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Abstract 
 
Agricultural land on the Eiderstedt peninsula in Schleswig-Holstein (Germany) is traditionally 
dominated by extensively used grassland. These grassland areas are home to many 
(endangered) bird species, making Eiderstedt one of the prime bird habitats at the west coast 
of Schleswig-Holstein. Plans exist to convert large shares of grassland to arable farm land to 
grow crops needed in an intensified dairy production and for biofuels. In this study, three 
possible scenarios of agricultural land use change on Eiderstedt in the next couple of 
decades are developed. Using a GIS, the possible impacts of such conversions on breeding 
bird populations of four key species are determined. The results indicate that an increase of 
arable farm land to approximately two thirds of the whole agricultural area drastically reduces 
suitable bird habitat, thus considerably diminishing the number of breeding pairs supported 
by the environment. The ornithological impact is greatest if conversion takes place 
throughout Eiderstedt extending from already existing areas of arable farm land. But even 
though the reduction in suitable breeding habitat is less pronounced in the other scenarios, 
every one of them induces a severe pressure on populations of meadowbirds that rely on 
habitat on Eiderstedt for successful reproduction. 
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Introduction 
 
The Eiderstedt peninsula at the west coast of Schleswig-Holstein (Germany) is a mainly 
agriculturally used land area which is also home to many bird species breeding along the 
shores adjacent to the Wadden Sea. Also, vast amounts of birds migrate through this region 
on their way from their wintering grounds in the south to the Arctic and back. Hötker et al. 
(2005) consider Eiderstedt to be one of the most important habitats for meadowbirds in 
whole Germany.  
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Currently, most of the agriculturally used land on Eiderstedt is extensively used grassland. In 
recent years, however, a growing share of the agricultural land is used as arable farm land to 
grow corn etc. because of an increase in demand for energy-rich food for cattle and fuel for 
biogas plants that are to be built in the area (Husumer Nachrichten, 2006). In addition, the 
extensively used grassland is more and more converted into intensively fertilized meadows 
for dairy production. Such large scale transformations of agricultural land are likely to have a 
considerable influence on those bird species that depend on grassland as breeding habitat 
(Bauer, 1997).  
 
In this study, we determine the relationship between the occurrence of birds breeding on 
Eiderstedt and the characteristics of their breeding habitat. Using this information in a 
Geographic Information System (GIS), we assess the possible impacts of a continued 
agricultural land use change in the next two decades on the suitability of Eiderstedt as a 
principal breeding habitat for birds in Northern Germany and therefore on the expected 
abundance of breeding birds in this region. 
 
 
Agricultural land use changes on Eiderstedt 
 
The Eiderstedt peninsula is located at the west coast of Schleswig-Holstein (Germany). It lies 
between the river Eider and the city of Husum and extends into the North Sea (Fig. 1). Until 
the 11th century Eiderstedt consisted of several smaller geest islands which became 
connected after the area was enclosed by dikes (Meier, 2001). Today, the Eiderstedt 
coastline is entirely protected by dikes.  
 
 

 
Figure 1: The Eiderstedt peninsula. 
 
 
The soil quality of the marshland is high (Feddersen, 1853; InfoNet Umwelt, 2007). But in 
order to utilize the land agriculturally, it is necessary to maintain a functioning drainage 
system. Besides a dense network of narrow trenches between the fields, parallel passing 
drills (in German: Grüppen) that additionally drain the grassland areas are typical for 
Eiderstedt (Fischer, 1997).  
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Up to the 18th century, cultivation of crops was one of the prime means of agricultural use of 
the land, but even though a large share of land was used as arable farm land, the 
predominant type of agricultural land was grassland. Around 1850, cattle farming increased 
in importance, as exports to the United Kingdom via the harbors of Tönning and Husum grew 
quickly (Hammerich, 1984). This called for a considerable extension of opportunities for 
grazing. In the following decades the share of grassland sometimes even exceeded 90 per 
cent (LVermA-SH, 2007a). After World War II the share of grassland on Eiderstedt 
decreased from close to 90 per cent to approximately 75 per cent in the 1970s (Tab. 1) and 
remained stable at this level until recently (Stat A Nord, 1950-2004).  
 
 
year total agricultural land area 

(ha) 
share of grassland share of arable farm land 

1949 23,691 80% 20% 
1960 23,264 84% 16% 
1970 25,771 90% 10% 
1979 25,973 80% 20% 
1983 25,943 75% 25% 
1987 25,504 74% 26% 
1991 25,698 76% 24% 
1995 25,504 78% 22% 
1999 24,668 77% 23% 
2003 24,016 73% 27% 

 
Table 1: Agricultural land use on Eiderstedt from World War II until present (Stat A Nord, 
1950-2004). 
 
