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Abstract

Critical evaluation of methods currently used in the study of spontaneous plant cover in
human settlements is presented. Flora and vegetation are discussed from the viewpoint of
their (1) recording and description, (2) quantitative assessment, (3) relationships to the envi-
ronment, and (4) dynamics. Studies on urban vegetation in central Europe are still mostly
limited by the traditional phytosociological approach. Research in urban flora is considered
to have brought more results of general validity. Further investigations should rely upon
new attitudes and ask for general questions. However, reviews and reanalyses of previously
published data can also yield results of general validity. Management of urban landscapes
can profit considerably from the studies on plant cover. Closer international cooperation is,
however, needed since there are still great differences in research efforts, methods and re-
sults obtained between central European countries.

1. Introduction: aims and definitions

Flora and vegetation in settlement habitats are recently receiving more attention, especially
in central Europe; there is hardly any other region in the world that has been studied so ex-
tensively (Sukopp 1972, Bornkamm et al., 1982, Korna$ 1983, Sukopp et al., 1990; see
Wittig 1991 for a detailed history of research in cities). This is partially due to their growing
importance which is linked with ever increasing synanthropization of vegetation (Sukopp
1969, 1972, Korna$s 1983). The present boom of interest in settlement vegetation has sev-
eral aspects: (1) It is now known that there is a specific flora and vegetation in cities repre-
senting a suitable object to be studied by plant ecologists and geographers. (2) The relation-
ship of the public to spontaneous and cultivated urban flora and vegetation has changed; it
is now generally accepted that it is a valuable part of urban environment, an opinion which
was not common a few years ago. Moreover, (3) results of such studies are useful for practi-
cal purposes such as urban land management (Schulte et al., 1986, Sukopp et al., 1986,
Sukopp & Weiler 1988, Rebele 1991).

The term ‘urban vegetation’ includes all types of both spontaneous and cultivated veg-
etation occurring in cities (Sukopp & Werner 1983); however, less is known about the lat-
ter. The present study thus considers only spontaneous vascular flora and vegetation; for
lists of studies on the distribution of planted trees, lichens, mosses and fungi in urban envi-
ronments see e.g., Sukopp & Werner (1983) and for an updated review of results in this
field see Wittig (1991). Areas with a total population exceeding 150,000 and with at least
1000 inhabitants per square km are usually considered urban agglomerations (Sukopp &
Werner 1983). The present review is, however, extended to human settlements in general
and therefore covers studies on flora and vegetation of small villages as well, since compari-
sons between settlements of different sizes can yield interesting results (PySek & Pysek
1990, 1991b).

Flora and vegetation are treated separately in the following sections but ‘plant cover’ is
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used as a general term to include both of them (Korna§ 1983). There is an extensive body
of papers on plant cover in human settlements. Only the important references are men-
tioned in this review, with preference being given to papers which cover certain topics in
detail. The list of references is therefore far from complete and more information may be
obtained from the studies cited. Instead, this text is focused on critical evaluation of meth-
ods currently used in studies on plant cover of human settlements.

2. Recording flora and vegetation
2.1. Floristic lists and species numbers

Compiling floristic lists in human settlements started as long ago as the last century (Scholz
1960, Klotz 1987); the earliest investigations were concerned with introduction of aliens
(e.g., Scheuermann 1928, see Wittig 1991). Nowadays, many data are availabe. Pysek
(1993) summarized species numbers reported for 56 central European cities from which 22
were located in Germany and 29 in Poland (for other summarizing studies see Krawiecowa
& Rostanski 1976, Kunick 1982, Kowarik 1985, Pysek 1989a, Klotz 1988, 1990). This list
is, however, not considered complete.

The species number reported for a given city may vary considerably, not only due to en-
vironmental conditions but also according to the approaches of the respective authors
(Pysek 1989a, Brandes & Zacharias 1990). These can differ in the choice of study area, i.e.,
whether the fringe area between city and its surroundings is included or not (Haeupler
1974, Sukopp & Wermer 1983). A taxonomic approach involved and considering or omit-
ting particular chorological groups may further bias the resulting species number. It appears
to be particularly important whether the species escaping from cultivation, garden weeds
and ephemerophytes are recorded or not. Moreover, complicated terminology linked with
immigration processes (Holub & Jirasek 1967, Schroeder 1969, Sudnik-Wéjcikowska &
Kozniewska 1988) can sometimes make the comparison of individual lists more difficult. It
should be therefore always clearly stated which plant groups were excluded from the list
(Sukopp & Weiler 1988). It is also necessary to consider the differences in the area studied;
for example the study of Kunick (1974) in which 994 species were reported from Berlin,
covered 18 km?, whereas including the city area of 580 km? yielded 1432 species (Kowarik
1990a). The importance of research duration is demonstrated by the following example: in-
vestigations over several years on the flora of Warszawa (Sudnik-Wéjcikowska 1987, 1988)
recorded more than double (1416) the species number of 604 obtained in the 1960’s. Some
increase in the absolute species numbers reported for the analysed cities might be expected
if more thorough and long-term investigations are carried out. However, in those cities
where a detailed research has been conducted for a long time, the numbers seem to be near
reality and further enrinchment of species lists would be mainly due to ephemeral occur-
rences of randomly introduced aliens or species escaped from cultivation. One should bear
in mind that reported species numbers are usually derived by simply adding the new records
to those of previous years, and are thus the cumulative number of species over the research
period. This means that the number of species present at a given moment within the terri-
tory of the city would be somewhat lower. Nevertheless, these details are not expected to
affect the general relationships between flora richness and settlement features.

