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Voorwoord



Na mijn studie Biologie te Nijmegen had ik het gevoel dat er pas slechts een tipje

van de sluier met beschikbare kennis was opgelicht. Een baan als AIO aan een uni-

versiteit, om me verder te kunnen verdiepen in het functioneren van ecosystemen,

leek me daarom wel wat. Deze kans deed zich voor bij de toenmalige vakgroep

Plantenoecologie aan de Rijksuniversiteit Groningen, bij het project

‘Natuurontwikkeling op minerale gronden’. Bouwen aan nieuwe natuur op uit pro-

ductie genomen landbouwgronden, ofwel op plekken die bij wijze van spreken tot

dan toe een ecologische woestijn waren. Enerzijds de lakmoes-proef om te zien of

we genoeg kennis hebben van hoe systemen in elkaar steken om ze ‘na te kunnen

bouwen’, anderzijds met een zeer directe praktische relevantie. In het voorjaar van

‘98 werd daarom naar Groningen getogen. 

In Groningen ontmoette ik een club van gedreven mensen, met een sterke experti-

se in zaadbankonderzoek en zaadverspreiding. In combinatie met het werk van

Julia Klooker, die in de periode van 1994-1997 aan de eerste fase van dit project

werkte, lag er hierdoor al meteen een solide basis. Zonder deze basis zou dit proef-

schrift niet in deze vorm tot stand zijn gekomen. Daarvoor wil ik alle (oud)-collega-

’s bedanken.

Zonder mensen tekort te willen doen, wil ik een aantal mensen in het bijzonder

noemen. Allereerst wil ik Jan Bakker en Rudy van Diggelen bedanken voor de vrij-

heid die ze me gaven en hun vertrouwen dat dit boekje er dan uiteindelijk toch

eens zou komen. Mijn bijzondere dank en waardering gaat verder uit naar Jan van

den Burg. Jan, je was bij alle facetten van het werk betrokken, variërend van het

tackelen van computerproblemen, het plaatsen van meetopstellingen, bewerken

van bodemmonster tot het uitvoeren van complete GIS-exercities. Naast je kundig-

heid heb ik vooral je open persoonlijkheid gewaardeerd. En Jan, ik weet zeker dat

als je nu ergens een kruiwagen leent, je eerst controleert of de band wel hard is.

Daarnaast heeft een groot aantal personen een praktische bijdrage geleverd bij het

verzamelen van de vele gegevens. Bij de vele vegetatieopnamen (meer dan 1200 per

jaar) werd ik in achtereenvolgende jaren geholpen door Bart Aerts, Marcel

Edelenbosch en Ricardo Ibãnez. Dank voor jullie inzet en volharding, ondanks dat

het water ons vaak over de rug liep: dan weer regende het, dan weer was het snik-

heet. Ricardo Ibãnez was daarnaast verantwoordelijk voor het analyseren en ver-

werken van de gegevens in hoofdstuk 5. Ricardo, thank you. I believe we created a

new form of Esperanto during our determinations of plant species with the

Heukels’. Niels Wienker, Peter Vos en Stefanie Vink voerden in het kader van hun

studie een aantal experimenten uit. Hoewel de resultaten van jullie bevindingen

niet in dit proefschrift zijn opgenomen, hebben deze zeker een belangrijke bijdrage

gehad bij de tot stand koming van de denklijnen die uitgezet zijn in het laatste
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hoofdstuk. Further I like to thank Gabor Matus and Anikó Csecserits for their help

with experiments and data analysis during their stay in Groningen. 

Nelly Eck, Willem van Hall, Bert Venema en Wendy Kanters verwerkten in het lab.

grote hoeveelheden regen- en bodemmonsters. Ondanks dat eerst de MKZ-crises

en later ziekte de planning in de war schopten wisten jullie uiteindelijk toch alle

monsters op tijd te analyseren. Jacob Hogendorf bedank ik voor zijn assistentie bij

het plaatsen van de meetopstellingen. Het engels in de laatste hoofdstukken werd

gecorrigeerd door Phil Putwain. Phil, your corrections and comments improved the

text a lot. Thank you. De opmaak en het laten drukken van dit boekje is verzorgd

door Dick Visser. Dick, bedankt voor de vakkundige vormgeving.

De verschillende provincies en de terreinbeherende organisaties wil ik bedanken

voor hun financiële ondersteuning het uitgevoerde onderzoek, en de toestemming

om in hun terreinen gegevens te verzamelen. De leden van de begeleidingscommis-

sien wil ik bedanken voor hun open discussies tijdens de begeleidingsbijeenkomsten

en de veldexcursies.  

Na het onderzoek aan de vegetatie aan de Rijksuniversiteit Groningen kreeg ik een

aanstelling bij Stichting WBBS. Hier werd ik door RikJan Vermeulen ingewijd in

het geheime leven van de loopkever. Behalve dat dit uiteindelijk resulteerde in

hoofdstuk 6 van dit proefschrift, stimuleerde je me vooral ook om het schrijven aan

het proefschrift weer op te pakken. Zie hier het resultaat.

Debbie, ik wil je bedanken voor je steun en geduld. Bedankt dat je (meestal) zonder

mopperen accepteerde dat ik toch weer wat later thuis kwam dan gepland, of ’s

avonds toch nog even achter de computer kroop. Tenslotte wil ik Timo en Stije be-

danken voor hun interesse in alles wat groeit, bloeit en kruipt. De opgedane kennis

en ervaringen, nu vastgelegd in dit boekje, zal ik nog hard nodig hebben om al jul-

lie vragen over de wereld om ons heen te kunnen blijven beantwoorden.

René
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Changing land use:

a general introduction

CHAPTER



Changing land use

Over a period of 4500 years human activities have made their mark on the Dutch

landscape. The first farmers cut and burnt the forest to create temporary agricultur-

al fields, which were used for a few years and when the soil became exhausted due

to increased leaching after deforestation (Spek 2004), new areas of forest were ex-

ploited (shifting cultivation). On the acid, infertile soils dwarf-shrub dominated

heather vegetation developed (Gimingham 1972), preceded by herb-rich grasslands

(Waterbolk 1954). Eventually these fields developed into woodland again due to

ecological succession.

Over time the human population increased and consequently there was en-

hanced human impact on the landscape. When settlements became a permanent

landscape feature, the land around them was exploited in a rotational system of

cropping for short time intervals, followed by long periods of fallow land. Under

the influence of livestock grazing these fields maintained an open character (Spek

2004).

In the early Middle Ages (400 A.D.) a new agricultural system developed on the

Pleistocene sands (Bieleman 1992). In this system, arable fields were fertilized with

nutrients gathered from the adjacent areas of wasteland. The wastelands were

utilised by grazing with domestic stock and were also used for sod cutting. The cut

sods were used as bedding in the stables and the mixture of sods, animal dung and

urine were used to fertilize the arable fields. The regularly flooded, brook valleys

were used for hay making to feed the animals during the winter. In this way there

was a continuous net transport of nutrients from the wastelands to the arable fields.

Only species adapted to nutrient-poor soil conditions survived in the wastelands.

This agricultural system reached its climax at the beginning of the 19th century.

At this time the Netherlands were covered with 600,000 to 800,000 ha of heath-

land (De Smidt 1975). Socio-economic changes and the introduction of artificial

fertilizers at the end of the 19th century marked the end of this system. Heathlands

were no longer a necessary part of the agricultural cycle. As a consequence of the

importation of wool from Australia, the number of sheep grazing on the heathlands

decreased substantially (Bieleman 1992). The natural succession of heathland to

forest was no longer prevented. There were also opportunities for the conversion

of heathland into agricultural land. In addition, large areas of heathland were ac-

quired for afforestation (Brouwer 1968). As a result of these alternative land uses

the amount of heathland had dropped dramatically to 100,000 ha by 1940 (De

Smidt 1975).

This decline continued until 1961 when reclamation of heathland was prohibit-

ed by law, (Anonymus, 1988). However, prohibition of reclamation of heathland to

agricultural land was not sufficient to stop the continuing decline. The area of

heathland reduced still further due to military land use, intensive recreation and de-
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velopment into woodland due to the lack of management. In 1983 no more than

42,000 ha of heathland remained, mainly in small and isolated remnants

(Anonymous 1988). This fragmentation of heathland would result in the endemic

populations of plant and animal species becoming more vulnerable to extinction

(Ouborg 1993; Van Treuren 1993; Boerrigter 1995; De Vries et al. 1996). At the

same time, the ecological quality of the heathlands was negatively influenced by the

surrounding environmental impacts. The intensive agricultural land use, which de-

veloped in the Netherlands after the 2nd World War, resulted in acidification, eu-

trophication and desiccation of heathland. These impacts resulted in increased

dominance of grass species with many characteristic heathland species disappearing

or becoming rare (Diemont 1996; Tamis et al. 2005). 

At the end of the 20th century, changes in the agricultural policy of the European

Union stimulated the transformation of agricultural fields into land with enhanced

nature conservation value (De Wit 1988). This new policy provided opportunities

to reduce the detrimental environmental influences of the surrounding areas on ex-

isting heathlands, and to increase the area of typical heathland communities. 

