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Abstract

Phyllonorycter issikii (Kumata, 1963) is an invasive leaf-mining moth originating from Asia. It develops on plants from the
genus Tilia. The first finding of this species in Serbia was in 2013, and since then, the range of the species has spread,
and we have found it at five more localities on T. cordata and T. tomentosa. Ph. issikii was studied at two of these
localities. The existence of two overlapping generations was determined. No significant differences in the intensity of the
attack between them were noticed. Differences existed only between the localities where the research was conducted
and between the Tilia species on which Ph. issikii was found. As regards the lime species, the moth preferred T. cordata
to T. tomentosa at both localities.

Two species of parasitoids were reared from the collected material: Pediobius saulius (Walker, 1839) and
Minotetrastichus frontalis (Nees, 1834).
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Introduction

Phyllonorycter issikii (Kumata, 1963) is a small moth (wingspan 7-7.5 mm), which develops on plants from
the genus Tilia. It is the only species from the genus Phyllonorycter in the Palearctic that has specialized to
develop on lime. It is considered native to eastern Asia (Japan, Korea, Russian Far East), where it feeds on
the leaves of Tilia maximowicziana, T. japonica and T. kiusiana. The first finding of this species outside this
region was documented in 1985 from Tilia plantations in Moscow (Kirichenko et al., 2017). From there it
gradually spread, so that today its range covers the whole of central and eastern Europe, extending north to
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Finland, west to Belgium, and south to Italy and Bulgaria (Sefrova, 2002, 2003; Wullaert, 2012; Ermolaev,
2014; Szées et al., 2015; Buszko, 2016; GBIF Secretariat, 2017; Ermolaev & Rubleva, 2017, Kirichenko et
al., 2017). With the expansion of its range, the list of its feeding plants has also expanded. It has started
mining the leaves of other Tilia species that do not exist in eastern Asia: T. cordata, T. platyphyllos, T.
tomentosa, T. x euchlora, T. x europaea, T. sibirica and T. americana (Kirichenko et al., 2017).

Materials and methods
Distribution and host plants

The research was conducted during 2016 and 2017 on the territory of Serbia (67 localities). Trees with leaves
mined by Ph. issikii were sought in forests and parks where lime trees are present. The mined leaves found
were collected and brought to the Entomological Laboratory of the Faculty of Forestry, University of Belgrade.
Some of them were herbarized and others were put into photoeclectors to obtain adult moths and their
parasitoids. Determination of leaf miners was done by Jovan Dobrosavljevi¢ using the following literature:
Kumata (1963), Noreika (1998), Sefrova (2002), Csoka (2003), Ellis (2007), Langmaid (2007) and Doorenweerd
et al. (2012). Determination of parasitoids was done by Aleksandar Stojanovi¢ using the following papers:
Boucek (1965), Graham (1987), Graham & LaSalle (1991) and Noyes (2017). All the leaf-miner and parasitoid
names are compatible with those found on the Fauna Europaea website (de Jong et al., 2014).

Herbarized leaves with Ph. issikii mines and the obtained adult moths and parasitoids are deposited in the
collection of the Department of Forest Protection at the Faculty of Forestry, University of Belgrade.

Population density and biology

The population density research of Ph. issikii was conducted in 2017 at two localities in eastern Serbia (in the
vicinity of Majdanpek): Ujevac (44°25'N, 21°52'E) and Ravna Reka (44°26'N, 21°59°E). (The names of the localities
are given in Serbian without translation to avoid confusion). The localities are about 10 km apart. They have a
similar slope (around 20°) and exposition (southwest), but different altitudes (Ravna Reka: 500-530m a.s.l., Ujevac:
270-290m a.s.l.) and stand structure (Ujevac: one-layer stand; Ravna Reka: two-layer stand) (Fig. 1).

Four Tilia tomentosa trees were randomly selected at both localities, and four T. cordata trees just at the
Ujevac locality. Four branches approximately 1 m long were randomly selected from the lower part of the
crown (up to a height of 2 m) from each tree. The branches were collected in two sessions, in the period of
pupae appearance, for the first time in mid-June, and for the second at the beginning of August. They were
then brought to the Entomological Laboratory of the Faculty of Forestry, University of Belgrade. The total
number of leaves, the number of mined leaves, and the number of mines per leaf were analyzed on these
branches.

The significance of the differences in observed properties was determined by one-way ANOVA, at the level of
significance p<0.05. StatSoft Statistica 8.0 software was used for statistical analysis.

