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Summary 

Climate change threatens the functional stability of coastal regions all over the world. Due to 

access to resources and trading routes, human settlements worldwide are concentrated along 

coasts and need to adapt to sea level rise. At the German coast, large areas behind the dike lie 

already below sea level and are continuously drained. The predicted change in rainfall and risk 

of salt water intrusion into the hinterland will make it increasingly difficult and expensive to 

continue current land use with intensive agriculture. Contrary to traditional coastal protection 

in Germany, which always focussed on heightening and strengthening the dike, more 

sustainable scenarios are currently under discussion. A possible strategy to increase coastal 

resilience is the retreat of the main dike landwards to create a zone in which natural dynamics 

are reintroduced. A polder area could be established by building a new dike in front of the main 

one to restrict floods to the polder. Excess freshwater could be stored inside the polder for 

irrigation during dry summers and to prevent salt water intrusion. Depending on water level 

and management aims, there could either develop wet grasslands and water bodies for water 

storage and agricultural purposes or large reed fens for carbon sequestration. The aim of this 

thesis is to assess ecological consequences of different land management scenarios on bird 

communities at the German coast. Abiotic and biotic environmental parameters measured on 

the same study plots enabled us to study interactions between land use, vegetation, soil, 

breeding and wintering birds and their food. 

 

Abiotic environmental parameters, like groundwater level or soil pH, and biotic parameters, 

like vegetation height and primary productivity, are connected to agricultural land use and 

breeding birds in a network of direct and indirect interactions. In the first chapter, we used a 

structural equation model to investigate the impact of change in land use intensity on the 

breeding bird species richness and the occurrence of threatened breeding birds. Bird species 

richness decreased with increasing land-use intensity while threatened bird species peaked at 

moderate levels of agricultural land use. Abandonment of agricultural pastures might lead to an 

increase in numbers of breeding bird species, but can be detrimental for bird species of open 

landscapes, for which coastal habitats are of special importance. Thus, not only agricultural 

intensification can pose a serious threat to coastal avian biodiversity, but also land abandonment 

as a consequence of sea level rise.  

 

Farming practices like heavy use of pesticides and fertilizers and planting of monocultures have 

reduced invertebrate biomass and degraded agricultural habitat suitability for farmland birds 

during the past decades. Mostly due to agricultural intensification, farmland bird populations 

have declined strongly all over Europe. Most of these species are insectivorous and all of them 

rely on invertebrates to feed their offspring. The results of our second study showed an effect 
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of soil compaction and soil pH on the above- and belowground invertebrate community and on 

the occurrence of three selected farmland bird species: Northern Lapwings, Black-tailed 

Godwits and Meadow Pipits preferred grasslands with a higher biomass of invertebrates. It is 

therefore important to consider food supply and availability when conservation measures for 

farmland birds are designed. 

 

Coastal grasslands and pastures are a profitable foraging habitat for geese during the winter. 

With their preference for nitrogen-rich plants, they compete with livestock for the same 

resources. Regional authorities aim to solve the resulting conflict between species protection 

and agriculture by means of compensation payments and agri-environmental schemes. 

Subsidies are paid for the creation of goose refuges to concentrate geese in certain areas and 

distract them from others. However, the assessment of the effect of goose grazing on fodder 

quality for livestock from goose numbers is not always straightforward. In the third chapter, we 

showed that grazing of agricultural grasslands by wintering geese at the German North Sea 

coast led to a reduction in yield and available energy from plant matter for dairy cows. Our 

results confirmed that geese preferred grasslands close to roosting sites and with low 

disturbance by humans. The suitability of goose refuges for geese is crucial for the effectiveness 

of this agri-environmental scheme and thus for the farmers' willingness to participate. It is 

therefore necessary to carefully select areas designated as goose refuges. 

 

The results of our studies show the effect of land use type and intensity on bird species richness 

and community composition. Concerning possible land use strategies, the occurrence of 

threatened bird species will be highest if there are wet grasslands with low management 

intensity present. Reedbed and shrub habitats would increase bird species richness. Polders 

could also serve as refuges for wintering geese to reduce damage for farmers in the surrounding 

areas. To create both an efficient goose refuge and suitable breeding habitat for meadowbirds, 

a certain level of agricultural management is crucial to prevent scrub encroachment or reed 

growth. A heterogeneous landscape of varying groundwater levels, agricultural land use and 

intensities would overall support the highest breeding bird biodiversity while still offering 

valuable habitat for threatened bird species. Effective agri-environmental schemes designed for 

meadowbirds need a comprehensive approach: they should encompass all habitat requirements 

from soil to plants to invertebrates. Under certain circumstances, bird biodiversity can benefit 

from sustainable coastal land management measures designed for water retention or carbon 

sequestration purposes. 
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Zusammenfassung 

Der Klimawandel bedroht die funktionelle Stabilität von Küstenregionen weltweit. Aufgrund 

des Zugangs zu Rohstoffen und Handelsrouten konzentrieren sich auf der ganzen Welt 

menschliche Siedlungen entlang von Küsten und müssen sich an den Meeresspiegelanstieg 

anpassen. An der deutschen Küste liegen große Gebiete hinter dem Deich bereits jetzt unterhalb 

des Meeresspiegels und müssen durchgehend entwässert werden. Veränderungen des 

Niederschlags und das Risiko der Versalzung von Grundwasser aufgrund des Klimawandels 

machen die Fortführung der momentanen Landnutzung mit intensiver Landwirtschaft teuer und 

aufwändig. Im Gegensatz zur traditionellen Küstenschutzstrategie in Deutschland, die darauf 

beruht, die Deiche zu erhöhen und zu verstärken, werden inzwischen auch nachhaltigere 

Küstenschutzmaßnahmen diskutiert. Eine mögliche Strategie zur Erhöhung der Resilienz der 

deutschen Küste wäre der Rückbau der Hauptdeichlinie ins Landesinnere, um eine Zone vor 

dem Deich zu schaffen, in der wieder natürliche Prozesse möglich sind. Durch den Bau einer 

zweiten Deichlinie vor dem Hauptdeich wird ein Polder geschaffen, um Überflutungen auf die 

Polderfläche zu beschränken. Überschüssiges Regenwasser könnte im Polder zur Bewässerung 

während trockener Sommer gespeichert und als Schutz gegen das Eindringen von Salzwasser 

genutzt werden. Abhängig vom Wasserstand und den Managementzielen könnten sich im 

Polder Feuchtgrünland und Wasserflächen zur Wasserspeicherung und landwirtschaftlichen 

Nutzung oder große Schilfgebiete zur Kohlenstoffbindung bilden. Das Ziel dieser Arbeit ist es, 

die ökologischen Folgen verschiedener Landnutzungsszenarien für Vogelgemeinschaften an 

der deutschen Küste abzuschätzen. Abiotische und biotische Umweltvariablen, die auf 

denselben Untersuchungsflächen gemessen wurden, ermöglichten es uns, Interaktionen 

zwischen Landnutzung, Vegetation, Boden, brütenden und überwinternden Vogelarten und 

ihrer Nahrung zu untersuchen. 

 

Abiotische Umweltfaktoren, wie der Grundwasserstand oder pH-Wert des Bodens, und 

biotische Faktoren, wie die Vegetationshöhe und Primärproduktivität, sind mit 

landwirtschaftlicher Nutzung und der Artenvielfalt an Brutvögeln in einem Netzwerk aus 

direkten und indirekten Wechselwirkungen verbunden. Im ersten Kapitel verwendeten wir ein 

Strukturgleichungsmodell, um die Auswirkungen einer Änderung der Landnutzungsintensität 

auf den Artenreichtum an Brutvögeln und das Auftreten bedrohter Vogelarten zu untersuchen. 

Die Zahl an Brutvogelarten nahm mit zunehmender Landnutzungsintensität ab, während das 

Vorkommen bedrohter Arten seinen Höhepunkt bei einer moderaten Landnutzungsintensität 

hatte. Die Aufgabe der landwirtschaftlichen Nutzung von Grünland könnte zu einem Anstieg 

der Vogelartenzahl führen, wäre aber schädlich für Vogelarten des Offenlandes, für die 

Küstenhabitate eine besondere Rolle spielen. Insofern stellt nicht nur die Intensivierung der 

Landwirtschaft eine Bedrohung für die Biodiversität von Vögeln an der Küste dar, sondern 

auch die Aufgabe der Landnutzung als eine Folge des Meeresspiegelanstiegs. 
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Landwirtschaftliche Methoden wie die starke Nutzung von Pestiziden und Düngemitteln und 

der Anbau von Monokulturen hat den letzten Jahrzehnten die Biomasse von Wirbellosen 

reduziert und die Habitateignung landwirtschaftlicher Flächen für Wiesenvögel verschlechtert. 

Hauptsächlich aufgrund von landwirtschaftlicher Intensivierung sind die Populationen von 

Wiesenvögeln in ganz Europa zurückgegangen. Die meisten dieser Arten ernähren sich von 

Wirbellosen und füttern ihre Brut mit Insekten. Die Ergebnisse unserer zweiten Studie zeigten 

einen Einfluss der Bodenverdichtung und des pH-Werts des Bodens auf die ober- und 

unterirdische Wirbellosengemeinschaft und auf das Auftreten drei ausgewählter 

Wiesenvogelarten: Kiebitze, Uferschnepfen und Wiesenpieper zeigten eine Präferenz für 

Grünland mit einer höheren Wirbellosenbiomasse. Es ist daher wichtig, dass sowohl das 

Nahrungsangebot als auch die Nahrungsverfügbarkeit bei Schutzmaßnahmen für Wiesenvögel 

berücksichtig werden. 

 

Wiesen und Weiden an der deutschen Küste sind ein attraktives Nahrungshabitat für 

überwinternde Gänse. Mit ihrer Vorliebe für stickstoffreiches Grünland konkurrieren sie mit 

Nutztieren um dieselben Ressourcen. Landesbehörden versuchen den resultierenden Konflikt 

zwischen Artenschutz und Landwirtschaft durch Ausgleichszahlungen oder 

Agrarumweltmaßnahmen zu lösen. Die Schaffung von ungestörten Nahrungsflächen für Gänse 

wird finanziell unterstützt, um Gänse auf einigen Flächen zu konzentrieren und sie von anderen 

Flächen fernzuhalten. Allerdings ist die Abschätzung des Einflusses von Gänsebeweidung auf 

die Futterqualität für Vieh nicht immer einfach. Im dritten Kapitel zeigten wir, dass 

Gänsebeweidung auf landwirtschaftlichem Grünland an der deutschen Nordseeküste zu einem 

reduzierten Ertrag und zu einem geringeren Energiegehalt des verbleibenden Pflanzenmaterials 

für Milchvieh führt. Unsere Ergebnisse bestätigten die Präferenz von Gänsen für Grünland, das 

nah an ihren Ruhegewässern liegt und auf dem sie selten von Menschen gestört werden. Die 

Eignung von Rückzugsflächen für Gänse ist entscheidend für die Effektivität dieser 

Agrarumweltmaßnahme und daher auch für die Bereitschaft der Landwirte, daran 

teilzunehmen. Deswegen ist es notwendig, Rückzugsflächen für Gänse unter Berücksichtigung 

ihrer Habitatpräferenzen sorgfältig auszuwählen. 

 

Die Ergebnisse unserer Untersuchungen beleuchten den Einfluss der Art und Intensität von 

Landnutzung auf die Artenvielfalt und Zusammensetzung der Artengemeinschaft von Vögeln. 

In Bezug auf die möglichen Landnutzungsszenarien wird die Zahl bedrohter Vogelarten am 

höchsten sein, wenn Feuchtgrünland mit geringer Nutzungsintensität vorhanden ist. 

Schilfgebiete und Gebüsche werden die Vogelartenzahl erhöhen. Polder können auch als 

Rückzugsflächen für überwinternde Gänse dienen, um den Fraßschaden für Landwirte in der 

Umgebung zu verringern. Um sowohl eine effektive Rückzugsfläche für Gänse als auch ein 

geeignetes Bruthabitat für Wiesenvögel zu schaffen, ist ein gewisses Maß an 
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landwirtschaftlicher Nutzung notwendig, um Verbuschung oder Verschilfung zu verhindern. 

Eine heterogene Landschaft mit unterschiedlichem Grundwasserstand, landwirtschaftlicher 

Nutzung und Intensität würde generell die höchste Biodiversität an Vögeln beherbergen und 

gleichzeitig Habitate für bedrohte Arten bieten. Effektive Agrarumweltmaßnahmen für 

Wiesenvögel benötigen einen umfassenden Ansatz: sie sollten alle Habitatansprüche der Vögel 

vom Boden über die Vegetation bis hin zu den Wirbellosen berücksichtigen. Unter bestimmten 

Umständen kann die Vogelbiodiversität der deutschen Küste also von nachhaltigen 

Küstenschutzmaßnahmen, die der Wasserspeicherung oder Kohlenstoffbindung dienen, 

profitieren. 
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Chapter 1 

 

General Introduction 
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1 General Introduction 

1.1 Background of the project 

Germanys coastal regions are threatened by climate change and associated sea level rise as well 

as changes in rainfall (IPCC 2014). Sea level will rise between 0.4 m and 0.8 m by 2100 

compared to 1986-2005 according to IPCC projections, leading to an increase in storm surges 

and possibly salt water intrusion into the hinterland of the dikes (Oppenheimer et al. 2019, 

Beniston et al. 2007). Winter rainfall at the German coast will increase by about 20%, 

depending on emission scenarios, while summer rainfall might decrease (Jacob et al. 2008, The 

BACC II Author Team 2015). Large parts of the North Sea hinterland have an elevation below 

1 m above sea level (LGLN 2020). Currently, low-lying areas are drained to make them arable, 

using pumps and discharging the water into the sea during ebb tide. Higher winter rainfall will 

increase the amount of freshwater in these areas, but sea level rise might prevent natural 

discharge and call for an increase in pumping effort (Bormann et al. 2012). Lower precipitation 

in summer, on the contrary, could lead to a shortage of water for agricultural purposes or 

increase the risk of salt water intrusion (Bormann et al. 2012). 

 

Possible coastal adaptation strategies to sea level rise can be categorised as follows: retreat 

(relocation of settlements further inland and abandonment of areas close to the sea), 

accommodation (adjusted use of coastal areas), and protection (coastal defence) (IPCC 

Coastal Zone Management Subgroup: Dronkers et al. 1990). Land reclamation by enclosing 

tidal areas and coastal protection by strengthening and increasing the dikes has been a common 

strategy to deal with coastal dynamics at the German coast, but sea level rise increases the risk 

of flooding and erosion and makes protection measurements increasingly expensive (Doody 

2013). Managed realignment is a retreat strategy which aims to increase resilience of a coastal 

system by shifting the border between land and sea towards the land (French 2006). The purpose 

of managed realignment is the reintroduction of natural dynamic coastal processes by removal 

or abandonment of coastal protection structures (Doody 2013). Although it represents the 

opposite of traditional hard protection measures against the sea, numerous managed 

realignment projects have been realized since the 1990s in several European countries (Rupp-

Armstrong & Nicholls 2007, French 2006).  

  

Reinforcement and strengthening of dikes in order to continue the current land use of high-

intensity agriculture and drainage of coastal areas in Germany will become increasingly 

difficult and expensive under predicted climate change and its resulting consequences (Doody 

2013). Alternative land use options within a managed realignment scenario could offer 

solutions for this dilemma. Within the collaborative project COMTESS (Sustainable Coastal 

Land Management: Trade-offs in Ecosystem Services), different land management scenarios 
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were explored (Maier & Kleyer 2012, de la Vega-Leinert et al. 2018, de la Vega-Leinert & 

Stoll-Kleemann 2015). There are two managed realignment scenarios that explore different 

sustainable land use strategies while managing excess freshwater during winter and lack of 

water during possible summer droughts:  

1) Water management scenario: A second dike line is established behind the current main 

dike at the North Sea coast. At the Baltic Sea coast, a relocation of the main dike towards the 

hinterland or outbanking of summer polders is proposed. In the areas between the dikes, open 

water bodies, salt grasslands and reed stands can develop (Fig. 1.1). During summer, freshwater 

in the polders prevents subsurface salt water intrusion and can be used for irrigation during dry 

periods. In case of storm surges and dike breaches, flooding is restricted to the polder area. 

Reeds growing in the polders can be harvested for green energy. 

2) Carbon sequestration scenario: Polders are created between the two dike lines or in front 

of the relocated dike line, respectively, as in the first scenario, but are covered with reed fens 

(Fig. 1.1). Large amounts of carbon dioxide can be sequestered in coastal soils through active 

peat formation (Hussein et al. 2004). Extensive reed fens covered large areas along the coast 

and rivers in Northern Germany before dikes were built (Behre 2008). Drainage and land 

cultivation lead to degradation of peat and released stored carbon dioxide. Peatlands are 

important stores of soil carbon and rewetting of degraded peatlands can result in effective 

sequestration of greenhouse gases (Strack et al. 2008). 

For comparison, a trend scenario with dairy farming and freshwater drainage as well as 

strengthening of the main dike line was added to simulate "business-as-usual" (Fig. 1.1). 

Furthermore, a stakeholder-based scenario was created to implement ideas from stakeholders 

from the project regions. A fourth scenario could not be evaluated in respect to the bird 

community, as it was developed during the course of the project. Using a space-for-time 

approach, the relationship between land use, environmental properties and birds was explored 

to assess the impact of future land use changes on the bird community. 
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Figure 1.1: Visualisations of the three COMTESS land use scenarios, from top to bottom: water 

management, carbon sequestration, trend scenario. The situation at the North Sea coast is 

shown on the left, where a polder is created between two dikes. At the Baltic Sea coast on the 

right, the main dike is relocated to protect settlements. In the trend scenario, the dike is located 

at its current position. 

 

Nowadays, most of the hinterland at the North and Baltic Sea coast is used for farming, mainly 

grasslands with dairy cows and crop fields. Agricultural intensification since the 1950s has led 

to a Europe-wide decline of biodiversity in farmlands (Donald et al. 2001, Tscharntke et al. 
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2005, Butler et al. 2010, Bowler et al. 2019). Increasing use of fertilisers and pesticides, higher 

stocking densities of livestock, increasing mowing frequency, intensive tillage, and widespread 

drainage of low-lying areas have put many species under pressure (Flohre et al. 2011, Stoate et 

al. 2001, Vickery et al. 2001). Although the different political systems in the two former 

German states led to different agricultural systems until the reunification in 1990, the impact 

on biodiversity and landscape composition was similar (Bauerkämper 2004). Grasslands are 

most severely threatened by conversion into croplands, especially in agriculturally productive 

regions (Hodgson et al. 2005). The area of grassland as a proportion of total agricultural area 

has decreased by 5% between 2003 and 2012 in Germany, and intensively used grasslands with 

a high yield for farmers replace species-rich meadows mown once or twice per year, which are 

less profitable (BfN 2014). 

 

During the course of the year, two different bird communities utilise coastal grasslands and 

wetlands with very distinct habitat preferences and requirements. During spring and summer, 

many bird species raise their young in the open landscape behind the dike. Many of these bird 

species, especially insectivores strongly associated with open habitats, have declined 

dramatically over the past decades (Donald et al. 2006, Gregory et al. 2005). Some of them 

occur in relatively high numbers on salt marshes where they still find favourable breeding 

conditions on fallow or lightly grazed marshes (Bunje 2005, Hälterlein 2002). Marsh bird 

species are also part of this breeding bird community and find their preferred nesting habitat in 

estuarine reed beds and coastal marshes. 

During autumn, many breeding birds leave the coastal regions and migrate to their wintering 

areas. Some of them winter in grasslands, croplands and saltmarshes and form another 

characteristic bird community: Arctic geese. Several goose species spend the winter in Western 

and Central Europe to feed on nitrogen-rich pastures, crop remains and salt marshes. Over the 

past few decades, their numbers on agricultural land have increased due to lower hunting 

pressure, loss of natural habitats and agricultural intensification (van Eerden et al. 1996, 

Ebbinge 1991, Madsen et al. 1999). Resulting biomass removal and loss of agricultural yield 

leads to aversion of farmers to geese and fuels a conflict between agriculture and species 

protection (Jensen et al. 2008, Cope et al. 2006). On the other hand, large geese flocks are an 

attraction for tourists and therefore beneficial for the coastal regions (Buij et al. 2017). 

 

1.2 Study sites 

102 study plots were selected in total, randomly stratified over different types of grassland, salt 

marsh, and reedbeds. Half of them were situated along the German North Sea coast, the others 

along the German Baltic Sea coast (Fig. 1.2). 

Since medieval times, humans made land at the North Sea coast arable by dike building and 

drainage, leading by the end of the 19th century to a rapid replacement of wetlands, salt marshes 
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and natural grasslands by cereal fields and pastures (Knottnerus 2005). Dikes were increasingly 

reinforced from small embankments frequently overtopped by storm surges to a permanent 

boundary between the sea and the hinterland with a current height of 7 to 9 meters (Knottnerus 

2003). In the past century, agricultural intensification has led to a widespread loss or 

degeneration of wet grasslands (Schrautzer et al. 1996). Land use of salt marshes with tidal 

influence, which were traditionally mown or used for livestock grazing, was abandoned or 

reduced due to low economic profits or nature conservation (Esselink et al. 2000). 

At the Baltic Sea, the shallow coast was formerly characterised by lagoons, beach ridges, and 

coastal moors with large brackish reed beds (Seiberling & Stock 2009). Starting in the 13th 

century, these coastal habitats were used as pastures, mainly for cattle. Grazing changed the 

properties of the soil through compaction and increased peat formation, which led to suitable 

conditions for salt grassland (Seiberling & Stock 2009). In some parts of the coastline, dikes 

were built to protect settlements, but on a much smaller scale than at the North Sea coast. Only 

27% of the German Baltic Sea coastline are protected by dikes compared to 85% at the North 

Sea coast, because the Baltic Sea has a much lower tidal range and less frequent storm surges 

compared to the North Sea (Sterr 2008). Therefore and due to a less densely populated coast, 

conditions are more favourable for managed realignment projects at the Baltic Sea coast (Rupp-

Armstrong & Nicholls 2007). Additionally, financial responsibility for dikes that do not protect 

settlements but agricultural land was transferred to local drainage boards in the state of 

Mecklenburg-Western Pomerania (Nordstrom et al. 2007), which is a financial incentive for 

the local population in favour of managed realignment projects. 
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Figure 1.2: Location of the study plots within the COMTESS project framework 

 

1.3 Thesis outline 

Apart from sociological, cultural and economic consequences, land use change at the German 

coast will greatly impact biodiversity in coastal ecosystems. To predict benefits and 

disadvantages of land use scenarios for biodiversity, it is necessary to know the relationships 

between flora, fauna and ecosystem properties in the current state. Therefore, in this thesis I 

explore habitat requirements of the two bird communities mentioned above, the role of land use 

and their interaction with the environment. Fig. 1.3 gives a schematic overview of the study 

system. 
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Figure 1.3: Overview of the abiotic, biotic and management variables studied in this thesis 

(white boxes) and their interactions and effects on bird species in coastal landscapes (arrows). 

Numbers in the arrows indicate the chapter in which the respective relationship is explored. 

 

The analysis of the breeding bird community is divided in two parts. In chapter 2, I investigate 

the effect of land use, soil and vegetation properties on species richness and the occurrence of 

threatened breeding birds. Using a structural equation model, it is possible to simultaneously 

analyse the strengths of relationships between environmental parameters and biodiversity 

indicators. The aim is to assess the impact of land use change on the breeding bird community 

and to find out if species of conservation concern are affected differently. 

Most of the species of conservation concern from the previous analysis belong to the group of 

farmland birds, i.e. bird species breeding on pastures, fields, or field margins. Invertebrates play 

an important role for their survival and breeding success, therefore in chapter 3, I also take food 

supply and food availability for farmland birds into account. Land use intensity influences 

vegetation structure and soil properties of pastures, which in turn affect the supply and 

accessibility of invertebrates for birds. The focus of this analysis lies on grasslands because this 

habitat has been steadily declining over the past decades, but is an important breeding habitat 

for several bird species in need of protection. 

In chapter 4, I focus on the staging bird community in the study area, especially wintering geese. 

The aim of this paper is to gain insight into the interaction between goose grazing and vegetation 
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properties that are important to dairy farmers as well. Here, I investigate how certain plot 

properties influence the density of geese to better understand how geese choose their feeding 

sites and where goose damage for farmers may occur. 
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Chapter 2 

 

Direct and indirect effects of land management on threatened birds in coastal 

habitats 

 

Celia Grande, Julia Stahl, Martin Maier, Miguel A. Cebrián-Piqueras, Anastasia Trenkamp, 

Juliane Trinogga, Michael Kleyer 
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2 Direct and indirect effects of land management on threatened birds in 

coastal habitats 

2.1 Abstract 

The effects of climate change will result in land use changes at the German coast. To assess the 

impact of these changes on breeding bird species, it is necessary to understand the network that 

links abiotic and biotic environmental parameters to the occurrence of breeding birds. 

Therefore, we investigated the direct and indirect effects of land use intensity, water level, 

salinity, soil pH, vegetation height and productivity on bird species richness and the occurrence 

of threatened breeding birds using structural equation modelling. Moderate levels of land use 

intensity had a positive effect on the occurrence of threatened birds, while bird species richness 

declined with increasing land use intensity. We also found a positive relationship between bird 

species richness and the occurrence of threatened species. These results suggest that favourable 

habitat for threatened birds at the German coast is not only at risk due to agricultural 

intensification, but also due to land abandonment. While species-rich habitats are more 

probable to harbour also threatened species, a mosaic of different land use intensities is 

necessary to protect coastal avian biodiversity. 

 

2.2 Introduction 

Climate change-related changes of land use are imminent in coastal areas due to sea level rise 

and changes in precipitation (Oppenheimer et al. 2019). Detailed regional models of climate 

change effects allow drafts of future land management and the evaluation of their ecological 

and economic consequences, which is crucial to take well-informed decisions on land 

management options (Opdam et al. 2009, Mandryk et al. 2012). Change of land use will affect 

ecosystem properties in different ways, acting in favour of some and to the disadvantage of 

others. An example for such a trade-off is the conflict between agricultural yield and the 

conservation of biodiversity (Ay et al. 2014, Lawler et al. 2014, Mouysset et al. 2014, Princé et 

al. 2013). 

Biodiversity levels are often related to the intensity of land management schemes (Gonthier et 

al. 2014). With birds being a well-studied group and a good indicator for ecosystem changes, 

numerous studies shed light on the complex relationship between avian diversity and land 

management (e.g. reviewed by Newton 2004, Ambarli & Bilgin 2014, Butler et al. 2010, 

Donald et al. 2006, Meichtry-Stier et al. 2014, Kleijn et al. 2006). In European agricultural 

habitats, the highest diversity and density of bird species is found under low and medium 

management intensity and habitat suitability can be improved by moderate levels of 

management (Vickery et al. 2001). 
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The supply of nesting and foraging habitat for breeding birds in a landscape that is largely 

shaped by humans depends both on natural aspects, like topography and soil (Sim et al. 2013, 

Anteau et al. 2012), and management-related aspects, like disturbance and land use intensity 

(Jeliazkov et al. 2016, Kleijn et al. 2010). Both kinds of aspects influence each other, and it is 

often difficult to separate the main determinant of a bird species' occurrence from less important 

parameters (Fisher & Davis 2010, Barbottin et al. 2010, Heikkinen et al. 2004). Many studies 

consider only a section of the network of causes and effects that determines avian diversity (but 

see p.ex. Jonsson et al. 2011, Benton et al. 2002) although comprehensive knowledge of the 

ecosystem would improve the ability to decide on habitat management options (van Dijk et al. 

2015). 

Therefore, in this study we investigate the balance between direct and indirect effects of land 

use and vegetation, water and soil on bird diversity. We intend to disentangle the relative 

strength of direct and indirect effects to improve our understanding of how these different 

ecological levels are linked to each other. 

 

Biodiversity can be measured in many different ways, and species richness does not necessarily 

coincide with high numbers of rare or threatened species (Jetz & Rahbek 2002, Orme et al. 

2005, Kershaw et al. 1995, Gaston 1996, López-López et al. 2011, Reif et al. 2013). Moreover, 

there are good reasons not only to rely on species richness but also to consider other criteria 

like immediate threat to some species (Kareiva & Marvier 2003) in the decision making process 

about conservation actions. 

Additionally, sometimes species or species groups have to be ranked according to their 

conservation value or threat status in order to develop a management plan. Regional, national 

and international red lists, depending on the desired scale, can be applied as a tool to determine 

the conservation value of species (Wuczyński et al. 2014). 

 

One of the species groups facing the most severe threats are birds of open landscapes, especially 

meadow birds. In all European countries their populations are undergoing serious declines 

(Gregory et al. 2005, Donald et al. 2001). The agricultural policy of the EU member states used 

to be the driver of agricultural intensification, high productivity and simultaneous destruction 

and deterioration of natural and semi-natural habitats (Donald et al. 2002), although the new 

policy incorporates measures to halt the loss of biodiversity (European Commision 2011). It is 

widely acknowledged that agricultural intensification is the main reason for the continent-wide 

decline of meadow birds (Donald et al. 2001, Donald et al. 2006, Butler et al. 2010, Vickery et 

al. 2001, Newton 2004). However, abandonment of agricultural pastures may have equally 

negative effects on meadow birds (Plieninger et al. 2014, Jepsen et al. 2005, Radovic et al. 

2013). 
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The breeding populations of many bird species of open landscapes in Germany are declining 

similarly to the rest of Europe with the German farmland bird indicator lying well below the 

target value (BMU 2010). 

 

For many open landscape species, coastal regions of Germany are of special importance 

because the typical landscape with different types of grasslands and crop fields serves as 

valuable breeding habitat. Low-lying fields and grasslands in northern Germany are constantly 

drained to make them arable, therefore creating a pattern of drainage ditches, fields, grasslands 

and small reed beds. Excess water is pumped out of the low-lying areas and discharged into the 

sea at ebb tide. Climate change causing sea level rise (Oppenheimer et al. 2019) and increasing 

rainfall in winter (Jacob et al. 2008) will increase pumping effort and salinization of 

groundwater, threatening the suitability of the land for agricultural use. Current coastal 

protection strategies rely on the preservation and reinforcement of current seawalls. Other, more 

sustainable and possibly more economical land use scenarios include the construction of a 

second seawall in the hinterland to protect settlements and the formation of an embanked area 

between the seawalls. In this area, wet grasslands or reed beds may develop, depending on water 

level, management decisions of stakeholders and prioritization of ecosystem services 

(COMTESS 2011, Maier & Kleyer 2012). 

 

Our study investigates the influence of abiotic and biotic parameters on breeding bird species 

richness and the occurrence of threatened breeding birds in coastal habitats. Our approach 

enables us to model the influence of ecological drivers in coastal ecosystems on different habitat 

parameters. Thanks to the detailed plot-based data collection, interrelations between biotic and 

abiotic parameters in the ecosystem can be measured and even used for predictions. 

Many studies focus on the effect of local land use change on local biodiversity, but results are 

difficult to transfer to a larger scale and a future state. Within our study, we use a space-for-

time substitution and aim to draw conclusions about the future situation of coastal regions in 

Northern Germany from the analysis of the current state. We use a comprehensive approach, 

including not only abiotic factors, but also soil and vegetation properties to analyse their direct 

and indirect effects on breeding birds (Fig. 2.1). The understanding of the interrelation between 

changes in land management and water table on the one side and the breeding bird community 

as an indicator of biodiversity on the other can aid in the decision-making process of land 

managers and stakeholders in the region facing biodiversity declines. 
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Figure 2.1: General overview of parameters that were included in our study. Abiotic and land 

use drivers are hypothesized to influence the bird community directly and indirectly through 

soil and vegetation properties. 

We expect land use intensity to have a strong direct and indirect influence on species richness 

and the occurrence of threatened birds, however, not necessarily a negative one (Fig. 2.2, 

Tab. 2.3): species of open landscapes are of high conservation concern and often occur on 

managed grasslands, therefore depending on a moderate level of land use (Vickery et al. 2001). 

An increase in water level can lead to reed growth on grasslands, loss of meadow bird habitat 

and a subsequent shift in the breeding bird community (Radovic et al. 2013). Soil properties are 

directly linked to the abundance and availability of invertebrate prey items for insectivore birds, 

therefore they are expected to play an important role in the system (McCallum et al. 2015, Sim 

et al. 2013). Vegetation structure influences not only the aboveground arthropod community 

(Decleer et al. 2015, Dennis et al. 1998), which serves as prey for insectivore birds, but is also 

important for nesting, foraging and raising offspring (reviewed by Fisher & Davis 2010). 

 

2.3 Methods 

Study site 

Data collection was conducted during the years 2011-2013 on 99 plots ranging in size from 

0.2 hectare to 10 hectares. Plots were chosen to represent the most important coastal vegetation 

types: upper and lower salt marsh, brackish and freshwater reed, brackish and freshwater 

grasslands that were fallow, grazed and/or mown. Plot selection was based on random stratified 

sampling along gradients of salinity, water level and land use. 

Field work was conducted at the German North Sea coast on 46 study plots in the administrative 

district of Aurich (53°25’N, 7°08’E) and on 53 plots at the Baltic Sea coast in the administrative 

districts of Rostock, Vorpommern-Rügen and Vorpommern-Greifswald (54°14’N, 12°47’E). 

Mean annual temperature in the North Sea region is 9.4°C and annual precipitation is 823 mm, 

in the Baltic Sea region mean annual temperature is 8.5°C and annual precipitation is 656 mm 

(based on data for the period 1981-2010, Deutscher Wetterdienst 2015). 
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Water level and salinity 

Groundwater levels (GWL) and salinity were measured from March to October 2012. At every 

plot, a drainage pipe was buried 100 cm vertically into the ground, allowing water to flow in. 

Every two weeks, groundwater levels in the drainage pipes were recorded manually. At plots 

with a high variability in groundwater levels, data loggers (Sensus Ultra Divers (Reefnet Inc.)) 

were deployed, recording groundwater level every half an hour. For the analysis, mean, 

maximum, and minimum groundwater level over the whole season per plot were used. 

Conductivity as a measure of salinity was recorded biweekly using a conductivity measurement 

device (WTWph/Cond340i/SET with a Teracon 325 electrode). The mean value of each plot 

over the whole season was used for analysis. 

 

Human land use 

Information on land use type (if plot was grazed, mown, fertilized, or left fallow) and on land 

use intensity (number of animals per hectare, mowing frequency, amount of fertilizer applied) 

were gathered from the farmers using questionnaires. Livestock units were calculated from the 

species and age of the livestock according to KTBL (2015). To measure the amount of removed 

biomass, either by grazing or by mowing, exclosures were built. Aboveground standing plant 

biomass was collected in August and September during peak standing crop on an area of 0.5 m2 

on each plot inside and outside the exclosures. Plant material was dried in for 72 hours at 70° C 

and weighed. The difference in weight between biomass collected inside and outside the 

exclosures was used as the amount of biomass removed by land use. 

 

Soil 

Soil samples were taken from every horizon up to a depth of 80 cm. Soil pH was measured in 

Calciumchloride for every horizon and a per horizon depth weighted mean was calculated for 

every plot. 

 

Vegetation 

Canopy height was taken as a measure of vegetation height, as it is defined as the height of the 

highest photosynthetic active tissue above the ground (Weiher et al. 1999). Canopy height was 

measured for 1393 individuals of 89 species in summer during peak standing crop. 

From canopy height measurements of individual plants and a species frequency analysis, a 

community weighted mean for plant height for each plot was calculated (Minden & Kleyer 

2011, for details see Garnier et al. 2007). 

