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Abstract

We survey non-native insects species in whole territory of Slovenia. Data on
non-native species were collected in field, and we also used results of projects
in which we participated and with overview of literature data in scientific
publications. Correspondence Analysis (CA) of data was carried out with the
software Statgraphics Centaurion XVI, U.S.A. Up to 254 non-native insect
species are present: around 83% are phytophagous (43% feed on woody
plants, 40% on other plants); around 12% are non-phytophagous; and 5% are
parasitoids or predators of other insects or mammals. Among the phyto-
phagous species, Hemiptera predominates (with 38.2%), followed by Coleop-
tera (29.8%) and Lepidoptera (14.5%). Non-native insects that do not feed on
plants include Coleoptera (80%), Lepidoptera (6.5%), Hymenoptera (6.5%)
and Diptera (6.5%). Most of phytophagous species are associated with intro-
duction of plants on which they are specialists, but some have also shifted
from introduced to native plant hosts. 36 non-native phytophagous species
(14.17% of all non-native insects) have become harmful plant pests of urban
trees and crops. 20 appear on woody plants, but only Dryocosmus kuriphilus,
appears in urban forest areas. In the past decades species such as D. ku-
riphilus, Leptoglossus occidentalis, Xylosandrus germanus, Gnathotrichus
materiarius, Dasineura gledichiae, Phyllonorycter issikii, Cinara curvipes,
Ophiomyia kwansonis have been recorded in parks and forests. Some
non-native species are spreading in Slovenian urban forests and affect eco-
nomic, ecological and other forest and urban forest functions. The number of
harmful insects in forests is extremely small probably due to high diversity of
the forest ecosystem, where close-to-nature forest management is practiced,
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which retains forest’s self-regulatory ability to control pests. Such manage-
ment enables for example the reduction of D. kuriphilus with expansion of its
parasitoid, Torymus sinensis. We attempt to explain this phenomenon: we
assume that 7. sinensis was introduced in Slovenia as diapaused eggs in its
host, D. kuriphilus.

Keywords

Urban Forest Areas, Forests, Non-Native Insects, Non-Native Parasitoids,
Dryocosmus kuriphilus, Torymus sinensis

1. Introduction

1.1. Species Biodiversity of Slovenia and Ecosystem Health

Slovenia is known for very high species diversity. Ecological conditions are ex-
tremely diverse due to the intertwining of different climatic, tectonic, edaphic,
orographic, lithologic and other elements; consequently, it is considered a tran-
sitional or ecotonic region. Slovenia is the habitat of more than 15,000 animal
species, 6000 plant species and 5000 fungi species. With a forest cover of 58.4%
(1,184,526 ha) it is among the most forested European countries. In only 4.9% of
national territory, the distance from one forest to the nearest forest exceeds 500
m (Hocevar, 2003). Analysis covering the period from 1875 shows that the forest
area is constantly increasing. Forest vegetation structure is highly diverse. Most
forests are located within beech (44%), fir-beech (15%), thermophile deciduous
trees and pines (12%), and beech-oak (11%) sites. The forests are relatively well
preserved, mainly due to the mountainous character of the terrain and poor ac-
cessibility in the past. In only 15% of forests the share of Norway spruce has
considerably increased due to spruce planting in the past (Perko, 2004). The lat-
est forest resource inventory shows deciduous forests cover approximately 39%,
coniferous forests 22% and mixed forests 39% of forested area. The most abun-
dant tree species in growing stock are Norway spruce (Picea abies Karst. (L.),
35%), beech (Fagus sylvatica L., 29%), silver fir (Abies alba Mill., 11%), oaks
(Quercus spp., 8%) and pines (Pinus spp., 7%) (Begus, 1999). Mean growing
stock volume was assessed at 282 m’/ha (Hocevar, 2003). The Act on Forests
(1993) prescribes how to maintain productiveness and biodiversity of forests.
Forest management goals are based on the principles of sustainability, a multi-
functional and cognitive close-to-nature approach. This method of management,
among other measures, forbids planting of non-native tree species in the forests.
For example, biodiversity is maintained and increased with planned leaving of
dead and dying wood biomass, which is the habitat for saprophytic species of
invertebrates, fungi and microorganisms (Speight, 1989). Maintenance and in-
crease in forest biodiversity has been strongly affected by Forest Stewardship

