HaykoBi npaui lliciBHuuoi akagemii Hayk Ykpainu, 2025, Bun. 28

2. JICO3HABCTBO, NICIBHALUTBO
TA MUCJTTUBCbKE TOCNOAAPCTBO

“aa\‘aﬂew"ﬁla . C e . .
QQ,\" HayKOBl mpam JliciBHIYO1 aKaZeMil HayK pralHI/I

i,
. 4
é’&%oﬂ ﬁ,;‘as Proceedings of the Forestry Academy of Sciences of Ukraine

NV L

http://fasu.nltu.edu.ua ISSN 1991-606X print
https://doi.org/10.15421/412504 ISSN 2616-5015 online
Article received 2025.01.22 @ DA Correspondence author
Article revised 2025.02.14 Valentyna Meshkova
Forestry Academy Article accepted 2025.07.03 Valentynameshkova@gmail.com
of Sciences of Ukraine Article published 2025.08.29 86, Hryhoriia Skovorody st., Kharkiv, 61024, Ukraine

UDC 630.4

Dynamics of Scots pine health after the release
of Thanasimus formicarius in bark beetle foci

V. Meshkova', A. Vorobei?, E. Vorobei?, D. Baturkin*

In Eastern Polissia, a severe decline of Scots pine started in 2015. It was caused by drought and aggravated by
outbreaks of Ips acuminatus (Gyllenhal, 1827) followed by Ips sexdentatus (Bérner, 1776). The sanitary felling could
not mitigate the effects of the bark beetle outbreak. Therefore, there was an attempt to release a predatory beetle,
Thanasimus formicarius (Linnaeus, 1758) (Coleoptera: Cleridae) into bark beetle foci. In 2018, the rearing of this
predator started in the State Specialized Forest Protection Enterprise “Kharkivlisozahyst”, and it was released into
the foci of bark beetles in Chernihiv, Sumy, and Kharkiv regions. The study aimed to evaluate the effects of Th. formi-
carius introduction into the foci of bark beetles. For the purpose of analysing the situation, sample plots in the Forest
zone, on the border of the Forest and Forest-Steppe, and in the Forest-Steppe zone have been selected. The analysis
shows that the outbreak of bark beetles in north-eastern Ukraine started earliest in Chernihiv region (Forest zone)
and latest in Kharkiv region (Forest-Steppe zone). Selyaninov'’s Hydrothermal index was less than the standard of the
corresponding natural zones. This contributed to the development of bark beetle populations. In the year of the preda-
tor introduction (2018), the bark beetle outbreak began to decline in Chernihiv, culminated in Sumy, and started in
Kharkiv. In all years, the diameter of recently died trees was smaller than the average diameter of the stand, that is,
the tree mortality was not pathological, because bark beetles infested trees of different sizes. In 2018, the mortality
of trees was the highest in Chernihiv region, where the outbreak began earlier. The health of the trees improved, and
the proportion of recently died trees decreased in all the sample plots in 2019. The health of the trees worsened in
all the sample plots in the following years, due to the new outbreak of bark beetles. The trend and level of tree health
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worsening were most pronounced in the sample plots in Sumy, where regular sanitary thinning was conducted. Thus,
the release of Th. formicarius into the bark beetle foci contributed to tree health improvement the following year.
However, a one-time predator release could not restrain the new outbreak and prevent further forest decline. It is
possible that additional releases of predators can provide long-lasting and environmentally safe pest control.

Key words: Ips acuminatus; Ips sexdentatus; predator, tree mortality; health index.

Introduction.

A deterioration in the health of many forest tree
species has been observed in recent years in various
regions (Jaime et al., 2019; Liska, Knizek, & Véle,
2021; Bussotti et al., 2024; Knutzen et al., 2025). This
is largely due to a decrease in the amount of precipi-
tation against the background of rising temperatures,
which leads to increased evaporation, soil and air
drought, and an increase in the frequency and severity
of catastrophic events (hurricanes, fires, etc.) (Hlasny,
& Turcani, 2009; Hlasny et al., 2019; Singh et al.,
2024). The mineral nutrition of trees, photosynthesis,
and metabolism are disrupted. Weakened trees become
less resistant to xylophages and pathogens (Lantsch-
ner & Corley, 2023; Knutzen et al., 2025). In the new
climatic conditions, some species of minor importance
have advantages for development, survival, and range
expansion (Fischbein & Corley, 2022).