 
In recent years, the characteristics of cattle farming on Eiderstedt shifted towards a more 
intensive approach. Cattle for meat production generally remains in cow barns while the 
cattle used in dairy production is held on grassland, which is often heavily fertilized. The 
increased number of cattle held necessitates the growth large amounts of forage crops in 
adjacent areas, mainly corn. Since the total agricultural land area on Eiderstedt is limited, this 
led to a considerable increase in the share of arable farm land on Eiderstedt since 2003 and 
a concurrent reduction of grassland. Adventitiously, enhanced grassland conversion takes 
place because of fuel production for biogas plants. 
 
The local farmers union plans to extend the amount of land used to grow forage crops to 
approximately two thirds of the agricultural land area in the next couple of decades (NABU, 
2004). This plan is intensely debated and opposed by local environmental organizations who 
claim that such a large scale shift in land use not only alters the overall appearance of the 
whole region but also has devastating effects on the breeding bird colonies, as arable farm 
land on which corn is grown is much less suitable as habitat than extensively used grassland 
(Beintema, 1983). Therefore, realization of the farmers’ plans would greatly impact the local 
carrying capacity of many (endangered) bird species.  
 
 
Eiderstedt as important habitat for breeding and migrating bird species 
 
Grassland is often an important substitute for lost natural habitats such as moors, salt 
marshes, or other wetlands. Eiderstedt offers ideal breeding conditions for meadowbirds 
owing to its large share of grassland and meadows with many ponds and drainage trenches 
that are extensively used by the local agriculture. 
 
The Eiderstedt peninsula is an important breeding area of the Northern Lawping (Vanellus 
vanellus), the Eurasian Oystercatcher (Haematopus ostralegus), the Black-tailed Godwit 
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(Limosa limosa), and the Common Redshank (Tringa totanus) in Germany (Hötker et al., 
2005). Despite considerable measures to protect the populations of these species, their 
abundance has decreased dramatically during the last few years. Northern Lawping and 
Common Redshank are considered to be endangered; the Black-tailed Godwit is even listed 
in the category of being severely threatened by extinction (Bauer et al., 2002; Knief et al., 
1995). On the other hand, the abundance of the Eurasian Oystercatcher has increased 
recently.  
 
The selected bird species depend on low and sketchy vegetation on wet meadows or 
marshes (Gillmor et al., 1998). Some prefer the proximity to open waters but all avoid fallow 
lands and cut meadows (Hoffmann, 2006). These species can also serve as indicators in 
land use intensity assessments (Beintema, 1983). While Eurasian Oystercatchers and 
Northern Lawping are also found on intensively used grassland and sometimes even breed 
on arable farm land, Common Redshank and particularly Black-tailed Godwit have higher 
demands regarding the quality of the grassland (Beintema, 1983; Hoffmann, 2006). 
 
 
Methodology 
 
Aims and methods 
 
Conversion or the abandonment of extensively used grassland to either arable land, 
intensively used grassland or fallow land with forest succession can be observed throughout 
Europe. Such land use changes are often motivated by political decisions and demographic 
or socio-economic trends (Bauer et al., 2002). Regardless of the reason, a loss of valuable 
habitat can generally be registered as a consequence of such land conversion (EEA, 2004). 
This has implications for the ornithological fauna, which manifest themselves in the fact that 
many farmland bird species have been declared endangered species in Europe over the last 
few decades and that their decline has become an important conservation concern (Bayliss 
et al., 2005). 
 
This study aims to improve the understanding of the potential impacts of land use changes 
on key species of the local bird fauna by exploring a set of possible land use development 
scenarios. We focus on four bird species with mapped field distribution as key species. The 
following key questions serve as guideline for the assessment: 
 
1. Which processes cause the land use change and how can these be transformed into 
future land use scenarios?  
2. How are the breeding habitats of the key species characterized and how can these be 
assessed concerning its site and habitat suitability?  
3. To what extent do the habitats change qualitatively and quantitatively in the land use 
change scenarios?  
4. What implications does this have on the key species?  
5. Can general statements about grassland conversion be deducted from the findings? 
 
