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Abstract—The features of the restorative successions in landscapes with different degree of anthropogenic
disturbance are considered (southeastern Belarus). The comparative analysis for succession character

s of

weakly and strongly disturbed landscapes is conducted. It is established that restorative succession in a
strongly disturbed landscape is characterized by a lower plant succession rate, significant delay at the nonfor-
eststages (including pioneering stage), high degree of synanthropization, and significant level of plant adven-

tization at all stages.
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A significant number of investigations are devoted
to plant succession study, but the impact of the land-
scape environment on succession processes is poorly
investigated. In an overwhelming number of works,
the succession is considered as a local process beyond
the landscape context. It can be assumed that the nat-
ural and anthropogenic landscape environment is an
important factor which stipulates the common direc-
tion of the succession and its separate characteristics.
The goal of our investigations is the study of succession
processes in landscapes which are characterized by a
different level of anthropogenic disturbance. The fol-
lowing tasks were solved: the study of regularities of
restorative plant succession of natural and natural-
anthropogenic landscapes of southeastern Belarus; the
study of landscape-ecological factors, which affect the
way of restorative plant successions; the revelation of
differences in restorative plant successions in weakly
disturbed and strongly disturbed landscapes.

OBJECTS AND METHODS

The succession processes were studied in 1998—
2000 on the territory of southeastern Belarus (alluvial
terraced, boggy, and secondary aqua glacial moraine-
sandur landscapes of the eastern part of Polesye prov-
ince [1]). The climatic conditions of the investigated
region are the following: the mean temperature of the
coolest month (January) is —7°C; the mean tempera-
ture of the warmest month (July) is +18.5°C; the
annual sum of temperatures higher than 10°C is 247
the annual precipitation is 630 mm; the precipitation—
evaporation ratio is 1.33. According to hydrothermal
conditions, the territory is classified as subboreal
humid (large-leaved forest) landscapes. Field works of

vegetation study were conducted using the standard
method of geobotanic survey (sample area method)
[2]. The size of sample areas varied from 25 (initial
stages) to 400 m? (forest stages). Vegetation character-
istics were obtained on 327 key plots (each key plot is
characterized by the descriptions of 2—5 sample areas;
total number of sample areas is 1145), which have a
different successional stage (pioneering stage—23%
wild grass— 18.3%; meadow stage—15.9; carly-suc-
cession forest—30.6%; late-succession forest stage—
11.4%). On each key plot, the determination of indi-
ces of anthropogenic impact was conducted; natural-
landscape_conditions were explored (soil type, the
content of parent rocks, depth of ground water occur-
rence, the manifestation of modern geological pro-
cesses).

The key plots were located in natural and natural-
anthropogenic_landscapes of southeastern Belarus
(large-leaved forests, large-leaved and pine forests,
pine forests, small-leaved forests, galls, building areas,
wastelands, set-aside lands, stocker-quarry complexes
of mineral deposits).

In the elaboration of materials, the ecologic-floris-
tic Braun-Blanquet method was used [2, 3]. Syntaxo-
nomic_diagnostics of plant communities are con-
ducted on the basis of works [4, 5]. To study the initial
stages of plant succession, repeated geobotanic
descriptions on constant growth plots were used, and
tostudy the grassland and forest stages, the method of
ecologic-genetic ranges was used. The diagnostics of
age periods for trees were conducted on the basis of
work [6], and the evaluation of successional stage of
forest communities was conducted on the basis of cri-
teria proposed by O.V. Smirnova |7, 8].

174





image2.jpeg
FEATURES OF PLANT SUCCESSION IN LANDSCAPES DISTURBED 175

To characterize the anthropogenic disturbance of a
landscape where succession takes place, the coeffi-
cient of ccological stability was used (K.), which is
determined in a slack square with the size of 1 x 1 km
(the center of the square is a key plot). The coefficient
is caleulated with the help of the equation

K, = Ssikig,

where s, is a specific square of land use type, & is the
ecological significance of this type of land use (indi-
vidual stability coefficient), and g is the geologic-geo-
morphologic terrain stability coefficient.

‘The values of ecological significance coefficient for
different types of ecological systems are as follows:
large-leaved forests— I; mixed forests, coniferous for-
ests, small-leaved forests, and bogs—0.8; haymaking,
cattle runs, and grasslands—0.6; gardens and forest
belts—0.4; plowland—0.1 [9, 10]. The K, index may
be used in different natural conditions, at any degree
of anthropogenic transformation of the landscape,
and at different scales of evaluation and considers the
correlation of areas and the significance of land use
types and geologic-geomorphologic factors, and it is
well tested at solving a wide range of tasks [10].

