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Abstract—Environmental heterogeneity can significantly modify the rate of species extinction with an
increase in anthropogenic load and the rate of recolonization of disturbed territories after a decrease in load,
but this issue is poorly understood. The distribution of 14 species of the herb–dwarf shrub layer of forests on
an area of 1734 km2 in two natural regions of the eastern and western macroslope of the Urals during periods
of high (1995–1998) and low (2014–2016) emissions from the Middle Ural Copper Smelter has been ana-
lyzed. With an increase or decrease in load, the pattern of dynamics and the magnitude responses are species-
specific and significantly depend on habitat conditions, but the main contribution to the spaciotemporal
dynamics of species affects the load level. During the period of high emissions, the environmental heteroge-
neity slows down the decrease in area of species distribution along a load gradient, but the distribution
decreases under very heavy pollution, regardless of habitats or species. After the reduction of emissions, the
distribution of most species in the heavily polluted areas has changed little for 19 years; the elimination and
reduction in the distribution of the most sensitive species continues. Positive shifts have been revealed mainly
in less polluted areas; the rates of recolonization vary in different habitats. Depending on habitat conditions,
the species response to an increase or decrease in pressure can be “fast” (relatively high rates of change) or
“slow” (lower rates of change and even a continued decline in distribution, despite reductions in pressure).

Keywords: extinction, fragmentation, recolonization, dispersal, recovery, pollution, heavy metals, sulphur
dioxide
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INTRODUCTION
The spatiotemporal dynamics of species under

changing environmental conditions is one of the cen-
tral topics of modern ecology. Climate change and
anthropogenic impacts, including environmental pol-
lution, are among the main reasons for the currently
observed changes in the composition of communities
and a decrease in their diversity (Pereira et al., 2012;
Di Marco et al., 2019; Sánchez-Bayo and Wyckhuys,
2021; Kharuk et al., 2023). Questions regarding the
rate and pattern of biota degradation under different
types and levels of anthropogenic impact and the abil-
ity of biota to self-recovery after a reduction/cessation
of impact, as well as identifying factors that signifi-
cantly modify the rate of species extinction and recol-
onization of disturbed areas, are especially relevant.

The presence of a time lag in the extinction or dis-
persal of species when environmental conditions
change has been shown in a number of studies (Kolk
and Naaf, 2015; Naaf and Kolk, 2015; Ash et al., 2017;
Trubina, 2020). In addition to the inherent characteris-
tics of species, factors influencing these processes
include the heterogeneity of environmental conditions

(Hylander and Ehrlén, 2013; Alexander et al., 2018).
Different magnitudes of response of different com-
munities when pollutants enter (Trubina, 2002; Per-
ring et al., 2018; Hedwall et al., 2021) and after load
reduction (Rose et al., 2016) indirectly indicate the
significant role of habitat conditions in species
dynamics. However, the question of the influence of
habitat conditions on the rate of extinction of local
populations of plant species during the long-term
input of pollutants and the rate of recolonization of
contaminated areas by species after a reduction in
emissions remains open.

The purpose of this work is to assess the influence
of habitat conditions on the distribution of vascular
plant species during periods of high and low emissions
from a copper smelter. In this work, we focused on
species of the herb-dwarf shrub layer of forests. The
attached lifestyle and low rate of dispersal of most of
these species (Baeten et al., 2009; Brunet et al., 2021)
make them extremely vulnerable to loss, fragmenta-
tion, and changes in habitat quality (Nordén et al.,
2014; Haddad et al., 2015; Paal et al., 2017; Trubina,
2020). In this work we tested the following hypothesis:
137
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habitat conditions have a significant influence on the
distribution of species upon the entry and reduction of
pollutants, but the main contribution to the spatiotem-
poral dynamics of species is made by the level of load.

