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Voorwoord 

Dit proefschrift is het resultaat van een serie van onderzoeken die pasten binnen een 
onderzoeksprogramma over de effecten van versnippering op de biodiversiteit. Dit 
programma werd opgezet naar aanleiding van het verschijnen van het 
Natuurbeleidsplan in 1990. In 1992 ben ik bij het Instituut voor Bos- en 
Natuuronderzoek (IBN-DLO) gestart met een onderzoek aan moerasvogels. In de 
loop der jaren hebben vele mensen hieraan een bijdrage geleverd. 

Allereerst gaat mijn dank nit naar mijn collega's, van het eerste uur, van de 
afdeling landschapsecologie die met mij op het prachtige kasteel Broekhuizen 
gehuisvest waren, met name Piet, Els, Carla, Jan, Bram, Henk, Paul, Rien, Alex, Rob, 
Jana, Claire en Karin. Ik bewaar zeer prettige herinneringen aan de prettige en 
stimulerende werkomgeving. Het leidde ertoe dat ik enthousiast raakte over de 
landschapsecologie. Na een reorganisatie kwam ik met de gehele afdeling terecht in de 
'barakken' op het terrein van de voormalige Dorschkamp. Ook daar heb ik met veel 
plezier gewerkt, inmiddels met een veel groter aantal afdelingscollega's, speciale dank 
gaat uit naar Wim, Paul, John Habraken, Martin, Beno, Pieternella, Lolke, Harry, Theo 
en Yvonne. 

Het onderzoek overleefde ook een tweede reorganisatie en fusie en kwam 
terecht bij Alterra in de afdeling Ecologie en Ruimte. Het onderzoeksteam 'Natuur en 
Landschap Europa' vormde een prettige thuishonk. Daar kon ik mijn inmiddels 
opgedane kennis en ervaring over ecologische netwerken toepassen op een Europees 
schaalniveau onder de bezielende leiding van Bas Pedroli en met Irene Bouwma, Paul 
Chardon en Theo van der Sluis. Ondanks deze inhoudelijke verschuiving kon het 
werk aan moerasvogels, zij het op een lager pitje, toch doorgaan. 

Gedurende al die jaren onderzoek vormden een aantal collega's inhoudelijk 
gezien een rode draad. Ik kon altijd bij ze terecht vanwege hun enorme kennis: Rien, 
Jana, Jaap, Cajo en drie maal Paul (Chardon, Opdam en Goedhart): alien bedankt! 

In deze lange reeks van jaren hebben ook studenten en stagiairs een rol 
gespeeld binnen de diverse onderzoeken, ook zij dienen hier vermeld te worden: 
Karins, Mieke, Laura, Angela, Manon, Gijs, Eric, Martin, Wendy, Edwin, Jaap en Ivo. 
Ik vind het leuk dat een aantal van jullie ook als co-auteur heeft kunnen bijdragen aan 
deze dis en dat een van jullie (Laura) nu ook zelf een promotie-onderzoek aan 
moerasvogels uitvoert. Een speciaal woord van dank gaat ook uit naar collega's van 
andere afdelingen met wie ik prettig heb samengewerkt: Jaap Graveland, Leo van den 
Berg en Jan Veen. (Prof.) Gert Flik heeft mij in de laatste fase bijgestaan door zijn 
opbeurende kritiek en zijn vele goede suggesties om het engels te verbeteren. Verder 
waren Bert Jansen en Kees Nuyten verantwoordelijk voor een mooie vormgeving. 
Kees, een paar wijntjes en een creatieve bui hebben tot iets heel moois geleid. 
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Stellingen 

1. Voor een duurzaam behoud van de Nederlandse moerasvogels is de meest kosten-
efficiente strategic het uitbreiden van bestaande moerassen tot een minimum van 5 
grote zoetwatermoerassen met een omvang van 5-10.000 ha (ditproefschrifi). 

2. Een ruimtelijke planning van moerassen die uitgaat van landschapsecologische 
concepten, zoals de metapopulatie, leidt in Nederland tot een betere kwaliteit van de 
natuur voor hetzelfde geld (ditproefschrifi). 

3. Het recente verdwijnen van de rietzanger uit het oosten van ons land (o.a. Gelderse 
Poort) terwijl de soort in de rest van het land sterk toeneemt, toont dat versnippering 
ook in korte tijd zichtbare effecten kan hebben op soorten (ditproefschrifi). 

4. De al jarenlang gevoerde SLOSS-discussie (single large or several small) over de 
beste strategic voor natuurbehoud, namelijk de keuze tussen het creeren van een groot 
gebied of een zelfde oppervlakte verdeeld over kleinere gebieden, discussie is vooral 
een kwestie van habitatdiversiteit en minder van ruimtelijke samenhang (Simberloff, D.S. 
& L.G. Abeie. 1976: Island Biogeography theory and conservation practice, Science 191). 

5. Voor vogels is versnippering een probleem van niet willen in plaats van niet 
kunnen. 

6. Bij het gebruik van het voorspellingsmodel voor de effecten van verkeer op 
broedvogels wordt ten onterecht alleen uitgegaan van de actuele ligging van 
broedvogelterritoria (contra vele MER-rapporten) (Reijnen, K, G. Veenbaas & R. Foppen, 
1992. Het voorspellen van het effect van snelverkeer op broedpoge/popuiaties, rapport DWTV en IBN-DLO). 