The conifers, Norway spruce (Picea abies (L.)
Karst.) and Scots pine (Pinus sylvestris L.), the most
economically important tree species in Europe, were
most affected (Brichta et al., 2023). Spruce forests
were infested by Ips typographus (Linnaeus, 1758),
and pine forests by Ips acuminatus (Gyllenhal, 1827)
(Colombari et al., 2013; Knizek, Liska, & Véle, 2022).

In Ukraine, pine forest areas subordinated to the
State Forest Resources Agency of Ukraine (SFRAU)
occupy 2.4 million hectares, including 66.7% in the
Forest zone, and 26% in the Forest-steppe zone (Buk-
sha et al., 2021). Since 2010, a sharp deterioration
in the health of the Scots pine forests has occurred
in Ukraine, which was initially attributed to climatic
factors. However, by 2017, I acuminatus had been
found to infest weakened stands. This species replaced
Tomicus sp., due to its ability to colonise almost
healthy trees (temporarily weakened, for example, by
drought), develop in several generations per year, and
successfully reproduce in thin branches and logging
debris (Meshkova, 2021).

The foci of bark beetles developed over a larger
area in the Forest zone with more pure pine stands
of the same age, and relatively slow drying of felling
residues (Meshkova & Borysenko, 2018; Meshkova &
Bobrov, 2020).

Trees, severely weakened by drought and /. acumi-
natus, are infested by Ips sexdentatus (Borner, 1776),
which also has several generations (Erdogan, 2024).
As the foci of these species collapsed, the abundance
of Tomicus piniperda (Linnaeus, 1758) and T. minor
(Hartig, 1834) increased (AnnpeeBa, BumneBchkui,
bomrox, 2019). However, Ips acuminatus again domi-
nated in the new outbreak that began in 2019 (Maptu-
HeHKo, 2025).

In Eastern Polissia, a pathological decline of Scots
pine trees started in 2015 in the mature pure stands of
the State Enterprise “Oster Forestry” (Chernihiv Re-
gion) (Kexkyn, & ITopoxusu, 2019). As of the end
of 2017, foci were present in the forests of Cherni-
hiv region and the Forest zone of Sumy region. The
first dead trees appeared singly or in groups, mainly
in the southern and southwestern edges near open
areas (clear-cuts, glades, etc.). Later, the foci rapidly
expanded and in some cases were continuous (ITo-
poxHsy, 2018).

In 2017, no significant differences were found in
the parameters of I acuminatus outbreak between
sample plots in the Forest-Steppe and Forest parts
of Sumy region (Meshkova, & Bobrov, 2020). How-
ever, in both regions, the average outbreak area, bark
beetles’ production, the number of infested trees, tree
health indices, the proportion of recently died trees,
the density of egg galleries, nuptial chambers, and
young beetles were higher in pure Scots pine stands
than in the mixed ones, and these indicators increased
sharply from June to September.

The sanitary felling is the main way of mitigat-
ing the effects of the bark beetle outbreak. Doing it
timely allows for reducing the bark beetle popula-
tion and obtaining commercial timber before infested
trees are inhabited by longhorn beetles and destroyed
by wood-destroying fungi. However, the removal
of drying and especially recently died trees leads to
a decrease in the number of saproxylic species that
contribute to the rapid decomposition of felling resi-
dues, and entomophages that can provide long-lasting
and environmentally safe pest control (Riddick, 2023;
Papek et al., 2025).

Among the entomophages, Thanasimus formi-
carius (Linnaeus 1758) (Coleoptera: Cleridae) is one
of the most abundant bark beetle predators in Europe
(Kenis et al., 2017; Papek et al., 2025; Schroeder,
Knape, & Kérvemo, 2025). It preys on many xylopha-
gous insects, including I typographus, I. acumina-
tus, 1. sexdentatus, T. minor (Hart.), and T. piniperda.
Since 2006, Th. formicarius has been reared in labo-
ratories and released for the biological control of bark
beetles in Turkey (Akyol & Sarikaya, 2017).

