Received: 29.06.2023; Revised: 10.10.2023; Accepted: 22.11.2023

UKRAINIAN
JOURNAL OF

Wo0D SCIERCE UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

Ukrainian Journal of Forest and Wood Science, 14(4)

a Journal homepage: https://forestscience.com.ua/en

UDC 630%12: 504: 712.253(477-25)
DOI: 10.31548/forest/4.2023.88

Current increment of ecosystem services
in permanent sample plots within the forest stands
of the Feofania park-monument

Roman Feshchenko

PhD Student
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/ 0000-0002-8987-5000

Yaroslav Kovbasa®

PhD in Agricultural Sciences, Senior Researcher
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-1291-7049

Raisa Matyashuk

PhD in Biological Sciences
State Institution “Institute for Evolutionary Ecology of the National Academy of Sciences of Ukraine”
03143, 37 Academician Lebedev Str., Kyiv, Ukraine
https://orcid.org/ 0000-0003-1929-0522

Svitlana Bilous

PhD in Biological Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
University of Applied Sciences Weihenstephan-Triesdorf
85354, 3 Hans Carl-von-Carlowitz-Platz, Freising, Germany
https://orcid.org/0000-0002-1682-5352

Olena Naumovska

PhD in Agricultural Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/ 0000-0002-5938-8471

Andrii Bilous

Doctor of Agricultural Sciences, Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-7589-4307

Suggested Citation:

Feshchenko, R., Kovbasa, Ya., Matyashuk, R., Bilous S., Naumovska O., & Bilous, A. (2023). Current increment
of ecosystem services in permanent sample plots within the forest stands of the Feofania park-monument.
Ukrainian Journal of Forest and Wood Science, 14(4), 88-102. doi: 10.31548/forest/4.2023.88.

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
oY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/ 0000-0002-8987-5000
https://orcid.org/0000-0002-1291-7049
https://orcid.org/ 0000-0003-1929-0522
https://orcid.org/0000-0002-1682-5352
https://orcid.org/ 0000-0002-5938-8471
https://orcid.org/0000-0002-7589-4307

Feshchenko et al.

Abstract. Despite the fact that forests in nature conservation areas are of mature and over-mature
age, they have a leading role in the production of ecosystem services, in particular in ensuring
biodiversity. In the typical sense, at the mature and over-mature age of stands, the growth of
live biomass and carbon sequestration almost stops, and the death of trees leads to a negative
change in the stock. The purpose of the study is to substantiate the ability of over-mature forests
to accumulate live biomass under the condition of the formation of multi-tiered and different-
age stands. The research was conducted on four permanent sample plots of the Feofania park-
monument, which were established in 2016 and 2017. The method of approximate mensuration
was used to study the current growth of ecosystem services. The method of dendrochronology was
used to analyse annual rings. The age range of experimental stands is between 80 and 180 years.
Experimental stands of all sample plots are characterized by high-level productivity, compared to
model data on the productivity of stands in Ukraine and the European part of Eurasia. According
to the results of the research, it was established that the biggest current increment of ecosystem
services is formed in the uneven-aged stand with the centuries-old common oak trees of the
overstory. The results of the research can be used in practice for the management of nature
conservation areas and improvement of the management of over-mature forests

Keywords: live biomass; carbon; energy; oxygen production; age; relative stocking; site index

Introduction

Forest ecosystems are able to produce ecosys-
tem services on the territory of the environ-
mental fund, provided that a balanced approach
to nature management is observed. The main
goal of forestry is to ensure the continuity of
the functioning of forest ecosystems and max-
imise the number and productivity of ecosys-
tem services. At the mature age of plantations,
the increment of live biomass and carbon se-
questration almost stops, and the death of trees
leads to a negative change in the stock.

