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‘Biotope mapping of Mainz’ - this is the name of a research project commissioned by the City of
Mainz and carried out by an interdisciplinary group of geographers, biologists and environmental
planners at Mainz University between 1993 and 1997. The project’s goal was not only to gather,
analyse and evaluate data relating to urban biotopes, but also to apply and - if necessary - modify
the ‘Basic program for biotope mapping in urban areas’, which was set up by a working group at
the German Federal Nature Conservancy in 1993. In conformity with the legal mandate, the work
followed the strategy of integrated nature conservation, i.e. simultaneous protection of biotic, a-
biotic and aesthetic resources, which is considered as an inevitable component of sustainable devel-
opment in urban areas. Some of the methodological aspects recommended in the ‘Basic program’
and completed in the ‘Biotope mapping of Mainz’ are: the application of a well-structured biotope
type reference key, the elaboration of a microsite key with relevance to flora, fauna and aesthetics,
very detailed mapping and description of biotope types, subtypes and variations, as well as map-
pings and descriptions of the phenomena of nature, recreational activities and environmental
impacts related to biotope types. Further, the ‘Biotope mapping of Mainz’ supplemented some new
spatial aspects and assessment procedures that might eventually get planning authorities more adop-
ted to the idea of sustainable land use in populated areas, such as the environmental zoning of the
landscape within the city limits, the delimitation and description of ‘urban landscape units’ in detail
(including climate, soil and water conditions, flora and fauna as well as historical and cultural fea-
tures), the development of environmental quality targets and standards specified for each ‘urban
landscape unit’, the assessment of the unit’s biotope types with reference to the established envi-
ronmental quality standards, and last, suggestions and recommendations for urban planning and
environmental management. With the items mentioned, the research project ‘Biotope mapping of
Mainz’ made its scientific outcome more accessible and understandable. As a consequence, it is
reported that local planning authorities are applying the project’s findings and giving a positive
feedback of the results.

Praktische aspecten van stedelijke biotoopkartering: methoden, problemen en oplossingen. Een
voorbeeld uit Mainz, Duitsland - ‘Biotoopkartering in Mainz’ is de naam van een onderzoekspro-
ject dat door het gemeentebestuur van Mainz is opgedragen aan een interdisciplinaire onderzoeks-
groep, bestaande uit geografen, biologen en milieukundigen. Het onderzoek werd aan de universi-
teit van Mainz uitgevoerd tussen 1993 en 1997. Het doel van het onderzoek was niet alleen het ver-
zamelen, analyseren en evalueren van gegevens over stedelijke biotopen, maar ook om het
‘Basisprogramma voor stedelijke biotoopkartering’, dat in 1993 door een werkgroep van de Duitse
federale natuurbescherming was opgezet, toe te passen en - waar nodig - te verbeteren. Conform
de wettelijke voorschriften hield het onderzoek rekening met de gelijktijdige bescherming van bio-
tische, abiotische en landschappelijke (of esthetische) waarden. Dit wordt beschouwd als een onlos-
makelijk onderdeel van duurzame ontwikkeling in het stedelijk gebied. Enkele van de methoden die
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worden aanbevolen in het ‘Basisprogramma’ zijn: de toepassing van een goed gestructureerde refe-
rentielijst van biotooptypen; de verfijning van een kleinschalige lijst van biotooptypen met betrek-
king tot flora, fauna en esthetica; een zeer gedetailleerde kartering en beschrijving van biotoopty-
pes, subtypes en variaties daarop; de kartering en beschrijving van natuurverschijnselen, recreatie-
activiteiten en milieukundige invloeden met betrekking tot de biotooptypen. Daarnaast heeft de
‘Biotoopkartering in Mainz’ nieuwe ruimtelijke aspecten en beoordelingsmethoden opgeleverd die
er uiteindelijk voor kunnen zorgen dat meer rekening gehouden wordt met duurzaam grondgebruik
in bevolkte gebieden. Voorbeelden: een milieu-zonering van het stedelijk landschap; de afbakening
en beschrijving van stedelijke landschapseenheden (rekening houdend met het klimaat, bodem en
water, flora en fauna, geschiedenis en cultuur); de ontwikkeling van milieukundige kwaliteitswaar-
den voor elk stedelijk landschapstype; de beoordeling van biotooptypen aan de hand van bestaande
milieukundige kwaliteitseisen; en, tenslotte, suggesties en aanbevelingen voor stedenbouwers en
milieumanagers. Met de genoemde punten is het onderzoeksproject ‘Biotoopkartering in Mainz’
qua wetenschappelijke resultaten toegankelijker en begrijpelijker geworden. Bijgevolg kan worden
waargenomen dat de plaatselijke autoriteiten de resultaten van het project toepassen bij de ruimte-
lijke planning en er een positieve feedback over afgeven.

