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Abstract 

The performance of woody plants was analyzed in 15 
successional seres starting at bare ground in central 
European manmade habitats. The total cover of 
woody species after 10 years of succession was signifi- 
cantly related neither to initial soil moisture nor to 
nitrogen (expressed using Ellenberg indicator values). 
But the comparison of seres indicates that establish- 
ment of woody plants was easier under moderate en- 
vironmental conditions and retarded in extreme habi- 
tats (dry, nutrient-poor, or acid). The arrival of the 
first woody plants was delayed in dry sites. No signifi- 
cant differences were found between primary and sec- 
ondary seres, either with respect to the total cover of 
woody plants reached after 10 years of succession or 
considering the time of their arrival. In total, 24 
woody species (10 shrubs and 14 trees) appeared in 
the series investigated. Their successional perfor- 
mance (in terms of the number of seres in which the 
species occurred and maximum cover reached in any 
sere) was not related to species traits (life strategy, 
type of mycorrhizae, mode of dispersal, diaspore 
weight), except for the regeneration strategy: species 
with seasonal regeneration by seeds were capable of 
creating higher cover. Betula pendtila (European 
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birch) was the most successful species in spontaneous 
succession, especially on moist sites. Practical sugges- 
tions for the management of particular habitats (sites 
disturbed by mining, sites reclaimed after acid rain 
deforestation, urban sites, abandoned fields) are pro- 
vided regarding the establishment of woody plants. 

Introduction 

Spontaneous establishment of woody plants is a cru- 
cial step in succession in the temperate zone, being the 
first indication of gradual return of ultimately closed 
forest to a disturbed site (Ellenberg 1988; Woodwell 
1992). Afforestation of derelict sites also represents a 
frequent goal of restoration and reclamation efforts, 
especially in sites disturbed on  a large scale, such as by 
coal mining (see Bradshaw & Chadwick 1980). The 
spontaneous succession involving woody plants, both 
manipulated (Luken 1990) or wit l~out  intervention, can 
be envisaged as the cheapest way of reclamation. 
However, in what kind of habitats and under what 
environmental conditions is it possible to rely on the 
spontaneous development of vegetation? This issue is 
especially urgent in countries of the former eastern 
block, where damaging economic activity has left vast 
areas of derelict land and where a shortage of funds to 
be invested into reclamation represents a serious prob- 
lem. 

In a previous paper, an increase in the cover of par- 
ticular woody species was roughly compared among 
various successional seres (Prach 1994). The present 
study is aimed at analyzing a larger number of seres in 
more detail and assessing the overall successional role 
of shrubs and trees important from a successional 
viewpoint. The most successful colonizers among 
woody species are evaluated, relationships between 
their traits and establishment success are analyzed, 
and some possibilities for the use of these species in 
reclamation practices are suggested and discussed. 

Material and Methods 

Both published and unpublished data on  percentage 
cover of particular woody species were gathered for 15 
seres in manmade habitats in the Czech Republic 
(seres 1-14) and Hungary (15). All the seres investi- 
gated represented succession starting on bare ground 
and cover a wide range of habitats with respect to soil 
moisture and nutrient status (Table 1). The habitats 
were classified into two categories resembling a dis- 
tinction between primary and secondary succession, 
respectively: habitats with (1) organic topsoil absent 
and (2) organic topsoil present. 

Species performances were expressed using cover 
data obtained by the point-quadrat method (Kershaw 
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& Looney 1985) andior direct cover estitnation con- 
ducted in permanent plots and transects, or by sam- 
pling several differently aged stages under comparable 
site conditions. The latter approach made it possible to 
indirectly infer the course of succession (see Table 1 for 
the sampling method in each seres). For the seres sam- 
pled by the releve method and using the Braun-Blan- 
quet scale (Mueller-Dombois & Ellenberg 1974), the 
following transformations of cover-class data were 
used: 5, 87.5%; 4, 62.570; 3, 37.5%; 2b, 18.75%; 20, 
8.75%; 2m, 5.0%; 1, 2.5%; +, 0.1%; I., 0.02% (van der 
Maarel 1979). 