MATERIALS AND METHODS
The studies were carried out in the vicinity of the

Middle Ural copper smelter, located on the outskirts
of the city of Revda, 50 km west of Yekaterinburg.
Emissions are mainly gaseous compounds of sulfur,
f luorine, and nitrogen, as well as dust particles with
sorbed heavy metals (Cu, Pb, Zn, Cd, Fe, Hg, etc.)
and metalloids (As). The enterprise has been operating
since 1940. In 1980, its emissions were 225000, in
1990—148000, in 1994—96000, in 2000—63000, in
2004—28000, and (after a radical reconstruction of
the enterprise) in 2010 3000–5000 t of pollutants/year
(Vorobeichik and Kaygorodova, 2017).

According to physical–geographical zoning (Kapu-
stin, 2009), near the city of Revda there is a boundary
between two natural regions: the low mountains of the
Middle Urals and the eastern foothills of the Urals,
which differ in thermal and water availability. To the
west of this border, fir–spruce forests with a high par-
ticipation of nemoral species are predominantly wide-
spread and, to the east, pine forests with a high partic-
ipation of boreal species, which is due to less precipi-
tation and a more continental climate on the eastern
macroslope (Igoshina, 1964). According to the soil–
geographical zoning (Gafurov, 2008), the territory
under consideration belongs mainly to the Pervoural-
sky (eastern sector) and Kuzino-Polevsky (western
sector) districts of the Middle Ural southern taiga soil
province. The Pervouralsky district as a whole is char-
acterized by a predominance of soddy–podzolic soils,
while the Kuzino-Polevsky district is characterized by
a predominance of mountain forest brown soils. Map-
ping of the territory based on field diagnostics of the
mechanical composition of mineral horizons at a
depth of 20–30 cm also showed a clear differentiation
of soils in the western and eastern sectors (Vorobeichik
and Nesterkova, 2015).

To analyze the distribution of species, we used the
results of descriptions of vegetation cover carried out
during the period of high (1995–1998) and low (2014–
2016) plant emissions. Aspects concerning the dynam-
ics of species richness of mosses and vascular plants
with different modes of distribution of generative dia-
spores have been discussed earlier (Trubina, 2020;
Trubina and Dyachenko, 2020). In each of the peri-
ods, descriptions were carried out on 110 sample plots
(SPs) measuring 25 × 25 m located in forest phyto-
cenoses at a distance of at least 1 km from each other
around the smelter within an area of 1734 km2. The
sites differed in landscape type (eluvial, transitional,
and accumulative), soil type (gray forest, brown
mountain forest, and soddy–podzolic), and vegeta-
tion (birch, pine–birch, pine, and spruce–fir forests
CONTEMPORAR
of various associations). The criteria for selecting SP
were the absence of fresh fires and severe anthropogenic
disturbances not associated with pollution, distance
from highways of at least 100 m, and the age of edifica-
tors of the tree layer of at least 80 years. The locations of
the SPs in the first and second periods could be slightly
different, since in the first period the SP positions were
recorded manually on a map at a scale of 1 : 100000.

To assess the toxic load, we used the toxicity index,
which characterizes the average excess of the regional
background for acid-soluble forms of four metals (Cu,
Cd, Pb, and Zn) in the forest litter (Vorobeichik,
2003). The load index varied from 2.3 to 132.1 arb.
units. During analysis, the gradient was divided into
five pollution zones providing a similar (21–23) num-
ber of SPs in each one: (1) very strong (40.0–132.1),
(2) strong (16.7–37.4), (3) moderate (7.0–16.6),
(4) weak (4.4–6.9), and (5) background (2.3–4.35).
Within the same pollution zones, monitoring of epi-
phytic lichens (Mikhailova, 2022) and mosses (Tru-
bina and Dyachenko, 2020) is carried out. The average
load indices in the same zone of different sectors did
not differ.