7. Het ontwikkelen van kennis over de Nederlandse natuur is niet alleen van belang 
voor het behoud van de Nederlandse biodiversiteit, maar ook voor de rest van de 
wereld als onderzoekers in staat zijn hun kennis te generaliseren en te exporteren. 

8. De invloed van Nederland op het mondiale natuurbeleid wordt sterk verminderd 
door de worsteling tussen de koopman en de dominee. 

9. Het soortenbeleid kan geen succes worden als, zoals nu, volstrekt onvoldoende 
middelen beschikbaar zijn voor het onderzoek dat nodig is om de 
soortbeschermingsplannen effectief uit te voeren.is opgenomen in de te realiseren. 

10. Op dit moment is het beoogde Natura2000 netwerk van de Europese Commissie 
slechts een kaartenbak met natuurgebieden in plaats van een ruimtelijk samenhangend 
en elkaar versterkend ecologisch netwerk, alhoewel diverse officiele Europese 
beleidsstukken ons anders willen doen geloven. 

Ruud Foppen loktober 2001 
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Dank aan de personen en organisaties te blijven die op vrijwillige basis een bijdrage 
leverden aan het onderzoek: Gerard van Zuylen (Provincie Zeeland), Jan van Diermen 
(Provincie Gelderland), Ben Molendijk, Gerrit Gerritsen (Provincie Overijssel), 
Staatsbosbeheer (Frank de Roder), Vogelbescherming Nederland (Tom den Boer), 
Vogelwerkgroep Arnhem en Nijmegen (Jan Schoppers en Johan Bekhuis) en Annie 
Anselin en Kris Decleer (Instituut voor Natuurbehoud) voor gegevens uit Belgie. 

En dan mijn nieuwe werkgever, SOVON. Zij hebben vanaf het begin een 
belangrijke rol gespeeld in het onderzoek. Niet alleen heb ik alle medewerking 
gekregen om ten kantore vele essentiele gegevens betreffende het voorkomen van 
moerasvogels te verzamelen, ook waren ze behulpzaam bij het verzamelen van nieuwe 
gegevens. Met name wil ik bedanken Frank Saris, Rob Vogel, Norbert Kwint, Willem 
van Manen, Ward Hagemeijer en Symen Deuzeman. Zeer erkentelijk ben ik de leiding 
en het bestuur van SOVON voor het bieden van de ruimte om naast mijn normale 
werkzaamheden toch ook zo nu en dan de losse eindjes van het proefschrift aan elkaar 
te knopen. 

Tijd voor enkele bijzondere personen. Zonder twee Pauls had ik dit 
proefschrift niet kunnen realiseren. Allereerst Paul Chardon. Van jouw stimulerende 
en positief kritische houding en je onverbeterlijke afmakereigenschap bij de diverse 
analyses heb ik veel profijt gehad. Wij (Paul: 'kan dat wel', Ruud: 'ja dat moet 
kunnen'), vormden een goed team. Daarnaast ben je een zeer prettige en innemende 
persoonlijkheid. Het doet me dan ook deugd dat je bij bijna alle artikelen co-auteur 
bent en dat je mijn paranimf wilde zijn. En dan mijn mentor en coach, Paul Opdam. 
Als afdelingshoofd van de opeenvolgende afdelingen landschapsecologie heb je me 
zien veranderen van jonge tot senior onderzoeker en van projectmedewerker tot 
programmaleider biodiversiteit. Dat is zeker een groot deel jouw verdienste geweest. 
Jij was voor mij steeds de spil. Jij begeleidde, stimuleerde en zorgde dat ik de 
noodzakelijke landschapsecologische bagage ontwikkelde. Als promoter heb je me 
steeds scherp en op het juiste pad gehouden. Ook wij vormden een goed team, 
ontzettend bedankt! 

Dan mijn dierbaren. Zonder hun was het niet de moeite waard geweest en 
had ik het niet volgehouden. Pap en mam, het is af, jullie kunnen 'greuotsch' op me 
zijn. Eef, je wist hoe belangrijk dit voor me was en misschien daarom kon je me zo 
veel ruimte geven als je deed. Dat zegt heel veel over jou, geweldig! Ik beloof je dat 
vanaf nu de vrije tijd weer naar ons viertjes gaat. Tenslotte mijn liefjes, Kim en Mike. 
Jullie hebben trie vaak moeten missen (waar is papa?....oh, ja, op zolder). Maar zonder 
het te weten, hebben jullie me vaak overeind gehouden en voor de broodnodige 
relativering gezorgd. Ik heb dit proefschrift ook vooral voor jullie allemaal voltooid. 
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Introduction 

General setting 

Biodiversity is under threat! The Rio conference states that all over the world 
numerous plant and animal species decrease in number or even go extinct. The 
reasons for decline are manifold. In the tropics the main threat is the enormous 
destruction of highly diverse ecosystems such as the tropical rainforest. In the 
developed industrialised countries large scale habitat destruction had its largest impact 
already hundreds of years ago. Nonetheless, also here the number of species is 
decreasing at a fast pace. Main pressures on biodiversity are associated with changes in 
land use, for instance the impacts of urbanisation and the intensification of 
agricultural practices (EEA 1999). This leads not only to the sheer loss of habitat, but 
also to a decrease in habitat quality. This results in landscapes with small and isolated, 
often deteriorated, patches of habitat in an ocean of hostile land use forms. 

