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Abstract

Adult beetles of Lachnaia italica Weise, 1882 were found for the first time in Croatia
in a nursery near Rovinj in June 2023. The beetles were found on plum (Prunus do-
mestica L.) seedlings, with visible feeding damage on the leaves. The beetles were
based on adult’s morphological characteristics and the identification key for the fam-
ily Chrysomelidae. Species L. italica is widespread in Italy and occurs in several sur-
rounding countries. Adults feed primarily on the terminal branches of hawthorn and
young oaks. However, they can also cause damage to a variety of other plants includ-
ing roses, plums, and cherries. These beetles are known to consume leaves, shoots,
and tender flowers, posing a significant threat to the flowering development of these
young plants. Due to the lack of literature sources on this species, in this article, we
have attempted to summarize the available literature to describe the morphology, life
cycle, damage, and possible control of this pest.

Keywords: Chrysomelidae, Croatia, first record, Lachnaia italica, plum seedlings

Sazetak

Odrasle jedinke vrste Lachnaia italica Weise, 1882 pronadene su po prvi put u Hr-
vatskoj. Jedinke su uo¢ene na sadnicama sljive (Prunus domestica L.) u rasadniku blizu
Rovinja u lipnju 2023. Na biljkama su uocene Stete na lis¢u u vidu grizotina. Jedinke
su identificirane na osnovi morfoloskih karakteristika odraslog stadija pomocu rele-
vantnih klju¢eva za porodicu Chrysomelidae. Vrsta L. italica Siroko je rasprostranjena
na podrudju Italije, a pronadena je i u zemljama u okruZenju. Odrasle jedinke najvise
se hrane na mladim izbojcima gloga i hrasta. Medutim, mogu se hraniti i na drugim
biljkama, uklju¢ujuéi ruZze, sljive i treSnje. Odrasle jedinke hrane se na lis¢u, mladica-
ma i cvjetnim pupovima, Sto predstavlja znacajnu prijetnju cvjetanju mladih biljaka.
Zbog nedostatka literaturnih izvora o ovoj vrsti u ovom ¢lanku pokusali smo saZeti
dostupnu literaturu kako bismo opisali morfologiju, Zivotni ciklus, Stete i moguénosti
suzbijanja ovog Stetnika.

Kljucne rijeci: Chrysomelidae, Hrvatska, Lachnaia italica, prvi nalaz, sadnice Sljive
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Introduction - Uvod

The family Chrysomelidae encompasses a diverse group of insects known for their
striking characteristics (Lopatin 2008). Members of this family are typically small to
medium-sized beetles with oval-shaped bodies. They exhibit a wide range of colours,
including vibrant metallic hues, patterns, and markings, which serve as both cam-
ouflage and warning signals (Maceljski 2002). Chrysomelidae species often possess
robust antennae and chewing mouthparts adapted for feeding on plant material.
Some notable features include elytra (hardened forewings) that cover the membra-
nous hindwings and protect the delicate flying mechanisms underneath (Hangay
and Zborowski 2010). Additionally, many Chrysomelidae species are phytophagous,
feeding on various plant parts such as leaves, stems, and flowers (Sdnchez-Reyes et
al. 2019).

Lachnaia italica Weise, 1882 is an insect characterized by a peculiar morphological con-
stitution of larvae and adults belonging to the order Coleoptera, family Chrysomeli-
dae, subfamily Clytrinae, genus Lachnaia Chevrolat, 1837 (Warchalowski 2003). This
species is native to Italy where it is widely distributed. It also occurs in Corsica and
subsp. occidentalis Grasso, 1963 only in Sardinia (Regalin et al. 2006). According to
GBIF (2023), this species can also be found in France, Switzerland, Hungary, Serbia,
and Slovenia.

Adults of this species are both phytophagous and polyphagous. During May and
June, they can be frequently found on the terminal branches of hawthorn and young
oaks. The blackberry represents one of the main host plants. But also, they can attack
roses, plums and cherries, eating away leaves, shoots, and flowers, ruining the young
plants” growth. They feed on the tender leaves, sometimes causing significant dam-
age by completely consuming the buds (Coltivazione biologica 2023).

In natural conditions, this insect is present in field hedges. Increasingly, L. italica is
showing a tendency to invade parks and gardens in Italy. When the population of
these insects is particularly high, they can cause significant damage to plants. This
beetle often goes unnoticed or is mistaken for a ladybug, which has an elongated
shape and a slightly faded color (Comune di Nonantola 2018).

The aim of this paper is to present the first record of L. italica in Croatia and provide
information about the species morphology, life cycle and damages.

Materials and Methods — Materijali i metode

During a regular visit to the nursery garden in Istria County as part of the survey,
several specimens of beetles from the genus Lachnaia were detected on young plum
(Prunus domestica L.) seedlings. The beetles were found near Rovinj (45°04'57.4”"N
13°40’34.9”E) on June 5th, 2023. Two specimens were caught by hand, placed in 70 %
alcohol with label, and transported to the laboratory for morphological identification.

Species determination based on morphological characteristics of adult stage was made
using Warchalowski (2003, 2010) identification key for Chrysomelidae of Europe and
the Mediterranean area and Lompe’s (2023) Beetles of Europe. For morphological
identification, Carl Zeiss SteREO Discovery.V12™ binocular microscope was used
with an Olympus camera bound to a screen of computer. Version 4.6 of the software
AxioVision FREIGHT of Carl Zeiss was used to make the photos for the identification.
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Results and Discussion — Rezultati i rasprava

Using Warchalowski’s (2003, 2010) identification key for the Chrysomelidae of Eu-
rope and the Mediterranean, and Lompe’s (2023) Beetles of Europe, we determined
that the species collected was male L. italica. To be sure, we compared our specimen
aedegus with a male L. italica obtained from Italy and confirmed a match. It was also
compared with several male specimens of Lachnaia sexpuntacta Scopoli, 1763, collected
from several different locations in Croatia (entomological collection Zadravec, Za-
greb) and there was no match with that species. Boscain (2019) mentions the species
L. italica in his travelogue of butterflies in Croatia, giving only one picture of an insect.
His finding cannot be considered accurate or a first record, as there is no mention
of how the species is determined and there is no official record in the scientific or
professional literature. Moreover, it is not possible to determine the species without a
species identification in the laboratory based on morphological characteristics of ae-
degus. Hence, this is the first record of this species in Croatia based on a scientifically
relevant identification method with all important faunistic data.

Species description — Opis vrste

The adult L. italica have external conspicuous features by which they are easily rec-
ognized. The adult beetle is about one centimetre in length. The elytra are yellowish
ochre with three black spots. One spot is located anteriorly on the lateral side, while
the other two spots appear after the center of the elytra, forming a transverse line
(Coltivazione biologica 2023) (Figure 1). Their entire body is black with iridescent
reflections, characterized by a hypognathous head and hairy pronotum. The antennae
are serrated and shorter than half of the body length (Figure 2). Males have conspic-
uously elongated forelegs, especially on the tarsal segments, with segment one of the
tarsi on the outside as long as the second and third segments combined (Warchalows-
ki 2003). However, L. italica can be easily confused with the morphologically very sim-
ilar species L. sexpunctata which occurs in Croatia and is more widespread. These two
species are difficult to distinguish basis of external morphological characters, which
are usually variable. They can be reliably distinguished based on examining the male
genitalia (aedeagus) (Warchalowski 2003). Species L. italica aedeagus is as in Figures
3 and 4: central process long, thickened at apex, strongly crooked backwards, length
9.0 to 11.5 mm (Warchalowski 2010).

Figure 1 Adult of the species Lachnaia italica, Kadoi¢ Balasko, 2023
Slika 1. Odrasli oblik vrste Lachnaia italica, Kadoié Balagko, 2023.

3
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Figure 2 Antennae and pronotum with hairs of Lachnaia italica, Simala, 2023
Slika 2. Ticala i dlakavi pronotum vrste Lachnaia italica, Simala, 2023.

Figure 3and 4  Apical part of aedegus of Lachnaia italica, frontal (left) and lateral (right) view, Simala, 2023
Slika 3 i 4. Vréni dio aedegusa vrste Lachnaia italica, pogled sprijeda (lijevo) i bo¢no (desno), Simala, 2023.

According to the literature (Fiori 1948), the larvae are very similar to those of Cly-
tra quadripunctata Linnaeus, 1758, but they can be recognized immediately by their
slightly curved dorsal cranial region instead of being flat. The neonate larva of L.
italica is oligopodous and submelolontoid, but very different from the typical larva of
Chrysomelidae. The cranial region is strongly sclerotized, slightly convex on the dor-
sal side, and equipped with large spatulate setae. The antennae are short, the protho-
rax has two sclerotized notal plates, the legs appear long, and abdominal segments
5 to 8 are short and bent forward. The neonate larva is 1.2 mm long, pale yellowish
with a head, notal plates, and reddish-brown legs. The pupal cocoons measured 12
mm in length (Fiori 1948).
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Life cycle — Zivotni ciklus

For mating activities, adults prefer the terminal branches of young sun-exposed oaks
or small bushes located above the nests of ant Formica rufa Linnaeus, 1761. The fe-
males lay their eggs towards the end of May and in the early days of June, following
the typical reproductive behaviour of most Clytrinae species. The eggs are covered
with the female’s excrement and then dropped onto the ground, ensuring the pro-
tection of the developing embryos. The eggs are laid individually or more commonly
in clusters. The insect undergoes its larval development by feeding on plant debris
(Fiori 1948). According to Agrain et al. (2015), L. italica larvae are Myrmecophilous,
which means they have a positive interspecies association with ants. Coleopterans are
common commensals in ant nests (Holldobler and Wilson 1990), but this association
regarding the genus Lachnia is not sufficiently researched.

Steinhausen (1986) investigated the duration of L. italica life cycle. The total develop-
ment time for L. ifalica in his research under laboratory conditions was found to be
two years and 24 days from the time the first eggs are laid until the beetle hatches.
These results confirmed his earlier assumption of a two-year development period for
this species, and it can be assumed that the laboratory conditions, particularly a con-
sistently warm room temperature, did not cause any developmental delay.

Damages and possible control — Stete i moguénosti zastite

Adults primarily consume leaves, leading to plant damage. Unfortunately, there is a
lack of information regarding the extent of damage in agricultural areas and the use
and effectiveness of chemical control against this pest. However, if the number of
adults is particularly high, the damage to plants may be continuous, and damage to
young seedlings in nurseries can be significant (Comune di Nonantola 2018).

These beetles fly slowly and sometimes drop to the ground without moving when
disturbed. This behaviour is more common in the early morning hours when tem-
peratures are lower. Therefore, it may prove useful to provoke the fall of these insects
during the coolest hours of the day by shaking infested shrubs and plants. With this
mechanical control method, it is possible to collect and eliminate most of the spec-
imens present on the plants without harming the environment. The larvae feed on
plant debris and do not cause damage to plants (Comune di Nonantola 2018).

Conclusion - Zakljucak

This is the first record of L. italica in Croatia. This species is native to Italy. Considering
that the species was found in a nursery garden on seedlings, we can assume that it
was introduced with imported plant material from Italy. So far, no significant dam-
age has been found in Croatia. However, since a large amount of planting material is
imported from Italy, there is a possibility that the pest will spread and cause damage
over time. Therefore, future work should involve continuous monitoring to keep track
of possible spread through Croatia.
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Abstract

The nesting whitefly, Paraleyrodes minei Iaccarino, 1990 (Aleyrodidae: Aleurodicinae),
was recorded for the first time in Croatia on leaves of mandarin and orange trees on
the island of Vis in September 2023. Whitefly puparia collected from the infested
leaves were morphologically identified as species P. minei in the laboratory. Currently,
the whitefly fauna in Croatia comprises 37 species belonging to 22 genera. They all
are classified in the subfamily Aleyrodinae. Therefore, the exotic Neotropical species
P. minei is the first and, for now, the only member of the aleyrodid subfamily Aleuro-
dicinae that has been found in Croatia. It is a polyphagous species feeding mostly on
woody plants assigned to 19 families. It is most frequently recorded on genus Citrus
(Rutaceae) plants, with a status of moderate to severe pest. Due to the intensive inter-
national trade of plants and global climatic changes, this invasive pest presents cer-
tain phytosanitary risks to citrus orchards, not only on geographically isolated island
Vis, but potentially also on the mainland of the Adriatic part of Croatia. The aim of
this paper is to present the first record of P. minei in Croatia and provide information
about the species morphology, biology, and damages.

Keywords: Aleyrodidae, Aleurodicinae, Paraleyrodes minei, first record, citrus, Croatia

Sazetak

Gnjezdasti Stitasti moljac Paraleyrodes minei laccarino, 1990 (Aleyrodidae: Aleuro-
dicinae) zabiljeZen je po prvi put u Hrvatskoj na listovima mandarine i naranc¢e na
otoku Visu u rujnu 2023. Pupariji $titastog moljca prikupljeni na zarazenim listovima
morfoloski su identificirani u laboratoriju kao vrsta P. minei. Fauna Stitastih moljaca
trenutno u Hrvatskoj broji 37 vrsta iz 22 roda, iskljucivo iz potporodice Aleyrodinae.
Stoga je egzoti¢na, neotropikalna vrsta P. minei prva ijedina do sada zabiljeZena vrsta
u Hrvatskoj iz potporodice Stitastih moljaca Aleurodicinae. To je polifag koji se ug-
lavnom hrani na drvenastim biljnim vrstama iz 19 porodica, a najces¢e je naden na
agrumima (Rutaceae) na kojima ima status umjerenog do znacajnog stetnika. Zbog
intenzivne medunarodne trgovine biljem i globalnih klimatskih promjena, ovaj in-
vazivni Stetnik predstavlja odredeni fitosanitarni rizik za nasade agruma, ne samo
na geografski izoliranom otoku Visu ve¢ potencijalno i na kopnenom dijelu obale
Jadrana. Cilj ovog rada prikazati je prvi nalaz vrste P. minei u Hrvatskoj te pruZiti
informacije o morfologiji i biologiji vrste te Stetama.

