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A substantial increase of area, numbers and density in populations of trees, shrubs
and dwarf shrubs — Picea abies, Pinus mugo, Alnus viridis, Juniperus sibirica, Vaccini-
um-species is marked in the high-mountain zone of the Ukrainian Carpathians. The
flowering and fruit maturation at higher elevations of alpine belt are characteristic for the
number of species of different life forms: Vaccinium myrtillus, Centaurea mollis, Homo-
gyne alpina, Helictotrichon versicolor, Potentilla aurea. This trend is related to warming
and prolongation of growing season and it is peculiar for the species with ecological and
climate optima in the forest and subalpine belts, whereas the conditions of the alpine
belt are extreme for them. The expanding populations of rare and endemic plant spe-
cies: Loiseleuria procumbens, Senecio carpaticus, Heracleum carpaticum, Rhododen-
dron myrtifolium, Callianthemum coriandrifolium, Galium pawlowskii have been found.
However, the alpine and arctic-alpine species: Oreochloa disticha, Rhodiola rosea,
Carex curvula etc. demonstrate negative dynamics.The described processes are main-
ly the result of successions and plant cover restoration due to grazing termination and
climate warming. The impact of plant cover restoration and raising of the timberline on
populations of investigated species at high mountain zone of protected areas often can-
not be separated from the impact of global warming.

Keywords: plant populations, high mountain zone of the Ukrainian Carpathians,
population characteristics, climate change.

INTRODUCTION

Natural ecosystems of the Ukrainian Carpathians were significantly transformed in
the last 20—40 years in response to the land use change and the intensity of human-
related activity. In 70-80-ies of 20" century nature reserves were organized. The suc-
cessions observed after reservation cause the rearrangement of population pattern of
many rare and endemic species. In the 90-ies the grazing and mowing use of mountain
meadows and pastures decreased. Simultaneously the recreation impact on mountain
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ecosystems increased. The main driver of biodiversity transformation among environ-
mental factors is global climate change [9]. It is known that climate change, as well as
changes in the character and intensity of human impacts, significantly affect the state
of plant populations and vegetation in general. This impact is complex and affects not
only the species diversity, relationships between species, but also the basic population
parameters of plants. The transformation of habitats can occur under different scenarios
and have various consequences [2, 6]. Climate change transforms the environments of
organisms and populations. Species have to respond to new conditions, adapt through
natural selection, or move into suitable habitats [4,17].

Essential achievements on investigation of rare and endemic plant species popu-
lation pattern and coenotic populations of the most common communities of the high
mountain zone of the Ukrainian Carpathians have been made [11, 13-16]. Significant
changes took place during the last 5-10 years due to acceleration of changes of abiotic
and biotic environmental conditions. The aim of this paper is to find out modern trend of
changes in plant population pattern of the high mountain zone of the Ukrainian Car-
pathians, taking into consideration a set of rare, endemic and common species of differ-
ent life forms and strategies.

MATERIALS AND METHODS

The studies were carried out in the Chornohora, Svydovets, Chyvchyny, Marmaros
Mts. (Fig. 1) In addition to common species, the populations of rare plants: Antennaria
carpatica (Wahlenb.) Bluff et Fingerh., Callianthemum coriandrifolium Reichenb., Dicho-
don cerastoides (L.) Rchb., Oreochloa disticha (Wulf.) Link, Rhodiola rosea L., Rhodo-
dendron myrtifolium Schott et Kotschy, Saxifraga carpatica Sternb., Senecio carpaticus
Herbich (RDB) and endemic species: Dianthus carpaticus Woioszcz., Galium paw-
lowskii Kucowa, Heracleum carpaticum Porc., Pulmonatria filarszkyana Jav. were the
subject of the investigation. Long-term stationary investigations on permanent plots
were carried out in the plant species populations. The pattern and variability of these
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populations were studied including their numbers, density, spatial distribution, age
spectra, vegetative and seed reproduction, viability. Change of these characteristics
under the impact of different natural and man-induced drivers, such as climate change,
plant cover restoration, grazing, trampling and recreation, were evaluated [13].

