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Synopsis 

Progress in urban ecology in the last 30 years has shown that also many plants 

and animals live in urban agglomerations and are adapted to the specific ecological 

conditions in urban areas. Nature conservation in cities focuses on protection of 

their biotopes (habitats) as  a basis for a direct contact between urban dwellers and 

the natural elements of their surroundings, and in order to preserve biodiversity as  

well as  to mitigate the extremes of urban climates and water regimes. 

Fifteen years ago, investigations started in Germany in order to inventory the habi- 

tats of flora and fauna which are important for nature conservation in cities. The in- 

vestigations, which became famous as  "biotope mapping", focused mainly on 

floristic and phytosociological features. Additionally,some animal groups were se- 

lected. In principle, two methods of biotope mapping can be distinguished: 

1) Selective mapping investigates only biotopes worthy of protection. 

2) Comprehensive mapping raises biological data representative of all land-use 

types and biotopes. 

The advantage of comprehensive mapping is that it provides a broader basis for 

later utilisation of the results. The disadvantage is that it requires a great deal of 

money, time and staff. Therefore, in most German cities, until now selective map- 

ping was employed. 

For the city Augsburg, where both methods were used biotope maps are shown. 

Their application in nature conservation and city planning are explained. 

In contrast to most European countries, where meanwhile biotope mapping is an 

important basis for nature conservation, similar standardised investigations so far 

do not exist in Japan. Therefore, in the urban agglomeration of Tokyo-Yokohama, 

a pilot study was started in the summer of 1996 in order to test this method in Ja -  

pan. 
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1. Introduction 

The latest forecast for world population 

growth is predicting that by the year 2025 

65% of the total population will live in urban 

areas (compare Fig. 1). This means a further 

increase in population density in cities and 

the further growth of urban settlements. 

Therefore it is important that technical envi- 

ronmental protection as  well as  biological en- 

vironmental protection (nature conservation) 

be improved in urban areas. 

The basic science for environmental protec- 

tion in cities is urban ecology. In contrast to 

other branches of ecology this part of ecol- 

ogy is a young discipline. In the 19" century 

we can already find first single studies in ur- 

ban ecology, e. g. Howard (1833) described 

the differences of the climate in London and 

its surrounding. In the tradition of nature his- 

tory, a t  first the interest was also focused on 

flora and fauna (e. g. Nylander 1866: "Li- 

chens of Luxembourg" ) . 

Since the middle of this century we can ob- 

serve an increase of specific ecological investi- 

gations in urban areas e. g.: "The urban vege- 

tation of Berlin" (Sukopp 19731, "The fauna 

of Vienna" (Kiinelt 1955). These first studies 

showed a surprising variety of habitats, 

plants and animals, typical for urban areas. 

The first entire studies of urban areas devel- 

oped from the UNESCO project. "Man and 

Biosphere 11" (e.g. Hongkong - Boyden & al. 

1981, Tokyo-Numata 1981). These studies have 

their origin in human ecological problems 

and deal with questions of human health as  

well as  culture and nature in cities. 

Today urban ecology is well advanced in 

central Europe, where Sukopp & Wittig (1993) 

have given in recent times a detailed overview 

of the actual scientific stage. An overview is 

also published in Japanese in a short form 

Ermer & al. (1994). 

The advantages of urban ecology in Japan, 

mainly of projects of Tokyo and Chiba Bay- 

Coast are presented in Numata (1990, 1991). 
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Year 

Fig. 1: Growth of the urban population and the big- 
gest cities of the world in future (Source: World 
demographic estimates and projections 1950-2025, 
United Nations and UNFPA) 

The first projects which developed out of ur- 

ban ecology and which focused on nature con- 

servation in cities started in Germany in the 

1980s. Called "biotope mapping", a method 

was developed in order to investigate habitats 

in urban areas which are important for na- 

ture conservation (Starfinger & Sukopp 1994, 

compare chapter 3). Since then this method 

has been well developed and is used in most 

cities. 

In Japan assessments of green natural envi- 

ronments have been done based on the map 

of actual vegetation (e. g. Miyawaki & al. 