City size, whether expressed in terms of population or area, is the environmental factor
to which species number is most closely related (Klotz 1988, 1990, Py3ek 1989a, 1993,
Brandes & Zacharias 1990). Habitat heterogeneity and increased possibilities of immigration
of new species are the main causes of flora enrichment (Sukopp et al., 1979a, Sukopp &
Werner 1983). Floristic richness of a given surrounding geographical area may also influ-
ence the number of urban species (PySek 1989a). The species number in European cities
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shows a log linear increase with the city size and approaches a maximum of about 1500 in
cities with 1.5-2 million inhabitants (PySek 1989a, 1993, Klotz 1990). A total of 2061 spe-
cies was recorded by Kunick (1982) in 9 large cities located on a longitudinal gradient. In
villages, the effects of climate on species richness are more apparent than in cities (PySek
1993).

A higher species number in cities in comparison to the surrounding countryside was first
pointed out by Walters (1970). Haeupler (1974), by dividing the countryside (Lower
Saxony, Germany) into 5 X 5 km squares, found a higher species number in those squares
containing a town. Pysek (1992b) confirmed this pattern by considering more studies
(Wittig & Durwen 1982, Kunick 1983, Kowarik 1985, Brandes 1987, Pysek & Pysek
1988a) but concluded that it is necessary to compare the given city with an area of sur-
rounding landscape of approximately the same size. Unfortunately, this condition is not
always kept. An alternative method is to document the changes by using transects running
from the city centre to the adjacent landscape; it is then not necessary to compare complete
cities with adjacent areas of equal size.

Korna$ (1983) pointed out that floristic data have been mostly collected without even
the simplest quantitative methods, which he considered especially troublesome in attempts
to assess historical changes. It is useful to characterize the occurrence of a species in a given
settlement with some quantitative parameter. Mutual comparison of floristic lists containing
such data usually provides more precise results and often reveals relationships that would
otherwise be overlooked (Bornkamm 1987b, Pysek & Pysek 1988b, Kowarik & Seidling
1989).

Frequency, i.e., the percentage of equal squares in which the species was recorded, can
be used (Kunick 1974, Sudnik-Wéjcikowska 1987); an alternative measure is the propor-
tion of investigated localities in which the species occurred (PySek & PySek 1988a). When
flora in a large number of villages is studied, the percentage of villages in which the species
was found is a convenient measure of its commonness or rarity (Wittig 1984, Wittig &
Wittig 1986, Pysek & Pysek 1988b, 1991b).

2.2. Description of vegetation and its quantitative assessment

Description of vegetation in central Europe is almost exclusively linked with the phyto-
soaologlcal approach (Mueller-Dombois & Ellenberg 1974). There was an extensive dis-
cussion on the merits of phytosociology during the last few years (e.g., Feoli 1984, Herben
1986, Wiegleb 1986, Elias 1988, Krahulec & Leps 1989, Moravec 1989, Klimes 1989,
Pysek 1991). In general, the current opinion is often critical concerning mostly (1) the sub-
jective choice of sampling plots, (2) sometimes untrustworthy or even obscure classification
process, (3) the unconvincing concept of ‘characteristic’ species, (4) the overlooking of
lower hierarchical levels and ignoring of underlying mechanisms, (5) the extensive body of
special terminology and different understanding of terms (see Herben 1986, Wiegleb 1987,
Krahulec & Lep$ 1989 for details). This apparent subjectivity together with an insistence on
treating phytosociological units as objective biological entities (see e.g., Mucina 1982 cited
by Ela§ 1988, Moravec 1989) has resulted in a deep misunderstanding between
phytosociology and contemporary vegetation science (Herben 1986, Krahulec & Leps
1989). The advantages of methods of numerical syntaxonomy (see Mucina & van der
Maarel 1989 for review) appear to have been rather overestimated. Despite their usefulness
(analysis of large data sets, brief presentation of results, relating vegetation features to the
environment) they have failed in solving classification problems (Klimes 1989).

