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Dynamics of pine stands condition in SE «<Lymanske Forest Economy»

V.P. Pasternak’, O.B. Prihodko? T.S. Pyvovar?, V.Yu. Yarotsky*

The issue of pine forest stands health condition and mortality at the scale of one state enterprise (SE «Lymanske
Forest Economyy), located in the Northern part of the Steppe zone of Ukraine, is considered.

For the study data from two repeated observations at 8 permanent plots, laid in 2019, in forest stands with varying
degrees of mortality and those damaged by fire was used. A re-survey was carried out in 2020. Using the GIS Field-
Map, trees were mapped at the permanent plots and their health condition, mortality, and damage were assessed. For
the background assessment of pine forests condition, the results of observations at 7 forest monitoring plots (I level)
(surveys of 2015 and 2020) were used. The source of climate data was the online resource ClimateCharts.net.

It was found out that over the last 10 years, due to climate change, the temperature in the region increased and
the amount of precipitation decreased, which led to the appearance of a dry period in August, which is unfavourable
for the growth of pine forests at the limit of their range. Groundwater levels have changed, as evidenced by the drying
of Lake Lyman during 2013-2020. Obtained results showed, that the condition of pine stands in the monitoring plots
significantly deteriorated compared to 2015. Currently, the condition of pine forests are considered as «weakenedy» and
«severely weakenedy (the health condition index (HCI) of living trees varied from 1.53 to 2.70), the average defoliation
and mortality of trees have increased significantly. In weakened stands, the proportion of trees with damage increases
over time, in particular, due to the colonization of stem insects. Forest fires pose a significant threat to the pure artificial
pine forests that predominate in the region. As a result of fires, the condition of the stands deteriorated (HCI 2.49-2.70)
and the number of dead trees increased.

Key words: Northern Steppe; dieback; forest fires; damage; forest monitoring; health condition index; climate
change.

Introduction. Trees mortality associated with
drought and climate change is a widespread problem
in the world. Forest dieback is commonly reported
near the geographic limits of tree species natural range
(Allen, 2009) and thresholds of climatic suitability,
where the most sensitive response to climate change
would be expected.

1

A significant problem in Ukraine is the massive
forest dieback due to the increased negative impact
on forest ecosystems of natural and anthropogenic
factors. The processes of dieback and degradation of
pine stands have intensified in the last decade (Tkau,
MemikoBa, 2019). Scots pine (Pinus sylvestris L.) is
one of the main forest-forming species in Ukraine and
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its forest stands have ecological, economic, and social
importance (Krynytskyy, Chernyavskyy, Krynytska,
2016). The ecological precondition for the pine forests
degradation is global climate change, first of all, changes
in temperature and hydrological regimes. Pine forests
in the steppe react especially sharply, as they grow at
the limit of their natural range (Shvydenko, Buksha,
Krakovska, & Lakyda, 2017). Fires, outbreaks of insects,
and diseases pose a significant threat to weakened pine
stands (McLauchlan et al., 2020; Allen, 2009).

In order to carry out effective measures to preserve
the ecological and social functions of forests, it is
extremely important to have comprehensive and
reliable information on the condition of forest-forming
species in forest stands.

Features of the functioning of pine stands of the
Northern Steppe of Ukraine were studied by Lakyda &
Lovinska (JIakuna, JloBurceka, 2014). The condition
of pine forests according to the monitoring data in
neighboring regions (Luhansk, Kharkiv regions) was
analysed in 2011 (Bykma, [TuBoBap, Bykma, 2011).
The influence of forest fires on forest stands was also
studied (Cumopenko, Bopon, MensHuk, CumopeHko,
2015; Koval, Sydorenko, 2019).

Objects and methods. The study object is pine
forest stands of the State Enterprise (SE) «Lymanske

Forest Economy» (Lymanske Forest Enterprise). The
study subject is the dynamics of pine forest stands’
condition.

The aim of the research is to evaluate the condition
dynamics of pine forest stands in the SE «Lymanske
Forestry».