In The Netherlands, an industrialised and densely urbanised country, we face 
huge problems in our attempts to preserve biodiversity. This is due to the high human 
population pressure (more than 400 people per km2, Vos & Zonneveld 1993). 
Particularly space has become a limited resource. Originating from a rural society, in 
the last century the country evolved towards a (sub)urban society: extensive urbanised 
areas, a dense traffic network and large industrial sites (Vos & Zonneveld 1993). This 
has caused a drastic decline in the area of natural and undisturbed habitats, from 
around 900.000 hectares in 1900 to less than 500.000 hectares at the end of the last 
century (Anonymous 1997). Moreover, the average size of the remaining nature areas 
declined: nowadays only 35% of the total area is situated in natural areas that are larger 
than 500 hectares. 

On the other hand, people, particularly in cities, ask for nature areas: nature to 
enjoy, nature for recreational activities. The Netherlands signed the Rio convention to 
preserve biodiversity. Being a prosperous country, The Netherlands has financial 
resources available to conserve and restore nature. In the last decade a number of 
policy documents was issued concerning nature conservation (NPP 1990; Anonymous 
2000). The policy documents describe plans with ambitious aims and with quantitative 
goals and targets for nature conservation and restoration. 
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Central issue 

This thesis addresses marshland birds and their conservation. More specifically, it 
focuses on birds of reed dominated freshwater marshlands and the spatial 
requirements of bird species restricted to these habitats. The studies presented in this 
thesis were initiated by a research program following the publication of the Nature 
Policy Plan in The Netherlands (NPP 1990). The central issue is to illustrate what 
ecological knowledge is needed to develop efficient spatial planning scenarios for the 
benefit of marshland bird conservation. The central questions are: (1) under what 
spatial conditions do marshland birds demonstrate negative effects of fragmentation 
and (2) how to utilise ecological knowledge for practical tools in conservation? These 
practical tools should be helpful in finding the right solutions for the problems 
concerning fragmentation effects as raised, for instance, in the NPP. This thesis is an 
illustration of the delicate balance between the need to collect sufficient ecological 
knowledge about these species and the need for practical tools to be used by policy 
makers, planners and nature managers. 

Why focussing on marshlands? 

In The Netherlands, marshlands are important and characteristic ecosystems 
representing high priority areas for nature conservation (NPP 1990; Den Boer 2000). 
The mouth of three large rivers running through a peat land region created a delta 
comprising almost half the country's surface. In this delta excellent conditions exist 
for numerous, highly diverse, marshland systems. Particularly reed dominated 
marshlands are extremely important to bird species (Den Boer 2000). However, a 
large part of this delta nowadays is cultivated by dykes, exploiting polders, for 
functions as pastures, urban and industrial centres. Many of the large natural 
marshlands have disappeared, and the remaining ones are all too often severely 
degraded by the influences of e.g. pollution, dessication and unfavourable 
management practices. The remaining marshlands show a high degree of 
fragmentation, with many small marshlands and few large ones (Figure 1.1). As a 
consequence, a decline in many of the typical marshland bird species occurred; many 
species nowadays appear on the Red Data List (Osieck & Hustings 1994). The Nature 
Policy Plan in The Netherlands was issued to stop and reverse this decline in 
biodiversity. It acknowledges the importance of fragmentation as one of the major 
factors influencing species richness (Quammen 1996; Hanski 1999; Opdam 1991; 
Wiens 1997; Andren 1996). Consequendy, an important element in this plan is a map 
of a future National Ecological Network (NPP 1990). 

10 



B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / C H A P T E R 1 

<P^ 

Figure 1.1 
Location of reed-dominated marshlands in The Netherlands. 

The remaining core nature areas in The Netherlands should be linked to each other 
to create a continuous sustainable backbone of nature. Hence, this ecological network 
has to mitigate the negative impacts of fragmentation. 

Defining the fragmentation problem 

What exacdy is fragmentation? This citation from David Quammen (1996) presents 
an adequate metaphor for the process of fragmentation: " Imagine a beautiful Persian 

carpet and a hunting knife. Let's say the carpet is three by four meters. We have got twelve square 

11 
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meters oj woven material in one piece.....Next, we will cut the carpet into twenty-five equal pieces, each 

a rectangle of sixty by eighty centimetres. When we are ready, we measure the pieces, summarise 

the total- and there, we still got twelve square meters of recognisable carpet-like material! Rut, is it 

any use? Do we now have twenty-five Persian carpets? No, the only thing that is left is a number of 

frayingpieces, each themselves worthless and desintegrating." 