1989, 1991). They are used for concepts for con- 

servation, restoration and management of 

green environments under the term "Func- 

tional vegetation map" (Fujiwara & Miya- 

waki 1989, 1991). But until now there has 

been no standardised method for the investiga- 

tion of biotopes in urban areas. 

Especially because Japanese cities grow 

very fast - e.g. in future the urban agglomera- 

tion of Tokyo will be the biggest city of the 

world (compare Fig. 1) - knowledge about the 
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Fig. 2: Ecological characterisation of a city (after Sukopp 1990, slightly modified) 

distribution of biotopes is very important for the agglomeration of buildings, which are de- 

nature conservation and infrastructure plan- scribed in detail by the example of Berlin 

ning. Therefore a pilot study was started in (compare Fig. 2). 

Japan in the summer of 1996 to test the Euro- Compared to the surroundings, changes in 

pean method in Japan for the first time. The the local climatic conditions are characteris- 

testing area lies in the urban agglomeration tics of the urban climate (after Horbard & 

of Tokyo-Yokohama. al. 1983): 

In this paper background and methods of -higher air pollution 

biotope mapping in urban areas are de- -altered radiation 

scribed in general, on a basis for a pilot -lower relative humidity, reduced wind speed, 

study in Tokyo-Yokohama. In a further con- increased annual mean precipitation. 

tribution the results of this study will be The ecologically most important result of 

shown. these effects is a rise in temperature. 

The essential characteristics of urban soils 

2. Characterisation of cities 
are compression and accumulation of nutri- 

ents. In the centre of cities most soils are 

Severe changes of the ecosphere are con- sealed. Urban soils were investigated and clas- 

nected with the concentration of people and sified systematically for the first time in 
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Berlin (e. g. Blume 1989). 

In general ground water is lowered in cit- 

ies, due to the high amount of drainage and 

sealed areas. The pollution of groundwater 

as  well as  the water of rivers is also typical. 

Tab. 1: Extinct and endangered plants (Pterido- and 
Spermatophyta) in the former Federal Repub- 
lic of Germany and two cities 

investing. species extinct or 
references 

area kd No. endangerd 

Augsburg 200 1119 39% Miiller 1985 

480 
Auhagen & 

Berlin loo8 54' 3% Sukopp 1982 

Former 
Blab & al. 

Republic 248620 2476 
Germany 

35% 1984 

Within the urban area the original habitats 

are destroyed or changed seriously. In conse- 

quence the share of extinct and endangered 

plants is higher than'in the surrounding coun- 

try. Extinction is higher in big cities than in 

small ones (compare Tab. 1). Native species 

and especially those of wet and nutrient poor 

sites show a high decrease. However, urban 

agglomerations have a high number of spe- 

cies compared with the surroundings. This is 

because there are a lot of different habitats. 

An increasing number of alien species mainly 

of neophytes, meaning species which were in- 

troduced by men since the year 1500, is also 

typical. The proportion of alien species is cor- 

related with the size of the city population, 

which is shown by example of Berlin (Fig. 

3). 

Most alien species in European cities have 

their origin in warmer areas of the world. 

Their growth is possible because of the 

warmer climate of urban areas. Another 

group of alien plants can be summarised as  

species with a high possibility of regenera- 

tion and show in their original country as  

well as  in urban areas a fast distribution, 

due to the increasing impact of men, caused 

by nutrition and disturbance. Impressive ex- 

amples are ruderal plant communities in ur- 

ban areas all over the temperate zone which 

are dominated by the north American plant 

Solidago gigantea. Cosmopolitan species which 

are adapted to regularly disturbance such as  

Poa annua, are also typical for a lot of ur- 

ban habitats. The aliens build up typical ur- 

ban plant communities together with the" na- 

tive plants. 

Year 

Fig. 3: Population development of Berlin related to  the number of alien ruderal species (neophytes) introduced 
since the year 1500 (from Sukopp et al. 1979) 



Many investigations into the flora, vegeta- 

tion and fauna of European cities have shown 

that the distribution of species and their com- 

munities is highly correlated to the actual 

landuse types (Sukopp & al. 1980). Different 

landuse types show different species richness 

(comp. Fig. 4). Because each type of landuse 

has its own characteristic abiotic factors, the 

land use types are used as  ecological units in 

urban areas. A detailed description of the dif- 

ferent landuse types in urban areas and their 

specific ecological conditions is  given by 

Gilbert (1989) and Sukopp & Wittig (1993). 