Aboveground net primary productivity (ANPP) accounts for the difference between the amount 

of living biomass at the beginning of the growing season and the peak amount of the growing 

season divided by the number of days between the sampling events (de Leeuw et al. 1990). To 

calculate ANPP of each plot, 0.5 m2 of aboveground standing biomass was cut in spring 
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(March-April) and in summer (August-September), respectively, dried at 70° C for 72 hours 

and weighed. 

 

Breeding birds 

Breeding birds were mapped according to Südbeck et al. (2005). From April to July, each plot 

was visited seven to nine times during morning or evening hours. Twice, night visits took place 

to record birds displaying at night. All birds showing territorial or breeding behaviour were 

mapped. To represent a breeding territory, for most species individuals had to be recorded at 

least during two independent visits during the breeding season (Südbeck et al. 2005). To 

calculate threat index and species richness for each plot, the maximum number of breeding 

pairs of each species and the maximum number of breeding species over the three years was 

used, respectively. 

The threat index was calculated according to Behm & Krüger (2013): Depending on the German 

red list category (Südbeck et al. 2007) of a species, points were given per breeding pair per plot. 

The sum of all red list species occurring on one plot was corrected for plot size. For breeding 

pairs of species with red list category Least Concern or Near Threatened, no points were given. 

Only breeding bird species with red list categories corresponding to IUCN categories 

Vulnerable (VU), Endangered (EN) and Critically Endangered (CR) were included in the threat 

index (Tab. 2.1). 

Table 2.1: Breeding bird species included in the threat index calculated after Behm & Krüger 

(2013), listed as Vulnerable, Endangered or Critically Endangered on the German red list 

(Südbeck et al. 2007). Their national red list status and the IUCN category that corresponds to 

the respective red list status are given. German red list categories correspond to the following 

IUCN categories: 1= Critically Endangered, 2= Endangered, 3= Vulnerable. For a list of all 

species recorded on the plots see Appendix Tab. 6.1. 

English name Scientific name German red list category 

Common Teal Anas crecca 3 

Garganey Spatula querquedula 2 

Northern Shoveler Spatula clypeata 3 

Grey Partridge Perdix perdix 2 

Spotted Crake Porzana porzana 1 

Little Crake Zapornia parva 1 

Northern Lapwing Vanellus vanellus 2 

Black-tailed Godwit Limosa limosa 1 

Skylark Alauda arvensis 3 

Whinchat Saxicola rubetra 3 

Corn Bunting Emberiza calandra 3 
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Statistics 

Structural equation modelling 

To analyse the network of abiotic and biotic parameters, structural equation modelling was 

used. Structural equation modelling is a method to analyse a network of causes and effects: 

Based on a priori knowledge, a hypothetical model is formulated as a network of successive 

regressions and the pathways are subsequently tested for significance (Grace 2006, Hair et al. 

2013). We used partial least squares structural equation modelling (PLS-SEM) which aims at 

maximizing the explained variance of the dependent variables in the model and is therefore 

well suited for exploratory research, contrary to the widely used covariance-based structural 

equation modelling, which is commonly used in confirmatory studies to test existing concepts 

(Hair et al. 2013). Contrary to covariance-based SEM, the model is not compared to a 

theoretical covariance structure in PLS-SEM, and therefore no overall test of model fit is 

possible. PLS-SEM makes no assumptions about the data distribution and works well with 

sample sizes below 100 (Hair et al. 2011). To analyse the model and calculate path coefficients, 

the software SmartPLS Version 3.2.3 (Ringle et al. 2015) was used. Path coefficients, which 

are partial regression coefficients, were calculated using the path weighing scheme with 

standardized data and the significance of coefficients was assessed using bootstrap estimation 

(Hair et al. 2013). All variables in the model were measured directly except for the variables 

land use and water level, which are latent variables with four and three indicators, respectively 

(Tab. 2.2). The indicators of a latent variable are measured variables which are assumed to have 

an underlying “common cause” and should therefore be highly correlated (Hair et al. 2013). 

The degree of correlation of the indicators was checked before model construction by 

calculating Spearman’s rank correlation coefficient. All indicators were positively correlated 

with their latent variable. 

For model evaluation, the procedure recommended by Hair et al. (2011) was followed: To 

evaluate the reflective measurement model, internal consistency and indicator reliability, 

convergent and discriminant validity of the latent variables were checked. In structural model 

evaluation, it was ensured that there were no problematic levels of multicollinearity (i.e. 

variance inflation factor below 5) among the predictors of each variable. The predictive 

relevance of each variable was assessed using blindfolding as recommended by Hair et al. 

(2013). 

Figure 2.2 shows the hypothesized model with all assumed relationships. The corresponding 

hypotheses are listed in Table 2.3. 

 

Regression analyses 

To study the effect of land use on bird species richness and bird value further, vegetation type 

of the study plots was taken into account. Plots could roughly be classified into four different 

vegetation types: freshwater grassland, brackish grassland, salt marshes (only present at the 

North Sea coast) and reed beds. Freshwater grasslands and brackish grasslands were mown 
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and/or grazed, whereas salt marshes were all situated in the Wadden Sea National Park and left 

fallow. Reed beds were mown or grazed in a few cases. 

Two univariate linear regression analyses with land use intensity as the independent variable 

were conducted: one model with bird species richness and one with bird value as the dependent 

variable. In each model both a linear and a quadratic relationship was tested. As a measure of 

land use intensity, the latent variable scores of the variable “land use” from the PLS-SEM were 

used. This latent variable combines the parameters grazing intensity, mowing frequency, 

amount of fertilizer applied and removed biomass. Latent variable scores are calculated as linear 

combinations of all measured indicators that are associated with the respective latent variable 

(Hair et al. 2011). Vegetation type of the study plots was only used for visual evaluation and 

was not accounted for in the regression models. Linear regressions were calculated in R 3.2.2 

(R Core Team 2018). 
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Table 2.2: model parameters: variable (CWM: community weighted mean), name in model, 

unit 

Variable 

names in 

model 

Explanation Unit 
Mean  

(n= 99) 

Range      

(min; max) 

Latent 

variables 
Indicators  

  

water level 

mean GWL  cm -38 -100; 50.8 

minimum GWL cm -63 -111; 24 

maximum GWL cm -5.6 -100; 91 

land use 

intensity 

amount of fertilizer 

applied 
kg N2/ha 35.8 0; 581.2 

mowing frequency 
number of mowing 

events/year 
0.5 0; 4.5 

stocking density 
number of 

livestock units/ha 
2.2 0; 32.3 

removed biomass by 

grazing or mowing 
% 24 0; 91.9 

Manifest 

variables 
    

salinity mean conductivity mS/cm 9.1 0.3; 37.3 

soil pH 
pH value of soil in 

CaCl2 
none 6.1 3.3; 7.9 

vegetation 

height 
canopy height (CWM) cm 66.8 12; 151.6 

plant 

productivity 

aboveground net 

primary productivity 

(ANPP) 

g/m2 per day 9.6 0.8; 33.4 

bird species 

richness 

number of breeding bird 

species per plot 
none 3.4 0; 9 

bird value 
occurrence of red-listed 

breeding bird species 
none 124.6 0; 1887.8 
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Figure 2.2: Hypothesized model of relationships between environmental, soil and plant 

parameters and bird species richness and value. Variables in rectangles are directly measured 

(=manifest) variables, variables surrounded by an ellipse are latent variables, composed of 

several indicators. The arrows show assumed relationships that are described in Tab. 2.3, + or 

- next to the arrow indicates a hypothesized positive or negative impact of the effect variable 

on the response variable. For explanation of variable names and indicators of latent variables 

see Tab.2.2. 
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Table 2.3: Hypotheses for all relationships specified in the hypothesized model. + or - indicate 

either a positive or negative relationship of the effect variable on the response variable. 

References for each explanation of the relationship are given in the respective row. 

Effect 

variable 

Response 

variable 

Expected 

effect 
Explanation References 

Water level 
Land use 

intensity 
- 

Grazing or mowing is 

difficult in wet or flooded 

areas. 

(Newton 2004) 

Water level 
Vegetation 

height 
+ 

An increase in water level 

allows establishment of 

helophyte communities 

with high canopy height 

(e.g. Phragmites stands). 

(Timmermann et 

al. 2006) 

Water level 
Plant 

productivity 
+ 

Productivity of freshwater 

marshes is as high or higher 

as that of intensive 

agricultural grasslands. 

(Rocha & Goulden 

2009) 

Water level 
Bird species 

richness 
+ 

Inundated or wet soils 

increase invertebrate supply 

and availability and thus 

can support more bird 

species. 

(Ausden et al. 

2001, Poulin et al. 

2002) 

Water level Bird value - 

Permanent flooding of 

grasslands creates 

unsuitable habitat for birds 

of open landscapes, which 

is the most threatened 

species group in our system. 

(Südbeck et al. 

2007) 

Salinity 
Land use 

intensity 
- 

Salt water cannot be drunk 

by livestock and decreases 

crop yield. 

(Maas & Hoffman 

1977) 

Salinity Soil pH + 

Mineral (Na+) deposition 

from sea water increases 

pH. 

(Blume et al. 2010) 

Salinity 
Vegetation 

height 
- 

Soil salinity limits plant 

growth. 

(Rozema et al. 

1985) 

Salinity 
Plant 

productivity 
- 

Increasing soil salinity is 

related to a decrease in 

above-ground biomass. 

(Srivastava & 

Jefferies 1996) 

Land use 

intensity 
Soil pH + Liming increases soil pH. (Blume et al. 2010) 

Land use 

intensity 

Vegetation 

height 
- 

Grazing and mowing 

removes plant biomass. 

(Vickery et al. 

2001) 

Land use 

intensity 

Plant 

productivity 
+ 

Fertilization increases 

biomass production. 

(Kirkham et al. 

1996) 
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Table 2.3 (continued) 

Effect 

variable 

Response 

variable 

Expected 

effect 
Explanation References 

Land use 

intensity 

Bird species 

richness 

& 

bird value 

+ 

Hump-shaped relationship 

between intensity of land 

use and (threatened) bird 

species: grazing can 

enhance structural diversity 

and food supply for birds, 

but high intensity of grazing 

or mowing reduces food 

supply. In our study system: 

positive relationship 

expected because land use 

intensity ranges from fallow 

to medium intensity. 

(Morris 2000, 

Hälterlein et al. 

2003, reviewed in 

Newton 2004, 

Schmidt et al. 

2005) 

Soil pH 

Bird species 

richness 

& 

bird value 

+ 

Earthworms, which are an 

important prey to many bird 

species, prefer slightly 

acidic to slightly alkaline 

soils. 

(Sim et al. 2013, 

Graefe & Beylich 

2003) 

Vegetation 

height 

Plant 

productivity 
+ 

Net primary productivity is 

positively related to 

vegetation height via 

specific leaf area and 

relative growth rate in our 

study system. 

(Minden 2010) 

Vegetation 

height 

Bird species 

richness 
+ 

High vegetation conceals 

nests from predators in reed 

beds and salt marshes and 

offers more food in salt 

marshes. 

(Batary et al. 2004, 

Pasinelli & Schiegg 

2006, Mandema et 

al. 2014a, Maier 

2013) 

Vegetation 

height 
Bird value - 

Many bird species of open 

landscapes prefer low 

vegetation for early 

predator detection in open 

habitats. 

(Laursen & Hald 

2012, Shrubb 1990, 

Henderson et al. 

2001) 

Plant 

productivity 

Bird species 

richness 

& 

bird value 

+ 

High productivity increases 

the possibility of occurrence 

of different food resources, 

in turn enabling more 

species to co-occur. 

(Haddad et al. 

2001, Bonn et al. 

2004) 

Bird species 

richness 
Bird value + 

Rare or threatened species 

are more likely to be found 

in sites with high species 

richness. 

(Villalobos et al. 

2013, Cofre & 

Marquet 1999, 

Bonn et al. 2002, 

Bonn et al. 2004) 
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2.4 Results 

The hypothesized model was analysed and all pathways were tested for significance. The 

indicators of the two latent variables water level and land use intensity had loadings above 0.7 

and were highly significant. The latent variables had satisfactory values for the average variance 

extracted (0.82 for water level and 0.63 for land use intensity), composite reliability was above 

0.8 for both variables, and discriminant validity was ensured using the Fornell-Larcker-

Criterion and checking cross-loadings (Hair et al. 2011). 

Of 22 paths directly linking variables, 8 were not significant. However, in structural equation 

modelling, not only direct effects are analysed but also indirect effects linking variables through 

a third variable can be shown. The sum of the direct and all indirect effects (i.e. through one or 

several other variables) of one variable on another is the total effect and can reveal connections 

between variables that may not be directly related to each other. Therefore, not only direct 

effects (Fig. 2.3) are considered here, but also total effects are given in Table 2.4. 

 

As expected, land use intensity was the main driver of vegetation height, and salinity and water 

level also had a considerable impact. Soil pH was influenced by salinity and had only a small 

portion of variance explained (13%), but this was not the aim and not in the means of the model. 

Land use was negatively influenced both by water level and by salinity. 

Regarding the direct effects, bird value of a plot was mainly influenced negatively by vegetation 

height, and positively by bird species richness and land use intensity. Furthermore, plant 

productivity had a positive and soil pH and water level negative effects on bird value. When 

total effects were considered, the variables water level and land use gained and vegetation 

height lost in importance compared to the other variables and plant productivity had no 

significant effect on bird value anymore. With all these variables, 60% of the variance in bird 

value was explained. 

In contrast to bird value, bird species richness was only determined by land use intensity and, 

when total effects were considered, water level and salinity. Here, only 32% of the variance 

was explained, indicating other important determinants of species richness in our system not 

included in the model. 

Plant productivity was mainly directly explained by vegetation height, as expected, whereas 

land use intensity only played a role as a total effect. Water level (through land use intensity 

and vegetation height) and salinity had weak negative effects on plant productivity. 
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Figure 2.3: Final model with significant (p< 0.05) direct effects. Standardized regression 

coefficients are given along the arrows, arrow width is proportional to the regression 

coefficient. The explained variance of each variable (R2) is given under the variable name. For 

variable names and explanations of latent variables, see Tab. 2.2. 

Table 2.4: Standardized total effects in the final model significant at p< 0.05. Numbers are the 

regression coefficients of the variable in each row on the variable in the respective column. 

 
bird species 

richness 
bird value 

land use 

intensity 
soil pH 

vegetation 

height 

plant 

productivity 

bird species 

richness 
x 0.48     

land use 

intensity 
-0.49 0.53 x  -0.75 -0.61 

soil pH  -0.17  x   

vegetation 

height 
 -0.43   x 0.56 

plant 

productivity 
     x 

salinity 0.22  -0.38 0.33  -0.19 

water level 0.29 -0.32 -0.44  0.31 0.19 
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The predictive relevance (q2) of all variables in the model was calculated to assess the 

importance of one variable for predicting another variable accurately in the model. From the 

results in Table 2.5 it can be concluded that all variables but salinity have predictive relevance 

for explaining bird value, but only land use is relevant for predicting bird species richness. 

Similar to the results from direct and total effects, this indicates very different underlying 

determinants of bird value and bird species richness. 

Salinity and water level have approximately the same relevance in predicting land use, which 

in turn plays a major role for vegetation height. Salinity has medium relevance for vegetation 

height, and only weakly determines soil pH and plant productivity. 

Table 2.5: Predictive relevance (q2) of variables in rows for variables in columns, estimated 

by blindfolding procedure. According to Hair et al. (2013), values of 0.02, 0.15 and 0.35 for a 

variable indicate a small, medium and large predictive relevance, respectively. In this table, 

only values for q2 > 0.02 are shown, because for values below that threshold, the predictive 

power of a variable might not be different from zero. 

 bird species 

richness 
bird value 

land use 

intensity 
soil pH 

vegetation 

height 

plant 

productivity 

bird species 

richness 
x 0.42     

land use 

intensity 
0.17 0.23 x  0.63  

soil pH  0.18  x   

vegetation 

height 
 0.44   x 0.26 

plant 

productivity 
 0.20    x 

salinity   0.13 0.06 0.21 0.03 

water level  0.03 0.16    

 

In general, most reed and salt marsh plots had high bird species richness, brackish grasslands 

and freshwater grasslands had fewer species, declining with land use intensity (Fig. 2.4, linear 

regression: F= 41.4, d.f.= 97, p< 0.001, R2= 0.29). Most reed plots, however, did not host 

threatened species and had therefore a low bird value, similar to salt marshes. More breeding 

bird species of conservation concern were found in brackish grasslands and especially 

freshwater grasslands, where, however, bird value declined at a certain level of land use 

intensity (Fig. 2.4). For this bivariate relationship, a quadratic regression showed better fit than 

a linear regression model (linear regression: F= 36.7, d.f.= 97, p< 0.001, R2= 0.27; quadratic 

regression: F= 25.7, d.f.= 96, p< 0.001, R2= 0.33). Consequently, the SEM was refitted 
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including a quadratic term for land use intensity (Rigdon et al. 2010), but as this term did not 

add any significant explanatory power, the model without the quadratic term was retained. 

It is important to note, however, that the relationships between land use intensity and bird 

species richness and bird value, respectively, do not hold true within different vegetation types, 

but only across all vegetation types. 

 

 

Figure 2.4: Bird species richness (left panel) and bird value (right panel) plotted against latent 

variable scores of the variable „land use“, combining the parameters grazing intensity, 

mowing frequency, amount of fertilizer applied and removed biomass. Point symbols indicate 

the vegetation type of the respective plot: white circles represent freshwater grasslands, dark 

grey triangles represent brackish grasslands, black diamonds represent salt marshes (only 

present in the North Sea region) and light grey squares represent reed stands. Lines show the 

regression for all plots irrespective of vegetation type and the shaded area around the line 

indicates the 95% confidence interval.  
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2.5 Discussion 

Our results show the impact of land use intensity on the occurrence and abundance of threatened 

breeding birds at the German coast. They reveal both the negative effect of increasing land use 

intensity on bird species richness and the positive effect of intermediate levels of land use on 

bird value. We show that bird value of an area in our study system is best predicted by species 

richness (positive effect) and vegetation height (negative effect), which in turn are mainly 

influenced by land use intensity. 

 

Water level and salinity determine if and to which extent agricultural land use in coastal areas 

is feasible. Large parts of our study area are only arable due to gravity drainage of freshwater 

into the sea. Expected sea level rise could entail the risk of flooding of coastal lowlands due to 

reduced possibility of drainage. Reed beds would develop on permanently flooded areas behind 

the dike, as growth of Phragmites australis is reduced by salinity (Asaeda et al. 2003). In front 

of the dike, where salinity is higher and regular floodings occur, salt marsh vegetation can 

develop in the absence of heavy grazing or mowing. Our model shows that water level has not 

only directly but also, and more importantly, indirectly a negative effect on bird value, and 

therefore poses a risk for threatened species. However, timing and duration of flooding is 

crucial: waterlogging in winter can reduce the number of invertebrates in the soil but on the 

other hand keep the vegetation short and the soil soft for soil-probing birds (Ausden et al. 2001). 

Thus, wet grasslands that are flooded in winter could prove beneficial for breeding waders.  

 

Land use intensity had the strongest total effect on bird value in our model, emphasizing the 

importance of finding a level of land management intensity that preserves suitable habitat for 

birds of open landscapes while remaining feasible (Newton 2004, Kleijn et al. 2006). When 

balancing conservation and agricultural profit, compromises between species richness and yield 

can be found at intermediate management intensities (Mastrangelo & Gavin 2012). We show 

that a certain level of land use intensity is necessary to preserve threatened breeding bird 

species, indicated by the positive total effect of land use on bird value, among which species of 

open landscapes are the biggest and most important group. However, the effects of agricultural 

land use on habitat suitability for birds are ambiguous: Grazing, which is a common land use 

option in our study area, creates under moderate intensities a patchy vegetation structure that is 

beneficial for breeding birds as well as for vegetation-dwelling arthropods, thereby improving 

forage conditions (Morris 2000, Voslamber & Vulink 2010). On the other hand, grazing also 

has detrimental effects on breeding birds by trampling of nests (Sharps et al. 2015) or soil 

compaction, which reduces both prey abundance and availability (Gilroy et al. 2008). Reduced 

arthropod availability on intensively used agricultural land is a major reason for the decline of 

meadow birds (Vickery et al. 2001, Benton et al. 2002). Obviously, at least some grasslands in 
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our study area are still suitable as breeding habitats for threatened birds like Black-tailed Godwit 

or Northern Lapwing, but these plots do not represent the majority of pastures in the region. 

On the other hand, bird species richness decreased with increasing land use intensity, with salt 

marshes and some reed stands having highest species richness. This shows that information on 

species richness alone is only of limited value for conservation and one should define goals of 

conservation carefully (Fleishman et al. 2006, Filippi-Codaccioni et al. 2010, Wuczyński et al. 

2014, Burger et al. 1982). 

 

Bird value increased with decreasing pH, contrary to expectations (Sim et al. 2013). Birds have 

been shown to select foraging sites according to occurrence and accessibility of prey which can 

be explained by favourable pH values for invertebrates (Sim et al. 2013, Morris et al. 2001). 

This is in line with our finding that pH values of plots with the highest bird values lie in the 

range of 5 to 7, which is a beneficial range for annelids, as most earthworm species are known 

to prefer neutral to slightly acidic soils (Blume et al. 2010). Graefe & Beylich (2003) showed a 

turning point of one annelid community to another at pH 4.2, but as nearly all our plots have a 

pH above 4, there might be no negative effects of acidic soils visible in our study system. 

However, response curves of different earthworm species to pH differ considerably (Graefe & 

Beylich 2003), therefore knowledge about preferred prey species is necessary for a more 

detailed analysis. 

 

Vegetation height had a strong negative effect on bird value of the plots, being strongly related 

to vegetation type with reed plots having the highest canopy and the fewest threatened species. 

Vegetation height can be used as a proxy for openness of a habitat (van Dijk et al. 2015), which 

has been shown to be an important factor in nest site selection (van der Vliet et al. 2008). 

Meadow birds in particular rely on early predator detection and the chance to distract or scare 

away approaching predators (Green et al. 1990b, Elliot 1985). Studies on breeding waders have 

shown decreasing bird densities due to high vegetation decreasing the openness of a landscape 

(van der Vliet et al. 2008, van der Vliet et al. 2010). Thus we can confirm that management 

decisions, more precisely land abandonment, that lead to an increase in vegetation height 

threaten bird species that are of conservation concern (Preiss et al. 1997).  

The positive effect of plant productivity on bird value suggests an underlying explanation 

related to food supply. Numerous studies show a positive influence of productivity on insect 

abundance, mediated through the food chain from herbivores to predator and parasitoid insects, 

which in turn are prey to birds (Power 1992, Ritchie 2000, Haddad et al. 2001, Kaspari et al. 

2000). The strong positive effect of vegetation height on productivity therefore acts indirectly 

contrary to the direct effect of vegetation height on bird value and illustrates the opposing 

underlying mechanisms (in this case: vegetation height as structural parameter vs influencing 

food supply). 
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Using structural equation modelling, vegetation-mediated effects of land use on bird value can 

be differentiated from direct effects: Land use acts negatively on bird value through bird species 

richness, but there are also direct and indirect positive effects. These pathways may seem 

contradictory at first glance but they illustrate different aspects of the relationship between land 

management and birds: The effect chain from land use through vegetation on bird value 

represents the vegetation-associated effects of human land management on breeding birds. 

Obviously, vegetation structure plays an important role for the suitability of the habitat in terms 

of predator detection, prey accessibility and nesting site availability. The pathway through bird 

species richness on bird value rather emphasizes the effects that are associated to human 

disturbance. Disturbance acts negatively on species richness but up to a certain intensity also 

creates suitable habitat for threatened birds, as shown by the direct pathway to bird value. 

 

This model allows to quantify complex ecological relationships and interactions which is a clear 

advantage over classical regression analyses. Its quantitative model output can feed predictive 

models and thus illustrate the outcome of future land management decisions. 

Scenarios created by the COMTESS project (Maier & Kleyer 2012, COMTESS 2011) for the 

German coast include the creation of embanked areas to buffer flooding as an innovative coastal 

protection measure. However, land abandonment in these areas could lead to succession stages 

with vegetation canopy that is too high as a breeding habitat for many threatened breeding bird 

species. This is supported by the high predictive relevance of land use intensity for vegetation 

height in our study and can be explained by vegetation succession favouring the reed or 

woodland bird community instead of meadow birds (Dyulgerova et al. 2015, Preiss et al. 1997). 

Therefore, it is important to maintain the openness of habitats to keep threatened species (Reif 

et al. 2013). Increasing land use intensity favours threatened species up to a certain point but 

decreases species richness, which points to the importance of habitat and land use heterogeneity 

(reviewed in Benton et al. 2003). A mosaic of different land use intensities in the embanked 

areas and outside would benefit threatened bird species and maintain species richness as well, 

as has been suggested for wetlands and farmlands as well (Riffell et al. 2001, Ambarli & Bilgin 

2014). 

 

By investigating a network consisting of the most important environmental parameters 

determining the occurrence of threatened breeding birds, we are not only able to show which 

aspects of human land use are of special importance for breeding birds, but also to give advice 

on how coastal areas in our region should be managed to protect threatened breeding birds. In 

line with recent studies (Durán et al. 2014, Katayama et al. 2015), our results suggest that both 

agricultural intensification and land abandonment have detrimental effects on threatened 

breeding bird species, and that coexistence of different land use intensities is important to 

maintain both quality and quantity when it comes to breeding bird conservation. 
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2.6 Conclusions 

The occurrence of threatened breeding birds in coastal habitats is determined mainly by human 

land use intensity, water level and vegetation height and bird species richness. Our results show 

that moderate levels of land use (grazing, mowing) intensity on pastures is beneficial for 

threatened breeding birds. Bird species richness has a positive effect on the occurrence of 

threatened birds, but to aim at maximizing species richness per se in habitat protection is not 

sufficient. Abandonment of agricultural pastures might lead to an increase in numbers of 

breeding bird species, but will be detrimental for bird species of open landscapes, for which 

German coastal habitats are of special importance. Thus, not only agricultural intensification 

can pose a serious threat to coastal avian biodiversity, but also land abandonment as a 

consequence of sea level rise. 
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3 Measuring effects of food abundance on breeding farmland birds 

3.1 Abstract 

Bird species breeding in agricultural habitats have been declining sharply for the past decades. 

Their main food source, especially of their chicks, are invertebrates. Intensive farming practices 

reduce insect biomass and degrade habitats of farmland bird species by drainage, fertilizer and 

pesticide application and simplification of the landscape. In this study, we investigate the role 

of invertebrate biomass and habitat characteristics in agricultural grasslands for breeding 

farmland birds, with Northern Lapwing Vanellus vanellus, Black-tailed Godwit Limosa limosa 

and Meadow Pipit Anthus pratensis as focus species. We collected data on vegetation-dwelling 

and belowground invertebrate biomass and breeding birds on agricultural grasslands in 

Northern Germany. Additionally, we measured soil parameters and vegetation height. Our 

results showed an impact of soil compaction and soil pH on the structure of the above- and 

belowground invertebrate community. Abundance of invertebrates positively influenced the 

number of farmland breeding bird species on our study plots. Northern Lapwings, Black-tailed 

Godwits and Meadow Pipits showed preferences for plots with a higher abundance of certain 

arthropod groups. Soil pH, soil compaction and vegetation height influenced the occurrence of 

the three breeding bird species. 

Our results show that grassland invertebrate abundance has an impact on farmland bird 

abundance and that farmland bird species select nesting sites at least partially according to food 

supply. Agricultural activities influence soil properties, which in turn directly and indirectly 

affect breeding birds and their prey. Conservation measures designed to improve habitat quality 

for insectivorous farmland birds should particularly aim to increase invertebrate food supply 

and availability. 

 

3.2 Introduction 

Insectivorous bird populations have shown declines over the last decades in many countries 

(Bowler et al. 2019, Stanton et al. 2018, Newton 2004). This might be linked to a decline in 

insect biomass or species (Hallmann et al. 2017, e.g. Shortall et al. 2009, Powney et al. 2019, 

Wagner 2020), although more research is needed to establish large-scale patterns (Montgomery 

et al. 2020). 

The strongest decline in European insectivorous bird species concerns breeding birds of open 

landscapes, especially farmland and grassland (Donald et al. 2001, Gregory et al. 2005, Bowler 

et al. 2019). Both agricultural intensification (Butler et al. 2010, Vickery et al. 2001) and land 

abandonment (Plieninger et al. 2014, Radovic et al. 2013) are thought to be the main drivers of 

the continent-wide decline of farmland birds. The Common Agricultural Policy of the EU states 

has led to agricultural intensification, high productivity and simultaneous destruction and 
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deterioration of natural and semi-natural habitats (Donald et al. 2002). These changes in land 

management are associated with change of hydrological conditions, fertilizer and pesticide 

input, simplification of landscape and change of tillage operations (Flohre et al. 2011) and lead 

to a loss of farmland biodiversity (Stoate et al. 2001, Billeter et al. 2008). 

 

The main drivers of decline in insect abundance in agricultural habitats are the planting of 

monocultures, loss of field margins and deterioration of grasslands as well as pesticide and 

fertilizer application (Benton et al. 2003, Vickery et al. 2001, Gossner et al. 2016, Pelosi et al. 

2021). An invertebrate-rich diet is essential for growth and health of farmland bird chicks, as 

has been shown for Grey Partridge Perdix perdix chicks (Liukkonen-Anttila et al. 2002). But 

the relationship between invertebrates and bird occurrence is complex (Atkinson et al. 2005). 

Availability of food, not only food abundance, is an important factor in habitat choice of 

insectivorous birds (Atkinson et al. 2005, Perkins et al. 2000). Patchy vegetation structure 

strongly impacts food availability: Foraging birds detect prey more easily in sparsely vegetated 

patches, but benefit from higher arthropod density in patches with taller vegetation (Wakeham-

Dawson et al. 1998, Butler & Gillings 2004). 

Both abiotic and biotic factors need to be considered in farmland bird conservation. An abiotic 

factor can act directly and indirectly: High water tables, for example, support higher arthropod 

biomass (Eglington et al. 2010) and provide better access to soil fauna (Ausden et al. 2001, 

Green 1988) for probing birds, but may also prevent nest and chick predation (Laidlaw et al. 

2017). Thus, one conservation measure, like raising water levels, can act on different levels on 

farmland bird breeding performance. 

 

Here we investigate the structure of the above- and belowground invertebrate community in 

relation to habitat properties and the occurrence of breeding farmland birds in relation to 

invertebrate biomass in agricultural grasslands in northern Germany. We also investigated if 

farmland birds showed a response to habitat properties, such as soil or vegetation parameters. 

We hypothesize that soil compaction, soil moisture, soil pH and vegetation height affect both 

the abundance of invertebrates and farmland bird species. Soil compaction increases bulk 

density and reduces pore size and thereby hinders nutrient cycling and water transport in the 

soil (Cluzeau et al. 1992, Hamza & Anderson 2005, Horn et al. 1995). Increasing soil 

compaction has been shown to reduce soil fauna abundance and activity, especially in 

earthworms (Larsen et al. 2004, Stovold et al. 2004). Soil pH levels affect enzymatic activity, 

osmotic exchange and digestive processes in invertebrates, but are often correlated to soil 

nutrient levels or plant community composition, and their direct impact on arthropods is 

therefore often difficult to separate from other influencing factors (Schowalter 2016). 

Vegetation height has a direct influence on habitat choice of breeding birds: many farmland 

bird species show a preference for short and open swards where foraging and predator detection 

is easier (Butler & Gillings 2004, Perkins et al. 2000). 
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Consisting of a mosaic of agricultural grasslands and fields with adjacent drainage ditches, parts 

of coastal lowlands in Northern Germany are suitable breeding habitats for farmland birds. 

Although farmland bird populations in the region have suffered strong declines in the last 

decades (Gedeon et al. 2014, Krüger et al. 2014), some wet grasslands still harbour breeding 

Black-tailed Godwits Limosa limosa, Northern Lapwings Vanellus vanellus or Meadow Pipits. 

These species have different modes of foraging while all rely on invertebrate food during the 

breeding period for adults and chicks (Bauer et al. 2005a, Bauer et al. 2005b). Using these three 

as our study species, we investigated the response of their invertebrate prey to environmental 

variables and the pattern in bird occurrence in response to food abundance. 

 

3.3 Methods 

Study site 

Data was collected during the breeding season 2012 on 31 study plots ranging in size from 1 to 

11 hectares (ha) with a mean plot size of 3.6 ha. The study plots were located in three areas in 

Northern Germany: 11 plots at the North Sea coast (administrative district of Aurich, 53°25’N 

7°08’E), 10 plots in the inland of northwest Germany (administrative district of Oldenburg, 

53°08’N 8°18’E), and 10 plots at the Baltic Sea coast (administrative districts of Rostock, 

Vorpommern-Rügen and Vorpommern-Greifswald, 54°14’N 12°47’E) (Fig. 3.1). All plots 

were grasslands mown and/or grazed by cattle. Grazing intensity ranged from 1.5 cows per ha 

up to 8.8 cows per ha. Cattle grazed plots were additionally mown 1 to 3 times per year. 

Ungrazed plots were mown 1.5 to 4.5 times per year. The majority of the plots, 25, were mown 

and grazed during the same season, one plot was only grazed and 5 plots were only mown. The 

most common plant species were Agrostis stolonifera, Alopecurus pratensis, Dactylis 

glomerata, Festuca rubra, Lolium perenne and Poa trivialis. Plots were fertilized with manure 

and/or mineral fertilizers, ranging from a total of 50 to 220 kg N2 per ha and year. Some plots 

in all three regions were situated in polders and therefore flooded during the winter by 

freshwater or sea water. 
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Figure 3.1: Position of the study plots (black squares) at the North Sea coast, close to 

Oldenburg and at the Baltic Sea coast (country borders made with Natural Earth). 

Soil and vegetation data 

At the beginning of the breeding season at the end of April, we measured soil moisture and soil 

compaction at 10-15 sample points per plot. Soil moisture was measured with a TDR probe 

(Trime FM-3, Eijkelkamp Soil&Water, Giesbeek, the Netherlands). For soil compaction 

measurements, we used a pocket penetrometer (SoilTest CL 700A). A soil sample was taken at 

every sampling point, from which the pH value in CaCl2 was measured in the lab. At each 

sample point, vegetation height was measured to the nearest 0.5 cm using a styrofoam disk with 

a diameter of 20 cm that was dropped on the vegetation along a graduated vertical stick (van 

der Graaf et al. 2007, Stewart et al. 2001). The mean of all measurements per plot for every 

variable was used in the analysis. 

 

Invertebrate data 

Invertebrates were collected twice during the breeding season, in the second half of May and 

the second half of June. Five samples were taken per plot. To collect soil macrofauna, we dug 

out a cube of 10 cm depth with a spade and collected all animals from the soil sample. We 

selected a depth of 10 cm as this corresponds to beak length of Black-tailed Godwits (Glutz von 

Blotzheim 1986), which are the birds with the longest bills in our study system. Soil 

invertebrates were counted and assigned to categories earthworms (Lumbricidae), fly (Diptera) 

larvae, or beetle (Coleoptera) larvae, and their fresh weight was determined before they were 

released again. Other soil invertebrates like larvae of other arthropod groups, pupated insects, 

isopods or enchytraeids that occurred in small numbers in the soil samples were grouped. Based 

on the dimensions of the soil samples, soil invertebrate weight was calculated as weight per 

square meter. 
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Vegetation-dwelling arthropods were collected during the same occasions as soil invertebrates. 

We used a suction sampler, a modified leaf blower (RGBV 3100, Ryobi, Fuchu, Japan). A 

metal cylinder with a diameter of 30 cm was placed on the ground before the sampling. The 

cylinder had a lid to prevent invertebrates from escaping. The lid was removed when the 

sampling started, and the area inside the cylinder was sampled for one minute under maximum 

airflow. To collect the animals, a mesh was attached to the suction tube of the leaf blower. After 

each suction sampling, all arthropods in the mesh were stored frozen until after the field season. 

