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Background. Natural ecosystems of the Ukrainian Carpathians have been signi-
ficantly transformed during the last few years due to the impact of climate factors and
an increased activity of nature restoration processes. The study of the influence of the
external environmental factors on populations of the herbaceous plant species is par-
ticularly topical for the high-mountain ecosystems. As a result of gradual restoration of
native plants, specific changes occur in the structural and spatial organization of popu-
lations of many herbaceous plant species. Thus, considering the increased climate
changes and regenerative activity, the assessment of the present condition of the popu-
lations of herbaceous plant species, their regenerative ability, response to changing
environmental conditions and individual peculiarities of performance in the altered envi-
ronmental conditions are important.

Methods. The conventional stationary and route-field methods were applied in order
to determine changes in the structural organization of high-mountain plant populations
and their regenerative ability. The initial diagnostic parameters of the populations’ condi-
tion include the individual growth peculiarities and the nature of dynamic trends under
the changed environmental conditions. During the ontogenetic development of plants,
the most important changes occur within the generative phase that ensures the rege-
neration and self-maintenance of populations by means of seeds; those changes are
a significant indicative feature. The long-term observations of different types of plant
communities were applied; these included the records of the main parameters and char-
acteristic features at permanent test sites. The transects are located in the alpine, subal-
pine and upper forest belts of the Ukrainian Carpathians within 1000—2000 m a.s.l. alti-
tudinal range. The study comprises such behavioral features of the species populations
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as phenological (intensity phenophase, flowering rhythmics), demographic (number of
individuals, spatial differentiation), reproductive (generative reproduction, seed produc-
tivity), etc., which enable the determination of their adaptation and ability to exist under
the changed environmental conditions.

Results. The continuous monitoring of different high-mountain plant aggregations
showed that in some cases the number of species which are distinguished by active
regenerative strategy aimed at further extension of the habitat is growing, while in other
cases the species demonstrated the opposite trend resulting from their inability to adapt
to changing habitat conditions. It has been determined that the vegetative development
of the populations of high-mountain plant species is closely related to temperature con-
ditions which influence phenology, dynamics of the numbers of individuals and the nature
of their reproduction. A significant influence of warming on the processes of seasonal
development of populations and flowering abundance is evidenced by their increased
number and migration to much higher hypsometric levels of the high-mountain zone.
The increased ability to generative reproduction contributes to the dissemination of
seeds and formation of new population loci Valeriana simplicifolia, V. transsilvanica,
Silene dioica, Astrantia major, Doronicum carpaticum, Euphorbia carniolica, etc. in
favourable micro-habitats at significantly higher hypsometric levels of the high-mountain
zone (1600—-2000 m a.s.l.). Another natural factor of changes in populations of herba-
ceous plant species is the impact of restoration succesions in different types of plant
communities. These changes are usually accompanied by increased shading and
crowding of vegetation due to the spread of more competitive tree and shrub species as
well as adventive species of tall herbaceous plants. It refers mostly to grassland species
that need open sites for the effective population recruitment. Radical changes can be
observed in the structural organization of the populations of herbaceous plants species
due to an increased cenotic activity of more competitive species. Such changes reduce
the regenerative ability of the populations of herbaceous plants species and trigger their
fragmentation. Thus, the change of ecological and cenotic conditions of various plant
communities along the elevation gradient of the highlands predetermines different
characteristic features of the populations of herbaceous plant species and their unequal
spatial differentiation.

Conclusions. It has been determined that present natural processes occurring in
the populations of herbaceous plant species of the high-mountain zone controversially
influence their regenerative ability and the nature of changes in their structural organiza-
tion. The dynamics of populations in each separate case is defined by the influence of
natural and climate changes and their association with particular plant communities
along the elevation gradient of the high-mountain zone. The multi-year dynamics of the
numbers of generative individuals represents their regenerative ability in populations and
dependence on weather conditions. The important feature of active regeneration of the
populations is the development of their local foci in favorable microhabitats at signifi-
cantly higher hypsometric levels of the high-mountain zone, in particular, the alpine and
the upper margin of the alpine. Occurrence of new populations loci is indicative of their
ability to reproduce and survive. In some cases, the dynamic trends in populations are
accompanied by an increased number of individuals and extension of their habitats, while
in other cases, trends are the opposite, which is caused by a decreased number of indi-
viduals and their degradation. The processes which are observed during the regeneration
of species populations are related to their ascending extension to various hypsometric
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levels, as well as the strengthening of the positions of the populations of tree and shrub
layer species and adventive representatives of tall herbaceous plants which are peculiar
to lower layers. Significant overgrowth processes, which result in gradual exclusion of
herbaceous plant species typical of meadow communities aggregations, are observed in
the habitats of the populations of many types of herbaceous plants and at the upper
margin of the forest and subalpine layers. Thus, the changes in ecological and cenotic
conditions of various plant communities along the elevation gradient of the highlands
predetermines different characteristic features of the populations of herbaceous plant
species and their unequal spatial differentiation.