Species traits were extracted from Grime et al. (1988) 
and Frank and Klotz (1990). Ellenberg indicator values 
were used to express the soil conditions (Ellenberg et 
al. 1991). 111 this approach, the relationship of a species 
to particular environmental factors is assessed using 
an ordinal scale. Indicator values for moisture and ni- 
trogen were calculated for the first five years of succes- 
sion. Cover values of all plant species for which the 
indicator values were available and that achieved a 
cover of at least 1% in one sampling year were in- 
cluded in the calculations, using weighted averages. 

The mean value for the first five years was used to 
characterize the initial soil conditions (Prach, et al. 
19930); in seres not sampled year by year, the mean 
value of the years within the five-year period for which 
the data were available was used instead. The initial 
soil conditions estimated by this method for each sere 
are summarized in Table 1. 

The performance of woody plants in each succes- 
sional sere was evaluated using the following criteria: 

(1) Total cover calculated as a sum of covers of all 
woody species present in a given year. Although 
four of the seres provide insight into the course of 
succession over a long time (Table 1, seres 11, 12, 
14, 15), it was not possible to compare the long- 
term development among all seres because of the 
relatively short duration of most of the others. The 
performance of woody plants was thus compared 
for year 10 of succession ( 2 2  years because some of 
the seres were not sampled annually). 

(2) Year of the first recorded occurrence of a woody 
species. To investigate the possibilities of predict- 
ing woody plant performance based on initial envi- 

Table 1. Overview of successional seres included in  the analysis. 
Irritiiri L P I Sorrr}riirr~ T!/}J? oj Plol 

Loctilil!/ Re~iorr t11111it111 ~!IIJL? M N svii Siici~,.;siorr 1 1 1 t  0bso.intiurr iM~.llioii Size Suirri~, 

1 Diinov NM'B acidic emergent bottoni! 7.45 5.42 i- 9 1 . r ~  1 year PT PQ, Rel i X 5 Frantik, OsbornovB, 

2 Diinov 

3 No\,? rybnik 
iislipond 

4 Novg rybnik 
fishpond 

5 KruSni. hory klts. 
6 KruSnc hory Mls. 
7 I-laldmky 
8 Plzcti 
9 Plzcti 

10 Plzen 
11 Bohemian Karst 

12 Bohemian Karst 

13 Bohemian Karst 
11  Most 

enicrgcnl bottom' 

peaty barrier' 

sandy barrier' 

bulldozed plots' 
mounds'  
abandoncd sand pit 
icrban sites-poor" 
urban sites- 

moderatei.' 
urban sites-rich4,' 
abandoncd oldfields- 

xeric 
abandoncd oldficlds- 

mesic 
abandoncd oldfields-wet 
spoil heaps I "  

l ycar 

l year 

I ycar 

I ,  4, 5, l 5  
l ,  4, 5, l 5  
2, 6, 12, 18 
I year 
l ycar 

1 ycar 
1, 4, 6, S, 13, 

32, 55, 67 
1, 2, 13, 26, 

36, 17 
1, 2, 4, 5, 13 
2 l vear 

PT' 

PT, PP 

PT, PP 

I 
I 
I 
PP, I 
PP, I 

PP, I 
I 

PP, I 

PP, I 
PP, I 

PQ, Rel 

PQ, Rel 

PQ, Rel 

Rel 
Rel 
Rcl 
Re1 
Rel 

Rcl 
PQ, Re1 

PQ, Rel 

Re l 
Rel 

Prach 
Frantik, Osbornovi, 

Prach 
I'rach 

Prach 

PySek 1992 
PySck 1992 

PySek 1977 
Osbornova et al. 1989 

Osbornova et al. 1989 

Osbornov6 et al. 1989 
Prach 1987 

5 x 5  
15 Vissonta 1.1 spoil heaps 11' 5.03 5.45 - 20 1-10, 16-20 PP, l Rcl 1 X 1 Bartha 1990 