The concept of ecosystem services is an
active area of interdisciplinary research involv-
ing representatives of natural and socio-eco-
nomic sciences (Braat & de Groot, 2012), and
the situation in this field is changing very
rapidly. Today, there are many interpretations
of the concepts of “environmental services”,
“ecosystem services” and related “ecological
functions”, “ecosystem functions”. It also traces
the uncertainty in the methods and approach-
es used to assess the economic potential of re-
sources as a powerful lever of economic man-
agement. In global understanding, one of the

latest constructive papers in the field of eco-
system service identification was the study by
T. Brown et al. (2007). They highlighted ecosys-
tem benefits and ecosystem services. The ben-
efits group has included non-renewable goods
(rocks, minerals, fossil fuels) and those that are
restored (animals, plants, water, air, soil, recre-
ation, aesthetics). Forest biomass is an essential
indicator for monitoring the Earth’s ecosystems
and climate. D. Schepaschenko et al. (2019)
prove that this is an important contribution
to greenhouse gas accounting, assessment of
carbon loss and forest degradation, evalua-
tion of renewable energy potential and devel-
opment of climate change mitigation policies.
Patterns of carbon sequestration in forest eco-
system components reflect the accumulative
potential of forest biomass in the context of
anthropogenic environmental transformation
(Bilous et al., 2019). In the study of strategic
guidelines for ecosystem services in wetlands,
E.V. Mishenin & N.V. Degtyar (2016) present-
ed a decomposition of wetland ecosystem
services management strategies detailed on
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the following features: general and dominant
strategies, strategies on how to achieve the
goal of managing ecosystem services, strate-
gies on the nature of the behaviour of wetland
ecosystem services management entities, and
target strategies on the capacity of such ser-
vices. O.R. Pelyukh & L.D. Zahvoyska (2017),
considering methodological approaches to es-
timating the cost of forest ecosystem services,
established that the method of the selective
experiment allows for assessment of the mar-
ginal utility of individual attributes of forest
ecosystems that have the properties of public
benefits. This estimate can be presented in
various units of measurement, in particular,
in monetary terms. Investigating the causes
of deforestation in the tropics, using high-res-
olution maps and increased sample sizes, has
helped to better identify the key factors lead-
ing to deforestation. This has been confirmed
by the study carried out by the researchers
J.C. Laso Bayas et al. (2022).

Forest loss risk management is a priority
for forest conservation and enhancement and
increasing the current production of ecosystem
services. The analysis of scientific papers and
practical measures that determine the process
of formation of the concept of ecosystem ser-
vices shows that there is no clear unity of un-
derstanding of the mechanisms of its practical
implementation and development tools. The
purpose of the study was to substantiate the
ability of over-mature plantations to increase
live biomass and sequestrate carbon under the
condition of forming multi canopy layers and
uneven-aged stands.

Materials and Methods

Experimental studies were conducted on four
permanent sample plots in the period from
2016 to 2021, which are situated within the
territory of the Feofania park-monument, a
nationally substantial landscape art park lo-
cated on a portion of an elevated forest-steppe

plateau that borders with the Polissya region of
Ukraine. In accordance with the geo-botanical
zoning, the territory of the park belongs to the
Podilsk-Serednioprydniprovska province. The
relief is formed by valley-girder, hilly, dissected
ravines. The soil cover is mostly represented by
Grey podzolic, forest, sod-podzolic, and Mead-
ow-swamp types (United Nations Framework
Convention ..., 1996). According to the floral
classification, the forest stands of the tract
belong to the association Galeobdoloni lute-
ae-Carpinetum (Goncharenko et al., 2013).

The research consisted of quantitative and
qualitative assessment of the bio-production
process in forest ecosystems, accounting of
quantitative parameters of ecosystem services,
verification, interpretation, and practical appli-
cation of mathematical models and information
support for quantitative assessment of forest
ecosystem services, and determination of the
social and economic significance of ecosystem
functions of forest phytocenoses for sustaina-
ble development of forest stands were studied
in Ukraine by Ya.P. Didukh & U.M. Alioshki-
na (2007), R.D. Vasylyshyn, (2013), M. Matsa-
la et al. (2021) and others.