General classification troubles are even more pronounced in studies of settlement veg-
etation because of spatial and temporal variability (Klimes 1989, Pysek 1991). This vegeta-
tion is composed mostly of species with wide ecological amplitudes and develops towards
more uniform forms without recognizable characteristics. It is therefore increasingly more
difficult to classify (Kopecky & Hejny 1978, Sukopp & Werner 1983). Relations of charac-
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teristic species to the units of phytosociological systems are very vague and classification of
ruderal communities is mostly based on prevailing (so-called dominant) species (PySek
1991). Many vegetation types, even some of the commonest, are simply ignored due to
classification problems (Klime$ 1989, Pysek 1991).

The consequences of these problems are in some cases almost comical: Klimes (1989)
showed that two phytosociological systems covering the same area (southern Slovakia),
compiled by different authors (Mucina 1982, Elid§ 1984, 1986) were completely unable to
be compared because of each author’s subjectivity and strong preference for units of their
own creation. Such a decisive influence of a particular author’s approach can be further
seen in the relation between number of communities! recorded which may be expected to
increase with the size of the area. However, the correlation found by Klime§ (1989) who
plotted data from 30 studies was only at the border of significance. Similarly, Pysek (1991)
pointed to a conspicuous increase in the number of reported communities in both settle-
ments and open landscape habitats during the last decade. There is no meaningful ecologi-
cal explanation for such a trend and instead the gradual depauperation of settlement vegeta-
tion has been reported elsewhere (Brandes 1981, Pysek 1983, Sukopp 1983, Korna§ 1990).
Subjectivity of authors’ approaches and resulting different understanding of basic phyto-
sociological units are thus mainly involved; e.g., Wittig (1973) gives 32 communities for
Miinster, whereas Godde (1986) having used different classification methods recorded 110
communities in the same city.

Currently, ruderal phytosociology is mostly identified with syntaxonomy and it is fre-
quently understood as being rather a means of classifying communities. This is reflected by
the publishing of extensive surveys of phytosociological units (e.g., Elids 1984, 1986,
Mucina & Maglocky 1985, Visnik 1986) without assessment of their ecology and dynam-
ics. Many studies are of a purely descriptive nature and lack any attempt to reveal the rela-
tionships between vegetation and its environment. Description of environmental factors is
often vague. Nowadays, this holds especially for Czech Republic, Slovakia and Poland.
However, examples of phytosociological studies involving a more ecological approach do
exist in these countries (e.g., Kopecky 1980-84).

Attempts to cope with classification problems resulted in modifications of classification
attitudes, such as the ‘synsociological concept’ used e.g., by Kienast (1978, 1980),
Hiillbusch (1978), Hard (1982) — see Klotz ef al. (1984) for the list of references. Of these
attempts, the so-called deductive method (Kopecky & Hejny 1974, 1978) may be consid-
ered the most promising. It has been used quite frequently (see Kopecky 1988 for review)
and its strengths were demonstrated especially in the series of papers by Kopecky (1980-84,
1986). The method makes it possible to classify most of the stands found in the field; this is
particularly important because those communities which can be considered as associations
(i.e., those having their association characteristic species) are diminishing (Pysek 1992a). It is
clearly seen when quantitative data are available: e.g., in the factories of Prague such com-
munities contributed only 10% to the total area covered by vegetation (Pysek & Pysek
1988c) and in the villages of the Bohemian Karst the value was 18% (Pysek 1992a). Fur-
thermore, the deductive method is much more able to record vegetation dynamics as ex-
emplified by description of the gradual spread of native species to man-made habitats (so-
called ‘apophytization process’) (Kopecky 1984b). The method allows the recognition of a
large number of units (although this increase is not necessarily linked with its introduction,
see PySek 1991, Kopecky 1990a), which may lead to the loss of clarity of the phyto-
sociological system.

The final product of phytosociological research of a given area is therefore a survey of
communities. This may, however, range from a simple list of units recorded in a single vil-

'Understood here as basic hytosociological units recognized by respective author, e.g., associations and units of
corresponding level.
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lage to the extensive survey critically evaluating vegetation over a large area. The former
case is nothing more than ‘vegetation floristics’ but the latter one is undoubtedly of great
value (e.g., Passarge 1964, Gutte 1972, Hejny et al., 1979, Oberdorfer 1983, Kopecky &
Hejny 1990). A comprehensive review on phytosociological research in the cities of former
eastern Europe, was published by Mucina (1990), and other summarized information re-
garding this issue may be found in Klotz et al. (1984), Sukopp & Kostler (1986), Sowa &
Olaczek (1987), Klotz (1987).