This thesis focuses on the prospects for restoration of heathland communities

on former agricultural fields on the sandy soils of the Pleistocene deposits in the

Netherlands.

Heathland communities

The term ‘heathland’ refers to a number of phyto-sociological communities domi-

nated by evergreen dwarf shrubs with a well-developed layer of mosses, in which

trees and tall shrubs are scarce (Gimmingham 1972; De Smidt 1975). The term

heathland is also used to refer to open landscapes characteristic of nutrient-poor

soil conditions. In addition to the dwarf-shrub dominated areas, these landscapes

include heathland pools, moorland, inland sand dunes and scattered groups of

trees. In this thesis I use the term ‘heathland’ in the broad context of open land-

scapes.

In the slightly undulating part of the Netherlands of Pleistocene origin, dry,

humid and wet areas alternate. In places where calcareous groundwater reaches the

surface, or loamy layers are present near the surface, slightly nutrient enriched con-

ditions do occur at a local scale. These landscapes include a high diversity of plant

communities over relatively small distances, which are characterised by low pro-

duction (figure 1.1). Communities comprise a highly characteristic flora and fauna.

The acid soils are covered with dwarf-shrub dominated communities. Under dry

conditions a vegetation type occurs which is phyto-sociologically assigned to the al-

liance Calluna-Genistion pilosae (dry heathland). About 23,000 ha of this commu-

nity remain (Anonymous 1988), and therefore it is still relative abundant. In
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disturbed places, for example along sand roads or the edges of arable fields, the

Thero-Airion alliance (oligotrophic grassland) may occur (Schaminée et al. 1996).

This is a pioneer community initially dominated by annuals. Later, perennial

species become established, which eventually out-compete the annual species. In

the absence of repeated disturbance the community develops into grass-dominated

vegetation. Under wet conditions the alliance Ericion tetralicis (wet heathland) oc-

curs. It is also found along the edges of acid heathland pools. Only 1,000 ha of this

community remain in the Netherlands (Anonymous 1988).

The land area of other, often more species rich, heathland vegetation is even

less. These communities are often found only in fine-grained gradients within the

heathlands and brook valleys (De Graaf 2000). Under slightly buffered conditions

the alliance Nardo-Galion saxatilis (matgrass sward) is found. The alliance Caricion
nigrae (small sedge marsh) occurs under wet, moderately acid conditions (Groot-

jans et al. 1988; Schaminée et al. 1995). Under slightly acid to neutral, and moist

to wet conditions, the alliance Junco-Molinion (fen meadow) occurs. Fen meadows

are amongst the most species-rich communities of the Netherlands, which include

many endangered species. Only 30 ha of well-developed stands of this community

are left (Van Leeuwen 1954; Schaminée et al 1996). In the shallow heathland pools

with intermediate pH the alliance Hydrocotylo-Baldellion (soft-water communities

of shallow lakes) may occur. 

Characteristic heathland fauna encompass birds, amphibians, reptiles, butter-

flies, dragonflies and other invertebrates. Heathland is an important biotope for

bird species such as Tetrao tetrix (Black grouse), Caprimulgus europaeus (European

nightjar), Lanius excubitor (Great grey shrike), Saxicola torquata (Common
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stonechat), Anthus campestris (Tawny pipit), Oenanthe oenanthe (Northern

wheatear) and Lullula arborea (Wood lark). The heathland habitat supports am-

phibians and reptiles such as Rana arvalis (Moor frog), Lacerta agilis (Sand lizard),

Coronella austriaca (Smooth snake) and Viper berus (Adder).  Characteristic heath-

land invertebrate fauna includes; butterflies such as Maculinea alcon (Alcon blue),

Plebeius argus (Silver-studded blue) and Hipparchia semele (Grayling), dragonflies

such as Lestes virens (Small emerald damselfly), Coenagrion lunulatum (Irish dam-

selfly) and Leucorrhizia dubia (White-faced darter), spiders such as Eresus cinnaber-
inus (Ladybird spider) and Atypus affinis (Purse-web spider), carabidea such as

Cicindela campestris (Green tiger beetle) and Carabus nitens and grasshoppers such

as Mertrioptera brachyptera (Bog bush cricket) and Dectitus verrucivorus (Wart

biter) (Opdam & Helmrich 1984; Van de Bund 1986; Roos et al. 2000).

Characteristic animal species usually are not restricted to a specific plant communi-

ty, but exploit different parts of the heathland mosaic during different phases of

their lifecycle or diurnal patterns of behaviour (Mabelis 1987).

Restoration

Ecological restoration is defined as ‘the process of assisting the recovery of an

ecosystem that has been degraded, damaged or destroyed’ (SER 2002). Two ap-

proaches can be distinguished in restoration (Wheeler 1995). The aim of the first

approach is to counteract the negative factors causing deterioration in the biologi-

cal quality of nature reserves where site conditions have not been severely dis-

turbed. The aim of the second approach is the complete reconstruction of commu-

nities where site conditions have been severely changed. The latter approach is the

subject of this research because the nature conservation interest of intensively ex-

ploited fields, in general, is very low and abiotic conditions have been changed con-

siderably. 

When this situation occurs the initial requirement is environmental restoration
(Bakker & Londo 1998). This is ‘a deliberate action to initiate natural abiotic

processes and/or the creation of favourable conditions for nature development’.

Such measures are initiated by man and generally involve artificial changes to site

conditions. Once abiotic conditions have been restored, a restoration management
can be implemented to stimulate the establishment and development of the desired

target communities. Such measures are often long lasting and can vary considerably

over time depending on the speed of community assembly. Gradually communities

can evolve to the point at which only maintenance management is required. The

duration of this is unlimited and relatively constant over time.
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Top soil removal

Communities with low productivity are characterized by nutrient-poor soil condi-

tions. Due to fertilisation of agricultural land, nutrient concentrations have been

substantially increased (Gough & Marrs 1990; Pywell et al. 1994; Aerts et al.
1995). Ecological restoration on agricultural soils therefore first of all must initiate

a substantial reduction in soil fertility (Marrs 1993). Traditionally, soil fertility was

reduced by undertaking grazing or haymaking (without fertiliser application), but

these approaches usually take decades to reduce soil fertility to sufficiently low lev-

els (Bakker 1987; Bakker 1989; Marrs et al. 1998). Recently, removal of top soil

has emerged as a technique that will accelerate nutrient impoverishment. Top soil

removal involves taking away the upper layers of the soil profile (figure 1.2).

Removing soil also removes the nutrients contained within it, and this will result in

an immediate reduction in soil fertility (Marrs 1993).

Top soil removal for the purpose of ecological restoration was undertaken some

times during the 1970s and 1980s, but use of the technique increased rapidly from

the early 1990s onwards (De Ridder 1998; Van Uytvanck & Decleer 2004). It has

been used most frequently to modify individual fields, but in some projects several

tens or hundreds of acres of agricultural fields have been transformed to enhance

nature conservation development by removing top soil (De Ridder 1998). Although

top soil removal proved to be generally effective in reducing soil fertility, restora-

tion of the desired target community was not always achieved (Aerts et al. 1995;

De Ridder et al. 1998; Jansen & Roelofs 1996; Thormann et al. 2003). Only a few

cases of top soil removal resulted in the rapid establishment of the desired commu-

nity (De Ridder et al. 1998; Jansen et al. 2004). 
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Top soil removal however is a radical and expensive measure. To increase the

effectiveness of ‘top soil removal projects’, and to identify locations where success-

ful restoration by means of top soil removal may be possible, detailed insight is nec-

essary about the key ecological processes driving community development and

species composition of communities, following deliberate removal of top soil.

The subject of this thesis

Local communities assemble from regional species pools through a series of filters

or stages, whereby abiotic conditions and biotic interactions act as sieves (Zobel et
al. 1998). This thesis focuses on the abiotic conditions and key assembly processes

determining community development (figure 1.3).

Restoration of communities first requires that suitable abiotic conditions be re-

stored, followed by immigration of plant propagules or breeding populations of an-

imals into the area and subsequently becoming permanently established (Van
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Diggelen & Marrs 2003). Soil fertility, pH and the groundwater regime are impor-

tant factors which differentiate communities (De Graaf et al. 1994; Van Diggelen et
al. 1997; Bal et al. 2002). A high input of nitrogen from the atmosphere is consid-

ered to be an important threat for many communities characteristic of nutrient-

poor soils (Fangmeijer et al. 1994; Roelofs et al. 1996; Bobbink et al. 1998).

After appropriate physical and chemical conditions have been created, the char-

acteristic plant and animal species may colonize the restored area. Colonization oc-

curs from source populations, which may occur in the soil seed bank or the imme-

diate surrounding areas. The importance of the soil seed bank is dependant on the

longevity of soil seed populations (Thompson et al. 1997), whereas colonization

from surrounding areas depends on the presence of source populations and on the

dispersal strategy of species and the presence of dispersal vectors (Strykstra et al.
1998; Ozinga et al. 2004).

In the later stages of vegetation development other factors will become impor-

tant (Pywell et al. 2003), such as interspecific competition and facilitation. The im-

pact of these factors becomes more significant with increasing vegetation cover,

height and density. The availability of safe regeneration niches ultimately deter-

mines the establishment of colonizing species (Grubb 1977; Tilman 1997; Bakker

2000; Isselstein et al. 2002).  

