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Abstract Biodiversity is defined in the political sphere as an important subject of
protection and the extinction of species to be listed here should not only be held in
acknowledged protected areas, but rather also in areas used agriculturally. The
situation in agriculture is currently strongly changing through influencing factors,
such as climate change and restructuring in favour of renewable resources. Since
this development on the one hand holds the risk of a loss of biodiversity, and on the
other redevelopments also offer opportunities, this is indispensable for a well-
founded evaluation to operably forecast the effects of land use change on organ-
isms. Suitable methods for this are currently lacking. These loopholes should be
closed by the model worked out here. Based on species collections from earlier
studies, autecological organism data from the bibliography, as well as suitable map
material, a Geographical Information System will be created which makes it pos-
sible to forecast biodiversity in a regional context.

1 Historic Development and Current Situation
of Biodiversity in the Agricultural Landscape

Except for a few, island-like confined locations, the landscape existing in central
Europe today can by no means be described as “natural”, i.e. not influenced by
people. Moreover, it has already been greatly changed through anthropogenic use in
pre-industrial times. Without this influence, beech forests and mixed beech forests
would above all dominate in Germany on the basis of the given climatic and
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edaphic conditions. Deforestation has however produced a mosaic of forest and
non-forested land, over-use has led to a degradation of many regions, in which open
brush-land and moorland have come into being. It is to be assumed that this
increase in biotope diversity is also accompanied by a significant increase in bio-
diversity. This development was reversed however with industrialisation in the
middle of the 19th century, which in agriculture led to mechanisation, growing farm
sizes and an increase in fertilisation and use of pesticides; the biological diversity of
the artificial landscape again decreased. This trend intensified in the middle of the
20th century through another drive of technology and innovation, strong growths in
productivity accompanied further devastation of habitats and decreasing diversity in
the agricultural landscape. It was not until the 1970s that increased efforts to protect
nature and biotopes were made [6].

In spite of this, loss of biodiversity has also continued. The main cause of this is
mentioned by Möckel [35] as being the change from an extensive, varied agri-
culture and forestry to the intensive farming of today, which levels out the land-
scape through land consolidation and melioration, extensive mono-cultures,
ploughing up, intensive use of fertilisers, pesticides, high grazing density, drainage
of wet locations, locations with marginal yields becoming fallow etc. Accordingly,
the loss of biodiversity in agricultural lands is significantly larger than in areas close
to nature [6, 21, 47, 49, 53].

In an international context and also in Germany, pressure on agricultural
ecosystems is currently intensifying through changed framework conditions in
agriculture. Alongside changes through direct and indirect effects of global climate
change (Federal Office of Environmental Protection [7]), the growing competition
through globalisation, high demand for and promotion of biomass from the energy
sector, obligatory laying fallow of land ceasing to apply, increasing land competition
and higher competitiveness of field use, increased intensification of field and
grassland use, stronger utilisation of lands set aside, as well as ploughing grass lands
for field use are to be mentioned in this regard [Cf. 35, 37]. The risk of loss of
biodiversity through the extension of renewable resources, which are used as energy
(production of heat/cold, power, fuel) and industrial plants (fibres, chemical and
pharmaceutical products) in particular is referred to many times (e.g. [13, 16, 20,
(Panel of Experts for Environmental Issues) 48]). It is therefore the declared goal of
the Federal Government of Germany to increase the proportion of renewable
energies in gross final energy consumption to 18 % by 2020, 30 % by 2030, 45 % by
2040 and 60 % by 2050 (German Federal Ministry for Economics and Technology
and German Federal Ministry for the Environment, Environmental Protection and
Reactor Safety [11]). Renewable energy sources should replace the only limited
fossil and nuclear energy sources and therefore make a large contribution to con-
servation of resources and to controlling the greenhouse effect (Federal Environ-
mental Agency [55]). Furthermore, the addition of bio-components to fuels should
be increased [11]. For this purpose, large areas will be needed for the cultivation of
renewable resources. If the proportion of agricultural areas used in such a way still
amounted to 11.8 % in 2005 (German Federal Ministry for Nutrition, Agriculture
and User Protection [8]), forecasts assume that the proportion of the areas available
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for this will increase by more than 50 % by the year 2050 (Institute for Technical
Thermodynamics (German Aerospace Centre) [26]).

