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Flora and vegetation of a small industrial town (Horai6'ovice, Czech Republic) was analysed with 
respect to its spatial distribution in particular urban zones (historical town centre, industrial zone, 
periphery). Ellenberg indicator values were used to express the relationship of flora and vegetation 
to soil nitrogen, moisture, reaction and light. Flora of particular zones did not differ with respect 
to nitrogen and moisture. The town centre harboured more species tolerant to shade and drought. 
No differences in the distribution of life forms, life strategies and origin (i.e. nativelalien status) 
were found between particular zones. It is concluded that the response of the flora to the inner 
town-periphery gradient of human impact in the area under study is less obvious than in large 
urban agglomerations. The comparison of vegetation revealed that the occurrence of particular 
community types is differentiated with respect to the urban zones. The communities were arranged 
along gradients of ecological conditions, among which the soil nitrogen appears to be most 
responsible for vegetation differentiation. During the last 24 years, the proportion of thermophilous 
species decreased and that of acidophilous species increased, a trend which appears to be related 
to retreat of calcium rich sites harbouring seminatural vegetation (mostly due to building activities 
and changes in land use management). Proportion of archaeophytes decreased during that period, 
presumably as a consequence of changes in life style and land us'e management having occurred 
in the last decades. 

Introduction 

Flora and vegetation in urban environment is governed by a specific set of factors 
among which those imposed by man are the crucial ones (Kunick 1974, Sukopp et Werner 
1983, Gilbert 1989, Kowarik 1990, 1991). The effects of these factors are remarkably 
heterogeneous and differ in particular parts of a settlement. Large urban agglomerations 
and medium-sized cities usually posses clear spatial structure sternmimg from historical 
and economical aspects and reflecting the life style of their inhabitants (Sukopp et Werner 
1983, Wittig, Diesing et Godde 1985, Sudnik-W6jcikowska 1988, Kowarik 1990, PySek 
1993a). Several classifications dividing cities into particular urban zones have been 
proposed (Hejnf 1971, Klotz 1986, Schulte et al. 1986, Sukopp et al. 1986, Blume et al. 
1987) and relationships of flora and vegetation to these zones have been repeatedly 
investigated (e.g. Kunick 1974, PySek 1978, Klotz 1987, Goldberg et Gutte 1988, Tlusthk 
1990, Chojnacki 1991). So far, most of the effort devoted to urban ecological studies was 
focused upon large cities and detailed studies of smaller towns are not that frequent. 



A possible explanation for such disproportion may be that the impact of man in large 
urban agglomerations is undoubtedly very strong so that the pattern reflected in spatial 
distribution of flora and vegetation is more conspicuous and easier to determine than in 
the case of smaller towns (PySek et Mand& 1993). Hence the question raised by the 
present study is whether the spatial distribution of flora and vegetation in a small industrial 
town obeys the same rules as those reported from large urban agglomerations. 

Man impact acting in urban environment can be envisaged through (a) direct effects 
on vegetation (disturbance, stress, dispersal of diaspores etc.), and (b) indirect effects 
mediated through changes in ecological conditions of a site (soil conditions, availability 
of light). The former group includes factors that are difficult or even impossible to quantify 
(Kowarik 1990, 1991, PySek 1993a). In the present study, the effects of the ecological 
conditions of the site were assessed by means of indicator values to reveal the differences 
between particular urban zones. Furthermore, the current state of the flora is compared 
with that more than twenty years ago and this comparison is used for assessment of 
temporal changes in the quality of urban environment. 

Study site 

The study was carried out in the town of Horaidovice (West Bohemia, Czech Republic) 
which is located along the Otava river at an altitude of 420-486 m (427 m on average). 
The area belongs to a mild climatic district with mean temperature 7.8OC and mean annual 
amount of precipitation 51 8.6 mm (Horaidovice meteorological station, 50-years average; 

Fig. 1. - Climate diagram (after Walter 1984). Means from 1982-1992 are shown. 



see Fig. 1 for the course of weather in the last decade). The town territory was originally 
covered by Alno-Padion and Quercion robori-petraeae forests (MikySka et al. 1972). The 
geological substrate is formed mostly by gneiss, soils are brown or of alluvial origin. The 
town is surrounded by relatively undisturbed environment with both acidic and calcareous 
geological substrates. The Otava river is connecting the town with higher altitudes of the 
Sumava Mountains. 

At present, the town has 5820 inhabitants of which 54.9 % are employed in industry 
and 12.4 % work in agriculture. Out of 1007 houses currently inhabited, 78.5 % are family 
houses, 13.4 % are being used seasonally for recreational purposes and 8.0 % represent 
blocks of' flats and prefab buildings. 

Three main zones (further termed as urban zones) were distinguished at the territory 
of the town: (a) historical centre with old houses densely located, providing only a limited 
space for spontaneously occurring vegetation, (b) the zone in which the industrial activity 
is concentrated, with factories, more or less loosely located buildings and temporarily not 
managed areas in which the spontaneous succession of vegetation is allowed to run, and 
(c) town periphery with less disturbed banks of the Otava river, railway and its facilities, 
and open spaces in contact with surrounding seminatural vegetation. 

