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Distribution Patterns and Characteristics of Plant Species by
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Human Impact in Urban Areas™
- Case Study of Cheon-ju -
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ABSTRACT

The purpose of this study is to analyze the distribution patterns and characteristics of plant species by human
impact in urban areas. In order to achieve a comprehensive data acquisition of all autogenously introduced
vascular plant species occurring in the city of Cheon-ju, this study made an analysis of 106 sample plots, each
with a size of one hectare, These sample plots were selected to represent the typical land-use patterns within
the city of Cheon-ju and to cover the various distances from the city center. Species richness, patterns of life
forms, and the percentage of non-native species were analyzed in relation to the degree of hemeroby of the
sample plots. It was found that the species number appeared the largest in sites that were moderately influenced.
This result corresponds to the intermediate disturbance hypothesis that moderate disturbance leads to an
increase in species richness. The flora of sites which were subject to the highest level of human impact, was
characterized by a high proportion of annual species and non-native species. In addition, some species were
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divided into three groups with similar distribution corresponding to land-use type and urban zone: urbanophobic

(e.g. Indigofera kirilowii, Prunus sargentii, Rhus trichocarpa), vrbanoneutral (e.g. Commelina communis,

Erigeron annuus, Metaplexis japonica) and urbanophilus (e.g. Euphorbia supina, Senecio vulgaris, Taraxacum

officinale).

KEYWORD : LAND-USE TYPE, SPECIES RICHNESS, ANNUAL SPECIES, NON-NATIVE SPECIES

INTRODUCTION

Continuous land use and urbanization directly and
indirectly influence environmental conditions, which play
a major role in the landscape dynamics and changes. In
Europe, flora and vegetation in urban-industrial areas were
intensively investigated with regard to their ecological
characteristics and habitats during many decades(e.g.
Kunick, 1974; Sukopp, 1983; Sukopp, 1990; Sukopp and
Wittig, 1993; Schulte er al., 1993; Zerbe and Sukopp,
1996; Zerbe et al., 2002).

Europe has a long tradition of assessing the naturalness
of landscape and vegetation. According to the state of
nature to which the man-induced changed state is related,
two main approaches can be distinguished by their
temporal perspectives: historical and status quo-oriented
concepts(Kowarik, 1988; 1999). In the first, vegetation or
habitats are related to pristine nature, i.e. that which has
not been affected by human effect. For example, the
degree of naturalness of a site is how similar it is to its
original state without the influence of man. In contrast,
status quo-oriented concepts, such as the hemeroby
approach, assess the naturalness of a site without reference
to former conditions. In this case the highest level of
naturalness is when the system has not been affected by
man and is self-regulated. The hemeroby concept was
introduced by Jalas(1955) and further developed by
Sukopp(1969) and Kowarik(1988). Kowarik(1990) defines
hemeroby as "the sum of the effects of past and present
human activities on the current site conditions or
vegetation, which prevent the development to a final
stage". This concept also integrates the site conditions that
were irreversibly changed by human activities. Thus, the
hemeroby approach allows us to assess human impact and
the natural development, respectively, even of strongly
changed urban-industrial sites(Kim, 2001).

Cities not only in Korea but all over the world, are
gaining increasing importance as living spaces for humans.
At present, approximately 78% of the Korean population
are concentrated on 9% of the total land surface of Korea.
About 25 million people(58.3% of the total population)
live in big cities such as Seoul, Pusan, and Inchon(Ministry
of Environment Korea, 1996). Urban ecology and nature
conservation in urban-industrial areas has been recognized
as a major task by the Korean administrations(Park, 1997,
Seoul City, 2000; Kwon and Kim, 2001).

The present study focuses on the city of Cheon-ju in
southwest Korea, considered representative for many
continuously growing cities in Korea. This study aims to
qualitatively and quantitatively assess human impact on
the flora and sites in Korean urban area. First, which and
how can influence anthropogenic impact on current flora?
Thus, species richness, spectra of life forms, and the
performance of non-native species are analysed in relation
to the degree of hemeroby of the sites. Additionally,
distribution of plant species was investigated with regard
to land-use types and to the definite urban zone. This study
is considered a contribution to the significant information
for maintaining of biodiversity and nature comservation in
Korean urban-industrial areas.

