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INTRODUCTION

The need to increase productivity and integrated use of
wood and non-wood forest resources forces foresters
to manage forests on a typological basis differentiated
depending on various economic and forestry conditions [1].
Scientific works of a number of Ukrainian researchers
are devoted to forest typological studies in the Ukrainian
Carpathians [2-4]. At the present stage of development
of typological science in Ukraine, researchers are trying
to create a detailed typological scheme of forests, which
would consider not only edaphic, but also climatic and
coenotic factors. At the same time, the forest typology
has a significant practical application, as it solves the
problem of classification of forest areas that are homo-
geneous in soil, hydrological, climatic, and forest site
conditions. This results in the possibility to develop uni-
form requirements for forestry management.

The constant development of main conditions of
the forest and ecological method of forest type diagno-
sis, the development of quantitative approaches to the
assessment of edatops, and the expansion of possible
areas of application makes it universally applicable in
both industry and research. The forest typology is the basis
for close to nature forestry, the methods of which are most
relevant in forestry and environmental management in
the context of climate change.

Forest typology is yet to get sufficiently integrated
into related ecological and geographical sciences. The
succession of plant phytocenoses forces to make constant
adjustments of forest types. One of the reasons behind
such a state is the lack of quantitative determination of
edatope.

A number of researchers have been introducing
adjustments to the existing model to improve the ex-
isting classification system. In particular, A. Shvydenko
suggested to introduce additional trophotopes and hyhro-
topes [5]. At the same time, O. Migunova argued about
the need to combine the existing edaphic grid with the
predominant soil rocks and the content of certain chem-
ical compounds (phosphate anhydride and potassium
oxide) [6], and assumed the possibility of applying the
principles of the forest ecological classification system
for the classification of nature as a whole. The study in-
volved the analysis of subor and coniferous forest types
aiming to improve the forest topology, establishment
of permanent sample plots within the tree stands that
did not meet the existing diagnostic features aiming to
detect and diagnose new forest types.

Considering the global climate change on our
planet that leads to drying of spruce forests, Scots pine
deserves the attention of foresters as an indigenous,
reclamation, forest forming tree species, and not only
as arelict species that is in a need of careful protection.
Proper diagnosis of forest types would allow carrying
out all necessary forestry and environmental measures
correctly to form the forthcoming tree stand composi-
tion, living ground cover, undergrowth, and other forest
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elements as close to the natural forest habitat as possi-
ble. In particular, natural stands of Scots pine should be
used for both protective and forest breeding purposes. To
solve these problems, foremost, it is necessary to study
relevant issues related to forestry and ecological features
of the formation of these stands, along with their spatial
and morphological structure. This knowledge will help to
properly carry out further research, especially in forestry,
geobotany, dendrology, soil science, geology, etc.

MATERIALS AND METHODS

Objects of the study have been determined within the
Ukrainian Carpathians using own experimental research
based on the materials from forest management expe-
dition databases, state forest inventory data, and additional
information obtained during communication with forest
workers on the territory of the study area.

The choice of areas for establishing the set of
sample plots was based on the previous inventory and
a route method of inspection of the studied objects.
Field research included establishment of sample plots
according to the standard of organisation of Ukraine
02.02-37-476:2006 [7] and processing of the obtained data
according to the generally accepted methods in forestry
and inventory research [2; 3; 8; 9]

The work within the permanent sample plots in-
volved the following:

1. Complete enumeration of trees with simultaneous
measurement of DBH. Tree numbering was performed
using white paint on the same side of the trunk that is
relative to the sample plot.

2.Height measurement was performed using a laser
altimeter TruPulse 360B with an accuracy of 0.1 m ac-
cording to the method of using the device.

3. Assigning individual coordinates to each tree by
using a pre-established relative grid of coordinates within
the sample plot area [10; 11].

4. Assessment of the sanitary condition of trees and
their categorisation in accordance with the “Sanitary rules
in the forests of Ukraine”.

5. Counting the undergrowth within the sample plot
area separately for each species. Simultaneously, under-
growth has been distributed into one- two-, five-, seven-,
and ten-year age groups. Coordinates of the undergrowth
location have been recorded as well.

6.ldentification of all types of grass cover and deter-
mination of dominant and co-dominant species, along
with identification of indicator plant species that are
relevant to forest vegetation conditions.

7. Recording the outline of the living above ground
cover distribution using a coordinate grid to determine
the percentage and nature of its spatial scattering.

8. Excavation of soil profile and determination of
soil horizons within the sample plots where the soil was
well-formed.

9.Taking photos of work stages, types of living above




ground cover, creators of mycorrhiza, pathogens, and pests
for further illustration of the research.

10. Collection of cones and needles, sampling of wood,
fruiting bodies of fungi, and soil of all horizons for further
laboratory research.

Typological analysis of subor and coniferous for-
est types in the territory of the Ukrainian Carpathians
was carried out using own research, the conclusions of
other researchers along with the forest inventory data.
Determination of forest types and distribution of tree
stands within natural and successive categories was made
in accordance with the generally accepted forestry methods
and on the basis of the Pohrebniak & Vorobiov forest ty-
pology grid, and using practical recommendations sug-
gested by Herushynskyi [3].

The obtained results of measurements and observa-
tions were processed using standard methods of statistical
analysis as developed by the Department of Forest Inventory
and Forest Management of the Ukrainian National Forestry
University.All photos and tables in the paper represent own
research results.