Note: CB, central Bohemia; NB, northern Bohemia; SB, south Bohemia; WB, western Bohcmia; NH, northern Hungary. Soil conditions are characterized by 
Ellenberg indicator values (Ellenberg et al. 1991) calculated on the basis of species covers; mean value for the first 5 years was ~ ~ s c d  to express the initial situa- 
tion in a given scre. M, moisture; N, nitrogen. Presence (-F) or absence ( - )  of organic top soil is indicated. Sampling years are given for those seres in !vhich 
the annual sampling was not carried out. PP, permanent plots; PT, permanent transect; I, course of succession was inferred from colnparison of differently 
aged sites. PQ, point quadrat; Rel, relevi. method (v, various plot size). 
IExposed muddy bottom of a \vater reservoir, altitude 260 m. a.s.1.; su lphi~r  accumulation and its S L I ~ S C ~ L I C ~ ~  ~xidat ion caused a decrease in pH val i~e  in sere 1 
during the first years of succession. 
2Reccntly (1983) constructed pond about 1 ha in the size at 130 m. a.s.1.; barriers of allochtonous material (3-peat, 4-sand) surrounding the pond were 
studied. 
'Reclaimed plots were created by bulldozing away the upper humus soil layer to make spruce replanting in areas deforested by air pollution easier; ~ n o u n d s  
were built by accumulating the material removed from plots. 
4Succession in urban habitats of the town of Plzcti (175,000 inhabitants, altititde 300 n ~ .  a.s.1.) was inferred from series ot permanent plots (each 6 years of 
duration) starting at different successional age (poor: 1,lO; moderate: 2.11; rich: 3,17 in PyBek 1977). 
'Visually assessed; no soil analyses were carried out prior to the study. 
"p011 heaps after brown coal mining at the altitude of 250-270 m. a.s.l., built predominantly by unitorm tertiary gray clay. 
'Spoil heaps after brown coal mining located in drier climatic district; two differently aged sites were sampled annually. 
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Figure 1. Changes in total cover of woody plants (expressed as sum of covers of all woody species present in a given sam- 
pling year) in the seres investigated. Direct comparison between seres is possible because the same scale used on the Y 
axis. A time scale of 20 years was used in all seres but those for which long-term data were available (11, 12, 14). The seres 
compiled from repeated recordings of differently aged per~nanent plots are indicated by the break. Sites 1-15 are shown 
from left to right; Emergent Bottom, Site 1; Spoil Heap 11, Site 15. 
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ronmental conditions, both measures were related 
to Ellenberg indicator values characterizing initial 
moisture and nitrogen level. 

Results 

Differences among Seres in the Performance of Woody Spe- 

cies. The development of cover of woody plants in all 
seres investigated is presented in Figure 1. The perfor- 
mance of woody plants varied greatly ainong the 
seres. The woody plants were less successf~~l in ex- 
tremely nutrient-poor sites (bulldozed plots, mounds), 
the acid site (acidic emergent bottom), and both xeric 
and excessively wet oldfields. Low woody plant cover 
was also recorded in spoil heaps that represent other 
relatively dry and harsh environments. 011 the other 
hand, establishment of shrubs and trees was success- 
ful in some seres under moderate environmental con- 

INITIAL MOISTURE LEVEL 

0 0 4 5 6 B S 

INITIAL MOISTURE LEVEL 

ditions (mesic oldfields, moderate and nutrient-rich 
urban habitats). However, the relationship, between 
total cover of woody plants after 10 years of succes- 
sion, soil moisture, and nitrogen did not exhibit any 
interpretable pattern (Fig. 2rr). The arrival of woody 
plants was delayed in some drier sites but did not 
show any clear response to nitrogen (Fig. 2b). Surpris- 
ingly, the relationship between the total cover of 
woody species after 10 years of succession and the year 
of their arrival in a given sere was not significant ( v  = 