During the study, the Convention on Bi-
ological Diversity (1992) standards were ob-
served. Observing permanent sample plots
(Fig. 1) and collecting forest inventory data
were realized ed in accordance with SOU 02.02-
37-476:2006. “Sample plots for forest manage-
ment planning. Method of creating” (2006). All
permanent sample plots were homogeneous in
terms of structure and parameters and experi-
enced minimal forest management impact.

Figure 2 shows a general diagram of the
ecosystem services assessment methodology
that was used to achieve the study goal. Assess-
ment of ecosystem services was conducted by
direct measurement of the diameter of trees of
the permanent sample plots at a height of 1.3
m, height of trees, crown length and their geo-
graphical coordinates.
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400 600 m

Figure 1. Location of embedded permanent sample plots
Source: Google satellite image in the background

Measuring the diameter at a height of 1.3 m, height,
length of crown, and geographical coordinates of trees
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Analysis of the distribution of trees by thickness class, creating a height chart
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Selection of trunk increment samples from model corresponding trees,
creating a database of radial tree trunk increment
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Selection of regulatory and
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Determination of the percentage of current growth of trunks, current growth of wood volume of
trunks, percentage of bark, volume of trunks, volume of crown branches
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Determination of the current growth of live biomass of tree trunks and crowns, total live biomass
of trees (Nikitin & Shvidenko, 1978)
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Assessment of current Estimation of current Estimation of current
carbon sequestration oxygen producing energy accumulation
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Mapping trees and their ecosystem services in biophysical parameters

Figure 2. Scheme of methodology for evaluating ecosystem services of trees
Source: compiled by A. Bilous
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Then, the analysis of the distribution of
trees by thickness degrees and construction of
a height curve was conducted. The next step
involved sampling trunk growth from model
matching trees and creating a database of radial
tree trunk growth. The selection of regulatory
reference informationinvolved the use of growth
tables, live biomass tables, and density tables
(Lakyda et al., 2011). Subsequently, the volume
of trunks for growing trees was determined.

The percentage of current increment of
trunks, current increment in the volume of
wood trunks, percentage of bark, volume of
trunks, and volume of crown branches was de-
termined to fully assess the ecosystem services
of forest stands of the research object, which

allowed determining the intensity of current
increment of live biomass of trunks and crowns
of trees, and the total live biomass of trees. Sub-
sequently, the main parameters of ecosystem
services were evaluated: total carbon of trees
and current carbon increment, total amount of
oxygen released and its current annual produc-
ing, total amount of stored energy and current
energy accumulation. The final stage was the
mapping of trees and their ecosystem services
in biophysical parameters.

Results and Discussion

During the period of laying sample plots, the
structure of forest stands by their vital state
was analysed (Table 1).

Table 1. Distribution of trees on permanent sample plots by their vital state (2016-2021), pcs

Number of the Condition
permanent CABE ACPL QURO TICO ULLE ROPS FREX
sample plots of trees

2016
] Live - 142 98 1 2 5 -
Dead - 6 6 - - - -
5 Live 215 36 33 23 - - -
Dead 2 - 5 - - - -

2017
3 Live 181 8 7 6 10 1 -
Dead 1 - - - - - -
4 Live 57 73 63 9 1 - 1
Dead 8 2 8 4 - - -

2019
1 Live - 139 86 1 2 5 -
Dead - 9 18 - - - -
5 Live 208 36 31 23 - - -
Dead 9 - 7 - - - -
3 Live 172 8 7 6 10 1 -
Dead 10 - - - - - -
4 Live 55 71 60 8 1 - 1
Dead 10 4 11 5 - - -

2020
] Live - 139 79 1 2 5 -
Dead - 9 25 - - - -
5 Live 207 36 31 23 - - -
Dead 10 - 7 - - - -
3 Live 167 8 7 6 10 1 -
Dead 15 - - - - -
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Table 1, Continued

