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Abstract. The relevance of the study is determined by the need to preserve natural values, which
are considered the heritage of all mankind, namely the primaeval forests and old-growth beech
forests of the UNESCO World Natural Heritage. The aim of the research was to study the state
and structure of the beech primaeval forest in the national nature park “Zacharovanyi Krai”. For
the study, a permanent sample plot of 1 ha (100x100 m) was laid down in the prevailing forest
type — moist pure beech forest. This plot is located in the optimal forest-growing conditions for
European beech (Fagus sylvatica L.) within the Vyhorlat-Hutyn volcanic ridge of the Ukrainian
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Carpathians. It was found that the beech forest stand on the plot is pure in composition and
complex in form, characterised by different development phases (age groups by diameter): the first
layer stand belongs to the mature age group (senile), the second layer - to the middle-aged group,
and the third - to the pole (virginal). It was determined that 95% of the primaeval forest stock is
the stock of the first layer, while the share of commercial trees of the first layer is 89% (66% of the
total volume of stem wood of trees on the permanent sample plot). The main types of damage
in the site are caused by abiotic factors. As a result of such damage, 43 m3-ha! of deadwood was
recorded, characterised by all 5 stages of decomposition. Under the canopy of the stand, 10,375
pcs-ha™! of undergrowth was recorded, of which the share of beech is 88%. Beech undergrowth is
weakly differentiated by age groups: it was recorded only in the group of 7-year-olds and older and
well-differentiated by height groups. By age group, undergrowth belongs to the juvenile-immature
age state. The herbaceous cover is typical for nemoral forests. The presence of stationary research
plots in the National Nature Park “Zakharovanyy Kray” makes it possible to constantly monitor the

trends of natural development of the ecosystem — the beech primaeval forest

Keywords: Ukrainian Carpathians; stand; undergrowth; deadwood; ecosystem

Introduction

Beech primaeval forests hold multifaceted sci-
entific, natural, ecological, and social signifi-
cance. However, the increase in human activi-
ty and climate change threatens these natural
complexes, making research relevant. Under-
standing the current state of beech primaeval
forests enables the development of effective
measures for their protection and manage-
ment, contributing to the preservation of these
unique ecosystems for future generations.

According to V.I. Parpan et al. (2017), pri-
maeval forests are forest ecosystems (commu-
nities) that have arisen and developed naturally
under the influence of only natural forces and
phenomena and have undergone a complete
cycle of development without significant hu-
man interference. Their species, age and spatial
structure are determined only by factors of the
natural environment.

Considering the characteristic cenotic
peculiarities of primaeval forests, S. Stoy-
ko (2018) defines them as follows: a primae-
val forest is an ecosystem formed during phy-
locenogenesis, in which all age groups are

wrepresented — from juvenile to the disinte-
gration group of the cenosis, the relationships
between the autotrophic and heterotrophic
blocks and the pedosphere, and therefore it
functions as a self-regulating ecosystem.

As of 2020, 97 thousand hectares of pri-
maeval forests, quasi-virgin forests, and nat-
ural forests have been identified in Ukraine
(Shparyk et al., 2021). According to A. Smali-
ychuk (2019), at the beginning of 2018, over 94
thousand hectares of primary natural forests
were identified in the Ukrainian Carpathians,
of which about 53% are classified as primaeval
forests. The researcher noted that about half of
the identified natural forests in the region have
protected status, and the same share belongs to
the Emerald Network.

In terms of administrative regions, the
largest area of natural forests is found in the
Zakarpattia Region, accounting for 71% of
their total area (Smaliychuk & Gribener, 2018).
Beech natural forests predominate by main tree
species (58%), which in the prevailing forest
types (moist pure beech forest — 18%, moist
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pure sub-beech forest — 18%), mainly form pure
beech stands.

Intensification of primaeval forest research
began two decades ago, which is obviously as-
sociated with the inclusion of Carpathian beech
primaeval forests in the list of UNESCO World
Natural Heritage sites. At the same time, beech
primaeval forests were studied mainly on the
territory of the Carpathian Biosphere Reserve
(Trotsiuk et al., 2012; Kabal et al., 2021), in the
national nature parks of the Carpathian region
and in other protected areas, which led to the
proposal to expand the national nature parks.
L.F. Shyshkanynets et al. (2023) noted that with-
in the territory of the potential expansion of
the national nature park “Zacharovanyi Krai”,
2,178.5 ha of primaeval forests, 1,197.0 ha of
natural forests, 881.2 ha of old-growth forests,
and 275.0 ha of primaeval forests were identi-
fied. The corresponding sites require effective
conservation within the framework of a multi-
functional object of the natural reserve fund —
the national natural park.

It is also worth noting that research on the
territory of the Carpathian Biosphere Reserve is
conducted with the support of the Swiss Fed-
eral Institute for Forest, Snow and Landscape
Research (WSL) and has a systematic character.
The corresponding studies are conducted on
a 10-hectare plot using a specially developed
methodology by B. Commarmot et al. (2013). In
the rest of the Carpathian region, research on
beech primaeval forests mostly does not have a
systematic character.