RESULTS AND DISCUSSION

Restoration processes of the large high-mountain territories are currently accompa-
nied by the increasing of area, numbers and density in populations and coenotic popula-
tions of trees, shrubs and dwarf shrubs — Picea abies (L.) Karst., Pinus mugo Turra, Alnus
viridis (Chaix.) DC., Juniperus sibirica Burgsd., Rhododendron myrtifolium, Vaccinium-
species. This occurs especially rapidly in the subalpine communities, but in the alpine
zone, particularly at the altitude 1750—1800 m a.s.l., the distribution of these species also
increased. Successful survival of the Picea abies seedlings and their development at the
age of 3-5(8) years at higher elevations up to 1900 m a.s.l. (Mt. Turkul) was observed.

The shrubs are active at different elevations from timberline to the alpine mountain
belt. In the Alnus viridis metapopulation the area of local populations increases espe-
cially at the slopes with developed soil profile. In the mesotrophic conditions Alnus vir-
idis colonizes the free sites rapidly and there, where other shrubs already exist, dis-
places the Pinus mugo brushwood. Area redistribution in favour of Alnus viridis was
marked at the timberline and at the lower part of the subalpine belt (1400-1600 m a.s.l.).
At these elevations, comparing with other shrub species, thicket of green alder occures
on rocky slopes with shallow soil. At the upper part of subalpine belt, in more extreme
conditions, the areas of Pinus mugo and Juniperus sibirica have expanded. Within the
limits of subalpine belt at 1500-1880 m a.s.l. these shrubs overgrow the hollows and
depressions, which have been formed at the sites with deep snow cover (over 3 m) and
inhabited by herbal communities. As a consequence of snow depth reduction (Fig. 2)
and duration of snowpack such depressions have been colonized by Pinus mugo and
Alnus viridis during the last years.
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Fig. 2. The average height of snow cover in the environs of high mountain “Pozhyzhevska” biological station
(data weather “Pozhyzhevska” of station)

Puc. 2. CepenHs BucoTa cHiroBoro nokpusy B okonuuax BBEC “lMoxwkeBcbka” (4aHi CHironaBWHHOI CTaHLil
“MoxwuxeBcbka”)
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On large areas at alpine belt the populations of Ericaceae and Vacciniaceae dwarf
shrub species — Rhododendron myrtifolium, Loiseleuria procumbens, Vaccinium myrtil-
lus L., V. uliginosum L., V. vitis-idaea L., Rhododendron myrtifolium and Vaccinium myr-
tillus progress most rapidly. The numbers and viability of Rhododendron myrtifolium and
Vaccinium myrtillus populations increase on the slopes with different exposition and
steepness. At subalpine and alpine belts (1600-1800 m a.s.l.) on convex sites, which
are exposed to intensive wind and have a thin snow cover in winter, Vaccinium uligino-
sum and V. vitis-idaea population density and numbers increase. At the summit sites of
mountain ranges (1900-2000 m a.s.l.) the area, density and viability of Loiseleuria
procumbens populations increase. Juniperus sibirica is the most actively spreading
shrub in the alpine zone. For this species seed and vegetative reproduction are com-
bined. Among dwarf shrubs the progress of Vaccinium myrtillus populations is the most
intensive. Their density and viability increase because of individual morphometric char-
acteristics such as aboveground phytomass, height and width of individuals, seed pro-
ductivity. Populations and individual parameters change accordingly. Activation of vege-
tative and generative reproduction increases cover, area, density and numbers of the
mentioned species. Meanwhile, the percentage of flowering individuals grows in popula-
tion age spectra, as well as their phytomass and seed production. Therefore, seed pro-
ductivity and yield of seeds of Rhododendron myrtifolium at the alpine belt have particu-
larly increased during the last years. Flowering and fruit maturation of Vaccinium myrtil-
lus have reached more and more higher altitude at the alpine belt within the last decade.
This is also characteristic for herbaceous species Centaurea mollis Waldst. et Kit., Ho-
mogyne alpina (L.) Cass., Helictotrichon versicolor (Vill.) Pilg., Potentilla aurea L., due to
warming (Fig. 3) and prolongation of growing season [5, 11, 12].
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Fig. 3. The average temperature and total precipitation in the growing season (June—September) (data
weather of “Pozhyzhevska” station)

Puc. 3. CepenHs Temneparypa MoBiTps Ta cyma onafiB y BeretauiiHiin nepiod (4epBeHb—BepeceHb) (AaHi
CHironaBvHHOI cTaHuii “Moxukescbka”)

