ISSN 2075-1117, Russian Journal of Biological Invasions, 2026, Vol. 17, No. 3, pp. 337—345. © Pleiades Publishing, Ltd., 2026.
Russian Text © The Author(s), 2026, published in Rossiiskii Zhurnal Biologicheskikh Invazii, 2026, No. 2, pp. 23—33.

Phenology of Heracleum mantegazzianum Sommier & Levier

(Apiaceae) Plants in the Middle Taiga Subzone of the Komi Republic

I. V. Dalke * and I. F. Chadin* **

@ [nstitute of Biology, Federal Research Center “Komi Scientific Center,” Ural Branch,
Russian Academy of Sciences, Syktyvkar, 167982 Russia

*e-mail: dalke@ib.komisc.ru

**e-mail: chadin@ib.komisc.ru
Received January 21, 2026; revised March 23, 2026; accepted May 8, 2026

Abstract—Long-term observations of seasonal development of H. mantegazzianum in the Middle Taiga sub-
zone of the Komi Republic revealed that phenorhythm types belonging to different phenotypic classes were
present in the species populations. Juvenile plants developed according to the spring—autumn-green pheno-
rhythm type with the periods of summer and winter dormancy. Immature and virginal plants were character-
ized by the spring—summer—autumn-green phenological type with the period of winter dormancy. Genera-
tive plants showed the spring—summer-green phenorhythm type, with the shortest vegetation season com-
pared to other phenotypic classes. The general spring—summer—autumn-green phenological seasonal
development type with the winter dormancy period typical for the self-sustaining populations of H. mantegaz-
zianum ensured the species dominance over other herbaceous plants during the vegetation season. Dispersal
of H. mantegazzianum seeds in different parts of the invasive range started when environmental heat amounts
were at a relatively constant level. The sum of active air temperatures > 5°C (SAT5) averaging 1662 + 176°C and
113 £ 12 SATS5 days can be recommended as a predictor of the start of invasive hogweed mericarpia dispersal
period. In urban locations, phenological phases of H. mantegazzianum came 1—2 weeks earlier than in the
suburbs, which should be taken into account when implementing plant eradication measures.
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INTRODUCTION

Phenological observations make records of peri-
odic events in the plant life cycle, which allows identi-
fying specific features of plant seasonal development,
assess the impact of environmental factors on the
growth and adaptive potential of plants in nature or
under cultivation conditions (Zhmylev et al., 2003).
Plants that are similar in duration, time of the start and
the end of vegetation period, and the directions of
changes in the key phenological states (vegetation and
dormancy) are combined into phenological types
(phenorhythm types) (Borisova, 1972).

One of the directions in phenological observations
program includes the study of seasonal development
cycles of alien (invasive) species (Minin et al., 2020;
Methodology of management..., 2023), which may
cause significant environmental, economic, and social
damage (Boardman et al., 2022). The results of phe-
nological observations are used to test the theoretical
foundations of invasion biology (Wolkovich and Cle-
land, 2011; Park et al.,, 2024) and to develop
approaches for alien plant management (Singh et al.,
2018; Taylor et al., 2020).

In Russia, technologies for alien species elimina-
tion are included in the list of the most important sci-
ence-driven technologies (Decree of the President of
the Russian Federation no. 529 signed June 18, 2024).
In 2025, amendments were adopted to the Land Code
of the Russian Federation and the legislative acts
related to land protection from alien plants (Federal
Law no. 294-FZ signed July 31, 2025).

Currently, Heracleum sosnowskyi Manden. and
H. mantegazzianum Sommier & Levier, which belong
to the complex of invasive giant (tall) hogweeds, are
widely distributed among the invasive flora of Europe.
These species are characterized by high ecological
similarity (Ecology and management..., 2007; Zak-
hozhii et al., 2022; Dalke and Chadin, 2023) and phy-
logenetic relatedness (Shadrin et al., 2024). This gives
us a reason to refer to the populations of the invasive
giant hogweed under study as H. mantegazzianum
(giant hogweed), recognizing that H. sosnowskyi (Sos-
novsky’s hogweed) is conspecific with H. mantegaz-
zianum at least within the studied part of the second-
ary range (Dalke et al., 2024b).
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When invading new territories, coenopopulations
of H. mantegazzianum form communities with low spe-
cies abundance, where phenotypic classes of plants
can be distinguished (Krylov et al., 2020) occupying
different niches within the community and ensuring
the stability of coenopopulations under unfavorable
environmental conditions. Based on the size and func-
tional characteristics of H. mantegazzianum plants, the
following main phenotypic classes can be defined:
(1) seedlings and juvenile plants, (2) immature and
virginal plants, and (3) generative plants. Their pres-
ence in the population allows taking advantage of the
entire space capacity, effectively use environmental
resources, and regulate phytocenosis microclimate
(Tappeiner and Cernusca, 1998; Dalke et al., 2024a,
2024b).