Keywords: climate changes, generative reproduction, restore in population, high-
mountain zone

INTRODUCTION

The high-mountain zone of the Ukrainian Carpathians has demonstrated an active
regeneration of the herbaceous cover, particularly that of the protected areas, which
have been significantly transformed due to present climate changes for the last decade.
The study of the influence of the external environmental factors on populations of herba-
ceous plant species is particularly topical for the high-mountain ecosystems [9, 12,
14, 16]. These factors predetermine the various abilities of the populations of the high-
mountain species for reproduction and functioning [7, 10, 13, 15].

The most significant natural factor that causes transformations of biota is the climate
change and restoration succession. The highland plant species quite actively respond to
the change of climate factors [3, 4, 8, 18, 21]. The relevant outcomes are primarily caused
by the influence of air temperature. According to the results of recent climate studies, the
mean air temperature has increased by 0.4—1.5 °C for the last 100 years. The prolonga-
tion of vegetative period, raise of the effective temperatures, quicker snow melting, and
a decrease in winter precipitation cause transformations of habitats and biotopes.
Following the climate changes, the specific alterations in the structure of populations of
many high-mountain species, dislocation of their altitudinal zonation, cenotic transforma-
tions and an increased participation of shrubs, adventive representatives of tall herba-
ceous plants and sod grasses in the succession can be observed.

Considering the increased climate changes and regenerative activity in the high-
lands, the assessment of the present condition of the populations of herbaceous plant
species and peculiarities of their performance in the altered environmental conditions is
important. Previous studies proved that the populations of high-mountain species pos-
sess different ability for self-regeneration and preservation of their structural and func-
tional organization under the influence of external environmental factors and display
individual behavioral, adaptation and survival patterns [2, 6, 14, 19].

The aim of the study is to determine the specific changes in the populations of her-
baceous plant species of the high-mountain zone, in particular, their response to chan-
ging environmental conditions, peculiarities of dynamic trends and regenerative ability
due to an increased influence of climate factors and activation of regenerative processes.
The study comprises such behavioral features of the species populations as phenological
(phenophase duration and development rate, flowering rhythmics), demographic (num-
ber, density, spatial differentiation), reproductive (generative reproduction, seed produc-
tivity, viability of seedlings), etc., which enable the determination of their adaptation and
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ability to exist under the changed environmental conditions. The obtained results are im-
portant for settling the issues related to preservation and protection of the populations of
high-mountain species and the forecast of their behavior under ecologically changed con-
ditions of the high-mountain zone.

MATERIALS AND METHODS

The conventional stationary and route-field methods were applied in order to deter-
mine changes in the structural organization of high-mountain plant populations and their
regenerative ability [17, 22, 23]. The initial diagnostic parameters of the populations’
condition include the individual growth peculiarities and the nature of dynamic trends
under the changed environmental conditions. The long-term observations of different
types of plant aggregations were applied for this purpose; these included the records
of the main parameters and characteristic features at permanent test sites. Stationary
research on changes in the population structure was carried out both on the previously
established long-term monitoring transects and on the new sites. The transects are lo-
cated in the alpine, subalpine and upper forest belts of the Ukrainian Carpathians within
1000-2000 m a.s.l. altitudinal range. The research covered mountain massif of the
Chornohora, Svydovets and Beskydy ranges within different habitat types that differ in
their eco-coenotic characteristics. Most of the transects are located in the central part of
the Chornohora range in the vicinity of the High-mountain Biological Station of the
Institute of Ecology of the Carpathians, NAS of Ukraine.

