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Abstract
The Siberian silkworm (Dendrolimus sibiricus Tschetv.) is a defoliator pest that poses a significant threat
to coniferous forest stands. Over the past decades, several large outbreaks of this species have occurred
in Siberia (Russia), which has led to changes in forest ecosystems and an increase of expenses involved
in reforestation. Adults capture new territories in the process of migration, therefore, a set of measures is
needed to register the number and prevent further dispersal of the moth. One of methods of trapping is
glue traps with synthetic pheromone. 16 district forestries located in the middle taiga subzone, with a
total area of 151 850 hectares, were surveyed as a part of the phytosanitary monitoring of the Siberian
silkworm in the Komi Republic (Russia). Analysis of 773 pheromone traps showed 414 males of the
target species that were identified by their genitals. The highest indicators of catchability were found in
three district forestries. Taking into account the results obtained, it was proposed to continue the
monitoring using the pheromone traps, to survey more northern forest districts and to carry out
subsequent searches for preimaginal stages of the silkworm in the forest districts of Priluzsky district.
The study will be useful for predicting the further spread of the silkworm and for developing optimal
containment and control of the pest.

1 Introduction
Lepidoptera phyllophages have a significant impact on forest communities. The Siberian silkworm

Dendrolimus sibiricus Tschetv. is a dangerous pest moth from the Lasiocampidae family, whose
caterpillars feed on the foliage of conifers, mainly from the genera Abies, Pinus, Larix, Picea and Tsuga [1,
2].
Being widespread in Asia: Korea, China, Mongolia, Kazakhstan [3, 4, 5], it penetrated the territory of
Siberia (Russia), from where it began to actively settle to the west of the country in the second half of the
20th century, having free access to host plants [6]. Within 25 years, from 1932 to 1957, D. sibiricus
damaged 7 million hectares of forests and destroyed 50% of trees in Western Siberia and the Chita region
[3, 7]. For the period from 1994 to 1996, D. sibiricus damaged 700 thousand hectares of forest in the
Krasnoyarsk Krai [8], and from 1954 to 1957, it destroyed more than 1.5 million hectares of pine in the
area of the Ket and Chulym rivers [9]. In 2001, the activity of the pest was recorded in the Khabarovsk Krai
on an area of more than 750 thousand hectares [10]. According to the research of Finnish scientists, the
Siberian silkworm was recorded in the Perm Krai near the western foothills of the Ural Mountains [11].
Thus, these data reflect the active migration of the pest, which is a natural way to expand its habitat.
The Komi Republic is located in the northeastern part of the East European Plain. It is bounded from the
territory of Siberia by the Ural Mountains in the east. And in the south it borders on the Perm Krai and the
Kirov Region, where the presence of the Siberian silkworm has been reliably confirmed [12]. Most of the
Komi Republic is covered with forest, the area of which is 28 667.4 thousand hectares. Of the total
plantations, spruce stands (Picea sp.) account for 56.4%, pine (Pinus sp.) – 25.5%, other conifers: fir
(Abies sp.), larch (Larix sp.), Siberian pine (Pinus sibirica) Du Tour.) – 1.4%, birch (Betula sp.) – 13.2%,
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aspen (Populus sp.) – 3.4%, other species – 0.1%. The stock of coniferous wood in the forests is 2
356.36 million m³ (83.3%) [13]. The proximity to the Siberian silkworm habitat and the species
composition of the Komi Republic forests have become key factors for conducting environmental
surveys. The hazard is not limited only to the distribution of silkworms, but also to the formation of the
population that gives outbreaks of numbers.
The rapid increase in the number of individuals in the population is due to the peculiarities of the
preimaginal stage. Caterpillars usually have a two- or three-year development cycle, depending on the
combination of factors [14, 15, 16]. Dry weather periods are largely a prerequisite for the increase in
number [1, 17, 18, 19]. In the years of layering of the maturation of adults, an outbreak of the number of
individuals occurs, followed by a massive release of caterpillars. Caterpillars of the Siberian silkworm,
eating the needles, weaken the plant, and make it easily accessible for subsequent colonization by
insects, mainly from the families (Cerambycidae, Buprestidae, Curculionidae) [20] and pathogenic
microorganisms, whose vital activity reduces the quality of products from such wood. In case of severe
damage, trees dry out, creating a threat of forest fire [10]. Thus, the Siberian silkworm is a direct
ecological threat to the species composition of the forest community and the appearance of upland
forests, as well as economic losses due to the deterioration of wood quality and the cost of reforestation.
Being a dangerous defoliator insect, this species currently has a regulatory status and is recognized as a
quarantine object [3, 21]. When establishing the scale of its distribution across Eurasia, I was guided by
an interactive map from the official website of the European and Mediterranean Organization for Plant
Protection (EPPO) (Fig. 1), according to which there is no information on the occurrence of the Siberian
silkworm in the European northeast of Russia for 2020 [12].
At present, the study of the distribution of the Siberian silkworm in the European part of Russia is limited
to studies of the more southern regions of the country [22, 23]. The Komi Republic is rich in boreal forests,
which can potentially be used by the pest to create a stable population. Lack of attention to the problem
of the silkworm dispersal can cause outbreaks of numbers that lead to environmental and economic
damage, as is the case of Siberia, as well as further expansion of the species towards Europe.
The study of the dynamics of the number and distribution of the population of individuals is carried out
under the Order №23 of the Ministry of Agriculture validating the Regulation on the procedure for
monitoring of quarantine phytosanitary state of the territory of the Russian Federation, which approved
the procedure for the monitoring of territories [24]. The survey of the forest stands in the Komi Republic
was carried out by the Federal Service for Veterinary and Phytosanitary Supervision in conjunction with
the All-Russian Center for Plant Quarantine (FSBI «VNIIKR»). For the first time, 48 individuals of the
Siberian silkworm were recorded in 2016 on the territory of 7 district forestries out of 12 surveyed [25].
When examining the same sites in 2017, the silkworm was found in all forest districts in the amount of
258 individuals [26]. In 2018, it was decided to expand the surveyed area to 14 district forestries. Analysis
of 500 traps revealed 291 specimens of D. sibiricus [27].
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Specially protected natural territories covering an area of 5.5 million hectares should be noted among
other woodlands of the Komi Republic. The largest of them are Yugyd Va National Park and PechoraIlych Nature Reserve [13]. The Virgin Forests of the Komi Republic are located on the designated areas.
They are a UNESCO World Heritage Site and the largest massif of primary boreal forests in Europe,
represented mainly by coniferous trees [28, 29]. The invasion of the Siberian silkworm into these
ecosystems will cause irreversible catastrophic consequences.
The present study aimed at identifying and counting the number of D. sibiricus adults in the district
forestries of the Komi Republic using the glue traps with synthetic sex pheromone in 2020.