The areas of pollution zones and species distribu-
tion were calculated in QGIS 3.16.5. The local coordi-
nate system was used: MSK66, zone 1. The inverse
square method was used for interpolation. A map of
the work area with the boundaries of contamination
zones and the location of the SPs is shown in Fig. 1.
The species distribution area for each load zone and
for each sector was calculated separately. When calcu-
lating areas, the areas of the 11 largest reservoirs were
subtracted (total area 50.39 km2). Due to differences in
the area of pollution zones, the original data on the
area of distribution of species were recalculated into
the relative area of distribution (Sr).

A preliminary analysis of the data showed the pres-
ence of significant differences in the distribution of
most species in the background areas of the eastern
and western sectors, which is quite expected given the
location of the sectors in different natural areas. To
minimize the contribution of the initial spatial
unevenness of species distribution, testing of the
hypothesis was carried out for species that have a high
(more than 55%) and nearby distribution area in the
background territories of both sectors. Only 14 species
(Angelica sylvestris L., Betonica officinalis L., Calama-
grostis arundinacea (L.) Roth, Geranium sylvaticum L.,
Fragaria vesca L., Lathyrus vernus (L.) Bernh, Maian-
themum bifolium (L.) FW Schmidt, Melampyrum
pratense L., Pyrola rotundifolia L., Pulmonaria mollis L.,
Rubus saxatilis L., Thalictrum minus L., Trientalis
europaea L., and Veronica chamaedrys L.) meet this
requirement and were included in the analysis.

To compare changes in Sr of species in different
load zones in different sectors and dynamics over time,
the Wilcoxon test was used to determine the level of
significance of differences using the Monte Carlo
method (9999 permutations). The contribution of fac-
Y PROBLEMS OF ECOLOGY  Vol. 17  No. 1  2024
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Fig. 1. Map of the study area with the boundaries of pollution zones.
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tors (time, sector, and load zone) to the dynamics of Sr
in contaminated areas was assessed using the analysis
of variance components. To determine the signifi-
cance of changes in the Sr of specific species, we cal-
culated the standard deviation (σ) during the first
observation period in the background areas of the
eastern and western sectors, as well as in the areas of
background and weak pollution in each sector. For the
background territories of the sectors, this value was
0.077, in the western sector it was 0.076, and in the
eastern sector it was 0.078. Changes Sr ≥ 0.16 (maxi-
mum rounded value 2σ) were considered statistically
significant. In absolute terms, this corresponded to
270 km2. Data analysis was performed in the Statis-
tica 8.0 and Past 4.0 package.

RESULTS
A decrease in the Sr of species along the load gradi-

ent during the period of high emissions was noted in all
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 17 
species, regardless of the sector under consideration
(Table 1), but the magnitude and pattern of the
response of species to the increase in load varied.

In the eastern sector, a significant decrease in Sr in
zone 3 was noted in Angelica sylvestris and Pulmonaria
mollis, in zone 2 in seven species, and in five species in
zone 1 only. Angelica sylvestris and Melampyrum
pratense disappeared in zone 1; close to zero values of
Sr were revealed in Pulmonaria mollis, Trientalis euro-
paea, and Veronica chamaedrys. Relatively high Sr val-
ues (more than 0.2) in zone 1 in this sector were
retained only in Calamagrostis arundinacea and Gera-
nium sylvaticum.

In the western sector, a decrease in Sr in most spe-
cies was observed only in zone 1. In zone 1, Melampy-
rum pratense disappeared, and close to zero values of
Sr were revealed in Veronica chamaedrys. Six out of
14 species preserved a value of Sr more than 0.2 in
zone 1 in this sector. In some species (Maianthemum
 No. 1  2024
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bifolium, Trientalis europaea, Thalictrum minus, and
Pyrola rotundifolia) at intermediate load levels, higher
Sr values were noted than in zone 5.

The smallest changes in distribution with increas-
ing load levels in both sectors were found in Calama-
grostis arundinacea, Geranium sylvaticum, Lathyrus
vernus, Maianthemum bifolium, and Rubus saxatilis.

