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Abstract—The results of a phenology study of 78 species of perennial plants over a 20-year period (1996–
2015) in the Western Siberia forest steppe are discussed. Against the background of the detected meteorolog-
ical trends of the warm season in Novosibirsk, the timing shift in phenological events of individual species and
their ecological groups have been analyzed using linear trends. It is found that the start of vegetation in the
vast majority of perennials was delayed (+3 to +7 days), and the terms of vegetation end changed differently
(within –4 to +1 days), while the duration of vegetation decreased in all groups. The duration of the prefloral
period significantly decreased (–6 to –9 days) due to the later vegetation start and an earlier start of f lowering
(–1 to –2 days). Fruiting trends are different in direction and magnitude. The rate of seasonal development
of the species generally accelerated over the observation period. The trends describe 6–32% of phenological
changes in ecological groups.
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Plant phenology serves as one of the most reliable
bioindicators of current climate change. Observed and
predicted phenological shifts have significant implica-
tions for biodiversity (Peñuelas et al., 2009; Ray, 2015).
The vast majority of research in situ in temperate eco-
systems of the Northern Hemisphere shows an advance
in the timing of spring phenophases and a delay in
autumn ones, while the identified phenological trends
generally correspond to patterns of temperature
changes and the duration of the growing season (Wal-
ther et al., 2002; Parmesan and Yohe, 2003; Menzel
et al., 2006; Cleland et al., 2007; Khanduri et al., 2008).

However, the amplitude of changes in phenology is
not the same depending on the region, the studied
species, the length of the time series, or its start and
end dates, which are crucial for identifying trends
(Sparks and Menzel, 2002; Bertin, 2008). Changes in
spring phenology in North America were slower than
in Europe, and in China they were faster. At the same
time, the temporal trends of autumn phenomena are
much weaker than spring ones, especially in Europe.
On the contrary, the results of comparable studies in
East Asia have shown that autumn phenology changes
more quickly than spring phenology (Ibáñez et al.,
2010; Piao et al., 2019).

The global mean surface air temperature data indi-
cate a hiatus in global warming over the period 1998–

2012 (Wang et al., 2019). With progressive trends in
plant phenology, the pace slowed down or even
reversed (Piao et al., 2019). According to Jeong et al.
(2011), SOS advanced 5.2 days in 1982–1999, but only
0.2 days in 2000–2008 on average throughout the
Northern Hemisphere, although the length of the grow-
ing season has increased. The EOS delay was 4.3 days
and 2.2 days, respectively. Seasonal warming patterns
apparently have spatial and temporal variations that
control phenological events (Menzel et al., 2020).

It is shown that the patterns of the response of
organisms to climate warming are not universal.
Even within the same habitat, different species
demonstrate contrasting long-term responses to
directional climate change, as well as to its interan-
nual f luctuations. Differences in the temporal
responses of plant phenology to climate change are
due to the unequal sensitivity of phenological phe-
nomena and species (Miller-Rushing et al., 2008;
Gordo and Sanz, 2010; Chmura et al., 2019).

Spring phenological traits such as leafing and flow-
ering of temperate and boreal perennials are a function
of the diurnal heat buildup following winter cooling.
The need for plants to be exposed to low temperatures
can delay development in the spring, when higher
winter temperatures lengthen the period required for
cooling (Bertin, 2008). In addition, an increase in
698
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winter temperatures may be accompanied by an
increase in snowfalls and a delay in the time of snow
melting, which has a significant effect on the timing of
spring phenophases (Inouye et al., 2003). Autumn
phenological traits, including bud formation, leaf fall,
and the development of cold hardiness in perennials,
are usually photoperiod-induced and are less depen-
dent on temperature. However, extreme heat and
drought in some years, combined with biotic distur-
bances, can lead to premature leaf senescence (Franks
et al., 2013; Menzel et al., 2020).

The phenological sensitivity of species can vary
greatly in different parts of the range due to adaptation
to the local climate, but the reasons for these regional
differences are currently unknown (Park et al., 2019).
For example, a meta-analysis of the phenology of
steppe plants showed unequal reactions of species
against the background of general phenological trends
that take place not only between populations through-
out the species range, but also between individuals
within a population (Huang et al., 2020). Ground-
based observations provide information on the
responses of individual species and intraspecific vari-
ability in a given microregion (Badeck, 2004; Khan-
duri et al., 2008).

