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“We can easily imagine people in 3000AD sneering at our naïve 
nonsense and replacing it by some nonsense of their own”

Vladimir Nabokov (Bend Sinister)
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1 General Introduction

1.1 Biodiversity under pressure

“Virtually any form of sustained human activity results in some modification of the natural 
environment. This modification will affect the relative abundance of species and in extreme cases may 
lead to extinction” (WCMC, 1992).

Most of the major changes in the Earth’s biological composition that occurred in the past can 
be explained by geological or physical processes such as climate change, tectonic movement, and 
even the impact of meteors. Over the last few centuries, however, the exponential growth of the 
human population has left its traces on the global environment. Often not for the better: many 
authors make the link between human activity and the current decline of biodiversity (e.g. Kerr & 
Currie, 1995; Davies et al., 2006; Pimm et al., 2006). Worldwide, according to the IUCN-World 
Conservation Union criteria for threats of extinction, between 10% and 50% of the species within 
well-studied taxonomic groups (mammals, birds, amphibians, conifers, and cycads) are currently 
threatened with extinction (Millennium Ecosystem Assessment, 2005a). Loss, degradation, and 
fragmentation of habitat, overexploitation, climate change and the introduction of invasive alien 
species are the main anthropogenic drivers that are held responsible for this decline.

About 50% of the Earth’s surface has changed into agricultural and urban systems, resulting 
in the fragmentation, reduction, and even disappearance of many ecosystems (e.g. Vitousek et 
al., 1997; Chapin III et al., 2000). Degradation of habitat is, for example, caused by agricultural 
practices and industrialization. The use of artificial fertilizers has more than doubled the rate of 
terrestrial fixation of nitrogen into biologically available forms and leaching of nutrients from 
agricultural lands and urban systems has increased enormously. Increasing levels of nitrogen 
and phosphorus lead to shifts in nutrient availability, which can cause radical changes in natural 
communities (e.g. Wassen et al., 2005). Habitat fragmentation may occur when the native 
vegetation is cleared for human activities such as agriculture or urbanization. Habitats which 
were once continuous are then broken apart into separate fragments. There are many examples 
of how habitat fragmentation alters species diversity (see the reviews by Opdam, 1991; Fahrig, 
2003). The IPCC report of 2007 states with very high confidence that human activities since 
1750 are causing global warming. Compared to the pre-industrial era, the global atmospheric 
concentration of CO2 has increased considerably while the other greenhouse gas like methane 
more than doubled in concentration (IPCC, 2007). Climate change is expected to have a serious 
influence on species composition (Thomas et al., 2004). In fact, the first signs of this process have 
already been observed (e.g. Warren et al., 2001; Walther et al., 2002). The increasing mobility 
of man resulted in the transportation of organisms across geographical barriers, triggering 
biological invasions that, eventually, may lead to biotic homogenization and the elimination of 
characteristic species (e.g. Aldhouse, 2004; Leslie, 2004). All these alterations have had, and will 
continue to have, a severe impact on the biological diversity of the Earth. Biodiversity loss has 
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many gradations, but its most fundamental and irreversible form is the extinction of species. 
Extinction is, of course, a process that occurs in nature, but at present takes place at accelerated 
pace. Current extinction rates are estimated to be 100 to 1000 times higher than some centuries 
ago (Pimm et al., 1995; Pimm & Raven, 2000).

There are, of course, ethical arguments that can be used to advocate the need to halt this 
humanly induced biodiversity decline. But besides moral responsibility, why should we worry? 
What are the implications of biodiversity loss? Since the “National Forum on BioDiversity” 
held in 1986, Washington D.C., there has been growing awareness regarding the problem of 
biodiversity decline. Nowadays, biodiversity is considered one of the key factors in ecosystem 
functioning (Tilman, 2000). The main factors causing a decline of biodiversity may not only 
have a direct influence on the occurrence of species, but may also indirectly alter the competition 
between species and their trophic interactions. Field observations, experimental studies 
and theoretical development all show that biodiversity has a strong influence on ecosystem 
properties in terms of functional characteristics of the organisms present in an ecosystem and 
the distribution and abundance of those organisms over space and time (Hooper et al., 2005). 
Changes in biodiversity will not only alter ecosystem processes, but may also change the 
ecosystems’ ability to recover from environmental changes. Biodiversity may provide an insurance 
against ecosystem disruption, for example by minimizing the chance of epidemics, plagues and 
invasions of unwanted species (e.g. Kennedy et al., 2002). For a long time, the common view 
in ecology has been that more complex communities or ecosystems tend to be more stable 
than simpler ones, because of the species redundancy within more diverse communities (e.g. 
MacArthur, 1955; Odum, 1971). In fact, Darwin and Wallace (1858) already hypothesized that 
biodiversity might impact ecosystem processes by enhancing productivity and stability. The vast 
majority of experiments done since (reviewed by McCann, 2000 and Chapin III et al., 2000) 
confirm these positive relationships. Summarizing, these studies show that, on average, higher 
diversity leads to higher productivity in plant communities, increased nutrient retention in 
ecosystems and enhanced ecosystem stability (Tilman, 2000). However, the theoretical studies 
pioneered by May in the 1970’s show just the opposite. Using mathematical models that represent 
dynamic equilibria of randomly interacting species, May (1972) showed that if species are added 
to a hypothetical community, the system is less likely to return to the equilibrium state. This is 
supported by experimental studies, which showed that communities with low numbers of species 
are both more resistant and more resilient than communities with higher species diversity, 
when facing artificially induced drought (Naeem, 2002; Pfister & Schmid, 2002). This illustrates 
that the diversity-stability relationship is still fiercely debated (McCann, 2000; Hooper et al., 
2005). Regardless the outcome of this debate, the preservation of biodiversity is essential since 
we seldom know “a priori” which species are critical to the current functioning of a system, or 
provide resilience and resistance to environmental changes. It can be compared with playing a 
game of Jenga: you can take away parts of the ecosystem but eventually the structure becomes 
unstable and collapses. Each building block of the ecosystem may thus be a keystone (de Ruiter 
et al., 2005).

The reduction of biodiversity might also have direct implications for humanity. Provision of 
products such as food, timber, medicine, and fuel, and regulating services such as climate and 
flood control are only a few examples of the ecosystem services facilitated by a stable biodiversity 
(Costanza et al., 1997). A quick scan of some of the key publications on biodiversity shows that 
society is well aware of this fact. The subtitle of the Global Biodiversity Strategy, one of the 
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key documents produced for the 1992 UNCED conference, is “Guidelines for action to save, study, 
and use Earth’s biotic wealth sustainably and equitably”. The primary objectives of the Convention 
on Biological Diversity in Rio de Janeiro were “…..the conservation of biological diversity, 
the sustainable use of its components and the fair and equitable sharing of benefits arising out of the 
utilization of genetic resources…..”. The earlier Caring for the Earth (IUCN/UNEP/WWF, 1991) 
study carries the subtitle “A strategy for sustainable living”, and the aim of the recent Millennium 
Ecosystem Assessment (2005) was “to assess the consequences of ecosystem change for human well-
being”.

1.2 Operationalisation of the biodiversity concept

Since the Convention on Biological Diversity (Rio de Janeiro, 1992), the concern about the 
decrease of biodiversity has become a worldwide topic. The goal of most conservation agencies 
and governments, including the Dutch government, is to ensure the long-term preservation of 
biodiversity. But what is actually meant by “biodiversity”? There is a large variety of definitions, of 
which the CBD definition is probably the most widely accepted:

‘Biological diversity’ means the variability among living organisms from all sources including, inter 
alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; 
this includes diversity within species, between species and of ecosystems. (CBD, 1992)

In practice, species diversity is the measure considered in most biodiversity studies and nature 
conservation policies. Intuitively, the species level is a good approximation of biodiversity: 
species are reasonably well defined and almost everyone has some sort of understanding of what 
a species is. The analysis of biodiversity at the species level also has some theoretical merits as 
species generally keep their genetic material to themselves, and in that respect have independent 
evolutionary trajectories and unique histories (Purvis & Hector, 2000). However, we have to keep 
in mind that species counts certainly do not represent our broad understanding of biodiversity 
(Mooers, 2007).

If we want to consider how biodiversity is spatially distributed and compare the biodiversity 
of different areas, we have to define biodiversity components that can be quantified. For practical 
reasons (and for reasons mentioned above), we confine ourselves to species diversity in this thesis. 
But even then biodiversity still has many facets that can be measured (Purvis & Hector, 2000):
1. Species numbers: The measure most commonly used to express biodiversity is species 

richness, the number of different species in a given area.
2. Evenness: An area containing one hundred species does not seem very diverse if the majority 

of all individuals belong to one and the same species. Many diversity indices such as the 
Simpson and Shannon-Wiener indices have been developed to account for the extent to 
which individuals are distributed evenly among the different species.

3. Differences among species: Some species resemble each other morphologically, functionally 
or genetically, whereas others are completely distinct. The ecological diversity among species 
may play a crucial role in the functioning of an ecosystem. Nevertheless, differences in, for 
example, body size or morphology between species in a sample are generally not taken into 
account.
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Theoretically, the biodiversity of an area can be assessed by adopting any of the approaches 
mentioned above. Practically, several major problems remain to be solved. First of all, compiling a 
list of all species – including inconspicuous and undescribed – ones – for any region is expensive 
and time-consuming, if not impossible. Lack of data certainly is a problem in biodiversity 
research. On one hand we are confronted with the fact that a large part of all species have not 
yet been discovered or properly described, which is referred to as the Linnean shortfall (Brown 
& Lomolino, 1998). On the other hand, for the species we do know, a proper understanding 
of their distributional range often lacks, the so-called Wallacean shortfall (Lomolino, 2004). 
Therefore, finding a cost-effective approach to assess biodiversity is a major subject of interest 
in conservation science (Williams et al., 1997; Margules & Pressey, 2000; Myers et al., 2000). 
A lot of studies are dedicated to finding appropriate indicators for biodiversity. The idea behind 
indicators is that species richness of a certain (higher) taxon reflects that of other, poorly studied 
taxa, making mapping of individual taxa unnecessary (e.g. Gaston & Williams, 1993; Williams & 
Gaston, 1994; Williams & Gaston, 1998; Balmford et al., 1996). However, this approach remains 
a subject of debate as various studies showed mismatches between patterns of species richness of 
different taxonomic groups (e.g. Prendergast et al., 1993a; Prendergast & Eversham, 1997; Lawton 
et al., 1998; van Jaarsveld et al., 1998). The second problem concerns the quality of biodiversity 
data. Whether we get an accurate view of the distribution patterns depends primarily on the 
quality of the datasets present. Databases of species occurrences compiled by zoological museums 
and herbaria as well as by many (non)governmental institutions around the world provide 
immense sources of information for biodiversity research. Data in these large species occurrence 
databases, however, are usually collected in a rather ad-hoc fashion, resulting in taxonomically, 
geographically and temporally biased data (e.g. Dennis & Thomas, 2000; Soberón et al., 2000; 
Williams et al., 2002). Thirdly, biodiversity is always changing; species occur and go extinct, 
distribution patterns shift. Not only on an evolutionary time-scale but also in the recent past, 
important changes have taken place (e.g. agricultural intensification, climate change, population 
growth) and natural environments continue to be transformed rapidly. Species distribution data 
may, therefore, become out of date.

A more fundamental problem is that biodiversity cannot be entirely described in terms 
of species richness. It would be naïve to assume that species-poor ecosystems reflect poor 
functioning or are less important for the conservation of biodiversity; some of the world’s most 
extensive and ancient ecosystems such as boreal forests, bogs, and heathlands contain few, though 
highly characteristic, species. Therefore, if we want to get a proper overview of the biodiversity of 
a region we have to consider both species numbers and composition.

One should also keep in mind that biodiversity is highly scale dependent (Levin, 1992; 
2000). The scale of analysis determines the patterns and processes that are detected (Godfray 
& Lawton, 2001; Rahbek & Graves, 2001). Numerous hypotheses have been proposed to 
explain spatial patterns of species richness. Whittaker et al. (2001) presented a short list of 
seven frequently discussed hypotheses regarding factors underlying diversity patterns. This list 
includes: area, historical factors, available energy, environmental stress, environmental stability, 
disturbance and biological interactions. Ultimately, speciation is obviously the main factor 
determining biodiversity. However, the relative importance of the different factors determining 
species richness and distribution vary according to different scales of investigation. At the local 
scale, habitat structure is a very important determinant of biodiversity, whereas at the global 
scale biodiversity patterns are influenced by, for example, continental plate movements and 
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evolutionary time. Moreover, different species are sensitive to (changes in) their environment at 
different spatial (and temporal) scales (Levin, 1992). Selecting the appropriate scale of enquiry is 
therefore of utmost importance.

1.3 Biodiversity in the Netherlands

Before humans started dominating the area, the Netherlands looked very different from how 
they appear today. About 2000 years ago, the sandy inland parts of the region were covered with 
extensive forests; the lower parts of the region formed a broad zone of marshes, swamps and 
fens, separated from the sea by a strip of coastal dunes; rivers crossing this zone formed a large 
delta (Zonneveld, 1985). From the Middle Ages onwards, the reclamation of land and conversion 
of natural areas into agricultural land drastically changed the natural landscape and its diversity. 
Initially, this brought about an increase in the range of agricultural systems and the complexity 
of the landscape. However, during the last century rapid population growth, and intensification 
and expansion of land use have driven the conversion of nature and diverse agricultural 
practices into urbanization and monocultures. This caused a decrease in overall size of natural 
areas and the fragmentation of these areas into smaller units. Eutrophication, due to the use 
of fertilizers, and decreasing ground-water levels across large areas caused a further degradation 
of the environmental conditions. These factors, among others, have contributed to the fact that 
biodiversity in the Netherlands is currently jeopardized (Verheggen & Veling, 1997; Netherlands 
Environmental Assessment Agency, 2006). Although the decline of biodiversity is less severe 
than a few decades ago, the EU goal for 2010, intended to halt this decline will probably not be 
reached (Netherlands Environmental Assessment Agency, 2006).

Various European and international treaties, plans and directives (e.g. Bird and Habitat 
Directives, Ramsar Convention) provide a framework for the conservation of biodiversity in 
the Netherlands. Two of the most important conventions are the Convention on Biological 
Diversity (UNCED, Rio de Janeiro 1992) and the Convention of Bern (Council of Europe, 
1979). By signing the UN Convention on Biological Diversity on the 12thof July 1994, the Dutch 
government committed itself to preserve a representative part of biodiversity, and to contribute 
to halting biodiversity decline. As a part of the Bern Convention the Netherlands commited 
itself to the objective that, by 2020, conditions will be in place for long term conservation of all 
species and populations native to the Netherlands in 1982. Policy to implement these goals has 
been set out in the policy paper entitled “Nature for people, People for nature” (LNV, 2000).

As the Netherlands do not have any endemic species to preserve, the main criterion for 
policy making is diversity, measured by the (inter)national rareness of species and ecosystems. 
The Dutch government thereby focuses on the so-called target species which comprise species 
for which the Netherlands carries an international responsibility, species that show a strong 
decline due to habitat loss, and rare species. In order to preserve ecosystem diversity (by means 
of target biotopes) 1042 target species have been selected from different taxonomic groups 
(LNV, 2000; Bal et al., 2001). Together, these species represent about 3% of the total number 
of species occurring in the Netherlands (approximately 42,000 according to van Nieukerken 
& van Loon, 1995). The number of target species present in an area is considered one of the 
most important indicators for measuring nature quality and, hence, for the effectiveness of 
national nature policy. Most species can be preserved by providing sufficient environmental 
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quality and effective management measures, but for some highly demanding species such 
as the Yellow-bellied Toad (Bombina variegata), special conservation measures in the form of 
Species Protection Plans are needed. The realisation of a national ecological network (NEN) 
should make a major contribution to conservation of biodiversity (in situ) in the Netherlands. 
The NEN is a nationwide network of nature reserves and aims at the protection, recovery and 
development of important ecosystems (such as the target biotopes). The NEN includes existing 
large nature reserves, such as the coastal strip, the Wadden Sea, and the forests and heathlands of 
“the Veluwe”, a sand plateau in the centre of the country, nature restoration areas and ecological 
corridors. The idea is to expand the area of interconnected nature reserves, thereby increasing 
species habitat and promoting exchange between populations. By 2018 the NEN should cover 
about 20% of the total area of the Netherlands.

Traditionally, ‘fur’, ‘feathers’ and vascular plants play a key role in conservation research and 
policy. In the Netherlands, more than half of the target species belong to the vascular plants; birds 
make up more than 10 % of the target species, while the group of mammals, though relatively 
poor in species, yet represents 3.5 % (Bal et al., 2001). Birds and mammals are also the most 
frequently used groups of fauna in, for example, environmental impact assessments (Knegtering 
et al., 2005). As explained above, patterns of species richness do not necessarily coincide 
for different taxonomic groups as, for example, ecological functions differ, so it is doubtful to 
assume that birds, mammals or vascular plants are representative for the entire biodiversity of 
the Netherlands. It is only recently, that Red Lists are also being constructed for less conspicuous 
species groups such as molluscs and various insect taxa. Knowledge of the species distribution 
of a broad range of taxonomic groups is, therefore, indispensable in order to design an effective 
nature conservation policy.

Recently several atlases of species distribution with a complete coverage of the Netherlands 
(e.g. Turin, 2000; Nederlandse Vereniging voor Libellenstudie, 2002; SOVON Vogelonderzoek 
Nederland, 2002) have become available. Nevertheless, basic knowledge about biodiversity 
is still poor. A comprehensive analysis of the distribution of biodiversity in combination with 
environmental data is still missing for the Netherlands. Unlike in many other countries, this 
is not caused by lack of data. The description of many aspects of the (a-biotic) environment in 
the Netherlands are available (RIVM, 1999) and the Netherlands are one of the few countries 

Species occurrence data in the Netherlands

Biodiversity research tends to be data driven; lack of data often is a major bottleneck. 
The Netherlands however is one of the most exhaustively inventoried countries in the 
world. Data of 20 taxonomic groups (about one third of the total of the Netherlands’ 
42,000 species) are collected and managed by twelve Non Governmental Organisations 
(SOVON, FLORON, RAVON, EIS-NL, de Vlinderstichting, KNNV, NEV, NMV, 
ANEMOON, TINEA, VZZ, BLWG) organized in the VOFF (society for floristic and 
faunistic research). These NGOs coordinate the work of more than 10,000 volunteers 
who throughout the country collect data on the occurrence of the Dutch flora and fauna. 
Data stored in the databases of these organisations give a unique picture of spatial and 
temporal patterns in biodiversity of a broad range of taxonomic groups.
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for which a massive body of information on biodiversity is available (see textbox on previous 
page). To date, however, research has been mainly restricted to individual taxonomic groups. For 
instance, familiar groups as bird, mammal and vascular plant have been the subject of intensive 
research, their distribution has been studied mostly at species level. Other, less conspicuous, 
groups such as insects (with the exception of butterflies) have received far less attention, even 
though they are characterized by much larger numbers of species (Ponder & Lunney, 1999) and 
are just as much under threat (e.g. Biesmeijer et al., 2006; Conrad et al., 2006).

1.4 Aim and approach of this study

This study aims at gaining insight in the spatial organisation of Dutch biodiversity, using 
data from large species occurrence databases of a broad array of taxonomic groups: Syrphidae 
(hoverflies), Odonata (dragonflies), Bryophyta (mosses), Orthoptera (grasshoppers and crickets) 
and Reptilia and Amphibia (reptiles and amphibians, also referred to as herpetofauna). These 
groups illustrate different functions within the food webs of ecosystems, and sufficient data of 
good quality on their nationwide distribution were available at a suitable resolution and cost (see 
table 1.1 for information on the datasets used in this research).

The scientific objectives of this study are threefold and are related to a number of questions:

1. To assess the potential of Dutch large species occurrence databases for describing nationwide 
patterns in biodiversity.

	 •	 	What	are	the	main	types	of	bias	in	the	species	occurrence	data,	what	are	the	implications	
of identified bias and how should this be handled?

2. To generate knowledge about the patterns of species richness and composition for different 
taxonomic groups in the Netherlands and the environmental factors underlying these 
patterns.

	 •	 Species richness
   What is the overall distribution of species richness for the various taxonomic groups? 

Do the patterns of species richness coincide among the taxonomic groups? What are the 
underlying environmental factors that may explain the patterns?

Table 1.1 Number of records, number of species, number of collectors (approximately), period of 
survey and origin of data (C = museum collections, F = observations in the field, L = literature, 
M = monitoring schemes) for the different taxonomic groups, NA = no data available

Hoverflies Herpetofauna Grasshoppers & 
crickets

Dragonflies Mosses

No. of species 327 24 45 71 507
No. of records 372,118 233,206 70,000 220,000 857,000
No. of collectors 450 1000 NA 200 300
Survey period 1819-2003 1820-2002 1900-2002 1823-2003 1800-2003
Data origin C, F, L F, M C, F, L C, F, L, M C, F, L, M
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	 •	 Species composition
   Can the Netherlands be regionalized according to patterns of species composition for the 

different taxonomic groups? Is there a common pattern among the taxonomic groups, 
and what is the relation with environmental factors?

3. To draw conclusions on the implications of the results for nature conservation
	 •	 	How	do	 the	 results	 of	 the	 research	 relate	 to	 the	 current	nature	 conservation	policy	 of	

the Netherlands? Which recommendations for future nature conservation policy can be 
given?

1.5 Outline

This thesis starts with an overview of the problems inherent in large nationwide databases 
on species occurrences. In this chapter (chapter 2) we give a description of the structure of 
large species occurrence databases, their pitfalls, and the implications of these pitfalls for 
biodiversity research. In the next three chapters (chapters 3, 4, and 5), the diversity patterns and 
the environmental factors that may explain these patterns are analysed. In chapter 3 we look 
at the quantity aspects of biodiversity, we investigate whether patterns of species diversity 
coincide for the different taxonomic groups, we furthermore assess which (combinations of ) 
environmental factors determine the species richness of a given area and we evaluate whether 
these (combinations of ) factors coincide for different taxonomic groups. Chapter 4 deals with 
the compositional aspects of biodiversity. We use the species distribution data of a broad array 
of taxonomic groups to produce a quantitative regionalization of the Netherlands. We focus 
on regions containing several characteristic species of different taxonomic groups, so-called 
hotspots of uniqueness, because of their relevance for nature conservation. Chapter 5 provides 
an example of a statistical method by means of which both quantitative and compositional 
aspects of biodiversity can be analysed together: the so-called nestedness analysis. Nested subset 
theory provides a comprehensive view on diversity patterns, covering both species richness and 
composition. In chapter 6, the results presented in the previous chapters are analysed in the 
context of the nature conservation policy of the Netherlands and policy recommendations are 
extracted from these results. Finally, in Chapter 7, a synthesis is provided in which we briefly 
summarize our findings, link them to current theories and hypotheses on regional variability in 
species diversity, and provide suggestions for further research.
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2 Species occurrence databases: inevitably 
biased, but towards what and does it 
matter?

  Marieke A. Schouten, Aat Barendregt & Pita A. Verweij

Abstract

Aim This chapter aims at reviewing the types and effects of sampling bias in nationwide species 
occurrence datasets, evaluating the nature and quantity of bias present in the datasets of two 
different taxonomic groups occurring in the Netherlands and providing suggestions on how to 
detect sites with a low number of species due to lack of adequate sampling.
Location The Netherlands, one of the most intensively investigated countries concerning species 
occurrence records.
Methods Data on two different taxonomic groups: hoverflies (328 species, 372,118 records) and 
herpetofauna (24 species, 233,206 records) were tested for bias.
Results The two databases were found to be taxonomically, spatially, and temporally biased. 
More sampling effort is spent on rare species than on common ones, the number of records 
is geographically not distributed evenly over the Netherlands and from the summer months a 
disproportionately large number of records are available.
Main conclusions Several types of sampling bias as described here will not necessarily have a 
pronounced negative impact on the accuracy of species richness maps.

Keywords: Herpetofauna; hoverflies; sampling bias; species occurrence databases; species richness 
mapping

2.1 Introduction

In the face of the current decline of biodiversity (e.g. Chappin III et al., 2000; Millennium 
Ecosystem Assessment, 2005b), the need to acquire a general understanding of species 
distributions is more urgent than ever. Fortunately, the opportunities to increase our insight 
in spatial biodiversity patterns have improved drastically over the last decades as worldwide 
numerous species occurrence databases are being compiled by zoological museums, herbaria and 
(non)governmental organizations (e.g. GBIF portal: http://www.gbif.org). The potential of these 
databases is enormous. These so called ‘existing’ data are, for example, used for the construction 
of distribution atlases (e.g. Mitchell-Jones et al., 1999), in nature conservation (e.g. Margules 
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& Pressey, 2000; Soberón et al., 2000), studies on biodiversity patterns (e.g. Prendergast et al., 
1993a; Hooper et al., 2002; Petersen & Meier, 2003), and climate change studies (e.g. Warren et 
al., 2001; Peterson et al., 2002; Wilson et al., 2004).

However, the majority of the data stored in such databases was not collected with the intention 
of answering the scientific questions currently in vogue. Most nationwide species occurrence 
databases comprise information from diverse sources. They usually contain an assemblage of 
specimen label information from zoological museums or herbaria (referenced to geographical 
coordinates), data from monitoring schemes, information from literature, and observational 
data collected by many volunteers ranging from complete species lists to ad-hoc single species 
observations. These data extend over a large period in time, especially when information from 
museum collections is included, and are often collected in an opportunistic way (Williams et al., 
2002). Therefore, there is reason to assume that this kind of data is taxonomically, spatially, and 
temporally biased. Sampling bias refers to the non-representativeness of sampling: some species, 
areas and periods in time are less likely to be included in a statistical sample than others.

Species are not equally distributed over the Earth’s surface and neither are the records of their 
occurrence. However, from some regions, species and periods in time considerably more data are 
available than from others. This, of course, collides with the standard requirements of biological 
research (Sutherland, 2006) and can lead to wrong interpretations of the data e.g. under- or over-
estimation of species richness. How biased data can lead to false conclusions is, for example, clearly 
shown by Nelson et al. (1990) as they distinguished the areas that are truly high in species richness 
and endemism from those that are simply sampled more intensively and only therefore seemed 
unique. Yet, species occurrence databases are often the only type of data available, especially when 
studying nationwide patterns in biodiversity. These data should however be treated with care. This 
is illustrated by Pielou (1977) who writes: ‘if biogeographic studies are to proceed at all, one must assume 
that the signal-to-noise ratio of the data is high enough to assure that, by appropriate statistical analysis, 
the signal may be recovered and correct generalizations derived.’ This statement is still valid after three 
decades. Unsystematically collected data are likely to contain a lot of noise, and sometimes the 
noise entirely disturbs the signal, and therefore it is important to get a grip on the signal-to-noise 
ratio of a database before using it for scientific purposes.

In this paper we present an overview of the various types of sampling bias that may be 
present within species occurrence databases, where bias originates from, and how biased data 
should be treated when used for scientific purposes. Furthermore, we evaluate to what extent 
the species distribution records of two different taxonomic groups occurring in the Netherlands, 
namely hoverflies (Syrphidae) and herpetofauna (Reptilia & Amphibia), are taxonomically, 
spatially and temporally biased.

2.2 The problem of sampling bias

In the ideal situation, sampling effort is equally distributed over all species, areas and periods in 
time. This is, of course, not realistic due to, for example, time, money, and logistic constraints. 
A rough estimation is that sampling a single average sized species group in a systematic way 
in a small country as the Netherlands would require about 1000 man years of sampling activity. 
Species occurrence databases do not meet the standard requirements of biological research; 
even data on the most intensively studied taxa in the most extensively investigated countries, 
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for example the butterflies of Great Britain, suffer from sampling bias (Dennis & Williams, 
1986). Due to shortcomings in data collection, data are likely to be taxonomically, spatially, and 
temporally biased. Causes of bias are numerous and can be traced back to species characteristics, 
area characteristics and, probably most important but least transparent, recorder’s behaviour.

2.2.1 Types of sampling bias

a. Taxonomic bias
Taxonomic bias refers to the situation where certain species are more intensively sampled than 
other species. This could, for example, lead to wrong conclusions about the rarity status of 
species or to incomplete species lists for a certain sampling unit. Taxonomic bias may stem from 
differences in probability of observing one species relative to other species. This can be related 
to differences in abundance or size of species. Furthermore, a recorder may have preference for a 
particular (group of ) species.

The probability of detecting a species relative to other species may vary. Some species are 
known for their cryptic nature and are therefore more difficult to observe than other species. 
This can be due to rarity (low abundance), the (diurnal) daily patterns of migration or activity, 
or the visual appearance (size, colouration) of the species (Hijmans et al., 2000; Williams et al., 
2002; Dennis et al., 2006). For species difficult to record, a higher sampling intensity, or a good 
dose of luck is required (Donald & Fuller, 1998). When overall sampling intensity of an area is 
low, these species are easily missed and the species richness of that area is underestimated. On 
the other hand, vagrant species (one incident occurrences) can cause a major over-estimation 
of the species richness of an area (Grinnell, 1922; Dennis, 2001; Williams et al., 2002). Species 
accumulation curves show that new species remain to be detected. Grinnell (1922) calculated 
that, for California, in the course of 300 years the number of vagrant or ‘accidental’ species would 
exceed that of the regularly resident species. This trend may in some cases be reinforced by the 
desire of recorders to record species that are new to an area.