The aim of this work is to study the primae-
val beech (Fagus sylvatica L.) forest in the ter-
ritory of the NNP “Zacharovanyi Krai”, which
is a UNESCO World Natural Heritage site. To
achieve this aim, the following main research
objectives have been set: to investigate the
state, structure, and development dynamics of
the beech primaeval forest in the most wide-
spread forest type — moist pure beech forest.

Materials and Methods

In the National Nature Park (NNP) “Zacha-
rovanyi Krai” (Ukraine, Zakarpattia Region),
research on primaeval forests began in 2013:
a permanent sample plot (PSP) of 1 hectare
(100x100 m) was established, and informa-
tion about it is provided in the publication by
L.F. Shyshkanynets et al. (2019). In addition,
studies of myxomycetes of beech primaeval
forests have been conducted (Dudka & Kry-
vomaz, 2013).

It is worth noting that on July 7, 2017, two
areas (clusters) of the NNP (Irshavka — 93.94 ha
and Velykyi Dil - 1,164.16 ha) were included
in the list of UNESCO World Natural Heritage
sites (Hamor, 2023). The Irshavka cluster con-
sists of primaeval forests of the Pidhirnianske
forestry, while the Velyky Dil cluster consists of
primaeval forests of the Pidhirnianske forestry
(18%), old-growth forests of the Ilnytske for-
estry (59%), and primaeval forests of the state
enterprise (SE) “Dovzhanske Forestry-Hunting
Management” (FHM) (23%) (Shyshkanynets et
al., 2019). At the same time, the corresponding
plots in the SE “Dovzhanske FHM” are agreed
upon for inclusion in the NNP. The PSP is locat-
ed in the Irshavka cluster.

In 2023, trees with a diameter >6 cm were
numbered on the PSP and the boundaries of the
plot were restored in situ. Tree inventory was
carried out using a measuring fork: diameters
were measured in 2-centimeter increments at
breast height (1.3 m), classified by species. At
the same time, technical suitability categories,
Kraft classes, and sanitary conditions were as-
sessed (Grom, 2007; Methodical recommenda-
tions..., 2011; Sanitary Forests..., 2016). Tree
heights and crown lengths were measured us-
ing a height measurer Vertex IV (Sweden) on 36
trees: from the middle, upper, and lower levels
(12 trees in each layer).

The sanitary condition index was calculat-
ed using formula (1):
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1
I = 3E5-1 K mj, M)

where I is the sanitary condition index;
K...K, are the tree condition categories; n,...
n, are the number of trees in each condition
category; N is the total number of trees consid-
ered. If I < 1.5, the stand is considered healthy;
1.6-2.5 — weakened; 2.4-3.5 - severely weak-
ened; 3.6-4.5 — drying out; >4.6 — dried up.

The Kraft class index was calculated using
formula (2):

IK = Zjvzll(j nj/ Z?’:ln'; (2)

where [ is the Kraft class index; K....K; are the
Kraft class categories; n,...n, are the number of
trees in each category; N is the total number of
trees considered.

To assess defoliation, the atlas of the loss
of the assimilation apparatus in forest trees
(Borecki & Keczynski, 1992) was used. Based on
the defoliation of trees, the average value of the
feature was determined for the tree species and
stand, and the stand was classified according to
damage to one of four degrees: undamaged (0) —
defoliation <10%; slightly damaged (1) — 11-
25%; moderately damaged (2) — 26-60%; severe-
ly damaged (3) - 61-90%; dead (4) — 91-100%.

To determine the stability of the beech
forest stand, the stability coefficients (ratio of
crown length to tree height) and slenderness
(ratio of tree height to its diameter) were also
determined (Cherniavskyi, 2006). Additionally,
a transect measuring 10x100 m was laid out in
situ in the middle of the PSP (along the slope),
within which trees were assessed according to
the IUFRO (International Union of Forest Re-
search Organizations) classes.

When calculating the Cox clumping index,
the transect was first divided into subplots of
a fixed size (10x10 m). The index was deter-
mined by the formula (3) as the ratio of the
variance of the number of trees in the subplots

to the average number of trees (Kaganjak & Re-
hush, 2014):

Ic = ;; (3)

where I_is the Cox index; ¢* is the variance; n
is the average number of trees per subplot, pcs.
The Cox index can take the following values:
I <1.0 indicates a uniform distribution of trees;
I >10 indicates a clumped distribution of trees;
I.= 1.0 is characteristic of a random distribu-
tion of trees.

The accounting of self-seeding and un-
dergrowth was carried out within the transect.
For this purpose, 20 plots of 2x2 m were laid
out, evenly spaced from each other (2 within
a square of 10x10). Within the plots, natural
regeneration was assessed by species, height
groups, age, and condition. Age was determined
by the number of increments (whorls) in the
individual, and condition by the presence of
damage. Individuals without signs of damage
and with good annual increments were classi-
fied as healthy; those with slight annual incre-
ments (<5 mm), occasional dry branches, minor
mechanical damage to the trunk (bark dam-
age less than 1/4 of the trunk perimeter), and
the presence of galls were classified as slight-
ly weakened; individuals with 1/3 of the tree
dried (broken) were classified as moderately
weakened; those with up to 3/4 of the tree dried
(broken), and a trunk tilt greater more than 45°
were classified as severely weakened.