In most cases, collections of living plants and her-
barium specimens serve as the only source of long-
term phenological data (Robbirt et al., 2011). The
movement of plants in the experiment (introduction)
makes it possible to provide a series of local observa-
tions for many species, thereby revealing the norms of
phenological reactions in various ecological condi-
tions (Wolkovich et al., 2014; Berend et al., 2019;
MacKenzie et al., 2020). The collections make
botanic gardens well-positioned to conduct observa-
tions and experiments related to plant conservation or
global change (Donaldson, 2009).

Research on the impact of global warming on
plant phenology has intensified in the Russian Fed-
eration in the last decade (Barinova and Kokha-
novskaya, 2015; Bobretsov et al., 2017; Zorina et al.,
2018). Observational data and model calculations
show that the average temperature growth rate in
Russia is one and a half times higher than on land in
the Northern Hemisphere, amounting to +0.45°С
per decade. The highest air temperature growth rate
is recorded in spring (+0.62°С/10 years), summer,
and autumn (+0.42°С/10 years). The increase in
winter and autumn temperatures is unstable; cooling
has been observed from the mid-1990s to 2010, except
for the polar zone. There is also a trend towards an
increase in annual precipitation, the most significant
being in spring, and it is especially noticeable in the
North Caucasus, the south of European Russia, the
Urals, and Siberia (Sed’moe…, 2017).

In Siberia, there are very few studies of changes in
plant phenology based on long-term ground-based
observations. For example, Rosbach et al. (2021) ana-
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lyzed phenological shifts in 67 species of woody and
herbaceous plants in the territory of the Barguzinsky
Nature Reserve for the period 1976–2018. The
advancement of spring and summer events is shown, as
is the delay of autumn ones. The growing season in
Siberian boreal forests has lengthened by about 15 days.
At the same time, the change in the phenology of indi-
vidual species was ambiguous, both in direction and
magnitude.

We (Fomin and Fomina, 2021) showed the consis-
tency of phenological changes with trends in climatic
parameters in plants of various phenorhythmotypes in
the conditions of the forest steppe of Western Siberia.
The earlier accumulation of sums of active tempera-
tures accelerated the development of perennials, espe-
cially those that bloom in summer. In long-term vege-
tative autumn and winter green species, the growing
season has significantly decreased, repeating the trend
of snow cover. Thus, although data on shifts in plant
phenology under the influence of climate change are
accumulating, the responses of individual species
remain unpredictable, and without long-term pheno-
logical data it is impossible to predict the effects of
global warming on biodiversity.

The purpose of this study was to assess the change
in the timing of phenological events in perennial
plants from various ecological groups in connection
with the climate change trend in Novosibirsk.

MATERIAL AND METHODS
This study was carried out in the Central Siberian

Botanical Garden, Siberian Branch, Russian Academy
of Sciences (Novosibirsk) (55°2′29.4″ N, 82°56′4.6″ E).
The objects were 78 species of perennial plants from
the collection of ornamental species of natural f lora
on which phenological observations were carried out
during 1996‒2015. To characterize climatic indicators
for the study period, we used data from the Ogurtsovo
weather station (no. 29638).1

The data of meteorological and phenological obser-
vations were processed by standard statistical methods
using the MS Excel package and our own programs
written in C++. During the study period, meteorolog-
ical trends were calculated for air temperature indica-
tors T, rainfall R, and hydrothermal coefficient (HTC)
of the warm season. The method of constructing sepa-
rate linear trends for each date from April 1 to October 31
was used, followed by the calculation of a simple mov-
ing average in a 30-day window in order to smooth out
short-term fluctuations and identify major changes.
Next, we calculated the phenological trends of pheno-
phases and interphase periods, both for each species
separately and for ecological groups.

