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Phytosociologicaldata from 46 permanent plots located in various urban habitats 
within the town of Plze~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 represelltation 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 succesion in urban habitats is 
presented. Pros and cons of the phytosociological approach to study of succession 
are discussed. 

I n t roduc t i on  

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 relevC). 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 m o u n t  of information on vegetation and its relation to 
the habitat (Herben 1986). It  seems thus plausible to use phytosociological material for 
further analyses. 



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, EliG 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 belpviour in succession based on the analysis 
of phytosociological data. Comparison of results with those based on other methodical 
approaches is presented a s  well. 

M a t e r i a l  a n d  m e t h o d s  

Study site 

The research was conducted in the town of Plzeii, 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 Plzeii 
was published having brought the overall successional scheme as well (PySek 1977,1978) 
and full data from several- ears 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 proportionaIly. Plots were Iocated in the most 
frequent habitats occupied by ruderal vegetation: dumps ( l 0  plots), organic waste deposits 
(8), soil heaps (2), ruins (4), deposits of manure and silage seepage (6), railway sites (S), 
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 numerical 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 l.c.), 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). 



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.1). 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 Balloia nigra. This species retreated from Ballota-dominated 
communities (Lappo-Ballotetum nigrae, Balloto nigrae-Chenopodietum boni-henricz] that 
have developed into more persistent Arction-communities ( Tanaceto-Artemisietum ?i?rlga- 
ris). The species invaded younger plots, however, that were originally occupied by Malve- 
tum neglectae and some Sisymbrion-communities (Pygek 1977, Kopecky 1986). 

In Table 1, each species is characterised by the mean value of shift in the Braun- 
Blanquet scale. This value was calculated from all plots in which the species occurred. 
2anking of species according to this chara-cteristic 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 thc 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 eitlicr disappeared from or newly 
appeared in 90.9% of plots in which it totally occurred (Plantago major subsp. major 
76.2%, Arctium luppa 71.4%, Tunaceturn vulgare 64.7%, Melilotus 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.1) does not necessarily 
mean its massive disappearance fiom 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 (Krop6E 1966) can probab!y 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 earlylmiddle (Trip~eurospermum maritimum, Conyza canadensis, 
Lactuca serriolo,) and late succcssional dominants (Tanacetum vulgare, Artemisia vulga- 
ris, Arctium sp.div.) are reflected by distinctly two-peaked distributions (Fig.3). Rather 
similar situation seems to exist in the Polygonaceae, Lamiaceae m d  Plantaginaceae as well. 
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SUCCESSIONAL BEHAVIOUR - RETREAT INCREASE - 

Fig.1: - 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 Ckenopodietea 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 (Pygek 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%. 



Table 1. - 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 a t  least 25% of plots are included, those with 10-25% are listed below. D - disappeared, 
E - emerged. 