Methods 

The field research was carried out by the first author in 1991-92. A complete list of 
vascular plant species spontaneously occurring at the territory of the town studied was 
made. Further, separate species lists were compiled for each urban zone. The floristic lists 
obtained were analysed with respect to species life forms, life strategies, origin and their 
response to principle ecological factors. 

Data on species life form (according to the Raunkiaer's scheme, see e.g. 
Mueller-Dombois et Ellenberg 1974), life strategies (following the Grime's scheme, see 
Grime 1979) were extracted from Grime, Hodgson et Hunt 1988, Frank et Klotz 1990 
and Ellenberg et al. 1991. Nativelalien status of a species (with archaeophytes and 
neophytes distinguished in the latter category, see e.g. Holub et Jirhsek 1967) was classified 
using various sources (Frank et Klotz 1990, Opravil 1980). Ellenberg indicator values 
(Ellenberg et al. 1991) were used to express the relationship of the flora to basic ecological 
factors (further termed like that). The following factors were included: light (tabulated 
value was available for 94.0 % of species present in the flora of Horaid'ovice), temperature 
(71.4 %), moisture (88.7 %), soil reaction (62.9 %) and nitrogen (83.7 %). 

The floristic lists obtained for particular zones were compared with respect to the above 
plant traits. Furthermore, the present state was compared with that recorded in the past 
(VanEEek 1969) using the same criteria. 

Vegetation was sampled by means of the relevC method using the 7-grade 
Braun-Blanquet scale (Mueller-Dombois et Ellenberg 1974). The sampling plots were 
selected in order to cover a whole range of repeatedly occurring stands. In total, 146 
releves were made. Some community types were impossible to classify as an association 
or a unit of the corresponding level due to their high heterogeneity and a number of 
irregularily repeated dominants. These were grouped according to habitats; their floristic 
composition is given in Table 1 but they were excluded from further analyses. The 
community types were distinguished on the basis of dominant species and overall species 
composition. As the focus in this study was not upon the vegetation classification, standard 



classification procedure was applied and most community types were attributed to the 
associations of the contemporary phytosociological system using that published by Hejn9 
et al. (1979) and Kopece et Hejnf (1992). The communities which were impossible to 
be identified with any previously described association are named according to their 
dominant species. An alternative classification using the so-called deductive method 
(Kopeck9 et Hejnf 1978) is also provided (Table 2). 

Ecological demands of the community types distinguished were quantified using 
Ellenberg indicator values (Ellenberg et al.1991). Mean value was calculated for each 
relev6. Species quantities were expressed as their values in the Braun-Blanquet scale after 
transformation to 1-7 numerical scale and taken into account in calculation. 

Area covered by each community type was estimated in the field according to PySek 
et PySek (1987). The area which was surveyed in detail within each urbanization zone 
was estimated from the map. That part of this area, which was available to vegetation, 
was then calculated by excluding the land covered with buildings and main roads. 

Nomenclature of species follows Neuhauslov6 et Kolbek (1982), that of 
phytosociological units was taken from Hejnl et al. (1979) and Kopeck9 et Hejny (1992). 

Results 

Overview of flora and vegetation 

In total, 399 spontaneously occurring species were found at the town temtory. Native 
species contributed 73.9% to the total species number, the corresponding figure being 
12.5% for archeophytes and 12.3% for neophytes. Hemicryptophytes (51.9%) and 
therophytes (32.1%) were most common among the life forms (Table 1). 

Twenty community types classified as associations or units of the corresponding level 
were found in the area studied (Table 2). The floristic composition of particular 
communities is summarized in Table 3 (for the complete relev6 material see Mandfik 
1993). The communities recorded may be roughly divided into 3 groups according to the 
factors conditioning their occurrence (Table 2): (a) Those encouraged by various types of 

Table 1. - Composition of the flora of Horaidovice. Number of species is given. See Table 5 for total numbers 
of species in each urban zone. 

Total Inner town Industrial zone Periphery 

Archaeophytes 
Neophytes 
Native 
Other origin 

Therophytes 
Geophytes 
Hemicryptophytes 
Chamaephytes 
Phanerophytes 



Table 2. - Main human-induced factors and their effects on the occurrence of particular community types. The 
area (m2) covered by a given community type with respect to particular urban zones is also given: IT - inner 
town, IZ - industrial zone, PER - periphery, TOT - total. The factors considered as conditioning the occurrence 
andlor persistence of particular communities are marked with asterisks. TRAM - trampling, DIST - disturbances, 
SPONT - spontaneous development allowed for a longer period of time, ANIM - effect of animals, BUILD 
- building activity. Higher classification units follow in brackets after the community name: AEG - Aegopodion 
podagrariae, AG - Agropyretalia repentis, AGR - Agropyretea repentis, AR - Arrhenatherion elafioris, ARC 
-Arction lappae, ART - Artemisietea vulgaris, CA - Convolvulo-Agropyrion, CCHEN 
- Convolvulo-Chenopodiea, DM - Dauco-Melilotion, GA - Galio-Alliarion, GU - Galio-Urticetea, CHEN 
- Chenopodietea, CHG - Chenopodion glauci, LCH - Lamio albi-Chenopodietalia boni-henrici, M A  
- Molinio-Arrhenatheretea, MAL - Malvion neglectae, ON - Onopordetalia acanthii, PAV - Polygonion 
avicularis Br.-B1. 1931, PLA - Plantaginetalia majoris Tx. et Preising in Tx. 1950, PLANT - Plantaginetea 
majoris, S - Sisymbrion oficinalis, SIS - Sisymbrietalia. n.e. - area covered was not estimated. 