The bootstrap method was used to build trends and
evaluate their reliability—a computer statistical research

1 https://rp5.ru/ Weather_archive_in_Ogurtsovo.
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method of studying probability distributions based on
multiple generation and analysis of random samples
based on the available experimental samples (Efron,
1979). Although it has a high computational cost, the
advantage of bootstrap is that it is applicable to any
distribution and different sample sizes, providing the
same or better results than conventional statistical
methods (Singh, 1981). Since most of the analyzed
distributions are not normal, to present data, instead
of arithmetic means with a standard deviation, we used
their analogs applicable to any type of distribution—
median values (Me) with confidence interval σ68.2,
which includes 68.2% of the most likely events.

We analyzed the dates of phenological events over a
20-year period and their shifts due to linear trends over
the same period of time. Correlations and determina-
tion coefficients were calculated using Pearson linear
coefficient r. To interpret the correlation value, we used
a scale in which the boundaries of the categories are
shifted towards low values: |r| ≤ 0.1 is weak, 0.1 < |r| < 0.3
is average, and |r| ≥ 0.3 is high. This is justified for the
analysis of phenological reactions of plants that exhibit
high inertia in response to continuous, multiscale, and
multidirectional changes in weather conditions, while
the value of r does not necessarily mean small conse-
quences (Koterov et al., 2019). The significance level is
α = 0.05. Thus, a probability of error of p

v
 ≤ 0.05 indi-

cates the reliability of the trend.

The study point, Novosibirsk, is located in the
southeastern part of the West Siberian Plain (Pri-
obskoe plateau) in the forest-steppe zone, at the junc-
tion of the hemiboreal forest subzones and the northern
forest steppe. The climate of the area is continental,
moderately cold with insufficient moisture. Average
temperatures in winter months are –15 to –18°C and,
in the summer, 16–19°C. The frost-free period lasts
96–146 days. The average long-term precipitation is
440 mm, of which 320 mm falls during the warm sea-
son. The average annual sunshine duration is 2088 h.
The climate warming trend in Novosibirsk over the
past half-century has been manifested by an increase
in the average annual air temperature by 0.27°C per
decade, while the largest temperature increase is
observed for transitional seasons, but the temperature
background of the summer months remains almost
constant. The moisture regime has changed: in the
warm season, the amount of precipitation decreased
by 11 mm, while the depth of snow cover increased by
4 cm per decade and the period of its stable occurrence
lengthened by almost two decades (up to 160 days on
average). One characteristic feature of the current cli-
mate change is the increase in the amplitude of inter-
annual f luctuations in climatic indicators. Like in the
Northern Hemisphere as a whole, with the general
trend of climate warming in Novosibirsk, there are
cyclical f luctuations in weather conditions towards
cooling (Voronina and Gritsenko, 2011; Luchitskaya
et al., 2014).
CONTEMPORAR
RESULTS

The analysis of meteorological data for the study
period showed an increase in the average air tempera-
ture in the warm season in Novosibirsk by 0.16°C,
while the total amount of precipitation from April to
October did not change (–0.01 mm). Intraseasonal
periods with significant changes in the main meteoro-
logical indicators have been identified (Fig. 1). April
became noticeably warmer (+39.6°C), while May
became colder and wetter (–63.1°C; +16.6 mm). In
the first half of the summer, the likelihood of hot and
dry weather increased (+32.7°C; –40.7 mm), while in
the second half, the amount of precipitation increased
significantly (+33.7 mm). The beginning of autumn
became warmer and drier (+28.7°C; –14.4 mm). In
October, humidity increased (+15.9 mm), but the
temperature background did not change. The duration
of the growing season with average daily air tempera-
tures above 5°C significantly increased by 12 days; the
period with active temperatures above 10°C increased
by 8 days. At the same time, the frost-free period was
reduced by 5 days due to the shift in the date of the last
spring frost (due to cooling in May). The melting of
the snow cover was delayed by 4 days at the same aver-
age long-term date of establishment. Values of HTC
during the season significantly deviated from the long-
term average of 1.0. Precipitation was distributed
extremely unevenly, but, in general, the change in the
moisture index was not significant.