Lymanske Forest Enterprise is located in the
northern part of Donetsk region of Ukraine in the
Steppe natural zone. According to forest typological
zoning, the enterprise’s territory belongs to the region
of the dry relatively warm climate of the Donetsk ravine
forest sector (Ocranenko, Tka4, 2002). Forests in this
region grow only in places with available groundwater:
near water bodies. The forest stands of Lymanske
Forest Enterprise mainly provide nature conservation,
protective, and recreation functions. Pine stands here
mainly grow in fresh poor (A, —29,2%), fresh relatively
poor (B, — 14,3%), and dry poor site conditions (A, —
7,7%) (llpuxomsko, Ilacteprak, & Spompknii, 2019)
on sandy and sandy loam soils. The majority of pine
stands are artificial monocultures, which are vulnerable
to biotic damage and fire.

The study includes the results of two consecutive
surveys (in 2019 and 2020) of 8 permanent plots and 7
monitoring plots (I Level) located in pine forest stands
of Lymanske Forest Enterprise (Tab. 1, Fig. 1).
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Fig. 1. Location of permanent plots (black) and monitoring plots (white dots) in the territory
of Lymanske Forest Enterprise

In Lymanske forestry, the first group of permanent
sample plots was allocated to study pine dieback in the
region, registered from 2013-2014. Permanent plots
include relatively healthy forest stand (62-11), which
considered as control, two stands with significant pine
mortality in previous years (68-2 and 53-7), and plot
68-201 which was allocated as healthy, but in spring
2020 it was damaged by a stable forest fire (See Tab. 1,
Fig. 1).

In Yampilske forestry, another group of permanent
plots was allocated in pine stands, damaged by ground
forest fires in summer 2014, aimed to study the impact
of forest fire on pine condition (See Tab. 1, Fig. 1).
These plots were allocated as duplexes in forest stands
with different grades of fire damage at the neighbour

forest subcompartments. For damaged trees the height
of bark char and the perimeter of bark char were
measured, other signs of damage were estimated.

All permanent plots are circular with an area of
0.1 ha, the indicators of the forest stands were evaluated
on them, heights of model trees were measured, health
condition index (HCI), and damage were estimated.
Forest-taxational parameters of pine stands were studied
by using generally accepted forestry and forest taxation
methods (I'pom, 2010; Ilnomi npoGHi JicoBOOpPsIHI,
2006). GIS Field-Map was used for field work and data
management (Field-Map.com).

Also observations on seven I Level monitoring plots,
located in pine stands in of Lymanske Forest Enterprise
were carried out in 2020 according to (byxmra,
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[Nactepnak, IluBoBap, bykma, Spompknii, 2018).
Taxation characteristics were estimated visually. The
health condition index of trees was estimated according
to (Camnitapui mpaBuia B Jicax Ykpainu, 2016). Two
monitoring plots are located in Yampilske forestry,
one of them is close to a group of permanent plots
damaged by a forest fire (See Fig. 1). Three monitoring

plots are located in Lymanske forestry. Plot number
250915 is located near the sand quarry, 250934 — on
recreation area near Siverskyi Donets river with high
anthropogenic pressure, plot 250933 is at the distance
1,6 km from a group of permanent plots in Lymanske
with a high mortality rate. The rest monitoring plots are
located in Drobyshevske forestry.

Table 1
Forestry-taxation characteristics of forest stands at permanent plots
and level I monitoring plots (2020)
PoiD  Forery (O hm Dim ofuekns  nds o
Permanent plots
62-11 L A, 61 19.4 18.8 0.80 I 320
68-2 L B, 81 24.5 26.7 0.45 I 229
68-201 L B, 81 21.0 23.9 0.55 II 248
53-7 L A, 85 20.6 20.2 0.40 11 136
73-1 Y B, 43 20.4 22.5 0.80 Ta 341
73-2 Y B, 81 26.2 25.8 0.82 I 482
98-1 Y B, 76 25.0 23.0 0.79 I 438
98-101 Y B, 76 28.7 27.1 0.70 Ta 444
I Level monitoring plots
250930 D A, 40 15.0 17.1 0.68 I 173
250933 L A 38 13.5 14.2 0.54 I 120
250934%* L A, 84 21.7 19.9 0.42 I 185
250936 D A, 68 24.5 27.9 0.75 I 372
250911 Y B, 79 28.0 38.8 0.73 Ia 455
250915 L A, 43 16.5 16.9 0.75 I 220
250916 Y A 98 25.5 31.7 0.65 I 360