Correspondence: Dipl.-Geogr. Jochen Frey, Freiwilliges Okologisches Jahr (FOJ) in Rheinland-

Pfalz, Postfach 1951, D-55009 Mainz, Germany.

Keywords: urban ecology, integrated nature conservation, urban biotopes, biotope mapping,
environmental zoning, environmental assessment, city management.

INTRODUCTION

With the ‘Basic program for gathering, organ-
izing and analysing data relating to urban
biotopes’ set up by the working group
‘Methods of biotope mapping in populated
areas’ at the German Federal Nature
Conservancy and the State Offices for Nature
Conservation and Landscape Management in
1993 (Schulte et al. 1993), an important
guideline was given to all those local com-
munities that were able and willing to per-
form a biotope mapping project in their own
city (see Werner 1999). In Mainz, a more
than 2000 years old city situated at the nor-
thern edge of the upper Rhine valley, with a
total area of about 100 km® and a population
of 200.000 inhabitants, local authorities fol-
lowed this idea and commissioned such a
research project yet in 1993. Named ‘Biotope
mapping of Mainz’, the project was carried
out by an interdisciplinary group of geograph-
ers, biologists and environmental planners at
the University of Mainz from 1993 until
1997 (Arbeitsgruppe Stadtbiotopkartierung

Mainz 1996/1997). The project’s goals com-
prised

® the supply, analysis and evaluation of data
relating to all biotopes within the city
limits of Mainz,

® a very detailed mapping and description of
habitat structures, biotope types and land-
scape units,

® assessment procedures that might get plan-
ning authorities more adopted to the idea
of sustainable land use in populated areas -
as a contribution to the Local Agenda 21, and

® suggestions and recommendations for
urban planning and environmental manage-
ment.

The project’s work was based entirely on the
strategy of integrated nature conservation,
which is considered as a fundamental basis
of sustainable development in populated
areas. After Pfadenhauer (1991), integrated
nature conservation in terms of the German
law ‘Bundesnaturschutzgesetz’ (§ 1) can be
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defined as simultaneous integrated protection

of

® biotic resources, 1.e. the safeguarding and
support of plant and animal species typical
of a region, including their populations and
relationships,

® abiotic resources, i.e. the protection and
regeneration of the natural resources soil,
water and air,

® aesthetic resources, i.e. the protection
and/or development of landscape diversity,
individuality and beauty in order to satisfy
the needs of the people seeking relaxation
and recovery in the landscape.

Finally, with the ‘Biotope mapping of Mainz’
some of the objectives and recommendations
of the ‘Basic program’ had been transferred
to the local situation and shortcomings within
its methodological framework removed. The
following paper gives an outline of the pro-
ject’s issues for possible further application.