The description of the herb cover was car-
ried out by species, assessing the abundance
of the species according to the H.M. Vysotsky
scale (Methodical recommendations..., 2011).
The study was conducted in accordance with
the Convention on Biological Diversity (1992)
and the Convention on the Trade in Endangered
Species of Wild Fauna and Flora (1973). As for
deadwood, it was counted during the general
inventory of trees on the PSP, classifying it as
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standing deadwood or damaged, and assessing
it according to the five stages of decomposition
(Commarmot et al., 2013). Additionally, within
the transect, wood residues or branches with a
diameter of >7 cm that were not included in the
previous inventory were counted

Results and Discussion

On the territory of the NNP “Zacharovanyi
Krai”, 300.5 hectares of beech primaeval for-
ests have been identified (Order of the Ministry
of Ecology and Natural Resources of Ukraine
No. 161, 2018).

The predominant forest type for the growth
of primaeval forests is moist pure beech forest

(D,-B) - 264.9 ha (D - trophotope, characteris-
ing the most fertile soils (habitat conditions);
3 — hygrotope, characterising moist soils; B —
beech forest, the predominant (indigenous)
species for these habitat conditions) and fresh
pure beech forest (D,-B) - 35.6 ha (2 - hygro-
tope, characterising fresh soils).

The PSP is located in the predominant
forest type (D,-B), which makes it possible
to monitor the dynamics of development of
the beech primaeval forests growing in these
conditions. A more detailed silvicultural-tax-
ation characteristic of the beech forest stand
(primaeval forest), where the PSP is located, is
given in Table 1.

Table 1. Silvicultural-taxation characteristics of beech forest stand (primaeval forest)
based on forest management materials (2011, 2021 years)

©» =) P
(] =) %] 7] @ ]
gl g & < 2 s s | E £ F| B |f §|E
5] & 5 58 g- % ° © - 7 g a =
& g g 8 S 0 = |8 8 5 8%
RIS 5 g $ = oz & & £ EF 2
g S < = 4 g K
2011
[V}
g 7Fa.sy.(210)3Fa. | 210 | 35 | 56 i N,
2 | 13| 283 v (100) 00 | 28 | 3 1 | DB | 055 | 360 | ,. | 800
£
5 2021
[=W
221 [ 35 | 52
7Fa.sy.(221)3Fa. i N,
173283 | 1T Fa sy 40 {4101 22 | 24 | 1 | DsB| 065 | 430 | ,. | 800

Note: Fa.sy. - European beech; stand composition — the proportion of the species (genus) in the total stock

expressed in tenths of a unit; HASL - height above sea level; Havg. - the average height of the stand; DanA — the

average diameter of the stand
Source: developed by the authors

It is worth noting that over a 10-year pe-
riod, the stand stock per hectare has increased
significantly (by 19%): apparently, the data
from the 2013 studies were taken into ac-
count by the taxator (Table 2). According to
the results of the 2013 studies (Table 2), it was

found that the beech stand on the PSP is pure
in composition and complex form: the middle
and lower layers are pronounced. At the same
time, the share of stem wood of trees growing
in the first layer is dominant, accounting for
92.7% (404 m3ha™').
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Table 2. Silvicultural-taxation characteristics of beech primaeval forest on the PSP, 2013

Stan.d. Distribution Species N, H m D .em G, M,
composition by levels pcs-ha! avg? avg’ m?*ha! m3ha!
First Fa.sy. 124 35.1 52.5 26.85 401
10 Fa.sy.+Ac. Second Fa.sy. 57 21.5 22.6 2.28 23
ps. Third Fa.sy. 267 9.7 10 2.11 9
First Ac.ps. 1 37.5 52.0 0.21 3
Total living 449 31.45 436
Dead lying Fa.sy. 15 42.5 2.13 27
Dead standing Fa.sy. 25 44.2 3.84 49
Total dead 40 5.97 76

Note: Fa.sy. - European beech, Ac.ps. - sycamore, N — number of trees per 1 hectare; H,, - the average height
of the stand; D, - the average diameter of the stand; G — absolute density expressed in square meters per

1 hectare; M — wood stock expressed in cubic meters per 1 hectare

Source: developed by the authors

As a result of repeated surveys in 2023 at
the PSP, it was found that the total number of
trees and the sum of cross-sectional areas de-
creased by 6 and 3%, respectively (Table 3).
At the same time, the stock increased by 10%,
which is apparently explained by an increase

in the average height of the first layer stand:
heights were measured in different trees. It
is also worth noting that in a complex beech
stand, not all tree tops are well visible, which
complicates the process of measuring heights
in the same trees.