Several empirical models already exist, which can be used to analyze the distribution and 
habitat suitability of species. Most of them model the potential distribution of certain single or 
multiple species (Bayliss et al., 2005; Cabeza et al., 2004; Manel et al., 1999; Seoane et al., 
2004). Bayliss et al. (2005) use a multi-species approach that utilize Bayesian decision rules, 
others like Seoane et al. (2004) apply predictive habitat models or general linear models 
(GLMs) (Guisan et al., 2002; Granadeiro et al., 2004). In our assessment, the emphasis lies 
on the utilization of existing field data of bird occurrence and their extrapolation in 
accordance with different land use change scenarios. The analysis is conducted with GIS-
based model that is explained in more detail below.  
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GIS methods have already been used in some studies to determine species distributions. 
E.g., Thompson et al. (2004) identify locations of potential breeding sites of curlews and 
Powell et al. (2005) analyze species distributions using biotic and abiotic factors to predict 
former ranges of species. They also demonstrate that simple rule-based non-statistical 
models can be effective tools for such applications. However, the integration of scenarios 
into GIS-based modeling of species habitats has been often neglected so far. This necessary 
step forward, which allows the application of the results in effective land use planning and 
conservation management, is taken in this study. 
 
 
Data and software used in the assessment 
 
In order to be able to determine the potential impacts of future land use changes on the 
breeding populations of the bird species in question, it is necessary to look at the historic 
land use development as it defines the current situation on Eiderstedt. This is done using 
survey data on agricultural production in Schleswig-Holstein provided by the Statistics 
Department Nord, which allows us to assess the period from the end of World War II until 
present (Stat A Nord, 1950-2004). Together with GIS data on current land use on Eiderstedt, 
provided by the Landesamt für Natur und Umwelt des Landes Schleswig-Holstein (LVermA-
SH, 2007b) and data on the abundance of key bird species breeding in the area (Hötker et 
al., 2005) it is possible to relate the preferred breeding habitats to agricultural land use 
decisions. ArcGIS 9.1 and 9.2 as well as the analysis tools V-late and Hawths Analysis Tools 
(2006; Tiede, 2005) are used in this assessment. 
 
The development of agricultural land use in recent decades is extended into the future for 
another 20 years. The projections are based on political intentions to drastically increase the 
share of arable farm land up to two thirds of all agricultural land on Eiderstedt (NABU, 2004) 
and assumptions about the possible patterns of land use change. As these changes alter the 
suitability of the land to serve as breeding habitat for meadowbirds, they can be expected to 
have a profound influence on the number of breeding pairs on the peninsula. The extent of 
the ornithological impact is quantified using a measure of dynamic habitat sensitivity of the 
potential breeding areas. 
 
 
The Habitat-Sensitivity-Index as measure of biotope quality changes 
 
We developed an assessment scheme to determine how landscape changes affect the 
characteristics of breeding habitats of birds. This scheme includes the transformation of 
ecological facts, effects and connections into indices that can be used in an objective 
interpretation (see Bastian & Schreiber, 1999; Weis, 2007). The habitat assessment relies on 
a combination of specific algorithms that allow integrative and complex statements (Bastian, 
1997). Together with the results of the scenario analysis, these statements are projected into 
future conditions and compared with each other. This allows assessments of the impact 
potential of land use change and the sensitivity of the landscape. The following equation 
provides the basis of the habitat assessment. The habitat sensitivity (HaSI) of each patch of 
land i is a combined measure of three key indices: the proximity index (PX), the 
neighborhood quality index (NI), and the patch size index (SCI). DI denotes the habitat 
demand index.  
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A fundamental element influencing habitat sensitivity is the development of the suitability of 
land as ornithological habitat. It is described by a habitat demand index (DI). This index 
measures the suitability of a number of land cover parameters for selected breeding birds. 
Sites that have a relatively unfavorable natural character but serve as habitat for the majority 
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of breeding birds can receive a fairly high index value as well. The supply (of nature) is 
related to the demand of the potential user (in this case endangered bird species).  
 
The analysis of the habitat demand of selected bird species is based on the procedure of a 
habitat suitability analysis conducted by Lang & Blaschke (2007). The data used here are 
adapted from occurrence maps of selected breeding birds of 2001. Spatial land use and 
biotope data are from 1991 and 2002. In our analysis, we determine the preferred habitats of 
the selected bird species. In a first step, the occurrence data are intersected with the biotope 
and land use maps to identify the preferred habitat types. The results, which are expressed 
as proportional shares, are subsequently transformed into ordinal classes with five 
categories, the DI. Because we use data on breeding birds only, it is necessary to 
supplement the data with further information from literature (Morrison et al., 1992; Gillmor et 
al., 1998; Gruber, 2006; Hoffmann, 2006) to avoid uncertainty errors as described in Lang & 
Blaschke (2007). The DI categorizes the degree of general habitat suitability, which is the 
basis for further analyses. The resulting list of suitable and therefore valuable habitats for the 
selected bird species is space independent and yields information on a functional level. 
Biotope types with a DI of 4 and 5 (suitability level of 60-100%) are considered to be 
potentially extraordinary or very suitable habitats, whereas a DI of 3 (suitability level 40-60%) 
refers to conditionally suitable or partially suitable habitats. DIs of 2 and 1 (suitability level 0-
40%) are unsuitable as habitats for the selected bird species and are omitted in the following 
model analysis. 
 