Recorders often tend to focus on the more rare species, a phenomenon especially noticeable 
in the case of museum records (e.g. Fagan & Kareiva, 1997; Zaniewski et al., 2002; Guralnick & 
Van Cleve, 2005). Less prevalent is the bias towards indicative species or species of recorder’s 
expertise or research interest (Rich, 1998; Witte & van der Meijden, 2000; ter Steege et al., 2000; 
Williams et al., 2002; Dennis et al., 2002). In a broader sense, when considering the groups that 
are used in conservation research, a bias towards more ‘charismatic’ or easy-to-study (groups of ) 
organisms also exists (Ponder & Lunney, 1999; Funk & Richardson, 2002; Clark & May, 2002).

b. Spatial bias
Some areas are more intensively surveyed than others. The problem that can arise is that from 
the areas that have been less intensively surveyed only a small fraction of the resident species 
have been recorded. These areas are under-sampled. On the other hand areas can also be 
“oversampled”. When the number of visits to an area is very high the chance of encountering 
vagrant species also increases, causing an over-estimation of the species richness of an area 
(Dennis, 2001; Williams et al., 2002; Grinnell, 1922). In both situations the actual number of 
species present is not properly reflected.

Inaccessibility of an area probably is one of the most straightforward reasons why no, or 
little, data is available from such an area. This can either have a natural (for example dense 
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vegetation or hedges) or a juridical (for example military areas or conservation areas) cause 
(Fagan & Kareiva, 1997; Dennis et al., 1999; Williams et al., 2002; Zaniewski et al., 2002; 
Reddy & Dávalos, 2003). Otherwise, spatial bias can be divided into two categories namely, 
infrastructure bias and hotspot bias. A well-known phenomenon is that sites close to the home 
addresses of recorders are visited more frequently than other more isolated areas (Dennis et al., 
1999; Dennis & Thomas, 2000; Dennis, 2001). Hence, the recorder coverage of the country is 
lowest in parts where human population is most sparse and highest where it is dense (Dennis et 
al., 1999; Reddy & Dávalos, 2003). Higher numbers of records can also be related to the location 
of long term monitoring schemes (Dennis et al., 1999), research institutes (Heijerman & Booij, 
1985), recreational areas (Heijerman & Booij, 1985), or conservation areas (ter Steege et al., 2000). 
In particular in the tropics, many records tend to origin from locations in the proximity of roads 
and riversides (Hijmans et al., 2000; Reddy & Dávalos, 2003).

As discussed earlier, some recorders are inclined to record species that are rare or new to an 
area rather than common ones. Potential hotspots of species diversity and/or rarity may therefore 
be visited more frequently than other sites with the same accessibility (Dennis & Thomas, 2000; 
Hijmans et al., 2000; ter Steege et al., 2000; Reddy & Dávalos, 2003) and so are the areas where 
one expects to find a certain species (Williams et al., 2002; Zaniewski et al., 2002).

c. Temporal bias
From some periods in time (for example years or seasons) more data are present than from 
others. This makes it for example difficult to compare old data with new. Moreover, but this 
is not a bias problem, natural environments are rapidly being transformed and many areas no 
longer have complete natural suites of species. Species distribution data therefore can become 
out of date (Dennis et al., 2002; Petersen & Meier, 2003).

Some species are known to be highly seasonal in their appearance, which makes it necessary 
for recorders to visit the same area repeatedly in order to get a proper understanding of the 
species composition (Rich, 1998; Williams et al., 2002). For many insect taxa from the temperate 
region most species only fly (and therefore are visible) in spring or in summer, and reptile and 
amphibian species hibernate which may explain the low number of records during the winter 
months. On the other hand, recorders are not very keen on bad weather conditions. From e.g. 
the rainy season far less records are available (Funk & Richardson, 2002).

Another temporal bias concerns the trend of an exponential growth of the number of records 
through time (e.g. Soberón et al., 2000). This makes it difficult to compare old data with new. 
Nevertheless, the combination of museum collection data and observational data proves to be an 
effective one as museum data are the primary data source of the period prior to the 1970’s.

2.3 Coping with sampling bias

Knowing that a database is biased in one way or another, we need a proper method to tackle 
the bias problem. Before the biodiversity of a certain region can be analysed, the degree and 
nature of bias in the data should be investigated and sufficiently sampled grid squares should 
be identified (Prendergast et al., 1993b; Soberón et al., 2000; Williams et al., 2002). From here, 
research can either proceed by using only the sufficiently sampled grid squares or methods to fill 
the gaps can be applied in order to complete geographic coverage.



29

2.3.1 Evaluate completeness
There are several ways to make the distinction between adequately sampled units and 
insufficiently sampled ones. One can rely on expert judgment to, for example, establish thresholds 
as the minimal number of species or records per sampling unit (e.g. Heikkinen & Neuvonen, 
1997; Witte & van der Meijden, 2000; Keil & Konvicka, 2005; Maes et al., 2005), although it is 
a highly subjective method. In many ways, problems of uneven sampling intensity occurring in 
biodiversity databases are similar to those involved in the formulation of species-area curves (e.g. 
Palmer, 1990). Diversity estimates (e.g. ICE, Chao, MM-Mean, Jackknife estimators) are used to 
estimate the species richness of an area and can also be used to evaluate in this way whether an 
area is sufficiently surveyed (e.g. Prendergast et al., 1993b; Walther et al., 1995; Fagan & Kareiva; 
1997; Hortal et al., 2001; Koellner et al., 2004; Walther & Moore, 2005; Soberón et al., 2007).

2.3.2 Controlling sampling bias
Four main strategies can be distinguished in order to diminish the problems related to incomplete 
geographical coverage: data aggregation, extrapolation, predictive modelling and re-sampling. Data 
aggregation is the simplest way to diminish the problems of incomplete geographical coverage. 
Some authors recommend the use of a coarser resolution plotting data to exaggerate distribution 
and coverage (e.g. Maddock & Du Plessis, 1999; Telfer et al., 2002; Stockwell & Peterson, 
2003). However, aggregation to a resolution too coarse can introduce confusing species-habitat 
relationships (Araujo, 2004). A number of extrapolation methods are being used to control for the 
influence of uneven sampling effort on estimates of true species richness (Colwell & Coddington, 
1994): fitting curves to species accumulation functions (e.g. Walther et al., 1995; Fagan & Kareiva; 
1997; Guralnick & Van Cleve 2005), parametric models of relative abundance (e.g. Walther et al., 
1995; Fagan & Kareiva; 1997; Guralnick & Van Cleve 2005), and non-parametric estimators based on 
rarity (Guralnick & Van Cleve 2005). Various predictive modelling approaches also pass in review 
ranging from (multiple) regression models such as GLM and GAM (Dennis et al., 2002; Funk 
& Richardson, 2002) and algorithms (Stockwell & Peters, 1999) to heuristic (Neldner et al., 1995; 
Witte & van der Meijden, 2000; Zaniewski et al., 2002) and probabilistic models (Polasky et al., 
2000). Heuristic models (e.g. BIOCLIM, ENFA, HABITAT) generate for example climatic indices 
(BIOCLIM) for locations of species records and then identify other locations with similar indices, 
which is used to generate potential species distribution patterns. GARP (Stockwell & Peters, 1999) 
is an example of the use of genetic algorithms to model species distributions, particularly designed 
for presence only data. (Multiple) regression techniques may also be used to integrate environmental 
data into species distribution models, in order to predict species richness of locations from where 
no species data are available. Probabilistic models are a simpler form of the latter; based on expert 
judgment suitable habitat sites are assigned for a determined species. Multivariate interpolation, 
proposed by Williams et al. (2002), is another method based on the co-occurrence of species, in 
which communities or assemblages are defined to interpolate sparse data sets. Supplementary 
sampling is suggested and implemented by for example Heijerman and Booij (1985); pitfall trapping 
and collecting carabid beetle species by hand during one season revealed that in grids with a 
seemingly low (1-9) number of species at least 50 additional species could easily be collected. Finally, 
many authors (e.g. Rich, 1998; Dennis & Thomas, 2000) who deal with sampling bias conclude with 
the trivial lesson: improve sampling design and training of recorders. Appropriate methods for the 
design of surveys to collect new data on species occurrences are, for example, developed by Gillison 
and Brewer (1985), Austin and Heyligers (1989), and recently tested by Wessels et al. (1998).
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 Extrapolating true species richness, either by species accumulation curves, log-normal or 
regression models, seems a fair option at first sight but does not address a fundamental problem 
of species occurrence databases. There are several weaknesses in these datasets; the majority of 
possible biases are discussed above. Yet, another important problem is that data on ‘true’ recording 
effort (e.g. number of visits to a grid square) and information about the abundance and absence 
of species are often lacking. This can blur the state of under-sampling, making the calculation 
of the expected number of species from species accumulation functions and multiple regression 
models risky if not impossible. The lack of true absence data can, for example, cause parameter 
estimates of species distribution models to be biased and in that way may lead to misleading 
results and conclusions. But even if we would be able to correct for the differences in sampling 
effort, we still have not corrected for the behaviour, expertise and interest of a recorder (ter 
Steege et al., 2000). Fagan and Kareiva (1997), for example, showed that the focus of sampling 
effort on rare species exaggerates diversity estimates by making it appear that many rare species 
are as yet unsampled when they are actually present in the collection with disproportionately 
large numbers relative to their natural abundance.

2.3.3 Uncertainty analysis
Although sensitivity analyses of modelling results are often practiced, only few examples exist 
where some sort of uncertainty analysis is performed on the data themselves or patterns directly 
derived from raw data. In order to address the problems of bias in a database Sheppard (1998) 
added error to a database and in that way tested the robustness of the patterns expressed.

2.4 Identifying bias in Dutch biodiversity databases

Several major types of sampling bias have been reviewed above. In the following section we 
investigate to what extent the species distribution records of two different taxonomic groups 
(hoverflies and herpetofauna) occurring in the Netherlands are taxonomically, spatially, and 
temporally biased and provide suggestions on how to detect sites with low numbers of species 
due to inadequate sampling. The Netherlands (41,500 km2) is one of the, if not the, most 
intensively investigated countries concerning species occurrence records. Data on 20 taxonomic 
groups, about one third of the total of Netherlands’ 42,000 known species, are stored at 12 NGOs 
organized in the VOFF (society for floristic and faunistic research). These NGOs coordinate 
more than 10,000 volunteers who throughout the country collect data about the occurrence and 
abundance of the Dutch flora and fauna. Recently, several distribution atlases with complete 
coverage of the Netherlands (e.g. Turin, 2000; Nederlandse Vereniging voor Libellenstudie, 2002; 
SOVON Vogelonderzoek Nederland, 2002) became available.

2.5 Material and Methods

2.5.1 Species occurrence data
The occurrence data of individual species were derived from different nationwide databases 
for two different taxonomic groups: hoverflies (the European Invertebrate Survey (EIS) – the 
Netherlands), and reptiles and amphibians (RAVON). These databases comprise a diverse 
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assortment of museum records, data from monitoring schemes, data from literature, species list 
of inventory trips, and ad-hoc species occurrence records collected over a large period of time 
by many volunteers (table 2.1). We distinguish between records (a database entry, a specimen 
collected at a certain date on a certain location) and sampling events (the date a grid square is 
visited, independent of the number of species or specimen collected).

2.5.2 Analysis
A digital map of the Netherlands was constructed using the GIS software ArcView 3.3. The 
Netherlands was divided into grid squares of 5x5 km (n= 1393), the resolution on which the 
majority of data were available. Species occurrence records were loaded into ArcView 3.3 and 
transformed into point records according to their geographical location. In order to account 
for the area effect regarding the species area relationship we only took into account those grid 
squares with a terrestrial surface of >50%, situated within the borders of the Netherlands.

a. Taxonomic bias
We treated all species in the databases as separate taxa. We tabulated the number of database 
entries (= records) per species. The presence of taxonomic bias was evaluated using a chi-square 
goodness of fit test to compare the observed number of records per species with the number per 
species that would be observed if records were allocated to all species according to a lognormal 
distribution. The lognormal distribution arises because typically only a few species are extremely 
common or extremely rare while most have an intermediate abundance; specifically, the 
distribution of species abundances in the database (which is assumed to be proportional to their 
abundance in nature) is normally distributed when plotted on a logarithmic axis.

In order to see whether there was a preference of recorders in favour of rare species (species 
with a limited spatial distribution), we plotted the average number of observations per species 
per grid square against the number of grid squares a species was recorded from. If all species 
would receive the same amount of attention from the recorders, the line should be horizontal.

b. Spatial bias
To examine the presence of spatial bias, we calculated the number of sampling events per grid 
square, Rg. The presence of a spatial bias was evaluated with a chi-square test to compare the 
observed number of records per grid square to the number per species that would be observed if 
sampling intensity was equally distributed among the grid squares. Spearman’s rank correlation 

Table 2.1 Number of records, number of species, number of recorders (approximately), period of 
survey origin of data (C = museum collections, F = observations in the field, L = literature, M = 
monitoring schemes) and applied resolution for the different taxonomic groups

Hoverflies Herpetofauna

No. of species 327 24
No. of records 372,118 233,206
No. of recorders 450 1000
Survey period 1819-2003 1820-2002
Data origin C, F, L F, M
Resolution 5x5km 5x5km
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was used to evaluate whether the number of times a grid square was visited was biased towards 
populated areas, roads, percentage of nature (as a measure of attractiveness of the area), or species 
richness (hotspots).

To evaluate how the sampling intensity was distributed among the grid squares with respect 
to the number of species present, we divided the dataset in grid squares that have more or less 
species than on average and that have been sampled more or less frequently than on average.

c. Temporal bias
To assess whether there is a bias in time we plotted the pattern of collecting effort over time. We 
grouped database records into decades, starting in 1900 (as there are too few records previous 
to 1900). We plotted both the absolute numbers of records for a particular decade and the 
accumulated fraction of records relative to the total. In order to detect seasonal bias we also 
plotted the number of records (summed) per month for each group.

2.6 Results

2.6.1 Taxonomic bias
Our dataset included 328 species of hoverflies and 24 species of herpetofauna. The distribution 
of the number of records per species (Rs) was not log-normally distributed for both groups (chi-
square tests; p < 0.01; figure 2.1 a-b).

When the number of grid squares where a species occurs is plotted against the average 
number of observations of that species per grid square (figure 2.2 a-b) it appears that rare species 
receive much more attention than more common ones. Evidence of taxonomic bias is very clear 
in the case of the herpetofauna (figure 2.2 b). Bombina variegata, Alytes obstetricans, Salamandra 
salamandra and Podarcis muralis all have a relatively small distribution area but were collected 
more frequently than on average. Portevinia maculata, a species confined to the utmost southern 
part of the Netherlands, stands out for the hoverflies.

2.6.2 Spatial bias
Some areas have been sampled more intensively than others, indicating spatial bias (see figure 
2.3 a-b). The distribution of the number of sampling events over the Netherlands proved to be 
strongly skewed for both groups (chi-square test; p < 0.001). The number of records from an area 
proved to be significantly correlated with the percentage of nature in an area, the percentage of 
build up area and the presence of roads (see table 2.2).

When dividing the grid squares from our datasets into those, which have more or less species 
than average and those, which were sampled more or less frequently than average (table 2.3) we 
saw that the ratios for the three groups are about the same. Almost 50% of the grid squares have 
less species than on average and are less intensively sampled than on average, 22% are also less 
intensively sampled but contain more species than on average, 27% of the grid squares have both 
more sampling events and more species than on average and only 2% is species poor but well 
sampled.
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Figure 2.1 Species abundance distributions of (a) hoverflies and (b) herpetofauna plotted on a 
LN scale
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Table 2.2 Relationships (Spearman’s rank correlations) between the number of sampling events 
and the percentage of nature, populated area and infrastructure in a grid square

Hoverflies Herpetofauna

No. Species 0.968** 0.858**
Nature (%) 0.392** 0.536**
Populated area (%) 0.263** 0.210**
Infrastructure (%) 0.177** 0.095**

**Correlation is significant at the 0.01 level
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Figure 2.2 Rare species bias: the average number of observations per species per grid square 
against the number of grid squares a species is known for (a) hoverflies and (b) herpetofauna
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Table 2.3 Distribution of the number of sampling events among the grid squares with respect to 
the number of species present, according to grid squares that have more/less species than average 
and that have more/less sampling events than average. Percentages of the total number of grid 
squares. LL = less sampling events and species than average; HH = more sampling events and 
species than average; HL = more species than average but less sampling events and LH = less 
species than average but more sampling events

LL HH HL LH

Hoverflies 47.5 29.1 21.9 1.5
Herpetofauna 48.8 26.6 22.2 2.4
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Figure 2.3 Number of sampling days per 5 x 5 km grid square. For (a) hoverflies and (b) 
herpetofauna
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2.6.3 Temporal bias
In the Netherlands disproportionately more data are available for the summer months (figure 2.4 
a-b). Another temporal bias is formed by the fact that there is an exponential growth of number 
of records through time (figure 2.5 a-b).

2.7 Discussion of the results

The species occurrence data of the two groups turned out to be biased taxonomically, spatially 
and temporally biased. The biases we found may be attributed to several factors. In case of the 

Figure 2.4 Number of sampling events (summed) per month for (a) hoverflies and (b) 
herpetofauna

N
u

m
b

er
 o

f 
sa

m
p

lin
g

 e
ve

n
ts

 (
x1

00
0)

 

0

2

4

6

8

10

12

14
A. Hoverflies

1 2 3 4 5 6 7 8 9 10 11 12
Month

69
78

0

2

4

6

8

10

12

Month
1 2 3 4 5 6 7 8 9 10 11 12

N
u

m
b

er
 o

f 
sa

m
p

lin
g

 e
ve

n
ts

 (
x1

00
0)

 

69
78

B. Herpetofauna



37

taxonomic bias we found that recorders may have had preference for particular species. We found 
strong indications that species with a limited distribution range are favoured. The most frequently 
collected species are the species with a small distribution area. However, some species may 
simply be more abundant than others, irrespective of the size of their distribution area, which 

Figure 2.5 Distribution of recording effort over time. Database entries accumulated by decades 
starting in 1900 for (a) hoverflies and (b) herpetofauna
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increases the likelihood of collection. Also, some species may be more likely to be spotted and 
collected due to their appearance or behaviour. This clearly marks the bias paradox. If sampling 
intensity would have been equal for all species there would have been also a bias in number of 
records towards certain species. As sampling intensity is not retraceable anymore (if at all), for 
example because absence data are lacking, it is impossible to determine whether the taxonomic 
bias encountered occurred either due to recorders’ behaviour or to species characteristics.

For both taxonomic groups the sampling intensity was not evenly distributed over the 
Netherlands. A strong correlation between the number of sampling events and the percentage 
of natural area in a grid square was observed suggesting a preference of recorders for sampling 
more natural ecosystem types. The result of unequal sampling intensity among areas can be 
that in less sampled areas species are missed and, on the other hand, in frequently visited areas 
vagrants will cause an over-estimation of the number of species. We also see that, for all groups, 
the majority of grid squares with a low number of species also is related to a lower number of 
sampling events than average. However, information on ’true’ sampling intensity is not available. 
It can therefore not be concluded that an area is low in species diversity due to the low number 
of records available from that area. Moreover, most recorders are endowed with a fair amount of 
prescience when they go out collecting. They know where to find certain species and where not, 
and they rather go to areas where many species or species of special interest are expected rather 
than monotonous species poor landscapes, let alone agricultural areas. This probably exaggerates 
the potential effect of sampling bias.

We observed two types of temporal bias. First, sampling intensity was not equally distributed 
over the months, considerably more records are available from the spring and summer months 
than from the other months. Many insect taxa from the temperate region are mature (imagines) 
in summer and reptiles and amphibian species hibernate, which can explain the low number 
of sampling events during the winter months. Recorders surely adjust their activity to this 
knowledge and spend more time in the field during spring and summer again exaggerating the 
bias. Sampling effort was not regularly distributed over the last decades. This makes it difficult to 
compare old data with new.

Knowing our data is biased we have to decide what to do with that knowledge. Many types 
of sampling bias, though, will not necessarily have a negative impact on the accuracy of species 
richness maps. Fagan & Kareiva, (1997) show, for instance, that less intensive sampling of the 
most common species may truncate the right hand tail of the log normal distribution. The 
common practice of collectors to put more effort into areas of known high diversity may also 
not have to be an important source of error for estimates using the lognormal distribution. High 
sampling effort will shift the entire distribution of species abundances along the abundance axis, 
but will not interfere with the species’ apparent abundances relative to each other.

2.8 Implications

Large-scale species occurrence datasets are, inevitably, biased even in well-investigated countries. 
It is unrealistic, due to for example time, money, and logistical constraints, to strive for perfect 
uniformity in sampling effort whilst picturing the geographical distribution of multiple species 
groups on a nation wide scale. Such large databases exist due to the continuous and enduring 
efforts of many volunteers, who make ad-hoc observations on single species occurrences. Even if 
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observations would be standardized from now on, the existing data are unique and irreplaceable 
and will for this reason always be used.

The sampling bias problem is, however, more complicated than it seems at first sight. 
Methods to correct for insufficient sampling are complex and time consuming and moreover are, 
due to recorders’ behaviour and the lack of absence data, not accurate. Recorders do not collect 
at random; they are endowed with a fair amount of prescience (gained through experience) on 
where to find certain species. Their focus on interesting, species rich sites or rare species rather 
than species poor agricultural areas, is understandable. Likewise, ad-hoc observations are made 
rather than complete species lists. We argue that this behaviour does not have a strong influence 
on the observed species richness patterns; it rather polarizes the existing pattern in a way that 
species poor areas look even poorer and rich areas richer.

Sampling bias towards rare species and species rich areas is not expected to have strong 
implications for distribution patterns in well-investigated countries. Of course, uneven sampling 
can be a true problem in e.g. the tropics where often only very little data is available and there 
are literally white spots in geographical coverage. Also when detailed distribution patterns of 
individual species are needed, extrapolation methods can be a rewarding option. The relatively 
well-investigated West European countries, on the other hand, have to deal with so-called grey 
spots; areas for which it is simply not known whether they are sufficiently sampled or not. For 
this research on species richness patterns in the Netherlands we therefore decided to make only 
the distinction between well surveyed and insufficiently surveyed grid squares. We worked with 
the sufficiently surveyed cells and did not fill gaps in geographical coverage, as the methods to 
do so have quite a number of important drawbacks.

As it remains difficult to trace the origin of bias and true sampling intensity is not retraceable 
at all, we cope with overall high amounts of uncertainty. Results of analyses performed with data 
from large species occurrence databases should, therefore, always be treated with caution.
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Abstract

Aim We examined the species richness patterns of five different taxonomic groups in the 
Netherlands. We compared the spatial patterns of species richness of the five groups and assessed 
their relation with to a set of 25 environmental variables, selected because they can be related to 
the several hypotheses on biodiversity.
Location The Netherlands, a country covering 41,500 km2 and comprising a diverse range of 
habitats from agricultural landscapes and wetlands below sea level to loess hills and extensive 
forested areas. The sampling units of this study were grid squares of 5x5 km.
Methods Spearman’s Rank correlation was used to compare species richness patterns. A stepwise 
multiple regression (GLM) approach was chosen in order to evaluate the relations of a set of 
environmental variables with the species richness of the five taxonomic groups.
Results Species richness patterns of the five groups were to a certain extent congruent. Our 
data suggest that environmental heterogeneity (in particular habitat heterogeneity) is one of the 
major determinants of variation in species richness within these five groups. We found that for 
taxonomic groups comprising a low number of species, our regression model explained more of 
the variability in species richness than for taxonomic groups with a large number of species.
Main conclusions On a nationwide scale, variables related to environmental heterogeneity are 
most important in explaining variation in species richness of multiple taxa. For conservation 
purposes, taxonomic groups may, however, not be the most suitable units to study biodiversity 
patterns at this scale level; a functional approach is probably more appropriate.

Keywords: Conservation, crickets, dragonflies, environmental conditions, Generalized Linear 
Modelling, grasshoppers, hoverflies, herpetofauna, mosses, species richness, the Netherlands.



42

3.1 Introduction

Species richness is not equally distributed across the earth’s surface. Why some areas comprise 
more species than others has been subject of research since the beginning of the 19th century. 
The serious decline in species richness that has occurred over the past century (e.g. Chappin III 
et al., 2000; Millennium Ecosystem Assessment, 2005a) only increased the urgency to acquire 
an understanding of species richness distribution. Knowledge of the spatial distribution of 
species richness (Williams et al., 2002), and a general understanding of the relationship between 
species richness and the environment (Prendergast et al., 1993a) are needed to develop effective 
conservation strategies. The identification of biodiversity hotspots, areas that are highly diverse in 
terms of species richness, rarity and/or endemism (e.g. Margules et al., 2002), is frequently done 
in support of conservation strategies as it can help to optimize conservation efforts in response 
to space, time, money, and knowledge constraints (Myers et al., 2000).

Species richness patterns are scale-dependent (Levin, 1992; 2000). The scale of the 
investigation determines the patterns and processes that will be detected (Godfray & Lawton, 
2001). Latitudinal gradients in species richness (with the tropics being more species rich than the 
northern and southern hemisphere) are observed for a wide range of taxonomic groups (Gaston, 
2000). Numerous mechanisms that may underlie these latitudinal gradients in species richness 
have been proposed so far. Among them are null models (e.g. mid-domain effect (Colwell & 
Lees, 2000) and the neutral theory (Hubbell, 2001), but also explanations based on productivity 
(energy availability, climate), evolutionary time, environmental stability and heterogeneity and 
species interactions. Even for this well-established pattern, no consensus on the underlying 
mechanism has yet been reached. No single mechanisms can possibly explain all variation; it 
is most likely that spatial patterns in species richness are the result of a combination of several 
mechanisms (Gaston & Blackburn, 1990). At a finer spatial scale species richness may vary along 
several environmental gradients: altitude (e.g. Rahbek, 1995); energy availability (e.g. Currie, 1991, 
Gaston, 2000), climate (e.g. Currie, 1991, Rohde, 1992), habitat heterogeneity (e.g. Rahbek & 
Graves, 2000; Kerr, 2001), and disturbance (Huston, 1994) are frequently considered as important 
determinants of regional patterns in species richness.

Habitat-heterogeneity hypothesis
One of the basic findings in ecology is that species diversity tends to increase with niche or 
resource diversity (MacArthur & MacArthur, 1961; Chase & Leibold, 2003). Spatial variation in 
physical or environmental conditions increases the chance that a species will find all habitats they 
need to survive (e.g. to feed, hide, nest) and allows for greater niche differentiation and prevents 
exclusion by a single superior competitor (Schmida & Wilson, 1985). A positive correlation with 
species richness is often observed (e.g. Atauri & deLucio, 2001; Tews et al., 2004 and references 
therein; Maes et al., 2005).

Species-energy hypothesis
Environmental factors related to the supply of energy are, directly or indirectly (via plant 
productivity), found to explain much of the variation in species richness (e.g. Currie, 1991; 
Lobo et al., 2002). For the northern part of Europe energy is the driving force for the species 
diversity in many taxa (Hawkins et al., 2003; Whittaker et al., 2007). There are two versions of 
the species-energy hypothesis: the ambient energy and the productivity hypothesis. The ambient 
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energy hypothesis (Hawkins et al., 2003) is directly linked to physiological factors. For example, 
activity levels of ectothermic species such as insects and herpetofauna directly depend on 
ambient temperature. The productivity hypothesis (Wright, 1983) states that the level of resource 
production, controlled by the total amount of available energy, is the limiting factor of trophic 
levels and species richness

Environmental stability hypothesis
Ecologists often assume that ecological structures become more complex as time passes (e.g. 
Odum, 1969). More stable environments usually allow a larger number of species to coexist because 
species are able to specialize regarding resource utilization and to develop narrow ecological 
niches. Disturbance is often reported to have a negative effect on the number of species.

The current decline of biodiversity is also felt in the Netherlands. Like many other countries, 
the Netherlands obliged itself to preserve representative sets of biodiversity by signing the 
Convention on Biological Diversity (UNCED, Rio de Janeiro 1992). Vascular plant species 
and breeding birds fulfil a key function in the conservation of biodiversity in the Netherlands. 
Together, these groups comprise the majority of the target species for nature conservation 
(Bal et al., 2001). However, they only represent a small part of the 42,000 species estimated to 
occur in the Netherlands (van Nieukerken & van Loon, 1995). Patterns of species richness do 
not necessarily coincide for different taxonomic groups (e.g. Prendergast et al., 1993a; Tardif 
& DesGranes, 1998; Harcourt, 2000; Myers et al., 2000) and, therefore, it is unlikely that they 
represent the broad spectrum of biodiversity in the Netherlands. It is only recently, that Red 
Lists are also being constructed for less conspicuous species groups as, for example, molluscs and 
various insect taxa. Nevertheless, a general understanding of the diversity patterns of such groups 
is still lacking.