RESULTS AND DISCUSSION

Initial data. Forest fund areas of the Carpathian region
have been divided based on the materials from forest
management expedition databases by types of forest
vegetation conditions. According to the findings, the
majority of subor forest areas are located on the territory of
Ivano-Frankivskregion (fresh subor conditions-118.8 ha
(8.0%), humid subor conditions - 1,230.6 ha (82.4%), moist
subor conditions - 1.6 ha (0.1%), wet subor conditions -
132.2 ha (8.9%). As of the Lviv region, subor areas are
located on the territory of the Sambir State Forest
Management Enterprise (dry subor conditions - 0.5 ha
(0.03%), fresh subor conditions - 9.4 ha (6.3%). The to-
tal area of subor forests on the territory of the Ukrainian
Carpathians is 1,493.1 ha. The total area of coniferous
forests on the territory of the Ukrainian Carpathians is
28,190.2 ha. The vast majority of coniferous forest con-
ditions are managed by the Ivano-Frankivsk Regional
Forest and Hunting Management Enterprise - 79.58%
(dry coniferous forest conditions - 3 ha, fresh coniferous
forest conditions - 333.5 ha (1.15%), humid coniferous
forest conditions - 21,954.9 ha (75.94%), wet conifer-
ous forest conditions — 716.2 ha (2.48%). As of the Lviv
Regional Forest and Hunting Management Enterprise,
coniferous forest conditions are present on the area of
2,633.3 ha (9.11%), while Chernivtsi and Zakarpattia
Regional Forest and Hunting Management Enterprises
manage 1,374.3 ha (4.75%) and 1,895.0 ha (6.55%) of
coniferous forest areas.

Research of predecessors. Herushynskyi has estab-
lished 5 permanent sample plots in the areas of fresh
subor forest types and 10 permanent sample plots in the
areas of humid subor forest types during his studies of
forest typological features of the Carpathian forests [10].
Based onthe carried-out researches,Herushynskyi considers
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the types of Scots pine forest to be interregional for the
Pokuty-Marmorosh part of the Ukrainian Carpathians.
As aresult of his typological study, Herushynskyi described
all forest types he discovered on the territory of the
Ukrainian Carpathians, including subor and coniferous
ones [3]. This work is the basis for determining forest
types for scientific and practical purposes. It identifies
the main indicator plants for the proposed forest types.

However, R. Yatsyk [12] cites the most common
forest types of Pinus sylvestris L. of relict origin in the
Ukrainian Carpathians based on his own research. The
author notes such less common forest types as moist
spruce-pine Carpathian coniferous forest type, moist
spruce-pine Carpathian coniferous forest type, and wet
pine coniferous forest type. The forest types have not
been identified earlier by Herushynskyi.

Shevchenko suggests the division of pine forests
and their types depending on the ecological conditions.
In particular, into coniferous forest types with the dom-
inance of Pinus sylvestris L. but sufficient admixture of
Picea abies (L.) Karsten, Betula pendula Roth, and Abies
alba Mill. in trophotopes from B, to B.. Trophotope B, is
predominant among all relict pine forests [10].

Milkina (1987) provides a detailed description of
cenoses which have Pinus sylvestris L. in tree species com-
position on the territory of the Ukrainian Carpathians [12].
The author divides pine forests, in particular in conifer-
ous forest types, into three main sub-formations. These
sub-formations, in their turn, are divided into associations
and sub-associations.

Sub-formation Pineta sylvestris consists of the
following monodominant pine cenoses (associations):
Pinetum vaccinioso-hylocomiosum and Pinetum myrtilloso-
hylocomiosum (those are formed within the forest type
B,-Ps individually in the geographical tracts “Sokil’,
“Bredulets”, “Pichne”); Pinetum empetroso-hylocomiosum,;
Pinetum sphagnosum as divided into 4 sub-associations:
(a) Pinetum myrtilloso-sphagnosum (forest type B,-Ps, in-
dividual trees of spruce can be found in the second
storey and has class V@ bonitet); (b) Pinetum eriophoroso-
sphagnosum (pure tree stands with slightly higher pro-
ductivity in forest type B,-Ps with the climatic admixture
of Betula pubescens Ehrh. of less than 500 trees per ha of
undergrowth).

Sub-formation Piceeto-Pinetum represents spruce-
pine cenoses, which mostly grow within coniferous forest
conditions and represent a transitional form of cenoses
between pure pine stands and spruce stands. It is repre-
sented by such associations as Piceeto-Pinetum myrtil-
loso-hylocomiosum (forest type - B,-paPs, B,-paPs);
Piceeto-Pinetum myrtilloso-sphagnosum typicum (forest
type - B,-paPs, and can be found in the geographical
tracts “Liutoshary”). Sub-formation Abieto-Piceeto-Pineta
is represented by the association Abieto-Piceeto-Pineta
myrtilloso-hylocomiosum (forest type - B,-paPs).

Practical review and analysis of previous research.
Avisual inspection has been carried out for tree stands,
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which had corresponded to the previously described
forest types. Observations have been used for visual
comparison with stands that have distinctive features.The
following forest types have been distinguished within
subor forest vegetation types:

Forest type — humid spruce and pine subor type
(A;-paPs) is common in the upper belt of the Ukrainian
Carpathians (Pokuty Carpathians, Gorgany) within the
heights of 900-1,450 m above sea level,on slopes with a

steepness of 15-30°, and on fine soils in micro-depressions
and crevices of rock placers. The composition of the
stand is dominated by Pinus sylvestris L.and Picea abies (L.)
Karsten (class IV bonitet mostly) (Fig. 1) with an ad-
mixture of Betula pendula Roth. Sorbus aucuparia L. is
present as a part of a sparse undergrowth. Vaccinium
myrtillus L., Calluna vulgaris (L.) Hull, Empetrum nigrum L.
and mosses, less herbaceous species, predominate in the
layer of above-ground cover.