S

D — Drobyshevske forestry; L — Lymanske forestry; Y — Yampilske forestry

Forest health condition dynamic was assessed on
these plots, and a comparison with data of observations
held in 2015 (the last year of regular observations on
monitoring plots in Ukraine) was carried out. Average
defoliation of pine stands of the Steppe natural zone
from Kharkiv and Luhansk regions were calculated.
The source of data — Forest monitoring database.

Sample plots are represented by fresh poor and
fresh relatively poor forest site conditions of Pinus
sylvestris L. (Scots pine) stands (according to Alekseev-
Pogrebnyak classification (Octamenko, Txau, 2002).
The age of studied forest stands varies from 40 to 98
years, the density of stocking in range 0.40-0.82, site
index class Ia — III. These plots represent the pine
forests of the enterprise (See Tab. 1).

Results and discussion. Due to climate change, at
the territory of Lymanske Forest Enterprise temperature
growth in winter and summer during the last decade
(2010-2019) 1is revealed compared to climate norm
(1961-1990) (Fig. 2).

According to the climate charts (See Fig. 2): a
significant decrease of summer precipitation level
is observed in August, which in combination with
temperature growth led to the appearance of a drought
period (indicated by bright colour). Such changes
are unfavourable for forest vegetation, especially for
pine stands, which grow on the southern limit of their
natural range.

At the same time in the study area, significant
changes in the hydrological regime are observed,
which affect both surface water and, most likely,
groundwater. So, since 2013, lake Lyman with an area
of about 79 hectares has completely dried up. Changes
in the hydrological regime are most likely associated
with sand mining, which is exacerbated by the lack of
precipitation that has been observed in recent years. For
a more complete picture of changing the hydrological
regime, hydrogeological studies are required.

Data of Global Forest Watch web service (Global
Forest Watch, 2020) allows estimating the amount of
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global tree cover loss in the region of study (former
Krasnolymanskyi district) (canopy density threshold
> 30% was used) (Fig. 3), unfortunately without
division by reasons as forest fires and mortality, or
sanitary felling. On the other hand, as forests in the
region are mainly recreational and protective, final
felling is not applied there. Obtained results showed
a trend to increase annual tree cover loss during the

last decade compared to the previous period (average
annual loss for 2001-2010 was 47.7 hectares, and
for 2011-2019 — 198.8 hectares). The critical point
in the dynamics was 2011 when the trees cover loss
increased almost by 5 times. Such a dynamic can be
particularly related to pine dieback after forest fires
(Imamynens, Ilactepuak, 2014; I'mamyners, 2017),
and other causes.
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Temperature Mean: & °C Precipitation Sum: 511.8 mm

Jan Feb Mar Apr May Jun Jul Aug Sep Ot Mo Dec

Temperature Mean: 9.6 °C Precipitation Sum: 515.9 mm

Fig. 2. Climate charts at the territory of SE «Lymanske forestry» for 1961-1990 (left) and
2010-2019 (right) periods (blue line — month sum of precipitations, mm, red line — month average air temperature, °C)
(Zepner L., et al, 2020. ClimateCharts.net)
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Fig. 3. Dynamics of annual forest cover loss in former
Krasnolymanskyi district according to Global Forest Watch
data (Global Forest Watch, 2020).

