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Abstract—During route surveys, habitats of Heracleum mantegazzianum Sommier & Levier were identified in
the Karachaevo-Cherkessk Republic and Krasnodarsky Krai. Analysis of climatic data showed that within its
native range in the Western Caucasus, the optimal conditions for the growth and development of this species
occur at elevations ranging from 700 m to 1300 m above sea level. The limiting factors for its dispersal are the
duration of the period with stable snow cover and snow depth, which determine the possibility of seed strati-
fication and the risk of cold damage to overwintering plant organs. In its natural habitats in the Caucasus,
plants occur singly or in groups of up to 30–50 individuals. In disturbed habitats, the species forms mono-
dominant stands with foliage projective cover close to 100%. Plants enter the reproductive phase at the age of
2 to 4 full years. The height of generative H. mantegazzianum individuals reaches 3.5 m, and the mass of the
largest plants ranges from 11 to 20 kg (fresh plant material), which is comparable to the characteristics of indi-
viduals of this species in its invasive range. Voucher specimens of H. mantegazzianum collected from the West-
ern Caucasus are deposited at the SYKO scientific herbarium (https://ib.komisc.ru/add/herbarium).

Keywords: Heracleum mantegazzianum, morphological traits, phytomass, calendar age, Western Caucasus,
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INTRODUCTION
The expansion of alien species is one of the key

threats to biodiversity and the functioning of natural
ecosystems. Understanding the mechanisms that
determine the success of biological invasions and the
spread of invaders is essential for developing control
measures (Pyšek et al., 2020; Gioria et al., 2023). Of
particular interest are species that demonstrate high
invasive ability within their invasive range but remain
insufficiently studied within their natural distribution
range.

Such species include Heracleum mantegazzianum
Sommier & Levier and Heracleum sosnowskyi Man-
den.—members of the section Pubescentia of the
genus Heracleum. These are large herbaceous plants of
the family Apiaceae, native to the Caucasus (March-
enko, 1953; Ecology and Management…, 2007). Based
on similarities in habit, plant response to environmen-
tal habitat factors, and their high invasive potential,
these species are combined into a complex of invasive
(giant, tall) hogweeds (Nielsen et al., 2005; Ecology
and Management…, 2007; Zakhozhiy et al., 2022).

Over recent decades, tall hogweeds have been
actively spreading beyond their natural range, causing
ecological and socio-economic problems (Otte and
Franke, 1998; Ecology and Management…, 2007; Niel-
sen et al., 2008; Ozerova and Krivosheina, 2018; Afo-
nin et al., 2018; Dalke et al., 2024). H. mantegazzianum
and H. sosnowskyi have acquired the invasive status of
“transformer species.” Such plants actively invade
natural and semi-natural communities, alter ecosys-
tem appearance, disrupt successional relationships,
act as edificators and dominants, form extensive
monodominant communities, and displace and hin-
der the regeneration of native f lora species (Ecology
and Management…, 2007; Senator and Vinogradova,
2023).

The expansion of giant hogweeds is observed over a
large part of the European continent: the southern
limit of their distribution in Russia lies above 50° N
(Afonin et al., 2017), the northernmost records have
been reported from the Scandinavian and Kola Penin-
sulas (Ecology and Management…, 2007; Menshakova,
2011; Zakhozhiy et al., 2022). The western boundary
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Fig. 1. Western Caucasus study area, including observation
routes, Heracleum mantegazzianum occurrence locations,
and collection sites (July 2022). The numbers on the call-
outs are the field numbers of plant samples. Map data:
Google, Landsat/Copernicus.
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of the invasive range includes the British Isles (Ecology
and Management…, 2007; Nielsen et al., 2008), while
the eastern boundary reaches the Ural region (Abram-
ova et al., 2021).

Despite progress in studying the distribution and
ecology of tall hogweeds in their invasive range, the
interactions of these species with the environment
within their native range remain insufficiently
explored (Aprikyan, 1979; Tappeiner and Cernusca,
1998; Pergl et al., 2006).

