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Abstract. The present study examines the

deteriorating year on year, as the area a
The coniferous forests of Krasnoyarsk
Siberian moth and the four-eyed fir ba
disturbances to forest ecosystems, resul
and economic damage. There
management system with re :
lack of effective methodologie seling the state of forests following
extensive damage by pests, g imitation of monitoring
information receivedd i

use significant
environmental

ectares [1]. The boreal forests of Russia represent the
spanning approximately 10 million km?. However, these forests
composition, with larch, pine, spruce, fir, birch and a number

e Siberian larch (43.7 million hectares), the silver birch (15.5 million hectares),
he Scots pine (13.2 million hectares) and the Siberian pine (9.7 million hectares).
iferous forests account for 75.8% of the forested area. According to the state forest
register, the total volume of timber on forest fund lands is 11,307.47 million m? [3].

Krasnoyarsk Krai is one of the three leading regions in terms of export volumes of
forest products. In 2023, approximately 3.7 million m3 of forest products were exported
from Krasnoyarsk Krai to 16 countries. The primary importer is China [1].
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The trade in timber and timber products is associated with the prevention of their
infestation by pests and diseases. In this respect, one of the principal challenges is the
health of the forest. This is a complex phenomenon, characterized by the presence of
harmful organisms (pests and diseases), their numbers, the area and degree of damage to
forest stands (disturbance). The data is derived from two sources: state forest pathology
monitoring (SFPM) and forest health monitoring surveys [4].

It has long been established that the occurrence of insect pests is cyclical and is
related to fluctuations in weather and climate. These fluctuations affect not just ong
of insects, but a whole series of them simultaneously.

In cons1derat10n of the threat to forests and the resultlng econ0m1c dama

In order to maintain the SFPM, the quarantine lists of the
(EAEU), as outlined in Decision No. 158 of the Eurasian Eco
dated 30 November 2016, are employed [6].

In Russia, 14 species of pests are classified as quaranti
and size of established protected zones [7].

A total of eleven species are native to Russi
species are widely distributed throughout the Rugifan Federation, with populations ranging
from 40 to 80% of the habitats [8].

2 Main part

A review of the register of forest are tbreaks have occurred, which is
accessible via the website of theliis y for Forestry of the Russian Federation [9]
in Krasnoyarsk Krai from led the following quarantine pest species: the

Siberian moth (Dendro, erikov), the Asian gypsy moth (Lymantria
dispar asiatica Vnukqvs yer beetle (Monochamus urussovi Fischer v.
Waldheim), the inoiwyer beetle (Monochamus galloprovincialis Olivier), the
small white-m, ned beetle (Monochamus sutor Linnaeus), and the four-

¢ maximum area of outbreaks was observed (827.4 thousand
e end of 2017, there was a sharp reduction in them. In recent years (from
a of outbreaks is relatively stable and does not exceed 25 thousand
to recognize that the current monitoring system is subject to a number

obtained from remote sensing, which introduces a degree of distortion into the
description of the actual situation. This is due to the fact that in recent years, monitoring
ormation has been based exclusively on field data. Remote sensing data, which provides
ormation on damage to the forest, is not included in the monitoring system. The rationale
for this limitation is the absence of reliable methodologies for establishing the cause of
damage to forest stands using satellite imagery and for assessing the degree of forest
disturbance with high reliability [8].
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Fig. 2. The size of the area affected by the outbreak of pests classified as quarantine species (by insect
species)
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The coniferous forests of Krasnoyarsk Krai are at risk from two pests: the Siberian moth
and the four-eyed fir bark beetle. These pests cause significant environmental and economic
damage by leading to large-scale disturbances of forest ecosystems. They prefer fir- and
Siberian pine-dominated stands.

It has been demonstrated that so-called dark-coniferous species (which include Siberian
fir, Siberian spruce, and Siberian pine) are unable to tolerate needle loss. Furthermore
when defoliation reaches 75% or higher, these species die almost completely. Srber'
displays a somewhat greater degree of resistance to partial loss of needles.
25-75% defoliation ranges from approximately 30% [12] to approximately 75

years, with a maximum period of three to five years befor

In stands dominated by Siberian fir, with the Si
component of the stand composition [13], three y
longer present in the forest stands.