Area covered (m2) Main human-induced facton 

Community (higher units) IT IZ PER TOT TRAM DIST SPONT ANIM BUILD 

Total 240 1129 295 1664 

Alternative classification usinu the deductive method (Kopeckj et Hejnf 1978):' bc. Clzenopodium album 
- [~heno~odieteal~ecalinetea],' bc. Melilotus alba-oficinalis - [Dauco-Melilotion] bc. Arctium-Ballota nigra 
- [Arction lappae], bc. Urtica dioica-Aegopodiiim podagraria - [Galio-Urticetea], ' dc. Clzaerophyllum aureiim 
- [Lamio albi-Cllenopodietalia boni-henrici], dc. Agropyron repens - [Convolvulo-Chenopodiea], dc. 
Calamagrostis epigejos - [Convolvulo-Chenopodiea], bc. Arrhenatherum elatius - [Arrhenatheretalia], bc. 
Polygonurn ar-enastrzm - [Polygonion avicularis], lodc. Poa cornpressa - [Plantaginetaliamajoris], " dc. Lolium 
perenne - [Plantaginetalia majoris]. bc. - basal community, dc. - derivate community (in the sense of Kopeck9 
et Hejn9 1978, 1992). 



Table 3. - Species composition of particular communities. Chav - Chenopodieturn albi-viridis, An - Atripliceturn 
nitentis, Chgr - Chenopodieturn glauco-rubri, Mn - Malveturn neglecfae, Mao - Melilotetrirn albae-oflcinalis, EL 
- Erigeronto-Loctuceturn, TA - Tanaceto-Arternisieturn vulgaris, BCh - Balloto-Chenopodieturn boni-henrici, LB 
- Loppo-Ballotetum nigrae, ACh - Alliario oflcinalis-Chaerophylletunz ternuli, AA - Agropyro 
repentis-Aegopodieturn podagrariae, Chau - Charophylleturn aurei, Ar - Agropyreturn repentis, Cep - corn. 
Calamagrostis epigeios, Ae - corn. Arrhenatherurn elatius, LPm - Lolio-Plantagineturn tnajoris, PPc 
- Plantagini-Poetum compressae, Pav - Polygoneturn avicularis, SB - Sagino-Eveturn, SA - Stellario-Alnetutn 
glutinosae. Vegetation types which were difficult to classify are shown in the last columns: RAIL - vegetation of 
railway areas, DIST -vegetation of permanently disturbed sites in building areas, MARG - road margins. Number 
of communities in which the species was recorded, i.e. the criterion according to which the species are arranged, 
is displayed in the last column. The constancy class (V - species present in 81-100% of relevks, IV - 61-80%. 111 
- 41-60%. I1 - 2140%. I - 1-20%) and range of dominance in Braun-Blanquet 7-grade scale are given. In those 
communities, for which less than five relevb were made, the number of occurrences is given instead of constancy 
class. Species occumng in less than 3 community types are listed below the Table, unless representing a dominant 
species of some of the communities. 

Species Chw An Chgr Mn Moo EL TA 8th L8 ACh M Chau Ar Cep Ae LPm PP( Pov S8 SA RA11 DIST MPRG N 
Humber of relevks 5 5 6 4 5 3 5 2 6 5  1 0 5 8 5  1 4 1 5 5  1 5 3 5 6 5 4  
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Ortiro dmh 
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IVrt l lrt I t  Vr3 V l l l N r t  Wrt l l lrt Wrt Ir N t 2  Ir NI? lvrt 110 l 8 
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Siqmb~ium oficinok Ir Ir Ir l11 Illrt 5 
Ton16 iaooniro llrl Ir 11 Ir 1 1 t  5 
Amomnihos rehoflexus I1 Ir 
C h m @ m p o ~ e m m  l l lrt Ir Ir 
G ~ b m  okroeum Ir Ir Ir Ir 
Gdum o/bum Ill+ h IVr3 



Spetier [hov An (hgr Mn Moo E l  TA BCh LB Ath M Chou AI Cep Ae LPm PPc Pm SB SA Rlill OIST hMG N 
Number of relever 5 5 6  4 5 3  5 2 6  5 1 0 5 8 5  1 4 1 5 5  1 5 3 5 6 5 4  
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fyperiium perforntum 
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Me/i/ob 0160 
Pol gonum nodosum 
~ u i u s  toerius 
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Stellorio medio 
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fihium w p  , 
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I t  