The pattern and magnitude of a species’ responses
to emission reductions varied across pressure zones
and sectors (Table 1). In zone 1 of both sectors, the Sr
of most species did not change; three species with low
Sr in the first observation period (Betonica officinalis,
Pulmonaria mollis, and Veronica chamaedrys) disap-
peared; the distribution continued to decline in Pyrola
rotundifolia. A significant increase in the eastern sector
was noted in Calamagrostis arundinacea and Rubus sax-
atilis, but, in the western sector, it only occurred in the
first species. However, in zones 2–4, species responses
to emission reductions varied across sectors. For
example, a significant decrease in zones 2 and 3 of the
western sector was noted in four and three species,
respectively, and in none in the eastern sector. An
increase in Sr was observed in Melampyrum pratense
and Angelica sylvestris in the eastern sector in these
areas; however, in the western sector, Sr of the first one
decreased, while that of the second remained at the
same level. Maps of species distributions during periods
of high and low emissions are shown in Figs. 2–4.

During the period of high emissions, a significant
decrease along the load gradient of Sr species in gen-
eral in the eastern sector was observed in zone 2 (z =
3.05, P < 0.001) (Fig. 5a) and, in the western sector, in
zone 1 (z = 3.30, P < 0.001) (Fig. 5b). The index values
in the western sector, when compared to the eastern
sector, were higher in zones 1 and 2 (z = 2.34, P < 0.017;
z = 3.05, P < 0.001). The contribution of the contam-
ination zone was 61.4% (F4,130 = 22.81; P < 0.005), sec-
tor × zone interaction was 3.1% (F4,130 = 2.23; P <
0.070), and unaccounted factors were 35.5.

After emissions were reduced, the increase in Sr of
species in the eastern sector were revealed in zones 3–5
and in the western sector only in zone 5. In zone 2 of
the western sector, there was a significant decrease in
Sr. The contribution of load zones in the dynamics of
species in contaminated areas (zones 1–4) amounted
to 57.4% (F3,208 = 31.05; P < 0.004), period × sector
interaction was 2.8% (F1.208 = 15.18; P < 0.030), sector ×
zone interaction was 2.7% (F3,208 = 9.09; P < 0.051),
period × sector × zone interaction was 0.4%, and
unaccounted factors were 36.7%. When zone 5 was
included in the analysis, the results were similar: the
proportion of variance associated with load zone was
58.2%, with the time × sector interaction 1.7%, with
the sector × zone interaction 2.3%, and with the
period × sector × zone interaction 0.8%; unac-
counted for factors were 37%.

The area of uninhabited territory as a whole during
the period of high emissions varied from 158 (Calama-
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 17 
grostis arundinacea) to 1020 km2 (Angelica sylvestris)
(Fig. 6a). After reducing emissions, the distribution
area of most species changed little (Fig. 6b); a statisti-
cally significant increase in distribution was noted in
Fragaria vesca, Maianthemum bifolium, and Trientalis
europaea.

DISCUSSION
Spread during high emission periods. The different

responses of species to impacts are a known fact, and
the data from our work are consistent with it. Reduc-
tions in area distribution were observed across differ-
ent species at different stress levels, and some species
in the western sector even showed increases in distri-
bution at intermediate stress levels. The magnitude of
the response also varied: the distribution area within
the same sector for different species in very heavily
polluted areas varied tens of times (see Table 1). At the
same time, the composition of species sensitive and
weakly sensitive to pollution in the sectors was exactly
the same; only the magnitude of the response to the
load differed. The species-specific response partially
explains the high proportion of residual variance when
assessing the influence of the load zone and sector on
the dynamics of the species as a whole.