Number of the Condition
permanent CABE ACPL QURO TICO ULLE ROPS FREX
sample plots of trees
2020
4 Live 51 69 57 6 1 - 1
Dead 14 6 14 7 - - -
2021
1 Live - 138 73 1 2 5 -
Dead - 10 31 - - - -
9 Live 204 35 31 23 - - -
Dead 13 1 7 - - - -
3 Live 162 7 7 5 10 1 -
Dead 20 1 - 1 - - -
4 Live 50 68 57 5 1 - 1
Dead 15 7 14 8 - - -

Note: CABE - Common Hornbeam, ACPL — Sycamore Maple, QURO - Common Oak, TICO — Small-leaved Lin-
den, ULLE — European White Elm, ROPS - Black Locust, FREX — Common Ash

Source: compiled by the authors

Each permanent sample plots (PSP) is rep-
resented by typical broad-leaved tree species
and is formed by the following composition ac-
cording to its species structure:

% PSP No. 1 (2016) (the total of counted
trees is 260, of these, dead trees — 2.3% Maple,
2.3% 0ak), area — 0.51 ha) — Sycamore Maple
(ACPL) - 54.6% Common Oak (QURO) - 37.7%,
Black Locust (ROPS) - 1.9%, Small-Leaved
Linden (TICO) - 0.4%, European White Elm
(ULLE) - 0.8%;

% PSP No. 2 (2016) (the total of counted
trees is 314 units, of these, dead trees — 0.6%
Hornbeam, 1.6% Oak, area — 0.88 ha) — Syca-
more Maple (ACPL) — 11.5%, Common Horn-
beam (CABE) - 68.5%, Common Oak (QURO) -
10.5%, Small-Leaved Linden (TICO) — 7.3%;

% PSP No. 3 (2017) (the total of registered
trees is 214 units, of these, dead trees — 0.5%
Hornbeam, area — 0.44 ha) — Sycamore Maple
(ACPL) - 3.7%, Common Hornbeam (CABE) -
84.6%,Common Oak (QURO)-3.3%,BlackLocust
(ROPS) - 0.5%, Small-Leaved Linden (TICO) -
2.8%, European White Elm (ULLE) - 4,6%;

% PSP No. 4 (2017) (the total of counted
trees is 226 units, of which dead trees — 3.5%

Hornbeam, 3.5% Oak, 0.9% Maple, 1.8% Lin-
den, area — 0.29 ha) - Sycamore Maple (ACPL) —
32.3%, Common Hornbeam (CABE) - 25.2%,
Common Oak (QURO) - 27.9%, Small-Leaved
Linden (TICO) - 4.0%, European White Elm
(ULLE) - 0.5%, Common Ash (FREX) — 0.4%.

The largest number of the four PSP exam-
ined is represented by Maple, Hornbeam, and
Oak trees. The density of stands for PSP was —
PSP No. 1 - 510 trees per ha, PSP No. 2 - 357
trees per ha, PSP No. 3 — 486 trees per ha, PSP
No. 4 - 779 trees per ha.

In the first PSP, the number of live Maple
trees decreased by 2.8%, Oak — by 25.5%. The
living condition of Black Locust, Ash, and Lin-
den remained unchanged, and the share of dead
Oak and Maple units was already 11.9% and
3.8% of the total number of trees, respectively.
According to the vital state of plantations, the
structure of the second PSP is formed with an
advantage of Hornbeam - 204 trees. The num-
ber of dead trees increased to 13 trees, which is
4.1%.Among dead trees, the number of Oak and
Maple trees also increased, their share is 2.2%
and 0.3% of the total number of trees in the
PSP, respectively. The largest amount of dead
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wood in the third PSP was formed by Hornbeam
(9.3%) and Maple and Linden (0.5%). The fourth
PSP according to the dynamics of dead trees
formation is characterised by an increase in the
share of dead Hornbeam and Oak trees, which
is 6.6% and 6.2% of the total number of trees
in the PSP, and the share of Linden and Maple —
3.5% and 3.1%.

Based on the results of measurements, sam-
pling of tree increment on PSP, and considering
the intensity of growth and development of for-
est stands, the current increment of ecosystem
services for each growing tree was estimated.
General parameters of current live biomass in-
crement, carbon sequestration, energy storage,
and oxygen production are shown in Table 2.