Various stages of fragmentation can be distinguished, leading to various types 
of spatially structured populations (Opdam et al. 1994; Harrison 1991). Fragmentation 
may result from linear structures that divide a formerly unfragmented area into two 
parts. Also situations occur where habitat patches become physically isolated resulting 
in mainland-island or mainland archipelago populations and a network of small, more 
or less isolated populations. A number of theoretical concepts have been suggested to 
describe the dynamics in such fragmented systems. The island theory (MacArthur & 
Wilson 1966) had an enormous impact on the scientific community and boosted 
ideas concerning its conservation value, not only for real island situations but also for 
habitat islands (Quammen 1996). Besides the theoretical limitations in most human-
dominated western European landscapes, this theory has only a limited value for 
nature conservation (Hanski & Simberloff 1997). Another line of research 
concentrated on finding guidelines how to conserve species in so-called "Minimal 
Viable Populations" (Gilpin & Soule 1986). Mostly theoretical work, for instance 
modelling exercises on demographic or genetic population dynamics has proven to be 
very valuable for species conservation in the United States (Shaffer 1981, Soule & 
Wilcox 1980). However, for landscapes in Western Europe, as occur in The 
Netherlands, this approach is of restricted use, because the minimal area sizes for a lot 
of species are far beyond the mere size available in present or future nature reserves 
and this applies also to marshland bird ecosystems in The Netherlands (Kalkhoven et 
al. 1995). A third approach is to concentrate on the habitat quality of a spatially 
structured population. The source-sink theory advocates that population persistence 
depends on the relative and total amount of parts that exhibit a positive net 
production of recruiters (sources) and a negative net production (sinks). Finally, the 
concept of the metapopulation has been used to describe spatially structured 
populations (e.g. Hanski 1999; Verboom 1996). It started three decades ago with some 
theoretical considerations (Levins 1970; Hanski & Gilpin 1991), but recently 
developed into a more practical model (Verboom et al. 1993; Hanski 1999). Basically, 
metapopulation models describe the functioning of population in habitat networks 
based on two components: (1) local extinction due to stochastic effects and (2) 
recolonisation from occupied sites. Up to a certain degree of fragmentation these 
processes may be in balance and the metapopulation is viable. The metapopulation 
theory has proven to be particularly suitable to describe population dynamics in the 
Dutch cultural landscape with large numbers of relatively small patches of habitat 

12 
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surrounded by mainly inhospitable surroundings (Vos & Opdam 1993; Opdam et al. 
1994; Vos et al. 2001). This concept has been used as a theoretical basis for many 
spatially oriented nature policy plans (NPP 1990; Bouwma et al. 2001). Rather than 
the original, relatively restricted definition involving a strict colonisation-extinction 
balance (Levins 1970, Harrison & Taylor 1994), I will use throughout this thesis the 
definition that emphasises the viability of a metapopulation. This implies that a priori 

no spatial structures are excluded and also that a source-sink system is considered to 
be a special case of a metapopulation (Verboom 1996). 

Towards application: the planning cycle 

In the process from issuing a policy plan with the notion of a problem and a vision 
how to stop and reverse the process of fragmentation, until the execution of a plan in 
the field, ecological knowledge is needed in various forms. I consider this a cyclic 
spatial planning process (Harms et al. 1993; Opdam et al. 2001). Important phases in 
this cycle are: problem definition, possible solutions, plan design and plan evaluation 
(Figure 1.2). The cycle starts with a problem definition phase, which is basically a 
comparison between the future ambitions for the functions of the planning area and 
the actual situation. In this definition phase an assessment tool is needed, for instance 
an analysis of absence-presence distribution data to reveal whether fragmentation 
threatens species occurrence. After a clear perception of the fragmentation problem 
has been reached, spatial planning options are needed for solving the problem. These 
may take the form of simple and qualitative indications. Next, to find a cost-effective 
option, landscape scenarios and decision support systems are needed. Alternative 
options for landscape plans are assessed and compared. After choosing one of these 
options a plan is designed and constructed. To make a plan design, technical 
specifications are needed for an optimal use. Finally, the plan needs to be evaluated by 
using an a priori evaluation tool, that compares the conditions for biodiversity in the 
proposed plan with the conditions needed to fulfil the targets. 

13 
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PLANNING CYCLE: plan 
implementation 

plan evaluation 

landscape 
scenarios and 
cost-effectiviness 

alternatives 
for solutions problem 

definition 

strategic goals :egic 

present situation 

Figure 1.2. 
Representation of a cyclic planning cycle with various phases, each phase asking for 
different types of ecological information. 

Types of ecological knowledge 

What types of scientific knowledge are needed to support a planning cycle? Starting 
point for scientific research plans, but also for building knowledge blocks for 
application, is a clear understanding of the concepts and theories that describe the 
problem. As we have seen in the previous paragraphs a wide range of adequate 
theories is available explaining and describing the functioning of populations in 
fragmented landscapes. 

The second indispensable source for knowledge is analyses of field data. Ideally, 
problem oriented research starts with collecting empirical data. In understanding the 
way fragmentation effects population viability two types of data are of concern: (1) 
pattern data based on observations of occurrence of species in a landscape and (2) 
process data that concentrate on the basic population processes involved (survival, 
mortality and dispersal). However, descriptive studies based on field data are hard to 
extrapolate and generalise. This brings us to the another source of knowledge (3): 
population models. The potential value of models for landscape ecological issues is 

14 
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large (Verboom & Wamelink 1999). An important aspect of such models is their 
predictive value and potential to generalise single study results. However, not every 
model has equal power for these purposes. Statistical models are limited in their 
predictive value as it is not possible to extrapolate the data in time and space 
(Verboom & Wamelink 1999). Mechanistic population models lack this limitation. 
Spatially explicit (meta)population models, mechanistic models based on processes on 
the individual level, simulate population dynamics (Verboom 1997). A spatially explicit 
population model can be used for a Spatial Population Viability Analyses (SPVA) for a 
particular, threatened species (Verboom et al. 2001; Iindenmayer & Possingham 
1995). Metapopulation models are very suited as research tools for developing a better 
understanding of the principle processes of concern. 