As criteria of evaluation of successional processes,
the following indices were used: 7,,—the duration of
abiogenic stage (time from the moment of strata for-
mation to occurrence of pioneering groups); 7, —
duration of pioneering state; T,,—total duration of
nonforest state; T,,—time of occurrence of trees (year
from the beginning of the succession); TPC—total
projective cover of vegetation, %; SW—species wealth
(the number of species per 100 m?); NR—the size of
natural restoration of wood species, units/ha; TP—
the share of terophyta in the spectrum of life forms, %
of total species abundance; PP—the share of phan-
erophyta in the spectrum of life forms, % of total spe-
cies abundance; QF—the representation of species of
the class Querco-Fagetea Br.-BI. et Vlieger in Viieger
1937 (mesotrophic and mesoxerotrophic large-leaved
deciduous forests) of ecologic-floristic Braun-Blan-
quet classification, % of total species abundance;
VP—the representation of species of Vaccinio-
Piceetea Br.-Bl. in Br.-BL., Siss ct Vieger 1939 (boreal
coniferous forests) of ecologic-floristic Braun-Blan-
quet classification, % of total species abundance;
FOREST—the representation of forest species (spe-
cies of all forest vegetation classes, % of total species
number); SYN—synanthropization (the share of spe-
cies of synanthropic classes Stellarietea media (Br.-BI.
1931) Tx., Lohmeyer et Preising in Tx. 1950 em
Huppe et Hofmeister 1990, Artemisieta vulgaris
Lohm., Prsg. et R. Tx. in R. Tx. 1950 em Kopecky in
Hejny et al. 1979, Agropyretea repentis Oberd., Th.
Muller et Gors in Oberd. et al. 1967, Plantaginctea
majoris R. Tx. et Prsg. 1950 of ecologic-floristic clas-
sification of Braun-Blanquet, % of total species abun-
dance); AD,—the share of adventive species of total
floristic species abundance, %; AD;—the share of
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adventive species in cover, %; AD;—the share of
adventive species of trees of total abundance of tree
species, %; ADs—the share of adventive tree species
of total abundance of natural restoration, %.

Al the described succession stages on key plots are
‘grouped as a function of the environmental landscape
disturbance, which was evaluated according to K.:
weak disturbance—K, > 0.66; medium disturbance—
K, = 0.33-0.66; strongly disturbed—K, < 0.33 (the
gradations recommended by a range of authors [9,
10]).

In a weakly disturbed landscape according to the
gradient of restorative succession, natural change in
the considered indices is observed: the growth of spe-
cies wealth, the abundance of natural restoration, the
shares of phanerophyta, representatives of Quercus-
Fagetea species, forest species, the decrease in tero-
phyta share, degree of synanthropization, and values
of all adventization indices.

Landscapes which have different degree of distur-
bance differ in features of occurring successional pro-
cesses (Table 1). So, in a strongly disturbed landscape,
the duration of the pioneering stage is longer than ina
weakly disturbed one; the total duration of the nonfor-
est stage is longer by 1.8 times; the time of occurrence
of trees on the succession gradient is in 2.3 times
longer. For nonforest stages of restorative succession
in a strongly disturbed landscape, the following fea-
tures are quite typical: almost complete absence of for-
est species; reliably small total projective cover com-
pared to a weakly disturbed landscape; reliably small
species wealth (1.4 smaller than in a weakly disturbed
one); weakly developed natural restoration of wood
species (9.4 times lower abundance than in a weakly
disturbed landscape); more significant terophyta share
(by 1.8 times compared to a weakly disturbed one);
and weak phanerophyta participation (less by 2.9
times). In addition, the nonforest stages of succession
in a strongly disturbed landscape have a significant
degree of vegetation adventization (it characterizes the
permeability of the system for the invasion of alien
species): depending on the index, it is 2—4 times
higher than in a weakly disturbed landscape.