Table 2. Current increment of ecosystem services at PSP No. 1 (2016-2021)

. Parameter
Species of
trees current live biomass current carbon current energy current oxygen
increment, t-ha'-yr! |sequestration, t-ha!-yr!| storage, GJ-ha'-yr! | producing, t-ha'-yr!
ROPS 0.25 0.12 4.4 0.35
ULLE 0.01 0.01 0.2 0.01
QURO 2.17 1.09 38.9 3.04
ACPL 0.91 0.46 16.3 1.28
TICO 0.01 0.004 0.1 0.01
Total 3.35 1.67 59.9 4.69

Source: compiled by the authors

The total live biomass of the stand of the
first trial area, considering the trunk of the bark,
bark, branches, leaves, roots, green forest floor,
and understorey, was 3.35 t-ha! yr! the first PSP.
The current increase in carbon for the specified
period in the study on PSP was 1.67 t-ha! yr.

The sustainability of the ecosystem of ur-
ban Oak stands, due to structural diversity,
should become an important tool for protect-
ing the remains of old forests. Human exposure
can contribute to tree size differentiation, dead
wood formation, and biodiversity maintenance,
but will threaten forest stands in large cities in
the long run (Morozyuk, 2009). In the current
increment in total carbon, Oak stands account
for the largest share — 1.09 t-ha! yr, and the
smallest on Linden stands - 0.004 t-ha' yr'.
These indicators closely correlate with the re-
sults of the study of the structure of this plan-
tation, which confirms that the main share of
them in the first PSP is formed from Oak trees
and, accordingly, its plantations have the larg-
est share of sequestrated carbon.

During the growth and development of for-
est stands in the first PSP, the largest share of
current carbon sequestration (Fig. 3) formed
from Oak stands — 64.9%. Maple accounts for
27.2%, and the lowest growth rate is observed
in Linden trees — 0.2%.

0.2% 7.4,

0.3%

27.2%

m ROPS

mULLE
QURO

m ACPL

mTICO
64.9%

Figure 3. Structure of carbon sequestration
by species composition
of PSP No. 1 (2016-2021)
Source: compiled by the authors
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Parameters of the current increment of
ecosystem services of the second PSP (Table 3)

are characterised by the formation of the main
share due to Common Oak trees.

Table 3. Current increment of ecosystem services at PSP No. 2 (2016-2021)

Parameter
Species current live biomass current carbon current energy current oxygen
increment, t-ha'-yr! | sequestration, t-ha'-yr!| storage, GJ-ha!-yr! | producing, t-ha'-yr!
CABE 1.23 0.61 21.9 1.72
QURO 3.34 1.67 59.7 4.68
ACPL 0.78 0.39 14.0 1.09
TICO 0.41 0.20 7.3 0.57
Total 5.75 2.88 102.9 8.06

Source: compiled by the authors

The current increase in live biomass dur-
ing the research period was 5.75 t-ha!-yr!, and
the share of the total number accounted for
by Oak trees was 58%. The current increase in
carbon, which is formed mainly Oak trees, was
2.88 t-ha'-yr! for the study period. Among all
the species that form the second PSP in terms
of ecosystem services, compared to other

7.1%

13.6%

58.1%

species, the lowest growth rate is characteris-
tic of Linden.

The overwhelming proportion of current
carbon sequestration (Fig. 4) in the second PSP,
was formed from Oak trees, which amounted
to almost 58.1%. Hornbeam trees account for
21.3%, and Maple trees — 13.6%. A smaller pro-
portion is formed by Linden trees.

21.3%

CABE
B quro

ACPL
m TICO

Figure 4. Structure of carbon sequestration by species composition of PSP No. 2 (2016-2021)

Source: compiled by the authors

In the course of investigating the parame-
ters of ecosystem services (Table 4) of the third
trialarea,itwasestablished that the total current
increment of live biomass was 4.78 t-hal-yr!,
and the increase in carbon - 2.39 t-halyrl.
Among the trees that make up the third PSP,

Hornbeam and Oak trees can be distinguished by
the predominant values of ecosystem services —
3.88 t-haliyr!, respectively and 2.39 t-hat-yrl.