Table 3. Silvicultural-taxation characteristics of beech primaeval forest on the PSP, 2023

= = N, ~ "
- .g .g % pcs-ha! E » £
g 'g '-'g g ) Davg’ ZG’ -1 Z}VI’ -1 E -e—t(e .:—f
@ E' 2 E- total | Fa.sy. " cm | m*ha’)m*ha é © f
8 5 [ ©
First 137 136 37.7 48.0 27.3 454.6 | 0.61 la(c)
10 Fa.sy.+Ac.ps. Second | 79 79 18.8 18.0 2.1 18.7 0.06 2
Third 207 207 9.8 8.0 1.2 6.9 0.05 2
The entire stand 423 422 - - 30.6 480.2 0.72 -
100 largest trees 99 98 37.8 54.0 24.4 408.4 0.55 la
Standing dead trees
e tum‘%’ mortality) 5 5 70 | 100 | 0.1 03 | 000 | 5a
Standing dead parts of the
stem with lying parts of 7 7 33.0 62.0 2.3 34.0 0.05 2
crowns (natural mortality)
Dead parts of stems
(assqrtments) and dead ) ) ) ) ) 3.8 ) )
lying parts of trees
(assortments)

Note: Fa.sy. - European beech, Ac.ps. - sycamore; N — number of trees per 1 hectare; H, .- the average height
of the stand; D, - the average diameter of the stand; G - absolute density expressed in square meters per 1
hectare; M — wood stock expressed in cubic meters per 1 hectare; P - relative density; 1a (c), 2, 5a — indicators
characterising stands by height and diameter

Source: developed by the authors
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The share of stem wood of trees growing
in the first layer has not changed significantly
compared to 2013 and is 95% (454.6 m3-ha).
90% of the stock of the main layer (408.4
m3ha) is the stock of the 100 largest trees. At
the same time, the trees of the first layer belong
to the 1a height class. The share of stem wood
of trees of the second and third layers is insig-
nificant (5%), and the trees belong to the 2nd
height class, which is evident: they grow under
the canopy of the main layer.

On the PSP, the largest number of trees was
counted in the lowest thickness steps of the
third layer (Fig. 1, Table 3). At the same time,
according to their technical suitability, the trees
belong to the firewood category. There are com-
mercial trees in the second layer, but their share
is insignificant (Table 3). It is worth noting that

90

N W b U O N ©
o O o o o o o

Number of trees, pcs. (third layer)

—_
o

o

trees with a diameter of >22 ¢cm were classified
as commercial (taking into account the presence
of assortments of the quality class D, in the di-
ameter group 20-24 cm, for the beech species).
The largest number of commercial trees was
counted in the first layer, which is 89% of the
total number of trees in the layer. At the same
time, the stock of commercial trees on the PSP
is 317 m*ha’!, or 66% of the total volume of stem
wood of trees on the PSP. Moreover, the share of
commercial wood of the first layer complies with
standards. As for the share of commercial wood
in the second layer: it is significantly small-
er, which is characteristic of the correspond-
ing stands. This is explained by the following:
trees with a diameter of >22 c¢cm were classi-
fied as commercial, while trees with a diame-
ter of >6 cm were considered for the inventory.

18
16
m Third layer
. S
m First layer 1 3§
Second layer S
10 2o
+— C
g 58
- QO
Lo
6 €
=R
4 =
| || 1 O | 0

6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98
Thicknesslevels,cm

Figure 1. Distribution of the number of trees within the layers

Source: developed by the authors

Regarding deadwood: on the permanent
sample plot, the volume of natural losses
amounts to 34.3 m3hal. At the same time,
the site is dominated by standing deadwood
or damaged (to the point of growth cessation)
stem parts with lying crown parts, the volume of

which is 34 m*>ha! (Table 4). These are mainly
trees that have reached the age of physiologi-
cal maturity and have been damaged by abiot-
ic and biotic factors (windbreak, tinder fungus,
etc.). They are characterised by stages 1-4 of
deadwood decomposition. The volume of dead
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stem parts and dead lying parts of trees that
are not included in the above list is 9 m3-ha-l.
They are mainly characterised by stages 3-5 of
decomposition.

According to the degree of degradation of
the photosynthetic apparatus, the beech stand

on the PSP belongs to the “slightly damaged”
stage (Table 4). At the same time, the loss of
leaf mass in the trees of the main layer is some-
what higher than in the trees of the subordinate
layer, which is obvious, based on the physiolog-
ical condition (age) of the stand.

Table 4. Indicators of beech stand condition on a permanent sample plot, 2023

Distribution of trees by category <
£ of technical suitability o
<4 ] >< =
5 X 1 < < < E ©»
> S g 2 g £ g S g g
2 3] 3] A S = = = g g
o _ ) Q ] 2 A g ) =
S o g R ~ SN =] = =1 =t =
=] = BN = 9 5] o <] 7] =1
2 I £ 8 =] ° 38 b= = © I} )
2 g g & S w8 I & > &, 2
£ E |z : 3 2 g £
- & | 5 :
[>] ] 2 ;‘g
. 89 29 19 1
First 618 201 13.2 4.9 22.6 2.6 1.8 0.57 0.79
1 13 65 1
Second 13 16.3 313 13 14.4 - 2.0 0.67 1.04
. 207 4
Third - - 98.1 19 16.5 - 2.1 0.65 1.24
Total 90 42 291 12 - - - 0.60 0.97

Source: developed by the authors

The distribution of trees by Kraft classes
was carried out for the trees of the first layer. It
was found that the Kraft class index is 2.6. The
share of trees assigned to the II Kraft class is
predominant and comprises 38.0%. The share
of trees assigned to the IIT and IV Kraft classes is
smaller and comprises 23.4 and 25.6%, respec-
tively. At the same time, the share of trees as-
signed to IV* and IV® comprised 11.7 and 13.9%,
respectively. The smallest share is that of trees
assigned to the I Kraft class — 12.4%. The ab-
sence of trees assigned to the 5% Kraft class
(0.7% of trees are assigned to V¥) is explained by
the fact that the stand is complex: the remain-
ing trees on the PSP form underlying layers.