Significant _ differences between weakly and
strongly disturbed landscapes can also be observed at
the forest stages. In a strongly disturbed landscape, the
representation of nemoral forest species is lower by 3.6
times, the representation of boreal forest species is
lower by 3.8 times, and the representation of all forest
species is lower by 3.4 times. There are also the follow-
ingindicative features: the high level of synanthropiza-
tion (8 times higher than in a weakly disturbed land-
scape); lower species wealth (by 1.2 times); lower
amount of natural restoration of wood species (by 2.2
times); increased share of terophyta and decreased
share of phanerophyta in the life form spectrum;
increased level of adventization, especially for trec
flora (more than 30%).
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Table 1. Characteristics of nonforest and forest stages of succession in landscapes which have a different level of disturbance

Disturbed landscape
‘weakly medius strongly
Index stages
nonforest forest nonforest forest nonforest forest
(n=35) (n=73) (n=10) (n=33) (n=85) (n=29
T, years 116 +0.00 216038 297 £0.41%
Ta years 0.00+£0.00 022£0.15 0.87 +£0.23*
T, years 936 +£0.84 12,88+ 1.49 17.13 £ 0.97*
Ty years 283+026 3932027 659 £0.21%
QF % 21406 | 379429 | 09£03% | 17.2224% | 0.04£004* | 106+26%
VR % 12406 | 194£17 | 08303 | 144223 | 0.08£008* | 504%14%
FOREST 5311 | 662£22 | 29405 | 368£34% | 02:01% | 19.5£33¢
SYN #7542 33406 | 603+30% | 34+06* | 680£21% | 265£31%
TPC 861+ 718+25 | 85421 | 689237 | 713£27¢ | 62245
SW,speciesper 100m? | 163409 | 154+03 | 133205 | 138£05% | 11.5£04* | 128+07%
NR, units/ha 1699 £474 | 3330+252 | 571+143% | 2050£276* | 180+58* | 1524 256"
TR % 197£39 29405 | 295£33 T5E10% | 3642278 | 121+ 14%
PR.% 11£16 | 42811 59408 | 32119% | 38+£09% | 27.9+19%
AD,, % 10.1£12 08+03 | 182£13* | S6xL1* | 212£1L1% | 118£20%
ADy, % 17£28 2413 | 184222 46£16 | 27.9+25¢ | 10330
AD;, % 9.0£50 09405 | 258+6.1 | 100+£26* | 3794103 | 314+52%
ADy, % 10855 12408 | 277467 | 151£49% | 37.2£104* | 350£7.0

Note: * indicates a reliable difference from weakly disturbed landscape, according to Student criterion (p < 0.05)

Transformations of successional processes are
observed in a medium-disturbed landscape, which
reliably differs from a weakly disturbed one by a range
of indices (7., QF, FOREST, SYN, SW, NR, PP, and
AD,).

The main feature of forest communities in a
strongly disturbed landscape is the high level of adven-
tization. So, the share of adventive species in vegeta-
tion is 11.8%, and in the total projective cover it is
10.3%. In some places, the share of adventive species
in the vegetation cover can reach 40%. The adventiza-
tion of natural restoration is higher—alien tree species
account for about one-third of total abundance. The
analysis of ontogenetic spectra of wood species in
communities of a strongly disturbed landscape shows
that, in practically all age groups, adventive species
oceupy leading positions. So, in the juvenile group, the
following prevail, %: Acer negundo L.—35, Acer pla-
tanoides 1.—32, Robinia pseudoacacia L.—S. In the
virginal immature groups, %: Acer negundo L.—37,
Robinia pseudoacacia L.—17, Acer platanoides L.—13.
In the young generative group, %: Acer negundo L.—24,
Populus tremula L.—17, Robinia pseudoacacia L.—16.
In most cases, in forest communities of a strongly dis-
turbed landscape, normal spectra are more typical of
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adventive Acer negundo L. and Robinia pseudoacacia L
Abiogenic edificators (Quercus robur L., Tillia cordate
Mill., etc.) have fragmented spectra or are totall
absent.

The main reason for the high degree of adventiza.
tion in a forest ecosystem in a strongly disturbed land-
seape is the degradation of populations of late-succes-
sional edificator species owing to destruction of fores
lands on vast areas.

Thus, the successional stages in a strongly dis
turbed landscape have reliable differences from the
same stages in a weakly disturbed landscape (and
according to most of the considered indices also from
the same stages in medium-disturbed landscapes)
The degree of landscape disturbance is an important
factor which determines the course of autogenic suc-
cessions in its separate locations.