Sampling of invertebrates was only carried out on dry days, because suction sampling is not 

effective in wet grass (Henderson & Whitaker 1977). The invertebrates were dried at 70°C for 

48 hours, counted and sorted into orders or families (Arachnida, Coleoptera, Collembola, 

Diptera, Formicidae, Hemiptera), and weighed on a precision scale to the nearest 0.0001 g. We 

only considered invertebrates larger than 2 mm for the analysis, as many bird species avoid 

very small prey because the amount of energy spent for catching and handling the prey exceeds 

the energy gained (Estrella & Masero 2010, Walton 1979). All invertebrate groups considered 

in our study are known to be taken as prey by the breeding bird species we studied (Holland et 

al. 2006, Glutz von Blotzheim 1985, Glutz von Blotzheim 1986). 

Invertebrate biomass was averaged over both sampling dates and calculated as weight per 

square meter. 

 

Bird data 

Breeding birds were mapped according to Südbeck et al. (2005): Between April and July, plots 

were visited seven to nine times during morning or evening hours, and twice during the night. 

All birds seen or heard were mapped using standard activity codes. To represent a breeding 

territory, individuals had to be recorded at least twice during the breeding season showing 

breeding or territorial behaviour (Südbeck et al. 2005). 

 

Analysis 

Plot characteristics 

We compared soil and vegetation parameters between the three different regions by means of 

a Kruskal-Wallis rank-sum test. We used pairwise Wilcoxon tests to test for differences 

between the regions with a Holm correction of p-values for sequential testing (Holm 1979). All 

statistical analyses were done in R (R Core Team 2018). 

 

Invertebrate biomass - habitat characteristics 

We analysed the relationship between arthropod biomass and environmental parameters with 

canonical correspondence analysis (CCA). To account for possible unimodal responses of 

species to environmental variables, we preferred CCA over redundancy analysis. 

The arthropod abundance data set was divided in two parts: one comprising arthropods living 

in the soil up to a depth of 10 cm, and one data set containing vegetation-dwelling invertebrates. 
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With both datasets, a full CCA was built with the following environmental variables: soil 

moisture, soil compaction, soil pH, vegetation height. We chose to conduct a partial CCA with 

latitude as condition to investigate the effect of the environmental variables apart from the 

geographical influence (Borcard et al. 2011). The full model was checked for variance inflation 

and we made sure that VIF (variance inflation factor) was well below 10 for all variables. Before 

model estimation, we checked if variables were significantly correlated. If that was the case, 

only one of those variables was used in the model. We applied a backward selection of variables 

using the function ordistep from the package vegan (Oksanen et al. 2017) with a limit of p≤ 0.05 

for dropping a term from the model in the permutation tests. The resulting most parsimonious 

model was checked for overall significance, significance of terms and ordination axes. 

 

Farmland birds - invertebrate biomass 

First, we tested if total biomass of above- and belowground invertebrates had an effect on the 

total breeding pair density and species number of farmland birds. For each plot, we calculated 

the total of breeding pairs and number of bird species. Only species actually breeding on 

grasslands were considered, excluding species that bred in adjoining structures like reeds or 

bushes. We divided species number and total number of breeding pairs per plot by plot size, 

due to the differences in plot sizes, and calculated the natural logarithm to improve model fit. 

We ran linear regression models with total biomass of below- and aboveground invertebrates, 

respectively, as independent variables. To account for regional differences in bird species 

numbers or abundance, we included region as another variable in the regression model, and 

dropped it from the model when it had no significant effect. All models were checked for 

homoscedasticity and normality of residuals. 

In a second step, we checked if there were differences in the biomass and abundance of above- 

and belowground invertebrates between plots where breeding pairs of three typical farmland 

bird species were present or absent. We selected the species Meadow Pipit, Black-tailed Godwit 

and Northern Lapwing because they showed sufficient prevalences on our study plots. The 

occurrence of these breeding bird species on the study plots was converted to presence and 

absence data. Black-tailed Godwits and Northern Lapwings were not recorded on any of the 

plots at the Baltic Sea coast. The density of breeding pairs of both species is much higher in 

northwestern Germany than in the Northeast (Gedeon et al. 2014). Therefore, the absence of 

Lapwings and Black-tailed Godwits on our northeastern study plots might not only be due to 

environmental parameters but due to other, large-scale reasons. As a result, we excluded the 

Baltic Sea plots from the Black-tailed Godwit and Northern Lapwing analyses. 

We tested biomass of soil and vegetation-dwelling invertebrates for differences between plots 

with and without presence of breeding pairs of each bird species. Due to the non-normal 

distribution of the data, we applied a one-sided Mann-Whitney U test in with the alternative 

hypothesis that invertebrate abundance was higher in plots that were occupied by breeding pairs 

of the respective bird species. 
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Farmland birds - habitat characteristics 

As in the previous step, we only used Meadow Pipit, Northern Lapwing and Black-tailed 

Godwit data for this part of the analysis. Again, Baltic Sea plots were excluded from the models 

for Northern Lapwings and Black-tailed Godwits. We analysed the effect of soil and vegetation 

characteristics on the occurrence of the selected bird species using logistic regression models. 

The bird species' prevalence was used as the dependent variable and plot characteristics as the 

explanatory variables in the regression models. Region was included as a variable to account 

for differences in species occurrence between regions. Each model was compared to a null 

model based on a likelihood ratio test. Only models where the likelihood ratio test indicated a 

better performance than the null model with p≤ 0.05 were analysed further. For these models, 

we checked if a sigmoidal or a unimodal model could explain the birds' prevalence better based 

on a likelihood ratio test and the Nagelkerke's pseudo-R2 (Nagelkerke 1991) of both models. If 

the unimodal model did not perform significantly (p≤ 0.05) better in the likelihood ratio test 

and had a higher R2, we kept the sigmoidal model. 

The logistic regression analysis was done using the package memisc (Elff 2017) to compute 

Nagelkerke's R2. 

 

3.4 Results 

Plot characteristics 

We compared soil and vegetation properties measured on the plots between the three study 

regions. There were significant differences in all soil parameters between the regions (Tab. 3.1). 

Soil compaction was significantly higher in the Oldenburg region, compared to North and Baltic 

Sea plots (Kruskal-Wallis rank sum test: χ2= 18.3, p< 0.001, df= 2). Soil moisture differed 

significantly only between North Sea and Oldenburg plots (Kruskal-Wallis rank sum test: 

χ2= 14.2, p< 0.001, df= 2), as did soil pH (Kruskal-Wallis rank sum test: χ2= 9.9, p= 0.007, 

df= 2). There was a significant difference in vegetation height between the Baltic Sea and 

Oldenburg region (Kruskal-Wallis rank sum test: χ2= 6.5, p= 0.04, df= 2). Bird species richness 

did not differ between the regions (Kruskal-Wallis rank sum test: χ2= 1.1, p= 0.6, df= 2, 

Tab. 3.1). The following species were recorded as breeding birds on the plots: Eurasian 

Oystercatcher Haematopus ostralegus, Eurasian Skylark Alauda arvensis, Northern Lapwing 

Vanellus vanellus, Common Redshank Tringa totanus, Western Yellow Wagtail Motacilla 

flava, Black-tailed Godwit Limosa limosa, Meadow Pipit Anthus pratensis and Common Quail 

Coturnix coturnix. 
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Table 3.1: Abiotic and biotic plot characteristics compared between study regions. Mean 

values, standard error and range are given for each region, letters in superscript denote 

significant (p< 0.05) differences between regions according to pairwise Wilcoxon tests with a 

Holm correction of p values for sequential testing. 

Plot characteristics 

[unit] 

mean (standard error; min - max) 

North Sea Oldenburg Baltic Sea 

Soil compaction 

[kg/cm2] 
2 (0.1; 1.2 - 2.9)a 4.2 (0.2; 3.3 - 4.9)b 1.9 (0.2; 0.5 - 2.5)a 

Soil moisture [%] 33.9 (1.3; 28.7 - 41.4)a 46 (1.3; 39.9 - 53.5)b 42.2 (3.8; 31.3 - 72.9)ab 

Soil pH 4.9 (0.1; 4.4 - 5.9) a 4.2 (0.1; 3.9 - 4.5) b 4.7 (0.2; 3.7 - 5.7) ab 

Vegetation height 

[cm] 
7.7 (1.1; 2.2 - 14.2)ab 7.8 (0.7; 4 - 10.6)a 11.8 (1.3; 7.4 - 19.2)b 

Bird species richness 

[species per ha] 
1.4 (0.5; 0 - 4.7) a 0.4 (0.1; 0 - 1) a 0.4 (0.1; 0.2 - 0.7) a 

 

Multivariate analysis of invertebrate biomass 

The best model for soil arthropod biomass contained only the variable soil compaction. The 

constraints in the model explained 16.5 % of total inertia and the overall model was significant 

with p= 0.017 (F= 5.15). Condition latitude explained 8.6% of total inertia. The first axis 

showed the soil compaction gradient with an Eigenvalue of 0.062. Figure 3.2 shows that 

Diptera larvae were found at higher soil compaction, whereas earthworms and Coleoptera 

larvae are associated with less compacted soils. 

The vegetation-dwelling arthropod community was structured by soil compaction and soil pH, 

according to the most parsimonious CCA. Both CCA axes together explained 31.7% of total 

inertia and the model was significant with p= 0.001 (F= 5.8). Condition latitude explained 

19.2% of total inertia. The first axis explained 22.9% of total inertia (Eigenvalue CCA1= 0.14, 

F= 8.39, p=0.001) and represented a gradient of both soil compaction and, to a smaller extent, 

soil pH (Fig. 3.3). The second axis explained 8.8% of total inertia (Eigenvalue CCA2= 0.05, 

F= 3.21, p= 0.012) and was correlated to soil pH. Soil compaction was significant with p= 0.002 

(F=5.56), and soil pH with p= 0.015 (F=3.25) when tested for marginal effects. Biomass of ants 

(Formicida) was associated with a higher soil pH, whereas a higher biomass of Hemiptera was 

found on plots with lower soil pH. High beetle (Coleoptera) biomass was found on plots with 

a high soil compaction, spider (Arachnida) and springtail (Collembola) biomass showed the 

opposite pattern (Fig. 3.3). 
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Table 3.2: Overview of biomass of the different groups of invertebrates sampled and their total 

number. Note that soil invertebrates were weighed alive (i.e. fresh weight) whereas vegetation-

dwelling invertebrates were dried before weighing. All weights are calculated per square 

meter. 

invertebrate group 
weight per m2 and plot 

mean maximum std. error 

belowground invertebrates [weights in g, n=31] 

Lumbricidae 11.5 51.2 2.1 

Diptera larvae 7.5 39 1.8 

Coleoptera larvae 0.6 6.7 0.2 

other soil invertebrates1 0.2 2.1 0.1 

total weight 19.8 63.7 3.1 

total number 91.3 299 12.9 

aboveground invertebrates [weights in mg, n=30] 

Arachnida 18.9 60.1 2.9 

Coleoptera 26.6 113.8 4.8 

Collembola 21.2 88.5 4.4 

Diptera 27.6 78.3 3.6 

Formicida 0.9 13.7 0.5 

Hemiptera 27.2 155.4 6.5 

total weight 198.8 11.9 337.9 

total number 805.9 52.9 1325.3 

1 other soil invertebrates include larvae of other groups, pupated insects, isopods and enchytraeids.  
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Figure 3.2: Ordination diagrams of CCA of soil invertebrate biomass (biplots). Red crosses in 

the left diagram show the position of species (response variables) in the ordination. The blue 

arrow shows the explanatory variable soil compaction. Positions of study plots are shown in 

the left diagram, with squares representing North Sea plots, triangles Baltic Sea plots and 

circles Oldenburg plots. 

 

 

Figure 3.3: Ordination diagram of CCA of vegetation-dwelling invertebrate biomass (biplots). 

Red crosses in the left plot show the position of species (response variables). Blue arrows show 

the direction of explanatory variables soil compaction and soil pH. Positions of study plots are 

shown in the left diagram, with squares representing North Sea plots, triangles Baltic Sea plots 

and circles Oldenburg plots. 
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Differences in invertebrate biomass between plots with and without breeding birds 

The total number of breeding pairs per hectare and the number of species per hectare were 

significantly correlated (Spearman's rank correlation: rho= 0.8, S= 872.7, p< 0.001). Therefore, 

not only was there a significant positive effect of increasing aboveground invertebrate biomass 

on the breeding pair density per plot, but also on the bird species richness (Fig. 3.4). 

 

 

Figure 3.4: Relationship between the biomass of vegetation-dwelling invertebrates per m2 and 

plot and the log-transformed total number of breeding pairs per hectare on the left and the total 

number of species (all farmland bird species) per hectare on the right. The blue lines indicate 

the respective linear regression lines: left plot: F= 7.37, p= 0.01, n= 30, R2= 0.18, right plot: 

F= 4.71, p= 0.04, n= 30, R2= 0.11. 

Plots where Meadow Pipits were present had a higher Collembola biomass and a higher total 

biomass of vegetation-dwelling invertebrates. Plots with breeding Lapwings had a higher 

biomass of Diptera, Hemiptera and Coleoptera compared to plots without Lapwings. Black-

tailed Godwit plots had a higher Collembola biomass and a higher total number of vegetation-

dwelling invertebrates (Table 3.3). 
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Table 3.3: Results of Mann-Whitney U-tests for differences in aboveground invertebrate 

abundance between plots where the respective bird species was present or absent. Only results 

for tests where p≤ 0.05 are given. 

bird 

species 

invertebrate group 

(aboveground) 

mean 

(bird 

species 

present) 

mean 

(bird 

species 

absent) 

W p-value 

Meadow 

pipit 
Collembola biomass [mg] 30.1 15.2 56.5 0.015 

Meadow 

pipit 

total biomass of aboveground 

invertebrates [mg] 
222.1 183.2 66 0.039 

Northern 

Lapwing 
Diptera biomass [mg] 36 20 27 0.047 

Northern 

Lapwing 
Hemiptera biomass [mg] 25.3 8.9 24.5 0.031 

Northern 

Lapwing 
Coleoptera biomass [mg] 43.5 16.4 26.5 0.044 

Black-tailed 

Godwit 
Collembola biomass [mg] 52.1 18.7 10 0.005 

Black-tailed 

Godwit 

total number of aboveground 

invertebrates per m2 
997.2 752.1 22.5 0.058 

 

 

Univariate logistic regression of bird species presence 

Vegetation height, soil compaction and soil pH were related to the occurrence of species of 

meadow birds studied on our plots (Fig. 3.5). An overview of all models that performed 

significantly (p≤ 0.05) better than a null model in the likelihood ratio test is shown in Tab. 3.4.  

The probability of breeding Northern Lapwings on a plot decreased with increasing vegetation 

height in both northwestern study regions. The same was true for Black-tailed Godwits, but 

there was a significant difference between the two northwestern study regions, with an overall 

lower probability of plots occupied by Black-tailed Godwits in the Oldenburg region. Plots with 

higher soil compaction had a lower Meadow Pipit occurrence. An increasing soil pH of study 

plots decreased the probability of plots being occupied by Northern Lapwings, with occurrence 

probability increasing below a pH of 4.6. 
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Figure 3.5: Effect of vegetation height, soil compaction and soil pH on the prevalence of 

Northern Lapwings (n=20), Black-tailed Godwits (n=20) and Meadow Pipits (n=30). Dots 

represent the data points measured on the study plots, the blue lines give the regression lines 

from the logistic regression models (for model estimates and parameters see Tab 3.4). When 

there was a significant (p< 0.05) effect of region in the model, different regression lines for 

each regions are shown. In these cases, the dotted line gives the regression curve for North Sea 

plots and the solid line for Oldenburg plots. 
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Table 3.4: Summary of univariate logistic regression models explaining the prevalence of 

Northern Lapwing, Black-tailed Godwit and Meadow Pipit shown in Fig. 3.5. The estimate β 

for each explanatory variable is given with its standard error (SE), the z value and its 

corresponding significance level from the Wald test. Nagelkerke's R2 and the likelihood ratio 

and corresponding significance level were computed to check overall model performance. The 

converted odds ratio eβ is given instead of β for easier interpretability. eβ equals the factor by 

which the modelled odds change when the explanatory variable is increased by 1 unit. The 

following symbols indicate the significance level for β and the likelihood ratio: 0.1≥ p> 0.05: 
+, 0.05≥ p >0.01: *, p≤ 0.01: ** 

species 
explanatory 

variable 

Estimate 

β (SE) 

z 

value 

Nagel-

kerke's 

R2 

likelihood 

ratio 

odds ratio eβ 

[95% CI] 
n 

Northern 

Lapwing 
soil pH 

-6.26* 

(2.96) 
-2.11 0.49 8.22** 

0.002 [1*10-6, 

0.2] 
20 

Northern 

Lapwing 

vegetation 

height 

-0.35+ 

(0.21) 
-1.71 0.28 3.85* 

0.7 [0.43, 

0.99] 
20 

Black-

tailed 

Godwit 

vegetation 

height 

-0.42+ 

(0.23) 
-1.83 0.51 4.7* 

0.66 [0.38, 

0.96] 
20 

Meadow 

Pipit 

soil 

compaction 

-1.66* 

(0.84) 
-1.98 0.28 4.81* 

0.19 [0.03, 

0.85] 
30 
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3.5 Discussion 

With our study we provide insights into the interaction between biotic (vegetation) and abiotic 

(soil) environmental conditions, invertebrate abundance and farmland bird presence through 

detailed field measurements. Our results showed a significant impact of soil compaction and 

soil pH on the structure of the above- and belowground invertebrate community (Fig. 3.6). 

There was a positive relationship between the number of invertebrates and the abundance of 

farmland breeding birds. Northern Lapwings, Black-tailed Godwits and Meadow Pipits showed 

preferences for plots with a higher abundance of certain arthropod groups. Among the 

environmental variables, soil compaction and soil pH significantly structured the above- and 

belowground invertebrate community. Both variables plus vegetation height influenced the 

occurrence of the three bird species on our study plots.  

 

 

 

 

Figure 3.6: Overview of the framework and the results of our study. Arrows indicate significant 

effects of one variable on another. Dashed arrows show effects of a whole group (here: 

aboveground invertebrates) in contrast to effects of a single variable or genus which are shown 

as solid arrows. The colour of the arrows matches the colour of the variable group where it 

originates. 

A possible concern regarding our invertebrate sampling method is the sampling efficiency of 

vegetation-dwelling invertebrates. We chose suction sampling over sweep-netting as it is 

supposed to be more effective (Buffington & Redak 1998) and followed recommendations by 

Brook et al. (2008) concerning duration of sampling and sward height. Comparisons between 

study sites can be difficult due to varying sampling efficiency (Sanders & Entling 2011), but 

our plots were relatively similar in vegetation composition and vegetation density. 
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Invertebrate responses to soil compaction and pH 

Soil compaction played a significant role both for the below- and for the aboveground arthropod 

community. Among the belowground invertebrates, fly larvae could cope best with higher soil 

compaction, whereas biomass of earthworms and beetle larvae was higher in less compacted 

soils. Increasing soil compaction reduces the activity and biomass of earthworms, and they 

actively prefer loose over compacted soils (Söchtig & Larink 1992, Stovold et al. 2004). 

Compacted soil contains less air-filled pores which springtails depend on, as they are not able 

to create burrows (Larsen et al. 2004, van Klink et al. 2015). 

Contrary to the effect of soil compaction on beetle larvae, we found a higher biomass of adult 

beetles on compacted plots. The adult individuals do not necessarily have hatched from larvae 

on our study plots, but could have originated from nearby less-compacted sites. Compaction of 

the top soil can increase humidity, thereby creating favourable conditions for hygrophilous 

ground beetles (Desender & Bosmans 1998). There is a direct link of land management to soil 

compaction: heavy machinery or grazing with large and heavy livestock can increase bulk 

density of the soil (Ford et al. 2013, Trimble & Mendel 1995). On salt marshes, grazed sites are 

more compacted than ungrazed sites, and a negative impact on the number of spiders, ground 

beetles and amphipods was shown (Maier 2013). Soil compaction can also lower plant 

productivity (Hamza & Anderson 2005), reduce plant cover and increase root mortality (van 

Klink et al. 2015). These effects might play a role for vegetation-dwelling arthropods: In our 

study, spider biomass was associated with low soil compaction. For non-burrowing species, 

this was probably not a direct influence of soil compaction but an indirect effect via plant 

structure or their prey. 

 

Soil pH determined to a certain extent the composition of the aboveground invertebrate 

community in our study. A direct impact of soil pH on the biomass of invertebrates is more 

probable in groups that live below or at the soil surface. Biomass of springtails and spiders were 

associated with higher pH values. Decomposers, like springtails, are negatively affected by 

acidification of soil, which leads in turn to lower turnover rates of soil organic matter 

(Kuperman 1996). Several ant species increase soil pH in their nests in acidic soils and increase 

nutrient availability (Frouz & Jilková 2008). The association of a higher soil pH with a high 

biomass of ants in our study might therefore be the result of a higher number of ant nests, not 

the reason for it. 

 

Bird plot selection in relation to invertebrate abundance 

Productivity of our study plots in terms of aboveground invertebrate abundance was positively 

related to breeding pair density and species richness. The majority of farmland bird species feed 

invertebrates to their young and therefore rely strongly on this source of protein and energy 

(Liukkonen-Anttila et al. 2002). Land use change and intensification of agriculture have been 

linked to a decline both in farmland birds and their prey (Newton 2004, Tscharntke et al. 2005). 
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Agricultural activities can impact both food supply and availability of insectivorous birds: the 

former by the application of pesticides or cultivation of monocultures (Boatman et al. 2004, 

Benton et al. 2003), the latter by a change of soil and vegetation structure through mowing, 

grazing or drainage (Vickery et al. 2001, Wilson et al. 1999). The fact that formerly common 

insect species are declining does not only reduce food supply for insectivorous birds, but also 

impacts all higher trophic levels and possibly the whole ecosystem (van Dyck et al. 2009, 

Conrad et al. 2006, Seibold et al. 2019). 

 

Our results showed that Northern Lapwings nested on plots with high fly, beetle and Hemiptera 

biomass, whereas Meadow Pipits and Black-tailed Godwits both chose plots with high 

Collembola biomass. Total invertebrate biomass and number of invertebrates was higher on 

plots with breeding Meadow Pipits and Black-tailed Godwits, respectively. This shows a 

breeding site selection in terms of food supply. Low grassland arthropod abundance translates 

into low foraging rate, which has been shown for Black-tailed Godwit chicks (Schekkerman & 

Beintema 2007). Therefore, breeding birds should select nesting sites with a high food supply, 

at least if the vegetation structure provides accessibility to the prey (Vickery et al. 2001, 

Douglas et al. 2008). 

However, waders breeding on grasslands often disperse from their nesting habitats to more 

profitable foraging habitat soon after the chicks have hatched (Redfern 1982, Schekkerman & 

Beintema 2007). We could only study the food supply during the breeding and hatching phase, 

because we could not follow the families during the chick-rearing phase. 

Northern Lapwing preference for plots with a high beetle biomass might be due to adult diet 

selection. Baines (1990) showed a shift from soil invertebrates to aboveground invertebrates, 

especially beetles, in the Lapwing diet. Plots with a high biomass of Diptera and Hemiptera 

might be selected by Lapwings as larvae of these orders are food for adults (Ausden et al. 2003). 

As the breeding season progresses, Lapwings probably switch to adult insect forms due to better 

availability (Baines 1990). The biomass of earthworms in our study plots was relatively low 

compared to mean weight values in temperate soils (Dunger 1983). Therefore, farmland birds 

like Northern Lapwings might have switched to mainly aboveground prey in our study region 

as a result of a poor belowground food supply. 

 

Biotic and abiotic habitat preferences by birds 

Not only does less compacted soil require less physical force by birds to probe into the soil 

when searching for food, it has also a higher abundance and availability of soil invertebrates 

(Green et al. 1990a, Løfaldli et al. 1992). 

Meadow Pipits showed a preference for grassland plots with low soil compaction although they 

mainly feed on aboveground invertebrates (Bauer et al. 2005b). However, soil compaction also 

affects the abundance of aerial invertebrates and is important for non-probing bird species as 

well (Gilroy et al. 2008). As larval stages of their aerial prey species develop in the soil, low 
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soil compaction is probably a good predictor for favourable foraging conditions later in the 

season. 

 

The preference of Northern Lapwings for plots with a pH below 5 may be surprising, because 

their main prey, earthworms, prefer neutral to slightly acidic soils in a pH range of 5 to 7.4 

(Curry 2004, Graefe & Beylich 2003). However, this preference is probably an indirect effect 

of land use intensity on Lapwing occurrence than a direct effect of soil pH. Our study plots at 

the North Sea coast are situated on marsh clay soils, plots in the Oldenburg area on former bogs 

and fens (BGR 2013). These soils are typically slightly acidic, at least in the upper soil. To 

increase the yield of grasslands on these soils, fertilization with liming is applied, thereby 

increasing soil pH. On less intensively farmed grasslands, less lime is applied and soil pH 

remains low. The preference of Northern Lapwings for plots with a lower soil pH in this study 

is thus probably a sign of avoidance of intensive farming activities: Lapwings shift from 

grasslands with beneficial soil conditions for earthworms to grasslands with less food supply, 

but lower agricultural land use intensity. Supporting this assumption is our observation that 

farming activities started later on plots with breeding Lapwings in our study compared to plots 

without Lapwings. Similarly, McCallum et al. (2015) found Northern Lapwings in Scotland to 

be squeezed between intensively farmed lowlands with a favourable pH and less edaphically 

suitable highlands with low-intensity agriculture. Intensive agriculture creates unfavourable 

breeding conditions for Lapwings, for example by an early onset of farming activities 

(Beintema & Muskens 1987) and reseeding of grasslands (Düttmann et al. 2018). As a 

consequence, Lapwings have to switch to less intensively farmed plots even though these might 

offer lower earthworm densities. As Lapwings feed on a wide range of invertebrates living on 

or below the soil surface (Beintema et al. 1991, Ausden et al. 2003), they could possibly switch 

to enchytraeids, which can occur in high numbers in acidic soils (Blume et al. 2010), or feed on 

epigeic earthworms that are more tolerant to acidic conditions (Lavelle et al. 1995). 

 

Grasslands with a low sward height were preferred both by Northern Lapwings and Black-tailed 

Godwits. Lapwings and their young look for prey that is on or just below the soil surface 

(Beintema et al. 1991, Durant et al. 2008). Young Black-tailed Godwits take vegetation-

dwelling arthropods as food and only start to probe the soil with their bill close to fledging 

(Schekkerman & Boele 2009). Short vegetation enables them to detect prey more easily and to 

forage more efficiently (Kleijn et al. 2010). The preference for short swards could also be due 

to better predator detection in short vegetation (Whittingham & Evans 2004). Low vegetation 

height is also often associated with wet features (Eglington et al. 2008), which provide 

beneficial foraging conditions for waders by higher food supply and availability (Ausden et al. 

2003). 

Our study results emphasize the need for conservation measures for farmland birds to focus on 

improving their food resources. Previous studies show that less intensive grazing leads to lower 
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soil compaction (Trimble & Mendel 1995, Ford et al. 2013), benefitting both below- and 

aboveground grassland invertebrates, as would a reduction in fertilizer application. Drainage of 

grasslands, a common measure on agricultural pastures, often deteriorates soil conditions for 

farmland birds. Wet and soft soils are easier to probe for foraging waders, thus high water tables 

create good foraging conditions and simultaneously patchy vegetation that makes prey 

detection easier (Green et al. 1990a, Ausden et al. 2001). Even short-term measures like the 

creation of flowering strips, field margins or fallow areas as habitat for insects, will improve 

food availability and benefit insectivorous birds (Ouvrard & Jacquemart 2018, McHugh et al. 

2017, Wiggers et al. 2016). But to mitigate large-scale insect decline, changes on a bigger scale 

are required (De Felici et al. 2019). 

 

Conclusions 

Our results show that grassland invertebrate abundance has an impact on farmland bird 

abundance and that farmland bird species select nesting sites at least partially according to food 

supply. This underlines the importance of invertebrates for the successful reproduction of 

farmland birds and matches the decline both of insects and insectivorous birds (Shortall et al. 

2009, Newton 2004). Environmental variables structure the grassland invertebrate community 

and directly influence breeding birds, showing the impact of agricultural management on the 

whole grassland community. Type and intensity of management have a strong impact on soil 

properties (Pelosi et al. 2021, Cluzeau et al. 1992), which in turn influence plants, invertebrates 

and birds and therefore should be considered in conservation measures. Insect declines will 

impact not only insectivorous birds, but change ecosystems and their functions (Dirzo et al. 

2014, Gaston & Fuller 2007). A more heterogeneous landscape with a mosaic of low- and high-

intensity land use options will provide suitable habitats for farmland birds and invertebrates 

while agriculture may still remain profitable (Benton et al. 2003). It becomes obvious that the 

effects of land use on soil properties strongly shape the environmental conditions not only for 

plants and invertebrates but also for ground-breeding and ground-feeding birds in agricultural 

landscapes. 
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4 Wintering geese on agricultural grasslands modify forage quality 

through grazing 

4.1 Abstract 

Wintering geese in northwestern Europe forage in large numbers on agricultural grasslands and 

thereby compete with livestock for the same resources: plant material with high nutritional 

value. In our study we investigated habitat preferences of wintering geese and the consequences 

of grazing. By measuring the impact of goose grazing on vegetation properties that are of actual 

interest for dairy farmers, we tested if goose grazing caused substantial yield losses in spring, 

not only in terms of quantity, but also quality of the vegetation. We measured goose densities 

by counting goose droppings during two consecutive winters on agricultural grasslands in 

northwestern Germany. Spatial and environmental plot properties were related to goose 

numbers to determine the foraging plot choice of geese. We collected plant material in spring 

from goose grazed and ungrazed plots and analyzed it for protein, fibre and energy content 

relevant for dairy cows. Our findings show that goose grazing on these plots leads to a reduction 

of the energy available from plant matter to dairy cows. In addition, geese prefer foraging on 

grassland plots with low sward height that are situated close to roosting sites and away from 

roads. Thus, the suitability of agricultural grasslands as foraging habitat for geese can be 

assessed beforehand from spatial plot characteristics. Our results suggest that the likelihood of 

yield reduction for farmers is predictable from the location of a grassland in our study area. On 

the other hand, land management can improve the acceptance of grasslands as foraging habitat 

by geese, thereby creating a tool for spatial mitigation of goose damage. These results can aid 

in determining refuge areas for wintering geese to mitigate the conflict between goose 

protection and agriculture.  
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4.2 Introduction 

For the past decades, wintering arctic geese in northwestern Europe have shifted from natural 

habitats to agricultural grasslands and fields (van Eerden et al. 1996). Loss of wetlands, 

simultaneous agricultural intensification and changes in hunting practice have enabled geese to 

adapt to new foraging opportunities that have supported population growth in a number of goose 

species (van Eerden et al. 2005, Ebbinge 1991, Madsen et al. 1999). Intensification of 

agricultural practices like increasing fertilizer application and reseeding of grasslands have 

created profitable foraging habitats for wintering geese (Percival 1993, van Eerden et al. 1996). 

However, increasing goose numbers foraging on agricultural grasslands during winter and 

spring fuel the conflict between farmers and environmental authorities (Eythórsson et al. 2017). 

In their preference for high-quality forage plants with high protein and low fibre content 

(McKay et al. 2001, Prins & Ydenberg 1985, Washburn & Seamans 2012), geese compete with 

livestock for the same resources, albeit at different times of the year. To link habitat preferences 

of geese to the impact of goose grazing on vegetation properties – not only in terms of quantity, 

but also quality of remaining plant matter – would help in predicting goose damage on a spatial 

scale and improving existing compensation schemes. 

 

Foraging site choice of geese on the scale of fields depends on several spatial and environmental 

factors. Geese prefer foraging sites close to roosts, which are lakes or coastlines (McKay et al. 

1996) and far away from roads which represent disturbances, especially during the hunting 

season (Rosin et al. 2012). Hunters often shoot geese from roads and geese increase their flight 

distance when they are hunted (Kruckenberg & Mooij 2007, Madsen 1985). Geese also prefer 

short and nitrogen-rich swards (Bos et al. 2005a, van der Graaf et al. 2002, Vickery et al. 1997) 

because this allows efficient foraging. Temperature influences carrying capacity of foraging 

areas with a higher supply of young plant matter in mild winters and therefore higher goose 

numbers (Borbach-Jaene & Kruckenberg 2002).  

But the relationship between geese and vegetation is not one-directional, as goose grazing alters 

vegetation properties of grassland: It affects productivity, density, growth, species composition 

and nutrient content of the vegetation (Beaulieu et al. 1996, Belsky 1986, Cope et al. 2003b, 

Fox et al. 1998, Hik & Jefferies 1990, van der Graaf et al. 2005, Ydenberg & Prins 1981, 

Zacheis et al. 2001) which often - but not always - leads to a yield reduction or reduced 

suitability of grassland for farmers (Ernst 1991, Fox et al. 1998, Groot Bruinderink 1989, 

Merkens et al. 2012, Summers & Stansfield 1991). Many studies reported yield reduction from 

grazing geese, ranging from no damage at all to 82% on agricultural grasslands (Borbach-Jaene 

et al. 2001, Merkens et al. 2012, Patterson 1991, Percival & Houston 1992, Summers & 

Stansfield 1991). 

 



62 

 

Although goose damage in terms of biomass loss is relatively easy to quantify, the effect on 

energy content and digestibility of the vegetation is more important for efficient food utilization 

and ammonia emissions by livestock (Frank et al. 2002). Few studies have assessed impacts of 

goose grazing on subsequent profitability of the remaining vegetation for livestock (Bjerke et 

al. 2014, Borbach-Jaene et al. 2001, Groot Bruinderink 1989). (Simulated) grazing can increase 

protein (Fox et al. 1998, Mayhew & Houston 1999, Ydenberg & Prins 1981) or nitrogen content 

(Ruess et al. 1997, van der Graaf et al. 2005). Groot Bruinderink (1989) found goose grazing 

to increase the energy value of grasslands in spring, but this effect did not compensate for 

biomass loss. Goose grazing reduces relative fibre content of the vegetation by stimulating 

regrowth of young plants (Belsky 1986, Fox et al. 1998, van der Graaf et al. 2005, Ydenberg & 

Prins 1981), rendering the vegetation more attractive to geese, as protein to fibre ratio is higher 

in young shoots (Black et al. 2007, Milton 1979).  

Those studies mainly investigated how geese alter their own foraging sites through grazing. 

Our study, however, focusses on the consequences of goose grazing for dairy cattle, which 

graze not as selectively as geese do (Bao et al. 2010), and to assess potential yield reduction 

from biomass loss and forage quality for livestock. 

 

The study area is an important wintering site for geese, especially Barnacle Branta leucopsis, 

White-fronted Anser albifrons and Greylag Geese Anser anser (Kruckenberg & Borbach-Jaene 

2003). It is also an area with high intensity agriculture – grassland and arable fields – and 

therefore the goose-agriculture-conflict is a major political topic. We used an integral approach 

to consider all important aspects from foraging site selections of geese to the actual 

consequences for farmers. Contrary to most studies on the impact of goose grazing on 

vegetation, we studied plant properties that are of actual interest for dairy farming. 