In this study we aimed at obtaining a broader view on Dutch biodiversity. Therefore, we 
focused on species richness patterns of a broad array of taxonomic groups: mosses (Bryophyta), 
grasshoppers and crickets (Orthoptera), hoverflies (Syrphidae), dragonflies (Odonata), and 
herpetofauna (Reptilia & Amphibia). We first compare the spatial patterns in species richness 
among these five taxonomic groups in the Netherlands. Secondly, we present the results of a 
multiple regression approach to assess how a set of 25 environmental variables, linked to the 
hypotheses on biodiversity discussed above can be related to the observed patterns in species 
richness.

3.2 Material and Methods

3.2.1 Research area
The Netherlands is a small country (41,500 km2) located in northwestern Europe, with a diverse 
assemblage of habitats ranging from agricultural landscapes and wetlands below sea level to loess 
hills and extensive forested areas. In the Netherlands, high population density, industrialisation, 
and contemporary land-use practices have radically altered the natural landscape. Series of major 
land use changes, having their optimum in the 1960’s, have had a severe impact upon the area 
planning as they have led not only to the intensification of land use, but also to the abandonment 
of lands, and afforestation.
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3.2.2 Species occurrence data
Data on the occurrence of the species belonging to the five taxonomic groups were derived 
from different nationwide species occurrence databases. Data on the distribution of dragonflies, 
grasshoppers/crickets and hoverflies were derived from the database of the European Invertebrate 
Survey (EIS-Nederland), data on the distribution of moss species came from the Bryological and 
Lichenological Working Group (BLWG) and data on the occurrence of the herpetofauna were 
obtained from the Reptile, Amphibian and Fish Research of the Netherlands (RAVON). These 
databases comprise a diverse assortment of museum records, data from monitoring schemes, 
species lists of inventory trips, and independent records collected over a large period of time by 
many volunteers. Data are generally collected in a rather ad-hoc fashion, which may result in 
taxonomically, geographically and temporally biased records (e.g. Rich, 1998; Dennis et al., 1999).

A 5x5 km UTM grid of the Netherlands was constructed using ArcView GIS 3.3 (ESRI, 
USA). Only those grid squares consisting for more than 50% of terrestrial area (located within 
the Netherlands) were taken into account (n = 1393). For all grid squares the number of species 
per taxonomic group was counted, discarding records that were collected prior to 1965.

Table 3.1 Possible explanatory variables as used in the stepwise multiple regression modelling

Variable Description Units

ALT Mean Altitude m
ALTR Altitudinal range m
MLA Max. landscape age years
DLA Dominant landscape age years
HUM Relative humidity in spring %
SUN Duration of sunshine hours
RAD Amount of radiation joule/m2

TEMP Temperature °C
PREC Precipitation surplus mm
HST Heterogeneity of soil types H’
PSS Poor sandy soils km2

RSS Rich sandy soils km2

CSS Calcareous sandy soils km2

NCC Non-calcareous clay km2

CC Calcareous clay km2

NCL Non-calcereous loam km2

PS Peat soils km2

NDEP Nitrogen deposition mol/ha/year
NAV Available nitrogen g/m2

HLT Heterogeneity of habitat types H’
AGR Agricultural areas km2

URB Urbanized areas km2

FW Freshwater km2

SW Saltwater km2

N Nature km2
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3.2.3 Environmental data
Data on land cover types were derived from the LGN4 land cover map (Alterra, 2001). We 
calculated habitat heterogeneity of each grid square using Shannon’s diversity index:

H’ = -Σpi ln pi

where pi is the proportion of the ith land cover type.
For this calculation the 39 land cover categories of the LGN4 land cover map were lumped 

into 15 habitat types (agricultural land, bare soil, coniferous forest, deciduous forest, drift sand, 
dune vegetation, fen areas, freshwater, heathland, marsh, natural grassland, peat bog, salt marshes, 
shrub and urbanized area).

Mean elevation and elevation range were derived from the Dutch national digital elevation 
model (2002, Rijkswaterstaat). Soil types were abstracted from the Dutch soil type map (Steur 
& Heijink, 1992). Heterogeneity of soil types was calculated following the same procedure as 
for habitat heterogeneity. Nitrogen deposition (1995-1997 means) data were derived from the 
STONE model (Overbeek et al., 2002), while available nitrogen (1991-1997 means) was obtained 
from Bio et al. (1999). A map of the age of the Dutch landscape was constructed using literature 
and topographical maps from ca. 1850 to 2002 (Cormont et al., 2004).

Data on five climatic variables were obtained from the Royal Netherlands Meteorological 
Institute (KNMI, 2002). Relative humidity in spring (%), duration of sunshine (hours), amount 
of radiation ( Joule/m2), temperature (°C) and precipitation surplus (mm) are given as the annual 
long-term (1971-2000) means based on the monthly values of 283 meteorological stations.

3.2.4 Statistical analyses

a. Comparing species richness patterns between taxonomic groups
Spearman’s rank correlation was used to determine the congruence of species richness patterns 
among the five taxonomic groups. A combined index of species richness for all taxonomic groups 
was constructed scaling maximum species richness for each group to 100 and summing the 
percentages of maximum species richness of all five groups for each grid square. For this analysis 
we only used those grid squares (n = 528) that were sufficiently surveyed (see modelling species 
diversity) for all five taxonomic groups.

b. Modelling species richness
We used a stepwise multiple regression approach to test the relationship between the set of 
environmental variables (see table 3.1) and the observed species richness of five taxonomic groups. 
As species counts are discrete (categorial) values we applied generalized linear modelling (GLM; 
McCullagh & Nelder, 1989) and selected a Poisson error distribution. The response variable 
was linked to the set of predictor variables using a logarithmic link function (Crawley, 1993). 
Collinearity among the predictor variables was assessed by evaluation of Pearson correlations, 
using data for all grid squares (n = 1393). Spatial autocorrelation in the dataset could cause non-
significant correlations to appear as significant ones as the confidence interval estimated by the 
classical procedure around a Pearson correlation coefficient is narrower than when it is calculated 
correctly (Legendre, 1993). Therefore, we used a modified t-test (Dutilleul, 1993) to produce 
unbiased estimates of the significance of the correlations. To account for curvilinear relationships, 
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explanatory variables were quadratic and LN transformed. In order to account for sampling bias 
in the species occurrence datasets, we only used the 75% most frequently surveyed grid squares 
from each physical geographical region (after Gonggrijp, 1989) in the Netherlands (figure 3.1). In 
this way, grid squares that are incompletely surveyed were excluded from the analysis. This subset 
of grid squares was then divided in to an explanatory set (two thirds of the grid squares), used 
for model building and an evaluation set (one third of the grid squares) that was used for model 
validation.

For each species group we constructed a stepwise multiple regression model based on the 
forward selection of the explanatory variables (see Austin, 1980; Nicholls, 1989) using S-PLUS 6.0 
(Insightful Corp.). First, the variable that accounted for the most important change in deviance 
was included in the model. Change in explained variation was tested using an F-ratio test with 
a 5% significance level. Then, a forward stepwise procedure was used to enter the variables into 
the model. This means that all remaining variables were tested for their significance, adding the 
variable that explained the largest part of remaining variation still left. After each inclusion, we 
used successive exclusion of redundant terms via stepwise backward deletion, removing terms 

Figure 3.1 Physical geographical regions of the Netherlands (adapted from Bal et al., 2001)
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that had become non-significant. This procedure was repeated until no more variables remained 
that accounted for a statistically significant (p < 0.05) change in deviance.

In order to establish the accuracy of the species richness models, the percentage of explained 
deviance was calculated for each model (see Dobson, 1999). We validated the model by fitting it 
to the evaluation set and compare the predicted and observed species richness with Spearman’s 
rank correlation (Heikkinen & Neuvonen, 1997; Maes et al., 2005).

c. Spatial autocorrelation and residual analysis
Spatial autocorrelation is a common feature of ecological variables measured across geographic 
space (Legendre, 1993). Spatial dependence in species richness data can occur in the situation 
where environmental variables that determine species richness are also spatially autocorrelated 
(Diniz-Filho et al., 2003). Part of the spatial dependence of species richness can then be 
described by the explanatory variables in the regression model; part of the spatial dependence will 
remain in the residuals. Positive autocorrelation in the residuals of the regression model at small 
distances would then suggest that certain explanatory variables are missed in the analysis (Diniz-
Filho et al., 2003). In order to test whether our model residuals show spatial autocorrelation we 
used Moran’s I values (Diniz-Filho et al., 2003; Overmars et al., 2003). We calculated Moran’s I 
values of the residuals of the species richness models at 7 different distance classes with a lag size 
of 5 km using SAM software (Rangel et al., 2006). The statistical significance (p < 0.05) of the 
Moran’s I values is assessed using randomization (Monte Carlo procedure; 200 permutations) of 
distances.

3.3 Results

3.3.1 Comparing species richness patterns among taxonomic groups
Species richness patterns of the five groups (figure 3.2 a-e) showed a clear resemblance at first 
sight. In the extreme southern eastern part country a high number of species was encountered 
for all five taxonomic groups. The Pleistocene sand plateau in the centre and to a smaller extent 
also the northern part of the Netherlands is species rich for all groups except the mosses. Only 
for the herpetofauna the coastal area did not contain a high number of species. For the hoverflies 
only few areas with truly high species diversity exist, the species richness is distributed more 
evenly across the country than for the other groups. Overall, the northern and northwestern 
parts of the country (agricultural areas on peat soils) were poor in species for all groups.

Taken together, only 40 percent of all grid squares turned out to be sampled sufficiently 
for all five of the taxonomic groups. Correlations among species richness of the five groups for 
these grid squares tended to be high (table 3.3). The species richness patterns of grasshoppers/
crickets and mosses were least congruent (correlation of 0.303, p < 0.01), while species diversity 
of herpetofauna turned out to be highly correlated with that of the dragonflies, and that of 
grasshoppers/crickets (0.652, p < 0.01 and 0.643, p < 0.01, respectively). The overall number of 
species correlated best with the number of herpetofauna species (0.820, p < 0.01).

3.3.2 Species richness models
The stepwise logistic regression models explained between 40.2% (mosses) and 61.2% 
(herpetofauna) of the variation in species richness identified for the five taxonomic groups (table 



48

Figure 3.2 Spatial patterns of species richness of (a) dragonflies, (b) herpetofauna, (c) mosses, (d) 
grasshoppers/crickets, and (e) hoverflies
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3.4). In general, the regression models explained more of the variation in species richness for 
taxonomic groups comprising a low number of species than for taxonomic groups with a large 
number of species (table 3.4). When the regression models for each taxonomic group were fitted 
to the evaluation sets, highly significant correlations between observed and predicted species 
richness were produced (table 3.4). This suggests that the regression models described the 
observed variation in species richness for all five taxonomic groups adequately.

Habitat heterogeneity was included in the model as prime explanatory variable for three of 
the five species groups (table 3.4). Altitudinal range accounted for most of the variation in species 
richness of hoverflies. Only for herpetofauna diversity the variables related to heterogeneity in 
the environment (heterogeneity of habitat or soil types and range in altitude) were not included 
in an early stage in the stepwise modelling procedure. For this group, climatic conditions 
(duration of sunshine) seem to be important determinants of the observed pattern but also the 
percentage of nature in a grid square explained much of the variation in species diversity present.

Collinearity between explanatory variables is in some cases highly significant (table 3.2). 
Heterogeneity of habitat, duration of sunshine, mean altitude and calcareous clay were the 
variables that most frequently correlated with other environmental variables.
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Table 3.3 Spearman’s rank correlations for the species richness of the different taxonomic groups. 
Correlations are based on data for the 528 grid squares that were surveyed sufficiently for all of 
the species groups

All Dragonflies Mosses Herpetofauna Grasshoppers & 
crickets

Dragonflies 0.804** -
Mosses 0.670** 0.455** -
Herpetofauna 0.820** 0.652** 0.390** -
Grasshoppers & crickets 0.791** 0.572** 0.303** 0.643** -
Hoverflies 0.644** 0.380** 0.373** 0.381** 0.445**

** Correlation is significant at the 0.01 level

Table 3.4 Percentage of explained variance for the environmental variables (linear, quadratic or 
Ln transformed) that were included in the multiple regression analysis of species diversity for 
each species group. The four variables explaining most of the variance are given in bold. Between 
brackets is the effect of the variable on species richness. For an explanation of the codes see 
table 3.1

Grasshoppers & 
crickets

Hoverflies Dragonflies Mosses Herpetofauna

Geographical ALT2 (-) 0.4
ALTR 2.3 21.1 1.3
ALTR2 (-) 0.5 2.1
MLA (-) 0.6
MLA2 (-) 1.4 (-) 0.9
DLA2 (-) 0.7

Climate HUM2 (-) 0.5 (-) 2.5
HUMLN (-) 11 0.4  
SUN (-) 0.5
SUN2 5.5 (-) 1.4 (-) 31.8
SUNLN 0.2
RAD (-) 0.4
RAD2 0.7 0.7
RADLN (-) 0.3
TEMPLN 0.4 0.5
PREC2 1.1
PRECLN 0.7

Soil HST 2.6 0.5 2.6
HST2 0.4
PSS2 (-) 0.6 (-) 0.3 (-) 1.2
CSS 0.5 (-) 0.5
NCC (-) 2.6
NCC2 (-) 0.9 (-) 1.2
CC (-) 0.6 (-) 18 (-) 8.3 (-) 5.3
CC2 0.6
NCL 2.8
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3.3.3 Residual analysis
The residuals of all five groups were spatially auto-correlated to a certain degree (table 3.5). For 
the mosses this autocorrelation was strongest and it expanded over a long distance (up to 30 km) 
suggesting that additional factors not included in our analysis are needed to fully account for 
spatial variation in species richness for this group. For all groups spatial autocorrelation of the 
residuals was strongest in the first two lags (5-10 km).

Grasshoppers & 
crickets

Hoverflies Dragonflies Mosses Herpetofauna

NAV2 (-) 7.8 (-) 0.6
NAVLN 0.9
NDEP (-) 0.4
NDEPLN 0.3

Habitat HLT 30.0 29.6 17.8
HLT2 0.6
AGR (-) 0.9 (-) 0.4
AGR2 10.8
URB (-) 0.6
URB2 4.4 0.7
URBLN (-) 0.3 (-) 0.8
FW (-) 0.9 (-) 0.4
SW (-) 1.3 (-) 0.3 (-) 1.7
N 2.4 11.8
N2 (-) 0.6 (-) 1.1

No. of species 45 327 72 507 24
No. of variables 15 12 16 15 13
Explained variance 61.1% 43.4% 60.7% 40.3% 61.2%
Spearman r evaluation set 0.745** 0.635** 0.755** 0.558** 0.753**

** Correlation is significant at the 0.01 level

(Table 3.4 continued)

Table 3.5 Moran’s I values for species richness model residuals

Lags

5 10 15 20 25 30 35

Dragonflies 0.357** 0.108** 0.033 0.018 0.005 -0.004 -0.016
Mosses 0.389** 0.274** 0.201** 0.114** 0.055** 0.038* -0.005
Herpetofauna 0.271** 0.184** 0.095** 0.086** 0.072** 0.026 0.010
Grasshoppers & crickets 0.300** 0.222** 0.108** 0.076** 0.044** 0.029 0.001
Hoverflies 0.217** 0.151** 0.025 -0.006 -0.023 -0.019 -0.029

* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level
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3.4 Discussion

Patterns in species richness of the five taxonomic groups showed a high degree of congruence. 
The richness in herpetofauna species correlated best with the overall species richness. This 
congruence is also expressed by the variables that could be held responsible for the formation of 
these patterns.

Our data suggest that heterogeneity of the environment (in particular habitat heterogeneity) 
is probably a major determinant of the spatial variation in species richness of the five taxonomic 
groups under study on the meso-scale (41,500 km2, 5x5 km units) in the Netherlands. Only for 
herpetofauna diversity the environmental heterogeneity variables (heterogeneity of habitat or 
soil types and range in altitude) were not entered at an early stage in the stepwise modelling 
procedure. In general, these findings agree very well with the work of Maes et al. (2005), who 
studied the species richness patterns of partly the same taxonomic groups in Belgium. They found 
that for all studied groups (plants, dragonflies, herpetofauna, butterflies and birds) the number of 
species was positively correlated with biotope diversity. Furthermore, they found a high degree 
of congruence among the patterns of the different groups. The major difference between the 
results of Maes et al. (2005) and our study is that they did not find any of the incorporated 
climatic variables to be of much importance. We, however, found that for the herpetofauna the 
duration of sunshine was strongly negatively correlated with the number of species. This is a 
remarkable result as the exact opposite would have been more likely since herpetofauna are cold-
blooded organisms. It could, however, be that the relationship between herpetofauna and climate 
is expressed on a much finer scale and that sandy open areas or the presence of southern exposed 
slopes are more important than the overall duration of sunshine per year. The other taxonomic 
group that showed a link with climate were the grasshoppers & crickets. 11 percent of the 
variation in species richness of grasshoppers/crickets can be explained by the relative humidity in 
spring. This is also a negative relation. The observation that species richness gradients follow that 
of climate may be valid for a higher scale level (Hawkins et al., 2003; Whittaker et al, 2007) but 
does not hold true for the Netherlands.

The percentage of the explained variation in species richness was considerably high (between 
40.2 and 61.2%). However, residual analysis showed that there still is a fair amount of spatial 
autocorrelation that remains present in the first two distance classes. The problem with spatial 
autocorrelation is not so much the presence of autocorrelation but rather indicates the absence of 
an explanation for the observed autocorrelation in the model. In particular in case of the mosses 
an important explanatory variable seems to be missing; the percentage of explained variation 
was the lowest (40.2%) of all groups, spatial autocorrelation of the residuals was high and the 
geographical pattern of moss species richness showed a low degree of correlation with species 
richness of the other groups. Soil moisture and the complexity of vegetation structure are 
currently not included in the regression analysis, yet could be important factors for the presence 
of bryophyte species. Besides being an indication that important variables might have been 
missed, spatial autocorrelation can exaggerate statistical significance and may even influence the 
order in which variables are included in the model (Diniz-Filho et al., 2003; Whittaker et al., 
2007). It might also be sign of systematic spatial patterns in data quality (e.g. Segurado et al., 
2006). Shortcomings in data collection most certainly contributed to spatial autocorrelation of 
the observed species richness. Although we tried to account for sampling bias in the species 
occurrence datasets by selecting the 75% most frequently surveyed grid squares from each 
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physical geographical region, it is impossible to retrace true sampling intensity (Rich, 1998). 
Differences in sampling effort can, however, have a considerable impact on the patterns observed 
(Dennis et al., 1999) and consequently on the variables held responsible for the occurrence of 
these patterns.

The positive correlation between variables related to environmental heterogeneity and species 
richness can be explained from two different perspectives. On one hand, species may co-exist 
because they have different habitat requirements or use different resources. Therefore, differences 
in the environment are expected to promote co-occurrence of a broad range of species. On the 
other hand, species may also co-exist even when they depend on the same resources. In that case, 
environmental heterogeneity may be related to the partitioning of limiting resources (more places 
to nest, feed, hide etc.), which then prevents domination by a single superior competitor (e.g. 
MacArthur & MacArthur, 1961; Pianka, 1966; Schmida & Wilson, 1985; Rohde, 1992; Huston, 
1994). Whatever explanation is adopted, it is important to note that there is an important trade-
off between environmental heterogeneity and habitat fragmentation. Chances of species survival 
(and, therefore, of species co-existence) decrease as a result of habitat fragmentation, including 
the conversion, deterioration and isolation of natural habitat patches (Olff & Richie, 2002; Tews 
et al., 2004). Therefore, the issue of environmental heterogeneity should be considered carefully, 
especially in the context of nature conservation. Introducing more environmental heterogeneity 
into a given area does not necessarily lead to higher species richness. An important obstacle to 
properly understanding the trade-off between heterogeneity and fragmentation remains the 
large disparities in how organisms experience their environment. For example, while forest gaps 
may increase the number of bird and butterfly species by creating habitat heterogeneity, they 
may have a negative effect on beetle species richness as their habitat became fragmented (Tews 
et al., 2004).

Soil type, type of land use, altitude, and climatic variables were for most taxonomic 
groups more weakly correlated with species richness than variables related to heterogeneity 
of the environment. This suggests that at the scale level of this study, specialisation and niche 
differentiation (regarding e.g. physiology, habitat or diet preference, dispersal ability) among the 
species of a determined taxonomic group may level out the possible effects of environmental 
variables such as soil type, altitude and temperature on species richness. These factors may have 
their influence on species composition (as a result of habitat preferences) but if many species 
within a taxonomic group prefer different environmental conditions an influence on species 
richness may not be noticed. Heterogeneity of the environment within a grid square allows 
species with different habitat preferences to occur in that grid square. In this way, environmental 
heterogeneity is expected to be the principle underlying mechanism of overall spatial patterns 
in species richness for a determined taxonomic group and this would explain why areas with 
high environmental heterogeneity (e.g. gradient situations) are related to hotspots of biodiversity. 
Therefore, we argue that for conservation purposes, species richness within taxonomic groups 
may not be the most suitable measure to study biodiversity patterns on a nationwide scale 
and that a functional approach is probably more appropriate. When trying to capture a cross-
section of biodiversity, it seems more efficient to identify areas with a high diversity of species 
with similar habitat preferences and ensuring that all groups of species with similar habitat 
preferences are spatially represented in a conservation scheme, rather than focussing on the 
patterns of species richness within taxonomic groups. An additional motivation for adopting a 
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functional approach is that the patterns of species richness for the different taxonomic groups 
are far from being perfectly congruent.
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Abstract

Aim In order to identify general biogeographical patterns in the Netherlands, we used species 
occurrence data of five species groups to produce a quantitative biogeographical classification 
of the Netherlands. We thereby focused on spatially coherent regions that have several 
characteristic species of different taxonomic groups, so called hotspots of uniqueness, as these 
could be important for nature conservation.
Location The Netherlands, a country with an area of 41,500 km2 and a diverse range of habitats 
from agricultural landscapes and wetlands below sea level to loess hills and extensive forested 
areas.
Methods A numerical classification was used to cluster grid squares according to similarity 
in species composition for each taxonomic group. We then identified characteristic species 
for each cluster using a preference index. Kappa statistics was used to identify corresponding 
clusters among the different taxonomic groups. We identified regions containing characteristic 
species for several taxonomic groups and refer to them as hotspots of uniqueness. Finally, 
stepwise discriminant analysis was used to characterize the hotspots according to environmental 
conditions.
Results It was possible to identify regions that are clearly distinct in terms of species composition 
for all taxonomic groups. Not all regions, however, comprised characteristic species. We identified 
five regions, each characterized by a set of unique species, which appeared in the zonation of at 
least two taxonomic groups. Stepwise discriminant analysis showed that there were significant 
environmental differences among these five regions. Comparison of the regions with the existing 
breeding bird and plant districts yielded some interesting differences.
Main conclusions In the Netherlands five regions can be distinguished that have a unique species 
composition for several taxonomic groups. Apart from species composition, the regions also 
differed regarding their environmental conditions. The combination of these complementary 
regions comprises the majority of the species of the studied groups, represented in the Netherlands. 
Therefore these regions could play an important role in future nature conservation planning.
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4.1 Introduction

There is a deep-rooted tradition of studying spatial variation in species composition. Well before 
the work of Darwin (1859) and Wallace (1876), naturalists as, for example, Buffon (1761) already 
noticed that a regionalization could be observed in the distribution of species (Nelson, 1978). A 
steady stream of attempts to describe the world in terms of regions that represent biologically 
meaningful patterns followed. Subsequently, this resulted in a wide variety of independent 
classifications. Traditionally these classifications were based on biogeographic history (e.g. 
Wallace, 1876; Huxley, 1868) but also more eco-geographical approaches were practiced (e.g. Allen, 
1871; Merriam, 1895). Nowadays, at a global scale at least, there is a high degree of congruence. 
The major division of the world into floral and faunal regions is generally well agreed upon (e.g. 
Cox, 2001). At a finer geographic resolution, however, classifications often still differ markedly. 
When describing the patterns of biotic composition in a specific region the options are plentiful. 
Classifications may be based solely on criteria of species distribution (e.g. Whitehead et al., 1992; 
Olson et al., 2001; Pasinelli et al., 2001), environmental characteristics (e.g. Dûfrene & Legendre, 
1997; Pienkowski et al., 1996) or a combination of both (e.g. Carey et al., 1995). This resulted in 
a profusion of ecoregions, biotic regions, biodiversity regions, biogeographical or faunal zones, 
phytogeographical divisions, bioclimatic classifications, and comparable concepts. The fact 
that there are also numerous methods for the quantification of those patterns (e.g. Belbin & 
McDonald, 1993; Hargrove & Hoffman, 2005) does not provide much clarity either.

One of the central goals in conservation biology is to develop a proper understanding of the 
spatial variation present in biotic composition (Margules & Pressey, 2000). The alarmingly rapid 
decline in species richness (e.g. Chapin III et al., 2000; Millennium Ecosystem Assessment, 
2005a) we are currently confronted with asks for effective conservation and restoration 
strategies. As it is impossible to protect all places that contribute to biodiversity conservation, 
we have to prioritize areas in order to maximize conservation effort (Margules et al., 2002). 
The biogeographical classification of areas into homogeneous regions with distinct species 
composition provides a framework than can be of great help in identifying areas for nature 
conservation (Brown et al., 1993; Whittaker et al., 2005). Distribution patterns of different 
taxonomic groups, however, do not necessarily coincide (e.g. Prendergast et al., 1993a) and, 
therefore, single taxon studies are of limited use in nature conservation planning. Classifications 
based on environmental conditions (e.g. climate, soil type, land cover) are thought to be an 
appropriate surrogate for biotic distributions (e.g. Belbin, 1993). However, the use of abiotic data 
produces a rather fixed classification and if changes in abiotic conditions occur, there is a time 
lag in the response of the species to such changes (Pasinelli et al., 2001). The use of biotic data 
also has some drawbacks. Changes in land use, for example, can have a profound impact on the 
distributions of species. Therefore, the use of species distribution data from a longer time span 
provides a more robust view of the potential distribution and could therefore also be useful for 
nature conservation (Pasinelli et al., 2001). The use of a multi-taxon approach is advocated in 
order to represent the species diversity of a country (Carey et al., 1995).
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 In the Netherlands where human population growth has altered the natural landscape in 
fundamental ways and the pressure on open space is high, the efficiency of nature conservation 
policy is an important issue. Knowledge of the country’s natural zonation could play an 
important role in nature conservation planning. Traditionally, ‘fur’, ‘feathers’ and vascular plant 
species dominated conservation research and policy in the Netherlands. There is a longstanding 
tradition of describing and analyzing vegetation patterns and breeding birds have been closely 
monitored since the 70’s. Although a shift towards less conspicuous species groups is taking place, 
with for example Red Lists being constructed for molluscs and various insect taxa, a general 
understanding of the structure of Dutch biodiversity is still missing. Here, we focused on a 
broad array of taxonomic groups. We aimed at describing the general biogeographical-ecological 
patterns of the Netherlands based on the species distributions of a cross-section (mosses, 
grasshoppers and crickets, dragonflies, herpetofauna and hoverflies) of Dutch biodiversity. 
These groups illustrate different ecological functions and sufficient data of good quality on their 
nationwide distribution was available at a suitable resolution and cost. More specifically, we 
aimed at identifying small, spatially coherent, ecologically meaningful regions according to the 
occurrence of characteristic species. We focused on regions that comprised species that did not 
occur (or with a low spatial density) in other parts of the Netherlands: hotspots of uniqueness. 
We used data of a broad period in time as we expected that this would generate a more complete 
ecological characterization of the regions and may offer starting points for e.g. restoration 
ecology as well as it captures the potential distribution of the species. We summarized, based 
on multivariate analysis, species composition patterns of the different groups in distinct regions, 
each characterized by a set of unique species and examined which (a)biotic factors discriminated 
the regions best. Finally, we compared our findings to the existing Dutch districts defined for 
vascular plant species and breeding birds.