The ecological and climate optima of these species are at the forest or subalpine
belt, while the conditions of the alpine belt are extreme. There are substantial shifts in the
positions of herbaceous species in the structure of plant communities. In the most spread
alpine communities of the Ukrainian Carpathians, where Juncus trifidus L., Festuca
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airoides Lam., Vaccinium uliginosum, Rhododendron myrtifolium, Sesleria coerulans
Friv. and Carex curvula All. dominate, as a result of plant cover restoration the density of
Festuca supina, Deschampsia cespitosa (L.) P. Beauv. and Carex curvula decreases.
This concerns also some low competitive species — Helictotrichon versicolor (Vill.) Pilg.,
Homogyne alpine (L.) Cass., Campanula alpina Jacq. Colonization of new patches in the
alpine belt by Juniperus sibirica is followed by Calamagrostis villosa (Chaix.) J.F. Gmel.
growing density.

Arctic-alpine species. The range of the Red Data Book (RDB) species Loiseleu-
ria procumbens in the Chornohora mountain ridge is expanding, 2 new localities (Mts.
Breskul, Drabyny) were marked at a distance of 2 and 5 km from the nearest popula-
tions. Foundation of populations is probably observed at these localities. Moreover, the
metapopulation of Loiseleuria procumbens of central and south part of Chornohora was
noted for considerable increase of numbers, density and variability of local populations,
especially on the Mts. Shpytsi, Gutyn and Brebeneskul.

Positive dynamics is observed in young isolated Senecio carpaticus population
(RDB), Carpathian-Balkan species, which appeared about 25 years ago in Chornohora,
5 km from the nearest one on Mt. Rebra after the establishment of reserve and termina-
tion of sheep grazing. It is possible to consider the foundation of population was suc-
cessful: area occupied — 20 m?, total numbers of individuals ca. 340 (see Table), effec-
tive number — 90-120 individuals. Active expansion of population area through efficient
seed and vegetative reproduction is observed.

Number and density of populations with different land use regime
YucenbHicTb i WiNbHICTL NONynsAUii 3a Pi3HUX PeXUMiB BUKOPUCTaHHA

Heracleum carpaticum

Dantser, 1700, E Reservation 0.02+0.001 280
Preluchny, 1470, SE Grazing 0.2+0.02 100
Chyvchyn,1600-1700, SE Grazing 0.01£0.001 250
Palenytsia, 1710, NE Grazing 1.2+0.1 240
V. Rehieska, 1480, NE Restoration of 2.5+0.2 7000

vegetation cover

Loiseleuria procumbens

Gutyn-Tomnatyk, 1950, E Grazing 3.6+0.4 Continual
Shpytsi, 1850, NE Trampling 0.7+£0.1 Continual
Rhododendron myrtifolium

Pozhyzhevska, 1700, NW Reservation 3.3+0.5 Continual
Komanova, 1700, NE State border regime 2.6+0.3 4000
Steryshora, 1450, NE Grazing 1.7+0.1 2500
Syniak, 1650, N, S Trampling 0.06+0.01 1200
Senecio carpaticus

Petros, 1980, E Grazing g;i?g C(:n(ii(zgjal
Rebra, 1900-2000, SW Grazing 17‘ 5:_2 0 340
Pozhyzhevska, 1760, NE Reservation T
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Progressive changes of Rhododendron myrtifolium (RDB) populations, Carpa-
thian-Balkan species, are marked both in alpine communities of protected territories
and in those, that have undergone significant transformations due to pastoral activity
(see Table). In particular on such disturbed sites, Rhododendron myrtifolium takes one
of the principal positions in course of intensive plant cover restoration.

Single locality species. Natural restoration of rare species Callianthemum cori-
andrifolium is observed at Mt. Brebeneskul (Chornohora) — the only one locality known
in the Ukrainian Carpathians [4]. During 1995-2013 number of individuals increased
from 680 to over 2500, as well as total density from 3.1 ind./m? to 11.8 ind./m? and
percentage of flowering plants — from 7.1% to 40.2 %. Contours of three “primary” loci
gradually converged during this period. Recreation is the main threat to this popula-
tion. Hiking trail crosses the habitat, therefore nearby plants are being trampled heavi-
ly during the vegetation period and consequently the absolute individual parameters
decrease [14].