V13 

Species occurring in less than three community types: 
Agrostis capillnris Chau-Ir; Alliurn sativum MARG-Ir; Alnrrs glutinosa SA-Vr+; A. incam SA-IIr; Alopecurus 
pratensis TA-Ir, Ae-IIr+; Atragallis arvensis Chgr-11; Anchrrsa o@cinalis Ae-Ir; Angelica sylvestris TA-Ir; 
Arrthoxarrtltrr~n odoraturn Ae-Ir; Anthemis cotula Mn-IIIr+; Arctiu~n minus BCh-IIrl; Atriplex prostrata Chgr-12; 
Brornus Iro~~deacerts subsp. hordeaceus TA-Ir; Carnparrrtla patrrla Ae-Ir, RAIL-Ir; C. rapunculoides Ae-Irl; 
Cerltnrrrea jacea Ae-Ir; Cernstium arvense An-Ir; Charnerion angustifoliurn Ar-I+; Chaenorrhinum minus Mao-I+, 
RAIL-Ir; Cl~aeroplryllum arornaticun~ LB-II+I; Chenopodirrrn borlus-henricus BCh-II+l; Ch.ficifolium Chgr-IIr; 
Ch. I~ybridrrm An-IIIr2; Ch. strict~trn Chgr-I+; Ch. suecicum An-IIr; Cichoriurn intybus Mao-12; Cirsiurn vulgare 
AA-Ir; Coronilla varia Ae-I+2; Cuscuta europaea Ae-Ir; Cymbalaria rnuralis ACh-IIIr+; Echinochloa crus-galli 
RAIL-III+l, DIST-Ir; Epilobiurn hirsrrtum TA-Ir, ACh-Ir; E. rnontanurn ACh-Ir; Erysimum marschallianum An-Ir, 
Mao-Ir; Fallopiu convolvlrlus An-Ir; Festrrca pratensis &-I+; F rubra AA-Ir+; Filipendula ulrnaria SA-Ir; 
Gnleopsis bifidn AA-Ir; Galirrrrr X porneranicurn Ae-Ir; Galirisoga ciliata AA-I+; Geranium colurnbinurn MARG-Ir; 
G. robertinrzrrm SA-Ir; Germ rrrbanrrrn AA-IVr+; Irnpatiens noli-tangere SA-IVr1 ; Knautia arvensis Ae-IIr; Larniurn 
~~~~lculntrrrrl SA-IVr+; Leontodotr arrturnnalis Ae-Ir; Lxonurus cardiaca LB-IV14; Lxucanthernurn ircutianum 
RAIL-Ir; Medicago sativn Mao-I+, RAIL-Ir; Melandrium album An-Ir, Ae-Ir; Mentha longifolia TA-I+; Myosoton 
oquuticton AA-Ir; Padrrs avirrrn SA-Ir; Phalaris arundinacea SA-111; Ph. canariensis AA-Ir; Pimpinela saxifraga 
RAIL-Ir; Plarltngo rtieclia Ae-I+; Poa rrernoralisLB-Ir; P. palustris Chgr-I+. TA-II+; Polygonurn brittingeri Chgr-11; 
P. I~ydrol~il~er Chgr-Ir; P. persicaria Chgr-IIIr; Ranurrculus acris Ae-Ir; R. repens EL-Ir, AA-IIr+; Reseda lutea 
Mao-II+, RAIL-I1 12; Roegrleria canitra SA-II+l; Rorippa palustris An-Ir; R. palustris Chgr-IIlr+; Rumex acetosa 
Ar-Ir: R. ~~cetoselln Mao-Ir; R. crispus Ae-Ir; Senecio vulgaris Chav-IIr+; Setaria viridis Pav-Ir; Solidago canadensis 
Mao-Ir; Stnchys .vlvatica SA-Illrl; Stelluria grarninea TA-I+; Symphytum oficinale AA-Ir; Symphoricarpos 
rivrrlnris AA-Ir; Thlaspi arvense Chgr-Ir; Trijbliurn drrbirrrn Chgr-I+, Pav-Ir; T. hybridurn Mao-Ir; T. pratense 
Ae-12; Triticrr~~r aestivur~~ TA-Ir; Turritis glabra RAIL-Ir; Urtica ureris Mn-IVrl; Verbmcurn densiflorurn Mao-Ir; 
V. ~~igrrrtn TA-Ir; 1Crorlica persica An-Ir; Vicia lrirsrrta DIST-IIr+, MARG-Ir; Viola amensis Mao-II+1, AA-Ir. 
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Fig. 2. - Mean indicator values for nitrogen, temperature and moisture as obtained for particular community 
types. See Table 2 for comnlunity codes. 

disturbance, among which the building activity may be considered the most important; 
Atriplicetunz tzitetztis (contributing 8.2% to the total area covered by vegetation in the area 
studied) and Clzetzopodiet~~nz viridis (4.1 %) were the most frequent community types 
within this group. (b) Communities allowed for undisturbed, at least several-years lasting 
development; in this group, Agrol~yro-Aego~~odietunz (15.9%), Agropyreturn repetztis 
(6.0%) and the community dominated by Calanzagrostis epigeios (4.4%) were most 
common. (c) Vegetation of trampled sites, with Lolio-Plantagitzet~~nz majoris (20.4%) and 
Polygonetunz avicularis (15.7%) being the most important components. 



Table 4. - Ecological requirements of particular community types. The relationship to particular factors was 
expressed using mean Ellenberg indicator value for a given community (see Methods for details). Number of 
relevQ is shown for each community type (n). 

Community n Light Tempture Moistm Reaction Nitrogen 

Chenopodietum albi-viridis 5 ' 
Atriplicetum nitentis 5 
Chenopodietum glmco-rubri 6 
Malvetum neglectae 4 
Melilotehcm d b a e - o f i ~ i ~ l i ~  5 
Erigeronto-Lachccetum 3 
Tanaceto-Artemkietwn 5 
Balloto-Cltenopodietum . 2 
Lappo-Ballotem 6 
Allialio-Cluerop~lletum 5 
Agropym-Aegopodietwn 10 
Chmrophylletutn aurei 5 
Agropyretum repentis 8 
com. Calamagrostis epigeios 5 
corn. ArrhenatIzerum elatius 14 
Lolio-Plantaginehim majoris 15 
Plantagini-Poem compressae 5 
Polygonetum avicularis 15 
Sagino-Bryehcm 3 

Coefficient of variation (%)2 19 7.90 1.37 6.66 4.48 11.30 

The mean indicator value calculated on the basis of all relevts 
Calculated as between-community coefficient of variation. 

Table 5. - Relationships between diversity of flora and vegetation and spatial characteristics of particular urban 
zones.. 