This current and still to be expected process of restructuring the agricultural
landscape does not only bring risks, but can also bring opportunities for biodi-
versity, since reform and land use change also always offer scope for design [53].
Agriculture is at a crossroads in this regard, and it now depends on which direction
of development will be taken, and how far insights from research on the support of
ecological objectives are integrated in systematic agricultural use (e.g. increase in
structure variety).

At the same time biodiversity is defined as a subject of protection in a political
framework. Protection and sustainable use of biodiversity are therefore objectives
of the Convention on Biological Diversity, CBD, which was negotiated by the
United Nations in Rio de Janeiro in 1992, and includes the European Union as one
of its signatories. The term biodiversity here includes the levels of ecosystems,
species and genes. The Convention enjoins the participating states to develop their
own national biodiversity strategies [56]. This was done in Germany in 2007 with
the National Strategy for Biodiversity (NBS). Here the goal was stated as stopping
the extinction of species by 2010 and reversing the process, which applies to the
entire landscape, including intensively used areas. Up to 2020 biodiversity in
agricultural ecosystems should be significantly increased [9]. In 2010 the goal of
maintaining biodiversity was however unsuccessful, and since the gap between the
actual and intended values was still large, the goal for 2010 can only be reached
under very great efforts [10]. Alongside the agreements mentioned, biodiversity as a
subject of protection or conservation of a habitat function is also anchored in
numerous other laws on national and international levels, such as the Cartagena
Protocol [12], Directive 91/414/EEC (EU 1991, Pest Control), Directive 2001/18/
EC (EU 2001, Use of GMOs), GenTG (German law on genetic engineering [22],
Use of GMOs), BBodSchG (German federal law on soil protection [2], § 1, Soil
Protection), PflSchG (German law on plant protection [41], § 6, Pest Control),
Natura 2000 [50], BNatSchG (German law on nature protection [4], § 1 and § 5,
Nature Protection), UVPG (German law on environmental impact assessment [58],
Impact Regulation), USchadG (German law on environmental damages [57],
Avoidance and Remediation of Environmental Damages).

Decisions on land use are however often made on the basis of short-term, mostly
economic considerations, and higher sustainability concerns often remain disregarded.

2 State of Current Research

There are currently no suitable methods to operably forecast biodiversity in agri-
cultural landscapes, and, according to the Commission for Soil Protection at the
“Umweltbundesamt” (Federal Environmental Agency [29]), there is currently no
knowledge about evaluating the landscape in the case of a change in the systems of
use; it is therefore recommended to investigate the development of biodiversity when
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there are conversions in the relevantmodel regions. Evaluation of risk for biodiversity
outside of authorising materials is generally based on the protection, conservation
and/or development goals of nature protection law rules. Corresponding protection
targets are predominantly defined for all species or respectively habitat types to be
protected, but not for all species and habitat types not considered worthy of protec-
tion. The landscape in Germany is not however made up entirely of nature reserves,
but rather primarily from anthropogenically used areas (for agriculture, settlements
and traffic) which are not under any strict nature protection [47, 54].

Models which deal with damages to species and changes in habitats mostly only
focus on climate change. In order to assess sensitivities, dynamic approaches such
as bioclimatic modelling e.g. [3, 38] or vulnerability analyses e.g. [25] are used.
The dynamic models currently available in science are to date still restricted to
global issues, which cannot be transferred to concrete local situations [27]. In the
area of practical nature protection, primarily indicator-based sensitivity analyses are
carried out, which in their structure correspond to the approach of a vulnerability
analysis. So, for example, the risk assessment of possible changes to FFH areas in
Germany as a result of climate change follows the methodology of indicator-based
sensitivity analyses [40]. Similar studies have already been carried out for indi-
vidual federal states, or are currently being carried out in North Rhine-Westphalia
[31]. Within the framework of these studies, the plant species of individual habitats
are grouped and defined in sensitivity levels according to the proportions of
hygrophytes and plants growing in cold conditions:

<10 % cold or respectively humidity indicators 1 (low sensitivity), 10–20 % cold
or respectively humidity indicators 2 (medium sensitivity) and >20 % cold or
respectively humidity indicators 3 (high sensitivity). Climatic changes are not
however the only influence on species or habitats. Other environmental changes
related to humans such as the deposition of pollutants or changes in land use are
significant factors involved which are not considered within the framework of the
studies described above.