It has recently been shown that plants from intro-
duced populations of giant hogweeds in the Mur-
mansk Oblast and the Komi Republic, previously
assigned to H. sosnowskyi, are identical in taxonomi-
cally significant traits and DNA markers to H. man-
tegazzianum from the native part of its range in the
Western Caucasus (Shadrin et al., 2024a). This pro-
vides a basis for: (1) referring to the studied popula-
tions of invasive giant hogweed as H. mantegazzianum
(giant hogweed), recognizing H. sosnowskyi (Sos-
nowsky’s hogweed) as conspecific with H. mantegaz-
zianum at least within the studied part of the invasive
range; (2) synthesizing information on the popula-
tions structure and productivity, plant tolerance limits
with respect to climatic resources of their habitats, and
mechanisms maintaining the demographic structure
of invader populations in both the natural and invasive
ranges (Zakhozhiy et al., 2022; Dalke et al., 2024).

Heracleum mantegazzianum is a perennial, sum-
mer-green, herbaceous, tap-rooted, monopodial
growing monocarpic plant with a semi-rosette erect
shoot. It reproduces exclusively by seeds. The under-
ground part consists of an caudex, at the apex of which
a terminal wintering renewal bud is formed. The main
root branches up to the 3rd–4th order; roots possess
contractile properties. The stem is hollow, reaching 3
or more meters in length. Basal (rosette) and stem
leaves are ternately or pinnately compound (Satsyper-
ova, 1984). Umbels are numerous, 5–7; the central
umbel is the largest. Fruit dry that splits into two flat
mericarps, conventionally referred to as seeds
(Tkachenko, 2020).

The life cycle of H. mantegazzianum includes four
periods: latent, virginal, generative, and senile. Seed
dormancy lasts several months and is caused by under-
development of the embryo. Embryo development
occurs at low temperatures (2–5°C). Seeds exhibit
epigeal germination; field germination capacity ranges
from 20–70%. The pregenerative period lasts from 1 to
5 (or more) years. After a short seedling stage (radicle
and hypocotyl emergence, bearing cotyledons), the
first true leaf is formed. Further development involves
the formation of basal leaves and active growth of abo-
veground and underground organs. The generative
period lasts one growing season (Satsyperova, 1984).

The aim of this study was to identify H. mantegaz-
zianum habitats within the Western Caucasus, perform
a quantitative assessment of plant morphological
traits, analyze the climatic and weather factors limit-
ing the species’ altitudinal distribution, and determine
the tolerance limits of the plants to these factors.

MATERIALS AND METHODS
The research was conducted in the Western Cauca-

sus (Karachay-Cherkess Republic and Krasnodar
region) in July 2022. H. mantegazzianum plants were
recorded from a vehicle while moving along a selected
route following the altitudinal gradient and along
walking transects. The localities of H. mantegazzianum
were documented using GPS navigators and geo-
tagged photographs.

For publishing occurrence dataset on the Global
Biodiversity Information Facility (GBIF,
https://www.gbif.org/ru) portal, we used data on 493
occurrence records of H. mantegazzianum (Fig. 1),
which were located at least 30 m apart from each other
(Dalke et al., 2023a).

For morphological trait measurements and herbar-
ium specimens preparation, plants were collected
from 11 localities at absolute elevations ranging from
304 to 1654 m above sea level. Seven of the surveyed
sites are classified as slightly disturbed areas, while
four are areas with minimal anthropogenic transfor-
mation (Fig. 2).

The total number of generative H. mantegazzianum
individuals included in the sample from the 11 locali-
ties was 16, immature individuals—10, and virginal
individuals—9. The ontogenetic stages of the plants
were assessed based on leaf number, leaf blade shape
(Satsyperova, 1984).

Plants were dug out, divided into organs, and the
following measurements were taken: maximum length
of the underground part, maximum diameter of the
caudex, length of the generative shoot and its diameter
at the base, length of leaf petioles, and the number of
leaves per individual. The fresh mass of individual
BIOLOGY BULLETIN  Vol. 53:88  2026



AGROCLIMATIC CONDITIONS OF HABITATS AND MORPHOMETRIC Page 3 of 10 88

Fig. 2. Typical habitats of Heracleum mantegazzianum in the Western Caucasus. (a) Local population in the territory with minimal
anthropogenic transformation; (b) local population in the transformed territory.