As noted above, in the third PSP, Hornbeam
and Oak are the main trees that have formed
the largest share of ecosystem services (Fig. 5).
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Table 4. Current increment of ecosystem services PSP No. 3 (2017-2021)

Parameter
Species | current live biomass current carbon current energy current oxygen
increment, t-ha'-yr' | sequestration, t-ha!-yr! | storage, GJ-ha'-yr! |producing, t-ha'-yr!
ROPS 0.02 0.01 0.4 0.03
ULLE 0.18 0.09 3.2 0.25
CABE 2.77 1.39 49.6 3.88
QURO 1.71 0.85 30.5 2.39
ACPL 0.03 0.02 0.6 0.05
TICO 0.07 0.03 1.2 0.1
Total 4.78 2.39 85.5 6.70
Source: compiled by the authors
m ROPS
m ULLE
CABE

m QURO

m ACPL

mTICO

58.0%

Figure 5. Structure of carbon sequestration by species composition of PSP No. 3 (2017-2021)
Source: compiled by the authors

Thus, carbon sequestration, as one of the

determining parameters of ecosystem servic-
es, mainly belongs to Hornbeam - 58.0% and
Oak - 35.7%, and the smallest share to — Ma-

ple - 0.7%.

The fourth PSP, according to the examined
growth parameters, is characterized by the
following values: the total current increase
in live biomass was 3.31 t-ha'-yr!, carbon -

1.65t-ha'yr'and oxygen4.63t-ha!-yr!(Table5).

Table 5. Current increase in indicators of ecosystem services PSP No. 4 (2017-2021

Parameter
Species | current live biomass current carbon current energy current oxygen
increment, t-ha'-yr! | sequestration, t-ha'-yr! | storage, GJ-ha'-yr! | producing, t-ha'-yr!

ULLE 0.001 0.001 0.03 0.002
CABE 0.2 0.1 3.6 0.28
QURO 2.37 1.19 42.4 3.32
ACPL 0.61 0.30 10.9 0.85
TICO 0.06 0.03 1.0 0.08
FREX 0.07 0.04 1.3 0.1

Total 3.31 1.65 59.2 4.63

Source: compiled by the authors
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The highest share among the species that
PSP No. 4 belongs to Oak - 72% and the mini-
mum - to Elm. In terms of the increase in car-
bon sequestration, the advantage here belongs

1.7%
0.0% 19

2.1%

to Oak plantations — 71.7% (Fig. 6). The rest is
formed from Maple — 18.1%, Hornbeam - 6.1%,
and Ash - 2.1%. The minimum increment be-
longs to Elm - 0.06%.

mULLE
m CABE

QURO
mACPL
mTICO

m FREX
71.7%

Figure 6. Structure of carbon sequestration by species composition of PSP No. 4 (2017-2021)

Source: compiled by the authors

Thus, among the permanent sample plots,
the current increment of ecosystem servic-
es parameters was most intense in the second
permanent sample plots, and among the trees
forming the studied plantations, the Common
Oak prevailed in growth.

The study of biological productivity in-
volves, first of all, establishing the biological
potential of tree species in different growing
conditions, which is expressed by the annual
production of live biomass, drawing up appro-
priate criteria for the components of live bio-
mass, productivity maps, etc. (Petrenko, 2002).
The results of the investigation of permanent
sample plots highlight the dynamics of bio-
physical parameters of ecosystem services, the
assessment of which is based on the study of
the bio-productivity of stands. The list of ser-
vices provided by forest stands, in particular,
the nature reserve fund, is much larger than
presented in the study and requires a com-
prehensive approach to their assessment and
consideration in the environmental manage-
ment economy. For example, in the paper of