Figure 1. Humid spruce and pine subor forest type (A,-paPs)

Forest type — humid mugo pine subor type (A,-Pm)
can be found in the high mountain belt of the Carpathians
within the altitudes of 1,400-1,750 m above sea level
on the territory of Chornohora, Chyvchyny, Gorgany,
Grynyava mountain massifs. Soils are underdeveloped,
low-strength with a small layer of fine soil (up to 25 cm).
Tree stand layer is represented by the continuous thickets

of Pinus mugo Turra with the height of up to 2 m (Fig. 2).
Sorbus aucuparia L., Salix caprea L., Salix silesiaca Willd.,
Juniperus sibirica Burgsd. form the layer of a sparse un-
dergrowth. Vaccinium myrtillus L., Vaccinium vitis-idaea L.
and a large variety of herbaceous species can be found
within the layer of above-ground cover.

=

Figure 2. Humid mugo pine subor forest type (A,-Pm)
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Forest type — humid stone pine and spruce su-
bor type (A,-pcPa). This type is common on mountain
tops and their slopes within altitudes of 1,250-1,550 m
above sea level in Gorgany and Chornohora massifs. Soils
are underdeveloped, low-strength with a small layer of
fine soil (up to 30 cm), stony. Tree stand is dominated
by Picea abies (L.) Karsten with an admixture of Pinus

Pohribnyi et al.

cembrae L. (class IV bonitet mostly) and Betula pendula
Roth. (Fig. 3). Sorbus aucuparia L., Salix caprea L., Salix
silesiaca Willd., Juniperus sibirica Burgsd. represent the
layer of undergrowth, while Vaccinium myrtillus L. and
mosses can be found as above-ground cover. These for-
ests are one of the many virgin areas of the subalpine
belt of the Carpathians [14].

Forest type — moist mugo pine subor type (A,-Pm)
is common in the highlands of the Carpathians (Chornohora,
Gorgany, Chyvchyny,and Grynyava massifs) on flat locations
or concave slopes up to 15° peat-podzol soils within alti-
tudes of 1,300-1,800 m above sea level (Fig.4).Undergrowth
and underbrush are absent in Pinus mugo Turra thickets

e

Herushynskyi (1996) has identified and described

16 coniferous forest types, which are composed by almost

all forest-forming tree species of the Carpathians. Fagus

sylvatica L. is a forest-forming species for such forest
types as:

— fresh beech coniferous forest type (B,-Fs) is rather

uncommon, but can still be found on the slopes of the

Figure 3. Humid stone pine and spruce subor forest type (A,-pcPa)

of up to 1.2 m tall. Mosses are commonly present in the
above-ground cover, while Vaccinium myrtillus L., Ledum
palustre L., Oxycoccus microcarpus Pers., Empetrum nigrum L.,
are represented much less. Similarly to the previously men-
tioned moist mugo pine subor type, forests of A,-Pm may
have areas of virgin vegetation within the subalpine belt [14].

Figure 4. Moist mugo pine subor forest type (A,-Pm)

Southern exposure in the Pokut Carpathians and Gorgany
massif in the altitude range from 500 to 1,200 m above
sea level. A stand has low bonitet value and consists of
the trees of vegetative origin with low market value
(Fig. 5a). Soils are gravelly with the release of the parent
rock to the surface [15].

— humid beech coniferous forest type (B,-Fs) is formed

Scientific Horizons, 2021, Vol. 24, No. 11
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in similar forest vegetation conditions as B,-Fs does.
However, it is mostly located on the slopes of Northern
exposure (Fig. 5b).

Picea abies (L.) Karsten is a forest-forming species
for such forest types as:

— humid spruce coniferous forest type (B,-Pa) is exclu-
sive to the highlands of the Carpathians in the altitude
range of 1,000-1,500 m above sea level. regardless of
the slope exposure with a slope of 20-30°. Soils do not

a) fresh beech coniferous forest type (B,-Fs)

have a great thickness (only 20-40 cm thick) on rock
placers and rubble (Fig. 6a).

— moist spruce coniferous forest type (B,-Pa) can be
found in the highlands of the Carpathians in the lower
slopes of the northern exposure. This forest type features
peat soils with excessive moisture level. Tree stand
have low productivity values and rarely exceed class
IV bonitet (Fig. 6b). The vast majority of these forests
belong to the virgin areas of the Carpathians [16; 17].

b) humid beech coniferous forest type (B,-Fs)

Figure 5. Coniferous forest types of Fagus sylvatica L.

5

a) humid spruce coniferous forest type (B,-Pa)

b) moist spruce coniferous forest type (B,-Pa)

Figure 6. Pure spruce coniferous forest types

—humid fir and spruce coniferous type (B,-aaPa) is
formed everywhere in the Carpathians at altitudes of
650-1,300 m above sea level with western and northern
exposure of the slopes. Tree stand has an average produc-
tivity. Trees of Abies alba Mill. have much lower growth
rates compared to Picea abies (L.) Karsten (Fig. 7a).

— humid stone pine and spruce coniferous forest
type (B,-pcPa) is common mainly for Gorgany massif in
the upper part of the forest cover at absolute altitudes of
1,300-1,500 m above sea level. However, it can be found
on small area within Chornohora and Pokyty massifs
of Carpathians as well. Tree stand has an average pro-
ductivity and class Il or Il of bonitet. Pinus cembrae L. is
mainly present in the overstory (Fig. 7b). These forests
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on the territory of the Ukrainian Carpathians have been
disturbed severely or destroyed because of the valuable
qualities of Pinus cembrae L.timber [18].

— humid larch, stone pine and spruce coniferous forest
type (B,-ldpcPa) is exclusive to Gorgany on the slopes of
the southern exposure in the altitude range of 1,000-
1,300 m above sea level. Soils are poorly developed, very
stony. Tree stands have class Il or Il of bonitet.