During the ontogenetic development of plants, the most important changes occur
within the generative phase that ensures the regeneration and self-maintenance of popu-
lations by means of seeds; those changes are a significant indicative feature [2, 5, 20].
The nature of phenophases advancement in the course of the seasonal population deve-
lopment was assessed, and, in particular, the flowering rhythms, changes in the number
of individuals and the dependence of this parameter on weather conditions [1, 11]. The
climate indices of Pozhyzhevska snow-avalanche weather station (1450 m a.s.l.) of
Ivano-Frankivsk Hydrometeorological Center of the State Emergency Service of the
Chornohora Mountain massif of the Ukrainian Carpathians were used for this purpose.
The air temperature values, the total amount of atmospheric precipitation, the duration
of solar insolation and other parameters were considered and analyzed in different
vegetation periods (1981-2020).

The research objects were the populations of high-mountain plant species that occur
in different plant aggregations and are located at different high-mountain hypsometric
levels (Achillea carpatica Bloki ex Dubovik, Antennaria dioica (L.) Gaertn., Astrantia
major L., Cardamine amara L., Dianthus carpaticus Wotoszcz., D. compactus Kit.,
Doronicum carpaticum (Griseb. et Schenk) Nym., Epilobium hirsutum L., Euphorbia
carniolica Jacg., Laserpitium krapfii Crantz, Rumex carpaticus Zapat., Senecio subalpi-
nus Koch, Silene dioica (L.) Clairv, Solidago alpestris Waldst. et Kit, Thymus alpestris
Tausch, Th. pulcherrimus Schur, Valeriana transsilvanica Schur, V. tripteris L., V. simpli-
cifolia (Reichenb.) Kabath et al.). The great majority of them are local populations of the
upper forest, subalpine and alpine zones of the Ukrainian Carpathians according to the
peculiarities of the spatial migration. The selected research objects represent various
bio-morphological types and differ in their ecological needs (swamp, meadow, petro-
phytous species etc.), coenotic role (dominants, subdominants, companions) and are
representative for the high-mountain communities of the Ukrainian Carpathians.
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RESULTS AND DISCUSSION

The multi-year observations of the herbaceous plant populations in the Ukrainian
Carpathians showed that the changes occurring in seasonal dynamics of their develop-
ment are closely related to the temperature values during different vegetation periods.
The increase in air temperature, intensity of atmospheric precipitation and changes of
insolation values determine different possibilities of adaptation and survival for popula-
tions of species under present high-mountain conditions. Based on the analysis of
meteorological data for the recent decades, we observed a tendency towards an in-
crease in air temperature values, particularly, the maximum values reaching 25 °C in
July—August, in the yearly cycles of vegetation growth. The comparison of meteorologi-
cal data for the previous period (1985-1999) and that for the present period (2000-2019)
showed that the average monthly air temperature during vegetation seasons (May—
September) increased by 1.2 °C; the temperature maximum of July increased by 3.8 °C.

A significant influence of warming on the processes of seasonal development of the
populations and flowering abundance is evidenced by the increased number of gene-
rative individuals, the share of which increased twofold or threefold. It made a positive
impact on dissemination and extension of the population habitats of a range of high-
mountain forb and meadow species. The rapid response of the generative individuals to
the changes in the temperature values is particularly evident in open high-mountain
areas with sufficient insolation. The dynamics of the numbers of generative individuals
is illustrated by populations of Valeriana simplicifolia, V. tripteris, Thymus alpestris,
Antennaria dioica (Fig. 1).
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Fig. 1. Dynamics of the numbers of generative individuals in populations of the herbaceous plant species:
1 — Valeriana simplicifolia; 2 — V. tripteris; 3 — Thymus alpestris; 4 — Antennaria dioica

Puc. 1. [InHamika 4mcenbHOCTI reHepaTUBHUX 0COOMH Yy nonynsuisix BUAIB Tpas’'sHUX pocnuH: 1 — Valeriana
simplicifolia; 2 - V. tripteris; 3 — Thymus alpestris; 4 — Antennaria dioica

Thus, the vegetation development of the populations of herbaceous plant species
is closely related to temperature conditions of the high-mountain zone and shows the
populations’ response to the changes of the conditions. The influence of warm weather
and, in particular, an increased air temperature, triggers significant time variations of the
phenological cycles of the plants. The studies performed on populations of the herba-
ceous plant species showed that the changes in phenological development are observed
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following the warming initiated by the increased air temperature. Such changes result in
the increased flowering rhythm and dislocation of flowering stages to earlier vegetation
periods. Flowering becomes more abundant and the intensity of phenophases develop-
ment increases. The course of seasonal development of populations represents the
adaptation and the nature of cycle changes in the numbers of individuals in the popula-
tions under present conditions. The greatest changes in the numbers of individuals and
dislocation of their flowering rhythms were observed when the average monthly air tem-
perature increased from 9.3 °C to 12.0 °C as compared with 1990-1999.