MATERIALS AND METHODS

The habitats in the city are differentiated according to
land-use, which is decisive site factor in settlement
areas(e.g. Schulte er al., 1993). In order to achieve a
comprehensive survey of all plant species occurring in the
city of Cheon-ju, 106 sample plots, each with a size of
1 ha, were investigated(Figure 1). These sample plots met
the following requirements: 1) they cover the whole
distance from the city centre to the outskirts as a
prerequisite for the subsequent analyse of floristic



Distribution Patterns and Characteristics of Plant Species by Human Impact in Urban Areas

507

H

i

Figure 1. Location of the 106 sample plots and land-
use in the city of Cheon-ju

gradients: and 2) they represent the typical land-use types
within the city of Cheon-ju. The existing land-use types
were classified into 31 categories according to the
recommendations of Schulte ef al.(1993) for European
settlements and Seoul City(2000) for Korean settlements.

This classification was based on aerial photographs, city
maps, and field checks.

In order to analyse the varying human impact on the
sample plots, which were differentiated according to the
following disturbance factors(Table 1): (i) mechanical
disturbances of the soils(impermeable paving ratio, built
level); (ii) mechanical disturbances of the vegetation
(percentage of planting of ornamental and useful plants,
frequency of weeding or mowing); and (iii) chemical
disturbance(frequency in use of fertilizers or pesticides).

The impact of each of the above mentioned disturbance
factors was estimated and aggregated. The sample plots
were then classified according to the five degrees of the
hemeroby scale, ranging from oligohemerobic(H 1) to
polyhemerobic(H 5)(Table 2). The sample plots with a
similar degree of human impact were grouped according
to their hemeroby value. Oligohemerobic(H 1) are very
weakly influenced, like natural forests, mesohemerobic(H 2)
influenced, [3-euhemerobic(H 3) moderately
influenced, a-euhemerobic(H 4) strongly influenced and
polyhemerobic(H 5) very strongly influenced sites, like
city center.

The total number of species and the occurrence of life

weakly

forms and non-native species were analysed with respect

Table 1. Matrix for the assessment of human impact on the sample plots

Disturbance factors Class Assessment Rating
0-20 very low 1
impermeable paving 20-40 low 2
ratio (%) 40-60 medium 3
Mechanical 6>0.z§(()) hlgl?. h g
disturbances of the Very DMIgR .
] 0-2 very low 1
soils
. 3-4 low 2
Built level .
(number of stories) 57 medium 3
8-10 high 4
> 11 very high 5
0-20 very low 1
P;‘i;fl‘t‘:;gco?f 20-40 jow 2
Mechanical ornamental and 40-60 mefhum 3
. 60-80 high 4
disturbances of the useful plants :
ve etation .............. >80 S Vcry hlgh 5 ..........
g Frequency of weeding none or one tim low 1
or mowing two times medium 3
(per one vear) over three times high 5
Chemical Fr(':guency in us'e‘of none or one time 10W 1
) fertilizers or pesticides two times medium 3
disturbance . .
{per onc year) over three times high 5
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Table 2. Classifying according to the five degrees of
hemeroby scale, ranging from oligohemerobic
(H 1) to polyhemerobic(H 5)

Hemeroby degree Designation Total points
oligohemerobic(H 1) very weakly affected <35
mesohemerobic(H 2) weakly affected 6-10
a-euhemerobic(H 3) moderately affected 11-15
B-euhemerobic(H 4) strongly affected 16-20

polyhemerobic(H 5) very strongly affected > 21

to the sample groups with a different degree of hemeroby.
The nomenclature of the plant species follows Lee(1993)
and Park(1995). Informations on the origin of non-native
species in Korea were taken from Lee(1993) and Park
(1995). Life forms were distinguished on the basis of the
system from Raunkiaer(1934) and the survey from
Kim(2001) for species occurring in Korean rural areas.
On the basis of the cluster analysis of the inventory
of species of the sample plots and with regard to their
spatial location and to the dominant land-use the urban
area of Cheon-ju was divided into three different zones:
zone densely covered with buildings(Zone 1), loosely
built-up zone(Zone 2), woods/forests zone(Zone 3).

RESULTS

1. Differentiation and quantification of the sample
plots on a hemeroby scale

The distribution of the sample plots according to the
five degrees of hemeroby is shown in Figure 2. Of the
106 sample plots, 42(ca. 40 %) were strongly influenced(H
4) and 12(11.3 %) very strongly influenced(H 5). The
moderate disturbance sites(H 3 and H 2) were represent
with 25(23.6%) and 20(18.9%) sample plots. Only
7(6.6%) sample plots were very weakly influenced(H 1).
Thus, the majority of the sample plots in the city of
Cheon-ju were subject to strong or very strong human
impact.

