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Plant life form based habitat monitoring in a European landscape framework for early warning of changes in land cover and biodiversity
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Abstract

During the last 25 years different programs for detailed landscape surveys based on stratified area covering sampling in landscape grids of  ¼ to 4 km2 have been carried out in a number of European countries with slightly different methodologies and perspectives, developing towards permanent landscape monitoring systems. In the intensively used Danish agricultural landscape it has been natural to concentrate on the dynamics of small biotopes. An area covering landscape monitoring program with emphasis on small biotopes (SBMP) has developed since 1981, and a continuation of this monitoring within the NOVANA program is planned for the future. During the last many years these different national landscape surveys have cooperated to develop a European platform for consistent landscape related habitat recording and monitoring. This has been realized through the EU BioHab concerted action in the preparation of a common European Field Monitoring Handbook as a user-friendly tool in support of implementing the Habitat Directive, including NATURA 2000, and linking scientific and policy-oriented European projects. The overall European monitoring role of the BioHab framework is to establish a landscape-based connection between the remote sensing-based monitoring of the environment and the site-specific indicators of biodiversity. The landscape-based framework permits a methodology for an operational monitoring that can serve as an early warning system, relating changes in biodiversity to changes in land cover and habitat composition and quality. 

The focus on essential features of the habitat that can be expressed easily and quantitatively for identification and mapping of small but significant changes at a landscape level has resulted in the reintroduction of Raunkiaers plant life form concept from 1907 as an essential approach in the BioHab project, since plant life forms to a high degree define the structure of the habitat and thereby the habitat’s quality for the species assemblage. 

Although plant life form has only partly been included in the Small Biotope Monitoring Program (through the registration of agricultural land use, general land cover and tree and shrub cover of small biotopes), it has not been difficult to integrate the BioHab framework in the SBMP-monitoring system, thus permitting the monitoring system to deliver an additional important European perspective with only very limited extra resources involved.

Introduction 

Traditional habitat monitoring concentrate on the monitoring of threatened habitats and species on a local scale. However, threats to biodiversity and habitats are working at several spatial levels, often not directly related to the local situation. Therefore information related to the nested hierarchy of different spatial levels, as studied by modern landscape ecology, has to be included in the analysis of biodiversity problems to raise the efficiency of planning and management. Additionally, the present trends of climatic change ask for monitoring systems putting more emphasis on relating biodiversity to the evolutionary developed biological adaptation of species to different climatic and site conditions. Habitat protection has also to be broadened towards a long-sighted landscape perspective, not just adding corridors for dispersal, but comprising all landscapes, from the exotic to the vernacular, to ensure that the protection of biodiversity is integrated with other aspects of the use and protection of landscapes (Brandt 1996), and to permit habitat protection to be a natural part of the diversified landscape values to be protected and developed in accordance with the broad landscape concept of the European Landscape Convention (Council of Europe 2000). Such a multiscaled and multipurpose perspective on habitat and landscape monitoring has been supported strongly by progress in the development of remote sensing-based types of monitoring of land cover changes. At the local habitat site level, the development of appropriate indicators of biodiversity has improved, too. Still, however, there is a missing link of landscape-based field methodologies that can relate changes in biodiversity to changes in land cover and habitat composition and quality, thus function as an early warning system by changes in environmental conditions, including climate changes. 

Field based methodologies for landscape monitoring

During the last 25 years different programs for detailed landscape surveys, including agricultural and near-urban vernacular landscapes, based on stratified area covering sampling in landscape grids of  ¼ to 4 km2 and a sample coverage of between 0.2 and 0.3 % of the total area have been carried out in a number of European countries (Brandt, Holmes et al. 2002) with slightly different methodologies and perspectives, developing towards permanent landscape monitoring systems (Brandt, Bunce et al. 2002; Brandt, Blust et al. 2003). A coordination of these endeavors at a European level was launched in 2002 with the BioHab project to set up and test a manual for a field-based European-wide monitoring of habitats and associate changes in biodiversity (see later). 