In addition, the studies are mostly limited to the analysis of legally protected
types of habitat, for which there are clear requirements and conservation goals. The
typical habitats, predominantly less worthy of protection, of an agricultural land-
scape are not considered in such studies. A conceptual approach to the evaluation of
biodiversity in the agricultural landscape is lacking.

Moreover, no positive development can be represented through the approaches
currently available, but rather only the risk of negative consequences is forecast.

Within the framework of the national strategy for biodiversity, 19 indicators
were developed which in their monitoring also cover endangered species (red list)
as well as protected species within the FFH areas alongside sustainability indica-
tors. Moreover, the states of preservation of areas with special protection status
form the focus of the monitoring. As an indicator for recording sustainability, a total
of 59 types of bird from six different types of habitat were brought in Achtziger
et al. [1], which were determined in the course of the national sustainability
strategy. For the part habitat of agricultural land, ten types of bird are representative
for biodiversity in this habitat. The fact that only such a small number of species are
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incorporated into the indicator is due to the fact that the information should be
evaluated with an overview. This inevitably produces an area of tension between
scientific exactitude and political usability [59]. The principle of representative
species is used also in the area of risk analysis of pesticides [46]. It poses the
question, however, as to whether this concept is sufficient for a well-founded
evaluation.

Collecting monitoring data, above all of animals, is very complex and cost-
intensive. There are therefore only few such data, and those which are collected
often remain unused, since they are not centrally held and evaluated. An opera-
tionalization of biodiversity is therefore required urgently in order to make the data
comparable [28]. The ecological area referred to must in doing so always be
observed however, i.e. the local, regional natural states and potentials have to be
sufficiently taken into consideration. If this does not happen and general nature
protection areas are transferred to all locations unconsidered, overall this does not
amount to promoting, but rather to levelling out natural diversity [42].

3 The Principle of the Model to Forecast the Development
of Biodiversity in Agricultural Habitats

A model such as that created within the framework of this work represents biodi-
versity in a spatial relationship and makes it possible to operationalise. It is
therefore possible to integrate and therefore make usable monitoring data already
collected in management concepts for land use.

On the basis of regional prevalence data on plants and animals, biodiversity
should be forecast in various agricultural habitats. If a land use change is taken into
consideration for a particular area, this allows the model to assess the effects of this
change on the composition of the local agricultural biocenoses. The model should
initially be developed using the two organism groups of vascular plants and ground
beetles (as representatives of ground-proximate arthropods). The model systematic
can later be extended to other groups such as birds, spiders, butterflies or grass-
hoppers. It will initially be developed on the example of the Rhineland. It can
however be transferred to other regions later.

4 Selected Organism Groups

Animal and plant organisms are adapted to different degrees to biotic and abiotic
location factors, such as temperature, rainfall, the type, quality and wetness of soil,
as well as food supply, and form a characteristic community of a habitat through
inter- and intraspecific interdependencies, such as, inter alia, competitive behaviour,
symbioses or predator-prey relationships [30]. Both the different animal groups and
also the vegetation therefore also give indications of the environmental influences at
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the location through the species composition of their biocenoses and thereby serve
as biological indicators for these ecological conditions [15, 30]. Requirements for
the suitability of particular animal groups, as well as vegetation as indicator
organisms are a broad ecological distribution, a characteristic reaction of the bio-
cenoses to the different biotic and abiotic parameters, as well as comprehensive
knowledge about the autecology and the incidence of species [32, 44].

A frequently studied animal group is the ground beetle family (coleoptera,
carabidae). It is distributed globally, the autecology of native species is widely
known and the influences of different local factors on the carabidae community has
been described many times [19, 33, 36, 51]. In particular there is comprehensive
knowledge about the incidence, the living and adaptation strategies of the carabidae
in agricultural landscapes [23, 24, 34, 52]. Carabidae are therefore well suited for
answering ecological questions [44].