(a) (b)

Fig. 3. Variability of the degree of leaf dissection, the shape of the lobes of the leaf segments and the top segment of the leaf of
plants Heracleum mantegazzianum in the Western Caucasus. (a) Russia, Karachay-Cherkess Republic, Urupsky district, Rozh-
kao, Vicinity of the village Rozhkao, the right bank of the Bolshaya Laba River. The floodplain of the river near the water’s edge
(50 m), a damp place next to a temporary watercourse. Coordinates: 43°49′27′′ N 40°54′52′′ E. Field number: 17; (b) Russia,
Karachay-Cherkess Republic, Zelenchuksky MR, Zelenchukskaya, highway 91 K-006, between the villages of Storozhevaya and
Pregradnaya. Tallgrass thickets about 200 m long along the road. Coordinates: 43°54′28′′ N, 41°16′15′′ E. Field number: 9.
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organs was weighed. The dry matter fraction of phyto-
mass was determined gravimetrically after drying the
samples to constant mass at 80°C.

Leaf area was determined from photographic
images. Prior to photography, leaves were placed on a
dark background, and a scale ruler was included in the
frame. Image processing was performed using ImageJ
software (Schneider et al., 2012).

The calendar age of plants was determined by
counting the number of annual increments on a longi-
tudinal section of the caudex (Dalke et al., 2023b).
BIOLOGY BULLETIN  Vol. 53:88  2026
For herbarium specimen preparation, a small seg-
ment of the inflorescence and a middle leaf from the
generative shoot were collected; the leaf was cut and
placed on several herbarium sheets. The herbarium
specimens were deposited in the Scientific Herbarium
of the Institute of Biology, Komi Science Center, Ural
Branch of the Russian Academy of Sciences (SYKO).
Links to images of the herbarium sheets and geograph-
ical coordinates of the occurrences have been pub-
lished previously (Shadrin et al., 2024b). Examples of
herbarium sheet images are shown in Fig. 3.
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H. mantegazzianum soil seed bank samples herein-
after, the term “seeds” is conventionally applied to
mericarps) were collected in the same localities where
the plant samples for morphological traits were col-
lected. Samples for the soil seed bank assessment were
collected using a corer with an inner diameter of
10.5 cm and a of 3.5 cm, as described previously
(Dalke et al., 2025а). At a distance of approximately
0.5 m from generative plants, two soil samples were
collected, in which the numbers of empty seed coats,
viable, and dead seeds were counted (N = 32 samples).
Empty seed coats and damaged seeds were clearly dis-
tinguishable by color and by the density assessed when
pressing with a needle (Dalke et al., 2025a).

To characterize the environmental conditions and
the suitability of the study area for H. mantegazzianum
growth, climatic parameters and indices (ratios) were
used. Long-term (1970–2019) daily-resolution mete-
orological data for the H. mantegazzianum occurrence
sites in the Caucasus were obtained from the GHCN-
Daily database of the US National Centers for Envi-
ronmental Information (Menne et al., 2012). Data
were used for the variables Tmax (daily maximum tem-
perature, °C), Tmin (daily minimum temperature, °C),
PRCP (precipitation, mm), and SNWD (snow depth,
cm). For each day, the variable TAVG (daily mean
temperature, °C) was additionally calculated.

The thermal availability of the territory was
assessed by the sum of daily mean air temperatures
≥5°C—variable SAT5. The number of calendar days
with TAVG ≥5°C—variable DAYS_SAT5—was calcu-
lated. Wintering conditions were assessed by the
median snow depth for January–February—
AVG_SNWD. The severity of the winter period was
judged by the value of the IDW index, equal to the ratio
of the sum of negative air temperatures to the sum of
precipitation in the winter period. The rationale for
selecting the above climatic parameters and indices is
provided in (Zakhozhiy et al., 2022).