4.2 Material and Methods

4.2.1 Species occurrence data
The Netherlands was divided into grid squares of 5x5 km. Only grid squares consisting for more 
than 50% of terrestrial area located within the Netherlands were taken into account (n = 1393). 
Species lists for all grid squares were derived from several databases on species occurrences in 
the Netherlands. Data on the occurrence of hoverflies (Syrphidae), grasshoppers and crickets 
(Orthoptera), and dragonflies (Odonata) came from the database of European Invertebrate 
Survey (EIS) – the Netherlands, herpetofauna (Amphibia and Reptilia) data from the 
foundation on Reptile, Amphibian and Fish Research of the Netherlands (RAVON) and data on 
mos (Bryophyta) species was obtained from the database of the Bryological and Lichenological 
Working Group (BLWG). These databases comprise a diverse assortment of museum records, 
data from monitoring schemes, data from literature, species lists of inventories, and ad-hoc 
species occurrence records collected by many volunteers and professionals over a large period 
of time (table 1). We used data on all species occurring in the Netherlands, for which taxonomic 
identification is straightforward (e.g. excluding species complexes). All available records were 
used, irrespective of their age since we wanted to capture the ‘potential’ distribution of the species 
rather than the actual distribution.
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For species names we followed the nomenclature in Mertens & Wermuth (1960), Beuk 
(2002), Nederlandse Vereniging voor Libellenstudie (2002), Kleukers & van Nieukerken (2004) 
and Siebel & During (2006).

4.2.2 Environmental data
In order to examine the environmental differences among the regions, we compiled a set of 33 
possible discriminating variables (appendix 4.1). We extracted data on the distribution of different 
habitat types in the Netherlands from the LGN4 land cover map (Alterra, 2001). This map is 
based on information from aerial and satellite imagery. The 39 land cover categories on this map 
were lumped into 13 habitat types (appendix 4.1). For each 5x5 km grid square we calculated 
the area occupied by the different habitat types. In addition we calculated the Shannon index 
expressing the land cover heterogeneity in each grid square:

H’ = -Σ pi ln pi

where pi is the proportion of area of the ith habitat type in a grid square.
Climate data were obtained from the Royal Netherlands Meteorological Institute (KNMI, 

2002). Relative humidity in spring, duration of sunshine, amount of radiation, temperature 
and precipitation surplus are given as the annual long-term (1971 – 2000) means based on the 
monthly measurements of 283 climate stations. Altitude was derived from the Dutch national 
digital elevation model (2002, Rijkswaterstaat). Soil types were abstracted from the Dutch soil 
type map (Steur & Heijink, 1992). Average ground water level in spring was derived from the 
map of ground water classes (van Hinsbergen et al., 2000). For data on nitrogen deposition (1995 
– 1997 means) we used the results of the STONE model (Overbeek et al., 2002). Data on pH 
(1991 – 1997 means), available nitrogen (1991 – 1997 means) and salinity (1970 – 1997 means) were 
all obtained from Bio et al. (1999). A map of the age of the Dutch landscape was constructed 
using literature and topographical maps from ca. 1850 to 2002 (Cormont et al., 2004). 11 classes 
have been defined: 1 (1000-1299), 2 (1300-1499), 3 (1500-1700), 4 (1701-1800), 5 (1801-1850), 6 (1851-
1900), 7 (1901-1920), 8 (1921-1940), 9 (1941-1960), 10 (1961-1990), 11 (1991-2004). Dates reflect the 
last major shift in land cover.

Table 4.1 Number of species, number of records, approximate number of collectors, period of 
survey and origin of data (C = museum collections, F = observations in the field, L = literature, 
M = monitoring schemes) for the five taxonomic groups. NA = no data available

Hoverflies Herpetofauna Grasshoppers & 
crickets

Dragonflies Mosses

No. of species 327 24 45 71 507
No. of records 372,118 233,206 70,000 220,000 857,000
No. of collectors 450 1000 NA 200 300
Survey period 1819-2003 1820-2002 1900-2002 1823-2003 1800-2003
Data origin C, F, L F, M  C, F, L  C, F, L, M C, F, L, M
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4.2.3 Data analysis
We followed a five-step procedure to define the hotspots of uniqueness. First, a numerical 
classification was used to cluster grid squares according to similarity in species composition for 
each taxonomic group. Due to large differences in the number of species of the taxonomic groups 
(table 4.1), we analysed the groups separately and did not combine them from the start. Then 
we identified characteristic species for each cluster. Subsequently we identified corresponding 
clusters among the different taxonomic groups and identified regions containing characteristic 
species for several taxonomic groups: hotspots of uniqueness. Finally, we determined the 
environmental conditions separating these regions.

1. Defining regions for individual taxonomic groups
Species composition data for each 5x5 km grid square obtained from the species occurrence 
datasets were analyzed for each taxonomic group individually, using two-way indicator species 
analysis (TWINSPAN), a hierarchical divisive numerical classification (Hill, 1979). Here, we used 
the adjusted TWINSPAN version as described in Oksanen & Minchin (1997). Highly common 
species (judged by their distribution pattern) were omitted from the analysis to prevent the 
formation of separate clusters with a low sampling intensity, as unevenness in sampling intensity 
is a common problem in the kind of databases used (e.g. Guralnick & Van Cleve, 2005). A 
Geographical Information System (Arcview 3.3) was used to project the resulting TWINSPAN 
clusters on a map of the Netherlands. The level of detail of the TWINSPAN analysis and thus 
the resulting number of clusters was guided by the aim of this study: the identified clusters had 
to be small, spatially coherent, and ecologically meaningful.

2. Identification of characteristic species
In order to identify the characteristic species of each cluster we calculated the preference 
index for each species in each cluster. For each species and cluster, the observed frequency of a 
species in the cluster was compared with its expected frequency. Then the preference index was 
calculated as in Carey et al. (1995):

P = [(o-e) * abs(o-e)] / e

where o is the observed frequency of a species in a cluster and e is it’s expected frequency in all 
grid squares.

P, contrary to, for example, the indicator value analysis (IndVal) of Dûfrene and Legendre 
(1997), is independent of the size of the clusters and can, therefore, be used to compare the 
degree of preference of a certain species to unequally sized clusters. A species is characteristic for 
a cluster if (a) P for that cluster is at least two times as high as for the other clusters and (b) if the 
species has a frequency of at least 5% in that cluster. The 10 species with the highest preference 
index scores were selected as the characteristic species for that cluster.

3. Similarity between the selected regions
For each taxonomic group, we identified the clusters that had characteristic species using the 
preference index scores. Then we selected the regions that geographically coincided for at least 
two of the taxonomic groups. The degree of similarity between the regions of each taxonomic 
group was compared using the kappa statistics (Monserud & Leemans, 1992). In general, <0.2 



64

represents a poor agreement, 0.2-0.4 fair, 0.4-0.6 moderate, 0.6-0.8 good and 0.8-1 very good 
(e.g. Landis & Koch, 1977; Monserud & Leemans, 1992).

4. Defining hotspots of uniqueness
In order to create the final hotspots of uniqueness, the regions with characteristic species of the 
individual taxonomic groups were stacked and the number of taxonomic groups for which a grid 
square was designated to the specified region was indicated on a map. Small overlap between the 
regions (that is one grid square being assigned to more than one region) is possible.

5. Environmental differences between the hotspots of uniqueness
We used stepwise discriminant analysis (SDA) to characterize the hotspots of uniqueness in 
terms of differences in their environmental conditions. Discriminant analysis tests variables 
as discriminators of the differences between pre-defined groups. Using a stepwise selection 
procedure, only the most significant of the 33 possible discriminating variables (listed in appendix 
4.1) were used. The analysis was performed using SPSS 12.0.1 for Windows (SPSS Inc., Chicago, 
USA). Wilks’ lambda significance and the percentage of correct assignments were used to 
validate the results.

4.3 Results

4.3.1 Regions and characteristic species
TWINSPAN provided a classification of the Netherlands for the individual taxonomic groups 
(figure 4.1 a-e). Not all regions defined by the TWINSPAN analysis appeared to be based on 
the presence of characteristic species. Only a limited part of the Netherlands is characterized by 
the presence of characteristic species (figure 4.2 a-e). In table 4.2 we summarized the regions for 
each taxonomic group that do have characteristic species and included the characteristic species 
found in each region to a maximum of 10 species. No significant correlation was found between 
the size of the regions and the number (scaled to the total number of species present in each 
taxonomic group) of characteristic species (Spearman’s rank correlation, r = -0.03, p > 0.4).

4.3.2 Similarity between the selected regions
Overall, there was a fair degree of spatial similarity between regions with characteristic species 
defined for the individual taxonomic groups (table 4.3). The DUNE regions of the individual 
taxa corresponded best. There was also a moderate similarity between the LIMB regions of 
the different taxonomic groups. The LIMB region is very well defined by all groups, only the 
grasshoppers and crickets show a somewhat different pattern as the species composition that 
characterizes that region is not strictly confined to the southern part of Limburg as is the case 
in most other groups. Scattered grid squares with a similar species composition are also found 
in the rest of the country (figure 4.2 b). In general, the patterns as expressed by the hoverflies 
showed quite some deviation from those of the other groups. In the SE region, for example, this 
can be explained by the small amount of grid squares were assigned to that region (see figure 4.2 
d). The patterns of the five taxonomic groups showed only little similarity for what was called the 
SE region.



65

Figure 4.1 Biogeographic regions of the Netherlands indicated by colours, as defined by 
TWINSPAN clustering of: (a) dragonflies, (b) grasshoppers/crickets, (c) herpetofauna, (d) 
hoverflies and (e) mosses. Each grid cell represents a 5x5 km square
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(Figure 4.1 continued)
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(Figure 4.1 continued)
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(Figure 4.1 continued)
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Table 4.2 Overview of the biogeographical regions with characteristic species for each taxonomic 
group. Characteristic species are listed for each region to a maximum of 10. Preference index 
and the frequency of a species in the region are given between brackets. The total number of 
characteristic species for each region is given in the last column

Region Location Characteristic species Total

Dragonflies Od1 South-east Calopteryx virgo (6.5; 72.1), Coenagrion hastulatum (8.56; 51.2), 
Cordulegaster boltonii (3.4; 25.6), Gomphus pulchellus (3.89; 86.1), 
Ischnura pumilio (3.37; 81.4), Orthetrum coerulescens (9.7; 60.5), 
Somatochlora arctica (4.69; 18.6), Somatochlora flavomaculata 
(5.67; 39.5), Sympetrum depressiusculum (5.53; 30.2), Sympecma 
fusca (6.81; 90.7)

19

Od2 Pleistocene 
sand

Aeshna subarctica (1.58; 15.7) 1

Od3 Fen1 Aeshna isosceles (3.61; 100), Aeshna viridis (3.82; 61.8), Coenagrion 
armatum (0.81; 5.9), Gomphus flavipes (0.82; 20.6), Leucorrhinia 
pectoralis (3.4; 47.1), Libellula fulva (7.23; 85.3), Sympecma 
paedisca (2.08; 38.2)

7

Od4 Fen2 Aeshna viridis (2.94; 55.1) 1

Grasshoppers 
& crickets

Or1 Zeeland Metrioptera roeselii (4.27; 86.2) 1

Or2 Pleistocene 
sand

Decticus verrucivorus (2.98; 29.5), Ephippiger ephippiger (6.63; 
47.4), Gampsocleis glabra (4.24; 24.4), Metrioptera brachyptera 
(1.99; 82.1), Nemobius sylvestris (6; 91), Psophus stridulus (1.12; 
6.4), Stenobothrus lineatus (6.38; 53.8), Stenobothrus stigmaticus 
(4.07; 78.2), Tetrix bipunctata (1.56; 9)

9

Or3 S. Limburg Acheta domesticus (1.09; 57.1), Conocephalus discolor (1.64; 23.5), 
Meconema meridionale (0.42; 9.2), Phaneroptera falcata (1.1; 
22.7), Pholidoptera griseoaptera (1.94; 65.5), Tetrix subulata (1.17; 
59.7), Tetrix tenuicornis (1.49; 18.5)

7

Or4 Dunes Platycleis albopunctata (9.33; 72.5), Tetrix ceperoi (2.96; 65.9) 2

Herpetofauna H1 Brabant Triturus helveticus (3.59; 57.4) 1
H2 Pleistocene 

sand
Coronella austriaca (0.82; 46.9), Natrix natrix (1.05; 87.1) 2

H3 S. Limburg Alytes obstetricans (11.13; 44.7), Bombina variegata (9.96; 36.8), 
Salamandra salamandra (4.39; 18.4)

3

H4 East&Zeeland Hyla arborea (2.68, 77.9) 1
H5 Dunes Lacerta agilis (3.30; 98.6) 1
H6 South-east Pelobates fuscus (7.93; 87.3), Hyla arborea (1.60; 63.6) 2

Hoverflies S1 South-east Ceriana vespiformis (1.17; 5.4), Chalcosyrphus piger (0.75; 5.4), 
Cheilosia carbonaria (2.65; 51.4), Chrysogaster rondanii (2.02; 
13.5), Chrysotoxum verralli (1.98; 35.1), Eristalis cryptarum (1.76; 
8.1), Paragus majoranae (2.53; 27), Trichopsomyia flavitarsis (2.86; 
56.8), Xylota abiens (5.68; 73), Xylota meigeniana (2.08; 45.9)

13

S2 Pleistocene 
sand

Chrysotoxum octomaculatum (6.2; 72.7), Dasysyrphus pauxillus 
(3.04; 36.4), Didea alneti (3.54; 69.7), Doros conopseus (3.76; 51.5), 
Microdon analis (3.5; 66.7), Parasyrphus annulatus (3.82; 84.8), 
Parasyrphus malinellus (3.16; 72.7), Parasyrphus vittiger (2.88; 
75.8), Platycheirus discimanus (3.43; 30.3), Sphaerophoria virgata 
(3.83; 57.6)

24
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Region Location Characteristic species Total

S3 S. Limburg Cheilosia barbata (23.37; 79.2), Cheilosia lenis (21.71; 70.8), 
Pipizella virens (20.9; 75), Platycheirus parmatus (18.68; 54.2), 
Pipizella annulata (15.86; 62.5), Platycheirus tarsalis (15.81; 45.8), 
Chrysogaster chalybeata (14.94; 75), Orthonevra nobilis (14.87; 
70.8), Criorhina ranunculi (13.04; 58.3), Cheilosia nigripes (12.93; 
37.5)

77

S4 Fen Eristalis anthophorina (3.74; 59.1), Lejogaster tarsata (1.64; 72.7), 
Orthonevra geniculata (5.16; 54.5), Orthonevra intermedia (8.53; 
81.8), Parhelophilus consimilis (7.92; 54.5), Platycheirus fulviventris 
(1.19; 95.5), Platycheirus occultus (1.87; 59.1)

7

S5 Dunes Brachyopa insensilis (3.50; 36.7) 1
S6 Gradient Cheilosia grossa (2.36; 76.5), Cheilosia semifasciata (3.68; 64.7), 

Cheilosia uviformis (5.06; 58.8), Melanogaster aerosa (2.45; 
41.2), Eristalis similis (2.41; 82.4), Myolepta dubia (6.54; 47.1), 
Neoascia geniculata (2.48; 70.6), Neoascia interrupta (4.27; 70.6), 
Parasyrphus nigritarsis (3.22; 29.4), Pipiza luteitarsis (6.18; 76.5)

25

Mosses B1 South-east Atrichum tenellum (1.8; 56.1), Pogonatum aloides (1.53; 47.2), 
Pohlia lescuriana (1.32; 36.1), Pohlia camptotrachela (1.31; 32.7), 
Pohlia annotina (1.24; 57), Dicranum montanum (1.21; 78.5), 
Philonotis fontana (1.19; 55.6), Dicranum tauricum (1.15; 43.5), 
Fossombronia Wondraczekii (0.72; 24.8), Pogonatum urnigerum 
(0.67; 22.0)

25

B2 Pleistocene 
sand

Odontoschisma sphagni (2.43; 65.8), Sphagnum magellanicum 
(2.31; 58.1), Sphagnum tenellum (2.27; 56.8), Sphagnum molle 
(1.8; 47.1), Mylia anomala (1.61; 35.5), Cephalozia connivens (1.58; 
68.4), Dicranum spurium (1.51; 45.8), Cephalozia macrostachya 
(1.10; 45.5), Barbilophozia kunzeana (0.93; 21.9), Barbilophozia 
hatcheri (0.78; 20.0)

40

B3 S. Limburg Leiocolea bantriensis (16.54; 33.3), Lophocolea minor (15.36; 
45.8), Mnium marginatum (15.14; 70.8), Eurhynchium pumilum 
(13.65; 66.7), Plagiothecium cavifolium (13.24; 45.8), Pohlia cruda 
(13.02; 20.8), Plagiochila asplenioides (12.36; 58.3), Trichostomum 
crispulum (11.6; 25), Campylophyllum calcareum (11.4; 29.2), 
Eurhynchium schleicheri (10.81; 33.3)

102

B4 Fen Sphagnum teres (4.75; 47.6), Riccardia multifida (3.02; 38.1), 
Sphagnum contortum (2.73; 25.4), Pallavicinia lyellii (2.57; 55.6), 
Sphagnum rubellum (2.35; 54), Rhizomnium pseudopunctatum 
(2.2; 23.8), Dicranum bonjeanii (2.09; 58.7), Pellia neesiana 
(2; 49.2), Plagiomnium ellipticum (1.86; 69.8), Straminergon 
stramineum (1.74; 58.7)

19

B5 Dunes Tortella flavovirens (8.71; 58.6), Ditrichum flexicaule (7.45; 48.3), 
Rhodobryum roseum (4.9; 44.8), Bryum provinciale (4.42; 22.4), 
Rhynchostegium megapolitanum (4.05; 69), Pleurochaete 
squarrosa (3.34; 19), Rhytidium rugosum (2.98; 12.1)

7

B6 Wadden Lophozia excisa (16.78; 95), Bryum marratii (11.65; 45), 
Fossombronia incurva (11.49; 60), Bryum algovicum (9.48; 
70), Moerckia hibernica (8.7; 30), Bryum warneum (8.62; 45), 
Campyliadelphus elodes (8.24; 50), Drepanocladus sendtneri (8.06; 
40), Riccardia incurvata (7.82; 75), Campylopus fragillis (3.39; 25.0)

55

B7 Rivers Cinclidotus fontinaloides (4.09; 52.2), Fissidens crassipes (4.02; 
45.7), Cinclidotus riparius (3.95; 50), Schistidium platyphyllum. (3.7; 
48.9), Didymodon sinuosus (3.67; 44.6), Leskea polycarpa (2.98; 
77.2), Orthotrichum cupulatum (2.71; 43.5), Syntrichia latifolia 
(2.7; 58.7), Cinclidotus danubicus (2.61; 29.4), Amblystegium 
fluviatile (2.51; 45.7)

24

(Table 4.2 continued)
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Table 4.3 Kappa statistics for the regions with characteristic species. The numbering of regions 
corresponds with that of the regions in table 4.2 and figure 4.1. 0.2 represents a poor agreement, 
0.2-0.4 fair, 0.4-0.6 moderate, 0.6-0.8 good and 0.8-1 very good

a DUNE region

H5 B5 & B6 S5 Or4

H5 1
B5 & B6 0.489 1
S5 0.290 0.303 1
Or4 0.460 0.422 0.382 1

b FEN region

B4 S4 Od3 &Od4

B4 1
S4 0.386 1
Od3 & Od4 0.297 0.207 1

c SAND region

H2 B2 S2 Or2 Od2

H2 1
B2 0.374 1
S2 0.212 0.126 1
Or2 0.397 0.173 0.457 1
Od2 0.279 0.416 0.141 0.174 1

d SE region

H1 & H6 B1 S1 Od1

H1 & H6 1
B1 0.283 1
S1 0.179 0.158 1
Od1 0.267 0.140 0.250 1

e LIMB region

H3 B3 S3 Or3

H3 1
B3 0.442 1
S3 0.422 0.552 1
Or3 0.240 0.205 0.229 1
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Figure 4.2 Selected regions (= regions with characteristic species) per taxonomic group: (a) 
dragonflies, (b) grasshoppers and crickets, (c) herpetofauna, (d) hoverflies and (e) mosses. Each 
grid cell represents a 5x5 km square
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(Figure 4.2 continued)
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4.3.3 Describing the hotspots of uniqueness
In total five hotspots of uniqueness could be identified (figure 4.3). The first region forming a 
narrow band along the North Sea coast (DUNE), occurs in four of the taxonomic groups but 
is based on only few characteristic species. For the mosses this region can be subdivided into 
a coastal dune region and a “wadden” region (the northern dune area including the northern 
islands), the latter comprising considerably more characteristic species (table 4.2). The second 
region (FEN) is found in the North and central west parts of the Netherlands and is recognized 
for three out of the five taxonomic groups. The third region (SAND) centers on the Pleistocene 
sand plateaus in the centre and northern parts of the Netherlands and is the only region that is 
congruent for all five taxonomic groups. The fourth region (SE) is confined to the South East 
part of the country and is recognized within all taxa except the grasshoppers and crickets. Finally, 
the fifth region (LIMB), the smallest and most distinct with by far the most characteristic 
species, is for the greater part situated in the Southern part of the province Limburg. Together 
these five regions cover about 40% of the country’s surface.

Four regions based on characteristic species only appeared for single taxonomic groups. 
We will briefly discuss them here but do not include them in the further analysis. For the 
grasshoppers and crickets Metrioptera roeselii separated 65 grid squares in the south western 
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province of Zeeland, the Herpetofauna expressed a somewhat similar region but with a major 
extension in the eastern part of the country (Hyla arborea). 17 hoverfly species (e.g. Cheilosia 
grossa, Cheilosia semifasciata, Cheilosia uviformis) distinguished a region that largely follows the 
gradient between the lower parts of the Netherlands and the Pleistocene sand plateau. Regarding 
the mosses 92 grid squares along the main rivers form a region characterized by 24 species (e.g. 
Cinclidotus fontinaloides, Fissidens crassipes, Cinclidotus riparius).

4.3.4 Correspondence with the environment
Stepwise discriminant analysis showed that between the five hotspots of uniqueness significant 
environmental differences exist (Wilks’ lambda = 0.019; p < 0.001). 21 environmental variables 
were selected from the input list of 33 possible determinating variables in order to explain the 
variation between five hotspots. SDA constructed four significant discriminant functions 
that, together with the loadings of the 21 variables (table 4.4), can be used to describe the 
environmental differences between the five hotspots.

The first discriminant function indicates that there is a big difference between the DUNE 
and LIMB regions on the one side the SAND and SE regions on the other side. This difference 
is marked by the higher amount of radiation the DUNE and LIMB regions receive on an annual 
basis, and the higher pH of their soil. The DUNE region clearly stands out as it receives more 
sunshine than the other regions (see appendix 4.1) on an annual basis. Higher altitude, a high 
percentage of non-calcareous loamy soils, and the low ground water level in spring makes that 
the second function separates LIMB from all other regions. The third function isolates the FEN 
region from the others as a large proportion of the grid squares that make up the FEN region 
consists of freshwater and they are largely situated on peat soil. The fourth function is less robust 
but separates the SAND from the SE region. The SAND region has a very low mean annual 
temperature and a higher precipitation surplus and the SE region receives a considerably higher 
deposition of nitrogen each year than the other regions.

Besides determining which variables discriminate between two or more pre-defined groups, 
SDA can also be used to (re)classify the original data. Using the four discriminate functions 
and the 21 environmental variables 81.9% of all grid squares could be assigned to the region they 
originally belonged. For the individual regions posterior classification success was highest for 
the DUNE (85.9%) and SE (84.5%) region and somewhat lower for the LIMB (80.8%), SAND 
(79.6%) and FEN (79.1%) regions.

4.4 Discussion

4.4.1 Differences between the hotspots of uniqueness
We were able to identify five regions in the Netherlands that all have a distinct composition of 
species from several taxonomic groups; these regions are complementary in the sense that they 
all comprise species that do not (or only scarcely) occur in other parts of the country. For the 
five species groups under study these regions comprise the majority of the species present in the 
Netherlands since automatically the more common species are incorporated too. The number 
of (characteristic) species in each region differed. This is not related to the difference in size of 
the regions. The region hosting by far the highest number of characteristic species is the LIMB 
region. However, these species usually are not of much international importance as they are 
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Figure 4.3 Hotspots of uniqueness. Regionalization of the Netherlands based on the distribution 
of species from five taxonomic groups. Numbers refer to the number of taxonomic groups for 
which a grid square is identified to the regions: a. DUNE, b. FEN, c. SAND, d, SE and e. LIMB
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(Figure 4.3 continued)
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species with a much larger southern or central European distribution, being sub marginal species 
in the Netherlands. On the contrary, the FEN region is not characterised by many species, but 
from an international perspective they are of high importance as many of these species largely 
depend on the Netherlands for their existence.

Apart from the differences in species composition, the five regions were also characterized 
by differences in their environmental conditions. On a higher scale level, there proved to be a 
large difference between Pleistocene and Holocene parts of the Netherlands (figure 4.4). The 
Netherlands can roughly be divided into a western, Holocene part (including the DUNE and 
FEN regions), characterized by low altitude and high amount of sunshine and a (south-)eastern, 
Pleistocene part (SAND, SE and LIMB). The largest section of the Pleistocene part of the 
Netherlands is occupied by the SAND region, situated on an ice pushed sand plateau with 
hills, therefore receiving high levels of precipitation. The southern LIMB region stands apart in 
every respect, with its aberrant soil type and relatively high hills it cannot be compared with any 
other region in the Netherlands. The five regions showed differentiation in climatic conditions 
(temperature, amount of radiation and precipitation surplus), soil type, soil pH, altitude and the 
percentage of fresh water. Climate change is therefore expected to have a severe influence on the 
future species composition of the Netherlands. And in fact, the first signs of this process have 
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already been observed (e.g. Tamis et al., 2005). The amount of nitrogen deposition finally, also 
showed a strong correlation with the spatial organisation of the regions. If nitrogen deposition 
acts as a strong driver of changes in species composition, this pattern could be an indication that 
human activity can easily and within a short time span overrule biogeographic history.

4.4.2 Character of the characteristic species
Characteristic species are species that have the optimum of their distribution in a specific 
region. This means that, potentially, the species depicted here as characteristic species are worth 
protecting as they depend on a restricted part of the country for their existence. Therefore they 

Table 4.4 Summary of the stepwise discriminant analysis. Loadings represent the correlation 
coefficients between the variables and the discriminant functions (DF). Factor loadings > 0.4 
are given in bold. The centroid (the point that represents the means for all variables in the 
multivariate space defined by the model) of each region indicates which regions are best 
discriminated by each discriminant function

Factor loadings

DF 1 DF 2 DF 3 DF 4

Precipitation surplus -0.224 -0.095 0.198 0.539
Relative humidity in spring 0.335 -0.338 0.341 0.297
Amount of radiation 0.723 -0.097 -0.156 -0.106
Duration of sunshine 0.533 -0.29 0.175 0.18
Temperature 0.276 0.152 -0.247 -0.441
Altitude -0.043 0.672 -0.169 0.223
Groundwater table in spring -0.081 0.429 -0.326 0.392
Salinity 0.258 -0.264 0.16 0.066
pH 0.415 0.083 0.273 -0.431
Nitrogen deposition -0.337 0.095 -0.275 -0.409
Non-calcareous loam 0.177 0.756 0.081 0.181
Calcareous sandy soils 0.395 -0.167 -0.227 0.137
Non-calcereous clay 0.116 0.032 0.276 -0.128
Calcareous clay 0.097 -0.053 0.059 -0.128
Peat soil 0.017 -0.109 0.579 -0.091
Rich sandy soils -0.265 -0.022 -0.306 -0.171
Coniferous forest -0.223 -0.039 -0.194 0.338
Freshwater 0.107 -0.069 0.437 -0.216
Agricultural areas -0.104 0.043 0.189 -0.247
Marsh 0.056 -0.055 0.345 -0.115
Fen meadows 0.013 -0.017 0.116 -0.052

Region Centroid

DUNE 4.503 -1.469 -1.146 0.495
FEN 0.713 -0.703 2.095 -0.449
SAND -1.292 -0.31 -0.098 1.015
SE -0.636 0.245 -0.704 -0.987
LIMB 2.276 7.228 0.5 0.715
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are more vulnerable to disturbance than species that have a broader range. And in fact many of 
the species designated as characteristic species are threatened in their existence. For example all 
seven of the dragonflies species identified as being characteristic species of the FEN region are 
included in the Dutch Red List while four of them are also included in the European Habitat 
Directive. The same holds true for the herpetofauna. All herpetofauna species we depicted as 
characteristic species are included either in the IUCN Red List, the European Habitat Directive, 
or they represent target species for Dutch nature conservation policy. Regarding the mosses 
almost half of the characteristic species feature on the IUCN Red List. For the grasshoppers 

Figure 4.4 Map of the Netherlands, provinces indicated, grey = Pleistocene and older, 
rest = Holocene and younger
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and crickets, 7 of the 19 characteristic species are included in the Dutch Red List. Data on the 
rareness and decline of hoverfly species currently are not available. This certainly does not mean 
that hoverfly species are facing less threat than species that are legally protected.