According to sanitary conditions, the beech
stand is weakened: the sanitary condition

index fluctuates within 1.8-2.1, depending on
the layer (Table 4). The most damage is ob-
served in the first layer (Table 5). At the same
time, the most common damages are cracks —
13.2% (frost cracks - 6.3%), mechanical dam-
age (7.6%) and side-dryness (6.9%). In the sec-
ond layer, the predominant type is mechanical
damage (3.8%). For the third layer, stem (7.1%),
windthrow (5.7%) and canker (4.7%). It is worth
noting that canker is found only on trees of the
third tier. After calculating the stability coeffi-
cients, it has been established that the beech
primaeval forest on the PSP is resistant to en-
vironmental factors: the crown length is 0.57
for trees of the first layer and 0.67 and 0.65 for
trees of the second and third layers, respective-
ly (Table 5, Fig. 2).
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Table 5. Distribution of trees by type of damage on the PSP, 2023

” Share of trees by type of damage (%)
-
) o v
= o0
= b=° ?E‘P 0 2] 'g g )
-~ < —
B 1E4 3 ¢ |8 2|2 2 Bz k5§ ¢ ¢
g S8 = é 2 |5 |5 E £ &g E g E | =
2 £S5 ® s | 8 v g 5 s 8 | 2 g | 3
: S 2 T 2|3 E| 5|5 8 BE S| E | e
2 RN K = < = 2 < | 22| g 8 5
j= g & = ‘n - g = “5‘ 7] f,
7] o - =] - =)
Rz = ) = @
a © g g
First 13.2 | 7.6 6.9 5.6 | 4.2 4.2 4.2 4.2 4.2 3.5 2.8 8.2 | 68.8
Second 3.75 | 2.5 2.5 1.25 | 1.25 2.5 |13.75
Third 3.3 1.9 0.5 7.1 5.7 0.9 | 4.7 1.5 | 25.6

Source: developed by the authors
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Figure 2. Tree heights, lengths of stems and crowns within layers on the PSP

Source: developed by the authors

The slenderness coefficient for the first lay-
er is optimal (0.79), for the second layer — lim-
iting (1.04), and for the third — minimal (1.24).
The corresponding coefficients confirm that the
stand is developing naturally (Cherniavskyi et
al., 2006). It is also worth noting that there is
a strong correlation between tree diameter and
height, and significant correlations between
diameter and crown and stem lengths (Fig. 2).

A more detailed study of the beech pri-
maeval forest was conducted on a PSP transect
(Table 6). The silvicultural-taxation indica-
tors of the stand on the transect reflect (pro-
portionally) the corresponding indicators of
the stand on the PSP, but are slightly lower.
Specifically, along the transect, 35 trees were
recorded, which constitutes 8.3% of the total
number of trees on the PSP; the stock volume
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is 26.5 m>-ha'!, accounting for 5.5% of the stock
on the PSP. Moreover, the distribution of trees
along the transect is uniform.

Regarding the comprehensive stability
of the beech stand (IUFRO classes): along the

Table 6. Silvicultural-

transect, there are predominantly middle-lay-
er trees that are well-developed (with good vi-
tality), of average increment (mostly co-dom-
inant), valuable, with good stems and long
crowns (Table 7).

taxation characteristics

of beech primaeval forest on the transect, type of tree placement

>
=1 = o
=] c - ] o ¥
< E S P & g o o g 55
g8 R Z < B < & = < £ £ s g
s & =] 3 H ¥ o " 9 ° 9
g g~ 2 = a & g S &5
15 % o ol
o -
a
First 7 37.7 50.0 1.4 23.9
10Fa.sy. Second 8 18.8 18.0 0.2 2.0
0.65 uniform
Third 20 9.8 8.0 0.1 0.6
The total stand 35 - - 1.7 26.5

Note: Fa.sy. ~European beech; N — number of trees per 1 hectare; H, - the average height of the stand; D, -
the average diameter of the stand; G — absolute density expressed in square meters per 1 hectare; M — wood

stock expressed in cubic meters per 1 hectare
Source: developed by the authors

Table 7. Distribution of beech trees by IUFRO classes along the transect

Layer Vitality Position Sllv‘l;lllll;ural Merchantability Crown length
2.3 1.8 2.4 4.7 5.5 4.3

Source: developed by the authors

After counting the undergrowth, it was
found that beech undergrowth is mainly found
under the canopy of the mother stand, which is
poorly differentiated by age groups: it belongs
to the 7-year-old group and older (88.0%). The
undergrowth is well differentiated by height
groups: its largest number is in the 26-50 cm
height group - 33.7% and the lowest is in the
height group up to 25 cm - 4.8% (Table 8). In
other height groups, the number of under-

growth ranges from 10.8 to 21.7%. The share of
sycamore (Acer pseudoplatanus L.) undergrowth
is insignificant and is 11.0%.