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

Airiplez sagit fato Borkh. -2.8 25.0 10 10 10 0 0 
Chenopodium suecicum -2.3 25.0 10 9 7 1  2 
Ch.  s i r ic fum -2 .1  25.0 10 . 10 8 0 2 
Airiplez paiula -1.8 25.0 10 9 8 1  2 
Chenopodium album -1.6 65.0 26 23 11 1 13 
Sisunibrium oficinale -1.5 32.5 13 13 12 0 1 
~ d .., 
So~lchus  oleraceus -1.1 40.0 16 16 10 0 6 
Tarazacum o f ic i t~a le  -0.6 32.5 13 10 8 3 5 
Tripleurospermum mar t i imum -0.5 37.5 15 12 4 3 11 
Sisymbrium loeselii -0.3 27.5 11 10 6 1 5 
Daucus caroia -0.3 32.5 13 10 5 3 8 
Meliloius alba 0.0 27.5 11 8 4 3  7 
Senecio uiscosus +0.3 27.5 11 7 6 4  5 
Planiago major  S.S. +0.5 52.5 21 : . l 3  8 8 13 
T a n a c e f u m  uulgare +0.5 42.5 17 10 4 7 13 
Conyza canadensis +0.5 45.0 18 15 11 3 7 
A rciiutn minus  +0.9 25.0 10 7 1 3  9 
A .  lappa +1.1 35.0 14 8 4 6  10 
Cirs ium vulgare +1.1 27.5 11 3 2 8  9 
Lolium perenne +1.3 67.5 27 19 0 8 27 
Ballofa nigro +1.3 27.5 11 4 2 7  9 
A rlemisia uulgatis +1.6 97.5 39 3 3  0 6 39 
Arciitrm fomeniosum +1.7 45.0 18 5 2 13 16 
Silene alba +1.8 25.0 10 3 0 7 1 0  
Poa annua +1.8 70.0 28 15 1 13 27 
Uriica dzoica +1.8 60.0 24 5 2 19 22 
Poa p a l ~ ~ s i r i s  s.1. +1.8 62.5 25 15 0 10 25 
C i r s ~ u m  arvense +1.9 85.0 34 20 0 14 34 
Agropyron repens +1.9 90.0 36 19 2 17 34 
A nihriscus syluesiris +2.2 30.0 12 4 0 8 1 2  
rlegopodium podagraria +2.3 30.0 12 3 0 9 1 2  
Calan~agroslis  epigejos +2.3 25.0 10 2 1 8  9 
San~bucus  iligra +2.4 40.0 16 6 0 10 16 

Tuss2lago JarJara : average change -2.8 ( total number of occurrences 5 ) ,  Airiplez oblongiJolia -2.2(5),  Urlica 
urens-2 .2(5) ,  Polygonum monspeliense-2.0(8),  Galinsoga parviflora-1.8(5), Planiago lanceolaia-1.7(6),  Car- 
duus acanihoides-115(6),  Solanum nigrunz -1.4(9), Lapsana communis -1 .3 (6) ,  Poa praiensis-1.2(8),  Linaria 
uulgaris -1.0 6 , ~Meliloius of icinalis  -0 .6 (5) ,  Conuol~iulus aruensis -0 .5 (6) ,  Siellaria media -0.4(5),  Lactuca 
sirt iola -0.1[7{ , Daclylis glomeraia +0.3(8),  Ech ium uulgare +0 .4(5) ,  hfalua neglecta +0.8(5),  Chenopo- 
dillin bonus-henricus $ -0 .8(8) ,  Arrhenaiherutn elaiius +1.1(7),  Galzum aparine +1 .2(6) ,  Pucc ine l l~a  disfans 
+1.6(9),  Rurnez obiusifolius +2.0(9).  

Life forms and strategies 

The analysis of life form spectra confirnls 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 a.s increase of 
C-strategists is docu~nented. 



species persistence (%) 
2 

r- m 03 0 
0 0 0 ,  0 0 0 

I f 

Atriplex sagittata 

Sisyrnbrium o f f i c ina le  

A t r ip lex  patula 

Senecio v iscosus 

Taraxacurn o f f i c ina ie  

Chenopodiurn s t r i c tum 

Chenopodiurn suecicum 

Conyza canadensis 

Sonchus  e er ace us 

Plantago major 

Sisy mbr iu rn  loese l i i  

Arct iurn lappa 

Daucus  caro ta  

Me l i lo tus  a l ba  

Chenopodium f l lbu  m 

U r t ~ c a  dioica 

Arct iurn tomentosum 

Tanacetu m vu lga re  

Tripleurosperrnu m rnaritimun 

Arc t iu  m minus 

Agropyron repens  

Poa annua 

Lo l iu  m perenne 

A r t e rn~s ia  vu lgor is  

Cirsiurn arvense 

Pea po ius t r i s  

Sarnbucus nigra 

Fig.2. - Species persistence i n  succession expressed as a proportion of plots in which the species occurred in 
1969 and persisted t i l l  1974. 