The studied species are divided into four ecological
groups (Fig. 2) in accordance with the work of
T.I. Fomina (2012). To obtain more comparable sam-
ples, mesohygrophytes and hygrophytes are combined
into one group. Phenological trends Δη are calculated
by building a linear regression η (year) = α + β × year,
where η is the parameter (the date of the onset of the
phenophase or its duration); α and β are the parame-
ters of linear regression, with a further calculation of
the difference between the regression values at the
boundaries of the interval of years Δη = η (2015) – η
(1996). The resulting trends were compared with
meteorological trends at the level of individual species
and their groups.

Tables 1 and 2 show the results of a statistical anal-
ysis of the shift in the dates of phenological events
(phenophases and interphase periods) by ecological
groups of species. Because phenological characters
tend to deviate in distribution from normal, and taking
into account the large spread of phenodates, the
median was used to represent the data (Me) and stan-
dard deviation σ with confidence intervals of 68.2%.
The processing of phenodata at the group level due to
a significant increase in the volume of samples (up to
4000 records per group) makes it possible to increase
the accuracy and reliability of the trends. The species
of each group in percentage terms were divided into
those significantly supporting the trend (N+) and sig-
nificantly deviating in the opposite direction (N–),
Y PROBLEMS OF ECOLOGY  Vol. 16  No. 6  2023
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Fig. 2. Distribution of the studied species by ecological groups.
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Fig. 1. Meteorological trends of the warm season in Novosibirsk over the study period.
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while difference 100 – N+ – N– represents the propor-
tion of species whose phenology has not changed sig-
nificantly.

It is important that the group effect is strong in the
distribution of phenological traits. For example, by
precisely defining the value N+, we cannot just as
accurately designate the species composition—there is
always a part of the species that balances on the verge
of reliability; thus, the trend is supported by one or the
other participants, depending on the weather condi-
tions of a particular season. Coefficients of determina-
tion above zero values (R2 ≥ 0.1) show that there is a
significant share in the interannual variability in the
timing of phenological events (≥10%) due to the trend.

The diagrams in Fig. 3 display the expected (i.e.,
most likely) timing of phenological events for species
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 16 
by group, obtained from trends for the beginning
(1996) and end (2015) of the study period. The pheno-
spectra give an idea of the direction of phenological
shifts in individual species and make it possible to
approximately estimate the amplitude of these shifts.
Figure 4 shows phenological trends for a number of
Siberian species. Median phenodate values (Me) are
indicated by circles; the box sizes correspond to the
boundaries of the confidence interval σ68.2%, and the
length of the whiskers reflects the range of “outliers”
(all possible values).

DISCUSSION

The phenology of perennials over the period under
consideration has undergone noticeable changes that
 No. 6  2023
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Table 1. Vegetation trends for various ecological groups (1996–2015)

Me{σ68.2}, median values of dates of phenophases with a confidence interval; ΔL{σ68.2}, median values of shift of dates of phenophases
in days, while a negative value means an earlier onset of the phenophase or a reduction in the duration of the interphase period and a
positive value means a later onset of the phenophase or an increase in the duration of the interphase period; R2, trend determination
coefficient; N–, percentage of group species that do not reliably support the trend (p

v
 ≤ α); and N+, percentage of group species that reli-

ably support the trend (p
v
 ≤ α).

Group Me{σ68.2} ΔL{σ68.2} R2 N– N+

Beginning of vegetation (spring regrowth)
Xerophytes 04.05 {–6; 7} 7 {–5; 3} 0.09 7 65
Mesoxerophytes 04.05 {–5; 6} 3 {–5; 2} 0.07 21 48
Mesophytes 29.04 {–6; 7} 5 {–8; 10} 0.12 20 61
Mesohygrophytes and hygrophytes 04.05 {–6; 6} 5 {–6; 7} 0.10 17 58

End of the growing season
Xerophytes 25.10 {–10; 10} –2 {–3; 12} 0.09 32 38
Mesoxerophytes 17.10 {–10; 9} 1 {–8; 7} 0.12 34 36
Mesophytes 06.10 {–9; 8} 0 {–7; 10} 0.10 33 42
Mesohygrophytes and hygrophytes 02.10 {–9; 9} –4 {–6; 7} 0.10 27 48

Vegetation period, days
Xerophytes 174 {–10; 11} –10 {–6; 17} 0.14 24 59
Mesoxerophytes 166 {–9; 9} –5 {–4; 11} 0.13 32 42
Mesophytes 168 {–10; 10} –1 {–21; 12} 0.16 37 45
Mesohygrophytes and hygrophytes 153 {–12; 11} –14 {–16; 34} 0.21 27 58

Table 2. Reproductive phenology trends for different ecological groups (1996–2015)

See designations in Table 1.