Regarding the condition of the under-
growth, the proportion of individuals catego-
rised as healthy and insignificantly weakened
predominates, comprising 44.6% and 45.8%
respectively. The shares of individuals catego-
rised as moderately and severely weakened are
insignificant, each accounting for 4.8%.
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Table 8. Distribution of the number of undergrowth within the transect

2 Number of undergrowth by age and height groups (cm), pcs.-ha'/%

3]

Q 1-year- | 2-3 | 4-7 | over 7 < ) ) 101- 151- S

& old |yo|yo. vo. Total | <25 | 26-50 |51-100 150 250 >250 | Total
Fa.s 9,125 | 9,125 | 250 | 2,750 | 1,625 | 1,250 | 2,250 | 1,000 | 9,125

Y- 88.0 88.0 2.4 26.5 15.7 12.1 21.7 9.6 88.0
Ac.DS 125 1,000 | 1,125 | 250 750 125 | 1,125

ps- 1.2 9.6 10.8 2.4 7.2 1.2 10.8
Co.av. 125 125 125 125

R 1.2 1.2 1.2 1.2
Total 125 10,250 | 10,375 | 500 | 3,500 | 1,750 | 1,250 | 2,250 | 1,125 | 10,375

1.2 98.8 | 100.0 4.8 33.7 16.9 12.1 21.7 10.8 | 100.0

Note: Fa.sy. — European beech; Ac.ps. — sycamore; Co.av. - common hazel

Source: developed by the authors

In addition to the above species, spruce (Pi-
cea abies L.) undergrowth is also found within
the PSP. His species appeared in the area due
to the arrival of seeds from an adjacent area
where a derivative spruce plantation is growing.
The undergrowth on the PSP is almost absent:
Sorbus aucuparia L. and Corylus avellana L. are
occasionally found. The herbaceous cover is
typical for the corresponding forest stand: Gali-
um odoratum (L.) Scop. — 2, Rubus hirtus Waldst.
et Kit. - 1, Gymnocarpium dryopteris L.) Newm. —
p, Athyrium filix-femina (L.) Roth — p, Dryopteris
filix-mas (L.) Schott — p, Dentaria glandulosa
Waldst.et Kit. — n, Oxalis acetosella L. - u. In the
place where surface water comes to the surface,
the herbaceous cover is more diverse (about
0.05 ha), in addition to the above species, there
are: Impatiens noli-tangere L. — 3, Urtica dioica
L. — 2, Symphytum cordatum Waldst. et Kit. ex
Willd. - p, Chrysosplenium alternifolium L. — p,
Lamium maculatum L. — n, Myosotis sylvatica
Ehrh. ex Hoffm. — u. Summer aspect: 15.06-
17.08. Fagetum asperulosum. The area features
an outcrop of rocky formations on the surface.
Type of growing conditions: D*“, (wet fairly fer-
tile forest site conditions subtype of the moist
fairly site condition).

The study of primaeval forests in the
Ukrainian Carpathians, particularly in Zakar-
pattia, began in the 1930s by the Czech re-
searcher A. Zlatnik in 1938 (Stoyko, 2013). The
further history of primaeval forest research
within the Ukrainian Carpathians is covered
in the studies of U. Brandli & J. Dowhan-
ytsch (2003), F. Hamor & P. Veen (2008). Accord-
ing to forest management zoning ning (Hol-
ubets, 2003), the research on the PSP concerns
the Volcanic Carpathians (Vyhorlat-Hutyn
ridge) and intermountain depressions. The
vast majority of research on beech primaeval
forests in the Ukrainian Carpathians relates
to the Mountain Carpathian forestry district.
Thus, P.M. Ustymenko & D.V. Dubyna (2014) es-
tablished that about 3,000.0 hectares of beech
forests on the territory of the Synevyr National
Nature Park have the characteristics of primae-
val forests. The researchers conducted geobo-
tanical descriptions on the corresponding sites.
The research of M.V. Sayats (2009) is dedicated
to the beech primaeval forests of the Uzhan-
sky National Natural Park, whose territory is
an integral part of the “Eastern Carpathians”
international biosphere reserve. It is worth
noting that virgin forests are preserved in the
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Uzhanskyi National Nature Park, and reserves
of beech and beech-spruce forests were created
in 1908-1913 (Stoyko, 2018). Repeated studies
by Z. Hruby (1997) of the cenotic and age struc-
ture of this primaeval forest, on the experimen-
tal plots of A. Zlatnik showed that the stock has
not changed significantly (Sayats, 2009).

More long-term studies by Yu. Shparyk et
al. (2018), and V. Trotsiuk et al. (2012), which
cover the issues of the state and structure of
beech primaeval forests, were conducted on the
territory of the Carpathian Biosphere Reserve.
The authors considered how the diversity of cli-
matic conditions, soil types and relief influence
the formation and development of these unique
ecosystems. Studying these influences helps to
better understand the processes taking place
in beech primaeval forests and contributes to
their effective management and preservation.