The gap 

The development of effective conservation and nature rehabilitation plans is often 
frustrated by a lack of practical knowledge. Although it is possible to use field data 
analyses as a basis to provide a practical tool, in many cases these data will not be 
available and time and budget limits will hamper extensive sampling. Furthermore, 
resources such as money and space are limited, and thus measures must be cost-
effective. To protect a species, protection plans have to concentrate on the pressures 
with the highest impact. This requires knowledge concerning impact assessment on a 
species or ecosystem basis. Scientists working in this field, ecologists and 
conservationists, usually are quite able to demonstrate the problems that species are 
facing, e.g. through collecting distribution and monitoring data that reveal heavy 
decline. But next, measures need to be evaluated on their effectiveness. It is far more 
difficult to help policy makers and managers of nature reserves in formulating 
statements on what pressures for a species should be diminished and how this may be 
accomplished. Even if we do have a large body of scientific information on the 
biology and ecology of a threatened species, such knowledge is often insufficiently 
used to set up effective plans (Opdam et al. in submitted). Clearly, the need for 
information to support the planning process asks for an additional step in which the 
basic knowledge is transferred to applicable knowledge (Figure 1.3). A number of 
aspects is important in this respect (Opdam et al. submitted). Field data have the 
problem that the results are difficult to extrapolate and generalise to other landscapes. 
Most empirical studies encompass only a minor part of all variation in configuration 
encountered in landscape planning. 

15 
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Figure 1.3 
Linking the planning cycle to ecological information sources by rule-based and 
knowledge systems 

A solution is to use models, for instance metapopulation models, as tools for 
extrapolation and generalisation across landscape gradients. Also, data have to be 
aggregated to a multi-species level. Since no two species are alike regarding the 
landscape conditions for survival, the challenge is to find similarities between species. 
Not species specific rules, but rather rules for species profiles are needed. Finally, 
quickly applicable tools are needed, tools that assess the conditions of the landscape 
without further information on actual species distribution and without large time and 
budget investments. 

The conclusion after considering these three aspects is that there is an 
important role of models here. Spatially explicit population models could be a very 
helpful tool. However, the disadvantage is that for this type of modelling a large body 
of input data is needed and serious problems concerning calibration and validation are 
met (Verboom et al. 2001; Verboom & Wamelink 1999, Kareiva & Wennergren 
1995). This makes these models less suitable as tool for spatial planning. An escape 
from this dilemma is to develop rule-based or knowledge systems combining the 
merits of various approaches, avoiding the drawbacks (Verboom & Wamelink 1999; 
Verboom et al. 2001; Vos et al. in 2001). This can be accomplished by an interactive 

16 
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process using empirical data on distribution and demography, results of pattern 

analyses and of population modelling (central level in Figure 1.3). 

Bridging the gap; an example for marshland bird conservation 

In this thesis the Chapters 2-5 elaborate on the knowledge concerning the effects of 
habitat fragmentation on the occurrence and persistence of marshland birds. Although 
many ecological studies have been carried out on marshland birds in The Netherlands 
and in other European countries (Graveland 1998; Van der Hut 1986), knowledge 
concerning the spatial characteristics of the populations is scarce. Pattern studies in 
The Netherlands, and in fact in many other parts of the world, concerning the effects 
of spatial configuration of the landscape on species distribution have mainly 
concentrated on forest birds (see for reviews Opdam 1991; Andren 1994). Is 
fragmentation of marshland areas in The Netherlands really affecting species 
occurrence and do thresholds in landscape cohesion exist? Chapter 2 describes the 
spatial characteristics of various marshland landscapes and correspondingly the 
response of bird species of reedland habitat. Furthermore, the use of some landscape 
characteristics is explored for predicting species occurrence and persistence. 

Dispersal is the key process determining population responses to habitat 
fragmentation (Opdam 1990) Surprisingly, we know very little about the dispersal 
process, particularly concerning the quantification of dispersal rates on the population 
level (how many and where to?). Part of this problem is of a methodological nature. In 
Chapter 3 a method is introduced and mark-recapture data for the great reed warbler 
(Acrocephalus arundinaceus) are analysed to quantify survival and dispersal rates. 
Dispersal data link the field data on patterns of occurrence to process on the 
(meta)population level. It is also an important requisite for spatially explicit population 
models. In this thesis a metapopulation modelling framework for various marshland 
bird species, called METAPHOR (Verboom et al. 1999) was used. The distribution 
data served as calibration and validation sets and the empirical data described in 
Chapter 3 have been used for the parameterisation of a 'reed warbler' metapopulation 
model. The model was used in the subsequent two chapters together with field data 
on occurrence. Aim of both chapters is a better understanding of the metapopulation 
dynamics for populations in a fragmented landscape. In Chapter 5 the question how 
environmental variation influences the viability of marshland bird populations in a 
fragmented landscape is addressed. Population trends of sedge warblers (A.crocephalus 

schoenobaenus) in fragmented and unfragmented landscapes are compared with respect 
to the impact of catastrophic events (unfavourable wintering conditions in Africa). 
Again a metapopulation model is applied to better understand and generalise the 
results and to generate guidelines for viable habitat networks. 
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How does the influence of habitat quality on occurrence and persistence integrate 
with fragmentation effects? To answer this question in Chapter 4 distribution data of 
the reed warbler (Acrocephalus scirpaceus) in a fragmented marshland landscape 
consisting of large 'source' patches and small isolated 'sink' patches are scrutinised. 
The study integrates the source-sink dynamics and the dynamics caused by 
fragmentation. The results are particularly relevant for the situation in The 
Netherlands: larger marshland areas are imbedded in a matrix of agricultural fields 
with numerous small, linear, low quality habitat patches like reed beds along ditches 
and waterways. A metapopulation model for a reed warbler was used to generalise 
empirical results and to discuss the relevance of sink areas for nature conservation. 