2 Results
The results of analysis of the contents of 773 traps are presented in the table (Table 1). During the survey
of the Kajim district forestry in 2019, 11 Siberian silkworms were caught using 32 traps [27]. The moth
was not registered in this area in 2020, which is probably due to human factors. As a result of improper
placement, some of the traps collapsed, which limited the contact of large moths (D. sibiricus) with the
glue substrate inside.
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Table 1
The results of monitoring of the Siberian moth in the district forestry of the Komi Republic.
Forestry

District
forestry

Surveyed
area,
(hectare)

Number of
used traps
(pieces)

Number of identified
specimens of D.
sibiricus (subject.)

Catching
efficiency
of traps

1

2

3

4

5

6

Priluzsky

Zanulsky

8450

43

56

2.6

Obyachevsky

4600

23

17

0.8

Matyashsky

2450

13

21

3.2

Noshulsky

15350

78

84

2.1

Spasporubsky

3000

15

13

1.7

Lopinsky

12600

63

34

1.1

Letsky

Lovlinsky

3400

17

10

1.2

Kazhimsky

Kazhimsky

3000

15

0

0

Turuninsky

10950

57

13

0.5

Uzhginsky

5350

28

15

1.1

Kobrinsky

15200

79

22

0.6

Koigorodsky

18350

94

44

0.9

Kuratovsky

15250

77

24

0.6

Vizingsky

9900

51

18

0.7

TroitskoPechorsky

6000

40

17

0.9

Beloborsky

18000

80

26

0.7

151850

773

414

Koygorodsky

Sysolsky

TroitskoPechorsky

In total:

A significant number of D. sibiricus males were found in the Noshulsky and Zanulsky district forestries,
which coincides with the monitoring data in 2019 [27]. A bit smaller number of D. sibiricus males was
caught in the Koigorodsky and Lopyinsky district forestries. The designated areas are characterized by
woodlands formed by light coniferous trees.
The Matyashsky district forestry surveyed for the first time showed the maximum catchability of the traps
(3.2), which may be an indicator of a high pest density. Only one of 13 traps did not contain the target
moth species.
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The Troitsko-Pechorsky and Beloborsky district forestries showed approximately the same catchability of
the traps in 2020. In the previous year, only one specimen of the Siberian silkworm had been found in
these territories. The traps were found to have been in operation from 1st August to 9th August which led
to the poor collection. This fact should help to study the life cycle of the pest in the middle taiga in the
Komi Republic, since it testifies to the cessation of adult activity by the end of July.
In order to predict the distribution of the moth, it is necessary to take into account that the boundaries of
the habitat of the species are variable. The area changes its contours and space over time because it is a
dynamic system [30]. This is especially pronounced in migratory species. It is assumed that the Siberian
silkworm entered the territory of the Komi Republic through its southern border with the neighboring
regions (the Perm Krai and the Kirov Region); since in the east the Komi Republic is bounded by the Ural
Mountains, which create a natural barrier for the moth. At the moment, it is difficult to determine the exact
date when the Siberian silkworm penetrated the territory of the Republic. The first recorded finding for the
region was a female of D. sibiricus found near the village of Yaksha (the Troitsko-Pechorsky District) in
2014 [31]. Annual monitoring using the pheromone traps shows a positive result starting from 2016.
Probably, the relocation of D. sibiricus adults occurs along the southern border of the Republic, slightly
entering the north of the region. The transport network of roads and felling areas can probably be used by
the pest as “corridors” to facilitate its resettlement. An increase in the number of the adults caught in light
coniferous forest stands is observed, which is probably due to the sparseness of trees, which also
contributes to its distribution.
There are no confirmed findings of the preimaginal stages for the period 2016-2020, however, it can be
argued that there is a population of this species on the territory of the Komi Republic. The traps were
placed at a distance greater than the action of the pheromone, so that the adults from the adjacent
regions were unable to detect it. It is also necessary to exclude the possibility of the specimens that
penetrated the Komi Republic as a result of natural migration from the Perm Krai and the Kirov Region
being captured into the traps. According to observations [32,33] adults are capable of flying at distances
of 15-50 km, which is not enough for being captured into most of the traps.
It should be noted that during the monitoring period of the Siberian silkworm, 23 specimens of a
sympatric species, the Pine silkworm (Dendrolimus pini L.), were captured into the pheromone traps in
addition to the target species. The Pine silkworm has long been known for the territory of the Komi
Republic as a widespread pest of conifers [34, 35]. In 2020, adults were retrieved from the traps placed in
the Troitsko-Pechorsky (3 individuals) and Beloborsky (20 individuals) district forestries. Their
identification was carried out by the structural features of the genitals (Fig. 3), since it was impossible to
identify them by external features.
The traps also included Lepidoptera from the families: Geometridae, Noctuidae, Notodontidae, Erebidae
and Hepialidae, which were not included in the current research.
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3 Discussion
The highest rate of catchability of the traps was determined in the previously unexplored Matyashsky
forestry during the forest monitoring process. The expectedly large number of D. sibiricus males was
found in the Noshulsky and Zanulsky district forestries. All three territories are part of the Priluzsky
District, located in the south-western part of the
Republic. In addition, a high number of silkworm individuals was caught in the Koygorodsky district
forestry of the Koygorod District, located in the south of the Komi Republic. It is assumed that the
Siberian silkworm has spread to some degree throughout the districts along the entire southern border of
the Komi Republic. At this stage, it is impossible to reliably determine the relation of the pest to a certain
type of the forest, since the caught individuals are only males. However, there is a tendency towards a
larger number of the specimens to be caught in light coniferous forests. This species is characterized by
active dispersal, so we can assume that it will move deeper into the region, having access to host plants.
The habitual diet of the Siberian silkworm caterpillars consists mainly of Larix sibirica, Abies sibirica,
Pinus sibirica, but in the absence of these forage plants, they are able to switch to feeding on other
breeds from the Pinaceae family [16, 36, 37]. Since most of the Komi forests are represented by conifers
there is a real threat of the formation of large foci of this pest in the republic.
It should be noted that in order to determine the distribution zone and develop a strategy for further
actions concerning the Siberian silkworm at the legislative level, it is necessary to detect the preimaginal
stages. In order to do that, in our opinion, more attention should be paid to the district forestries, in which
the largest number of the Siberian silkworm adults has been fixed for several years.
The use of the pheromone traps during the monitoring helped to capture the adult silkworms in the
surveyed area with significant time savings. In the future, if signs of damage to the needles are found, it
is planned to use the method of pounding, as well as to survey the soil around defoliated trees to find the
preimaginal stages.