In order to gain further insight into the effectiveness of top soil removal on the

restoration of low production plant communities on former agricultural fields, the

following questions need to be addressed: 

● In which direction and to what extent does top soil removal change site

conditions (e.g. pH, nutrient availability, groundwater conditions)?

● What is the quantitative input of atmospheric nitrogen deposition?

● Which species colonize restoration sites and what is the trajectory of

community assembly?

● Is there a correlation between abiotic site conditions and subsequent

community development?

● Can we observe general trends in the colonization of restored sites by

characteristic plant or animal species? 

● Is the success of species in colonizing restoration sites related to specific

life-history traits? 

● How do physical and chemical soil conditions change over time?

● How does species composition of developing communities change over time?

● What are the long-term restoration prospects of low production plant

communities on sites where top soil has been removed?

● Which factors contribute to, or constrain, the success of restoration?

● What kind of management should be undertaken to enhance the success

of restoration?
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Evaluating restoration success 

The effectiveness of attempted restoration can only be evaluated when clear targets

are set initially (Hobbs & Norton 1996), and then followed by monitoring (Bakker

et al. 2000). Often, the aim of restoration is the re-instatement of former character-

istic species and typical community diversity (Wheeler 1995). In the present study

the targets for restoration are seven characteristic low production plant communi-

ties that were once widespread on the Pleistocene sands of the Netherlands. These

communities are defined at the level of alliances (see chapter 4), and are further re-

ferred to as target alliances. The development of these target alliances is followed

by monitoring the occurrence of the characteristic species. These species are further

referred to as target species (see chapter 4). 

I also pay attention to the development of the heathland fauna following top

soil removal. Characteristic species of oligotrophic conditions, that is heathland

and inland sand dunes, are set as the target for restoration (see chapter 6). 

Study sites

In order to develop generalizations about the potential for restoration of communi-

ties’ characteristic of nutrient-poor soils, the research was undertaken at eight sites.

These sites, all located on the Pleistocene derived soils present in the north of the

Netherlands, represented the entire range of starting conditions found on decalci-

fied, sandy soils, mainly fed by rainwater. The sites are located in the Drenthe dis-

trict in the north of the Netherlands (figure 1.4). The soil consists of sand, which

overlays a thick layer of boulder clay in the shallow subsoil. In a few sites the boul-

der clay is exposed in some parts to the soil surface (Westhoff & Barkman 1968).

This clay layer is almost impervious to vertical water movement (Baaijens et al.
1998). The climate of the northern Netherlands is Boreo-Atlantic. Annual precipi-

tation is about 800 mm yr-1.

Details of the study sites are shown in table 1.1. Before removal of top soil was

undertaken, all study sites had been used as pasture or arable fields for a period of

40 years or more. Intensive agricultural exploitation and loading with high

amounts of artificial fertilizer started in the Netherlands in the early 1970s. On the

arable field in the north of the Netherlands, potato and sugar beet are the domi-

nant crops. Removal of top soil was undertaken between 1989 and 1995, and var-

ied from removal of the entire agriculturally exploited layer (about 30 to 50 cm)

down to the mineral sand, to the local removal and re-allocation of the removed

soil within the site. Using this methodology, gradients were created from the lower

areas where the mineral sand was exposed, to elevated areas where the heavily fer-

tilized layers were accumulated. Following the engineering works, the sites were
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grazed by large herbivores fenced contiguously with adjacent nature reserves as a

single grazing block. 
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Figure 1.4. Location of the study sites.

Table 1.1. Characteristics of the study sites.

Site Size Coordinates Year of Former Year of Type of top Type of  

(ha) reclamation agricult. top soil soil removal herbivores

exploit. removal

Aekingerbroek 20 52º55’N 6º18’E Before 1920 Pasture 1992 Deep Cattle + sheep

Bakkeveenster- 3 53º04’N 6º16’E ± 1930 Pasture 1989 Ranging from Cattle + sheep

duinen shallow to deep 

Dellebuurster- 25 52º57’N 6º08’E ± 1930 Both, but  1993 Ranging from Cattle + horses

heide last years shallow to deep + sheep

pasture

Eemboerveld 10 53º02’N 7º01’E 1910 – 1930 Arable 1991 Ranging from Cattle (only in 

field shallow to deep summer)

Eexterveld 2 53º00’N 6º42’E 1940 – 1955 Pasture 1994 Ranging from Cattle + horses

shallow to deep

Ennemaborg 7.5 53º11’N 7º01’E Before 1900 Arable field 1992 Deep Horses

Hullenzand 1.5 52º46’N 6º34’E 1940 – 1955 Arable field 1993 Deep Cattle + sheep

Tichelberg 2 53º01’N 7º00’E Before 1900 Pasture 1992 Deep Horses



Outline of the thesis

The first part of this thesis deals with the environmental conditions following top

soil removal and the subsequent development of the target communities. First, I de-

scribe the effects of different depths of top soil removal on soil fertility and relate

this to vegetation development and the establishment of target species (chapter 2).

In chapter 3 the spatial distribution of atmospheric nitrogen deposition on restored

sites is examined in relation to the adjacent agricultural landscape. Nitrogen depo-

sition was measured at different distances to local farmhouses. Chronological de-

velopment of the species composition of the target alliances is described in chapter

4. Species composition in permanent plots is compared with vegetation descrip-

tions of well-developed reference stands. The success of restoration of the species

composition of the communities occurring on fields where top soil was removed, is

related to the availability of source populations. 

The second part of the thesis focuses on general patterns in the restoration po-

tential of individual plant target species. The species are divided into two groups,

either ‘good’ or ‘poor’ colonizers (chapter 5). Life-history traits related to abiotic

preferences and dispersal abilities of both groups are compared. Chapter 6 exam-

ines general patterns in the colonization by ground dwelling fauna (represented by

the carabid beetle group) of sites where top soil was removed.  Colonisation suc-

cess is related to life-history traits of the species, reflecting habitat preference and

dispersal ability.

In the final chapter opportunities and constraints for the long-term restoration

of low production communities on former agricultural soils are evaluated and dis-

cussed. Consequences for the design of the spatial arrangement of nature reserves

at a landscape scale and incorporation in to strategic landscape planning are dis-

cussed.
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Abstract

Top soil of former fertilized pastures and arable fields was remo-

ved to quickly reduce soil fertility and to enhance the restoration

of low production plant communities. The amounts of total-N,

total-P, extractable-P and the C/P-ratio in the soil after removal

decreased with increasing top soil removal depth, but not the

C/N-ratio. Deep top soil removal resulted in similarly sized nu-

trients pools as in heathlands, and shallow top soil removal as

small sedge communities and litter meadows. During the first ten

years after top soil removal total-N increased and C/N-ratio de-

creased in the former pastures and arable fields. In the former pa-

stures also organic matter content and extractable-P increased. In

general the changes of soil nutrient pools and ratios were related

with their initial amount and organic matter content after top

soil removal. The development towards low production plant

communities was inversely related with organic matter content,

total-N, total-P and extractable-P. The establishment of target

species was highest at less than 1 mg gr-1 total-N, less than 14 mg

100 gr-1 total-P and less than 4 mg 100 gr-1 extractable-P. We

concluded that complete removal of the cultivated layer provides

good opportunities for the restoration of low production plant

communities on the long term. After shallow top soil removal

soil fertility increased fast and additional management to counte-

ract this development is necessary. 



Introduction

Changes in the agricultural policy of the European Community provide an oppor-

tunity to convert agricultural land into more natural vegetation (De Wit 1988).

Obvious restoration targets on nutrient-poor sandy soils in NW Europe are now

endangered low production plant communities such as heathlands and mat grass

swards. The first step to enable a rehabilitation of low production plant communi-

ties in agriculturally improved fields is to lower soil fertility (Marrs 1985). In the

past this goal was pursued by grazing or haymaking without fertilizer application,

but it takes decades to reduce nutrient availability to sufficiently low levels by such

an approach (Bakker 1989). Recently, removal of the top soil has emerged as a

technique to speed up nutrient impoverishment. As nutrient contents of agricultur-

al soils are highest in the upper layers (Marrs 1985; Marrs et al. 1991), removal of

the top soil is expected to result in the exposure of less fertile layers. 

Removal of the cultivated layer is a drastic and expensive management tool, but

it has resulted in a fast reduction of soil fertility of a former arable field in the

Netherlands (Aerts et al. 1995). However, the agricultural layer is often removed

only partly in many sites to reduce costs. It is unknown whether soil fertility is re-

duced to the desired level in this way but it is very probable that soil fertility is in-

versely related with top soil removal depth. Such differences in soil fertility are like-

ly to become more pronounced with time because the species composition affects

the amount and composition of the litter produced (Berendse 1998; Aerts &

Chapin 2000), and hence the nutrient turnover rate. 

A second factor that might affect nutrient availability over time after incomplete

top soil removal is former land use. Current agricultural practice differs between

pastures and arable fields, and this might affect the amount and composition of

residues left after the end of agricultural use (Marrs 1993). Fertilizer input on arable

fields is higher than on pastures, but at the same time more nutrients are removed

with the crop. Regular ploughing of arable fields results in a much more even dis-

tribution of organic matter and nutrients in the upper layers (Marrs et al. 1991).