According to the forest monitoring data, the
average defoliation of pines in the enterprise in 2015
was 8,8% (Tab. 2). This data is comparable with
average defoliation in neighbour regions of Northern
Steppe: the southern part of Kharkiv and northern
part of Lugansk region (as of 2015) (8,8 and 13,8%,
respectively).

Unfortunately, forest monitoring activity was
stopped after 2015, so data for the later period are
absent. In 2020 at all monitoring plots in Lymanske
Forest Enterprise significant deterioration of pine stands
health condition was observed: average defoliation
significantly increased (up to 17%), and according to the
health condition index these stands were weakened and
severely weakened (See Tab. 2). The biggest relative
change of the mean defoliation (more than twice) was

observed on three plots in Lymanske forestry and one
plot in Yampilske forestry. Significant mortality of trees
was observed on 4 plots (250933, 250915, 250916,
and 250934), while on the last one sanitary felling
was carried out and dead trees were removed. In 2020
resin flow signs were registered on three plots, at one
plot few trees have lost apical dominance. In different
compartments of Lymanske forestry according to visual
observations, significant deterioration of pine health
condition, and increased tree mortality and dieback of
birch stands registered since 2013-2014. For comparison
data of monitoring, plot 250933 was used. Generally,
all studied pine stands in the Lymanske forestry were
weakened and severely weakened (by health condition
index) (See Tab. 2, 3). The evidence of trees mortality
in past and/or sanitary felling in these stands are low
values of the relative density of stocking in some stands
(0.4-0.45), especially in older stands (See Tab. 1).

In 2019 the index of the health condition of
permanent plots in Lymanske forestry varied from 2,19
to 2,52 which corresponds to weakened and severely
weakened stands (See Tab. 3). The better condition was
assessed at permanent plot 62-11, located at a distance
of 3 kilometres of the rest permanent plots at this
forestry in a middle-aged forest. In 2020 deterioration
of health condition at this plot was observed: both
health condition index and percentage of damaged trees
increased. The health condition index at the monitoring
plot 250933 was 2,3 in 2020, and average defoliation —
16,8%, so this stand didn’t significantly differ from
permanent plots by pine condition. Two permanent plots
in this group with higher health condition index values
were characterized by significant mortality in 2019:

V. P. Pasternak, 0. B. Prihodko, T. S. Pyvovar, V.Yu. Yarotsky. Dynamics of pine stands condition in SE «Lymanske Forest Economy» 71



HaykoBi npaui JliciBHuyoi akagemii Hayk Ykpainu, 2020, Bun. 21

the proportion of dead trees was 27,8 % at plot 68-2
and 58,9% at 53-7. The annual mortality rate at these
plots exceeded the reference level (Forest inventory
handbook, 2013). In 2020 the health condition index
decreased on these two plots: due to sanitary felling at
53-7 and dieback of the weakened tree on 68-2 plot.
At monitoring plot 250933 dead trees were absent in
2020, however, in the past (in 2011), this plot had a
high percentage of dead trees (41,7%), which were
removed during selective sanitary felling.

The part of plot 68-201 in spring 2020 was damaged
by a stable forest fire that caused significant deteriora-
tion of pine condition and led to a significant increase
of tree mortality at this plot (proportion of dead trees
increased from 1,4 to 18,6%). Also, the proportion
of damaged trees increased from 4,3 to 12,3 % (See
Tab. 3). According to (Cunopenko, Bopon, MenbHUK,
Cunopenko, 2015) the time of the fire is crucial for
stand condition: as spring forest fires are more danger-
ous than summer ones.