Kljucne rijeci: Aleyrodidae, Aleurodicinae, Paraleyrodes minei, prvi nalaz, agrumi, Hrvatska
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Introduction - Uvod

The insect family Aleyrodidae (Hemiptera), commonly known as whiteflies, consists
of 1556 described species placed in 161 genera from three extant and one fossil (Ber-
naeinae) subfamilies. Most of the species are classified in the subfamilies Aleyrodinae
or Aleurodicinae, while the history and status of the subfamily Udamoselinae are
controversial (Martin and Mound 2007). The subfamily Aleyrodinae is worldwide
in distribution and includes 1424 species in 148 genera. One hundred and eighteen
species belonging to the subfamily Aleurodicinae are classified into 18 genera and
distributed primarily in the New World (Evans 2007). All species of the subfamily
Aleurodicinae are tropical, with the majority of them described from the Neotropi-
cal zoogeographical region (Mexico, Central and South America, Caribbean Islands).
Some of them have extended their distribution range into the Nearctic and Western
Palearctic regions (Suh and Evans 2012). In Europe and the Mediterranean region, the
whitefly fauna comprises 57 native or naturalized species in 25 genera. The subfamily
Aleurodicinae includes five recorded Neotropical species from the genera Aleurod-
icus Douglas, 1892 and Paraleyrodes Quaintance, 1909 (Martin et al. 2000). The last
published checklist of whiteflies in Croatia comprises 31 species placed in 18 genera
(Simala and Masten Milek 2008). Six additional species were discovered afterward,
making a total of 37 whitefly species recorded for Croatia so far. These are the follow-
ing species: Aleurocanthus spiniferus Quaintance, 1903 (Simala and Masten Milek 2013),
Aleuroclava aucubae (Kuwana, 1911) (Simala et al. 2014), Pealius quercus (Signoret, 1868)
(Simala and Masten Milek 2014), Parabemisia myricae (Kuwana 1927) (Simala et al.
2016), Singhiella simplex (Singh, 1931) (Simala et al. 2020) and Aleurocanthus camelliae
Kanmiya & Kasai, 2011 (Simala et al. 2023). All recorded aleyrodid species belong to
the subfamily Aleyrodinae, none to Aleurodicinae. Paraleyrodes is a Neotropical genus
represented by a total of 17 species (Martin and Mound 2007). Members of this genus
are commonly called “nesting whiteflies”, due to typical fluffy wax produced in the
shape of a white “nest” by ovipositing females (Longo and Rapisarda 2014). Although
the species Paraleyrodes minei laccarino, 1990 was first described from specimens col-
lected in Syria in 1990 on Citrus aurantium L., it is an example of a whitefly species
that was described outside of its native distribution range, following its introduction
and establishment as a pest in California (Hernandez- Suarez et al. 2012). According
to Evans (2007), P. minei is recorded in the Nearctic, Neotropical, Afrotropical, Orien-
tal, and Palearctic regions and the Pacific. In the Palaearctic region, P. minei has been
recorded in the Canary Islands, Iran, Israel, Italy, Lebanon, Madeira, Morocco, Spain,
Syria, and Turkey (Longo and Rapisarda 2014). Since P. minei is the most geograph-
ically mobile species within the genus, its occurrence in the Old World may be due
to introductions from the New World (Martin 2004). It is polyphagous on plants of
numerous families and is reported as a moderate pest of citrus (Longo and Rapisarda
2014). Damage on host plants is similar to other species of whiteflies. Direct damage
arises from adults and larvae sucking on plant sap from the leaves, which affects
quantity and quality of yield. Indirect damage is a consequence of excreting of hon-
eydew, on which sooty molds subsequently develop (Kalaitzaki et al. 2016). P. minei
is the first recorded species from the aleyrodid subfamily Aleurodicinae in Croatia.
Therefore, puparial and adult identification characteristics, detection methods, and
biology, as well as pest’s impact on citrus plants are presented and discussed below.
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Materials and Methods — Materijali i metode

During a visual inspection of citrus plants on the island of Vis on September 20th
and 21st 2023, unusual white, fluffy congregations of whitefly larvae were observed
on the lower surface of inspected leaves. The suspect leaf samples with preimaginal
and several adult whiteflies, collected at two locations, were placed and stored dry in
envelopes until laboratory analysis (Martin 1987). In the laboratory, according to the
modified preparation method by Watson and Chandler (1999), a few specimens of
puparia and pupal cases were picked from the leaves with an entomological needle
and transferred to cold 10 % KOH for 24 hours for maceration. Afterward, specimens
were cleaned in 70 % ethanol, heated at 90 °C in 40 % lactic acid for 20 minutes,
stained in a mixture of lignin pink, Essig’s aphid fluid, and acid fuchsin, dehydrated
in acetic acid and then placed in clove oil for about 15 minutes. Finally, specimens
were slide-mounted in a few drops of Canada balsam diluted with benzyl alcohol,
as permanent microscopic slides. Moreover, one specimen of a whitefly adult male
was prepared as a permanent microscopic slide for additional analysis, in terms of
species auxiliary identification. Collected specimens of whiteflies were identified
to the species level based on morphological characters of puparium and pupal case
and additionally based on male genitalia according to the key provided by Martin
(1996). For accurate identification, a binocular dissecting microscope Olympus SZX 7
equipped with an Olympus LC 20 digital camera, and optical microscope Olympus
BX 51 equipped with an Olympus DP 25 digital camera were used. Slide-mounted
specimens labelled with the laboratory sample number (86/SM /23, 88/SM/23) were
deposited, after drying for about two months, in the collection of the Laboratory for
Zoology of the Centre for Plant Protection - CAAF.

Results and Discussion — Rezultati i rasprava

Whitefly species P. minei, was detected for the first time in Croatia on the leaves of
mandarin and sweet orange in 2023 in town Vis on the island of Vis (Figure 1). Fau-
nistic details about the analysed samples and the species finding are as follows:

Paraleyrodes minei Iaccarino, 1990

Material examined: Citrus reticulata Blanco, 1837, commercial orchard, Vis (43°3'51.0”N
16°10'59.0”E), 20.9.2023; Citrus sinensis (L.) Osbeck, garden centre Vis (43°3'47.0”N
16°11'0”E), 21.9.2023.
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Figure 1 Finding places of P. minei (yellow marks) on island Vis in 2023 (Google Earth Pro)

Slika 1. Lokaliteti nalaza P. minei (zute oznake) na otoku Visu u 2023. godini (Google Earth Pro)

At first, visual symptoms of infestation on the lower surface of inspected citrus leaves
(Figure 2) were referred to another whitefly species often present on citrus, the wool-
ly whitefly [Aleurothrixus floccosus (Maskell, 1896)]. According to the literature data,
whitefly species that are often found in mixed populations with P. minei on citrus
plants in the Mediterranean Region include A. floccosus and citrus whitefly [Dialeu-
rodes citri (Ashmead, 1885)]. The puparia of P. minei can be distinguished from the
puparia of two other whitefly species by the presence of long wax rods (Figure 3).
These lack completely in D. citri, while A. floccosus puparia produce a flocculent mass
of short and curly wax filaments which form a dense white mat over the colony (Fig-
ure 4) (Malumphy and Mifsud 2016). Both species were detected in mixed colonies of
whitefly populations in a sample of leaves collected on sweet orange trees, on which
P. minei, as well as A. spiniferus, were also found. Therefore, the activities that were
conducted within the official survey of quarantine Aleurocanthus Quaintance and Bak-
er, 1914 whitefly species on citrus plants on the island of Vis resulted in a positive
finding of a quarantine harmful organism and additionally in the first record of a
whitefly species from subfamily Aleurodicinae which is new to the fauna of Croatia.
P. minei may be distinguished in the field from 5 other whitefly species recorded so
far in citrus plantations in Croatia (Simala et al. 2020) by the characteristic “nests” of
long wax filaments and, fluffy wax forms around the ovipositing females (Figure 5)
and long wax rods that form around the fourth larval instar, hence the common name
of “nesting whitefly” (Malumphy and Mifsud 2016).
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Figure 2 P. minei infestation on mandarin leaf

Slika 2. Napad P. minei na listu mandarine

Figure 3 Waxy secretions produced by species P. minei on the lower surface of mandarin leaf

Slika 3. Vostane izlucevine vrste P. minei na nali¢ju lista mandarine

Figure 4 Waxy secretions produced by larvae of species A. floccosus on the lower surface of mandarin leaf

Slika 4. Vostane izlu¢evine li¢inki vrste A. floccosus na nali¢ju lista mandarine
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Figure 5 P. minei adult female and eggs

Slika 5. Odrasla Zenka i jaja P. minei

The source of infestation of citrus plants on the island of Vis by P. minei is unknown.
Considering that the species was found in a garden centre, we can assume that it was
introduced with imported plant material from Italy, since a large number of plants,
especially ornamental cultivars of citrus, is imported from different parts of Italy,
including Sicily, where P. minei was recently discovered (Longo and Rapisarda 2014).
The pest has likely spread further into the nearby mandarin orchard actively by flight
of adults. The infestation of citrus plants by P. minei was low to moderate. Infested
plants did not show any significant damage symptoms. Honeydew and black sooty
moulds were present sporadically on the leaves and twigs of infested citrus trees.
Since a simultaneous mixed infestation with several whitefly species and also a brown
soft scale (Coccus hesperidum L., 1758) was established, it is difficult to determine its
causative agent.

The taxonomy and diagnosis of whiteflies is almost exclusively based on the micro-
scopic morphological characteristics of the last (fourth) developmental stage of the
larva from which adult emerges. The term “puparium” or “pupal case” is used for
this stage. The morphology of the puparia/pupal cases of species from the subfamily
Aleurodicinae is more complex than that of the subfamily Aleyrodinae, due to the
presence of large dorsal complex pores that secrete wax. In Aleurodicinae species, the
lingula is large and tongue-shaped, extending beyond posterior margin of vasiform
orifice and bearing 4 long setae. Legs are without adhesion pads but each bears an
apical claw. Puparia of Aleyrodinae have no dorsal compound pores, the lingula is
much smaller bearing only 2 setae and the legs are without claws, but usually with
adhesion pads. The adults of most Aleurodicinae species have a slightly more com-
plex wing venation and sometimes their genitalia possess more characters than are
to be found in members of the Aleyrodinae. Accordingly, morphological characters
of adult Aleurodicinae are used taxonomically, particularly at the generic level. Adult
males of the genus Paraleyrodes have extremely distinctive appendages on the aedea-
gal apex. Accordingly, adult males are required to confirm identifications based on
morphological characteristics of puparium in most species (Martin 1996).
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Based on the literature description (laccarino et al. 2011; Longo and Rapisarda 2014;
Malumphy and Mifsud 2016; Mohan et al. 2019) and own microscopic observations,
the main morphological characters of P. minei puparium (Figure 6) important for the
identification are: length about 0,9 mm, width 0,6 mm, which is smaller than the
most other genera of subfamily Aleurodicinae, subelliptic in shape; submargin with
14 pairs of long setae; dorsum with a single pair of cephalo-thoracic and four pairs of
large abdominal compound pores (located at 5th to 8th abdominal segments), each of
them secreting single long translucent wax rods upwards, breaking and depositing
all around puparium forming the “nest-like” structures (Figure 7); outer ring of com-
pound pores with ovoid cellular facets gives the appearance of stylized flower petals;
two pairs of small compound pores (half of the size of large abdominal pores) situat-
ed dorsally at 3rd and 4th abdominal segments; operculum partially covers lingula
and vasiform orifice; lingula spatulate-globose with two pairs of stout apical setae,
extending beyond the posterior margin of the vasiform orifice.

Figure 6 Microscopic slide of P. minei pupal case: a, cephalo-thoracic large compound pore; b, abdominal large compound pores;
¢, abdominal small compound pores; d, lingula

Slika 6. Mikroskopski preparat egzuvija P. minei: a, cephalo-thorakalne velike sloZene pore; b, abdominalne velike sloZene pore;
¢, abdominalne male sloZene pore; d, jezicac

Figure 7 Puparium of P. minei with long upward wax rods exuded through compound pores

Slika 7. Puparij P. minei s uspravnim, dugim Stapicastim vostanim izlu¢evinama iz sloZenih pora
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Adults of species of Paraleyrodes are considerably smaller than most other members of
the Aleurodicinae and resemble whiteflies from the subfamily Aleyrodinae. They are
distinguishable from other genera of subfamily Aleurodicinae in having unbranched
radial veins on wings, reduced number of antennal segments (four segments in the
females and three segments in the males), and complex aedeagal apices (Dubey 2019).
Adults are yellow to pale orange, about 1,2 mm in length, with two pairs of wings cov-
ered with a mealy wax, held relatively flattish over the body (Malumphy and Mifsud
2016). By the additional microscopic analysis of the male genitalia and comparison with
the drawings of Martin (1996), the identification of the sampled specimens as a species
P. minei, based on morphological characteristics of puparium, was confirmed. As is the
case in all members of the genus Paraleyrodes, male adults of P. minei can be recognized
by the shape of aedeagus, whose apex, according to Longo and Rapisarda (2014), bears
three dorsal and a single ventral horn, plus a pair of long ventral spines (Figure 8).

Figure 8 Microscopic slide of P. minei adult male genitalia (lateral view): a, aedeagus; b, parameres

Slika 8. Mikroskopski preparat genitalija odraslog muzjaka P. minei (bo¢ni prikaz): a, aedeagus; b, paramere

P. minei is a polyphagous pest species, feeding on mostly woody plants of numerous
families. It is known and reported as a moderate pest of all main cultivated species of
citrus (Longo and Rapisarda 2014). On the island of Vis, P. minei was detected only on
mandarin and sweet orange trees. In Hong Kong, a small colony of P. minei was found
on a most unusual host for any Aleurodicinae whitefly species — Michantus sinensis
Andersson (Poaceae) (Hernandez-Suarez et al. 2012). However, the significance of
feeding on grasses and other herbaceous plants is unclear. It is also a moderate pest of
kaki (Diospyros kaki L.) (Malumphy and Mifsud 2016). In Spain, “alternative hosts” to
citrus, apple, laurel, and tomato were recorded (Martin 1996). In the Canary Islands,
P. minei is reported as a pest of ornamental palms (Longo and Rapisarda 2014). In Cal-
ifornia, it is a pest in commercial avocado plantations (Bellows, JR et al. 1998). Similar
to other whitefly species, P. minei causes direct damage to infected plants by sucking
plant sap and injecting toxic saliva. Sooty mould fungi grow on large amounts of
excreted honeydew, subsequently affecting plant metabolism and lowering the pro-
duction both in quantity and quality (Argov et al. 2012).
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P. minei is a multivoltine whitefly species that develops three generations per year in
laboratory conditions in Spain and four generations on C. aurantium in California. In
Indian weather conditions it breeds throughout the year and completes more than
three generations annually (Dubey 2019). Considering climatic conditions and the
availability of host plants, it is assumed that in citrus plantations in the coastal part of
Croatia, this species could develop several overlapping generations during the year.

Conclusion - Zakljucci

P. minei is the last species discovered in the whitefly fauna of Croatia and so far the
first from the subfamily Aleurodicinae. It is estimated that in the near future this new
invasive pest will spread and cause additional phytosanitary problems in protection
of citrus trees, next to the complex of five species (D. citri, A. floccosus, P. myricae, A.
aucubae and A. spiniferus) already previously recorded in Croatia.
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Abstract

Calocucullia celsiae (Herrich-Schiffer, [1850]) is an easily recognizable noctuid species,
differing from all other similar species in its subfamily. Within this survey, it was
recorded at two localities in Bosnia and Herzegovina. Two specimens were collected
near Hutovo village in the southern Herzegovina region in April 2023, and a single
specimen was collected near Zoranovici village in the central part of the country in
May 2023. These are the first records of this species for Bosnia and Herzegovina and
the westernmost known data on the presence of this species on the Balkan Peninsula.