Council (FSC) certification, which promotes responsible management practice
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and systems that foster adoption of environmentally friendly non-chemical
methods of pest management and avoid the use of chemical pesticides. 234,986
hectares of state forest and 25,009 hectares of private forest are certified with the
FSC-FM (FM = Forest Management) standard. All of this increases forest’s
self-regulatory ability to control pests. The result of such management is healthy
forest ecosystems which persist, maintain vigour (productivity), organization
(biodiversity and predictability) and resilience (time to recovery) (Costanza &
Mageau, 2000). Several studies show that biodiversity is a barrier to ecological
invasion (Kennedy, Naecem, Howe, Knops, Tilman, & Reich, 2002; Leung, Finnoff,
Shogren, & Lodge, 2005; Hudson, Dobson, & Lafferty, 2006; Csdka, Stone, &
Melika, 2017).

1.2. Non-Native Insects in Slovenia

Among invasive non-native species, plant pathogens and phytophages (insects in
particular) significantly impact forests, hence the existence of international
agreements and legislation to reduce introduction and spread of such organisms
(International Plant Protection Convention and similar EU and Slovenian phy-
tosanitary regulations).

Analysis of non-native insect and mite species introduced to Slovenia in the
past two centuries shows that over 130 introduced species are harmful to plants.
More than 50% of these species were identified in the past 20 years; Hemiptera,
Lepidoptera, Coleoptera, are the most abundant, followed by Diptera, Thysan-
optera, Hymenoptera and Acari. 32.8% of introduced species originate from
Asia, 32.1% from North America, 9% from Africa, 9% from South America and
Australia, 3.7% from New Zealand and 13.4% originate from the Mediterranean
or have unknown origin (Seljak, 2013). NEOBIOTA Slovenia 2010-2012 project
involved the first systematic analysis based on historical and recent data on
non-native organisms in Slovenia, including evaluation of individual non-native
species (Jogan, 2012). Our data show that about 212 non-native insects were pre-
sent in 2016, of which 170 are phytophagous and the rest non-phytophagous
(Jurc, 2016). In the past decades insect species such as Dryocosmus kuriphilus
Yasumatsu, 1951, Leptoglossus occidentalis Heidemann, 1910, Xylosandrus
germanus (Blandford, 1894), Gnathotrichus materiarius (Fitch, 1858), Dasineura
gledichiae (Osten Sacken, 1866), Phyllonorycter issikii (Kumata, 1963), Cinara
curvipes (Patch, 1912) have been recorded in Slovenian parks and forests (Jurc &
Jurc, 2005; Jurc, Poljakovi¢-Pajnik, & Jurc, 2009; Jurc & Jurc, 2010; Jurc, Bojovic,
Ferndndez Fernandez, & Jurc, 2012b; Jurc, 2012). Ophiomyia kwansonis (Jurc,
Cerny, & Jurc, 2012a) and some other non-phytophagous and parasitoid species
of non-native insects have been found on other plants. Some non-native species
are spreading in Slovenian urban forests and affect economic, ecological and
other forest functions (Repe & Jurc, 2009; Jurc, Bojovic, Fernandez Fernandez, &
Jurc, 2012b).

Invasive insects can displace native species, but it is often unclear whether the
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principal mechanism is predation or competition. A good example is the harle-
quin ladybird Harmonia axyridis (Pallas, 1773) (Homoptera: Coccinelidae),
which is displacing native ladybugs and other native insects in ecosystems in
North America and Europe (Majerus, Strawson, & Roy, 2006; Koch, 2003). The
displacement mechanism is not completely understood, it is probably a combi-
nation of direct predation of the eggs of native ladybirds and competition by
non-native larvae for food.

Of particular interest are species of the Hymenoptera order, which includes
important harmful phytophagous species and their parasites or parasitoids such
as Neodryinus typhlocybae (Ashmead, 1893) (Hymenoptera: Dryinidae), a para-
sites of the non-native Metcalfa pruinosa (Say, 1830), or Diptera Trichopoda
pennipes (Fabricius, 1781) (Tachinidae), the natural enemy of Nezara viridula
(Linnaeus, 1758) (De Groot, Virant-Doberlet, & Zuni¢, 2007).