The results gained above are spatially transformed to fit the biotope data of Eiderstedt and 
the areas with high habitat suitability, i.e. a DI of 4 or 5, are selected for further analysis. 
These particularly suitable habitats are the basis for the isolation assessment via the 
proximity index (PX) (Gustafson & Parker, 1992). The proximity evaluation is conducted with 
the tool V-late (Lang & Tiede, 2003) for ArcGIS and allows the rating of individual patches of 
land according to its functional network with the surrounding habitats (Kiel & Albrecht, 2004). 
The PX distinguishes between space dispersal and clustered distribution of habitats by 
considering the size as well as the distance of the patches, as both quantities are important 
for the assessment of habitat complexes. We use 2002 as base year with a buffer of 250 m 
for the PX evaluation. The results are transformed logarithmically and split into five classes 
(based on Weis, 2007). For comparability, the same divisions are applied in the subsequent 
scenario analyses. The index decreases the smaller the area and/or the higher the distance 
to similar patches of land becomes. The index value is highest if a patch is surrounded by 
and/or extending towards nearby biotopes of the same kind (Lang & Blaschke, 2007). Table 
2 shows the classification scheme of the PX.  
 
 

index PX BQ NI SCI (ha) 
1 0.000 - 1.231 roads, other paved areas 0.0 - 2.0 0.0 - 2.0 
2 1.232 - 2.569 settlements, arable farm land 2.1 - 2.5 2.1 - 10.0 
3 2.570 - 3.453 intensively used grassland 2.6 - 3.2 10.1 - 

40.0 
4 3.454 - 4.211 extensively used grassland, beaches, 

dunes, ponds 
3.3. - 
4.0 

40.1 - 
100.0 

5 4.212 - 6.078 marsh land, salt marshes, forests, open 
water 

4.1. - 
5.0 

> 100.0 

 
Table 2: Index classes of different biotope types on Eiderstedt used in the analyses. 
 
 
Another important aspect in the evaluation of habitat sensitivity is the character of the 
environment (Bastian, 1997), since it also plays a role in the habitat choice of the bird 
species (Newton, 2003). In our assessment this is denoted by the neighborhood index (NI). It 
is assumed that the NI, and therefore the attractiveness of the area for the selected bird 
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species, declines with a diminishing quality of the surrounding environment. We follow the 
assessment of Weis (2007). The NI can only be calculated if the following information on 
habitat quality is given. 
 
The quality of the neighborhood is determined by the BQ index (cf. Schlüter, 1987). The BQ 
consists of an assessment of all characteristics of an area under utilization-specific aspects. 
This index value is represented by a combination of the hemeroby index (HI) and an index of 
the conservation value (CI).  
 

(2)   
2

HI CIBQ +
=  

 
Hemeroby is based on vegetation and depends directly on human utilization intensity and 
pressure. It assesses how pristine a considered biotope is, given the influence of 
anthropogenic cultivation present. Schlüter (1987) developed a scale to rate biotopes based 
on their vegetation. For our purposes, this scale is adjusted to yield five index classes by 
aggregating two levels into one index class. Generally, open waters do not fit into this 
scheme. However, the North Sea and the river Eider are included in our assessment and 
rated as HI = 5 because these waters are of significance for the adjacent salt marshes and 
the bird species considered in this study. The index values for the open water are also 
important to prevent a bias in the classification of the NI. The HI is closely connected to the 
biological regulation and regeneration capacity. The lower the HI, the more limited the 
regulation and regeneration potential of the biotope is. This allows inferences about the 
ecological stability of assessed landscapes.  
 
In addition to the HI, the CI is a second measure of biotope quality. Each biotope is 
evaluated according to its general importance for species and biotope conservation. We 
apply the assessment scheme presented in Bastian & Schreiber (1999) which is adapted to 
fit our model. The base data are provided by a biotope map of 1991 (LANL, 1993) that is 
classified in a GIS. As before, index values between 1 and 5 are assigned to each biotope 
type based on its general conservation value. Table 2 lists the classification schemes of 
habitat quality for each biotope type. The characteristics of all index classes are described in 
Table 3. 
 
 

index PX NI HaSI 
1 isolation of small habitat 

patch is extremely high 
quality of the surrounding 
area is extremely 
unfavorable 

extremely low bird habitat 
quality. No ecological 
value for selected bird 
species. 