To determine the duration of the period with con-
ditions suitable for seed stratification, the variable
DAYS_STRAT was calculated as:

where DAYS_STRAT is the number of days suitable
for seed stratification; D1 is the number of days per
year without snow cover but with air temperatures
from 0 to 5°C; D2 is the number of days per year with
snow cover present.

The names and geographic coordinates of the
weather stations, as well as the dataset of climatic indi-
ces, have been published in the Zenodo repository
(Dalke et al., 2025b). Years with fewer than 330 days of
air temperature observations were not used in the cal-
culations. Given these constraints, data from 17
weather stations with an average of 17 years of observa-
tions were used. Meteorological data processing was

= +1 2,DAYS_STRAT D D
automated using a script written in the Python pro-
gramming language (Chadin, 2021).

To estimate the central tendency of the samples,
median values and median absolute deviation were used.
Calculations were performed in the R environment
(R Core Team, 2025); no scaling factor (1.4826) was
applied for estimating the median absolute deviation.

RESULTS

Occurrences of H. mantegazzianum were confined
to meadows, river f loodplains, agricultural lands, and
roadsides. Approximately 70% of the occurrences
were localized at elevations ranging from 700 to
1300 m above sea level (minimum 300 m, maximum
1718 m a.s.l.). Within tall-herb communities, H. man-
tegazzianum plants were found singly or in groups of up
to 30–50 individuals. In some localities with disturbed
vegetation and soil cover, the number of H. mantegaz-
zianum plants ranged from hundreds to several thou-
sand individuals of all ages (Fig. 2). The density of
generative individuals in local populations varied
widely, from 0.04 to 2 ind./m2.

The morphological traits of H. mantegazzianum
plants are presented in the Table. The length of the
reproductive shoot (total length of the stem and the
central umbel) varied from 157 to 350 cm. The height
of generative individuals was negatively correlated with
the elevation of the plant habitats (Spearman’s rank
correlation coefficient r = −0.72, p = 0.0019). In the
elevation range of 300–600 m a.s.l., the maximum
height of H. mantegazzianum plants reached 350 cm.
With increasing elevation to 1500–1700 m, the length
of the reproductive shoot decreased by a factor of 1.5–
2. No statistically significant relationship was found
between other assessed morphological traits and the
absolute elevation of the habitats; therefore, the quan-
titative trait data were pooled into general samples
according to the ontogenetic group of the plants
(Table 1).

Generative individuals formed 5–10 basal and
stem leaves; the total leaf blade area ranged from 40 to
787 dm2 per individual. During the f lowering period,
plants exhibited high variability in phytomass accu-
mulation: with a median value of 4.6 kg (based on
fresh plant material), the minimum value of this
parameter was 0.9 kg, and the maximum was 19.6 kg.
The aboveground organ mass significantly exceeded
the underground organ mass; the contribution of roots
and caudex accounted for 22% of the generative indi-
vidual’s mass. Leaf blades contributed 19%, while leaf
petioles, stem, and inflorescences together accounted
for 59% of the total phytomass. The median root
length of generative individuals was 65 cm, and the
median caudex diameter was 7 cm (Table 1). The
renewal buds located on the caudex were buried in the
soil at a depth of 5 to 20 cm.
BIOLOGY BULLETIN  Vol. 53:88  2026
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Table 1. Morphological traits of Heracleum mantegazzianum (Western Caucasus, July 2022)

Values are presented as median ± median absolute deviation.

Parameter Immature stage
(N = 10)

Virginile stage
(N = 9)

Generative stages
(N = 16)

Total length of caudex and roots, cm 15 ± 5 30 ± 10 60 ± 18
Caudex diameter (maximum), cm 1.0 ± 0.5 2.0 ± 0.5 8.0 ± 1.0
Reproductive shoot length, cm Not available Not available 234 ± 36
Diameter of the base of the reproductive shoot, cm Not available Not available 5 ± 1
Leaf length (maximum), cm 60 ± 12 87 ± 13 125 ± 15