In 2018, the rearing of Th. formicarius started in
the State Specialized Forest Protection Enterprise
“Kharkivlisozahyst”, and since 2018, this predator has
been released into the foci of bark beetles in Cherni-
hiv, Sumy, and Kharkiv regions of Ukraine. According
to the 2020 assessment, the density of larval galleries
of the bark beetle decreased in all the plots compared
to 2018, and forest health improved (Meshkova et
al., 2021). However, a new outbreak of bark beetles
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started in north-eastern Ukraine in 2021. Therefore, it
was important to find out whether single introductions
of Th. formicarius could control bark beetle popula-
tions in the long term.

The object of research was the dynamics of Scots
pine health in the bark beetle foci. The subject of re-
search was the consequences of Th. formicarius intro-
duction in the bark beetle foci for Scots pine health.
The study aimed to evaluate the effects of Th. formi-
carius release into the foci of bark beetles. The tasks
included: 1) analysis of long-term dynamics of bark
beetle outbreaks’ area in the north-east of Ukraine
in the period 2015-2024 taking into account weather
conditions; 2) assessment of the health of Scots pine
(2018-2023) after predator introduction in 2018; 3) as-
sessment of the diameter of dead and living trees in
2019 and 2023.

Material and methods.

Data on the long-term dynamics of bark beetle
outbreaks’ area were obtained from the archive of
the State Specialized Forest Protection Enterprise
“Kharkivlisozahyst” (Sumy and Kharkiv regions) and
the State Forest Resources Agency of Ukraine (Cher-
nihiv region).

Weather parameters for the years of research were
obtained from the website ClimateCharts.Net (Zepner
et al., 2021) based on data from Chernihiv meteoro-
logical station (51.49111°N; 31.29861°E) — Forest
zone; Konotop (51.2403200°N; 33.2026300°E) — bor-
der between Forest and Forest-Steppe zones; Kharkiv
(49.9808100°N; 36.2527200°E) — Forest-Steppe zone.

Selyaninov’s Hydrothermal Index — HTI was cal-
culated by the formula:

HTI = 102—P, (D
ANt
where ZP is the amount of precipitation for the period
with mean monthly air temperature over 10°C, mm;
>t is the sum of daily air temperatures for the same
period, °C.

For a comparative analysis of pine stands’ health
after the introduction of the predator, we selected
sample plots in the Forest zone (Chernihiv region:
Yalyvschina Regional Landscape Park and “Sviate”
tract), on the border of the Forest and Forest-Steppe
(Sumy region: Konotop), and in the Forest-Steppe
(Sumy region: Sumy, Okhtyrka; Kharkiv region:
Babai) (Fig. 1).

All the sample plots where the health of Scots pine
trees was monitored in the period 2018-2020 and 2023
are located in fresh, relatively poor forest site condi-
tions, in pure stands (100% Scots pine) aged 65-75
years with a relative density of stocking of 0.6-0.8.
After predator introduction, no sanitary felling was
conducted in these stands to assess the long-term ef-
fect of this measure. The exception was the sample
plots near Sumy, where selective sanitary felling is
regularly conducted, which can serve as a control.

Fig. 1. Location of sample plots in the map of Ukraine.
Chernihiv region: 1 — Regional Landscape park
“Yalivshchyna”; 2 — “Svyate” tract.

Sumy region: 3 — Konotop; 4 — Sumy; 5 — Okhtyrka.
Kharkiv region: 6 — Babai

At the sample plots, the diameter at breast height
(DBH) of all trees was measured with an accuracy of
1 cm. In the period 2018-2020, and then in 2023, each
tree was assigned to one of six classes of health con-
dition: 1st — healthy; 2nd — weakened; 3rd — severely
weakened; 4th — drying-out; 5th — recently died; 6th —
died over a year ago (Sanitary Forests Regulations in
Ukraine, 2016).

Health indices for all living and dead trees (HI, )
and for living trees (HI,4) have been calculated. The
use of HI,_, reflects the real health condition of stands,
especially those where sanitary felling has not been
conducted for a long time (Meshkova, Bobrov, 2020).

Tree mortality for each sample plot was calculated
as the proportion of recently died trees (5™ health
class) of the number of trunks in 2018.