2. Relationship between hemeroby and species
richness

A total of 525 spontaneously occurring plant species
were recorded in the 106 sample plots. The effect of
increasing disturbance on species richness is shown in
Figure 3, where the number of species that occurred in
the sample plots with the same degree of hemeroby is
displayed. Highest numbers of species occurred in the
weakly(H 2 with 359 species) and moderately influenced
(H 3 with 296 species) sample plots. However, only 129
and 154 species were recorded in the very strongly(H 5)
and very weakly influenced(H 1) sample plots.

3. Relationship between hemeroby and the
occurrence of different life forms

Figure 4 shows the percentage of life forms occurring

(%)
40 1
30 1

20 t

H1 H2 H3 H4 H5

total number of species
400
300
200
100

0

H1 H2 H3 H4 H5

Figure 2. Percentage of the sample plots(n=106) on
the hemeroby scale from H 1 to HS(H1L:
oligo-, H2: meso-, H3: B-eu-, H4: a-eu-,
H5: polyhemerobic)

Figure 3. Total number of species occurring in the
sample plots with different hemeroby
degree(H1: oligo-, H2: meso-, H3: B-eu-,
H4: a-eu-, H5: polyhemerobic)
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Figure 4. Percentage of life forms occurring in the
sample plots with different hemeroby degree
(H1: oligo-, H2: meso-, H3: (3-eu-, H4: «a
-eu-, H5: polyhemerobic; Th: Therophytes, Ch:
Chamaephytes, He: Hemikryptophytes, Ge:
Geophytes, - Na: Nanophanerophytes, Ph:
Phanerophytes, Hy: Hydrophytes)

in the sample plots with different hemeroby degree. The
occurrence of annual species(therophytes) is correlated
positively with the increasing anthropogenic impact. In
very weakly influenced sample plots(H 1) only 9.9% of
the species were therophytes. However, the percentage
increased gradually to 55% in very strongly influenced
sample plots(H 5). In confrast to therophytes the
occurrence of phanerophytes, nanophanerophytes, and
geophytes is correlated negatively with increasing
anthropogenic impact. The percentage of phanerophytes,
nanophanerophytes, and geophytes decreased from about
20% and 22% in very weakly influenced sample plots(H
1) to 7.8 %, 3.9% and 7.3% in very strongly influenced
sample plots(H 5)(Figure 5).

4. Relationship between hemeroby and the
occurrence of non-native species

Figure 5 shows mean percentage of non-native species
occurring in the sample plots with different hemeroby
degree. The occurrence of non-native is correlated
positively with the increasing effect of man. In very
weakly influenced sample plots(H 1) only 3.9 % were

(%)

H1 H2 H3 H4 H5

Figure 5. Mean percentage of non-native species

occurring in the sample plots with different
hemeroby degree(H1: oligo-, H2: meso-,
H3: B-eu-, H4: a-eu-, H5: polyhemerobic)

non-native species. However, the percentage increased to
26.4 % and 25.6 % in strongly influenced(H 4) and very
strongly influenced(H 5) sample plots.

5. Distribution of species corresponding to
land-use types and urban zone

In order to clear demonstrate the distribution types of
species in the city of Cheon-ju, some species with similar
distribution were selected on the basis their frequency
(frequency>1II) in the different urban zone(Table 3). These
species were divided into three groups with similar
distribution corresponding to land-use type and urban
zone.

A lot of species of wooden plants or forest plants
belonged to first group which occur with a high frequency
in the outskirts of the city, especially in woods and
forests(e.g Agrimonia pilosa,

Artemisia keiskeana,

Cocculus  trilobus, Indigofera  kirilowii, Lespedeza
maximowiczii, Prunus sargentii, Pteridium aquilinum v.
latiusculum, Quercus acutissima, Quercus serrala,
Rhododendron mucronulatum, Rhus trichocarpa, Rosa
multiflora, Smilax china, Stephanandra incisa, Styrax
japonica and Zanthoxylum schinifolium)(Figure 6). 16
species belonged to second group as the most frequent
species in the city of Cheon-ju(e.g. Acalypha australis,