Concerning the quantitative assessment of vegetation, the number of communities in a
given settlement was shown to be a rather unreliable character. It is less correlated with the
city size than is the species number (PySek 1993). However, results gathered by the same
author or by a group of people using a similar approach are expected to be more compara-
ble. Pysek (1993) gives numbers of communities for 39 European towns, of which 12 are in
Czech and Slovak Republics, 9 in Germany and 18 in Poland, and for 85 Czech villages
(Pysek 1981, Pyiek & Pysek 1985). Large sets of villages have been studied in Germany as
well (Wittig & Wittig 1986, Dechent 1988, Brandes et al., 1990).

To express the occurrence of a community in a given settlement, the same relative
measures as for evaluation of individual species can be used (frequency, number of locali-
ties). However, phytosociological papers mostly express the quantity by terms such as
‘common’ or ‘rare’. A method of estimating the area covered by an individual community
has been thus proposed (Pysek 1978, PySek & Pysek 1987a). Carrying out this estimation
directly in the field, it is possible to obtain quantitative data on the proportional contribu-
tion of each community to the total vegetation cover (e.g., Pysek 1978, PySek & Pysek
1985, 1988¢, Pysek 1992a). Such data allow (1) more precise comparison between areas or
settlements of different type and size (PySek & Pysek 1990), (2) recording of vegetation dy-
namics over time (PySek & PySek 1987b), (3) calculating of vegetation diversity indices
(Pysek & Pysek 1987a), and (4) using multivariate analysis in processing data on vegetation
cover (PySek & Pysek 1985).

3. Relationships between plant cover and its environment

Specific features of urban environment have been described with respect to climate (Miess
1979), soil (Sukopp et al., 1979a) and in general (Horbert 1978, Laurie 1979, Sukopp et al.,
1980, Bornkamm et al., 1982, Gilbert 1989, Wittig 1991, for summarizing of relevance to
vegetation see Sukopp & Werner 1983). Ecological conditions of several cities have been
described (see Sukopp et al., 1979a for references).

3.1. Species level

Flora of a given area can be analysed with respect to various biological and ecological char-
acteristics; a useful compilation of such traits concerning most species in the central Euro-
pean flora was published by Frank & Klotz (1990). Comparisons between cities (Saarisalo-
Taubert 1963, Kunick 1982), between city and open landscape (Wittig & Durwen 1981,
1982, Pysek 1992b), between cities and villages (PySek & Pysek 1991b) and within a city
(Kunick 1974, Sudnik-Wéjcikowska 1987, 1988, Pysek & Pysek 1988a, Pysek 1992b) rep-
resent a convenient method to analyse the impact of urbanization (Sukopp & Werner
1983).

Data on species origin and time of immigration are frequently used to analyse species lists
(for review see PySek 1989b, for analysis Kowarik 1985b, 1988, 1990a). We are quite well
informed about the invasion of aliens (review on both general principles and examples of
case studies see in Korna$§ 1983, classification in Holub & Jirasek 1967, Schroeder 1969). A
complete species list with information on the time of origin and the degree of naturaliza-
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tion for aliens has been presented for Berlin (Bocker & Kowarik in Kowarik 1991b). A
study of Kunick (1991) was focused upon spread of alien species escaping from cultivation.

Sorting out species into the classification categories may however cause difficulties, be-
cause we are often not able to distinguis the alien from natives among early man-accompa-
nying plants (Kornas 1983). Moreover, the opinions on species origin may differ between
local sources (compare Rothmaler 1986 with Zajac 1979, Opravil 1980).

The proportion of aliens is generally higher in large cities (Sukopp ef al., 1979a, 1981,
Sukopp & Werner 1983, Pysek 1989b, Pysek & Pysek 1991b) although some trends re-
ported (Falinski 1971) seem to be rather simplistic (PySek 1989b). Nevertheless, they were
frequently used as examples in later reviewing papers (Sukopp et al. 197%9a, Sukopp &
Werner 1983). Occurrence of aliens increases from outskirts to the city centre (Kunick
1974, Kowarik 1990). Of the species which prefer urban settlements, the majority appear to
be of southern European origin (Saarisalo-Taubert 1963). Sukopp et al. (1979) pointed out
that of the West Berlin aliens, 60% originated from areas warmer than central Europe. This
may be quantified using indicator values for temperature (Ellenberg 1979): higher mean
values and shifts in frequency distributions were recognized in alien species, especially neo-
phytes, compared to the native ones in the Czech village vegetation (PySek 1989b). This
seems to be valid not only for settlements but for the central European landscape in general
(Korna$§ 1983).

Sukopp & Werner (1983) concluded that most of the present-day neophytes spread best
in cities and industrial areas whereas many archeophytes, having been introduced as weeds
do better in rural areas. They considered the limitation of these species to human settle-
ments to be more pronounced the further they were from their place of origin. The impor-
tance of climate selection in immigration processes has been emphasized (Korna$ 1983).