— moist stone pine and spruce coniferous forest
type (B,-pcPa) is common for heights of 1,100-1,400 m
above sea level in the same conditions as B,-pcPa, ex-
cept for the slope steepness. It is lower for B,-pcPa
compared to B,-pcPa and helps to retain moisture better.
Soils are underdeveloped and include peat (Fig. 7c).
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i § X <

a) humid fir and spruce coniferous b) humid stone pine and ¢) moist stone pine and spruce
forest type (B,-aaPa) spruce coniferous forest coniferous forest type (B,-pcPa)
type (B,-pcPa)

Figure 7. Spruce subor forest types

Quercus petraeae Liebl. acts as a forest-forming  exposures of slopes with absolute heights of 150-550 m
species for a single forest type - fresh sessile oak conif- above sea level. Tree stands of sessile oak have low
erous forest type (B,-Qp). It is limited to Zakarpattia  density and low bonitet values (Fig. 8).
and Prykarpattia geographical regions on the southern

s s 1ol % o ;
Figre 8. Fresh sessile oak coniferous forest type (B,-Qp)
Similarly, to Quercus petraeae Liebl., Alnus viridis ~ common in the highlands of the Carpathians in the subal-

(Chaix.) D.C. can be found within one forest type only -  pine zone. Mostly, this forest type is confined to the places
humid green alder coniferous forest type (B,-Av). It is  of formation of high mountain streams (Fig. 9).

A% S Rt e -

Figure 9. Humid green alder coniferous forest type (B,-Av)
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Pinus mugo Turra is a forest-forming tree species
for such three forest types as:

—humid mugo pine coniferous forest type (B,-Pm)
can be found everywhere in the Carpathians at altitudes
of 1,450-1,750 m above sea level. This is one of the most
common forest types for Pinus mugo Turra. Tree stand is rep-
resented by continuous thickets over 2 m high (Fig. 10a).

— humid stone pine and mugo pine coniferous forest

Sazha

a) humid mugo pine coniferous forest
type (B,-Pm)

Gl

b) humid stone pine and mugo pine
coniferous forest type (B,-pcPm)

type (B,-pcPm) can be found in Gorgany and Chornohora
massifs of the Ukrainian Carpathians. A special feature
of this forest type is the presence of isolated Pinus cem-
brae L.trees (see Fig. 10b).

— moist mugo pine coniferous forest type (B,-Pm) is
common for the altitude range of 1,250-1,550 m above
sea level, on gentle slopes with a slope of not more than
35° with peat soils (Fig. 10c).

¢) moist mugo pine coniferous forest
type (B,-Pm)

Figure 10. Mugo pine coniferous forest types

Pinus sylvestris L. is a forest-forming species for
such three forest types as:

—fresh spruce and pine coniferous forest type (B,-paPs)
can be found on the southern exposures of the slopes
with rocky placers of Yamne sandstone of IlI-1V category
in the altitude range of 500-900 m above sea level. Pinus
sylvestris L. is the primary forest-forming species here,
while Picea abies (L) Karsten is usually present as an
admixture and second storey of the tree stand. Relative
density of the tree stand does not exceed 0.7 (Fig. 11a).
Tree stand has a grouped spatial distribution and is con-
centrated in places of accumulation of organic matter;

- humid spruce pine coniferous forest type (B,-paPs)
is the most common type of relict forest of Pinus syl-
vestris L. in the Carpathians, which is common on rocky
placers of Yamne sandstone. It occurs on the southern,
southwestern and north-eastern exposures of slopes with
an altitude range of 600-1,100 m above sea level [10].

Scientific Horizons, 2021, Vol. 24, No. 11

The rocky outcrops of Yamne sandstone within this forest
type are categorised into IlI-1V categories depending
on the slope and height above sea level (Fig. 11b). Pinus
sylvestris L. is the primary forest-forming species here
as well. Picea abies (L.) Karsten is present as a 30-40%
admixture within the tree stand;

- moist spruce pine coniferous forest type (B,-paPs)
occurs quite rarely on the rocky outcrops of Yamne
sandstone of IlI-V categories and is quite common in peat
bogs of river terraces of mountain rivers. The process of
formation of this type of forest is similar to the one of
A,-paPs on rock placers with the only difference related
to the thickness and fertility, which are higher for B,-paPs.
This forest type is concentrated on the edges of swamps
with small micro-elevations. The primary forest-forming
species is Pinus sylvestris L. Picea abies (L.) Karsten can
be found as an admixture, but not more than 20% of the
tree stand composition (Fig. 11c).




a) fresh spruce and pine
coniferous forest type (B,-paPs)

b) humid spruce pine coniferous
forest type (B,-paPs)

Pohribnyi et al.

¢) moist spruce pine coniferous
forest type (B,-paPs)

Figure 11. Pine coniferous forest types

Study results. After a detailed analysis of previous
scientific and research work [2; 3; 9; 12; 13] and forest
management expedition databases, it has been found
that there is a significant share of forests, which have
Pinus sylvestris L. within their composition. Such forests
are studied insufficiently, or not described at all. The

practice of forest typological study had been continued
in subor (Table 1) and coniferous (Table 2) forest types
of Pinus sylvestris L. within the Ukrainian Carpathians
and established numerous sample plots on the territory
of forest management enterprises and nature protection
institutions.