4 Materials And Methods

4.1 The studied forestry sites
All sites selected for the monitoring were located between parallels 59º 47' N and 62º 52' N, which
corresponds to the middle taiga subzone. The survey sites of the Vizingsky, Kuratovsky, Lopinsky,
Noshulsky and Uzhginsky district forestries were represented by light-coniferous forests with a
predominant tree species of Scots pine. The survey sites of the Zanulsky, Obyachevsky, Koygorodsky,
Kazhimsky and Turuninsky district forestries included approximately equal parts of Scots pine and
European spruce. The sites of the Spasporubsky, Matyashsky, Lovlinsky and Kobrinsky district forestries
are represented by dark-coniferous forests consisting of European spruce. Scots pine and European
spruce equally grew on the sites of the Troitsko-Pechorsky and Beloborsky district forestries. The
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presence of fire-sites of different age resulting from surface and ladder fires and raised bogs adjacent to
the studied areas should be noted.

4.2 Pheromone traps
The object of the study was adult specimens of D. sibiricus males. The individuals were caught using
adhesive traps with synthetic female sex pheromone synthesized by the FSBI «VNIIKR». The attractant
was a mixture of substances Z5,E7-dodecadienal and Z5,E7-dodecadienol (1:1 by volume) [37], which
were applied to a silicone plate before placing the traps. The traps had four faces with a total internal
glue surface of 874 sq. cm. The traps were placed in forests with predominantly coniferous tree species:
Scots pine (Pinus sylvestris L.), Siberian spruce (Picea obovata Ledeb.), Scots spruce (Picea abies (L.)
Karst), Siberian larch (Larix sibirica Ledeb.), Siberian pine (Pinus sibirica Du Tour.) at a distance of 200 m
from each other, mainly along forest paths and along the perimeter of forest clearings, as well as near the
areas damaged by forest fires. The study of the activity of D. sibiricus was carried out from 2nd July to
20th August in 2020 (50 days) on the territory of 16 district forestries of the Komi Republic (Table 1).

4.3 Material processing
The collected traps were packed, sealed and delivered to the testing laboratory of the branch of the FSBI
“All-Russian Plant Quarantine Center” in the Komi Republic. The examination of the traps was carried out
in accordance with the organization's guidelines [6]. In the first stage the traps were visually inspected for
the presence of the pest adults. There was a strong degree of damage to moths, resulting in the
possibility of identification only by morphological features of the genitals. Then the "cold" method of
tissue removal was used to obtain the genitals: the cut-off end of the abdomen was placed in a 10%
potassium hydroxide solution and remained in it for a day. Identification based on the characteristics of
anatomical structures was carried out in accordance with the Guidelines [6]. The preparations of the
genitals (Fig. 2) were stored in a glycerin solution. It should be noted that for greater reliability of the
identification of the Siberian silkworm males, first detected during the monitoring in 2016, a DNA
sequencing method was used, which showed a positive result.
To compare the number of the Siberian silkworms among the forestries, the catchability was calculated
per 100 trap-days for each district forestry using the Eq. (1):

where X is the catchability (efficiency) of the traps; N is the number of individuals caught; n is the number
of the installed traps; t is the exposure time of the traps [38, 39]. The results obtained are reflected in
column 6 (Table 1).
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Figure 1
See image above for figure legend.

Figure 2
See image above for figure legend.
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Figure 3
See image above for figure legend.
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