Keywords: owlet moths, fauna, distribution, diversity

SaZetak

Calocucullia celsiae (Herrich-Schiffer, [1850]) lako je prepoznatljiva vrsta sovica, koja se
razlikuje od svih drugih sli¢nih vrsta unutar potporodice. Tijekom ovog istraZivanja
zabiljeZena je na dvama lokalitetima u Bosni i Hercegovini. Dva primjerka sakupljena
su kod sela Hutovo u juznoj Hercegovini u travnju 2023. godine, a jedan primjerak
sakupljen je u blizini sela Zoranovic¢i u srediSnjem dijelu zemlje u svibnju 2023. Ovo
su prvi nalazi ove vrste za Bosnu i Hercegovinu.

Kljucne rijeci: sovice, fauna, rasprostranjenost, raznolikost

Introduction — Uvod

Calocucullia celsine Herrich-Schiffer, 1850 is an unmistakable owlet moth species. Its
forewings are dark chocolate-brown with a pale ochreous marginal area and as such
it is unique within the Palaearctic Cuculliini (Ronkay and Ronkay 1994). The forewing
is squat with a pointed tip and a dentate outer border. The hindwing is brownish
grey. With a wingspan of 31-35 mm, it belongs to the smaller species of the subfamily
Cuculinae. This is the only species in the monotypic genus Calocucullia Ronkay and
Ronkay, 1987 described so far.

It is a Ponto-Mediterranean-Iranian species, in Europe distributed in the wider area of
the Balkans (Ronkay and Ronkay 1994). It has not been recorded in some of the Balkan
countries including Croatia and Bosnia and Herzegovina. To our knowledge, Serbia
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is the only neighbouring country with species records (Stojanovi¢ 2012, Beshkov and
Nahirni¢ 2016). In this work, two new records of this species in Bosnia and Herzegov-
ina are presented which are also the westernmost known data on the presence of this
species on the Balkan Peninsula (Ronkay and Ronkay 1994) (Figure 1).

Materials and Methods — Materijali i metode

Two 6W 12V portable heath moth traps were used per locality. They were left on
both sites for one night and collected the following morning. The specimens were
set, identified, and stored in the entomological collection of the National Museum of
Bosnia and Herzegovina (loc. 1) and the private collection of the first author (loc. 2).

Austria

Serbia

Montenegro

Bulgaria

North
Macedonia

" Albania Greece

Figure 1 New records of Calocucullia celsine (Herrich-Schéfer, [1850]) from Bosnia and Herzegovina. The other countries where

Slika 1.

this species is recorded are shown in light grey colour.

Novi nalazi Calocucullia celsine (Herrich-Schéfer, [1850]) iz Bosne i Hercegovine. Ostale drzave u Kojima je vrsta zabilje-
Zena obojane su svijetlo sivom bojom.

Examined material: Bosnia and Herzegovina, Hutovo village below Pricelj, 42,976944
N, 17,789722 E, 8.4.2023, 2 ex., leg. D. Kuljjer (loc 1); [gman Mt., north of Zoranoviéi
village, 43,757900 N, 18,338103 E, 7.5.2023, 1 ex., leg. D. Kulijer (loc 2).
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Figure 2 Calocucullia celsiae (Herrich-Schiffer, [1850]) and its habitat in Bosnia and Herzegovina: a-b) Hutovo village below Pricelj
(8.4.2023), c-d) Igman Mt., north of Zoranoviéi village (7.5.2023) (photo: D.Kulijer).

Slika 2. Calocucullia celsiae (Herrich-Schéffer, [1850]) i njena stanista u Bosni i Hercegovini: a-b) Hutovo village below Pricelj
(8.4.2023), c-d) Igman Mt., north of Zoranovici village (7.5.2023) (fotografije: D.Kulijer).

Results and discussion — Rezultati i rasprava

This is an early spring species that is active from the end of March to the second half
of May. It is a poorly known species with the adults occurring in a given locality only
for a short period (Ronkay and Ronkay 1994). The recording dates from Bosnia and
Herzegovina correspond to the known flight period in Europe.

In Bosnia and Herzegovina, the species was found in two biogeographical regions of
the country, the Mediterranean (loc. 1., Figure 2a-b) and Alpine (loc. 2, Figure 2c-d).
The southern location is in the warm sub-Mediterranean part of the country close to
the Adriatic coast, while the second is in a much colder continental mountain area.

At the southern Hutovo site, typical sub-Mediterranean vegetation is developed. It
is a warm rocky area, dominated by oriental hornbeam, Carpinus orientalis Mill. and
downy oak, Quercus pubescens Willd., but tall trees are rare. It is mostly shrubland
with small open spaces.

The second location is situated on the east side of Igman Mt., the mountain that
belongs to the high mountain belt stretching across the central part of the country.
The finding site is a small, open, and partly rocky slope along the dirt road that goes
through the mixed broadleaved forest.

Although these regions differ greatly in climate and vegetation, common to both loca-
tions is the presence of at least some small fragments of open karstic and rocky grass-
lands and shrublands. These habitats at least partly correspond to the ones described
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by Ronkay and Ronkay (1994) for the species, dry and warm hilly slopes, montane
grasslands, karstic grasslands, and gorges. However, these are only isolated findings
of adult specimens and habitats, or possibly food plants were not investigated. Based
on this it is hard to define the exact species habitat in Bosnia and Herzegovina, partic-
ularly considering the presence of other habitats in the vicinity of the traps. The next
step should be to try to find the caterpillars and identify their food plant(s).

The food preference of the species is insufficiently known (Lepiforum e.V. 2024),
In Bulgaria Hesperis tristis L. (syn. Hesperis desertorum Vel.) is reported (Rebel 1903),
while in Cyprus it is found on Scutellaria cypria Rech. f. (Wagner, 2018). Scutellaria
cypria is endemic to Cyprus and H. tristis is present only in the eastern part of the
Balkan Peninsula (Marhold 2011, Lepiforum e.V., 2024). In Bosnia and Herzegovina,
the food plant must be some other species, possibly from one of these genera. Wagner
(2018) stated that in all areas where the species is found, there are also some Scutellaria
species. Both genera are also present in Bosnia and Herzegovina, with some endemic
species, e.g. Hesperis dinarica Beck, that are widespread in the mountain region of the
country (Sili¢ 1990) or Scutellaria altissima L. common species in various sub-Mediter-
ranean and continental broadleaved forests and shrublands (Sili¢ 1988).

With these records, the moth fauna of Bosnia and Herzegovina is richer for a new genus
and species (Rebel 1904, Lelo 2004). In all probability, with additional surveys, other
populations of this species will probably be recorded, within and around the country.
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Abstract

Zelus renardii is a Nearctic invasive species expanding its range worldwide. In less than
15 years following its discovery in Europe, it spread to most of the northern Mediter-
ranean countries. In this paper, we report the first observation of the species in Bosnia
and Herzegovina and the earliest occurrence records from Croatia. New observations
on the species” habitat and overwintering in the region are briefly discussed.

Keywords: alien species, allochthonous species, biocontrol, expansion, Heteroptera,
invasive species

Sazetak

Zelus renardii Kolenati, 1857 nearkticka je invazivna vrsta koja Siri svoj areal diljem
svijeta. U manje od 15 godina nakon prvog otkri¢a u Europi ova se vrsta prosirila na
ve¢inu zemalja sjevernog Sredozemlja. U ovom radu donosimo prvo opaZanje vrste u
Bosni i Hercegovini i najranije podatke o pojavljivanju u Hrvatskoj. U radu se kratko
raspravljaju nova opaZanja o stanistu i prezimljavanju vrste u regiji.

Kljucne rijeci: strana vrsta, alohtona vrsta, biokontrola, ekspanzija, Heteroptera, in-
vazivna vrsta

Introduction

The Leathopper Assassin Bug, Zelus renardii Kolenati, 1857, is a Nearctic invasive spe-
cies native to parts of North and Central America that has been introduced to South
America, Asia, and Europe (Kment and van der Heyden 2022, Zhang et al. 2016). In
Europe, it was recorded for the first time in 2010, almost simultaneously at opposite
sides of the northern Mediterranean coast, in Greece (Davranoglou 2011, Petrakis and
Moulet 2011) and Spain (Baena and Torres 2012, Vivas 2012) and since then spread
rapidly along the European part of the Mediterranean (Kment and van der Heyden
2022). In less than 15 years, it was reported from most European countries along the
Mediterranean coast: Portugal, Spain, France, Italy, Croatia, Montenegro, Albania,
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Greece, and Turkey, as well as Germany, United Kingdom, Denmark, Czech Republic
and Romania in continental Europe, and Izrael in the eastern Mediterranean (Kment
and van der Heyden 2022).

Zelus renardii is a zoophagous species and generalist predator that feeds on various
groups of insects and other small arthropods (Kment and van der Heyden 2022).
Body length in males ranges from 10.6 to 13 mm, and up to 14.25 mm in females. The
body surface is greenish, corium reddish and the humeral angle with small sub-tu-
berculate projection. The scutellum and pronotum are yellowish-brown to brown,
apex is lighter in color. The coloration of legs is yellowish-brown (Zhang et al. 2016).

In this paper, we report the first observation of this species from Bosnia and Herze-
govina (BiH) and the earliest known records from Croatia.

Materials and Methods

The study area includes the southern regions of Bosnia in Herzegovina and Croatia.
In Croatia, all new findings originate from Dubrovnik-Neretva County, the south-
ernmost region of the country. They were gathered between 21.ix.2019 and 4.xi.2023.
The record from BiH was collected on 3™ February 2024. In both countries, visual
inspection of plants was used as a collecting method.

For data collection in the field, a Biologer application was used (Popovi¢ et al. 2020).
Observed specimens were either collected or photographed, and the information
about habitat, plants where possible, coordinates, date, and altitudes was record-
ed. The specimens from Bosnia and Herzegovina are deposited in the entomological
collections of the National Museum of Bosnia and Herzegovina (NMBiH) while six
specimens collected in Croatia are deposited in the Heteroptera collection of the Du-
brovnik Natural History Museum (DNHM).

Results

Material examined

Bosnia and Herzegovina: Loc. 1: Capljina, Tasov¢iéi, 43.116552 N, 17.713195 E, 10 m
a.s.l,, 3.ii.2024, 1 nymph under the bark of Platanus L. (NMBiH collections), leg. & det.
D.Kulijer; 18.i1.2024,1 adult under the bark of Platanus L. (NMBiH collections), leg. &
det. D.Kulijer.

Croatia, Dubrovnik-Neretva County: Loc. 2: Dubrovnik, Trsteno, 42.71091123 N,
17.97629329 E, 35 m a.s.l,, 21.ix.2019, 1 adult obs. & det. M. Martinovi¢; Loc. 3. Du-
brovnik, Pile, 42.64231044 N, 18.10614817 E, 20 m a.s.l., 7.xi.2019, 1 adult on Platanus
orientalis L., obs. & det. Dubravko Dender; 22.x.2020, 1 adult on P. orientalis (DNHM
collection)), leg. & det. M. Martinovi¢; 13.xi.2020, eggs on P. orientalis, obs. & det. M.
Martinovié; 13.1.2021, 1 adult under the bark of P. orientalis, obs. & det. M. Martinovi¢;
4.xi.2023., 1 adult under the bark of P. orientalis (DNHM collection), leg. & det. M.
Martinovié; Loc. 4. Dubrovnik, Solitudo, 42.66099865 N, 18.07545355 E, 20 m a.s.l,,
3.ix.2020, 1 adult, obs. & det. M. Martinovi¢; 11.x.2020, 1 nymph, obs. & det. M. Marti-
novi¢; 2.xi.2020, 1 nymph, obs. & det. M. Martinovi¢; Loc. 5. Dubrovnik, Montovjerna,
42.64967245 N, 18.08428513 E, 40 m a.s.1., 9.vii.2021, 3 adults (DNHM collection), leg.
& det. M. Martinovi¢; Loc. 6. Mljet Island, Sobra, 42.738546 N, 17.621725E, 5m a.s.l,
27.viii.2021, 1 adult (DNHM collection), leg. & det. M. Martinovic¢.
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Bosnia and Herzegovina

Adriatic Sea

Figure 1 New data and the distribution of Zelus renardii Kolenati, 1857 in Bosnia and Herzegovina, Croatia and Montenegro (new
data — red color, published data — yellow color).

23

On 3 February 2024 during the inspection of tree trunks of Platanus sp. near the main
road in Tasov¢ic¢i (Figure 2a), one nymph of Z. renardii (Figure 2b) was found under
the bark. This is the first observation of this allochthonous species in Bosnia and Her-
zegovina. During the second visit to the same locality on 18" February an adult spec-
imen feeding on Arocatus longiceps Stal, 1872 (Figure 2c) was observed under the bark
of another sycamore tree nearby. Additionally, some other insects and spiders were
also found under the bark of the same trees, including several Hemiptera, namely: Ne-
zara viridula (Linnaeus, 1758), Arma custos (Fabricius, 1794), A. longiceps (numerous),
Dictyla echii (Schrank, 1782), Dufouriellus ater (Dufour, 1833) and Corythucha ciliata
(Say, 1832) (numerous).

Zelus renardii in Croatia was for the first time detected on 21%* September 2019 in a
private garden in Trsteno near Dubrovnik. Two months after it was recorded at Pile
in Dubrovnik on Platanus orientalis L. The same location was visited in November
2020 resulting in unhatched egg batch discovery (Figure 2d), while in January 2021
and November 2023 adult specimens were present under the bark of the same tree.
In 2020 and 2021 it was recorded at two additional localities in Dubrovnik and one
on Mljet Island.
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Figure 2 The finding site (a), nymph (b), and adult (c) of Zelus renardii Kolenati, 1857 in Bosnia and Herzegovina (Capljina, Ta-
sov¢ici, 3.ii.2024; 18.ii.2024; photo: D.Kulijer); and the egg batch on Platanus orientalis L. from Croatia (Dubrovnik, Pile,
13.xi.2020; photo: M.Martinovic).

Discussion

Zelus renardii spreads fast along the northern Mediterranean coast (Kment and van
der Heyden 2022), and our records from the Mediterranean region of Bosnia and
Herzegovina and Croatia are not unexpected. Although it was already reported from
Croatia (Kment and van der Heyden 2022), we provided evidence of its presence in
the country almost two years earlier than previously known.

Based on available knowledge of the species distribution in the region (Kment and
van der Heyden 2022) and our data, it is most probable that the species spread to BiH
from Croatia where it was found 4 years earlier. Particularly as the earliest observation
sites in Croatia are less than 5 km from the state border. Although we don’t have data
to confirm if the species settled in Bosnia and Herzegovina, we assume that it already
established local population(s) and that due to the proximity of the Croatian locali-
ties, it was at least near the time of the first observations in southern Croatia. The later
discovery in Bosnia and Herzegovina can be attributed to the low research intensity
in the country, as confirmed by the mostly accidental discoveries of several other alien
species in the past (e.g. Kulijer 2010; Kulijer and Miljevi¢ 2016, Kulijer et al. 2022).