In the present situation with high nutrient input in the landscape it is unclear

how long top soil removal sites will remain nutrient-poor. The accumulation of es-

pecially nitrogen might be accelerated by atmospheric deposition (Boring et
al.1988; Bobbink & Roelofs 1995), which can currently amount to 25 kg ha-1 yr-1

for stands with a low canopy (Verhagen & Van Diggelen, 2006).

We investigated eight formerly agriculturally exploited sites to gain insight in

the effect of different top soil removal depths and former land use on soil fertility,

and the accumulation of nutrients in the first decade thereafter. Therefore, we

measured soil nutrient pools, nitrogen mineralization, plant tissue concentrations

and plant biomass. These parameters were related to the establishment of target

species of low production plant communities. We hypothesize that (1) shallow re-
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moval of the top soil results in greater reduction of soil fertility levels in pastures

than in arable fields; (2) complete removal of the cultivated layer results in strongly

reduced soil fertility in both agricultural types; (3) the rate of increase in nutrient

availability depends on the soil fertility immediately after top soil removal. 

Material and methods

Study sites
The study was carried out in eight sites in the northern Netherlands, all located on

Pleistocene sandy soils but differing in former agricultural exploitation and the

amount of top soil removed (table 2.1). Five sites were formerly exploited as pas-

ture and three as arable field during a period ranging from 50 years to over a cen-

tury. Top soil removal was carried out between 1989 and 1995. The cultivated layer

was removed completely over the entire field in half of the study sites whereas re-

moval depth varied within the other sites from very shallow to complete removal.

In these sites the removed soil was worked up to mounds and gradients in organic

content developed from spots without any remnants of the cultivated layer left to

spots with layers that were even thicker than during the previous agricultural use. 

After top soil removal all sites were grazed by livestock and fenced in with adja-

cent sites with well-developed target communities (except for the sites Eemboer-

veld and Ennemaborg). In addition, parts of some sites were mown in late autumn.
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Table 2.1. Characteristics of the study sites.

Site Size Coordinates Year of Former Year of Type of top

(ha) reclamation agricultural top soil soil removal

exploitation removal

Aekingerbroek 20 52º55’N 6º18’E Before 1920 Pasture 1992 Deep

Bakkeveensterduinen 3 53º04’N 6º16’E ± 1930 Pasture 1989 Ranging from

shallow to deep 

Dellebuursterheide 25 52º57’N 6º08’E ± 1930 Both, but 1993 Ranging from

last years shallow to deep

pasture

Eemboerveld 10 53º02’N 7º01’E 1910 – 1930 Arable field 1991 Ranging from

shallow to deep

Eexterveld 2 53º00’N 6º42’E 1940 – 1955 Pasture 1994 Ranging from

shallow to deep

Ennemaborg 7.5 53º11’N 7º01’E Before 1900 Arable field 1992 Deep

Hullenzand 1.5 52º46’N 6º34’E 1940 – 1955 Arable field 1993 Deep

Tichelberg 2 53º01’N 7º00’E Before 1900 Pasture 1992 Deep



Soil nutrient pools
Soil samples were taken from 60 plots of 2 m x 2 m. randomly distributed over the

study sites, and analysed on organic matter content, total-C, total-N, total-P and

extractable-P. Additionally, between 50 and 100 plots per site were sampled for or-

ganic matter content. In a selected number of these samples representing the entire

range of organic matter content per site total-C and total-N were measured.

Soil samples in all plots included ten soil cores of the upper 20 cm of the soil

and were taken with a 1 cm diameter steel-coring bit. Litter and large roots were

removed before pooling the cores together to form one soil sample. Samples were

collected during the winter of 1994 (site Eexterveld was sampled in winter 1995)

and repeated in exact the same locations in spring 2001. 

For comparison we used existing data from a recently set aside arable field adja-

cent to the site Eexterveld, from a pasture adjacent to the site Aekingerbroek, and

from some well-developed stands of the target communities dry and wet heathland,

small sedge communities and fen meadows, occurring close to the study sites. 

Soil samples were stored at 4°C. Organic matter content was determined as loss on

ignition (950°C for 3 h). Prior to the other analyses soil samples were air dried

(40°C) and ground. In 1994 total-N was partly determined by a modified Kjeldahl

technique (Allen 1989) and partly with a Carlo-Erba C/N-analyser. Both methods

gave similar results. Samples from 2001 were all processed with the C/N-analyzer.

Total-P was measured colorimetrically according to Murphey & Riley (1962). The

amount of extractable-P was measured after extraction with a 5% HCl-solution

followed by a molybdate blue coloration. 

Nitrogen mineralization
Net nitrogen mineralization was determined in the sites Aekingerbroek, Delle-

buursterheide and Eemboerveld from April 1999 until April 2000. It was also de-

termined in a sod-cut wet heathland and a litter meadow for comparison. Both

were located close to the site Dellebuursterheide.

Mineralization was measured in situ in intact soil cores (Raison et al. 1987) in

ten replicates per site. Paired cores from the upper 10 cm of the soil were taken at

a distance of less than 20 cm, using PVC tubes (length 15 cm, internal diameter 4.3

cm). Vegetation and litter were removed and the tubes were capped with a lid with

small holes to allow gas exchange. The bottom was closed with a philitron filter

paper, to have similar water conditions inside and outside the tube, but preventing

ingrowths of roots.

One of each pair of cores was carefully re-inserted in the hole in the ground and

left for incubation under field conditions and taken to the laboratory after that pe-

riod. The other one was transported to the laboratory immediately after sampling.

The incubation periods differed in length between six weeks in summer and ten

weeks in winter, when microbial activity is low.

Nutrient pools

27



Soil cores were kept cool during transport and storage. Extractions were carried

out within 30 hours after sampling. Each soil core was thoroughly mixed before

extraction and big roots and rhizomes were removed. Duplicate samples of 12.5 gr

of fresh soil were shaken overhead during one hour at room temperature with 30

ml 1 M KCl solution. The solution was centrifuged and the supernatant was ana-

lysed immediately for ammonium and nitrate concentrations with an auto-analyser

(Skalar). Net N mineralization rate was calculated by subtracting the ammonium

and nitrate amounts in the paired initial sample from the incubated sample. Net N

mineralization is summed over the year, and expressed in kg N ha-1 yr-1.

Plant tissue concentration 
In 1995 we collected ten samples of above ground biomass per study site. After

drying at 70°C during 48 hours, these samples were mixed to four samples per site,

ground and analysed for N, P and K. N was determined by a modified Kjeldahl-

method (Allen 1989). P was determined spectrophotometrically after destruction

with a mixture of sulphuric acid and perchloric acid followed by a molybdate blue

colouration. K was measured using AAS. Nutrient ratios of the above ground bio-

mass were calculated as mg/mg.

We used nutrient ratios in plant tissue as an indication which nutrient is limiting

plant growth at the community level (Koerselman & Meuleman 1996; Olde

Venterink et al. 2003). We used the critical values of Olde Venterink et al. (2003)

to assess which nutrient is limiting (table 2.2).

Vegetation 
Total vegetation cover and the occurrence of characteristic plant species (‘target
species’) of seven low production plant communities (‘target communities’ cf.

Verhagen et al. 2001) was recorded yearly in July or August in the same plots

where soil samples were taken. Peak standing crop was determined in August 2001

in a subset of 60 plots of 40 cm x 40 cm by clipping aboveground biomass. Samples

were dried at 70°C during 48 hours and then weighted. 
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Table 2.2. Threshold plant tissue values used to assess different types of nutrient limitation
(after Olde Venterink et al. 2003).

Type of limitation N/P N/K P/K

Nitrogen < 14.5 < 2.1 .

Phosphorus > 14.5 . > 3.4

Potassium . > 2.1 < 3.4



Statistical analysis
We started by assessing the degree of nutrient impoverishment through top soil re-

moval by comparison with fields under agricultural exploitation. We used the or-

ganic matter content after top soil removal as an estimate of the thickness of the

cultivated layer that has remained because the natural values in mineral sandy soils

are very low (De Bakker & Edelman-Vlam 1981). 

The suitability of the newly created sites for the restoration of low production

plant communities was then assessed by comparison of the newly emerged vegeta-

tion with well-developed stands of the target communities dry heathlands, wet
heathlands, small sedge communities and litter meadows. Total vegetation cover,

productivity and the establishment of target species were related to pool sizes of the

different resources.

The type of relation between the amount of organic matter left and the meas-

ured soil parameters was determined with a curve-fit procedure. We chose the best

fitting relation (maximum variance explained) and tested for differences between

former pastures and former arable fields by calculating the 95% confidence inter-

val. Differences in the nutrient pools between 1994 and 2001 were tested for sig-

nificance by means of a paired student t-test. Absolute changes over time were then

checked for correlation with the values of 1994. Differences in net N mineraliza-

tion were tested for significance by a repeated-measurements ANOVA with period

as the within-subject factor. The curve-fit procedure was used to detect the best fit-

ting relations between peak standing crop and the different soil parameters. All sta-

tistical analyses were carried out with the statistical package SPSS 12.0. 