A SYNOPSIS OF BIOTOPE MAP-
PING SCHEMES IN GERMANY

Table 1 provides a synopsis of two recent
biotope mapping schemes, including the
methodology of biotope mapping recommen-
ded in the ‘Basic program’, and, in the
second column, an overview of the items
completed or modified in the ‘Biotope map-
ping of Mainz’ (Frey 1998). Among the com-
pleted propositions are the application of a
well-structured biotope-type reference key
and a key of microhabitats; the thorough
description of biotope types, subtypes and
variations; as well as the mapping and
description of phenomena of nature, recre-
ational activities and environmental impacts
related to biotope types. Some new aspects
were supplemented with the zoning of the
landscape within the city limits, the delimita-
tion and description of ‘urban landscape
units’, the development of environmental
quality targets and standards specified for
each ‘urban landscape unit’, the assessment
of the unit’s biotope types with reference to
these standards, and, finally, with suggestions
and recommendations for urban planning and

environmental management in detail.

SOME FEATURES OF BIOTOPE
MAPPING IN MAINZ

Delimitation of the area of investiga-
tion

From a scientific point of view, all biotopes
of a comprehensive biotope mapping that
reach beyond the city limits need not only be
mapped in the parts lying within these boun-
daries, but also beyond. Despite this, the city
that commissioned the project will merely
pay investigations within its territory - this is
also the case in Mainz. Furthermore, at least
some industrial zones, military areas or rail-
way tracks will remain inaccessible for scien-
tists, so that from these places possibly
important information may be lacking. And if
the spectacular flora and fauna of the city’s
nature reserves are well analysed, the main
task of a comprehensive biotope mapping is
not to intensify such studies, but to integrate
the given data and to focus on the sites yet
unknown.

Basic information for biotope map-
ping in cities

As a second step, basic information about the
area of investigation, its ecology, species, etc.,
is to be gathered and selected. In Mainz, floris-
tic and faunistic data were available through
publications, former mappings, unpublished
species lists and species distribution maps,
expert’s reports (e.g. in environmental impact
studies), expert knowledge, local literature and
other local information from citizens. Further
data were supplied by reports, plans and laws
concerned with town planning, landscape
architecture, landscape management, strategies
of nature conservation, recreation, etc. For
means of field cartography and digitalisation,
air photographs (scales 1:5000, 1:1000), topo-
graphic maps (e.g. ‘Deutsche Grundkarte’
1:5000), geological maps, soil maps, hydro-
graphic maps, climatic maps as well as histori-
cal maps (scales 1:20000 to 1:25000) were
needed. ArcInfo™ was applied as a geographi-
cal information system (GIS).
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ping of Mainz' (after Frey 1998).
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Mapping of biotope types and
microsites

The attempt to apply the biotope type refe-
rence key as proposed by the ‘Basic pro-
gram’ unfortunately revealed a few shortco-
mings within the key’s methodology, such as
the lack of a strict hierarchy, a numeration
that is incompatible with GIS, or an imbalan-
ce between the specification of different bio-
tope types. As a consequence, a modified
biotope-type reference key was set up for

biotope mapping at a scale of 1:5000, divided
into ‘groups of biotope types’, ‘biotope
types’, ‘biotope subtypes’ and ‘variations of
subtypes’ (see excerpts in Table 2). For even
smaller biotopes, e.g. the ones delimitated
during the representative mapping of sample
biotopes, a key of biotope microsites was ela-
borated (see Table 2). All of those microsites
can be subordinated to biotope types. Figure
1 serves as an example for a biotope-type
working map of the inner city of Mainz.

Table 2 Excerpt of the biotope type reference key and the key of biotope microsites as used in the biotope mapping of Mainz.
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Figure | Biotope-type working map of the inner city of Mainz
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Mapping of flora and fauna

The representative mapping of the character-
istic flora and fauna of the sample biotopes
mainly followed the principles of the ‘Basic
program’ (Schulte ef al. 1993: 508-513).
However, the listing of plant communities
was added for means of the description of
biotope types (see below under ‘Description
of biotope types’). The species inventory of
each sample area was recorded on a database
compatible with GIS (KartASys®, see
Arbeitsgruppe Stadtbiotopkartierung Mainz
1996a).

