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Abstract 

Van Langevelde, F., 1999. Habitat connectivity and fragmented nuthatch populations in 

agricultural landscapes. Doctoral thesis. ISBN 90-5485-992-X. Wageningen Agricultural 

University, The Netherlands. 

In this thesis, the effects of habitat connectivity on processes in populations, especially on 

colonization and habitat selection, are investigated. Therefore, habitat patches and the distances 

between these patches were modelled as networks. Given that in fragmented habitat these 

networks consist of several disjointed subsets of patches for a certain species, parameters to 

measure the connectivity of the patches were first derived. The colonization frequency of 

unoccupied patches by nuthatches could be best explained by the degree of connectivity 

measured for threshold distances between patches of approximately 2.4 to 3 km. This indicates 

that dispersal is a problem for nuthatches in habitat fragmented at that spatial scale. Second, the 

selection of territories in fragmented and contiguous habitat was compared. Based on a 

theoretical and empirical study, it is concluded that selection of territories is limited in 

fragmented habitat compared to contiguous habitat. The quality of the occupied territories in 

fragmented habitat is lower than in contiguous habitat. This is especially the case when the 

population level is low. A lower average breeding success can be found in territories with low 

degree of connectivity. The results indicate the absence of a negative feedback between 

population level and the average breeding success in fragmented habitat, which contributes to 

the increased extinction probability of populations. Finally, two spatial allocation models are 

presented that mitigate effects of habitat fragmentation. These models plan new habitat 

considering ecological guidelines of minimum patch size and maximum threshold distances and 

the suitability of the land for competing land uses. The model MENTOR adds new patches that 

may act as stepping stones between existing patches. The model ENLARGE enlarges existing 

sites. Both models result in a higher percentage of occupied habitat. 

Key words: habitat fragmentation, patchiness, connectivity, colonization, habitat selection, 

nuthatch, Sitta europaea, reserve site selection, metapopulation 



Voorwoord 

In dit proefschrift wordt verslag gedaan van een onderzoek naar de effecten van de mate van 

verbinding van het habitat op processen in populaties. Het onderzoek is tot stand gekomen in de 

periode 1993-1998 bij de leerstoelgroep Landgebruiksplanning van de Landbouwuniversiteit 

Wageningen. Veranderingen in het landgebruik hebben geresulteerd in versnippering van het 

habitat van veel dieren. Wat zijn de effecten van deze versnippering op populaties? Kan de 

ruimtelijke planvorming door het wijzigen van de inrichting van de ruimte bijdragen tot het 

verminderen van deze effecten? Deze vragen hebben in het onderzoek centraal gestaan. Hoe 

logisch deze vragen elkaar ook lijken op te volgen, ze vormden voor mij de twee polen 

waartussen ik mijn weg heb gezocht. Zoals uit het proefschrift blijkt, hebben vragen vanuit de 

populatie-ecologie mijn grootste belangstelling gehad. 

Allereerst wil ik mijn promotor Huub van Lier en co-promotor Rob Jongman bedanken voor de 

begeleiding. Huub was de initiator van het onderzoek en trad waar nodig sturend op om de vragen 

vanuit de ruimtelijke planvorming niet uit het oog te verliezen. Rob heeft met name een bijdrage 

gehad in de opzet van het veldwerk en de statistische verwerking van de gegevens. Beide stonden 

altijd klaar om kritisch elk idee, onderzoeksopzet en artikel van commentaar te voorzien. 

In the beginning of the research period, Huub suggested me to gain new experiences. This resulted 

in a stay of four months at the Department of Environmental Planning of the Arizona State 

University (USA). Located in the centre of the Sonoran Desert, this stay provided me an 

outstanding opportunity to read relevant literature and to develop my plans. I like to thank Fritz 

Steiner and Ted Cook for the nice period in Tempe, Arizona. 

Het onderzoek zou niet hebben geresulteerd in dit proefschrift zonder een intensieve samenwerking 

met vele collega's. Mijn medeauteurs Frits Claassen, Wim van der Knaap, Alex Schotman en 

Gerard Sparenburg hebben in het bijzonder bijgedragen aan een of meerdere onderdelen van dit 

proefschrift. Frits heeft me bijgestaan met de wiskundige vraagstukken. Daarnaast fietsten we 

regelmatig door mooie stukjes van de Veluwe, Zuid Limburg en de Ardennen. Laten we dit vooral 

blijven doen. Met Wim heb ik menig uurtje gediscussieerd over netwerken. Hij en Roland van 

Zoest stonden voor me klaar als ik een vraag had over het gebruik van GIS. Alex heeft een 

belangrijke bijdrage gehad in de opzet en uitvoering van het onderzoek. Daarnaast heeft hij me 

ingevoerd in de wereld van de boomklever. Het is een prachtig beest! Ik wil hem bedanken voor de 

mogelijkheden van samenwerking met het IBN-DLO. 

Gerard heeft me op het spoor van de operationele analyse gebracht. Daarnaast heb ik zijn kritische 

kanttekeningen bij het onderzoek en de resultaten erg gewaardeerd. Hoewel het voornemen er was, 

heb ik met Jan Smits geen gezamenlijk artikel geschreven. Toch wil ik hem bedanken voor zijn 

inbreng in het onderzoek en de vele keren dat ik hem lastig kon vallen met mijn verhaal. 



Vooral in het begin van het onderzoek hebben Cliff Jurgens, Jan van Groenendael, Jaap van Os en 

Erik van Wijland een nuttige functie gehad als begeleidingsgroep. 

Tijdens het onderzoek heb ik van 13.583 bomen de stamdiameter gemeten, 10.535 keer de afstand 

tussen bomen bepaald en van 725 territoria de aanwezigheid en het paar- en broedsucces van 

boomklevers vastgesteld. Dit hoefde ik gelukkig niet alleen te doen. Mijn dank gaat uit naar 

iedereen die me hierbij heeft geholpen. Daarbij wil ik ook degenen hartelijk bedanken die hun 

gegevens ter beschikking hebben gesteld: Frans Post en de vogelwerkgroep Midden Brabant, 

Arend van Dijk, Alex Schotman, Geoske Sanders en de KNNV vogelwerkgroep Wageningen, Rob 

Vogel en DLG Noord-Brabant. 

Ook de studenten die aan mijn onderzoek hebben meegewerkt wil ik bedanken: Leo Aarnink, 

Wichertje Bron, Agnes van Dongen, Jan Jacob Dubbelhuis, Michiel de Heer, Mireille de Heer, 

Monique Hes, Mark Jansen, Teun Jansen, Anke Keuren, Joris Kroon, Erik Kuipers, Jaap 

Oosterhuis, Bas van Os, Joris Vermaesen en Danielle Wiecherink. Dc heb veel van jullie bijdrage 

geleerd. 

Gerrit Kleinrensink en Adrie van 't Veer hebben de figuren verzorgd. Elke keer als ik bij hen met 

een vraag kwam, was er tijd om precies duidelijk te krijgen hoe de figuur gemaakt moest worden 

en op welke wijze de informatie zo goed mogelijk kon worden overgebracht. Mijn complimenten 

hiervoor. 

