Hlushak D., Gniezdilova V., Riznychuk N.,... | AGE STRUCTURE OF POPULATIONS...

UDC 582.3/.99-022.348(23)(292.451/.454)(477)
DOI https://doi.org/10.32846/2306-9716/2025.eco.1-58.15

AGE STRUCTURE OF POPULATIONS
OF THE GENUS GENTIANA L. IN THE HIGHLANDS
OF THE UKRAINIAN CARPATHIANS

Hlushak D., Gniezdilova V., Riznychuk N., Melnychenko H.
Vasyl Stefanyk Precarpathian National University

Galytska str., 201b, 76008, Ivano-Frankivsk
dmytro.hlushak.22@pnu.edu.ua, viktoria.gniezdilova@pnu.edu.ua,
nadiia.riznychuk@pnu.edu.ua, halyna.melnichenko@pnu.edu.ua

Under increasing anthropogenic pressure, the issue of biodiversity conservation, restoration, and protection is becoming increasingly
important. The article analyzes the age structure and population status of rare species of the genus Gentiana L. Specifically, Gentiana
acaulis L. and Gentiana punctata L., Gentiana lutea L., and Gentiana laciniata Kit. ex Kanitz. The studied species grow in the highlands
of the Ukrainian Carpathians and belong to vulnerable and endemic plants. They are rare and listed in the Red Data Book of Ukraine
as well as the Red List of the International Union for Conservation of Nature.

After studying the populations of the genus Gentiana L. in the highlands of the Ukrainian Carpathians, it was found that the largest
population was G. punctata, while the smallest was G. acaulis. In contrast, G. lutea is characterized by the presence of isolated
populations with a relatively large area (ranging from 4 to 45 ha) and density (1.9-6.7 individuals/m?). Thus, G. punctata and G. acaulis
have formed so-called metapopulation structures, consisting of small populations. The age structure of Gentiana laciniata Kit. ex
Kanitz is characterized by a small, isolated population, where pre-generative age groups predominate.

Each year, the population size and density of the genus Gentiana L. decrease, and their structure is also disrupted. The main
reasons for this decline include the use of G. lutea and G. punctata rhizomes for traditional and official medicine, cattle grazing,
and trampling of trails by tourists. In addition to anthropogenic impacts, natural factors also influence population structure, such as
a lack of pollinating insects, temperature variations, the presence of pests, and slope exposure. Another important factor contributing
to the decline in populations is their low ecological plasticity, which makes adaptation to changing environmental conditions difficult.
Key words: population, age structure, rare species, Gentiana punctata L., Gentiana acaulis L., Gentiana lutea L., and Gentiana laciniata
Kit. ex Kanitz.

BikoBa crpykTypa momyasiuiii poxy Gentiana L. y Bucokorip’i ykpaincbkux Kapmar. Imymax /1., I'ne3ninoBa B.IL,
Pisanuyx H.L., Meapanyenxo I.M.

B ymoBax 3pocTaiouoro aHTpOIOreHHOro TUCKY MTUTaHHs 30epe)KeHHs, BiJHOBJICHHS Ta 3aXUCTy Oiopi3HOMaHITT HabyBae nenani
OiipIIOrO 3HAYSHHS. Y CTarTi POAHAIi30BaHO BIKOBY CTPYKTYpY Ta CTaH NOMYILiH piakicHUX BuaiB poxy Gentiana L. A cawme,
Gentiana acaulis L. 1a Gentiana punctata L., Gentiana lutea L, Ta Gentiana laciniata Kit. ex Kanitz. JlocnmimkyBaHi BUIU 3pOCTaIOTh
y Bucokorip’i Ykpaincekux Kapmat i HamexxaTs 10 Bpa3iaMBHX Ta €HAEMIYHHUX pOoCiInH. BoHM € piakicHuMH 1 3aHeceHi 10 UepBoHOI
KHUTH YKpainu Ta 10 YepBOHOTro criicky MiXKHapOIHOTO CO03y OXOPOHHU MPUPOIH.