Achyranthes bidentata v. tomentosa, Artemisia princeps V.
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Table 3. Table of overview of three groups with distribution of species corresponding to land-use types and urban
zone(Zone 1: zone densely covered with buildings, Zone 2: loosely built-up zone, Zone 3: woods/forests
zone; G1: very densely built development, G2: densely built development, G3: loosely built development
with green space, G4: loosely build-up area with big ruderal area, G5: agricultural land-use, G6: parks, G7:

woods/forests)
Zone 1 Zone 27one 3 Zone 1 Zone 2Zone 3

. G1 G2G3.GA4G5G6 GT7 G1 G2 G3:G4 G5:G6 G7

Number of sample plots 16 16 19:21 13: 6 15§ Number of sample plots 16 16 19:21 13:6 15
First group of species Second group of species

Agrimonia pilosa I:. V I} Acalypha australis V V VIIV ViIII .
Alnus hirsuta . I 1T 1| Achyranthes bidentata v. tomentosa (Il V.V 'V L'V 1
Ampelopsis heterophylla I . Il Artemisia princeps v. orientalis 'V V ViV IVIV |
Artemisia keiskeana . V II} Commelina communis VvV vViviiaiviv
Arundinella hirta 1 V 1| Cyperus iria vV VvV I viIv
Athyrium brevifrons 1 I IV 1 | Eleusine indica IV vV unalr viir .
Athyrium pycnosorum V 11} Erigeron annuus VIVVVIVV I
Carex humilis . IV} Erigeron canadensis VvV VvV ViV 1
Carex siderosticta . II M| Lactuca indica v. laciniata vV V.V IV 1
Castanea crenata I . IIl} Metaplexis japonica WWVIVIVIV:V 1
Cocculus trilobus I 11 V IV Oxalis corniculata VvV vianiv
Corylus sieboldiana II I} Persicaria vulgaris VIV ViIIV IVIIV
Eupatorium chinense v. simplicifolium IV IIl} Plantago asiatica nmiv viunv
Eupatorium lindleyanum I 1| Portulaca oleracea vV V VIIV VIV
Gymnocarpium dryopteris . IV 1l | Setaria viridis VV V.V I
Indigofera kirilowii I V V| Stellaria aquatica VIV ViIv I 'V
Juniperus rigida . I I Third group of species
Lespedeza cyrtobotrya I I TII| Agropyron tsukushiense v. transiens i 1 11 III: 1 .
Lespedeza maximowiczii . V IV Amaranthus lividus HIIVIIIIT I
Ligustrum obtusifolium I 1II I} Calystegia hederacea numnvmoi:.
Lindera glauca . U1} Digitaria vielascens IVIVIVIiIT Hi1
Lindera obtusiloba . i 1 IV} Euphorbia supina V vivi I
Lindernia micrantha . IVi . . | Oxalis corniculata f. rubrifolia VIVIVIT ..
Liriope spicata 1:1 .V W} Poa annua VVVv:1in:i
Ludwigia prostrata 1 Vi . .| Poa pratensis oI . .
Prunus sargentii . V 1V} Polygonum aviculare mnvivin un
Pteridium aquilinum v. latiusculum | 1 i1 V IV Rorippa indica wviviit i
Quercus acutissima I III I} Sagina japorica v 1 m. .
Quercus aliena v. pellucida . I . | Senecio vulgaris HmmiI I
Quercus serrata 1 IV 1V | Solanum nigrum oI v i1 1
Quercus x wurticaefolia I 1 | Taraxacum officinale VVV I |
Rhododendron mucronulatum . I
Rhus chinensis 1 vV II
Rhus trichocarpa . v 1v
Rosa multiflora I 1:1 vV IV
Rubus corchorifolius . . II
Smilax china i I:1 vV Vv
Smilax nippornica I
Sorbus alnifolia BBt |
Spirodela polyrhiza I o . .
Stephanandra incisa I v m
Styrax japonica vV HI
Viburnum wrightii m
Youngia denticulata . m I
Zanthoxylum schinifolium 1 Vv V

*1 = 1-20%, IT = 21-40%, III = 41-60%, IV = 61-80%, V = 81-100%
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Figure 6. An example for urbanophobic distribution:
Quercus serrata in Cheon-ju

orientalis, Commelina communis, Cyperus iria, Eleusine
indica, Erigeron annuus, Erigeron canadensis, Lactuca
indica v. laciniata, Metaplexis japonica, Oxalis corniculata,
Persicaria  vulgaris, Plantago asiatica, Portulaca
oleracea, Setaria viridis and Stellaria aquatica)(Figure 7).
Third group ofspecies which show a clear distribution in
the built-up wban zone and occur with decreasing
frequency in the non-urbanized area(e.g. Agropyron

tsukushiense v. transiens, Amaranthus lividus, Calystegia

sample plats with occurrence of S

zone densely coversd wit Buildings

\oossly buiti-up zone

woodaftarests zane

Figure 8. An example for urbanophilus distribution:
Senecio vulgaris in Cheon-ju

sample plats withaut occurrence af C..