1.3. Experience with Dryocosmus kuriphilus and Its Parasitoid
Torymus sinensis in Slovenia

The experience with oriental chestnut gall wasp Dryocosmus kuriphilus Yasu-
matsu, 1951 (Hymenoptera: Cynipidae), which causes damage on Castanea spp.
in Asia, the eastern United States and, more recently, in Europe, is instructive.
The first outbreak in Europe occurred at a Castanea sativa Mill. nursery in Cu-
neo, Italy in 2002. In January 2004, it appeared in Slovenia and, despite destruc-
tion of the infested Castanea trees, the pest was not eradicated in outbreak areas
and in 2012 it was present in C. sativa stands in all Slovenia. The parasitoid wasp
T. sinensis has been used as biocontrol for D. kuriphilus in Japan, North Amer-
ica and in Europe. 7. sinensis was introduced in Slovenia at six locations in
spring 2015 to 2017. Additional releases are planned in the next four years (Kos
& Melika, 2015; UVHVVR, 2015).

2. Materials and Methods

2.1. Collection of Data in Sources of Data on Non-Native Insects in
Slovenia

Data on non-native insect species were collected with overview of literature data
in scientific publications (Google Scholar, ResearchGate, ALARM:
http://www.alarmproject.net/, NOBANIS: http://www.nobanis.org/, DAISIE:
http://www.europe-aliens.org/, NAL Catalog (AGRICOLA), EPPO Global Da-
tabase, COBISS.si and others. We also used results of projects in which we par-
ticipated (NEOBIOTA Slovenia 2010-2012; Non-native invasive harmful species
of fungi and insects affecting forests and forestry 2007-2009 (Jurc, 2009), Devel-

opment of new detection methods 2014-2017 (Jurc, 2017) and results of research
conducted with program funding (P4-0059 Forest, forestry and renewable forest
resources, 1999-2019 and P4-0107 Forest biology, ecology and technology
1999-2019).
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2.2. Survey of T. sinensis in Slovenia

Since 2008, we have studied domestic parasitoid fauna of D. kuriphilus. We de-
termined that the non-native parasitoids of 7. sinensisin D. kuripulius have been
present in C. sativa forests since 2012 and attempt to explain this phenomenon.

We analysed the infestation of D. kuriphilus with the non-native parasitoid
wasp 7. sinensis. Galls created in current year and galls from previous year were
collected with scisors from C. sativa multiple times in 2013 and 2014 at three lo-
cations (Lipa, Roznik, Velike Brusnice). After harvesting, galls were placed into
entomological boxes and kept at room temperature until October 2015, when
hatched specimens were stored in 80% ethanol. Identification of parasitoid 7.
sinensis was conducted in 2016 with morphological analysis (Kamijo, 1982) and
comparison of nucleotide sequences of COI and ITS2 regions for specimens
sampled in 2013 (Matosevi¢, Lackovi¢, Melika, Kos, Frani¢, Kriston et al., 2015;
Yara, 2004; Yara, 2006).

2.3. Statistical Analysis

We used Correspondence Analysis (CA) to describe the relationships between
two nominal variables in a correspondence table in a low-dimensional space.
Correspondence Analysis (CA) was carried out with the software Statgraphics
Centaurion X VI (Statistical Graphics Corporation, U.S.A.).

3. Results and Discussion

3.1. Diversity of Non-Native Insects in Slovenia

Up to 254 non-native insect species are present in Slovenia, of which around 211
spp. or 83% are phytophagous (109 spp. or 43% feed on woody plants, 102 spp.
or 40% on other plants such as crops, vines, grasses, ferns, ornamental flowering
plants or seeds), around 30 spp. or 12% and non-phytophagous (appear on
stored food products, fungi, dead wood, guano, saprophags...), 13 spp. or 5% are
parasitoids or predators of other insects or mammals.

Hemiptera includes 17 families (most of which belong to Adelgidae and Dias-
pididae) with 97 spp., Coleoptera 24 families (Chrysomelidae, Nitidulidae) with
75 spp., Lepidoptera 15 families (Gracillariidae) with 37 spp., Diptera 7 families
(Cecidomyiidae, Agromyzidae) with 23 spp., Hymenoptera 8 families (Aphelini-
dae, Cynipidae) with 13 spp., Thysanoptera 1 family with 9 spp..