Normality of data on tree health condition was not
confirmed by the Shapiro-Wilk test (p > 0.05), and the
samples of dead trees were too small to use parametric
tests for analysis. Therefore, we compared the groups
of trees using non-parametric methods (Kruskal-
Wallis test). Tukey’s honest significant difference test
was used to compare all possible pairs of means from
a set of groups (Peck, Short, & Olsen, 2020).

Spearman’s coefficient was evaluated for the cor-
relation between Scots pine decline area and Selyani-
nov’s Hydrothermal index.

Microsoft Excel (2019, Microsoft Corporation,
Redmond, WA, USA, 2019) and the statistical soft-
ware package PAST (54.5.12, @yvind Hammer, Natu-
ral History Museum, University of Oslo, Oslo, Nor-
way, 20253 (Hammer, Harper, & Ryan, 2001) were
used for data analysis and visualization. QGIS 3.40.5
was used for map building (QGIS 3.40.5).

Results.

An analysis of archival data showed that Scots
pine decline caused by bark beetles in the northeast of
Ukraine began in 2016. It was most severe in Cherni-
hiv region (Forest zone), and less severe in Sumy
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region, located partly in the Forest zone and partly in
the Forest-Steppe zone (Fig. 2).

In Kharkiv region area, located partly in the Forest-
Steppe and partly in the Steppe, bark beetle outbreaks
were recorded later, and over a smaller area. After the
outbreaks collapsed in 2019-2020, a new increase in
bark beetles populations and the area of Scots pine
dieback has begun, which was most severe in Cherni-
hiv region (see Fig. 2). We must note, however, the

data on bark beetle outbreaks in Kharkiv and Sumy
regions in recent years are incomplete due to military
actions and limited access to forests contaminated
with explosive devices.

During the analyzed period, Selyaninov’s Hydro-
thermal Index (HTI) in Chernihiv was lower than the
standard value for the Forest zone (HTI=1.3). It was
higher than the standard for the Forest-Steppe zone
(HTI=1.0) only in 2021 (Fig. 3).
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Fig. 2. Dynamics of the area of Scots pine decline caused by bark beetles in the northeast of Ukraine (by regions)
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Fig. 3. Dynamics of Selyaninov’s Hydrothermal index (HTI) for some points in the study area
(Chernihiv — Forest zone; Konotop — border between Forest and Forest-Steppe zones; Kharkiv — Forest-Steppe zone).
The standard HTI=1.3 for the Forest zone (green) and HTI=1.0 for the Forest-Steppe zone (red) are shown

The HTI values in Konotop, which is located on
the border of the Forest and Forest-Steppe zones,
were lower than the standard value for the Forest
zone in all years and exceeded its value for the Forest-
Steppe zone only in 2016 and 2021. The HTI values
in Kharkiv were lower than the standard value for
the Forest-Steppe in all years, and in the period
2017-2019, they were only 37.7, 28.5, and 34.9% of
it (see Fig. 3). The next period of the HTI decrease
in Chernihiv began in 2021, but in 2023, it increased
to 1.1. The HTI decreased from 2022 to 2024 in Ko-
notop and from 2023 to 2024 in Kharkiv (see Fig. 3).

The Spearman correlation between HTI and foci
area was low and nonsignificant for all regions (r, — 0.2;
0.003, and 0.46 for Chernihiv, Konotop, and Kharkiv,
respectively; 1405=0.648). An increase in the outbreak
area in Chernihiv region began in 2016, the next year
after the low HTI. However, after the low HTT in 2023,
the outbreak area decreased in subsequent years. An in-
crease in the outbreak area in Sumy region also began
in 2016, the next year after the low HTL. However, the
growth of HTI after 2019 was accompanied by a de-
crease in the outbreak area. In Kharkiv region, despite
the HTI decrease in the period 2016-2018, the outbreak
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area increased only in 2022, with a subsequent de-
crease. However, the outbreak area in Kharkiv region
might be underestimated because of the military ac-
tions and limited accessibility to forests.

Thus, the predator was introduced in 2018 into all
the sample plots which are considered here. However,
as can be seen from Fig. 2, in 2018, in Chernihiv re-
gion the outbreak passed its culmination, in Sumy it
was at its peak, and in Kharkiv it began to increase.

The mortality of Scots pine trees in 2018 in the
sample plots ranged from 1 to 5.6% (Fig. 4) and was
the highest in the northern part of the study area (Fo-
rest zone), where the bark beetle population has in-
creased since 2015 (see Fig. 2).