Plants also form characteristic biocenoses under the influence of local condi-
tions. If these species communities can be reproduced under defined environmental
conditions, they are described as plant communities [43]. The incidence of indi-
vidual plant communities is also marked by local influences so that particular
indicator properties can be attached to the incidence of these species in a habitat
[17]. As a result both the plant community encountered in a biotope and the
evidence of characteristic indicator species indicate the environmental parameters in
a defined habitat [5, 14]. On the basis of its ecological demands, vascular plants at a
particular location again possess indicator properties for particular preferred envi-
ronmental conditions. In order to be able to quantify these properties, the plant
communities have been organised according to their location demands for a special
local parameter (e.g. shade or pH value) with an integer value (Ellenberg number)
between 1 and 9 [15, 17]. Although the Ellenberg numbers are scaled ordinally, it is
common in practice to form the arithmetic mean from the Ellenberg numbers of the
plants of a defined location in order to be able to derive statements about the
environmental conditions at the location [18]. Ellenberg numbers which are
important for the model are the temperature number and the moisture number,
which are influenced by the climatic conditions. The nitrogen number is also rel-
evant, which allows for statements to be made about the intensity of land use.
A high moisture number means that a plant species predominantly prefers moist
soils, a high temperature number indicates a preference for higher temperatures and
high nitrogen numbers indicate fertiliser indicators [15, 17].

5 Development of the Model

The model is made up of organism databases on plants and ground beetles on the
one hand, and cartographical material on different subjects (types of biotope, soil
parameters, climate data) on the other. These are brought together in a Geographical
Information System (GIS), from which also the forecasts about the expected species
are ultimately made.
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In order to create the organism database, for one part real distribution data of
plant and ground beetle species shall be used, which has already been collected in
earlier work in the Aachen area [45]. These data are particularly suitable since, with
93 vegetation records and almost 50,000 carabidae individuals from 85 species,
they are very comprehensive. Besides that they were collected at 37 locations in
several different types of biotope (forest, hedge, meadow, as well as park-like
areas), which are also partly relevant for the agricultural landscape. Since when
collecting data for all recordings the exact coordinates of the place where things
were found were recorded, it is now possible to combine the species found with the
factors present at the place they were found (type of biotope, soil parameter, climate
data). In the database produced from this, the preferences of each species regarding
their abiotic and biotic surroundings are included. Should it emerge that, based on
the Roß-Nickoll data collected, no sufficiently precise model can yet be created to
forecast the incidence of organisms subject to the environmental factors mentioned,
there are further species collections for different projects and bachelors theses which
can be integrated into the model and contribute to its refinement and sharpening of
the prognosis. Furthermore, autecological data on the preference of the named
environmental parameters in the individual taxa are compiled from the literature.

The cartographical material on the subjects of the types of biotope, soil
parameters and climate data are blended with a Geographical Information System.
In this way all spatial units can be assigned property combinations, that is to say,
that for each point of the area worked on it is known which type of biotope there is
and how the soil and climate are constituted.

The organism databases are likewise read into the Geographical Information
System. For the connection between organism data and environmental factors it is
indispensable that the particular categories match. Now a first sample forecast on
the species composition for selected locations can be made to verify the model. For
each species, one obtains a probability of its incidence. It is checked by experiment
whether the forecast species are also actually to be encountered in the areas. If this
is not the case to a sufficiently precise extent, the model must be further optimised
by either integrating even more distribution data of the organisms already collected
within the framework of other projects, or by parameterising the autecological data
in such a way that they fit the distribution data. This is an iterative process, i.e.
settings are changed step by step until one reaches realistic results. For this veri-
fication and optimisation stage, data should be used which has been collected in
2011 within the framework of a university thesis [39]. The areas of study are
located in two different broad expanse areas, one in the Lower Rhine Bay (Jülicher
Börde) at Niederzier-Selhausen (Düren administrative district, ordnance survey
map 5104 Düren), the other in Nordeifel at Simmerath-Rollesbroich (Aachen
administrative district, ordnance survey map 5303 Roetgen). In each of the study
areas the biotope types grassland, field and hedge were tested. Beside 30 vegetation
records, more than 5,500 carabidae individuals from 54 species were recorded. It
could be shown in the work that there are very specific regional patterns in the
distribution of ground beetles, which on the one hand depend heavily on use, and
on the other hand probably also react sensitively to expected climate changes.