Among the phytophagous species, Hemiptera (with 38.2%) predominate, fol-
lowed by Coleoptera (29.8%), Lepidoptera (14.5%), Diptera (9.0%), Hymenop-
tera (5.1%) and Thysanoptera (3.5%).

Most of phytophagous species are associated with introduction of plants on
which they are specialists, but some have also shifted from introduced to native
plant hosts (Csoka, Stone, & Melika, 2017). 36 non-native phytophagous species
or 14.17% of all non-native insects have become harmful plant pests, including
Frankliniella occidentalis (Pergande, 1895); Scaphoideus titanus Ball, 1932; Aciz-

zia jamatonica Kuwayama, 1908; Bemisia tabaci (Gennadius, 1889); Trialeurodes
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vaporariorum (Westwood, 1856); Ceroplastes japonicus Green, 1921; Neopulvi-
naria innumerabilis (Rathvon, 1854); Saissetia oleae (Olivier, 1791); Diaspidiotus
perniciosus Comstock, 1881; Pseudaulacaspis pentagona (Targioni Tozzetti,
1886); Aphis gossypii Glover, 1877; Eriosoma lanigerum (Hausmann, 1802);
Macrosiphum euphorbiae (Thomas, 1878); Myzus persicae (Sulzer); Myzus vari-
ans Davidson; Viteus vitifoliae (Fitch, 1855); Corythucha ciliata Say, 1832;
Corythucha arcuata (Say, 1832); Nezara viridula (Linnaeus, 1758); Acan-
thoscelides obtectus Say, 1831; Diabrotica virgifera virgifera LeConte, 1858; Lept-
inotarsa decemlineata Say, 1824; Cacyreus marshalli Butler, 1898; Cameraria
ohridella Deschke & Dimi¢, 1986; Cydalima perspectalis (Walker, 1859); Grapho-
lita molesta (Busk, 1916); Helicoverpa armigera (Hiibner, 1808); Paysandisia ar-
chon (Burmeister, 1880); Tuta absoluta (Meyrick ], 1917); Ceratitis capitata
(Wiedemann, 1824); Drosophila suzukii (Matsumura, 1931); Liriomyza huido-
brensis (Blanchard, 1926); Liriomyza trifolii (Burgess, 1880); Phytomyza gym-
nostoma Loew, 1858; Rhagoletis cingulata (Loew, 1862); Rhagoletis completa
Cresson, 1929; Dryocosmus kuriphilus Yasumatsu, 1951. 20 of them appear on
woody plants, but only one of them is in forest-D. kuriphilus.

We used Correspondence Analysis (CA) to describe the relationships between
two nominal variables in a correspondence table in a low-dimensional space
(Figure 1).

36 non-native phytophagous species (14.17% of all non-native insects) have
become harmful plant pests of crops and urban trees. 20 appear on woody
plants, but only one, D. kuriphilus, appears in forest. The number of harmful
phytophagous insects in Slovenian forests is extremely small most likely due to
high diversity of the forest ecosystem, where close-to-nature, sustainable and
multifunctional forest management is practiced. This method of management,
among other measures, also does not include planting non-native tree species in
the forests and non-chemical methods of pest management. All of this retains
forest’s self-regulatory ability to control pests.

Non-native non-phytophagous insects that feed on fungi, dead wood, guano,
plant products or seeds etc. include Coleoptera (80%), Lepidoptera (6.5%), Hy-
menoptera (6.5%) and Diptera (6.5%).

Comparison of inventory of non-native insects in 2012 and 2017 shows the
number of non-phytophagous non-native insects is increasing: 173 species were
detected in 2012 (around 63% of species feed on woody plants, 27% feed on
other plants and around 10% were non-phytophagous) and 254 species in 2017
(around 43% of species feed on woody plants, around 40% feed on other plants
and around 17% are non-phytophagous). The ratio is primarily the result of sys-
tematic analysis of materials on non-native species, in particular of Coleoptera
species in collections of the Natural History Museum in Ljubljana (Vrezec,
Kapla, & Jurc, 2012), systematic work on groups of sucking insects (Seljak, 2013;
Jurc, 2016), and scientific studies (V4-1439 Development of new methods of de-