Life forms represent another frequently analysed characteristic; it has been repeatedly
shown that the proprotion of therophytes is higher in large cities and city centers compared
to their outskirts (Kunick 1974, Sukopp et al., 1979a, Sukopp & Werner 1983, Kowarik
1985a, 1988, 1990a, Sudnik-Wojcikowska 1988, Pysek & Pysek 1988a, 1991b). Life strate-
gies (Grime et al., 1988), sociological behaviour (Ellenberg 1979, Hejny et al., 1979,
Rothmaler 1986), taxonomical groups or mode of dispersal are other characteristics that
may be used to evaluate flora.

An insight into the ecological requirements of flora can be obtained by using indicator
values (Ellenberg 1979, for a general discussion on their use see Mucina 1985, Klimes
1987a, Kowarik & Seidling 1989). Frequency distribution of indicator values proved to be
better than simply using their means (Kunick 1982, Pysek 1989b). Wittig & Durwen (1981,
1982) compared cities and their rural surroundings and found that the urban flora required
higher nitrogen and temperature and lower moisture. Similar results were obtained from a
comparison of the industrial city of Plzen with villages located in the same region (Pysek &
Pysek 1991b). Kunick (1982) compared 9 European cities and was able to determine geo-
graphic and climatic trends in ecological demands of the floras.

Indices expressing flora synanthropization on the basis of various proportions of native
and alien species were proposed by Polish authors (Korna§ 1977, Sowa & Warcholinska
1984). Some of these were dependent on the total number of species in the florula analysed
(Pysek 1989b). Based on more than 5000 vegetational relevés made in West Berlin, the
hemeroby concept was used to construct spectra of hemeroby for each species (Kowarik
1990). This approach is particularly valuable relating a species response to the complex
measure of human influence. Human impact consists of many partial environmental factors,
some of which (stress, disturbance) cannot be directly measured. Wittig et al. (1985, also
summarized in Wittig 1991) proposed a more intuitively based classification of species rela-
tionships to the urban environment with examples from German cities. The relation of in-
dividual species to habitat types was considered e.g., by Kunick (1974), Sudnik-
Wojcikowska (1987), Pysek & Pysek (1988a,b), Brandes et al. (1990) and many others.
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Species rarity becomes increasingly relevant in the urban environment (Davis 1976,
Sukopp et al., 1978, Gemmell 1982, Sukopp & Kowarik 1986, Rebele 1988). At the end of
the 1970’s, 55% of the native flora of West Berlin was considered threatened (Sukopp et al.,
1981) and corresponding data to the loss of some species are available from other cities as
well (see Sukopp et al., 1979a). Areas of open space covered with vegetation are important
for maintaining species diversity in the inner-urban areas (Sukopp & Werner 1983). The
main principles to be considered in compiling red lists of endangered species were proposed
by Kowarik (1991). It is especially important to pay attention to the whole spectrum of
habitats, including those of heavily disturbed sites, and not only to those traditionally con-
sidered in nature conservation. Two main questions should be answered before any species,
regardless of its status (i.e., a native or an alien) is put on such a list, (1) Is the population es-
tablished in the site?, and (2) Is the site endangered? (Kowarik 1991b). The principles of na-
ture conservancy in central European cities were also discussed by Sukopp & Sukopp
(1987).

Papers or books analysing adaptations of plant cover to urban environments and relating
plant ecological investigations to other topics of urban ecological research have been fre-
quently published in the last decade (Bomkamm et al., 1982, Kowarik 1985a,b, 1990,
Sukopp & Kowarik 1986, Gilbert 1989, Sukopp 1990, Wittig 1991).

3.2. Community level

To evaluate the ecology of a particular community, most studies use non-quantitative de-
scriptions of soil conditions, temperature requirements and impact of anthropogeneous fac-
tors. This rough assessment is often enough to recognize those environmental factors that
determine the occurrence of a community.

Direct measurements of ecological factors are rather rare in ruderal phytosociology (e.g.,
Grosse-Brauckmann 1953, Griill & Kvét 1978). Because of considerable heterogeneity in
substrata, many samples are necessary, so that measurements are frequently replaced by indi-
cator values, those of Ellenberg (1979) being commonly used. The relation of a community
to a given factor is then expressed by a mean value calculated for all species present in a
given community (Tillmann & Bottcher 1983, Pysek 1992a, for discussion see Kowarik &
Seidling 1989); semiquantitative data obtained by the relevé method can be included after
simple transformation to the numerical scale (Ellenberg 1979). Nitrogen and moisture rep-
resent steep gradients in urban habitats and may be thus used for ranking communities ac-
cording to their requirements (PySek 1992a).

