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Phytosociological data from 46 permanent plots located in various urban habitats 
within the town of Plzei'i, W Bohemia, were analysed. Differences between spe
cies occurrences in 1969 and 1974 were expressed as a shift in the values of the 
Braun-Blanquet scale . This method made it possible to distinguish among early, 
middle and late successional species. Changes in life forms, plant strategies as well 
as the representation of families and phytosociological units were discussed and 
found to be consistent with results reported by quantitative studies. The review 
of Central European phytosociological studies on succession in urban habitats is 
presented . Pros and cons of the phytosociological approach to study of succession 
are discussed. 

Introduction 

Within Central Europe, the vegetation in urban environment has been studied ex
tensively for the last two decades (for review see Sukopp 1987, Klotz 1987, Mucina 1990). 
Descriptive phytosociological studies dominated this research field for a long time due to 
the strong Braun-Blanquetian tradition, influence of which is still apparent. However, si
milarly to other fields of vegetation ecology, the recent research is much more focused upon 
the vegetation dynamics. Succession is considered as one of the central points in ecology 
(e.g. Connell et Slatyer 1977, Prach 1985, Miles 1987). 

The limitations imposed by approaches of the Central European phytosociological re
search school concern both the scale of the study (community approach based on the 
organismal viewpoint, Clements 1916) and the methods used (floristic composition recor
ded by vegetational releve). Data sampled in this way hardly contribute to our knowledge 
of mechanisms that rule the vegetation dynamics. They are collected in the unified man
ner, however, and contain a great amount of information on vegetation and its relation to 
the habitat (Herben 1986). It seems thus plausible to use phytosociological material for 
further analyses. 
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Two main approaches may be applied in studies of succession: ( 1) snapshot records 
(Diamond 1986) of differently aged successional stages, and (2) repeated recording of ve
getation in permanent plots (Schmidt 1974, Bottcher 1974, Elias 1990). Both approaches 
may be combined to provide a more complete picture of succession from the very start to 
the late successional stages (Pysek 1977, Prach 1987, Leps et Prach 1989). 

This paper presents an analysis of species behaviour in succession based on the analysis 
of phytosociological data. Comparison of results with those based on other methodical 
approaches is presented as well. 

Material and methods 

Study site 

The research was conducted in the town of Plzen, West Bohemia ( 49.46 N, 13.24 E) which 
lies at the confluence of four rivers, 306-395m above sea level. Mean annual temperature is 
7.8°C, annual precipitation is 495 mm. During the research period the town had 171,000 
inhabitants and covered an area of 125 km2 • 

The ruderal vegetation of this industrial town has been described in detail by Pysek 
(1974, 1978). The phytosociological study of succession in the ruderal communities of Plzen 
was published having brought the overall successional scheme as well (Pysek 1977,1978) 
and full data from several-years of observation in permanent plots (Pysek 1978, 1984a). 

Data analysis 

Forty six permanent plots of approximately 10m2 in size were established in 1967-68 by the 
latter author. The shape of plots differed with respect to the character of the community 
studied. Location of plots was based on the knowledge of the vegetation under study which 
made it possible to cover successional stages proportionally. Plots were located in the most 
frequent habitats occupied by ruderal vegetation: dumps (10 plots), organic waste deposits 
(8), soil heaps (2), ruins (4), deposits of manure and silage seepage (6), railway sites (8), 
village yards (3), banks of water courses (5) . From 1969 to 1974, the latter author recorded 
the vegetation in plots using the seven grade scale of Braun-Blanquet (Mueller-Dombois 
et Ellenberg 1974). Six plots (13%) were destroyed during the research period. Full data 
are provided in Pysek (1978:195-206). 