tection, diagnostics and prognosis for non-native organisms harmful to forest
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Figure 1. Correspondence Analysis. The distance between any two rows (plant species) and (or) between any two
columns (ordo, host plants, origin, years, status) is indicative of their similarity. 36 non-native phytophagous spe-
cies-harmful plant pests of our crops and urban trees. Legend: (3) Frankliniella occidentalis, (16) Scaphoideus titanus,
(21) Acizzia jamatonica, (23) Bemisia tabaci, (27) Trialeurodes vaporariorum, (37) Ceroplastes japonicus, (40) Neopul-
vinaria innumerabilis, (46) Saissetia oleae, (53) Diaspidiotus perniciosus, (64) Pseudaulacaspis pentagona, (68) Aphis
gossypii, (78) Eriosoma lanigerum, (85) Macrosiphum euphorbiae, (88) Myzus persicae, (89) Myzus varians, (99) Vi-
teus vitifoliae, (100) Corythucha ciliata, (104) Nezara viridula, (107) Acanthoscelides obtectus, (114) Diabrotica virgi-
fera virgifera, (116) Leptinotarsa decemlineata, (187) Cacyreus marshalli, (191) Cameraria ohridella, (193) Cydalima
perspectalis, (198) Grapholita molesta, (199) Helicoverpa armigera, (204) Paysandisia archon, (218) Tuta absoluta,
(219) Ceratitis capitata, (225) Drosophila suzukii, (227) Liriomyza huidobrensis, (228) Liriomyza trifolii, (231) Phyto-
myza gymnostoma, (232) Rhagoletis cingulata, (233) Rhagoletis completa, (243) Dryocosmus kuriphilus.

2014-2017). In the years 2016 and 2017 in Slovenia we find two new phyto-
phagous insects: Halyomorpha halys (Stal, 1855) (Heteroptera: Pentatomidae)
and Corythucha arcuata (Say, 1832) (Heteroptera: Tingidae) were found (Jurc &
Jurc, 2017, in press).

The number of detected non-native parasitoids from the Hymenoptera order
and flies has increased as well (Figure 1). Non-phytophagous Hymenoptera spe-
cies are particularly important and represent 6.5% of all non-native species. The
group includes parasitoids of non-native and native insect fauna (Neodryinus ty-
phlocybae (Ashmead, 1893) Dryinidae; Adelencyrtus aulacaspidis (Brethes, 1914)
Encyrtidae; Aphelinus mali (Haldeman, 1851) Aphelinidae; Aphytis mytilaspidis
(Le Baron, 1870) Aphelinidae; Encarsia berlesei (Howard, 1906) Aphelinidae;
Isodontia mexicana (Saussure, 1867) Sphecidae, and the parasitoid of D. kuriphi-

lus - Torymus sinensis Kamijo, 1982 (Hymenoptera: Torymidae).

3.2. The Enigma of the Appearances and Spread of T. sinensis

The chestnut gallwasp, D. kuriphilus, is considered as one of the most serious
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pest damaging chestnut trees (Castanea spp.). After its first detection in Europe,
in Italy in 2002, due to the importation of nursery material from China, it is now
widely established in the peninsula both in chestnut orchards and forests, and
still spreading throughout Europe. It induces the formation of greenish red galls
on new shoots and leaves, reducing shoot elongation and fruit production. The
pest was controlled in Japan by introducing the parasitoid 7. sinensis from
China’s mainland. Following this experience, a classical biological program was
started and the parasitoid was introduced into Italy from Japan. Since 2005 indi-
viduals of 7. sinensis were released in several sites covering most of the infested
areas. 7. sinensis is yet established in Italy and has been also introduced in
France, Croatia and Hungary. In Slovenia, 7. sinensis was released into nature in
April 2015.