2 high isolation or very 
small habitat patch 

neighboring areas of 
worse ecological quality 

low habitat quality with 
minor value for selected 
breeding birds 

3 medium isolation or 
medium sized habitat 
patches 

medium neighboring 
quality 

medium habitat quality 
but still of value for 
selected bird species 

4 habitat patches build 
small complexes or are of 
bigger size 

good biotope quality of 
the neighborhood 

good habitat quality with 
significant value for 
selected breeding birds 

5 very high complexity or 
extending patch size 

excellent biotope quality 
of the surroundings 

excellent habitat quality 
with very high ecological 
value for selected 
breeding birds 

 
Table 3: Description of index values. 
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To obtain the NI, a buffer of 250 m is applied to all areas. The area-relevant mean value of 
BQ is determined for each patch (Bastian, 1997). The difference between the BQ of the 
habitat and that of its surrounding is a measure of the quality of the neighborhood (Weis, 
2007). It is expressed in five index classes.  
 
The size of a patch is also of importance when considering its neighborhood. The larger the 
habitat the less is it influenced by its surroundings. To integrate the habitat size, the area of 
each habitat is determined and categorized by five area size classes SCI (Tab. 2).  
 
The HaSI integrates all elements described above and allows an assessment of the state of 
the landscape with special consideration of the necessities of the selected breeding bird 
species. The HaSI is first determined for the base year 2002, which is the reference for the 
comparison with the different scenarios of land use development on Eiderstedt.  
 
 
Implications for bird populations 
 
Occurrence maps of the selected bird species are intersected with the HaSI index values to 
determine the mean breeding pair density for each HaSI class (Tab. 4). Because the bird 
data only maps occurrence within the dikes, the outer salt marshes are excluded from further 
analysis. It is assumed that these areas, which often have the highest abundance of 
breeding birds, remain stable in size and carrying capacity. Under the condition that bird 
abundance per unit area is time independent, we incorporated the results into the scenarios, 
allowing calculations of the potential reduction of breeding pairs of the selected species. This 
assessment is conducted for each single bird species separately but also for all four species 
densities taken together. 
 
 
Scenarios 
 
In our assessment we assume that the plan to drastically increase the amount of arable farm 
land on Eiderstedt is realized within the next couple of decades. Since the propositions do 
not contain any information on which areas are to be converted, three different patterns of 
land use change are considered in this analysis. They are shown in Figure 2 together with 
the current agricultural land use on Eiderstedt (Fig. 2a).  
 
In the first pattern of land use change, land is primarily converted along the main roads 
through Eiderstedt and preferably in only recently diked marshland (Fig. 2b), as the crops to 
be grown on the converted land need to be transported efficiently to the sites at which they 
are processed. Growing the crops as closely as possible to already existing infrastructure 
makes this task significantly easier. The second pattern is based on the assumption that it is 
best to grow crops on large continuous patches of land. Therefore, in this pattern land is 
primarily converted in areas around currently existing arable farm land (Fig. 2c). The third 
pattern of conversion follows the premise that the less remote an area of land is, the more 
useful it is to be used for crop production. Since the Eiderstedt peninsula is connected to the 
rest of Schleswig-Holstein only in the east, this pattern of land use change converts 
grassland to arable farm land from east to west (Fig. 2d). Further details about these 
scenarios are given in Link & Schleupner (2007). 
 
 
Results 
 
The agricultural land use patterns resulting from the planned conversion are identified for all 
scenarios. Afterwards, possible impacts on the populations attempting to breed on Eiderstedt 
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are determined by considering the previously obtained information on the breeding habitat 
preferences of the bird species assessed. 
 
 

 
Figure 2: a) land use on Eiderstedt in 2002; expected land use on Eiderstedt in the late 
2020s if land use change occurs b) along main roads and newly diked areas (S1), c) around 
already existing arable farm land (S2), d) from east to west (S3). 
 
 
Depending on the pattern of land use change, the scenarios lead to considerably different 
distributions of agricultural areas on Eiderstedt approximately two decades into the future. If 
the land use change originates from the main roads through Eiderstedt (scenario S1), 
patches of grassland remain throughout Eiderstedt (Fig. 2b). These are generally detached 
from one another, except for the areas around the three bird sanctuaries, in which larger 
uniform areas of grassland remain intact. These serve as primary breeding grounds for the 
remaining meadowbirds. It has to be noted that the political choice of declaring Westerhever 
a bird sanctuary is the only reason for not converting the northwestern tip of Eiderstedt into 
arable farm land.  
 