Group Me{σ68.2} ΔL{σ68.2} R2 N– N+

Prefloral period, days
Xerophytes 54 {–9; 8} –9 {–5; 5} 0.18 6 71
Mesoxerophytes 52 {–9; 8} –6 {–8; 14} 0.16 26 53
Mesophytes 50 {–7; 7} –6 {–8; 10} 0.15 17 63
Mesohygrophytes and hygrophytes 43 {–8; 9} –7 {–8; 9} 0.13 22 58

Beginning of f lowering
Xerophytes 24.06 {–5; 6} –2 {–4; 4} 0.06 24 44
Mesoxerophytes 21.06 {–7; 7} –2 {–8; 8} 0.16 30 48
Mesophytes 19.06 {–6; 6} –1 {–5; 7} 0.08 37 41
Mesohygrophytes and gyrophytes 11.06 {–5; 5} 2 {–9; 8} 0.16 32 45

Flowering period, days
Xerophytes 49 {–11; 11} –5 {–23; 16} 0.16 26 53
Mesoxerophytes 35 {–11; 11} 5 {–11; 13} 0.19 30 51
Mesophytes 26 {–7; 8} 2 {–11; 12} 0.14 29 51
Mesohygrophytes and hygrophytes 29 {–8; 10} 4 {–12; 11} 0.20 27 53

Mature seeds
Xerophytes 11.08 {–7; 6} 10 {–20; 11} 0.25 27 54
Mesoxerophytes 07.08 {–7; 7} –10 {–5; 28} 0.32 27 59
Mesophytes 06.08 {–7; 8} 1 {–14; 13} 0.18 31 48
Mesohygrophytes and hygrophytes 10.08 {–7; 8} –7 {–8; 2} 0.22 19 67
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Fig. 3. Phenological trends of species from different ecological groups: (a) xerophytes, (b) mesoxerophytes, (c) mesophytes, and
(d) mesohygrophytes and hygrophytes.
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occurred against the background of intraseasonal
(from April to October) trends in air temperature and
precipitation. At the same time, the variations in phe-
nological events reflected the ambiguous responses of
species to changes in climatic parameters. Previously,
we (Fomin and Fomina, 2021) revealed positive cor-
relations between the timing of the start of vegetation
and the start of f lowering with the date of the snow
cover melting, as well as the dates of the transition of
average daily air temperatures in spring through 5°С
and 10°С upwards. Meanwhile, the shifts in the dates
of the onset of phenophases and the timing of inter-
phase periods differ in the direction and amplitude of
variability.

The dates of the start of vegetation (spring
regrowth) in all ecological groups significantly shifted
to later, within 3–7 days, which is consistent with the
snowmelt trend (+4 days). The percentage of species
growing earlier, i.e., not supporting the trend, was the
lowest in xerophytes (Table 1). This may be due to the
trends of the cold period of the year. An increase in
winter temperatures (+0.23°C/10 years) together with
an increase in snow depth (+4 cm/10 years) (Luchits-
kaya et al., 2014) worsen the conditions for overwin-
tering of xerophytes (the risk of damping out under the
snow increases), which affects at the beginning of their
seasonal development.

The f lowering phase came in all groups with a
slight lead of 1–2 days (Table 2). To a greater extent,
the duration of the prefloral period changed towards
reduction of 6–9 days, with the maximum trend value
for xerophytes. The duration of f lowering significantly
increased in all groups, with the exception of xero-
phytes (–5 days). With later regrowth dates, on aver-
age, these species accelerated to the maximum in phe-
nological development, as is evidenced by a significant
decrease in the duration of both the prefloral period
and the f lowering period. The main contribution to
the earlier start of perennial f lowering was made by
elevated air temperatures in April (r = 0.34), while
May temperatures did not have an effect (r = 0.09).
Fruiting trends in the groups are significant, with the
exception of mesophytes, and are multidirectional.
The period of seed ripening was reduced in hygrophi-
lous species and mesoxerophytes: 7 and 10 days,
respectively. In xerophytes, on the contrary, there has
been a positive trend (+10 days).