The study aimed to identify the key spatial and environmental factors influencing site choice 

by geese within our study area. We predicted that air temperature and sward height would 

influence goose numbers during the course of the winter, and that geese would prefer plots 

closest to roosting sites, offering high-quality vegetation and low disturbance levels. We also 

measured the impact of goose grazing on the quality of the vegetation remaining on agricultural 

grasslands as green fodder for livestock. We predicted adverse effects of goose grazing on 

standing biomass, nutrients, energy content, and digestibility of the vegetation for livestock. 
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4.3 Methods 

The field experiments were carried out from the beginning of November to mid-April during 

two consecutive winters, 2011/12 and 2012/13. In both winters, 15 study plots were established 

on grasslands in the administrative districts of Emden and Aurich in the federal state of Lower 

Saxony, northwestern Germany (53°26'N, 7°5'E, Fig. 4.1). Eleven of these study plots remained 

the same in both years, and four plots from the first year changed location in the second year 

because of repeated floodings of the plots by the river Ems. 

 

 

Figure 4.1: Position of study plots (black flags), roads (dark grey lines), lakes (dark blue areas), 

and Special Protection Areas (SPAs) under the EU Birds Directive (striped green areas) in the 

study region. Roads: OpenStreetMap Foundation (2016), SPAs: Staatliche Vogelschutzwarte 

(NLWKN 2015). 

 

Plot characteristics 

Plot size varied between 1 and 5 hectares, depending on field size. The plots were situated on 

agriculturally used grasslands that had been under the same land use scheme for at least four 

years and had not been reseeded for at least eight years. The plots were rich in Agrostis 

stolonifera and Lolium perenne, some plots also in Holcus lanatus and Festuca rubra. 

Grasslands were mown for hay or silage, grazed by cattle, or both. Grasslands varied in land 

use intensity, ranging from very low grazing intensity (1 cattle/ha) in nature reserves to 
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intensively used grasslands (10 cattle/ha or mown 4 to 5 times/year). Inorganic and organic 

fertilizer were applied on some of the grasslands. Several plots were situated in Special 

Protection Areas (SPAs) under the EU Birds Directive. In case of cattle-grazed plots, cattle 

were removed from the grasslands in October and returned in April, and no management took 

place on the plots during the winter. Thus, geese and cattle never grazed on the study plots at 

the same time. 

To assess relative land use intensity of plots, stocking density (livestock unit days of grazing 

per hectare and year), mowing frequency (mowing events per year) and fertilization level (kg 

nitrogen per hectare and year) were combined into a land use intensity index after Blüthgen et 

al. (2012). The index standardizes the intensity of land use measured on individual plots in 

relation to the overall mean. Information about land use intensity was gathered from farmers. 

Livestock units were calculated from age and species of livestock according to KTBL (2015). 

As a measure of a disturbance level for each plot, the distance from plot to the nearest road 

(tarmac road, frequently used by cars) and path (gravel roads, less frequented by cars) was used. 

To assess the distance from plot to nearest roosting site, we measured the distance between 

plots and water bodies, i.e. the coastline or lakes, as geese use large water bodies for sleeping. 

The distance between the center of study plots to the nearest coastline, lake, path and road was 

measured in ArcGIS 10.2.1 (ESRI 2014). 

To study the effect of temperature on goose foraging site choice, hourly mean temperature data 

measured by the DWD weather station in Emden (53.3881 N; 7.2287 E; Deutscher Wetterdienst 

2016) were used. We calculated the mean temperature for periods between biweekly goose 

dropping counts (see below). 

 

Vegetation measurements for plot characteristics 

Two types of exclosures were built on the plots: cattle exclosures and goose exclosures. Cattle 

exclosures had an area of 4 m2, kept out cattle during the grazing season and prevented mowing 

as well. By means of the exclosures, primary productivity of the vegetation and carbon and 

nitrogen content of plants were determined. Goose exclosures had an area of 4 m2 and were 

deployed from November to April, covering the main winter staging period of geese in the 

region. Goose exclosures were fenced in with chicken wire (height 0.5 m) to prevent goose 

grazing. 

Aboveground net primary productivity (ANPP) of plots was determined by clipping 

aboveground biomass to soil level on an area of 0.5m2 inside cattle-exclosures that prevented 

cattle-grazing or mowing (de Leeuw et al. 1990). One sample was collected in March, at the 

beginning of the growing season, and another one at peak standing biomass in August. The 

samples were sorted into dead and live biomass, dried for 72 h at 70°C and weighed. ANPP 

was determined by calculating the weight difference between the second and the first sample 

of living biomass, divided by the number of days between the sampling events (Garnier et al. 

2007). 
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As a measure of profitability of vegetation on the plots for geese, the ratio of carbon to nitrogen 

in plants was measured. A high carbon to nitrogen ratio (C:N) implies low profitability as geese 

actively select plant with higher protein content (McKay et al. 2001). C:N ratio of leaves was 

measured for 1456 individuals of 51 species. Plants were collected in summer 2012 (July to 

August) on 192 study plots at the German and Dutch North Sea and German and Danish Baltic 

Sea coast within the COMTESS project (Minden et al. 2016). They were dried in the oven at 

105°C for 17 hours and separated into below-ground organs, stems, diaspores, and leaves. C 

and N content of leaves was determined with a CHNS analyser Flash EA (Thermo Electron 

Corp.) as described in Minden & Kleyer (2011). A community weighted mean of both C and N 

content was calculated by weighing the contents per plant species by their relative abundance 

on each plot (Lavorel et al. 2008). It is well known that C and N contents in leaves vary from 

spring to summer and autumn. However, the intraspecific variation is often lower than the 

interspecific variation of species from diverse communities, in our case ranging from dry 

grasslands to mesic and wet grasslands, as well as reeds and salt marshes (Cordlandwehr et al. 

2013, Garnier et al. 2001). We are therefore confident that the plots can be ranked in terms of 

C:N ratio, even more so, as we sampled plants in the exclosures not over the whole vegetation 

period but only from July to August. 

An overview of plot characteristics and land-use variables used in the analysis is given in 

Tab. 4.1. 
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Table 4.1: Land use and vegetation variables used as explanatory variables to analyse goose 

foraging habitat choice. Variables are given with their respective unit, minimum, maximum and 

mean value with standard deviation (SD) during the study period. ANPP= aboveground net 

primary productivity. 

Variable Unit Minimum Maximum Mean SD 

Distance to lakes Meters 75 3387 785 955 

Distance to coastline Meters 289 8362 3523 3301 

Distance to roads Meters 40 1123 575 315 

Distance to paths Meters 40 277 150 76 

Land use intensity index - 0.26 8.97 3 3.05 

stocking density 

livestock units 

days of grazing 

ha-1 year-1 

0 1072.5 274.9 339.1 

mowing frequency 

average 

number of 

mowing events 

year-1 

0 4.5 1.2 1.5 

fertilization level 
kg nitrogen per 

ha-1 year-1 
0 96220 18912.4 33126 

ANPP g/m2 0.8 10 4 2.1 

C:N ratio - 20.5 28.5 24.6 2.7 

Maximum temperature °C 4.1 17.7 10.8 3.2 

 

 

Vegetation measurements to study the influence of goose grazing 

Every two weeks between November and April, vegetation height was measured fifteen times 

inside and outside goose exclosures to the nearest 0.5 cm on every plot using a styrofoam disk 

on a graduated vertical stick that was dropped on the vegetation (van der Graaf et al. 2007). 

Measurements were taken until the start of agricultural land use in spring.  

To assess how much biomass was removed by geese, aboveground biomass was cut on 0.02 m2 

(in spring 2012) and 0.04 m2 (in spring 2013) both inside and outside the goose exclosures in 

April, when only few geese were still present on the plots and before the onset of management 

(grazing by cows, mowing). The biomass was dried at 70° C for 48 h, sorted into dead and 

living biomass and grass and herbaceous plants, respectively, and weighed to the nearest 

0.0001 g. To quantify the amount of biomass removed by goose grazing, the relative difference 

in living grass biomass between inside and outside the goose exclosures was calculated. We 
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focused on live grass biomass in the analysis, because this part of standing biomass is relevant 

for farmers as profitable livestock fodder. 

To assess the impact of goose grazing on plant nutrients, in spring 2013 300 g of aboveground 

biomass were collected both inside and outside the goose exclosures and dried at 70° C for 48 h. 

Biomass samples outside the goose exclosures were collected in places where geese had been 

grazing, which was evident by the presence of goose droppings. Afterwards, the samples were 

analysed for crude protein, crude fibre, crude fat, and net energy lactation at the LUFA 

(Landwirtschaftliche Untersuchungs- und Forschungsanstalt) Nord-West, Oldenburg, using 

Near-Infrared Spectroscopy (Bassler 1976). Net energy lactation (NEL) is a measure of how 

much energy per kg hay is available for a cow for lactation and is calculated from the nutrient 

content and the digestibility of the hay according to GfE (2008). A summary of vegetation 

measurements inside and outside goose exclosures is given in Appendix Tab. 6.1. 

 

Goose density 

On the biweekly visits to our study plots, all geese present on or around the plots were counted 

and identified to species level. To assess goose grazing intensity, goose densities were 

determined by dropping counts. Five small plastic markers were positioned evenly on every 

study plot. All droppings in an area of 4 m2 around the markings were counted and cleared 

every two weeks within the study period. As goose droppings survive several weeks (Vickery 

& Summers 1992), we considered a biweekly counting interval to be sufficient. To calculate 

goose grazing pressure from the dropping counts we assumed a mean dropping interval of 

4.7 min. This value was the mean of the dropping intervals for three goose species that occurred 

most numerous in our study sites (own observation): Greylag Goose (266 s), White-fronted 

Goose (303 s) and Barnacle Goose (280 s) according to Bruinzeel et al. (1997), and is also in 

the range of dropping intervals given by Prop & Vulink (1992). 

Droppings of other herbivores on the plots, Eurasian Wigeon Mareca penelope and European 

Hare Lepus europaeus, were counted as well. No other herbivore species were recorded feeding 

on the study plots. 

 

Statistical analyses 

For all analyses, linear regression models were applied in R version 3.5.1 (R Core Team 2018). 

To make sure that the assumptions of linear regression were met, graphical model checking 

procedure was applied: plotting normalized model residuals against fitted values and against all 

explanatory variables, and by a Q-Q-plot of the residuals (Zuur et al. 2009). We checked for 

collinearity of parameters in the models by making sure that the variance inflation factor of 

each variable did not exceed 3 (Zuur et al. 2010). To make sure that data points were not more 

closely correlated within a winter than between winters, we tested for a between-year effect, 

which we could not detect. 
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Generalized least squares models from the package nlme (Pinheiro et al. 2016) were used, 

where a certain variance structure needed to be specified to account for heterogeneity of 

variance in the data (Pinheiro & Bates 2000). Following Zuur et al. (2009), first the optimal 

variance structure was determined. Models were estimated with the restricted maximum 

likelihood (REML) method and the most parsimonious variance structure was selected using 

the Akaike Information Criterion (AIC). Maximum likelihood (ML) estimation was used to test 

for significance of the fixed term: the final model was compared to a null model with the 

likelihood ratio test with the same variance structure in both models. Parameter estimates were 

then derived from the final model using REML estimation. 

Sample sizes differed between the analysis steps because measurements of plant nutrients were 

taken only on a subset of the plots. 

 

Foraging habitat selection analysis 

To differentiate between the effects of spatial plot characteristics that stayed constant during 

the season, and the effects of environmental parameters that varied during the winter, the 

analysis was divided into three parts. In the first part, the relative importance of disturbance, 

position of plots in relation to potential roosting sites, and profitability of the vegetation of the 

respective plot was analysed. The average sum of goose minutes per plot over the whole winter 

was the dependent variable in this step. Four competing models were built: In the first model, 

"roosting" parameters explained the number of geese per plot, i.e. distance from plot to coastline 

and to lakes, which are both used as roosting sites. The second model explained the number of 

geese with "disturbance" parameters, which were distance from plot to the nearest road and to 

the nearest path. The third model comprised "profitability of vegetation" variables: land use 

intensity, ANPP as a measure of the productivity of the vegetation and the C:N ratio of leaves 

(Tab. 4.2). The fourth model was a null model with only the intercept. All variables were 

centered and scaled before including them in the models. 

Due to the low sample size, not all parameters that we considered important could be included 

in a single model. Furthermore, we wanted to analyse competing explanations for the preference 

patterns of geese by setting up competing models (Symonds & Moussalli 2011). Therefore, we 

decided to run several different models and rank them according to their AIC. 

In the second part of the analysis, a linear model with temperature and date was run to analyse 

fluctuations of goose numbers during the winter. The dependent variable was the sum of goose 

minutes per date and year over all plots. The temperature variable was the maximum 

temperature value during the two-week period preceding the date on which goose droppings 

were counted. 

In the third part of the analysis, a generalized least squares model with a varIdent variance 

structure, allowing for different standard deviations per date (Pinheiro & Bates 2000) was used 

to analyse the effect of vegetation height on goose density. With this model, we wanted to 

explain goose density on each plot per date and year by vegetation height on the respective plot 
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on the date of the previous goose count. Measurement date and vegetation height were not 

correlated (correlation coefficient of -0.34), therefore we felt confident that measurement date 

was not a confounding factor in this model. 

 

Analysis of the effect of goose grazing 

In the analysis of the effect of goose grazing on agricultural yield, we again applied generalized 

least squares regression models with different variance structures to account for heterogeneity 

of variance in the data. We used the varPower variance structure, which accounts for increasing 

or decreasing variance with an increase in the variance covariate (Pinheiro & Bates 2000). 

 

Table 4.2: Overview of the models, their respective variance structures and sample sizes. 

ANPP= aboveground net primary productivity, NEL= net energy lactation. For an explanation 

of different variance structures, see methods: statistical analyses section. 

dependent variable 

(transformation) 

independent variables 

(transformation) 

model, variance 

structure (where 

applicable) 

n 

foraging habitat selection 

sum of goose minutes 

over all dates per plot 

per year 

- distance to lakes (log) 

- distance to coast (log) 

lm 19 

- distance to roads 

- distance to paths 

- land use intensity (log) 

- ANPP 

- C:N ratio 

- intercept only 

sum of goose minutes 

over all plots on dayn 

per year (log) 

- maximum temperature 

between dayn-1 and dayn 

- date (dayn) 

gls, varExp (maximum 

temperature) 
19 

goose minutes per plot 

on dayn per year (log) 
- vegetation height at dayn-1 gls, varIdent (date) 236 

effect of goose grazing on agricultural yield 

Δ protein content  

- sum of goose minutes 

over all dates per plot in 

winter 2012/13 

gls, varPower (goose 

minutes) 
13 

Δ fibre content 

Δ NEL content 

Δ fat content 

Δ sugar content 

Δ ash content 
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4.4 Results 

Goose numbers 

The most abundant goose species grazing on agricultural grassland in our study region was the 

Barnacle Goose, which accounted for 80% and 90% of the wintering geese on the study plots 

during the winter 2011/12 and 2012/13, respectively. White-fronted Geese made up about 10% 

in both years and Greylag Geese accounted only for 10% and 1% of the total number of geese 

in 2011/12 and 2012/13, respectively. In both years, the numbers of wintering geese in the area 

was highest in late winter/early spring (Fig. 4.2).  

Eurasian Wigeon and European Hare droppings were recorded in much lower numbers than 

goose numbers. In total, 13,420 goose droppings were collected, compared to 1,575 Wigeon 

and 1,087 Hare droppings. 

 

Figure 4.2: Sum of goose minutes per square meter on all plots at biweekly intervals for two 

consecutive winters (left axis, bars) and daily mean temperature (right axis, lines). Black bars 

and line give the numbers for winter 2011/12, grey bars and line for winter 2012/13. Stars 

indicate where only data from one of the two years is present. 

 

Foraging site choice 

Of the four model sets in the first analysis step, the one explaining goose density by "roosting" 

parameters had the most support considering the AIC, closely followed by the "disturbance" 

model (Tab. 4.3). Distance between plot and lakes and distance of plot to roads had a significant 

influence on goose densities. The model with "profitability" parameters had considerably less 

support. The intercept-only model was ranked lowest. 
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Temperature and date had a significant effect on goose numbers (likelihood ratio test against 

null model: χ2= 31.8, df= 2, p< 0.0001). Both an increase in temperature and advancing date 

led to increasing goose numbers during the winter (parameter estimates (standard error): 

maximum temperature= 0.17 (0.02), t= 8.5, p< 0.0001, date= 0.11 (0.01), t= 12.6, p< 0.0001). 

Vegetation height influenced goose density negatively during the winter (likelihood ratio test 

against null model: χ2= 88.2, df= 1, p< 0.0001; parameter estimate for vegetation height 

(standard error)= -0.13 (0.01), t= -11.7, p<0.0001). 

Table 4.3: Summary of the models in the first analysis step ranked by their AIC (Akaike 

Information Criterion). Models are given with their respective adjusted R2, p-value and AIC. 

For each parameter in the model, its estimate with standard error (SE) and p-value are shown. 

Parameter estimates significant at p≤0.05 are printed in bold. ANPP= aboveground net 

primary productivity. 

Model adj. R2 p-value AIC parameter 

parameter 

estimate 

(SE) 

p-value 

goose density= 

distance to lakes + 

distance to coast 

0.29 0.03 52.3 

distance to 

lakes 
-0.56 (0.26) 0.05 

distance to 

coast 
0.07 (0.26) 0.79 

goose density= 

distance to roads + 

distance to paths 

0.27 0.03 53.6 

distance to 

roads 
0.61 (0.21) 0.01 

distance to 

paths 
0.25 (0.21) 0.24 

goose density= land 

use intensity + ANPP 

+ C:N ratio 

0.19 0.1 55.5 

land use 

intensity 
-0.39 (0.21) 0.09 

ANPP -0.32 (0.23) 0.2 

C:N ratio -0.2 (0.23) 0.42 

goose density= 

intercept 
0 1 56.9    

 

 

Effects of goose grazing on vegetation properties 

Biomass removed by grazing geese at the end of both seasons significantly increased with 

increasing goose grazing intensity in both years (linear model first year: F= 10.55, n= 7, 

p= 0.02; linear model second year: F= 8.67, n= 15, p= 0.01; Fig. 4.3). On the most heavily 

grazed plots, a maximum of 96% of biomass was removed by geese, mean yield loss was 53% 

in spring 2012 and 54% in spring 2013 (for this analysis, only plots were taken into account 

that were actually grazed, i.e. had a sum of more than 50 goose minutes per hectare). 
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Figure 4.3: Biomass removal by geese during two consecutive winters on grassland plots, 

measured as the reduction of living aboveground biomass in April on grazed plots compared 

to ungrazed exclosures on the same study plots. Black circles represent plots from the first 

winter (2011/12), grey triangles represent plots studied during the winter 2012/13. The black 

line gives the regression line of the two years combined (F= 17.77, p= 0.0004, n= 22, 

R2= 0.44), the grey area is the 95% confidence interval. 

 

To assess the effect of geese on the vegetation, only the differences per plot between nutrient 

contents in- and outside the exclosures were considered. The relationships between each 

nutrient and goose grazing pressure are shown in Fig. 4.4, respective model summaries are 

given in Tab. 4.4. 

The energy content of the vegetation was decreased by goose grazing, while fibre content was 

increased. The negative effect of goose grazing on protein and fat content on the vegetation was 

small and just above the p<0.05 threshold. There was no impact on sugar or ash content of the 

vegetation. 
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Table 4.4: Summary of all models in the analysis of the effect of goose grazing on plant 

nutrients. The dependent variable of each model is given in the first column, the independent 

variable is the sum of goose minutes per plot and m2 in each model. To test overall significance 

of the models, they were compared to corresponding null models (χ2- value, degrees of freedom 

(df) and p-value of this test are given for each of the models). For each model result, the 

respective parameter estimate and standard error (SE), t-value and p-value are shown. 

Parameters and models that are significant at p≤0.05 are printed in bold. NEL= net energy 

lactation. 

 

Dependent 

variable in model 

results of likelihood ratio 

test against null model model results 

χ2 df p-value 
parameter 

estimate (SE) 
t-value p-value 

Δ protein content 4.42 1 0.035 0.014 (0.007) 2.18 0.05 

Δ fibre content 17.85 1 < 0.0001 -0.031 (0.0055) -5.69 0.0001 

Δ NEL content 7.32 1 0.007 0.0048 (0.0016) 3.03 0.01 

Δ fat content 4.51 1 0.034 0.0038 (0.0018) 2.16 0.05 

Δ sugar content 2.53 1 0.11 0.016 (0.01) 1.62 0.13 

Δ ash content 2.39 1 0.12 -0.012 (0.0074) -1.62 0.13 
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Figure 4.4: Pairwise differences in A: protein, B: fibre, C: NEL (net energy lactation), D: fat, 

E: sugar, and F: ash content of vegetation cut inside and outside goose exclosures in April 

2013 plotted against goose grazing intensity (sum of goose minutes per square meter over the 

months from November to beginning of April). Positive y-values in orange indicate a higher 

content inside the exclosures than outside, negative y-values in green show a lower content 

inside the exclosure. Regression lines were drawn if the slope of the regression line was 

significantly different from 0 (p-value ≤ 0.05). The grey area is the 95% confidence interval. 
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4.5 Discussion 

Our results confirmed that geese prefer foraging on grassland plots with low sward height that 

are situated close to roosting sites and away from roads, as already found by other studies (e.g. 

McKay et al. 1996, Rosin et al. 2012, van der Graaf et al. 2002). Goose grazing on these plots 

led to a reduction of energy and an increase of fibre content available from plant matter to dairy 

cows. These results suggest that the likelihood of yield reduction of fodder in dairy farming 

through goose grazing is dependent on the location of a grassland. 

 

The two important factors explaining overall site choice of geese in our study region were 

distance to lakes and distance to roads. Geese preferred plots close to potential roosting sites 

and further away from roads. Thereby they save energy when travelling to or from the roosting 

sites and avoid being flushed by human disturbances frequently during daytime. Interestingly, 

land use intensity or productivity of the vegetation did not play a significant role, although one 

would expect geese to choose foraging sites based on profitability of plant food (Hassall & Lane 

2005). One has to keep in mind that all our study plots have been fertilized with manure at some 

point during the year, therefore even less productive plots will still offer substantial protein 

yields for geese. 

 

Goose numbers during the winter increased with increasing maximum temperature. This can 

partly be explained by cold spells, especially during January and February, when the plots were 

completely covered with snow and therefore the vegetation was not accessible for geese. 

Moreover, grass growth is enhanced by increasing temperature (Duru & Ducrocq 2000), and 

freshly grown grass is more easily digestible for herbivores. Geese therefore left our study area 

during cold periods and returned when temperatures increased and made grassland plots 

profitable again. Borbach-Jaene & Kruckenberg (2002) found a lower carrying capacity of 

staging habitats under low temperatures caused by a reduction of food supply. Temperature-

driven within-winter movements have also been reported in Mallards Anas platyrhynchos, as 

during cold weather, energetic costs of feeding exceed energy gains of foraging (Sauter et al. 

2010). 

Goose numbers in our study area increased towards the end of winter, with lowest numbers in 

mid-winter. The latter can be explained by cold weather in January and February and therefore 

low food availability. Our study plots are mostly situated close to the coastline, with salt 

marshes in front of the seawall. Barnacle Geese shift from grasslands to salt marshes in spring 

(Prins & Ydenberg 1985), when protein availability increases. Thus, the increase in goose 

numbers on our plots could result from a large-scale movement of Barnacle Geese towards the 

coast. 

During the winter, vegetation height significantly explained goose density, with a higher 

number of geese on plots with low canopy height. Some plots were grazed by cows until shortly 
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before the geese arrived. These short swards are attractive to foraging geese, as shown for salt 

marshes by Bos et al. (2005b) and Mandema et al. (2014b). 

 

Goose grazing caused a considerably reduction in standing biomass in spring, with a nearly 

complete removal of all biomass on the most heavily grazed plots. Biomass removal increased 

linearly with goose grazing intensity. Other grazers like Eurasian Wigeons and European Hares 

add some variability in biomass values causing a biomass reduction in the absence of geese 

during the winter. All in all, their share in biomass reduction is limited because their numbers 

were small when compared to winter goose densities. The considerable variance in biomass 

reduction also demonstrates that it is impossible to predict exact levels of yield reduction from 

goose grazing density. Compensatory growth of grasses can mask biomass reduction by 

herbivores (van der Graaf et al. 2005) and therefore potential yield loss for farmers needs to be 

assessed in the field. 

Goose grazing slightly decreased protein and fat content and considerably increased fibre 

content of grazed vegetation. This led to a reduction of energy content of the vegetation for 

dairy cows by about 20% on the most intensively grazed plots. Variance in the data was caused 

by hare grazing. Plots with few goose droppings were moderately grazed by hares during the 

winter, causing a mild reduction of NEL or protein content even without goose grazing. 

However, this effect was small and in the range of variation among plots without any other 

grazers apart from geese. Geese can increase their own harvest through rejuvenation of 

vegetation by grazing (Ydenberg & Prins 1981), but in our case, the fibre content of the 

remaining vegetation was higher than without grazing, which was probably due to geese 

selecting the most digestible parts of the plants, leaving the older and less profitable parts 

(Boudewijn 1984). Our results show that geese decrease both quantity and quality of the 

vegetation for livestock by grazing. There was no evidence of contamination of fodder by goose 

faeces (Borbach-Jaene 2002), which would be reflected in an increased ash content of grazed 

vegetation. 

 

Different solutions for the conflict between geese and agriculture have been proposed, including 

scaring and derogation hunt, compensation payments to farmers, and creating refuges to 

concentrate geese in areas less valuable to farmers (Cope et al. 2003a, Jensen et al. 2008). In 

the German federal state of Lower Saxony, go-areas for wintering geese were designated within 

a Nature Protection Cooperation Program with the aim to concentrate geese on certain areas 

and distract them from others by the federal Ministry for the Environment (Niedersächsisches 

Umweltministerium 2018). Farmers who participate in that program receive compensatory 

payments for tolerating geese on grasslands and suspending agricultural land use during winter 

(Goose Management Group (WSF) 2013). Go-areas for geese are only subsidized if they lie in 

SPAs within the EU Birds Directive. However, in some areas with high goose numbers, few 
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farmers participate in the schemes as compensation is said not to cover actual yield losses 

(Arends 2010). 

Increasing the suitability of refuges for geese would lead to a concentration of wintering geese 

in these refuges, leading to lower damage for farmers in the surrounding area. This could in 

turn increase the willingness of farmers to set aside parts of their land for geese, in combination 

with a higher investment in compensation payments and agri-environment schemes. A well-

informed choice of go-areas for geese could be facilitated by our results: some agricultural 

grasslands are more likely to be heavily grazed by wintering geese simply as a result of their 

location. This knowledge can help the authorities in either selecting these grasslands as goose 

refuges or preparing for demands for compensation payments by farmers. 

The selection and management of goose refuges is crucial for their effectiveness: our results 

emphasize the importance of short vegetation when geese arrive (also shown by van der Graaf 

et al. (2002)). The application or rather the disposal of slurry is an important issue for farmers 

in our study region, because animal husbandry produces large amounts of manure. Moderate 

slurry application before the arrival of geese might be acceptable because it has been shown 

that geese prefer fertilized swards (Owen 1975, Vickery et al. 1994), but disturbance during the 

winter should be kept to a minimum. Moreover, refuges should lie close to lakes, preferably 

ones that are known roosting sites, and away from busy roads, as also suggested by Harrison et 

al. (2018). 

 

Our study shows that fluctuations in goose numbers during the winter are partly driven by 

temperature and time of year, but also by management-related vegetation height. The suitability 

of agricultural grasslands as refuges for geese can be assessed beforehand by checking plot 

conditions like distance to roosting sites and distance to roads. Our results suggest that the 

acceptance of grasslands as foraging habitat by geese could be improved by low plant canopy 

in autumn while keeping disturbance on the plots to a minimum during the winter. These factors 

determine if a plot will be grazed by geese and thereby, if yield losses for farmers may occur. 

By choosing go-areas for geese carefully, it will be possible to channel wintering geese to 

refuges and prevent yield losses on surrounding agricultural grasslands. 
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5 Synthesis 

5.1 Summary of findings 

The aim of this project was to investigate the interactions between breeding and wintering birds 

at the German coast and their environment in light of future land use changes. This thesis 

focuses on the consequences of agricultural land management for breeding and wintering birds, 

but also on their food resources, plants and invertebrates. Climate change and its consequences 

like sea level rise and changes in precipitation require new and sustainable land management 

options along the German coast. To protect and promote avian biodiversity in coastal areas, we 

need to understand which aspects of the landscape are particularly valuable for typical and 

threatened bird species. 

Most of the threatened breeding bird species at the Baltic and North Sea coast are species of 

open landscapes, nowadays mainly breeding on pastures, wet and brackish grasslands. While 

their populations are threatened by intensification of agriculture, land abandonment and 

subsequent succession towards scrubland and forest can also destroy their breeding habitat. 

Bird species richness increased in our study area with decreasing land use, i.e. in salt marshes 

and reedbeds, and was positively related to the occurrence of threatened species. To maximize 

both species richness and the occurrence of threatened breeding birds, however, a mosaic of 

different land use intensities and vegetation structures is necessary (chapter 2). Agricultural 

activities do not only directly affect breeding farmland birds but also indirectly through a 

reduction of their food resources, for example by increasing soil compaction due to heavy 

machinery or reducing the water table by drainage. In chapter 3 we show that soil and vegetation 

properties had an effect on above- and belowground invertebrates. We found a higher number 

of farmland bird species on plots with more invertebrates, and a preference of Northern 

Lapwings, Black-tailed Godwits and Meadow Pipits for plots with a higher food supply. These 

results show that it is crucial to improve conditions for invertebrates when designing protection 

measures for farmland birds. 

The North Sea coast is an important wintering area for Arctic geese, which forage on fields and 

grasslands, in some cases causing substantial yield loss for farmers (chapter 4). Vegetation 

height, disturbance by humans and distance to roosting sites determines the appeal of grasslands 

for geese. These factors can be used to predict if grasslands are suitable as refuges for geese, 

which could help to mitigate the decades-old conflict between goose protection and agriculture. 
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5.2 Evaluation of COMTESS scenarios with respect to the breeding bird 

community 

5.2.1 Characterisation of habitat types 

To generalize our findings and apply them to the COMTESS scenarios, our study plots were 

assigned to seven habitat types according to their predominant vegetation type. Identification 

of vegetation types was done within the COMTESS project, using the vegetation classification 

key for Lower Saxony (von Drachenfels 2021). The identification of vegetation types relies on 

the co-occurrence of plant species. For birds, however, both plant species composition and 

vegetation structure are very important (Rotenberry & Wiens 1980, Willson 1974, Rotenberry 

1985), therefore, we aggregated structurally similar vegetation types into broader habitat types 

(Tab. 5.1), partly based on the bird habitat coding system by Crick (1992). In Fig. 5.1, 

exemplary photos of the habitat types are shown. 
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Table 5.1: Overview of all vegetation types found on the COMTESS plots, habitat types defined 

by us and the respective sample size (number of plots per habitat type) and mean plot size. 

Abbreviations in brackets in the habitat type column refer to the respective photos in Fig. 5.1. 

For a list of vegetation types in German and corresponding characteristic species see Appendix 

Tab. 6.3. 

Vegetation type according to von 

Drachenfels (2021) 
Habitat type 

Sample 

size 

Mean plot 

size (ha) 

Species-poor grassland of high 

management intensity 

improved grassland 

(IG) 
13 3.1 

Species-poor grassland of low 

management intensity 

wet/semi-improved 

grassland (SG) 
15 3.2 

Wet species-poor grassland of low 

management intensity 

Fallow dry grassland with a high 

proportion of ruderal species, nitrogen 

and disturbance indicators 

Pasture, meadow or fallow grassland on 

wet soils with high groundwater levels 

and/or periodic inundation 

Grazed salt marsh/salt grassland with a 

mixture of salt tolerant species and 

species of wet grasslands 

brackish grassland 

(BG) 
20 3.4 

Salt marsh dominated by Elymus sp. 

salt marsh (SM) 11 3.5 

Lower salt marsh 

Brackish Bolboschoenus reedbed 
brackish reedbed 

(BR) 
18 0.8 

Brackish Phragmites reedbed 

Freshwater reedbed along eutrophic 

water bodies with water-margin 

vegetation 
freshwater reedbed 

(FR) 
17 1.0 Freshwater Phalaris reedbed 

Freshwater Phragmites reedbed 

Eutrophic freshwater Phragmites 

reedbed with Salix scrub encroachment reedbed with scrub 

encroachment (RS) 
8 1.5 

Eutrophic tall-sedge community with 

Salix scrub encroachment 
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Figure 5.1: Photos of the seven habitat types to which the COMTESS study plots were assigned. 

From top to bottom: (IG): improved grassland, (SG): wet/semi-improved grassland, (BG): 

brackish grassland, (SM): salt marsh (only present at the North Sea coast), (BR): brackish 

reedbed, (FR): freshwater reedbed, (RS): reedbed with scrub encroachment. Photos from the 

North Sea coast are on the left, Baltic Sea coast on the right. 

(IG) 

(SG) 

(BG) 
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Figure 5.1 (continued) 

 

(SM) 

(BR) 

(FR) 

(RS) 
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Habitat types differed in land use intensity, groundwater level and salinity of groundwater 

(Fig. 5.2). For methods and timespans of groundwater level and conductivity measurements see 

chapter 2. Information on the calculation of land use intensity is presented in chapter 4. 

Improved grassland had the lowest groundwater level and the highest land use intensity values, 

as expected. However, there is a high variance in land use intensity within this habitat type and 

only few of these plots showed very high grazing/mowing and fertilizing levels. The reason for 

this could be that farmers did not allow us to work on their most productive, intensively 

managed pastures. There certainly are more intensively managed grasslands present in our 

study regions than the improved grassland plots at the upper end of the land use intensity 

gradient within our framework. This should be kept in mind while interpreting our results with 

regard to land management scenarios. 

There was a clear decline in land use intensity from improved to semi-improved and brackish 

grasslands (Fig. 5.2). Nearly all (10 out of 13) improved grassland plots were fertilized while 

only one of the semi-improved and none of the brackish grassland plots were fertilized. 

Improved and semi-improved grasslands were mostly both mown and grazed, brackish 

grasslands were grazed only. A few brackish reed plots were bordering grazed grassland plots 

and therefore were also lightly grazed. One plot of each freshwater and brackish reed was mown 

in winter to harvest reed as a resource for thatched roofs, a traditional building element of the 

German coast. 
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Figure 5.2: Groundwater level, conductivity as a proxy for salinity of groundwater and land 

use intensity index of seven habitat types. For each plot, the average groundwater level and 

conductivity over a period from March to October 2012 are given. Information on stocking 

density, mowing frequency and the amount of fertilizer applied on the plots was recorded in 

2012 and combined into a land use intensity index following Blüthgen et al. (2012). Sample 

sizes per habitat type are specified in Tab. 5.1. Due to missing land use information on 4 plots 

in total, the sample size for improved grassland is 1 and for brackish grassland 18 in the 

calculation of the land use intensity index. 
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5.2.2 Species composition of breeding bird communities 

Based on the breeding bird surveys in the years 2011 to 2013, we get a good overview of current 

breeding bird communities in the most common habitat types along the German North and 

Baltic Sea coast. The composition of these communities is based on the prevalence of all 

recorded species per habitat type, i.e. the proportion of plots where the respective species was 

present in respect to all plots per habitat type. Figure 5.3 shows the prevalence of all bird species 

recorded as breeding bird species on our study plots. In this analysis, we only included species 

recorded on more than one plot per year as breeding birds to avoid the inclusion of "atypical" 

species in the communities. For a full list of all species recorded in the breeding bird surveys 

see Tab. 6.1 in the appendix. 