Populations of rare and common species, such as alpine species Oreochloa dis-
ticha and Carex curvula, have regressed during the last years. Isolated Carex curvula
populations at the lower altitudinal limit of distribution (Chornohora, Mt. Drabyny, 1850 m
a.s.l.) are rapidly degrading. For the past 10 years (since 2003) the decrease in num-
bers and area, as well as aging of population from normal left-side with a full age spec-
trum to regressive incomplete without middle-aged flowering individuals of high viability,
occurred. Mortality was marked at all age stages. Decline in viability of Carex curvula
populations is observed throughout the Chornohora range and at the largest site on Mt.
Brebeneskul in particular. Remarkably, Carex curvula is being replaced with an expan-
ding species Loiseleuria procumbens there.

Populations of the alpine species Carex curvula and Oreochloa disticha at the
lower altitudinal limit of distribution are currently under the negative influence of global
warming. At the same time the Oreochloa disticha population (Mt. Turkul) is degrading
because of man-induced pressure. As a consequence of hard trampling of herbal
cover to bare soil and other impacts of recreation, in 2014 the part of the population
near the mountain summit was completely eliminated. The peripheral part of the Oreo-
chloa disticha population survived 15-20 m down slope, where recreation influence is
insignificant.

Subalpine meadows. Since 1995-1997 grazing in subalpine meadows in the Chy-
vchyny Mts. has ceased or it intensity decreased significantly in some minor parts [8]. As
a result of restoration of natural vegetation, the only known large population of the East-
Carpathian endemic Heracleum carpaticum emerged. Other populations of this species
are smaller and have a lower number. The total area of population loci is approximately
3000 m? and they are located on the territory of 9 ha. The population is normal, full spec-
trum, has high viability and efficient numbers up to 4 thousand individuals.

Endemic Galium pawlowskii is a range-margin species in the Chyvchyny Mts. As a
result of rapid transformation of natural biotopes the colonizing strategy of the popula-
tions is changing from “phalange” to “guerrilla” when interspecies competition increas-
es. The morphometric characteristics of flowering shoots increase and the proportion
between vegetative and generative ones moves in favor of latter. Under the overgrazing
on some mountain grasslands near the settlements populations express negative dy-
namics, and have all the features of pasture degradation.
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Plant populations of Rhodiola rosea, Antennaria carpatica, Dianthus carpaticus
ihabit the open rock high-mountain communities (due to the patchy distribution and
isolation) are vulnerable to both natural and man-induced factors. Negative trends in
population structure of these species occur because of periodical gathering with deco-
rative or medical purpose. Simultaneously with man-induced impact negative trends in
populations are associated with their response to warming at recent time period. In
particular it refers cold resistant arctic-alpine species Rhodiola rosea, Antennaria car-
patica. Stress disturb the population structure: spatial and sexual, and reduce the seed
reproduction [3]. In the consequence, the structural integrity of populations is disturbed,
disintegration to separate fragments occurs. Trends of negative dynamics in Rhodiola
rosea population structure for the period 2003-2013 is displayed in Fig. 4. The reduc-
tion of individual numbers, especially of the flowering ones, and their phytomass and
variability is the characteristic feature of population pattern changes. It is confirmed by
small annual growth and reduction of rhizome thickness. The indicators of individual
development: metrical, morphological and rhythmological, demonstrate almost 2-fold
decrease. Abrupt fall of flowering individuals’ numbers impede the population restora-
tion ability and seed recruitment. Development of individuals is accompanied by pro-
longed pregenerative period, gap of generative stage and change of the life form. The
process of individual regeneration slows down, that is the characteristic feature. Their
development is possible because of activation of dormant buds on rhizome. Trends of
negative dynamics in species populations are followed by stronger insularisation, area
and diversity decrease. This is accompanied with changes in structural organization of
populations (spatial, sexual, reproductive) and viability reduction.