GIS-Based Model to Predict the Development … 25



References

1. Achtziger, R., Stickroth, H., Zieschank, R.: Nachhaltigkeitsindikatoren für die Artenvielfalt—
ein Indikator für den Zustand von Natur und Landschaft in Deutschland. In: Bundesamt für
Naturschutz (ed.) Angewandte Landschaftsökologie, vol 63 (2004)

2. BBodSchG: Gesetz zum Schutz vor schädlichen Bodenveränderungen und zur Sanierung von
Altlasten, Bundes- Bodenschutzgesetz vom 17. März 1998 (BGBl. I S. 502), zuletzt geändert
durch Artikel 3 des Gesetzes vom 9. Dezember 2004 (BGBl. I S. 3214) (1998)

3. Berry, P.M., Dawsen, T.P., Harrison, P.A., Pearson, R., Butt, N.: The sensitivity and
vulnerability of terrestrial habitats and species in Britain and Ireland to climate change. J. Nat.
Conserv. 11, 15–23 (2003)

4. BNatSchG: Gesetz über Naturschutz und Landschaftspflege. Bundesnaturschutzgesetz vom
25. März 2002 (BGBl. I S. 1193), zuletzt geändert durch Artikel 3 des Gesetzes vom 22.
Dezember 2008 (BGBl. I S. 2986) (2002)

5. Braun-Blanquet, J.: Pflanzensoziologie, 3rd edn. Springer, Berlin (1964)
6. Bredemeier, M.: Landnutzungswandel als Treiber von Biotopwandel und Veränderungen des

landwirtschaftlichen Stoffhaushaltes. In: Herrmann, B. (ed.) Beiträge zum Göttinger
Umwelthistorischen Kolloquium 2004–2006. Universitätsverlag Göttingen, Göttingen (2007)

7. Bundesamt für Naturschutz: Biodiversität und Klima - Vernetzung der Akteure in
Deutschland. BfN Skripten 131 (2005)

8. Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz: Die EU-
Agrarreform – Umsetzung in Deutschland (2006)

9. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit: Nationale Strategie zur
biologischen Vielfalt (2007)

10. Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit: Indikatorenbericht 2010
zur Nationalen Strategie zur biologischen Vielfalt (2010)

11. Bundesministerium für Wirtschaft und Technologie, Bundesministerium für Umwelt,
Naturschutz und Reaktorsicherheit: Energiekonzept für eine umweltschonende, zuverlässige
und bezahlbare Energieversorgung (2010)

12. Cartagena, P.: Cartagena Protocol on Biosafety to the Convention on Biological Diversity:
Text and Annexes. Secretariat of the Convention on Biological Diversity, Montreal (2000)

13. Dale, V.: Interactions between biofuel choices and landscape dynamics and land use. In:
America ESo (ed.) Conference on the Ecological Dimensions of Biofuels, Washington, D.C
(2008)

14. Dierschke, H.: Synopsis der Pflanzengesellschaften Deutschlands 3: Molinio-Arrhenateretea.
Kulturgrasland und verwandte Vegetationstypen. Teil 1: Arrhenatheretalia - Wiesen und
Weiden frischer Standorte. Göttingen (1997)

15. Dierschke, H., Briemle, G.: Kulturgrasland. Wiesen, Weiden und verwandte Staudenfluren.
Ulmer, Stuttgart (2002)

16. Ecological Society of America: Policy Statements: Biofuel Sustainability. http://www.esa.org/
pao/policyStatements/Statements/biofuel.php (2009)

17. Ellenberg, H.: Vegetation Mitteleuropas mit den Alpen in ökologischer, dynamischer und
historischer Sicht, 5th edn. Ulmer, Stuttgart (1996)

18. Ewald, J.: Ansprache von Waldstandorten mit Zeigerarten- Ökogrammen - eine graphische
Lösung für Lehre und Praxis. Allgemeine Forst- und Jagdzeitung 10(11), Ewald, J.: Ansprache
von Waldstandorten mit Zeigerarten- Ökogrammen - eine graphische Lösung für Lehre und
Praxis. Allgemeine Forst- und Jagdzeitung 10(11) (2003)