Ik wil de medewerkers van de leerstoelgroep Landgebruiksplanning en de Aio/Oio's van de 

voormalige vakgroep Ruimtelijke Planvorming bedanken voor hun interesse en de goede 

werksfeer. 

Tot slot wil ik mijn ouders bedanken voor hun steun, interesse en de mogelijkheid die zij mij 

hebben geboden om te gaan studeren. Van iedereen die een bijdrage aan het onderzoek heeft 

geleverd, komt de grootste van Inge. Inge, Annemarie, Sanne en Moniek, voor jullie heb ik dit 

proefschrift geschreven. 
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1 INTRODUCTION 





Introduction 

1 Research topic 

Rural areas provide space for all different kind of land uses, such as economic activities, 

residential areas and recreation. As a result, the landscapes of the rural areas appear as mosaics of 

spatially or functionally related systems. Dynamic developments, especially in agriculture and 

transportation, have transformed the land and its use drastically. In the future, the dynamics in 

land use will rather increase than decrease. This dynamic and multiple land use had considerable 

consequences for the ecology of the landscapes. The human-dominated landscapes changed so fast 

that species were not able to adapt to these changes and populations declined or disappeared. 

Habitat alteration, loss and isolation lead to this decline in biodiversity. Habitat loss and isolation 

are often referred to as habitat fragmentation (Burgess and Sharpe 1981, Lord and Norton 1990, 

Saunders et al. 1991, Opdam et al. 1993, Andren 1994). The alteration, loss and isolation of 

habitat and the effects on population sustainability, and therefore, on biodiversity, depend upon 

the spatial claims and intensity of the other land uses. 

This thesis focuses on habitat fragmentation in the rural areas of the Netherlands. Since the 

beginning of this century, a lot of attention is given to the decline in biodiversity and the causes 

for this decline (Weinreich and Musters 1989, Bink et al. 1994, H+N+S 1996). A recent report 

indicates that biodiversity decreases despite the activities of nature conservation, although, the rate 

of this trend declines (RIVM et al. 1997). 

I studied effects of habitat fragmentation at population and individual level and opportunities to 

mitigate these effects by planning ecological networks. The study was restricted to the rural areas 

in the Pleistocene sandy regions of the Netherlands. Due to the dominance of agriculture, 

especially dairy farming, these rural areas appear as agricultural landscapes. In these landscapes, 

agriculture is expected to be still the dominant land use in the future (De Groot et al. 1994, Van 

Eck et al. 1997). The majority of the large and small natural areas in the agricultural landscapes in 

the Pleistocene sandy regions consists of woodlots and hedgerows. In these regions, the wooded 

area has decreased, especially from the 1950s until the 1970s (Kerkstra and Vrijlandt 1990, Vos 

and Zonneveld 1993). The remaining elements can be characterized as relatively small, disjunct 

and sharp bounded. A lot of species can be found in these wooded elements and at the border with 

the farmland. However, the farmland is often unsuitable or inhospitable to reproduce or find food, 

and may act as barrier for movement. The biodiversity of the woodlots and hedgerows still 



decreases due to environmental stress, lowering of the groundwater table and fragmentation 

(RWMetal. 1997). 

Approximately 80% of the natural areas in the Netherlands is dissected in elements smaller than 

10 hectares (RIVM et al. 1997). For many species, especially for birds and mammals, the amount 

of habitat in these elements is not sufficient for viable populations (Kalkhoven et al 1995, 

Verboom et al. 1997). When the habitat of species is fragmented, their local populations are small 

and extinctions may occur (Harrison 1991). Small populations have a higher probability of 

extinction due to processes that have a stochastic character, like low reproduction, genetic 

inbreeding or environmental fluctuations. Regional survival of these species requires several 

habitat patches. Then, the connectivity of these habitat patches becomes crucial (Opdam 1990, 

Hansson 1991, Taylor et al. 1993). Extensive theoretical and empirical research shows the 

importance of sufficient habitat connectivity in landscapes with fragmented habitat for several 

species (e.g., Fahrig and Merriam 1985, Van Dorp and Opdam 1987, Henein and Merriam 1990, 

Gilpin and Hanski 1991, Opdam 1991, Saunders and Hobbs 1991, Verboom et al. 1991, Arnold et 

al. 1993, Andren 1994, 1996, Wahlberg et al. 1996, Hanski and Gilpin 1997). Local populations 

of a species that are connected by dispersing individuals constitute a metapopulation (Levins 

1970, Hanski and Gilpin 1997; see chapter 2 for definition). Constrained dispersal may affect 

processes at population and individual level such as a reduction of the probability of successful 

colonization of unoccupied patches from surrounding local populations and of the opportunities 

for optimal habitat selection. Due to the low amount of habitat and its widespread fragmentation, 

the habitat connectivity in human-dominated landscapes may often be not sufficient for viable 

metapopulations (Hanski et al. 1995, 1996). 

Since population dynamics depend upon the spatial structure of the landscape (Kareiva 1990, 

Fahrig and Merriam 1994, Hanski 1994, Wiens 1995), increase in habitat amount or connectivity 

may positively affect population survival. Several (applied) landscape ecological research efforts 

indicate possibilities to address fragmentation of habitat by a network approach (e.g., Noss and 

Harris 1986, Margules etal. 1988, Saunders and Hobbs 1991, Smith and Hellmund 1993, Vos and 

Opdam 1993, Cook and Van Lier 1994, Hanski and Thomas 1994, Arts et al. 1995). I define an 

ecological network as a set of habitat patches in which local populations of a species can act as a 

metapopulation. The habitat patches in the network are accessible to a certain degree when they 

are located sufficiently close together. However, a part of the suitable habitat patches can be 

unoccupied due to the dynamic balance between survival and colonization probability of local 

populations (Hanski 1994, Hanski et al. 1995). This definition of ecological networks has a 

starting point in population ecology. In this context, they are also called habitat networks or patch 
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networks. In spatial planning, the term ecological network is also often used. Then, it refers to a 

structural property of landscapes that may have a function for species or other processes (chapter 

2). 

Spatial planning can play a role in nature conservation by means of defragmentation of habitat and 

optimization of land use allocation. Defragmentation intends to mitigate the effects of habitat 

fragmentation: an increase of the size or of the degree of connectivity of habitat patches. In this 

context, the notion of ecological networks is used as a spatial concept (chapter 2). The spatial 

concept of ecological networks indicates how the land and its use can be organized to preserve 

biodiversity and to provide space for developments in land use. A well-known example of the 

spatial concept of ecological networks is the Dutch National Ecological Network as proposed in 

the Nature Policy Plan (Min. LNV 1990). 

2 Research hypothesis and questions 

The objective of the research is to contribute to an improved knowledge about the effects of 

fragmentation and defragmentation of habitat on populations, in particular effects of differences in 

the degree of habitat connectivity on colonization and habitat selection. Therefore, the main 

question of the research was: do networks of patches contribute to population sustainability of 

species in fragmented habitat? To address this question, I focused on the effects of spatial 

variables on population processes. The hypothesis was that the degree of habitat connectivity is a 

crucial feature to constitute an ecological network since it determines processes at population and 

individual level in fragmented habitat. 