Table 1. Characteristics of permanent sample plots on the territory of coniferous areas of the Ukrainian Carpathians

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10
Carpathian State Bolekhiv Carpathian Mizhhiria Vyhoda
Enterorise Special Forestry State Forest NaRcional Nadvirna State Forest State Forest State Forest
P Enterprise of Agro- Management Nature Park Management Enterprise  Management Management
Industrial Complex  Enterprise Enterprise Enterprise
Forest district Roztokivske Solotvynske  Yamnenske Zelenske Izkivske Mizunske
Population Bukovynska Bubnynska  Mykulychynska Zelenske Holiatynska Mizunske
Geographical tract  Protiati Kaminnia Doiléilslha Pohary Bredulets Holiatyn Shyrkovets
. Natural Natural .
Geological natural Hydrological natural
Status monumene  Mopument Natural monument of state - monument ™ meny
of local importance . P . of state importance
importance importance
Compartment 12 12 12 9 12 5 5 9 13 13
Section 22 23 22 1 21 10 10 47 18 18
- 48° 48° 48 490 48° 48° 48° 48°
3  |Longitude| 09 100 09 02’ 25 - - 39 54 54
Z 55.97 00.2” 48.9” 35.0” 30.8” 03.8” 22.3” 27.0”
3 250 250 25 23 240 23° 230 230
S Latitude | 09’ 09 09 40 36’ - - 26’ 50° 50°
90" 177 56" 57”7 36.9” 45.8” 48.9" 504"
Altitude, m 726 670 750 650 660 726 720 777 490 489
Slope exposure S-W SW  Sw S-W S S-W S-W S-W - -
dlopesteepness,  g50 850 850 850 18 515 23 15-30 - -
egrees
SP area, ha 0.25 022 004 0.35 0.2 0.045 0.045 048 021 0.2
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Table 1, Continued

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10
. . Bolekhiv . Nadvirna Mizhhiria
. Carpathlap State Special Forg stry State Forest Carpgthlan State Forest  State Forest  Vyhoda State Forest
Enterprise Enterprise of Agro-Industrial National h
Management Management Management Management Enterprise
Complex - Nature Park . .
Enterprise Enterprise Enterprise
Forest
vegetation type A A, A A A A A A A A
Forest type
P A-Ps A-Ps A-Ps A-Ps A-Ps APs  APs AP A-Ps A-Ps

Stand 80%Ps15%Pa  50%Ps 90%Ps  90%Ps5%
composition 5%Bp 45%Pa5%Bp 5%Bp5%Pa 5%Fs

80%Ps 80%Ps 90%Ps

Bp 0, 0, 0, 0,
20%Ps10%Bp 100%Ps 100%PS  J0%pa  10%Pal0%Ai 5%Bp5%Pa

Absolute M/Plot 333 13 07 228 6.66 022 059 1259 62 418
basalarea mzha 133 59 174 6.5 333 50 1301 262 295 209
Volume m¥/plot 2153 773 431 1297 52.88 052 260 101.8 4418 1524
mi/ha 861 351 1078 3371 2644 116 580 2121 2104 762
Relative density 04 03 04 03 06 04 05 05 0.3-07 06
Bonitet v v v v \Y % % M-V IV-Ve %

Note: Aa - Abies alba Mill.; Ai - Alnus incana (L.) Moench); Bp - Betula pendula Roth.; Bpb - Betula pubescens Ehrh.;
Fs - Fagus sylvatica L.; Ps - Pinus sylvestris L.; Pa - Picea abies (L.) Karsten

Table 2. Characteristics of permanent sample plots on the territory of coniferous areas of the Ukrainian Carpathians

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Carpathian
State Special
Forestry
Enterprise  Enterprise Carpathian National Nature Park Osmoloda State Forest Management Enterprise
of Agro-
Industrial
Complex
Forest district Roztokivske Tatarivske Pidlisnivske Zhenetske Yamnenske Anhelivske Krasnianske Osmolodske
Population  Bukovynska Tatarivske Palianytska Mykulychynska Anhelivske Krasnianske Osmolodske
Geographical  Protiati . . .
tract Kaminnia Bredulets Popovychivske  Pohary Sokil Turova dacha Liutoshary
Geological Botanical Natural
natural natural
Natural monument Natural monument of state monument
Status monument - Protected area of the park monument )
of state importance importance of local
of state of state .
. . importance
importance importance
Compartment 12 12 1 1 8 5 22 13 25 26 14 14 14 14 14 14 14 6
Section 22 22 1 3 3 21 20 21 9 1 5 28 18 37 20 23 31 19
()
g 48> 48> 48 48 48° 48 4®° 48° 48> 48> 48 48> 48> 48> 48> 48> 48> 4%
8 IS} 0 09 22 22 22 227 20 25 41  4° 51" 51 51 51U 50 56 51" 39
2 § 5577 564" 121" 065 138 1677 489" 138" 567" 5917 161" 161" 11.1” 035" 514" 21.7" 121" 339’
©
§ § 250 250 240 24 240 240 24 240 240 240 240 240 240 240 240 240 240 2F
5 0 09 33 3% 3z 3329 36 05 05 14 14 14 23 14 14 14 O0Or
3 35 277 16" 195 178 04" 298 369 059" 059" 335" 56.2" 56.2" 244" 236" 56.2° 246" 50.1”

Altitudem 699 684 730 750 730 720 863 670 970 980 444 453 453 454 454 450 452 707

SPE oy Sw SW OSW NE SW SW s SW SW - - - - - - - -
exposure
Slope
steepness, 8-50 850 16 15 16 45 20 10 7 14 - - - - - - - -
degrees

SParea,ha 013 013 02 02 021 021 021 021 021 021 02 02 03 02 02 02 02 02
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Table 2, Continued