The first landscape survey, the English Countryside Survey, launched in 1978 (Bunce and Heal 1984), comprised 256 1-km2-squares, expanded during later surveys (in 1984, 1990 and 1998/99) to 569 squares (Haines-Young 2000). 

In Denmark, the development of an area covering landscape monitoring program with emphasis on small biotopes was started in 1981, the Small Biotope Monitoring Program (SBMP). Initially it covered 13 squares of 4 km2 in the Eastern part of Denmark (Agger and Brandt 1988), extended to 26 squares in 1986 and got its nationwide coverage in 1991 with 32 squares (See fig. 1). In 1996 a monitoring of all 32 squares was carried out (Brandt, Holmes et al. 2001) and in 2001 all areas were photographed in detail from the air but not monitored. The SBMP is now a part of the Danish Nature Monitoring Program (NOVANA)
 where the monitoring will start in 2006, hopefully adding an interpolation of the 2001 situation based on detailed airphotos of that year.

The emphasis on small biotopes seemed relevant because the intensification of the field-based agricultural production especially from the 1970ties resulted in rapid removal of small biotopes and because the small biotopes occupy about one-third of the total area available for wildlife in the intensively managed agricultural lands of Denmark. The key question was: What are the consequences for wildlife and conservation when the number of small biotopes decline that rapidly?

Threatened species might be directly related to small biotopes found in the agricultural landscape and they might indirectly depend on possibilities of dispersal, furthered by a network of permanent biotopes. In practical conservation planning a contrasting view has received a certain spread, arguing that small biotopes are of low priority because they are trivial and the role they play in conservation is low compared to the many serious challenges related to threatened species here and now. This argumentation is not valid because it neglects the biodiversity problem in a long-term perspective and it suppresses the need for a landscape perspective on biodiversity. 
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Figur 1. The Development and distribution of the Danish Small Biotope Monitoring Program (SBMP) since 1981.
The Small Biotope Monitoring Project (SBMP) consists of:

a. A total land cover and land use registration of all areas.

b. A detailed field registration of all linear and area biotopes.

c. Interviews with farmers concerning agricultural practice and functions of the small biotopes.

d. Information on ownership, socio-economic and landscape values among farmers in the sample areas.

e. Information on the landscape and on geo-related structures and forces.

f. A historical record of small biotopes for selected sample areas based on air photographs and topographical maps. 

The aim of the SBMP up to now has been to monitor the dynamics of the small biotopes and relate this to environmental conditions and socio-economic constraints at a regional and local level. A main result of the monitoring has been the documentation of a clear general decline of small biotopes (especially the smallest and wet) up to the mid-80ties, followed by stagnation at the national level (but covering considerable regional and local variations) until the last survey in 1996. There are some indications related to ongoing research on land cover changes of a renewed general decline since the mid-90ties, making the upcoming NOVANA-program very interesting on beforehand, due to the apparently close relation between small biotope dynamics and agricultural and environmental policy and management. The inclusion in the NOVANA-program will focus on changes of structure and biodiversity in the 32 squares, but does not include the socio-economical aspects. All unfarmed areas of more than 10m2 will be monitored and as an addition to the SBMP the species composition and invasive species are recorded in selected areas. The program is primarily measuring evolutionary trends on the 4 km2 square level and on the national level and is not incorporating a European monitoring perspective. 

The European BioHab project

During the last many years the different national landscape surveys have cooperated to develop a European platform for consistent habitat recording and monitoring. This has been realized through the EU BioHab concerted action in the preparation of a common European Field Monitoring Handbook as a user-friendly tool in support of implementing the Habitat Directive, including NATURA 2000, and linking scientific and policy-oriented European projects. The overall European monitoring role of the BioHab framework is to establish a landscape-based connection between the remote sensing-based monitoring of the environment and the site specific indicators of biodiversity.
The specific objective of the BioHab framework for a European-wide monitoring of habitats, is “…to obtain statistically robust estimates of their extent and associated changes in biodiversity”  (Bunce, Groom et al. 2005). This is done by field recording of so-called General Habitat Categories (GHC’s), based on the scientific hypothesis that habitat structure is related to environmental factors. This has resulted in the definition of 130 General Habitat Categories covering the pan-European region (except Turkey), all having been field tested throughout the environmental zones of Europe. Variations within a General Habitat Category are expressed by environmental and global qualifiers, which are combinations of soil humidity, nutrient status, acidity and other habitat characteristics. Important additional information is given by adding codes from predefined lists of site and management qualifiers.