An analysis of the reasons for the species-specific-
ity of the reaction was not part of the scope of the
work, but it is important to note the following. A
higher tolerance of widespread species to changes in
habitat conditions has been shown in a number of
works (Trubina, 1992; Chichorro et al., 2019;
Finderup Nielsen et al., 2019; Staude et al., 2020). The
data from our work are consistent with them to a cer-
tain extent. Elimination and a decrease in the distribu-
tion area to almost zero values, as a rule, were
observed only among species with Sr less than 0.8 (see
Table 1). At the same time, none of these species is
included in the category of rare species for the terri-
tory under consideration: their initial Sr was higher
than 0.57, and Melampyrum pratense was 0.82. This
indicates that the probability of species extinction due
to long-term pollution can be determined not only by
the width of the ecological niche, but also by the sen-
sitivity of the species to ongoing changes in conditions.
However, this issue requires studies using more exten-
sive material.

The distribution area in different sectors at high
load levels for the same species could differ several
times (see Table 1) and, for species as a whole, twice
(see Fig. 5). One possible reason for the slower rate of
decline in species distribution in the western sector
may be differences in the buffering capacity of the pre-
vailing soils. Mountain forest brown soils, widespread
in the western sector, in comparison with the soddy–
podzolic soils prevailing in the eastern sector, are
characterized by a higher content of carbon, nitrogen,
exchangeable bases, and the proportion of clay (Gafu-
rov, 2008). When heavy metals enter the environment,
 No. 1  2024
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Fig. 2. Distribution of Angelica sylvestris (1), Melampyrum pretense (2), Pulmonaria mollis (3), and Veronica chamaedrys (4) in
1995–1997 (a) and 2014–2016 (b). Here and in Figs 3, 4, the territory inhabited by species is shaded.
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Fig. 3. Distribution of Betonica officinalis (1), Fragaria vesca (2), Pyrola rotundifolia (3), Thalictrum minus (4), and Trientalis euro-
paea (5) in 1995–1997 (a) and 2014–2016 (b).

1

2

3

4

5

(a) (b)



144

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 17  No. 1  2024

TRUBINA, NESTERKOVA

Fig. 4. Distribution of Calamagrostis arundinacea (1), Geranium sylvaticum (2), Lathyrus vernus (3), Maianthemum bifolium (4),
and Rubus saxatilis (5) in 1995–1997 (a) and 2014–2016 (b).
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Fig. 5. Relative area of distribution of species in the eastern (a) and western (b) sectors in 1995–1997 (gray shading) and 2014–
2016 (without shading). Median, interquartile range, and limits are shown; * significant differences between observation periods.
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high values of these parameters significantly reduce
the mobility of heavy metals and their availability to
plants (Dube et al., 2001). However, in addition to soil
characteristics, the distribution of species is influ-
enced by a number of other factors, for example, the
light regime of habitats and biotic interactions (Perring
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 17 
et al., 2018; Hedwall et al., 2021). As was mentioned
above, the eastern and western sectors are located in
different natural areas, differing not only in soil char-
acteristics, but also in the ratio of pine and fir–spruce
forests, as well as thermal and water availability. For
example, an analysis of dose-effect relationships for
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different types of communities in the smelter’s area of
influence showed that the decrease in species richness
along the load gradient in fir–spruce forests occurs
more slowly than in birch and pine forests (Trubina,
2002). Thus, the observed spatial unevenness in
changes in the distribution of species along the load
gradient most likely ref lects the influence of a whole
complex of factors.

The uneven decline in the distribution of species
was also observed within the same load zone of the
same sector, and the preservation of small areas of
inhabited areas in individual species was noted even
under very high loads (see Figs. 2–4). This effect,
without the division of the territory into zones and
sectors, was also noted for epiphytic lichens (Mikhai-
lova, 2022). The presence of areas with higher diversity
in heavily polluted areas has been shown for the herb-
dwarf shrub layer of forests (Trubina and Vorobeichik,
2012; Trubina, 2020), small mammals (Mukhacheva
et al., 2012), fungi (Mikryukov et al., 2015), and earth-
worms and mollusks (Vorobeichik et al., 2020). Refu-
gia can be f loodplain areas of rivers and small water-
courses (Mukhacheva et al., 2012; Nesterkova, 2014)
and various microsites, in particular, large woody
remains (Vorobeichik et al., 2020; Mikryukov et al.,
2021) and windfall complexes (Trubina, 2009). The
modifying inf luence of the heterogeneity of the envi-
ronment on the survival of local populations of spe-
cies, together with the species-specific response, to a
certain extent explains the slow decline in the gamma
diversity of plant communities in the territory under
consideration along the load gradient (Trubina and
Vorobeichik, 2012).