Sample plot (SP)
INDICATORS
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Carpathian
State Special
Forestry
Enterprise  Enterprise Carpathian National Nature Park Osmoloda State Forest Management Enterprise
of Agro-
Industrial
Complex
Foresttype B- B- B- B ) ) B- ) B- B- B~ B- B 5| ) PR )
index pazPs pazPs paSPs paBPs B,paPs  B,-paPs pazPs B,-paPs paSPs pa3 pa4Ps pa4Ps pa4Ps B,-Ps By-Ps B;-PsB,-paPs B.-Ps
) L m%
&L X §X o & s 3 & 8
2 97 35 .8 § £8%2 58 8 £.98 B8
Q g% &2 45 2 SHa I X X 2485 X K &
X oS QYR A NS Lo A g8 i b yesas § O 0
Stand B de 38 3¢ & 2 9haxR8 & & Haaf £ & 9
o g X Y 78 © X L IR ¥ £ IR X X X &
composition 2 53 3£ g5 £ S AXSS B K g3 4SS & L 0§
S €5 B g 9 v EE7F £ &£ RN L & &
g % g8 % £ TgE x5 & % g 8
X S X S 4 X QI & & & S & & >
o N S X g > >3] O =3}
~ 8 ""Q [ee]
% m?/plot 108 228 53 94 9.82 1133 678 11.09 835 1041 844 912 12 787 568 826 911 522
©
£ m¥ha 83 175 267 47 4638 539 323 52.8 398 496 422 434 399 393 284 413 456 261
g| m¥plot 618 1511 3282 7901 8324 8023 6012 1092 7201 9015 879 901 145 6532 4633 779 9121 3027
=}
= m*/ha 475 1162 1641 395 3964 3821 2863 5201 3429 4293 4395 429 483 3266 2317 389 4561 1514
Fffelr"j;'l‘t’; 03 05 07 07 07 07 07 07 06 07 07 08 06 07 06 07 09 07
Bonitet \% \% v i I 1} 1} 1} 1} I 1 Il nm v I V

Note: Aa - Abies alba Mill; Ai - Alnus incana (L.) Moench); Bp - Betula pendula Roth.; Bpb - Betula pubescens Ehrh;
Fs - Fagus sylvatica L.; Ps - Pinus sylvestris L.; Pa - Picea abies (L.) Karsten

Detailed analysis of the results of the forest typo-
logical study and characteristics of diagnostic features of
the studied pine forest types allow to complement exist-
ing classification of subor and coniferous pine forest types

of Herushynskyi (1996) for the Ukrainian Carpathians with
the following three forest types: fresh pine subor forest
type (A,-Ps), wet pine subor forest type (A,-Ps), and wet
pine coniferous forest type (B,-Ps) [10; 11; 19] (Table 3).

Table 3. Suggested complementation of pine forest types for the territory of the Ukrainian Carpathians™

vegetation type _admixture Forest type name Hder . composition
A - Fresh pine subor forest type A-Ps 100%Ps
A, Spruce Humid spruce and pine subor forest type A.-paPs 80%Ps20%Pa
A, Spruce Moist spruce and pine subor forest type A,-paPs 80%Ps20%Pa
Al - Wet pine subor forest type A-Ps 100%Ps
B, Spruce Fresh spruce and pine coniferous forest type B,- paPs 80%Ps20%Pa
B, Spruce Humid spruce and pine coniferous forest type B.- paPs 60%Ps40%Pa
B, Spruce Moist spruce and pine coniferous forest type B,- paPs 70%Ps30%Pa
B, - Wet pine coniferous forest type B-Ps 100%Ps

Note: *In italics - suggested complementation for topological structure of subor and coniferous pine forest types in the

Ukrainian Carpathians according to Herushynskyi (1996)

Fresh pine subor forest type (A,-Ps) can be found
on rocks and rock placers of Yamne sandstone of the
category V, which are concentrated on the southern
slope exposures with the steepness of 25°or more, and
within the altitude ranges of 500-1,100 m above sea level.

Pinus sylvestris L. is the primary forest forming tree spe-
cies, while Betula pendula Roth can be spotted as an ad-
mixture.Tree stand is one-storey and has a grouped spa-
tial distribution. Relict stands of Pinus sylvestris L. have
low productivity and can be categorised to classes V-V@
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of bonitet. Such stands are concentrated in cracks and
depressions of rocks and rock placers, where organic
matter has much higher chance to accumulate and mois-

ture to get retained (Fig. 12). Undergrowth is almost absent.

Yet some seldom trees of Sorbus aucuparia L. can still be
found.Natural regeneration is rather weak.Understory is
present in the quantity of around 1,000-1,500 trees/ha

and mostly consists of Pinus sylvestris L. with scarce pres-
ence of Betula pendula Roth. The above-ground cover is
rather poor. It has grouped spatial distribution and is con-
centrated in the same spots as trees. The above-ground
cover consists of Vaccinium vitis-idaea L. (mostly), Vaccinium
myrtillus L., Sedum acre L., Festuca ovina L., Polytrichum
commune Hedw. and other mosses can be found as well.

-

Wet pine subor forest type (A.-Ps) is common for

peat bogs of river terraces with a high coefficient of hu-
midity. In particular, geographical tracts “Shyrkovets” or
“Turova dacha”. This forest type is formed by pure pine
stands with low productivity values (V2-V® classes of bo-
nitet). Tree stands are one-storied and have a grouped
spatial distribution (Fig. 13).A large number of pine trees
have twisted stem, with poorly developed crown, and in
some places, they take the form of a bush because of the
high humidity. Undergrowth is absent, and the quantity

Figure 12. Fresh pine subor forest type (A,-Ps)

of understory does not get higher than 2,000-2,500 trees/ha.
The latter consists of Pinus sylvestris L.only. Undergrowth
can only be spotted on micro-elevations with thinned
above-ground cover. The above-ground cover itself is well
developed and takes around 90-100% of area coverage.
It consists of Vaccinium myrtillus L., Vaccinium vitis-idaea L.,
Ledum palustre L., Oxycoccus palustris Pers, Vaccinium ulig-
inosum L., Empetrum nigrum L.and other species. Mosses
are represented by Sphagnum sp. with some groups of
Polytrichum commune Hedw.