In the course of phenological studies of alien spe-
cies, it is recommended to focus on the phenophases
when plants can cause most harm to human health
and ecosystems—for example, mass flowering of
Ambrosia artemisiifolia L. or flowering, fruiting, seed
dissemination of Heracleum sosnowskyi Manden.,
Hordeum jubatum L., and Solidago canadensis L.
(Methodology of management..., 2023). Given the
large scale of giant hogweed invasion (Ecology and
management..., 2007; Ozerova and Krivosheina, 2018;
Zakhozhii et al., 2022), it is important to study the
patterns of seasonal changes in plants in the regions of
invasion. Attention should be focused on the dispersal
period of H. mantegazzianum diaspores, which is
closely related to invasion dynamics (Krivosheina
et al., 2020; Chadin et al., 2021; Dalke and Chadin,
2023) and development of plant number control mea-
sures (Dalke et al., 2025).

The aim of the present work was to study phenolog-
ical development of H. mantegazzianum plants in the
Middle Taiga subzone of the Komi Republic, taking
into account the stages of studied plants. Based on our
own observations and literature data, we evaluated the
climatic conditions during the dispersal period of
H. mantegazzianum mericarpia in different parts of its
invasion range.

MATERIALS AND METHODS

Phytophenological observations of H. mantegaz-
Zianum plants were carried out at the permanent sites
located on the territory of Urban District Municipal
Formation Syktyvkar (Middle Taiga subzone of the
Komi Republic) in the period 2020—2025. Plants grew
in abandoned agricultural areas in the suburbs (plot
coordinates: 61.645609° N, 50.731871° E; 61.607507° N,
50.735460° E; 61.702009° N, 50.818681° E) and near
urban communications and buildings (plot coordi-
nates: 61.648147° N, 50.837840° E; 61.662855° N,
50.822206° E; 61.651473° N, 50.816500° E).

The study area is characterized by moderate conti-
nental climate, with cold summers. The average daily
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temperature of the warmest month (July) is 17°C, of
the coldest (January) is —16°C. Annual precipitation
amount is about 700 mm. Snow cover is established in
the first decade of November, snow melts in late
April—early May. The average daily air temperature
passes the 0°C threshold in the second decade of April
and in early October. The duration of frost-free period
reaches 190 days (Atlas Respubliki Komi..., 1997).

Stages of H. mantegazzianum were identified by the
shape and dissection type of leaf blades (Kudinov et
al., 1980; Satsyperova, 1984). Plants growing in open
well-illuminated areas were studied. In the course of
regular inspections of cenopopulations, the start and
end dates of the following periods (phenophases) were
recorded:

— vegetation period and summer and winter dor-
mancy for seedlings and juvenile plants;

— vegetation period and transition to winter dor-
mancy for immature and virginal plants;

— vegetation period, bud formation, flowering,
fruiting period, aboveground parts dying-off, and seed
dispersal for generative plants.

In this species, it is not possible to distinguish a
postgenerative (senile) period as proposed by
A.A. Uranov (Uranov, 1975). Classifying the ways of
plant population development, Uranov and Smirnova
considered that populations of monocarpic species “...
do not have a senile period in their life cycle” (Uranov
and Smirnova, 1969). Our long-term observations and
assessment of physiological condition of monocarpic
H. mantegazzianum plants show that in the conditions
of the Middle Taiga subzone, aboveground and under-
ground organs of generative plants die off at the start of
the seed dispersal period, which indicates the comple-
tion of the large life cycle and the absence of the senile
period.