The increased ability for generative reproduction contributes to dissemination of seeds
and formation of new population loci in favorable microhabitats at significantly higher hyp-
sometric levels of the high-mountain zone (1600—2000 m a.s.l.). The studies performed at
monitoring sites showed a significantly increased activity of the seedlings viability. In par-
ticular, their number in populations of Valeriana simplicifolia, V. tripteris, V. transsilvanica,
Rumex carpaticus, Thymus alpestris, Euphorbia carniolica, Laserpitium Krapfii, Silene
dioica has increased from 10 (15) pc./m? to 35 (40) pc./m? for the last period of studies.

An important feature of the active regeneration of the populations is the develop-
ment of their local foci at different herbaceous layers of the high-mountain zone. For
instance, the newly formed habitats of Valeriana simplicifolia populations, which are
usually located in the lower mountain basins (1200-1340 m a.s.l.) are found at much
higher hypsometric levels of the highlands (1400-1600 m a.s.l.). The developmental
dynamics of one of such loci in the Breskul-Pozhyzhevska mountain area of the
Chornohora Mountain massif is presented in Fig. 2. The multi-year observations of the
newly formed (in 2010) locus showed positive dynamics of the numbers of generative
individuals and gradual extension of its boundaries. The flowering abundance of
the generative individuals reaches its peak in 2013 and 2019. Thus, the numbers of
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Fig. 2. Dynamics of the numbers of generative individuals in the newly formed locus of Valeriana simplicifolia

(Reichenb.) Kabath.; —— — average monthly air temperature, °C; - - - — maximum air temperature
(July), °C
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generative individuals are clearly correlated with the temperature values during different
vegetation seasons. The greatest activity of their development and, in particular, prefo-
liation, which occurs in the autumn of the previous season, was recorded within the
period when the average monthly air temperature increased to 12.7 °C in 2012 and
2018, and the maximum temperature value in July reached 26.0 °C.

Another natural factor of changes in the populations of herbaceous plant species
is the impact of restoration succesions in their habitats. These changes are usually
accompanied by increased shading and crowding of vegetation due to the of spread of
highly competitive species. Consequently, low-statured species disappear from the
communities. In the high-mountain zone of the Ukrainian Carpathians, it refers mostly
to grassland species that need open sites for the effective population recruitment. The
overgrowth with the forest and shrubby vegetation leads to simplification of the spatial
structure, fragmentation and decrease in density of populations, their elimination from
the community structure and, consequently, general depletion of the floristic composi-
tion of phytocoenoses. Following the acceleration of the regenerative processes enhan-
ced by the climate changes in the high-mountain zone, the dissemination activity of
trees and shrubs (Alnus viridis (Chaix) Opiz, Pinus mugo Turra, Salix silesiaca Willd.,
Juniperus sibirica Bungsd., Picea abies (L.) Karst. et al.), dwarf shrubs (Vaccinium myr-
tillus L., Vaccinium vitis-idaea L., Rubus idaeus L.) and adventive species of tall herba-
ceous plants also increased. Thus, the significant overgrowth processes, which result
in a gradual exclusion of herbaceous plant species typical of meadow communities ag-
gregations, are observed in the habitats of the populations of many types of herbaceous
plants and, in particular, at the upper margin of the forest and subalpine layers.

Similar tendencies towards occurrence of new population loci and their migration to
different highland zones are typical of many other highland populations. In particular,
separate loci of Silene dioica and Astrantia major populations were found in previously
uninvaded regions of meadow aggregations of the upper subalpine zone (1500-
16000 m a.s.l.), and the loci of the species aggregations of Valeriana transsilvanica,
Doronicum carpaticum, Cardamine amara, Epilobium hirsutum, etc. located near
springs were found at the upper margin of the alpine zone (1800-1900 m a.s.l.).

The change in ecological and cenotic conditions of various plant communities along
the elevation gradient of the highlands predetermines different characteristic features of
existence of the populations of herbaceous plant species and their unequal spatial dif-
ferentiation. For example, the populations of Valeriana transsilvanica, V. tripteris, V. sim-
plicifolia, Doronicum carpaticum, Euphorbia carniolica, Rumex carpaticus etc. charac-
terized by high density of individuals under favorable ecological and cenotic conditions
suffered great changes due to active overgrowth by Alnus viridis. At present stage of the
study, the number and density of the individuals decreased twofold compared with the
previous period (1990-2000). The differentiation of population loci and number of gene-
rative individuals under various ecological and cenotic conditions and at different hyp-
sometric levels of the high-mountain zone are illustrated by Valeriana transsilvanica and
Thymus alpinus (Table).