The mortality of Siberian pine in forest stan
proportions with fir, is less intense. Even with de
dead trees is relatively small. In only aafe
pine exceed 20% in the year of defolia
more intensely with weak (up to 25%)
attributed to unfavorable site i
factors [15].

Following the diebac
are formed in sites dist oth. In addition, the larger the area of forests
affected by the Sib : ¢ forest regenerates. The primary impediment to
reforestation is alence of wildfires in such forest sites is attributed to the
presence of

outbreak was documented in 2015 in the Yeniseiskoye forestry area,
estimated 21,000 hectares. By the end of 2016, the greatest expansion in the
area of the damaged zone was observed. In three of the affected forest divisions,
proximately 832.4 thousand hectares were damaged (Yeniseiskoye - 631.5 thousand
tares; Nizhne-Yeniseiskoye - 200.7 thousand hectares; and Severo-Yeniseiskoye -
0.2 thousand hectares). In 2017, new outbreaks were identified in five forest divisions of
the region. The largest increase was observed in the following forest divisions: Severo-
Yeniseiskoye (241.1 thousand hectares), Nizhne-Yeniseiskoye (209.7 thousand hectares),
and Yeniseiskoye (102.1 thousand hectares). The smallest increase was observed in
Motyginskoye (0.4 thousand hectares) and Tyukhtetskoye (0.2 thousand hectares) forest
divisions. By the end of 2018, the outbreak had been completely stopped due to the
implementation of measures to eliminate outbreaks (1,079.6 thousand hectares,
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representing approximately 80% of the total area affected) and the influence of natural
factors (281.5 thousand hectares, representing approximately 20% of the total area
affected).

The second outbreak was identified in 2019 on an area of 123.4 thousand hectares, of
which 25 thousand hectares were in the Irbeiskoe forestry. Since 2019, information has
been presented in general for Krasnoyarsk Krai, as the register does not have a breakdown
by forest divisions. In 2020, the increase in outbreaks was minimal, amountig
8.4 thousand hectares. On an area of more than 110 thousand hectares, measures wg
to eliminate outbreaks, resulting in the elimination of 94 thousand hectare
35 thousand hectares died out due to natural factors in 2021. By the end,of
outbreak had ceased.

The four-eyed fir bark beetle is an invasive pest that originated in

the fir bark beetle in the Kozulskoye, Achinskoye, and
724.5, 753.5, and 474.6 hectares, respectively. Each ye
increased. The next significant outbreak occurred in i of 6,592.1 hectares
affected. By this time, the four-eyed fir bark beetl
divisions of the region on an area of 7,461.7 ficctares. By 2018, the area affected by
outbreaks had expanded to 22 forest divisions, otal of 22,738.6 hectares.
From 2009 to 2023, measures were implemente minate outbreaks, with a
total area of 7.3 (2010) to 7595.9 (202
reduced by natural factors (78 (2017) -
of outbreaks to 16201.7 hectares by 20 reaks were already documented in
32 forest divisions, with an area . outbreak areas continued to expand
at a steady rate, reaching 219 : the end of 2023.

e beetle, which also utilizes the same food
beetle [18]. However, these species tend to
settle on the same alildiic majority of the dead fir trees in the outbreak area of
Polygraphis pro zed by Monochamus urussovi F. as well [19].

ulting in a decrease in the area

of 33 forest divisions on an area of 153.1 thousand hectares, the
(24.4%), Motyginskoye (22.9%) and Irbeyskoye (22.9%) forest
, there is no information on this pest in the register; the reason
own. There is information about the outbreak of this pest in the dark-
e central part of Krasnoyarsk Krai over an area of several million
s, then the occurrence of its outbreak was closely related to the
erian moth [12].

beetles from the genus Monochamus are considered to be dangerous
b pests. In rare cases, they have been observed to preferentially feed on weakened,
dylng, and dead trees, with the majority of their damage occurring on healthy trees [20].
The preferred hosts are spruce, fir, and pine. During maturation, they feed on the living
of young trees. The majority of species are known to transmit numerous tree diseases.
When in high numbers, they cause significant damage [21].