Area Area available Species Species numbed Number of Community number1 
surveyed to vegetation number available area communities available area 
(ha) (ha) % 

Inner city 26.2 10.3 39.3 150 14.5 7 0.67 
Industrial zone 158.4 121.5 76.7 366 3.0 16 0.13 
Periphery 110.7 94.4 85.3 284 3.0 8 0.08 
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Fig. 3 .  - Frequency distribution of indicator values of the flora in particular urban zones. AU species present in 
a given zone for which the values were available (see Table 6 for n) are included. 
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- hernicryptophytes, GEO - geophytes, CHAM - charnaephytes, PHAN - phanerophytes. Life strategies 
according to Grime (1979). No significant differences between zones were found using chi' test. 

Ecological requirements of particular community types 

The relationship of particular community types to basic ecological factors (expressed 
as the mean relevC indicator value for a given community) is summarized in Table 4. 
A higher variation in the data set expressed as the between-community coefficient of 
variation was found for nitrogen, light and moisture; on the other hand, it was lower for 
soil reaction -and especially the temperature, indicating the more important role of the 
former factors in differentiation of vegetation within the study area (Table 4). 

There was a considerable overlap in mean indicator value between communities and 
only a low number of those occurring on both sites of the respective gradients differed 
remarkably from most of the others (Table 4). Nevertheless, some general conclusions 
emerge if the higher units of the phytosociological system rather than those of the 
association level are taken into account (Fig. 2): 
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Fig. 5. - Contribution of particular community types to the vegetation cover of particular urban zones. See Table 
2 for community codes. 

1. Communities of the class Galio-Urticetea tend to occur in nitrogen rich, moist and 
shaded sites. 

2. Communities of annuals (belonging mostly to Chenopodietea class) prefer nutrient 
rich, warmer sites and harbour a high number of heliophilous species. 

3. Artemisietea communities appear to be confined to nutrient poor to moderately rich, 
drier habitats. 

4. Trampled communities (Plantclnginetea majoris) may be considered as typical of 
moderately nutrient-rich, rather drier soils; heliophilous species play an important part 
in this vegetation type. 



Table 6. - Ecological requirements of flora compared between urbanization zones. Ellenberp indicator values 
\\,ere used to espress the relationship to basic ecological factors. Mean indicator value, calculated for all species 
occuning in the given zone for which the data were tabulated (n), is given. Means _+ S.D. are given. Means that 
were not significantly different in pailwise comparisons (Kruskal-Wallis test) are follo\ved by the same letter 
rowwise. 

Factor Inner city n Industrial zone n Periphery n 

Light 6.97f 1.1% 143 6.9If 1.3h 346 6.67+1.34b 70 
Temperature 5.7733.621 97 5.7433.67a 261 5.6433.65~1 94 
Moisture 4.7W.97a 129 5.44f1.73b 324 5.53+1.62b 252 
Reaction 6.6% 1.131 75 6.63k1.3k1 226 6.5W.37a 174 
Nitrogen 5.8%1.96a 129 5.8%1.98a 311 5.93f1.88a 238 

Table 7. - Changes in ecological requirements of flora during the last 25 years. Ellenberg indicator values were 
used to express the relationship to basic ecological factors. Mean indicator value was calculated for species that 
have disappeared from the flora of HoraiJovice in that period (i.e. those occurring only in 1969 data set, n=53) 
and for those that have anived (i.e. present only in 1993, n=54). Means f S.D. are given. The significance of 
difference between means (Kruskai-Wallis test) is given in the last column. * P<O.O5, NS - non-significant. 

Factor 1969 1993 

Light 7.0a1.33 7.17+1.01 NS 
Temperature 6.27M.89 5.8533.90 3. 

Moisture 4.71f 1.88 5.W1.46 NS 
Reaction 7.221.21 6.68k1.31 * 
Nitrogen 5.1832.00 5.4W. 12 NS 

Effect of urban zorles on the distributiorl ofjlora and vegetation 

Concerning the number of species recorded, the industrial zone (366 species) was 
richest among those considered, followed by the periphery (284) and the inner town (150) 
(Table 5). 

When particular urbanization zones were compared, their indicator values (calculated 
as a mean for all species present in a given zone for which the value was available) for 
nitrogen, soil reaction and temperature did not differ. Significant differences in relationship 
of the flora to basic ecological factors were only found for light and moisture (Table 6). 