For each species in each plot (n= 40), the record from 1969 was compared with that 
from 1974. The Braun-Blanquet scale was transformed into numeri.cal scale 1-7 which 
allowed expression of the differences between species occurrences in 1969 and 1974 in 
a simple numerical manner. Changes in representation of life forms (Rothmaler 1986, 
Grime, Hodgson et Hunt 1988), life strategies (Grime, Hodgson et Hunt Le.), species groups 
with respect to immigration (Opravil 1980) and phytosociological units (Ellenberg 1979, 
Moravec et al. 1983, Rothmaler 1986) were analysed. Indicator values (Ellenberg 1979) 
were used to express the changes of environmental conditions in the course of succession. 
Nomenclature follows Rothmaler (1986) except as indicated. 

The successional status (early, middle or late successional ones) of species and commu
nities is understood here in accordance with the study of Pysek (1977). 
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Results 

Species exchange 

The successional behaviour of individual species is expressed as a frequency distribution 
of shifts in the Braun-Blanquet scale over 6 years of spontaneous succession (Fig.l). In 
other words, -2 means retreat by 2 grades of the scale (e.g. the species was evaluated 
by the value "1" in 1969 and "r" in 1974,,respectively) and so on. Presented histograms 
thus show the relative numbers of plots in which the species retreated (and how much it 
retreated) and, on the other hand, in which its abundance/cover increased (and how much 
it increased). The early successional species are characterized by concentration in the left 
part of histograms whereas the opposite pattern is typical of the late successional species. 

Changes in the occurrence of midsuccessional species are evenly distributed. This re
flects that such species increase in plots originally established in early successional commu
nities but decrease in those which were located in the middle and later successional stages. 
This may be exemplified by Ballota nigra. This species retreated from Ballota-dominated 
communities (Lappo-Ballotetum nigrae, Balloto nigrae-Chenopodietum boni-henrici) that 
have developed into more persistent A rction-communities ( Tanaceto-Artemisietum vulga
ris). The species invaded younger plots, however, that were originally occupied by Malve
tum neglectae and some Sisymbrion-communities (Pysek 1977, Kopecky 1986). 

In Table 1, each species is characterised by the mean value of shift in the Braun
Blanquet sc8.le. This value was calculated from all plots in which the species occurred. 
Ranking of species according to this characteristic roughly corrresponds to our knowledge 
of their behaviour in succession. 

Table 1 provides deeper insight into the exchange dynamics in the plots investigated. 
It reveals that although the number of species records did not change during the research 
period, at the end of succession the species may have occurred in different plots than 
at the beginning. During succession, Senecio viscosus either disa peared from or newly 
appeared in 90.9% of plots in which it totally occurred (Plantago major subsp. major 
76.2%, A rctium lap pa 71.4%, Tanacetum vulgare 64. 7%, M elilotus alba 64.0% ). 

Persistence of species in permanent plots is shown in Fig.2. Comparison of Figs. 1 and 
2 indicates that profound quantitative decrease of a species (Fig.I) does not necessarily 
mean its massive disappearance from the respective plots. In Chenopodium album, of 80.8% 
of plots where this species retreated, in only 47.8% it completely disappeared. Large soil 
seed bank (Kropac 1966) can probably maintain the population of this species in the site 
for a longer period through continuing germination and seedling recruitment after the 
species has lost its dominance over the community. 

Chenopodiaceae and Brassicaceae comprise mainly species of early successional stages, 
whereas the later successional species prevail in the Poaceae. Among the Asteraceae, the 
concentrations of both early /middle ( Tripleurospermum maritimum, Conyza canadensis, 
Lactuca serriola) and late successional dominants ( Tanacetum vulgare, A rtemisia vulga
ris, A rctium sp.div.) are reflected by distinctly two-peaked distributions (Fig.3). Rather 
similar situation seems to exist in the Polygonaceae, Lamiaceae and Plantaginaceae as well. 
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Fig. I. - Species behaviour in succession expressed as a frequency distribution of changes that the species 
showed during succession from 1969 to 1974. Type of changes {retreat or increase) and their magnitude 
(shift by 1,2 or more grades of the Braun-Blanquet scale) is shown . Species are ordered from early to late 
successional ones . Full bars indicate retreat, hatched bars indicate the same level of occurrence and empty 
bars are used for increase . Changes by 3 and more grades were summed up and presented together in the 
marginal bars. 