One of the most destructive pests of coniferous species of the genus Monochamus are
the black fir sawyer beetle and the small white-marmorated longhorned beetle. Once these
pests have established themselves, outbreaks can persist indefinitely, with the majority of
cases ending only when there are no suitable trees left for the development of larvae. The
reason for such a significant decline in forest cover may be an insufficient number of
natural predators that feed on the larvae and adults of the longhorned beetles [22].
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In Krasnoyarsk Krai, as indicated by available data, an outbreak of the black fir sawyer
beetle occurred in 2008 in 33 forest divisions, encompassing an area of approximately
162 thousand hectares. The largest proportion of this area was observed in Usolskoey
(23%), Irbeyskoye (25%), and Motyginskoye (27%) forest divisions. On an annual basis,
the area affected by the outbreak has consistently decreased. From 2009 to 2013, there was
a consistent decline in the area affected by the outbreak, with an average of 12 thousand
hectares annually. In 2014 and 2015, the area of outbreaks exhibited a pronounced dg
due to natural factors, with a reduction of 49.5 thousand hectares and 34.5 0
hectares, respectively. From 2016 to 2023, the area of outbreaks exhibited Siderable
variability, ranging from 1.7 thousand hectares (2023) to 5.4 thousand hectar

divisions, with an area of 103.2 hectares affected. These divisions
(2%), Gremuchenskoye (4%), Taezhinskoye (70%), Tyukhtetskoy
(2%). In 2008 and 2009, no new outbreaks were discovered. As
measures, the area affected by outbreaks decreased by 7.

and 20 hectares, respectively. In 2011, 19.8 hectares of o
2013-2014 period, no changes were observed. In ere implemented,
resulting in the elimination of outbreaks on an ar reaks on an area
of 29 hectares ceased spontaneously. Since 20147 no further utbreaks of this pest have
been recorded.
The Monochamus genus is home to a numb
pine sawyer beetle, which primarily in
conifer species, including spruce, larc , which have been weakened by
various factors, including fire, needle- s, and disease. This particular beetle
species is known for its abilit stems of pine trees, which is a significant
1 adult beetles feed on needles, which can lead

to a thinning of the crown i tree's health and resilience [23].

ests, including the black
has been observed in other

eady recorded in seven forest divisions across an area of
ai. In consideration of the newly emerged and eliminated

rea affected, with new outbreaks occurring in six forest divisions on an area
15, there was a marked decline in the area affected by outbreaks,
to the natural attenuation of the infestation. In 2016, an outbreak

ectares, which remained stable for three years. In 2019, the outbreaks
decline under the influence of natural factors. At the present time, the black pine
sawﬂy beetle is present in an area of approximately 800 hectares in Krasnoyarsk Krai.

Another quarantine pest found in Krasnoyarsk Krai is the Asian gypsy moth. This pest
been observed to cause significant damage to approximately 300 plant species,
including deciduous and coniferous trees. During an outbreak, the pest has been observed to
feed on dark-coniferous species [24]. The outbreak was first recorded in 2015 in the
Usinskoye forest division on an area of 792 hectares. By 2016, this outbreak had ceased as
a result of natural causes. However, two new outbreaks subsequently arose in the same
forest division on a total area of 1961 hectares. Until 2018, no changes were observed in the
course of these outbreaks. However, in 2019, this species was classified as a non-quarantine
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pest in the register [9], a designation that is currently unexplained. Furthermore, the
outbreak ceased at the end of 2019, presumably due to natural factors.
3 Conclusion

A review of the forest health dynamics in Krasnoyarsk Krai, in terms of the impact of
quarantine species pests from 2007 to 2023, reveals a worsening trend. Outbreaks g

since 1962, which is a notable departure from the long-term average [25].
A negative trend has been observed in the majority of Russian regio
accumulation of dead forest stands that have been left standing. This4

catastrophic fires and the subsequent outbreak of

The imperfections of the forest management
be attributed to certain methodological approach e forest health following
extensive damage to tree stands by pests, whi ded by the bureaucratic
system, which ensures transparency in 3001 ation measures, in particular
selective and clear sanitation cuttings.

or the dieback of forests affected by various
ield studies planned. A significant portion of

s carried out within the projects “Methodological basis for assessment of
i thern Central Siberia” (No. FEFE-2024-0016) within the framework
nt, set out by The Ministry of Science and Higher Education of the
, for the implementation by the Scientific Laboratory of Forest Health.
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