The dates of the end of the growing season in xero-
phytes and, especially, hygrophilous species have shifted
to earlier dates, so the growing season in these two
groups has decreased significantly: for 10 and 14 days,
respectively. In the groups of mesoxerophytes and
mesophytes, the vegetation period decreased, mainly
due to the later dates of spring regrowth. In general,
the dependence of autumn phenophases on external
conditions is more complicated than that of spring–
summer ones (Menzel et al., 2006; Ge et al., 2015). An
increase in summer temperatures accelerates the end
CONTEMPORAR
of the growing season, while an increase in precipita-
tion delays it (Huang et al., 2020). On the contrary, an
increase in autumn temperatures slows down the deg-
radation of chlorophyll in perennials, prolonging the
vegetation period (Shi et al., 2014), and delays the
onset of frosts. In addition, if spring processes in plants
are triggered by temperatures, then the end of vegeta-
tion in herbaceous species may be due to endogenous
factors that do not depend on external conditions
(Karpisonova, 1985; Zhmylev et al., 2001).

The studied perennials are dominated by species
that support the trends of a later start of the growing
season and its earlier end. At the same time, the per-
centage of species that maintain vegetation trends in
spring is much higher than in autumn. Determination
coefficients R2 of the discussed signs are low and
medium, and they vary within 0.07–0.21. The duration
of the growing season is determined primarily by the
biomorph of the species, while ecological features play
a secondary role. The coefficients of determination of
reproductive phenology, with the exception of the
beginning of flowering, are higher, especially the timing
of the appearance of mature seeds (R2 = 0.18–0.32).
Thus, our data indicate a greater phenological sensi-
tivity of the phases of vegetation and the beginning of
flowering of perennials.

An analysis of the phenospectra illustrated the
extremely high interspecies variability of phenodates
over the study period (Fig. 3). The positive trend of the
dates of the beginning of the growing season was 1–
14 days, while in 17 species from different ecological
groups the trend is negative, within 1–7 days. Multidi-
rectional trends in the dates of the beginning of f low-
ering reached 22 days, and the dates of mature seeds
reached 25 days. Trends in the timing of the end of the
growing season had a maximum value of up to 27 days
in both directions. For a small number of species, no
shifts were found for individual phenophases. There-
fore, the dates of the beginning of the growing season
and mature seeds did not change in three species, and
the dates of the beginning of f lowering and the end of
the growing season did not change in seven species.
However, not a single perennial has been found whose
phenology has not undergone noticeable shifts,
although the reliability of these changes has not been
proven for the most part.

The phenology of Siberian species also showed
multidirectional and unequal shifts. The diagrams
(Fig. 4) show a number of species with significant
changes in phenological characters (p

v
 ≤ 0.05) or high

coefficients of determination (R2 ≥ 0.2), indicating
that the interannual variability of phenodates is not
high enough to mask the presence of a trend. In Aizo-
psis aizoon (L.) Grulich, for example, the beginning of
the growing season was late (+6 days), and all subse-
quent phenophases were ahead 6–8 days at low trend
confidence values. Lilium pumilum Delile bloomed in
2015 at the same time as in 1996, but the phase of
Y PROBLEMS OF ECOLOGY  Vol. 16  No. 6  2023
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mature seeds was significantly shifted (+12 days); the
growing season changed (–4 days for its start and
+6 days for its end). Anemonoides altaica (C.A. Mey.)
Holub shows positive trends of all phenodates with a
shift of 2–6 days and high coefficients of determina-
tion of phenodate, except for the date of the beginning
of f lowering. The opposite change in phenological
traits was found in Filipendula ulmaria (L.) Maxim. All
trends are negative, with a significant maximum value
for the date of mature seeds (–11 days).