The values of the reproductive ability of populations significantly decreased and the
tendency towards their spatial fragmentation increased due to the enhancement of fitoce-
notic role of the competitive species and deterioration of the living conditions of herba-
ceous plant species. The biggest changes occur during the reproductive phase due to
dense overgrowth of the habitats by tree and shrub species and a decreased insolation.
For example, the lowest values in populations of Valeriana transsilvanica are observed
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in the case of overgrowth by Alnus viridis (1300-1500 m a.s.l.) and under canopy of
a spruce-fir forest (1000-1200 m a.s.l.). In particular, Alnus viridis actively protrudes into
the populations of meadow species from the forest and lower subalpine layers and
exhibits the tendency towards the extension of its boundaries.

Change of reproductive ability values in the populations
of Valeriana transsilvanica Schur and Thymus alpestris Tausch

3MiHM NoKa3HUKIB penpoaAyKTUBHOI 3A4aTHOCTI B MonynsAuisx
Valeriana transsilvanica Schur and Thymus alpestris Tausch

Valeriana transsilvanica Thymus alpestris
corditions Number_ of Number of Number. of Number of
generative  flowers of one  generative  flowers of one
individuals/m? individual individuals/m? individual

Under canopy of a spruce-fir
forest (10001200 m a.s.l.) 0.640.2 125+0.3 0.5£0.1 26.4+0.3
Complete shrubbing by Alnus
viridlis (1300-1500 m a.s.1.) 1.320.2 176+0.3 1.6+0.2 33.310.2
SUPE DAL, ISR [ o) pry 198£0.4 1.940.3 35.2+0.3

areas (1600-1800 m a.s.l.)

The characteristic feature is an active overgrowth of highland meadow aggrega-
tions by representatives of more competitive tall herbaceous plant species (Chamanerion
angustifolium (L.) Holub, Senecio nemorensis Moench, Filipendula denudate (L. et
C. Presl) Fritsch, Cirsium waldsteinii Rony, Rumex alpinus L., Urtica dioica L. et al.). In
general, the situation is particularly negative for populations of meadow heliophilic spe-
cies in virtually all high-mountain regions; it results in their spatial differentiation and
fragmentation. The populations of species lose the reproductive and regenerative abili-
ties under conditions of complete invasion of shrubs. The overgrowth caused by the
unfinished reproductive succession is peculiar to protected areas after the grazing
season. It is mostly related to the populations of meadow fitocenotic species that are
located in the lower plant layers of the highlands and suffer significant changes due to
the overgrowth and an increased density of tall herbaceous plant and shrub cenoses. It
has a direct impact on the demographic and spatial structures of the populations and,
first and foremost, on their ability to disseminate and regenerate.

CONCLUSIONS

It has been determined that present natural transformation processes occurring in
the populations of herbaceous plant species of the high-mountain zone controversially
influence their regenerative ability and the nature of changes in their structural organiza-
tion. The dynamics of populations in each separate case is defined by the influence of
natural and climate changes and their association with particular plant communities
along the elevation gradient of the high-mountain zone. In some cases, the dynamic
trends in populations are accompanied by an increased number of individuals and
extension of their habitats, while in other cases, the changes are the opposite, which is
caused by a decrease in the numbers of individuals and their fragmentation. The pro-
cesses observed during the regeneration of species populations are related to their
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ascending extension to various hypsometric levels, as well as the strengthening of the
positions of the populations of tree and shrub layer species and adventive representa-
tives of tall herbaceous plants which are typical of lower layers. The regenerative ability
of populations, initiated by warming, is only possible if they are located in habitats with
favorable ecological and cenotic conditions. The positive dynamics in populations is
observed under such conditions; it is caused by an increased number of generative in-
dividuals, their flowering intensity and reproductive ability. The multi-year dynamics of
the numbers of generative individuals represents their regenerative ability in popula-
tions and dependence on weather conditions. Population loci are important for the
conservation of herbaceous species populations and the prospects for their further
existence. They are the population nuclei of plant communities. Accordingly, they are
the centers of conservation and restoration of species populations.

