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Abstract: Larval development of the Japanese Beetle Popillia japonica Newman, 1838
(Coleoptera, Rutelidae) occurs partially in the soil. This ecological characteristic places this
species in a very specialized habitat interacting with a wide diversity of soil inhabitants, which
also includes possible predators like predaceous insects, other invertebrate animals, and
microorganisms. Soil predators may play a role in controlling the populations of P. japonica,
but little is known about their impact and their diversity in the Azorean ecosystems. This work
uncovers the possible role of these soil-inhabiting arthropods in the biological control of
P. japonica in the crop ecosystems of the Azores.

This study collected 18,559 arthropod specimens from the phylum Arthropoda across four
classes, 12 orders, and 26 families in maize and pasture fields on the islands of Sdo Miguel and
Sdo Jorge in the Azores. We identified 40 morphospecies, 38 at the species level and 2 at the
family level. Our objective was to target the invasive pest Popillia japonica. We focused on
four groups of generalist predators with omnivorous behavior: Opiliones (n = 4,270), Carabidae
(n = 4,370), Staphylinidae (n = 1,697), and Anisolabididae (n = 885). These groups were
selected based on their potential to predate on other live insect species and act as natural
controllers, by reducing the densities and spread of the pest P. japonica.

The introduced Pseudoophonus rufipes and Pterostichus vernalis were the dominant
carabid taxa in maize and pasture fields, with higher abundances in the maize fields on Séo
Miguel Island. The dominant staphylinid taxon was Rugilus orbiculatus, which was more
abundant in maize fields on both islands. We assayed these most abundant arthropods and found
that Calosoma olivieri and the introduced Pseudoophonus rufipes were found to be active
predators of the P. japonica L3 larvae, revealing their potential as biological control agents for
this invasive pest. Additionally, the introduced Euborellia annulipes demonstrated to be a
voracious predator of P. japonica larvae. Currently, we are assaying the capacity of these
predators to predate at different soil depths and using metabarcoding to explore their gut
contents, accessing their diet diversity in Azorean crop soils during the phase of P. japonica
reproduction.
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In conclusion, this study provides valuable insights into the diversity and abundance of
arthropod communities in the Azores, focusing on potential biological control agents for the
invasive pest P. japonica.
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Introduction

Agriculture plays a crucial role in European biodiversity, both as a source of pressure on native
habitats and as a critical environment for conservation. Agricultural habitats support many
species, including soil organisms, pests, and pollinators, contributing to essential ecological
processes and ecosystem services (Ferrante et al., 2022).

However, the intensification of agriculture has led to significant biodiversity losses,
affecting the efficacy of natural pest control mechanisms (Stoate et al., 2009). The Japanese
beetle Popillia japonica Newman, 1838 (Coleoptera, Rutelidae) has become a major invasive
pest in the Azores Archipelago since its accidental introduction in the early 1970s (Martins et
al., 1988). The species has spread across the islands, causing significant damage to maize and
pasture fields, which are essential for the local agricultural economy.

As part of the European IPM Popillia project, we aimed to implement environmentally
friendly control measures for P. japonica, this research targets generalist predators, such as
ground-dwelling beetles (Carabidae), rove beetles (Staphylinidae), harvestmen (Opiliones), and
earwigs (Dermaptera: Anisolabididae), which have shown potential in pest management
strategies in various agricultural Azorean systems (Teixeira et al., 2023). By assessing the
taxonomical and functional biodiversity of soil arthropods in maize and pasture fields, this study
identified species that could effectively control P. japonica populations while contributing to
the overall health of the agroecosystem.

Materials and methods

Study area

The research was conducted on Sdo Miguel and Séo Jorge Islands in the Azores Archipelago.
Sao Miguel, the largest island (746.8 km?), is in the eastern group of the archipelago, while S&o
Jorge (245.8 km?) has the highest elevations and is located in the central group.