Furthermore it is the objective to develop a user-friendly field manual for consistent mapping. This is achieved by using keys and steps in the manual to ensure understandable terms, and substantial testing and mapping in the field to ensure that the manual is understandable and applicable in the field. Before mapping, users should receive training in mapping and using the BioHab Field Handbook to ensure consistent mapping. 

So far no method has been able to link the different Pan-European classifications efficiently but BioHab can be a strong candidate for such a linkage. The BioHab method will be able to map all Pan-European classifications, including EUNIS, and will be able to work as a basis for land cover and habitat surveillance and monitoring. Therefore BioHab is designed to work as lowest denominator, able of organising and comparing a whole range of existing data. But in order to provide quantitative comparisons between these classifications fieldwork has to be done at the sites. For example by monitoring EUNIS classifications, the BioHab will get a life form expression (see later) of these classifications that can be compared to the life form expression of other classifications and get estimates of habitat extent and changes in biodiversity.

The basis of the General Habitat Categories: Raunkiaers life form concept

The BioHab General Habitat Categories are based on the plant life-form concept as described in the classical phytogeographical work of the Danish botanist C. Raunkiaer (1907) The life forms of plants, and other related works by Raunkiaer, translated and collected in the publication: Life forms of plants and statistical plant geography, introduced by A. G. Tansley (Raunkiaer 1934).

Raunkiaer developed the idea that plant compositions can be considered an expression of the climate and plants therefore could be used as a geographical tool to describe the climate, and plant adaptation to different climates: “Here then Plant Geography as a botanical science gives place to Plant Geography as geographical science. We shall consider vegetation as an expression of the climate, and life forms of plants as a means of determining the biological characteristics of the different climates” (Raunkiaer 1934). 

The basic principle behind the plant life form concerns the evolutionary relation between climatic zones and the composition of life forms, as determined by the plants adaptation to survive the most unfavourable time of the year. Raunkiaer found that by looking at location of the plants wintering buds, plants can be divided into 30 life forms, gathered into five major life form groups; Phanerophytes, Camaephytes, Hemicryptophytes, Cryptophytes and Therophytes (see fig.2 –not showing the Therophytes, due to their missing wintering buds).   
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Fig. 2. Four of the five mayor life form groups as proposed by Raunkiaer: Phanerophytes, Chamaephytes, Hemicryptophytes and Cryptophytes. The therofytes - the annuals - are not shown due to the missing overwintering buds. 
Raunkiaer (1934) found in his statistical work on the relationship between life forms and climate that certain life form combinations, with emphasis on Phanerophytes, could be used as indicators of a favourable plant climate (e.g. humid tropics), whereas other life form combinations, with emphasis on Chamaephytes, Nanophanerophytes and Geophytes, could be used as indicators of an unfavourable plant climate, (e.g. polars). Raunkiaer tested this hypothesis along climatic (temperature and precipitation) gradients and found a gradual change in life form combination when going from one end of the climatic gradient to the other  The relative frequency of different life forms could then be used to construct spectra from the flora of different regions. Striking differences between vegetation types are exposed in this way which demonstrates not only matches of organisms to environments but of whole community complexes, since ‘the plant-climate can be characterized by a statistical survey of the life-forms’ (Raunkiaer 1934)
The BioHab project has consolidated this relationship between environmental conditions and life form complexes through a statistical validation of the BioHab method using data from different field studies in different environmental zones in Europe. The BioHab work showed that life form combinations are more important than individual categories as life form combinations “…form complex relationships with the environment on one hand but also showed modified patterns because of management by man on the other hand” (Bunce, Groom et al. 2005).
This correlation has also been found on much smaller scale in the Camaleño valley in Picos de Europe, Spain, where eighty 1/4 km2 sites covering 8 environmental classes where mapped using BioHab GHC’s.Therefore life form combinations as in the BioHab methodology can register relatively small differences inside a small area, and will be useful on both the global, regional and the local scale. This shows that Raunkiaer's method is clearly a step on the way to a more detailed analysis of the ecological diversity of communities (Bunce, Groom et al. 2005). 