Table 2

Dynamics of indicators of pine stands condition on monitoring plots

Average. Defoliation HCI with*dead HCI of living Proportion 0of Proportion of0
Plot trees trees dead trees, %0 damaged trees, %
2015 2020 2020 2020 2020 2020
250911%* 8.9 12.0 22 22 0.0 4.2
250916 9.2 18.7 2.6 23 12.5 0.0
250915 9.2 20.2 2.9 2.6 8.3 42
250930 9.1 16.2 2.5 2.5 0.0 8.3
250933+ 7.6 16.8 23 2.3 0.0 0.0
250934s 8.5 20.0 2.7 2.7 0.0 12.5
250936 8.9 15.5 2.4 2.4 0.0 0.0
* _ control plot for group of permanent plots at Yampilske forestry; S — sanitary felling;
+ — neighbour group of permanent plots at Lymanske forestry; HCI — health condition index
Table 3
Pine stands health condition dynamics at permanent plots
Plot Forestry HCI with dead trees HCI of living trees T:f (ir;)g?rr;iezn 0}‘}(112121212)6 %riirzZS
2019 2020 2019 2020 2019 2020 2019 2020
62-11 L 227 2.50 2.19 2.40 3.1 3.1 2.4 5.5
68-2 L 3.13 3.39 241 224 27.8 315 7.7 10.8
68-201%** L 227 2.99 2.23 2.51 1.4 18.6 43 10.5
53-7s L 4.15 2.18 2.52 1.80 58.9 11.8 4.5 4.4
73-1% Y 2.69 2.57 2.59 2.43 4.2 4.2 5.5 9.9
73-2% Y 2.80 2.70 2.49 2.40 12.2 8.9 10.3 25.6
98-1%s 2.87 2.54 2.69 2.51 7.9 1.1 3.2 6.5
98-101*5 Y 3.23 2.30 2.70 221 22.8 3.1 5.1 11.5

* plots, damaged by a forest fire in 2014
** plot, damaged by a stable forest fire in 2020

S — plots, where sanitary felling was carried out between 2019 and 2020

On permanent plots in Lymanske forestry, only
some cases of resin flow were fixed in 2019. In 2020 the
proportion of damaged trees increased in the majority
of plots. The main types of tree damage were: resin
flow, mechanical damage, loss of apical dominance,
or top dieback, and stem pests. Resin flow was the
most common type of damage, which was registered in
almost all plots.

Generally, tree mortality is a result of multiple
interacting factors, including drought and complex
biotic damage, so it is not easy to reveal the single
cause (Allen, 2009). Our results showed that observed
pine dieback in Lymanske Forest Enterprise is the
general process. Obtained data on pine condition at
permanent plots in Lymanske forestry are comparable
with the monitoring data, as well as with increased
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dieback (mortality) in birch stands at neighbourhood
according to visual observations. That all proves the
trend in the deterioration of pine condition in the region
of study. Pine growth in the Steppe zone is limited
by water availability, and frequency of droughts, so
further climate change will negatively influence pine
health condition. Climate-induced water stress may
directly cause tree mortality through short-term acute
effects such as irreversible disruption of water columns
within tree stems and foliage. Chronic water stress
causes the weakening and dieback of trees, either
directly or indirectly through the attacks of pests such
as bark beetles of such weakened trees. The population
dynamics of forest insects and fungal pathogens
also depends on the climatic conditions, so massive
outbreaks of forest pests and diseases may be launched
by climate drivers. Trees dieback can emerge abruptly
at a regional scale when ecological (climatic, weather,
and hydrologic) conditions exceed physiological
thresholds of tolerance trees species or cause outbreaks
of insect pests (Allen, 2009).

In Lymanske Forest Enterprise the probability of
fires during the fire risk period is high (the average
class of forest fire danger is about 2), taking into
account a dominance of pure pine stands and dry forest
site conditions (I'mamynenp, [lactepnak, 2014). In
Yampilske forestry in 2014, there were 16 forest fires
in a total area of 1184 hectares (I'mamynemns, 2017),
mainly they appeared as a result of active fights in the
region in summer 2014.