Phytosociological units 

A large number of species which decrease in succession may be found among diagnos
tic species of Chenopodietea and Secalietea. Species of Galio- Urticetea and Agropyretea 
clearly increased in most plots (Fig.4). which corresponds to the successional position of 
communities belonging to these units (Pysek 1977). 

Proportion of aliens 

The replacement of alien species by native ones may be inferred from Fig.5. Most of the 
archaeophytes (59 .0% of records) and neophytes (74.5%) decreased in succession. The 
corresponding value for the native species is only 34.0%. 
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Table l. - Performance of the species in permanent plots (1969-1974). The "average change" represents the 
mean value of shift in transformed Braun-Blanquet scale , calculated from all plots the species occurred . Only 
species recorded in at least 25% of plots are included, those with 10-25% are listed below. D - disappeared, 
E - emerged . 

number of occurrences 
average total 
change % (nmax = 40) 1969 D E 1974 

A triplex sagittata Borkh . -2.8 25.0 10 10 10 0 0 
Chenopodium suecicum -2 .3 25 .0 10 9 7 1 2 
Ch. strictum -2 .1 25.0 10 10 8 0 2 
A triplex patula -1.8 25.0 10 9 8 1 2 
Chenopodium album -1.6 65.0 26 23 11 1 13 
Sisymbrium officinale -1.5 32.5 13 13 12 0 1 
Sonchus oleraceus -1.1 40 .0 16 16 10 0 6 
Taraxacum officinale -0.6 32.5 13 10 8 3 5 
Tripleurospermum maritimum -0.5 37.5 15 12 4 3 11 
Sisymbrium loeselii -0.3 27.5 11 10 6 1 5 
Daucus carota -0 .3 32.5 13 10 5 3 8 
M elilotus alba 0.0 27.5 11 8 4 3 7 
Senecio viscosus +0.3 27 .5 11 7 6 4 5 
Plantago major s .s. +0.5 52.5 21 13 8 8 13 
Tanacetum vulgare +0.5 42.5 17 10 4 7 13 
Conyza canadensis +0.5 45 .0 18 15 11 3 7 
A rctium minus +0 .9 25 .0 10 7 1 3 9 
A . Lappa +l.1 35.0 14 8 4 6 10 
Cirsium vulgare +1.1 27 .5 11 3 2 8 9 
Lolium perenne +1.3 67.5 27 19 0 8 27 
Ballota nigra +1.3 27.5 11 4 2 7 9 
A rtemisia vulgaris +1.6 97 .5 39 33 0 6 39 
A rctium tomentosum +1.7 45 .0 18 5 2 13 16 
Silene alba +1.8 25.0 10 3 0 7 10 
Poa annua +1.8 70 .0 28 15 1 13 27 
Urtica dioica +1.8 60 .0 24 5 2 19 22 
Poa palustris s.l. +1.8 62 .5 25 15 0 10 25 
Cirsium arvense +1.9 85.0 34 20 0 14 34 
Agropyron repens +1.9 90.0 36 19 2 17 34 
A nthris cus sylvestris +2.2 30.0 12 4 0 8 12 
A egopodium podagraria +2.3 30.0 12 3 0 9 12 
Calamagrostis epigejos +2.3 25 .0 10 2 1 8 9 
Sambucus nigra +2.4 40 .0 16 6 0 10 16 

Tussilago farfara: average change -2.8 ( total number of occurrences 5), A triplex oblongifolia -2.2(5), Urtica 
urens -2.2(5) , Polygon um monspeliense -2 .0(8), Galinsoga parvifiora - 1.8(5), Plantago lanceolata-1. 7(6), Car
duus acanthoides -1.5(6), Solan um nigrum -1.4(9), Lapsana communis -1.3(6), Poa pratensis -1.2(8) , Linaria 
vulgaris -1.0(6), M elilotus officinalis -0.6(5), Convo lvulus arvensis -0.5(6), Stellaria media -0.4(5), Lactuca 
serriola -0.1(7) , Dactylis glomerata +0.3(8), Echium vulgare +0.4(5), Malva neg/ecta +0.8(5), Chenopo
dium bonus-henricus +0.8(8), A rrhenatherum elatius +1.1(7), Galium aparine + 1.2(6), Puccinellia distans 
+l.6(9) , Rumex obtusifolius +2.0(9) . 