Parks (1 5) 

Waste grounds (1 5) 

Railway sites (1 1) 

Industrial areas (1 0) 

Closed settlements (1 2) 

Fig. 4: Number of higher plant species from different 
types of land use in the city of Augsburg 
(number of investigated areas) (from Miiller 
1990) 

3. The aims and history of nature conser- 
vation and biotope mapping in cities 

In principle the aims of nature conservation 

in cities and the open landscape are the 

same, and are to protect and develop nature 

and landscape in order that: 

-the capacity of the nature household 

-the utilisation of the natural goods 

-the plants and animals 

-the biodiversity, peculiarity and beauty of na- 

ture and landscape as  a basis for the human 

beings are saved as  sustainable. 

Nature conservation in cities has its roots 

in Europe in the protection of old and rare 

trees and leads back mainly to the 19" cen- 

tury. With the general increase in importance 

of nature conservation in the beginning of 

this century, it focused also on rare and en- 

dangered species and their biotopes (habitats) 

in the surroundings of cities. But until that 

time the main objects of nature conservation 

were species and habitats of the open land- 

scape such as  forests or wetlands. 

With the development of urban ecology and 

increased knowledge about the specificity of 

urban plant- and animal communities, nature 

conservation also focused on protection of spe- 

cific urban biotopes. 

The first studies in cities to specially esti- 

mate the areas which are important for na- 

ture conservation started in Germany in the 

1980s and became famous as  "bi'otope map- 

ping". This systematic investigation of biotopes 

was a t  first limited to the open landscape 

and focused on habitats for rare and endan- 

gered species (Kaule 1975). In contrast "biotope 

mappings of urban areas" are oriented to- 

wards the special tasks of urban nature con- 

servation as  which are to protect or develop 

nature in cities a s  a basis for a direct con- 

tact between urban dwellers and the natural 

elements of their surroundings (Sukopp -& al. 

1980). Biotopes in urban areas are important: 

-as refuges, dispersal centres and corridors 

for species 

-for environmental protection and ecological 

balance (hydrological cycle, water resources 

and hygiene, climate, air hygiene, noise pro- 

tection), 

-for the aesthetic quality of the urban land- 

scape, especially for structuring and enliven- 

ing the townscape, 

-for providing low key recreation opportuni- 

ties, 

-as informal playgrounds for children, 

-as demonstration and experimental areas for 

educational purposes, 

-as bioindicators for environmental changes 

and pollution, 



-for fundamental research into urban ecology 

The first biotope mappings in urban areas 

were conducted in Berlin (Sukopp & al. 

19801, Augsburg (Bichlmeier & al. 1980, 

Miiller & Waldert 1981) and ,  Munich (Brunner 

& al. 1979). As of today biotope mappings 

were done in 175 German cities (Sukopp 

1994). 

In 1978 a working group called "Biotope 

Mapping in Urban Areas" was established. 

The annual meetings are held in different cit- 

ies a t  first in Germany and then also in 

other countries with German language. The 

aims of the meetings are to exchange experi- 

ences about the methods and results of map- 

ping as  well as  its application in ecological 

city planning. For example the working 

group published recommendations for a basic 

program for biotope mapping in urban areas 

(Arbeitsgruppe "Methodik der Biotop- 

kartierung im besiedelten Bereich" 1993). 

In addition to the meetings a bibliography 

of research on nature conservation in urban 

areas is published regularly (compare Sukopp 

1994). 

The results of these studies were quickly 

recognised as  basic information for nature 

conservation and infrastructure planning in 

cities. They found their application in pro- 

grams e. g. "Program of protection the spe- 

cies and biotopes of Berlin" (Arbeitsgruppe 

Artenschutzprogramm Berlin 19841, and plans 

e. g. "Landuse and Landscape Plan Augsburg") 

(Miiller 1982) as  well in the daily practise of 

management of green spaces (Miiller & 

Schmidt 1981). Meanwhile the results are ba- 

sic information for "ecological city planning" 

in many European cities, especially in Ger- 

many. 