Results

Impact of top soil removal on soil nutrient pools
The relationships between organic matter content and the investigated soil parame-

ters were not significantly different in former pastures and arable fields. Total-N,

total-P, extractable-P and C/P were positively related with organic matter content

(figure 2.1) in both categories, C/N was not significantly different. Total-N and

total-P after top soil removal were lower than under agricultural practices in most

cases (table 2.3). The lowest amounts of total-N, total-P and extractable-P fell with-

in the range of dry and wet heathlands (table 2.3), while the highest amounts were

similar to levels of small sedge communities and litter meadows.

Top soil removal in pastures always resulted in decreased organic matter con-

tents, but this was not the case for arable fields. Here the organic matter content of

a part of the sampling plots fell within the range of agriculturally exploited arable

fields. The organic matter content of former arable fields was similar to that in dry

heathlands and lower than that in the other three target communities (table 2.3).
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The amount of organic matter in former pastures ranged from that of dry heath-

lands to that of small sedge communities.

Changes in nutrient pools over time
Organic matter content increased significantly over time in former pastures, but

not in arable fields (table 2.3). Total-N increased in both former cultivation types

over time, but especially so in the pastures. The C/N-ratio decreased in both types.

Extractable-P increased in the former pastures only. All other changes were not sig-

nificant (table 2.3).

Changes in total-N in both former agricultural types were positively related to

the initial organic matter content. The relative increase is higher at higher initial

values. Also the changes in C/N ratios were correlated to initial values but in this

case the relationship was inverse. Changes in total-N in former pastures were posi-

tively related also to initial amounts of total-P and extractable-P. Here changes in

organic matter and in extractable-P were positively related also with the initial

amount of total-P. Organic matter content in both cultivation types and total-P in

former pastures (table 2.4) showed a negative correlation, indicating that the rela-

tive increase is less at higher initial values. In former arable fields changes in total-P
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top soil removal. Only significant relationships are shown.
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were related positively and those of the C/P negatively with the initial organic mat-

ter content, while changes in C/P-ratio correlated negatively with the initial C/N-

ratio.

Nitrogen mineralization
Net nitrogen mineralization in the three top soil removal sites ranged from 8 to 14

kg N ha-1.yr-1. The differences between the sites were not significant. The same

was true for the restored sites as compared to the two target communities heath-
land and litter meadow (table 2.5).

Plant tissue N/P- and N/K-ratios after top soil removal were below the critical

thresholds in all sites (table 2.6), suggesting that biomass productivity there is limit-

ed by nitrogen.

Vegetation changes
The number of years it took for the herb layer to reach a cover of 80 % was signif-

icantly inversely related to the amount of organic matter, total-N and total-P in

both former pastures and arable fields (table 2.7). 

Chapter 2

32

Table 2.4. Changes in nutrient pool sizes in the period 1994 – 2001 in relation to absolute ini-
tial pool sizes. Only significant correlations are shown (*= p< 0.05; ** = p< 0.01; *** = p<
0.001).

∆organic ∆total-N ∆total-P ∆extr.-P ∆C/N-ratio ∆C/Pratio

Former pastures matter

Organic matter -0.13** 0.24*

Total-N 0.29*

Total-P 0.49** 0.64** -0.46** 0.72***

Extractable-P 0.39* 0.60**

C/N -0.61***

C/P -0.65***

Former arable fields

Organic matter -0.45*** 0.37** 0.77*** -0.668*

Total-N 0.87***

Total-P 0.88***

Extractable-P

C/N -0.79*** -0.83*

C/P -0.85**



Peak standing crop was positively related with organic matter content in all

cases (table 2.8) and with total-N and total-P in former pastures. We found a nega-

tive relation with C/N in former arable fields.

The envelope curves for the relationship between the number of target species

in former pastures and their nutrient pool sizes showed inverse relationships for

total-N, total-P and extractable-P (figure 2.2). The number of target species estab-

lished was highest for total-N at values < 1 mg g soil-1, for total-P < 0.14 mg g

soil-1 and extractable-P < 0.04 mg g soil-1. This pattern was less clear for the rela-

tionship with organic matter content, but the highest numbers of target species

were found at organic matter content < 5 %. We found no relation with C/N and

C/P ratios.
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Table 2.5. Organic matter content, total-N, C/N-ratio and N-mineralization in three sites after
top soil removal and two reference sites (n = 10). The same letter indicates non-significant dif-
ferences.

Site Organic Total-N C/N-ratio Net N mineralization

matter (%) (mg N gr-1) (kg N ha-1 yr-1) ± SD

Aekingerbroek 2.9 0.70 21 13.5 ± 4.0 a

Dellebuursterheide 4.3 1.17 19 8.0 ± 3.0 a

Eemboerveld 1.3 0.15 26 10.6 ± 7.3 a

Heathland 6.6 Not measured Not measured 6.3 ± 4.7 a

Litter meadow 8.8 Not measured Not measured 7.9 ± 4.8 a

Table 2.6. N/P-, N/K- and P/K-ratios of the aboveground biomass in 1995 (n = 4). See table 2.2
for critical levels.

Site N/P-ratio N/K-ratio K/P-ratio

Aekingerbroek 6.7 0.2 8.3

Bakkeveensterduinen 8.5 1.7 5.0

Dellebuursterheide-I 3.8 0.1 3.0

Dellebuursterheide-II 4.4 2.0 2.2

Eemboerveld 4.8 0.8 5.9

Eexterveld 5.0 1.5 3.3

Ennemaborg 5.7 0.7 8.3

Hullenzand 6.4 1.2 5.3

Tichelberg 7.3 0.9 8.3
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Table 2.7. Soil nutrient pools (average ± S.D) in 1994 in relation to the number of years it took
the herb layer to reach 80% cover. Values between brackets are number of observations.

Former pastures

Over 80 % Organic Total-N Total-P Extractable-P C/N C/P 

cover matter (%) (mg N gr-1) (mg P 100 gr-1) (mg P 100 gr-1)

≤ 3 years 5.3 ± 2.1 1.06 ± 0.43 29.3 ± 14.7 7.5 ± 5.3 25 ± 5 180 ± 77 

n (109) (24) (7) (6) (18) (7)

4 to 6 years 4.2 ± 2.1 0.88 ± 0.47 17.2 ± 11.2 9.0 ± 8.8 27 ± 7 144 ± 102

n (134) (19) (4) (3) (16) (5)

7 to 9 years 3.9 ± 2.4 0.69 ± 0.35 16.9 ± 3.1 5.71 ± 4.2 30.9 ± 10 110 ± 1.5 

n (51) (6) (5) (5) (4) (2)

≥ 10 years 2.2 ± 1.7 0.42 ± 0.36 9.2 ± 3.6 3.3 ± 2.2 22 ± 6 173 ± 110 

n (198) (28) (16) (15) (28) (16)

Sign. p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 n.s. n.s. n.s.

Former arable fields

≤ 3 years 4.1 ± 1.3 0.76 ± 0.47 17.1 ± 9.4 20 ± 3

n (9) (3) (3) (2)

4 to 6 years 3.3 ± 1.3 0.62 ± 0.29 23 ± 7 20

n (67) (16) (10) (1)

7 to 9 years 2.9 ± 2.4 0.27 ± 0.17 28 ± 15

n (23) (7) (6)

≥ 10 years 1.4 ± 1.6 0.10 ± 0.07 4.5 ± 1.3 1.5 ± 0.6 31 ± 12 137 ± 79 

n (129) (30) (15) (16) (15) (11)

Sign. p ≤ 0.001 p ≤ 0.001 p ≤ 0.05 n.s. n.s.

Table 2.8. Peak standing crop in relation to soil nutrient pools in 2001.

Former pastures Former arable fields

Organic matter (%) 1.7 + 0.86x    (R2=0.53; p ≤ 0.001) 0.8 + 1.59x   (R2=0.41; p ≤ 0.05)

Total-N (mg N gr-1) 0.22 + 0.23x  (R2=0.51; p ≤ 0.001) n.s.

Total-P (mg P 100 gr-1) 7.2 + 3.10x    (R2=0.26; p ≤ 0.05) n.s.

Extr.-P (mg P 100 gr-1) n.s. n.s.

C/N-ratio n.s. 32.2  - 8.9x   (R2=0.519; p ≤ 0.05)

C/P-ratio n.s. n.s.



Discussion

Effect of top soil removal depth and former land use on nutrient pools
Top soil removal is a useful tool to reduce the soil nutrient pools quickly to levels

similar to low production plant communities. The results depend on the removal

depth, former land use and the nutrient considered. Complete removal of the culti-

vated layer results in the exposure of a layer poor in organic matter and nitrogen

and phosphorus in both former pastures and arable fields. The size of these pools is

similar to some of the least productive communities, such as the target communi-

ties wet and dry heathlands.
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More nutrients remain in the soil when only a shallow top layer is removed. In

former arable fields shallow top soil removal hardly affects nutrient pool sizes and

other, less expensive techniques such as bare fallow or cropping might then be pre-

ferred, (Marrs et al. 1991; Marrs et al. 1998; McCrea et al. 2001a; Walker et al.
2004). In former pastures, however, shallow top soil removal leads to considerably

decreased organic matter and nitrogen pools, but the effect is much smaller for

phosphorus. Because of the smaller nutrient pools in exploited arable fields the

conditions after shallow top soil removal are pretty similar for both land use types.