The last two chapters (6 and 7) present examples of integrating the knowledge 
acquired in chapters 2-5 and developing simple tools and instruments for application. 
Can we develop a simple, but general, tool for problem detection, based on presence-
absence data? In Chapter 6 field data are presented on the occurrence of the bittern 
(Botaurus ste//aris). This analysis produces a statistical model describing the relation 
between occurrence as a dependent variable and area plus connectivity as explanatory 
variables. These results have been used to test an empirically-based model called 
LARCH-SCAN, predicting occurrence on basis of life history data of the bittern and 
the spatial configuration of reedland habitat. This model indicates weak spots and 
strongholds of spatial cohesion in a habitat network and can be used to compare 
various marshland restoration scenarios. 

Next, the challenge is to develop a tool that aggregates to the multispecies 
level and uses simple landscape indicators. In Chapter 7, based on both pattern 
analyses (described in previous chapters) and population modelling approaches, using 
the METAPHOR models for marshland birds, standards have been developed for 
persistent populations in fragmented landscapes. These standards are the hart of a 
rule-based system, a GIS-model based on landscape cohesion assessment that can be 
used for spatial planning purposes. The model predicts viability of (meta)populations 
occurring in habitat networks. Although this chapter describes examples for 
marshland birds, the application of the model is open to all kinds of species and 
ecosystems. 

Finally, in the last chapter the results of the previous chapters are summarised 
and examples will be presented of how the marshland research presented in this thesis 
has already been used in nature policy and conservation in The Netherlands and 
surrounding countries. 
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2 Occurrence of reed dwelling passerines in 
fragmented marshland; inferring occupation 
thresholds and landscape indices 

Summary 

We analysed data sets of marshland bird distribution covering two study areas and six 
species. In both study areas marshlands are small (on average less than 1 ha) and 
fragmented, total habitat cover is less than 5%. Regression analyses showed that, 
besides patch size and habitat quality features, patch connectivity is an important 
explanatory variable for incidence and abundance of the occurring passerines. In 
three-quarters of the analyses patch connectivity was significant. The responses of 
species differ and this is related to abundance of the species rather than to the 
dispersal capacity. Ecologically scaled landscape indices (ESLI) were used as a 
framework to compare species and landscapes. Assuming a 50% occupation rate as a 
threshold for viability we could express such a threshold in terms of an ESLI. The 
average patch carrying capacity, based on patch size and carrying capacity estimates, 
highly correlated with occupation rate. For the marshland passerines a threshold 
occurred at an average of 2.5-4.5 breeding pairs per patch. Because a strong linear 
relationship exists between habitat cover and average patch size, the numbers of 
territories per km2 is a good estimator of occupation rate (threshold value 1.5 
pairs/km2). 

Introduction 

Fragmentation of habitat has become a global problem threatening persistence of 
species in a variety of ecosystems (e.g. Soule 1987; Diamond 1975). The process of 
fragmentation is the splitting up of suitable habitat in a landscape from a single 
coherent unit into smaller, isolated patches of habitat in a surrounding inhospitable 
landscape, resulting from habitat loss and degradation. (Villard et al. 1999; Wiens 
1997; Jaeger 2000; Vos et al. 2001). Two processes determine the persistence of a 
species in islands or habitat fragments: extinction and colonisation (McArthur & 
Wilson 1967; Levins 1970; Hanski 1994a, 1999). The dynamics of populations in 
fragmented habitat is described by the 'metapopulation theory' (Hanski 1994a, 1999). 
Metapopulation models predict under what spatial conditions populations may persist 
in fragmented situations (Hanski 1999; Vos et al. 2001). From a conservational 
perspective there is a need for adequate persistence indicators, a threshold value in 
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occurrence that indicates population viability. Several studies indicate that thresholds 
exist in the response of populations to an increasing degree of fragmentation 
(Verboom et al. 1993; Andren 1994, 1996; Hastings & Harrison 1994; Reich & 
Grimm 1996; Hanski & Gilpin 1997; Vos et al. 2001). We distinguish two types of 
thresholds. The first type of threshold occurs where the distribution of individuals 
over the habitat mosaic is getting governed by spatial configuration (connectivity, 
isolation) (see e.g. Andren 1994, 1996). The second type of threshold indicates a 
(predefined) extinction risk of a metapopulation (=viability level) (see e.g. Hanski 
1994b; Vos et al. 2001). Most studies on developing thresholds are purely theoretical. 
Because it can be predicted that there is large variation among species there is a need 
for empirical studies that can underpin these thresholds The first aim of this study was 
to demonstrate that species distribution patterns of marshland birds are affected by 
the degree of habitat fragmentation. Therefore we used landscape samples with a 
different degree of fragmentation and with various species. The second aim is to infer 
landscape indices related to thresholds for persistence. 

A pattern analysis of presence-absence data of species in a landscape sample, is 
a widely used method to assess whether a species in a particular landscape suffers 
from isolation effects (Opdam 1991; Opdam et al. 1994; Vos & Stumpel 1996). Such 
an analysis is also useful for testing predictions based on the metapopulation concept 
(see e.g. Hanski 1994a; Opdam 1991; Verboom et al. 1991; Vos et al. 2001). A meta­
analysis concerning various species and landscapes can be used to scale up these 
species specific and patch-based approaches to the landscape level. More importantly, 
it can be used to test theoretically based thresholds for persistence (e.g. below what 
incidence is a population no longer viable?) and to link this to simple landscape 
indices (Vos et al. 2001). 