Figure 13. Wet pine subor forest type (A -Ps)

Wet pine coniferous forest type (B.-Ps) can be

found on peat bogs of river terraces within the territory
of geographical tracts “Liutoshary’, “Turova dacha”, and
“Shyrkovets”. It differs from A,-C with a better soil fertil-
ity that is caused by slightly lower humidity. The primary
forest-forming species is Pinus sylvestris L., which grows

Scientific Horizons, 2021, Vol. 24, No. 11

in one- or two-layered stands. Such species as Betula
pendula Roth., Betula pubescens Ehrh. and Picea abies (L.)
Karsten can be found as an admixture within the main
stand or understory. Single-storied stands are formed in
relatively mono-aged plantations up to 140 years old.
Older stands are affected by the processes of natural




decay and mortality. As a result, the second storey of
the stand gets formed within windows of previously de-
cayed and fallen trees. The productivity of such stands is
low. Most stands belong to classes IV-V of bonitet (Fig. 14).
Understory is rather poor and is spatially present in groups.
Natural regeneration is slow because of the well-spread
above-ground vegetation. The latter takes 100% of area
coverage. Pinus sylvestris L. dominates the undergrowth

Pohribnyi et al.

along with admixture of Betula pendula Roth., Betula pu-
bescens Ehrh., and Picea abies (L.) Karsten. The quantity of
undergrowth does not exceed 1,000 trees/ha. The above-
ground cover is represented by Vaccinium myrtillus L.,
Vaccinium vitis-idaea L., Ledum palustre L., Oxycoccus palus-
tris Pers, Vaccinium uliginosum L., Empetrum nigrum L., and
Carex sp. The mosses cover is dominated by Sphagnum sp.

Figure 14. Wet pine coniferous forest type (B,-Ps)

Practical importance. The distinguishing of new
forest types is considered logical and correct given that
similar complementation has been adopted on the basis
of research and monitoring of the forest typological profile
plot of A. Piasetskyi [8; 19]. The complemented forest
types have also been understudied for the corresponding
study region.

Taking into account the methodological suggestions

of Herushynskyi (1996), a set of diagnostic features is
proposed for the defined subor and coniferous forest types
on the territory of the Ukrainian Carpathians (Table 4).
The given diagnostic features differ from the others by
a number of characteristics and describe the relevant
soil, hydrological, and forest vegetation conditions. The
correctness of their determination is confirmed with a
set of plant indicator species in the relevant areas.

Table 4. Diagnostic features of the defined subor and coniferous pine forest types

Forest elements

[=
]
=] Tree stand
‘E" o F:;r e:t Geographical
g (nam: ang  distribution of  Soil conditions Underst Ab d
ndersto ove-ground cover
E index) the forest Natural Successive v g
2
On the territory
C;):pzc;?i/?r/\s l?;nt%sesgi)v;sil;r;snl; It is distributed in the same
and Gorgany. species (classes Itis are;soavse'frerzj‘:]a:jngg;/:oxiver,
The range of Soil profile is ~ V2-V® of bonitet). 9 .
altitudes 500- absent. Fine soil Climatic represented - generate larger groups. It is
. ) . by athinned represented by oligotrophic
. 1,100 m. Based is concentrated admixture
Fresh pine . Tree stand  storey that xero-and mesophytes, e.g.,
subor on the rocky exclusively of Betula of Betula consists Calluna vulgaris (L.) Hill
outcrops and in cracks and pendula Roth. a vuig . v
2 forest type . pendula of Sorbus Vaccinium myrtillus L.,
rocks of Yamne  depressions of  Tree stand has . L L
(A,-Ps) . - Roth. aucuparia Vaccinium vitis-idaea L.,
2 sandstone. rocks, and their  grouped spatial . . .
Usually, on the  placers of the distribution L.and Picea  Saxifraga stellaris, Sedum acre L.,
souther’n slope V category Groups are' abies (L.) Festuca ovina L., Polytrichum
exposures confined to Karsten commune, Pleurozium schreberi,
with the slope areas of fine Hylgcom/um splendens,
steepness more soils Cladonia rangiferina and other

than 25°
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Table 4, Continued

Forest elements

[}
(=5
= Tree stand
'u.,,-; 5 Ftt;re:t Geographical
5% P distribution of  Soil conditions
& g (nameand the forest . Understory Above-ground cover
= index) Natural Successive
>
Soil profile is
represented by
a large share
of peat deposit  Pinus sylvestris L.
of brown peat, (classes IV-V .
- ; Itis
which was of bonitet) represented
On the river formed by dominates the P
o by sparse .
. terraces of the the constant composition Forms a continuous cover and
Wet pine L . Tree stand groups .
. lowlands of the  extinction of with the is represented by the same
coniferous . . of Betula of Sorbus : : L
B Gorgany massif sphagnum moss  admixture of . species as A.-C with addition
5 forest type . s . pubescens aucuparia L., 5 . .
(B.-Ps) rivers within biomass.The  Betula pubescens Ehrh Salix aurita L of Carex leporina, Carex nigra,
5 the altitude of  occurrence of  Ehrh.and Betula ’ v Geum rivale, and other
. and Betula
450-800 m groundwater is  pendula Roth.
pubescens
20-30 cm lower, Tree stands can
. Ehrh.
hence there is be one-or
no boggy areas two-storied
and higher
share of oxygen
in the soil
CONCLUSIONS