[ Individuals/m?
B Generative shoots on individual

W Flowers on shoot

[l Annual growth, cm
[ Rhizome diameter, cm

[ Rhizome mass, g

2003 2013

Fig. 4. Changes of population characters of Rhodiola rosea L. at Chornohora mts. (2003—2013)
Puc. 4. 3miHn nonynsuiiHnx nokasHukie Rhodiola rosea L. y YopHoropi (2003-2013)

Timberline. The distribution of endemic species Pulmonaria filarszkyana is con-
nected with endemic association: Pulmonario-Alnetum viridis Pawi. et Wal. 1949 corr.
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Kricsfalusy et Malynovski 2000 with Alnus viridis, Cirsium waldsteinii Rouy, Rumex
alpestris subsp. carpaticus Zapai. [10]. This species is included in international and re-
gional lists of protected species. In the Ukrainian Carpathians the habitats of Pulmo-
naria filarszkyana are known in Chornohora, Svidovets, Chyvchyny, Marmaros Mts. In
general, many large localities are discovered. Within the range of Pulmonaria filarsz-
kyana in the Ukrainian Carpathians it is possible to distinguish 3 types of population and
subpopulation groups, which differ by a set of group parameters, location, size, number,
way of recovery and degree of isolation: “mainland” populations, local populations and
isolated subpopulation formations [1].

At the subalpine belt of the Carpathians Pulmonaria filarszkyana successfully
occupies its community positions because of stable vegetative propagation and peri-
odic seed reproduction within inhabited loci. However, elimination or destruction (for
different reasons) of green alder canopy provoke the increase of the cover of firm
bunchgrasses. As a result, the appearance of unfavorable loci for seed and vegetative
reproduction the population of Pulmonaria filarszkyana disintegrates into separated
fragments.

Under the climate and/or man-induced impact upper and lower elevation limits of
species distribution in the Ukrainian Carpathians are constantly changing. As a result
of ecological and plant community changes in the peripheral zones the population num-
bers and density decline with following population fragmentation. At the subalpine
zone under the intensive grazing and raise of spruce forest timberline isolated habitats
disappear completely or are represented by single individuals. Despite of the low viabi-
lity and lack of seed recruitment such habitats in the case of conservation of initial en-
vironmental parameters may become the population renewal centers. It is possible to
consider, that the size of whole population and some local populations fluctuate over
the years. Their numbers and occupied area display similar fluctuations. Population
dynamics correlate with the climate, ecological and plant community changes (Fig. 3).

According to long-term investigations of snowbed communities, the direct man-
induced impact does not have influenced significantly the plant populations. The reason
is that the habitats are remote from tourist routes. The climate change is the determi-
nant factor of the environmental impacts and the weather sharp fluctuations. In 2008—
2013 the reduction of snow cover thickness in winter (Fig. 2), the rise of air temperature
and decrease of precipitation during the vegetative period (Fig. 3) were observed. Re-
duction of duration of snowfields because of insignificant snow accumulation and warm-
ing in the studied ecotopes, eliminates habitat sustainable water supply and makes
them dependent on weather conditions, particularly precipitation. Changes in cover,
ontogeny, age and spatial structure are the manifestation of the influence of the above-
mentioned drivers on the population pattern. Lack of soil moisture, when seedlings
emerge, is one of the reasons for increased mortality of pregenerative individuals and
results in the aging of populations of Veronica alpina, Luzula spadicea, Gnaphalium
supinum, Saxifraga carpatica, Dichodon cerastoides. The ontogeny of Saxifraga car-
patica and Veronica alpina reduces in these conditions. At the periphery of the habitats
cover and density have decreased in Dichodon cerastoides, Saxifraga carpatica, Ve-
ronica alpina (Fig. 5). At the same time, total cover of the major keystone species in-
creased twice in the central parts of the habitats.
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Fig. 5. Projective cover changes of Dichodon cerastoides (L.) Rchb., Saxifraga carpatica Sternb. and Ve-
ronica alpina L. at periphery of snowbed community (Mt. Brebeneskul N-E slope 1,900 m a. s. I.)

Puc. 5. 3miHn npoektmBHoro nokputts Dichodon cerastoides (L.) Rchb., Saxifraga carpatica Sternb. i Ve-
ronica alpina L. Ha nepudepii xioHodinbHOro yrpynosanHs (r. Bpebereckyn, nH.-cx., 1 900 M H.p.Mm.)

CONCLUSIONS

Nowadays, on large high-mountain territories of the Ukrainian Carpathians, the
population area, numbers and density of trees, shrubs and dwarf shrubs — Picea abies,
Pinus mugo, Alnus viridis, Juniperus sibirica, Rhododendron myrtifolium, the Vaccini-
um-species actively increase.