4. Methods of biotope mapping 

In general biotope mapping is focused on 

floristic and phytosociological features as  it 

is relatively easy to study plants a s  com- 

pared with animals. It cannot be concluded, 

however, that from the particular value of a 

given site as  a habitat for plants the site will 

be also be valuable for  animals nor vice 

versa. But for the most part sites valuable 

for plants are also valuable for animals. Fur- 

thermore, biotope mapping in urban areas fo- 

cuses on the aims of nature conservation in 

urban areas, which means more than the con- 

servation of species as  shown in chapter 3. 

In principle two methods of biotope map- 

ping in urban areas can be distinguished 

(Sukopp & Weiler 1988): the selective map- 

ping and the comprehensive mapping. 

Selective mapping investigates only habitats 

worthy of protection. This presupposes a 

framework of evaluation for biotopes worthy 

of protection and thus of mapping. 

This method was developed from a method 

for biotope mapping the open landscape in 

Germany (Kaule 1975) which investigated the 

natural and semi-natural vegetation according 

to a key describing biotopes which are endan- , 

gered (e. g. natural and secondary forests, 

wet and dry grasslands etc.). This key was ex- 

tended for mapping in urban areas with the 
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specific worthful urban biotopes such as  ur- 

ban forests and shrubs, old ruderal vegeta- 

tion, extensive used meadows, abandoned or  

extensive used allotments etc. (Miiller & 

Waldert 1981). 

In the first step, those areas which show a 

high amount of vegetation and low influence 

of human impact are chosen with the help of 

aerial photos. These areas are then visited 

and evaluated. Biotopes are mapped when 

they show one or more of the following crite- 

ria: 

-typical spectrum of species on the specific 

site (e. g. typical species of ruderal vegeta- 

tion or of secondary forests) 

-a high variety of vegetation age and struc- 

ture 

-rarity with the regard to the presence of spe- 

cific plants and animals of the specific vegeta- 

tion 

-age and possibility of replacement (e. g. old 



urban forests need a long time to develop) 

The biotopes are described in maps. The 

written description take place in a special 

computerised form. The basis for the uniform 

description is a code plan used e. g. in 

Bavaria all over the country. 

Comprehensiue mapping investigates all 

landuse types e. g. settlements, industrial ar- 

eas, waste lands etc. (Sukopp & al. 1980). 

Since normally it is not possible to carry out 

highly detailed study over the entire city 

area, sample areas for all landuse types are 

chosen, in order to identify the complete spec- 

trum of different biotope types (comprehensive- 

representative mapping). The floristic and 

phytosociological studies consist the follow- 

ing steps: 

-inventory of wild plant species (excl. woody 

species), 

-inventory of woody species (spontaneous and 

planted) and 

-inventory of vegetation 

, Afterwards the biotopes worthful for nature 

conservation are selected. 

In addition to the mapping of flora and 

vegetation, investigations in some selected ani- 

mal  groups are done by selective mapping as  

well as  by comprehensive mapping. The aim 

is, to get information about the value of sites 

which are not important from the view of 

vegetation e. g. large areas with bare ground 

which can be important for specific animal 

groups (e. g. grasshoppers) (Plachter 1980). 

Important groups which shall be investigated 

are (Arbeitsgruppe "Methodik der Biotop- 

kartierung im besiedelten Bereich" 1993) : 

birds; selected groups of mammals e. g. bats, 

shrews and hedgehogs; amphibians and rep- 

tiles; grasshoppers; butterflies (Macro- 

lepidoptera); beetles (Carabidae); dragonflies; 

spiders (Araneae) and wild bees (Apoidea). 

In comparison with selective mapping, com- 

prehensive mapping gives a broader base for 

later interpretation. Besides the selection of 

areas which are especially important for na- 

ture conservation it is possible to do e. g.: 

-an evaluation of the different landuse types 

as  corridors 

-choose the plants which shall be used for 

green space planing e. g. trees along roads, 

species for meadows etc. 

-to document the changes of flora and vegeta- 

tion exactly after a second investigation. 

The disadvantage of comprehensive map- 

ping is that it means a great deal of money, 

time and qualified personnel, so it was done 

only for a few cities. In contrast, selective 

mapping has the important advantage of be- 

ing done quickly, with less demands on per- 

sonnel and money. It can provide quick re- 

sults for nature conservation and 

infrastructure planning. However the dates 

can hardly be used for further interpretation 

unlike those from comprehensive mapping. 