In theory the plant life form combinations will adjust to the environmental conditions (Raunkiaer 1907), so by monitoring changes in life form composition we should be able to monitor the effects of climate changes at very different scales. This way the study of life form compositions can relate changes in biodiversity to changes in environment, working as an early warning system for environmental changes. 

The life form concept disregards traditional plant systematic, making classification more purpose-oriented, and therefore simpler and less time demanding than traditional plant classification. When doing landscape-based field monitoring, the landscape can then be mapped into a matrix/composition of different life forms. This way mapping and monitoring of life forms can pickup/register changes in plant conditions, but it will not register loss of single species or small changes in species composition. This means that the life form concept is a bad choice for monitoring small (species) changes at the local level, but an excellent concept for monitoring even small changes in the plant composition of environmental zones, that can be hard to monitor using methods based on species composition as many factors can affect changes in species composition e.g. invasive species, plant diseases or harvesting of exquisite species (e.g. orchids). 
The BioHab Methodology and testing of the BioHab Handbook in Taagerup, Denmark 
From the outset of the BioHab-project it was considered essential that the classification rules should be rigorously tested in the field, due to experiences from a number of workshops showing the limitations of using theoretical classifications for mapping in the field. A test in BioHab at applying EUNIS to field mapping showed that, whilst relatively homogeneous stands could be reliably identified, intergrades presented problems. An extensive field testing of the BioHab has been carried out (see figure 3) as opposed to the more non-spatially oriented EUNIS-classification. 
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Figure 3. The distribution of the main visits for field validation within the BioHab project.(Bunce, Groom et al. 2005). 

In the process of testing and validating the BioHab methodology in the field the Danish partners of the BioHab project decided to make a contribution by testing the handbook’s applicability and consistency on Danish conditions.  

During the last week of May 2005, the BioHab field recording methodology was applied to one of the Danish Small Biotope Monitoring Areas (#2 on figure 1: Taagerup, north of Roskilde).  The survey should in principle take place during the period of maximum biomass. Mapping in Taagerup was however done before the period of maximum biomass, because of a time constraint. Detailed mapping of a 1km2 area was done by two persons, using 1:10.000 ortophotos (and topographic maps enlarged to 1:5000) and specific recording sheets. The field mapping was completed within two working days, corresponding to the average of European experiences. The Taagerup area was divided into habitat units, according to the General Habitat Classification using a decision tree for overall land cover categories, see figure 4.
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Figure 4. Decision tree for super categories. Determination of the General Habitat Categories is based upon a sequence of four dichotomous divisions related to a set of five super categories, which determine the set of life forms that can be used to identify the appropriate General Habitat Category (GHC): 1) Urban/constructed (URB: 15 GHC’s), 2) Cultivated (CUL: 4 GHC’s), 3) Sparsely vegetated (9 GHC’s), 4) Vegetated herbaceous (34 GHC’s) and 5) Vegetated tree/shrub (67 GHC’s) 
The recorded GHC’s were then together with the environmental and global qualifiers entered in the field recoding sheets. Important additional information is entered, by adding codes from a predefined list of site and management qualifiers. Codes are also added to provide details on the complete LF’s and dominant species. Further coding is used for recording pan-European classifications, local classifications and phytosociological associations, as required for a given survey. Local information can also be added e.g. on favourable conservation status and indicators of quality. All of these categories make up the field recording sheet for both area, linear and point elements. 
Regarding further coding as mentioned above, translation into the EUNIS-categories was done for selected habitat units in Taagerup. 