Leaf area, dm2/individual 1.6 ± 1.3 10.5 ± 5.9 198 ± 85

Number of leaves, pcs/individual 1 ± 0 2 ± 0 7 ± 2

Specific density of leaves, g DW/dm2 0.24 ± 0.04 0.37 ± 0.07 0.60 ± 0.12

Total phytomass, g/individual 21 ± 13 156 ± 65 4600 ± 2150
The mass of immature H. mantegazzianum individ-
uals ranged from 3 to 122 g, and that of virginal indi-
viduals from 42 to 800 g. Aboveground organs
accounted for approximately 80% of the total phyto-
mass. The leaf blade area of immature plants ranged
from 0.1 to 8 dm2 per individual, and of virginal plants
from 2 to 50 dm2 per individual. The specific leaf area
(SLA) of immature and virginal plants was 1.7 and
2.5 times lower, respectively, than that of generative
individuals.

The calendar age of generative H. mantegazzianum
plants ranged from 2 to 4 full years of life. Immature
individuals were represented by plants at the age of 1
full year of life; the age of virginal individuals ranged
from 2 to 4 full years.

The soil seed bank study showed that during the
summer period, the number of viable seeds was rela-
tively low. In 32 soil samples collected near generative
plants from 11 localities, viable seeds (2 seeds) were
found in only one sample. In three samples, one non-
viable seed each was found. In 13 soil samples, empty
seed coats were present, numbering from 3 to 26.

Analysis of meteorological data (1970–2019)
allowed us to assess the temperature regime of the
growing season and the wintering conditions of
H. mantegazzianum plants in the Western Caucasus. In
lowland and foothill landscapes, daily mean air tem-
peratures ≥5°C (DAYS_SAT5) were observed for
274 days per year (median value) (Fig. 4a), and the
heat availability according to the SAT5 index reached
4680°C (median value). In the mountains at an eleva-
tion of about 1600 m a.s.l., the DAYS_SAT5 index
decreased to 213 days, and the heat availability (sum of
temperatures ≥5°C) decreased by a factor of 1.5
(3072°C).

During the coldest months (January–February) at
elevations of 300–1700 m, where H. mantegazzianum
occurrences were most frequent, the median values of
snow depth (AVG_SNWD) ranged from 1 to 50 cm
(Fig. 4b). During this period of the year, the daily
BIOLOGY BULLETIN  Vol. 53:88  2026
mean air temperature ranged from –22 to +2°C. The
minimum temperature dropped to –36°C (Dalke
et al., 2025b).

The number of days suitable for seed stratification
(DAYS_STRAT) was 89 ± 16 days (median ± median
absolute deviation) (Fig. 4c). The minimum
DAYS_STRAT values (9 days) were recorded at eleva-
tions below 100 m a.s.l.; with increasing elevation up to
2070 m a.s.l., the DAYS_STRAT value reached 196
days.

With increasing elevation above sea level, the sever-
ity of the winter period, assessed by the IDW index,
increased (Fig. 4d). Maximum IDW values ≥2 observed
in some years indicate the possible occurrence of
weather conditions that worsen the wintering condi-
tions of H. mantegazzianum plants.

DISCUSSION
The key to understanding the reasons for the suc-

cessful invasion of alien species into new territories lies
in studying the demographic structure of populations,
morphological traits, and physiological and ecological
properties of the species within its natural range
(Pyšek et al., 2020; Gioria et al., 2023). Only a limited
number of studies have been devoted to describing
giant invasive hogweeds in the natural part of their
range, even accounting for the possibility of combin-
ing observations of H. mantegazzianum and H. sos-
nowskyi (Shadrin et al., 2024a).