The patterns we described are static and represent a broad though limited period of time 
(1800-2003). Species distribution ranges, however, are not static. It can well be that among the 
species we identified as being characteristic for a certain region are species that are currently 
expanding their distribution range. For several of the grasshopper and cricket species 
(Conocephalus discolor, Phaneroptera falcata, Conocephalus discolor) we have reason to assume this 
is the case. We are also aware of the limits of the databases used in this study. For some species 
these databases probably do not give an accurate representation of their distributional ranges, as 
not enough data is available. If more data on the distribution of these species becomes available, 
species that are currently identified as characteristic species can turn out to be more general then 
previously assumed.

4.4.3 Comparison with existing plant and bird classifications of the Netherlands
A general thought in ecology is that biotic distribution will largely follow that of the vegetation 
as vegetation has a close relationship with physical conditions and provides habitat for animals, 
birds and insects. Sjörs (1965) suggested that especially in Northern Europe, where there 
are few dispersal barriers and little endemism, there should be a high degree of similarity 
between faunistic regions and vegetation zones. If we compare our findings with the existing 
phytogeographical districts for the Netherlands (van der Meijden, 1996), we see that there 
are indeed a number of similarities between the two classifications. The DUNE district is 
recognized in both classifications and also the FEN (though less extended in the multi-taxon 
analysis) and LIMB regions roughly coincide. However, we also see that, at certain points, the 
phytogeographical districts differ in a fundamental way from our multi-taxon regions. The 
phytogeographical partitioning of the Pleistocene sand plateau into the centre of the country 
(Utrecht and Gelderland) and Drenthe (see figure 4.4) is not recognized by our multi-taxon 
approach. Also Brabant and the extreme southeast part of the country are according to our 
analysis not as different as the phytogeographical districts indicate. The division of the DUNE 
region into the phytogeographical “wadden” and “renodunaal” district is only expressed by the 
mosses. This can be explained by the fact that both vascular plants and mosses have a much 
stronger link with physical habitat conditions (through the substrate) than fauna does. A sound 
comparison, however, remains difficult as the methodology to define the phytogeographical 
regions (see Weeda, 1990) differed from our approach.

The breeding bird districts (Kwak & van den Berg, 2004) were defined using an approach 
more similar to ours, but the resulting zonation differed markedly. The fen areas of North-
Holland for example are classified as a separate region, different from the fen areas of the 
Friesland and Groningen. In accordance to the phytogeographical discricts, the breeding birds 
also express the partitioning of the Pleistocene sand plateau into the centre of the country and 
Drenthe and recognize a difference between Brabant and the extreme southeast part of the 
country. However, this classification is solely based on fairly recent data (1998-2000). The previous 
breeding bird classification (Kwak et al., 1988), based on data from 1973-1977, corresponds better 
to our results regarding the fen region but lacks a proper fit on the other fronts. These differences 
can be the result of true differences in the distribution patterns of birds compared to the species 
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we studied, or may reflect the changing landscape. Differences could also be caused by the use of 
different cut levels in the TWINSPAN analysis.

4.4.4 Implications for nature conservation
Biogeographical regions should have characteristic species, correspond to a restricted range 
of environments and show a certain degree of geographical congruence (Carey et al., 1995). 
Therefore, biogeographical classifications present a useful framework for the conservation of 
biodiversity (e.g. Whitehead et al., 1992; Palmer, 1999). Only few of the characteristic species 
we depicted are completely confined to a single region. This means that most of them do occur, 
though in lower spatial density, in the rest of the country. Another problem was that every 
species group expresses a somewhat different distributional pattern. In this study, we were able 
to identify five regions with a distinct species composition for several taxonomic groups. These 
regions comprise most of the species of the studied groups since the more widely distributed 
species are incorporated too. Using presence only data and working with a resolution of 5x5 
square kilometres this classification is, of course, rough and only broadly indicates what are 
potentially important regions for the conservation of biodiversity in the Netherlands.

We used a combination of historic and recent data on the distribution of the species. In 
this way we accounted for the shifts in distribution ranges of the species that might have taken 
place and give a representation of the potential distribution of the species rather than the actual 
distribution. This approach has the advantage that it provides the possibility to identify areas 
for restoration or the development of ‘new’ nature. That the restoration of certain areas is sorely 
needed is evident from that fact that many of the characteristic species are currently under 
threat and some of them even have disappeared from the region. By knowing their potential 
distribution range areas that have become degraded can be made suitable for those species again.

The fact that about 40% of the country is interesting from a species conservation perspective 
does not automatically imply that the other 60% does not have conservation value. We only 
examined a small subset (five taxa) of total diversity in the Netherlands. With every new 
taxonomic group added to the analysis the pattern could potentially change and additional areas 
could be recognized as important. In our aspiration for robustness and generality we looked for 
agreement between the patterns of the five species groups and only selected those regions that 
occurred within at least two of the groups. Therefore, the area of large rivers, for example, was 
not included in our selection as this region was only identified for the mosses. It does, however, 
contain characteristic species for that group.

For the subset of Dutch biodiversity we studied, the five regions as described here comprise 
most of the species of this subset present in the Netherlands. By using five distinct groups of 
species the regions identified in this study represent more generalized patterns and therefore add 
important information to the regions identified for single taxa. Therefore, in order to capture the 
wide spectrum of Dutch biodiversity these multi-taxon biogeographical regions should be well 
represented in nature conservation policy, for example within the National Ecological Network.
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Abstract

Aim Species communities often exhibit nestedness, the species found in species poor sites 
representing subsets of richer ones. In the Netherlands, where intensification of land use has led 
to severe fragmentation of nature, we examined the degree of nestedness in the distribution of 
Orthoptera species. An assessment was made of how environmental conditions and species life 
history traits are related to this pattern and how variation in sampling intensity across sites may 
influence the observed degree of nestedness.
Location The analysis includes a total of 178 semi-natural sites in the Pleistocene sand region of 
the Netherlands.
Methods A matrix recording the presence or absence of all Orthoptera species in each site 
was compiled using atlas data. Additionally, separate matrices were constructed for the species 
of the suborders Ensifera and Caelifera. The degree of nestedness was measured using the 
BINMATNEST calculator. BINMATNEST uses an algorithm to sort the matrices to maximal 
nestedness. We used Spearman’s rank correlations to evaluate whether sites were sorted by area, 
isolation or habitat heterogeneity and whether species were sorted by their dispersal ability, rate 
of development or degree of habitat specificity.
Results We found the Orthoptera assemblages to be significantly nested. The rank correlation 
between site order and sampling intensity was high. The degree of nestedness was lower but 
remained significant when under- and over-sampled sites were excluded from the analysis. Site 
order was strongly correlated with both size of sample site and number of habitat types per site. 
Rank correlations showed that species were probably ordered by variation in habitat specificity 
rather than by variation in dispersal capacity or rate of development of the species.
Main conclusions Variation in sampling intensity among sites had a strong impact on the 
observed degree of nestedness. Nestedness in habitats may underlie the observed nestedness 
within the Orthoptera assemblages. Habitat heterogeneity is closely related to site area, which 
suggests that several large sites should be preserved rather than many small sites. Furthermore, 
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the results corroborate a focus of nature conservation policy on sites where rare species occur, as 
long as the full spectrum of habitat conditions and underlying ecological processes is secured.

Keywords: BINMATNEST, nature conservation, nestedness, Orthoptera, recording bias, species 
area relationship, species occurrence databases, the Netherlands.

5.1 Introduction

It is widely acknowledged that species richness is neither equally nor randomly distributed across 
the earth’s surface. Since the beginning of the 19th century, scientists have been trying to explain 
and generalize observed patterns in species richness. One of the general laws in ecology concerns 
the relationship between species and area. The theory of island biogeography (MacArthur & 
Wilson, 1967) attempts to explain the form of the species-area relationship: larger islands will 
eventually support more species than smaller ones, as the rate of extinction increases with 
decreasing size. This relationship has been demonstrated for many different taxa and habitat 
types.

Nested subset theory provides a more comprehensive view on the species-area relationship, 
incorporating species composition. The nested subset theory refers to the situation where species 
present at species-poor sites constitute a subset of the species from richer locations (Patterson 
& Atmar, 1986). Nested subset structure has been reported for many communities in naturally 
fragmented landscapes such as islands (e.g. Kadmon, 1995; Lomolino, 1996; Yiming et al., 
1998) and mountain peaks (e.g. Lomolino & Davis, 1997; Fleishman & Murphy, 1999; Bruun 
& Moen, 2003) as well as anthropogenically fragmented landscapes (Fischer & Lindenmayer, 
2005; Fernández-Juricic, 2002). Literature on nestedness comprises a wide range of taxonomic 
groups, with an emphasis on birds and mammals. Though several studies incorporated insect 
data in their analysis, only few studies exist where the presence and causes of nestedness within 
insect assemblages is examined in depth (e.g. Fleishman & Murphy, 1999; Fleishman et al., 2001; 
2002). However, there is a strong need to study insect taxa as they make up the largest part of 
known biodiversity, fulfil important ecosystem functions and comprise many endangered species 
(Ponder & Lunney, 1999).

Nested subset analyses allow studying both species richness and species composition at the 
same time. Therefore, nested subset analysis has generated much interest among conservation 
biologists. Some authors claim that a positive diagnosis on nestedness can, for example, be used 
as a tool to determine whether it is better to establish a single large reserve or several small 
ones (e.g. Patterson, 1987; Cutler, 1991; Boecklen, 1997). Others find in the observation of 
nestedness the justification for the use of rare species as indicators for overall species diversity 
(e.g. Fleishman et al., 2002). However, the observation of nested patterns alone does not provide 
any clues for nature conservation as long as the mechanisms underlying nestedness are not fully 
understood (Simberloff & Martin, 1991). Many studies have tried to elucidate the mechanisms 
underlying nestedness. The main drivers of nestedness identified so far include selective 
colonization (e.g. Darlington, 1957; Cook & Quinn, 1995; Kadmon, 1995), selective extinction (e.g. 
Patterson & Atmar, 1986; Cutler, 1991), nestedness of habitats (e.g. Blake, 1991; Cook & Quinn, 
1995; Honnay et al., 1999b), interspecific variation in tolerance to environmental conditions 
(Worthen et al., 1996) and passive sampling (Andrén, 1994; Cutler, 1994). The latter can cause 
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nestedness as larger areas may contain more species simply by chance, because they constitute 
larger samples (Connor & McCoy, 1979; Haila et al., 1993).

In the Netherlands, dense human population and economic growth have altered the natural 
landscape in fundamental ways, resulting in a reduced overall extent and increased fragmentation 
of nature areas. We investigated whether the spatial distribution of Orthoptera species in nature 
areas in the Netherlands is organized in a nested manner, and tried to elucidate the mechanisms 
that could underlie this type of distribution pattern. Nestedness can be regarded as the result of 
a species pool being filtered by local environmental conditions, in combination with the ability 
of the species to cope with these conditions (Wright et al., 1998; Cook et al., 2004). We therefore 
assessed how nestedness is related to the environmental variables: area, spatial heterogeneity and 
isolation, and to the species life history traits: dispersal ability, rate of development and degree of 
habitat specificity.

Data on the occurrence of Orthoptera species were derived from a database of faunistic 
occurrences in the Netherlands. Although the Netherlands is one of the countries with the 
most extensive information on biodiversity, unevenness in sampling intensity does form 
a problem because data were collected in an ad-hoc way. Analogous to passive sampling, 
variation in sampling intensity among sites may lead to a nested structure in a given dataset. 
At a given sampling intensity, abundant species have a higher probability of being represented 
in a given biota than rare species (Wright, 1991). With increasing sampling intensity the chance 
of encountering rare species increases. Also, vagrant species (one-off occurrences) can cause a 
major over-estimation of, for example, the species richness of a site if sampling effort is excessive 
(Grinnell, 1922; Dennis & Hardy, 1999; Williams et al., 2002). Uneven sampling intensity across 
sites can thus lead to a considerable overestimation of the degree of nestedness. To account for 
such recording bias we investigated how differences in sampling intensity across sites influenced 
the observed nested patterns.

5.2 Material and Methods

5.2.1 Research area
We selected 178 sites (figure 5.1) on Pleistocene sandy soil with a land cover dominated by semi-
natural vegetation types. To this purpose, a grid of 1 x 1 km squares was superimposed on a 
detailed digital land cover map comprising 39 land cover classes derived from aerial and satellite 
imagery (Alterra, 2001). We only took into account those grid squares of which >75% of the 
surface was covered by semi-natural vegetation types. Neighbouring grid squares were merged, 
thus forming the sampling units of this research. The sampling sites ranged from 1 to 1081 km2 

in size (average 19.75 km2). All sites were clearly isolated from each other. The degree of isolation 
was measured as the distance to the nearest site. Isolation ranged from 0.1 km to 14 km (average 
1.7 km).

From the land cover map, 13 habitat types (agricultural land, bare soil, coniferous forest, 
deciduous forest, drift sand, freshwater, heathland, marsh, natural grassland, pasture, peat 
bog, shrub and urbanized area) were extracted, taking into account Orthoptera requirements. 
Although somewhat less detailed, this classification largely corresponds with the one generally 
applied for Orthoptera in the Netherlands (Kleukers & van Nieukerken, 2004). For each site we 
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counted the number of different habitat types present and calculated Simpson’s index of evenness 
regarding these habitat types:

E1/D = (1/D)/S

where S is the number of habitat types in a site and

D = Σ(ni[ni -1]/N[N – 1])

where ni = the area of the ith habitat type; and N = the total area. The measure ranges from 0 to 1.

5.2.2 Species occurrence data set
The data on the occurrence of Orthoptera species were derived from the European Invertebrate 
Survey (EIS Nederland) database. This database comprises a diverse assortment of museum 
records, data from monitoring schemes, species lists of inventory trips, and incidental occurrence 

Figure 5.1 Geographical position of the selected sites
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Table 5.1 Life history traits of the Orthoptera species. Rate of development in months, habitat 
specificity ranked 1 (highly specific) to 6 (generalists). Dispersal capacity: 1 = without wings, not 
very mobile, 2 = sometimes with functional wings, not found outside the mating biotope and 3 = 
(sometimes) with functional wings, regularly found outside the mating biotope. Passive dispersal 
by humans, animals, floating etc: Y = yes

Species Rate of 
development

Habitat 
specificity

Dispersal 
capacity

Passive 
dispersal

Ensifera Acheta domesticus 6 1 1 Y
Conocephalus discolor 12 3 3
Conocephalus dorsalis 12 4 3
Decticus verrucivorus 24 3 2
Ephippiger ephippiger 24 1 1
Gampsocleis glabra 24 1 2
Gryllotalpa gryllotalpa 24 1 2 Y
Gryllus campestris 12 2 3
Leptophyes punctatissima 12 4 1 Y
Meconema thalassinum 12 4 3
Metrioptera brachyptera 24 1 2
Metrioptera roeselii 12 2 3
Nemobius sylvestris 24 2 1
Phaneroptera falcata 12 2 3
Pholidoptera griseoaptera 24 3 1 Y
Tettigonia cantans 24 1 1
Tettigonia viridissima 24 6 3

Caelifera Chorthippus albomarginatus 12 2 2
Chorthippus biguttulus 12 5 3
Chorthippus brunneus 12 5 3
Chorthippus mollis 12 3 2
Chorthippus montanus 12 2.5 2
Chorthippus parallelus 12 2 3
Chorthippus vagans 12 3 2
Chrysochraon dispar 12 2 2
Myrmeleotettix maculatus 12 2 1
Oedipoda caerulescens 12 2 2
Omocestus rufipes 12 2 2
Omocestus viridulus 12 2 2
Stenobothrus lineatus 12 1.5 2
Stenobothrus stigmaticus 12 1.5 1
Stethophyma grossum 12 3 2
Tetrix bipunctata 12 1 2
Tetrix ceperoi 12 2 3
Tetrix subulata 12 3 3
Tetrix tenuicornis 12 3 2
Tetrix undulata 12 3 2
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records collected over more than a century by many volunteers. These data usually were collected 
in a rather ad-hoc fashion, resulting in taxonomically, geographically and temporally biased 
records (Rich, 1998; Dennis et al., 1999). Therefore, the data quality varies and the available 
records of species occurrences may not adequately reflect species composition of a given location. 
Nevertheless, this is the only type of nationwide data available.

The Orthoptera species occurrence dataset contains about 85,500 records on the distribution 
of 45 species, collected between 1900 and 2002. For this study we used only the post-1965 data, 
as the older data probably are not representative any more because of the major land use changes 
of the 1960s. Environmental conditions in the Netherlands have gradually changed since then. 
However, there is always a trade-off between data quantity and accuracy with the kind of data 
used in this study. Species occurrence data are available at a resolution of 1x1 km2 and are tabulated 
in a presence-absence matrix. For species names and the division into suborders we followed 
the taxonomy in Rentz (1991). The degree of habitat specificity (table 5.1) was derived from the 
distribution atlas (Kleukers & van Nieukerken, 2004). For all other data on the life history traits 
of the individual species we relied on the expert knowledge provided by EIS Nederland.

5.2.3 Analytical methods

a. Quantification of nestedness
To quantify the level of nestedness, a large number of metrics have been proposed (e.g. Wright 
et al., 1998; Rodríguez-Gironés & Santamaría, 2006). In this study we used the binary matrix 
nestedness temperature calculator (BINMATNEST, Rodríguez-Gironés & Santamaría, 2006). 
BINMATNEST is a recent improvement of the nested temperature method of Atmar & 
Patterson (1993), using a more robust algorithm for matrix packing. In BINMATNEST rows and 
columns are permuted in such a way that matrix nestedness is maximized: ordering is not done 
according to species richness or site area. BINMATNEST calculates a temperature (ranging 
from 0° to 100°) of the deviation of a particular dataset from the ideal nested structure. Deviation 
from perfect nestedness is assessed by comparing the observed species occurrence matrix, re-
arranged to gain maximum order, with a perfectly nested matrix with the same rank and fill. 
Highly nested assemblages, exhibiting fewer deviations from perfect nestedness, therefore 
score a lower temperature than less nested assemblages with many deviations. To determine the 
statistical significance of the observed matrix temperature it is compared with the distribution 
of simulated temperatures produced by randomisation (100 iterations) of the matrix. In the null 
model applied, the probability of each cell being occupied is the average of the probabilities of 
occupancy of its row and column.

b. Determinants of nestedness
The order in which sites and species are sorted by the BINMATNEST algorithm can be 
compared to numerous possible independent correlates. Spearman’s rank correlation was used 
to evaluate the influence of site area, habitat heterogeneity and isolation and of species dispersal 
ability, rate of development and habitat specificity on the degree of nestedness of the assemblages. 
From the presence-absence matrix packed to maximal nestedness by BINMATNEST we 
took the resulting site order and successively compared it to the area, degree of isolation and 
heterogeneity of the sites. The same procedure was followed for species order according to 
BINMATNEST and species dispersal ability, rate of development and habitat specificity. A 
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significant correlation between the species and site order according to BINMATNEST and 
their order in accordance with a given factor indicates a possible influence of that factor on the 
formation of the nested structure (Patterson & Atmar, 2000).

c. Coping with differences in sampling intensity
Uneven distribution of recording data is a well-known problem with the kind of species 
occurrence databases used in this study (Rich, 1998; Dennis et al., 1999). To identify the effect 
of differences in sampling intensity among sites on the observed patterns, we calculated the 
sampling intensity (the number of records per km2) for each site. In three steps we then removed 
the 5, 10, 25th upper and lower percentiles of the sites ranked according to their sampling intensity, 
thus filtering out both under-sampled and over-sampled sites.

5.3 Results

The Orthoptera assemblages were significantly nested (T = 7.90, table 5.2). The pattern was 
even more strongly expressed when only the species belonging to the suborder Ensifera were 
taken into account (T = 3.31). The degree of nestedness of species assemblages of the suborder 
Caelifera did not differ much from that of the Orthoptera taxon as a whole (T = 8.12). It should 
be noted however, that a straightforward comparison of nestedness temperatures is difficult 
because of minor differences in matrix size and fill (Greve & Chown, 2006; Rodríguez-Gironés 
& Santamaría, 2006). When sites with extreme sampling intensities were excluded from the 
analysis, the degree of nestedness decreased. Temperature rose to 13.34 degrees for the entire 
Orthoptera matrix (table 5.2) when filtering out under- and over-sampled sites. This suggests 
that differences in sampling intensity can result in a considerable overestimation of the degree 
of nestedness. However, the degree of nestedness within the more evenly sampled sites remained 
significant (p < 0.001).

Table 5.2 Summary of the results obtained from the calculation of nestedness temperature T(°) of 
the Orthoptera matrices. Different sets of areas are analysed according to sampling intensity. All 
results presented here correspond to PopSize = 35, TourSize = 7 and nbGen = 5000

Number of 
species

Number of 
areas

Fill (%) T(º)

All species All areas 37 178 24.4 7.90**
Upper and lower 5th percentile excluded 37 160 24.9 8.67**
Upper and lower 10th percentile excluded 36 144 25.3 10.34**
Upper and lower 25th percentile excluded 32 84 28.3 13.34**

Caelifera All areas 20 175 30.5 8.12**
Upper and lower 25th percentile excluded 18 84 34.3 11.89**

Ensifera All areas 17 164 19.4 3.31**
Upper and lower 25th percentile excluded 14 81 21.3 4.56**

** Correlation is significant at the 0.01 level
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 Spearman’s rank correlation indicated that the site order, as determined by BINMATNEST, 
was very similar to the order obtained when ordering the sites in accordance with their area, 
sampling intensity, or number of different habitat types present (table 5.3). The correlations 
between site order and degree of isolation and between site order and Simpson’s index of 
habitat heterogeneity are less strong. When stepwise omitting sites with low (5, 10, 25th 
percentile) and high (95, 90, 75th percentile) sampling intensity from the analysis, the influence 
of sampling intensity declined until it became non-significant. Site order then correlated most 
strongly with area (0.810, p < 0.01 Spearman’s correlation) and the number of different habitat 
types (0.594, p < 0.01 Spearman’s correlation). However, it should be noted that area and the 
number of habitat types present in that site are themselves correlated (0.671, p < 0.01 Spearman’s 
correlation). Heterogeneity of habitat types (E) was negatively correlated with site order and this 
correlation was weaker than between site order and the number of habitat types present in a site. 
Dividing the Orthoptera into the suborders Caelifera and Ensifera produced similar results with 

Table 5.3 Relationships (Spearman’s rank correlations) between the ranking order of the areas 
after packing to maximal nestedness by BINMATNEST and the order of the areas after re-
arranging the matrix regarding the explanatory variables

Area size 
(km2)

Isolation 
(km)

Number 
of habitat 
types

Simpson 
index of 
evenness in 
habitat

Sampling 
intensity

All species All areas 0.642** -0.194** 0.406** -0.202** 0.503**
Equally sampled areas 0.810** -0.347** 0.594** -0.431** 0.07

Caelifera All areas 0.637** -0.249** 0.515** -0.193** 0.578**
Equally sampled areas 0.695** -0.410** 0.608** -0.438** 0.115

Ensifera All areas 0.495** -0.119 0.225** -0.173** 0.401**
Equally sampled areas 0.559** -0.174 0.240* -0.254* 0.106

* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level

Table 5.4 Relationships (Spearman’s rank correlations) between the ranking order of the species 
after packing to maximal nestedness by BINMATNEST and the order of the species after re-
arranging the matrix according to their life history traits (table 5.1)

Rate of 
development

Dispersal 
capacity

Habitat  
specificity

All species All areas -0.210 0.290** 0.486**
Equally sampled areas -0.07 0.167 0.415**

Caelifera All areas - 0.233 0.349
Equally sampled areas - 0.180 0.361

Ensifera All areas -0.224 0.364 0.619**
Equally sampled areas 0.040 0.207 0.495*

* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level
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the difference that the site order for the Caelifera was more strongly associated to the number of 
habitat types per site than for the Ensifera assemblages.

Table 5.4 shows how species order according to life history traits correlates with the observed 
rank order produced by BINMATNEST. The correlation between species order and life history 
traits is weaker than the correlation between site order and environmental factors. Nevertheless, 
we found a significant correlation of species order and habitat specificity, and of species order and 
dispersal capacity. However, dispersal capacity was no longer significantly correlated with species 
order when under- and over-sampled sites were excluded from the analysis. Habitat specificity 
of the individual species is the factor most likely promoting nestedness within the Orthoptera 
assemblages. When all species are taken into account, we found a correlation of 0.415 (p < 0.01) 
between species order and habitat specificity. For the Ensifera this correlation appeared to be 
somewhat higher but of less strong significance (0.495, p < 0.05).

5.4 Discussion

We found a high degree of nestedness within the Orthoptera assemblages. This pattern was most 
strongly expressed when only the species belonging to the suborder Ensifera were taken into 
account. The difference between the Caelifera and Ensifera assemblages can be explained from 
life history traits of the species. The Ensifera species are highly diverse, varying in body size, and 
having a broad range of diet preferences. The eggs of some Ensifera species can be dispersed 
passively over large distances (table 5.1). The Caelifera also show a large variety in body size, 
but only feed on plant material and overall have a lower dispersal capacity (table 5.1). Thus, the 
Ensifera assemblages depend on a broader range of resources and have a wider dispersal range 
and would therefore be expected to show a more nested pattern than the Caelifera assemblages.

From an environmental perspective, three factors may explain the nestedness of the 
Orthoptera species assemblages: area, habitat heterogeneity and isolation. All three factors 
showed a significant correlation with site order. Variation in the number of different habitat 
types in a site proved to be more important for the occurrence of nested patterns than the spatial 
arrangement of these habitat types in terms of heterogeneity. The heterogeneity index scored 
lower and, moreover, was negatively correlated with site order. This suggests that species richness 
would be higher in sites of a given cover type rather than a large diversity of small fragments. 
Area was found to be the most important factor that could have caused the nested pattern. 
From a species perspective, however, the number of different habitat types appears to be more 
important because the relation of species order with habitat specificity is very strong. Also, it 
is unlikely that insects such as Orthoptera with a relatively small range size would need large 
sites (> 1 km2) to sustain healthy populations. Köhler (1996), for example, assessed population 
vulnerability of Orthoptera in highly fragmented Central European landscapes and found that 
some small populations (50-200 specimens) can persist for a long time in very small habitats 
(100-600 m2). However, hardly any research has been done on the relationship between the size 
of a given site and the survival chances of Orthoptera populations and therefore generalisations 
cannot be made. There is a strong correlation between area and the number of habitat types; 
as the area increases, more habitat types occur. Also the number of species occurrence records 
is correlated with the size of nature areas. Therefore, it is difficult to distinguish which part of 
variation in species diversity is explained by factors correlated with size and which part is a true 
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effect of area. The exact role area plays in the formation of nested patterns remains unclear as 
we were unable to identify life history traits correlated with area. We have strong indications, 
however, that the effect of area is merely caused by the increasing number of habitat types.

Fleishman and co-workers (Fleishman & Murphy, 1999; Fleishman et al., 2001; 2002) 
studied the presence and causes of nestedness within insect assemblages in detail. In their study 
on the butterflies of the mountain ranges in the Great Basin of western North America, these 
authors found a high degree of nestedness. Selective dispersal seemed to play a minor role; several 
environmental variables had an effect on the occurrence of nested pattern formation, although 
their importance varied. Also in their study, area had an effect on nestedness but its influence 
varied among mountain ranges. Studies on the nestedness of non-insect taxa in fragmented 
landscapes (e.g. Herkert, 1994; Lomolino & Davis, 1997; Fernández-Juricic, 2004; Mac Nally 
et al., 2002) included a broad spectrum of factors (e.g. heterogeneity, disturbance, isolation) but 
predominantly pointed towards area as the important factor inducing nested patterns. However, 
several authors (e.g. Berglund & Jonsson, 2003; Hylander et al., 2005) found that nestedness 
also occurs within sites of uniform size. The latter confirms our presumption that the number of 
different habitat types present plays a more important role than area as such.

Rank correlations showed a close relationship between the ordering of sites and the amount 
of sampling effort put into those sites, a phenomenon also observed by Cook et al. (2004). 
Broad-scale databases of collecting events as used in this study are inaccurate because of bias in 
sampling effort. Such databases often do not contain information about real absences of species 
(Rich, 1998) and moreover, sampling intensity is usually biased towards the richest sites (Dennis 
& Thomas, 2000). This makes it difficult, if not impossible, to estimate true sampling intensity 
or to distinguish the under-sampled sites from the well- or even over-sampled ones. Sampling 
effort may have a considerable impact on the resulting record of species richness and composition 
of a given site (Dennis et al., 1999). To evaluate the effects of differences in sampling intensity, 
we investigated how nested temperatures reacted after removing sites with both low and high 
sampling intensity from the analysis. This revealed that differences in sampling intensity can lead 
to an overestimation of the degree of nestedness.