Additional forest types for Scots pine have been sug-
gested for the Ukrainian Carpathians - two in subor and
one in coniferous forest conditions. These types differ by
the environmental factors from each other and from other
forest types. Most importantly, they fully meet the charac-
teristics of the relevant forest vegetation types and con-
ditions. The correctness of their definition and diagnostics
is confirmed by the identified indicator plants within the
permanent sample plots. The background behind the

existence of such forest types can be the subject of future
study. The findings elucidate dynamic nature of forest
types, provide a better understanding of forest ecology,
and make a significant contribution to the forest topology
research on the territory of the Ukrainian Carpathians.
Another step has been taken towards understanding the
patterns of vegetation formation and distribution within
the Ukrainian Carpathians. This knowledge will help to
carry out further study, especially in forestry, geobotany,
dendrology, soil science, geology, etc., in the future.
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BopoBi Ta cy6opoBi TUNU nicy B YKpaiHCbKuUX KapnaTtax: knacudikauia Ta AONOBHEHHSA

Oner Onerosuu Morpi6Huiit, Bonogumup Metposuu Lnanak?, Bacunb ApeMoBuy 3asauyk®,
Metpo MNpuropiitoeuu Xomiok?, Jligis CesepuHisHa Morpi6Hat

'HauioHanbHWiA NpupoaHuii napk «lyuynbluuHa»
78600, Byn. pyx6u, 84, M. Kocis, YkpaiHa

2YMaHCbKMI HaLiOHaNbHWUIA YHIBEPCUTET CafliBHULTBA
20300, Byn. IHcTMTYTCBKA, 1, M. YMaHb, YKpaiHa

*HauioHanbHUI NiCOTEXHIYHMI YHiBEpPCUTET YKpaiHM
79057, Byn. lNpupopaHa, 9, M. JlbsiB, YkpaiHa

AHoTauis. Ha cborofHi nicoBa TMNOAOris Le HeAOCTAaTHLO IHTEFPOBAHA Y CYMIDKHI HAYKM €KOOriYHOro Ta reorpadiyHoro
CNpSMYBaHH$, @ CyKLECii pOCAMHHMX GITOLLEHO3IB 3MYLLYIOTb 3A4IMCHIOBATU NOCTIMHE KOPUTYBaHHS TMNIB ficy. [aHi
HaYKOBi AOC/IIKEHHS 34iMCHEH] 3 METOH YA0CKOHaNneHHs knacuikadii Tunis nicy YkpaiHcbknx Kapnat 1a HabnukeHHs ii
[0 AiViCHOrO MOLWMPEHHS POCIMHHOCTI B perioHi AOCNIAKEeHHb. 34IMCHEHO AeTaslbHWUIA aHaNi3 NiCOTUNONOTYHMX JOCAIOKEHD
B YKpaiHCbkux Kapnatax 3 yacis apyroi nonosuHu XX — noyatky XXI cT. BukoHaHO po3nogin naot, nicoBoro GoHay
Kapnartcbkoro perioHy, wo nepebysatoTb y NiANOpsAKYBaHHI [lep)KaBHOro areHTCTBa N1icOBUX pecypcis YkpaiHu, 3a
TUMAMM NICOPOC/IMHHMX YMOB. 3arafibHa naoLwa 6opis i cybopie KapnaTcbkoro perioHy cTaHoBMTb BifnoBsigHO 1493,1
Ta 28910,2 ra.3aknafileHo HM3KY NOCTIMHUX NMPOBHUX NOLL, HA TEPUTOPIT NPUPOAOOXOPOHHMX YCTAHOB Ta JliCOrOCNOAAPCHKMX
nianpueEMCTB perioHy. Ha nigctaBi oTpyMaHWX pe3ynbTaTiB Ta X aHanisy 3anponoHOBaHO AOMOBHUTU KnacudikaLito
6oposux i cyboposux tmnis nicy 3.10. TepywmHcbkoro (1996) B YkpaiHcbkmx KapnaTtax TakMMm TUNaMu: CBiXKMIA COCHOBMM
6ip, MOKpWIA COCHOBMIM Bip | MOKPUIA COCHOBWIA Cy6Bip. Y cTaTTi HaBeAEHO OCHOBHI AiarHOCTUYHI 0COBMMBOCTI HOBUX
TniB nicy. Onucaxi 6opoB.i Ta cybopoBi TMNKM nicy B YkpaiHCbkmMx KapnaTax YiTKo pi3HATbCS IPYHTOBO-TiAPONOTiYHUMM
YMOBaMU Bif, iHWKWX TUMIB NiCY i XapakTepu3yoTb BIANOBIAHI NiCOPOCAUHHI YMOBK. [TpaBUNBHICTb iX BU3HAYEHHS
[0AATKOBO MiATBEPOXKYETHCS BUSBNEHUMMU POCIMHAMM-IHAMKATOPAMM HA BIANOBIAHMX AinsAHKaX. Pe3ynbrati Hawmx
[OCNiOXeHb 3 BUBYEHHS 6I0NOMYHOT Pi3HOMAHITHOCTI POCIMHHOCTI B YKpaiHCbknx KapnaTax AaloTb 3MOry Kpalie
3pO3YyMiTHW eKOJOTito Nicy Ta A04aKTb 3HAYHUI BHECOK Y N1ICOBY TUMOJOTi0. 3p06/IEHO We OAMH KPOK L0 Mi3HAHHA
3aKOHOMIipHOCTEN HOPMYBaHHS POCIMHHMX KOMMNNEKCIB B YKpaiHCbkux KapnaTtax Ta AeTanbHille npeacraBneHo nicosi
dopmauii Kapnat y nicoBirt TMNONOTIYHIM HayLi

KnouoBi cnoBa: nicoBa TMNOAOris, TUMN NiCOPOCUHHMX YMOB, AiarHOCTUYHI 03HAKK, POCIMHU-IHAMKATOPMH, iHAEKC TUNY
Nlicy, TUNONOriYHUIM Npodinb, ekonorivyHa dirypa
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