On our grassland plots, we found some of the so-called "meadow birds": Skylark, Black-tailed 

Godwit and Lapwing. These species are vulnerable to high-intensity management (Eglington 

et al. 2010, Chamberlain et al. 1999) and therefore had a lower prevalence on improved 

grasslands compared to semi-improved and brackish grasslands. Western Yellow Wagtail, 

Redshank and Oystercatcher are part of the meadow bird community as well, but they reached 

their maximum prevalence on salt marshes. These species have formerly been breeding on 

pastures and fields in the hinterland. However, intensification of agriculture has led to a decline 

in these species and to relatively higher densities in lightly or ungrazed salt marshes (Hälterlein 

2002, Hälterlein et al. 2003). 

In brackish and freshwater reed, rails appear in the breeding bird community as well as some 

waterbirds like ducks and Little Grebe Tachybaptus ruficollis. Warbler species of the genera 

Acrocephalus and Locustella dominate the songbird community in reed beds but reach their 

maximum prevalence in reed with scrub encroachment. In this habitat type, several bird species 

appear that are not part of the breeding bird community in any of our other habitat types. In 

addition to reedbed species, birds that need scrubs and bushes for breeding and foraging occur 

here like Sylvia and Phylloscopus warblers, Common Wood-Pigeon Columba palumbus and 

Wren Troglodytes troglodytes. 
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Figure 5.3: Prevalence of 38 bird species recorded as breeding on our study plots between 

2011 and 2013 (only bird species recorded on more than one plot per year are included). For 

clarity, species are grouped according to their maximum prevalence and taxonomic group, if 

necessary. A): grassland species, B): salt marsh species, C): songbird species and D): raptor 

and waterbird species of brackish and freshwater reed, E): warbler of the genera Acrocephalus, 

Sylvia and Locustella and F): other species of reed with scrub encroachment. 

 

5.2.3 Species richness and conservation concern of breeding bird communities 

In terms of total species numbers per habitat type, reed beds had higher values than grasslands 

or salt marshes (Fig. 5.4). The number of plots and plot size differed between habitat types 

(Tab. 5.1). However, this was not responsible for the difference in species numbers as reed with 

scrub encroachment had the highest number of species but the lowest number of plots. Plot size 

differed between habitat types because the extent of reed beds was generally smaller compared 

to grasslands and it was not possible to define more or less homogenous reedbed plots larger 

than 1 hectare. Still, reedbed plots had a higher number of species than salt marsh or grassland. 

 

Figure 5.4: Total number of species recorded as breeding birds per habitat type. Colours 

indicate the categories of the German Red List of breeding birds (Grüneberg et al. 2016). These 

categories correspond to IUCN Red List categories as follows: 1= critically endangered, 2= 

endangered, 3=vulnerable, V= near threatened, none= least concern. 

 

To obtain a rough measure of conservation concern of the breeding bird community in each 

habitat type, we calculated a Red List index. Each species occurring in one or more of the 

vegetation types was assigned points according to its category on the German Red List 

(Grüneberg et al. 2016): 4 points for category 1 (corresponding to IUCN category critically 
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endangered), 3 points for category 2 (endangered), 2 points for category 3 (vulnerable), 1 point 

for category V (near threatened) and 0 points for category * or no concern (least threatened). 

Points assigned to each species were weighted by mean prevalence of the species in the 

respective habitat type. The Red List index value for a certain habitat type was calculated by 

adding up the weighted point values of all species occurring in the respective habitat type. 

The Red List index, was highest in extensive and brackish grasslands, followed by salt marshes 

and intensive grassland (Fig. 5.5). This is caused by the high threat status of most meadow bird 

species: The majority of grassland and salt marsh breeding bird species had a Red List category 

of 3 or higher. The lower Red List index of improved grassland compared to semi-improved 

and brackish grassland is explained by the higher prevalence of Red List species in the latter 

habitat types. There were fewer protected bird species in reedbed plots and they had on average 

a lower threat status (Fig. 5.4). Most of the scrub species that occur in reed beds with scrub 

encroachment are rather common species, for example Sylvia and Phylloscopus warblers, and 

do not add to the Red List index. 

 

 

Figure 5.5: Red List index of the seven habitat types. 

 

5.2.4 Potential additional species 

When collecting species composition data, one must be aware that it is very difficult to detect 

each species. Depending on the spatial and temporal extent of a survey, there is always a varying 

number of species missing from the species inventory. To account for these potentially missing 

species from our breeding bird communities, we produced a list of bird species breeding in the 

regions of our study plots according to the relevant breeding bird atlases (Krüger et al. 2014, 

Vökler 2014). From this list, all species were removed whose breeding habitat, according to the 
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breeding bird atlases and Südbeck et al. (2005), did not match one or more habitat types defined 

by us. The list of remaining species is presented in Table 5.2. 

For several reasons species on this list were not recorded as breeding birds on our study plots. 

More than half of them were actually recorded but only once, which is not sufficient for a 

classification as a suspected breeding bird according to Südbeck et al. (2005), or they were 

recorded only on one plot and thus excluded from the prevalence calculation (Fig. 5.3).  

Due to the nature of the COMTESS project, study plots for bird surveys had to include the 

much smaller vegetation plots and had to match vegetation structure and composition of the 

vegetation plot. We therefore collected data on many small plots, but breeding birds are usually 

surveyed on a larger scale with study areas normally covering several hectares. Species with 

large territories (e.g. Cuckoo, Great Bittern), patchy and small breeding populations (e.g. Ruff, 

Montagu's Harrier, Arctic Tern and Common Ringed Plover) or rare species (e.g. Spotted 

Crake, Little Crake) are thus underrepresented in our breeding bird survey. 

 

In summary, our list of additional breeding bird species contains both species that were simply 

overlooked and species that were probably not detected due to our plot design. To account for 

these flaws, we compare the breeding bird community including the additional species between 

habitat types (Fig. 5.6). The general pattern of species richness across the habitat types is similar 

to the analysis without additional species, with reedbed habitats having a higher total number 

of species than grassland or salt marsh. On semi-improved/wet grassland, there is a relatively 

high number of potential additional species, nearly all of them threatened. Our species inventory 

of this habitat type might be just incomplete, but this patterns also suggests that this habitat type 

includes a high number of different subtypes. For differentiation of these subtypes, other 

parameters like land use intensity, landscape structure and abiotic parameters are crucial and 

determine which bird species will breed there. Many potential additional species are highly 

ranked on the Red List, showing that threatened (and therefore often rare) breeding bird species 

are less likely to occur in our breeding bird surveys. Species of the highest Red List categories 

1 and 2 are mostly represented in non-improved grassland and salt marsh. This emphasises the 

importance of these habitat types for bird species conservation. 
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Table 5.2: Potential additional breeding bird species in our breeding bird communities. Species 

marked with an asterisk have been recorded as a breeding bird species on only one study plot 

and were therefore excluded from the species composition analysis in 5.2.2. 

Species name Scientific name 
Red List 

category 
Breeding habitat type 

Common Quail* Coturnix coturnix V grassland 

Corn Crake Crex crex 2 

semi-improved 

grassland 

Grey Partridge* Perdix perdix 2 

Ruff Calidris pugnax 1 

Eurasian Curlew Numenius arquata 1 

Corn Bunting* Emberiza calandra V 

Common Snipe Gallinago gallinago 1 semi-improved 

grassland, reed 

Common Linnet Linaria cannabina 3 grassland, reed with 

scrub encroachment Yellowhammer Emberiza citrinella V 

Red-backed Shrike* Lanius collurio  semi-improved 

grassland, reed with 

scrub encroachment 

Barred Warbler Sylvia nisoria 3 

Montagu’s Harrier Circus pygargus 2 

Black-headed Gull Chroicocephalus 

ridibundus 

 

salt marsh 

Common Gull Larus canus  

Common Tern Sterna hirundo 2 

Arctic Tern Sterna paradisaea 1 

Common Ringed Plover Charadrius hiaticula 1 

Mute Swan* Cygnus olor  

reed 

Common Teal* Anas crecca 3 

Little Grebe* Tachybaptus ruficollis  

Red-necked Grebe* Podiceps grisegena  

Great Bittern Botaurus stellaris 3 

Common Crane Grus grus  

Spotted Crake* Porzana porzana 3 

Little Crake* Zapornia parva 3 

Grey Heron Ardea cinerea  reed, reed with scrub 

encroachment Eurasian Penduline-Tit* Remiz pendulinus  
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Table 5.2 (continued) 

Species name Scientific name 
Red List 

category 
Breeding habitat type 

Blue Tit* Cyanistes caeruleus  

reed with scrub 

encroachment 

Great Tit Parus major  

Lesser Whitethroat* Sylvia curruca  

Common Whitethroat* Sylvia communis  

Blackbird* Turdus merula  

Song Thrush* Turdus philomelos  

European Robin* Erithacus rubecula  

Common Nightingale Luscinia megarhynchos  

Thrush Nightingale* Luscinia luscinia  

Dunnock* Prunella modularis  

Chaffinch* Fringilla coelebs  

Common Rosefinch Carpodacus erythrinus  

Common Cuckoo* Cuculus canorus V all habitat types 

 

 

 

Figure 5.6: Total number of breeding bird species per habitat type, including species actually 

recorded during the breeding bird surveys (lower dark grey bars, see Fig. 4) and potential 

additional species according to Tab. 2. Colours indicate the additional species' categories on 

the German Red List of breeding birds (Grüneberg et al. 2016). These categories correspond 

to IUCN Red List categories as follows: 1= critically endangered, 2= endangered, 

3=vulnerable, V= near threatened, none= least concern. 
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5.2.5 Assessment of COMTESS scenarios with regard to bird communities 

The three COMTESS scenarios (see chapter 1) differ in their dominant habitat types. The two 

managed realignment scenarios comprise a polder area which can be managed in different ways. 

In the water management scenario, open water bodies with reedbeds and wet grassland will 

dominate the polder area (Fig. 5.7). The frequency and amount of salt water intrusion will 

determine the extent of brackish reed and grassland, or even salt marsh, compared to freshwater 

reed and wet grassland. Grassland can be mown or grazed in low intensity only, due to the 

wetness and possibly brackish conditions. Due to the mosaic of different habitat types in this 

scenario, a high bird species richness can be expected. But also threatened species will benefit 

from habitat heterogeneity (Benton et al. 2003). Depending on actual water levels and land 

management intensity, several meadow bird species could find suitable breeding conditions in 

this scenario (chapter 3). As these species are of main conservation concern in our study region, 

this scenario is probably most valuable for threatened bird species. 

 

In the carbon sequestration scenario, the polder area will be covered with reed, which is not 

mown to enable peat formation (Fig. 5.8). Here, the amount and frequency of salt water 

intrusion will also influence the extent of freshwater versus brackish reed. Higher parts of the 

polder that might fall dry during low water levels might become encroached with willows. In 

the carbon sequestration scenario, high bird species richness can be expected, because we 

observed the highest number of species in reedbed habitats. However, the number of threatened 

bird species will be lower (chapter 2). Species composition will depend on the amount of open 

water and on the water level: Open water bodies favour the establishment of waterbirds, while 

changing water levels might lead to scrub encroachment in dry parts of the polder which can 

support a higher number of scrub breeding birds. Because water levels in the polder need to be 

sufficiently high to allow peat formation, scrub encroachment can only occur in small patches, 

if any. 

 

The trend scenario shows “business as usual” with intensive agricultural land use behind the 

dike without a polder (Fig. 5.9). Drainage will be intensified to keep pastures from flooding, 

and improved grassland will be mown or grazed. Here we predict the lowest species richness, 

but depending on the intensity of management, a few meadow bird species can be expected. An 

increase in drainage will be necessary to keep the pastures from flooding, but current drainage 

intensities of improved grasslands in Northern Germany are already detrimental to food 

availability for insectivorous birds (Eglington et al. 2010). If agriculture in some areas is 

abandoned due to frequent flooding or high costs of drainage, the number of bird species may 

increase due to a higher structural diversity (chapter 2). But in the long run abandonment of 

grasslands leads to scrub encroachment and can be equally detrimental for meadow birds as 

intensification of agriculture (chapter 2, Sanderson et al. 1995). 
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When considering the suitability of the COMTESS scenarios for birds, we also need to keep 

the wintering bird community in mind. Northwest Germany, especially our study region at the 

North Sea coast, is an important wintering site for several Arctic goose species (Kruckenberg 

& Borbach-Jaene 2003). The current conflict between goose protection and agriculture will 

continue in the trend scenario, because of the appeal of highly fertilized grasslands close to the 

coast to foraging geese (chapter 4). In the water management scenario, the polder could become 

a refuge area for wintering geese, if parts of the grasslands are not continuously flooded during 

winter. If disturbance by human activity is low during the winter, geese could find suitable 

foraging conditions there (chapter 4). Such a goose refuge could lead to lower damage for 

farmers in the surrounding area (Cope et al. 2003a). The carbon sequestration scenario could 

offer both roosting sites and foraging sites to geese. Geese use open water bodies as roosting 

sites to reduce predation risk. Flooding the polder could initially create new roosting sites which 

will disappear over time when the polder is covered with reed. Some goose species also forage 

on reed rhizomes and shoots. This could initially lead to a reduction in reed biomass, but 

enhances reed growth in the long term (van den Wyngaert et al. 2003). 

 

 

 

Figure 5.7: Visualisation of the water management scenario (image: M. Kleyer). 
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Figure 5.8: Visualisation of the carbon sequestration scenario (image: M. Kleyer). 

 

Figure 5.9: Visualisation of the trend scenario (image: M. Kleyer). 

 

In the assessment of the potential bird community of the COMTESS scenarios, their 

development over time, including succession and land management, is very important. 

In the water management scenario, light grazing or mowing once or twice a year of grasslands 

is important to prevent scrub encroachment or reed growth in wet areas. A certain management 

is crucial to optimise brackish, wet or semi-improved grasslands as a suitable breeding habitat 

for meadow birds: a mosaic of tall and short vegetation, wet features and temporarily flooded 

grasslands can not only provide sufficient food supply and availability but also reduce predation 

risk (Ausden et al. 2001, Eglington et al. 2010, Verhulst et al. 2011, Laidlaw et al. 2017). If the 

polder area is supposed to function as a refuge area for wintering geese, grasslands should have 

a short sward height at the beginning of the winter (chapter 4).  
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Mowing of reed has been shown to reduce the abundance and diversity of breeding bird species 

(Graveland 1998, Görn et al. 2015). However, some species like the Great Bittern and Great 

Reed Warbler show a preference for reedbeds that are mown in winter (Görn et al. 2015, Vadász 

et al. 2008). Furthermore, commercial reed cutting in a Polish Marsh has created suitable 

breeding habitat for a globally endangered species, the Aquatic Warbler Acrocephalus 

paludicola (Tanneberger et al. 2009). Thus, the reedbed breeding bird community can benefit 

from reedbeds mown in winter, but broad, uncut stripes should be left to provide breeding 

habitat early in the season and increase invertebrate abundance as food supply (Schmidt et al. 

2005). 

 

In the carbon sequestration scenario, no reed harvesting is planned to allow peat formation. 

Several bird species are known to benefit from undisturbed reedbeds, e.g. Savi’s and, to a lesser 

extent, Eurasian Reed Warbler (Vadász et al. 2008). For Marsh Harriers, large unmown 

reedbeds are a favourable breeding habitat. The creation of such a breeding site could locally 

reverse the trend of this species to nest in arable crops (Millon et al. 2002, Krüger et al. 2014), 

which entails the danger of nest destruction by harvesting activities if nests are not monitored 

and protected. Furthermore, a shift of Marsh Harriers back to their original breeding habitat 

could mitigate a conflict between species protection and wind energy production: The Marsh 

Harrier, like other raptors, is threatened by risk of collision with wind turbines (Dürr 2019) 

which often occur close to their nesting site. There is an overlap of wind farms and the current 

breeding habitat of Marsh Harriers, especially in Northern Germany, resulting in an impact of 

wind turbines on the national Marsh Harrier population (Busch et al. 2017). To create new 

breeding habitat away from wind farms could alleviate this conflict. 

 

If land use at the German coast continues accordingly to the trend scenario, breeding 

populations of meadow birds will decline further (BMU, 2019). Present agriculture with 

intensive soil tillage, application of pesticides and fertilisers, drainage and monocultures create 

a landscape with few opportunities for meadow birds to breed and forage and for some species, 

like the Grey Partridge or the Black-tailed Godwit, this could lead to regional extinction 

(Gerlach et al. 2019). Agri-environmental schemes aim to increase farmland biodiversity and 

could counteract this trend, but only if they are designed and evaluated carefully (Kleijn et al. 

2006). But it is unclear whether these measures can compensate habitat loss or degradation 

caused by human land use. 

Before decisions on management or protection measures in the land management scenarios are 

taken it is very important to identify species or species groups at which these measures are 

aimed. Red List categories are only one possible criterion (Wuczyński et al. 2014). It is also 

essential to consider if a species is typical for the respective habitat or if a significant proportion 

of the species' breeding population depends on the area in question. 
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5.3 Outlook and open questions 

Climate change and the resulting adaptation of coastal areas and landscapes will be an 

increasingly urgent topic during the next decades (IPCC 2014). According to the IPCC, climate 

change will diminish the functional stability of coasts (Oppenheimer et al. 2019). All over the 

world, human settlements are concentrated along coasts due to access to resources and trading 

opportunities, but are therefore very vulnerable to sea level rise (McGranahan et al. 2007, 

Nicholls 2011). Low-lying coastal areas are not only important for trade, tourism and 

agriculture, but also harbour valuable ecosystems. Mitigation and adaptation strategies to cope 

with sea level rise are therefore necessary (Nicholls 2011). Maintaining the status quo and 

continuing the current land use at the German coast will require costly reinforcement of 

protection measures like strengthening of dikes and increased drainage of inland water, which 

could amount to nearly half a billion euros annually under a 1-m sea level rise scenario (Sterr 

2008). Such "hard protection" measures are effective in protecting densely populated, wealthy 

coastal areas up to a sea level rise of about two meters (Oppenheimer et al. 2019). Under a 

higher sea level rise scenario or for poorer regions however, maintenance of hard protection is 

not feasible and accommodation or retreat strategies need to be considered (Oppenheimer et al. 

2019). These strategies and subsequent land use changes can have both positive and negative 

impacts on people inhabiting coastal areas. To increase acceptance and to develop sustainable 

land use strategies it is necessary to involve different groups in the planning process to 

understand their interests and needs (Karrasch et al. 2014). This thesis explores the benefits and 

disadvantages of different land use scenarios from a nature conservation point of view. 

Obviously, representatives from other groups like agriculture, tourism, policy or water 

management would argue differently. My thesis shows that bird biodiversity and species 

protection can benefit from sustainable coastal land management measures, even if these 

measures are designed for water retention or carbon sequestration purposes. 

 

Within this study, we showed the importance of food supply and availability for the occurrence 

of threatened farmland birds. However, there is often too little species- and site-specific 

information on nutritional requirements and foraging behaviour of insectivorous bird species. 

This knowledge is crucial for the development of conservation strategies and protected areas 

(Hallmann et al. 2014, Bowler et al. 2019). Arthropods respond quickly to environmental 

changes and are therefore affected by global warming (Lister & Garcia 2018, Loboda et al. 

2018). However, we still do not understand the extent of the global decline of insects and its 

impact on other trophic levels, for example on insectivorous birds (Montgomery et al. 2020, 

Dirzo et al. 2014). Considering the current decline of many farmland bird species in Germany, 

there may be not much time left to gain this understanding and preserve their populations. While 

the decline of many insect taxa in several regions of the world is well-documented (Basset & 

Lamarre 2019), some insect pest species could benefit from elevated atmospheric CO2 and 
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global warming and become more abundant (Cannon 1998). Insectivorous birds and even birds 

that are commonly seen as granivores act as pest control in agricultural areas by foraging on 

crop pests and thus provide valuable ecosystem services (Garfinkel et al. 2022). A loss of 

insectivorous species therefore will also have substantial consequences for agricultural pest 

control (Whelan et al. 2016). 

 

Another task is to solve the ongoing conflict between wintering geese and agriculture. Large 

numbers of geese foraging on pastures or arable land from autumn to spring reduce agricultural 

yield and thus create serious conflicts with farmers (Vickery & Summers 1992, Fox et al. 2005, 

Tombre et al. 2005). However, there is no simple method to assess or predict damage from 

goose numbers or grazing intensities (Patterson 1991, Fox et al. 2017). Overall yield loss due 

to geese might be negligible on a national or regional scale, but individual farmers can 

nevertheless be seriously affected (Bjerke et al. 2014, MacMillan et al. 2004). In our North Sea 

study region, many farmers feel that there are too many geese present in the region during the 

winter. Farmers can take part in agri-environmental schemes in which they are paid for 

tolerating geese on their land, but only within boundaries of SPAs (Goose Management Group 

(WSF) 2013). However, goose damage also occurs outside of these areas and may even increase 

on grassland and cropland in the future, if overall habitat suitability for geese is reduced due to 

land use change (Wisz et al. 2008). There are different possible tools to alleviate the goose-

agriculture conflict, from population regulation to deterrence measures and alternative feeding 

areas to compensation payments (reviewed in Fox et al. 2017). Greater efforts than in the past 

are required to find the tools that are most suitable for the situation in the North Sea region. 

Short-term compensation payments in addition to the existing agri-environmental schemes may 

be necessary to support farmers that are most severely affected and to show them that their 

economic losses are recognised (Tombre et al. 2013). Capitalising on the large numbers of 

wintering geese in the region and promoting eco-tourism during the off-season could also be a 

way to increase willingness of farmers to accept geese on their land. Most importantly, 

involving farmers and other stakeholders and the participation of social and ecological scientists 

in the process will be crucial for the success of the process (Williams & Madsen 2013) - not 

only in this aspect, but also to alleviate other conflicts arising over coastal protection strategies 

and land use change. 
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Appendix 

Table 6.1: List of all bird species recorded on the study plots as breeding birds and their red 

list category on the two German red lists of 2007 (Südbeck et al. 2007) and 2016 (Grüneberg 

et al. 2016) that were used in the analyses in this thesis. Bird species are listed in systematic 

order following Barthel & Krüger (2019). 

English name Scientific name 

German red 

list category 

2007 

German red 

list category 

2016 

Grey Partridge Perdix perdix 2 2 

Common Quail Coturnix coturnix  V 

Common Pheasant Phasianus colchicus - - 

Greylag Goose Anser anser   

Mute Swan Cygnus olor   

Common Shelduck Tadorna tadorna   

Garganey Anas querquedula 2 2 

Northern Shoveler Anas clypeata 3 3 

Mallard Anas platyrhynchos   

Common Teal Anas crecca 3 3 

Gadwall Mareca strepera   

Eurasian Wigeon Mareca penelope R R 

Common Cuckoo Cuculus canorus V V 

Common Wood-Pigeon Columba palumbus   

Water Rail Rallus aquaticus V V 

Spotted Crake Porzana porzana 1 3 

Little Crake Porzana parva 1 3 

Common Moorhen Gallinula chloropus V V 

Common Coot Fulica atra   

Little Grebe Tachybaptus ruficollis   

Red-necked Grebe Podiceps grisegena   

Oystercatcher Haematopus ostralegus   

Pied Avocet Recurvirostra avosetta   

Northern Lapwing Vanellus vanellus 2 2 

Black-tailed Godwit Limosa limosa 1 1 

Redshank Tringa totanus V 3 

Marsh Harrier Circus aeruginosus   

Red-backed Shrike Lanius collurio   

Blue Tit Cyanistes caeruleus   

Eurasian Penduline-Tit Remiz pendulinus   

Bearded Parrotbill Panurus biarmicus   
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Table 6.1 (continued) 

English name Scientific name 

German red 

list category 

2007 

German red 

list category 

2016 

Skylark Alauda arvensis 3 3 

Willow Warbler Phylloscopus trochilus   

Chiffchaff Phylloscopus collybita   

Great Reed Warbler 
Acrocephalus 

arundinaceus 
V  

Sedge Warbler 
Acrocephalus 

schoenobaenus 
V  

Eurasian Reed Warbler 
Acrocephalus 

scirpaceus 
  

Marsh Warbler Acrocephalus palustris   

Common Grasshopper-

Warbler 
Locustella naevia V 3 

Savi's Warbler Locustella luscinioides   

River Warbler Locustella fluviatilis   

Blackcap Sylvia atricapilla   

Garden Warbler Sylvia borin   

Lesser Whitethroat Sylvia curruca   

Common Whitethroat Sylvia communis   

Wren 
Troglodytes 

troglodytes 
  

Blackbird Turdus merula   

Song Thrush Turdus philomelos   

European Robin Erithacus rubecula   

Bluethroat Luscinica svecica V  

Thrush Nightingale Luscinica luscinica   

Whinchat Saxicola rubetra 3 2 

Stonechat Saxicola rubicola V  

Dunnock Prunella modularis   

Western Yellow 

Wagtail 
Motacilla flava   

Meadow Pipit Anthus pratensis V 2 

Chaffinch Fringilla coelebs   

Corn Bunting Emberiza calandra 3 V 

Reed Bunting Emberiza schoeniclus   
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Table 6.2: Vegetation measurements inside and outside goose exclosures 

Variable 
mean (standard deviation; min - max) 

inside goose exclosures outside goose exclosures 

Vegetation height [cm] 5.9 (2.5; 1.7 - 12) 5 (2.7; 0.9 - 12.5) 

Biomass [g/m2] 100 (59.6; 17.8 - 215.5) 57.9 (55.4; 4 - 213.4) 

Crude protein [%] 16.4 (1.7; 13.9 - 19.6) 17 (2.6; 12.7 - 20) 

Crude fibre [%] 19.8 (2.1; 16.3 - 23.5) 21.5 (1.9; 18.2 - 24.5) 

Crude fat [%] 2.3 (0.4; 1.7 - 2.7) 1.8 (0.5; 1.3 - 2.7) 

Net energy lactation [MJ/kg] 5.6 (0.7; 4.6 - 6.6) 5.5 (0.8; 4.1 - 6.5) 

 

Table 6.3: List of all COMTESS plot vegetation types, the original vegetation type in German 

and its characteristic plant species according to the German vegetation classification key for 

Lower Saxony (von Drachenfels 2021). 

Vegetation type 
Vegetation type in 

German 
Characteristic plant species 

Species-poor 

grassland of high 

management 

intensity 

Artenarmes 

Intensivgrünland 

Alopecurus pratensis, Anthriscus 

sylvestris, Arrhenatherum elatius, Dactylis 

glomerata, Festuca pratensis, Lolium 

perenne, Phleum pratense, Plantago 

major, Poa pratensis, Poa trivialis, 

Ranunculus repens, Rumex obtusifolius, 

Stellaria media, Taraxacum officinale 

agg., Trifolium repens 

Species-poor 

grassland of low 

management 

intensity 

Artenarmes 

Extensivgrünland 

Agrostis capillaris, Anthoxanthum 

odoratum, Bromus hordeaceus, Cirsium 

arvense, Deschampsia cespitosa, Festuca 

rubra agg., Holcus lanatus, Rumex acetosa 

Wet species-poor 

grassland of low 

management 

intensity 

Sonstiges feuchtes 

Extensivgrünland 

same as the above plus moisture indicators 

like Juncus effusus 

Fallow dry grassland 

with a high 

proportion of ruderal 

species, nitrogen and 

disturbance 

indicators 

Artenarmes 

Extensivgrünland/ 

Halbruderale Gras- 

und Staudenflur 

trockener Standorte 

same as the above plus Arrhenatherum 

elatius, Artemisia campestris, 

Calamagrostis epigejos, Elymus repens, 

Hypericum perforatum, Senecio 

erucifolius, Senecio jacobaea 
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Table 6.3 (continued) 

Vegetation type 
Vegetation type in 

German 
Characteristic plant species 

Pasture, meadow or 

fallow grassland on 

wet soils with high 

groundwater levels 

and/or periodic 

inundation 

Sonstiger Flutrasen 

Agrostis canina, Agrostis stolonifera, 

Alopecurus geniculatus, Festuca 

arundinacea, Glyceria fluitans, Inula 

britannica, Lysimachia nummularia, 

Mentha arvensis, Oenanthe fistulosa, 

Persicaria amphibia, Potentilla anserina, 

Potentilla reptans, Ranunculus flammula, 

Ranunculus repens, Rorippa palustris, 

Rorippa sylvestris, Rumex crispus, 

Plantago major, Stellaria palustris, 

Veronica scutellata 

Grazed salt 

marsh/salt grassland 

with a mixture of 

salt tolerant species 

and species of wet 

grasslands 

Brackwasser-

Flutrasen 

Agrostis stolonifera, Artemisia maritima, 

Aster tripolium, Atriplex pedunculata, 

Agrostis stolonifera, Cotula coronopifolia, 

Eleocharis uniglumis, Festuca 

arundinacea, Hordeum secalinum, Lolium 

perenne, Odontites litoralis, Potentilla 

anserina, Triglochin palustre 

Salt marsh 

dominated by 

Elymus sp. 

Quecken- und 

Distelflur der Salz- 

und Brackmarsch 

Agrostis stolonifera, Cirsium arvense, 

Elymus athericus, Elymus repens, Festuca 

arundinacea, Festuca rubra, Sonchus 

arvensis 

Lower salt marsh Untere Salzwiese 

Atriplex portulacoides, Puccinellia 

maritima, Salicornia europaea, Spartina 

anglica, Spergularia salina, Suaeda 

maritima 

Brackish 

Bolboschoenus 

reedbed 

Strandsimsenröhricht 

der Brackmarsch 
Bolboschoenus maritimus 

Brackish Phragmites 

reedbed 

Schilfröhricht der 

Brackmarsch 
Phragmites australis 

Freshwater reedbed 

along eutrophic 

water bodies with 

water-margin 

vegetation 

Landröhricht/ 

Verlandungsbereich 

nährstoffreicher 

Stillgewässer mit 

Röhricht 

Acorus calamus, Alisma plantago-

aquatica, Butomus umbellatus, Eleocharis 

palustris, Glyceria maxima, Oenanthe 

aquatica, Phragmites australis, Sagittaria 

sagittifolia, Schoenoplectus lacustris, Sium 

latifolium, Sparganium emersum, 

Sparganium erectum, Typha angustifolia, 

Typha latifolia 

Freshwater Phalaris 

reedbed 

Rohrglanzgras-

Landröhricht 
Phalaris arundinacea 

Freshwater 

Phragmites reedbed 
Schilf-Landröhricht Phragmites australis 

 

  



105 

 

Table 6.3 (continued) 

Vegetation type 
Vegetation type in 

German 
Characteristic plant species 

Eutrophic freshwater 

Phragmites reedbed 

with Salix scrub 

encroachment 

Schilf-Landröhricht/ 

Weiden-

Sumpfgebüsch 

nährstoffreicher 

Standorte 

Frangula alnus, Phragmites australis, 

Salix cinerea, Salix aurita, Salix pentandra 

Eutrophic tall-sedge 

community with 

Salix scrub 

encroachment 

Nährstoffreiches 

Großseggenried/ 

Weiden-

Sumpfgebüsch 

nährstoffreicher 

Standorte 

Carex acuta, Carex aquatilis, Carex 

acutiformis, Carex appropinquata, Carex 

cespitosa, Carex disticha, Carex elata, 

Carex paniculata, Carex pseudocyperus, 

Carex riparia, Carex vesicaria, Carex 

vulpine, Frangula alnus, Salix cinerea, 

Salix aurita, Salix pentandra 

 

  



106 

 

 

 

 

 

 

 

 

  



107 

 

References 

Ambarli, D. & Bilgin, C. C. (2014): Effects of landscape, land use and vegetation on bird 

community composition and diversity in Inner Anatolian steppes. Agriculture 

Ecosystems & Environment 182: 37-46. 

Anteau, M. J., Sherfy, M. H. & Wiltermuth, M. T. (2012): Selection Indicates Preference in 

Diverse Habitats: A Ground-Nesting Bird (Charadrius melodus) Using Reservoir 

Shoreline. PLoS ONE 7 (1): e30347. 

Arends, K. (2010): Auswirkungen von Rastspitzen nordischer Gastvögel auf Ackerflächen in 

der Krummhörn und Westermarsch. Final project report: „Ermittlung und Bewertung 

der Auswirkungen von Rastspitzen der nordischen Gastvögel auf Ackerflächen in der 

Krummhörn und Westermarsch. Vorschlag eines standardisierten Bewertungs- und 

Honorierungsmodells“. NLWKN, Oldenburg. 

Asaeda, T., Manatunge, J., Fujino, T. & Sovira, D. (2003): Effects of salinity and cutting on the 

development of Phragmites australis. Wetlands Ecology and Management 11 (3): 127-

140. 

Atkinson, P. W., Fuller, R. J., Vickery, J. A., Conway, G. J., Tallowin, J. R. B., Smith, R. E. 

N., Haysom, K. A., Ings, T. C., Asteraki, E. J. & Brown, V. K. (2005): Influence of 

agricultural management, sward structure and food resources on grassland field use by 

birds in lowland England. Journal of Applied Ecology 42 (5): 932-942. 

Ausden, M., Rowlands, A., Sutherland, W. J. & James, R. (2003): Diet of breeding Lapwing 

Vanellus vanellus and Redshank Tringa totanus on coastal grazing marsh and 

implications for habitat management. Bird Study 50 (3): 285-293. 

Ausden, M., Sutherland, W. J. & James, R. (2001): The effects of flooding lowland wet 

grassland on soil macroinvertebrate prey of breeding wading birds. Journal of Applied 

Ecology 38 (2): 320-338. 

Ay, J.-S., Chakir, R., Doyen, L., Jiguet, F. & Leadley, P. (2014): Integrated models, scenarios 

and dynamics of climate, land use and common birds. Climatic Change 126 (1-2): 13-

30. 

Baines, D. (1990): The Roles of Predation, Food and Agricultural Practice in Determining the 

Breeding Success of the Lapwing (Vanellus vanellus) on Upland Grasslands. Journal of 

Animal Ecology 59 (3): 915-929. 

Bao, J., Giller, P. S. & Stakelum, G. (2010): Selective grazing by dairy cows in the presence of 

dung and the defoliation of tall grass dung patches. Animal Science 66 (1): 65-73. 

Barbottin, A., Tichit, M., Cadet, C. & Makowski, D. (2010): Accuracy and cost of models 

predicting bird distribution in agricultural grasslands. Agriculture Ecosystems & 

Environment 136 (1-2): 28-34. 

Barthel, P. H. & Krüger, T. (2019): Liste der Vögel Deutschlands. Version 3.2. Deutsche 

Ornithologen-Gesellschaft, Radolfzell. 

Basset, Y. & Lamarre, G. P. A. (2019): Toward a world that values insects. Science 364 (6447): 

1230-1231. 

Bassler, R. (1976): Methodenbuch.  VDLUFA-Verlag, Darmstadt. 

Batary, P., Winkler, H. & Baldi, A. (2004): Experiments with artificial nests on predation in 

reed habitats. Journal of Ornithology 145 (1): 59-63. 

Bauer, H.-G., Bezzel, E. & Fiedler, W. (eds.) (2005a): Das Kompendium der Vögel 

Mitteleuropas. Nonpasseriformes - Nichtsperlingsvögel., AULA-Verlag, Wiebelsheim. 

Bauer, H.-G., Bezzel, E. & Fiedler, W. (eds.) (2005b): Das Kompendium der Vögel 

Mitteleuropas. Passeriformes - Sperlingsvögel., AULA-Verlag, Wiebelsheim. 



108 

 

Bauerkämper, A. (2004): The industrialization of agriculture and its consequences for the 

natural environment: an inter-German comparative perspective. Historical Social 

Research 29 (3): 124-149. 

Beaulieu, J., Gauthier, G. & Rochefort, L. (1996): The growth response of graminoid plants to 

goose grazing in a High Arctic environment. Journal of Ecology 84 (6): 905-914. 