The distribution of the remaining grassland in 2025 is similar in scenario S2, in which land 
use change radiates outward from already existing patches of arable farm land (Fig. 2c). The 
region north of St. Peter-Ording remains grassland and less land is converted in the vicinity 
of the two bird sanctuaries in central Eiderstedt. Patches converted to arable farm land are 
less fragmented, so that the degree of land use change appears to be even higher than in 
the previous scenario, even though this is not the case. 
 
The resulting pattern is substantially different in scenario S3, which depicts a conversion of 
farm land progressing westwards (Fig. 2d). Practically all remaining grassland is located west 
of the town of Garding. Eastwards only bird sanctuary of Kotzenbüll remains more or less 
intact, even though it has to be noted that there is even some land use change within the two 
sanctuaries in central Eiderstedt, which is likely to have an adverse influence on the overall 
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habitat quality of these two special regions. Another caveat is that large parts of the 
remaining grassland are in the vicinity of the towns of St. Peter-Ording and Tating, which are 
popular tourist destinations at the west coast of Schleswig-Holstein. High frequentation of the 
areas surrounding the breeding habitats by humans can artificially reduce breeding success 
even though habitat conditions might be superior to those in the other two scenarios. 
 
In the next step of the assessment, each patch of land is characterized based on the 
classification criteria outlined above. This way it can be determined how the altered land use 
patterns in all scenarios influence the suitability of the land as breeding habitat for the various 
bird species. 
 
The proximity index yields information about the isolation or complexity of habitats. The 
analysis reveals that in 2002 areas with a high PX, i.e. a high complexity of habitats, are 
evenly distributed across the peninsula. Only very small patches and adjacent salt marshes 
have lower index values. The results of the neighborhood quality evaluation show the same 
pattern except that the salt marshes now have highest index values. In contrast to 2002, the 
index values are much lower in all three scenarios, but there are clear differences between 
the three cases considered. It is striking that the values for the salt marshes remain 
unchanged with the exception of the NI in S2, in which they suffer from extremely reduced 
biotope quality in neighboring biotopes.  
 
 

 
Figure 3: the HaSI for a) 2002, b) scenario S1, c) scenario S2, d) scenario S3.  
 
 
After integrating all intermediate results into the HaSI equation, it is possible to draw 
conclusions about changes in habitat quality. HaSI ranges from 1 to 5, with class 1 referring 
to the lowest possible habitat quality with almost no ecological value for the selected 
breeding birds. The HaSI for 2002 and for the three scenarios is illustrated in Figure 3. In 
2002, there were 26 132 ha of valuable habitats for the selected birds. This amounts to 70% 
of the total land area of Eiderstedt. The habitats are evenly distributed throughout the 
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peninsula. Seven patches of land are rated with the highest HaSI value of 5. These are the 
salt marshes along the northern coast, as well as patches situated in the northern half of 
Eiderstedt. Only one of these patches is located in the southwestern part close to St. Peter-
Ording. The habitats in the northern and eastern part of the peninsula obtained mainly high 
HaSI values of 4, whereas the lower values of 2 and sometimes of 1 are generally found in 
the south.  
 
 

bird species HaSI density 2002 S1 S2 S3 
all species 1 0.04 4 87 62 20 
 2 0.47 1164 619 877 1042 
 3 1.21 11235 3272 3358 4179 
 4 1.87 17252 1343 720 1180 
 5 2.84 3240 903 0 372 
 total  32895 6224 5017 6793 
Eurasian Oystercatcher 1 0.03 3 64 47 15 
 2 0.12 292 158 224 266 
 3 0.31 2973 838 860 1195 
 4 0.52 4804 373 200 328 
 5 0.65 740 207 0 85 
 total  8812 1640 1331 1889 
Common Redshank 1 0 0 0 0 0 
 2 0.02 58 26 37 44 
 3 0.06 564 162 167 231 
 4 0.13 1160 93 50 82 
 5 0.23 265 73 0 30 
 total  2047 354 254 387 
Black-tailed Godwit 1 0 0 0 0 0 
 2 0.03 86 40 56 67 
 3 0.08 732 216 222 308 
 4 0.19 1652 136 73 120 
 5 0.37 420 118 0 48 
 total  2890 510 351 543 
Northern Lawping 1 0 0 0 0 0 
 2 0.09 230 119 168 200 
 3 0.24 2208 649 666 925 
 4 0.34 3148 244 131 215 
 5 0.67 765 213 0 88 
 total  6351 1225 965 1428 
 
Table 4: The average breeding pair density for each habitat sensitivity index (HaSI) class 
(breeding pairs/ha) and the total expected bird abundance in all scenarios. 
 