- sample plots with accurrence of Ce.

zane densely vovered with Raildings

laossly bultun zone

[HEHEE oot foress cone

Figure 7. An example for urbanoneutral distribution:
Commelina communis in Cheon-ju

hederacea, Digitaria violascens, Euphorbia supina, Oxalis
corniculata f. rubrifolia, Poa annua, Poa pratensis,
Polygonum aviculare, Rovippa indica, Sagina japonica,
Senecio vulgaris, Solanum nigrum and Taraxacum

officinale)(Figure 8).

DISCUSSION

The hemeroby concept was introduced by Jalas(1955)
and further developed by Sukopp(1972), Blume & Sukopp
(1976) and Kowarik(1988). The European concept of
hemeroby as a measure of human impact integrates the
spectrum of anthropogenic disturbances that influence a
distinct ecosystem type. The study revealed that anthropogenic
disturbance of natural sites has a considerable effect on
species richness, life form patterns, and the occurrence of
non-native plant species. According to the intermediate
disturbance hypothesis, formulated by Connell(1978) and
Grime(1979), moderate disturbance leads to an increase
in species richness compared to sites that are very weakly
or very highly disturbed. The highest number of species
was found in the weakly(H 2) and moderately influenced
(H 3) sites. Thus, both high or low levels of anthropogenic
disturbance have a negative effect on species richness
(Figure 3). This accords with the investigations on the
flora of Berlin(Kunick, 1974; Kowarik, 1988; 1990;
Schmitz, 2000).
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The results on the occurrence of therophytes in sample
plots with varying degree of anthropogenic disturbance are
similar to those obtained for the urban flora of Berlin
(Kowarik, 1988; Schmitz, 2000) and Vienna (Jackowiak,
1988), which show a positive correlation between the
degree of hemeroby and percentage of therophytes. For
the assessment of the intensity of human impact on sites
and vegetation, Sukopp(1969) and Blume & Sukopp(1976)
have suggested the quantification of both the percentage
of the therophytes(annuals) and the non- native species.
‘Whereas they considered the therophytes more an indicator
for short-termed disturbances, the non-native species are
more indicators for long-termed human impact. In Berlin
for example, highest percentages of therophytes as well
as non-native species were recorded within those
vegetation types, where the intensity of human impact was
assessed as being very high(Kunick, 1974; Kowarik,
1988). In general, the percentage of non- native species
increased with increase in anthropogenic effects at a site.
There is a close correlation between the percentage of
non-native species and the intensity of human impact on
sites and vegetation. Heavily disturbed sites show higher
percentages of non-native species compared with less
disturbed sites(Figure 5).

The consideration about the groups of plant species with
similar distribution in urban area shows the dependence
on species occurring in definite urban zone and land-use
type. Taking into consideration the behaviour of species
in the conditions of urbanization that appear in the form
of the present local range, it has been proposed to divide
by Wittig et al.(1985) urban flora into three groups of
species: urbanophobic, urbanoneutral and urbanophilus.
The three groups of species which were selected in this
study correspond to the groups of urban flora by Wittig
et al.(1985).

The knowledge for the connections between human
impact and their effect on flora and vegetation are
significant information for ecological landscape planning
and useful nature conservation in urban-industrial areas.
A major task for the future will be the developments of
comprehensive data on flora, vegetation and habitats found
in Korean in urban-industrial areas as an aid to ecological
decision making and to nature conservation especially in
urban-industrial areas.

LITERATURE CITED

Blume, H.P. and H. Sukopp(1976) Okologische Bedeutung anthro-
pogener Bodenverinderungen. Schr.-R. f. Vegetationskde. 10:
75-89.

Conell, J.H.(1978) Diversity in tropical rain forests and coral reefs.
Science 199: 1302-1310.

Grime, J.P.(1979) Plant strategies and vegetation processes. Wiley,
Chichester, 417pp.