In 2019 (see Fig. 4), a sharp decrease in mortality
occurred in all the sample plots, except for Konotop
and Sumy. The tree mortality continued decreasing in
2020 in Yalivshchyna and Konotop; mortality remained
unchanged in “Svyate” and increased in Sumy, Babai,
and, most noticeably, in Okhtyrka (8.8%). In 2023, tree
mortality continued to grow because of a new outbreak
of bark beetles and an increase in the area of Scots pine
decline in north-eastern Ukraine (see Fig. 2).

In 2018, the HCI,4 -considering living and
dead trees, characterized the stands as severely

weakened (within 2.51-3.5 according to Sanitary Fo-
rests Regulations in Ukraine, 2016) in Babai, Okhtyr-
ka, Konotop, and “Svyate”, as drying up (within 3.51-
4.5) in Sumy and RLP Yalivshchyna (Fig. 5).

The following year after the introduction of preda-
tors into the bark beetle foci, the health condition of
the stands improved in all the sample plots, except
Sumy, where selective sanitary felling was conducted.
The HI,, decreased in 2019 by 0.1-0.4 points. How-
ever, in 2020, a new outbreak of bark beetles started in
the northeast of Ukraine. In 2020, the HI,; increased
compared to 2019 in all the sample plots, but was
lower than in 2018 in RLP Yalivschyna and “Svyate”,
similar to 2018 in Konotop, and exceeded the values
of previous years in Sumy, Okhtyrka, and Babai. As
of 2023, the Scots pine stands in Babai, Konotop and
“Svyate” were significantly weakened (HI, 4, — 2.51-
3.5), and RLP Yalivschyna, Okhtyrka, and Sumy are
drying out. At the same time, the selective sanitary
felling in Sumy did not contribute to a decrease in the
weakening of trees.

Considering only living trees in HI,,, the health
of the stands improved the year after the predator’s
introduction, although the stands remain very
weakened (Fig. 6).
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Fig. 4. Tree mortality in sample plots as a percentage of the total tree number in 2018 (bars — St. error)
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Fig. 5. Health index considering all living and dead trees (HI ) in the sample plots in the period 2018-2023
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Fig. 6. Health index considering only living trees (HI, ) in sample plots in the period 2018-2023

In 2020, the HI,_, increased compared to 2019, but
was less than in 2018, and even in 2023, exceeding
the 2018 value only in Okhtyrka and Babai, although
the stands remain very weakened. The Shapiro-Wilk
test showed that the distribution of trees by health
condition is not normal (p < 0.05). Therefore, the data
on tree health were compared using nonparametric
methods. The Kruskal-Wallis test for equal medians
showed significant differences between sample plots
by HI,, in all years of the study, with the H (chi2)
decreasing from 93.05 in 2018 to 85.5 in 2019, 56.8
in 2020, and 40.6 in 2023. According to the Tukey
criterion, in 2023, HI,, in Sumy significantly differed
from all the other sample plots (p < 0.001).

In 2019, the diameter of recently died trees
(5™health class) was smaller than the average diameter
ofthe stand in all the sample plots (Fig. 7). However, the
differences were significant only in RLP Yalivshchyna

and “Svyate” (H (chi2) = 14.83; p < 0.001; and
H (chi2) = 15.26; p < 0.001, respectively). That is,
the mortality was not pathological in these sample
plots. The Kruskal-Wallis test for equal medians for
other sample plots showed no significant differences
between recently died trees and the average diameter
of the stand (H (chi2) — 0.68-4.15; p — 0.1-0.7).

In 2023, the diameter of recently died trees was
the same as the average diameter of the stands in RLP
Yalivshchyna, Sumy, and Okchtyrka (H (chi2) — 3.99-
4.15; p>0.1).

In 2023, in Konotop, the diameter of recently died
trees (34 cm) was less than the average diameter of
the stand (36 cm). In “Svyate” and Babai, the diameter
of recently died trees (36 cm) was greater than the
average diameter of the stand (32 and 28 cm, respec-
tively). However, such differences were insignificant
(H (chi2) — 0.68-1.93; p — 0.37-0.7).
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Discussion.