-0.33, Fl,,, = 1.48, p = 0.24). 
When the effect of the presence or absence of or- 

ganic topsoil 011 the performance of woody plants of 
succession was analyzed, the seres investigated dif- 
fered neither in total cover of woody species reached 
after 10 years (Kruskall-Wallis test, H = 0.05, 11 = 0.46) 
nor in the year of the first occurrence (H = 0.00, 17 = 

1.00). Total cover in seres with organic topsoil present 

INITIAL NITROGEN LEVEL 

, F 0: 3 4 5 6 7 8 

INITIAL NITROGEN LEVEL 

Figure 2. Performance of woody plants after 10 years of s~~ccession related to initial soil conditions. (a) Total cover of woody 
plants (sum of cover values for all woody plants present). (b) Year of the first appearance expressed as the year of arrival of 
the first woody species to a given sere. Soil conditions were expressed using Ellenberg indicator values (Ellenberg et al. 
1991, see Methods for details). Numbers of seres correspond to those used in Table 1. The seres with topsoil present at the 
beginning of succession (filled square) are distinguished from those with topsoil absent (empty square). All relationships 
shown were not significant (Kendall correlation coefficient, 11 = 15). 
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was 18.0 i 6.9 (mean t S.E., n = 10) and in those 
without it 27.5 i 4.5 (n  = 5). The mean year of the first 
occurrence of woody species was the same regardless 
of the type of succession (3.0 i 0.76 for topsoil present 
and 3.0 k 1.3 for topsoil absent). 

Performance of Particular Species. In total, 24 species of 
woody plants (10 shrubs and 14 trees) appeared in the 
seres investigated, and 18 of them (10 shrubs and 8 
trees) reached a cover of at least 5% in at least one sere 
(Table 2). The highest woody species richness (ex- 
pressed as the number of species recorded) was found 
in mesic oldfields (9 species) and in moderately rich 
urban sites (6 species), where several species were 
dominant. On the other hand, no woody species ap- 
peared in wet oldfields, and only one occurred in both 
types of emergent bottoms and in nutrient-poor urban 
sites. But the total species number recorded can serve 
only as a rough measure of the diversity of woody 
plants due to the differences in sampling techniques 
used by original authors (transect versus releve meth- 
ods). 

In general, Bettlllz pelzcl~lllz is the most successful 
woody species in manmade habitats in the area under 

study, regardless of the presence or absence of topsoil 
(Table 2). It occurred in 9 of 15 seres, and in 3 of these 
reached a cover of at least 1070. 

Analysis of woody species performance, expressed 
in terms of maximum cover and the number of seres in 
which the species occurred (Table 2) with respect to 
the traits of particular species, did not reveal any sig- 
nificant effects related to life strategy, type of mycor- 
rhizae, mode of dispersal, or diaspore weight. The 
only marginally significant relationship was with the 
regeneration strategy (Grime et al. 1988) on the total 
cover (ANOVA, Flrzz = 3.32, p = 0.08). Species with 
seasonal regeneration by seeds were capable of pro- 
ducing a higher cover than tl~ose not possessing this 
mode of regeneration (mean ? S.E. = 31.7 i 10.2, 
~z = 11, and 12.9 ? 3.8, ~z = 13, respectively). 

Discussion 

Although the ability to predict woody species estab- 
lishment using estimated initial soil conditions appears 
to be too weak to provide unequivocal results, some 
trends are obvious. 

Table 2. over vie^^ of woodv suecies occurrine durine succession in habitats studied.' 