Behm, K. & Krüger, T. (2013): Verfahren zur Bewertung von Vogelbrutgebieten in 

Niedersachsen. Informationsdienst Naturschutz Niedersachsen 33 (1): 55-69. 

Behre, K. E. (2008): Landschaftsgeschichte Norddeutschlands: Umwelt und Siedlung von der 

Steinzeit bis zur Gegenwart.  Wachholtz Verlag, Kiel/Hamburg. 

Beintema, A. J. & Muskens, G. J. D. M. (1987): Nesting Success of Birds Breeding in Dutch 

Agricultural Grasslands. Journal of Applied Ecology 24 (3): 743-758. 

Beintema, A. J., Thissen, J. B., Tensen, D. & Visser, G. H. (1991): Feeding Ecology of 

Charadriiform Chicks in Agricultural Grassland. Ardea 79 (1): 31-43. 

Belsky, A. J. (1986): Does Herbivory Benefit Plants - a Review of the Evidence. American 

Naturalist 127 (6): 870-892. 

Beniston, M., Stephenson, D. B., Christensen, O. B., Ferro, C. A. T., Frei, C., Goyette, S., 

Halsnaes, K., Holt, T., Jylhä, K., Koffi, B., Palutikof, J., Schöll, R., Semmler, T. & 

Woth, K. (2007): Future extreme events in European climate: an exploration of regional 

climate model projections. Climatic Change 81 (1): 71-95. 

Benton, T. G., Bryant, D. M., Cole, L. & Crick, H. Q. P. (2002): Linking agricultural practice 

to insect and bird populations: a historical study over three decades. Journal of Applied 

Ecology 39 (4): 673-687. 

Benton, T. G., Vickery, J. A. & Wilson, J. D. (2003): Farmland biodiversity: is habitat 

heterogeneity the key? Trends in Ecology & Evolution 18 (4): 182-188. 

BfN (2014): BfN Grünland-Report: Alles im Grünen Bereich? Bundesamt für Naturschutz, 

Bonn. 

http://www.bfn.de/fileadmin/MDB/documents/presse/2014/PK_Gruenlandpapier_30.0

6.2014_final_layout_barrierefrei.pdf. 

BGR (2013): Bodenübersichtskarte 1:1.000.000 (BÜK1000). Bundesanstalt für 

Geowissenschaften und Rohstoffe, Hannover. https://www.bgr.bund.de/buek1000. 

Billeter, R., Liira, J., Bailey, D., Bugter, R., Arens, P., Augenstein, I., Aviron, S., Baudry, J., 

Bukacek, R., Burel, F., Cerny, M., De Blust, G., De Cock, R., Diekötter, T., Dietz, H., 

Dirksen, J., Dormann, C., Durka, W., Frenzel, M., Hamersky, R., Hendrickx, F., 

Herzog, F., Klotz, S., Koolstra, B., Lausch, A., Le Coeur, D., Maelfait, J. P., Opdam, 

P., Roubalova, M., Schermann, A., Schermann, N., Schmidt, T., Schweiger, O., 

Smulders, M. J. M., Speelmans, M., Simova, P., Verboom, J., Van Wingerden, W. K. 

R. E., Zobel, M. & Edwards, P. J. (2008): Indicators for biodiversity in agricultural 

landscapes: a pan-European study. Journal of Applied Ecology 45 (1): 141-150. 

Bjerke, J. W., Bergjord, A. K., Tombre, I. M. & Madsen, J. (2014): Reduced dairy grassland 

yields in Central Norway after a single springtime grazing event by pink-footed geese. 

Grass and Forage Science 69 (1): 129-139. 

Black, J., Prop, J. & Larsson, K. (2007): Wild goose dilemmas. Population consequences of 

individual decisions in barnacle geese.  Branta Press, Groningen. 

Blume, H.-P., Brümmer, G. W., Horn, R., Kandeler, E., Kögel-Knabner, I., Kretzschmar, R., 

Stahr, K. & Wilke, B.-M. (2010): Scheffer/Schachtschabel: Lehrbuch der Bodenkunde.  

Spektrum Akademischer Verlag, Heidelberg. 

Blüthgen, N., Dormann, C. F., Prati, D., Klaus, V. H., Kleinebecker, T., Hölzel, N., Alt, F., 

Boch, S., Gockel, S. & Hemp, A. (2012): A quantitative index of land-use intensity in 

grasslands: Integrating mowing, grazing and fertilization. Basic and Applied Ecology 

13 (3): 207-220. 



109 

 

BMU (2010): Indikatorenbericht 2010 zur Nationalen Strategie zur biologischen Vielfalt. 

Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit, Berlin. 

https://www.bmu.de/download/indikatorenberichte-der-bundesregierung-zur-

nationalen-strategie-zur-biologischen-vielfalt/. 

BMU (2019): Indikatorenbericht 2019 der Bundesregierung zur Nationalen Strategie zur 

biologischen Vielfalt. Bundesministerium für Umwelt, Naturschutz und 

Reaktorsicherheit, Berlin. https://www.bmu.de/download/indikatorenberichte-der-

bundesregierung-zur-nationalen-strategie-zur-biologischen-vielfalt/. 

Boatman, N. D., Brickle, N. W., Hart, J. D., Milsom, T. P., Morris, A. J., Murray, A. W., 

Murray, K. A. & Robertson, P. A. (2004): Evidence for the indirect effects of pesticides 

on farmland birds. Ibis 146: 131-143. 

Bonn, A., Rodrigues, A. S. L. & Gaston, K. J. (2002): Threatened and endemic species: are 

they good indicators of patterns of biodiversity on a national scale? Ecology Letters 5 

(6): 733-741. 

Bonn, A., Storch, D. & Gaston, K. J. (2004): Structure of the species-energy relationship. 

Proceedings of the Royal Society B-Biological Sciences 271 (1549): 1685-1691. 

Borbach-Jaene, J. (2002): Anthropogen bedingte Verluste von Lebensraum und ihre Folgen. 

Zur Ökologie und zum Verhalten in der nordwestdeutschen Küstenlandschaft 

überwinternder arktischer Gänse. PhD Thesis. Universität Osnabrück. 

Borbach-Jaene, J. & Kruckenberg, H. (2002): Heute hier, morgen dort - gibt es wiederkehrende 

Raumnutzungsmuster bei überwinternden Blessgänsen Anser albifrons im Grünland? 

Vogelwelt 123: 319-326. 

Borbach-Jaene, J., Kruckenberg, H., Lauenstein, G. & Südbeck, P. (2001): Arktische Gänse als 

Rastvögel im Rheiderland - Eine Studie zur Ökologie und zum Einfluss auf den Ertrag 

landwirtschaftlicher Kulturen. Wildgänse und landwirtschaftliche Ertragseinbußen im 

Rheiderland, Oldenburg. 

Borcard, D., Gillet, F. & Legendre, P. (2011): Numerical Ecology with R.  Springer, New York, 

Dordrecht, London, Heidelberg. 

Bormann, H., Ahlhorn, F. & Klenke, T. (2012): Adaptation of water management to regional 

climate change in a coastal region – Hydrological change vs. community perception and 

strategies. Journal of Hydrology 454-455: 64-75. 

Bos, D., Drent, R. H., Rubinigg, M. & Stahl, J. (2005a): The relative importance of food 

biomass and quality for patch and habitat choice in Brent Geese Branta bernicla. Ardea 

93 (1): 5-16. 

Bos, D., Loonen, M. J. J. E., Stock, M., Hofeditz, F., Van Der Graaf, A. J. & Bakker, J. P. 

(2005b): Utilisation of Wadden Sea salt marshes by geese in relation to livestock 

grazing. Journal for Nature Conservation 13: 1-15. 

Boudewijn, T. (1984): The role of digestibility in the selection of spring feeding sites by Brent 

Geese. Wildfowl 35: 97-105. 

Bowler, D. E., Heldbjerg, H., Fox, A. D., de Jong, M. & Bohning-Gaese, K. (2019): Long-term 

declines of European insectivorous bird populations and potential causes. Conservation 

Biology 33 (5): 1120-1130. 

Brook, A., Woodcock, B., Sinka, M. & Vanbergen, A. (2008): Experimental verification of 

suction sampler capture efficiency in grasslands of differing vegetation height and 

structure. Journal of Applied Ecology 45 (5): 1357-1363. 

Bruinzeel, L. W., Van Eerden, M. R., Drent, R. H. & Vulink, J. T. (1997): Scaling metabolisable 

energy intake and daily energy expenditure in relation to the size of herbivorous 

waterfowl: limits set by available foraging time and digestive performance. In: Van 

Eerden, M. R. (ed.) Patchwork - Patch Use, Habitat Exploitation and Carrying Capacity 

for Water Birds in Dutch Freshwater Wetlands, Lelystad, pp. 111-132. 



110 

 

Buffington, M. & Redak, R. (1998): A comparison of vacuum sampling versus sweep-netting 

for arthropod biodiversity measurements in California coastal sage scrub. Journal of 

Insect Conservation 2 (2): 99-106. 

Buij, R., Melman, T. C., Loonen, M. J. & Fox, A. D. (2017): Balancing ecosystem function, 

services and disservices resulting from expanding goose populations. Ambio 46 (2): 

301-318. 

Bunje, J. (2005): Alle Vögel sind noch da - Einflüsse der Nutzungsänderungen in den 

Salzwiesen auf Brut- und Rastvögel. Schriftenreihe Nationalpark Niedersächsisches 

Wattenmeer 8: 1-40. 

Burger, J., Shisler, J. & Lesser, F. H. (1982): Avian utilisation on six salt marshes in New 

Jersey. Biological Conservation 23 (3): 187-212. 

Busch, M., Trautmann, S. & Gerlach, B. (2017): Overlap between breeding season distribution 

and wind farm risks: a spatial approach. Vogelwelt 137: 169-180. 

Butler, S. J., Boccaccio, L., Gregory, R. D., Vorisek, P. & Norris, K. (2010): Quantifying the 

impact of land-use change to European farmland bird populations. Agriculture 

Ecosystems & Environment 137 (3-4): 348-357. 

Butler, S. J. & Gillings, S. (2004): Quantifying the effects of habitat structure on prey 

detectability and accessibility to farmland birds. Ibis 146 (s2): 123-130. 

Cannon, R. J. C. (1998): The implications of predicted climate change for insect pests in the 

UK, with emphasis on non-indigenous species. Global Change Biology 4 (7): 785-796. 

Chamberlain, D. E., Wilson, A. M., Browne, S. J. & Vickery, J. A. (1999): Effects of habitat 

type and management on the abundance of skylarks in the breeding season. Journal of 

Applied Ecology 36 (6): 856-870. 

Cluzeau, D., Binet, F., Vertes, F., Simon, J. C., Riviere, J. M. & Trehen, P. (1992): Effects of 

intensive cattle trampling on soil-plant-earthworms system in two grassland types. Soil 

Biology and Biochemistry 24 (12): 1661-1665. 

Cofre, H. & Marquet, P. A. (1999): Conservation status, rarity, and geographic priorities for 

conservation of Chilean mammals: an assessment. Biological Conservation 88 (1): 53-

68. 

COMTESS (2011): Sustainable Coastal Land Management: Trade-offs in Ecosystem Services. 

https://uol.de/comtess. 

Conrad, K. F., Warren, M. S., Fox, R., Parsons, M. S. & Woiwod, I. P. (2006): Rapid declines 

of common, widespread British moths provide evidence of an insect biodiversity crisis. 

Biological Conservation 132 (3): 279-291. 

Cope, D. R., Pettifor, R. A., Griffin, L. R. & Rowcliffe, J. M. (2003a): Integrating farming and 

wildlife conservation: the Barnacle Goose Management Scheme. Biological 

Conservation 110 (1): 113-122. 

Cope, D. R., Rowcliffe, J. M. & Pettifor, R. A. (2003b): Sward height, structure and leaf 

extension rate of Lolium perenne pastures when grazed by overwintering barnacle 

geese. Grass and Forage Science 58 (1): 70-76. 

Cope, D. R., Vickery, J. A. & Rowcliffe, J. M. (2006): From conflict to coexistence: a case 

study of geese and agriculture in Scotland. In: Boere, G. C., Galbraith, C. A. & Stroud, 

D. A. (eds.) Waterbirds around the world. The Stationery Office, Edinburgh, UK, pp. 

791-794. 

Cordlandwehr, V., Meredith, R. L., Ozinga, W. A., Bekker, R. M., van Groenendael, J. M. & 

Bakker, J. P. (2013): Do plant traits retrieved from a database accurately predict on-site 

measurements? Journal of Ecology 101 (3): 662-670. 

Crick, H. Q. P. (1992): A bird-habitat coding system for use in Britain and Ireland incorporating 

aspects of land-management and human activity. Bird Study 39 (1): 1-12. 



111 

 

Curry, J. P. (2004): Factors affecting the abundance of earthworms in soils. In: Edwards, C. A. 

(ed.) Earthworm Ecology. CRC Press LLC, Boca Raton. 

De Felici, L., Piersma, T. & Howison, R. A. (2019): Abundance of arthropods as food for 

meadow bird chicks in response to short- and long-term soil wetting in Dutch dairy 

grasslands. Peerj 7. 

de la Vega-Leinert, A. C., Stoll-Kleemann, Susanne & Wegener, E. (2018): Managed 

Realignment (MR) along the Eastern German Baltic Sea: A Catalyst for Conflict or for 

a Coastal Zone Management Consensus. Journal of Coastal Research 34 (3): 586-601, 

16. 

de la Vega-Leinert, A. C. & Stoll-Kleemann, S. (2015): Identifying gaps between science, 

policy and societal perspectives on coastal land use: The case of managed realignment 

in Darß – Zingst region, Mecklenburg Western Pomerania, Eastern German Baltic 

coast. In: Stoll-Kleemann, S. (ed.) Local Perceptions and Preferences for Landscape and 

Land Use in the Fischland-Darß-Zingst Region, German Baltic Sea. Greifswalder 

Geographische Arbeiten, Institut für Geographie und Geologie der Ernst-Moritz-Arndt 

Universität Greifswald. 

de Leeuw, J., Olff, H. & Bakker, J. P. (1990): Year-to-year variation in peak above-ground 

biomass of six salt-marsh angiosperm communities as related to rainfall deficit and 

inundation frequency. Aquatic Botany 36 (2): 139-151. 

Decleer, K., Maes, D., Van Calster, H., Jansen, I., Pollet, M., Dekoninck, W., Baert, L., 

Grootaert, P., Van Diggelen, R. & Bonte, D. (2015): Importance of core and linear 

marsh elements for wetland arthropod diversity in an agricultural landscape. Insect 

Conservation and Diversity 8 (4): 289-301. 

Dennis, P., Young, M. R. & Gordon, I. J. (1998): Distribution and abundance of small insects 

and arachnids in relation to structural heterogeneity of grazed, indigenous grasslands. 

Ecological Entomology 23 (3): 253-264. 

Desender, K. & Bosmans, R. (1998): Ground beetles (Coleoptera, Carabidae) on set-aside fields 

in the Campine region and their importance for nature conservation in Flanders 

(Belgium). Biodiversity & Conservation 7 (11): 1485-1493. 

Deutscher Wetterdienst (2015): http://www.dwd.de/mittelwerte. 

Deutscher Wetterdienst (2016): Climate Data Center. 

http://www.dwd.de/DE/klimaumwelt/cdc/cdc_node.html. 

Dirzo, R., Young, H. S., Galetti, M., Ceballos, G., Isaac, N. J. B. & Collen, B. (2014): 

Defaunation in the Anthropocene. Science 345 (6195): 401-406. 

Donald, P. F., Green, R. E. & Heath, M. F. (2001): Agricultural intensification and the collapse 

of Europe's farmland bird populations. Proceedings of the Royal Society B-Biological 

Sciences 268 (1462): 25-29. 

Donald, P. F., Pisano, G., Rayment, M. D. & Pain, D. J. (2002): The Common Agricultural 

Policy, EU enlargement and the conservation of Europe's farmland birds. Agriculture, 

Ecosystems & Environment 89 (3): 167-182. 

Donald, P. F., Sanderson, F. J., Burfield, I. J. & van Bommel, F. P. J. (2006): Further evidence 

of continent-wide impacts of agricultural intensification on European farmland birds, 

1990-2000. Agriculture Ecosystems & Environment 116 (3-4): 189-196. 

Doody, J. P. (2013): Coastal squeeze and managed realignment in southeast England, does it 

tell us anything about the future? Ocean & Coastal Management 79: 34-41. 

Douglas, D. J. T., Evans, D. M. & Redpath, S. M. (2008): Selection of foraging habitat and 

nestling diet by Meadow Pipits Anthus pratensis breeding on intensively grazed 

moorland. Bird Study 55: 290-296. 

Dronkers, J., Gilbert, J. T. E., Butler, L. W., Carey, J. J., Campbell, J., James, E., McKenzie, 

C., Misdorp, R., Quin, N., Ries, K. L., Schroder, P. C., Spradley, J. R., Titus, J. G., 



112 

 

Vallianos, L. & von Dadelszen, J. (1990): Strategies for adaptation to sea level rise. 

Report of the IPCC Coastal Zone Management Subgroup: Intergovernmental Panel on 

Climate Change., Geneva. 

Dunger, W. (1983): Tiere im Boden.  A. Ziemsen Verlag, Wittenberg. 

Durán, A. P., Duffy, J. P. & Gaston, K. J. (2014): Exclusion of agricultural lands in spatial 

conservation prioritization strategies: consequences for biodiversity and ecosystem 

service representation. Proceedings of the Royal Society B: Biological Sciences 281 

(1792). 

Durant, D., Tichit, M., Kernéïs, E. & Fritz, H. (2008): Management of agricultural wet 

grasslands for breeding waders: integrating ecological and livestock system 

perspectives—a review. Biodiversity and Conservation 17 (9): 2275-2295. 

Dürr, T. (2019): Vogelverluste an Windenergieanlagen in Deutschland. Daten aus der zentralen 

Fundkartei der Staatlichen Vogelschutzwarte im Landesamt für Umwelt Brandenburg; 

Stand: 28. Februar 2019. 

http://www.lfu.brandenburg.de/cms/detail.php/bb1.c.312579.de. 

Duru, M. & Ducrocq, H. (2000): Growth and senescence of the successive grass leaves on a 

tiller. Ontogenic development and effect of temperature. Annals of Botany 85 (5): 635-

643. 

Düttmann, H., Grande, C. & Düttmann, J. (2018): Flash in the pan: how grassland renewal 

affects reproduction of Northern Lapwings Vanellus vanellus. Bird Study 65 (4): 516-

524. 

Dyulgerova, S., Gramatikov, M., Pedashenko, H., Vassilev, K., Kati, V. & Nikolov, S. C. 

(2015): Farmland Birds and Agricultural Land Abandonment: Evidences from Bulgaria. 

Acta Zoologica Bulgarica 67 (2): 223-234. 

Ebbinge, B. (1991): The impact of hunting on mortality rates and spatial distribution of geese, 

wintering in the western palearctic. Ardea 79: 197-209. 

Eglington, S. M., Bolton, M., Smart, M. A., Sutherland, W. J., Watkinson, A. R. & Gill, J. A. 

(2010): Managing water levels on wet grasslands to improve foraging conditions for 

breeding northern lapwing Vanellus vanellus. Journal of Applied Ecology 47 (2): 451-

458. 

Eglington, S. M., Gill, J. A., Bolton, M., Smart, M. A., Sutherland, W. J. & Watkinson, A. R. 

(2008): Restoration of wet features for breeding waders on lowland grassland. Journal 

of Applied Ecology 45 (1): 305-314. 

Elff, M. (2017): memisc: Management of Survey Data and Presentation of Analysis Results. R 

package version 0.99.14.9. https://CRAN.R-project.org/package=memisc. 

Elliot, R. D. (1985): The exclusion of avian predators from aggregations of nesting lapwings 

(Vanellus vanellus). Animal Behaviour 33 (1): 308-314. 

Ernst, P. (1991): The Influence of Winter Goose Grazing on Dry-Matter Yields of Grassland in 

North-Rhine-Westphalia. Ardea 79 (2): 187-190. 

ESRI (2014): ArcGIS Desktop: Release 10.2.1. Environmental Systems Research Institute, 

Inc., Redlands, CA, USA. 

Esselink, P., Zijlstra, W., Dijkema, K. S. & Diggelen, R. v. (2000): The effects of decreased 

management on plant-species distribution patterns in a salt marsh nature reserve in the 

Wadden Sea. Biological Conservation 93 (1): 61-76. 

Estrella, S. M. & Masero, J. A. (2010): Prey and Prey Size Selection by the Near-Threatened 

Black-tailed Godwit Foraging in Non-Tidal Areas during Migration. Waterbirds: The 

International Journal of Waterbird Biology 33 (3): 293-299. 

European Commision. (2011): Communication from the Commission to the European 

Parliament, the Council, the Economic and Social Committee of the Regions. Our life 

insurance, our natural capital: an EU biodiversity strategy to 2020. Brussels. 



113 

 

Eythórsson, E., Tombre, I. M. & Madsen, J. (2017): Goose management schemes to resolve 

conflicts with agriculture: Theory, practice and effects. Ambio 46 (2): 231-240. 

Filippi-Codaccioni, O., Devictor, V., Bas, Y. & Julliard, R. (2010): Toward more concern for 

specialisation and less for species diversity in conserving farmland biodiversity. 

Biological Conservation 143 (6): 1493-1500. 

Fisher, R. J. & Davis, S. K. (2010): From Wiens to Robel: A Review of Grassland-Bird Habitat 

Selection. Journal of Wildlife Management 74 (2): 265-273. 

Fleishman, E., Noss, R. F. & Noon, B. R. (2006): Utility and limitations of species richness 

metrics for conservation planning. Ecological Indicators 6 (3): 543-553. 

Flohre, A., Fischer, C., Aavik, T., Bengtsson, J., Berendse, F., Bommarco, R., Ceryngier, P., 

Clement, L. W., Dennis, C., Eggers, S., Emmerson, M., Geiger, F., Guerrero, I., Hawro, 

V., Inchausti, P., Liira, J., Morales, M. B., Oñate, J. J., Pärt, T., Weisser, W. W., 

Winqvist, C., Thies, C. & Tscharntke, T. (2011): Agricultural intensification and 

biodiversity partitioning in European landscapes comparing plants, carabids, and birds. 

Ecological Applications 21 (5): 1772-1781. 

Ford, H., Garbutt, A., Jones, L. & Jones, D. L. (2013): Grazing management in saltmarsh 

ecosystems drives invertebrate diversity, abundance and functional group structure. 

Insect Conservation and Diversity 6 (2): 189-200. 

Fox, A. D., Elmberg, J., Tombre, I. M. & Hessel, R. (2017): Agriculture and herbivorous 

waterfowl: a review of the scientific basis for improved management. Biological 

Reviews 92 (2): 854-877. 

Fox, A. D., Kristiansen, J. N., Stroud, D. A. & Boyd, H. (1998): The effects of simulated spring 

goose grazing on the growth rate and protein content of Phleum pratense leaves. 

Oecologia 116 (1-2): 154-159. 

Fox, A. D., Madsen, J., Boyd, H., Kuijken, E., Norriss, D. W., Tombre, I. M. & Stroud, D. A. 

(2005): Effects of agricultural change on abundance, fitness components and 

distribution of two arctic-nesting goose populations. Global Change Biology 11 (6): 

881-893. 

Frank, B., Persson, M. & Gustafsson, G. (2002): Feeding dairy cows for decreased ammonia 

emission. Livestock Production Science 76 (1-2): 171-179. 

French, P. W. (2006): Managed realignment – The developing story of a comparatively new 

approach to soft engineering. Estuarine, Coastal and Shelf Science 67 (3): 409-423. 

Frouz, J. & Jilková, V. (2008): The effect of ants on soil properties and processes 

(Hymenoptera: Formicidae). Myrmecological News 11 (11): 191-199. 

Garfinkel, M., Minor, E. & Whelan, C. J. (2022): Using faecal metabarcoding to examine 

consumption of crop pests and beneficial arthropods in communities of generalist avian 

insectivores. Ibis 164 (1): 27-43. 

Garnier, E., Laurent, G., Bellmann, A., Debain, S., Berthelier, P., Ducout, B., Roumet, C. & 

Navas, M.-L. (2001): Consistency of species ranking based on functional leaf traits. 

New Phytologist 152 (1): 69-83. 

Garnier, E., Lavorel, S., Ansquer, P., Castro, H., Cruz, P., Dolezal, J., Eriksson, O., Fortunel, 

C., Freitas, H., Golodets, C., Grigulis, K., Jouany, C., Kazakou, E., Kigel, J., Kleyer, 

M., Lehsten, V., Leps, J., Meier, T., Pakeman, R., Papadimitriou, M., Papanastasis, V. 

P., Quested, H., Quetier, F., Robson, M., Roumet, C., Rusch, G., Skarpe, C., Sternberg, 

M., Theau, J.-P., Thebault, A., Vile, D. & Zarovali, M. P. (2007): Assessing the effects 

of land-use change on plant traits, communities and ecosystem functioning in 

grasslands: A standardized methodology and lessons from an application to 11 

European sites. Annals of Botany 99 (5): 967-985. 

Gaston, K. J. (1996): Biodiversity-congruence. Progress in physical geography 20 (1): 105-112. 



114 

 

Gaston, K. J. & Fuller, R. A. (2007): Biodiversity and extinction:losing the common and the 

widespread. Progress in Physical Geography: Earth and Environment 31 (2): 213-225. 

Gedeon, K., Grüneberg, C., Mitschke, A., Sudfeldt, C., Eickhorst, W., Fischer, S., Flade, M., 

Frick, S., Geiersberger, I., Koop, B., Kramer, M., Krüger, T., Roth, N., Ryslavy, T., 

Stübing, S., Sudmann, S. R., Steffens, R., Vökler, F. & Witt, K. (2014): Atlas Deutscher 

Brutvogelarten – Atlas of German Breeding Birds.  Stiftung Vogelmonitoring 

Deutschland, Dachverband Deutscher Avifaunisten, Münster. 

Gerlach, B., Dröschmeister, R., Langgemach, T., Borkenhagen, K., Busch, M., Hauswirth, M., 

Heinicke, T., Kamp, J., Karthäuser, J., König, C., Markones, N., Prior, N., Trautmann, 

S., Wahl, J. & Sudfeld, C. (2019): Vögel in Deutschland – Übersichten zur 

Bestandssituation. DDA, BfN, LAG VSW, Münster. 

GfE. (2008): Prediction of Metabolisable Energy of compound feeds for ruminants. 

Proceedings of the Society of Nutrition Physiology 17: 199-204. 

Gilroy, J. J., Anderson, G. Q. A., Grice, P. V., Vickery, J. A., Bray, I., Watts, P. N. & 

Sutherland, W. J. (2008): Could soil degradation contribute to farmland bird declines? 

Links between soil penetrability and the abundance of yellow wagtails Motacilla flava 

in arable fields. Biological Conservation 141 (12): 3116-3126. 

Glutz von Blotzheim, U. N. (ed.) (1985): Handbuch der Vögel Mitteleuropas. Band 10/II. 

Passeriformes (1. Teil), Aula-Verlag, Wiesbaden. 

Glutz von Blotzheim, U. N. (ed.) (1986): Handbuch der Vögel Mitteleuropas. Band 7. 

Charadriiformes (2. Teil), Aula-Verlag, Wiesbaden. 

Gonthier, D. J., Ennis, K. K., Farinas, S., Hsieh, H.-Y., Iverson, A. L., Batary, P., Rudolphi, J., 

Tscharntke, T., Cardinale, B. J. & Perfecto, I. (2014): Biodiversity conservation in 

agriculture requires a multi-scale approach. Proceedings of the Royal Society B-

Biological Sciences 281 (1791). 

Goose Management Group (WSF) (2013): Trilateral Goose Management Scheme. Wadden Sea 

Forum. 

Görn, S., Schulze, F. & Fischer, K. (2015): Effects of fen management on bird communities in 

north-eastern Germany. Journal of Ornithology 156 (1): 287-296. 

Gossner, M. M., Lewinsohn, T. M., Kahl, T., Grassein, F., Boch, S., Prati, D., Birkhofer, K., 

Renner, S. C., Sikorski, J., Wubet, T., Arndt, H., Baumgartner, V., Blaser, S., Blüthgen, 

N., Börschig, C., Buscot, F., Diekötter, T., Jorge, L. R., Jung, K., Keyel, A. C., Klein, 

A.-M., Klemmer, S., Krauss, J., Lange, M., Müller, J., Overmann, J., Pašalić, E., 

Penone, C., Perović, D. J., Purschke, O., Schall, P., Socher, S. A., Sonnemann, I., 

Tschapka, M., Tscharntke, T., Türke, M., Venter, P. C., Weiner, C. N., Werner, M., 

Wolters, V., Wurst, S., Westphal, C., Fischer, M., Weisser, W. W. & Allan, E. (2016): 

Land-use intensification causes multitrophic homogenization of grassland communities. 

Nature 540 (7632): 266-269. 

Grace, J. B. (2006): Structural Equation Modeling and Natural Systems.  Cambridge University 

Press, Cambridge, UK. 

Graefe, U. & Beylich, A. (2003): Critical values of soil acidification for annelid species and the 

decomposer community. Newsletter on Enchytraeidae 8: 51-55. 

Graveland, J. (1998): Reed die-back, water level management and the decline of the Great Reed 

Warbler Acrocephalus arundinaceus in The Netherlands. Ardea 86: 187-201. 

Green, R. E. (1988): Effects of Environmental-Factors on the Timing and Success of Breeding 

of Common Snipe Gallinago-Gallinago (Aves, Scolopacidae). Journal of Applied 

Ecology 25 (1): 79-93. 

Green, R. E., Hirons, G. J. M. & Cresswell, B. H. (1990a): Foraging Habitats of Female 

Common Snipe Gallinago gallinago During the Incubation Period. Journal of Applied 

Ecology 27 (1): 325-335. 



115 

 

Green, R. E., Hirons, G. J. M. & Kirby, J. S. (1990b): The effectiveness of nest defense by 

Black-tailed Godwits Limosa limosa. Ardea 78 (3): 405-413. 

Gregory, R. D., van Strien, A., Vorisek, P., Gmelig Meyling, A. W., Noble, D. G., Foppen, R. 

P. B. & Gibbons, D. W. (2005): Developing indicators for European birds. 

Philosophical Transactions of the Royal Society B: Biological Sciences 360 (1454): 

269-288. 

Groot Bruinderink, G. W. T. A. (1989): The Impact of Wild Geese Visiting Improved 

Grasslands in the Netherlands. Journal of Applied Ecology 26 (1): 131-146. 

Grüneberg, C., Bauer, H.-G., Haupt, H., Hüppop, O., Ryslavy, T. & Südbeck, P. (2016): Rote 

Liste der Brutvögel Deutschlands. 5. Fassung, 30.11.2015. Berichte zum Vogelschutz 

52: 19-67. 

Haddad, N. M., Tilman, D., Haarstad, J., Ritchie, M. & Knops, J. M. H. (2001): Contrasting 

Effects of Plant Richness and Composition on Insect Communities: A Field Experiment. 

The American Naturalist 158 (1): 17-35. 

Hair, J. F., Ringle, C. M. & Sarstedt, M. (2011): PLS-SEM: Indeed a silver bullet. Journal of 

Marketing Theory and Practice 19 (2): 139-152. 

Hair, J. F. J., Hult, G. T. M., Ringle, C. & Sarstedt, M. (2013): A primer on partial least squares 

structural equation modeling (PLS-SEM).  Sage Publications. 

Hallmann, C. A., Foppen, R. P. B., van Turnhout, C. A. M., de Kroon, H. & Jongejans, E. 

(2014): Declines in insectivorous birds are associated with high neonicotinoid 

concentrations. Nature 511 (7509): 341-343. 

Hallmann, C. A., Sorg, M., Jongejans, E., Siepel, H., Hofland, N., Schwan, H., Stenmans, W., 

Müller, A., Sumser, H., Hörren, T., Goulson, D. & de Kroon, H. (2017): More than 75 

percent decline over 27 years in total flying insect biomass in protected areas. PLOS 

ONE 12 (10): e0185809. 

Hälterlein, B. (2002): Was wissen wir über den Einfluss der Salzwiesenbewirtschaftung an der 

Nordseeküste auf Brutvögel? Sind Nationalparkzielsetzung und Brutvogelschutz hier 

vereinbar? Nationalparkamt Schleswig-Holsteinisches Wattenmeer, Tönning. 

Hälterlein, B., Bunje, J. & Potel, P. (2003): Zum Einfluss der Salzwiesennutzung an der 

Nordseeküste auf die Vogelwelt - Übersicht über die aktuellen Forschungsergebnisse. 

Vogelkdl. Ber. Niedersachs. 35: 179-186. 

Hamza, M. A. & Anderson, W. K. (2005): Soil compaction in cropping systems: A review of 

the nature, causes and possible solutions. Soil and Tillage Research 82 (2): 121-145. 

Harrison, A. L., Petkov, N., Mitev, D., Popgeorgiev, G., Gove, B. & Hilton, G. M. (2018): 

Scale-dependent habitat selection by wintering geese: implications for landscape 

management. Biodiversity and Conservation 27 (1): 167-188. 

Hassall, M. & Lane, S. J. (2005): Partial feeding preferences and the profitability of winter-

feeding sites for brent geese. Basic and Applied Ecology 6 (6): 559-570. 

Heikkinen, R. K., Luoto, M., Virkkala, R. & Rainio, K. (2004): Effects of habitat cover, 

landscape structure and spatial variables on the abundance of birds in an agricultural–

forest mosaic. Journal of Applied Ecology 41 (5): 824-835. 

Henderson, I. F. & Whitaker, T. M. (1977): The efficiency of an insect suction sampler in 

grassland. Ecological Entomology 2 (1): 57-60. 

Henderson, I. G., Critchley, N. R., Cooper, J. O. N. & Fowbert, J. A. (2001): Breeding season 

responses of Skylarks Alauda arvensis to vegetation structure in set-aside (fallow arable 

land). Ibis 143 (2): 317-321. 

Hik, D. S. & Jefferies, R. L. (1990): Increases in the Net Aboveground Primary Production of 

a Salt-Marsh Forage Grass - a Test of the Predictions of the Herbivore-Optimization 

Model. Journal of Ecology 78 (1): 180-195. 



116 

 

Hodgson, J. G., Grime, J. P., Wilson, P. J., Thompson, K. & Band, S. R. (2005): The impacts 

of agricultural change (1963–2003) on the grassland flora of Central England: processes 

and prospects. Basic and Applied Ecology 6 (2): 107-118. 

Holland, J. M., Hutchison, M. A. S., Smith, B. & Aebischer, N. J. (2006): A review of 

invertebrates and seed-bearing plants as food for farmland birds in Europe. Annals of 

Applied Biology 148 (1): 49-71. 

Holm, S. (1979): A Simple Sequentially Rejective Multiple Test Procedure. Scandinavian 

Journal of Statistics 6 (2): 65-70. 

Horn, R., Domżżał, H., Słowińska-Jurkiewicz, A. & van Ouwerkerk, C. (1995): Soil 

compaction processes and their effects on the structure of arable soils and the 

environment. Soil and Tillage Research 35 (1): 23-36. 

Hussein, A. H., Rabenhorst, M. C. & Tucker, M. L. (2004): Modeling of Carbon Sequestration 

in Coastal Marsh Soils. Soil Science Society of America Journal 68 (5): 1786-1795. 

IPCC (2014): Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II 

and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 

Change. In: Core Writing Team, Pachauri, R. K. & Meyer, L. A. (eds.). IPCC, Geneva, 

Switzerland. 