Classical biocontrol aims to keep pest populations
below a damage threshold and to maintain an eco-
logical equilibrium at lower population levels between
the pest and its natural enemies (Kenis et al., 2017;

Goundar et al., 2025). Coleopteran predators are often
released to control bark beetle populations (Kho-
bakhidze, Tvaradze, & Kraveishvili, 1970; Klapwijk
et al., 2016; Vasadze, Dumbadze, & Gatenadze, 2024).
Predators are mass-produced and released to the foci
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of bark beetles (Riddick, 2023). Two predators were
successfully used in bark beetle outbreaks. Rhizopha-
gus grandis Gyllenhal, 1827 (Coleoptera: Monotomi-
dae) is an effective specific predator of Dendroctonus
micans (Kugelann, 1794) (Coleoptera: Curculionidae:
Scolytinae) (Alkan Akinci, & Grégoire, 2025). Mass
rearing programs of this predator and its releases in
bark beetle foci have been known from Georgia since
1963 (Kobakhidze et al. 1970; Beridze et al., 2024;
Vasadze et al., 2024). Later, such programs started
in France, Tiirkiye, and the UK (Biiyiikterzi, Ozcan,
& Sakici, 2022). Unlike R. grandis, Th. formicarius
preys on many bark beetle species in spruce, pine, and
broadleaf trees. However, it is most abundant in pine
stands. Fecundity of Th. formicarius is higher than
that of bark beetles (Weslien, 1994). Adults live for
several months, prey on numerous species with dif-
ferent phenologies (Schroeder et al., 2025).

The outbreak of bark beetles in the north-east of
Ukraine developed later than in Zhytomyr Polissya
(Aunpeesa Ta iH., 2019). Within the three regions con-
sidered, the outbreak began earlier, was most severe
in Chernihiv region (Forest zone), and less severe in
Kharkiv region (Forest-Steppe) (see Fig. 2). Within
Chernihiv region, the bark beetle outbreaks had spread
from the west and northwest to the east (ITopox-
Hs14, 2018).

An analysis of data from 16 European countries
shows forest decline in northern, central, Alpine, and
southern regions due to drought and elevated tem-
peratures (Knutzen et al., 2025). In our studies, the
Hydrothermal index in northeastern Ukraine was less
than the standard for the corresponding natural zones
(see Fig. 3). High temperatures and drought were
confirmed as the main causes of the forest decline in
Europe. This created conditions for outbreaks of bark
beetles and fires. Forests in the southern regions of
Europe revealed greater resilience, likely due to his-
torical drought exposure (Knutzen et al., 2025). In the
Forest zone of Ukraine, Scots pine also suffered more,
since its root system was adapted to the high level of
ground waters (Meshkova, 2021).

In Poland, a significant correlation between drought
and . acuminatus outbreaks was confirmed (Jabtonski,
Tarwacki, & Sukovata, 2019). The absence of signifi-
cant correlation between the hydrothermal index and
bark beetle foci area in this study is due to the various
timing of population growth in the highly mosaic forest
sites and structure, or with a relatively short observa-
tion period.

The predator was released in 2018 in all the sample
plots considered in this paper. However, the outbreaks
were at different phases: the beginning of decline
in Chernihiv, culmination in Sumy, and growth in
Kharkiv (see Fig. 2). Usually, the release of entomo-
phages is most effective after the culmination (Kenis
et al., 2017), i.e., like in Chernihiv region.

The mortality of trees in 2018 was highest in
Chernihiv region, where the outbreak began ear-
lier (Fig. 4). The diameter of recently died trees was

smaller than the average diameter of the stand (Fig. 7).
This is consistent with the fact that the mortality was
not pathological because bark beetle inhabited trees of
different sizes (Meshkova & Borysenko, 2018; Jaime
et al., 2019).

In 2019, the proportion of recently died trees de-
creased sharply in all the sample plots. During the
new outbreak of bark beetles, the health of the trees
worsened in all the sample plots being most pro-
nounced in Sumy, where regular sanitary thinning
was carried out (Fig. 4). It can be assumed that drying
and recently died trees, which hosted both bark beetle
larvae and their entomophages, were removed due to
sanitary felling.