Fig. 3 .  - Cliaiigrs ill s~lcccss ion accor~l i r~g  to the f;~rnilies (for esplanatior~ see Fig. 1 and text). 

1ndic:a tor valucs 

The species ~vliuse r.)ccurrence increased in succession have higher nitrogen and moisture 
recluire~riciits [inean indicator value was used as a measure) than those that have retreated. 
Both regressions (Fig.8) were significant (P < 0.05). Concerning the light figure, no 
significant rrl;~tion was found. 

Discussiorl 

Changes in vegetation characteristics usua.lly estimated in phytosociological studies of 
successioll in 11rl)an habitats are summarized ill Table 2. The results obtained are mostly 
consistellt rvitll tlie pattern of changes reported from coal mining dumps (Prach 1982, 
1987), old fic.1Js (Prach 1989) or other successional sercs (Whittaker 1975, MacMahon 
19SO). G~lli:r~Ll trends concerning life forms, participation of species groups, species di- 
versity, as nt.11 21s the pattern of species exchange relevant to the respective habitat may 
pi~ol~at,l:  l,<? -:.tisf~ctorily describccl regardless of the method used. However, the detailed 
analysis ;1il,l S,.;,: :.L for ~~nderlying mechanisms rcquircs inore exact resu!ts than the relevC 
~llethod <:a11 j1roi.!iic (Pi-ach c:t al. 1932). 

N O I I ~  of studics listed in Table 2 have dealt with the participation of aliens and 
native sl)c~cit= in s~rccc.ssion. .inlong aliens, there is a high proportion of annuals and R- 
stratcgiq:i. Tlicx: fviii~lr<:a ale typici~l of early S U C C C S S ~ O I ~ ~ ~  stages. Moreover, the alien spe- 
cies sho~.: ~ I I : I ( J I  12.s kiighcr rec;uiremeiits for temperature than do the native ones (Sukopp, 
Blunie C L  I<u:!ic',; 1'979. I'ySck iSE9j. Tllcse requirements can be met in many settlement 
habitats siicli as c!unil,s, i~idustrial substra.te deposits, manure deposit, and so oil (I-iejni 
1951, Prn:.?i c r .  ;,l. 1392). The differences between both groups of aliens (Fig.5) may be 
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Fig. 4.  - Changes in succession according to phytosociological units (for explanation see Fig. 1 and text). 
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Fig. 5 .  -Behaviour of aliens and native species in succession (for explanation see Fig. 1) 

partially explained by earlier immigration of archaeophytes which are thus better estab- 
lished in the Central European ruderal vegetation. Many archaeophytic species prevail in 
the miclsuccessiona! communities ( E c h i o - h i e l i l o t e t ? ~ m ,  D e s c ~ ~ r a i n i o - k t r i p l i c e t ~ ~ m  oblon.gi- 
fo l iae ,  L a p p o - B r ~ l l o t e t u m  nigrae,  U ~ t i c o - M a l v e t u m  neglectae) .  Finally, as the spontaneous 
ruderal successio~: ma.y be gcnerally understood as a way back to the natural veget,at,ion 
of a given area, an increase of naiive specie: may have been expected. 

Unfortunatc:ly? only some studies concerning vegctakion research in permanent plots 
coniain the originitl relev6 materia.1 (Table 2, for review see B5ttcher 1974) and their sub- 
sequent reanalysis ancl mutual comparison aniong habitats is therefore not always possible. 
bloreovcr, we are aware of only two larg:: data sets from permanent plots reported so far, 
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Fig. 6. - Changes in life forms during succession (for explanation see Fig. 1). 