Jackowiak, B.(1988) The hemeroby concept in the evaluation of hu-
man influence on the urban flora of Vienna. Phytocoenosis 10:
79-96.

Jalas, J.(1955) Hemerobe und hemerochore Pflanzenarten.Ein ter-
minologischer Reformversuch. Acta Soc. Fauna Flora Fenn.
72: 1-15.

Kim, Y.M.(2001) Untersuchung von Flora, Vegetation und
Biotoptypen in der dorflichen Kultur- landschaft Koreas.
Dissertation. TU Berlin, 221pp.

Kowarik, 1.(1988) Zum menschlichen Einfluss auf Flora und
Vegetation. Theoretische Konzepte und ein Quantifizierungsansatz
am Beispiel von Berlin (West). Landschaftsentwicklung und
Umwelt- forschung 56: 1-280.

Kowarik, 1.(1990) Some responses on flora and vegetation to urban-
isation in Central Europe. In: Sukopp, H. S. Hejny and L
Kowarik(eds.), Urban ecology, pp. 45-74, SPB Acad. Publ.,
The Hague.

Kowarik, 1.(1999) Natiirlichkeit, Naturnihe und Hemerobie als
Bewertungskriterien.-In: Konold W., Béker R.& Hampicke
U.(esd.), Handbuch Naturschutz und ILandschaftspflege
~Ecomed, Landsberg, pp.1-18.

Kunick, W.(1974) Verinderungen von Flora und Vegetation einer
Grossstadt am Beispiel von Berlin (West). Dissertation. TU
Berlin, 472pp.

Kwon, W.Y. and K.J. Kim(2001) Urban management in Seoul.
Policy issues and responses. Seoul Development Institute,
Seoul.

Lee, C.B.(1993) Illustrated flora of Korea. Hyang Mun Sa, Seoul,
990pp.

Ministry of Environment Korea(1996) Project on the plan frame-
work "Eco-City".

Park, S.H.(1995) Colored illustrations of naturalized plants of
Korea. Il Cho Kak, 371pp.

Park, T.Y.(1997) Natural resources management policy in Korea.
In: Han, W.J. and E.Y. Cho (Eds.): Environmental policies:
International issues, case studies, and strategies, pp. 197-209.

Raunkiaer, C.(1934) The life forms of plants and statistical plant
geography. Clarendon Press, Oxford, 630pp.

Schmitz, $.(2000) Die spontane Gefisspflanzenflora zwischen



Distribution Patterns and Characteristics of Plant Species by Human Impact in Urban Areas

513

Berlin-Mitte und Berlin Kopenick. Landschaftsentw. u.
Umweltforsch. 116: 1-181.

Schulte, W., H. Sukopp and P. Werner(1993) Flichendeckende
Biotopkartierung im besiedelten Bereich als Grundlage einer

am Naturschutz orientierten Planung. Natur und Landschaft 68:
491-526.

Seoul City(2000) Biotope mapping and its application for the devel-
opment in Seoul City. Seoul City, Seoul.

Sukopp, H.(1969) Der Einfluss des Menschen auf die Vegetation.
Vegetatio 17: 360-371.

Sukopp, H.(1972) Wandel von Flora und Vegetation in

Mitteleuropa unter dem Einfluss des Menschen. In: Berliner
Landwirtschaft 50: 112-135.

Sukopp, H.(1983) Okologische Charakteristik von Grossstidten.
In: Grundriss der Stadtplanung. Akademie fiir Raumforschung
und Landesplanung, Hannover: 51-82.

Sukopp, H.(1990) Stadtokologie. Das Beispiel Berlin. Reimer.
Berlin, 455pp.

Sukopp, H. and R. Wittig(1993) Stadtdkologie. Gustav Fischer
Verlag. Stuttgart, 402pp.

Wittig, R., D. Diesing and M. G6dde(1985) Urbanophob —~ urban-
oneutral — urbanophil. Das Verhalten der Arten gegentiber dem
Lebensraum Stadt. Flora 177: 265-283.

Zerbe, S., U. Maurer, S. Schmitz and H. Sukopp (2002) Biodiversity
in Berlin and its potential for nature conservation. Landscape
and Urban Planning 62: 139-148.

Zerbe, S. and H. Sukopp(1996) Ecological development in
European cities with special regard to nature conservation -
Berlin as an example. Proceedings of the International
Symposium on Local Agenda 21 and Eco-City Development,
Seoul, Korea: 29-57.