Life forms and strategies 

The analysis of life form spectra confirms the pattern that is generally recognized in ruderal 
succession. An increase of all groups to the debt of therophytes was found (Fig.6). 

Fig.7 shows the changes in species groups delimitated on the basis of Grime's strategies 
(Grime 1979) . Retreat of R-strategists (or with R-type prevailing) as well as increase of 
C-strategists is documented. 
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Indicator values 

The species whose occurrence increas <l in succession have higher nitrogen and moisture 
requirements (mean indicator value was used as a measure) than those that have retrea ted. 
Both regressions (Fig.8) were significant (P < 0.05). Concerning the light figure 1 no 
significant rela tion was found . 

Discussion 

Changes iu vegetation characteristics usually estimated in phytosociological studies of 
succession in urban habitats are summarized in Table 2. The results obtained are mostly 
consisteut with the pattern of changes reported from coal mining dumps (Prach 1982, 
1987), old fi elds (Prach 1989) or other successional seres (Whittaker 1975, MacMahon 
1980). General tr ·n<ls concerning life forms, participation of species groups, species di
versity, as well <ts the pat tern of species xchange relevant to the respective habitat may 
probably lJ ~at i <.; fa c torily described regardless of the method used. However, the detailed 
aHalysis aud ·1·:u <Ii for underlyi ng mech a.nisms requires more exact results than the releve 
method can p 1u id · ( P1 ach ·t al. 1902). 

Non of the studies list d in Table 2 have dealt with the participation of aliens and 
native speci s in . ucc ssion . Among aliens, there is a high proportion of annuals and R
sl ra tegi ::; t -.;. T li<'s<' features are typical of early successional stages. Moreover , the alien spe
cies show generally higher requiremcuts for temperature than do the nat ive ones (Sukopp, 
Blume L Ku11 ick 1979, Pysek 1989). These requirements can be met in many settlement 
habi tats such as dumps, i11duslrial substrate deposits, manure deposit, and so on (Hejny 
1971 , Prach et al. 1992) . T he differences between both groups of aliens (Fig.5) may be 
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partially explained by earlier immigration of archaeophytes which are thus better estab
lished in the Central European ruderal vegetation . Many archaeophytic species prevail in 
he miclsuccessional communities ( Echio -Melilotetum, De,,curainio-Atriplicetum oblongi

foliae Lappo-Ballotetum nigra e, Urtico -Ma lvetum neglec ta.e). Finally, as the spontaneous 
ruderal succession may be generally understood as a way back to the natural vegetation 
of a giv n area, an increase of native specie may have been expected. 

Unfortunately, only some studi s concerning vegetation research in permanent plots 
contain the original releve material (Table 2, for review see Bottcher 1974) and their sub
sequent r analysis and mutual comparison among habitats is therefore not always possible. 
Moreover, we are aware of only two large data sets from permanent plots reported so far, 
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one of them being the data analysed in the present study and the latter one the data 
on succession in village settlements of the Bohemian Karst. Both are in manuscript (Py
sek 1978, Pysek 1982). A sufficiently high number of plots is necessary if some kind of 
quantitative analysis is to be carried out. 

Many phytosociological rel ves have been recorded within the area of Central Europe 
so far. Provided that their localization is given with sufficient exactness, repeated in
vestigations can be carried out after many years (Prach et al. 1992, for case studies see 
Hroudova et Prach 1986, Hadac 1990, Blazkova 1991). Unfortunately, the plots located 
in settlement habitats, which are exposed to intense and frequent disturbances, are often 
destroyed soon after establishment (Pysek 1984a, Prach et al. 1992). 