Most of the species records in Europe and Chile originate from urban and suburban
habitats, including agricultural areas (Curkovic et al. 2004, Lahbib et al. 2022; Rodri-
guez Lozano et al. 2018) and records from natural habitats seem to be rare (Simov et
al. 2017). Our observations confirm this as all the data were gathered within or at the
margins of settlements. The predominant occurrence in urban and suburban habitats
in Europe is probably a result of passive spread through human activities (Lahbib et al.
2022; Rodriguez Lozano et al. 2018; van der Heyden 2021), although the species’ pref-
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erence for anthropogenic and disturbed habitats is also reported from its native range
(Weirauch et al. 2012). In Europe, it can also mean that these habitats provide more
suitable overwintering sites for the species that needs a warm climate for its survival.

It seems that the species observations outside of its natural range are limited to the
areas with a Mediterranean-like climate, e.g. Mediterranean Europe (Kment and van
der Heyden 2022), Chile (Curkovic et al. 2004), Black Sea region (Dursun and Fent
2020). This suggests that California could be the source of these invaders as it has a
climate similar to the Mediterranean (Weirauch et al. 2012). Our data as well as the
published records from Croatia also supports this. In Croatia, all observations orig-
inate from the coastal area or islands, while the single records from BiH originated
from the area close to the Adriatic coast and under the strong influence of the Medi-
terranean climate.

In invaded areas, Z. renardii has been reported from numerous plant species, both
native and alien (Kment and van der Heyden 2022). According to Lahbib et al. (2022),
it prefers honeydew-contaminated plants hosting their preferable prey, aphids, leaf-
hoppers, and psyllids. However, most of our findings are from Platanus sp., the trees
that were not mentioned so far (e.g. Kment and van der Heyden 2022, Lahbib et al.
2022). This can be related to the fact that our findings are mainly from the autumn
and winter periods, when Z. renardii is seeking shelter from low temperatures. Syc-
amore trees are common ornamental plants in the urban and suburban areas of BiH
and Croatia that are known as suitable overwintering habitats to many arthropods,
including several Hemiptera species (e.g. Kulijer and Miljevi¢ 2016, this paper). They
can provide a good food supply for Z. renardii during winter months, as suggested by
the observed feeding on A. longiceps in Tasov¢i¢i, Capljina (Figure 2c), the hemipteran
that can be found in significant numbers under the tree bark during cold season.

The data on the overwintering of this species in European countries and the number
of generations per year are scarce. According to Davranoglou (2011) it probably has
2 to 3 generations per year, and mostly overwinter as eggs or nymphs, while Petrakis
and Moulet (2011) suggest that in Europe it has only one generation. There are some
reports on the species overwintering in human dwellings available (Dioli 2013), but
our data suggest that at least some individuals in this area overwinter sheltered out-
doors, and this includes all tree life stages, eggs, nymphs, and adults.

Although it is unknown when, how, and from where the species invaded Europe,
based on several almost simultaneous discoveries in 2010 it is believed that the inva-
sion happened at least some years earlier (Rodriguez Lozano et al. 2018). Particularly
as it is estimated that the species spreads about 35-40 km a year (Curkovic et al. 2004,
Rodriguez Lozano et al. 2018) and that in little more than 10 years it invaded almost
the whole northern Mediterranean coast (Kment and van der Heyden 2022). Passive
transport probably had the main role in the species’ fast expansion in Europe (Lahbib
et al. 2022, Rodriguez Lozano et al. 2018).

Some studies confirm the leathopper assassin bug is a good biocontrol agent for sev-
eral pest species (Lahbib et al. 2022) but the species’ generalistic predatory behavior
raises a question of its suitability as it could be also a threat to native biodiversity, some
natural enemies of pests or other biological control agents, e.g. some Aphelinidae,
Coccinellidae and Crysopidae (Cisneros and Rosenheim 1997, Petrakis and Moulet
2011, Rodriguez Lozano et al. 2018). Due to this reason, Pinzari et al. (2018) do not rec-
ommend its use as a biocontrol agent. Our observation confirms that Z. renardii teeds
on native hemipteran species A. longiceps during its overwintering period (Figure 2c).
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Sazetak

Polyodaspis ruficornis vrsta je Siroko rasirena u palearktickom i orijentalnom podrudju.
Lic¢inke ove vrste izrazito su polifagne i preferiraju hranu bogatu proteinima. Razvija-
ju se kao saprofagi, kaprofagi, fitofagi te kao paraziti preimaginalnih stadija kukaca.
U literaturi se vrsta navodi i kao Stetnik ploda oraha. Li¢inke ove muhe razvijaju se
u zelenoj ljusci (egzokarpu) ploda oraha. Ishranom li¢inki oslobadaju se tanini zbog
¢ega zelena lupina ploda oraha postaje mekana, s vremenom pocrni i zalijepi se za
ljusku oraha od koje se tesko odvaja. Oste¢enja na plodovima oraha veoma su sli¢na
Stetama od li¢inki orahove muhe Rhagoletis completa. Monitoringom provedenim tije-
kom kolovoza i rujna 2023. godine, zaraza plodova oraha vrstom P. ruficornis utvrde-
na je na veéem broju lokaliteta s podrudja opéina Zepce, Kiseljak, Prozor-Rama, Mo-
star, Citluk i Neum. Ovisno o lokalitetu intenzitet zaraze kretao se od 3% na lokalitetu
Ripci (Prozor-Rama) do 32% na lokalitetu Donja Papratnica (Zep&e). Stetnik je esto
nalaZen u plodovima oraha zajedno s li¢cinkama jabu¢nog savijaca Cydia pomonella, ali
i u plodovima koji nisu bili vidno napadnuti drugim $tetnikom ili uzro¢nikom bolesti.

Kljucne rijeci: Polyodaspis ruficornis, Juglans regia L., intenzitet zaraze, rasprostran-
jenost, Bosna i Hercegovina

Abstract

Polyodaspis ruficornis is a species widely distributed in the Palearctic and Oriental
regions. Larvae of this species are extremely polyphagous, preferring foods rich in
proteins. They develop as saprophages, caprophages, phytophages, and parasites in
the preimaginal stages of insects. In the literature, the species is also mentioned as a
pest of walnut fruit. The larvae of this fly develop in the green shell (exocarp) of the
walnut fruit. As a result of the feeding of the larvae, the green lupine of the walnut
fruit becomes soft, due to the release of tannin, turns black over time, and sticks to the
shell of the walnut, from which it is difficult to separate. Damage to walnut fruits is
very similar to damage caused by the larvae of the walnut husk fly Rhagoletis completa.
Through monitoring carried out during August and September 2023, the infection of
walnut fruits by P. ruficornis was determined in numerous localities in the municipali-
ties of Zepée, Kiseljak, Prozor-Rama, Mostar, Citluk, and Neum. Depending on the lo-
cality, the intensity of infection ranged from 3% in the locality of Ripci (Prozor-Rama)
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to 32% in the locality of Donja Papratnica (Zep¢e). The pest is often found in walnut
fruits together with the larvae of the codling moth Cydia pomonella, but also in fruits
that were not visibly attacked by another pest or disease agent.

Key words: Polyodaspis ruficornis, Juglans regia L., damage intensity, distribution, Bos-
nia and Herzegovina

Uvod - Introduction

Porodica muha vlatarica Chloropidae jedna je od vrstama najbrojnijih porodica unutar
reda Diptera. Vrste iz ove porodice Siroko su rasprostranjene i nadene u svim zoo-
geografskim regijama, osim Antarktike (Bazyar i sur. 2015). Prema Nartshuk (2012)
porodica broji oko 3000 poznatih vrsta, od kojih se oko 700 vrsta javlja u palearktickoj
regiji. Odrasle jedinke iz porodice Chloropidae morfoloski variraju u boji, obliku i
veli¢ini. Obi¢no su Zuckasto-bijele s viSe ili manje izraZenim crnim ili crvenkastim
oznakama, a ponekad su veéim dijelom potpuno crne boje, duljine 0,7 do 10 mm (Ba-
zyar i sur. 2015). Vrsta Polyodaspis ruficornis (Macquart, 1853) (Diptera: Chloropidae)
Siroko je rasirena u palearktickom i orijentalnom podruéju (Nartshuk 2014). Li¢inke
su joj izrazito polifagne i preferiraju hranu bogatu proteinima (Nartshuk i Przhiboro
2017). Razvijaju se kao saprofagi, kaprofagi i fitofagi (Kiauka 1972; Nartshuk i An-
dersson 2013). ZabiljeZeno je da mogu biti paraziti preimaginalnih stadija kukaca
(Nuriyeva 2001; Hellqvist 2017), uglavnom kao endoparaziti unutar tijela gusjeni-
ca (Nartshuk 2010). Prema podatcima iz literature, li¢inke P. ruficornis o$tecuju sje-
menke biljaka iz porodice Asteraceae, plodove biljaka iz porodice Iridaceae, plodove
pitomog kestena (Castanea sativa Mill.), a pronalaZene su i u stabljikama kukuruza
ostecenim uslijed ishrane li¢inki iz reda Lepidoptera (Kiauka i Nartshuk 1972; Uffen
i Chandler 1978; Popov i sur. 2007; Nartshuk 2014; Nartshuk i Przhiboro 2017). Kao
Stetnik oraha vrsta se spominje u Azerbajdzanu, Madarskoj, Rusiji, Ukrajini i Finskoj
(Nartshuk 2010; Nartshuk i Andersson 2013; Olédh i sur. 2014; Hellqvist 2017). Znaca-
jne Stete na plodovima oraha zabiljeZene su u krasnodarskoj oblasti (Nartshuk 2010).
Prema Nuriyevoj i Nadirovoj (2020), vrsta se razvija u zdravim plodovima oraha, kao
i plodovima oraha oste¢enim od drugih kukaca. Olah i sur. (2014) navode da Zenke
prilikom odlaganja jaja preferiraju plodove oraha ostecene od bolesti ili drugih Stet-
nika. Odrasli stadij vrste P. ruficornis duljine je oko 3 mm, tijela sjajno crne boje sa
zuckastim ticalima i stopalima (slika 1). Kukuljica je ovalnog oblika boje cigle duga
oko 5 mm (slika 2). Li¢inke su apodne, blijedoZuckaste boje (boje kosti), duljine oko 5
mm (Nartshuk i Andersson 2013). Jaja su izduZena, ovalna, duljine 0,2 mm, bijele boje
(Popov i sur. 2007). Li¢inke vrste P. ruficornis razvijaju se u zelenoj ljuski (usplodu)
oraha (slika 3). Ostec¢enja na plodovima oraha veoma su sli¢na $tetama od li¢inki ora-
hove mubhe (slika 4). Li¢inke orahove muhe o$tecuju samo zeleno usplode oraha, dok
licinke vrste P. ruficornis, uslijed bakterijske infekcije ili oSte¢enja nastalih od gusjenica
savijaca Cydia pomonella (Linnaeus, 1758) (Lepidoptera, Tortricidae) mogu prodrijeti
do jezgre oraha (Orosz i Olah 2018). Uslijed ishrane li¢inki vrste P. ruficornis zeleno
usplode (egzokarp) ploda oraha postaje mekano zbog oslobadanja tanina s vremen-
om pocrni, zalijepi se za ljusku oraha od koje se teSko odvaja. Simptomi koji nastaju
na plodu oraha lako se mogu zamijeniti sa simptomima nastalim uslijed infekcije ra-
zlic¢itim patogenima, prije svih bakterijom Xanthomonas arboricola pv. juglandis (Orosz
i Olah 2018). Cilj istrazivanja bio je utvrditi prisutnost te intenzitet zaraze plodova
oraha vrstom P. ruficornis na Sirem podrudju Bosne i Hercegovine.
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Slika 1. Odrasli stadij vrste Polyodaspis ruficornis
Figure 1 Adult of species Polyodaspis ruficornis

Slika 2. Kukuljice vrste Polyodaspis ruficornic
Figure 2 Polyodaspis ruficornis pupae
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Slika 3. Lic¢inke vrste Polyodaspis ruficornis

Figure 3 Polyodaspis ruficornis larvae
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Slika 4. Simptomi napada na plodovima oraha
Figure 4 Husks of walnuts infested with Polyodaspis ruficornis larvae
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Materijali i metode — Materials and Methods

Tijekom kolovoza i rujna 2022. godine s lokaliteta Donja Papratnica (opéina Zepée),
prikupljeni su plodovi oraha na kojima je vizualno uoceno djelomi¢no ili potpu-
no tamnjenje usploda (egzokarpa). Vizualnim pregledom prikupljenih plodova, u
oste¢enom usplodu, utvrdena je prisutnost veéeg broja apodnih li¢inki i kukuljica.
Nakon uzgoja Stetnika do odraslog stadija u entomoloskim kavezima (u laboratori-
jskim uvjetima) determinirana je vrsta P. ruficornis. Identifikacija vrste radena je na
osnovi morfoloskih karakteristika odraslog stadija sukladno klju¢evima (Nartshuk
i Andersson 2013; Nartshuk 2016). Tijekom kolovoza i rujna 2023. godine proveden
je monitoring prisutnosti vrste na Sirem podrucju Bosne i Hercegovine. Vizualno su
pregledani i prikupljani plodovi oraha na kojima se jasno uoc¢avalo djelomic¢no ili pot-
puno tamnjenje zelenog usploda ploda oraha. Procjena zaraze ploda radena je na te-
melju prisutnosti razvojnih stadija Stetnika u plodu. Sa svakog lokaliteta prikupljeno
je po 100 plodova. Plodovi su prikupljani u papirne vrecice s pojedinac¢nih ili nekoliko
stabala uz oku¢nice ili putove. Svaki uzorak obiljeZen je nazivom lokaliteta, datumom
uzorkovanja i koordinatama. Detaljan pregled i analiza prikupljenih plodova obavl-
jeni su u Laboratoriju za zastitu bilja na Agronomskom i prehrambeno-tehnoloskom
fakultetu Sveucilista u Mostaru.

Rezultati i rasprava — Results and Discussion

Tijekom 2022. godine zaraza plodova oraha vrstom P. ruficornis zabiljeZena je na lo-
kalitetu Donja Papratnica (opéina Zepée). Istrazivanjem provedenim tijekom 2023.
godine, zaraza plodova oraha zabiljeZena je na lokalitetima Donja Papratnica, Ljubna,
Orahovica i Brezovo Polje (Zepée), RipciiJakli¢i (Prozor-Rama), Brestovsko i Orahovo
(Kiseljak), Rodo¢ i Jasenica (Mostar), Brstanica, Cerovica, Vinine i Kolojanj (Neum)
te Potpolje i Blizanci (Citluk). Vrsta nije utvrdena u plodovima prikupljenim na is-
trazivanim lokalitetima s podrugja opé¢ina Tomislavgrad, Siroki Brijeg i Ljubuski. Lo-
kaliteti na kojima je provedeno istraZivanje i postotak zaraza plodova oraha vrstom P.
ruficornis prikazani su u tablici 1.

