netting
plants, mass trapping and using nematodes and insecticides are certainly feasible, including in horticulture and plant
nurseries.




Table 1: Assessment of the importance of the proposed measures for the future control of the Japanese beetle in
different agricultural production sectors. X denotes a promising measure that is likely to be implemented in the
corresponding crop sector, (X) denotes a partially promising measure that may be used in this production sector,
and empty cells indicate less-promising measures that are unlikely to be implemented in this crop sector.

Control measures g-lr-'::s ﬁ:zzlse Vegetables fI::?tZ Berries Grapes
Preventive measures

Prevention of introduction X

Site selection (X) X (X)

Adapted irrigation X (X) (X) (X)

Soil covering (X) (X) (X)

Nets X X X (X)
Mechanical control

Adaptation of soil substrate (X) (X)

Tillage X X (X)

Manual collection (X) (X)

Mineral powders (kaolin...) (X) (X) (X) X

Other repellents

Control of host plant range X (X) (X) (X) (X) (X)
Biological control

Bacteria (Bt...)

Fungi

Microsporidia

Nematodes X X (X)

Parasitoids

Predators
Biotechnical control

Mass trapping X (X) (X) X X X

LLINS (insecticide-treated nets) X (X) (X) X X X

Attractants and spot spraying X X X X X
Insecticide control

Conventional insecticides X X X X X

Gene silencing




7 Conclusions and perspectives

The accidental introduction of the Japanese beetle to Mainland Europe and its continuous spread from Italy to Swit-
zerland presents the Swiss Federal Plant Protection Service and the cantonal phytosanitary services with
one of the greatest challenges of recent years. This harmful pest is not only a threat to agriculture, but to
public and private parks as well as recreational areas. Since the Japanese beetle is listed as a priority quarantine
organism, eradication and containment measures to control the Japanese beetle have been implemented in accord-
ance with international phytosanitary legislation and the Swiss Plant Health Ordinance. However, the gradual spread
of the beetle as well as mathematical models (Borner et al., 2023) on the suitability of habitats indicate that the
Japanese beetle will become established throughout Switzerland and in large parts of Europe in the long term. This
article covers the official eradication and containment measures, and presents pest control measures that are not
yet fully developed or approved but could be applied in future.

Unlike other invasive insect pests such as the spotted wing drosophila (Drosophila suzukii) or the brown marmorated
stink bug (Halyomorpha halys), which were suddenly and somewhat unexpectedly introduced to Switzerland from
theirnative Southeast Asia over the last few years, the Japanese beetle has been present in North America for over
a century. As a result, there is a correspondingly large body of knowledge available about its biology and ecology.
Furthermore, we can draw on decades of experience regarding the efficacy of different control measures. However,
this knowledge is only partially applicable to Switzerland due to the large range of host plants, limited effectiveness
of individual phytosanitary measures and the impact of regional factors on the success of any such measures.

No serious economic damage has resulted from Japanese beetle infestations in Switzerland so far. This is partly
because Japanese beetle populations are still building up, and partly because less susceptible crops are grown in
many of the highly infested areas, e.g. Southern Ticino or the alpine Simplon region. In Southern Ticino, grapevines
— one of the Japanese beetle’s favourite host plants in the region — sustain leaf damage during the flight period of
the beetle. However, given the current level of infestation, this can be largely offset and does not yet have a serious
impact on grape berry ripening. Damage that severely impairs the quality and quantity of the harvest is expected to
arise in regions where outdoor vegetables, fruits and berries are cultivated.

In contrast to many other agricultural pests, there are two aspects of the Japanese beetle which must be accounted
for in the design of control strategies. Firstly, many public and private recreational areas, parks and gardens
are also affected in addition to agriculture and market gardening. At present there is little collaboration and
exchange between these two sectors, although this will be of utmost importance in the future to reduce and control
Japanese beetles sustainably at regional level. Secondly, there is a clear-cut spatial separation between the
habitat of eggs, larvae and pupae on the one hand, and of adult beetles on the other. This means that plant
protection measures in adult beetle habitats are less likely to be successful in the long term if the steady supply from
the often hard-to-find larval areas is not supressed at the same time. Furthermore, opportunities for intervention
are often limited in larval habitats (e.g. along riverbanks, in water reserves or in leisure and recreational areas).

One thing is certain: an integrated, multi-crop approach at landscape level is the only way to protect crops. Control
strategies must therefore consist of different measures which may be only partially effective on their own. In addition,
these integrated control strategies must be adapted in respect of the landscape and the available host plants. In the
USA, synthetic chemical insecticides play a key role in controlling the Japanese beetle — and their use in Switzerland
cannot be entirely ruled out. However, their application can be reduced to a minimum by combining them with other
control measures.

The use of entomopathogenic nematodes has proved promising in controlling the larvae of P. japonica in grassland
and lawns. A nematode application can be over 90% effective, but its efficacy depends largely on careful application
and the prevailing environmental conditions in the treated areas. Another interesting and promising approach is the
use of lures combined with traps or insecticide-treated nets. Although these nets rely on synthetic chemical pesti-
cides, this novel application method has minimal side-effects on non-target organisms and the environment.

Other biological control methods are still in development. For example, entomopathogenic fungi have been shown
to be unsuitable for soil applications due to the low susceptibility of the larvae. However, adult Japanese beetles are
highly susceptible to fungal infections. So entomopathogenic fungi combined with attractants could also play a role
in controlling the Japanese beetle. The Japanese beetle has no known natural enemies in the newly populated




regions, including Switzerland. For this reason, various natural enemies native to the Japanese beetle’s place of
origin were released in the USA (classical biological control). Some of them have become established following their
release and now help to control pest populations. However, the release of non-native natural enemies requires ex-
tensive preliminary studies, which are already underway for two possible candidates in Switzerland. The procedure
for authorising a non-native beneficial organism in Switzerland is very complex and can take several years.

The knowledge gained in the USA and more recently in Italy and Ticino provides a valuable basis for a successful
control of the Japanese beetle. Nonetheless, at this stage it is difficult to identify the endangered crops at local
level within Switzerland, to estimate the damage potential of the Japanese beetle at small scale and to cal-
culate the potential financial cost to the Swiss economy and society. However, we assume that irrigated turfed
areas such as sports grounds, golf courses, turf growing facilities, public parks and private gardens are
most susceptible to larval attack, and that moist meadows and pastures could be infested to a lesser extent. In
addition, vulnerable crops close to previously mentioned larval breeding grounds are most at risk from being
attacked by adult Japanese beetles. Crops whose ripening and harvest period coincides with the flight period
of the beetle are also at particular risk. In-depth research focussing on two main scientific areas will be needed in
the coming years to counter these risks. Firstly, to better understand the population and spread dynamics of this
invasive pest and this also at small spatial scale. And secondly, to further develop the biological and biotechnical
control methods which have proved promising in recent years. The spatial separation of larvae and adults, often
in non-agricultural habitats, requires close collaboration between all stakeholders at regional scale. This is
vital not only for mandatory eradication and containment according to the Plant Health Ordinance, but also for pos-
sible future control strategies in the case that the Japanese beetle should lose its quarantine status. Drawing on the
current knowledge base and ongoing research, it should be possible to develop and implement effective, efficient
and sustainable strategies to control the Japanese beetle in Switzerland.
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