Due to its fast results and as  a second step 

of the investigation of the open landscape the 

selective method has been used in most Ger- 

man cities until today (comp. Fig. 5). In a 

lot of countries exist a standardised documen- 

tation of the dates, which is organised by the 

ministries of environmental protection. This 

ministry also supports the cities by the investi- 

gation, in form of guidelines and money for 

the investigations. In some countries of Ger- 

many the researchers get a special education 

for mapping. 

For a wider interpretation of the dates 

from biotope mapping the working group 

"Methods of biotope mapping in built up ar- 

eas" (Arbeitsgruppe "Methodik der Biotop- 

kartierung im besiedelten Bereich" 1993) has 

recommended 1986 and a1 last 1993 a basic 

program for biotope mapping which shall in- 

clude a t  least: 

-overall mapping of landuse types (by aerial 

~ h o t o s )  

-mapping of areas which are potentially rich 

biologically or  worthy for preservation 

-mapping of biotope complexes 

-mapping of flora and vegetation on selected 

sites 

-mapping of animal groups on selected sites 



trails 

Fig. 5: Urban biotope mapping in populated areas, urban or village nature trails in Germany 
(from Starfinger & Sukopp 1994) 

5. The example - biotope mapping in the 
city of Augsburg 

In the city Augsburg both methods were 

tried (Miiller & Waldert 1996). The results are  

shown by a series of maps (compare Fig. 6, 

7, 8). First a selective mapping was done in 

order to get dates for infrastructure planning 

in a short time. In a second step, a compre- 

hensive mapping was done for the settled ar- 

eas. Additionally investigation in the 

following groups of animals were done: 

birds; selected groups of mammals e. g. bats, 

shrews and hedgehogs; amphibians and rep- 

tiles; grasshoppers; butterflies (Macro- 

lepidoptera) ; beetles (Carabidae) ; dragonflies; 

spiders (Araneae) and wild bees (Apoidea) . 

To sum up, one can say that for basic 

dates for infrastructure planning (e. g .  which 

areas shall be protected and not touched by 

the planning of roads or  settlements) selective 

mapping is very useful, due to its quick 



Fig. 6: Aerial photos are basic information for biotope mapping (extract of the urban area of Augsburg, com- 
pare fig. 7 & 8). 







investigation. On the other hand the dates pro- 

duced by comprehensive mapping are a funda- 

mental information for landscape planning as  

part of infrastructure planning e. g.: 

-which landuse types have a high amount of 

trees and gardens and function as  corridors, 

-which areas shall be developed with special 

regard to green planning, 

-which trees shall be used along roads 

The dates are also an  essential part of the 

evaluation of daily demands in a public of- 

fice for nature conservation and green plan- 

ning e.g.: 

-where are trees which shall be protected by 

the construction of houses 

-which plants shall be used for constructing 

new parks or  settlements. 

-which public parks shall be managed with a 

higher regard to nature conservation 

As a result of the comprehensive mapping 

a lot of programs and following projects 

have been developed (Miiller & Waldert 1996): 

-programs for management of public parks 

-program for the protection endangered ani- 

mal  species e. g. bats 

-program for the protection endangered plant 

species 

Especially for the protection of trees there 

has been developed a law under the city. 

6. Forecast 

In order to get dates in a short time and 

due the low amount of staff (the investiga- 

tion were done by the author, the main time 

in frame of an exercise a t  the university), the 

pilot study in the urban agglomeration of To- 

kyo was done only in two testing areas. 

a)  area 1 around the campus of the Na- 

tional University Yokohama 

b) area 2 around Yokohama Station 

The selection of the areas depended on two 

reasons: 

-for the university campus exists already ac- 

tual dates of flora and vegetation (Okuda 

1994, Tohma & al. 1994) 

-the areas include a lot of different landuse 

types, which are typical for the agglomera- 

tion of Tokyo-Yokohama. 

A basic programme of biotope mapping 

was used, which will be explained in a fur- 

ther contribution as  well as  first results of 

the pilot study. 
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