 
The three scenarios of possible development of agricultural land use are now compared to 
the reference state of 2002. Besides the reduction of total suitable habitat area, changes in 
HaSI of the remaining suitable breeding habitats are evident. Only in scenario S3 one of the 
former patches with an index value of 5 remains, all others are either converted into arable 
farm land or have a deteriorated HaSI. In S1, the most suitable habitats shift towards the 
center of Eiderstedt. In S2, areas with the highest HaSI no longer exist and also the second 
highest index class is only found in four areas. Table 5 shows the share of the area for each 
HaSI class. It highlights the differences between all three scenarios but also gives the overall 
proportional changes in habitat quality. The area of habitats with lowest HaSI increases 
considerably in all scenarios. While in 2002 only 0.4% of the area is rated with HaSI of 1, the 
amount of land in this category increases to 7% in S3. In S1 it even reaches nearly one third 
of the demanded area. The most dramatic change occurs with land that is fairly well suited 
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as breeding habitat (HaSI = 4): In 2002, 41.5% of the total area are of this habitat quality, 
whereas after the presumed land use change only 6 to 10 % of the remaining area are still 
well suited as breeding habitat. To sum up, in all three scenarios large amounts of previously 
highly suitable habitats are degraded to sites with medium or low habitat value. 
 
 

HaSI 2002 S1 S2 S3 
1 0.4 30.1 23.6 6.9 
2 11.1 18.2 28.4 30.2 
3 41.8 37.4 42.2 52.5 
4 41.5 9.9 5.9 8.6 
5 5.1 4.4 0 1.8 

 
Table 5: Shares of land area (%) in each HaSI class in the three scenarios and the reference 
year. 
 
 
The results of the habitat sensitivity analysis are used to obtain average breeding pair 
densities of the selected bird species for each HaSI class. First of all, the breeding pair 
density is determined for each bird species and in total for the base year 2002. The breeding 
pair density of all four species considered is positively correlated with the HaSI (Tab. 4). This 
is a very convenient finding, as it also verifies the methodology of the HaSI evaluation. Only 
few Eurasian Oystercatchers breed on patches with a poor HaSI, while all other birds prefer 
higher quality habitats. Assuming that the bird densities remain stable for each HaSI 
category, it is possible to calculate the potential abundance of breeding birds in each 
scenario. Table 4 gives an overview of the breeding pair density per HaSI and the resulting 
bird abundances. The scenarios point to considerable impacts on breeding habitats caused 
by large scale agricultural land use changes: There is not only a loss of total habitat area of 
approximately two thirds, but also a shift in the quality of the habitats. With bird densities 
remaining constant over time, a decrease in bird abundance of more than 60% can be 
expected. Compared to the 32 895 breeding pairs of all four bird species in total in 2002, the 
number of pairs should decrease to about 11 000 pairs. The actually determined expected 
number of breeding pairs shown in Table 3 is even lower since the reduction in suitable land 
area brings about a decline in quality of the remaining habitats. The number of breeding pairs 
declines by another 50% in some scenarios due to this additional effect.  
 
 
Discussion and conclusion 
 
One aim of this study is to pinpoint the potential impacts of land use changes to species 
habitats of agricultural landscapes. In contrast to other studies that often model species 
habitats based on past or present habitat conditions (e.g. ´Bayliss et al., 2005; Seoane et al., 
2004; Thompson et al., 2004) this assessment considers potential future land use changes. 
This necessitates the use of special scenarios to spatially extrapolate the landscape 
changes, which methodologically extends already existing habitat suitability models.  
 
Agricultural land on the Eiderstedt peninsula is traditionally dominated by extensively used 
grassland even though the share of grassland in relation to arable farmland was fairly 
variable in the past. The knowledge of past land use changes and its regional causes are 
important for the development of future scenarios. The scenario analysis applies three 
possible paths of land use development on Eiderstedt in the next couple of decades. In all of 
them the share of arable farm land ends up at two thirds of the entire agricultural land of the 
peninsula. Our assessment demonstrates the possible ecological impacts of such land use 
change. The results show that the pattern of agricultural land conversion has a great 
influence on the ornithological species composition in this area. It is our intention to raise the 
awareness about the potential implications to the environment that might be caused by 
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political decisions. Therefore, the three scenarios purposefully represent very far-reaching 
developments. But even though the scenarios appear extreme, they are by no means 
unrealistic, as they are based on real statements by local interest groups that traditionally 
have a strong influence on decisions in regional politics in northern Germany.  
 