Results and Discussion

Distribution and host plants

From the 67 investigated localities, leaves with Ph. issikii mines were found only at five: Fruka Gora: Iriski
Venac - Astali (45°09'N, 19°52'E), Kugevo: Ku€ajna — Ravniste (44°25'N, 21°37'E), KuCevo: Kucajna — Krst
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(44°25'N, 21°36’E), Majdanpek: Ujevac (44925'N, 21°52°E) and Majdanpek: Ravna Reka (44°26'N, 21°59°E).
The mined leaves were discovered on T. cordata and T. tomentosa. The localities of the findings coincide
with the localities where lime tree stands are represented on large areas in Serbia. Ph. issikii has never been
found in urban environments. Considering that Tilia species are represented in Serbia from lowland to
mountain habitats, and that they can be found in almost all parks and alleys, it can be assumed that the
range of Ph. issikii will probably spread in the next few years.

Based on our findings and the findings by Sefrova (2002), Stolnicu & Ureche (2007), Tomov (2007),
MatoSevi¢ (2007), Glavendeki¢ (2014) and Ermolaev & Rubleva (2017), in the Balkans Ph. issikii is present
only in Serbia, Croatia and Bulgaria. However, as the range of its main host plants, T. cordata and T.
tomentosa, on the Balkan Peninsula extends south to Albania and Greece (Svejgaard Jensen, 2003), it is
possible that it will be found in other Balkan countries as well.

Ph. issikii was not the only leaf miner collected on lime trees in Serbia. During this research, mines of
Trachys minutus (Linnaeus, 1758) (Coleoptera: Buprestidae), Parna tenella (Klug, 1816) (Hymenoptera:
Tenthredinidae) and Stigmella tiliae (Frey, 1856) (Lepidoptera: Nepticulidae) were also found.

RS

Figure 1. Localities where Ph. issikii was found in Serbia; source: Google Earth.
1 - Fru$ka Gora: Iri$ki Venac — Astali; 2 - Majdanpek: Ujevac; 3 - Majdanpek:
Ravna Reka; 4 - Ku€evo: Ku€ajna — Krst; 5 - Ku€evo: Ku€ajna — Ravniste.
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Biology

Ph. issikii develops two generations per year in central Europe. The adults of the first generation appear from
the end of May to the middle of July, and the second from mid-August to the beginning of October (Sefrova,
2002; Jurc, 2012; Ermolaev, 2014). Based on the data obtained, Ph. issikii develops at least two overlapping
generations per year in Serbia. First generation moths were obtained from the material collected in June
(only adults of the aestival marked form were reared). Unfortunately, second generation moths were not
obtained due to severe drought and high temperatures during the summer of 2017, which caused the death
of most of the larvae in nature (only 2 second generation pupae were found in 153 Ph. issikii mines analyzed
from the collected samples). A similar situation occurred in 2010 in Udmurtia, where extremely hot and dry
weather led to the disappearance of lime leaf miners in all lime tree stands (Ermolaev, 2014) (Table I).

Figure 2. A — Leaf with a Ph. issikii mine from the upper side; B — Leaf with a Ph. issikii mine from the
lower side (Photo by J. Dobrosavljevic).

Population density

At the localities where the research was conducted, in both series of samples no statistically significant
differences in the intensity of the attack between the investigated trees within the groups were noted
(p>0.05). Neither did differences exist among the same groups of trees in the two series of samples (Table
Il). However, if the intensities of the Ph. issikii attacks in both series of samples on T. tomentosa are
compared at the two localities, statistically significant differences can be observed (Table Ill). This suggests
that locality had an impact on the intensity of the attack. Greater population densities were noted at locality
Ujevac, at a slightly lower altitude (about 250 m) than locality Ravna Reka. The species of lime also had an
influence on the intensity, but only in the first series of samples (Table IV).



_;-, 3

Phyllonorycter issikii in Serbia 29

gy

Figure 3. A — Opened Ph. issikii mine with a pupa and a heap of excrement; B — Ph. issikii adult of the aestival marked

form (Photo by J. Dobrosavljevic).

Table I. The total number of analyzed leaves and mines found on them.

The total number of

Locality Tree species Mines found on the
Leaves analyzed
analyzed leaves
T. tomentosa 1537 69
Ujevac
T. cordata 1506 417
Ravna Reka T. tomentosa 1306 14
3 4349 500

Table Il. The influence of the series of samples on the intensity of the attack.

Average number of mines per leaf per tree ANOVA
Locality Tree sp
June August F p
U T. tomentosa 0.044 £ 0.024 0.190 £ 0.143 0.7526 0.4253
jevac

T. cordata 0.298 £0.112 0.272 £ 0.102 4.0346 0.0913
Ravna Reka T. tomentosa 0.010 £0.012 0.011+0.010 0.0204 0.8910

Table Ill. The influence of locality on the intensity of the attack.