The remaining pool sizes are similar to those of the target communities small sedge
communities and litter meadows.

The different effect of shallow top soil removal on nitrogen and phosphorus is

most likely due to their different behaviour in the soil (Marrs 1993; Aerts et al.
1995). Nitrogen is mainly present in the form of organic matter and is easily

washed out after mineralization, especially when vegetation cover is low (Marrs et
al. 1983; Marrs et al. 1991; Whitehead 1995; Hooper & Vitousek 1998). Organic

matter content decreases fast with increasing depth, especially in pastures, and shal-

low top soil removal therefore results in a significant reduction of the soil nitrogen

pool. Phosphorus on the other hand is fixed to soil particles and is hardly mobile

(Russell 1973, Mengel & Kirby 1979). High fertiliser input in the Netherlands in

the past 50 years has resulted in a high saturation of the upper layers of sandy soils

(Aerts et al. 1995), obviously to a larger depth than what is taken away by shallow

top soil removal.

Changes in nutrient pools over time
The amount of N in the soil increased during the first ten years after top soil re-

moval in both former pastures and arable fields. This increase is positively related

to the initial amount of organic matter in the soil, and therefore with depth of top

soil removal. Accumulation of nitrogen in the vegetation and soil organic matter is

a normal process during the first stages of succession in nutrient-poor systems

(Tilman 1988; Berendse 1990) and the amount and decomposability of the litter

produced are therefore key factors for nitrogen availability. Plant species of meso-

and eutrophic soil conditions produce more and easier degradable litter than

species of oligotrophic soil conditions (Aerts 1993; Berendse et al. 1989; Schläpfer

& Ryser 1996; Cornelissen 1996) and hence speed up the nitrogen cycle (Van der

Krift & Berendse 2001). Relatively small initial differences in site productivity and

species composition might, therefore, lead to increased differences in nitrogen

availability over time (Wedin & Tilman 1990; Berendse 1990; Aerts & Bobbink

1999; Van der Krift & Berendse 2001; Van der Krift et al. 2001).

Also the amount of extractable-P increased over time and this was well-correlat-

ed to the increase of organic matter. This suggests that the vegetation acts not only

as a sink for nitrogen but also for phosphorus. A C/P-ratio close to or below 200 in
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many plots suggests that the major part of the P in the vegetation will become avail-

able again after break down of the organic matter (Stevenson 1986).

The above implies that initial differences in soil fertility between sites with com-

plete and partial top soil removal will become enlarged by differences in vegetation

development. This effect will be further enhanced by the current high nitrogen

deposition, because tall and dense vegetation catches more atmospheric N than low

vegetation (Heil et al. 1987; Heil, 1988, Heil et al. 1988; Verhagen & Van

Diggelen, 2006). Moreover, enhanced P-availability can as well lead to increased

N-availability through the growth-stimulating effect it has on legumes (Marrs

1993; Whitehead 1995). Indeed we find legumes (especially Trifolium- and Lotus-
species) in sites with shallow top soil removal, but not where top soil was com-

pletely removed. 

Remarkably, our measurements showed no differences in N-mineralization be-

tween restored sites with different initial organic content, a sod-cut heathland and a

litter meadow and were comparable with values from the literature (Van Vuuren et
al. 1992; Berendse 1990; De Graaf 2000). Berendse (1990) also reported a con-

stant mineralization rate in sod-cutted heathlands during the first ten years, despite

decreasing C/N ratios. He explained this by immobilisation of nitrogen in the mi-

crobial biomass, until C/N-ratios drop below the threshold of 20 (Stevenson 1986,

Fog 1988), after which mineralization does increase together with the organic con-

tent. Despite a tendency of decreasing C/N values, our measurements lay still in the

range where immobilisation reduces N availability for the vegetation. 

Restoration prospects for low production plant communities
The relation between productivity and species richness is described as a hump-

shaped curve (Al-Mufti et al. 1977; Grime 1979). Also our results show that the es-

tablishment of target species of low production plant communities was clearly re-

lated with the amount of major nutrients (total-N, total-P and extractable-P). The

highest number of established target species was found at levels of extractable-P

below 0.04 mg P g-1 soil. This is in the same order of magnitude as found by

Janssens et al. (1998) and McCrea et al. (2001b), but above the level of 0.005-0.01

mg P g-1 as suggested by Gough & Marrs (1990) and Walker et al. (2004). 

In contrast to Janssen et al. (1998) who found no relation with total-N and

total-P, we found the highest numbers of target species at values <2.3 mg N g-1 soil

and <0.14 mg P g-1 soil. Higher N-levels generally result in lowered species in-

crease or even decrease, e.g. due to atmospheric nitrogen deposition (Sutton et al.
1993; Bobbink et al. 1998; Aerts & Bobbink 1999; Stevens et al. 2004).

Restoration of low production plant communities on former agricultural fields

is a slow process (Verhagen et al. 2001) and will therefore take at least several

decades (Csecserits & Rédei 2001). Complete top soil removal results in low soil

fertility with only slow nutrient accumulation. Within ten years the vegetation in-
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cludes low productive species that produce poorly degradable organic matter and

the availability of nutrients remains low. Shallow removal leads to much worse con-

ditions. Within less than a decade a closed canopy has developed, that is dominated

by species of mesotrophic soil conditions, such as Agrostis capillaris (L.), Holcus
lanatus (L.) and Lotus pedunculatus (Cav.). These species produce more easily

degradable litter (Cornelissen 1996) and speed up nutrient cycles with subsequent

feed-back. Under such conditions additional measurements are necessary to coun-

teract the increase in soil fertility. One option would be to apply a management of

haymaking to remove nutrients from the system (Bakker 1987,1989; Marrs,

1993;). An additional advantage is that N-limitation is gradually replaced by K-

and/or P-limitation (Oomes 1990; Pegtel et al. 1996), thereby making the system

less susceptible to atmospheric nitrogen deposition. An alternative is to grow nutri-

ent demanding crops such as maize to deplete soil nutrient pools or even more arti-

ficial techniques such as increasing the C/N ratio of a plot by adding additional C

to a site (Török et al. 2000). The effects of the latter technique on the long-term

availability of nutrients are, however, unknown.
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Abstract

Current knowledge about the spatial variation of atmospheric ni-

trogen deposition on a local scale is limited, especially for vegeta-

tion with a low canopy. We measured nitrogen deposition on ar-

tificial vegetation at variable distances of local nitrogen emitting

sources in three nature reserves in the Netherlands, differing in

the intensity of agricultural practices in the surroundings. In the

nature reserve located in the most intensive agricultural region

nitrogen deposition decreased with increasing distance to the

local farms, until at a distance of 1500 m from the local nitrogen

emitting sources the background level of 15 kg N ha-1 yr-1 was

reached. No such trend was observed in the other two reserves.

Interception was considerably lower than in woodlands and

hence affected areas were larger. The results are discussed in rela-

tion to the prospects for the conservation or restoration of en-

dangered vegetation types of nutrient-poor soil conditions.



Introduction

The productivity of most of the typical plant communities on nutrient poor soils is

limited by nitrogen (Chapin 1980; Ellenberg 1985) and a low nitrogen supply is es-

sential for their conservation. Also the prospects to restore such communities by

haymaking or top soil removal of former agricultural fields depend on the degree

of nitrogen reduction that can be reached (Aerts et al. 1995; Pegtel et al. 1996;

Klooker et al. 1999). Eutrophication by atmospheric N-deposition is, therefore,

one of the main threats for the conservation or restoration of such communities,

especially in densely populated areas such as the Netherlands (Heij & Erisman

1997).

Atmospheric nitrogen deposition in the Netherlands is currently on average 35

kg N ha-1 yr-1 (RIVM 2001). About 80 % originates from the emission of ammonia

and 20 % from nitrogen oxides. Nitrogen oxide compounds are mainly transport-

ed over large distances whereas ammonia is deposited relatively close to the source

(Asman et al. 1989; Heij and Schneider 1991). Nitrogen compounds in the atmos-

phere return to the surface as wet (incorporated into rain, hail or snow) or dry (di-

rectly from the atmosphere) deposition. The amount of dry deposition depends on

the roughness of the surface whereas wet deposition is rather independent of sur-

face structure. This implies that the height, density and uniformity of the vegetation

affect only the amount of dry deposition (Heij and Schneider 1991; Hosker and

Lindberg 1982). Dry deposition can show high spatial variability, caused by irregu-

larly distributed ammonia sources or heterogeneous landscape structures with sev-

eral different plant communities close to one another, each with its own structure

(Asman et al. 1989; Sutton et al. 1998).