The main research question was split up in three questions: 

1) What variables can measure the degree of connectivity of the habitat patches? When 

insufficient connectivity constrains dispersal in fragmented habitat, it will be reflected by 

the colonization patterns of the species. Are differences in the degree of connectivity related 

to the probability that patches are colonized? 

2) When insufficient connectivity constrains dispersal in fragmented habitat, habitat selection 

will deviate from optimal selection. Is habitat selection limited in landscapes with 

fragmented habitat? 

3) When networks of patches can mitigate effects of habitat fragmentation by enhancement of 

the degree of connectivity, how can they be optimally allocated in agricultural landscapes 

that both meets the requirements for population sustainability and takes into consideration 

the suitability of the land for competing land uses? 
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The research is restricted to forest fragments in agricultural landscapes of the Dutch Pleistocene 

sandy regions. A species-oriented approach was used since effects of habitat fragmentation and 

defragmentation are species specific. I focused on the European nuthatch Sitta europaea. The 

nuthatch is a songbird of mature deciduous forests. Pairs have strong site tenacity and defend their 

territory the year round. Although the nuthatch was used as a model species to study effects of 

fragmentation and defragmentation, I can advance three arguments for selecting the nuthatch. 

First, research efforts provide evidence that nuthatch populations are sensitive for habitat 

fragmentation (Opdam et al. 1985, Van Dorp and Opdam 1987, Verboom et al. 1991, 1993, 

Enoksson et al. 1995, Matthysen and Currie 1996, Bellamy et al. 1997, 1998, Schotman in prep.). 

Populations of the nuthatch in a landscape with fragmented habitat may act as a metapopulation 

(Verboom et al. 1991). At this moment, interesting questions are addressed about consequences of 

reduced dispersal success of nuthatches in landscapes with fragmented habitat (Matthysen et al. 

1995, Matthysen and Currie 1996, Bellamy et al. 1997, 1998, Matthysen and Adriaensen 1998, 

Schotman in prep.). This thesis joins in this discussion. It adds to spatially explicit theory in 

population ecology since nuthatches represent a group of species with relatively small 

populations, a density-dependent growth and a limited dispersal success. These species may show 

similar responses when their habitat is fragmented. Second, the nuthatch can be considered as an 

umbrella species (sensu Simberloff 1998) which presence indicates that the forest ecosystem is 

mature and a high degree of biodiversity can be expected (Siepel 1992). The third argument is that 

good data on the presence and absence of nuthatches and the location of their territories were 

available for several regions in the Netherlands. 

3 Research context 

This thesis contributes to knowledge for substantive planning theory: understanding into the 

phenomena with which planning is concerned (cf. Faludi 1973, chapter 2). This knowledge is 

embedded in both a scientific and societal context: an increase in scientific understanding and the 

application of scientific understanding to the societally defined problem of nature conservation 

(Pickett et al. 1994). 

3.1 Scientific context 

Extensive research is done to the effects of habitat fragmentation for species of forests. Many 

forest species appear to be sensitive to fragmentation. Most of the empirical evidence for this has 

been related to forest birds (e.g., Lynch and Wigham 1984, Opdam et al. 1985, Askins et al. 1987, 
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Van Dorp and Opdam 1987, Opdam 1991, McCollin 1993, Enoksson et al. 1995, Bellamy et al. 

1996). These research efforts demonstrate the role of habitat amount and connectivity in the 

presence of populations of forest birds. The effects of habitat fragmentation on species richness 

have usually been studied with the theory of island biogeography (MacArthur and Wilson 1967). 

In studies of single species, the metapopulation theory has been applied (Hanski and Gilpin 1997). 

The theories are related since they assume the same population processes: colonization and 

extinction of populations in islands or habitat fragments. A debate is going about the questions 'if, 

or when, effects of habitat fragmentation are solely due to habitat loss (the random sample 

hypothesis) or to both habitat loss and isolation (the theory of island biogeography and the 

metapopulation theory)?' (Haila et al. 1993, Andren 1994, 1996, Bellamy et al. 1996). In contrast 

with the theory of island biogeography and the metapopulation theory, the random sample 

hypothesis implies that local extinction and colonization in small fragments are a reflection of 

changes in territory location from year to year and disconnected from population dynamics (Haila 

et al. 1993). It is argued that small habitat patches can be considered as random samples from 

large ones (Connor and McCoy 1979, Haila 1983). When the random sample hypothesis is true, 

habitat selection is optimal, e.g., as assumed in Fretwell and Lucas (1970) and Pulliam and 

Danielson (1991). This thesis provides a contribution to this debate by investigating the effects of 

the degree of connectivity on colonization of unoccupied patches (chapter 4) and on habitat 

selection (chapter 5 and 6). 

Crucial in the research to population dynamics in landscapes with fragmented habitat is the 

acknowledgement that habitat patches differ in size and quality, and that they are not equally 

accessible (Fahrig and Merriam 1994). There is a need for more understanding in the importance 

of spatial variables in the population ecology of species (Kareiva 1990, Fahrig and Merriam 1994, 

Wiens 1995). For example, the way a certain amount habitat is arranged appears to be a key 

scientific question (Adler and Neurnberger 1994, Harrison and Fahrig 1995, Andren 1996, chapter 

4, 5 and 6). Another important variable is the spatial scale. It is important to assess the effects of 

habitat fragmentation at the scale that agrees with the scale of movement of the concerning species 

(Levin 1992, Wiens 1995, chapter 4 and 5). A fundamental question that often appears in 

literature about developments in landscape ecology is 'how and at what scale does the complex 

spatial structure of landscape mosaics affects ecological patterns and processes?' {e.g., Forman 

and Godron 1986, Turner 1989, Forman 1995, Wiens 1995). This question was the starting point 

for the three research questions in this thesis. 
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3.2 Societal context 

The key issue in planning is "how knowledge should be properly linked to action" (Friedmann 

1987, pp. 73-74). The action in spatial planning already exists, e.g., see chapter 2, Cook and Van 

Lier (1994), Arts et al. (1995), Jongman and Kristiansen (1998). Landscape ecology provides 

useful theory, data and experiences for spatial planning (Forman and Godron 1986, Vos and 

Opdam 1993, Noss et al. 1997, chapter 2, 7 and 8). The knowledge provided by this thesis can be 

applied as scientific support for spatial interventions. 

Effective planning includes a clear problem detection and exploration of possible solutions. In the 

praxis of planning, there is an increasing need to utilize guidelines that can mitigate effects of 

habitat alteration, loss and isolation. However, this requires a clear understanding of the 

quantitative relationships between landscape characteristics and the response of populations 

(Saunders et al. 1991, Soule 1991, Verboom et al. 1993). In this thesis, the problem detection is 

conducted as the analysis of the effects of the degree of habitat connectivity on processes at 

population and individual level (the first and second research question). When the causes for the 

decline in biodiversity are mapped and modelled, knowledge is needed about 'what interventions 

should be applied, on which locations, how should they be conducted, and how should the 

suitability of the land for competing land uses be taken into consideration?' (the third research 

question). 