Sere 

Total 
N L I I ~ I ~ J L Y  0l;gailic To/~.soil Prtscrlt Ol;y(li~ic T ~ p ~ o i l  Ali~cllt of Masii~l~clir 

I 2 3 6 S 9 ZO 11 12 13 4 5 7 14 15 Records Coocr 

Acer campestre 
Acer pseiidoplatanzis 
Alnzis glzltinosa 
Betiila pelzdzlla 
Crataegzis sp. div. 
Eleagnzis angiistifolia 
Fralzgzila alr~zls 
Fraxinzls excelsior 
Pinus sylvestris 
Populils alba 
Popzdz~s trelnzlla 
Prlinus spilzosa 
Qlierczls petraea 
Robinin psezldoacacrn 
Rosn cnnirzn 
Rlibils cnesius 
Rzibl~s fru ticoszls 
Rilbils idneiis 
Salix cnpren 
Salix cinerea 
Salix fragilis 
Snltzbliclis izigra 
Sorbiis aucziparia 
Szoida (Cornus) salz- 

guinea 

IThe occurrence is shown separately for seres with organic topsoil present at the onset of succession and for those starting without it. blasimum cover reached 
by a species is given for each sere (numbers of seres correspond to those ~lsed in Table 1). Total n ~ ~ m b e r  of seres in which the species was recorded anii the 
maximum cover it reached in any sere are given in the last two columns. 



The results indicate that low initial soil moisture of- 
ten retards subsequent growth of woody plants. But 
low soil moisture in itself need not automatically pre- 
vent successful establishment. If low moisture is com- 
bined with a low nutrient level, however, lower per- 
formance of woody plants is highly probable. An 
extremely low nutrient level by itself seems to have a 
similar effect. 

The successful establishment of woody plants can 
also be retarded in sites with a coinpact herb layer 
formed immediately after the onset of plant establish- 
ment there, resulting in a high competitive pressure; 
this may be hypothesized as happening in wet and 
nutrient-rich abandoned fields (Osbornova et al. 1989). 
The clear, positive relationship between soil nitrogen 
content and cover of woody plants, as reported by 
Inouye et al. (1987) and Tilman (1988), was not con- 
firmed in this study. Poor establishment of woody spe- 
cies has been reported from very dry and very nutri- 
ent-poor or toxic substrate (BanAsovA 1976). 

Traditionally emphasized differences between pri- 
mary and secondary succession, (Glenn-Lewin et al. 
1992) were not evident in our study. The distribution 
between these two kinds of succession seems to be less 
relevant than suggested. Instead of adopting the usual 
terms "primary" and "secondary" succession, we clas- 
sified the seres investigated into two categories based 
on the presence or absence of organic topsoil regard- 
less of its origin. 

Only the influence of soil moisture and nitrogen 
level were taken into account in the present study (for 
the discussion on using Ellenberg indicator values, 
see, for example, ter Braak & Gremmen 1989). The 
relationship between the establishment of woody 
plants and soil conditions turned out to be nonsignifi- 
cant, apparently due to high variation ainong seres 
and other factors, especially (1) availability of diaspore 
sources in the surrounding landscape, (2) intensity of 
dispersal agents, (3) activities of animals and uninten- 
tional human activities, and (4) timing of the onset of 
succession (Olsson 1987; Skoglund and Verwijst 1989; 
Sukopp et al. 1990; De Steven 1991). The role of chance 
factors must also be taken into account (Christensen 
and Peet 1984). Considering all these possible effects, 
it is not surprising that the relationship of woody plant 
performance to initial soil conditions is rather vague, 
and their establishment generally exhibits a great deal 
of variation, even within one type of succession in the 
same region (OsbornovA et al. 1989; Prach 1994). These 

cal basis for more-precise restoration and management 
of derelict sites. 

The high variation in the performance of woody 
plants corresponds with the relatively low importance 
of species traits influencing their successional behav- 
iour, as shown above. The only exception-species 
with seasonal regeneration by seed being more suc- 
cessful-is in accordance with theoretical expectations 
(Grime 1979). 