Thus, the release of Th. formicarius into the bark
beetle foci contributed to tree health improvement the
following year. However, a one-time predator release
could not restrain the new outbreak and prevent further
forest decline. It is possible that additional releases of
predators could stabilize the bark beetle population at
a low level, as is the case in Georgia using Rh. gran-
dis to control D. micans (Vasadze et al., 2024).

Conclusions.

1. The outbreak of bark beetles in the north-east of
Ukraine started the earliest in Chernihiv region (Fo-
rest zone), and the latest in Kharkiv region (Forest-
Steppe). The Hydrothermal index in northeastern
Ukraine was less than the standard for the correspond-
ing natural zones. This contributed to the development
of bark beetle populations.

2. In the year of predator introduction (2018), the
bark beetle outbreak began to decline in Chernihiv,
culminated in Sumy, and started in Kharkiv.

3. In all years, the diameter of recently died trees
was smaller than the average diameter of the stand,
that is, the tree mortality was not pathological, be-
cause bark beetles inhabited trees of different sizes.

4. In 2018, the mortality of trees was highest in re-
gion, where the outbreak began earlier. The health of
the trees improved, and the proportion of recently died
trees decreased in all the sample plots in 2019. The
health of the trees worsened in all the sample plots in
the following years, due to the new outbreak of bark
beetles.

5. The trend and level of tree health worsening
were most pronounced in the sample plots in Sumy,
where regular selective sanitary thinning was con-
ducted.

6. A one-time release of Thanasimus formicari-
us into the bark beetle foci is not enough to prevent
further forest decline.
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AnHamika cTaHy COCHU 3BUYaNHOI
nicna Bunycky Thanasimus formicarius
B ocepeaKku Kopoiais
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[.0. batypkin*

3 2010 poky BimOymocsi pi3ke MOTIpIICHHSI CTaHy
cocHOBHX JiciB B YkpaiHi. Takuii ctan cnpoBokoBa-
HUH TOCYXOI Ta MOCHJICHHMH CIlalaxaMd MacoOBO-
ro pO3MHOXKEHHS KopoiniB Ips acuminatus (Gyllenhal,
1827), a nizuie — Ips sexdentatus (Borner, 1776).