In the urban environment, it is sometime more plausible to express community relation-
ship to some complex measurement of human impact, rather than analysing single factors.
Methods to express the intensity of human impact have been proposed (Olaczek sec.
Sudnik-Wéjcikowska 1988); theoretical concepts of the assessment of human impact on
vegetation were reviewed by Kowarik (1991a). In such attempts, however, attention should
be paid to avoid circular reasoning: vegetation feature (e.g., community type or percentage
of area covered by vegetation) is used to assess and classify the zones of different intensity of
human impact and subsequently another characteristic of plant cover (e.g., number of spe-
cies) is related to these zones (Sudnik-Wéjcikowska 1987). This may be overcome by de-
scribing environment exclusively by its own features (PySek 1992b) or by excluding indica-
tor species from the assessment (Kowarik 1990).

Classification of habitat types was first proposed by Hejny using as an example a concrete
city (1971a), more detailed and generally applicable studies appeared later (Sukopp &
Werner 1983, Klotz 1986, Schulte et al., 1986, Sukopp et al. 1986, Blume et al., 1987). Be-
cause of different criteria, particular classifications are mostly applicable to given studies and
are thus difficult to compare in detail. Hejny (1971a) distinguished 68 habitat types in
Prague, whereas Pysek (1978) only 21 in Plzeri, a difference which can be ascribed to the
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fineness of scales rather than to real differences in habitat heterogeneity between the cities.
Distribution of communities with respect to habitat type was widely studied, sometimes us-
ing vegetation mapping (e.g., Kienast 1978, PySek 1978, Tillman & Bottcher 1983, Klotz
1986, Goldberg & Gutte 1988, Tlustak 1990, Chojnacki 1991 in cities, PySek & Rydlo
1984 in villages), so that rough generalizations are possible (PySek 1992b). Some attention
has been paid to the vegetation of specific habitats, e.g., railway sites (Brandes 1983, Jehlik
1986), cemeteries (Graf 1986, PySek 1988), road verges (Klimes 1987b), factories (Rebele
1986, 1988, Pysek & Pysek 1988c). Sukopp & Werner (1983) divided West Berlin habitats
into main zones of urban land use; they presented characteristics of climate and soil and
analysed their consequences for plant vigour, species composition and migration possibilities
within each zone. Another detailed study has been carried out in Warsaw by Chojnacki
(1991) who mapped the vegetation within the whole city area. According to my knowl-
edge, this map represents the first vegetation map of such a large city based on the basic
phytosociological units. This approach made it possible to analyse spatial relationships be-
tween communities and habitat types (Chojnacki 1991).

Classification of depositional habitats has been rather unclear so far, because of diversity
of substrata and complicated terminology (Gutte 1971a,b, Hejny 1971b). A simplified
scheme based on (1) features of accumulated material, (2) its origin, and (3) type of accu-
mulation process was proposed by Prach et al. (1994). Mucina (1982) published a broader
classification of ruderal habitats covering not only urban environments but open landscape
as well.

The comparison between cities and villages of vegetation distribution with respect to the
site structure showed that in many communities, there was a preference for either town or
village habitats (PysSek & Pysek 1990).

An analysis of a particular community carried out within a large geographical region can
provide information on the sociological behaviour of the dominant species and changes in
community composition on latitudinal/longitudinal gradients. Community response to cli-
mate changes can be evaluated (Mucina & Brandes 1985, Mucina 1989a). The problems of
geographic, altitudinal and geological vicariance of synanthropic vegetation were reviewed
by Mucina (1991).

3.3. Vegetation level

Surprisingly, there have been few attempts to analyse the ruderal vegetation of a certain
area as a whole in quantitative terms. This is presumably caused by the lack of quantitative
data on the composition of vegetation cover, which is necessary if some synthetic charac-
teristics are to be calculated. Comparisons of different areas have been carried out mostly in
terms of community presence/absence or using vague estimations (Hejny et al., 1978,
Hadad 1978).

Pysek & Pysek (1985) related features of village vegetation and changes in vegetation di-
versity to the altitude. It was possible to relate the character of ruderal vegetation to the cli-
max vegetation type of the respective region. The comparison of settlements differing in
size made it possible to quantify increase of vegetation diversity, expressed as Shannon in-
dex, with the city size (PySek & Pysek 1990). The vegetation diversity in great cities shows
a regular pattern which can be related to the urban space structure (PySek 1992b).

More general interpretations of the vegetation-environment-relationships can be also
made using ordination techniques, as shown by Mucina and van Tongeren (1989) who
analysed the coenocline of high-ranked syntaxa of ruderal vegetation.
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4. Dynamic changes: comparisons in time

Unfortunately, there are few data recorded in the past which can be compared with the
present (Kreh 1955, Scholz 1960, Sudnik-Woéjcikowska 1987, Klotz 1987). In some cases
even these data are not comparable because of unclear area delimitation (Prach et al., 1994).
Nevertheless, there is an example illustrating how useful such data are. Having compared
floristic lists of Halle from 1848 and 1983, Klotz (1987) found the total number of species
almost unchanged, but the floristic similarity between both lists was only 56.5%. The pro-
portion of neophytes changed from 10 to 31% and indicator values for temperature, nitro-
gen, continentality and soil reaction increased, whereas that for moisture declined. Hence
the same consequences of increasing synanthropization in space, shown by comparing flora
of the city to its countryside (Wittig and Durwen 1981, 1982, Pysek & Pysek 1991b) also
held for time (Klotz 1987).