Remarks on Reclamation Practices 

As indicated in this study, we can make use of the 
spontaneous succession of woody plants, particularly 
in reclamation of moderate sites (in terms of soil condi- 
tions), where trees and shrubs are neither limited 
physiologically nor by competition from herbs. Among 
the woody species that attained the cover of at least 570 
(18) in any sere (Table 2), there are eight trees. Five of 
these are already being used for artificial afforestation 
in central Europe, mainly in the reclamation of sites 
disturbed by large-scale mining (stjrs 1981): Acer 
pseudoplanus (Sycamore maple), A l n ~ i s  gltltinosa (black 
alder), Frasintis excelsior (European ash), P i n ~ l s  sylvestris 
(Scots pine), and Qtlerctls petraea (dfirmast oak). Only 
P.  sylvestris is regularly used for timber production 
and, in addition, is an important component of the 
mature "climax" forests in the area. However, timber 
production is not usually the main goal of restorathn 
efforts in derelict sites. Consequently, the establish- 
ment of other tree and shrub species listed in Table 2, 
with the exception of the alien Robinia pse~ldoacacia 
(black locust), can be desirable for enhancing biotic 
diversity. 

Bettila pendz~la takes a prominent position among 
species establishing spontaneously in derelict sites. 
Despite its rapid growth and the wide range of envi- 
ronmental conditions under which it is able to thrive 
(Ellenberg 1988), it is still not considered a valuable 
amelioration species, except for occasional sowing in 
areas deforested due  to air pollution. 

Regarding the real situation in central Europe, spon- 
taneous succession can be recommended especially in 
small disturbed sites without any special interest, and 
in most large-scale disturbed sites where artificial res- 
toration is difficult due to financial and technical con- 
straints. In some particular cases, spontaneous succes- 
sion could be directed by inexpensive interventions. 

factors are extremely difficult to quantify, however, 
although it is necessary to do so if their relative impor- Sites Disturbed by Mining (seres 7, 14 and 15 as examples). 
tance in the course of succession is to be assessed. The results of the present study and those of published 
Such analysis is urgently needed for a higher number papers (BanAsova 1976; Wolf 1985; Szegi et al. 1988) 
of seres to contribute to our understanding of succes- show that the low soil moisture and fertility of many 
sional mechanisms, and to provide us with a theoreti- spoil heaps can limit spontaneous establishment of 
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woody plants. Usually, the smaller the disturbed area, resistant to air pollution are selected naturally in the 
the easier its colonization by woody species, if there course of succession. Besides Betula pendula,  listed in 
are seed sources nearby. On large spoil heaps, the arti- Table 2, Sol-bus aucupal.ia (European mountain ash), 
ficial planting of woody species is especially desirable A l l z ~ l s  g lu t inosa ,  and Sal ix  caprea (goat willow) were 
on marginal slopes to prevent erosion and create visual observed to be successful colonizers in the deforested 
barriers. The interior can often be left completely for areas. 
spontaneous succession, thus creating a base for fu- 
ture use of the site for amenity and providing 
retreating species with refugia. Similar basic succes- 
sional trends have been repeatedly recognized in large 
spoil heaps from brown coal mining throughout cen- 
tral Europe, despite large local variance (Wolf 1985; 
Prach 1987; PySek & PySek 1988; Szegi et al. 1988). 
Unless there are some unusual limitations, such as 
toxic substrata, the establishment of woody species 
may be expected to occur before the twentieth year of 
succession (Wolf 1985; Prach 1987; Bartha 1990; this 
study). Betula pelzd~lla is the most common colonizer in 
this type of habitat (see also PySek & PySek 1988). Veg- 
etation development can be directed and sped up  by 
artificial sowing andlor nonstandard replanting (Prach 
1992). Unfortunately, these practices are still not gen- 
erally practiced. 

The easiest establishment of trees was observed in 
sites disturbed by sand and gravel extraction (sere 7). 
These sites were invaded and subsequently dominated 
by Pi l z~ l s  sy lves tr i s .  Sites disturbed by peat extraction 
are usually also easily colonized by woody plants 
(Prach, unpublished data). There, spontaneous suc- 
cession may be recommended as an effective reclaina- 
tion tool, unless timber production is the main goal. 