Jacob, D., Göttel, H., Kotlarski, S., Lorenz, P. & Sieck, K. (2008): Klimaauswirkungen und 

Anpassung in Deutschland–Phase 1: Erstellung regionaler Klimaszenarien für 

Deutschland. Abschlussbericht zum UFOPLAN-Vorhaben 204 41 138. Climate 

Change. Umweltbundesamt. 

Jeliazkov, A., Mimet, A., Chargé, R., Jiguet, F., Devictor, V. & Chiron, F. (2016): Impacts of 

agricultural intensification on bird communities: New insights from a multi-level and 

multi-facet approach of biodiversity. Agriculture, Ecosystems & Environment 216: 9-

22. 

Jensen, R. A., Wisz, M. S. & Madsen, J. (2008): Prioritizing refuge sites for migratory geese to 

alleviate conflicts with agriculture. Biological Conservation 141: 1806-1818. 

Jepsen, J. U., Topping, C. J., Odderskaer, P. & Andersen, P. N. (2005): Evaluating 

consequences of land-use strategies on wildlife populations using multiple-species 

predictive scenarios. Agriculture Ecosystems & Environment 105 (4): 581-594. 

Jetz, W. & Rahbek, C. (2002): Geographic range size and determinants of avian species 

richness. Science 297 (5586): 1548-1551. 

Jonsson, M., Englund, G. & Wardle, D. A. (2011): Direct and indirect effects of area, energy 

and habitat heterogeneity on breeding bird communities. Journal of Biogeography 38 

(6): 1186-1196. 

Kareiva, P. & Marvier, M. (2003): Conserving biodiversity coldspots. American Scientist 91 

(4): 344-351. 

Karrasch, L., Klenke, T. & Woltjer, J. (2014): Linking the ecosystem services approach to 

social preferences and needs in integrated coastal land use management – A planning 

approach. Land Use Policy 38: 522-532. 

Kaspari, M., O'Donnell, S. & Kercher, J. R. (2000): Energy, Density, and Constraints to Species 

Richness: Ant Assemblages along a Productivity Gradient. The American Naturalist 

155 (2): 280-293. 

Katayama, N., Osawa, T., Amano, T. & Kusumoto, Y. (2015): Are both agricultural 

intensification and farmland abandonment threats to biodiversity? A test with bird 

communities in paddy-dominated landscapes. Agriculture, Ecosystems & Environment 

214: 21-30. 

Kershaw, M., Mace, G. M. & Williams, P. (1995): Threatened status, rarity, and diversity as 

alternative selection measures for protected areas: a test using Afrotropical antelopes. 

Conservation Biology 9 (2): 324-334. 



117 

 

Kirkham, F. W., Mountford, J. O. & Wilkins, R. J. (1996): The Effects of Nitrogen, Potassium 

and Phosphorus Addition on the Vegetation of a Somerset Peat Moor Under Cutting 

Management. Journal of Applied Ecology 33 (5): 1013-1029. 

Kleijn, D., Baquero, R. A., Clough, Y., Diaz, M., De Esteban, J., Fernandez, F., Gabriel, D., 

Herzog, F., Holzschuh, A., Johl, R., Knop, E., Kruess, A., Marshall, E. J. P., Steffan-

Dewenter, I., Tscharntke, T., Verhulst, J., West, T. M. & Yela, J. L. (2006): Mixed 

biodiversity benefits of agri-environment schemes in five European countries. Ecology 

Letters 9 (3): 243-254. 

Kleijn, D., Schekkerman, H., Dimmers, W. J., Van Kats, R. J. M., Melman, D. & Teunissen, 

W. A. (2010): Adverse effects of agricultural intensification and climate change on 

breeding habitat quality of Black-tailed Godwits Limosa l. limosa in the Netherlands. 

Ibis 152 (3): 475-486. 

Knottnerus, O. S. (2003): Sea level rise as a threat to cultural heritage. Challenges to the 

Wadden Sea area. Proceedings of the 10th international scientific Wadden Sea 

symposium. Ministry of Agriculture, Nature Management and Fisheries, University of 

Groningen, Groningen, pp. 31-38. 

Knottnerus, O. S. (2005): History of human settlement, cultural change and interference with 

the marine environment. Helgoland Marine Research 59 (1): 2-8. 

Kruckenberg, H. & Borbach-Jaene, J. (2003): Die küstennahe Krummhörn (Ostfriesland) als 

neu bewertetes Rastgebiet für nordische und arktische Gänse. Vogelkdl. Ber. 

Niedersachs. 35: 19-37. 

Kruckenberg, H. & Mooij, J. H. (2007): Warum Wissenschaft und Vogelschutz die Gänsejagd 

in Deutschland ablehnen. Ber. Vogelschutz 44: 107-119. 

Krüger, T., Ludwig, J., Pfützke, S. & Zang, H. (2014): Atlas der Brutvögel in Niedersachsen 

und Bremen 2005-2008.  Schriftenreihe Naturschutz und Landschaftspflege in 

Niedersachsen. 

KTBL (2015): Großvieheinheitenrechner 2.1. Kuratorium für Technik und Bauwesen in der 

Landwirtschaft. http://daten.ktbl.de/gvrechner/gvHome.do. 

Kuperman, R. G. (1996): Relationships between soil properties and community structure of soil 

macroinvertebrates in oak-hickory forests along an acidic deposition gradient. Applied 

Soil Ecology 4 (2): 125-137. 

Laidlaw, R. A., Smart, J., Smart, M. A. & Gill, J. A. (2017): Scenarios of habitat management 

options to reduce predator impacts on nesting waders. Journal of Applied Ecology 54 

(4): 1219-1229. 

Larsen, T., Schjønning, P. & Axelsen, J. (2004): The impact of soil compaction on euedaphic 

Collembola. Applied Soil Ecology 26 (3): 273-281. 

Laursen, K. & Hald, A. B. (2012): Identification of Black-tailed Godwit's Limosa limosa 

breeding habitat by botanical and environmental indicators. Journal of Ornithology 153 

(4): 1141-1152. 

Lavelle, P., Chauvel, A. & Fragoso, C. (1995): Faunal activity in acid soils. In: Date, R. A., 

Grundon, N. J., Rayment, G. E. & Probert, M. E. (eds.) Plant-Soil Interactions at Low 

pH: Principles and Management. Springer, Dordrecht, pp. 201-211. 

Lavorel, S., Grigulis, K., McIntyre, S., Williams, N. S. G., Garden, D., Dorrough, J., Berman, 

S., Quétier, F., Thébault, A. & Bonis, A. (2008): Assessing functional diversity in the 

field – methodology matters! Functional Ecology 22 (1): 134-147. 

Lawler, J. J., Lewis, D. J., Nelson, E., Plantinga, A. J., Polasky, S., Withey, J. C., Helmers, D. 

P., Martinuzzi, S., Pennington, D. & Radeloff, V. C. (2014): Projected land-use change 

impacts on ecosystem services in the United States. Proceedings of the National 

Academy of Sciences 111 (20): 7492-7497. 



118 

 

LGLN (2020): Auszug aus den Geobasisdaten der Niedersächsischen Vermessungs–und 

Katasterverwaltung. Landesamt für Geoinformation und Landentwicklung 

Niedersachsen. https://www.lgln.niedersachsen.de. 

Lister, B. C. & Garcia, A. (2018): Climate-driven declines in arthropod abundance restructure 

a rainforest food web. Proceedings of the National Academy of Sciences 115 (44): 

E10397-E10406. 

Liukkonen-Anttila, T., Putaala, A. & Hissa, R. (2002): Feeding of hand-reared grey partridge 

Perdix perdix chicks - importance of invertebrates. Wildlife Biology 8 (1): 11-19. 

Loboda, S., Savage, J., Buddle, C. M., Schmidt, N. M. & Høye, T. T. (2018): Declining 

diversity and abundance of High Arctic fly assemblages over two decades of rapid 

climate warming. Ecography 41 (2): 265-277. 

Løfaldli, L., Kålås, J. & Fiske, P. (1992): Habitat selection and diet of Great Snipe Gallinago 

media during breeding. Ibis 134 (1): 35-43. 

López-López, P., Maiorano, L., Falcucci, A., Barba, E. & Boitani, L. (2011): Hotspots of 

species richness, threat and endemism for terrestrial vertebrates in SW Europe. Acta 

Oecologica 37 (5): 399-412. 

Maas, E. & Hoffman, G. (1977): Crop salt tolerance - current assessment. Journal of the 

Irrigation and Drainage Division 103 (2): 115-134. 

MacMillan, D., Hanley, N. & Daw, M. (2004): Costs and benefits of wild goose conservation 

in Scotland. Biological Conservation 119 (4): 475-485. 

Madsen, J. (1985): Impact of Disturbance on Field Utilization of Pink-Footed Geese in West 

Jutland, Denmark. Biological Conservation 33 (1): 53-63. 

Madsen, J., Cracknell, G. & Fox, T. A. (eds.) (1999): Goose Populations of the Western 

Palearctic. A review of status and distribution., Wageningen, The Netherlands. 

Maier, M. (2013): Managing Mainland Salt Marshes for Breeding Birds. Interactions with 

Plants, Food and Predation. PhD Thesis. Universität Oldenburg. 

Maier, M. & Kleyer, M. (2012): Minimizing the impact of climate change on vulnerable 

northern European coastal landscapes: Analysis of the ecosystem services of alternative 

land management scenarios (Aichi target no. 10). CBD SBSTTA official document 

UNEP/CBD/SBSTTA/INF/39, pp. 55-57. 

Mandema, F. S., Tinbergen, J. M., Ens, B. J. & Bakker, J. P. (2014a): Spatial diversity in canopy 

height at Redshank and Oystercatcher nest-sites in relation to livestock grazing. Ardea 

101 (4): 105-112. 

Mandema, F. S., Tinbergen, J. M., Stahl, J., Esselink, P. & Bakker, J. P. (2014b): Habitat 

preference of geese is affected by livestock grazing - seasonal variation in an 

experimental field evaluation. Wildlife Biology 20 (2): 67-72. 

Mandryk, M., Reidsma, P. & van Ittersum, M. K. (2012): Scenarios of long-term farm structural 

change for application in climate change impact assessment. Landscape Ecology 27 (4): 

509-527. 

Mastrangelo, M. E. & Gavin, M. C. (2012): Trade‐Offs between Cattle Production and Bird 

Conservation in an Agricultural Frontier of the Gran Chaco of Argentina. Conservation 

Biology 26 (6): 1040-1051. 

Mayhew, P. & Houston, D. (1999): Effects of winter and early spring grazing by Wigeon Anas 

penelope on their food supply. Ibis 141 (1): 80-84. 

McCallum, H. M., Park, K. J., O'Brien, M. G., Gimona, A., Poggio, L. & Wilson, J. D. (2015): 

Soil pH and organic matter content add explanatory power to Northern Lapwing 

Vanellus vanellus distribution models and suggest soil amendment as a conservation 

measure on upland farmland. Ibis 157 (4): 677-687. 



119 

 

McGranahan, G., Balk, D. & Anderson, B. (2007): The rising tide: assessing the risks of climate 

change and human settlements in low elevation coastal zones. Environment and 

urbanization 19 (1): 17-37. 

McHugh, N. M., Prior, M., Grice, P. V., Leather, S. R. & Holland, J. M. (2017): Agri-

environmental measures and the breeding ecology of a declining farmland bird. 

Biological Conservation 212: 230-239. 

McKay, H. V., Langton, S. D., Milsom, T. P. & Feare, C. J. (1996): Prediction of field use by 

brent geese; An aid to management. Crop Protection 15 (3): 259-268. 

McKay, H. V., Milsom, T. P., Feare, C. J., Ennis, D. C., O'Connell, D. P. & Haskell, D. J. 

(2001): Selection of forage species and the creation of alternative feeding areas for dark-

bellied brent geese Branta bernicla bernicla in southern UK coastal areas. Agriculture 

Ecosystems & Environment 84 (2): 99-113. 

Meichtry-Stier, K. S., Jenny, M., Zellweger-Fischer, J. & Birrer, S. (2014): Impact of landscape 

improvement by agri-environment scheme options on densities of characteristic 

farmland bird species and brown hare (Lepus europaeus). Agriculture Ecosystems & 

Environment 189: 101-109. 

Merkens, M., Bradbeer, D. R. & Bishop, C. A. (2012): Landscape and field characteristics 

affecting winter waterfowl grazing damage to agricultural perennial forage crops on the 

lower Fraser River delta, BC, Canada. Crop Protection 37: 51-58. 

Millon, A., Bourrioux, J. L., Riols, C. & Bretagnolle, V. (2002): Comparative breeding biology 

of Hen Harrier and Montagu’s Harrier: an 8-year study in north-eastern France. Ibis 144 

(1): 94-105. 

Milton, K. (1979): Factors Influencing Leaf Choice by Howler Monkeys: A Test of Some 

Hypotheses of Food Selection by Generalist Herbivores. American Naturalist 114 (3): 

362-378. 

Minden, V. (2010): Functional traits of salt marsh plants: responses of morphology- and 

elemental-based traits to environmental constraints, trait-trait relationships and effects 

on ecosystem properties. PhD Thesis. University of Oldenburg. 

Minden, V. & Kleyer, M. (2011): Testing the effect–response framework: key response and 

effect traits determining above‐ground biomass of salt marshes. Journal of Vegetation 

Science 22 (3): 387-401. 

Minden, V., Scherber, C., Piqueras, M. A. C., Trinogga, J., Trenkamp, A., Mantilla-Contreras, 

J., Lienin, P. & Kleyer, M. (2016): Consistent drivers of plant biodiversity across 

managed ecosystems. Philosophical Transactions of the Royal Society B: Biological 

Sciences 371 (1694): 20150284. 

Montgomery, G. A., Dunn, R. R., Fox, R., Jongejans, E., Leather, S. R., Saunders, M. E., 

Shortall, C. R., Tingley, M. W. & Wagner, D. L. (2020): Is the insect apocalypse upon 

us? How to find out. Biological Conservation 241: 108327. 

Morris, A. J., Whittingham, M. J., Bradbury, R. B., Wilson, J. D., Kyrkos, A., Buckingham, D. 

L. & Evans, A. D. (2001): Foraging habitat selection by yellowhammers (Emberiza 

citrinella) nesting in agriculturally contrasting regions in lowland England. Biological 

Conservation 101 (2): 197-210. 

Morris, M. G. (2000): The effects of structure and its dynamics on the ecology and conservation 

of arthropods in British grasslands. Biological Conservation 95 (2): 129-142. 

Mouysset, L., Doyen, L. & Jiguet, F. (2014): From Population Viability Analysis to Coviability 

of Farmland Biodiversity and Agriculture. Conservation Biology 28 (1): 187-201. 

Nagelkerke, N. J. (1991): A note on a general definition of the coefficient of determination. 

Biometrika 78 (3): 691-692. 

Newton, I. (2004): The recent declines of farmland bird populations in Britain: an appraisal of 

causal factors and conservation actions. Ibis 146 (4): 579-600. 



120 

 

Nicholls, R. J. (2011): Planning for the Impacts of Sea Level Rise. Oceanography 24 (2): 144-

157. 

Niedersächsisches Umweltministerium (2018): AUM-Nat; Förderschwerpunkt NG - 

Maßnahmen zum Schutz Nordischer Gastvögel. Niedersächsisches Ministerium für 

Umwelt, Energie, Bauen und Klimaschutz. 

http://www.umwelt.niedersachsen.de/themen/natur_landschaft/foerdermoeglichkeiten/

aum/teilbereich_nordische_gastvoegel/Agrarumweltmaßnahmen-naturschutz-

förderschwerpunkt-nordische-gastvoegel-9150.html. 

NLWKN (2015): EU-Vogelschutzgebiete in Niedersachsen. Staatliche Vogelschutzwarte, 

Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und Naturschutz, 

Betriebsstelle Hannover-Hildesheim - Naturschutz. 

https://www.umwelt.niedersachsen.de/service/umweltkarten/natur_landschaft/natura_

2000/natura-2000-europaeische-vogelschutzgebiete-und-gemeldete-ffh-gebiete-in-

niedersachsen-9124.html. 

Nordstrom, K. F., Lampe, R. & Jackson, N. L. (2007): Increasing the dynamism of coastal 

landforms by modifying shore protection methods: examples from the eastern German 

Baltic Sea Coast. Environmental Conservation 34 (3): 205-214. 

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, P. 

R., O'Hara, R. B., Simpson, G. L., Solymos, P., Stevens, M. H. H., Szoecs, E. & Wagner, 

H. (2017): vegan: Community Ecology Package. R package version 2.4-4. 

https://CRAN.R-project.org/package=vegan. 

Opdam, P., Luque, S. & Jones, K. B. (2009): Changing landscapes to accommodate for climate 

change impacts: a call for landscape ecology. Landscape Ecology 24 (6): 715-721. 

Oppenheimer, M., Glavovic, B. C., Hinkel, J., van de Wal, R., Magnan, A. K., Abd-Elgawad, 

A., Cai, R., Cifuentes-Jara, M., DeConto, R. M., Ghosh, T., Hay, J., Isla, F., Marzeion, 

B., Meyssignac, B. & Sebesvari, Z. (2019): Sea Level Rise and Implications for Low-

Lying Islands, Coasts and Communities. In: Pörtner, H.-O., Roberts, D. C., Masson-

Delmotte, V., Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegría, A., 

Nicolai, M., Okem, A., Petzold, J., Rama, B. & Weyer, N. M. (eds.) IPCC Special 

Report on the Ocean and Cryosphere in a Changing Climate. 

Orme, C. D. L., Davies, R. G., Burgess, M., Eigenbrod, F., Pickup, N., Olson, V. A., Webster, 

A. J., Ding, T. S., Rasmussen, P. C., Ridgely, R. S., Stattersfield, A. J., Bennett, P. M., 

Blackburn, T. M., Gaston, K. J. & Owens, I. P. F. (2005): Global hotspots of species 

richness are not congruent with endemism or threat. Nature 436 (7053): 1016-1019. 

Ouvrard, P. & Jacquemart, A. L. (2018): Agri-environment schemes targeting farmland bird 

populations also provide food for pollinating insects. Agricultural and Forest 

Entomology 20 (4): 558-574. 

Owen, M. (1975): Cutting and fertilizing grassland for winter goose management. The Journal 

of Wildlife Management: 163-167. 

Pasinelli, G. & Schiegg, K. (2006): Fragmentation within and between wetland reserves: the 

importance of spatial scales for nest predation in reed buntings. Ecography 29 (5): 721-

732. 

Patterson, I. J. (1991): Conflict between Geese and Agriculture - Does Goose Grazing Cause 

Damage to Crops. Ardea 79 (2): 178-186. 

Pelosi, C., Bertrand, C., Daniele, G., Coeurdassier, M., Benoit, P., Nélieu, S., Lafay, F., 

Bretagnolle, V., Gaba, S., Vulliet, E. & Fritsch, C. (2021): Residues of currently used 

pesticides in soils and earthworms: A silent threat? Agriculture, Ecosystems & 

Environment 305: 107167. 



121 

 

Percival, S. M. (1993): The Effects of Reseeding, Fertilizer Application and Disturbance on the 

Use of Grasslands by Barnacle Geese, and the Implications for Refuge Management. 

Journal of Applied Ecology 30 (3): 437-443. 

Percival, S. M. & Houston, D. C. (1992): The Effect of Winter Grazing by Barnacle Geese on 

Grassland Yields on Islay. Journal of Applied Ecology 29 (1): 35-40. 

Perkins, A. J., Whittingham, M. J., Bradbury, R. B., Wilson, J. D., Morris, A. J. & Barnett, P. 

R. (2000): Habitat characteristics affecting use of lowland agricultural grassland by 

birds in winter. Biological Conservation 95 (3): 279-294. 

Pinheiro, J. & Bates, D. (2000): Mixed-Effects Models in S and S-PLUS.  Springer-Verlag, 

New York. 

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. & Team, R. D. C. (2016): nlme: Linear and 

Nonlinear Mixed Effects Models. R package version 3.1-128. http://CRAN.R-

project.org/package=nlme. 

Plieninger, T., Hui, C., Gaertner, M. & Huntsinger, L. (2014): The Impact of Land 

Abandonment on Species Richness and Abundance in the Mediterranean Basin: A 

Meta-Analysis. PloS one 9 (5): e98355. 

Poulin, B., Lefebvre, G. & Mauchamp, A. (2002): Habitat requirements of passerines and 

reedbed management in southern France. Biological Conservation 107 (3): 315-325. 

Power, M. E. (1992): Top-Down and Bottom-Up Forces in Food Webs: Do Plants Have 

Primacy. Ecology 73 (3): 733-746. 

Powney, G. D., Carvell, C., Edwards, M., Morris, R. K. A., Roy, H. E., Woodcock, B. A. & 

Isaac, N. J. B. (2019): Widespread losses of pollinating insects in Britain. Nature 

Communications 10 (1): 1018. 

Preiss, E., Martin, J. L. & Debussche, M. (1997): Rural depopulation and recent landscape 

changes in a Mediterranean region: Consequences to the breeding avifauna. Landscape 

Ecology 12 (1): 51-61. 

Princé, K., Lorrillière, R., Barbet-Massin, M. & Jiguet, F. (2013): Predicting the fate of French 

bird communities under agriculture and climate change scenarios. Environmental 

Science & Policy 33: 120-132. 

Prins, H. H. T. & Ydenberg, R. C. (1985): Vegetation Growth and a Seasonal Habitat Shift of 

the Barnacle Goose (Branta leucopsis). Oecologia 66 (1): 122-125. 

Prop, J. & Vulink, T. (1992): Digestion by Barnacle Geese in the Annual Cycle - the Interplay 

between Retention Time and Food Quality. Functional Ecology 6 (2): 180-189. 

R Core Team (2018): R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. Version 3.5.1. http://www.R-project.org/. 

Radovic, A. A., Nikolov, S. C., Tepic, N., Mikulic, K., Jelaska, S. D. & Budinski, I. (2013): 

The influence of land abandonment on farmland bird communities: a case study from a 

floodplain landscape in Continental Croatia. Folia Zoologica 62 (4): 269-281. 

Redfern, C. P. (1982): Lapwing nest sites and chick mobility in relation to habitat. Bird Study 

29 (3): 201-208. 

Reif, J., Marhoul, P. & Koptik, J. (2013): Bird communities in habitats along a successional 

gradient: Divergent patterns of species richness, specialization and threat. Basic and 

Applied Ecology 14 (5): 423-431. 

Riffell, S. K., Keas, B. E. & Burton, T. M. (2001): Area and habitat relationships of birds in 

Great Lakes coastal wet meadows. Wetlands 21 (4): 492-507. 

Rigdon, E. E., Ringle, C. M. & Sarstedt, M. (2010): Structural modeling of heterogeneous data 

with partial least squares. In: Malhotra, N. K. (ed.) Review of Marketing Research. 

Emerald Group Publishing Limited, pp. 255-296. 

Ringle, C. M., Wende, S. & Becker, J.-M. (2015): SmartPLS 3. SmartPLS GmbH, 

Boenningstedt. Version 3.2.3. http://www.smartpls.com. 



122 

 

Ritchie, M. E. (2000): Nitrogen Limitation and Trophic vs. Abiotic Influences on Insect 

Herbivores in a Temperate Grassland. Ecology 81 (6): 1601-1612. 

Rocha, A. V. & Goulden, M. L. (2009): Why is marsh productivity so high? New insights from 

eddy covariance and biomass measurements in a Typha marsh. Agricultural and Forest 

Meteorology 149 (1): 159-168. 

Rosin, Z. M., Skorka, P., Wylegala, P., Krakowski, B., Tobolka, M., Myczko, L., Sparks, T. H. 

& Tryjanowski, P. (2012): Landscape structure, human disturbance and crop 

management affect foraging ground selection by migrating geese. Journal of 

Ornithology 153 (3): 747-759. 

Rotenberry, J. T. (1985): The role of habitat in avian community composition: physiognomy or 

floristics? Oecologia 67 (2): 213-217. 

Rotenberry, J. T. & Wiens, J. A. (1980): Habitat structure, patchiness, and avian communities 

in North American steppe vegetation: a multivariate analysis. Ecology 61 (5): 1228-

1250. 

Rozema, J., Bijwaard, P., Prast, G. & Broekman, R. (1985): Ecophysiological adaptations of 

coastal halophytes from foredunes and salt marshes. In: Beeftink, W. G., Rozema, J. & 

Huiskes, A. H. L. (eds.) Ecology of coastal vegetation: Proceedings of a Symposium, 

Haamstede, March 21–25, 1983. Springer Netherlands, Dordrecht, pp. 499-520. 

Ruess, R. W., Uliassi, D. D., Mulder, C. P. H. & Person, B. T. (1997): Growth responses of 

Carex ramenskii to defoliation, salinity, and nitrogen availability: Implications for 

geese-ecosystem dynamics in western Alaska. Écoscience 4 (2): 170-178. 

Rupp-Armstrong, S. & Nicholls, R. J. (2007): Coastal and estuarine retreat: a comparison of 

the application of managed realignment in England and Germany. Journal of Coastal 

Research 23 (6 (236)): 1418-1430. 

Sanders, D. & Entling, M. H. (2011): Large variation of suction sampling efficiency depending 

on arthropod groups, species traits, and habitat properties. Entomologia experimentalis 

et applicata 138 (3): 234-243. 

Sanderson, R. A., Rushton, S. P., Cherrill, A. J. & Byrne, J. P. (1995): Soil, Vegetation and 

Space: An Analysis of Their Effects on the Invertebrate Communities of a Moorland in 

North-East England. Journal of Applied Ecology 32 (3): 506-518. 

Sauter, A., Korner-Nievergelt, F. & Jenni, L. (2010): Evidence of climate change effects on 

within-winter movements of European Mallards Anas platyrhynchos. Ibis 152 (3): 600-

609. 

Schekkerman, H. & Beintema, A. J. (2007): Abundance of invertebrates and foraging success 

of Black-tailed Godwit Limosa limosa chicks in relation to agricultural grassland 

management. Ardea 95 (1): 39-54. 

Schekkerman, H. & Boele, A. (2009): Foraging in precocial chicks of the black‐tailed godwit 

Limosa limosa: vulnerability to weather and prey size. Journal of Avian Biology 40 (4): 

369-379. 

Schmidt, M. H., Lefebvre, G., Poulin, B. & Tscharntke, T. (2005): Reed cutting affects 

arthropod communities, potentially reducing food for passerine birds. Biological 

Conservation 121 (2): 157-166. 

Schowalter, T. D. (2016): Insect ecology: an ecosystem approach.  Academic Press. 

Schrautzer, J., Asshoff, M. & Müller, F. (1996): Restoration strategies for wet grasslands in 

Northern Germany. Ecological Engineering 7 (4): 255-278. 

Seiberling, S. & Stock, M. (2009): Renaturierung von Salzgrasländern bzw. Salzwiesen der 

Küsten. In: Zerbe, S. & Wiegleb, G. (eds.) Renaturierung von Ökosystemen in 

Mitteleuropa. Spektrum Akademischer Verlag, Heidelberg, pp. 183-208. 

Seibold, S., Gossner, M. M., Simons, N. K., Blüthgen, N., Müller, J., Ambarlı, D., Ammer, C., 

Bauhus, J., Fischer, M., Habel, J. C., Linsenmair, K. E., Nauss, T., Penone, C., Prati, 



123 

 

D., Schall, P., Schulze, E.-D., Vogt, J., Wöllauer, S. & Weisser, W. W. (2019): 

Arthropod decline in grasslands and forests is associated with landscape-level drivers. 

Nature 574 (7780): 671-674. 

Sharps, E., Smart, J., Skov, M. W., Garbutt, A. & Hiddink, J. G. (2015): Light grazing of 

saltmarshes is a direct and indirect cause of nest failure in Common Redshank Tringa 

totanus. Ibis 157 (2): 239-249. 

Shortall, C. R., Moore, A., Smith, E., Hall, M. J., Woiwood, I. P. & Harrington, R. (2009): 

Long-term changes in the abundance of flying insects. Insect Conservation and 

Diversity 2 (4): 251-260. 

Shrubb, M. (1990): Effects of agricultural change on nesting Lapwings Vanellus vanellus in 

England and Wales. Bird Study 37 (2): 115-127. 

Sim, I. M. W., Ludwig, S. C., Grant, M. C., Loughrey, J. L., Rebecca, G. W. & Redpath, S. 

(2013): Seasonal variation in foraging conditions for Ring Ouzels Turdus torquatus in 

upland habitats and their effects on juvenile habitat selection. Ibis 155 (1): 42-54. 

Söchtig, W. & Larink, O. (1992): Effect of soil compaction on activity and biomass of endogeic 

lumbricids in arable soils. Soil Biology and Biochemistry 24 (12): 1595-1599. 

Srivastava, D. S. & Jefferies, R. L. (1996): A Positive Feedback: Herbivory, Plant Growth, 

Salinity, and the Desertification of an Arctic Salt-Marsh. Journal of Ecology 84 (1): 31-

42. 

Stanton, R. L., Morrissey, C. A. & Clark, R. G. (2018): Analysis of trends and agricultural 

drivers of farmland bird declines in North America: A review. Agriculture, Ecosystems 

& Environment 254: 244-254. 

Sterr, H. (2008): Assessment of Vulnerability and Adaptation to Sea-Level Rise for the Coastal 

Zone of Germany. Journal of Coastal Research 24 (2): 380-393. 

Stewart, K. E. J., Bourn, N. A. D. & Thomas, J. A. (2001): An evaluation of three quick methods 

commonly used to assess sward height in ecology. Journal of Applied Ecology 38 (5): 

1148-1154. 

Stoate, C., Boatman, N. D., Borralho, R. J., Carvalho, C. R., Snoo, G. R. d. & Eden, P. (2001): 

Ecological impacts of arable intensification in Europe. Journal of Environmental 

Management 63 (4): 337-365. 

Stovold, R. J., Whalley, W. R., Harris, P. J. & White, R. P. (2004): Spatial variation in soil 

compaction, and the burrowing activity of the earthworm Aporrectodea caliginosa. 

Biology and fertility of soils 39 (5): 360-365. 

Strack, M., Waddington, J., Turetsky, M., Roulet, N. & Byrne, K. (2008): Northern peatlands, 

greenhouse gas exchange and climate change. Peatlands and climate change: 44-69. 

Südbeck, P., Andretzke, H., Fischer, S., Gedeon, K., Schikore, T., Schröder, K. & Sudfeldt, C. 

(2005): Methodenstandards zur Erfassung der Brutvögel Deutschlands. Radolfzell. 

Südbeck, P., Bauer, H.-G., Boschert, M., Boye, P. & Knief, W. (2007): Rote Liste der Brutvögel 

Deutschlands, 4. Fassung, 30. November 2007. Berichte zum Vogelschutz 44: 23-81. 

Summers, R. W. & Stansfield, J. (1991): Changes in the Quantity and Quality of Grassland Due 

to Winter Grazing by Brent Geese (Branta Bernicla). Agriculture Ecosystems & 

Environment 36 (1-2): 51-57. 

Symonds, M. R. E. & Moussalli, A. (2011): A brief guide to model selection, multimodel 

inference and model averaging in behavioural ecology using Akaike’s information 

criterion. Behavioral Ecology and Sociobiology 65 (1): 13-21. 

Tanneberger, F., Tegetmeyer, C., Dylawerski, M., Flade, M. & Joosten, H. (2009): 

Commercially cut reed as a new and sustainable habitat for the globally threatened 

Aquatic Warbler. Biodiversity and Conservation 18 (6): 1475-1489. 

The BACC II Author Team. (2015): Second Assessment of Climate Change for the Baltic Sea 

Basin.  Springer, Cham, Switzerland. 



124 

 

Timmermann, T., Margóczi, K., Takács, G. & Vegelin, K. (2006): Restoration of peat-forming 

vegetation by rewetting species-poor fen grasslands. Applied Vegetation Science 9 (2): 

241-250. 

Tombre, I. M., Eythórsson, E. & Madsen, J. (2013): Towards a Solution to the Goose-

Agriculture Conflict in North Norway, 1988–2012: The Interplay between Policy, 

Stakeholder Influence and Goose Population Dynamics. PLOS ONE 8 (8): e71912. 

Tombre, I. M., Tommervik, H. & Madsen, J. (2005): Land use changes and goose habitats, 

assessed by remote sensing techniques, and corresponding goose distribution, in 

Vesteralen, Northern Norway. Agriculture Ecosystems & Environment 109 (3-4): 284-

296. 

Trimble, S. W. & Mendel, A. C. (1995): The cow as a geomorphic agent — A critical review. 

Geomorphology 13 (1): 233-253. 

Tscharntke, T., Klein, A. M., Kruess, A., Steffan-Dewenter, I. & Thies, C. (2005): Landscape 

perspectives on agricultural intensification and biodiversity – ecosystem service 

management. Ecology Letters 8 (8): 857-874. 

Vadász, C., Német, Á., Biró, C. & Csörgő, T. (2008): The effect of reed cutting on the 

abundance and diversity of breeding passerines. Acta Zoologica Academiae 

Scientiarum Hungaricae 54 (Suppl 1): 177-188. 

van den Wyngaert, I. J. J., Wienk, L. D., Sollie, S., Bobbink, R. & Verhoeven, J. T. A. (2003): 

Long-term effects of yearly grazing by moulting Greylag geese (Anser anser) on reed 

(Phragmites australis) growth and nutrient dynamics. Aquatic Botany 75 (3): 229-248. 

van der Graaf, A. J., Bos, D., Loonen, M. J. J. E., Engelmoer, M., Drent, R. H. & van der 

Maarel, E. (2002): Short-term and long-term facilitation of goose grazing by livestock 

in the Dutch Wadden Sea area. Journal of Coastal Conservation 8 (2): 179-188. 

van der Graaf, A. J., Stahl, J. & Bakker, J. P. (2005): Compensatory growth of Festuca rubra 

after grazing: can migratory herbivores increase their own harvest during staging? 

Functional Ecology 19 (6): 961-969. 

van der Graaf, A. J., Stahl, J., Veeneklaas, R. M. & Bakker, J. P. (2007): Vegetation 

characteristics of a brackish marsh on Gotland and foraging choices of migrating and 

brood rearing geese. Annales Botanici Fennici 44 (1): 33-41. 

van der Vliet, R. E., Schuller, E. & Wassen, M. J. (2008): Avian predators in a meadow 

landscape: consequences of their occurrence for breeding open-area birds. Journal of 

Avian Biology 39 (5): 523-529. 

van der Vliet, R. E., van Dijk, J. & Wassen, M. J. (2010): How different landscape elements 

limit the breeding habitat of meadow bird species. Ardea 98 (2): 203-209. 

van Dijk, J., van der Vliet, R. E., de Jong, H., van Emmichoven, M. J. Z., van Hardeveld, H. 

A., Dekker, S. C. & Wassen, M. J. (2015): Modeling direct and indirect climate change 

impacts on ecological networks: a case study on breeding habitat of Dutch meadow 

birds. Landscape Ecology 30 (5): 805-816. 

van Dyck, H., van Strien, A. J., Maes, D. & van Swaay, C. A. M. (2009): Declines in Common, 

Widespread Butterflies in a Landscape under Intense Human Use. Conservation 

Biology 23 (4): 957-965. 

van Eerden, M. R., Drent, R. H., Stahl, J. & Bakker, J. P. (2005): Connecting seas: western 

Palaearctic continental flyway for water birds in the perspective of changing land use 

and climate. Global Change Biology 11 (6): 894-908. 

van Eerden, M. R., Zijlstra, M., Van Roomen, M. & Timmerman, A. (1996): The response of 

Anatidae to changes in agricultural practice: long term shifts in the carrying capacity 

for wintering waterfowl. Gibier Faune Sauvage 13: 681-706. 