The term “seeds” is used conditionally hereafter.
The fruit of Apiacea representatives is a cremocarp. In
hogweed, the fruit separates into two mericarps at
maturity, with each containing a single seed (Satsyper-
ova, 1984). Since it is extremely difficult to determine
the moment when juvenile plants transit into the state
of summer dormancy without damaging the plant
stand, the date of bud formation completion in gener-
ative plants, when the leaf index reaches its highest
values in the coenopopulation, was used as its proxy
(Dalke et al., 2024b).

The results of observations were recorded in diaries
(http://proborshevik.ru/phenology). Phenorhythm
types were determined based on the duration of the
vegetation period, and the presence and type of plant
dormancy periods (Borisova, 1972).

To estimate the times of seed maturation and dis-
persal, literature data on hogweed biology under
introduction (Marchenko, 1953; Koyushev, 1969;
Alexandrova, 1971; Kudinov et al., 1980; Skupchenko,
1989) and invasion (Otte and Franke, 1998;
Vol. 17
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Panasenko and Kholenko, 2017; Dalke et al., 2019,
2024a) conditions were analyzed.

Environmental conditions in H. mantegazzianum
growing areas were described using the climatic
parameters calculated on the basis of meteorological
observations obtained from specialized datasets:
Weather Schedule (https://rp5.ru), VNIIGMI-MTsD
(http://aisori-m.meteo.ru), and GHCN-Daily
(Menne et al., 2012). Given high cold resistance of
invasive hogweed (Dalke et al., 2019; Zakhozhii et al.,
2022), heat accumulation in the environment was esti-
mated by the sum of daily average air temperatures >
5°C (SATS, °C) and the duration of the SATS5 period
(number of SAT5-days). Water availability in the areas
was determined by the amount of atmospheric precip-
itation (mm) and the Selyaninov hydrothermal coeffi-
cient (HTC), calculated as the ratio of the amount of
atmospheric precipitation (precipitation X 10) to the
sum of daily average air temperatures > 10°C (SAT10).
The possibility of hogweed seeds shedding and dis-
semination by anemochory was estimated based on
gust velocity (m/s) (Chadin et al., 2021).

For statistical description of the collected data, the
mean value and standard deviation were used. Calcu-
lations and plotting were performed in the R environ-
ment (https://www.R-project.org).

RESULTS

Observations of plant growth and development in
the Middle Taiga subzone of the Komi Republic have
shown that H. mantegazzianum populations are char-
acterized by regular annual fruiting. Most seeds are
disseminated during the period from August to Octo-
ber, while diaspores remaining in the inflorescences
continue shedding during the autumn—winter period
(Fig. 1). The snow cover formed in October—Novem-
ber remains till the late April of the following year.

Seedling and Juvenile Plant Phenology. Seed germi-
nation begins and true leaves appear after the melting
of snow cover (late April—early May, SAT5 = 26 =
21°C over 107 % 6 days from the start of the year) (see
Figs. 1a and 1b). Intensively developing seedlings
transit to the juvenile stage within two to three weeks.
In well-illuminated areas, seedlings and juvenile
plants often form uniform clusters. After the leaves of
immature, virginal, and generative age plants have
formed a dense canopy, juvenile plants start their tran-
sit to the summer (secondary) dormancy phase and
loose leaves. The transition to secondary dormancy in
juvenile plants was observed in mid-July (SAT5 = 1156 £
196°C over 180 * 5 days from the start of the year).
After the leaves of generative plants die off (second
half of August, SATS5 = 1731 & 136°C over 234 * 8 days
from the start of the year), juvenile plants come out of
their summer dormancy and continue growing untill
the daily average temperatures have decreased to 0°C
(second half of October, SAT = 2226 + 69°C over 295 +
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8 days from the start of the year). After the death of
their aboveground parts, H. mantegazzianum plants
enter the winter dormancy phase (see Fig. 1a).