Thus, the protection measures should be differentiated depending on the relation
of population localities to different habitat conditions. In order to contribute to natural
regeneration of populations it is necessary to ensure the preservation of the population
loci located in risk zones and are distinguished by signs of degradation. It is necessary
to initiate a program for comprehensive research of the populations of herbaceous plant
species in order to facilitate conservation and avoid biodiversity loss in the high-moun-
tain zone of the Ukrainian Carpathians.
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BMIIMB NPUPOOHUX YNHHUKIB HA NOMNYNALIAHI 3MIHU TPAB’AHUX BUIIB
POCJIMH TA OLIHKA IXHbOIO CTAHY B CYYACHUX YMOBAX BUCOKOTIP’SA
YKPATHCBKUX KAPIMAT

P. Amumpax
IHemumym exonoeii Kapnam HAH YkpaiHu, 8yn. KosenbHuubKa, 4, Jlbeie 79026, YkpaiHa
KopecnoHdyrouuti asmop e-mail: ecoinst@mail.lviv.ua

BceTyn. MpupogHi ekocuctemmn YkpaiHcbknx KapnaT ynpogoBX OCTaHHIX pokiB 3a-
3HalTb 3HAYHUX TpaHCHOpPMaLn YHACNIAOK BNSMBY KiMaTUYHUX YAHHUKIB | 3pOCTaHHS
aKTMBHOCTI NpoLeciB BiAHOBMNEHHA. [OCnigKeHHS BNMBY YMHHMKIB 30BHILLHBbOIO cepe-
OOBMLA Ha nonynsauii TpaB’ssHUX BUAIB POCIMH € 0COBNMMBO akTyanbHUMU B TiPCbKUX
ekocucTeMax. YHacnifoK NocTynoBOro BiAHOBEHHS KOPIHHOT POCIMHHOCTI BifOyBatoTh-
CSl XapaKTepHi 3MiHM B CTPYKTYPHIl i NPOCTOPOBIN opraHi3auii nonynsuii 6arateox BUAIB
TpaB’sAHUX POCIMH. BiaTak, BaXknMBOK € OLjiHKa Cy4aCHOro CTaHy nonynsuii, iXHboi
30aTHOCTI A0 BiQHOBMEHHS, peakuii Ha 3MiHy yMOB Ta OCODNMBOCTEN NPOSsBY iHAMBIAY-
anbHOro XxapakTepy NOBEAIHKN B €KOMOrvyHO 3MiHEHMX yMOBaxX cepefoBuLla.

Martepianu i meTogn. 3 METOKO BCTAHOBITEHHSA 3MiH Yy CTPYKTYPHIl opraHisauii norny-
NAUIN BUCOKOTiPHUX BUAIB Ta IXHBbOI 30aTHOCTI A0 BiAHOBNEHHS BUKOPUCTAHO 3arasnibHo-
NPUAHATI CTaLioOHapPHI 1 MapLUPYTHO-MOMBbOBI METOAM AOCHiAKeHb. BuxigHnmMm o3Hakamm
OiarHOCTUKM CTaHy Nonynsuin € iHaMBigyanbHi 0COBNMBOCTI IXHBOrO PO3BUTKY Ta Xapak-
Tep NPosABY AMHaMIYHMX TEHAEHLUIN Y 3MIHEHMX YMOBax cepefosuLua. ig Yac oHToreHe-
TUYHOIO PO3BUTKY POCITMH HaMiICTOTHILLI 3MiHM BigOyBatoTbCA B reHepaTuBHIn asi, Lo
€ BaXJIMBOK iHOMKALIMHOK O3HAKOH, SIKOK 3abe3nedyeTbCs BifHOBMEHHS 1 camonia-
TPMMaHHSA Nonynsuiin HaciHHAM. 3 L€ METOK 3aCTOCOBaHO AOBroTpmBarni 6aratopivHi
CMOCTEPEXEHHS B Pi3HMX TUMAxX POCIMHHMX YrpynoBaHb, Wo nepeabdadvae obmnik ocHo-
BHMX MapaMeTpiB i 03HAK Ha MOCTIMHMX MPOOHMX Mnowax. TpaHCEeKTU po3TalloBaHi
B anbnicbkomy, cybanbnincbkomy i BEPXHbOMY JliCOBOMY noscax YkpaiHcbkux Kapnat
y pianasoHi Bncot 1000-2000 M H.p.m. [JOCnimjKeHHAMM OXOMIEHi Taki MOBEAIHKOBI
O3HaKM MOonynsAuii BUAIB sk )eHOMNOorivHi (3MilLleHHs dheHodas, pUTMIKa LBITIHHS),
aemorpadivHi (YMcenbHiCTb, MPOCTOPOBa AMdepeHLiaList), penpoayKTUBHI (reHepaTmB-
HEe PO3MHOXEHHS, HACiHHEBA MPOAYKTUBHICTb) Ta iH., LLO AA0Th 3MOTy 3’ACyBaTyh iXHIO
ajanTauilo Ta 34aTHICTb 40 iCHYBaHHS Y 3MiHEHMX YMOBax cepeaoBuLLa.