125 

 

van Klink, R., Schrama, M., Nolte, S., Bakker, J. P., WallisDeVries, M. F. & Berg, M. P. 

(2015): Defoliation and Soil Compaction Jointly Drive Large-Herbivore Grazing 

Effects on Plants and Soil Arthropods on Clay Soil. Ecosystems 18 (4): 671-685. 

Verhulst, J., Kleijn, D., Loonen, W., Berendse, F. & Smit, C. (2011): Seasonal distribution of 

meadow birds in relation to in-field heterogeneity and management. Agriculture, 

Ecosystems & Environment 142 (3): 161-166. 

Vickery, J. A. & Summers, R. W. (1992): Cost-Effectiveness of Scaring Brent Geese Branta 

Bernicla Bernicla from Fields of Arable Crops by a Human Bird Scarer. Crop Protection 

11 (5): 480-484. 

Vickery, J. A., Sutherland, W. J. & Lane, S. J. (1994): The Management of Grass Pastures for 

Brent Geese. Journal of Applied Ecology 31 (2): 282-290. 

Vickery, J. A., Sutherland, W. J., OBrien, M., Watkinson, A. R. & Yallop, A. (1997): Managing 

coastal grazing marshes for breeding waders and overwintering geese: Is there a 

conflict? Biological Conservation 79 (1): 23-34. 

Vickery, J. A., Tallowin, J. R., Feber, R. E., Asteraki, E. J., Atkinson, P. W., Fuller, R. J. & 

Brown, V. K. (2001): The management of lowland neutral grasslands in Britain: effects 

of agricultural practices on birds and their food resources. Journal of Applied Ecology 

38 (3): 647-664. 

Villalobos, F., Lira-Noriega, A., Soberon, J. & Arita, H. T. (2013): Range-diversity plots for 

conservation assessments: Using richness and rarity in priority setting. Biological 

Conservation 158: 313-320. 

Vökler, F. (2014): Zweiter Atlas der Brutvögel des Landes Mecklenburg-Vorpommern.  

Ornithologische Arbeitsgemeinschaft Mecklenburg-Vorpommern (OAMV) e.V., 

Greifswald. 

von Drachenfels, O. (2021): Kartierschlüssel für Biotoptypen in Niedersachsen unter 

besonderer Berücksichtigung der gesetzlich geschützten Biotope sowie der 

Lebensraumtypen von Anhang I der FFH-Richtlinie, Stand März 2021.  

Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten-und Naturschutz, 

Hannover. 

Voslamber, B. & Vulink, J. T. (2010): Experimental manipulation of water table and grazing 

pressure as a tool for developing and maintaining habitat diversity for waterbirds. Ardea 

98 (3): 329-338. 

Wagner, D. L. (2020): Insect Declines in the Anthropocene. Annual Review of Entomology 65 

(1): 457-480. 

Wakeham-Dawson, A., Szoszkiewicz, K., Stern, K. & Aebischer, N. J. (1998): Breeding 

skylarks Alauda arvensis on Environmentally Sensitive Area arable reversion grass in 

southern England: survey-based and experimental determination of density. Journal of 

Applied Ecology 35 (5): 635-648. 

Walton, K. C. (1979): Diet of Meadow Pipits Anthus Pratensis on Mountain Grassland in 

Snowdonia. Ibis 121 (3): 325-329. 

Washburn, B. E. & Seamans, T. W. (2012): Foraging preferences of Canada geese among 

turfgrasses: Implications for reducing human-goose conflicts. Journal of Wildlife 

Management 76 (3): 600-607. 

Weiher, E., Werf, A. v. d., Thompson, K., Roderick, M., Garnier, E. & Eriksson, O. (1999): 

Challenging Theophrastus: A Common Core List of Plant Traits for Functional 

Ecology. Journal of Vegetation Science 10 (5): 609-620. 

Whelan, C. J., Tomback, D. F., Kelly, D. & Johnson, M. D. (2016): Trophic Interaction 

Networks and Ecosystem Services. In: Sekercioglu, C. H., Wenny, D. G. & Whelan, C. 

J. (eds.) Why Birds Matter: Avian Ecological Function and Ecosystem Services. 

University of Chicago Press, Chicago, IL. 



126 

 

Whittingham, M. J. & Evans, K. L. (2004): The effects of habitat structure on predation risk of 

birds in agricultural landscapes. Ibis 146: 210-220. 

Wiggers, J., van Ruijven, J., Berendse, F. & de Snoo, G. R. (2016): Effects of grass field margin 

management on food availability for Black-tailed Godwit chicks. Journal for Nature 

Conservation 29: 45-50. 

Williams, J. H. & Madsen, J. (2013): Stakeholder Perspectives and Values when Setting 

Waterbird Population Targets: Implications for Flyway Management Planning in a 

European Context. PLOS ONE 8 (11): e81836. 

Willson, M. F. (1974): Avian Community Organization and Habitat Structure. Ecology 55 (5): 

1017-1029. 

Wilson, J. D., Morris, A. J., Arroyo, B. E., Clark, S. C. & Bradbury, R. B. (1999): A review of 

the abundance and diversity of invertebrate and plant foods of granivorous birds in 

northern Europe in relation to agricultural change. Agriculture Ecosystems & 

Environment 75 (1-2): 13-30. 

Wisz, M., Dendoncker, N., Madsen, J., Rounsevell, M., Jespersen, M., Kuijken, E., Courtens, 

W., Verscheure, C. & Cottaar, F. (2008): Modelling pink-footed goose (Anser 

brachyrhynchus) wintering distributions for the year 2050: potential effects of land-use 

change in Europe. Diversity and Distributions 14 (5): 721-731. 

Wuczyński, A., Dajdok, Z., Wierzcholska, S. & Kujawa, K. (2014): Applying red lists to the 

evaluation of agricultural habitat: regular occurrence of threatened birds, vascular 

plants, and bryophytes in field margins of Poland. Biodiversity and Conservation 23 (4): 

999-1017. 

Ydenberg, R. C. & Prins, H. H. T. (1981): Spring Grazing and the Manipulation of Food Quality 

by Barnacle Geese. Journal of Applied Ecology 18 (2): 443-453. 

Zacheis, A., Hupp, J. W. & Ruess, R. W. (2001): Effects of migratory geese on plant 

communities of an Alaskan salt marsh. Journal of Ecology 89 (1): 57-71. 

Zuur, A. F., Ieno, E. N. & Elphick, C. S. (2010): A protocol for data exploration to avoid 

common statistical problems. Methods in Ecology and Evolution 1 (1): 3-14. 

Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A. & Smith, G. M. (2009): Mixed Effects 

Models and Extensions in Ecology with R.  Springer, New York. 

 

  



127 

 

List of figures 

Figure 1.1: Visualisations of the three COMTESS land use scenarios, from top to bottom: water 

management, carbon sequestration, trend scenario. The situation at the North Sea coast is 

shown on the left, where a polder is created between two dikes. At the Baltic Sea coast on the 

right, the main dike is relocated to protect settlements. In the trend scenario, the dike is located 

at its current position. .............................................................................................................. 10 

Figure 1.2: Location of the study plots within the COMTESS project framework .................. 13 

Figure 1.3: Overview of the abiotic, biotic and management variables studied in this thesis 

(white boxes) and their interactions and effects on bird species in coastal landscapes (arrows). 

Numbers in the arrows indicate the chapter in which the respective relationship is explored.

 .................................................................................................................................................. 14 

Figure 2.1: General overview of parameters that were included in our study. Abiotic and land 

use drivers are hypothesized to influence the bird community directly and indirectly through 

soil and vegetation properties. ................................................................................................. 21 

Figure 2.2: Hypothesized model of relationships between environmental, soil and plant 

parameters and bird species richness and value. Variables in rectangles are directly measured 

(=manifest) variables, variables surrounded by an ellipse are latent variables, composed of 

several indicators. The arrows show assumed relationships that are described in Tab. 2.3, + or 

- next to the arrow indicates a hypothesized positive or negative impact of the effect variable 

on the response variable. For explanation of variable names and indicators of latent variables 

see Tab.2.2. ............................................................................................................................... 27 

Figure 2.3: Final model with significant (p< 0.05) direct effects. Standardized regression 

coefficients are given along the arrows, arrow width is proportional to the regression 

coefficient. The explained variance of each variable (R2) is given under the variable name. For 

variable names and explanations of latent variables, see Tab. 2.2. ........................................ 31 

Figure 2.4: Bird species richness (left panel) and bird value (right panel) plotted against latent 

variable scores of the variable „land use“, combining the parameters grazing intensity, 

mowing frequency, amount of fertilizer applied and removed biomass. Point symbols indicate 

the vegetation type of the respective plot: white circles represent freshwater grasslands, dark 

grey triangles represent brackish grasslands, black diamonds represent salt marshes (only 

present in the North Sea region) and light grey squares represent reed stands. Lines show the 

regression for all plots irrespective of vegetation type and the shaded area around the line 

indicates the 95% confidence interval. .................................................................................... 33 

Figure 3.1: Position of the study plots (black squares) at the North Sea coast, close to 

Oldenburg and at the Baltic Sea coast (country borders made with Natural Earth). ............. 43 

Figure 3.2: Ordination diagrams of CCA of soil invertebrate biomass (biplots). Red crosses in 

the left diagram show the position of species (response variables) in the ordination. The blue 

arrow shows the explanatory variable soil compaction. Positions of study plots are shown in 

the left diagram, with squares representing North Sea plots, triangles Baltic Sea plots and 

circles Oldenburg plots. ........................................................................................................... 49 



128 

 

Figure 3.3: Ordination diagram of CCA of vegetation-dwelling invertebrate biomass (biplots). 

Red crosses in the left plot show the position of species (response variables). Blue arrows show 

the direction of explanatory variables soil compaction and soil pH. Positions of study plots are 

shown in the left diagram, with squares representing North Sea plots, triangles Baltic Sea plots 

and circles Oldenburg plots. .................................................................................................... 49 

Figure 3.4: Relationship between the biomass of vegetation-dwelling invertebrates per m2 and 

plot and the log-transformed total number of breeding pairs per hectare on the left and the total 

number of species (all farmland bird species) per hectare on the right. The blue lines indicate 

the respective linear regression lines: left plot: F= 7.37, p= 0.01, n= 30, R2= 0.18, right plot: 

F= 4.71, p= 0.04, n= 30, R2= 0.11. ........................................................................................ 50 

Figure 3.5: Effect of vegetation height, soil compaction and soil pH on the prevalence of 

Northern Lapwings (n=20), Black-tailed Godwits (n=20) and Meadow Pipits (n=30). Dots 

represent the data points measured on the study plots, the blue lines give the regression lines 

from the logistic regression models (for model estimates and parameters see Tab 3.4). When 

there was a significant (p< 0.05) effect of region in the model, different regression lines for 

each regions are shown. In these cases, the dotted line gives the regression curve for North Sea 

plots and the solid line for Oldenburg plots. ............................................................................ 52 

Figure 3.6: Overview of the framework and the results of our study. Arrows indicate significant 

effects of one variable on another. Dashed arrows show effects of a whole group (here: 

aboveground invertebrates) in contrast to effects of a single variable or genus which are shown 

as solid arrows. The colour of the arrows matches the colour of the variable group where it 

originates. ................................................................................................................................. 54 

Figure 4.1: Position of study plots (black flags), roads (dark grey lines), lakes (dark blue areas), 

and Special Protection Areas (SPAs) under the EU Birds Directive (striped green areas) in the 

study region. Roads: OpenStreetMap Foundation (2016), SPAs: Staatliche Vogelschutzwarte 

(NLWKN 2015). ........................................................................................................................ 63 

Figure 4.2: Sum of goose minutes per square meter on all plots at biweekly intervals for two 

consecutive winters (left axis, bars) and daily mean temperature (right axis, lines). Black bars 

and line give the numbers for winter 2011/12, grey bars and line for winter 2012/13. Stars 

indicate where only data from one of the two years is present. ............................................... 70 

Figure 4.3: Biomass removal by geese during two consecutive winters on grassland plots, 

measured as the reduction of living aboveground biomass in April on grazed plots compared 

to ungrazed exclosures on the same study plots. Black circles represent plots from the first 

winter (2011/12), grey triangles represent plots studied during the winter 2012/13. The black 

line gives the regression line of the two years combined (F= 17.77, p= 0.0004, n= 22, 

R2= 0.44), the grey area is the 95% confidence interval. ....................................................... 72 

Figure 4.4: Pairwise differences in A: protein, B: fibre, C: NEL (net energy lactation), D: fat, 

E: sugar, and F: ash content of vegetation cut inside and outside goose exclosures in April 

2013 plotted against goose grazing intensity (sum of goose minutes per square meter over the 

months from November to beginning of April). Positive y-values in orange indicate a higher 

content inside the exclosures than outside, negative y-values in green show a lower content 

inside the exclosure. Regression lines were drawn if the slope of the regression line was 

significantly different from 0 (p-value ≤ 0.05). The grey area is the 95% confidence interval.

 .................................................................................................................................................. 74 



129 

 

Figure 5.1: Photos of the seven habitat types to which the COMTESS study plots were assigned. 

From top to bottom: (IG): improved grassland, (SG): wet/semi-improved grassland, (BG): 

brackish grassland, (SM): salt marsh (only present at the North Sea coast), (BR): brackish 

reedbed, (FR): freshwater reedbed, (RS): reedbed with scrub encroachment. Photos from the 

North Sea coast are on the left, Baltic Sea coast on the right. ................................................. 83 

Figure 5.2: Groundwater level, conductivity as a proxy for salinity of groundwater and land 

use intensity index of seven habitat types. For each plot, the average groundwater level and 

conductivity over a period from March to October 2012 are given. Information on stocking 

density, mowing frequency and the amount of fertilizer applied on the plots was recorded in 

2012 and combined into a land use intensity index following Blüthgen et al. (2012). Sample 

sizes per habitat type are specified in Tab. 5.1. Due to missing land use information on 4 plots 

in total, the sample size for improved grassland is 1 and for brackish grassland 18 in the 

calculation of the land use intensity index. .............................................................................. 86 

Figure 5.3: Prevalence of 38 bird species recorded as breeding on our study plots between 

2011 and 2013 (only bird species recorded on more than one plot per year are included). For 

clarity, species are grouped according to their maximum prevalence and taxonomic group, if 

necessary. A): grassland species, B): salt marsh species, C): songbird species and D): raptor 

and waterbird species of brackish and freshwater reed, E): warbler of the genera Acrocephalus, 

Sylvia and Locustella and F): other species of reed with scrub encroachment. ...................... 89 

Figure 5.4: Total number of species recorded as breeding birds per habitat type. Colours 

indicate the categories of the German Red List of breeding birds (Grüneberg et al. 2016). These 

categories correspond to IUCN Red List categories as follows: 1= critically endangered, 2= 

endangered, 3=vulnerable, V= near threatened, none= least concern. .................................. 89 

Figure 5.5: Red List index of the seven habitat types. ............................................................. 90 

Figure 5.6: Total number of breeding bird species per habitat type, including species actually 

recorded during the breeding bird surveys (lower dark grey bars, see Fig. 4) and potential 

additional species according to Tab. 2. Colours indicate the additional species' categories on 

the German Red List of breeding birds (Grüneberg et al. 2016). These categories correspond 

to IUCN Red List categories as follows: 1= critically endangered, 2= endangered, 

3=vulnerable, V= near threatened, none= least concern. ....................................................... 93 

Figure 5.7: Visualisation of the water management scenario (image: M. Kleyer). ................ 95 

Figure 5.8: Visualisation of the carbon sequestration scenario (image: M. Kleyer). ............. 96 

Figure 5.9: Visualisation of the trend scenario (image: M. Kleyer). ....................................... 96 

 

  



130 

 

  



131 

 

List of tables 

Table 2.1: Breeding bird species included in the threat index calculated after Behm & Krüger 

(2013), listed as Vulnerable, Endangered or Critically Endangered on the German red list 

(Südbeck et al. 2007). Their national red list status and the IUCN category that corresponds to 

the respective red list status are given. German red list categories correspond to the following 

IUCN categories: 1= Critically Endangered, 2= Endangered, 3= Vulnerable. For a list of all 

species recorded on the plots see Appendix Tab. 6.1. .............................................................. 23 

Table 2.2: model parameters: variable (CWM: community weighted mean), name in model, 

unit ............................................................................................................................................ 26 

Table 2.3: Hypotheses for all relationships specified in the hypothesized model. + or - indicate 

either a positive or negative relationship of the effect variable on the response variable. 

References for each explanation of the relationship are given in the respective row. ............ 28 

Table 2.4: Standardized total effects in the final model significant at p< 0.05. Numbers are the 

regression coefficients of the variable in each row on the variable in the respective column. 31 

Table 2.5: Predictive relevance (q2) of variables in rows for variables in columns, estimated 

by blindfolding procedure. According to Hair et al. (2013), values of 0.02, 0.15 and 0.35 for a 

variable indicate a small, medium and large predictive relevance, respectively. In this table, 

only values for q2 > 0.02 are shown, because for values below that threshold, the predictive 

power of a variable might not be different from zero. ............................................................. 32 

Table 3.1: Abiotic and biotic plot characteristics compared between study regions. Mean 

values, standard error and range are given for each region, letters in superscript denote 

significant (p< 0.05) differences between regions according to pairwise Wilcoxon tests with a 

Holm correction of p values for sequential testing. ................................................................. 47 

Table 3.2: Overview of biomass of the different groups of invertebrates sampled and their total 

number. Note that soil invertebrates were weighed alive (i.e. fresh weight) whereas vegetation-

dwelling invertebrates were dried before weighing. All weights are calculated per square 

meter. ........................................................................................................................................ 48 

Table 3.3: Results of Mann-Whitney U-tests for differences in aboveground invertebrate 

abundance between plots where the respective bird species was present or absent. Only results 

for tests where p≤ 0.05 are given. ............................................................................................ 51 

Table 3.4: Summary of univariate logistic regression models explaining the prevalence of 

Northern Lapwing, Black-tailed Godwit and Meadow Pipit shown in Fig. 3.5. The estimate β 

for each explanatory variable is given with its standard error (SE), the z value and its 

corresponding significance level from the Wald test. Nagelkerke's R2 and the likelihood ratio 

and corresponding significance level were computed to check overall model performance. The 

converted odds ratio eβ is given instead of β for easier interpretability. eβ equals the factor by 

which the modelled odds change when the explanatory variable is increased by 1 unit. The 

following symbols indicate the significance level for β and the likelihood ratio: 0.1≥ p> 0.05: 
+, 0.05≥ p >0.01: *, p≤ 0.01: ** .............................................................................................. 53 

Table 4.1: Land use and vegetation variables used as explanatory variables to analyse goose 

foraging habitat choice. Variables are given with their respective unit, minimum, maximum and 



132 

 

mean value with standard deviation (SD) during the study period. ANPP= aboveground net 

primary productivity. ................................................................................................................ 66 

Table 4.2: Overview of the models, their respective variance structures and sample sizes. 

ANPP= aboveground net primary productivity, NEL= net energy lactation. For an explanation 

of different variance structures, see methods: statistical analyses section. ............................. 69 

Table 4.3: Summary of the models in the first analysis step ranked by their AIC (Akaike 

Information Criterion). Models are given with their respective adjusted R2, p-value and AIC. 

For each parameter in the model, its estimate with standard error (SE) and p-value are shown. 

Parameter estimates significant at p≤0.05 are printed in bold. ANPP= aboveground net 

primary productivity. ................................................................................................................ 71 

Table 4.4: Summary of all models in the analysis of the effect of goose grazing on plant 

nutrients. The dependent variable of each model is given in the first column, the independent 

variable is the sum of goose minutes per plot and m2 in each model. To test overall significance 

of the models, they were compared to corresponding null models (χ2- value, degrees of freedom 

(df) and p-value of this test are given for each of the models). For each model result, the 

respective parameter estimate and standard error (SE), t-value and p-value are shown. 

Parameters and models that are significant at p≤0.05 are printed in bold. NEL= net energy 

lactation. ................................................................................................................................... 73 

Table 5.1: Overview of all vegetation types found on the COMTESS plots, habitat types defined 

by us and the respective sample size (number of plots per habitat type) and mean plot size. 

Abbreviations in brackets in the habitat type column refer to the respective photos in Fig. 5.1. 

For a list of vegetation types in German and corresponding characteristic species see Appendix 

Tab. 6.3. .................................................................................................................................... 82 

Table 5.2: Potential additional breeding bird species in our breeding bird communities. Species 

marked with an asterisk have been recorded as a breeding bird species on only one study plot 

and were therefore excluded from the species composition analysis in 5.2.2. ........................ 92 

Table 6.1: List of all bird species recorded on the study plots as breeding birds and their red 

list category on the two German red lists of 2007 (Südbeck et al. 2007) and 2016 (Grüneberg 

et al. 2016) that were used in the analyses in this thesis. Bird species are listed in systematic 

order following Barthel & Krüger (2019). ............................................................................. 101 

Table 6.2: Vegetation measurements inside and outside goose exclosures ........................... 103 

Table 6.3: List of all COMTESS plot vegetation types, the original vegetation type in German 

and its characteristic plant species according to the German vegetation classification key for 

Lower Saxony (von Drachenfels 2021). ................................................................................. 103 

  



133 

 

Affiliation of co-authors 

Miguel Angel Cebrián-Piqueras, Institute of Environmental Planning, Leibniz University 

Hannover, 30060 Hannover, Germany 

Benjamin Gnep, Schutzstation Wattenmeer, Hafenstraße 3, 25813 Husum, Germany 

Michael Kleyer, Landscape Ecology Group, University of Oldenburg, 26111 Oldenburg, 

Germany 

Martin Maier, Landscape Ecology Group, University of Oldenburg, 26111 Oldenburg, 

Germany 

Julia Stahl, Sovon Dutch Centre for Field Ornithology, Postbus 6521, 6503 GA Nijmegen, the 

Netherlands 

Anastasia Trenkamp, Institute of Biology and Chemistry, University of Hildesheim, 31141 

Hildesheim, Germany 

Juliane Trinogga, Landscape Ecology Group, University of Oldenburg, 26111 Oldenburg, 

Germany 

 

 

 

 

 

  



134 

 

Authors' contributions 

Chapter 2: Direct and indirect effects of land management on threatened birds in coastal 

habitats 

Celia Grande, Julia Stahl, Martin Maier, Miguel A. Cebrián-Piqueras, Anastasia Trenkamp, 

Juliane Trinogga, Michael Kleyer. Submission in preparation. 

CG and JS conceived and planned the study. MM and MK selected the study plots. MC, AT 

and JT collected hydrological, soil, vegetation and human land use data, CG collected bird data. 

CG conducted the analysis, prepared graphs and tables and wrote the initial manuscript. JS, 

MM, MC, AT, JT and MK contributed to the revision of the manuscript. 

 

Chapter 3: Measuring effects of food abundance on breeding farmland birds 

Celia Grande, Benjamin Gnep, Martin Maier, Julia Stahl. Submission in preparation. 

CG and JS conceived and planned the study. CG and BG collected data. CG conducted the 

analysis, prepared graphs and tables and wrote the initial manuscript. MM and JS contributed 

to the revision of the manuscript. 

 

Chapter 4: Wintering geese on agricultural grasslands modify forage quality through 

grazing 

Celia Grande, Martin Maier, Julia Stahl. Submission in preparation. 

CG and JS conceived and planned the study. CG conducted the field experiment and collected 

data. CG conducted the analysis, prepared graphs and tables and wrote the initial manuscript. 

MM and JS contributed to the revision of the manuscript. 

 

  



135 

 

Curriculum vitae 

Personal Data 

Name    Celia Grande 

Date and place of birth March 12th 1985, Kassel, Germany 

Address   Ehnernstraße 11, 26121 Oldenburg, Germany 

Phone    +49 (0)441 18068769 

Email    celia.grande@uni-oldenburg.de 

 

Education 

since 2011 PhD student, Landscape Ecology Group, Carl-von-Ossietzky-University 

of Oldenburg in the research project COMTESS: Sustainable Coastal Land 

Management: Trade-offs in Ecosystem Services 

 Thesis: "Effects of sustainable coastal land management strategies at the 

German coast - The interplay between birds, invertebrates and plants" 

2008-2011 Master of Ecology, University of Bremen 

 Thesis in cooperation with Centre for Wildlife Ecology, Department of 

Biological Sciences, Simon Fraser University Vancouver, Canada: 

„Reproductive Consequences of Dispersal Decisions in Yellow Warblers 

(Dendroica petechia)“ 

2005-2008 Bachelor of Biology, University of Bremen 

 Thesis in cooperation with the Institute of Avian Research, 

Wilhelmshaven: “Stopover Ecology of Northern Wheatears (Oenanthe 

oenanthe) on Helgoland During Spring Migration: Does the Departure 

Direction of Scandinavian and Nearctic Breeders Differ?” 

2004 Abitur, Wildermuth-Gymnasium, Tübingen 

 

Research and professional experience 

since 2008 Freelance work: Bird surveys on- and offshore 

2015-2019 Research assistant, project manager: Effects of agricultural management 

and wind turbines on habitat use and flight heights of Marsh harriers 

Circus aeruginosus in a wind farm in NW Germany, University of 

Oldenburg 

2011-2015 Research assistant: COMTESS (Sustainable Coastal Land Management: 

Trade-offs in Ecosystem Services) project, University of Oldenburg 

2004-2005 Voluntary Ecological Year (FÖJ), Institute of Avian Research 

"Vogelwarte Helgoland", Helgoland 

 



136 

 

Conferences and workshops 

2016 Final Conference BMBF Research Programme "Sustainable Land 

Management", Berlin: "Effects of land use change on breeding birds in 

coastal habitats" (Poster) 

2014 26th International Ornithological Congress, Tokyo, Japan: "Consequences 

of Land Use Change for Breeding Birds at the German Coast" (Talk) 

2014  DOG Annual Meeting, Bielefeld: "Effects of land use change on 

threatened bird species at the German coast" (Poster) 

2013 Sustainable Land Management Status Conference, Berlin: "Effects of 

goose grazing on agricultural grassland in East Frisia" (Poster) 

2013 GfÖ (Ecological Society of Germany, Austria and Switzerland) Annual 

Meeting, Potsdam: "Scenarios of coastal land use change and 

consequences for breeding birds at the German coast" (Talk) 

2013 Coastal Ecology Workshop, Spiekeroog: "Effects of land use intensity on 

habitat structure and food supply for meadow birds on coastal grasslands" 

(Talk) 

2012 Deutsches See- und Küstenvogelkolloquium (AG Seevogelschutz), 

List/Sylt: "Wintering Arctic Geese on Coastal Grasslands: a Field 

Experiment on Damage and Benefit" (Talk) 

2012 Coastal Ecology Workshop, Lauwersoog, The Netherlands: "Agricultural 

damage and benefits of wintering arctic geese on coastal grasslands" 

(Talk) 

2011 Coastal Ecology Workshop, Antwerp, Belgium: "Plant-bird interactions 

and the effects of sustainable coastal land management on avian 

biodiversity" (Poster) 

2010 DOG Annual Meeting, Helgoland: „Reproductive Consequences of 

Dispersal Decisions in Yellow Warblers" (Talk) 

2008 DOG (German Ornithologists Society) Annual Meeting, Bremen: "Do 

Departure Directions of Scandinavian and Nearctic Northern Wheatears 

Differ on Helgoland in Spring?" (Talk) 

  



137 

 

Publications 

2018 Düttmann H., Grande, C. & Düttmann, J.: Flash in the pan: how grassland 

renewal affects reproduction of Northern Lapwings Vanellus vanellus, 

Bird Study, 65(4): 516-524, DOI: 10.1080/00063657.2018.1561644. 

2018 Grande, C.: Unterscheidet sich das Kollisionsrisiko von Rohrweihen an 

Windenergieanlangen zwischen Männchen und Weibchen? Vogelwarte 

56(4): 398-399. 

2017 Cebrián-Piqueras, M.A., Trinogga, J., Grande, C., Minden, V., Maier, M. 

& Kleyer, M.: Interactions between ecosystem properties and land use 

clarify spatial strategies to optimize trade-offs between agriculture and 

species conservation. International Journal of Biodiversity Science, 

Ecosystem Services & Management, 13, 53-66. 

2014 Grande, C., Maier, M. & Stahl, J.: Auswirkungen von 

Landnutzungsänderungen auf bedrohte Vogelarten der deutschen Küste. 

Vogelwarte 52(4): 253-254. 

2014 Grande, C., Stahl, J.: Arktische Gänse als Wintergäste auf Grünland: ein 

Geländeexperiment zu landwirtschaftlichem Schaden. Corax 22, 

Sonderheft 1: 61-65. 

2011 Schmaljohann, H., Becker, P., Karaardic, H., Liechti, F., Naef-Daenzer, 

B., Grande, C.: Nocturnal exploratory flights, departure time, and 

direction in a migratory songbird. Journal of Ornithology 152(2): 439-

452. 

2010 Grande, C. & Green, D.: Reproduktive Konsequenzen des 

Abwanderungsverhaltens beim Goldwaldsänger. Vogelwarte 48(4): 386. 

2008 Grande, C., Bairlein, F., Naef-Daenzer, B. & Schmaljohann, H. (2008): 

Trennen sich auf dem Heimweg die Zugwege der skandinavischen und 

der isländisch/grönländischen Steinschmätzer auf Helgoland? 

Vogelwarte 46(4): 309-310. 

   



138 

 

 

  



139 

 

Danksagung 

Viele Menschen haben mich in der Zeit meiner Doktorarbeit begleitet und zu ihrem Gelingen 

beigetragen. Bei ihnen allen möchte ich mich ganz herzlich bedanken! 

Julia Stahl danke ich für die Betreuung und Motivation in allen Phasen der Doktorarbeit. Vielen 

Dank, Julia, dass Du mir auch über die Entfernung hinweg engagiert und geduldig dabei 

geholfen hast, die Doktorarbeit fertigzustellen! 

Bei Michael Kleyer bedanke ich mich für die Betreuung, die guten Anregungen und die Geduld 

mit mir. Vielen Dank Michael, für Dein Vertrauen und dass Du mir als Ornithologin ein 

Zuhause in Deiner AG gegeben hast! 

Bei Heiko Schmaljohann bedanke ich mich für die Übernahme des Zweitgutachtens. Vielen 

Dank, Heiko, für all das, was Du mir in den letzten Jahren über Ornithologie und 

wissenschaftliches Arbeiten beigebracht hast! 

Vielen Dank an meine Co-Autoren Martin Maier, Juliane Trinogga, Miguel Cebrián-Piqueras 

und Anastasia Trenkamp für wertvolle Anregungen, Anmerkungen und Korrekturen.  

Danke an die anderen COMTESS-Partner, besonders an Silke Eilers, Camilla Fløjgaard, Leena 

Karrasch, Stefan Koch, Hanna Timmermann und Sarah Witte, für die Erhebung von Daten, 

Hilfe im Feld, bei der Auswertung und wertvolle Hinweise. 

Vielen Dank an alle Hiwis, Praktikanten und Studenten, die bei der Datenerhebung für diese 

Doktorarbeit mitgeholfen haben, vor allem an Benjamin Gnep, Kerstin Menke, Christina Beyer, 

Nadine Gohlike, Tim Aussieker und Dennis Franke. Ein besonderer Dank geht an Manuela 

Voßkuhl für die Unterstützung bei der Feldarbeit und darüber hinaus. 

Ganz herzlichen Dank an die aktuellen und ehemaligen Mitglieder der AG Landschaftsökologie 

für wertvolle Anregungen zur Datenerhebung oder -auswertung, wertvolle fachliche und 

fachfremde Gespräche, Hilfe bei administrativen Dingen und die berühmten Kaffeepausen: 

Cord Peppler-Lisbach, Rolf Niedringhaus, Brigitte Hülsmann, Helga Hots, Jutta Behrens, 

Daniela Meißner, Angelika Hansel, Natali Könitz, Imke Janssen, Nadine Knipping, Kertu 

Lõhmus, Julia Bass, Tilla Schulte-Ostermann, Hawa Mushi, Lisa Stöckmann, Vanessa Minden 

und Linda Beyer. 

Vielen Dank an meine Freunde für ihren Beistand, besonders an Lena Köhler und Andreea 

Perthen. 

Danke an Jochen Dierschke für das aufmerksame und humorvolle Korrekturlesen. 

Einen besonderen Dank an meine Eltern, Schwestern und meinen Schwiegervater für ihre 

Unterstützung, ihr Interesse und ihre Geduld mit meiner Promotion. Danke für die vielen 

Momente, in denen Ihr nicht gefragt habt: "Wie sieht es denn eigentlich mit Deiner Doktorarbeit 

aus?" 

Tausend Dank an Felix Jachmann für die großartige Mitarbeit bei der Feldarbeit und die 

Unterstützung und Hilfe jederzeit. Danke für Dein unerschütterliches Vertrauen in das Gelingen 

dieser Arbeit!  



140 

 

  



141 

 

Erklärung 

 

gemäß §12 Abs. 2b der Promotionsordnung der Fakultät II - Informatik, Wirtschafts- und 

Rechtswissenschaften (für ihr Department für Informatik), der Fakultät V – Mathematik und  

Naturwissenschaften und der Fakultät VI – Medizin und Gesundheitswissenschaften der Carl 

von Ossietzky Universität Oldenburg vom 05.09.2014 

 

Hiermit erkläre ich, dass ich die Dissertation selbstständig verfasst und nur die angegebenen 

Hilfsmittel und Quellen benutzt habe. Einzelne Kapitel sollen in Fachzeitschriften 

veröffentlicht werden und wurden zur Begutachtung eingereicht. 

 

Außerdem erkläre ich, dass diese Dissertation weder in ihrer Gesamtheit noch in Teilen einer 

anderen Hochschule zur Begutachtung in einem Promotionsverfahren vorliegt oder vorgelegen 

hat. 

 

Ich erkläre, dass ich die Leitlinien guter wissenschaftlicher Praxis der Carl von Ossietzky 

Universität Oldenburg befolgt habe und dass ich im Zusammenhang mit dem 

Promotionsverfahren keine kommerziellen Vermittlungs- oder Beratungsdienste in Anspruch 

genommen habe. 

 

Mit der Vorlage dieser Dissertation strebe ich eine Promotion zum Dr. rer. nat an. Es soll der 

Grad einer Doktorin verliehen werden. 

 

 

 

 

Celia Grande 

 


	Titelseite
	Contents
	Summary
	Zusammenfassung
	1 General Introduction
	1.1 Background of the project
	1.2 Study sites
	1.3 Thesis outline

	2 Direct and indirect effects of land management on threatened birds in coastal habitats
	2.1 Abstract
	2.2 Introduction
	2.3 Methods
	2.4  Results
	2.5 Discussion
	2.6 Conclusions
	2.7 Acknowledgements

	3 Measuring effects of food abundance on breeding farmland birds
	3.1 Abstract
	3.2 Introduction
	3.3 Methods
	3.4 Results
	3.5 Discussion
	3.6 Acknowledgements

	4 Wintering geese on agricultural grasslands modify forage quality through grazing
	4.1 Abstract
	4.2 Introduction
	4.3 Methods
	4.4 Results
	4.5 Discussion
	4.6 Acknowledgements

	5 Synthesis
	5.1 Summary of findings
	5.2 Evaluation of COMTESS scenarios with respect to the breeding bird community
	5.2.1 Characterisation of habitat types
	5.2.2 Species composition of breeding bird communities
	5.2.3 Species richness and conservation concern of breeding bird communities
	5.2.4 Potential additional species
	5.2.5 Assessment of COMTESS scenarios with regard to bird communities

	5.3 Outlook and open questions

	Appendix
	References
	List of figures
	List of tables
	Affiliation of co-authors
	Authors' contributions
	Curriculum vitae
	Danksagung
	Erklärung