The decline in the distribution area along the load
gradient up to the complete elimination of individual
species occurred regardless of the sector or species
under consideration, and the main contribution to the
dynamics was made by the level of load. The lack of
studies on the dynamics of the distribution of vascular
plant species depending on the level of load and het-
erogeneity of habitats in the vicinity of other plants
does not allow us to compare the degree of generality
of the estimates of the contribution of factors. How-
ever, it is important to note the following. The forma-
tion of technogenic “deserts” near copper smelters has
been shown for earthworms (Vorobeichik, 1998), epi-
phytic lichens (Mikhailova, 2022), and the European
mole (Vorobeichik and Nesterkova, 2015), and the
harmful effects are associated with the combined
effect of acid gases and heavy metals (Vorobeichik
et al., 2019). Our estimates of the area of uninhabited
territory during the period of high smelter emissions
for the most sensitive species (see Table 1 and Fig. 6a)
are comparable with estimates for individual sensitive
species of epiphytic lichens (Mikhailova, 2022) and
the distribution of moles in the area of the smelter. In
particular, the area of the “mole desert” in the first
observation period in the territory under consideration
was 563 km2 (Vorobeichik and Nesterkova, 2015).
CONTEMPORAR
Dynamics after emissions reduction. Positive shifts
were expressed mainly in less polluted areas (see
Fig. 5), which is consistent with data on the dynamics
of the distribution of epiphytic lichens (Mikhailova,
2022) and moles (Vorobeichik and Nesterkova, 2015)
in the same territory. Moreover, the distribution area
of most species after the reduction of emissions across
the entire territory has changed little, and over the past
19 years an increase has been noted in only three spe-
cies (see Fig. 6b). Research on the dynamics of com-
munities of different groups of biota on permanent
sample plots in the area of the smelter (Vorobeichik
et al., 2014; Vorobeychik et al., 2019; Mukhacheva,
2021; Nesterkov, 2022) also indicate a load-dependent
response to emission reductions.

One of the main reasons for the low rate of recolo-
nization of contaminated areas may be the persistence
of high concentrations of heavy metals in the litter and
upper soil horizons for decades after emission reduc-
tions (Vorobeichik and Kaygorodova, 2017). The dis-
persal of herbaceous plants can be limited by the lack
of diaspore arrival, especially given the observed scale
of reduction in the area of distribution and increased
fragmentation in general. The influence of the avail-
ability of diasporas and the quality of habitats on the
dynamics of forest species after the cessation of agri-
cultural land use, as well as the negative effect of hab-
itat fragmentation on the processes of immigration of
species, has been shown in a number of works (Flinn,
2007; Baeten et al., 2009; Paal et al., 2017). The pro-
cesses of species dispersal in contaminated habitats
can also be limited by litter, the increase in thickness
of which in the area of the plant is well documented
(Vorobeichik, 1995). The negative effect of thick litter
on plant renewal is well known. However, additional
studies, including experimental ones, are needed to
separate the contribution of different factors to the
dynamics of species in contaminated areas.