We collected data on occurrence of several passerines inhabiting reed 
marshlands in different landscapes in the Netherlands. Many typical marshland bird 
species in the Netherlands occur on the Red Data List (Osieck & Hustings 1994). 
Large-scale habitat destruction and habitat degradation, e.g. water pollution, 
unfavourable management practices and disturbance by recreational activities, have 
caused a decline in population numbers and distribution. Moreover, marshland 
habitat is increasingly fragmented. Conservation plans are being issued seeking 
solutions to restore and preserve viable populations (Den Boer 2000; NPP 1990). 
Several studies suggested a negative effect of fragmentation on the occurrence of 
marshland bird species (Brown & Dinsmore 1986; Opdam et al. 1994; Foppen et al. 
1999), and this notion prompted the exploration of spatial planning options to 
counteract these effects. Our analyses demonstrate which spatial characteristics of a 
landscape explain incidence and abundance. Key factors, that are suggested for 
occurrence and persistence of species in spatially structured populations are dispersal 
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capability (Mac Nally & Bennett 1997; Wiens 1994; Opdam 1991) and density (Soule 
et al. 1988; Bolger et al. 1991; Mac Nally & Bennett 1997; Telleria & Santos 1999). 
Using our empirical data we tested the hypotheses that species with a large dispersal 
capability and a high density are less susceptible for negative effects of fragmentation. 
Furthermore, we used the results to develop a simple landscape diagnosis index to 
predict under what spatial conditions marshland landscapes become and remain 
sustainable. 

Methods 

Study sites and data collection 

Species distribution data were used to assess incidence and abundance on a habitat 
patch level and were subsequently related to patch area, habitat quality characteristics 
and patch isolation. 

Three data sets were used, representing two study areas and six species (Table 
2.1, Figure 2.1). Data on the study sites in Zealand Flanders were collected from 
vegetation maps and maps with breeding bird territories (Vergeer & Van Zuijlen 
1994). The region is characterised by many creaks (with reed beds) in a heavily used 
agricultural landscape (arable fields). The vegetation maps (scale 1:10.000) provided 
the location of reed vegetation and additional habitat information (Table 2.2). 
Marshland patches in the periphery of the study area along the border with Belgium 
were included in the habitat map to allow the calculation of spatial characteristics on 
the required scale Because the data were collected in 1985 in the western part and in 
1991 in the eastern part, we analysed them separately. 

In the second study area, a region in the southern part of the province of 
Gelderland (Figure 2.1), field data were collected during a two year survey (1993-94). 
This study area is situated in a riparian landscape with a few large marshlands along 
river side channels and in riparian clay-pits, and numerous small marshland elements 
dispersed in an agricultural landscape dominated by meadows. Besides breeding bird 
distribution, information was gathered of various habitat quality features of the 
marshlands (Table 2.2). 

In both study areas, breeding birds were mapped following the method of 
Hustings and co-workers (1985). About 90% of the total area of available habitat was 
mapped. An overlay of the reed vegetation map and the territory map provided 
presence/absence for a unit and a score of breeding territories (Figure 2.2). In total six 
species, four per area, were selected for analysis based on habitat preference (strictly 
limited to reed vegetation) and abundance (Table 2.1). 
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Figure 2.1 
Location of the study areas in the Netherlands. 

Figure 2.2 
Example of a distribution map. The presence of reed buntings in reedland patches in 
Zealand Flanders. In black the habitat patches were the reed bunting was absent, in 
white the patches were the reed bunting was present and in grey the patches with no 
data. The solid line indicates the border between the data set of the western and the 
eastern part 
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Table 2 .1 . 

Characteristics of the three data sets 

Location 
Area 
Years of survey 
Percentage marshland 
Percentage reed 
habitat 
Number of habitat 
patches (species 
dependent) 
Species in analysis 

Type of bird data 

Source of habitat 
location data 
Type of additional 
habitat data 

Dependent variables 

Data set 1 
Zealand Flanders west 
+ 550 km2 
1985 
5% 
< 1 % 

112-119 

bluethroat 
Euscinia svecica 

reed warbler 
Acrocephalus scirpaceus 

sedge warbler 
Acrocephalus schoenobaenus 

reed bunting 
Emberi^a schoeniclus 

mapping breeding 
territories in reedland 
patches 
Vegetation maps 

global, from 
topographical and 
vegetation map 
presence/absence 
abundance index (count 
of breeding territories) 

Data set 2 
Zealand Flanders east 
± 500 km2 

1991 
5% 
<1.5% 

70-73 

bluethroat 
Euscinia svecica 

reed Warbler 
Acrocephalus scirpaceus 

sedge warbler 
Acrocephalus schoenobaenus 

reed bunting 
Emberi^a schoeniclus 

mapping breeding 
territories in reedland 
patches 
Vegetation maps 

global, from 
topographical and 
vegetation map 
presence/absence 
abundance index (count 
of breeding territories) 

Data set 3 
Province of Gelderland 
± 3000 km2 

1993 and 1994 
2% 
< 0 .1% 

97-279 

bluethroat 
Euscinia svecica 

penduline tit 
Remi^pendulinus 

reed warbler 
Acrocephalus scirpaceus 

great reed warbler 
Acrocephalus arundinaceus 

mapping breeding 
territories in reedland 
patches 
Field survey of reed 
vegetation 
detailed, field survey 
data per vegetation unit 

presence/absence 
abundance index (count 
of breeding territories) 