The results presented in this paper are dependent on the time interval between initial 
and final records of permanent plots data. The six year interval seems to be appropriate for 
ruderal vegetation since within this period the succession may proceed (a) from the very 
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Table 2. - Vegetation characteristics investigated in phytosociological studies of succession in urban habitats 
within the area of Central Europe. Number of permanent plots for which the original releve material was 
published in the respective study is indicated in the first column. A - species exchange, B - exchange of 
species groups (delimited on the basis of invasion time, phytosociological units etc., C - change in species 
diversity, D - change in life forms, E - exchange of communities, F - differences in succession due to habitats. 

A B c D E F 

Kreh 1935 + + + 
Kohler et Sukopp 1964 + 
Gutte 197la +2 + 
Gutte 1971b +2 + + 
Krippelova 1972 +10 + 
Kunick et Sukopp 1975 + + 
Pysek 1977 + + 
Pysek 1978, 1984a +46 + + 
Hilbert 1981 + + 
Pysek 1982 +42 + + + 
Bornkamm et Hennig 1982 + + + + 
Pysek 1984b + + + 
Born kamm 1986 +9 + + 
Kowarik 1988 +l + + + + 
Sauerwein 1988 + + 
Pysek 1991 + + + 
this study + + + 

start to the middle stages, and (b) from the middle stages to the later, relatively persistent 
ones, which are characterized by the forming of shrub layer. This makes it possible to 
record the midsuccessional species as well. However, suppose the longer time interval, e.g. 
15 years : If the same method is used, then all the species will be considered as either 
early or late successional species. The midsuccessional species would appear in the former 
group as finally all the species originally present in the plots will be replaced by the late 
successional species. 
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Shrnuti 

PHspevek se zabyva vyuzitfm fytocenologickych dat ke studiu sukcese ruderalnf vegetace . V letech 1969-74 
by lo druhym z autoru snimkovano celkem 46 stalych ploch rozmistenych na ruznych stanovistfch . Vyber byl 
proveden tak, aby rovnomerne pokryl inicialnf, pfechodna a relativne trvala sukcesnf stadia. 

Zmena ve vyskytu kazdeho druhu na kazde plose byla vyjadfena jako rozdfl mezi transformovanymi 
hodnotami Braun-Blanquetovy stupnice (1-7) v roce 1969 a 1974. Chovani kazdeho druhu v sukcesi je cha
rakterizovano histogramem vyjadfujfdm relativnf podfl ploch, na nichZ druh ustoupil, pfibyl nebo zustal 
zastoupen zhruba stejne. Podle techto kriterif lze rozlisit druhy charakteristicke pro jednotliva stadia suk
cese; toto vymezenf odpovida pfedstavam o ekologii jednotlivych druhu a jejich chovani v sukcesi. Stejnym 
zpusobem je dokumentovan ustup eeledi Chenopodiaceae a Brassicaceae a opaeny trend u Poaceae a Aste
raceae, dale zvyseni ucasti vsech ostatnich zivotnich forem na ukor terofytu behem sukcese. Archeofyty a 
neofyty v prubehu sukcese vetsinou ustupuji, i kdyz mezi archeofyty je i fada druhu uspesne rostoudch ve 
stfednich sukcesnich stadifch. Puvodni druhy svoje zastoupenf v prubehu sukcese vyrazne zvysuji. Druhy s 
R-strategif (resp . s podflem R-strategie) ustupujf, u C-strategie je trend opaenY. 
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Vysledky zlskane fytocenologickym pHstupem odpovfdajf literarnfm udajum z jinych typu prostredf 
podlofonym kvantitativnfmi daty. Ke kvantitativnf analyze fytocenologickych dat je potieba jejich vetsf 
soubor. Tech vsak je ze stalych ploch k dispozici malo; mnohdy piivodnl snfmkovy material vubec chybf, coz 
omezuje mofoosti vzajemneho srovnavanf sukcesnich fad . Fytocenologicka data lze vyuZft k deskriptivnfmu 
pHstupu, nikoli pro studium mechanismii Hdfdch priibeh sukcese; pro tento ucel jsou nutna kvantitativnl 
data a manipulativnf experimenty. 
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