Pe3ynbtaTty gocnimkeHb. TpyBarivM MOHITOPUHIOM, NPOBEAEHUM Y Pi3HUX POCIINH-
HMX YrpynoBaHHSX BMCOKOTIP’d, 3'ACOBaHO, O B OQHMX BUMagKkax 3pocTae yyacTb BUIB,
SIKi BUPI3HAKOTBCS aKTVMBHOK CTPATETiE BiGHOBNEHHS Ta i CNpsiMyBaHHAM Ha nogarnblue
PO3LLNPEHHST MEX, @ B iHLLUNX — MaloTb MPOTUNEXHWUI XapaKTep, L0 NOB’A3aHO 3 HECNpo-
MOXHICTIO afanTyBaTuCca 0O 3MiH YMOB cepefoBula. BcTaHoOBMEHO, WO BeretauinHni
PO3BUTOK MONYISALLN FPCbKNX BUAIB POCIMH TiCHO NOB’A3aHUIN 3 PEXXMMOM TEMNEPATYPHNX
YMOB, a Lie BMnvBa€e Ha PeHOomOorito, AMHaMIKy YMCENbHOCTI OCOOWH i XxapakTep IXHbOro
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PO3MHOXEHHS. [MpOo iCTOTHWUIA BNAMB NOTENSIIHHA Ha NPOLIECU CE30HHOIO PO3BUTKY MOMy-
NAUIN | PACHICTb IXHBOTO LBITIHHS CBIgYNTb 30iNbLUEHHS YNCENBbHOCTI reHepaTUBHUX OCO-
OVH y monynsuisx ripCbKMX BUAIB Ta iXHS Mirpauis Ha 3Ha4yHO BWLL FMCOMETPUYHI pPiBHi
BMcokorip’s. MigBvLeHa 30aTHICTb 40 reHepaTMBHOIO PO3MHOXEHHS CMPUSIE PO3CENEHHIO
HaCiHHS Ta NosiBi HOBUX MONyNAUiNHMX NOKyciB Valeriana simplicifolia, V. transsilvanica,
Silene dioica, Astrantia major, Doronicum carpaticum, Euphorbia carniolica Ta iH. y cnpu-
ATNVBUX OIS HAX MIKPOOCENULLIAX Ha 3HAaYHO BULLMX MNCOMETPUYHMX PIBHSIX BUCOKOTIP's1
(1600-2000 M H.p.M.). IHLLMM NPUPOAHUM YMHHMKOM 3MiH A8 NONynsAuii BUAIB € BNAVB
AeMyTaUiHUX NEePEeTBOPEHb Y Pi3HUX TUMaX POCIMHHMX yrpynoBaHb. Lli aMiHu 3ae6inb-
LLIOrO CYMPOBOMKYHOTLCA MOCUMEHHAM 3aTiHEHHS 1 YLLINIbHEHHAM POCIIMHHOMO MOKPUBY
BHACINIQOK MOLUMPEHHS KOHKYPEHTHO34ATHILLNX AepPEeBHO-YarapHUKOBMX i aABEHTUBHUX
BMAIB BUCOKOTPaB'si. Hacamnepes Le CToCyeTbCs Ny4YHUX BUAIB, ki NOTpebyoTb BiaKpu-
TUX OiNSHOK Anst e(PeKTUBHOrO CaMOBIQHOBIIEHHS MONyNsUi. 3 NiABULLIEHHSIM LEHOTUNY-
HOI aKTUBHOCTI BinbllL KOHKYPEHTHO3A4ATHUX BUAIB Y CTPYKTYPHI OpraHisauii nonynsuin
CroCTepiratTb 3MiHU, SKi 3HWKYIOTb 30aTHICTb 4O MOHOBMEHHS Ta NPU3BOASATL 4O IXHBOI
dparmeHTauiji. BignosigHo, 3MiHM €KONOro-LEeHOTUYHNX YMOB Y Pi3HUX TUMaX POCIIUHHNX
YrpynoBaHb Y3O0BX BMCOTHOIO rpagieHTa BUCOKOTIP'st 3yMOBIIOOTbL Pi3HY crneumdiky ic-
HYBaHHS NMONynsuii BUAIB i IXHIO HEOOHAKOBY NPOCTOPOBY AndepeHLiaLlito.