Jocnigusiy nonynsii pony Gentiana L. y Bucokorip’ Ykpaincekux Kapnar, Oyino BUSBIICHO, IO HAHOIBIIOK BUSBHIIACE MTOITY-
msiist Gentiana punctata, a HaiiMeHmoro — Gentiana acaulis. A ot nist Gentiana lutea XapaKTepHOIO € HasIBHICTb 130JIbOBAHHX TTOITYJISI-
1iif 3 MOPIBHAHO BEJIHKO TwIomiero (Bix 4 1o 45 ra) Ta mineHicTo (1,9-6,7 ocobunn/m?). Tak Gentiana punctata ta Gentiana acaulis
copMyBaJIH Tak 3BaHI METAIOMYIAIIHHI opraHizamii, CKiIajx IKUX Hajlidye Maii nomyisuii. Bikosa crpykrypa Gentiana laciniata Kit.
ex Kanitz xapakTrepu3yeTbcsi HEBEIUKOIO, 130JIbOBAHOIO TIOMYJIAIIEI0, B SIKill IIepeBakaloTh MepeIreHepaTUBHI BiKOBI TPYIIH.

3 KO)KHUM POKOM YHCENBHICTD 1 IIUIBHICTH momyiALiil poxy Gentiana L. 3MeHIIYEThCS, a TAKOXK MOPYIIYIOTHCS iXHS CTPYKTypa.
OCHOBHHMMHU IIPHYMHAMH € BUKOPHCTaHHs KopeHeBull Gentiana lutea ta Gentiana punctata nis notped HapoaHoi Ta odiniitHol meau-
LIMHY, BUIIACY POTaToi XynoOH, BUTONTYBAHHS CTEKOK TypHcTaMu. KpiM aHTpOIIOreHHUX BIUIMBIB Ha CTPYKTYPY IOIYJIALI] BIUIHBAIOTh
1 TIPUPOHI YMHHUKH: HEZOCTATHS KUTBbKICTh KOMax 3allIUII0BadiB, TEMIIEPaTypa, HAsBHICTh IIKiHUKIB, ekcrio3uis cxmy. e omaum
BaXIMBUM (PAKTOPOM, SIKMH BIUTMBA€ HA 3MEHIICHHS KUTBKOCTI MOMYIALiH € iXHSA HU3bKA €KOJOTIYHA IUIACTHYHICTB, IO CIIPHYUHSIE
CKJIQIHICTh MTPUCTOCYBAHHS 10 3MiHHUX YMOB HAaBKOJIHUIIHBOTO cepefoBulla. Kiuouosi cioéa: NOMYIALIs, BIKOBAa CTPYKTypa, PiAKICHI
Buau, Gentiana punctata L., Gentiana acaulis L., Gentiana lutea L, Ta Gentiana laciniata Kit. ex Kanitz.

General statement of the problem. Under the con-
ditions of increasing anthropogenic pressure, the issue
of conserving, restoring, and protecting biodiversity is
becoming increasingly important, especially the popu-
lations of rare plant species as components of natural
mountain and high-altitude ecosystems. The species
of the genus Gentiana L. growing in the highlands of
the Ukrainian Carpathians are classified as vulnerable
and endemic. They are listed in the Red Data Book of

Ukraine and the Red List of the International Union for
Conservation of Nature [1, 2].

The specific features of their biomorphology, age
and spatial structure, density and population size, indi-
vidual ontogenesis, as well as conservation and survival
strategies in the conditions of the Ukrainian Carpathians
remain insufficiently studied.

Plants of all species of the genus Gentiana L. have
significant ornamental value, and some are medicinal.

91



ExoJtoriuni Hayku N° 1(58)

HAYKOBO-TTPAKTUYHWH XKYPHAA

The mass picking, trampling, and uprooting of the highly
popular medicinal plants Gentiana acaulis L., Gentiana
punctata L., Gentiana lutea L., and Gentiana lacini-
ata Kit. ex Kanitz by locals and tourists have led to the
destruction of certain populations of these species [3].