Immature and Virginal Plant Phenology. Immature
and virginal plants started growing 17 = 4 days after the
emergence of hogweed seedlings (early May, SATS =
71 £ 29°C over 124 + 5 days from the start of the year).
After a short rosette stage, hogweed leaves grow inten-
sively reaching 1.5 m in height. Immature and virginal
H. mantegazzianum plants retain their aboveground
organs and vegetate till the formation of the snow
cover (see Fig. 1a). Plants in these stages also transit to
winter dormancy after the dying-off of their abo-
veground parts (second half of October, SATS = 2226
+ 69°C over 295 * 8 days from the start of the year).

Generative Plant Phenology. Growth of generative
individuals begins simultaneously with the growth of
immature and virginal plants (early May, SAT5 =71 +
29°C over 124 * 5 days from the start of the year) (see
Figs. 1a and 1b). Flower buds appear on H. mantegaz-
zianum plants in early June. The buds are brought
above the leaf canopy as a result of intensive stem
growth, and the plants begin to flower (late June—
early July, SAT5 = 772 £ 96°C over 180 + 5 days from
the start of the year). Flowering usually lasts for up to
two weeks (first half of July, SAT5 = 1068 £+ 103°C
over 195 + 6 days from the start of the year). Fruiting
phase (fruit maturation) begins in the second half of
July and lasts till mid-August (SAT5 = 1580 = 96°C
over 225 * 4 days from the start of the year). Dispersal
of H. mantegazzianum seeds together with leaf death
and drying of the generative shoot begins in mid-
August. Most seeds are shed before October. A small
number of diaspores remain in the inflorescences and
gradually fall down onto the ground or snow cover
during the autumn—winter period.

According to our observations, the growing season
of pregenerative H. mantegazzianum plants lasts 179 +
10 days on average. The growing season of generative
plants ended with the of plant death and the start of
seed dispersal and was almost twice as short—101 *
7 days.

Analysis of meteorological conditions in different
regions of the H. mantegazzianum secondary range
showed that hogweed seed dispersal phase started 113 +
12 days (minimum 93 and maximum 138 days) after
the start of SATS counting (Fig. 2). By this time, the
heat amount in the environment, based on SATS, was
1662 + 176°C on average (minimum 1341 and maxi-
mum 2074°C). The coefficient of variation of SATS5
and SAT5-days did not exceed 11%.

Analysis of precipitation and heat accumulation
data showed that plants had enough available moisture
in the Syktyvkar area. During the invasive hogweed
vegetation period, the sum of precipitation averaged
336 + 85 mm, and the hydrothermal coefficient aver-
aged 1.4 £ 0.5 over this period, which is typical for
areas with excessive moisture (see Figs. 1¢ and 1d).
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Fig. 2. Heat amount in the environment at the start of Heracleum mantegazzianum seed dispersal period in different years of obser-
vation*: SAT5—sum of active temperatures >5°C; SAT5-days—number of days from the start of SAT5 counting; dashed lines
indicate the sample average (n = 34). * Note: Data on the phenological phase start times that are not the authors’ own observa-
tions were obtained from the literature (Marchenko, 1953; Koyushev, 1969; Alexandrova, 1971; Kudinov et al., 1980; Skup-
chenko, 1989; Otte and Franke, 1998; Panasenko and Kholenko, 2017).

According to our observations, the phenological
phases of H. mantegazzianum plants growing near res-
idential buildings, industrial buildings, and communi-
cations in Syktyvkar occurred, on average, by 11 *+
3 days earlier than in the case of plants growing in the
suburbs.

DISCUSSION

Specific phenological features of invasive species
may contribute to their successful reproduction and
occupation of new territories within the secondary
range by facilitating the use of free phenological niches
as a “window of opportunity” in their competition
with local species (Gioria et al., 2026). H. mantegaz-
zianum is capable of forming communities with low
species abundance both in the native (Tappeiner and
Cernusca, 1998; Ecology and management..., 2007)
and the invasive parts of their range (Otte and Franke,
1998; Panasenko and Kholenko, 2017; Dalke et al.,

2024a, 2024b). Formation of communities with low
species abundance predominated by
H. mantegazzianum became possible as a result of the
simultaneous existence of three phenotypic classes in
H. mantegazzianum populations, which can be
grouped by the stage: (1) seedlings and juvenile plants;
(2) immature and virginal plants, and (3) generative
plants.