When scientific knowledge is used in planning, it can be seen as a tool to realize certain 

objectives. Since the application of scientific knowledge has pretentions of understanding, 

prediction and control of the studied phenomena (Schuurman 1989), the use of this tool has 

limitations (as in fact, the use of each tool has limitations). These pretentions are both useful 

and problematic. They are useful in terms of a scientific foundation of interventions (Noss et al. 

1997). However, it can be problematic due to the forceful claims made about it. Often, 

decisions are made based on knowledge that is insufficiently founded. Moreover, scientific 

knowledge is not the only type of knowledge needed in planning. Normative knowledge or 

knowledge about proper procedures is also essential, e.g., a relevant aspect in spatial planning 

is to increase the participation of interest groups in the process. 

The possibilities and limitations for application of the knowledge provided by this research are 

discussed in chapter 9. 
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4 Methods and outline of thesis 

Landscape ecology became a basis for spatial planning for the rural areas. For the Dutch planning 

tradition, this is illustrated in chapter 2. This chapter provides an overview of developments in 

spatial planning and spatial concepts related to the rural areas in the Netherlands. It can be 

regarded as an introductory chapter. 

Chapter 3 and 4 address the first research question about the degree of habitat connectivity and the 

effects on colonization. Therefore, habitat patches and the distances between these patches are 

modelled as networks. In landscapes with fragmented habitat, these networks appear as 

nonconnected networks. In chapter 3, parameters are derived that measure the degree of 

connectivity of networks and their elements concerning the size (in terms of the number of 

elements) and the spatial configuration of the networks. The parameters are used in a study that 

relates the degree of connectivity of habitat patches with colonization data (chapter 4). I studied 

the process of colonization using pattern data of distribution and abundance of nuthatches in three 

regions in the Netherlands: Midden Brabant, Zuidwest Drenthe and Noordoost Twente. 

Chapter 5 and 6 address the second research question about limited habitat selection in landscapes 

with fragmented habitat. In chapter 5, the results of a spatially explicit, stochastic model are 

presented. The model simulates the occupancy of sites in landscapes with differences in the 

amount and spatial configuration of the breeding habitat. Also, landscapes with a relatively large 

amount of breeding habitat were included. This study deduced hypotheses about limited habitat 

selection, which are tested with empirical data of nuthatch populations (chapter 6). This study was 

conducted by comparison of the distribution patterns and breeding success in a region with 

contiguous habitat and regions with fragmented habitat: Midden Brabant, Zuidwest Drenthe, 

Noordoost Twente and Veluwezoom. The latter region has contiguous habitat and can be 

considered as a reference region where the ideal distribution can be expected. 

The third research question about allocation of ecological networks in agricultural landscapes is 

addressed in chapter 7 and 8. The model MENTOR was developed for allocating stepping stones 

between existing habitat patches. The use of the allocation model resulted in a set of landscapes 

with different amount and configuration of habitat (chapter 7). For these landscapes, the spatially 

structured population model METAPHOR, developed at the Institute for Forest and Nature 

Research in Wageningen (Verboom 1996), was used to evaluate the population performance. The 

effects for the agricultural use were assessed in terms of changing spatial conditions for farming. 

In chapter 8, models for two strategies for conservation planning in human-dominated landscapes 

are discussed and compared: the first model ENLARGE enlarges existing habitat patches, and the 

second model MENTOR connects the patches with stepping stones. Both chapters 7 and 8 use 
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scenarios with probable developments in the rural areas of the Pleistocene sandy regions in the 

Netherlands. 

Finally, chapter 9 provides a discussion about the relationships between the degree of habitat 

connectivity and the response of nuthatches, especially colonization (at population level) and 

habitat selection (at individual level), and about possibilities to increase the degree of habitat 

connectivity realized by allocating networks of habitat patches to enhance population 

sustainability. 

Due to the structure of the thesis in chapters that are written as separate papers, different terms are 

used for the same subject: e.g., landscape planning in chapter 2, spatial planning in chapter 3 and 

conservation planning in chapter 7 and 8. All these terms refer to planned spatial interventions 

inherently related to the use of the land. They are not directly linked to the Dutch planning 

instruments. 
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Conceptual integration of landscape planning and landscape ecology, 
with a focus on the Netherlands 

1 Introduction 

In recent decades, landscape planners became aware of planning for nature. Several authors have 

linked (landscape) ecology and planning in a preliminary way and have documented examples of 

applications. Ecological approaches of landscape planning are developed as useful planning 

frameworks, including guidelines for the way data should be collected, analyzed and presented, 

for participation of interest groups and for implementation and monitoring plans (e.g., McHarg 

1969, Fabos 1979, Vink 1983, Ruzicka and Miklos 1990, Steiner 1991). These approaches require 

a focus on interactions between landscape components and processes, and on the context in which 

the plan area is placed. This approach is more or less based on ecological theories, such as 

theories about biocybernetics and the hierarchical organization of nature. However, ecology is 

becoming well integrated in planning and design, it appears that ecology is considered as an 

attitude, rather than a substantive contribution to planning. For example, Hackett (1971, p. 18) 

summarizes the dilemma of applying ecology in planning as "the growing acceptance of the need 

for an ecological basis in planning large areas of landscape is an encouraging fact to set against 

the insatiable demands of a materialistic industrial society. But, whereas acceptance of a principle 

is one thing, the question of putting it into practice is quite another matter". Yet, there is a need for 

a deeper understanding to use (landscape) ecological principles and spatial concepts in landscape 

planning, which contribute to use the collected data in planning and design, and to recognize how 

to intervene in the landscape. 

To enhance the ecological integrity of the landscape and achieve sustainable land use, landscape 

planning should consider natural and social processes and their spatial relationships in a 

comprehensive way. This approach offers the challenge to design landscapes that are beautiful, 

ecologically healthy, as well as productive of goods and services required by society. Also, it 

should include a framework to assess and protect landscapes for their intrinsic values (after Golley 

1987). 

The relationships between people and the land change over time as a result of a changing 

perception of the land and spatial transformations. The changing perception of the land is 

expressed in spatial concepts, which in turn may lead to interventions induced by planning. This 

chapter will show that planning the landscape and its spatial concepts have become landscape 

ecology based, called landscape ecological planning. It provides an overview of developments in 

13 
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landscape planning and spatial concepts related to the rural areas in the Netherlands. Several 

problems will be addressed: (1) what are the developments in landscape planning for nature and 

landscape ecology in the Netherlands; (2) what are the key connecting issues between landscape 

planning and landscape ecology; (3) what is the role of landscape ecology in landscape planning; 

(4) what spatial concepts are used in landscape planning for nature; (5) what is the content of the 

spatial concept of ecological networks, and what are the substantive landscape ecological 

principles for planning ecological networks? 