One unexpected and extremely important result of
this work is to continue eliminating and reducing the
distribution of species in contaminated areas. A
decrease in abundance or distribution during recovery
successions is quite expected for species that, in the
absence of pollution, are characterized by extremely
low participation in communities, but are able to exist
and even increase their participation in the presence of
high levels of pollution. This type of dynamics after a
reduction in emissions is shown for birds (Belsky and
Lyakhov, 2021) and epiphytic lichens (Mikhailova,
2022). However, the data from our work indicate that
negative changes occurred mainly among species sensi-
tive to pollution (see Table 1), some of which are typical
forest species. Fragmentation in distribution and spatial
isolation of local populations along the load gradient
were most pronounced for these species (see Fig. 2).
The results of modeling the behavior of herbaceous
plant species in highly fragmented landscapes indicate
that the elimination of local populations of species as
Y PROBLEMS OF ECOLOGY  Vol. 17  No. 1  2024
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a result of stochastic processes can occur without fur-
ther increasing fragmentation (May et al., 2013).

Data on the slower recolonization of contaminated
areas in the western sector when compared to the east-
ern sector are consistent with the results of an analysis
of the dynamics of mole distribution in the surveyed
area (Vorobeichik and Nesterkova, 2015). The authors
consider a possible reason for the observed phenome-
non to be the slower release of toxicants from soils of
heavy mechanical composition that predominate in
the western sector, but this assumption needs to be
verified. The slow pace of recolonization in the west-
ern sector was due not only to the weak expression of
the positive response, but also to the continued reduc-
tion in the area of distribution of species in contami-
nated areas (see Table 1). The presence of negative
trends in the herb–shrub layer of fir–spruce forests
after a reduction in emissions was shown by us when
analyzing the temporal dynamics of the state of the
vegetation cover on permanent sample plots estab-
lished in the western sector (Vorobeichik et al., 2014).

The data generally indicate that the low rate of
recovery of the diversity of plant communities after
emission reductions is due not only to the lack of dis-
persal of most species and the small number of species
capable of recolonizing heavily polluted areas, but also
to the continued elimination of local populations of
species. However, the reasons for the different rates of
recolonization in different natural areas and the con-
tinuing decline in the area of distribution of sensitive
species after emission reductions remain open.

CONCLUSIONS
The results of this work indicate that, when pollut-

ants arrive and decrease, the magnitude of the
response and the pattern of the dynamics are species-
specific and significantly depend on habitat condi-
tions, but the main contribution to the spatiotemporal
dynamics of species is made by the load level. This
completely confirms the original hypothesis.

During periods of high emissions, the reduction in
the distribution area of different species occurred at
different levels of load, and the magnitude of the
response of species to an increase in load varied several
times. Environmental heterogeneity contributed to a
significant slowdown in the rate of decline in species
distribution, but the share of variance associated with
the modifying influence of this factor, compared with
the level of load, was generally small. At high stress
levels, reductions in area distribution occurred regard-
less of the sector or species considered.

The increased load led to the emergence of vast
uninhabited areas around the plant and a significant
increase in fragmentation in the distribution of species
in contaminated areas in general. Although it is
impossible to accurately estimate the time lag in the
extinction of local populations of species using the
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 17 
method of spatiotemporal analogies, our data show
that, even for widespread species, this value may be
only a few decades.

After reducing emissions, the distribution area of
most species in heavily polluted areas changed little
over the course of 19 years. Positive changes were
noted mainly in less contaminated areas and were
more pronounced in the eastern sector than in the
western sector. Moreover, the elimination and reduc-
tion in distribution in the most sensitive species con-
tinued, with negative trends in the western sector being
more pronounced than in the eastern sector.

Changes in the area of distribution of species in
general during both observation periods in the western
sector occurred more slowly than in the eastern sector.
This indicates that, depending on habitat conditions,
the type of response of communities to increas-
ing/decreasing load can be fast (low resistance and
inertia) or slow (high resistance and inertia). Differ-
ences in the type of response must be taken into
account when developing acceptable anthropogenic
load levels. It is also important to note that the work
examined the dynamics of a limited number of species
and it remains unclear whether the identified dynam-
ics features will appear when analyzing more extensive
material.
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