Similarly, an increase in the number of neophytes in the flora of West Berlin during the
last two centuries was related to the population explosion after the industrial revolution
(Sukopp et al., 1979a, Kowarik 1990). Sukopp (1973) estimated the proportion of species
becoming extinct in some European cities between 1850 and 1950 and reported values be-
tween 4 and 16% of the total species number. Kowarik & Jirku (1988) reported on the
changes in species composition of grasslands and meadows at the territory of ZOO Berlin
between 1954-86.

A common approach to vegetation dynamics in human settlements is a phytosociological
study at the community level. Research has been focused mostly on newly created deposits
(see PySek & Pysek 1991a, Prach et al., 1994 for reviews). Studies in other habitats are
rather rare (Krippelova 1972). PySek & PySek (1991a) summarized 17 studies, most of them
using the method of repeating relevés in permanent plots over time (for review of perma-
nent plots see Bottcher 1974). Data can be obtained by (1) following the changes in a site
over time, or (2) comparing several currently existing stages of a different age. Combination
of both methods is often used; provided that individual stands are followed for a sufficient
time to allow overlap, quite a precise picture of the species/community sequence can be
obtained. Korna$ (1990) pointed out three possible methods to document precisely tempo-
ral changes in vegetation: (1) repeating of phytosociological relevés in permanent plots, (2)
collecting new representative sets of relevés within the area formerly studied and comparing
this new relevé set with the corresponding old one, and (3) renewed mapping of the actual
vegetation in the area formerly mapped.

Two main approaches can be distinguished in phytosociological studies on succession.
The first one focuses upon individual communities and describes mutual transitions among
them (e.g., PySek 1977). The second approach is concerned with particular habitat types
and makes it possible to compare successional seres among them (e.g., Kreh 1935, Gutte
1971a,b, Holzner 1972, for references see Prach et al., 1994). Initial stages of vegetation de-
velopment on rubble waste sites were investigated after the war in numerous cities (Sukopp
& Werner 1983). The results of phytosociological studies on succession are mostly pre-
sented in the form of syngenetical schemes (PySek 1977, Sukopp et al., 1979a, Holzner
1972).

Although the phytosociological approach is not considered to have contributed to theo-
retical knowledge on succession (Prach et al., 1994), it makes it possible to record main
changes in vegetation such as species/community exchange, changes in species diversity,
vegetation diversity and life form spectra, etc. PySek & Pysek (1991a) expressed the changes
in occurrence of each species in 46 permanent plots during a 6 year period of succession us-
ing frequency distribution of differences between initial and final values of the given species
in Braun-Blanquet scale. This method allowed the characterization of the successional posi-
tion of a species numerically and documented general trends, e.g., increase in native species
at the expense of aliens during succession.



32 Petr Pysek

A deeper insight into the mechanisms of ruderal succession was provided by Bornkamm
(1984, 1986, 1987a). Soil type, starting time and nitrogen fertilization were used in experi-
mental studies as variables affecting the course and rate of succession. It was not possible to
find a constant series of dominant species exchange. If the process of succession is to be
fully described, not only annual changes but also seasonal ones must be taken into account
(Bornkamm 1987a).

Investigations of changes over time at the level of vegetation cover or landscape are of-
ten linked with diminishing ruderal communities, the decline of which has been mostly at-
tributed to changes in land use and management (Brandes 1981, Pysek 1983, Sukopp 1983,
Korna$ 1990). Of 110 ruderal associations recorded in Czechoslovakia, over 45% are con-
sidered retreating (Prach et al., 1994). Changes in contribution of individual communities to
the vegetation cover were assessed quantitatively over the period of 15 years and a decrease
in diversity of village vegetation was reported (PySek & Pysek 1987b). There is a conspicu-
ous retreat of communities considered typical of village sites, associated with the simultane-
ous increase of those preferring an urban environment (PySek & Pysek 1990). Changes in
agricultural management in south Bohemia were shown to affect the distribution of com-
munities within the settlement area (Hejny 1973).