The mapping in the Taagerup area was done according to the BioHab Field Handbook and its rules that apply to field mapping of area, linear and point elements. The Minimum Mappable Element (MME) for an area element is 400 m2 with minimum dimensions of 5 x 80 m; if it is narrower than 5 m the element is recorded as a linear element with a Minimum Mappable Length (MML) of 30 m. Elements that do not pass the MME criteria for either area or linear elements can be mapped and recorded as point elements or as proportions of a larger element.

The field mapping results from the BioHab registration in Taagerup are seen in figure 5: 
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Figure 5. Linear, point and area elements recorded in the Taagerup 1 km2 square.

The results from the Taagerup registration are a part of the field validation and testing of the BioHab methodology. The surveyors were Geography/Environmental Biology-students not having received any training in the BioHab methodology on beforehand. Despite the fact, that they only knew little about the life form concept before the fieldwork, they only used two days for the mapping, afterwards controlled and found satisfactorily by the leaders of the BioHab project. The reason for this success is believed to be the life form concept and the BioHab Field Handbook. When first understood, the life form concept was easily applied in the field, and the handbook’s keys and steps ensured an understandable and applicable methodology in the field. Further more it was experienced that the BioHab habitat categories from Danish conditions could be translated into EUNIS categories. 

The extensive field testing of the BioHab including the Danish contribution makes it plausible that the principal rules are sufficiently robust to be applied across Europe.

Conclusion: Integration of a European perspective in NOVANA

Both the Small Biotope Monitoring Project (SBMP) and the BioHab are landscape-based methodologies with the objective of monitoring changes in land cover and related biodiversity in a stratified sampling of all types of landscapes. The SBMP focuses on small biotopes, which are also covered by the BioHab as both area, linear and point habitat units are recorded. Furthermore, both methodologies consistently monitor areas at the same scale. Both methodologies monitor the total area-covering extent and composition of land cover units within each monitored area.
NOVANA, in which SBMP is included, is representing a national monitoring program that by very limited extra resources can be raised to an international level by coupling the SBMP to the registration of General Habitat Categories following the BioHab Field Handbook. Plant life form relevant habitat categories have only partly been included in the SBMP (through the registration of agricultural land use, general land cover and tree and shrub cover of small biotopes), nevertheless it has not been difficult to adapt the SBMP to the BioHab framework, thus permitting the monitoring system to deliver an additional important European perspective. This coupling ensures a common European platform for detecting changes in habitat composition and thereby functions as an early warning system regarding climate change, which is of growing concern in our everyday life. 

In relation to agricultural landscapes both the SBMP and the BioHab are designed to register data on management practice. The BioHab has additional field registered land cover-derived management qualifiers (typically clear sign of general and specific types of land use) which gives a quantitatively expression of the management making statistically treatment of the data easy, but lacking explanatory power. The “original” SBMP included interviews with farmers on agricultural practice and function of small biotopes, as well as information on ownership and socio-economic and landscape values among the farmers in the monitoring area, thus gathering explanatory data on management practice and land cover changes. By broadening the BioHab frame with these explanatory perspectives, it would be possible to monitor changes in the agricultural landscapes, relate these changes to management statistics and go in depth with the explanations behind these changes. This way it is possible to get a clear picture of the management/socio-economic side of habitat changes that in some areas, especially the temperate region, has great influence on the composition of plant life forms (Bunce, Groom et al. 2005). Management factors are important to register, in order to separate changes in plant composition induced by man, from changes due to environmental/climatic factors.

The upcoming inclusion of SBMP in the NOVANA-program will focus on changes of structure and biodiversity in the 32 squares but not include the socio-economical aspects hereby lacking the continuation of the interviews with farmers that have been carried out since the 1981. A reduction of the explanatory power of the monitoring scheme can be expected, which will be a pity, confronted with the obvious alternate changes in agricultural, planning and environmental policy being implemented at the landscape level in present time. 
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� The NOVANA-program is a Danish national approach in reaching the obligations towards the European Habitat Directive. 
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