Tablica 1. Lokaliteti i postotak zaraze plodova oraha vrstom P. ruficornis

Table 1. Localities and percentage of walnut fruit infestation by P. ruficornis

. . Datum prikupljanja % zaraze plodova
Mjesto pregleda Koordinate usoraks o vrstom P. r}:lficornis

. . 44° 25" 46" N

Donja Papratnica 17°59' 16" E 23.8. 2023. 32
. 44° 25" 53" N

Ljubna 18200’ 01” E 23.8. 2023. 21

Zepce

. 44° 25" 04" N

Orahovica 18° 02’ 40" E 25.8. 2023. 17

Brezovo Polje 44724 13" N 23.8.2023. 9

18°00" 12" E
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Orahovo Liééo %%, %52,, 1; 20.9. 2023. 7
Kiseljak
Brestovsko %Léo %(i, 291,, I;:I 20.9. 2023. 11
o 43°49" 14" N
Ripci 17°31 41” E 03.9. 2023. 3
Prozor-Rama Jakli¢i ?70 L;%, 256;,, 1;:] 03.9. 2023. 7
Rumboci %370 é%, 2;;,, 1]\; 03.9. 2023. 0
. 43°18"53” N
Rodo¢ 17° 48/ 02" E 11.9.2023. 11
Mostar
Jasenica %3;0 }Lg’ 33;”13 11.9.2023. 8
Potpolje 4;1[3;0 }L%’ 2353,,13 25.9. 2023. 16
Citluk
Blizanci Ai?;o ZL 15%,1]\; 25.9.2023. 11
Brstanica %270 296’ é%,, IEI 06.9. 2023. 12
Cerovica %270 299, %é,, I;:I 06.9. 2023. 4
Neum
. 42°59"12” N
Vinine 17°51 05” E 06.9. 2023. 9
Kolojanj %370 (A)Lg’ 132,, 1]\; 06.9. 2023. 4
43°42"12” N
Kolo 17913 02" E 28.9.2023. 0
Tomislavgrad
. 43° 42" 26" N
Podgaj 17°11’ 35" E 28.9.2023. 0
vz 43°13" 38" N
Radisiéi 17°32° 00" E 16.9. 2023. 0
Ljubuski
43°11' 28" N
Humac 17931’ 47" E 16.9. 2023. 0
. 43°21"45” N
Dobrié 17° 40 43" E 16.9. 2023. 0
Siroki Brijeg
43°19"46” N
Jare 17938 42" E 16.9. 2023. 0
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Slika 5. Karta rasprostranjenosti vrste Polyodaspis ruficornis na podrudju Bosne i Hercegovine

Figure 5 Distribution map of the species Polyodaspis ruficornis in the territory of Bosnia and Herzegovina

Provedenim istraZivanjem utvrdena je zaraza plodova oraha vrstom P. ruficornis na
Sirem podrucju Bosne i Hercegovine (slika 5). Zaraza plodova utvrdena je na 16 lo-
kaliteta s podrucja Zenic¢ko-dobojske, Srednjobosanske i Hercegovacko-neretvanske
Zupanije. Prema dostupnim literaturnim podatcima, vrsta se ranije ne spominje kao
Stetnik oraha u Bosni i Hercegovini. Veoma su rijetki literaturni podatci o prisutno-
sti ove vrste na ovom podrudju. Zuska (1966) navodi da je vrsta P. ruficornis raSire-
na Sirom Europe te da je nova vrsta za podrudje Albanije. Prema Ebejer i Andrade
(2015) vrsta je prisutna na podrucju Bosne i Hercegovine. Veoma je malo dostupnih
podataka o Stetnosti ove vrste u svijetu. Znacajna oStecenja ploda oraha zabiljeZena
su na podrudju Krasnodara (Nartshuk 2010). Istrazivanjem provedenim na podrudju
Madarske stete su utvrdene Sirom zemlje, kako u plantaznim nasadima oraha tako i
na pojedinacnim stablima (Ol&h i sur. 2014). Vizualnim pregledom plodova s podruc-
ja opéine Zepée, vrstu P. ruficornis nalazili smo u plodovima zajedno s gusjenicama
jabuc¢nog savijaca, ali i u plodovima koji nisu bili vidno ostec¢eni od drugih Stetnika ili
uzrocnika bolesti. U gotovo svim plodovima, s lokaliteta Jasenica i Rodo¢, u kojima je
pronadena vrsta P. ruficornis, bila su prisutna i ostecenja od gusjenica jabu¢nog sav-
ijaca. Na lokalitetima Blizanci i Potpolje, osim zaraze vrstom P. ruficornis, utvrdena
je zaraza plodova i drugim Stetnicima, napose orahovom muhom. Na lokalitetima s
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podrudja opéine Neum, vrstu smo ¢esto nalazili u plodovima oste¢enim od gusjenica
jabu¢nog savijaca. Pregledom plodova oraha s podrudja opéine Ljubuski nismo utvr-
napad orahove muhe Rhagoletis completa (Cresson, 1929) (Diptera, Tephritidae), $to
je ujedno prvi nalaz ovog Stetnika na podrudju opéine Ljubuski. Pregledom plodo-
va prikupljenih s podrugja opé¢ina Tomislavgrad i Siroki Brijeg nije utvrdena zaraza
vrstom P. ruficornis. Vrsta preferira suha stanista. Iako se hrane razli¢itim organskim
tvarima, li¢inke preferiraju hranu bogatu proteinima i pokazuju Siroku ekolosku plas-
ticnost prema okolisnim uvjetima (Kiauka i Nartshuk 1972). Buduc¢i da smo tijekom
vizualnog pregleda plodova oraha u istom plodu cesto pronalazili razlicite stadije
Stetnika (jaja, li¢inke, kukuljice), pretpostavili smo da vrsta razvija viSe generacija
koje se medusobno preklapaju. Pra¢enjem leta muhe, uz pomo¢ Csalomon® PALz
lovki, utvrdeno je da let muhe na podruc¢ju Madarske u nasadima oraha traje od
polovine lipnja pa sve do kraja listopada (Olah i sur. 2014). Isti autori navode da je
broj uhvac¢enih muha u Csalomon® PALz lovkama bio izuzetno nizak u usporedbi s
brojem li¢inki u plodovima. Prema Popov i sur. (2007), odrasle jedinke vrste P. ruficor-
nis prisutne su u nasadima od sredine travnja pa do kraja listopada. Olah i sur. (2014)
navode da su vrstu P. ruficornis u velikom broju slucajeva nalazili u plodovima oraha
koji su bili ostec¢eni nekim drugim Stetnikom ili uzro¢nikom bolesti, a znatno manje u
zdravim plodovima. Prosjecno su nalazili dvije do tri li¢inke te isto toliko kukuljica u
oste¢enom plodu. IstraZivanjem entomofaune oraha na podrudju Azerbejdzana, Nuri-
yeva i Nadirova (2020) navode da je vrsta P. ruficornis bila brojna u plodovima oraha
osteenim od drugih kukaca, ali i u zdravim plodovima. Prema Oléh i sur. (2014), u
podrugjima gdje je prisutna orahova muha R. completa, li¢cinke ovih vrsta moguce je
pronadi istovremeno. Iako pric¢injavaju sli¢ne Stete, licinke je veoma lako morfoloski
razlikovati buduéi da se razlikuju veli¢inom i bojom. Li¢inke vrste P. ruficornis su bi-
jelo prozirne boje (boje kosti) duljine do 5 mm i kukulje se na mjestu razvoja. Li¢inke
orahove muhe duljine su 9 do 11 mm, u pocetku bijele, kasnije Zute boje (boje limuna).
Orahova muha kukulji se u povrsinskom sloju tla, ispod stabala oraha. Tijekom nasih
istraZivanja nismo utvrdili prisutnost li¢inki orahove muhe i li¢inki vrste P. ruficornis
u istom plodu. Vrstu smo ¢esto nalazili u plodovima oraha zajedno s gusjenicama
jabu¢nog savijaca, ali i u plodovima koji nisu bili vidno napadnuti drugim Stetnikom
ili uzro¢nikom bolesti. Neophodno je provesti dodatna istraZivanja kako bi se utvrdila
prisutnost vrste na Sirem podrudju, kao i istraziti njezinu biologiju u agroekoloskim
uvjetima Bosne i Hercegovine.
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Abstract

The brown marmorated stink bug (Halyiomorpha halys, Stal, 1855) is an invasive po-
lyphagous pest native to eastern Asia. In recent years, it has been causing more and
more damage to a large number of agricultural crops. Among the fruit species in
Croatia, the greatest damage was recorded on pears. The aim of this study was to
evaluate the efficacy of the topical application of eight active substances in the con-
trol of adult forms of the brown marmorated stinky bugs, considering that the adult
forms are much more resistant to insecticidal action compared to the nymphs. Active
substances used in treatments were acetamiprid, spinetoram, deltamethrin, spirote-
tramat, azadirachtin, nettle and willow oil extract, kaoline, and silicone polymers.
Adult forms of the pest were collected with an entomological catcher in the pear
orchard of Agricultural Institute Osijek and placed in plastic containers. Each treat-
ment had three replicates. Treatments with the highest mortality rate (100% after 48
h), were statistically significant regarding spinetoram and silicone polymers. The high
mortality rate of treatment with silicone polymers was not expected. The research on
insecticides with the highest efficacy will continue in field experiments to determine
the reproducibility of the results under uncontrolled conditions. It is important to
make the best choice of preparation according to knowledge of its efficacy.

Keywords: Halyomorpha halys, adult forms, mortality rate, pesticides, biopesticides

Sazetak

Smeda mramorasta stjenica (Halyiomorpha halys, Stal, 1855) invazivni je polifagni Stet-
nik porijeklom iz isto¢ne Azije. Posljednjih godina nanosi sve vece stete na velikom
broju poljoprivrednih kultura. Medu voénim vrstama u Republici Hrvatskoj najvece
Stete zabiljeZene su na kruskama. Cilj istraZivanja bio je procijeniti u¢inkovitost lo-
kalne primjene osam djelatnih tvari u suzbijanju odraslih oblika smede mramoraste
stjenice, s obzirom da su odrasli oblici znatno otporniji na insekticidno djelovanje u
odnosu na li¢inke. Aktivne tvari koristene u tretmanima bile su: acetamiprid, spin-
etoram, deltametrin, spirotetramat, azadiraktin, uljni ekstrakt koprive i vrbe, kaolin
i silikonski polimeri. Odrasli oblici Stetnika sakupljeni su entomoloskom mreZom u
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nasadu kruske Poljoprivrednog instituta Osijek i stavljeni u plasti¢ne posude. Svaki
tretman imao je tri ponavljanja. Tretmani s najve¢om stopom smrtnosti (100% nakon
48 h) i statisticki znac¢ajnom razlikom u odnosu na ostale tretmane bili su spinetoram
i silikonski polimeri. Visoka stopa smrtnosti u tretmanu sa silikonskim polimerima,
nije bila oc¢ekivana. IstraZivanje insekticida s najve¢om ucinkovitosti ¢e se nastaviti
u poljskim pokusima kako bi se utvrdila ponovljivost rezultata u nekontroliranim
uvjetima. UspjeSnost je suzbijanja u odabiru preparata najvece uc¢inkovitosti prema
ciljanom $tetniku, kao i u saznanjima o pozitivhom ucinku na okolis.

Kljucne rijeci: Halyomorpha halys, odrasli oblici, stopa smrtnosti, pesticidi, biopesticidi

Introduction - Uvod

The brown marmorated stink bug, Halyomorpha halys (Stal, 1855), is an invasive pest
native to East Asia (Zhu et al. 2012). In Croatia, it was discovered in 2017 in the dis-
trict of Rijeka (Sapina and Seri¢-Jelaska 2018). It is a polyphagous pest and abounds
in a large number of hosts, over 170 different plant species (Lee et al. 2013, Rice et al.
2014, Hamilton et al. 2017). It has become an economic threat to Croatian agricultural
producers due to its rapid spread (Paja¢-Zivkovié et al. 2021). The reason for that is
the reduced use of broad-spectrum insecticides as well as the insufficient efficiency
of biological control (Biddinger et al. 2012, Iacorone et al. 2022). It has from 1 to 3
generations per year and always occurs in large numbers (Lee et al. 2013, Haye et al.
2015, Hamilton et al. 2017, Saulich and Musolin 2017). In agricultural production, it
causes direct and indirect damage. Intensive feeding of adult forms on plant organs
such as buds, fruits, and stems caused direct damage. During feeding, it introduces
digestive enzymes into plant tissue, resulting in various deformations of the same
tissue (Haye et al. 2014). Indirect damage also occurs during the feeding as a vector for
plant pathogens or as an intermediary because it opens the way for present pathogen-
ic microorganisms through a newly formed entry wound (Rice et al. 2014). Chemical
control has proven to be the most effective method for reducing the present harmful
population and preventing economic damage, but it is also frequently ineffective due
to pest-marked mobility and polyphagy (Candian et al. 2018). Frequent use of chem-
ical insecticide treatments is reflected in the reduction of the natural entomophagic
population (Bariselli et al. 2016, Candian et al. 2018). The best control method would
be a synergy of chemical, biological, and biotechnical methods based on monitoring
and critical abundance thresholds of the pest.

The aim of this study was to evaluate the efficacy of chemical and botanical insecti-
cides on adult forms of Halyomorpha halys under controlled conditions. The mortality
rates of individuals over 24 and 48 hours establish the relative efficacy of all tested
insecticides. These results will enable us to better predict the efficacy of insecticides
against Haliomorpha halys in the field.

Material and Methods — Materijal i Metode

Adults of Halyomorpha halys were collected in the pear orchard of Agricultural Insti-
tute Osijek at the beginning of September, and placed in plastic containers (22x17x7
cm) with the filter paper, which was well moistened as a source of water and air
moisture, and fed with pieces of pear fruit.

In the trial, tested insecticides were registered for use on pears, and some of them are
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Table 1.

used in organic production. The active substances with the concentration used are
listed in Table 1. To determine the applied volume of each insecticide product used
in the trial, the applicator handle on each spray bottle was fully compressed 30 times,
and the liquid was collected in a graduated cylinder. The volume of insecticide was
measured to the nearest ml, and the average volume delivered at each compression
was calculated by dividing the total volume by 30. Each topical application consist-
ed of three compressions, and the exact volume of each product was applied (4 ml).
Insecticides were mixed with water in accordance by the label recommendations for
fruit production in Croatia. 108 adults were randomly assigned to one of nine treat-
ments in plastic containers (4 adults per container). Each treatment was repeated
three times. Twelve holes were drilled in every container to allow ventilation and the
drying of liquid sprays. To determine the effects of topical applications, adults were
observed 24 and 48 hours after treatment (Bergmann and Raupp, 2014). In each con-
tainer, each adult was evaluated and placed in one of two categories: alive (an adult
capable of moving) or dead (an adult showing no movement and no response). The
mortality rate as an analyzed variable of dead and alive insects was expressed as a
percent calculated by Abbott’s formula (1925).

The factors of significance and their interactions were calculated using the analysis of
variance within software package R (R core team, 2019), and the significance of the
differences between the mean values was tested using the LSD test.