Another group of permanent plots was allocated
in Yampilske forestry. As the monitoring plot 250911
located in this forestry at the neighbour of a group of
permanent plots damaged by fire, at the same forest site
condition (B,), and similar age, it was considered as
control. Forest stands at control monitoring plots were
slightly weakened, had no signs of a forest fire, and
no dead trees. The average defoliation at this plot was
12% in 2020, and defoliation growth was the lowest
from 2015, comparing to other monitoring plots.
At permanent plots 73-1, 73-2, 98-1, and 98-101 in
Yampilske forestry, almost all trees had signs of fire
damage after the forest fire in summer 2014. According
to the average values of the indicator «height of bark
chary, the trees in plots 73-2 and 98-101 were more
affected, as the average height was over than 2 m
(2.6+1.0 and 2.2+0.8 m, respectively), while the other
two plots 98-1, and 73-1 had significantly lower values
of an average height of bark char (1.3+6.3 and 1.7+£0.9
m, respectively). By the health condition index (HCI
of living trees varied from 2.49 to 2.70), the pine
stands at these permanent plots in 2019 were severely
weakened (see Tab. 3). Such values are significantly
higher than at a control monitoring plot (HCI=2.2). At
the first observation in 2019, the proportion of dead
trees at these permanent plots was significant and
varied from 4,2% to 22,8%. At less damaged plots
(73-1 and 98-1) the mortality rate was significantly
lower compared to another pair of plots (73-2 and 98-
101), where the mortality exceeded the reference level
(JIicorakcamiitamii moBigHuK, 2013).

In 2020 the health condition of trees at all permanent
plots in Yampilske forestry slightly become better,
especially at plots 98-1 and 98-101, where selective
sanitary felling between surveys took place. Despite the
selective sanitary felling with the removing of dead and
dying trees (HCI=4) and decrease of health condition
index of studied stands, the process of pine stands
dieback didn’t stop, as new dead trees appeared at the
plots and the number of damaged trees has increased.
At all plots, the proportion of damaged trees almost
doubled (See Tab. 3). The worst condition in terms
of the presence of damage was assessed at plot 73-2,
where 25,6% of trees were damaged, the majority of
them had resin flow, which may indicate in particular
the attempts of stem insect colonization, 3 trees had
signs of stem insects. Such increase in biotic damage
is explained by the gradual weakening of stands
after a forest fire and may bring to further condition
deterioration and mortality.

So, observations at permanent plots damaged by a
forest fire in dynamics and combined with background
data on forest monitoring plots, showed, that forest fires
are one of the main factors influencing forest condition
and mortality. Obtained data on the significant negative
effects of forest fires are comparable with data
(Cunopenxo, Bopon, Menbuuk, Cumopenxo, 2015)
on a high positive correlation of health condition and
trees mortality with the height of bark char. Projected
climate change will probably cause significant changes
in fire regimes, towards increasing frequency, area, and
duration of forest fires. Artificial pure pine forests in
the Steppe natural zone are especially vulnerable to
such disturbance.

Conclusions. Significant deterioration of pine
stands condition and their mortality is observed in
Lymanske Forest Enterprise during the last decade.
Pine stands of the enterprise are mainly weakened, due
to unfavourable conditions for the growth of stands,
climate change, changes in ground water regime,
anthropogenic impact (sand mining, fires). Forest fires
led to the deterioration of trees’ condition and mortality,
weakening of trees, and increased their susceptibility to
biotic damage. Pure pine stands in the region should
probably be replaced with more drought-resistant
species or mixed forests.

The selective sanitary felling just temporarily
improved the forest stands condition, but did not stop
the degradation process, on the contrary, the elimination
of dead trees changes the microclimate and further
reduces humidity. On the other hand, the elimination of
dead trees and dead logs reduces the level of fire hazard
in pine forests, because reduces the reserves of forest
combustible materials.
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[OunHamika cTaHy COCHOBUX fepeBOCTaHIB
y AN «JlnmaHcbKe nicoBe rocnogapcrso»

B.M. NacTtepHak’', O.b. MNpuxoabko?,
T.C. NMueoeap?, B.10. Apoubknin®

Po3mIsHYyTO MUTAHHS CAHITAPHOTO CTaHy Ta BCH-
XaHHSI COCHOBHMX HAaCaJDKCHb Ha PiBHI OJTHOTO JCPIKaB-
Horo mimmpuemcta (Il «JImMmaHChKe JTicOBE TOCIO-
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JapCTBOY), po3TamoBaHoro y [liBHiuHii yacTuHi Cte-
II0BO1 30HU YKpAaiHHU.