The indicated differences in successions in land.
scapes which have a different level of disturbance arc
confirmed by the direct observations on constant sam.-
pling plots after nonforest stages in 20022005
(Table 2). These constant sampling plots are locatec
on abandoned building sites with destroyed soil cover
The stratum is mixed sandy, sandy-loamy grounds anc
residues of soil layers (ancient alluvial deposits of a ter-
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Table 2. Plant succession indices on constant sampling plots

177

Year from the beginning of the succession

Index 1 3 5 7
SDL [ WDL | spbL | wDL | sDL [ wbL | spL [ wpL

FOREST, % 0 0 0 42 0 50 31 158
SYN, % 933 | 737 | 600 | 250 | 428 | 250 | 438 | 211
SW, species per 100 m? 98 | 140 | 105 | 175 | 134 | 159 | 144 | 165
NR, units/ha 0 0 0 1530 | 20 | 4750 | 260 | 8550
TR % 800 | 579 | 133 0 727, 0 187 0
PR % 0 0 0 208 | 77 | 250 | 125 | 263
AD;, % 200 | 105 | 200 | 42 | 192 | 500 | 250 | 53
AD, % 293 | 169 | 54 | 06 7.6 40 | 101 | 36
AD;, % 0 0 0 0 100 0 100 0
ADy, % 0 0 0 0 100 0 100 0
Spectrum of phytosociological content (representation of the diagnostic species), % of total species abundance
Stellarietea media (ruderal and segetal 667 | 526 | 133 | 42 80 50 | 156 | 42
communities of annuals)
Artemisietea vulgaris (ruderal communi- | 6.7 53 | 267 | 83 | 231 | 100 | 20 | 53
ties of tall biennial and perennial species)
Agropyretea repentis (ruderal communi- | 6.7 53 | 133 | 83 80 50 63 00
ties with prevailing perennial Graminae)
Molinio-Arrhenatheretea (grasslandsof | 67 | 105 | 200 | 333 | 280 | 350 | 281 | 263
temperate zone of Eurasia at the place of
large-leaved forests)
Querco-Fagetea (meso- and mesoxero- 0 0 0 0 0 0 0 105
phyta large-leaved deciduous forests)

Note: SDL—strongly disturbed landscapes; WDL—weakly disturbed landscapes.

race above the floodplain). The depth of groundwater
oceurrence is 1.5-2 m. One of the constant sampling
plots is located within a strongly disturbed area (K, =
0.25); the second one is located within a weakly dis-
turbed landscape (K, = 0.72).

From Table 2, it is seen that the differences in the
values of indices shown are observed in the whole con-
sidered time span. So, in the weakly disturbed land-
scape, forest species occurred in the third year from
the beginning of the succession, whereas in the
strongly-disturbed landscape forest species occurred
only in the seventh year; natural restoration of trees
occurred only in the third and fifth year from the
beginning of the succession. The synanthropization
level of vegetation in the strongly disturbed hndmpe
was constantly higher: by 1.27 times in the first yea
2.4 times in the third year; by 1.71 times in the o
year; by 2.08 times in the seventh year. In the weakly
disturbed landscape, terophyta disappeared from the
vegetation cover by the third year; in the strongly dis-
turbed landscape, they still remain in the plant com-
munity in the seventh year. The degree of adventiza-
tion differs significantly; moreover, the natural resto-

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 5

ration of trees in the strongly disturbed landscape is
represented only by adventives species (Acer negundo L.).

The phytosociological content is close in the first
year (in both cases, the species of Stellaria media dom-
inate), but during the development of succession, the
differences increase. In the weakly disturbed land-
scape, forest species occur in the seventh year, includ-
ing Querco-Fagetea species; the representation of
Stellarietea media, Artimisietea vulgaris, and Agropy-
retea repentis species rapidly decreases. In the strongly
disturbed landscape, in the seventh year of the succes-
sion, the forest species are absent, and the ruderal spe-
cies keep a relatively high representation.

So, the restorative succession in the strongly dis-
turbed landscape differs by a lower rate of vegetation
changes, a significant delay at the nonforest stages
(including the pioneering stage), and a high degree of
synanthropization and vegetation adventization at all
stages. The high level of vegetation adventization gives
to the succession a weakly predictable character, since
it breaks the normal course of successional changes;
the formation of subclimax shrubs and forest commu-
nities repressing the further course of succession is

possible.
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