19. Eyre, M.D., Rushton, S.P., Luff, M.L., Telfer, M.G.: Predicting the distribution of ground
beetle species (Coleoptera, Carabidae) in Britain using land cover variables. J. Environ.
Manag. 72, 163–174 (2004)

20. Faulstich,M., Greiff, K.B.: Klimaschutz durch Biomasse - Ergebnisse des SRU-Sondergutachtens
2007. UWSF – Z Umweltchem Ökotox 20, 171–179 (2008)

26 M. Ernst et al.

http://www.esa.org/pao/policyStatements/Statements/biofuel.php
http://www.esa.org/pao/policyStatements/Statements/biofuel.php


21. Geiger, F., Bengtsson, J., Berendse, F., Weisser, W.W., Emmerson, M., Morales, M.B.,
Ceryngier, P., Liira, J., Tscharntke, T., Winqvist, C., Eggers, S., Bommarco, R., Pärt, T.,
Bretagnolle, V., Plantegenest, M., Clement, L.W., Dennis, C., Palmer, C., Onate, J.J.,
Guerrero, I., Hawro, V., Aavik, T., Thies, C., Flohre, A., Hänke, S., Fischer, C., Goedhart, P.
W., Inchausti, P.: Persistent negative effects of pesticides on biodiversity and biological
control potential on European farmland. Basic Appl. Ecol. 11, 97–105 (2010)

22. GenTG:Gesetz zurRegelung derGentechnik in der Fassung vom16.Dezember 1993 (BGBl. I S.
2066), zuletzt geändert durchArtikel 12 desGesetzes vom29. Juli 2009 (BGBl. I S. 2542) (1990)

23. Hance, T.: Impact of cultivation and crop husbandry practices. In: Holland, J.M. (ed.) The
Agroecology of Carabid Beetles, pp. 231–250. Intercept, Andover (2002)

24. Holland, J.M.: Carabid beetles: their ecology, survival and use in agroecosystems. In: Holland,
J.M. (ed.) The Agroecology of Carabid Beetles, pp. 1–40. Intercept, Andover (2002)

25. Holsten, A., Vohland, K., Cramer, W., Hochschild, V.: Ökologische Vulnerabilität von
Schutzgebieten gegenüber Klimawandel - exemplarisch untersucht für Brandenburg. BfN
Skripten 246 (2009)

26. Institut für Technische Thermodynamik (Deutsches Zentrum für Luft- und Raumfahrt):
Ökologisch optimierter Ausbau der Nutzung erneuerbarer Energien in Deutschland (2004)

27. Jeltsch, F., Moloney, K.A., Schurr, F.M., Kochy, M., Schwager, M.: The state of plant
population modelling in light of environmental change. Perspect. Plant Ecol. Evol. Syst. 9,
171–189 (2008)

28. Kangas, J., Pukkala, T.: Operationalization of biological diversity as a decision objective in
tactical forest planning. Can. J. For. Res. Revue Can. De Rech. Forestiere 26(1), 103–111
(1996)

29. Kommission Bodenschutz beimUmweltbundesamt: Bodenschutz beimAnbau nachwachsender
Rohstoffe - Empfehlungen der “Kommission Bodenschutz beim Umweltbundesamt” (2008)

30. Kratochwil, A., Schwabe, A.: Ökologie der Lebensgemeinschaften. Biozönologie. Ulmer,
Stuttgart (2001)

31. Kropp, J., Holsten, A., Lissner, T., Roithmeier, O., Hattermann, F., Huang, S., Rock, J.,
Wechsung, F., Lüttger, A., Pompe, S., Kühn, I., Costa, L., Steinhäuser, M., Walther, C., Klaus,
M., Ritchie, S., Metzger, M.: Klimawandel in Nordrhein-Westfalen - Regionale Abschätzung
der Anfälligkeit ausgewählter Sektoren. Abschlussbericht des Potsdam-Instituts für
Kimafolgenforschung (PIK) für das Ministerium für Umwelt und Naturschutz,
Landwirtschaft und Verbraucherschutz Nordrhein-Westfalen (MUNLV) (2009)