List of active substances of the tested insecticides with their concentrations in the trial treatments

Tablica 1. Popis aktivnih tvari i koncentracija ispitivanih insekticidnih preparata uklju¢enih u istrazivacke tretmane

Trade Name Active substances Concetration
Trgovacki naziv Aktivna tvar Koncentracija
1. Mospilan 20 SG Acetamiprid 0,05%
2. Delegate 250 WG Spinetoram 0,03%
3. Scatto Deltametrin 0,05%
4. Movento SC Spirotetramat 0,15%
5. Neemazal Azadiractin 0,15%
6. Bioprotect Nettle and willow oil extract 0,40%
7. Surround Kaoline 3%
8. Silmax EC Silicone polymers 0,15%

Result and Discussion — Rezultati i Rasprava

Chemical control of brown marmorated stink bugs has proven to be an effective mea-
sure of protection that successfully prevents fruit damage (Nielsen et al. 2008, Lee et
al. 2012, Leskey et al. 2012, Kuhar et al. 2017). The results of this study have shown
that the preparation of adjuvant action based on silicone polymers has achieved the
same good results as the preparation of insecticidal action based on spinetoram. Sta-
tistical significance was confirmed compared to all other treatments in the trial (Fig-
ure 1,2). The mortality rate was 100% after 48 hours (Figure 3). According to Kuhar
et al. (2017), some insecticides from the neonicotinoid group have a toxic effect on
Halyomorpha halys nymphs and have provided good control of Haliomorpha halys in
laboratory and field experiments, but their performance varied depending on the
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formulation, rate, and timing of application. It has further been proven that active
substances such as imidacloprid and thiamethoxam have an initial toxic effect, fol-
lowed by insect recovery. In our study, the preparation based on acetamiprid showed
a toxic effect that followed the mortality rate of 67% after 24 hours, and the mortality
increased with the duration of 48 hours by 8% (Figure 3). An increased mortality rate
was also recorded by spinetoram and silicone polymer after 48 hours as well as a sta-
tistically significant difference between them and acetamiprid (Figure 2).
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Figure 1 The impact of treatment on mortality of adult forms of Halyomorpha halys. The date are the mean values of three replica-
tes. The letters represent a statistically significant difference P<0,05 between the treatments according to LSD test.

Slika 1. Utjecaj tretmana na smrtnost odraslih oblika Halyomorpha halys. Podaci su srednje vrijednosti tri ponavljanja. Slova
predstavljaju statisticki znacajnu razliku na razini P<0,05 izmedu tretmana prema LSD testu
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Figure 2 The impact of treatment on mortality of adult forms of Halyomorpha halys.The date are the mean values of three replica-
tes. The letters represent a statistically significant difference P<0,05 between the treatments according to LSD test.

Slika 2. Utjecaj tretmana na smrtnost odraslih oblika Halyomorpha halys. Podaci su srednje vrijednosti tri ponavljanja. Slova
predstavljaju statisticki znacajnu razliku na razini P<0,05 izmedu tretmana prema LSD testu.
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in controlling brown marmorated stink bug (Halyomorpha halys, Stél, 1855)

The active substance deltamethrin has contact and gastric action, it is effective in very
low doses and has a long residual action. Hypothetically, higher efficiency was ex-
pected in the mortality rate of adult forms, but the final result of topical application
showed a low efficiency of 16.7% after 24 hours and a small increase in mortality of
8% after 48 hours (Figure 3). According to Leskey et al. (2012), the most tested insecti-
cides from the pyrethroid group (bifenthrin, fenpropathrin, permethrin, gamma-cy-
halothrin, beta-cyfluthrin, lambda-cyhalothrin, and zeta-cypermethrin) had a high
initial lethality index on adult forms of Halyomorpha halys which was not confirmed
with the active substance of deltamethrin. Statistical significance of deltamethrin was
confirmed after 48 hours compared to the control treatment (Figure 2).

The preparation based on the active substance spirotetramate has a highly systemic
action, so no efficacy was expected during topical application. It showed minimal
effectiveness after 48 hours, of 8.3%. Leskey et al. (2012) also confirmed a very low
initial lethality index of 9.8% with an increasing tendency for pests to recover from a
moribund condition after seven or more days of exposure.

Botanical pesticides are the result of the growing need to find alternative solutions for
the replacement of some chemical insecticides. Plants with bioactive compounds have
been used to manage different crop pests with notable success (Veldzquez-Ferndndez
etal. 2012, Gakuubi et al. 2016, Ahmed et al. 2017, Lengai et al. 2020, Wulf et al. 2023).

Many studies have proven the satisfactory efficacy of azadirachtin on various pests
and their developmental stages (Marci¢ et al. 2009, Khan 2020, Kilani-Morakchi et al.
2021). In this study, topical applications of azadirachtin on adult forms of Halyomorpha
halys did not show satisfactory efficacy. The mortality rate was 16.6% (Figure 3), and
there was no difference in mortality after 48 hours of exposure. Sarajli¢ et al. (2022)
obtained a similar result with a mortality rate of 7.5%.
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Figure 3 Mortality rate (%) of Halyomorpha halys

Slika 3. Stopa smrtnosti (%) Halyomorpha halys

40

The efficacy of a botanical oil preparation based on nettle and willow was tested. The
mortality rate of the adult forms was extremely low, at 8.3% (Figure 3), and did not
increase with the exposure of the preparation after 48 hours and there was no statis-
tically significant difference compared to the control (Figure 2).
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Kaolin-based preparation is known for its multiple positive actions. The use of kaolin
clay corresponds to the aims of the organic and integrated protection strategy because
it does not have a toxic effect but interferes with the basic life functions of pests and
thus affects on the reduction of economic damages (Puterka et al. 2000, Pascual et al.
2010, Tomas et al. 2018, Tomas et al. 2022).

Leskey et al. (2012) investigated the immediate effects of kaolin exposure on adult
Halyomorpha halys, and they obtained a low lethality index of 23% after seven days
of monitoring. The result of our research after 24 and 48 hours of exposure to kaolin
did not show toxicological efficacy. The adult forms were just slow in their movement
but alive. The results were identical to those of the control treatment, so a statistically
significant difference wasn't recorded compared to the control treatment (Figure 1,2).

Conclusion - Zakljucak

Spinetoram and silicone polymers showed the highest rate of mortality (83.4%) in
adult forms of Halyomorpha halys after 24 hours. An extremely high mortality rate
of 100% was obtained after 48 hours. Statistical significance was recorded between
them compared to other treatments (after 48 hours). The efficacy of acetamiprid was
67% after 24 hours and 75% after 48 hours of residual action. The efficacy of the del-
tametrin, spirotetramat, azadiractin, nettle, and wilow oil extracts was extremely low
(8.3-16.6%). Kaolin didn’t show a lethality index during the two days of observation.
No statistically significant difference was recorded in comparison to the control treat-
ment with water. The high mortality rate of treatment with silicone polymers was
not expected. The research on insecticides with the highest efficacy will continue in
field experiments to determine the reproducibility of the results under uncontrolled
conditions.

References - Literatura

Abbott, W.S. 1925. A method for computing the effectiveness o fan insecticide. Journal of Economic Entomology 18, 265-
267. https:/ /doi.org/10.1093 /jee/18.2.265a

Ahmed, W.,, Shilpa, S., Sanjay, K. 2017. Screening and antimicrobial study of Euphorbia hirta extracts. Journal of Medicinal
Plants Studies. (2): 183-186. https://doi.org/10.22271

Bariselli, M., Bugiani, R., Maistrello, L. 2016. Distribution and damage caused by Halyomorpha halys in Italy. Bulletin OEPP/
EPPO Bulletin. 0 (0): 1-3. https:/ /doi.org/10.1111/epp.12289

Bergmann, E.J., Raupp, M.J. 2014. Efficacies of common ready to use insecticides against Halyomorpha halys (Hemiptera:
Pentatomidae). Florida Entomologist. 97 (2): 791-800. doaj.org/toc/1938-5102

Biddinger D., Tooker J., Surcica A., Krawzyk G. 2012. Survey of native biocontrol agents of the brown marmorated stink
bug in Pennsylvania fruit orchards and adjacent habitat. Pennsylvania Fruit News. 42: 47-54.

Candian, V., Pansa, M.G., Briano, R., Peano, C., Tedeschi, R., Tavella, 1. 2018. Exclusion nets: a promising tool to prevent
Halyomorpha halys from damaging nectarines and apples in NW Italy. Bulletin of Insectology. 71 (1): 21-30. ISSN 1721-
8861. Corpus ID: 54773172

Gakuubi, M.M., Wanzala, W., Wagacha, ].,M., Dossaji, S.F. 2016. Bioactive properties of Tagetes minuta L. (Astaraceae) es-
sential oils: a review. American Journal of Essential Oils and Natural Products.(2): 27-36. www.essencejournal.com

Hamilton, G.C., Ahn, ].J, Bu, W,, Leskey, T.C, Nielsen, A.L., Park, Y.L., Rabitsch, W., Hoelmer, K.A. 2017 Halyomorpha halys
(Stal). In: McPherson JE (ed) Invasive stink bugs and related species (Pentatomoidea): biology, higher systematics,
semiochemistry, and management. CRC Press, Boca Raton. 243-292. eBook ISBN 9781315371221

Haye, T., Wyniger, D., Gariepy, T. 2014. Recent range expansion of brown marmorated stink bug in Europe. ed. Miiller Gabi,
Pospischil Reiner, Robinson H. William, Proceedings of the Eighth International Conference on Urban Pests, Zurich,
20-23.7.2014., 309-314. Corpus ID: 91099913

41



Entomol. Croat. 2024, Vol. 23. Num 1: 3643
V. Tomas, I. Mihaljevi¢, M. Viljevac-Vuleti¢, D. Vukovi¢, Z. Zduni¢: Efficacy of different insecticide treatments
in controlling brown marmorated stink bug (Halyomorpha halys, Stal, 1855)

Haye, T., Gariepy, T., Hoelmer, K., Rossi, J.P, Streito, ].C., Tassus, X., Desneux, N. 2015. Range expansion of the invasive
brown marmorated stink bug, Halyomorpha halys: an increasing threat to field, fruit and vegetable crops worldwide.
Journal of Pest Science. 88: 665-673. https:/ /doi.org/10.1007 /s10340-015-0670-2

Iacorone, A., Masetti, A., Mosti, M., Conti, E., Burgio, G. 2022. Augmentative biological control of Halyomorpha halys using
the native European parasitoid Anastatus bifasciatus: efficacy and ecological impact. Biological control. 172, 104973.
https:/ /doi.org/10.1016/j.biocontrol.2022.104973

Khan, A.A. 2020. Bio-efficacy of botanical pesticides against green apple aphid (Aphis pomi) and biosafety against its
natural enemies in apple orchard of Kashmir. Journal of Entomology and Zoology Studies. 8(4): 1445-1448. www.
emtomoljournal.com

Kuhar, T.P.,, Kamminga, K. 2017. Review of the chemical control research on Halyomorpha halys in the USA. Journal of Pest
Science. 90: 1021-1031. https:/ /doi.org/10.1007 /s10340-017-0859-7

Lee, D.H., Wright, S.E., Leskey, T.C., 2012. Impact of insecticide residue exposure on the invasive pest, Halyomorpha halys
(Hemiptera: Pentatomidae): analysis of adult mobility. Journal of Economic Entomology. 106: 150-158. https:/ /doi.
org/ 10.1603/EC12265

Lee D.H, Short BD, Joseph S.V, Bergh ].C, Leskey T.C. 2013 Review of the biology, ecology and management of Halyomorpha
halys (Hemiptera: Pentatomidae) in China, Japan and the Republic of Korea. Environmental Entomology. 42: 627-64.
https://doi.org/ 10.1603/EN13006

Lengai, G.M.W., Muthomi, ].W., Mbega, E.R. 2020. Phytochemical activity and role of botanical pesticides ine pest mana-
gement for sustainable agricultural crop production. Scientific African. 7: 1-13. https://doi.org/ 10.1016/j.sciaf.2019.
00239

Leskey, T.C., Lee, D.H., Short, B.D., Wright, S.E. 2012. Impact of insecticides on the invasive Halyomorpha halys (Stal) (He-
miptera: Pentatomidae): analysis on the insecticide lethality. Journal of Economic Entomology. 105 (5): 1726-1735.
https:/ /doi.org/10.1603 /EC12096

Mar¢ié, D., Ogurlié, L., Prijovié, M., Peri¢, P. 2009. Effectiveness of Azadirachtin (NeemAzal-T/S) in Controlling Pear Psylla
(Cacopsylla pyri) and European Red Mite (Panonychus ulmi). Journal Pesticides and Phytomedicine. 24 (2): 123-131.
https:/ /doi.org/ 10.2298 /PIF0902123M

Morakchi, S.K., Goudjil, M.H., Sifi K. 2021. Azadirachtin-Based Insecticide: Overview, Risk Assessments, and Future Dire-
ctions. Frontiers in Agronomy. (3) / Article 676208, 1-13. https:/ /doi.org/10.3389/fagro.2021.676208

Nielsen, A.L., Shearer P.W., Hamilton, G.C. 2008. Toxicity of insecticides to Halyomorpha halys (Hemiptera: Pentatomidae)
using glass-vial bioassays. Jornal of Economic Entomology. 101: 1439-1442. https:/ /doi.org/10.1603/0022-0493(200
8)101[1439:toithh]2.0.co;2

Pajaé—Zinovic’, I., Skendzi¢, S., Lemié, D. 2021. Rapid spread and first massive occurance of Halyomorpha halys (Stal, 1855)
in agricultural production in Croatia. Journal of Central European Agriculture. 22 (3): 531-538. https.// doi.org/
10.5513/SCEA 01/22.3.3173

Pascual, S., Cobos, G., Seris, El., Gonzalez, N.M. 2010. Effects of processed kaolin on pests and non target arthropods in a
Spanish olive grove. Journal of Pest Science. 83 (2): 121-133. https://doi.org/10.1007 /s10340-009-0278-5

Puterka, G., Glenn, D.M., Sekutowski, D.G., Unruch, T.R., Jones, S. K. 2000. Progress toward liquidformula-tions of particle
films for insect and disease control in pear. Environmental Entomology. 29 (2): 329-339. https.//doi.org/10.1093/
ee/29.2.329

R Core Team (2019) R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria.

https:/ /www.R-project.org/

Rice, K.,B, Bergh, J.,C, Bergmann, E. J., Biddinger, D., Dieckhoff, C., Dively, G., Fraser, H., Gariepy, T., Hamilton, G., Haye,
T., Herbert, A., Hoelmer, K., Hooks, C., Jones, A., Krawczyk, G., Kuhar, T., Mitchell, W., Nielsen, A., Pfeiffer, D., Rau-
pp, M., Rodriguez-Saona, C., Shearer, P., Shrewsbury, P., Venugopal, D., Whalen, J., Wiman, N., Leskey, T.C., Tooker,
J. 2014. Biology, ecology, and management of brown marmorated stinkbug (Halyomorpha halys). Journal of Integrated
Pest Management. 5: 1-13. https.//doi.org/10.1603 /IPM14002

Sarajli¢, A., Maji¢, 1., Raspudi¢, E., Bali¢evi¢, R., Ravli¢, M. 2022. Efficacy of aqueous ragweed extract on Nazara viridula
and Halyomorpha halys. Entomologia Croatica. 21 (1): 17-24. https.// doi.org./10.17971/ec21.1.3