2 Landscape ecological planning in the Netherlands 

Planning is a human activity inherently related to the use of land. Planning is defined as "the use 

of scientific and technical knowledge to provide options for decision making as well as a process 

for considering and reaching consensus on a range of choices" (Steiner 1991, p. 4). According to 

Faludi (1973), two main types of planning theory can be identified: procedural and substantive 

theories. Procedural planning theories, or theories of planning, focus on methodological issues, 

such as purposes, principles and characteristics of the planning process. These theories provide 

guidelines for the way planners operate in formulating objectives and planning goals, inventory 

and assessment of the land, development of spatial concepts, generation and evaluation of 

scenarios, participation of interest groups and implementation of plans. For example, a working 

method for landscape planning was presented by Steiner and Osterman (1988) applied to a case 

study of soil erosion, and Duchhart et al. (1988) for agroforestry. Substantive planning theories, or 

theories in planning, provide insights into the phenomena with which planning is concerned. They 

lead to better understanding of the landscape as the interface between natural and social processes, 

and may legitimate interventions in the landscape. Substantive planning theories provides 

guidelines for spatial concepts and interventions in the landscape. These theories can be both 

descriptive and predictive. They originate from natural and social sciences, such as geography, 

ecology, economics, anthropology and sociology. The distinction between theory in planning and 

theory of planning should not result in an entirely separate development of the two. Clearly, both 

types of theory are needed for effective planning (Faludi 1973, Ndubisi 1997). This chapter does 

not provide a discussion about planning theories, but rather use them to discuss landscape 

ecological planning and the spatial concepts. 

Planning the landscape involves decisions about alternative futures focus on the wise and 

sustained use of the landscape to accommodate human needs. Landscape planning provides an 
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opportunity to influence spatial practices and to create new landscape structures. It attempts to 

allocate land-use activities while minimizing the disturbance effects of these activities on other 

land uses and the environment. In this context, landscape planning is a process of managing 

transformations of the landscape to bring land use in harmony with natural processes, based on 

knowledge of the reciprocal relationships between people and the land. An ecological approach 

has been globally accepted and advocated in planning and design literature. The historical link 

between ecology and planning is documented by, for example, Hackett (1971), Naveh and 

Lieberman (1984), Steiner et al. (1988) and Ndubisi (1997). Planning became ecologically based 

because of a growing environmental consciousness in society about pollution, destruction of 

nature, loss of amenity and the depletion of resources. The increasing environmental concerns 

changed the landscape planning paradigm. Pepper (1986) states that to understand the actual 

situation of environmentalism (i.e., ideologies and practices which inform and flow from a 

concern with the environment), one should study how people perceive the environment, and the 

nature of the — economic, social and cultural — presuppositions which colour these perceptions. 

The question of how landscape planners perceive and act to change the landscape is not free from 

these notions. In the subsequent sections, a historical overview of an ecological approach in 

landscape planning for nature in the Netherlands is provided, exploring some of these 

presuppositions. 

2.1 Retrospective analysis of the evolution of an ecological approach in landscape planning 

for nature 

In areas with a relatively high density of human activities and conflicting land uses, the need for 

landscape planning is evident. European and North American countries (especially the United 

States and Canada) have a long tradition of landscape planning. A number of themes and issues 

have emerged as ecological planning has developed in Europe and North America. For example, 

the incorporation of the ideas of multiple land use, sustained yield and carrying capacity into 

planning, and the acceleration of the movement towards holistic planning for environmental issues 

(Steiner et al. 1988). The shifting landscape planning paradigm incorporating an ecological 

approach is described for the USA by Steiner et al. (1988) and Ndubisi (1997). The latter 

distinguishes several stages in the paradigm shift and changes in the perception of land. Ndubisi 

described how an awaking of a belief for guiding the wise use of the landscape for human use was 

beginning to emerge. This belief was primarily based on faith and intuition of the intrinsic 

character of land as a basis for guiding. Its tenets were not yet founded on rigorous proof. Next, a 

formative period appeared in which planning based on the belief system seemed innovative and 

rather successful attempts. In the 1960s consolidation occurred, characterized by the explicit 
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linkage between ecology and planning, the articulation of ethical principles governing human 

relations to the land, and the refinement of techniques for applying ecological ideas in landscape 

planning efforts. This was followed by the acceptance of a paradigm for the ecological approach 

in landscape planning (see Hills 1961, Lewis 1969, McHarg 1969). More recently, a landscape 

ecological planning approach matured, which characterizes a majority of current work in 

landscape planning in the USA. 

Land use and landscape planning in the Netherlands is characterized by scarcity of land. The 

landscape types of the Netherlands have been drastically changed by human interventions, such as 

reclamation of land, construction of drainage systems, expansion of road patterns, urbanization, 

and intensification of agriculture. The evolution of landscape planning in the Netherlands reflects 

several social, economic and political developments and a change in the perception of land (Van 

Lier 1981, Van der Valk 1982, Groeneveld 1985, Grossman and Brussaard 1989, Driessen 1990). 

Two periods can be distinguished: the period from the beginning of this century until 1954 and the 

period from 1954 until now. 

(1) Period from the beginning of this century until 1954 

Reclamation and optimal allocation of land for agricultural use has been evident for a long time in 

the Netherlands. Originally, landscape planning was primarily mono-objective. Land 

consolidation projects with an agricultural purpose aimed to a spatial re-arrangement of farmlands, 

enhancement of the accessibility of field parcels and farm households by building and 

improvement of roads, construction of drainage systems, improvement of soils and relocation of 

farm buildings. Land consolidation was needed because of the unfavourable agricultural land 

structure that existed in many areas of the country. The first law for regulation of these projects, 

the Land Consolidation Act, became effective in 1924. An increased demand for space to exploit 

the land for agriculture occurred. Agricultural (re)allotment and land reclamation projects 

provided a strong stimulus for structural agricultural adaptations to economic and technological 

developments. Especially after the Second World War, landscape planning was aimed to increase 

agricultural production and productivity. 

In the period from the end of the 19th century until the 1950s, the importance of protection of 

natural and scenic values was also recognized. Nature conservation organizations arose in the 

Netherlands around 1900. By the 1930s, the State Forest Service became advisor in land 

consolidation projects for issues related to the natural and scenic aspects of the landscape. The 

then nature conservation activities were primarily focused on protection of 'untouched' natural 

areas, such as wetlands, forests and meandering brooks. For some other areas a compromise was 

made with other interests, such as outdoor recreation and forestry. Nature conservation 
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organizations have bought and managed nature reserves since the beginning of this century. The 

biologist Dr. Jac. P. Thijsse, one of the leaders of the then nature conservation movement, 

proposed in 1938 that the Land Consolidation Act should not only promote agriculture, but also 

nature conservation and housing. However, his idea was rejected. 

The period from the beginning of this century until 1954 can be described as a period in which 

land consolidation was developed to reallocation and improvement of lands for agriculture. 

Landscape planning had mainly a single purpose. An awaking of nature conservation appeared 

during this period. 