During recent years, the flowering and fruit maturation even at higher elevations
of alpine mountain belt are characteristic for Vaccinium myrtillus, Centaurea mollis,
Homogyne alpina, Helictotrichon versicolor, Potentilla aurea. This trend is related with
warming and prolongation of growing season and is peculiar for the species with eco-
logical and climate optima in the forest and subalpine belts, whereas the conditions of
the alpine belt are extreme for them.

Rare and endemic plant species’ populations: Loiseleuria procumbens, Senecio
carpaticus, Heracleum carpaticum, Rhododendron myrtifolium, Callianthemum corian-
drifolium, Galium pawlowskii are expanding. However, the alpine and arctic-alpine spe-
cies: Carex curvula, Dichodon cerastoides, Oreochloa disticha, Rhodiola rosea, Saxi-
fraga carpatica demonstrate negative dynamics, as well as rare Antennaria carpatica.

The described processes are mainly a result of successions and plant cover res-
toration due to grazing termination and climate warming. The impact of plant cover
restoration and raising of timberline on the populations of investigated species at high
mountain zone of protected areas often cannot be separated from the impact of global
warming. The reproductive parameters of the individuals and populations, as the most
sensitive to impact of the environment, indicate the plant population pattern changes.
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TEHOEHUIT 3MIH CTPYKTYPU NONYNALIA POCNIMH BUCOKOTIP’A
YKPATHCBKUX KAPIMAT NiA BNJIMBOM NMPUPOOHUX
| AHTPOMNMOINEHHNX YNHHUKIB

B. I. Kusik', B. M. BinoHoea? P. I. Amumpax?,

J1. B. luHd@?, KO. N. Hecmepyk?, B. I1. LImynyH?
'JIbeigcbkull HaujoHanbHUl yHisepcumem imeHi leaHa ®paHka
syn. lpyweescbkoeo, 4, Jlbeie 79005, YkpaiHa

2Jnemumym ekonoeii Kapnam HAH Ykpainu, syn. KosenbHuubka, 4, Jlbeie 79026, YkpaiHa
e-mail: lusikagynda@gmail.com

Y Bucokorip’i YkpaiHcbkux Kapnar icTOTHO 36inbLuyeTbCs MoLLa, YACENbHICTb, LLinb-
HICTb | XMTTEBICTb NONYNALIN AEPEBHNX, YarapHUKOBMX Ta YarapHUYKOBMX BUAIB, 30Kpe-
Ma, Picea abies, Pinus mugo, Alnus viridis, Juniperus sibirica, Rhododendron myrtifolium,
BMAiB poay Vaccinium.

Onsa HM3kM BugiB pisHmx xutTteBux dopm (Vaccinium myrtillus, Centaurea mollis,
Homogyne alpina, Helictotrichon versicolor, Potentilla aurea) nputamaHHe LBITiHHS i BU-
3piBaHHS Nnogis Ha Aefani BinbLIMX BUCOTHUX PIBHSIX anbnincbkoro nosicy. Lle xapak-
TEepHe Y 3B’s13Ky 3 NOTEMNMIHHAM i 36iNbLUEHHSAM TPUBANOCTi BEreTaliiHoro nepiogy Ans
TUX BUAIB, N1 SIKUX EKONMOro-KniMaTUYHUA ONTUMYM pO3TaLloBaHWiA y nicoBomy abo cyb-
anbnincbKoMy MosCi, 8 yMOBU anbninCbKOro NosiCy € ekCTpeMarnbHUMM.

BusaBneHo pigkicHi 1 eHaeMivHi BUAW poCcnvH, Nonynsauii AKMX nporpecyoTb, a came:
Loiseleuria procumbens, Senecio carpaticus, Heracleum carpaticum, Rhododendron
myrtifolium Ta iH. HeraTmBHa gMHamika npytamaHHa BUCOKOTIPHWUM anbninCbKUM i apKTo-
anbnincbLkMM B1aam, 3okpema, Oreochloa disticha, Rhodiola rosea, Carex curvula Ta iH.

OnwucaHi npouecy 3yMOBMEHI B OCHOBHOMY SIK AeMYTaUinHUMK CYKLECiSIMU BHACTi-
OOK MPUMNMHEHHSA BMNacy, Tak i noTenniHHAM KnimaTy. Baxxnneo BcTaHOBUTY andepeHLi-
auilo BNAMBY UMX YMHHWKIB Ha BUAW | nonynsuil. HancunbHilwe 3MiHIOKTLCA penpoayk-
TUBHI NapameTpy OCOBMH i nonynsAuin Sk Hanbinbw YyTnuBi A0 3MiH HaBKONWULLHBLOIO
cepegoBuLLa.