Saulich, A.K.,., Musolin, D.L. 2017 Seasonal cycles of Pentatomoidea. in: McPherson (ed) Invasive stink bugs and related
species (Pentatomoidea): biology, higher systematics, semiochemistry, and management. CRC Press, Boca Raton, pp.
565-607. https:/ /doi.org/10.1201/9781315371221-12

42



Entomol. Croat. 2024, Vol. 23. Num 1: 3643
V. Tomas, I. Mihaljevi¢, M. Viljevac-Vuleti¢, D. Vukovié, Z. Zduni¢: Efficacy of different insecticide treatments
in controlling brown marmorated stink bug (Halyomorpha halys, Stél, 1855)

Sapina, L., Seri¢-Jelaska, L. 2018. First report of invasive brown marmorated stink bug Halyomorpha halys (Stal, 1855) in
Croatia. Bulletin OEPP/EPPO. 48 (1): 1- 6. https://doi.org/10.1111/epp.12449

Tomas, V., Simié,D., Mihaljevi¢ L., Dugali¢, K., Viljevac-Vuleti¢, M., Vukovi¢, D., Zduni¢, Z., Bari¢, B., BrmeZz., M. 2018.
The efficiency of biological control treatments of codling moth (Cydia pomonella L.) on three different apple varieties.
Applied Ecology and Environmental Research. 16 (2):1293-1303. doi.http:/ /dx.doi.org/10.15666 / aeer /1602_12931303

Tomas, V., Mihaljevi¢, L., Vukovié, D., Viljevac, Vuletié., M., Gali¢, V., Tomes, V., Brus, K., Zduni¢, Z. 2022. Comparative effect
of different insecticides and processed kaolin on Cacopsylla pyri L. population reduction. Poljoprivreda. 28 (1):3-10.
https://doi.org/10.18047 /poljo.28.1.1

Veldzquez-Fernandez,,].B., Martinez-Rizo, A.B., Ramirez-Sandoval, M., Dominguez-Ojeda, D. 2012. Biodegradation and
bioremediation of organic pesticides. Pesticides —recent trends in pesticide residue assays. 253-272. https:/ /doi.
org/10.5772 /48631

Waulf, F., Podhorna, J., Bandte, M., Biittner, C., Rybak, M. 2023. The use of stinging nettle tea (Urtica sp.) to control Aula-
corthum solani and Macrosiphum euphorbiae on Ranunculus asiatus. Folia Horticulturae. 35 (2): 287-296. https://doi.
org/10.2478 /thort-2023-0021

Zhu, G, Bu, W,, Gao, Y,, Liu, G. 2012. Potential geographic distribution of brown marmorated stink bug invasion (Halyo-
morpha halys). PLoS ONE. 7 (2): e31246. https://doi.org/ 10.1371/journal.pone.0031246

43



Entomol. Croat. 2024, Vol. 23. Num 1: 44-51
Izvorni znanstveni rad / Original scientific paper

Zaprimljeno/Received 8.11.2023. Prihvaéeno/Accepted 15.4.2024. doi: https://doi.org/1 10.17971/ec.23.1.7

The northernmost record of Ischiodon aegyptius
(Wiedemann, 1830) (Diptera, Syrphidae, Syrphinae)
with possible evidence of its reproduction in Europe

Najsjeverniji nalaz vrste Ischiodon aegyptius (Wiedemann, 1830) (Diptera,
Syrphidae, Syrphinae) s moguc¢im dokazom o reprodukciji u Europi

Mihailo Vuji¢*, Andjeljko Petrovié

Institute of Zoology, University of Belgrade — Faculty of Biology, Studentski Trg 16, 11000 Belgrade, Serbia

* Corresponding author: E-mail address: mihailovujic0l@gmail.com (M. Vujic¢)

Abstract

The genus Ischiodon Sack, 1913 (Diptera: Syrphidae) are small to medium-sized wasp
mimic hoverflies with only four species worldwide: Ischiodon aegyptius (Wiedemann,
1830), I. astales Mengual, 2018, I. feae (Bezzi, 1912), and I. scutellaris (Fabricius, 1805).
In Europe, I. aegyptius and I. scutellaris occur, but only in the southern part of the
continent. In this article, we present the northernmost record of I. aeqyptius, which
is also the first finding of this species in the Balkan Peninsula. One larva was found
in 2010 in Budva, Montenegro (a city on the Adriatic coast), on lemon tree twigs in
association with the aphid Aphis spiraecola Patch, 1914. The month of collection was
May, before summer, when the adults probably migrate from Africa, suggesting that
the species may be a resident in this part of Europe, at least temporarily. A brief de-
scription, photographs of the specimen, and short taxonomic notes are provided. The
additional new records of I. aegyptius from Libya were presented. Notes are given on
its potential reproduction in Europe and on its possible importance in the biological
control of aphids.

Keywords: Adriatic, aphidophagous, Mediterranean

Sazetak

Rod Ischiodon Sack, 1913 (Diptera: Syrphidae) male su do srednje velike muhe koje
oponasaju ose, sa samo cetiri vrste diljem svijeta: Ischiodon aegyptius (Wiedemann,
1830), 1. astales Mengual, 2018, I. feae (Bezzi, 1912), i I. scutellaris (Fabricius, 1805). U
Europi se javljaju I. aegyptius i I. scutellaris, ali samo u juznom dijelu kontinenta. U
ovom ¢lanku predstavljamo najsjeverniji nalaz vrste I. aegyptius, koji je ujedno i prvi
nalaz ove vrste na Balkanskom poluotoku. Jedna je licinka pronadena 2010. godine u
Budvi, Crna Gora (grad na jadranskoj obali), na gran¢icama limuna u vezi s lisnom usi
Aphis spiraecola Patch, 1914. Mjesec sakupljanja bio je svibanj, prije ljeta, kada odrasle
jedinke vjerojatno migriraju iz Afrike, $to sugerira da bi vrsta mogla biti rezident u
ovom dijelu Europe, barem privremeno. Daje se kratak opis, fotografije primjerka i
kratke taksonomske biljeske. Prikazani su dodatni novi nalazi I. aegyptius iz Libije.
Dane su napomene o njezinom potencijalnom razmnozavanju u Europi, te o njezinoj
mogucoj vaznosti u bioloskoj kontroli lisnih usi.

Kljucne rijeci: Jadran, afidofagnost, Sredozemlje
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Introduction - Uvod

The hoverflies (Syrphidae) are a large, globally distributed family of Diptera. The
European fauna includes about 1,000 species divided into three subfamilies: Syrph-
inae, Microdontinae, and Eristalinae (Speight, 2020). Hoverflies are an ecologically
important group of insects because they provide various ecosystem services, such as
pollination, predation of aphids or other phytophagous insects, and participate in the
decomposition of dead matter (Larson et al. 2001, Rojo et al. 2003).

The genus Ischiodon Sack, 1913 (Diptera, Syrphidae) is a small but widely distribut-
ed hoverfly genus that includes only four species: Ischiodon aegyptius (Wiedemann
1830), L. astales Mengual, 2018, I. feae (Bezzi, 1912), and I. scutellaris (Fabricius 1805)
(Vockeroth, 1969; Mengual, 2018). All species of this genus are small to medium-sized,
wasp-mimic hoverflies. The genus Ischiodon could be separated from all other genera
by the following combination of characters: squamae are without long hairs, anterior
part of mesopleuron and hypopleuron are bare, a mesoscutum with well-developed
lateral yellow bands, a distinctly marked abdomen, wings without microtrichia, and,
in males only, the presence of digitate or spine-like protuberances on the hind tro-
chanter (Vockeroth 1969). The identification key for all known species is provided by
Mengual (2018). The range of the genus includes almost the entire African continent,
the Oriental and Australasian regions, some southern parts of Mediterranean Europe,
and some islands. Ischiodon astales and 1. feae are restricted to Madagascar and Cape
Verde, respectively, while 1. aegyptius and I. scutellaris have a much wider distribution
and are both also found in Europe (Mengual 2018, Speight 2020). Ischiodon scutellaris
occurs in Europe in the eastern Mediterranean, Greece (including the islands of Chi-
os, Crete, Irakleia, Lesbos), Georgia, Turkey, and Ukraine (Crimean peninsula) (Likov
2018, Speight 2020), while I. aegyptius has been recorded in Cyprus, southern Spain
(including the Canary and Balearic Islands), Madeira (not mainland Portugal), south-
ern Italy, Corsica (not mainland France), and Greece (only on the island of Samos)
(Rojo et al. 1997, Pita and Gomes 2003, Mengual 2018, Lebard et al. 2019, Van Steenis
et al. 2019, 2021, Speight 2020).

Material and methods — Materijali i metode

The specimen was collected during the survey of Aphidiinae parasitoid wasps in
Montenegro in 2010. A larva of this species was collected from lemon tree twigs in-
fested with aphids and transferred to a plastic box covered with muslin cloth for ven-
tilation. The larva was later reared under laboratory conditions and fed with aphids
from the same colony. After adult hatching, the specimen was stored dry in the collec-
tion of the Institute of Zoology, University of Belgrade — Faculty of Biology, Belgrade,
Serbia. Photographs of the specimen were taken with Nikon D5600 with AF -S VR
Micro-NIKKOR 105mm f/2.8G IF-ED macro lens (Nikon Corp. Tokyo, Japan). The
specimens from Libya were collected in the same manner as specimen from Mon-
tenegro, as a part of research on Aphidiinae parasitoid wasps. The specimens were
collected from pomegranate and oleander tree twigs infested by aphids. The rearing
was conducted in the same manner. All the Libyan specimens were stored dry in the
same collection of the Institute of Zoology, University of Belgrade — Faculty of Biolo-
gy, Belgrade, Serbia. Identification was performed using the keys in Speight and Sar-
thou (2017) and Mengual (2018). The distribution map was created using data from
the following references: Dirickx (1994), Rojo et al. (1997), Pita and Gomes (2003),
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Laska et al. (2006), Birtele et al. (2010), Mielczarek et al. (2010), De Courcy Williams et
al. (2011), Sarib1yik (2014), Ricarte and Marcos—Garcia (2017), Likov (2018), Mengual
(2018), El-Hawagry and Gilbert (2019), Lebard et al. (2019), Van Steenis et al. (2019,
2021), Vuji¢ et al. (2019), Dawah et al. (2020), Sahib et al. (2020), Speight (2020), and
Rego et al. (2022).

Results - Rezultati

Ischiodon aegyptius (Wiedemann, 1830) (Figure 1)

Material examined. MONTENEGRO e 1 larva (1 ¢ reared); Budva; 17.05.2010; leg. A.
Petrovi¢; collected from Citrus x limon (L.) Osbeck, feeding on Aphis spiraecola Patch,
1914; LIBYA e 1 larva (1 & reared); Misurata; 09.10.2010; leg. A. H. Shukshuk; collect-
ed from Punica granatum L. feeding on Aphis sp.; 10 larvae (7 3J and 3 99 reared);
Zliten, Kadoosh; 32.466688, 14.566638, 9 m.a.s.1.; 18.04.2010; leg. A. H. Shukshuk; col-
lected from Nerium oleander L. feeding on Aphis nerii Boyer de Fonscolombe, 1841.

Taxonomic notes. The morphological characters of the examined specimen from
Montenegro completely correspond to the typical characters for the female of Is-
chiodon aegyptius in the keys Speight and Sarthou (2017) and Mengual (2018). Both
authors mentioned the pattern on the abdominal tergite 2 as a feature for separating
I. aegyptius and I. scutellaris: a typical female of I. aegyptius has a transverse, yellow
band (connected in the midline of the tergite), while a typical female of I. scutellaris
has a pair of transverse, yellow marks (separated in a midline of the tergite). Mengual
(2018) also concluded that distinguishing females of these two species is difficult, due
to variability in the pattern of tergite 2. Our specimen has a transverse yellow band
on tergite 2, broadly connected in a midline of the tergite (Figure 1). In addition, the
specimen was compared with I. aegyptius females from Libya and no significant dif-
ferences were found.

Brief description of specimen from Montenegro. General appearance: body is small
(length: 7.5 mm), slender; head (Figure 1A): eyes are separated on the frons (female),
bare, large, face and genae are uniformly yellow, frons is yellow with distinct blackish
mid-line, vertex is black and shiny, antennae are yellowish, third segment yellow-
ish-brownish, aristae missing due to damage, postocular orbitae are dusted silvery
and with long, pale hairs; thorax (Figure 1B-D): mesoscutum is black, shiny, with
numerous black, long, erect hairs and wide, yellow lateral bands, scutellum is yel-
lowish, slightly darker in the middle part, with numerous long, pale hairs, especial-
ly at posterior margin, wings are translucent and without microtrichia, halteres are
bright yellow, legs are almost completely yellow, hind femora are with slightly darker
medio—-apical part; abdomen (Figure 1B—-C): tergites are mainly black, T2—4 with yel-
low bands, widely connected in the mid-line and connected to the lateral margin of
tergites, T5 yellow at anterior, lateral and posterior margin, black in the middle, other
tergites uniformly black with yellow lateral and posterior margins, sternites are yel-
lowish, slightly darker in the mid-line.
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Figure 1. The female of Ischiodon aegyptius (Wiedemann, 1830) from Budva, Montenegro; a) head, frontal view; b) habitus, lateral
view; c) habitus, dorsal view; d) habitus, dorsolateral view (specimen length 7.5 mm) (photo: A. Petrov¢).

Slika 1.

Zenka Ischiodon aegyptius (Wiedemann, 1830) iz Budve, Crna Gora; a) glava sprijeda, frontalna strana; b) habitus , late-
ralna strana; c) habitus, dorzalna strana; d) habitus, dorzlateralna strana (duljina primjerka 7,5 mm) (foto: A. Petrov¢).

Habitat, biology, and trophic association. The habitat where I. aegyptius larva was
found in Montenegro was a private yard with cultivated lemon trees. The larva was
found in association with the aphid Aphis spiraecola on a lemon tree, Citrus x lemon,
in the settlement of Budva located on the Adriatic coast. The specimens from Libya
were collected in urban areas of the country from Punica granatum and Nerium olean-
der shrubs in association with Aphis sp. and A. nerii, respectively.