CHANGE IN  SUCCESSION 
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Fig. 7. - Changes in plant strategies in succession (for explanation see Fig.1). Classification of strategies 
was taken from the Grime, Hodgson e t  Hunt (1988). 
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CHANGE il.1 SUCCESSION 

Fig. 8. - Changes in the nitrogen and moisture indica~or values (Ellenberg 1979) during succession. Mcan 
figurcs calculated from tabulated values of all species in which a given magnitude o shift was recortled are 
plotted against the shift in the values of Braun-Blanquet scale. 

one of them being the data analysed in the present st,udy and the latter one t!le da.ta 
011 succession in village settlements of the 8ohemian 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 p'nytosociological relevhs have hecn recorded within the area of Central Europe 
so far. Provided that their localizatioll is given with sufficient exactness, repeated in- 
vestigations can be carried out after many years (Prach et al. 1992, for case studies see 
Hroudov6 et Prach 1986, HadaE 1990, BlaikovA 1991). Unfortunately, the plots located 
in settlement habitats, which are exposed to intense and frequent disturbances, are often 
destroyed soon after establishment (PySek 1964a, Prach et al. 1992). 

The results prcsented in this paper arc 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 ihe succession may proceed (a) from the very 



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 relev6 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. 

Kreh 1935 
Kohler et Sukopp 1964 
Gutte 1971a 
Gutte 1971b 
Krippelova 1972 
Kunick e t  Sukopp 1975 
PyBek 1977 
PySek 1978, 1984a 
Hilbert 1981 
PySek 1982 
Bornkamm e t  Hennig 1982 
PySek 1984b 
Bornkamm 1986 
Kowarik 1988 
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 
Piispevek se zabqvb vyuiitim fytocenologickich dat ke studiu sukcese ruderilni vegetace. V letech 1969-74 
bylo druhim z autord snimkovino celkem 46 s t i l ich ploch rozmistEnich na rdznich stanovigtich. VibBr by1 
proveden tak, aby rovnomErn8 pokryl iniciblni, piechodnb a relativnf: trvalb sukcesni stbdia. 

Zm8na ve viskytu kaidkho druhu na kaidh ploSe byla vyjidiena jako rozdil mezi transformovanjmi 
hodnotami Braun-Blanquetovy stupnice (1-7) v roce 1969 a 1974. Chovbni kaidhho druhu v sukcesi je cha- 
rakterizovbno histogramem vyjadiujicim relativni podil ploch, na nichi druh ustoupil, piibyl nebo zdstal 
zastoupen zhruba stejn8. Podle techto kriterii Ize rozlisit druhy charakteristickk pro jednotlivi stbdia suk- 
cese; toto vymezeni odpovidb piedstavbm o ekologii jednotliv$ch druhd a jejich chovini v sukcesi. Ste jnim 
zpdsobem je dokumentovin hstup teledi Chenopodiaceae a Brassicaceae a opaEni trend U Poaceae a Asle- 
raceae, dble zvj.Seni 6Easti vSech ostatnich iivotnich forem na Gkor terofytd behem sukcese. Archeofyty a 
neofyty v prdbBhu sukcese v8tSinou ustupuji, i kdyi mezi archeofyty je i iada druhd Gsp8SnB rostoucich ve 
stiednich sukcesnich stidiich. Pdvodni druhy svoje zastoupeni v prdbBhu sukcese vfrazn8 zvyguji. Druhy s 
R-strategic (resp. s podilem R-strategie) ustupuji, U C-strategie je trend o p a h f .  



Vfsledky ziskan6 fytocenologickfm pfistupern odpovidaji literirnim Gdajdm z jinfch typd prostfedi 
podloienfm kvantitativnirni daty. Ke kvantitativni analfze fytocenologickfch dat je potfeba jejich vEtBi 
soubor. TBch vBak je ze s t i l fch ploch k dispozici milo; mnohdy pdvodni snimkovf materiil vdbec chybi, coi 
omezuje moinosti vzrijemn6ho srovnivini sukcesnich Fad. Fytocenologicki data  lze vyuiit k deskriptivnimu 
piistupu, nikoli pro studium rnechanisrnd iidicich prdbeh sukcese; pro tento GEel jsou nu tn i  kvantitativni 
data a rnanipulativni experimenty. 
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