Average number of mines per leaf per tree
ANOVA

Locality Ujevac Ravna Reka
Tree species T. tomentosa F p
June 0.044 £ 0.024 0.010£0.012 6.4367 0.0443
August 0.190 £ 0.143 0.011+0.010 6.2025 0.0471
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Table IV. The influence of lime-tree species on the intensity of the attack.

Average number of mines per leaf per tree

ANOVA
Tree species T. tomentosa T. cordata
Locality Ujevac F p
June 0.044 + 0.024 0.298 +0.112 19.482 0.0045
August 0.190 £ 0.143 0.272 £ 0.102 0.8692 0.3872

According to Ermolaev & Zorin (2011), the threshold at which the damage on leaves starts affecting the
vitality of lime trees is generally when the average number of mines per leaf exceeds 1 or 2, depending on
the climate conditions that year (Fig 2). A greater number of mines results in decreased height and girth
increment, smaller numbers of buds, flowers and seeds, a decrease in the amount of sugar in the nectar, and
premature falling of the leaves (Ermolaev & Zorin, 2011) (Fig 3). According to Ermolaev & Rubleva (2017),
this damage threshold can be crossed in 3 years from the beginning of an invasion, as happened in the
Moscow area, Slovakia or Ukraine. If the intensities of attack that we obtained in Serbia during the 2017
(Table Il) are compared with the damage threshold specified by Ermolaev & Zorin, we can easily conclude
that the population density of Ph. issikii is still low here. Consequently, this species does not cause significant
damage on lime in Serbia. However, Ph. issikii is known to cause serious damage on lime in central Europe
and Russia. All the Tilia trees in a forest can be infested, and additionally, there can be more than 20 mines
on a single leaf (Ermolaev & Motoshkova, 2008; Jurc, 2012). This is why the population density of Ph. issikii
should be monitored, so that when it reaches the critical point we can react and protect forests if necessary.

Parasitoids

Ph. issikii has a very rich parasitoid fauna. So far, around 50 species of parasitoids have been found in its
range (Szdcs et al., 2015; Ermolaev & Rubleva, 2017). From the material collected in the first field session,
two species of parasitoids were reared: Pediobius saulius (Walker, 1839) (Eulophidae: Entedoninae) and
Minotetrastichus frontalis (Nees, 1834) (Eulophidae: Tetrastichinae). Both species are very common in
Serbia and have been found in other species of leaf miners besides Ph. issikii (Stojanovi¢ & Markovi¢, 2004,
2005; Markovi¢ & Stojanovi¢, 2012). They are already known parasitoids of Ph. issikii, but they are certainly
not the only ones on it in Serbia. The fact that Szécs et al. (2015) found a much greater number of
parasitoids (20 species) in neighboring Hungary leads us to this conclusion. However, according to the data
they provided, the influence of parasitoids on the population density of Ph. issikii is usually not great.
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MPWNOT NO3HABAHRY PHYLLONORYCER ISSIKI (KUMATA, 1963)
(LEPIDOPTERA, GRACILLARIIDAE) Y CPBEUJA

JOBAH [JOBPOCABILEBU R, YEIOMUP MAPKOBUR 1 ANEKCAHOAP CTOJAHOBUTR

N3Bog

Phyllonorycter issikii (Kumata 1963) je nHBa3uBHa BpcTa NUCHOT MHEpPa nopekrom u3 Asuje. Paseuja ce Ha
Ourbkama 13 poga Tilia. Y Cpbuju je npeu nyT npoHaheHa 2013. roguHe. HbeH apean ce o Tag npowupmo, 1
MU CMO je MPOHAaLLNM Ha joLl NneT fokanuTeTa, Ha Ase BpcTe nune: T. cordata u T. tomentosa. Ph. issikii je
npoyyaBaH Ha ABa 0f TWX meT nokanuteta. Ha wuMa je yTBpReHo je noctojake ABe npeknanajyhe
reHepaumje. Mpu TOoM, pasnuke y nornegdy MHTEH3UTeTa Hanaga uamehy WX HWUCYy KOHCTaToBaHe. Te
pasnuke cy camo noctojane u3Mmely nokanuteTa Ha kKojuma Ccy ucTpaxusarsa 0baBrbeHa W BpcTa nune Ha
kojuma je Ph. issikii npoHaheH.

/3 cakynrbeHor MaTepujana rajerem cy nobujeHe aBe BpcTe napasutonpa: Pediobius saulius (Walker 1839)
and Minotetrastichus frontalis (Nees 1834).
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