(2) Period from 1954 until now 

Land consolidation projects, which evolved into land development projects, tended towards a 

multi-objective approach. Societal developments, such as the expansion of towns, increasing 

mobility, higher recreational needs and the enhanced value assigned to nature and landscape, led 

to changes in the perception of the land. The notion was accepted that the landscape is not only an 

agricultural production space, but also to provide space for multiple use. The legitimacy and 

acceptability of landscape intervention was changed. The Land Consolidation Act was revised in 

1954 to adapt the planning procedure to pay more attention to the protection and restoration of the 

landscape. Several public interests, such as outdoor recreation, nature conservation and forestry, 

were increasingly taken into account. In this context, the demand for land consolidation and 

development grew during the 1950s. However, the priority in landscape planning remained an 

increased agricultural production. 

During several decades of land reclamation and consolidation, large parts of the Netherlands have 

changed tremendously in terms of the structure of farmlands, resulting in a considerable increase 

in agricultural productivity and profits. Reallotment projects were stimulated by the government to 

meet the needs of modem mechanized agriculture. These projects have changed the formerly 

small-scale agricultural landscapes, especially in the sandy regions. Irregularly shaped plots have 

been adjusted and adjoining parcels have been merged. Many small landscape elements were 

eliminated during this process. Developments in the rural areas, such as mechanization, 

specialization and intensification of land use, gave rise to serious environmental problems with a 

loss of diverse natural values (Weinreich and Musters 1989, Bink et al. 1994). 

Since the late 1960s and 1970s, nature conservation has received more attention. The 

developments after the Second World War, especially in modern agriculture, were seen as great 

threats to nature and landscape. A growing concern about environmental quality from the public 

appeared. Several European national governments accepted responsibility for nature conservation 

(Bischoff and Jongman 1993). During the 1960s, the conservation approach changed: the 
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definition of nature widened and its appreciation increased. A revaluation of agricultural areas 

occurred. Nature conservation values were recognized and the preservation of natural values 

within agricultural landscapes became an important policy objective. For example, the decline of 

small landscape elements, such as wooded banks and hedgerows, was noticed. Protection and 

enhancement of these elements increased. The arguments for nature conservation also changed. 

Not only rare and endangered species had to be conserved, but also human's experience of the 

landscape, especially visiting the natural areas, became an important argument. These 

developments can partly be explained by an increase in ecological knowledge. Moreover, the 

societal basis of nature conservation grew: the valuation of the beauty of nature, the love for 

nature and the recognition of its opportunities for outdoor recreation increased. This trend was 

expressed in an increase of members in non-governmental nature conservation organizations (Van 

der Valk 1982, Dekker and Van der Windt 1992). 

The 1954 law for land consolidation was increasingly criticized. In 1972, the national government 

initiated a new law to replace the 1954 law, the Land Development Act, which was implemented 

in 1985 after a lengthy parliamentary debate. The new law was broader in scope to recognize the 

multiple use of the rural areas. It also established a stronger connection between physical planning 

and land development. Several forms of land development were proposed, and participation of 

interest groups and inhabitants involvement was regulated. The broadened purpose of the Land 

Development Act is stated as follows: Land development strives toward the improvement of the 

countryside in conformity with the functions of that area, as these are specified in the framework 

of physical planning. In this context, the nature of landscape planning in the Netherlands became 

multi-objective. Planning included measures and provisions for agriculture, forestry, nature 

conservation, outdoor recreation, traffic and landscape maintenance. Indeed, agriculture still 

characterizes the structure of the rural landscapes since sufficient farmland remains important for 

the Netherlands. Multiple land use requires a thorough landscape planning approach, which 

provides well-considered spatial solutions. Different interests in landscape planning may conflict, 

especially uses with competing land claims. Moreover, each land use may have its own problems. 

The economic and technological developments in agriculture, wherein since 1960 the policy of the 

European Community and recently the General Agreement on Tariffs and Trade (GATT) play an 

important role, forced farmers to continually improve farm management and the layout and 

structure of the farmlands. The decline of area for agriculture, as a result of claims from other land 

uses, requires improved farmland and a well-suited parcelling, while reducing negative impacts on 

the environment. Modern agriculture will be limited in the use of manure and pesticides. 

Landscape planning can contribute by means of reallotment and rural development to both an 

increase in the economic benefits and enhancement of the social and working climate in 
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agriculture. The complicated planning process of land development is designed to make the best 

use of the limited amount of available land and to deal with several interest groups. In an early 

stage of this process, involvement of several sectors are required — agriculture, nature 

conservation, landscape maintenance and outdoor recreation — containing consequences of the 

plans. Grossman and Brussaard (1989) explain this planning process. Nowadays, the emerging 

multiple land-use approach is still discussed {e.g., CLMI1990, Min. LNV 1992). 

Since the perception of nature reflects people's fundamental attitudes towards the land (e.g., 

Philipsen 1995), changes in the perception of nature will lead to different nature conservation 

strategies. In the Netherlands, a debate developed on the question what is nature, and what natural 

values should be protected: untouched nature, semi-natural areas or a maximum biodiversity? 

These objectives require different spatial strategies, which can be placed within a continuum from 

segregation to integration of land uses (see section 5.2). In this period, the definition of nature was 

restricted and renewed, in which the emerging discipline of landscape ecology played an 

important role. In this context, restoration of natural processes was advocated (Dekker and Van 

der Windt 1992). New nature conservation strategies were formulated in the Nature Policy Plan 

on the preservation of natural areas and restoration of former or potential natural areas (Min. LNV 

1990). The keynote of this plan is to realize a robust national ecological network of sustainable 

ecosystems considered of (international importance. As Harms et al. (1993) state, landscape 

planning for nature recently changed to incorporate both nature preservation and restoration. 

Landscape planning is considered as an essential tool to implement this new policy. Most 

planning projects have a direct relationship with the national ecological network. Moreover, since 

1994 new land development projects are obliged to make an environmental impact assessment. 

The period since 1954 can be characterized by an awaking and consolidation of an ecological 

approach in Dutch landscape planning. In the 1980s and 1990s, this approach matured in 

landscape planning. Extensive landscape planning and design studies have been based on 

(landscape) ecological theories, data and experiences (e.g., Schoorl et al. 1987, Helmer and 

Smeets 1990, Kadaster 1992, Harms et al. 1993). 

2.2 Emerging landscape ecology based landscape planning 

The close relationship between landscape planning and landscape ecology is pointed out by 

several authors (e.g., Brandt and Agger 1984, Forman and Godron 1986, Schreiber 1988, 

Zonneveld and Forman 1990, Vos and Opdam 1993, Smith and Hellmund 1993, Jongman 1993). 