For every species a selection was made of the reed patches that could be considered 
suitable habitat. This was based on habitat characteristics such as the presence of reed 
in early succession stages (e.g. important for great reed warbler) and minimal size 
requirements for a breeding pair. All habitat elements were digitised and saved in a 
Geographic Information System (ArcView). Rather than using these elements or the 
observed territories as the units for the analysis we used patches of continuous habitat. 
Habitat elements located within 200 meter of each other were clustered, assuming that 
small songbirds, like the reed warbler, cross distances within their breeding territory 
up to that distance (Borowiec 1992). Elements clustered in this way represent a 
habitat patch for a local population. It is assumed that within a local population 
random mating takes place and spatial relations with other patches only play a minor 
role in the local dynamics (Verboom 1996). We got a variable number of patches (70-
279) depending on the habitat preferences of the species (Table 2.1). The median 
patch size was less than 1 ha. An important explanatory variable for incidence and 
abundance in a patch is patch area. However, reed warbler and great reed warbler 
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show a preference for edges of a reed bed and thus edge length is used as the best 
indicator for the size of a patch (Graveland 1998; Foppen et al. 2000). 

Habitat quality features provide another important set of potential explanatory 
variables. Only a limited set of these habitat quality features was available for analyses. 
Based on known habitat preferences from literature and expert knowledge we selected 
and included some of these features. We assumed that in general the spatial variables 
and habitat quality variables were not correlated, thus variance due to habitat quality 
effects only added to the white noise and did not influence (e.g. mask or, on the 
contrary, enhance) the effect of patch connectivity. 

As a measure of isolation we calculated the patch connectivity value (Hanski 
1994a; Vos et al. 2001; Verboom et al. 2001). Patch connectivity (G) is a weighted sum 
of all habitat patches in a radius of x kilometres around the chosen patch, x depending 
on the dispersal capacity of a species (Hanski 1994a; Verboom et al. 2001; Foppen et 
al. 2000): 

xe 

where Aj is the size of a surrounding clustery, Dij is the distance between centre 
point i and cluster j . The value of Of is a weighing factor determining the effect of 
distance to the contribution of a surrounding patch. It is based on a judgement 
concerning the dispersal capacity of small songbirds and is estimated based on 
dispersal data (e.g. Paradis et al. 1998). Because of the uncertainty in these figures 
besides this estimated value, a range of OC values (0.05-2) was calculated and used in 
the analyses. 

Regression analysis 

Incidence and abundance of a marshland species in a patch was linked to the patch 
characteristics mentioned above. The statistical package GENSTAT (Genstat 5 
committee 1993) was used for regression analyses. Two statistical models were used, 
based on the type of response variable: 

(1) a logistic model, explaining incidence in a patch with values 0 (absence) and 1 
(presence), 

(2) a loglinear Poisson model, explaining the abundance index with count of 
territories within a patch. 

Whether isolation contributed significantly to the regression model was tested 
using a three-step regression method (Van Apeldoorn et al. 1992; Foppen et al. 2000). 
In the first step, differences in the patch size were accounted for. Size (either area or 
edge length) was used in a null-model to account for the effects of random sampling 
(Verboom et al. 1991; Haila et al. 1993; Andren 1996) and also as an explanatory 
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variable. Next, the model was extended with habitat quality and the variable patch 
connectivity was added. The distribution of the bluethroat in the Gelderland study 
area showed a clear boundary. In the north-eastern part of the study area the species 
was absent, even in the larger marshlands. This effect could also be observed on a 
larger, national, scale (Hustings et al. 1997). To compensate for this biogeographical 
effect we excluded all the patches where the species was absent in calculating the 
patch connectivity value. 

Table 2.2 
Description of the explanatory habitat quality variables used for the analyses 

short notation habitat parameters 

area 1 and 2, Zealand Flanders 
ORIGIN (2) origin typology of reed patch(creak, fish pond etc.) 
SHAPE (3) shape of reed patch (linear and small or reed bed) 
SHRUB (4) presence of shrub (> or < than 5%) 
WATER (5) presence of open water (visible on topographic map) 

area 3, Gelderland 
TYPE (6) type of reed vegetation (e.g. ditch, reed bed or water edge) 
WIDTH (7) width of the reed vegetation in classes 
AREA WATER (8) area of water adjacent to the reed vegetation in ha 
WATER EDGE (9) length of edge between water and reed vegetation in meters 
OLD (10) percentage of reed vegetation not mowed or burned (unmanaged) 
DRY (11) percentage of terrestrial dry reed vegetation 
DENSITY (12) density of the reed stems in classes 
SHRUB (13) amount of shrub in 100 meter radius around patch borders (in classes) 
FOREST (14) amount of forest in 100 meter radius around patch borders (in classes) 

Results 

Comparing species 

The percentage of occupied patches was highly variable between areas and species 
(Table 2.3). The reed warbler was the most numerous marshland bird (90% of the 
patches occupied) and the great reed warbler and penduline tit were the rarest (around 
10% occupied). 

The regression results showed an ambiguous effect of 'extra' size, i.e. the size 
effect on top of the random sampling effect (included by the offset variable). In most 
cases no extra significant effect of area could be detected. For four species an extra 
negative area effect was found, indicating that the incidence (2 cases) or abundance (5 
cases) in larger marshlands was lower than expected. 
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