In the scientific literature and the Global Biodiver-
sity Information Facility database, information on
H. mantegazzianum occurrences within its invasive
range exceeds by orders of magnitude the data on the
distribution of this species in its native range. As of
January 2025, the GBIF contains 737 georeferenced
records of H. mantegazzianum (H. sosnowskyi) for the
entire Caucasus region, 493 of which were published
by us during data collection for this study (Dalke et al.,
2023a).
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Fig. 4. Climatic indicators of the Caucasus region along an altitudinal gradient (based on daily resolution meteorological data for
the period 1970–2019); (a) the number of calendar days with an average daily air temperature ≥5°C (DAYS_SAT5); (b) the
median height of snow cover for January–February (AVG_SNWD); (c) the number of days suitable for seed stratification
(DAYS_STRAT); (d) the ratio of the sum of negative air temperatures to the amount of precipitation in winter (IDW). The ele-
ments of the box-and-whiskers plot: the bottom of the “box” is the first quartile, the line inside the “box” is the median, the top
the “box” is the third quartile, whiskers extending to 1.5 interquartile range from the box, and —individual outlier points
(beyond the whiskers).
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A general pattern of climatic and weather condi-
tions within the Greater Caucasus is a decrease in air
temperature with elevation and an increase in heat
supply from west to east at the same elevations (Prirod-
nye usloviya…, 1966; Efremov et al., 2007). The highly
dissected topography of the Caucasus does not allow
an unambiguous relationship between the climatic
conditions of plant habitats and their absolute eleva-
tion. Depending on aspect, slope steepness, the pres-
ence of basins or local depressions, the microclimate
of surface areas located at the same elevation can differ
substantially (Prirodnye usloviya…, 1966; Efremov et
al., 2007). Nevertheless, the elevation of a plant’s hab-
itat above sea level can be used as a basic predictor of
the climatic conditions to which the studied plant spe-
cies is adapted.

Data on the distribution of H. mantegazzianum
along the elevational gradient from the Ciscaucasian
plain (200–300 m a.s.l.) to elevations of 1800 m a.s.l.
in the river valleys of Arkhyz, Bolshoy Zelenchuk,
Bolshaya Laba, Malaya Laba, and the vicinity of the
Lago-Naki plateau allowed us to identify the elevation
range of the Western Caucasus with the highest occur-
rence frequency of H. mantegazzianum: from 700 to
1300 m a.s.l.

Almost the Caucasus region (up to elevations of
3000 m a.s.l.) has an excessive heat supply during the
growing season of H. mantegazzianum. Plants of this
species are capable of CO2 assimilation and active
growth already at an air temperature of 5°C (Otte and
Franke, 1998; Dalke et al., 2024). At the upper eleva-
tional limit of H. mantegazzianum distribution, the
annual SAT5 index was almost three times higher than
the biological minimum of SAT5 we identified for
H. mantegazzianum populations at the northern bound-
ary of the invasive range (Zakhozhiy et al., 2022).

Water availability is also not a factor limiting the
spread of the studied species within the Caucasus. The
hydrothermal coefficient exceeds the critical value of
1.25 for H. mantegazzianum (H. sosnowskyi) plants
(Afonin et al., 2017) over most of the Greater and
Lesser Caucasus (Afonin et al., 2008).

Seeds of H. mantegazzianum are characterized by
deep complex morphophysiological dormancy. To
break dormancy, long-term stratification is required,
during which embryo development occurs, proceed-
ing only in a humid environment at temperatures from
0 to 5°C (Satsyperova, 1984). Stratification lasts at
least 60 days and may continue for up to 180 days in
some seeds (Dalke et al., 2025a). Optimal conditions
for cold stratification of seeds usually occur in the
presence of stable snow cover.
BIOLOGY BULLETIN  Vol. 53:88  2026



AGROCLIMATIC CONDITIONS OF HABITATS AND MORPHOMETRIC Page 7 of 10 88
Our calculation of the number of days
(DAYS_STRAT) during which cold stratification of
H. mantegazzianum seeds can occur showed that pre-
cisely at elevations where the probability of encounter-
ing this plant is highest, the number of such days
(based on the analyzed meteorological data) consis-
tently exceeds the threshold of 60 days (Fig. 4c). It
should be noted that in negative relief forms, snow
persists significantly longer than on slopes and ridges.
According to observations by researchers of the Cau-
casus f lora, tall-herb communities form along the bot-
toms of gullies, where snow cover persists for 1–
2 months longer (Zernov, 2006; Gulov et al., 2022).