Juis  mocimikeHHsT BHKOPHCTOBYBAllM JaHI JIBOX
MOBTOPHUX CIIOCTEPEKEHb Ha BOCHMH JIISHKAX, 3a-
knageHnx y 2019 p. y Haca/pkeHHSIX i3 pi3HUM CTyTie-
HEM BCUXaHHS Ta MOIIKOKEHUX ToKexkero. [Topropae
oOctexenHs 3aificneHo y 2020 poui. 3a 10mMoMororo
nonboBoi ['IC Field-Map Ha poOHUX TIITHKaX BHKO-
HaHO KapTorpadyBaHHs JIEPEB Ta OIIHEHO IXHIN caHi-
TapHHUIA CTaH, Bianaja i momkomkeHHs. Jns ¢poHoBoi
OIIIHKK CTaHy COCHOBHUX JIICIB BUKOPHUCTAHO PE3YJib-
TaTH CIOCTEPEKEHb HA CEMH JUISTHKAaX JIICOBOTO MO-
HiTopunry | piBas (oOctexxenus 2015 ta 2020 pp.).
Jl>xepesioM KIIIMaTUYHKX JIaHUX CIYT'yBaB OH-JIAMH pe-
cypc ClimateCharts.net.

BcranosieHo, 1110 3a octanHi 10 pokiB yHACIIIOK
3MiHHM KJIIMaTy cepeHbOpidHa TeMIiepaTypa MmoBiTps
y perioHi 3pociia, a cyMa OMajiB 3MCHIIMIACS, IO
CIPUYMHMIIO TIOSIBY TOCYIIJIMBOTO MEPIOAY Yy CepIHi,
SIKUH € HECTIPUSITIIMBUM JJISI POCTY COCHOBUX JIICIB Ha
MeX1 IXHBOTO apeaiy. BinOymucs 3MiHU piBHS IPYyHTO-
BHX BOJI, IPO IO CBiTYNTH BUCUXaHHS 0o3epa JInMaH
BripooBk 2013-2020 pp. Beranosneno, 1o, mopis-
HstHO 3 JaHumu 2015 p., cTaH COCHOBUX JEpeBOCTa-
HIB Ha OUITHKaX MOHITOPHUHTY CyTTEBO IOTipIITUBCS.
Ha neii yac cocHOBI J1icH 3a CTAaHOM € «OCTIabICHUMMNY
Ta «CWJIBHO OclTa0ieHuMI» (1HIeKC caHiTapHOTO CTa-
HY JKUBHUX JIepEB CTaHOBUTH Bix 1,53 1o 2,70), 3HauHO
30UTBIIMIIHCS cepenHs Aedoiallis Ta Bianaz AepeB.
B ociiabnenux gepeBocTaHax 3 4acoM 3pOCTa€ 4acTKa
JIEpeB 13 MOIIKOHKEHHSIMH, 30KpeMa BHACIIAOK 3ace-
JIEHHSI CTOBOYPOBHUMH KOMaxXaMu. 3HATHY 3arpo3y s
HMITYYHUX YHUCTUX COCHOBUX HACA/KEHb, IO MepeBa-
JKalOTh y PEriOHi, CTAHOBIATH JIICOBI Moxexi. BHa-
CJIIJIOK BIUIMBY ITOXKEX BiAOYJIOCS MOTIPIIEHHS CTaHY
nepeoctaniB (IC 2,49-2,70) ta 30iabIIMBCS Biaman
TIepeB.