The main difference between the three scenarios lies in the degree of fragmentation of the 
remaining grassland patches and their location. A conversion of agricultural land starting 
along existing roads leads to the highest degree of fragmentation, which potentially reduces 
the quality of the unconverted grassland as potential breeding habitat for birds. On the other 
hand, a conversion to arable farm land from east to west leaves intact larger areas of 
grassland in western Eiderstedt but the value of the bird sanctuary near Kotzenbüll is 
reduced due to its isolation and large shares of the remaining breeding habitats lie in the 
vicinity of a major tourist destination, which is likely to lead to considerable anthropogenic 
disturbances. 
 
The potential environmental impacts of the land use conversion differ depending on the 
resulting distribution pattern of agricultural land. The ornithological impacts are quantified 
using the HaSI assessment scheme. Such GIS-based modeling techniques that rely on rule-
based parameter combinations are considered to be effective tools in this context (Powell et 
al., 2005; Thompson et al., 2004). The HaSI scheme is validated using bird abundance 
maps. The methodology of the HaSI assessment has a high accuracy because the HaSI 
values correlate well with the observed breeding pair density data of the selected bird 
species. In regions with a high HaSI the breeding bird density is also highest and a low HaSI 
corresponds to a low breeding pair number. Assuming a time independence of the species-
specific breeding bird densities, the potential development in the number of breeding pairs 
supported by the habitats on Eiderstedt can be evaluated.  
 
The potential decline in breeding pairs is particularly strong for Common Redshank, the 
species with the lowest abundance to start with (cf. Tab. 4). In all scenarios, its reduction is 
above average, making the species highly endangered of extinction in this region if breeding 
habitats were to be reduced as projected. The more abundant species appear to be slightly 
more resilient to the altered extent of suitable breeding habitats. Both the Eurasian 
Oystercatcher and the Northern Lawping partly offset the reduced habitat availability by 
increasingly utilizing land area with only marginal suitability for breeding.  
 
However, since the number of breeding pairs of all species assessed is reduced drastically in 
all three scenarios, it can be deduced that the overall quality of the Eiderstedt peninsula as 
habitat for meadowbirds deteriorates considerably. The main reasons are the increasing 
isolation of suitable breeding areas and the increasing likelihood of disturbances by 
anthropogenic activities. The results indicate that not even the declaration of the three bird 
sanctuaries on Eiderstedt can offset this development since the suitability of these areas as 
breeding habitat is also critically impaired owing to the land conversions in the neighborhood 
of these protected sites. Therefore, buffer zones around these bird conservation areas are of 
paramount importance to preserve the existing habitat quality.  
 
The same holds for the salt marshes outside the main dikes, where the highest bird densities 
are generally observed. For these areas, suitable conditions for breeding need to be present 
in the adjacent hinterland as well if their overall quality as ornithological habitat is to be 
maintained. The importance of an intact neighborhood is augmented if the impacts of sea 
level rise on the salt marshes are considered as well. Because of impossibility of retreat due 
to anthropogenic infrastructure such as dikes, an accentuated erosion of the salt marshes 
might take place, leading to the deterioration or complete loss of the potentially most 
valuable breeding areas for meadowbirds. The hinterland on the Eiderstedt peninsula could 
serve as highly suitable substitution habitat, but only if current conditions are preserved. 
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Based on the results of this assessment it is possible to identify the characteristics of an 
optimal bird conservation area on this peninsula, considering not only the habitat suitability 
for bird species, but also respecting the recent and future socio-economic developments of 
the local actors via participatory analyses. This study serves as a starting point for such 
assessments as it provides a model to analyze the potential impacts of land use changes. 
Moreover, the utilization of scenarios as presented here can help improve the efficiency of 
integrated land use planning and conservation management of landscapes. By considering 
potential landscape developments, such scenarios allow the formulation of optimal targets for 
a given region. 
 
The scenario analysis illustrates that a much smaller number of breeding birds will be 
supported by the remaining suitable habitats if land use changes occur as projected. Today, 
many farmers argue that a distinct expansion of arable farming is the only way to survive 
economically and that shifts in the overall structure of the regional agriculture necessitate 
these conversions. However, the Eiderstedt peninsula is not only an agricultural region but 
also a famous tourist destination because of its vast grassland areas and high densities of 
breeding or migrating birds. It is likely that large scale conversions of grassland to arable 
farm land also have an influence on the appearance of the Eiderstedt landscape to visitors. 
An assessment of the impacts of land use change on tourist activities on Eiderstedt is 
beyond the scope of this analysis and will be conducted in a separate study. Future 
assessments of land use change on Eiderstedt will further enhance the understanding of the 
impacts of planned land conversions, so that hopefully, farmers, birds, and tourists will all 
find or retain their optimal niches on Eiderstedt in the next decades without having to 
experience too extensive economic and ecological losses. 
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