To date, there is no consensus regarding the type of
soil seed bank characteristic of H. mantegazzianum
(H. sosnowskyi) (Moravcová et al., 2022; Tkachenko,
2020). Several authors (Gudžinskas and Žalner-
avičius, 2018; Dalke et al., 2025a) report rapid germi-
nation of the vast majority of seeds from the current
year’s crop in the spring of the following year, based on
which the seed bank of H. mantegazzianum is consid-
ered temporary. In some cases, a small proportion of
seeds persist in the soil for up to three (1.2% of seeds)
or even seven years (0.1% of seeds) (Moravcová et al.,
2022); that is, the seed bank is considered short-term
persistent.

The soil seed bank assessment conducted during
this study showed that the detection of viable
H. mantegazzianum mericarps in summer is a rare
event. However, the presence of empty seed coats
(40% of samples) and non-viable seeds (9% of sam-
ples) in soil samples indirectly indicates rapid deple-
tion of seeds from the previous year’s crop.

In our view, it is precisely the combination of envi-
ronmental conditions in the study area, including the
winter temperature regime and the presence of stable
snow cover, that determines the absence of a H. man-
tegazzianum long-term persistent soil seed bank.

At the northern boundary of the invasive range of
H. mantegazzianum, the climatic factors limiting the
species’ spread are winter conditions (Zakhozhiy
et al., 2022). The overwintering organs of H. man-
tegazzianum have low frost resistance and die com-
pletely when the soil temperature at the depth of the
renewal buds falls below −5°C (Chadin et al., 2019;
Dalke et al., 2020).

To assess the possibility of damage to underground
organs of H. mantegazzianum due to soil freezing, the
winter severity index IDW, which relates air tempera-
ture and snow depth, can be used. According to IDW

values, the wintering conditions of H. mantegazzianum
can be considered relatively favorable: even for plant
habitats at an elevation of 1700 m in the mountainous
part of the Caucasus, this index does not exceed 2,
whereas under the harshest winter conditions at the
northern boundary of the invasive range, IDW values
range from 3 to 6 (Zakhozhiy et al., 2022).
BIOLOGY BULLETIN  Vol. 53:88  2026
It is important to note that in the foothill and low-
land parts of the Caucasus, due to shallow and unsta-
ble snow cover combined with temperature drops to
−30°C, less favorable conditions for overwintering of
H. mantegazzianum underground organs periodically
occur.

One of the integral indicators of the suitability of
environmental factors for plant growth and develop-
ment is the phytomass accumulation. In the invasive
range of H. mantegazzianum (H. sosnowskyi), condi-
tions close to optimal in terms of thermal regime and
water availability (Afonin et al., 2017). In many envi-
ronmental parameters, the study area in the Caucasus
shows great similarity to the climatic conditions of the
taiga zone of the European Northeast. In these geo-
graphically distant regions, H. mantegazzianum plants
exhibit high productivity, likely close to their potential
maximum. As follows from our data, the mass of gen-
erative individuals and the area of the assimilatory sur-
face they form are close to the values reported in the
literature for plants from self-sustaining populations in
the Komi Republic (Dalke et al., 2024).

The large area of the assimilatory surface (up to
5 m2 per individual) and the spatial arrangement of the
leaf apparatus contribute to the efficient capture of
light resources, maintain high photosynthetic produc-
tivity of generative individuals, while simultaneously
shading low-growing plants (Tappeiner and Cernusca,
1998; Ecology and Management…, 2007; Dudova
et al., 2019; Dalke et al., 2024). Adapting to reduced
light availability within the stand, pregenerative
H. mantegazzianum plants form thinner leaf blades,
accumulating two times less dry matter per unit area of
the assimilatory surface.