Higher shade tolerance of species growing in inner town and industrial zone compared 
to those occurring at the periphery was recorded. Similarly, there were more species with 
low moisture indicator value among those found in the inner town (Fig. 3). 

The urbanization zones did not cliffer in the proportion of particular life forms, life 
strategies and categories of the flora origin \t;ltub (Fig. 4). 

Seven community types were recognized in the inner town. the col~esponding figure 
for industrial zone and periphery being l6 and 8, respectively. 
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Fig. 6. - Changes in the frequency distribution of flora characteristics between 1969 and 1993. Those species 
that were occurring at the town territory only in the respective year were included (n=53 for 1969, and 54 for 
1993, respectively). See Table 7 for testing the differences in temperature and reaction. Life strategies: chi2=23.91, 
d.f. 1.6, P<0.001. Origin: chi2=15.22, d.f. 1,2, P<0.001. 

Different composition of vegetation cover in particular zones may be envisaged from Table 
2 and Fig. 5. In the town centre, trampled communities prevail; however, the presence of 
locally occurring undisturbed sites is reflected by the occurrence of some Galio-Urticetea 
communities. Vegetation of later successional stages (i.e. that for which non-disturbed sites 
are necessary to allow spontaneous development) represents the most important components 
of the vegetation cover at the periphery. Communities of disturbed sites occur only in the 
industrial zone which, however, represents the zone harbouring the highest number of 
communities among which the late successional and those of trampled sites also contribute 
considerably to the vegetation cover of this zone. The seminatural community 
Stellario-Alnetum glutinosae, occurs exclusively in the peripheral zone (Fig. 5). 

The percentage of area available to vegetation within each urbanization zone was 
increasing from the town centre to the periphery (Table 5). The ratios number of species 
(cornmunities)/area available were highest in the inner town and decreased considerably. 
in both the industrial and peripheral zones (Table 5). 



CIILIIIRPS i l l  c 'nrrr l~o.r i t intr q f ' t l ~ e  j7orn o\.er' a quar - te r ' o f the  ce r i tu ry  

Total nurnber of species in the flora of Horaid'ovice almost did not change since 1969 
(397 compared to 399 in 1992). Ho~vever, the floristic similarity between both lists is 
SS% (Siirensen index, see e.g. Mueller-Dombois et Ellenberg 1974) indicating that 12% 
of speciss 11;s exchanged during this period. In 1969. there were 53 species1 occurring a; 
the to\\,n territory that were not recorded in the present study. On the contrary, 54 species- 
found i n  1'991 -92 are absent fi'om the 1969 species list. 

Having compared these two species sets, we found significantly higher mean indicator 
\.aluss for temperaturf nncl reaction in 1969 (Table 7). Furthermore, both lists differed 
significantly in distribution of life strategies, the most conspicuous change being an 
increase in the contribution of C- and CR-strategists on the debt of the species possessing 
R; and RS-strategies (Fig. 6). A remarkable decrease in the proportion of archaeophytes 
\\~hicli have been replaced by nati\:e species lead to the significant difference in the 
distribution of species in particular origin categories (Fig. 6). No principal changes in the 
distribution of life forms occurred between 1969 and 1993. 

Discussion 

Changes i n  the composition of tloraon the inner city-outskirts gradient have been repeatedly 
reported and an increast in the occurrence of aliens and decreasein the proportion of therophytes 
is generally accepted (Kunick 1974, Sukopp, Blume et Kunick 1979, Sukopp et Werner 1983, 
Kowarik 1985, 1988, 1990, PySek et PySek 1991). In the present study, the flora of particular 
zones did not differ in this respect. Moreover, only small differences were found in ecological 
demands of the flora between particular zones, the most remarkable being the one indicating 
drier environment in the town centre than in the other zones (Sukopp et Wemer 1983, PySek 
et PySek 1991). In a similar vein, neither the trampling nor the level of disturbance, i.e. the 
factors directly actins on vegetation, were found to be related to the zone of urbanization in 
another study from the territory of Horaidovice (PySek et Mand* 1993). Hence a conclusion 

' .Al~ss~rrrr tr1ys.roide.r. ;tri~rrr~corrlrrrs trlbrrs, .4rrrlrt~rrri.r trrrsrr.ilrco, A. lirrcrorio, Barbarea srricm. Blontrrs orverrsis, 
13rorrrrr.r COIIIIIII~IIIILIS, Bro1111r.r ~ e u ~ l i r r r u .  C~irrtIrrrr.r pe~corrnm, Ctrrexfloccti subsp.flacca, Clrer~opodirrrn rrrbicrrm, 