Mapping of natural phenomena and
recreational activities

An important task of nature conservation in
cities 1s the preservation of plants, animals and
their habitats in order to make ‘human contact
with nature’, i.e. ‘human experience of nature’

possible (Sukopp et al. 1980, Gilbert 1989).
Since ‘human contact with nature’ is mainly
achieved by perception and/or recognition of
natural phenomena (forms, structures, patterns,
processes, etc.) or while staying in natural
areas for the purpose of leisure and recreation-
al activities, the mapping focused on common-
ly known natural phenomena, everyday activi-
ties for leisure and recreation and their traces
being found within biotope types (Frey 1997).
Table 3 gives a brief selection of these featu-
res, which were mapped in about 50 sample
areas in Mainz.

Description of biotope types

As shown in Table 1, each biotope type in
Mainz, including its subtypes and variations,
was described in detail, with regard to its
location and spatial distribution, some abiotic
factors (geology, soil), its biotope microsites,
characteristic vegetation (plant communities,

Table 3 Natural phenomena (left hand column), recreational activities and activity traces (right hand column) related to biotopes

(selected lists, after Frey 1997)
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Table 4 Matrix of criteria for the delimitation of ‘urban landscape units’.
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Table 5 Development of environmental quality targets for urban landscape units and assessment of the landscape unit's biotope

types.

Principal Ideas for the Sustainable Use of Land in the City of Mainz

The environment within the city limits of Mainz, as characterized by remnants of virgin landscape, diversified
rural landscape and different types of urban-industrial landscape, is to be regarded as an interdependent system
whose components have to be treated according to the principles of infegrated nature conservation and the
sustainable use of land. An important aspect in this case is the preservation of the landscape’s individuality,
diversity and beauty as a basis for quality of life.

Y

Guidelines for the Sustainable Use of Land in the Zones of Urban Landscape in Mainz

7 v 7
Remnants of virgin landscape Rural landscape Urban-industrial landscape
Domains: Climate / Soil / Fauna Domains: Climate / Soil / Fauna Domains: Climate / Soil / Fauna /
/ Flora/ ‘Landscape & / Flora/ 'Landscape & Flora/ ‘Landscape & Recreation’
Recreation’ Recreation’ N
v v Example:

Urban-Industrial Areas of Mainz: Guidelines in the Domain of ‘Landscape & Recreation’
e Preservation of areas with relevance to urban nature as well as to cultural history, i.e. as documents of historic-
cultural and historic-natural interdependence in the urban-industrial landscape of Mainz.
e Preservation of (historic-)natural areas for recreation, enjoyment, inspiration, observation of urban wildlife &
environmental education.
e Preservation of relics of rural or virgin landscape.

7

Environmental Quality Targets for ‘Urban Landscape Units’ in Mainz

Fxample:
Urban Landscape Unit # 53 (Housing estates on sand dunes, northwestern suburbs of Mainz):
Quality Targets for ‘Landscape & Recreation’
e Presence of dune landscape elements as documents of natural history and individuality, as well as for
inspiration, enjoyment, education and recreation in harmony with nature.

Quality standards / Quality criteria

Example:
Urban Landscape Unit # 53: Quality Criteria for ‘Landscape & Recreation’
Presence of

e relics of calcareous sand dunes, sand mounds and sand e wasteland on autochthonous (sandy) soils
flats e sandy slopes

e relics of sparse pine wood and other indigenous tree o sandpits
species ¢ sandy paths and trails

e relics of orchards with thermophilous fruit trees, e.g. ¢ sandy embankments and verges
apricots

e dry grassland on autochthonous (sandy) soils
¢ dry lawn on autochthonous (sandy) soils

g

Assessment of the landscape unit’s biotope-types

Assessment of the conformity of each biotope’s structures with the required quality standards,
i.e. with the required environmental quality targets

> ,,How does the biotope meet the specified environmental quality target 7 (4 steps; depicted in coloured
maps)
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Table 6 Targets and measures of biotope related environmental management in urban landscape units (as an example: ‘Housing

estates on sand dunes’)
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specialised and endangered plants), variety of
natural phenomena and recreational activities
and, at last, environmental impacts. In
Appendix 1 an example of such a description
is presented. Figure 2 is a photograph of an
example of this biotope subtype.