D. kuriphilus was introduced to Slovenia in 2004 with sweet chestnut (Casta-
neasativa Mill.) saplings from Cuneo province in Piedmont, Italy, which were
planted in a plantation on Mt. Sabotin. In spring 2007 the insect was detected in
the plantation in the 3 km area around the primary focus Mt. Sabotin. In late
June 2007 a considerable proportion of wasps had already hatched, the total de-
marcated area in 2007 was about 20 - 30 km* of woodland. Eradication was un-
successful and the species started to rapidly spread (Knapic¢, Seljak, & Kolsek,
2010). Our data show D. kuriphilus was found in Lipa (near SeZzana, the west-
ern-most location) in 2008, on Roznik (Ljubljana, central Slovenia) in 2010 and
in Velike Brusnice (near BreZice, the eastern-most location) in 2012. 7. sinensis
was present at these locations five, three and one year, respectively, after identi-
fication of D. kuriphilus, indicating that the parasitoid’s spread is much faster
than the spread of D. kuriphilus. Adult T. sinensis was first found on galls col-
lected at Lipa location in May 2013, at Roznik location in October 2013 and at
Velike Brusnice location in September 2013. Comparison was conducted with
sequences from GenBank collection using BLAST algorithm (conducted on
March 23, 2016). At all three sampling locations 7. sinensis was also identified in
2014. All samples contained 4686 galls and 319 7. sinensis specimens hatched
(6.8% of galls were parasitized) (Jurc, Mihajlovi¢, Piskur, & Jurc, 2016). Of the
three locations Lipa is located closest to the area in Italy where the parasitoid
was introduced in great numbers in 2005 (Quacchia, Moriya, Bosio, Scapin, &
Alma, 2008). The population of 7. sinensis at the location was already very large
in the June 2013 sample, in which 18.5% of galls were parasitized. In autumn
2013 7. sinensis was identified in galls samples from all three locations, meaning
the parasitoid appeared 125 km from Lipa. In our study, we kept galls from
about a year (sampling in October 2014) to two and a half years (sampling in
May 2013). In galls occurred in the current year 7. sinensis larvae had sufficient
time to fully develop and in some samples, we probably also obtained specimens
with extended diapause, as reported by Ferracini, Gonella, Ferrari, Saladini, Pic-
ciau, Tota et al. (2015).

Obviously, the 7. sinensis population achieved exponential expansion speed
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in Europe unexpectedly fast. The exponential expansion speed happened in Ja-
pan seven years after its introduction (Moriya, Bosio, Scapin, & Alma, 2008). As
determined by Colombari & Battisti (2016), in northern Italy such speed was
probably achieved in a year or two (aided by wind): they determined maximum
expansion distance of 84.1 km one year after introduction in one example and
110.5 km in another example. The results are supported by observations during
gall collection in early-March 2016 in Slovenia, when large numbers of galls
from previous years were observed at locations around whole Slovenia (Ponikve,
Lipa, Puce, Semic, VelikeBrusnice, Majsperk, Grad, Kamnica, Homec, Smoldno,
Roznik) whereas last year’s galls were rare and after four days of growing at
room temperature 7. sinensis appeared in abundant numbers. We assume 7.
sinensis significantly reduced the D. kuriphilus population in the entire territory
of Slovenia.

T. sinensis was released in Slovenia at six locations in spring 2015, 2016 and
2017. Further releases are planned over the next years (Kos & Melika, 2015;
UVHVYVR, 2015). Our results suggest that release had probably not been justi-
fied and is not sensible in the future since 7. sinensis had spread on the research
area in 2013 and 2014; we believe that its strong potential to reduce the popula-
tion of D. kuriphilus across the entire territory of Slovenia was already well ex-

pressed in 2016.

4. Conclusion

Introduction of non-native species has been accelerating. The causes are well
known: accelerated globalisation of trade in wood and plant products, liberalisa-
tion of the Slovenian market since EU accession, and Slovenia being an ecotonic
region.

In future increased introduction of non-native insect species is expected; the
animals will find favourable living conditions due to climate change, which will
reduce competitiveness of native species.

The example of the complex introduction and expansion of D. kuriphilus
parasitoid 7. sinensis merits analysis. It illustrates the complexity of natural
processes and shows that any interventions, either introduction of non-native
parasites or parasitoids for biocontrol of economically harmful target organisms,
or use of pesticides, require utmost caution: non-intervention in natural ecosys-
tem processes is sometimes the best choice.

The small number of non-native insect species in Slovenian forests is probably
the result of forests” high biodiversity. Local distribution of non-native species
depends on abundance of native species: the higher the diversity of native spe-
cies, the lower the number of non-native species, because higher species diversity
improves ecosystem’s self-regulation capabilities (Kennedy, Naeem, Howe, Knops,
Tilman, & Reich, 2002).

It is necessary to intensify the study of bioecology of non-native species, the

importance of natural enemies in community impacts and biological control to
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create the scientific basis for appropriate action in future.
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