Clrerrol>ndirrrr~ vrrl~trrio, Chnrrrlrilltr j~rrrcetr. Cirrrrirrgitr orierimlis. Cor~solida regolis. Dar~rro srrornorrium, 
Eragrosris rrrirrr~r. Esc1rolr;icr do~r,qlrr.rii. Gtr/eo/~si.r sliecioso, Ho'.deirrn rnririnum, Iberis urrrbelloro, lrrrrlo 
bri/trrrrrictr. Kolrlr~crrrsclrio ~~rol(/'ertr. Leenitr or?.-oirles, Lirioricr rrrver1.ci.r. Lin~rrn usirarissirrrrrrrz, Lyc11rri.r ccrrurrorio, 
Mtr lol~e rrifirltr. Mi.rq>ores ornrrrirritr. Neslitr ~~trrricrrlrrrn~ Nigella t1:l.errsi.r. Onorris reperrs. Paporer rrrgerrio~re. 
Perctsires crlbtrs. Plrtrcelitr rcrrirrceriji)lio. Polerrrotrirrrrr coerrrlerrr~r, Polycnerirrrm majrrs, Porerrrilltr irr/e,srrerlio, 
P~.irrrrr/r elorinr. Rorrrrncrrlrr.r Ji.iesern~u.r, Koril)l>(r rrrr.rrritrctr. Rrrrnex cor~glornerotrrz. Str1i.i. ~ritrrtrlrcr. Snl>orrtrricr 
ocyrroides, Srdrrrrr .rl>urirrrn, Silerre rlicl~ir/orrrtr. S. >rocr(florir, Sisyrilhriroir volgerrse. Tl~rrlicrr~rrri icclrrile~iijifillirrrn, 
fi'trgctl>oporr drrbirrs. Trrr~ertitr kr/ifitlirr. \/er/vric.cc lorrgi/irlirrrrr. .Yor~rlro,vtrli.r ~ ~ ~ I I I O I I I I .  ' Acorrirlrrn vtrrie~crtrrm subsp. r~~rrirptrrr~tr/. ,~\lc~lrerrrilltr rrriccrtis. Alclrerrrilltr rrroriricolo, Alclrerrrillrr .rtrrr/hoclrlora. 
rlqlrilegirr r~rr1,gtrr.i.r. itrri/>le.rlirosrrctrcr subsp. Itrr(/'olitr. 13icIe~rsf~or1clostr. Brorrrrrs ir~er.irris. C~rtrrlrcrrr~rlo persic(folin, 
Ctrn~l~(rrirritr rrttclrelirrrrr. Ctrrrlornirrol)sis Irtrlleri. C(rrr1rrrr.s c.r.i.rlrris. Ctrniirrrs rrrrrarts, Centarrreo rl~ennrro. Cer~os~irrrr~ 
on.crrse. Clrcreroplr~~llrrrrr br~lbosrrrrr. Clrtrrrrerrorr trrrcrr~rj;;~li~rtrr. Clrerropodirrm jicifalirtrn, Clrerro~~odirrrn 
ol~rrlifulirrrn, C l ~ e r i o ~ i o r l i ~ ~ r r t ~ ) ~ d r r t ~ ~ ~ ~ ! ~ ' r ~ ~ ' .  C I ~ C I I O / ~ O L ! ~ I ~ I I  />rrrrriliit, Clrerro/~odirrrrr srric/rrrn, CIrer~o/>odilrrrr S ~ ~ ~ C ~ C I I I I I :  

Clirroliodirrrrr vrrtqtrre, Crrrciora loe~!il>es, D i ~ i ~ t r r i t r  sotrgrrir1n1i.r. E/>ilobirrin cilinrurn, El>ilobilrrn rrrorlrorrrrrn, 
Cri:'i:17~1! [ r i r  ;.V subsp. (~ct.i.r, I;esrrrc(~ gigorr/en. Fesrrrctr rrrl>i~.oiu, Fro,v~rr.io viridis, Galarrrlrrrs r~ivolis, Goleo/)sis 
;rr:Le.rcerrs. Gertrrrirrrrl co l r r~nb i~ r~~r r~ .  Herctcleirrrr rtrtrrrrq~o:;ior~r~~rr. Hier.oci~rr11 saDnrrdrrrn, H?pericrrrrr rrrtrcrrlnrrrrrr, 
I~t~/>trrierrs gltrrrcIlrl(fertr, Jrrrrcrts ir!fle.nrs, L~rr lr~rrrs rri.v;rolitr. Lt~pitlirrrrr virgirlicron, Lerrcorrrherrrrrrn ir.c~rriorllrrn. 
1.~~0lisi.r or~errsis. Molvo .yvlr.esrris, A.ferrrho x pil,er.irtr. i2.1~osoris irerrroro.ccc. .%fu~sori.v srrictci. .Vel>e/tr ctrrtrr.itr. 
Oe~rorIr~~rtr fir/lc/.v. f ' l~~rl trr is c~~rrtr~.ierr,ri.r. Plrlerr~~r ~ ~ l r l ~ o i ~ l ~ ~ s .  P ~ ~ i ~ q t t ! r r r ~ ~ ~  l~r~irtirrgcri. T~rr r i r i .~  gltrl>rtr, 



may be drawn that the generally accepted pattern of the spatial distribution of flora is not 
as pronounced in a small town as in large cities. Nevertheless, the distribution of particular 
community types with respect to urban zones distinguished in the study area essentially 
c o n f m s  the results reported from various kinds of urban environment (Kunick 1974, 
PySek 1978, Goldberg et Gutte 1988, Chojnacki 1991, PySek et PySek 1991) and 
corresponds to our knowledge of the autecology of particular dominant species. 
, The lower number of both species and communities in the inner town also corresponds to 
literary data (Kunick 1974, Sudnik-Wbjcikowska 1987, PySek et PySek 1988, Kowarik 1990). 
This pattern is usually being explained by higher habitat diversity in peripheral areas which 
reflects more variable human impact creating more heterogeneous environment. However, the 
area available to vegetation is another important factor which should be taken into account when 
analysing the spatial pattern of species and vegetation (in terms of phytosociological units) 
diversity. In the town under study, this area is remarkably restricted in the inner town zone. When 
the diversity of flora and vegetation is related to the area available, it appears that more species 
and communities are concentrated per unit area in the town centre than in both industrial and 
peripheral zones. This finding reflects that (a) the vegetation in both latter zones is provided with 
more space which makes it possible to form large stands; consequently, the diversity assessed at 
smaller scale may be supposed to be lower than that in the historical centre where the vegetation 
is more fra-mented and rather a small scale spatial pattern may be expected to occur. (b) The 
diversity expressed in absolute terms (i.e. the total number of species or communities in a given 