The results of our observations have shown that in
the Middle Taiga subzone of the Komi Republic,
H. mantegazzianum plants belonging to different phe-
notypic classes differ in the alternation patterns of veg-
etation and dormancy periods and the start time and
length of phenological phases:

(1) juvenile plants do not grow during the entire
vegetation season—f{irst, they develop according to the
spring-green phenorhythm type (Borisova, 1972),
then transit to summer dormancy, and after leaving
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dormancy, continue to vegetate as autumn-green
plants;

(2) immature and virginal plants grow during the
entire vegetation season from spring to the formation
of snow cover, which means that they are character-
ized by a spring—summer—autumn-green pheno-
rhythm type;

(3) generative plants grow during a part of the veg-
etation season from spring to early autumn showing a
spring—summer-green phenorhythm type.

Considering the dynamics of seasonal develop-
ment and abundance of H. mantegazzianum in all phe-
notypic classes, the populations of this species in the
Middle Taiga subzone can be characterized as long-
vegetating with the spring—summer—autumn-green
phenorhythm types with winter dormancy.

The presence of rhythmological groups—plants
with different phenorhythm types within a population
fits well into the concept of the “biological hedging”
strategy of H. mantegazzianum, which is aimed at dis-
tributing plants into phenotypic classes—groups that
differ in their ability to use different resource niches
(Krylov et al., 2020; Dalke et al., 2024a).

In tall-grass thickets, H. mantegazzianum plants
mostly compete for light (Tappeiner and Cernusca,
1998; Dalke et al., 2024b). Growth of the aboveground
parts of hogweeds belonging to different phenotypic
classes causes mutual shading during the vegetation
season. Generative plants significantly outperform
other plants in height and leaf surface area. In sum-
mer, the leaves of generative plants are located in the
upper part of the canopy and considerably shade the
other plants absorbing most of the coming light
energy. In this situation, juvenile plants use the “time
windows” of the spring and autumn periods for
growth, when they are not shaded by the leaves of
other plants. The growth of generative
H. mantegazzianum plants begins 2—3 weeks later than
the growth of seedlings in spring, and in the second
half of August, generative plants begin to die thus
opening the access to light for the plants of other phe-
notypic classes in autumn.

The ability of juvenile plants to enter summer (sec-
ondary) dormancy is not just an adaptive feature
which allows them to overcome the period with very
low light availability close to the soil surface, it also
ensures rapid recovery of the population in the case
when plants of other phenotypic classes are destroyed
(Dalke et al., 2024a).

To date, a considerable amount of data on the
developmental rhythms of generative H. mantegazzia-
num plants in different parts of the species secondary
range has been reported (Marchenko, 1953; Koyu-
shev, 1969; Alexandrova, 1971; Kudinov et al., 1980;
Skupchenko, 1989; Otte and Franke, 1998; Panasenko
and Kholenko, 2017; Dalke et al., 2024a, 2024b). This
allowed us to define the conditions required for the key
phenological phase of this invasive species, seed dis-
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persal, to start. Calendar dates are of little use for pre-
dicting the start of phenological phases because of the
large size of the invasive H. mantegazzianum range and
variability of ecological and climatic conditions that
determine the start of vegetation season. For example,
in the south of the invasion range (Bryansk, Minsk),
hogweed seeds shed in July (Kudinov et al., 1980;
Panasenko and Kholenko, 2017), and in the north
(Apatity and Syktyvkar), it happens much later—in
August—September (Marchenko, 1953; Koyushev,
1969; Dalke et al., 2024a, 2024b).

At the same time, according to the results obtained
in different years and in different parts of the giant
hogweed secondary range, heat amount in the envi-
ronment at the start of seed dispersal period averaged
1662 £ 176°C SATS. This amount of heat was accu-
mulated over 113 = 12 SATS5 days. The low variability
of the obtained values allows considering SAT5 and
SATS5-days values as predictors of the start of H. man-
tegazzianum diaspore dispersal period under the eco-
logical and climatic conditions corresponding to the
generalized data.