The reduction of their range is leading to the grad-
ual disappearance of these plant species in the Ukrainian
Carpathians. In this regard, there is a need to study the
current state of rare plants and to identify the causes of
the reduction in their range and population size in the
Ukrainian Carpathians.

Analysis of recent research and publications.
Many Ukrainian scientists (Chopyk V.I., Malynov-
skyi K.A., Moskaliuk B.I., Krys O.P., Cherepanin R.M.,
Kiyak V.G., and others) have devoted significant atten-
tion to studying the genus Gentiana L. To date, the
distribution and ecological-biological characteristics
of the species of this genus have been described and
studied. However, proper attention is not given to the
conservation of the genus and the preservation of pop-
ulations in the highlands of the Ukrainian Carpathians.
An analysis of literary sources and our own expedition
research indicates a decline in the number of habitats
of Gentiana L. representatives and a disruption of their
population structure.

The purpose of the article. The purpose of the study
was to determine the age structure and condition of pop-
ulations of rare species of the genus Gentiana L. based
on comprehensive population research. The object of the
study: high-altitude species of the genus Gentiana: G.
punctata L., G. acaulis L., G. lutea L., and G. laciniata
Kit. ex Kanitz.

Presentation of the main research material. The
research was conducted in various areas: the Chornohora,
Svidovets, and Maramures massifs, at altitudes ranging
from 1400 to 2000 meters above sea level. Route and
stationary research methods were applied, aimed at stud-
ying the structure and dynamics of populations of rare
and endemic plant species [3, 4].

The genus Gentiana L. plays an important role in
human life. These are primarily medicinal plants that
have been used in the folk medicine of various coun-
tries for thousands of years (China, India, and others).
Significant changes have occurred in the populations of
certain species of the genus Gentiana L. in the Ukrainian
Carpathians, specifically G. punctata L., G. acaulis L.,
G. lutea L., and G. laciniata Kit. ex Kanitz. These spe-
cies are found only in the highlands of the Carpathians
in Ukraine, which is why they are listed in the Red Data
Book of Ukraine. G. punctata is classified as vulnerable,
while G. acaulis is considered a rare species [2].

Gentiana punctata L. is a perennial, mid-European,
high-altitude species. It is found in the subalpine and
alpine zones. In the Ukrainian Carpathians, it grows in
the Gorgany, Chornohora, Maramures Alps, Svidovets,
and Chivchyn Mountains. This medicinal, red-listed
species is widely used by the local population for folk
medicine purposes [2].

Gentiana acaulis L. is a mid-European high-alti-
tude species, with its range extending across the Alps
and the mountains of Southern Europe. In Ukraine, it is
found only in the Carpathians, where the eastern bound-
ary of its distribution lies, specifically in Chornohora,
Svidovets, Maramures, Chivchyn, Gorgany, and the
Beskids. The species grows on rocks, stony soils, fresh
grass-covered rocky slopes, and high-altitude meadows
within the altitude range of 1250-1950 meters above sea
level [2].

Gentiana lutea L. is a high-altitude subalpine relict
species found in Europe, particularly in the southern and
central parts of the continent. A small part of its range
also extends into the northwestern part of Minor Asia. In
Ukraine, Gentiana lutea L. grows only in the Ukrainian
Carpathians, specifically in Chornohora, Svidovets,
Maramures Alps, and Gorgany, within the altitude range
of 1650-1920 meters above sea level. It is a perennial
plant, rare and listed in the Red Data Book of Ukraine
(Category 1), and is both a nectar-producing and orna-
mental plant [2].

Gentiana laciniata Kit. ex Kanitz is an endemic
high-altitude species that grows in the eastern
Carpathians, specifically in the Borzhava, Svidovets,
Chornohora, Maramures massif, and Chivchyn moun-
tains, within the altitude range of 1680-2000 meters
above sea level. It thrives on scree, rocks, stony soils,
and high-altitude meadows of the subalpine and alpine
zones. Gentiana laciniata is a high-altitude species with
a disjunctive range [2].