Knrovoei crioga: nonynsuii pocnvH, BUCOKOrip’s YkpaiHcbkux Kapnat, nonyns-
LiHI XapakTepucTuKn, 3MiHW Knimary.

TEHOEHUWU U3MEHEHUW CTPYKTYPbI NONYNALUA PACTEHUN
BbICOKOIOPbSl YKPAUHCKUX KAPMNAT Nnog BIUAHUEM
ECTECTBEHHbIX U AHTPOMNOIEHHbIX TPAHC®OPMALIUN

B. I. Kusik', B. M. BunoHo2a?, P. . Imbimpax?,
J1. B. TuHda?, F0. . Hecmepyk?, B. M. LmynyH?

JTbeoeckuli HayuoHanbHbIl yHUBepcumem umeHu VieaHa @paHko
yn. ['pywesckoeo, 4, Jlbeos 75005, YkpauHa

2WHcmumym akonoeuu Kaprnam HAH YkpauHbi, yn. KozenbHuukasi, 4, Jlbeos 79026, YkpauHa
e-mail: lusikagynda@gmail.com

Ha Bbicokoropbe YKkpanHckux Kapnar cyLecTBeHHO yBenMyunBaeTca nnowanb, Yu-
CNEHHOCTb, NMOTHOCTb U XU3HEHHOCTb MOMNYNSALUMIA OPEBECHbIX, KYCTAPHUKOBBIX U Ky-
CTapHUYKOBbLIX BMAOB, @ UMeHHO Picea abies, Pinus mugo, Alnus viridis, Juniperus
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sibirica, BugoB poga Vaccinium L. [na psga BMAOB pasHbIX XU3HeHHbIX dopm (Vac-
cinium myrtillus, Centaurea mollis, Homogyne alpina, Helictotrichon versicolor, Poten-
tilla aurea) CBOMCTBEHHbI LIBETEHNE U CO3PEBAHME NNO0A0B Ha BCe 60MbLUNX BbICOTHbIX
YPOBHSIX anbMUACKOro Nnosica. TO XapakTEPHO B CBA3W C MOTENNEHNEM U YBEMNNYEHNEM
NPOOOIMKUTENBHOCTM BEreTaLMOHHOIO Nepmnoaa Ans Tex BUAoB, A4S KOTOPbIX 9KOMNOoro-
KNMMaTUYECKUA ONTUMYM pasMeLLeH B NNECHOM MUnu cybanbnminckom nosice, a ycnoBus
anbMMNCKOro nosica — akcTpemarsbHbl. OGHapyXeHbl peaKue 1 aHAEMUYECKMEe BUabl pa-
CTEHMI, MONYNAUUKN KOTOPbLIX MPOrpeccupytoT, a UMeHHo: Loiseleuria procumbens, Se-
necio carpaticus, Heracleum carpaticum, Rhododendron myrtifolium v ap. HeratueHas
AVHaMM1Ka CBOMCTBEHHA BbICOKOrOPHbIM anbMUACKUM 1N apKTO-anbnUACKUM BUAAM, OCO-
©eHHo Oreochloa disticha, Rhodiola rosea, Carex curvula v gp. OnucaHHble NpoLecchl
00yCrOBMEHbl B OCHOBHOM KaK AeMYTaLMOHHbIMU CYKLECCUSMW BCreACTBME Npekpa-
LLleHns BbINaca, Tak U notenneHMem knumarta. BaxHo yctaHoBUTE anddepeHumanmio
BMMSIHNSA 3TUX DAKTOPOB Ha BMAbl 1 nonynsaumi. Hanbonee nameH4mBbl penpogyKTuBe-
Hble napamMeTpbl ocober M NoMynsuun Kak camble YyBCTBUTENbHbIE K M3MEHEHUAM
OKpyXXatoLen cpeasbl.

Knrodeenbie crioga: nonynsumm pacTteHui, BbiICOKOropbe YkpanHckmx Kapnart, no-
NyNSILMOHHbIE XapaKTEPUCTUKUN, UBMEHEHWS KNMaTa.
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