The authors of this study note that even
though the above studies were conducted in dif-
ferent institutions and forestry (forest-growing)
districts, they were carried out in homogeneous
growing conditions (forest type D.-B) and in
the alti altitude range, which is optimal for the
growth of beech forests. The stands are homoge-
neous in terms of the composition of the stand,
however, there is a difference in the wood stock:
in the Carpathian Biosphere Reserve, the stock
is higher, which is evidently due to the greater
participation of species in the stand composition
and the phase (interval of beech tree diameters
on the permanent sample plot) of the beech pri-
maeval forest’s development (Yanovska, 2015).
In particular, the first layer stand belongs to
the overmature (post-senile) age group. In the
NNP, the interval of diameters of beech trees on
the site is smaller, and the stands are also char-
acterised by different phases of development
(age groups by diameters): the stand of the first
layer belongs to the mature age group (senile),
the second layer to the middle-aged group,
and the third layer to the pole (virginal) group.

An important structural feature of pri-
maeval forests is also that the first layer of the
primaeval forest is the main biogeocenotic ho-
rizon, which holds the majority of the forest’s
wood stock: in the NNP, the corresponding
sharewas 92.7%in 2013 and 95% in 2023. On the
PSP in the Carpathian Biosphere Reserve, the
corresponding share is identical (about 93%).

The hypothesis that the primaeval forest is
a stable ecological system is confirmed by the
stability and slenderness coefficients of the
stand. At the same time, the prevailing types of
damage on the site are cracks, mechanical dam-
age, and side dryness — damage caused mainly
by abiotic factors. However, their share is not
significant, which is reflected in the commer-
cial structure of the stand: in the first layer, the
share of commercial trees is 89% or 66% of the
total volume of stem wood of trees on the PSP.

The resilience of this ecosystem to the
influence of abiotic factors is confirmed by
research on the territory of the Carpathi-
an Biosphere Reserve. Thus, according to
Yu.S. Shparyk et al. (2018), a windfall in 2007,
from which more than 25% of trees were lost
in individual thickness steps, did not destroy
the primaeval forest — within three years af-
ter the disaster, the fullness of the stand was
restored, and the decrease in wood stock did
not exceed 10%. M.V. Kabal et al. (2021) note
that at the research station, where more than
80% of the trees were felled by a catastrophic
storm after 12 years sufficient natural renew-
al and the formation of a young forest were
found - which indicates a tendency to recov-
er. As a result of the functioning of the eco-
system, it is characterised by different stages
of development, including decay: on the plot,
were recorded about 43 m*ha™ of deadwood,
characterised by five stages of decomposition.
Dry standing or damaged (to the point of stop-
ping growth) parts of the stems with lying parts
of the crown (34 m3ha'!) predominate. Long-
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term studies have established that the amount
of dead wood can vary significantly, depending
on natural factors, including the aforemen-
tioned windfalls.

An important component of the primaeval
forest is also its “potential” (undergrowth) — a
sufficient number of tree species that can po-
tentially fully replace the maternal stand. Dur-
ing the study, 10,375 pcs-ha! of undergrowth
were recorded, of which beech accounts for
88.0% (Table 7). Beech undergrowth is weak-
ly differentiated by age groups: only in the
group of 7-year-olds and older was record-
ed and well-differentiated by height groups.
The absence of undergrowth in younger age
groups is explained by the biology of the tree
species: fruiting intervals (average yields are
observed every 1(4)-6 years) and canopy clo-
sure (due to insufficient light, a significant
amount of self-seeding dies in the first year
of life). However, this amount of undergrowth
is optimal for these conditions and the natu-
ral development of the ecosystem (phase of
development). According to Yu.S. Shparyk &
I.M. Yanovska (2017), about 26,000 pcs-ha! of
undergrowth were recorded in a monodomi-
nant beech primaeval forest under the condi-
tions of a moist pure beech forest. The larger
amount of undergrowth is explained, obvious-
ly, by the age of the maternal stand (belongs
to the post-senile age group) and the partic-
ipation of other species in the composition
of the maternal stand. In particular, the re-
searchers recorded a significant number of
other species in the undergrowth. V. Lavnyy et
al. (2021) note that natural regeneration of
tree species is well formed in the “gaps” of
the forest canopy in beech primaeval forests.
At the same time, its quantity increases with
the increasing size of the gaps in the canopy.

Under the canopy of the monodominant
beech primaeval forest, the herbaceous cover
is typical for nemoral forests. Moreover, the

same vegetation is also found at the research
station in the Carpathian Biosphere Reserve.

Conclusions

The state, structure, and dynamics of develop-
ment of a beech primaeval forest in the condi-
tions of a moist pure beech forest were studied.
It was established that the stand of the first
layer belongs to the mature age group (senile),
the second layer to the middle-aged group, and
the third to the pole stage (virginal). It was de-
termined that 95% o of the primaeval forest’s
stock is from the first layer, while the share of
commercial trees of the first layer is 89% (66%
of the total volume of stem wood of trees on the
PSP). The main types of damage on the site are
damage caused by abiotic factors. As a result of
the corresponding damage, about 43 m3-ha! of
deadwood was recorded, which has all 5 stages
of decomposition.

Under the canopy of the maternal stand,
10,375 pcs-ha! of undergrowth were record-
ed, of which beech accounts for 88.0%. Beech
undergrowth is weakly differentiated by age
groups: only in the group of 7-year-olds and
older was recorded and well-differentiated by
height groups. By age group, the undergrowth
belongs to the juvenile-immature age state.