Sampling design

Ground arthropods were sampled from maize and pasture fields during the summer of 2022
(August to September), coinciding with the reproductive activity of P. japonica. A total of
360 pitfall traps were deployed across 20 fields (12 in S&o Miguel and 8 in S&o Jorge), evenly
distributed between maize and pasture habitats.

Sampling methods

Pitfall traps consisted of standard 390 ml plastic cups (8 cm wide) partially filled with propylene
glycol to preserve specimens. Traps were set at soil level and protected from rain and predation
using plastic plates on wooden skewers. The traps were arranged in three parallel transects per
field, with six traps per transect spaced 5 meters apart. Transects were 25 meters long and
20 meters apart, extending from the field edges to the center.
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Sample processing and identification

After seven days, the traps were collected, and specimens were transferred to 96 % ethanol and
stored at -20 °C. Specimens were sorted and identified to morphospecies level by experts, with
final identification performed by Paulo A. V. Borges. A new collection reference was created
within the framework of the IPM Popillia project.

Preliminary predation tests

Predation tests using ten generalist predators were essayed with L3 P. japonica larvae. For
predation validation essays, the soil mixture was heat-sterilized (100 °C, 20 min) before adding
a single predator to each Petri dish containing one PJ larva (24 h exposure). For the depth essays
20 cm of soil mixture was used in a plastic container and a single PJ larva was set at different
soil depths ranging from 2.5 cm to 20 cm deep. One single predator was set at the soil's surface
and the bottles were covered with a 0.1 mm mesh.

Results and discussion

The study collected a total of 18,559 arthropod specimens, representing four classes, 12 orders,
and 26 families. From these, 40 morphospecies were identified, with 38 identified at the species
level. The research focused on four groups of generalist predators with potential for biological
control: Opiliones (n = 4,270), Carabids (n = 4,370), Staphylinid beetles (n = 1,697), and
Anisolabididae (n = 885). Among these groups, the most abundant taxa were: Leiobunum
blackwalli (Opiliones), native species; Pseudoophonus rufipes (Carabidae), introduced species;
Rugilus orbiculatus (Staphylinidae), undetermined, and Euborellia annulipes (Anisolabididae),
introduced species. These species are considered voracious predators with the potential to act
as natural controllers of P. japonica populations. Also, other carabid species were identified,
such as Agonum marginatum, Agonum muelleri muelleri, Amara aenea, and Harpalus
distinguendus distinguendus, although in lower densities. In Figure 1 are presented ten species
of predators were assayed against one L3 larvae of P. japonica, in this preliminary predation
test the predators' capability of killing and consuming the larvae in shorter times was used for
further assays. Of the ten species tested 4 were able to kill and consume the P. japonica
L3 larvae, and the species of Pseudoophonus rufipes and Calosoma olivieri were able to kill
and consume the larvae in less than 1 hour. Preliminary results show that Pseudoophonus
rufipes and Calosoma olivieri can find P. japonica larvae at depths ranging from 0 to 10 cm
revealing the importance of these two species in the predation and reduction of P. japonica
pests.

Using molecular tools, including Next Generation Sequencing, to identify these predators'
gut contents will allow us to confirm their diet and quantify their ability to control P. japonica
populations. These results constitute an important step towards more effective pest management
strategies for this invading species.

Identifying these generalist predators opens new avenues for developing targeted
biological control strategies as part of an integrated pest management approach. The high
abundance of these generalist predators in both maize and pasture fields suggests that they may
play a significant role in regulating pest populations in these agroecosystems.
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Figure 1. List of species essayed for the predation test against L3 P. japonica larvae.
a) Leiobunum blackwalli, b) Agonum muelleri muelleri, c) Amara aenea, d) Anisodactylus
binotatus, e) Calosoma olivieri, f) Pseudoophonus rufipes, g) Pterostichus vernalis,
h) Stenolophus teutonus, i) Carabidae (larvae), j) Euborellia annulipes. Red circles indicate
the two selected species.
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