Reclaimed Sites in Areas Deforested by Air Pollution (seres 

5,6). Deforested areas in central European mountains 
are extensively invaded by the grass Calnnzagrostis vil- 
losa (small-seed grass), whose dense cover makes the 
replanting of conifers (Picea abies, [Norway spruce], P .  
pungelzs [table mountain pine], Pilzzls l nugo  [mountain 
pine]) difficult or even impossible. Removal of the top 
soil layer containing rhizomes of C .  villosa was carried 
out, and these plots were then used for planting of 
spruce saplings. As no special management or effec- 
tive protection were given to the planted trees, the 
sites were exposed to natural vegetation development. 
Some of these sites provide us with a direct compari- 
son of artificial plantings and directed succession. In 
sites where aerial sowing of Be t~ l la  seeds was applied, 
successful establishment of this species was observed, 
whereas planted spruce saplings generally did not 
grow well due to persistent air pollution and competi- 
tion from grasses and herbs colonizing the newly ex- 
posed areas (PySek 1992). In these habitats, SO? air 
pollution is a special factor that makes the choice of 
suitable woody species extremely important; species 

Urban Sites (seres 8, 9, 10). In urban sites, succession 
greatly varies depending on a habitat type, such as 
ruins, rubbish tips, abandoned railway areas, indus- 
trial wasteland (Prach et al. 19936). Most of the sites are 
of moderate to rich fertility, so the establishment of 
woody plants is rather fast and often results in forma- 
tion of a dense cover. Sal ix  capl-ea and Sal lzb~lc~rs  ~z igra  
(European elder) are the most common colonizers of 
derelict sites in central European settlements (Sukopp 
et al. 1990; PySek & PySek 1991). But the presence of 
woody plants in urban sites can also have negative 
consequences. A high representation of exotic, often 
invasive aliens (Sukopp et al. 1990, PySek & PySek 
1991) is a distinguishing and undesirable feature. In 
addition, some species are responsible for pollen al- 
lergy (Kopecky 1993). 

Spontaneous woods on derelict land in settlements 
may be used as a basis for artificial improvement; se- 
lective cutting and planting can be adopted as mea- 
sures for improving the quality of a site. Spontane- 
ously established shrubs and trees increase habitat 
diversity and make a more natural vegetation part of 
urban greenery. 

Abandoned Fields (seres 11, 12, 13). In abandoned fields, 
great differences in the course of succession occur 
among sites and from region to region. Generally, the 
spontaneous establishment of woody plants has been 
reported to be more successful in moderately wet and 
fertile sites than in dry sites or wet sites of high fertility 
(Prach 1985; Osbornova et al. 1989). Long-term pre- 
vention of woody plant establishment due to strong 
herb competitors has been observed (Olsson 1987; sere 
13 in this study). 

Abandoned fields covered by a spontaneously 
formed shrub and tree layer can increase the structural 
diversity of the landscape and, especially in the agri- 
cultural regions of central Europe, form buffer zones 
against various pollutants and serve as important refu- 
gia and biocorridors. Locally, they can create visual 
barriers around various disturbed sites, such as quar- 
ries (RambouskovA 1989). Artificial afforestation for 
timber production is recommended after large-scale 
abandonment of arable land if no "reserved" fields are 
intended (Jukola-Sulonen 1983). Conversion to mead- 
ows or pastures is another possible use of these habitat 
types. At present, under the changing economies in 
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the countries of the former eastern block, the abandon- 
ment of arable land is becoming an urgent problem. 

Other seres considered in the present study repre- 
sent exceptional examples (emergent bottom, barrier 
surrounding the pond). No particular reclamation pro- 
cedures are usually necessary, and these sites can be 
allowed to regenerate naturally. 
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