Year-to-year variation in the start times of pheno-
logical phases is most often associated with changes in
weather conditions and hybridization between the rep-
resentatives of the Heracleum genus in the course of
introduction (Kudinov et al., 1980; Satsyperova,
1984). In addition to these reasons, the early start of
H. mantegazzianum phenological phases in urban
areas compared to the suburbs may be due to the
“urban heat island” effect, which leads to air tempera-
tures differing between the city center and the sur-
rounding areas by 0.5—3 to 10°C (Heisler and Brazel,
2010; Ji et al., 2021). The phenomenon of phenologi-
cal phases start time shift characteristic of urban vege-
tation (Dvoinova and Dudnik, 2025) should be taken
into account when implementing measures for inva-
sive species elimination (Dalke et al., 2025).

It is believed that the model of seasonal develop-
ment is fixed in the genome, is an adaptive feature of a
species, and reflects the history of its formation in cer-
tain soil-climatic and phytocenotic conditions
(Zhmylev et al., 2003). We have not found any data on
the phenorhythm types of H. mantegazzianum in its
native range in the available literature. However, the
study of the phenorhythmological composition of
phytocenoses on the northern macroslope of the Cau-
casus Nature Reserve shows that the spring—sum-
mer—autumn-green phenorhythm type is the most
widespread, with species characterized by this pheno-
rhythm type being found from the foothill to Alpine
phytocenoses. The spring growth of most species starts
in April—May after the snow cover has completely
melted, while the death of aboveground parts or leaf
fall is observed in September—October (Spasovskii,
2014).

According to our data, the natural habitats of
H. mantegazzianum in the Caucasus are highly similar
Vol. 17
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in their climatic conditions to the taiga zone of the
European Northeast (Dalke et al., 2026). Thus,
H.mantegazzianum plants growing in geographically
remote areas are characterized not only by similar
structural and functional parameters and productivity,
but also, apparently, by a similar type of seasonal
development.

In the polydominant subalpine tall-grass commu-
nities of the Caucasus, the representatives of the Her-
acleum genus have to compete with other tall-grass
species including Angelica tatianae Bordz., Milium
effusum L., Cephalaria gigantea (Ledeb.) Bobrov, and
Rumex alpinus L. (Dudova et al., 2019; Gulov et al.,
2022). The subdivision of the H. mantegazzianum pop-
ulation into phenotypic classes is a consequence of
hogweed adaptation to the conditions of high cenotic
richness of tall-grass communities within its native
range.

In the invasive part of the range, giant hogweed
grows in very favorable conditions—in the absence of
tall competitors, herbivores, and pests, climatic
resource limitations, distribution barriers, and anthro-
pogenic pressure. H. mantegazzianum plants distribute
the vitally important environmental resources across
themselves. The segregation of plants into phenotypic
classes with different sizes (spatial separation) and dif-
ferent rhythms of seasonal development (temporal
segregation) made it possible to optimize the use of
resources and reduce intraspecific competition in
H. mantegazzianum populations. These factors deter-
mined the dominance of the species in the plant cover
throughout the entire vegetation season.

CONCLUSIONS

In the Middle Taiga subzone of the Komi Repub-
lic, H. mantegazzianum plants representing different
phenotypic classes differ by the start time and duration
of phenological phases. The diversity of H. mantegaz-
zianum phenorhythm types is determined by the spe-
cific structural and functional organization of plants
belonging to different phenotypic classes and by their
ability to enter secondary (summer) dormancy. Spatial
and temporal segregation of plants into phenotypic
classes reduces intraspecific competition in the popu-
lations of this invasive species. The seasonal develop-
mental rhythm of self-sustaining H. mantegazzianum
populations can be referred to as the spring—summer—
autumn-green phenorhythm type with winter dor-
mancy, which ensures the dominance of the giant hog-
weed over other herbaceous plants throughout the
vegetation season.

Despite the phenological plasticity of H. mantegaz-
zianum in different regions of its invasive range, the
plants started seed dispersal when the sum of active
temperatures >5°C (SATS5) reached the average value
of 1662 £ 176°C, which accumulated over 113 =+
12 SAT5 days. SATS5 and SATS5-days values may be
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recommended as predictors when estimating the start
of invasive hogweed diaspore dispersal period. In
urban areas, the phenological phases of H. mantegaz-
zianum started by 1—2 weeks earlier than in the sub-
urbs, which should be taken into account when per-
forming plant elimination activites.
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