The high degree of nestedness within the Orthoptera assemblages and the strong influence 
of area and habitat heterogeneity on the formation of this pattern may have implications for 
nature conservation in the Netherlands. Area and, accordingly, diversity of habitats, appeared 
to be more important for the occurrence of nested patterns than the degree of isolation of sites. 
This suggests that large, diverse nature areas are expected to be effective in preserving entire 
assemblages of Orthoptera. However, since we do not have information on population viability 
or corridor effects, it is not clear whether it is more effective to enlarge or to interconnect 
small conservation areas. Moreover, nestedness analysis is probably not the most suitable tool 
for effective reserve design (Simberloff & Martin, 1991; Whittaker, 1998). Nestedness analysis 
certainly is an important compositional descriptor and can give clues for nature conservation 
but e.g. complementarity algorithms (e.g. Williams et al., 2005) provide a better tool to optimise 
conservation efforts.

Nestedness analyses apply to relatively homogeneous ecological regions. Therefore, the 
outcomes of this study only relate to a specific part of the Netherlands. Our results provide 
support for the current nature conservation policy of the Netherlands, which is focused on 
the conservation of the so-called ITZ species: species for which the Netherlands carries an 
international responsibility (I – species); species with a strong decline due to habitat loss (T 
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– species); and rare species (Z – species). This study shows that, by protecting sites where rare 
species with narrow habitat requirements occur, a broad array of less selective species are expected 
to be protected as long as the full spectrum of habitat conditions and ecological processes is 
secured.
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6.1 Introduction

Modification of the natural environment, either through habitat destruction, fragmentation, 
pollution or the invasion of exotic species, has caused a decline in biodiversity over the last few 
decades (Pimm & Raven, 2000; Millennium Ecosystem Assessment, 2005a). The reduction of 
biodiversity is expected to have serious implications for ecosystems and society (e.g. Chappin 
III et al., 2000; Tilman, 2000). The current trend of biodiversity decline is also valid for the 
Netherlands (e.g. Biesmeijer et al., 2006; van Turnhout et al., 2007). Just to give an impression: 
more than one third of all known species occurring in the Netherlands are threatened species 
according to the IUCN Red List; for some groups (e.g. reptiles) this is even two thirds of the 
species. Since 1950 approximately 50 species of vascular plants have disappeared. Although the 
rate of the decline of biodiversity has decreased over the past few years, the EU goal for 2010 to 
put a halt to this decline, will probably not be reached (Netherlands Environmental Assessment 
Agency, 2006). Finding ways to halt this decline is currently one of the most challenging issues 
in conservation research (Pimm et al., 1995). Space, time, money and knowledge constraints force 
policymakers to search for highly efficient solutions by setting priorities for selection of areas and 
target species for conservation. Conservation scientists have acknowledged this challenge and 
scientific research over the last decades has yielded numerous strategies for nature conservation.

6.1.1 Common conservation strategies
One of the leading principles in conservation biology is the focus on the areas with high 
concentrations in species diversity (Reid, 1998; Myers et al., 2000). These so-called hotspots can 
be defined as areas with a large number of species or large numbers of endemic, rare or threatened 
species (e.g. Myers et al., 2000; Margules et al., 2002). The gap analysis approach (Scott et al., 
1993), for example, was developed to identify gaps in existing networks of conservation areas by 
using information on hotspots of species richness. A recently developed method for site selection 
focuses on complementarity (e.g. Vane-Wright et al., 1991; Williams et al., 2005). This method 
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ensures that as many new attributes as possible will be added to an existing network of nature 
reserves. These attributes can be everything from landscape elements to endemic species.

However, since basic fine-scaled data on the distribution of most species are lacking, one 
of the assumptions underlying this approach is that hotspots would coincide for different 
taxonomic groups. Numerous studies address the question whether or not hotspots actually 
coincide for different taxonomic groups (e.g. Williams & Gaston, 1994; Prendergast, 1997; Tardif 
& DesGranes, 1998; Myers et al., 2000; Kati et al., 2004) and whether hotspots of richness are 
congruent with hotspots of endemism, rarity or threat (e.g. Orme et al., 2005). Unfortunately, 
no univocal answer can be given to either of these questions. As mismatches between the spatial 
occurrence of hotspots of species richness of different taxonomic groups are often observed 
(e.g. Prendergast et al., 1993a; Kerr, 1997; Simberloff, 1998; Andelman & Fagan, 2000; Harcourt, 
2000; Ricketts et al., 2002), indicator, umbrella or keystone taxa may not be the most adequate 
surrogates for total biodiversity Therefore, specific environmental conditions (e.g. Pienkowski et 
al., 1996; Dûfrene & Legendre, 1997) such as climate and soil type are often considered indicative 
of biodiversity; sometimes also in combination with species distributions (e.g. Carey et al., 1995). 
This results in so-called eco-regions, homogeneous spatial units according to environmental 
conditions that should reflect species distributions and which can thus be used to protect 
biodiversity. Hereby the focus lies more on species composition and capturing the environmental 
variation of an area rather than on species richness alone, as biodiversity cannot be entirely 
described in terms of species richness.

Other conservation issues, for example the SLOSS issue (whether it is better to establish 
several small or single large reserves), are related to area and connectivity of nature reserves. One 
of the general laws in ecology concerns the relationship between species and area. Hereby, the 
focus lies on population dynamics closely connected to the Island theory of MacArthur and 
Wilson (1967), which attempts to explain the form of the species-area relationship: larger islands 
will eventually support more species than smaller ones, as the rate of extinction increases with 
decreasing size. The degree of isolation of the islands determines the (re)colonization rate. The 
SLOSS issue, however, is still fiercely debated (e.g. Etienne & Heesterbeek, 2000).

6.1.2 Dutch biodiversity policy
Various European and international conventions, treaties, plans and directives (see Birnie, 1996 
for an overview) provide a framework for the conservation of biodiversity in the Netherlands. 
So did the Dutch government commit itself to preserve a representative set of biodiversity 
and to contribute to halting biodiversity decline by signing the UN Convention on Biological 
Diversity (Rio de Janeiro, 1992). As part of the Bern Convention (Council of Europe, 1979), the 
Netherlands have to ensure that by 2020 conditions will be in place for long term conservation 
of all species and populations native to the Netherlands occuring in 1982. Together with the 
Bird and Habitat Directives, the Convention on Biodiversity and the Bern Convention form 
the most important guidelines to set the goals for biodiversity conservation in the Netherlands. 
Policy to implement these goals has been set out in the Strategic Plan for Biodiversity (1995). The 
Netherlands policy on nature conservation in its widest sense has recently been (re)formulated in 
a policy paper called “Nature for people, People for nature” (LNV, 2000).

Nature conservation policy in the Netherlands can be subdivided in a spatial or ecosystem 
oriented policy (e.g. Nature Protection Law, National Ecological Network) and a straightforward 
species protection policy (e.g. Red List, Flora- and Fauna Law, Species Protection Plans). The 
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spatially oriented nature policy regarding the maintenance of ecosystems, however, is almost 
completely elaborated in terms of target species. In order to preserve ecosystem diversity (by 
means of target biotopes), 1042 target species were selected from different taxonomic groups 
according to their (inter)national importance, rareness or decline in populations (LNV, 2000; 
Bal et al., 2001). In combination, these target species represent about 3% of the total number of 
species occurring in the Netherlands. The number of these species present in an area is considered 
an important measure of the performance of Dutch nature conservation policy.

The most important instrument of in situ biodiversity conservation in the Netherlands is 
the National Ecological Network (NEN), a nation-wide network of nature reserves. The aim 
of the National Ecological Network is to conserve, recover and develop important ecosystems, 
the target biotopes. The National Ecological Network consists of core areas, nature development 
areas and ecological corridors. In practice, the NEN is formed by the existing large nature 
reserves, such as the coastal strip, the North Sea, the Wadden Sea, and the forests and heathlands 
of the Veluwe in the centre of the country (Barendregt & Dekker, 2007). The idea is to expand 
the area of interconnected nature reserves, thereby increasing species habitat and promoting 
exchange between populations. By 2018 the National Ecological Network should cover 728.500 
ha, about 20% of the total terrestrial area of the Netherlands. By January 1st 2005 about 169.000 
ha of nature reserve still had to be realized (Rekenkamer, 2006). About 40% of the NEN will 
contribute to the European NATURA 2000 network.

6.1.3 Patterns and policy: a good fit?
At present the number of wild flora and fauna species in the Netherlands is estimated at 
approximately 42,000 (van Nieukerken & van Loon, 1995) but basic knowledge about the overall 
status and spatial configuration of Dutch biodiversity is still scarce. In spite of this lack of 
knowledge, nature conservation policy had of course to be designed in order to mitigate further 
loss of biodiversity and is being implemented. It is, therefore, not surprising to see an increasing 
number of publications that provide evidence of the fact that Dutch nature conservation policy is 
not optimally designed (e.g. Veling, 1997; Vereijken et al., 2005; Jager op Akkerhuis et al., 2007).

In order to obtain a broader understanding of Dutch diversity we examined, in the previous 
chapters of this thesis, the spatial organisation of a broad array of taxonomic groups: hoverflies 
(Syrphidae), dragonflies (Odonata), mosses (Bryophyta), grasshoppers and crickets (Orthoptera) 
and herpetofauna (Amphibia & Reptilia). We thereby focused on three important issues in 
conservation biology, namely, hotspots of species richness (chapter 3), hotspots of uniqueness 
(regions harbouring species that are ‘unique’ for that region, chapter 4) and rare species (chapter 
5). There is considerable divergence in the patterns we found among the taxonomic groups. This 
can have important implications for nature conservation as, for example, a larger area may be 
needed in order to preserve the full range of species. Here, we discuss the results of these studies 
in the context of the current nature conservation policy in the Netherlands. The structure of this 
discussion is as follows:

•	 First	we	compare	the	results	of	the	studies	with	the	map	of	the	National	Ecological	Network
•	 Then,	we	discuss	the	implications	of	the	nested	patterns	for	the	focus	of	policy	on	rare	species
•	 We	 then	 discuss	 the	 important	 determinants	 of	 these	 patterns	 in	 the	 context	 of	 nature	

conservation policy
•	 Finally,	we	provide	recommendations	for	nature	conservation	policy.
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6.2 Comparing the patterns with the NEN

Although there was a clear concept in 1989, the eventual realization of the National Ecological 
Network rather is the product of pragmatism (Barendregt & Dekker, 2007). Despite the fact that 
the ideas behind the institution, enlargement and connection of existing areas are scientifically 
broadly accepted (MacArthur & Wilson’s theory of Island Biogeography), the spatial allocation 
of the National Ecological Network is not based on thourough scientific research on a broad 
array of taxa. Vascular plant species patterns have mainly determined the eventual layout of the 
NEN. Since patterns of species richness of different taxonomic groups do not always coincide 
(e.g. Dirkse & Martakis, 1998), we question whether the NEN is able to adequately capture the 
diversity patterns we found.

In order to answer this question we compare the results of the studies on species richness 
patterns and hotspots of uniqueness with the map of the National Ecological Network (gross 
National Ecological Network, June 2004, Ministry of LNV, division knowledge), figure 6.1 and 
evaluate the portion of these regions currently covered by the National Ecological Network. 
We will only take into account the terrestrial part of the National Ecological Network. For the 
hotspots of species richness analysis we used the species richness maps of the five taxonomic 

Figure 6.1 Gross National Ecological Network (LNV, 2004)
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Figure 6.2 Hotspots of species richness. Spatial patterns of observed species richness of (a) 
dragonflies, (b) herpetofauna, (c) mosses, (d) Othoptera and (e) hoverflies. Gray scale represents 
top 20, 10 and 5% grid squares
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(Figure 6.2 continued)
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groups as produced in chapter 3 of this thesis and extracted hotspots of species richness from 
them. We used three different criteria to establish the hotspots. We defined the top 20, 10, and 
5% of most species-rich grid squares for each taxonomic group (figure 6.2 a-e). The hotspots of 
uniqueness were directly taken from chapter 4 of this thesis. First, we compared the hotspots 
of the different taxonomic groups using Spearman’s rank correlation. Then we calculated the 
proportion of the hotspots that is covered by the NEN.

On forehand we want to put our results into perspective with a few comments on the data 
used. The resolution of our data is, with 5x5 km, very coarse. This resolution is, of course, not 
suitable to make a very precise evaluation of the current state of the NEN. Having said this, we 
think that we are still able to describe an outline of the overall biogeographical patterns of the 
Netherlands on the basis of these data and can make some statements on how well the National 
Ecological Network contributes to the ultimate goal of the preservation of a representative set of 
biodiversity for the Netherlands.

6.2.1 Do hotspots of species richness coincide?
The degree of correlation between the hotspots of species richness of the five groups was low to 
medium; correlation coefficients did not exceed 0.488 (table 6.1). The species richness patterns 
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of Orthoptera and mosses expressed the weakest correlation (0.228, p < 0.01), while species 
diversity of herpetofauna turned out to be strongly correlated with that of the dragonflies and 
grasshoppers and crickets (0.488, p < 0.01 and 0.452, p < 0.01, respectively). The patterns of 
hoverflies and mosses diverged considerably from those of the other groups.

6.2.2 Are hotspots of species richness covered by the NEN?
Although the hotspots of species richness did not coincide perfectly for the different groups, they 
seem to be reasonably well covered by the National Ecological Network (from 36 to 43%, table 
6.2). If we use the most rigid criterion (top 5% grid squares) we, however, start to see some large 
differences between the various taxonomic groups. The top 5% grid squares of hoverfly richness, 
for example, is poorly represented in the National Ecological Network (37.1% of the total area 
of these top 5% grid squares is covered by the NEN) compared to the top 5% grid squares of 
herpetofauna and grasshoppers & cricket richness (56.2% and 54.4%, respectively).

Table 6.2 Hotspots of species richness and the National Ecological Network. Mean percentage of 
the grid squares covered by the NEN

Mosses Hoverflies Herpetofauna Grasshoppers & 
crickets

Dragonflies

Top 20% Grid squares 36.6% 36.0% 42.6% 40.0% 38.9%
Top 10% Grid squares 40.2% 32.8% 51.6% 48.9% 41.6%
Top 5% Grid squares 41.3% 37.1% 56.2% 54.4% 43.7%

Table 6.3 Hotspots of uniqueness and National Ecological Network. Mean percentage of the grid 
squares covered by the NEN. Number of grid squares between brackets. Core areas = Hotspots 
for ≥2 taxonomic groups

DUNE SE SAND LIMB FEN

All grid squares 27.9% (82) 29.3% (296) 39.0% (314) 22.2% (126) 24.6% (165)
Core areas: ≥2 32.3% (30) 34.0% (96) 51.8% (157) 19.3% (27) 36.2% (38)
Core areas: ≥3 38.9% (16) 41.9% (28) 65.2% (70) 21.2% (16) 47.6% (14)
Core areas: ≥4 42.3% (8) 42.0% (5) 78.3% (23) 27.0% (7) -
Core areas: ≥5 - - 86.5% (6) - -

Table 6.1 Spearman’s rank correlations for the hotspots of species richness of the different 
taxonomic groups

Dragonflies Mosses Herpetofauna Grasshoppers & 
crickets

Mosses 0.262** -
Herpetofauna 0.488** 0.347** -
Grasshoppers & crickets 0.444** 0.228** 0.452** -
Hoverflies 0.320** 0.282** 0.298** 0.368**

** Correlation is significant at the 0.01 level
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Figure 6.3 Hotspots of uniqueness. Regionalization of the Netherlands based on the distribution 
of species from five taxonomic groups. Numbers refer to the number of taxonomic groups for 
which a grid square is identified to the regions: a. DUNE, b. FEN, c. SAND, d, SE and e. LIMB 
(from chapter 4)

69
78

A. DUNE

1

2

3

4

B. FEN

1

2

3



106

(Figure 6.3 continued)
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6.2.3 Are hotspots of uniqueness covered by the NEN?
In the Netherlands five regions can be distinguished that have a unique species composition for 
several taxonomic groups (chapter 4; figure 6.3 a-e). These regions can be regarded as hotspots 
of uniqueness and the combination of these regions comprises the majority of the species of the 
studied groups, represented in the Netherlands. Between these hotspots of uniqueness there are 
large differences among regions in terms of coverage by the National Ecological Network (table 
6.3). The SAND region is by far the best covered region while in particular the LIMB region 
is poorly covered by the National Ecological Network. For the selected taxonomic groups, the 
hotspots of uniqueness tend to be less well represented within the National Ecological Network 
than the hotspots of species richness. However, if we focus on the core areas of the hotspots of 
uniqueness, the coverage by the NEN improves. If we only take into account the grid squares 
of a particular region identified by many different groups (≥3) the cover percentages are larger. 
The LIMB region, however, remains underrepresented. The low coverage of the LIMB region 
by the NEN is also related to the type of landscape involved. The southern part of Limburg is 
a fragmented landscape with scattered patches of nature in an agricultural matrix and contains 
many ecological gradients. Since the NEN primarily consists of natural areas, coverage of the 
LIMB region will automatically be low.
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 Cover percentages, however, does not tell everything. Just by looking at the maps of figure 
6.3 one can see that in particular the FEN region deserves more attention. Although the cover 
percentages are not alarmingly low, the NEN areas are fragmented and the overall area that is 
included in the NEN is limited. Although the FEN region is not characterised by many species, 
from an international perspective they are of great importance as many of these species depend 
on the Netherlands for their existence whereas the species from the LIMB region generally lack 
international importance as they are species with a southern or sub-alpine distribution, being sub 
marginal species in the Netherlands.

6.3 Nested patterns and rare species policy

Many communities exhibit a highly non-random pattern of species composition. The nested 
subset theory refers to the situation where species present at species-poor sites constitute a 
subset of the species from richer locations (Patterson & Atmar, 1986; figure 6.4). Nested subset 
theory provides a comprehensive view on diversity patterns, incorporating both species richness 
and composition. For this reason nested subset analysis has generated much interest among 
conservation biologists. A positive diagnosis on nestedness can, for example, be used as the 
justification for the use of rare species as indicators for overall species diversity (e.g. Fleishman et 
al., 2002).

In chapter 5 we examined the degree of nestedness in the distribution of grasshopper and 
cricket species in 178 semi-natural sites in the Pleistocene sand region of the Netherlands. We 
found the grasshopper and crickets assemblages to be significantly nested. This implies that rare 
species, meaning species with a small distribution area, are predominantly found at species rich 
locations. At first sight, the results of the nestedness analysis seem to provide support for the 
current focus of nature conservation policy of the Netherlands on rare species. In our study we 
showed that, by protecting sites where rare species with narrow habitat requirements occur, a 
broad array of less selective species are expected to be protected as long as the full spectrum 
of habitat conditions and ecological processes is secured. However, the grasshopper and cricket 
assemblages studied did not show perfect nestedness. Areas where rare species occur are not 
per definition the areas of highest species richness. Therefore, caution should be exercised when 
selecting areas for conservation solely based on rare species. Moreover, nestedness analyses apply 
to relatively homogeneous ecological regions; the outcomes of such analyses only relate to the 
area under study.

Figure 6.4 Example of a perfectly nested system. The species present in small sites are also 
present in richer ones. The total number of species is present in the largest site

A A,B A,B,C A,B,C,D
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6.4 Explanatory variables and their implications for policy

Climatic differences (e.g. difference in temperature, amount of global radiation and precipitation 
surplus) turned out to be to be important in the determination of species distribution patterns 
as defined in chapter 4. Climate change is therefore expected to have a severe influence on the 
future species composition of the Netherlands, the first signs of this process have already been 
observed (e.g. Roos & Woudenberg, 2004; Tamis et al., 2005; Gittenberger, 2007). Shifts in 
distributional ranges of species due to climate change can have severe implications for nature 
conservation, especially when it meets the other big assault on biodiversity: fragmentation 
(Opdam & Wascher, 2004). In situations where the landscape is highly fragmented species at 
drift can meet boundaries preventing them to further expand their ranges.

Both chapter 3 and 5 showed that heterogeneity of the landscape (habitat types, altitudinal 
range) is a very important determinant of biodiversity in the Netherlands. Also for other 
taxonomic groups a relation between landscape heterogeneity and species richness has been 
shown to exist. Van Turnhout et al (2007) observed a decline in breeding bird diversity in the 
Netherlands that could be related to homogenization of the landscape. The importance of 
environmental heterogeneity also stretches to aquatic environments. Verberk et al. (2006) 
conclude that landscape heterogeneity is an important factor indicating aquatic macro-
invertebrate richness in bog pools. The positive correlation between environmental heterogeneity 
and species richness can be easily explained. Environmental variability increases the chance that 
a species will find all habitats they need to survive and allow more species to co-exist and spatial 
heterogeneity and fragmentation of resources at a fine spatial scale has frequently been shown 
to be associated with higher species richness because such differentiation prevents exclusion 
by a single superior competitor (Schmida & Wilson, 1985). The chances that species can (co-) 
exist can, however, be diminished if the fragmentation of resources leads to the conversion or 
deterioration of natural habitat with as result unsuitable conditions for any species to survive 
(Olff & Richie, 2002; Tews et al., 2004). Therefore, heterogeneity is an environmental variable 
that should be treated with care, especially within nature conservation. Especially since different 
taxa experience their environment at different spatial (and temporal) scales (Levin, 1992). 
Bringing more heterogeneity into a given area does not mean more species per definition. 
More research is needed in order to fully understand the trade-off between heterogeneity and 
fragmentation.

The relationship between area and the number of species is a well-documented one, also 
for the Netherlands (Opdam et al., 1984; Grashof-Bokdam, 1997; Olff & Ritchie, 2002). The 
nestedness analysis of chapter 5 showed that area of the natural sites played an important role 
in the formation of the nested pattern. In fact, area had an even stronger effect on the formation 
of the nested pattern than heterogeneity did. However, there is of course a strong correlation 
between area and the number of habitat types; as the area increases, more habitat types are 
able to occur. But there are more variables that correlate with area. The area of the nature sites 
turned out to be strongly correlated with the age of the eldest, least disturbed landscapes within 
that area. Therefore, it is difficult to distinguish which part of variation in species diversity is 
explained by factors correlated with size and which part is a true effect of area. Surely, the area 
‘sensu stricto’ plays an important role to sustain healthy populations but the collateral effects 
(landscape heterogeneity and stability) are of no less importance.
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 Although it did not come out of any of the analyses very prominently (only linked to area 
and soil type), we think landscape age should be regarded as one of the important determinant 
of biodiversity in the Netherlands. For example, Honnay et al. (1999a) studied a large number 
of isolated forest patches in the western part of Belgium and found that patch age (and 
heterogeneity of the patch) was of much more importance than, for example, areas of the patch. 
This also might also be the case in the Netherlands where age of a forest patch was shown to 
have an influence on the colonization rate (Grashof-Bokdam & Geertsema, 1998).

6.5 Discussion and recommendations

6.5.1 Target species
More than half of all target species for nature conservation are vascular plants (LNV, 2000; 
Bal et al., 2001). Vascular plants undoubtedly play an important role in the ecosystem; they are 
at the base of the trophic pyramid and provide habitat for other organisms. Vegetation is the 
most obvious characteristic of an ecosystem and a long research tradition has provided a huge 
amount of knowledge on the distribution of vascular plant species. On the other hand, vascular 
plants comprise only a limited part of the 42,000 species estimated to occur in the Netherlands 
(van Nieukerken & van Loon, 1995). Patterns of species richness do not necessarily coincide for 
different taxonomic groups (e.g. Prendergast et al., 1993a; Tardif & DesGranes, 1998; Harcourt, 
2000; Myers et al., 2000). Dirkse & Martakis (1998) showed, for example, that the species 
richness patterns of vascular plants and mosses had little in common. Also from the point of 
view of ecosystem functioning, it is arguable that vascular plants would be representative for total 
biodiversity of the Netherlands. Moreover, there are no reasons to assume that insect taxa or 
lower taxa of plants are less threatened or of less importance than the well-studied vascular plant, 
bird and vertebrate species. It is, however, only recently that Red Lists have been constructed for 
less conspicuous species groups such as molluscs and various insect taxa.

On the basis of our results we conclude that if we want to successfully maintain and preserve 
the biological diversity of the Netherlands, the set of target species should actually provide a 
better representation of biodiversity. Apart from the (partly data driven) bias towards vascular 
plant species, the focus of the current nature conservation policy on the rareness and degree 
of threat to species implies a risk. Of course, rarity is often the first sign of disappearance or 
extinction and from that perspective the focus on rare species is a legitimate one. However, what 
is rare in the Netherlands can be very common in the rest of Europe and, more important, what 
is not threatened today can become so in the near future (due to e.g. the slow impact of habitat 
fragmentation). Moreover, having a small distributional range does not necessarily reflect a 
negative tendency as range size varies with, for example, body size (Brown, 1995). We therefore 
conclude that a broader selection of target species is needed. First off all, less conspicuous groups 
should be better represented, and there should also be more attention for the more ‘common’ 
species, preventing them from becoming rare species.

Species oriented policy is fine and very important in order to protect the species involved. 
Obviously, any set of target species will be a poor representation of total biodiversity, because 
of the large number of species involved. On the other hand, incorporating all biodiversity is 
also not a feasible option. Therefore, a stronger focus on landscape-oriented conservation policy 
(something also suggested by Opdam & Wascher, 2004) seems in that respect inevitable.
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6.5.2 Location of the NEN
Our results indicate that the current position of National Ecological Network is not optimal. 
Hotspots of species richness did not coincide well for the different groups. The National 
Ecological Network, although extensive enough to cover most of this variation, does not fully 
cover the species rich groups of the hoverflies and the mosses, with species richness patterns 
strongly deviating from the other groups. This is not a surprising result considering the fact 
that lower taxa are underrepresented in the current selection of target species (e.g. including 
only two species of moss, no hoverflies). If we look at the hotspots of uniqueness we see that, 
in particular, the FEN region could need some extra attention. Although the cover percentages 
are not alarmingly low, the areas currently located within the NEN are highly fragmented and 
the overall area of this region within the NEN is limited. The FEN region may be not very 
species rich, but from an international perspective it is of high importance as many of the species 
occurring here depend on the Netherlands for their existence.

These results correspond with previous studies. Jager op Akkerhuijs et al. (2005) focused on a 
broader set of species (vascular plants, hoverflies, bees, dragonflies and mushrooms) than only the 
target species. They found big differences in the patterns of species richness among the different 
groups and concluded the NEN covered the distributional areas of rare species reasonably well 
but missed the areas where more common species have their optimum. But also for the target 
species, the original purpose the NEN does not suit. Veling (1997), for example, showed that 
important populations of target species were located outside the NEN.

6.5.3 Expansion/adjustment of the NEN
The results of the nestedness analysis suggested that large, diverse nature areas that had the 
time to mature with increasing landscape age are expected to be effective in preserving entire 
assemblages of Orthoptera. However, since we did not have any information on population 
viability or species abundance, it is not clear whether it is more effective to enlarge or to 
interconnect small conservation areas. By appointing regions of uniqueness of species 
composition we showed that there is a clear biogeographical zonation in the Netherlands. 
Therfore, we think that areas that are alike from a biogeographical point of view, but currently 
fragmented, should be re-connected, as areas should be large enough to sustain healthy 
populations for many species. The blue axis connecting the fen areas is a good example of this. 
When selecting areas to expand the NEN, the focus on areas of uniqueness seems to be more 
promising than the approach of hotspots of species richness. Species richness hotspots differ 
among the different groups and for many species groups no distribution information is available. 
We were able to identify five regions with a distinct species composition for a broad array of 
taxonomic groups. This approach focussed on representing the species, not on preserving viable 
populations of them. Therefore, fine-scaled studies on these hotspots of uniqueness should be 
carried out in order to find out what the hotspots of diversity are within these regions and how 
the quality of the less diverse or degraded areas can be improved.

However, biodiversity is not a static entity; patterns change over time. Climate was one of 
the important shaping factors of these biogeographical regions. Species distributional ranges 
and, with that, biogeographical paterns will be affected by changes in the climate. In that respect 
the NEN (or nature conservation in a more general sense) should continue to develop and be 
adapted to changing environmental conditions and shifts in species distributions, notably in 
response to climate change.
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6.5.4 Natura 2000
Part of the NEN will contribute to the European NATURA 2000 network. The aim of Natura 
2000 is to preserve and restore biodiversity within the European Union. The Netherlands selected 
141 areas to be designated under the Bird- or Habitat Directives, or both, which should thus 
contribute to the European network of protected areas. These core areas are islands of nature to 
a large extent. A lot of energy will have to be invested in linking these areas. Species distribution 
does not stop at the border, therefore a focus on regions that are biogeographically alike rather 
than administrative regions is of utmost importance. This is a difficult process; over the last 
decades Dutch nature conservation policy has largely been decentralized and looking beyond 
provincial borders is troublesome, let alone beyond borders of countries. However, studies as that 
of Groot Bruinderink and co-workers (2003) show that especially for large mammals such as red 
deer, reconnection of habitat on a European scale is very important.
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7 Biodiversity patterns in the Netherlands: 
synthesis and perspectives

This thesis describes patterns of biodiversity in the Netherlands and identifies the environmental 
conditions that determine those patterns. In the former chapter 6, the results are discussed in 
the context of the nature conservation policy of the Netherlands in order to provide policy 
recommendations. In this present chapter, the results are discussed from a more scientific 
perspective by linking them to current ecological theory, and to come up with recommendations 
for further research are given. Before doing so, a note should be made on the data used in this 
project. These data came from large species occurrence databases, which comprised data collected 
by many different people over a long period in time. This has led to some drawbacks for their 
use in scientific research, namely that they are often highly biased towards certain areas, species 
and periods in time. These biases may lead to wrong interpretations of the data. Therefore they 
represent a ‘trade off ’ between the opportunity to study biodiversity at a large spatial scale 
(nationwide) and data quality. Instead of rejecting these data because they did not meet the 
standard requirements of biological research, the challenge to detect patterns in biodiversity at a 
nationwide scale was accepted. Although clear under- (and over) sampling could be filtered out 
of the dataset, the reader should be aware that the patterns described here might still be coloured 
due to the shortcomings in these datasets.