Bischoff and Jongman (1993) note that nature conservation in Europe became landscape ecology 

based in the last decade. Landscape ecology is a relatively new discipline and has been influenced 

by ecology, geography and vegetation science. The term "landscape ecology" was introduced by 
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Troll (1939). It is the study of spatial relationships and functional interactions between component 

ecotopes of a kilometres-wide heterogeneous area, and the way in which these bring about 

changes of structure and function in the ecological mosaic over time (Forman and Godron 1986, 

Brandt and Agger 1984, Naveh and Lieberman 1984, Turner 1987). In this context, landscape is 

defined as "a heterogeneous land area composed of a cluster of interacting ecosystems that are 

repeated in similar form throughout. Landscapes vary in size, down to a few kilometres in 

diameter" (Forman and Godron 1986, p. 11). This heterogeneous land area contains a mosaic of 

land forms, vegetation types and land uses. The emphasis on patterns and processes and their 

interactions over time within a landscape scale mosaic, is what differentiates landscape ecology 

from other ecological disciplines. Several authors describe landscape ecology, its origin and 

paradigms (e.g., Zonneveld 1982, 1990, Naveh and Lieberman 1984, Forman and Godron 1986, 

Turner 1989). For the Netherlands, Opdam (1993) describes twenty years of landscape ecology 

and its connection to landscape planning. For a short overview, Opdam distinguishes three periods 

of time: the period of the 1970s, the period of the 1980s and the period of the late 1980s to the 

present. 

(1) Period of the 1970s 

Dutch landscape ecology originated in the 1970s. The development was induced by demands for 

an integrative environmental survey of the Dutch rural areas. To prevent the increasing destruction 

of nature and landscape, it was decided that the natural values should be mapped. Several 

landscape characteristics, such as geomorphology, geology, hydrology, vegetation, fauna and land 

use, were mapped and combined (Burggraaff et al. 1979). These environmental surveys mapped 

several landscape patterns, which were overlaid to search for coherence between the landscape 

patterns. It resulted in maps with relatively homogeneous land units (Zonneveld 1989). Such 

surveys provided principles for landscape planning, such as gradients, natural equilibrium and 

ecological functions. For example, for the entire Netherlands an environmental survey (GEM) was 

done (Van der Maarel and Dauvellier 1978). It mapped several ecotopes of the Netherlands as 

related to the potential natural vegetation. Yet, spatial relationships between elements in the 

landscape were hardly investigated. 

(2) Period of the 1980s 

In the next period, landscape ecological research became more concerned about natural processes 

and interactions between landscape patterns, for example, nutrient cycles, hydrological flows and 

movement of species. A shift from the study of static patterns and of community composition 

towards dynamic phenomena such as population extinction, colonization, isolation, migration and 
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dispersal appeared. The landscape ecological research was divided into several topics. In the 

Netherlands, this shift stimulated a resumed biological and landscape ecological interest for the 

isolation of most nature reserves, and for small landscape elements and their function in the 

agricultural surroundings of these reserves (e.g., Opdam et al. 1986). 

(3) Period from the late 1980s to the present 

In the current period, the fragmentation of landscape ecological research and the need for 

synthesis was recognized (e.g., Vos and Stortelder 1988, Vos and Opdam 1993). The way 

environmental surveys are carried out and the collected data is interpreted changed. In the 

beginning, the conservation of existed natural values was emphasized. In later years, possibilities 

to restore natural processes are explored. Landscape ecology matured. For example, the Nature 

Policy Plan of the Netherlands is based on recent landscape ecological research. This plan 

emphasized the necessity of addressing environmental problems, such as habitat fragmentation, 

acidification and eutrophication. In turn, the implementation of this policy in landscape planning 

may lead to broader and deeper problem inquiry in landscape ecology. In the Netherlands, several 

researchers have played a role in the explicit integration of landscape ecological principles and 

methods in landscape planning, for example, Vink (1983), Zonneveld (1989), Harms and Opdam 

(1990) and Jongman (1993). 

Several key connecting issues between landscape planning and landscape ecology can be 

distinguished. 

3 Key connecting issues between landscape planning and landscape ecology 

3.1 Landscape and its processes as subject of study 

In landscape planning, the landscape and its processes are the subject of study (material object). A 

key attribute of this subject is the spatial form. The subject is shared with other disciplines, such 

as landscape ecology, geology and geography. A range of definitions of the term landscape exists, 

depending upon the phenomena under consideration and presuppositions of each discipline. A 

common element in most definitions is, that landscapes are the tangible and visual parts of earth's 

surface consisting of a complex of living and non-living entities. The spatial character of 

landscapes is treated as a fact of nature, in which all objects exist and move, and space as a 

measurable attribute of these objects. It can be measured by parameters such as area, volume, 

direction, pattern, shape, distance and position. 
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Through representation and imagination (Harvey 1989), people give meaning to the landscape, as 

space for agriculture, nature conservation or recreation. Each of the mentioned disciplines may 

have its own point of view, theory and jargon, and therefore its own representation of landscape 

(Toth 1988). In this sense, the term landscape is differently interpreted as, for example, landscape 

scenery and the landscape as a conglomerate of land attribute units. Imaginations are mental 

inventions that imagine new meanings or possibilities for spatial practices. These imaginations 

may contain codes, signs, plans for the future and imaginary landscapes {e.g., depicted as designs 

or paintings). Imagination of spaces is pre-eminently the domain of planning that may lead to 

interventions in the landscape. 

The landscape is interpreted as the interface of natural and social processes. Many human 

practices involve decisions that alter landscape patterns to facilitate desired functions. Landscape 

ecology deals with landscapes as the total spatial and functional entity of natural and cultural 

systems. A definition of landscape from the landscape ecological point of view was given in the 

previous section. A tenet of landscape ecology is that the juxtaposition of ecosystems or landscape 

elements regulates the distribution of species, nutrients and energy (Forman and Godron 1986). 

The spatial nature of both landscape planning and landscape ecology indicates a common bond. 

However, the way of regarding the landscape (the formal object) of both disciplines differs. The 

nature of landscape planning is to intervene purposively in the landscape. Planners are agents of 

change (F. Steiner pers. comm. 1994). To bring about transformation based on imaginations, 

planning is considered fundamentally as an art, and is inherently normative and value laden. The 

formal object of landscape ecology is to understand and describe the landscape, its structure, 

function and changes. Ecologists and geographers are scientists using the landscape to generate 

and test hypotheses in theory building. In identifying what distinguishes planning and design from 

landscape ecology and other spatial sciences, planning goes beyond the mere explanation of 

spatial phenomena. It has primarily to do with synthesis, rather than analysis. In this sense, 

planners wish to know what motivates the objects of their planning, and what forces bring about 

changes. Based on this knowledge, among which knowledge of ecological processes, planners 

propose interventions. 

3.2 An holistic and interdisciplinary approach 

An important presupposition of landscape planning and landscape ecology is that people, plants, 

animals and the abiotic substrate, all become understood as interdependent parts of a larger 

system. It is proposed that the holistic approach provides a better appreciation and understanding 

of the intricate web of interactions between people and the land. The holistic axiom that "the 

whole is more than the sum of its parts" was first stated by Smuts in 1926, and introduced to 
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ecology by Egler in 1942 as the concept of the hierarchical organization of nature. Holism has 

become a basic philosophical concept in landscape ecology. It provides the basis for studying 

entities without knowing all the details of their internal functions. In essence, the holistic approach 

in landscape ecology and landscape planning "viewed the landscape not just as an aesthetic asset 

(as by most landscape architects) or as part of the physical environmental (as by most 

geographers), but as the total spatial and visual entity of human living space, integrating the 

geosphere with the biosphere and the noospheric man-made artefacts" (Naveh and Lieberman 

1984, p. 21). Regarding landscapes as complex systems, landscape ecology has a principal holistic 

problem definition. 