In Rheum rhabarbarum L., phenodate shifts are
also negative, except for a much later end of the grow-
ing season (+7 days). At the same time, trend determi-
nation coefficients are high for all phenophases,
except for regrowth (–5 days). Thalictrum flavum L.
revealed an earlier start and end of vegetation (vegeta-
tion duration decreased 4 days), while the phases of
flowering and mature seeds shifted to later periods (+7
and +16 days, respectively). The change in the start of
f lowering of this species is significantly due to the
trend. In Gentiana macrophylla Pall., shifts in the dates
of the beginning of vegetation (–4 days) and the
beginning of f lowering (–5 days) are unreliable, but
the delay in the timing of seed maturation and the end
of vegetation is strongly determined by the trend. The
phenology of Hemerocallis minor Mill. has changed:
the vegetation start date shows a strong positive trend
(+10 days) and flowering start dates and mature seeds
show strong negative trends (–14 and –10 days,
respectively) at a significance level, while there was no
shift in the timing of the end of the growing season. In
the presented species from different ecological groups,
the dates of mature seeds showed strong trends (0.26 ≤
R2 ≤ 0.65) and, for all species, the determination of
trends decreased in the direction of the end of the
growing season → the beginning of f lowering → the
beginning of the growing season.

The results of the study show the complex nature of
changes in plant phenology under conditions of cli-
mate warming. One of the factors of phenological
variability is that the phases of seasonal development
in different species fall on different time intervals (Ber-
tin, 2008). Also, phenological sensitivity depends on
the biomorph; in herbaceous plants in northern and
boreal latitudes, it is higher than in tree species (Root
et al., 2003). The ecological characteristics of species
are of great importance (Zorina et al., 2018). It is
believed that, under conditions of rapid climate
change, the phenotypic plasticity of structural and
functional traits, including phenological ones, plays a
major role in plant adaptation. Ultimately, the level of
synchronization of phenology with the climatic condi-
tions of the habitat determines the reproductive success,
growth, and survival of individuals (Cleland et al., 2007;
Franks et al., 2013; Gratani, 2014).

At the same time, phenological reactions are trig-
gered in response to regional climate changes that are
more significant for plants than global averages (Wal-
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 16 
ter et al., 2002). Therefore, long-term trends in pheno-
logical events can serve as an indicator of recent cli-
mate changes in the region. Most of the period of our
study coincided with a pause in warming that has been
recorded in different parts of the Northern Hemi-
sphere since the late 1990s (Piao et al., 2019; Wang
et al., 2019). Cooling events were observed in Western
Siberia as part of cyclic climate f luctuations (Voronina
and Gritsenko, 2011). Thus, May became the coolest
month of the warm season (Luchitskaya et al., 2014).
This variation of climate warming was manifested by a
slowdown in the rate of increase in air temperatures
and, as a result, a decrease or absence of a shift in phe-
nophases, making it difficult to identify general trends
in phenological changes.

CONCLUSIONS

The results confirm the change in the phenology of
perennials under conditions of climate warming and
the presence of displacements that are heterogeneous
in amplitude and direction. Plant responses to inter-
annual f luctuations and long-term trends in climatic
parameters are species-specific and manifest them-
selves as different trends in shifting the timing of phe-
nological events. It is shown that phenological sensi-
tivity is to a certain extent associated with the ecologi-
cal characteristics of the species. Some of the
calculated trends are consistent with the literature
data: first and foremost, the trend of the advanced
beginning of f lowering. However, the dominant trends
of a delayed start of the growing season, an advanced
end of the growing season, and a reduction in the
duration of the growing season of perennials (despite
the fact that the season has lengthened) can be partly
explained by the trend of cooling of the region’s cli-
mate during the study period.

One characteristic feature of recent climate change
is significant interannual and intraseasonal fluctuations
in meteorological indicators, which provide a very high
variability of phenological shifts and, thus, complicate
the construction of phenological trends. All studied
species have undergone changes in phenology to a
greater or lesser extent over the course of 20 years, while
most of the identified shifts are not statistically signif-
icant and are primarily due to the high interannual
variability of climatic parameters.
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