VY Cxinnomy Ilomicci BcuxaHHst COCHH PO3M0Yao-
csiy 2015 pomi. Jo xinns 2017 p. ocepenxu Kopoinis
Oysno BusiBiieHO y UepHIriBebkiit 001, Ta JIiCOBii 30HI
Cymcpkoi o6nacti. Ockigbku BHOIPKOBI CaHiTapHi
PYOKHM HE 3MOIVIM 3aloOirTH MOIIMPEHHIO OCEPEKiB
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)oro xyka Thanasimus formicarius (Linnaeus, 1758)
(Coleoptera: Cleridae) 3 2018 p. BupomryBamm y ep-
xaBHoMy Creniaai3oBaHOMY JIiCO3aXHCHOMY IMiJIIpH-
€MCTBI «XapKiBIiCO3aXUCT» 1 BUIyCKaJIM B OCEPEIKH
kopoiniB y YepHniriBebkiii, CyMmchKkildi 1 XapKiBCbKii
obnactsix. Brupomorx 2019-2020 pp. OIiipHICTE MMO-
MyJIAMiA KOpOimiB 3MEHIIMIACS, a CTaH IEpeB TII0-
kpawmuBcesa. Bonnouac y 2021 p. posmnodaBcsi HOBUUM
cIiajax MacoBOTO PO3MHO)KEHHS KOPOI/IiB Ha MiBHIYHO-
My cxomi Ykpainu. Mera ociipkeHb moJjsiraia B Olli-
HIOBaHHI TPUBAJIOCTI €()EKTUBHOTO BIUIMBY BHECCH-
Hs1 XWkaka Th. formicarius B ocepenku kopoimis. Jlis
TTOPIBHSILHOTO aHAJI3y CTaHy HAacaKEHb ITiCIIs BHE-
CeHHS XWKaka MW BHOpaiy MpoOHi TUIomii y JIico-
Bilf 30Hi (UepHiriBchka 001acTh: PerioHansHuil maH -
madTHuit napk AniBmmba Ta ypouniie «CBsite»), Ha
MeX1 JIicoBO1 Ta JiicocTenoBoi 30H (CyMchKka 001acTh:
Konoton) Ta B micocreny (Cymchka obmactb: Cymu,
Oxtupka; XapkiBcbka o0Omacth: babai). Yci mpo0-
Hi TUIONI, Ha SKHUX 3MIMCHIOBAIM MOHITOPUHT CTaHY
cocan y 2018-2020 ta 2023 pp., po3MillleHi y CBiXKO-
My cyOOpi, B YACTHUX COCHOBUX HACA/KCHHSIX BIKOM
65-75 pokiB Ta 3 BinqHOCHOIO noBHOTOO 0,6-0,8. ITicis
BUIIYCKY XM)Kaka CaHITapHHX PyOOK Ha IHMX TUIOIIAX
HE TIPOBOJAWJIHN, 32 BHHATKOM MPOOHUX ILIONI MOONH-
3y CyM, sIKi CIYyTYIOTh KOHTpOJEeM. AHaji3 CBiIYHTB,
0 CcrhajaX KOpOiliB Ha MiBHIYHOMY CXOfi YKpai-
HU pPO3MO4YaBcsl Haipanime y YepHiriBcbkidd, a Haid-
mizHime — y XapkiBcbkiil obmactsx. [iaporepmiunmii
koedimient [ T. CensiHiHOBa y mepioj JOCIIKEHb
OyB MEHIIMM, HiXXK BBaKAETHCSI HOPMOIO IS BiAIO-
BIIHUX TNpHUpOAHMX 30H. lle cTBOpmiIO ymOBH ISt
OCIJIa0JICHHsI JIepEeB 1 MOMIMPEHHIO TOIYJIAIiN KOpoi-
IiB. Y pik BHeceHHs xikaka (2018), cmanax kopoinis
novrHaB 3racatu y UepHiriBcobkii, OyB y ¢asi Kynbmi-
Hamii — y CyMchKil i Ha (asi pocty — y XapKiBChKil
obmacTsx. B yci poku miameTp CBIXKOTO CyXOCTOIO OyB
MEHIIINM, HDK CEepelHii JiaMeTp HacaJKeHHs, TOOTO
BiJna He OyB MATOJIOTIYHUM, OCKIJIKH KOPOiIHu 3ace-
JsUTM AiepeBa pisHoTo po3mipy. Y 2018 p. Binnaa nepes
OyB HaiiBumuM y YepHiriBcbkili obnacti, ae cranax
KOpOiiB po3mnouaBcs paHime. CTaH JiepeB TOKPaIHB-
Csl, @ 4aCTKa CBIXKOIO CYXOCTOIO 3MEHILIMJIACS Ha BCiX
npobHux miomax y 2019 poui. BogHouac y Hactym-
Hi POKM CTaH JepeB TOTIPIIMBCSI Ha BCIX MPOOHHX
IUIOIIAX Yy 3B’A3KY 3 HOBHUM CHAJIAXOM PO3MHOKEHHSI
KopoimiB. TpeHJ TOTipIIeHHS CTaHy HacaJkeHb OyB
BUpaXCHUI HalOuIbIe Ha MpoOHKUX Tuiomax y Cywm-
CBKill 00macTi, e peryaspHO IPOBOAWIN BUOIpPKO-
Bi caHiTapHi pyOkH 3 BHIy4YeHHsM jaepeB 4 1 5 xare-
TOpiif CTaHy, B SIKUX MEPEBAYKHO NEePeOyBaIH XMKAKH.
OTxe, BHeCeHHsI Th. formicarius B 0cepeKu KOpoiniB
CTIPUSUIO TIOJINIIEHHIO CTaHy AEPEB HACTYITHOTO POKY.
BomHowac opHOpa3oBe BHECEHHs XMXKaKa HE 3MOIIIO
CTPUMAaTH PO3BHUTOK HOBOTO CTajaxy Ta 3armo0irTh
MO/IANIBIIOMY BCHXaHHIO Haca/UKeHb. MOXKINBO, IO
JIOJIATKOBUH BHITYCK XMKaKa CIPHUSAB OW cTabimizarrii
MOMYJISALIT KOPOifiB Ha HU3bKOMY PiBHi.

Kurouosi ciioBa: Ips acuminatus; Ips sexdentatus;
XHKaK; BIMAJ JICPEB; 1HACKC CTaHYy.
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