zone) is, to a large extent, a function of the area available (PySek 1993b). 

The community types found at the territory under study are arranged according to the 
gradients of ecological conditions and their position reflects the demands of dominant 
species for a given factor (see e.g. Tiillman et Bottcher 1983, PySek 1992). Soil nitrogen 
appears to form a particularly steep gradient. Taking into account that this factor does not 
differ between particular urban zones and considering the variability of human activities 
in these zones, one can assume that alternative sources of nitrogen are available in particular 
parts of the town territory (e.g. deposits, industrial waste, alluvial sources, input from 
agriculture production and horticulture activities etc.). The differences in relationship to 
particular factors are more apparent at higher hierarchical levels of the phytosociological 
system (i.e. alliances) which form more concise and mutually better recognizable units 
than communities at the association level (PySek 1992). 

The results yielded by the comparison of the current state of flora with that reported from 
the past suggest that during the last two decades some thermophilous and basiphilous species 
disappeared from the flora of HoraZd'ovice, having been replaced by those with lower 
temperature requirements and more tolerant to acid soils. These trends are opposite to those 
found for Halle (Klotz 1987); however, it is difficult to compare both sets of data because of 
different time scale on which the comparisons were made<almost 150 year in the case of 
Halle compared to 24 years in the present study). Asmany thermophilous species in the study 
area are confined to calcium rich soils, their decrease in the course of the last quarter of 
the century seems to be related to the decrease in number of undisturbed sites harbouring 
remnants of seminatural calciphilous vegetation (mostly due to building activities and changes 
in land use management). This result corresponds to the decrease of species typical of soils 
with a high pH value. However, one must bear in mind'that the results may be biased by 
differences in taxonomical approach between the authors of the compared lists. 

Decrease in the proportion of archaeophytes reflects changes inlife style and land use 
management having occurred in the Czech Republic in the last decades (retreat of keeping 



domestic animals, changes in agiicultural technologies, increased effort to keep the town centre 
clean, use of herbicides etc.) which generally lead to the retreat of traditional weeds (Brandes 
1981, Brandes 1983. PySek 1993q Sukopp 1983) among which the archaeophytes represent an 
important component. However. the economical changes being currently under progress at the 
temtory of the Czech Republic may be expected to act in a direction opposite to that in the past 
(in terms of coming back, at least in a certain extent, to private farming and traditional land use 
management). Assessment of forthcoming trends in the development of urban flora and vegetation 
may thus become a challenge for future research in that lund of environment. 

Acknowledgments 

Our thanks are due to Jan LepS f o ~  an advice on the statistical analysis 

Souhrn 

V piispEvku je analyzovdno roziiieni fl6ry a vegetace na lizemi maliho prlimyslov6ho mEsta Horaidovic 
ve vztahu k typdm zjstavby mtstsk6ho prostiedi. Byla rozliSena tii prisma zistavby: historickd Ekt  mEsta, 
p6myslovi  zona a perifirie. Vztah vegetace k faktordm prostiedi by1 sledovrin pomoci E1lenbergov);ch 
indikaEnich hodnot. Flora jednotlivych zon se neliSila v zastoupeni iivotnich forem, iivotnich strategii ani podle 
plivodu (domici vs. zavleceni druhy). V centru mesta by1 camamenin zvqScnq vyskyt druhd tolerantnich vdri 
suchu a zastinCni. Trendy, tykajici se sloieni flory na gradientu vnitmi rnEsto-perifirie, uvridCnC v literatuie pro 
velka mEsta se zdaji b p  v piipad: Horaidovic mnohem mine vyhranEni. 

Vqskyt jednotlivqch spoleEenstev je diferencovin podle typd zistavby. SpoleEenstva jsou seiazena na 
gradientu jednot1iv);ch ekologickjxh faktord, z nichi nejvEtSi vliv na diferenciaci vegetace m i  dusk.  

BChem 24 let se ve fl6i.e Horaidovic zv$Silo zastoupeniacidofilnich druhd a poklesl podil druhh teplomilnjJch, 
c o i  Izc drit do souvislosti s mizenim stanovi.8 hosticich polopiirozenou vripnomilnou vegetaci (pievZnC 
v ddsledku stavebni Einnosti a zmEn v hospodaleni s krajinou). 0bytek archeofytd, k nEmu-i doSlo bEhem tohoto 
obdobi, je zpdsoben zmenami v iivotnim stylu a celkovou urbanizaci rnCsta. 
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