Most knowledge about the spatial distribution of nitrogen deposition results

from modelling studies. These show that nitrogen deposition is positively related to

agricultural intensity (Erisman et al. 1996; Erisman et al. 1998; Bleeker & Erisman

1998; Dragosits et al. 2002) and decreases with increasing distance from the source

(Asman 1998; Pitcairn et al. 1998; Sutton et al. 1998). The size of the receptor

area is positively related to the strength of the emitting source (Asman et al.1989;

Sutton et al. 1998; Dragosits et al. 2002). 

Valuable as such models may be for large-scale modelling, their use at a local

scale is severely hampered by high uncertainties in the parameterisation (Erisman

& Van der Eerden 1999). Unfortunately, there are only few direct measurements of

the spatial variation in atmospheric nitrogen deposition at a local scale and these

are mainly restricted to one landscape type, namely forests. Here nitrogen deposi-

tion decreases with increasing distance to the edge of the stand, due to inblow ef-

fects, increased turbulence at the edge and longer distances to ammonia sources

(Ivens1990; Draaijers 1993; Erisman et al., 1999), but also tree density plays an

important role (Draaijers 1993).
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It is generally assumed that the interception of dry deposition (nitrogen deposi-

tion due to roughness of the vegetation surface) is much smaller in vegetation with

a low canopy than in woodland (Hosker & Lindberg 1982). Modelling by Asman

(1998) suggests that the dry deposition of ammonia on short vegetation is smaller

and decreases more gradually with increasing distance from the source than in a

forest because of higher wind speeds and less turbulence. These two effects might,

when combined, result in less pronounced spatial variation in nitrogen deposition

in low canopy vegetation as compared to forests. Heil et al. (1988), on the other

hand, found that interception by low canopy vegetation can reach levels of up to

80% of total deposition.

Summarizing, there is a lack of detailed knowledge on the spatial distribution of

local scale nitrogen deposition for vegetation with a low canopy and as far as data

are available, they are contradictory. However, such knowledge is urgently needed

for setting conservation goals, taking management decisions and designing new na-

ture reserves. To fill this knowledge gap we measured nitrogen deposition on vege-

tation with a low canopy at increasing distance from local sources. The measure-

ments were carried out in three nature reserves with different spatial settings. We

hypothesize that the amount of nitrogen deposition 1) is highest in the site with the

most intensive agricultural activities in the surroundings and 2) decreases with in-

creasing distance from the local nitrogen emitting sources, whereas 3) the size of

the area influenced depends on the strength of the local source. We hypothesize

also 4) that interception of low vegetation is lower than in woodlands and 5) the

area influenced is larger.

Study sites

The study was carried out in three nature reserves in the northern part of the

Netherlands (figure 3.1). These sites differ in intensity and type of agricultural

practices in the surroundings. Agricultural activities in the direct surroundings of

site Aekingerbroek (AB; 52º56’N, 6º’19’E) are restricted to a small area of a few

square km's south of the site. Here is one chicken farm (60.000 chickens) located.

Land use mainly consists of pastures grazed by horses of hobby-farmers. Further

south large areas are covered with heathland and woodland. To the north, east and

west the site is completely surrounded by woodland, heathland and inland sand

dunes.

Site Dellebuursterheide (DB; 53º58’N, 6º09’E) is located in an intensive dairy

cattle-stocking region of several tens of square km's. The farms are mainly clustered

southwest of the study site. Within a distance of 2 km from this site more than ten

dairy farms are present, ranging in size from 35 to over 150 cows. The nearest

farms are located at a distance of about 500 m from the nature reserve. The study
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site is separated from the intensively exploited pastures by a narrow tree belt in all

directions, except west.

Site Eemboerveld (EV; 53º05’N, 7º07’E) is located in an agricultural region of

several tens of square km's with mainly arable land. Potato and sugar beet fields

surround the site completely, except in the northern direction where there is a

small woodland. Farms are located far from the site, at a distance of over 1 km to

the north and northeast, i.e. downwind of the site with respect to the prevailing

wind direction.
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We established a sampling transect along the prevailing wind direction (south-

west to north-east) at all sites. This transect consisted of five sampling stations at

site AB and four at the sites EV and DB. The distance between sampling points and

local farms ranged from 500 to 2500 m at site AB, and from 500 to 1500 m at site

DB. The distance to the surrounding agricultural fields ranged from 10 to 250 m at

site EV.

Methods

Measurement set-up
We measured atmospheric nitrogen deposition both as bulk precipitation and as

throughfall (Van Breemen et al. 1982) from March 1999 to March 2000. Bulk pre-

cipitation was measured by collecting rainwater with polyethylene funnels with a

surface of 165 cm2 at a height of 40 cm above soil surface. At the bottom of the fun-

nels a polyethylene filter was fixed. The funnels were connected to 1 litre bottles

buried into the soil with a tube.

We measured throughfall with a system of half-open channels (capturing area

165 cm2) under an artificial canopy (Bobbink et al. 1992; Bobbink & Heil 1993)

to avoid effects of canopy exchange processes. The artificial canopy consisted of 72

grass-like polyethylene plants, each with 18 overhanging leafs with a length of 30

cm (Giele sfeermaker B.V.), evenly distributed on a surface of 60 cm x 60 cm. The

height of this artificial canopy was 20 cm. Channels were connected with a 1-litre

polyethylene bottle, which was kept cool and dark by burial in the soil. To prevent

biochemical conversions in the field, 20 ml 0.01 M H2SO4 was added to all bottles

prior to burial. Water was forced to run through an inherent nylon filter before it

entered the bottle. The vegetation in an area of two metres around the artificial

canopy was kept short by regular cutting. 

Sampling
We measured the amount of precipitation every two weeks with five replicates in

all sampling stations. Every four weeks we took three clean water samples per

point and measured nitrate and ammonium concentrations with a continuous flow

auto analyser (Skalar) in throughfall and bulk precipitation. Because stem flow re-

duced the amount of water collected as throughfall as compared to bulk precipita-

tion we had to correct these figures by multiplication with the ratio of bulk precip-

itation to throughfall. The nitrogen deposition was calculated per site and date by

multiplying volumes of throughfall and bulk precipitation with the measured nitro-

gen concentrations. The contribution vegetation structure has on nitrogen deposi-

tion was calculated by subtracting bulk precipitation from throughfall and dividing

this difference by throughfall.
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Data analysis
Data were analysed statistically with the One-way ANOVA procedure in SPSS 10.0.

If necessary, data were log transformed to meet the test criteria. Tukey’s B post-hoc

test for multiple comparisons among means was used to reveal significant differ-

ences between and within sites. All data are presented as being untransformed and

on an annual basis per hectare by correcting for the total volumes of rainwater col-

lected during the year. 

Results

Bulk deposition
We measured significant differences in bulk deposition between the sites: signifi-

cantly lower values were found at EV than at the other sites (table 3.1). Within the

sites we found only differences between stations at site AB (table 3.1). Here bulk

deposition ranged from 14.1 to 18.4 kg N ha-1 yr-1. It was smallest at station AB2,

intermediate at the stations AB1 and AB3, and highest at station AB4. The differ-

ences between the sampling stations were not significant at DB and EV. Bulk pre-

cipitation there varied between 15.4 to 16.8 kg N ha-1 yr-1 and from 14.7 to 15.2

kg N ha-1 yr-1, respectively.

Throughfall
We observed also differences in throughfall between the sites: DB showed signifi-

cantly higher values than EV and AB (table 3.1). Within the sites we observed sig-

nificant differences in throughfall between measurement points in the sites AB and

DB, but only in site DB did it decrease significantly with increasing distance to the

nitrogen sources (table 3.1). The difference between sampling stations was greatest

at this site and ranged from 16.9 to 27.7 kg N ha-1 yr-1. Throughfall was signifi-

cantly higher at station DB1 and significantly lower in DB4. The amount of nitro-

gen deposition decreased gradually according to a logarithmic curve with increas-

ing distance to the local farms (figure 3.2).

The differences between sampling stations were much smaller at the sites EV

and AB and we found no relationship with distance to the local nitrogen emitting

sources (table 3.1). At site EV throughfall ranged from 17.6 to 20.4 kg N ha-1 yr-1

and at site AB from 16.0 to 20.1 kg N ha-1 yr-1. The highest values of site EV were

found at EV2 but these values did not differ significantly from those found at the

other stations. At the stations AB1 and AB2 throughfall was significantly lower

than at the stations AB3 and AB4 and throughfall at AB2 was also significantly

lower than at station AB5.
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Table 3.1. Nitrogen deposition (kg N ha-1 yr-1) at increasing distances (m) to local nitrogen
emitting sources in the three study sites. Different letters indicate significant differences between
stations within a site or (in the case of averages) between sites.

Site Station Distance Bulk deposition Throughfall Interception (%)

AB 1 500 15.2 b 17.6 ab 13.5 ab

2 750 14.1 a 16.0 a 11.8 ab

3 1000 15.7 b 20.1 c 21.5 b

4 1500 18.4 d 19.6 c 6.1 a

5 2500 17.2 c 19.3 bc 10.5 ab

average 16.1 A 18.5 A 13.0 A

EV 1 10 14.9 a 19.4 a 22.9 ab

2 50 14.7 a 20.4 a 27.9 b

3 100 14.8 a 17.9 a 17.3 a

4 250 15.2 a 17.6 a 13.2 a

average 14.9 B 18.6 A 19.9 B

DB 1 500 15.4 a 27.7 c 44.5 c

2 750 15.9 a 22.8 b 30.0 b

3 1000 16.8 a 21.3 b 20.8 b

4 1500 15.5 a 16.9 a 8.2 a

average 15.9 A 22.2 B 28.4 B
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Figure 3.2. Relationship between the nitrogen deposition measured as throughfall and the
distance to the local farmhouses for station 1 to 4 of site DB.