BucHoBku. CyuyacHi npupogHi mpouecu, siki BigbyBatOTbCs B MOMynsUisiX BUAiB
TPaB’AHMX POCMMH BUCOKOTIP’'St MaloTb HEOLHO3HAYHUIA BB Ha 30aTHICTb OO BigHOB-
NEHHs Ta XapakTep 3MiH Y IXHil CTPYKTYPHIN opraHisauil. Y KOXKHOMY OKpeMOMY BUMagKy
ANHaMika nonynsuin BU3HadaeTbCA BAAMBOM NPUPOLHO-KNIMaTUYHMX 3MiH i IXHIO Npuypo-
YEHICTHO A0 KOHKPETHUX POCIMHHMX YrPYNOBaHb Y340BX BUCOTHOTO rpafi€HTa BUCOKOTIp's.
BaratopiyHa guHaMika YMcenbHOCTI reHepaTUBHUX OCOBMH XapaKTepu3ye IXHI0 30aTHICTb
00 BiAHOBIEHHSA Ta 3anexXHICTb Big METEOYMOB. BaxriMBOK pMCOI0 BiAHOBIIEHHSA MOMNysis-
Uil € pO3BUTOK JTOKANbHUX OCEPEeKiB Y CNPUSTIIMBUX SIS HUX MiKPOOCENULLIAX BUCOKOTIP's,
30KpeMa, y BEpXHbOMY CyOanbniicbkoMy 1 anbniicbkoMy nosicax. [losiea HoOBMX nonyns-
LLIHMX JTIOKYCIB € NOKa3HMKOM iXHbOI 30aTHOCTI 4O BiAHOBIIEHHA Ta BMXKMBaAHHSA. B ogHMX
BMMagKax AMHaMiYHi TeHOEHLUIT B NOMynsLisix CynpoOBOMXKYOTbLCA 30iNbLLUEHHSIM YMNCESTb-
HOCTi OCOOVH i PO3LUMPEHHSIM IXHIX MEX, a B iHLUMX BOHW MatoTb NPOTUNEXHUI XapakTep,
LLIO NMOB’sI3aHO 3i 3MEHLLEHHSM IXHbOT YMCENbHOCTI Ta Aerpagaieto. Y BigHOBMEHHI nomny-
nNauUi BUAIB CNoCTepiraTb MPOLECH, MOB’A3aHi SK 3 BUCXIOHMM MOLUMPEHHSAM iX Ha Pi3HMX
riNCOMETPUYHUX PIBHSX, TaK i 3 MOCUNIEHHAM NO3ULLI NONYNALiN BUAIB AEPEBHO-YarapHu-
KOBOIO SIpyCcy M afABEHTUBHUX MPEOCTABHUKIB BMCOKOTPAB'S, XapaKTEPHUX AMS HYKYMX
BUCOT. B ocenuax nonynsiuii 6aratbox BUAIB TPAB'AHMX POCHMH HA BEPXHIl MeXi fico-
BOro Ta cy0anbnifCbKOro nosicy MatTb MiCLie 3HaYHi MPOLECU 3apOCTaHHs, BHACMIOOK
AKMX BiaOyBa€ETbCsl MOCTYMNOBE BUTICHEHHS XapaKTepHMX A1 JTyYHUX YrpynoBaHb TpaB'sa-
HUX BMAiB. BiaTak, 3mMiHa eKonoro-LUeHOTUYHUX YMOB Y PI3HUX POCIMHHUX YIPYNOBaHHAX
Y3[O0BX BMCOTHOIO rpafieHTa BMCOKOTIP'S 3yMOBIIOOTb Pi3HY crneuundiky iCHyBaHHSA Mo-
NynsAuin BUAiB TpaB’aHMX POCINH i IXHIO HEOAHAKOBY NMPOCTOPOBY AndbepeHLiaLito.

Knrodoei cnoga: knimaTtuyHi 3MiHW, reHepaTvBHE PO3MHOXEHHS, 30aTHICTb A0
BiJHOBMNEHHSI, BUCOKOTIp’s
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