7.1 Describing the patterns

Biodiversity has many facets that can be quantified. In this study, two aspects of biodiversity 
are analysed: species richness and differences in species composition. Spatial patterns of richness 
and species composition of five taxonomic groups (hoverflies, dragonflies, grasshoppers/crickets, 
mosses and herpetofauna) were investigated on a nationwide scale, using sampling units with 
a resolution of 5x5 square kilometres. Patterns in species richness were described for all groups 
individually whereas a multi-taxon approach was adopted to identify the patterns in species 
composition. Also, a nestedness analysis provided a comprehensive view on the biodiversity of a 
limited part of the Netherlands in which both species richness and composition can be analysed 
together. Contrary to the other two analyses, here the size of the sampling units was variable. 
The spatial patterns found in these three analyses are described and, where possible, compared to 
results of other studies in the three sections below.

7.1.1 Spatial patterns in species richness
There was a fair congruence among the spatial patterns in species richness of the five groups 
(chapter 3). In general, more species can be found in the southeastern parts of the country 
than in the northwestern parts (one can draw a line between the towns of Bergen op Zoom 
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and Groningen, along the Pleistocene-Holocene division), with the species rich dune area as an 
important exception. The northern and northwestern parts of the country (agricultural areas on 
clay and peat soils) and the Peel Horst region were species poor for all groups. A relatively high 
number of species was encountered for all five taxonomic groups in the following regions: the 
extreme south eastern parts of the country (South Limburg), along the Meuse valley, the small-
scale and varied landscape of central and southern Brabant, the Vecht- and Utrechtse Heuvelrug 
regions, and the Pleistocene sand plateaus in the central and northern parts of the Netherlands. 
The region along the border of the “Achterhoek” with Germany also contained fairly high 
numbers of species for all groups. The coastal area too was characterised by a high number of 
species, with the exception of the herpetofauna. Despite some minor deviations, overall, the 
spatial pattern of richness in herpetofauna species may be regarded as being most representative 
for the species richness of overall species richness of the five groups as the number of species 
within the herpetofauna showed the highest correlation with that of the other groups.

The spatial patterns in species richness of these five groups can be compared to those already 
described for other groups of organisms. The species richness patterns of vascular plants (van der 
Meijden et al., 1989) and breeding birds (SOVON, 2002) are, for example, also described at a 
nationwide scale. The spatial pattern in species diversity of vascular plant species recorded since 
1950 at some points differed considerably from the patterns expressed by the groups studied here. 
Vascular plant species richness on the sand plateau of the Veluwe is low, whereas species richness 
is high for the five taxa in this research. On the other hand, vascular plant species richness is 
high along the IJssel valley, whereas species richness of the five taxa studied here does not clearly 
express this pattern. Also, the dune area appears as a much more strongly pronounced hotspot 
of diversity for vascular plants than for the groups studied here. In some aspects though, there is 
congruence between the patterns of species richness of vascular plants and those of the five taxa 
used in this study: the extreme southeastern part of the country, central and southern Brabant, 
the Meuse valley, and the border of the Veluw-Utrechtste Heuvelrug-Vechtstreek region are rich 
in species, while the Peel Horst region, the northern, and northwestern parts of the country are 
poor in species. Overall, the pattern of plant species richness shows most similarity with that 
of the hoverflies. It is remarkable that both, mosses and vascular plants, show a high number of 
species around Eindhoven. This can be a sampling artefact as, at least for the mosses, we know 
that this region is very intensively sampled.

The spatial pattern of breeding bird diversity showed little congruence with those of the five 
groups studied here. Like vascular plants, breeding birds (based on data from 1998-2000) show 
a high concentration of species along the river IJssel. In general, the eastern part of the country 
is richer in bird species than the western part, again, with exception of the dunes. Contrary to 
all other groups, only few breeding bird species are present in the extreme south eastern part 
of the country. Areas rich in breeding birds generally represent gradient situations in landscape 
openness and presence of freshwater bodies. The one region of the country that can be identified 
as being important in terms of species diversity of all groups is the Veluwezoom (including the 
IJssel valley)-Utrechtse Heuvelrug-Vecht region.

In Flanders, the part of Belgium bordering the Netherlands, the degree of similarity of 
patterns in species richness of several taxonomic groups (dragonflies, herpetofauna, butterflies, 
breeding birds and vascular plants) has also been studied (Maes, 2005). In particular the patterns 
in species richness of the faunal groups were highly congruent. Vascular plants, however, do show 
a pattern quite distinct from the faunal groups. For the faunal groups the hotspots of diversity 
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are situated in the northeastern part of Flanders (de Kempen/Campine), forming a block of high 
species richness together with Dutch Limburg and Brabant. This region is also recognised as a 
European hotspot of biodiversity by Gaston and David (1994).

7.1.2 Spatial patterns in species composition
In the Netherlands five regions can be distinguished, characterised by a unique composition of 
species from various taxonomic groups (chapter 4). These regions have been selected because 
they all contain species that are characteristic for that region, meaning the species did not (or 
in very low spatial density) occur in other parts of the country. These regions can therefore be 
regarded as hotspots of uniqueness and the combination of these regions comprises the majority 
of the species of the studied groups, present in the Netherlands. These regions can be of great 
importance for biodiversity conservation and should be well represented in, for example, the 
National Ecological Network (see chapter 6 for a more elaborated discussion on this subject).

Similar to the spatial patterns in species richness, the Netherlands can be divided 
roughly into a (north-)western, Holocene part (including the dune and fen regions), and a 
(south-)eastern, Pleistocene part (comprising the southeast, Pleistocene sand and limburg 
regions). The dune region, a narrow band along the North Sea coast, was characterised by species 
from four of the taxonomic groups. The fen region is found in the northern and central West 
parts of the Netherlands and is characterised by the presence of species from three out of the 
five taxonomic groups. The southeast region is located in the South East of the country and 
is contains characteristic species for all taxa except the grasshoppers/crickets. The Pleistocene 
sand region centres on the Pleistocene sand plateaus of the central and northern parts of the 
Netherlands and is the only region that is characterised by the presence of species from all five 
taxonomic groups. Finally, the Limburg region, the smallest and most distinct with by far the 
largest number of characteristic species, is largely located in the southern part of the province of 
Limburg. These five regions together cover about 40% of the country’s surface.

In order to test the universality of the regions recognized using the multi-taxon approach, 
they are compared to those already described for other groups of organisms. Regionalisations 
of the Netherlands exist for vascular plants (Weeda, 1990) and breeding birds (Kwak & van den 
Berg, 2004). Based on the distribution of vascular plant species, 22 phytogeographical districts 
can be recognized for the Netherlands. According to the distribution of breeding bird species, 
the Netherlands can be divided into 18 separate districts. A general notion in ecology is that 
faunistic distributions may follow that of the vegetation as vegetation provides habitat for 
animals, birds and insects. Sjörs (1965) suggested that especially in Northern Europe, where there 
are few dispersal barriers and little endemism, there should be a high degree of similarity between 
faunistic regions and vegetation zones. There are indeed a number of similarities between the 
phytogeographical districts and the regions distinguished with the multi-taxon approach. A dune 
district, a fen district (though less extended within in the multi-taxon analysis) and the southern 
Limburg district are distinguished within both classifications. However, in certain regions, 
the phytogeographical districts differ in a fundamental way from the multi-taxon regions. The 
phytogeographical partitioning of the Pleistocene sand plateaus into separate districts namely: 
the centre of the country (Utrecht/Gelderland) and Drenthe, is not confirmed by the multi-
taxon approach. Also Brabant and the central southeast part of the country are, according to the 
multi-taxon analysis, not as different as the phytogeographical districts indicate. Furthermore, 
the division of the dune region into a phytogeographical “wadden” and “renodunaal” district 
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is only present in the distribution of moss species. This can be explained by the fact that both 
vascular plants and mosses have a much stronger link with physical conditions than fauna has. 
The major difference between the breeding bird districts and the multi-taxon regions concerned 
the fen areas. According to distributional patterns of breeding bird species, the fen areas of 
North-Holland/Utrecht can be distinguished as a separate region, different from the fen areas 
of the Friesland and Groningen. However, a proper comparison of these different classifications 
remains difficult as the aims and methodologies differ.

Species distributional ranges obviously extend beyond the borders of a country. The patterns 
we observe in the Netherlands continue into the neighbouring countries and beyond. The 
relationship between the biogeographical regions recognised in this thesis and the European 
distribution patterns of the species is clearly visible. The distribution ranges of many species 
possibly overlap in the centre of our country: for example species with a northeastern European 
distribution range, true Atlantic species, and the species with a central European distribution 
range all meet in the central part of the Netherlands. This could well be one of the reasons for 
high species diversity in that area (the so-called mid-domain effect; Colwell & Lees, 2000).

7.1.3 Nested patterns
The nested subset theory refers to the situation where species present at species-poor sites 
constitute a subset of the species from richer locations (Patterson & Atmar, 1986). The nested 
subset theory provides a comprehensive view on diversity patterns, incorporating both species 
richness and composition. Therefore, nested subset analysis has generated much interest among 
conservation biologists. A positive diagnosis on nestedness can, for example, be used as the 
justification for the use of rare species as indicators for overall species diversity (e.g. Fleishman et 
al., 2002).

In chapter 5 the degree of nestedness within the distribution of Orthoptera (grasshoppers 
and crickets) species in 178 semi-natural sites in the Pleistocene sand region of the Netherlands 
was examined. The grasshopper and cricket assemblages were significantly nested. This implies 
that rare species, species with a small distribution area, were predominantly found at species rich 
locations.

Nested subset structure has been reported for many communities, including 
anthropogenically-fragmented landscapes (Fernández-Juricic, 2002; Fischer & Lindenmayer, 
2005). Literature on nestedness comprises a wide range of taxonomic groups, with an emphasis 
on birds and mammals. Though several studies incorporated insect data in their analysis, only 
few studies exist in which the presence and causes of nestedness within insect assemblages are 
examined in depth.

7.2 Mechanisms behind the patterns

In the previous chapters several environmental variables were identified as being important 
determinants of the spatial patterns in biodiversity found in the Netherlands. These variables can 
be related to the numerous theories and hypotheses that have been proposed so far to explain 
regional variability in species diversity. Energy availability, historical factors, environmental 
heterogeneity, and area size, are among the most frequently discussed in literature (Whittaker et 
al., 2001).
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7.2.1 Energy availability
Environmental factors related to the supply of energy are, directly or indirectly (via plant 
productivity), found to explain much of the variation in species richness (e.g. Currie, 1991; 
Lobo et al., 2002). For the northern part of Europe energy is the driving force for the species 
diversity in many taxa (Hawkins et al., 2003; Whittaker et al., 2007). There are two versions of 
the species-energy hypothesis: the ambient energy and the productivity hypothesis. The ambient 
energy hypothesis (Hawkins et al., 2003) is directly linked to physiological factors. For example, 
activity levels of ectothermic species such as insects and herpetofauna directly depend on 
ambient temperature. The productivity hypothesis (Wright, 1983) states that the level of resource 
production, controlled by the total amount of available energy, is the limiting factor of the 
number of trophic levels and species richness. A hump-shaped response of species richness to 
productivity is often observed (e.g. Grime, 1973; Rosenzweig, 1995) but there are many exceptions, 
for example showing a positive correlation at large regional-scales (e.g. Huston, 1979).

Measures of the true energy input to a system are difficult to obtain, moreover it is not the 
total amount of energy that is important but rather its availability to a trophic level or taxonomic 
group. Therefore, environmental factors related to the supply of energy such as net primary 
productivity, climate (e.g. temperature, evapotranspiration), and soil characteristics are often 
used as substitutes (e.g. Ruggiero & Kitzberger, 2004; Whittaker et al., 2007). Several of these 
environmental variables were analysed in relation to the spatial patterns in species richness and 
composition of the five taxa (chapter 3 and 4) and could in this way be linked to the species-
energy hypothesis. For the five taxa studies here, however, no strong relationship was found 
between energy and species diversity. Only the species richness pattern of the herpetofauna 
showed a strong link with annual average temperature, but then the other way around: 
herpetofauna richness declines with increasing temperatures. These opposite results may be due 
to the fact that, within the Netherlands, no large climatic differences occur. It could, however, 
also be that the relationship between species richness and climate is expressed on a much finer 
scale and that variation in microclimate is of higher importance than, for example, the overall 
annual duration of sunshine. The hotspots of uniqueness, however, can be differentiated by 
variation in climate. The major differences between the five hotspots of uniqueness were related 
to differences in climate (temperature, amount of global radiation and precipitation surplus).

Furthermore, calcareous clay (generally supporting a higher productivity of vegetation than 
e.g. sand) tended to facilitate low species diversity for most groups (chapter 3). This could be 
an indication that the productivity levels of these soils exceed the critical level according to the 
hump-shaped relationship between productivity and diversity. However, the problem is that 
the Netherlands is far from representing a natural system, as 70 percent of the area is used for 
agricultural practices. Generally, the soils rich in nutrients have been converted into agricultural 
land and nature is nowadays restricted mainly to the nutrient poor sandy soils (e.g. Veluwe, dune 
area). As an additional explanation it can be remarked that calcareous clay soils often coincide 
with newly reclaimed land, areas where little time has passed for succession to take place. In other 
words, there is an interplay between natural factors determining biodiversity and environmental 
degradation and disturbance.

7.2.2 Historical factors
Ecologists generally assume that ecological structures become more complex as time passes (e.g. 
Odum, 1969). With complexity, species diversity also increases. This is, for example, illustrated 
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by Hooper’s rule of the thumb: the older the hedgerow, the more species it contains (Pollard 
et al., 1974). More species will be present in an old system rather than in a recently developed 
system where species first have to adapt to the current circumstances and habitat suitability for 
late-succession species may be lower (Honnay et al., 1999a). Also, colonization chances of certain 
species may be lower due to limited dispersal capacity. Disturbance of ecosystem development 
is often reported to have a negative effect on the number of species. Intermediate levels 
of disturbance, however, may have a positive effect on species richness as it permits a greater 
number of species to co-exist (the intermediate disturbance hypothesis, Connell, 1978).

Patterns in species richness and composition were related to the age of the landscape, 
referring to the year in which the landscape had seen its last major change such as urbanization 
of the area or nature development (chapter 3 and 4). Present results provided few indications of 
a close link between landscape age and biodiversity. As mentioned before, it was found that the 
relatively species poor calcareous clay soils are often found in newly reclaimed land areas, where 
there has as yet been little time for succession to take place. In re-examing the nestedness results, 
it turned out that the largest areas were also the sites where the oldest landscapes were found. 
In the analysis of the relationship between landscape age and biodiversity, a map was used that 
displayed the year in which the landscape had seen its last major change, less drastic disruptions 
as ploughing were not incorporated. This approach implied that, for example, the agricultural 
areas in the old marine clay polders of Friesland and Groningen are considered older than many 
(newly developed) natural areas. This may explain why there was no clear effect of landscape age 
on species richness at a nationwide scale. Moreover, as mentioned before, the Netherlands is far 
from representing a natural system, as 70 percent of the area is used for agricultural practices. 
This means that not many old, stable systems are left.

7.2.3 Environmental heterogeneity
One of the basic findings of ecology is that species diversity increases with niche or resource 
diversity (MacArthur & MacArthur, 1961; Chase & Leibold, 2003). Spatial variation in physical 
or environmental conditions increases the chance that a species will find all habitats they need 
to survive (e.g. to feed, hide, nest) and allows for greater niche differentiation and prevents 
exclusion by a single superior competitor (Schmida & Wilson, 1985). A positive correlation with 
species richness is often observed (e.g. Atauri & deLucio, 2001; Tews et al., 2004 and references 
therein; Maes et al., 2005).

In the present study, several measures of environmental heterogeneity (number of habitat 
types, heterogeneity indices, elevation gradient) were used to determine the correlation between 
patterns in species richness and composition and heterogeneity. Heterogeneity of habitat types, 
on a 5x5 km grid basis, was found to be a prime explanatory variable for the spatial variety 
within the species richness of three of the five species groups namely, dragonflies, mosses and 
grasshoppers/crickets. Altitudinal range was accounting for most of the variability within 
hoverfly species richness. Heterogeneity was also found to be important on a landscape level, 
particular in gradient situations. For example, for most groups the Veluwezoom was a true 
hotspot of species richness. The Veluwezoom represents a gradient in elevation (ice pushed ridge) 
and moisture (IJssel valley), allowing a broad range of habitats to occur.

The strong influence heterogeneity has on the number of species in a given area suggests 
that differences (regarding e.g. physiology, habitat/diet preference, dispersal ability) between 
the species within the taxonomic groups may be so big that a possible positive effects of 
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environmental variables such as soil type, altitude and temperature on the occurrence of certain 
species will be levelled out by the variability of preferences of the individual species within 
the same taxonomic group. These factors may have their influence on species composition (as 
a result of habitat preferences) but if many species within a taxonomic group prefer different 
environmental conditions an influence on species richness may not necessarily be observed. 
Heterogeneity of the environment within a grid square allows species with different habitat 
preferences to occur in that grid square. In this way, environmental heterogeneity is expected 
to be the principle underlying mechanism of overall spatial patterns in species richness for a 
determined taxonomic group and this would explain why areas with high environmental 
heterogeneity (e.g. gradient situations) are related to hotspots of biodiversity.

7.2.4 Area size
One of the general laws in ecology concerns the relationship between species and area size. The 
theory of island biogeography (MacArthur & Wilson, 1967) attempts to explain the form of the 
species-area relationship: larger areas will eventually support more species than smaller ones, as 
the rate of extinction increases with decreasing size. This relationship has been demonstrated 
for many different taxa, habitat types and systems other than islands, worldwide and in the 
Netherlands (e.g. Opdam et al., 1984; Grashof-Bokdam, 1997; Olff & Ritchie, 2002).

The nestedness analysis (chapter 5) showed that the size of the 178 (semi-)natural areas (these 
areas ranged in size from 1 to 1081 km2, were clearly isolated from each other and had a land 
cover dominated by semi-natural vegetation types), located in the Pleistocene sand region of the 
Netherlands, played an important role in the formation of the nested pattern. In fact, area size 
had an even stronger effect on the formation of the nested pattern than heterogeneity within 
the areas did. However, there is, of course, a strong correlation between the size of an area and 
the number of habitat types: as the area size increases, more habitat types tend to occur. Also 
other variables such as the age of landscape were found to be correlated with area size. Therefore, 
it is difficult to distinguish which part of variation in species diversity is explained by factors 
correlated with area size and which part is a true effect of area size. Surely, area size ‘sensu stricto’ 
can play an important role to sustain healthy populations but the side effects (heterogeneity and 
undisturbedness) are no less of importance. This is clearly illustrated by Honnay et al. (1999a) 
who studied a large number of isolated forest patches in the western part of Belgium and found 
that patch size, sensu stricto’; was in fact a redundant variable in explaining species richness and 
that habitat diversity and patch age were of much more importance.

7.3 Recommendations for further research

This thesis can be viewed in the context of Conservation Biogeography, a sub-discipline of 
conservation biology (Lomolino, 2004; Whittaker et al., 2005). Biogeographical analyses and 
theories are used in order to provide information that may be used for the conservation of 
biodiversity within the Netherlands (chapter 6). The focus of this study was on extracting the 
general patterns occurring in different taxonomic groups. The analyses revealed spatial patterns 
in biodiversity for the five taxonomic corroborating, to a large extent, the existing knowledge 
and current ecological theory. As for species richness, the analysis of the five groups studied and 
the comparison with the patterns found in breeding birds and vascular plants made clear that, 
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in particular, the belt comprising the Veluwezoom/IJssel Valley – Utrechtse Heuvelrug – Vecht 
region is a true hotspot of species richness. Analysis of species composition emphasised the 
importance of the Dutch fen areas.

However, the present results have also their limitations. Patterns in biodiversity are not fixed, 
due to chancing conditions they may change over time. Also, potentially every additional species 
group studied can provide contrasting information. If we regard the patterns described in this 
thesis as a reference, four important starting-points for future research can be identified:

1. Finding general patterns in biodiversity. To a certain extent the broad outline of spatial 
biodiversity patterns has been established by analysing the five taxonomic groups in 
comparison with the existing knowledge from breeding birds and vascular plants. However, 
this analysis only comprised terrestrial groups. Therefore, a focus on other, contrasting, 
groups is needed. In that respect the molluscs might form an interesting group of species for 
which, currently, not enough distributional data are available. Molluscs represent a group of 
organisms that depends on both terrestrial and fresh water ecosystems, and have a limited 
distribution and a close link to local conditions.

2. Improving the quality of biodiversity data. Sampling bias is present in all large species 
occurrences and is likely to colour the patterns we observe, even in an intensively investigated 
country as the Netherlands. It is difficult to estimate how severe this problem is. Therefore, a 
further development and refinement of methods to deal with bias (incorporating recorder’s 
behaviour) is necessary and attention should be paid to improve sampling design and 
training of recorders.

3. Relating biodiversity patterns of the Netherlands to European biogeographical regions. 
For example, if we look at the species richness patterns in Belgium we see that the species 
rich areas in Dutch Brabant and Limburg belong to a much larger area of high diversity. 
The same applies to areas as the “Rijk van Nijmegen” which extends deep into Germany. 
Studying patterns in biodiversity of natural, rather than administrative areas, may elucidate 
mechanisms driving biodiversity as, for example, the mid-domain effect (overlapping 
distributional ranges).

4. Studying temporal changes in biodiversity patterns. We provided a static representation of 
biodiversity patterns in the Netherlands. However, species distributional ranges are far from 
static. Studying the change of patterns in time is a logical next step. Especially since there are 
signs that climate and, consequently, the biota of the Netherlands have changed rapidly over 
the past few years. Predicting the shifts of species distributions and biogeographic patterns 
under influence of climate change should receive high priority in this respect. This can, for 
example, provide crucial information for nature conservation policy, in order to anticipate to 
these changes.
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Appendix

Appendix 4.1
Mean values (± sd) of the 33 possible determinating environmental variables used in the stepwise 
discriminant analysis. N = number of 5x5 km squares

DUNE FEN SAND SE LIMB

Variables (n = 64) (n = 115) (n = 221) (n = 226) (n = 26)
Altitude (m) 1.7 ± 3.4 0.5 ± 3.7 16.6 ± 15.4 16.6 ± 11.6 89.2 ± 51.8
Groundwater table in spring 

(m below sea level)
0.7 ± 0.3 0.4 ± 0.2 0.9 ± 0.4 0.8 ± 0.2 1.7 ± 0.4

pH 6.2 ± 0.5 6.1 ± 0.5 5 ± 0.5 5.6 ± 0.5 6.3 ± 0.4
Nitrogen deposition  

(mol/ha/year)
1564.4 ± 636 1960 ± 418 2295.8 ± 431.4 2677.5 ± 486.5 2048.5 ± 279.8

Available nitrogen (g/m2) 5.9 ± 2 7.1 ± 1.3 4.6 ± 1.9 6 ± 1.5 7.1 ± 1.1
Salinity (mg/l) 0.4 ± 0.2 0.4 ± 0.2 0.3 ± 0.1 0.2 ± 0.1 0.1 ± 0.1
Dominant landscape age 4.6 ± 3.7 4.1 ± 2.5 2.7 ± 2.4 5.8 ± 2.9
Relative humidity in spring 

(%)
81.3 ± 1.5 80.1 ± 1.4 78.3 ± 1.8 77.1 ± 1.6 76.3 ± 0.5

Duration of sunshine (hours) 1609.4 ± 47.9 1535 ± 44.5 1482.5 ± 33.4 1471.2 ± 43.7 1473.1 ± 17.2
Amount of radiation  

(joule/m2)
37.2 ± 1.0 35.4 ± 0.7 34.7 ± 0.3 35.1 ± 0.6 35.7 ± 0.2

Temperature (°C) 9.9 ± 0.4 9.5 ± 0.3 9.3 ± 0.2 9.7 ± 0.3 9.9 ± 0.1
Precipitation surplus (mm) 216.9 ± 37.2 252.7 ± 25.7 282.8 ± 45.3 227.8 ± 39.5 221.5 ± 38.3
Poor sandy soils (km2) 3.1 ± 4.0 3.3 ± 5.6 12.4 ± 7.1 7.9 ± 5.7 1.0 ± 2.3
Rich sandy soils (km2) 1.5 ± 2.8 2.4 ± 4.4 7.5 ± 6.1 9.3 ± 6.0 0.7 ± 2.2
Calcareous sandy soils (km2) 5.1 ± 5.4 0.4 ± 1.5 0.1 ± 0.5 0.2 ± 0.6  0.1 ± 0.4
Non-calcareous clay (km2) 2.9 ± 4.2 5.4 ± 5.8 1.2 ± 3.5 2.0 ± 3.5 4.8 ± 5.4
Calcareous clay (km2) 2.6 ± 4.9 2.3 ± 5.5 0.3 ± 1.7 1.3 ± 3.6 0.4 ± 0.7
Non-calcereous loam (km2) 0.0 ± 0 0.0 ± 0 0.1 ± 0.4 0.32 ± 1.3 11.5 ± 8.3
Peat soils (km2) 0.4 ± 0.9 6.9 ± 7.2 1.6 ± 2.6 0.8 ± 2.1 0.2 ± 0.8
Heterogeneity of landscape 

types (H)
1.3 ± 0.3 1.2 ± 0.3 1.4 ± 0.2 1.4 ± 0.3 1.3 ± 0.2

Agricultural areas (km2) 8.4 ± 6.7 15.8 ± 5.1 12.6 ± 6.8 14.6 ± 5.0 13.4 ± 5.1
Urbanized areas (km2) 6.4 ± 5.7 4.2 ± 3.8 3.6 ± 3.2 5.0 ± 4.3 7.5 ± 4.7
Deciduous forest (km2) 1.5 ± 1.7 0.5 ± 0.6 1.9 ± 1.3 1.5 ± 0.9 1.5 ± 0.8
Coniferous forest (km2) 5.1 ± 1.0 0.1 ± 0.4 4.2 ± 4.6 2.0 ± 2.4 0.2 ± 0.9
Salt marshes (km2) 0.1 ± 0.4 0.0 ± 0 0.0 ± 0 0.0 ± 0 0.0 ± 0
Dune vegetation (km2) 2.9 ± 3.8 0.0 ± 0 0.0 ± 0 0.0 ± 0 0.0 ± 0
Heath (km2) 0.0 ± 0 0.0 ± 0 1.0 ± 1.9 0.2 ± 0.6 0.0 ± 0
Peat bog (km2) 0.0 ± 0 0.0 ± 0 0.1 ± 1.1 0.1 ± 0.7 0.0 ± 0
Sedge vegetation (km2) 0.00 ± 0 0.5 ± 1.3 0.0 ± 0 0.0 ± 0 0.0 ± 0
Marsh (km2) 0.1 ± 0.2 0.6 ± 1.3 0.0 ± 0 0.0 ± 0 0.0 ± 0
Fen meadows (km2) 0.0 ± 0 0.1 ± 0.6 0.0 ± 0 0.0 ± 0 0.0 ± 0
Other natural areas (km2) 0.2 ± 1.3 0.5 ± 0.7 0.8 ± 0.8 0.4 ± 0.5 0.1 ± 0.1
Freshwater (km2) 0.9 ± 1.6 2.6 ± 3.0 0.3 ± 0.6 0.6 ± 0.9 0.6 ± 1.1
Nature (%) 5.3 ± 4.8 2.3 ± 2.5 8.2 ± 6.7 4.2 ± 3.2 1.9 ± 1.2
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Summary

Even well before the term biodiversity was first used, species diversity and patterns in species 
distributions have been important topics. Early 19th century scientists such as Charles Darwin 
and Alfred Russel Wallace were well aware of the fact that species were not evenly distributed 
across the Earth’s surface and that, for example, the tropics were richer in species than temperate 
regions. Nowadays, population growth, industrialisation and mobility put an enormous 
pressure on biodiversity, resulting in a decline of biodiversity including accelerated rates of 
species extinction worldwide. A better understanding of biodiversity and the current threats to 
biodiversity is therefore more urgent than ever. Biodiversity may seem a buzzword; yet the goods 
and services derived from it are invaluable to human society. Moral responsibility and application 
of the pre-cautionary principle provide further motivation for the desire to preserve what is still 
left. Therefore, several international treaties, such as the Convention on Biodiversity of Rio de 
Janeiro (1992), have been established in order to protect biodiversity.