Karwuosi ciosa: IliBaiunnii Cter; BCUXaHHS; 110-
JKEXK1; TTONTKOIKEHHST, MOHITOPHHT JTICIiB; 1HACKC CaHi-
TapHOTO CTaHy; 3MiHa KJIiMaTy.
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[ToBTOpHOE OOCHenoBanue mposeacHo B 2020 Tomy.
C nomousio nonesoit 'MIC Field-Map nHa mpoOHbIX
ydJacTKax TIPOBEJICHO KapTorpadupoBaHue Jepe-
BbEB WM OIICHEHO WX CAHUTAPHOE COCTOSHUE, OTIAT
u noBpexaeHus. s POHOBON OIEHKH COCTOSHUS
COCHOBBIX JIECOB HCITOJIb30BaHbI Pe3yJIbTaThl HAOIO-
JICHUW Ha CEeMU ydyacTKaX MOHUTOpHUHTA JiecoB | ypoB-
Ha (oOcnemoBanms 2015 m 2020 rr.). McTtouyHnkoM
KIMMATHYEeCKUX JaHHBIX CIYXKWJI OHJIAH pecypc
ClimateCharts.net.

YcranoBneHo, uTo 3a nocienuue 10 ner B pe3yib-
Tare W3MEHEHUs KJIUMara CpeIHEerofoBas TeMIepa-
Typa BO3[QyXa B PETHOHE BO3pOCHA, a CyMMa OCaj-
KOB — YMEHBINWIACh, YTO MPHBEIO K IOSBICHUIO
3aCyIUIMBOTO TIEpUO/a B aBIyCTE, KOTOPBIM SBISAET-
Cs1 HEOJIaroNPUSATHBIM JIJIS POCTa COCHOBBEIX JICCOB Ha
rpaHulle ux apeana. [Ipow3onun M3MEeHEHUs YPOBHS
TPYHTOBBIX BOJ, O Y€M CBUJCTEIBCTBYET BBICHIXaHUE
o3epa Jluman B Teuenme 2013-2020 rr. YctaHoBie-
HO, YTO COCTOSIHAE COCHOBBIX JPEBOCTOEB Ha y4acT-
KaX MOHHUTOPHHIA CYIIECTBEHHO YXYIIIMIOCH II0
cpaBuenuto ¢ manaeiME 2015 Toma. Ceftgac mo cocTo-
STHAIO COCHOBBIC JIeCa SIBIISIIOTCS «OCIIAOJCHHBIMI H
«CHJIHO OCJIa0JICHHBIMIWY» (MHJICKC CAaHUTApHOTO CO-
crosiaust [MIC] xuBBIX nepeBbeB coctaBiger oT 1,53
o 2,70), 3HaYMTENBHO BO3pOCia cpenmHss nedonua-
WSl U YChIXaHUE JiepeBbeB. B 0ClabIeHHBIX JIpeBOC-
TOSIX CO BPEMECHEM YBEJIIMUWBACTCS OIS JIEPCBLEB C
MTOBPEXKICHUSIMHU, B TOM YHCJIEe, B pe3yJbTaTe 3acele-
HUS CTBOJIOBLIMU HACEKOMBIMH. 3HAUUTEIBHYIO YTPO-
3y I UCKyCCTBEHHBIX YHCTHIX COCHOBBIX HacaKIe-
HUH, KOTOpBIE IPE00IIaIat0T B PETHOHE, MTPEICTABIISIOT
JIECHBIC TIOKaphl. BeneacTBre BIUSHUS MOXAPOB MPO-
M301IJI0 yXy/menue cocrosuaus apesocroes (MC 2,49-
2,70) ¥ yBeNHUYMIICS UX OTIA/.

KuaroueBnbie cioBa: CesepHast Cremnb; yChIXaHHE;
TTO’KaphI; MMOBPEXKICHNS, MOHUTOPUHT JIECCOB; WHICKC
CaHUTAPHOTO COCTOSIHHS, U3MEHEHHUE KIINMAaTa.

76 B. M. NactepHak, 0. b. Mpuxogbko, T. C. Musosap, B. 0. Apoubkuit. luHamika ctany cocHoBux gepesoctatis y Al «JlumaHcbKe nicose...