Discussion - Rasprava

According to Speight (2020), in Europe the adults are found exclusively during the
summer months, suggesting that I. aegyptius is not a resident species, but also states
that in favorable seasons populations can be temporarily established. In analyzing the
available published data, we were unable to confirm the previous statement. Speci-
mens of I. aegyptius were collected in southern Europe from May to November (e.g.
21.05.2004. Cerro del Barronal, (Spain); 07.11.2009. Lampedusa (Italy)) (Carles-Tolra
and Aguirre-Segura, 2007; Birtele et al. 2010). The larva collected in Montenegro was
found in May, before summer, so it can indicate reproduction and the possible exis-
tence of an overwintering population. However, further research is needed to confirm
the presence of a year-round population in Montenegro. Larvae collected in Libya
were found in April and October, which is consistent with the species being present
there year-round (Speight, 2020).
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The record presented in this article is the first of I. aegyptius from Montenegro, but
also the mainland area of the Balkan Peninsula. So far, the species has been recorded
only in a few localities in Europe, mainly in the western Mediterranean (Rojo et al.
1997, Pita and Gomes 2003, Mengual 2018, Lebard et al. 2019, Speigh 2020) (Figure 2).
Recently, Van Steenis et al. (2021) published data on the occurrence of this species on
the island of Samos (Greece). In addition to Samos, there are also some scarce records
from the central and eastern Mediterranean, such as Cyprus, Corsica (France), and
Lampedusa (Italy) (Birtele et al., 2010; Van Steenis et al., 2019). Ischiodon aegyptius is
not yet recorded in most Mediterranean islands, such as Malta, and almost all Greek
and Croatian islands (Vuji¢ et al. 2019, Popovic¢ et al. 2020, Ebejer and Gatt 2021). It is
also still absent from some parts of the continental Mediterranean where its presence
is expected, such as mainland Portugal (Van Eck 2016) (Figure 2).

@ Ischiodon aegyptius

QO Ischiodon scutellaris
O sympatry

1000 km

Figure 2 The distribution map of Ischiodon aegyptius (Wiedemann, 1830) and I. scutellaris (Fabricius, 1805) in the Mediterranean
area; red target circle (indicated by red arrow) —new records of I. aegyptius; red circles — published records of I. aegyptius;
yellow circles — published records of I. scutellaris; blue circle — the locality where both species occur sympatrically.

Slika 2. Karta rasprostranjenosti Ischiodon aegyptius (Wiedemann, 1830) i L. scutellaris (Fabricius, 1805) u sredozemlju; crveni
ciljni krug (oznaceni crvenom strelicom) — novi zapisi I. aegyptius; crveni krugovi — objavljeni zapisi o I. aegyptius; zuti
krugovi — objavljeni zapisi o I. scutellaris; plavi krug — lokalitet gdje se obje vrste pojavljuju simpatri¢no.

Sympatric populations of I. aegyptius and I. scutellaris are still not recorded in Europe,
although it is very likely that both species occur in some places in the Aegean area.
The island of Samos (where 1. aegyptius occurs) and the islands of Chios and Irakleia
(where L scutellaris occurs) are only about 70 and 160 km apart, respectively (Likov
2018, Van Steenis et al. 2021). The areas where both species have been recorded are
in the Cilician Plain and Adana Province in Turkey (Figure 2) and in the United Arab
Emirates in the Arabian Peninsula (Saribiyik 2014, Mengual 2018). The Middle East-
ern region is also a likely region for sympatric occurrence of both species, but this
cannot be determined due to a significant lack of faunistic data. The specimen from
Montenegro is the first record of I. aegyptius for the mainland of the Balkan Peninsula

48



Entomol. Croat. 2024, Vol. 23. Num 1: 44-51

M. Vuji¢, A. Petrovi¢: The northernmost record of Ischiodon aegyptius (Wiedemann, 1830) (Diptera, Syrphidae, Syrphinae)

with possible evidence of its reproduction in Europe

region and the northernmost known locality where the species occurs. This locality
is relatively distant from all other precise records in Europe, more than 800 km from
Corsica, about 845 km from Samos, and about 930 km from Lampedusa. The north-
ernmost records so far were from Corsica (France) and Moya, Barcelona (Spain), both
about 100 km further south.

Although Ischiodon aegyptius was recorded in Europe (as Xanthogramma catalonicum
Andreu, 1926) (Andreu 1926) almost a century ago, records of this species are still so
sparse that no definite conclusions can be drawn. We can assume that I. aegyptius has
probably become a permanent species in Mediterranean Europe, especially due to
the fact that global warming is accelerating faster than predicted (Xu et al. 2018). In
the context of accelerated global warming, species of the genus Ischiodon, particularly
I. aegyptius, can potentially play an important role in the biological control of aphids,
primarily in the Mediterranean region. It is not unrealistic to expect that I. aegyptius
will permanently inhabit a larger area of the European coast in the near future, pos-
sibly replacing the usual aphidophagous syrphids.

In general, hoverfly larvae are well-known and effective biological control agents
against plant pests (mainly aphids), both in the field and in greenhouses (Leroy et al.
2010). Compared to other aphid predators or parasitoids, syrphids can detect aphid
colonies earlier in the season, and females can lay eggs over a large area due to their
high mobility (Almohamad et al. 2009).

Larvae of Ischiodon species are non-selective, aphidophagous, and are known to be
predators of various aphid species as well as some caterpillars (Rojo et al. 2003).
Both I. aegyptius and 1. scutellaris have been studied as potential biological control
agents (e.g. Joshi et al. 1998, Sharanabasappa et al. 2007, Tepa—Yotto 2013, Faheem et
al. 2019), and both showed promising results (Tepa—Yotto 2013, Faheem et al. 2019,
Speigh, 2020).

Ischiodon aegyptius could be treated as a rare migrant species in Europe, but we could
also benefit from its presence by reducing aphid colonies on economically important
plants. Interestingly, Tepa—Yotto (2013) found that I. aegyptius does not attack aphid
mummies parasitized by Lysiphlebus testaceipes Cresson, 1880 (Hymenoptera: Braco-
nidae), which may be of great importance for biological control.

Additional surveys throughout Mediterranean Europe are needed in order to confirm
our assumptions, and some of the future research should be directed towards the
biocontrol potential of Ischiodon aegyptius.
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Abstract

Stenonemobius gracilis (Jakovlev, 1871) is an elusive cricket species whose presence
in Croatia was expected, but never confirmed. Herewith we report that the Dwarf
Cricket has been found in Croatia for the first time, in Kamenjak, Premantura, Istria
in 2021. This is the 189th Orthoptera species reported from Croatia. The short note
presents the photographic evidence of the species presence and describes its habitat.
Identification tips given are useful for S. gracilis separation from S. bicolor ponticus Go-
rochov, 1984, another species of the genus inhabiting the country, whose new record
is presented-Lanterna bay in Istria.

Key words: faunistics, checklist, new records, Croatia, Istria, Kamenjak, Gryllidae,
Nemobiinae, Stenonemobius bicolor ponticus.

Sazetak

Stenonemobius gracilis (Jakovlev, 1871) neobi¢na je vrsta Sturka ¢ija se prisutnost u Hr-
vatskoj o¢ekuje, ali dosad nije potvrdena. Napokon predstavljamo prvi nalaz tajnovi-
tog patuljastog Sturka u Hrvatskoj, na rtu Kamenjak (Premantura, Istra) 2021. godine.
Ovo je 189. vrsta ravnokrilca u Hrvatskoj. Kratko priopéenje donosi fotografski dokaz
o prisutnosti vrste i opisuje njezino staniste. Ukratko smo objasnili svojstva po kojima
se razlikuju S. gracilis od S. bicolor ponticus Gorochov, 1984, druge vrste ovog roda
koja Zivi u Hrvatskoj, a od koje isto imamo jedan novi nalaz, u uvali Lanterna u Istri.

Kljucne rijeci: faunistika, popis vrsta, novi nalaz, Hrvatska, Istra, Kamenjak, Grylli-
dae, Nemobiinae, Stenonemobius bicolor ponticus.

Introduction — Uvod

Croatian Orthoptera fauna currently counts 188 species (Skejo et al. 2018, Stalling
et al. 2021, Cato & Zagorac 2021, Pélissié et al. 2023). New records and new species
discoveries are expected, especially in the true crickets” group, infraorder Gryllidea,
which are among the most understudied groups of Orthoptera in Croatia and neigh-
boring countries (e.g., Stalling & Birrer 2013, Stalling et al. 2021).
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This study presents new records of one of the most elusive crickets in Europe, the
genus Stenonemobius Gorochov, 1981. Only one species of the genus was known till
now from Croatia, S. (Ocellonemobius) bicolor (Saussure, 1877), more specifically its
subspecies S. b. ponticus Gorochov, 1984, but even for this species the records were
scarce (Chobanov et al. 2016, Skejo et al. 2018).

The aims of the study are to present, for the first time, records of S. gracilis (Jakovlev,
1871) from Croatia, new records of S. bicolor ponticus from the country, and a brief
overview of the identification traits important to separate the two species.

Material and methods — Materijali i metode

The specimens were identified using original descriptions of S. gracilis (Jakovlev 1871)
and S. bicolor ponticus (Gorochov 1984), as well as with comparison with the speci-
mens from the Orthoptera Species File (Cigliano et al. 2024). Taxonomy follows Cigli-
ano et al. (2024).

The photographs of Stenonemobius gracilis were taken by Olympus TG-5 on 20th June
2021 in Croatia: Istria: Premantura (44.808618, 13.909503) (Figure 1) by TK and up-
loaded to iNaturalist in February 2024 (observations 199085469, 198996072, Figures
2e, 2f). Rt Kamenjak, Premantura (Figure 3) is the southernmost point of the Istrian
Peninsula and is rather unique in the diversity of plants (Vukovi¢ et al. 2011, Bog-
danovié et al. 2018) and animals (Koren 2022).

An unpublished record of Stenonemobius bicolor ponticus (Figure 2a, 2b) was found in
Stuttgart State Museum of Natural History (SMNS). The label says “CR-Pula:Lanterna
Bucht u. Steinbruch, Lux. 13.37 E45.17 N 14.08.01., leg. Rieger”, but the coordinate seems
to be wrong so Arkod (https:/ /preglednik.arkod.hr/) was consulted to find that they
represent 13° 37" E, 45° 17’ N, instead of decimal coordinates, and that uvala Lanterna
Bay is not close to Pula. The decimal coordinates are 45.283E, 13.617N (3040 m a. s. L.).

Results and discussion — Rezultati i rasprava

Dwarf Cricket, Stenonemobius gracilis

Stenonemobius gracilis (Jakovlev, 1871), with type locality Astrakhan Oblast, Russia (Hr.
tajnoviti patuljasti $turak), has not been recorded in Croatia till now. The record from
Kamenjak (Figures 2e, 2f) represents the first record of the Dwarf Cricket in the country.

The species was attracted to moth-collecting tents consisting of a metal frame with
UV lamps connected to a 12 V battery. Only a single specimen was attracted that
night, and seven tents were used. The specimen climbed onto the tent from the outer
side and rested there during the evening and was photographed both in the light tent
and in nature. The habitat in which it was recorded is the edge of coastal evergreen
forests and maquis, grasslands, specifically As. Chrysopogoni-Euphorbietum nicaeensis
H-i¢. (1956) 1958 with a significant presence of Juniperus oxycedrus bushes (Figure 3).

The species is relatively widespread as it inhabits Portugal, Spain, France, Italy (incl.
Sardinia, Sicily), Malta, southern Albania, northern Macedonia, Greece, Turkey, Geor-
gia, and northern Africa (Cassar 2004, Hochkirch et al. 2016, Mulder & Mulder 2020,
Cigliano et al. 2024). However, almost nothing is known about its ecology, habitat
preference or life cycle. Because of its elusive nature, we suggest the Croatian name
“tajnoviti patuljasti Sturak”, “tajnoviti” meaning “secretive”, while “patuljasti sturak”
means “dwarf cricket”.
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It can be hypothesized that S. gracilis has a somewhat longer activity period than
its relative S. b. ponticus, but this could also be due to different species ecology and
S. gracilis being more commonly observed by professional and amateur naturalists.
Namely, S. gracilis season starts at the end of the May (N=1), slowly growing in June
(N=3) and July (N=8), while reaching the peak in August, when most iNaturalist ob-
servations were taken (N=32), and then ending in September (N=10), with no obser-
vations by the October (seasonality graph available at https://www.inaturalist.org/
taxa/626351-Stenonemobius-gracilis).
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Figure 1 Distribution map of the species of the genus Stenonemobius in Croatia. Blue dot represents the first record of S. gracilis
while red dots represent the records of S. bicolor ponticus in Croatia.
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Eastern Dwarf Cricket, Stenonemobius bicolor ponticus

Stenonemobius bicolor ponticus Gorochov, 1984, with type locality Suhumi, Georgia (Hr.
dugokrili patuljasti Sturak), was known only from a few historical M. Padewieth, i.e.,
Franjo Dobijas’s 1910s records from Senj surroundings, identified originally as “Ne-
mobius tartarus det. Ramme” (Chobanov 2003, Puskas et al. 2018, Cigliano et al. 2024)
(Figure 1). Interestingly, Padewieth (1900) did not mention any similar species among
“Gryllodea” earlier. A record of a gryllid species from 1925 identified as Pteronemobius
tartarus by G. Miiller in Trieste Museum, from Korc¢ula, Lumbarda might also repre-
sent this (sub)species (Skejo et al. 2018) (Figure 1).

Eastern Dwarf Cricket distribution is not a well-understood one, as the subspecies has
scattered findings in Europe. It is known from Croatia, Hungary, Bulgaria, Romania,
Serbia, Crimea, Georgia, and Armenia (Gorochov 1984, Popov 2007, Chobanov et al.
2016). The nominal subspecies, S. b. bicolor (Saussure, 1877) inhabits India, Sri Lanka,
and Indochina (Cigliano et al. 2024).

A female from the Stuttgart State Museum of Natural History labeled “CR-Pula: Lan-
terna Bucht u. Steinbruch, Lux. 13.37E 45.17N 14.08.01., leg. Rieger” represents the
most recent record of Stenonemobius bicolor ponticus in Croatia and the first record of
this species in the Istrian region, despite being 23 years old. The correct coordinates
are 45.283E, 13.617N (30—40 m a. s. 1.). The specimen was identified by Slobodan
Ivkovi¢ (Figure 2a, 2b).
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It seems that S. bicolor ponticus has a rather short activity period, as the majority of
the records (N=21) were observed in August, the minority (N=4) in September, and
no observations during the rest of the year (seasonality graph available at https://
www.inaturalist.org/taxa/857445-Stenonemobius-bicolor). It is either a rare species
or a species we do not understand, so an overlooked one.

On identification of S. gracilis and S. bicolor ponticus

Two main characteristics to differentiate the two Stenonemobius species inhabiting
Croatia are body size and antennal scapus width. Stenonemobius bicolor ponticus is
larger and more robust than S. gracilis (Figures 2a, 2c). In S. bicolor ponticus one sca-
pus is wider than the distance between two scapi, while in S. gracilis it is narrower
(Figures 2b, 2d).

5 v

Stenonemobius bicolor ponticus, Istria, Croatia

<

Stenonemobius gracilis, Istria, Croatia

Figure 2 Stenonemobius bicolor ponticus, Croatia (a-b) and S. gracilis (c—d, e—f). a) S. bicolor ponticus dorsal view, b) S. bicolor ponticus
frontal view, c) S. gracilis from Iran, dorsal view, d) S. gracilis frontal view, e) S. gracilis first record from Croatia (Istria)
photo T. Koren, f) S. gracilis first record from Croatia (Istria) photo T. Koren.
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Figure 3 The locality where Stenonemobius gracilis was recorded in Croatia for the first time. Habitat in Donji Kamenjak, Plovanije
locality.
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