The results of the analysis of the ontogenetic struc-
ture of the Gentiana lutea populations are presented in
Table 1.

The study of the age structure showed that the popu-
lations of G. lutea are normal and full-membered. In the
first population, immature individuals dominate, while
in the second population, generative individuals prevail.
Juvenile, immature, and virgin individuals in both asso-
ciations make up more than 50% of the total population
across all age groups. Therefore, it has been determined
that the number of generative individuals represents
an average proportion, ranging from 23.6% to 43.7%
(Table 1). The number of senile individuals is 0.5%. A
noticeable pattern can be observed here: with intensive
grazing, younger age groups begin to play a significant
role in maintaining the population.

According to the results of the conducted research,
31 habitat of Gentiana punctata has been identified in
the Ukrainian Carpathians. The largest population of G.
punctata is located on Mount Breskul, while smaller pop-
ulations of the Chornohora metapopulation are found on
Mounts Hoverla and Hutin Tomnatyk. During the study,
a metapopulation was discovered on Mount Pip Ivan
Maramures, which is characterized by the highest den-
sity (7.2 individuals per m?), but occupies a relatively
small area compared to other populations (Table 2).

The maximum in the ontogenetic spectrum is
observed in the pre-reproductive group: 63.5% on Mount
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Table 1
Population parameters of Gentiana lutea L.
. Number | Number of pre- | Number of Popula Repla
Habitat, slope . h . Regene . ce
. Habitat | of mature | reproductive generative A tion regene
exposure, altitude 2 o je . o e . ey . ration . ment
area, m indivi indivi indivi . o ration .
above sea level index, % . o index,
duals, pcs. duals, pcs. duals, pcs. coefficient, % o,
1. Mount Pip
Lvan, Maramures, 360 780 270 220 1,22 0.28 0,34
southwest,
1900 m
2. Mount Petros,
southeast, 250 600 370 420 0,88 0,7 0,61
1600 m
Table 2
Population parameters of Gentiana punctate L.
. Number | Number of pre- | Number of Popula Repla
Habitat, slope . . . Regene . ce
. Habitat | of mature | reproductive generative A tion regene
exposure, altitude ) s s s ration . ment
area, m indivi indivi indivi . o ration .
above sea level index, % . o, | index,
duals, pcs. duals, pcs. duals, pcs. coefficient, % o,
1. Mount Breskul,
northwest, 210 420 630 350 1,8 0,83 1,5
1900 m
2. Mount Pip
Ivan, Maramures, 850 350 770 230 334 0,62 2.2
southwest,
1850 m
Table 3
Population parameters of Gentiana acaulis L.
. Number | Number of pre- | Number of Popula Repla
Habitat, slope . . . Regene . ce
. Habitat | of mature | reproductive generative A tion regene
exposure, altitude ) s s R ration . ment
area, m indivi indivi indivi . o ration .
above sea level index, % . ° index,
duals, pcs. duals, pcs. duals, pcs. coefficient, % o,
1. Mount Pip
Ivan, Maramures, 480 700 625 450 1,38 0,64 0,88
southwest,
1900 m
2 .Mount Hoverla,
northeast, 750 450 780 310 2,51 0,68 1,73
2000 m

Breskul and 77.1% on Mount Hoverla, where virginile
period plants dominate. In the population on Mount Pip
Ivan Maramures, compared to the Hoverla and Breskul
populations, the percentage of generative individuals is
lower (18.76% and 33.1%, respectively). The post-gen-
erative group plants in the Pip Ivan partial population
(10%) are twice as numerous as in the Breskul popula-
tion (5.2%). Thus, the G. punctata population on Mount
Breskul can be classified as a young, thriving popula-
tion, which is explained by the high percentage of seed-
lings and generative individuals, as well as the large area
of the population. However, the partial population on
Mount Pip Ivan Maramures is also young and exhibits

high vitality, as indicated by the high individual density
and their generative reproduction.