D.C. Donato et al. (2012), it is noted that eco-
system services, such as pollution filtration and
carbon sequestration, are difficult to replace,
and the deterioration of environmental quality
due to the loss of ecosystem services is now one
of the biggest threats to society and business.
It is important to note that, according
to the results given in the study by O.V. Mo-
rozyuk (2009), in terms of the scale of produc-
tion and, especially, the duration of carbon
sequestration in trees, forests are recognised
as the most reliable system for preventing the
greenhouse effect, which is relevant for urban
forests in conditions of intense atmospheric
pollution from moving and stationary sources.
Given that forest ecosystems serve as the
main terrestrial carbon dioxide absorber (Vy-
shenska, 2014; Prokopuk & Netsvetov, 2016),
forestry is one of the main factors that can
substantially affect its balance and circula-
tion (Pasternak & Buksha, 2004). This should
also be considered when planning forestry
activities plantations, which substantially af-
fect the growth and development of stands,
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and therefore the intensity of carbon storage.
It is necessary to consider the fact that much
younger stands on PSP No. 1 and No. 4 have
a substantially lower current increment of live
biomass, compared to older stands on PSP
No. 2 and No. 3, which may be due to the lack
of economic logging for the formation of plan-
tations, since this is the forest fund of a nature
protection object.

Each forest plot produces a different
amount of ecosystem services, depending on
the species composition, spatial distribution,
and other forest stand parameters. As a result
of the study by T. Hayha et al. (2015), the an-
nual volume of ecosystem services produced by
alpine forest ecosystems was established and
their monetary equivalent was determined.
Thus, alpine forests annually produce ecosys-
tem services in the amount of 300 to 6100 €-ha
Lyr!, which is about 820 €ha'-yr! (Grotti et
al., 2019). For the development of objects of the

3.5
3.0
2.5
2.0
1.5

1.0
0.5
0.0
1
1 2

Carbon, t-ha™? -yr’

-0.5
-1.0

nature reserve fund, it is important in the fu-
ture to move from evaluating ecosystem servic-
es in Biophysical terms to determining the cost
indicators of the benefits that forests produce
for people.

Comparison of the obtained results of the
study on all PSP (PSP) with the data of the ta-
bles of bioproductivity of Oak stands, according
to P. Lakyda et al. (2006) and A. Shvidenko et
al. (2008) indicates a substantially greater cur-
rent increment of ecosystem services for stands
across all PSP compared to regulatory reference
data. Notably, the vast majority of theoretical
models of live biomass dynamics in plantings
over 110-120 years will have a negative value
of the current live biomass increment param-
eters, since the drop in such plantations will
prevail over the growth of trees. That is why
Figure 7 shows the data obtained by P. Lakyda et
al. (2006) and A. Shvidenko et al. (2008) in neg-
ative trends for PSP No. 2 and No. 3.

B Results of the study
m Data by P. Lakyda et al. (2006)
Data by A. Shvidenko et al. (2008)

P
4

[
3

SP

Figure 7. Comparison of data on current carbon sequestration of stands of PSPs

(1-PSP No. 1,2 -PSP No. 2,3 - PSP No. 3,4 - PSP No. 4)
Source: compiled by the authors according to P. Lakyda et al. (2006) and A. Shvidenko et al. (2008)

Thus, stands on all PSP are character-
ized by high productivity of ecosystem servic-
es compared with the regulatory data on the
bio-productivity of stands in Ukraine and the
European part of Eurasia. The most substantial
feature of trial stands in PSP No. 2 and 3 is the
substantially higher productivity of 180-year-
old stands, compared to modal stands of the
same age and site index.

Conclusions

The establishment of regularities of the main
processes of growth and development of forests
depends on the study of the main forest stand
parameters on permanent sample plots. The
implementation of successive stages of per-
forming forest measurements in the field and
combining them with existing models or stand-
ards fully allows for assessing the increment of
ecosystem services of forest stands.
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Assessment of biophysical parameters of
ecosystem services allows for identifying the
ecological significance of forest stands of ob-
jects of the nature reserve fund, which in the
future may potentially have economic signifi-
cance, which is especially important within ur-
ban ecosystems.