The beech primaeval forest in the corre-
sponding growing conditions develops natural-
ly, under the influence of only natural forces and
phenomena, without significant human inter-
vention, and its species, age, and spatial struc-
ture are determined by environmental factors.

Further research on the state and structure
of beech primaeval forests may include a more
detailed study of the dynamics of changes in
the composition and functioning of the ecosys-
tem over time, as well as an analysis of the im-
pact of various factors, including anthropogen-
ic and climatic, on its stability and self-renewal
ability. Additional research may also focus on
assessing the vulnerability of these ecosystems
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to environmental changes and developing ad-
aptation strategies to the future challenges
they face. Furthermore, it is possible to conduct
research aimed at understanding the relation-
ships between beech primaeval forests and oth-
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AHoTanis. AKTYalbHICTh JOCTiIKEeHHS BU3HAUAETHCS HEOOXiIHICTIO 36epeXXeHHS MPUPOSHUX
IIIHHOCTE, SIKi BBa)KalOThCS HaJOaHHSIM YChOTO JIIOACTBA, — IMpaliciB i cTapoBiKOBMX OGYKOBMX
jiciB BcecBiTHbOI npupopHoi craguiau IOHECKO. MeTowo po6otu 6y/0 AOCTIAUTM CTaH Ta
CTPYKTYpy GYKOBOTO TMPAaJIiCy HAI[iOHAJbHOTO MPUPOTHOTO IMapKy «3auapoBaHuMil Kpaii». st
JOCTiIKeHHS 3aK/IaJeHO MOCTiiHy Mpo6HY IuioIny po3Mipom 1 ra (100x100 M) B mepeBaskarouomMy
TUIT JIicy — BOJIOTiit uMCTiit 6yunHi. laHa IijITHKa PO3TallloBaHa B ONITUMAa/IbHMX JIJIsT GyKa JTiCOBOTO
(Fagus sylvatica L.) nicopocIMHHUX yMOBax, y Mesxkax BuropnaT-I'yTMHCBKOI BYJIKaHiUHOI Ipsiu
Vkpaincbkux Kapmat. BcraHoBieHo, 10 6yKOBMIT JIiCOCTaH Ha OITHII € YMCTUM 3a CKJIaJloM Ta
CKIaIHUM 32 hopmoro, SIKOMY TTpUTaMaHHi pi3Hi Gasu po3BUTKY (BiKOBi rpymnu 3a AiamMeTpamu):
JlepeBOCTaH IePIIOro SIPyCcy HAJMEKUTb 10 CTUIJIOL BiKOBOI TPyIu (CeHibHOI), APYTOro SIipycy — 0
CepemHbOBIKOBOI, a TPETHOTO — 10 JKEPAHSIKY (BipriHiNbHOT). BusHaueHo, mo 95 % 3armacy npamicy —
1Ie 3arac Iepiioro sIPycy, Mpy LbOMY YacTKa AiIOBUX JlepeB IMepPIIOTo SIPyCcy CTaHOBUTH 89 %
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The state and structure of beech primaeval forests...

(66 % Bin 3aranbHOro 06’€My CTOBOYPHOI IepeBMHM JAepeB Ha TOCTiliHil MpoO6Hii o).
OCHOBHMMM BMIAMM IIOIIKOKEHb HA IISHII € TOIIKOMKEHHS CIPUYMHEHi abioTMuHMMM
YMHHUKAMMU. Y Pe3y/abTaTi BiAMOBIZHMX MOIIKOIKEHb, 00MiKOBaHO 43M3 ra”! MepTBOi AepeBUHN,
SIKiii mpuTaMaHHi Bci 5 crafmiit posknany. ITin HameToMm JLepeBocTaHy obmikoBaHo 10375 mTra’!
ITiIpoCTy, yacTKa 6yKa y CKIafi Ikoro craHoBUTb 88 %. [TimpicT 6yka ciabo nudepeHiiiiioBanmii 3a
BiKOBMMMU I'pyTiamMu: 06;1iKOBaHO JIMIIe y TPYTIi 7-piuHOro Biky i cTapiie Tamobpe nudepeHiiioBanmit
3a BUCOTHMMM TrpynaMu. 3a BiKOBOIO TPYIIOK MiAPIiCT HaJeXUTh [0 IOBEHiIbHO-iMaTypHOTO
BiKOBOTO cTaHy. Tpap’siHe BKPUTTSI € TUTIOBUM [IJIs1 HEMOpaIbHMX JiiciB. HasiBHICTh cTarjioHapHMUX
IIJISTHOK AOC/TiIKeHb Y HallilOHAJIbHOMY MIPUPOAHOMY TAapKy «3auapoBaHuit Kpaii» Ja€ MOKINBICTh
MOCTi/THO BiICTEXXYBaTU TeHAEHLIii MPUPOJHOTO PO3BUTKY eKOCHCTEMY — GYKOBOTO Ipaicy

Knrouosi cmoBa: Ykpainchki KapriaTu; fepeBocTaH; MiJipicT; MepTBa JiepeBiHa; eKOCuCcTeMa
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