When studying Gentiana acaulis, the highest den-
sity was found in the subpopulation on Mount Petros,
which undergoes intensive grazing. In the subpopu-
lation on Mount Hoverla, anthropogenic pressure is
exerted through excessive recreational impact. As a
result, the density is somewhat lower, reaching up to
3 individuals/m? (Table 3).

When studying the Maramures population of
Gentiana acaulis, the average population density is
3.9 individuals per m2. The population is characterized
as normal and full-membered, with a predominance of
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Table 4
Population parameters of Gentiana laciniata Kit. ex Kanitz
. Number | Number of pre- | Number of Popula Repla
Habitat, slope . h . Regene . ce
. Habitat | of mature | reproductive generative A tion regene
exposure, altitude 2 oy . o e . ey . ration . ment
area, m indivi indivi indivi . ration .
above sea level index, % . o index,
duals, pcs. duals, pcs. duals, pcs. coefficient, % o,
1. Mount Hoverla,
northeast, 80 300 150 210 0,71 0,7 0,5
1900 m
2. Mount Turkul, 0,35
southwest, 1800 m 150 280 100 180 0,55 0,64

generative individuals in the age spectrum (43.1%).
In the Hoverla population of Gentiana acaulis, gener-
ative reproduction is suppressed. The average popula-
tion density is 1.5 individuals per m?. This population
is regressive and is characterized by a predominance
of virginile individuals in the age spectrum, making up
55%. In all the studied populations of G. acaulis, the
maximum in the age spectrum is observed in the pre-re-
productive group.

Two populations of Gentiana laciniata Kit. ex
Kanitz were studied on the Chornohora Ridge, specifi-
cally on Mount Hoverla and Turkul. These two popula-
tions occupy small areas (around 0.1 ha), and they have
incomplete age spectra, lacking immature and juvenile
plants.

This is one of the main reasons for the small popula-
tion size. On Mount Hoverla, the population density var-
ies from 4 to 9 individuals per m?, while on Mount Turkul,
it ranges from 6 to 15 plants per m2. The density is pre-
dominantly 5-10 plants per m? (Table 4). In most cases,
individual plants of Gentiana laciniata Kit. ex Kanitz
are encountered, usually as fragments of destroyed pop-
ulations. The population of Gentiana laciniata Kit. ex
Kanitz is the smallest of the studied populations of the
Gentiana genus. The number of individuals decreases
each year, leading to the eventual complete disappear-
ance of the population in the Ukrainian Carpathians [5].

The age structure of Gentiana laciniata Kit. ex
Kanitz is characterized by a small, isolated population,
where pre-reproductive age groups — seedlings and
virginile — predominate. As a result, a left-skewed age
spectrum is observed. Overall, the population is charac-
terized as normal and full-membered, even with a small

population size. Deviations from the state of a normal
full-membered population with a peak in the number of
virginile or generative individuals are mainly an indi-
cator of the unfavorable impact of exogenous factors,
mostly of anthropogenic origin.

Conclusions. Thus, after studying the populations
of'the Gentiana genus in the highlands of the Ukrainian
Carpathians, it was found that the largest population
was G. punctata, while the smallest was G. acaulis.
On the other hand, G. lutea is characterized by iso-
lated populations with relatively large areas (from 4
to 45 hectares) and densities (1.9—6.7 individuals/m?).
Both G. punctata and G. acaulis formed what are
known as metapopulation organizations, consisting of
small populations.

However, each year, the number and density of the
Gentiana genus populations are decreasing, and their
structure is being disrupted. The main reasons for this
are the use of the rhizomes of G. lutea and G. punctata
for folk and official medicine, cattle grazing, and tram-
pling of trails by tourists. In addition to anthropogenic
impacts on population structure, natural factors also
play a role: insufficient numbers of pollinating insects,
temperature, the presence of pests, and slope exposure.
Another important factor contributing to the decline in
population numbers is their low ecological plasticity,
which causes difficulty in adapting to changing environ-
mental conditions.

Prospects for using the research results. The
research results can be used for further monitoring of
the populations status of rare species in the Ukrainian
Carpathians, biodiversity conservation measures within
the nature reserve fund, and ecological education.
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