5. Conclusions: current state of research and future directions

‘Ecosystems that have developed in urban conditions may be the prevailing ecosystems of
the future.” (Sukopp et al., 1979a). Unfortunately, much of the efforts devoted to studying
these ecosystems so far have been concerned with pure phytosociology, repeatedly describ-
ing common vegetation types, without any ambition to get deeper under the cover of the
issue. The situation is, however, different in particular central European countries. Among
those involved most in intense settlement plant cover research, Czech Republic, Slovakia
and Poland seem to be still limited by traditional approaches (although there are some ex-
ceptions). The field appears to be much more developed in Germany where new methods
and approaches have been applied. The research seems to have been stimulated by some in-
fluential articles mapping the ‘state of the art’ at the turn of the 70’s and 80’s (Sukopp et al.
1979a, Sukopp & Werner 1983). In the contemprorary context, a similar starting point may
be represented by the book edited by Sukopp et al. (1990) which covers both scientific and
practical aspects of the field. Correspondingly, the book of Wittig (1991) 15 a useful sum-
mary of current knowledge and may serve as a link between traditional approaches and the
recent development in urban ecology.

The subjectivity of phytosociological methods seems to have another general impact.
This review indicates that there are more new approaches and methods applicable to the
study of flora than of vegetation. The latter are more limited by traditional attitudes. More-
over, the results concerning flora have better general validity because they can be easily
compared among settlements and regions. The main problem limiting the comparison of
vegetation, i.e., what it is we are working with and what we want thus to compare, has no
relevance here. Faced with the contemporary progress in ecology, the role of phytosocio-
logy seems to be limited to that of a useful technique for describing vegetation rather than a
progressive scientific method.

Research in urban ecology is undoubtedly of increasing practical importance (Sukopp
1990). Urban land management planning and nature conservancy can profit (Hard & Pirner
1985), especially from the method of habitat mapping (Sukopp et al., 1979b, Schulte et al.,
1986, Sukopp & Werner 1987, Sukopp & Weiler 1988). Provided that the recommenda-
tions of the Working Group for Habitat Mapping are accepted by a wide range of research-
ers in different regions, results of general validity could be obtained by comparisons. As it
has been widely applied only in Germany till now (see Sukopp and Weiler 1988 for sur-
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vey), it is plausible to encourage use of the method in other central European countries.

Using synanthropic plants as bioindicators (Trepl 1983, Sukopp & Werner 1987) in
monitoring the quality of urban environment represents another example of practical appli-
cation. Furthermore, the use of urban vegetation research for health care was suggested;
knowledge on the distribution of the main pollen producers can be used in preventing pol-
len allergies (Kopecky 1990b). A specific area in which the knowledge on ruderal flora and
vegetation is being successfully used is the management of industrial wastelands (see Rebele
1991 for assessment and the outlook for the future). This habitat type can harbour highly
diverse wildlife and is becoming increasingly relevant for nature conservancy, amenity and
recreation (Gemmell 1982, Rebele 1988, 1991). Generally, considerable attention is being
paid to the management of urban free space (see e.g., Hilllbusch 1983, Hard 1984, Hard &
Pirner 1985 for examples).

Further research of plant cover in human settlements should be of deeper scientific inter-
est. Experimental methods can be successfully used in this type of environment as well
(Bornkamm 1984, 1986, 1987a). Each particular level of study can provide specific results
which are not recognizable at another scale (Krahulec & Leps 1989, Krahulec 1990). Till
now, the attention was concentrated mostly at community level. There this certainly much
opportunity for studying relationships at landscape level (Prach et al., 1994). Closer relating
of plant cover (both spontaneous and planted) to animals, soil and climate in urban envi-
ronments can yield more general conclusions (e.g., Kowarik 1985a). Wider application of
statistical methods, both in data analysis and designing research, is desirable to improve
data interpretation.

Extreme ecological conditions in the urban environment provide an opportunity to
study plant adaptations to stresses and its evolutionary aspects (e.g., pollution, toxicity of
substrata). Large areas of newly exposed land make it possible to study some problems of
general ecological interest, e.g., colonization processes and succession (Antonovics et al.,
1971, Bradshaw & McNeilly 1981, Rebele 1986, Cornelius 1988, 1990). Complex studies
on autecology of alien species may be of great scientific value (Sukopp 1971, Dapper 1971,
Zimmermann-Jaeger 1971, De Sante-Virzo 1971, Bornkamm 1971).

Generally speaking, new field methods, change of attitudes and more studies involved
with general questions are needed. Close international cooperation may contribute sub-
stantially to the development of the field. There is a large body of information in those
phytosociological studies carried out so far. This can be used for generalization by (1) appli-
cation of statistical and computer methods (e.g., Kowarik 1990), (2) careful reevaluation of
the data (e.g., PySek & PysSek 1991a), or (3) reviewing and mutual comparing of large num-
bers of studies (Prach et al., 1994, Pysek 1992b).

‘Modern cities are often deserts of brick, stones and concrete; plants can break this mo-
notony...” (Woodell 1979). The more we know about them the better we can help them
to do so.
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