Environmental zoning of the lands-
cape within the city limits

In order to get a reasonable basis for spatial
description and assessment of biotope types

Figure 2 Example of biotope subtype ‘5520 - Ponds with
slightly disturbed embankments'’.

in cities, the landscape within the city limits
should be divided into different environmen-
tal zones. Following the basic principles of
natural geography and geobotany (see e.g.
Meynen & Schmithiisen 1962, Kowarik
1992), three zones are to be determined:

1 Area of remnants of virgin landscape: area
characterised by ecological processes typical
of virgin landscapes (in Mainz: sand dunes,
floodplains),

2 Area of diversified rural landscape: area
characterised by agriculture (growing of
cereals, root crops, fruit, vegetables) and
viticulture, with landscape elements like hedge-
rows, defiles, loess slopes, rough stone walls
etc.,

3 Area of urban-industrial landscape: built-
up area (city centre, former village centres,
housing estates, industrial and commercial
areas, etc.) with different types of urban
greenspace (parks, cemeteries, allotments,
wasteland, etc.) and characteristic small-scale
biotope features (cobble gaps, solitary trees,
etc.).
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Figure 3 Assessment of a landscape unit’s biotope types (as an example:'Housing estates on sand dunes’, northwestemsuburbs
of Mainz).
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Yet, the delimitation of such zones does not
fulfil the needs of a detailed spatial evalua-
tion of biotope type data. According to geolo-
gical, geomorphologic, historic-geographical
and land use criteria, the three environmental
zones can be subdivided into a variety of
smaller landscape units, each of them having
an individual environmental character within
the city. In Mainz, 54 ‘urban landscape units’
were distinguished and described in detail
(Table 4, see Arbeitsgruppe Stadtbiotop-
kartierung Mainz 1996c¢).

Assessment of biotope-types with
reference to environmental quality
targets

Relating to the ‘concept of environmental
quality targets’, which was officially recom-
mended after the Rio de Janeiro Conference
in 1992 (BMU 1993, RSU 1994), the
‘Biotope mapping of Mainz’ attempted to
assess biotope types by comparing their bio-
tic, abiotic and aesthetic inventory with crite-
ria and standards required in environmental
quality targets. Previously, specified princip-
les, guidelines, quality targets and quality cri-
teria were established for each ‘urban land-
scape unit’ in the domains of flora, fauna,
landscape aesthetics, soil and climate (see
details and examples in Table 5 and Figure
3). All propositions endeavoured to meet the
idea of sustainable urban planning (DRL 1992,
Stadt Mainz 1995, Diamond & Noonan 1996).

Suggestions and recommendations
for environmental planning and
management with reference to
environmental quality targets

As a practical outcome of the detailed spatial
description and assessment of the mapping,
some advice for appropriate measures con-
cerning biotope-type development in urban
landscape units was supplemented. Table 6
gives an example of such suggestions.
Firstly, ‘targets of environmental manage-
ment’ had to be established in order to corre-
spond with the proposed environmental

DEINSEA 5, 1999

quality targets. Secondly, all measures that
could help to achieve the targets were listed,
followed by a selection of the biotopes to be
managed.

CONCLUSIONS

Adopting the currently discussed ideas of inte-
grated nature conservation and sustainable use
of land for the means of biotope mapping in
populated areas, the research project ‘Biotope
mapping of Mainz’ attempted to make its
scientific results more accessible and under-
standable. As a consequence, it is reported that
local authorities are applying the results of the
project, including the GIS, for the purpose of
environmental impact assessments connected
with the construction of housing areas, roads,
etc., as well as for measures of nature conser-
vation, planning of recreational infrastructure
and environmental planning in general.
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