As is stated before, landscape planning requires a similar synthesis of knowledge about processes 

and patterns and their mutual interactions. This synthesis is necessary to understand the landscape, 

because different disciplines may investigate different topics, such as flows of water, species, 

nutrients, disturbances in the landscape and ecotones. Such holistic approach essentially goes 

beyond reductionism (Hall 1988, Zonneveld 1990, Opdam 1993). 

Inherent to this holistic approach is the interdisciplinary character of both landscape ecology and 

landscape planning. The field of landscape ecology demands the contribution and interactions of a 

range of disciplines, for example, population ecology, ecosystem ecology, geography, hydrology 

and soil science'. Many of these disciplines have contributed to recent developments in landscape 

ecology (Toth 1988). Since landscape planning and design are based on the understanding of how 

complex landscapes originate, how they currently exist, and how they will change, they also 

require an interdisciplinary approach. Problem solving at the landscape level requires knowledge 

and awareness of the complex interactions between social and natural components in the 

landscape. This analysis depends on the contribution of various disciplines, because no profession 

by itself can fully understand all the intricacies involved in making decisions about the wise and 

sustained use of the land. 

3.3 Scale issues and the hierarchy paradigm 

Several authors have written about scale and the interactions within and between different scale 

levels in the landscape (e.g., Young et al. 1983, Meentemeyer and Box 1987, Urban et al. 1987, 

Turner 1989, Hall 1991). The structure, function and change of landscapes are scale-dependent. 

The measurement of spatial patterns and heterogeneity is dependent upon the scale that is 

considered. A landscape may appear to be heterogeneous or fine-grained at one scale, but quite 

homogeneous or course-grained at another. Natural and social processes occur in a specific time 

and spatial scale. The scale questions in landscape planning parallel those in landscape ecology. 

The hierarchy paradigm as applied to landscape ecology, provides guidelines for defining the 
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functional components of a system, and defines ways components at different scales are related to 

one another (Urban et al. 1987, Van den Aarsen 1994). The complexity of landscapes can be 

partially simplified by decomposing them into a hierarchical framework, in which each scale level 

may have its own properties and mechanisms. 

Table 1 

1994) 

A proposed hierarchical set of ecosystem classifications at various spatial scales (Klijn and Udo de Haes 

Ecozone 
Ecoprovince 
Ecoregion 
Ecodistrict 
Ecosection 
Ecoserie 
Ecotope 
Eco-element 

Indicative mapping scale 

1:>50,000,000 
1: 10,000,000-50,000,000 
1:2,000,000-10,000,000 
1:500,000-2,000,000 
1: 100,000-500,000 
1:25,000-500,000 
1:5,000-25,000 
1:<5,000 

Basic mappable unit 

>62,500 km2 

2,500-62,500 km2 

100-2,500 km2 

625-10,000 ha 
25-625 ha 
1.5-25 ha 
0.25-1.5 ha 
<0.25 ha 

Spatial and temporal scales are also important in landscape planning. In general, three scale levels 

are distinguished in landscape planning: site, local and regional level (Haber 1990, Zonneveld 

1989). Table 1 gives a terminology proposal by Klijn and Udo de Haes (1994) for a hierarchical 

set of ecosystem classifications at various spatial scales. The elements at site level, called eco-

elements or ecotopes, are areas less than a few hectares. An ecotope is the smallest and relatively 

homogenous landscape element that can be mapped at scales of 1: 5,000 to 1: 25,000. The 

elements at a local level are called ecosections and ecodistricts. The regional level contains 

ecoregions or regional natural units. The landscape mosaic corresponds with the regional scale. 

Especially the regional or landscape level is the strategic planning level where landscape planners 

are looking for opportunities and constraints to direct the current land-use patterns, to link possible 

landscape interventions with costs and benefits to people and nature, as well as to configure land-

use changes over time. 

3.4 Recognition of human influences in the landscape 

As an interface of natural and social processes, the landscape reflects the history of the dialogue 

between people and the land. Both the continuity and the variability of land use are present in the 

landscape. Nowadays, most landscapes have been more or less influenced by human practices. 

The resulting landscape mosaic is a mixture of natural and human-managed patches that vary in 

size, shape and arrangement. Landscape planning addresses those issues that concern the 
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interactions between people and the land. A substantial amount of landscape ecological research, 

however not necessarily each part, pays attention to human influences in the landscape. Naveh and 

Lieberman (1984, p. 9) state that "one of the central features in the theory of landscape ecology is 

the recognition of the dynamic role of man in the landscape and the quest for the systematic and 

unbiased study of its ecological implications". Impacts of human activities on landscapes are 

discussed by a number of researchers, for example, Burgess and Sharpe (1981), Forman and 

Godron (1986), Jongman (1993) and Vos and Opdam (1993). Recognition of human influences is 

particularly apparent in the Dutch landscape. A central feature in Dutch landscape ecology and 

planning is the acceptance of the dynamic human role in creating heterogeneous landscapes (Vink 

1983). Several authors describe the changes in the Dutch landscapes resulting from human 

influences (e.g., Kerkstra and Vrijlandt 1990, Vos and Zonneveld 1993). They provide an 

overview of the developments in modern land use which have led to changes in natural patterns 

and processes in the landscape. 

Spatial scale and dynamics of land use may be different from the original natural process. Human-

dominated landscapes may change according to economic and social factors such as price 

regulation, mechanization, or transfers of land ownership. Changes in land use may result in 

different types of landscape. A human landscape modification gradient can be described, from 

natural, managed or semi-natural, agricultural, suburban, to urban landscapes (see figure 1). This 

gradient is based on increasing impact of interventions, from shifting cultivation, extensive 

agriculture, industrial agricultural, to urbanization. Landscape ecology should study the whole 

range of human-dominated landscapes. Then, it can provide knowledge for interventions in 

landscapes such as can be found in the Netherlands. 

4 Landscape ecology and its role in landscape planning 

The application of landscape ecology in planning landscapes is relatively new. For the 

Netherlands, the evolution of landscape ecological planning is discussed in section 2. Also in 

other countries, this issue is gaining interest, for example, in Germany (e.g., Woebse 1975, Haber 

1990, Jedicke 1990), France (e.g., Burel and Baudry 1990), the Czech and Slovak republics (e.g., 

Ruzicka and Miklos 1990) and the USA (e.g., Noss and Harris 1986, Soule 1991, Smith and 

Hellmund 1993). 
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Figure 1 Gradient of several landscape types in the Netherlands, from a semi-natural landscape to an urban 

landscape 

The emergent discipline of landscape ecology contains both a scientific and a philosophical 

stream. For example, Zonneveld (1982) regarded landscape ecology as a formal bio-, geo- and 

human science, and as an holistic attitude or state of mind. He states that everyone who has the 
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