32. Lövei, G., Sunderland, K.D.: Ecology and behavior of ground beetles (Coleoptera: Carabidae).
Ann. Rev. Entomol. 41, 231–256 (1996)

33. Luff, M.L.: Use of Carabids as environmental indicators in grasslands and cereals. Annales
Zoologici Fennici, 185–195 (1996)

34. Luff, M.L.: Carabid assemblage organization and species composition. In: Holland, J.M. (ed.)
The Agroecology of Carabid Beetles, pp. 41–80. Intercept, Andover (2002)

35. Möckel, S.: Kommunales Gebietsplanungsrecht - Außenverbindliche Planung für den
unbesiedelten Bereich. Planungsrechtliche Steuerung der Bodennutzung für nicht besiedelte
Flächen, insbesondere der land- und forstwirtschaftlichen Nutzung. In: Bundesamt für
Naturschutz (ed.) Treffpunkt biologische Vielfalt, vol. 8, pp. 167–172. Bonn (2008)

36. Müller-Motzfeld, G.: Adephaga 1: Carabidae (Laufkäfer). In: Freude, H., Harde, K.W., Lohse,
G.A., Klausnitzer, B. (eds.) DieKäferMitteleuropas, vol. 2. Spektrum,Heidelberg, Berlin (2004)

37. Nitsch, H., Osterburg, B.: Grünland – Bestandsaufnahme und Handlungsoptionen:
Erkenntnisse aus dem InVeKoS-Projekt. In: Naturschutz und Landwirtschaft im Dialog
“Grünland im Umbruch”, Bundesamt für Naturschutz Vilm (2009)

38. Normand, S., Svenning, J.-C., Skov, F.: National and European perspectives on climate
change sensitivity of the habitats directive characteristic plant species. J. Nat. Conserv. 15,
41–53 (2007)

39. Oellers, J.: Der Einfluss von Nutzung und Klima auf Carabiden- und Collembolenzönosen in
Agrarlandschaften der Jülicher Börde und der Nordeifel - Auswertung regionalisierter Muster.
Diplomarbeit, RWTH, Aachen (2011)

GIS-Based Model to Predict the Development … 27



40. Petermann, J., Balzer, S., Ellwanger, G., Schröder, E., Ssymank, A.: Klimawandel-
Herausforderung für das europaweite Schutzgebietssystem Natura 2000. In: Balzer, S.,
Dieterich, M., Beinlich, B. (eds.) Natura 2000 und Klimaänderungen, vol. 46. Naturschutz und
biologische Vielfalt. Bundesamt für Naturschutz, Bonn (2007)

41. PflSchG: Gesetz zum Schutz der Kulturpflanzen. Pflanzenschutzgesetz in der Fassung der
Bekanntmachung vom 14. Mai 1998 (BGBl. I S. 971, 1527, 3512), zuletzt geändert durch
Artikel 13 G vom 29. Juli (BGBI. I 2542) (1998)

42. Plachter, H., Bernotat, D., Müssner, R., Riecken, U.: Entwicklung und Festlegung von
Methodenstandards im Naturschutz, vol. 70. Schriftenreihe für Landschaftspflege und
Naturschutz, Bonn (2002)

43. Pott, R.: Pflanzengesellschaften Deutschlands. Ulmer, Stuttgart (1992)
44. Rainio, J., Niemela, J.: Ground beetles (Coleoptera: Carabidae) as bioindicators. Biodivers.

Conserv. 12, 487–506 (2003)
45. Roß-Nickoll, M.: Biozönologische Gradientenanalyse von Wald-, Hecken- und Parkstandorten

der Stadt Aachen. Verteilungsmuster von Phyto-, Carabido- und Araneozönosen. Dissertation,
Shaker Verlag, RWTH Aachen (2000)

46. Roß-Nickoll, M., Lennartz, G., Fürste, A., Mause, R., Ottermanns, R., Schäfer, S., Smolis, M.,
Theißen, B., Toschki, A., Ratte, H.T.: Die Arthropodenfauna von grasigen Feldrainen (off
crop) und die Konsequenzen für die Bewertung der Auswirkungen von Pflanzenschutzmitteln
auf den terrestrischen Bereich des Naturhaushaltes. UBA Text Berlin 10(04), 148 (2004)