Competition for light resources is an important
factor limiting the spread of tall hogweeds. Within the
tall-herb vegetation of the Caucasus, representatives of
the genus Heracleum often grow together with other
large herbaceous species (Angelica tatianae Bordz.,
Milium effusum L., Macrosciadium alatum (M. Bieb.)
V.N. Tikhom. & Lavrova, Cephalaria gigantea
(Ledeb.) Bobrov, Rumex alpinus L.), resulting in a
polydominant structure of subalpine meadows
(Dudova et al., 2019; Gulov et al., 2022). The dispersal
and germination of hogweed seeds may be hindered by
a layer of accumulated plant litter from other species
(Akatov and Akatova, 2017; Gulov et al., 2022). Under
such conditions, the projective cover of tall hogweeds
in tall-herb communities is generally low, ranging
from 5 to 25% (Ecology and Management…, 2007).

At the same time, anthropogenic transformation of
landscapes creates favorable conditions for the mass
spread of H. mantegazzianum. Dominance of tall hog-
weeds has been described in subalpine herbaceous
communities where these plants were grown for silage
(Tappeiner and Cernusca, 1998). According to our
observations in the Western Caucasus, on abandoned
household plots, fallow lands, margins of agricultural
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fields, and roadsides, the projective cover of
H. mantegazzianum reaches 80–100% (Fig. 2).

Human-induced transformation of the territory
reduces competition during the initial stages of vegeta-
tion recovery. H. mantegazzianum plants are capable of
colonizing such areas and dominating them due to
high seed productivity, early spring regrowth, large
size, and efficient use of sunlight and mineral nutri-
ents, both at the individual level and at the level of the
entire local population (Otte and Franke, 1998; Ecol-
ogy and Management…, 2007; Ozerova and Kri-
vosheina, 2018; Dalke et al., 2024). In the monodom-
inant communities formed by this species, individual
H. mantegazzianum plants must compete primarily not
with plants of other species but with conspecific indi-
viduals at different ontogenetic stages (Dalke et al.,
2024, 2025a).

According to our estimates in the Caucasus, 44% of
generative H. mantegazzianum individuals entered
reproduction in their third year of life (two full years of
life), 37% in their fourth year (three full years of life),
and 19% fruited in their fifth year (four full years of
life). In the invasive range, an increase in the maxi-
mum calendar age of generative plants is often
observed. According to Dalke et al. (2023b), in
H. mantegazzianum local populations in the Komi
Republic, only 12% of generative individuals were two
full years old, 23% of individuals f lowered at the age of
three full years, and 54% at the age of four to six years.
Similar data were obtained earlier in introduction
studies of tall hogweeds (Bolotova, 1974).

Variation in the timing of H. mantegazzianum
plants entering the reproductive stage (transition to
flowering at different calendar ages) is one of the
mechanisms maintaining a continuous f low of gener-
ations, thereby reducing the risk of population extinc-
tion under unfavorable conditions (Bolotova, 1974;
Dalke et al., 2024).

CONCLUSIONS
The research results indicate that approximately

two-thirds of H. mantegazzianum habitat occurrences
in the Western Caucasus were localized at elevations of
700–1300 m above sea level. Within these elevations,
the most favorable conditions are observed for seed
stratification, growth, development, and wintering of
the plants.

The factors determining the boundaries of the nat-
ural range of H. mantegazzianum in the Western Cau-
casus should include the climatic and weather condi-
tions of the winter season. The habitats of this species
are closely linked to the patterns of snow accumulation
and the temperature regime of the territory during the
winter months. Snow cover creates optimal conditions
both for the overwintering of underground plant
organs and for the post-embryonic development of the
seed embryo.
Under conditions of high competition in polydom-
inant tall-herb communities with well-developed grass
stands, the contribution of H. mantegazzianum to the
total projective cover does not exceed 5–25%. In areas
with disturbed soil and vegetation cover, the species is
capable of forming monodominant stands with 100%
projective cover. H. mantegazzianum plants are char-
acterized by high productivity indicators, which are
close to the phytomass accumulation values of this
species in its invasive range.

The reproductive period of H. mantegazzianum
plants in the Western Caucasus begins at the age of 2
to 4 full years of life. The transition to reproduction at
different calendar ages contributes to increasing the
stability of the H. mantegazzianum population under
adverse conditions for growth and development or
after grazing of the aboveground parts of the plants.
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