Biodiversity is a broad concept, it comprises the variability among living organisms from all 
sources, including diversity within species, between species and of ecosystems. Quantification of 
biodiversity can therefore be difficult. A proper understanding of spatial patterns in biodiversity, 
however, is important in order to design effective nature conservation policy. Species richness is 
the measure considered in most biodiversity studies and nature conservation policies. However, 
in large parts of the world, biodiversity research is seriously hampered by a lack of data, even on 
the species level. This is not so much a problem in the Netherlands, one of the most intensively 
inventoried countries of the world. For more than a century, people have recorded the occurrence 
of species in the Netherlands, both professionally and as a hobby. Over the last decades, these 
data have become available in digital format in the form of large geo-referenced databases that 
can be used for spatial analyses.

Data on the occurrence of species from five different taxonomic groups formed the 
basis of this research. This study aims at gaining insight in the spatial organisation of Dutch 
biodiversity, using data from large species occurrence databases of a broad array of taxonomic 
groups: hoverflies (Syrphidae), dragonflies (Odonata), mosses (Bryophyta), grasshoppers and 
crickets (Orthoptera), and reptiles and amphibians, also referred to as herpetofauna (Reptilia 
and Amphibia). These groups illustrate different functions within the food webs of ecosystems. 
Moreover, sufficient data of good quality on their nationwide distribution were available at a 
suitable resolution and cost. The scientific objectives of this study, specified in chapter 1, are 
threefold: to assess the potential of Dutch species occurrence databases for biodiversity studies; 
to describe spatial patterns of species richness and composition for different taxonomic groups 
and relate them to environmental factors; and finally, to analyse the implications of the results 
for nature conservation.

Although invaluable, species occurrence databases certainly have their constraints. The 
majority of the data stored in such databases was not collected with the intention of answering 
the scientific questions now in vogue. Data on species occurrences are gathered in an ad-
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hoc manner; records are not evenly distributed over space, time periods and species. This, of 
course, collides with the standard requirements for biological research and can lead to false 
interpretations of the data, for example, resulting in under- or overestimation of species richness. 
In chapter 2 of this thesis the biases that may be present in species occurrence databases are 
described. The sources of bias are discussed and the methods to deal with bias are reviewed. 
Finally, it is evaluated to what extent two of the databases used in this research are biased. As 
expected, the distribution of the species occurrence records over space, species, and time was far 
from homogeneous. For some regions, species, and periods in time considerably more records are 
available than on average. Moreover, the number of species and the number of records in a given 
area were highly positively correlated. It is likely that in the regions from which only few data 
are available, not all species present have yet been recorded. Such regions may seem to be poor 
in species but are, in fact, under-sampled. This relationship is, however, not as straightforward as 
it might seem. Observers do not enter the field with a blank mind. They know where they can 
find certain species, and what the interesting areas are; they are often after particular species 
of special interest, while they tend to neglect the more common species. It was found that, 
especially for species with a small distribution area (rare species), relatively more occurrence 
records were available than for any other species. Therefore, it can be easily understood why 
more records are available from species rich areas. Who would be willing to spend time to record 
only a few common species in the northeastern part of the province of Groningen? The fact 
that records can become outdated forms another problem. Due to recent changes in land use, 
observations of species occurrences dating from 1910 are far from representative for the current 
biotic composition of such a region. The power of the species occurrence data, though, lies in 
their quantity. Sure, the data are an imperfect representation of the reality and the patterns that 
come out of the analysis may be somewhat polarized due to shortcomings in data collection, 
the general biodiversity patterns can still be extracted from them. If handled with care (e.g. by 
analysing subsets), the data do provide an important opportunity to study spatial patterns in 
biodiversity on a nationwide scale.

One of the most frequently used measures of biodiversity is the number of species within 
a given area. In chapter 3 the spatial distribution of species richness is examined for the five 
selected taxonomic groups within the Netherlands. The patterns of species richness of the 
different groups showed a fair positive correlation. The pattern of richness in herpetofauna 
species showed the highest congruence with that of species richness of the other groups and with 
overall species richness. In broad outline, in the southeastern part of the country more species are 
found than in the northwestern part, with the dune area as an important exception. Overall, the 
northern and northwestern parts of the country (agricultural areas on clay and peat soils) and 
the Peel Horst region are poor in species for all groups. Species richness was high for all five 
taxonomic groups in the following regions: the extreme southeastern part of the country, along 
the Meuse valley, the small-scale, varied landscape of central and southern Brabant, the Vecht- 
and Utrechtse Heuvelrug regions, and the Pleistocene sand plateaus in the central and northern 
part of the Netherlands. Multiple regression was used to identify the environmental factors that 
may play a role in the mechanisms underlying these patters. Heterogeneity of the landscape (e.g. 
number of habitat types, altitudinal range) turned out to be one of the variables explaining most 
of the variation in species richness. Only the pattern of species richness of the herpetofauna 
showed a stronger relationship with climatic conditions (e.g. temperature) than with landscape 
heterogeneity.
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 Biodiversity is not just about species numbers; an area may be relatively poor in species 
but can still be of high value when the species occurring there do not occur anywhere else. In 
chapter 4, a classification of the Netherlands is proposed based on the species compositional 
patterns of the five taxonomic groups. Regions with a characteristic species composition are 
identified as follows. Large part of the Netherlands (about 60%) did not contain species that 
did not occur elsewhere. The rest of the country could be divided into five regions. Each region 
was characterized by unique species that do not (or in low spatial density) occur in other parts 
of the country, and represents a so-called hotspot of uniqueness. Recognized were a dune region, 
forming a narrow band along the North Sea coast, a region of fen meadows in the North and 
central western parts of the Netherlands, a region centred on the Pleistocene sand plateau 
in the central and northern parts of the Netherlands, a region confined to the South East of 
the country, and a small and distinct region largely concentrated in the southern part of the 
province of Limburg. Apart from the differences in species composition, the five regions were 
also characterized by differences in their environmental conditions. The regions showed a 
differentiation in climatic conditions, soil type, and the proportion covered by fresh water. By 
protecting representative, sufficiently large areas of these five regions, a substantial proportion 
of the species of the five groups under study would be preserved. For this reason, these regions 
should be the key focus of Dutch biodiversity conservation policy.

Chapter 5 provides an example of a statistical method by means of which, both quantitative 
and compositional, aspects of biodiversity can be analysed at the same time: the so-called 
nestedness analysis. The nested subset theory provides a comprehensive view on biodiversity 
patterns, covering both species richness and composition. That is why the nested subset analysis 
has generated much interest among conservation biologists. The degree of nestedness within the 
distribution of Orthoptera (grasshoppers and crickets) species in 178 semi-natural sites within the 
Pleistocene sand region of the Netherlands is studied. The grasshopper and cricket assemblages 
were found to be significantly nested. This means that the species present in species-poor areas 
constitute a subset of the species from richer locations. It follows that rare species, species with a 
small distribution area, are predominantly found at species rich locations. Size of the natural sites 
played an important role in the formation of the nested pattern. In fact, area size had an even 
stronger relationship with the nested pattern than heterogeneity. However, there is of course a 
strong correlation between area size and the number of habitat types; as the area size increases, 
more habitat types tend to occur. Large, heterogeneous sites were found at top of the nested 
hierarchy and these comprised not only the highest species numbers but also the rare species. 
The presence of nested patterns may have important implications for nature conservation, as a 
positive diagnosis on nestedness may, for example, be used as an indication whether it is better to 
establish a single large reserve or several small ones, or be the justification for the use of selected 
rare species as indicators for overall species diversity.

Dutch nature conservation policy focuses strongly on rare species, the so-called target 
species. One of the most important instruments of Dutch nature conservation is the National 
Ecological Network (NEN), a network of nature reserves that should comprise the habitats 
of the target species. Obviously, these target species do not form a representative subset of all 
species occurring in the Netherlands. There is a strong bias towards vascular plant species and, 
for example, breeding birds and mammals. By far the largest share of biodiversity, however, is 
made up by invertebrate taxa: in the Netherlands and anywhere else. The five taxonomic groups 
studied in this thesis offer the opportunity to test whether the current nature conservation policy 
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is also effective in protecting the less conspicuous taxa. In chapter 6, the results of the previous 
chapters are discussed in the context of the current Dutch nature conservation policy. The spatial 
configuration of the hotspots of “species richness” and “uniqueness” as described in chapters 3 
and 4 is compared with that of the NEN. Especially regarding the protection of the “hotspots 
of uniqueness” important improvements can be made. The NEN does not optimally cover the 
fen region, one of the “hotspots of uniqueness” for which, moreover, the Netherlands also has an 
international responsibility. The results of chapter 5 are used to show what the implications 
are of a (too) stringent focus on rare species, and discuss which role landscape heterogeneity 
could play in nature conservation. Although heterogeneity of the landscape may (at the scale of 
study) have a positive influence on species richness, it certainly can have a downside. Variation 
in the landscape can offer species that depend on the same resource a chance to co-exist if this 
resource is partitioned in space, diminishing competition. However, the landscape patches can 
also become too small for certain species to preserve viable population sizes.

Finally, in chapter 7 a synthesis is provided by discussing the results in the context of current 
ecological theory. Subsequently, recommendations for further research are given. Four starting-
points for future research can be identified. First, in this study the focus was on terrestrial species 
groups only, therefore, attention for aquatic species groups is still needed. Secondly, sampling 
bias is a common problem in large species occurrence datasets, which may colour the patterns 
observed, even in an intensively investigated country as the Netherlands. Therefore, development 
of methods to deal with such bias is essential. Thirdly, it is important to consider the relation 
of Dutch species patterns as part of European biogeographical patterns, as the distributional 
range of species extends beyond the border. Finally, the patterns described in this study have an 
expiration date. Species distributional ranges are far from static, they can shift under influence of, 
for example, climate change, as currently is the case. Therefore, studying the change of patterns 
in time is a logical next step. In that respect, predicting the shift of species distributions and 
biogeographic patterns under influence of climate change deserves a high priority. This can, 
for example, provide crucial information for nature conservation policy, which can use this 
knowledge to anticipate to these changes.
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Samenvatting

Patronen in biodiversiteit
Ruimtelijke organisatie van biodiversiteit in Nederland

Biodiversiteit is, sinds het ontstaan van de term in de jaren tachtig, nog altijd een “hot topic”. 
De reden daarvoor is dat de druk op de biodiversiteit groot is, zeker in een dichtbevolkt en 
geïndustrialiseerd land als Nederland. Biodiversiteit mag dan misschien de reputatie hebben een 
“buzzword” te zijn, dat biodiversiteit waardevol is zal door niemand betwijfeld worden. Al wordt 
er over het exacte belang van biodiversiteit voor bijvoorbeeld het functioneren van ecosystemen 
nog druk gediscussieerd, alleen al vanuit het voorzorgsprincipe, of uit moreel/ethisch oogpunt 
is het behoud van biodiversiteit gerechtvaardigd. Tal van internationale verdragen, zoals het 
Biodiversiteitsverdrag van Rio de Janeiro (1992), hebben dan ook tot doel de achteruitgang van 
de biodiversiteit te stoppen en te beschermen wat er nog is.

Het begrip biodiversiteit is echter wel een enorme vergaarbak want het omvat de totale 
variatie van alle organismen op aarde, van genen tot ecosystemen. En juist omdat het zo 
veelomvattend is, is een gebrek aan gegevens over biodiversiteit aan de orde van de dag. Zelfs 
als je biodiversiteit beperkt tot ‘soorten’, blijft het lastig een goed beeld krijgen van hoe het nu 
echt zit met ‘de’ biodiversiteit. Een goed begrip van de ruimtelijke spreiding in biodiversiteit 
(welke plekken zijn rijk aan soorten, welke minder) en de mechanismen daarachter is echter wel 
belangrijk als je beleid wilt ontwikkelen om die biodiversiteit efficiënt te beschermen. Nederland 
verkeert in de gelukkige positie dat er over de verspreiding van veel groepen soorten enorm veel 
gegevens beschikbaar zijn. Al sinds het begin van de vorige eeuw zijn er mensen geweest die 
gegevens over het voorkomen van allerhande soorten gedocumenteerd hebben, beroepsmatig 
of uit liefhebberij. Ook in de zoölogische musea ligt een schat aan informatie opgeslagen over 
het voorkomen van soorten binnen Nederland. De laatste decennia worden deze gegevens in 
rap tempo voorzien van vindplaatscoördinaten, gedigitaliseerd, en in grote centrale databanken 
bijeengebracht. In deze vorm lenen de gegevens zich prima voor geostatische analyses. De 
verspreidingsgegevens van vijf verschillende groepen soorten, afkomstig uit zulke databanken, 
vormen de basis van dit onderzoek. Dit onderzoek heeft, zoals beschreven in hoofdstuk 1, tot 
doel enig inzicht te geven in de ruimtelijke spreiding van biodiversiteit in Nederland.

De gegevens hebben, hoewel van onschatbare waarde, beslist hun beperkingen. Verreweg 
het grootse deel van de gegevens is nooit verzameld met de intentie er ooit wetenschappelijk 
onderzoek mee te verrichten. De basisregels van dataverzameling zijn vaak met voeten getreden. 
De waarnemingen zijn over het algemeen niet uniform over Nederland, de soorten en de 
tijd verdeeld: kortom de gegevens zijn in hoge mate gekleurd (biased) door voorkeuren van 
verzamelaars voor bepaalde gebieden of soorten. Hoofdstuk 2 van dit proefschrift behandelt de 
valkuilen van dit soort databestanden, licht de methoden toe om daar mee om te gaan en laat zien 
in hoeverre enkele van de bestanden die in latere hoofdstukken gebruikt gaan worden gekleurd 



144

zijn door verzamelinspanning. De waarnemingen in die bestanden bleken verre van gelijkmatig 
verspreid over Nederland. Van sommige plekken zijn veel meer gegevens bekend dan van andere. 
Verder blijken een hoge concentratie waarnemingen en een hoge concentratie soorten verdacht 
vaak samen te gaan. Dit kan erop duiden dat op plekken waar over niet veel gegevens bekend 
zijn, het totale aantal aanwezige soorten nog niet bekend is en het dus een kwestie van meer 
inspanning is ze allemaal waar te nemen. Zulke plekken lijken dan soortenarm, maar zijn in feite 
onderbemonsterd. De moeilijkheid is dat waarnemers niet blanco het veld in gaan. Uit de analyse 
kwam naar voren dat van zeldzame soorten (soorten met een klein verspreidingsgebied), over het 
algemeen, veel meer gegevens beschikbaar zijn dan van andere soorten. Waarnemers lijken dus 
vooral uit op de krenten uit de pap; iets algemeens wordt niet gauw gemeld. Bovendien weten 
ze waar de kans groot is om bepaalde soorten aan te treffen en wat de interessante gebieden zijn. 
Het is dus niet gek dat juist over soortenrijke plekken veel gegevens bekend zijn. Wie gaat er 
uren besteden aan het “scoren” van wat algemeenheden in Noordoost-Groningen? Een ander 
probleem vormt het feit dat gegevens achterhaald kunnen worden door de tijd. Als gevolg van 
bijvoorbeeld recente veranderingen in landgebruik zegt een waarneming uit 1910 niet veel meer 
over de huidige situatie. De kracht van bestanden schuilt echter vaak in hun omvang. Zeker, 
de gegevens zullen geen exacte afspiegeling van de werkelijkheid geven, wij denken echter dat 
de manier van verzamelen de patronen eerder polariseert dan dat het de patronen drastisch 
veranderd. Enige voorzichtigheid is dus nog wel geboden, in dit onderzoek hebben we daarom 
al naargelang de aard van de analyse geprobeerd onderbemonstering en overbemonstering zoveel 
mogelijk uit de datasets te filteren en sterk verouderde gegevens weggelaten.

Als we het over biodiversiteit hebben is soortenrijkdom, het aantal soorten in een bepaald 
gebied, een van de meest voor de hand liggende uitdrukkingsvormen. In hoofdstuk 3 wordt 
gekeken naar de ruimtelijke spreiding van de soortenrijkdom van vijf verschillende groepen 
soorten in Nederland: zweefvliegen, libellen, sprinkhanen/krekels, mossen, en reptielen/amfibieën. 
Deze groepen zijn gekozen omdat ze een tamelijk representatief beeld van de Nederlandse 
biodiversiteit geven (ze bezetten verschillende plekken in de voedselketen, hebben verschillende 
ecologische functies), en omdat er voldoende gegevens over hun verspreiding bekend zijn, met 
een geschikte resolutie en de datasets binnen de marges van het onderzoeksbudget vallen. Eerst is 
gekeken in hoeverre de patronen in soortenrijkdom van deze groepen met elkaar overeenkomen. 
De overlap bleek aanzienlijk te zijn. Zuid-Limburg, de duinen en met name ook de zone: 
Veluwezoom – Utrechtse heuvelrug – Vechtstreek bleken voor de meeste groepen soorten erg 
rijk te zijn. De zeekleigebieden zijn zonder uitzondering arm aan soorten noemen. Vervolgens 
is gekeken welke omgevingsfactoren daaraan ten grondslag zouden kunnen liggen. Met behulp 
van een multiple regressie-analyse hebben is een grote set omgevingsfactoren gecorreleerd aan de 
patronen van soortenrijkdom. Heterogeniteit van het landschap bleek voor de meeste groepen de 
beste indicatie voor soortenrijkdom. Alleen de soortenrijkdom van reptielen en amfibieën werd 
meer bepaald door klimatologische omstandigheden dan door heterogeniteit van het landschap.

Behalve het aantal soorten vormt de soortensamenstelling van een gebied ook een aspect 
van biodiversiteit. Niet alleen hoeveel er zit, maar ook wat er zit, is belangrijk. Een gebied kan 
relatief soortenarm zijn, maar de soorten die er zitten kunnen van grote waarde zijn omdat 
ze alleen dáár voorkomen en nergens anders. In hoofdstuk 4 is een indeling gemaakt van 
Nederland op basis van soortensamenstelling. Er is gekeken of er gebieden zijn aan te wijzen 
met een eigen karakteristieke soortensamenstelling, dat wil zeggen gebieden met soorten die in 
de rest van Nederland niet, of nauwelijks, voorkomen. Om enige robuustheid van de patronen te 
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garanderen zijn alleen die gebieden geselecteerd die voor tenminste twee van de groepen soorten 
onderscheidden worden. Een flink deel van Nederland (60%) bleek geen soorten te bevatten die 
niet elders in Nederland ook voorkomen. De rest van Nederland bleek op te kunnen worden 
opgedeeld in vijf regio’s die elk gekarakteriseerd worden door unieke soorten; soorten die het 
zwaartepunt van hun verspreiding in die gebieden hebben. Deze regio’s zijn daarom “hotspots 
of uniqueness” genoemd. Onderscheidden zijn Zuid-Limburg, de laagveengebieden in Noord-
Holland en Friesland, de duinen, de pleistocene zandplateaus (de Veluwe, maar ook Drenthe) en 
het zuidoosten van het land (Brabant en het oosten van Overijssel/Gelderland). Behalve dat deze 
vijf regio’s in soortensamenstelling verschilden, bleken ze ook duidelijke omgevingsverschillen te 
vertonen. De regio’s verschilden met name in klimaat, bodemtype, en het oppervlakte dat door 
zoet water wordt ingenomen. Met de bescherming van deze vijf regio’s zou je het grootste deel 
van de soorten van de vijf groepen soorten te pakken hebben en daarom zouden deze vijf regio’s 
dus een sleutelrol in het behoud van de Nederlandse biodiversiteit moeten spelen.

In hoofdstuk 5 wordt een methode gebruikt die dient om wat specifieker naar 
verspreidingspatronen te kijken, de zogenaamde genestheids-analyse. De genestheids-analyse 
is en manier om tegelijkertijd soortenaantal en soortensamenstelling te bestuderen. Er is 
gekeken naar de soortensamenstelling van de sprinkhanen in een groot aantal natuur(lijke) 
gebieden op pleistocene zandgrond. Het bleek dat de soortensamenstelling in de verschillende 
gebieden in hoge mate een geneste structuur vertoonde. Dat wil zeggen dat de soorten die in 
de relatief soortenarme gebieden voorkomen een deelverzameling bleken te zijn van de soorten 
in de soortenrijkere gebieden. Hieruit volgt dat de zeldzame soorten, de soorten die in maar 
weinig gebieden voorkomen, over het algemeen te vinden zijn in de rijkere gebieden. Tevens is er 
gekeken naar wat de oorzaak van deze geneste structuur kan zijn. Wederom kwam heterogeniteit 
van het landschap als een belangrijke factor naar voren, dit maal echter wel in een nauwe relatie 
met gebiedsgrootte. Grote, heterogene gebieden staan bovenaan in de geneste hiërarchie en 
bevatten dus zowel veel alsook zeldzame soorten. Het aantreffen van geneste structuren in de 
soortensamenstelling van gebieden kan belangrijke implicaties voor, bijvoorbeeld, natuurbeheer 
hebben. Kort gezegd kun je hieruit afleiden dat de bescherming van gebieden waar zeldzame 
soorten zitten zeer effectief is voor het behoud van biodiversiteit omdat daardoor, op die plaatsen, 
ook de meer algemenere soorten beschermd worden.

Zeldzame soorten staan centraal in het Nederlandse natuurbeleid. De bescherming van 
biodiversiteit is vooral gericht op zogenaamde doelsoorten, soorten die zeldzaam zijn en/of 
een grote achteruitgang laten zien. Een van de belangrijkste instrumenten voor het behoud van 
biodiversiteit is de Ecologische Hoofdstructuur (EHS), die de leefgebieden van deze doelsoorten 
moet beschermen. De groep doelsoorten bestaat echter voor het grootste deel uit hogere 
plantensoorten en vogels, en vormt daarom geen representatieve doorsnede van het gehele 
Nederlandse soorten spectrum dat voor een groot deel uit ongewervelden bestaat. Omdat in dit 
onderzoek naar een wat breder spectrum aan soorten gekeken is en behalve aan zeldzaamheid 
ook aandacht is besteed aan wat algemenere soorten geeft dat de mogelijkheid te toetsen of 
het natuurbeleid zoals het er nu ligt wel effectief is in de bescherming van biodiversiteit. In 
hoofdstuk 6 zijn de resultaten van de voorgaande hoofdstukken bekeken in de context van het 
huidige natuurbeleid in Nederland. De ligging van de hotspots van “richness” en “uniqueness”’ die 
in de hoofdstukken 3 en 4 zijn bepaald, wordt vergeleken met de ruimtelijke uitwerking van de 
EHS. Zeker wat de “hotspots of uniqueness” betreft, valt er nog wel wat winst te behalen. De EHS 
doet bijvoorbeeld niet voldoende recht aan het laagveengebied, een van de “hotspots of uniqueness”, 



146

dat een aantal zeer karakteristieke soorten bevat waarvoor Nederland bovendien ook Europees 
gezien verantwoordelijkheid draagt. Verder wordt onder meer aan de hand van de resultaten 
van hoofdstuk 5 zichtbaar gemaakt wat de valkuilen zijn van een (te) sterke focus op zeldzame 
soorten, en wordt bespreken welke rol heterogeniteit, een belangrijke factor volgens de resultaten 
van dit onderzoek, in het natuurbeleid zou moeten spelen. Heterogeniteit in het landschap mag 
dan, op de schaal waarop het hier is bestudeerd, een positieve invloed hebben op soortenrijkdom, 
er zit ook een keerzijde aan. Variatie in het landschap zorgt er bijvoorbeeld voor dat soorten die 
van dezelfde ressource afhankelijk zijn toch naast elkaar kunnen bestaan doordat die ressource 
als het ware in kleine stukjes over het gebied verdeeld is en de competitie om die ressource zo 
verkleind wordt. Het kan echter zo zijn dat de stukjes zo klein worden dat geen van de soorten 
er meer iets aan heeft.

In hoofdstuk 7 wordt tenslotte de synthese van de resultaten gepresenteerd, de resultaten 
worden vergeleken met bestaande ecologische theorieën en er worden aanbevelingen voor 
vervolgonderzoek gedaan. In dit onderzoek zijn voor dit moment alleen terrestrische groepen 
bestudeerd, aandacht voor aquatische groepen zou daarom op zijn plaats zijn. Verder behoeft 
de kwaliteit van de verspreidingsgegevens extra aandacht, ook wordt aannemelijk gemaakt dat 
een blik over de landsgrenzen heen zeer waardevol kan zijn, het verspreidingsgebied van veel 
soorten stopt immers niet bij de grens. Tenslotte, de patronen, zoals in deze studie geschetst, zijn 
niet voor de eeuwigheid. Onder invloed van bijvoorbeeld klimaatverandering, momenteel aan 
de orde van de dag, zullen veel soorten een verschuiving laten zien in hun verspreidingsgebied. 
Het voorspellen van deze verschuivingen zou een interessant vervolg van dit onderzoek kunnen 
vormen.
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Nawoord

Lang voordat de eerste woorden van dit proefschrift op papier stonden had ik al het idee dat 
deze laatste, de woorden van dank aan iedereen die op welke manier dan ook heeft bijgedragen 
aan de totstandkoming daarvan, misschien wel eens de lastigste zouden kunnen worden. Dat 
komt uiteraard niet omdat ik het moeilijk vindt mijn dankbaarheid uit te spreken of omdat ik 
bang ben voor boze reacties van ‘vergetenen’. Nee, het heeft meer te maken met de melancholie 
van het terugkijken op de periode die met deze woorden wordt afgesloten. Een periode die, 
over het algemeen, leerzaam, succesvol en aangenaam was (en ja, soms dus ook precies het 
tegenovergestelde). Dit is echter vooral te danken aan de mensen die me in die periode hebben 
omringd, en daarvoor wil ik ze hier graag bedanken.

Als eerste mijn promotor en copromotoren: Peter de Ruiter, Aat Barendregt en Pita Verweij. 
Peter, ik vindt dat de rol van promotor je goed past, je bent kritisch, geïnteresseerd en stimulerend, 
ik ben dan ook blij dat je de mijne wilde zijn. Aat en Pita, mijn beider copromotoren, als ik 
een ding over jullie samen zou moeten zeggen is het dat jullie in veel opzichten complementair 
bleken. Aat, jouw kennis van de natuurlijke historie van Nederland was onmisbaar voor 
dit onderzoek. Het is moeilijk een uurhok in Nederland te vinden waar je niet meteen een 
bloemrijke omschrijving bij kunt geven. Pita, jouw advies op een groot aantal terreinen heeft 
me echt vooruit geholpen. Ik ben blij dat onze samenwerking niet direct na de afronding van dit 
proefschrift geëindigd is, maar een vervolg heeft gekregen in het Amazone project.

Hoewel dit nawoord vooral een plek is om personen te bedanken die niet al in de eerdere 
hoofdstukken bedankt zijn, wil ik toch een aantal mensen nogmaals noemen. Rogier Donders wil ik 
nogmaals bedanken voor zijn advies betreffende de statistiek. Het belang van het werk van de vele 
duizenden gegevensverzamelaars kan niet genoeg benadrukt worden, zonder hen was dit onderzoek 
niet mogelijk geweest. Bijna hetzelfde geldt voor “mijn” studenten: Jolijn, Anouk, Marja, Jolanda, 
Sasha and Nienke. Zij hebben bergen werk verzet met het digitaliseren van kaartbeelden en het 
verkennen van onderzoekspaden. Omdat ik soms letterlijk niet meer wist van de soorten dan 8-
cijferige soortcodes was de kennis van met name Mark van Veen, Henk Siebel, Raymond Creemers 
and Roy Kleukers over de ecologie en de biologie van de soorten achter die codes onmisbaar. Jos 
Dekker wil ik bedanken voor zijn commentaar op een eerdere versie van hoofdstuk 6.

Natuurlijk wil ik ook mijn collega’s (en ex-collega’s) bedanken. Het was fijn om (onderzoek/
onderwijs) successen en frustraties met jullie te kunnen delen en vooral ook een hoop lol te 
hebben. Meer dan gemiddelde dank ben ik verschuldigd aan mijn paranimfen, Jasper en Sara, 
daarom zijn ze dan ook mijn paranimfen.

Tenslotte dank aan mijn familie en vrienden voor hun steun en interesse. Mia, Eelco Schroor 
heeft gelijk gekregen en ik ben blij dat jij op jouw beurt nu ook gelijk krijgt. Dank je dat je 
mij destijds de mogelijkheid hebt gegeven vast te oefen voor het echte werk. Arnold, dank je 
voor het doorploeteren van vele manuscripten en de Nabokov quote die ook jouw proefschrift 
siert. Willem, bedankt voor je commentaar op de inleiding en samenvatting. Femke en Lisette, 
eindelijk ga ik dan ook trouwen! (of telt met de wetenschap niet?)
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