47. Roß-Nickoll, M., Schulte, C.: Vorwort Beitragsserie Biodiversität. UWSF – Z Umweltchem
Ökotox 20(2), 102–103 (2008)

48. Sachverständigenrat für Umweltfragen: Sondergutachten Sachverständigenrat für
Umweltfragen: Klimaschutz durch Biomasse. Erich Schmidt Verlag, Berlin (2007)

49. Schindler, M., Schumacher, W.: Auswirkungen des Anbaus vielfältiger Fruchtfolgen auf
wirbellose Tiere in der Agrarlandschaft (Literaturstudie). Schriftenreihe des Lehr- und
Forschungsschwerpunktes USL, vol. 147 (2007)

50. Ssymank, A., Hauke, U., Rückriem, C., Schröder, E.: Das europäische Schutzgebietssystem
Natura 2000. BfN-Handbuch zur Umsetzung der Fauna- Flora-Habitat-Richtlinie und der
Vogelschutz-Richtlinie, vol. 53 (1998)

51. Thiele, H.U.: Carabid beetles in their environments. A study on habitat selection by adaptation
in physiology and behaviour. Springer, Berlin (1977)

52. Thomas, C.F.G., Holland, J.M., Brown, N.J.: The spatial distribution of carabid beetles in
agricultural landscapes. In: Holland, J.M. (ed.) The Agroecology of Carabid Beetles,
pp. 305–344. Intercept, Andover (2002)

53. Tscharntke, T., Klein, A.M., Kruess, A., Steffan-Dewenter, I., Thies, C.: Landscape perspectives
on agricultural intensification and biodiversity—ecosystem service management. Ecol. Lett. 8
(8), 857–874 (2005)

54. Umweltbundesamt: Daten zur Umwelt. http://www.umweltbundesamt-daten-zur-umwelt.de/
umweltdaten/public/theme.do?nodeIdent=2419 (2009)

55. Umweltbundesamt: Daten zur Umwelt - Anteil erneuerbarer Energien am gesamten
Endenergieverbrauch. http://www.umweltbundesamt-daten-zur-umwelt.de/umweltdaten/
public/theme.do?nodeIdent=2850 (2011)

56. United Nations: Convention on Biological Diversity. United Nations, New York (1992)
57. USchadG: Umweltschadensgesetz vom 10. Mai 2007 (BGBl. I S. 666), zuletzt geändert durch

Artikel 14 des Gesetzes vom 31. Juli 2009 (BGBl. I S. 2585) (2007)
58. UVPG: Gesetz über die Umweltverträglichkeitsprüfung in der Fassung der Bekanntmachung

vom 25. Juni 2005 (BGBl. I S. 1757, 2797), zuletzt geändert durch Artikel 1 des Gesetzes vom
11. August 2009 (BGBl. I S. 2723) (1990)

59. Zieschank, R., Stickroth, H., Achtziger, R.: Seismograph für den Zustand von Natur und
Landschaft. Der Indikator für Artenvielfalt. Politische Ökologie 91–92, 58–59 (2004)

28 M. Ernst et al.

http://www.umweltbundesamt-daten-zur-umwelt.de/umweltdaten/public/theme.do?nodeIdent=2419
http://www.umweltbundesamt-daten-zur-umwelt.de/umweltdaten/public/theme.do?nodeIdent=2419
http://www.umweltbundesamt-daten-zur-umwelt.de/umweltdaten/public/theme.do?nodeIdent=2850
http://www.umweltbundesamt-daten-zur-umwelt.de/umweltdaten/public/theme.do?nodeIdent=2850


http://www.springer.com/978-3-662-45424-4


	2 GIS-Based Model to Predict the Development of Biodiversity in Agrarian Habitats as a Planning Base for Different Land-Use Scenarios
	Abstract
	1 Historic Development and Current Situation of Biodiversity in the Agricultural Landscape
	2 State of Current Research
	3 The Principle of the Model to Forecast the Development of Biodiversity in Agricultural Habitats
	4 Selected Organism Groups
	5 Development of the Model
	References