Studies have shown that forest stands with
180-year-old Oak trees in the overstory have a
high level of production of ecosystem services,
in particular, carbon sequestration and oxy-
gen production. In two PSP, old Common Oak
trees are key to carbon storage, and the current
carbon sequestration is conducted by younger
trees of the midstory of plantations.

As part of the study, a justification was
added for the advantages of plantations many-
layed, uneven-aged and diverse in species struc-
ture for producing ecosystem services, which is
primarily important for the arrangement and

management of forest stands within the nature
reserves. It is important to expand the network
of permanent sample plots, conduct systemat-
ic comprehensive case studies, and check the
existing regulatory and reference support for
trees and stands of the main forest-forming
species of Ukraine.
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AHorainis. He3paskatoun Ha Te, 1110 JIiCY HA TPUPOA00XOPOHHMX TEPUTOPISIX IIepeBaskHO € CTUTTMMU
Ta MepecTUrIMMY, BOHM MalTh ITPOBIAHY POJb Y MPOAYKYBaHHI €KOCUCTEMHMX TIOCIYT, 30KpemMa
y migTpumui 6iopizHOoMaHITTS. Y KIaCMUYHOMY PO3YMiHHi, y CTUIJIOMY Ta IMepecTUIJIOMY Billi
JIepeBOCTaHIB MPUPICT XXUBOI 6ioMacy Ta MOIMHAHHS BYIVIEII0 HACaIKEHb Maiike IPUITMHSIEThCS,
a Bimmap mepeB NMpM3BOAUTDH A0 HETaTMBHOI 3MiHM 3amacy. MeTa JOCTIIKeHHS — OOIPYHTYBaTU
30ATHICTb IEPECTUIIMX JIiCiB HaKOMMUyBaTH (iToMacy 3a YMOBU (OpMYBaHHSI 6araTosSipyCHUX
Ta Pi3HOBIKOBMX HacaJkeHb. JOCTiMKEeHHS GY/I0 MTPOBEIEHO HA YOTUPbOX IMOCTIHUX MPOOHUX
TIOIAX MapKy-mam iTku «®eodanist», 3aknamernx y 2016 Ta 2017 pokax. [Ij1s1 BUBUEHHS TOTOYHOTO
MIPUPOCTY €KOCUCTEMHMX TOCTYT BUKOPUCTAHO MEeTO, HabMMKeHUX Takcalliit. i aHasisy piuHux
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Kijlellb BUKOPMCTAHO METO[ IeHIPOXPOHOJIOrii. BikoBuit miamasoH mOCTigHMX HacamkeHb — Bif
80 mo 180 pokiB. JocmigHi HacaaKeHHS BCiX MPOOHMX AUITHOK XapaKTePU3YIOTbCS BUCOKUM
piBHEM MPOAYKTUBHOCTI TOPiBHSHO 3 MOJEIbHUMMU HAHUMMU PO IMPOAYKTUBHICTh HACaIKeHb
Vkpainu Ta €Bporeiicbkoi yacTMHM E€Bpasii. 3a pedynbraTaMy LOCIiIKeHb BCTAHOBJIEHO, IO
HaOIbIINIT TOTOYHMIA IIPUPICT EKOCUCTEMHMUX ITOCTYT (POPMYETHCSI B PisHOBIKOBOMY HaCa/>KEHHI
3 6araToBiKOBMMM AepeBaMyu 1yb6a 3BMUANHOTO y BEPXHbOMY sIpyci. PesynbraTti HOCTiAKeHb
MOXYTb OYTY BUKOPMCTaHI HA MPAKTUII JJIST YIIPABIiHHS TIPYPOLOOXOPOHHVMU TEPUTOPISIMU Ta
BIIOCKOHAJIEHHS ITPOEKTYBaHHS iepeGopMyBaHHS HACAIKEHb

KirouoBi cmoBa: ¢itomaca; ByIelb; eHepris; KUCHEIPOAYKTUBHICTh; BiK; BifHOCHA MOBHOTA;
KJ1ac 60oHiTeTy
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