Interception
Throughfall exceeded bulk precipitation at all sites, thus suggesting that intercep-

tion by the artificial canopy enhanced nitrogen deposition. The relative increase

(table 3.1) was significantly smaller at site AB than at DB and EV and significant

differences between stations were found at all three sites.

At DB and EV, interception ranged from 8 to 45 % and 13 to 23 % respective-

ly. The observed pattern for the relative interception at these two sites is almost the

same as observed for throughfall. At site AB interception ranged from 6 to 22 %,

with a significant higher interception at station AB3 than at AB4.

Discussion

Spatial distribution of nitrogen deposition
In agricultural landscapes there are two major local sources of nitrogen. One is

rather constant in time and space and consists of animal housing, dung reservoirs

and other point sources. The second source is very diffuse and is formed by nitro-

gen emissions from the application of mineral and organic fertilisers, especially

slurry. Genermont et al. (1998) found that nitrogen emission decreases rapidly

after manure spreading stops and modelling by Sutton et al. (1998) predicted that

only 10-20 % of the NH3 from slurry spreading would be captured within 2 km in

an open landscape. These studies suggest that differences in N-load between areas

are mainly caused by different emissions of point sources and much less by differ-

ences in emissions from fields. We also found (cf. hypothesis 1) the highest deposi-

tion in the region with an intensive livestock sector. However, the differences be-

tween sites DB and EV are also partly the result of less precipitation at the latter

site, leading to lower wet deposition.

Small-scale variation in nitrogen deposition along forest edges was shown to be

related to inblow effects, increased turbulence at the edges and distance to nitrogen

emitting sources (Ivens 1990; Draaijers 1993; Erisman et al. 1999). Differences in

turbulence and wind speed are less marked in open landscapes (Asman 1998) and

the amount of deposition is, therefore, likely to depend almost entirely on distance

alone, especially when vegetation structure, height and density are equal between

and within sites. This idea was phrased as our second hypothesis, which states that

the amount of nitrogen deposition decreases with increasing distance to the local

nitrogen sources. It is supported by the observed deposition pattern within site DB,

but not at the other two sites. 

Modelling has predicted that large sources influence the nitrogen concentration

in the atmosphere over larger distances than small sources (Asman et al. 1989;

Sutton et al. 1998; Dragosits et al. 2002). This does not automatically lead to a

similar deposition gradient because interception depends on the roughness of the
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receiving surface (Heil 1988; Heil et al. 1988; Ivens 1990) but, as long as this pa-

rameter remains constant, one may expect the above-mentioned relation (hypothe-

sis 3). Indeed we measured increased deposition up to a distance of 1500 m from

the local sources in the areas with the highest agricultural activity, whereas we could

not find values above background levels in the two other, less intensively-used areas.

As expected, the local variation in throughfall at the sites DB and EV is caused

by differences in interception by the canopy, as bulk precipitation does not differ

between stations. However, at site AB both throughfall and bulk precipitation do

differ significantly within the site. We assume that the measurements at this site are

influenced by wind-blown sand. Except for station AB2 vegetation cover is very

low and a high percentage of the sandy soil is exposed to the wind. Despite the fil-

ters fine sand particles were found in the sampling bottles, especially during the

summer months. It is, therefore, most likely that two gradients are intermixing at

this site: one that is related to the distance to the agricultural nitrogen sources, and

one related to the amount of wind-blown sand. This suggests that the observed spa-

tial variation in the nitrogen deposition at this site is at least partly the result of re-

distribution of nitrogen within the site by wind-blown sand particles.

Vegetation structure
Existing studies suggest large differences between forested and open landscapes in

areas with increased N-deposition. Kaupenjohann et al. (1989) reported a reduc-

tion in atmospheric nitrogen concentration of over 50 % in a pine wood forest

within 300 metres of a henhouse. Equally, Pitcairn et al. (1998) measured in a

forested landscape that the NH3 concentration reaches background values within 1

km from a stable. The same authors modelled the deposition from a poultry farm

on woodland and found that the deposition decreased from 80 to 14 kg N ha-1 yr-1

within 650 m (Pitcairn et al. 2002). Models by Asman et al. (1989), on the other

hand, predicted that it would take 4 km in open moorland before enhanced NH3

air concentrations due to slurry spreading were lowered by 70 %. Also Dragosits et
al. (2002) reported enhanced NH3 air concentrations in a mixed landscape with

agricultural land and woodlands, in this case about 2500 m from a large emission

source.

The values we found fit well in this trend. Even at site DB interception values

did not reach very high levels and generally lay around 15-20%, i.e. well below

those of woodland (hypothesis 4). Increased nitrogen deposition levels were meas-

ured up to a distance of 1500 m from local nitrogen emitting sources. So, in our

study, the area influenced by local sources is larger than in forested landscapes but

smaller than the models suggest for open landscapes. We can imagine two possible

reasons for this phenomenon. The nitrogen sources may be smaller in our case than

in the studies mentioned but we consider this as very unlikely. We have no hard

data but we estimate that nitrogen deposition values directly around the large sta-
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bles are at least 60-70 kg N ha-1 yr-1. We, therefore, believe that the second alterna-

tive, namely that the interception in low canopy is underestimated in the present

deposition models, is much more likely.

In our study interception contributed at most 44 % to the total nitrogen deposi-

tion, but in most cases we found values around 20%. This is low compared to

some other studies. Bobbink et al. (1992) reported a value of 61 % for a heathland

located in an agricultural area and Bobbink and Heil (1993) estimated 46 % for a

site surrounded by woodland. Van Dam et al (1990) measured a value of about 45

% for chalk grassland. Interception in a litter meadow in Switzerland was responsi-

ble for about 70 % of the total deposition (Hesterberg et al. 1996). The lower val-

ues we measured may be due to the artificial canopy we used. Its lower size and

density in comparison to living vegetation could lead to an underestimation of the

actual nitrogen deposition. Moreover, part of the deposition on living vegetation

consists of the active uptake of gases, mainly NH3, by the stomata and interactions

at the leaf-surface (Sutton et al. 1993). These processes may make up 25 % of the

total nitrogen deposition on unfertilized, low canopy vegetation (Sutton et al.
1993; Horváth 2004). In such plant communities the compensation point (the dep-

osition level at which the vegetation changes from being a nitrogen emission source

into a nitrogen deposition sink) lies close to zero (Sutton et al. 1993) and active up-

take by the stomata takes place over the whole concentration gradient. The ob-

served patterns therefore will not change when correcting for these processes, but

the real nitrogen deposition will be higher than measured.

Impacts
The impact of atmospheric deposition may be assessed using the critical loads con-

cept. Critical loads are defined as ‘the highest deposition of a compound that will

not cause chemical changes leading to long-term harmful effects on ecosystem

structure and functioning’ (Nilsson 1986). Empirical critical loads for terrestrial

ecosystems have been summarized by Bobbink et al. (1998) and Achermann &

Bobbink (2003). National scale nitrogen deposition models, using a resolution of

25 km2 grid cells, predicted that opportunities for conservation and restoration of

low productive vegetation in the Netherlands are best in the northern part of the

country (Bleeker & Erisman 1998). However, fine-scale heterogeneity is averaged

out at this scale. The 25 km2 grid cell average may not exceed the critical load, but

areas near livestock farms may suffer from substantially higher deposition

(Dragosits et al. 2002). Our results show that this is indeed the case. We therefore

agree with Dragosits et al. (2002) that the size of a nature reserve is an important

factor for the conservation or restoration of biodiversity, especially in nature re-

serves surrounded by agricultural areas.

A high surface roughness leads to high nitrogen deposition along the edges of

woodlands but also a very steep decrease inside the areas (Ivens 1990; Draaijers
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1993; Erisman et al. 1999), whereas the opposite is true for areas with low vegeta-

tion. Interception is much lower here, but the gradient is less steep. Thus, the area

influenced by the local sources is much larger. We found increased nitrogen deposi-

tion up to a distance of at least 1.5 km in one site, whereas elevated levels in wood-

lands are found typically for only tens of metres (Erisman et al. 1999).

Unfortunately most nature reserves in the Netherlands are smaller than 50 ha

(RIVM 2000). The distance between edge and centre of such reserves is only a few

hundred metres and this means that they will often be subject to elevated nitrogen

levels over their entire area. Measures to reduce the emission from a restricted

number of sources in the direct vicinity could, therefore, be very effective. Another

option might be the development of tree ridges of several tens of metres width

around nature reserve. These will act as a first nitrogen catching belt, thus lowering

the nitrogen load on the hinterland.

According to our measurements, critical loads for heathland are exceeded in

some parts of the Delleburen reserve, but not in parts further away from farms.

However, if we assume that the actual deposition levels are underestimated by at

least 25 %, nitrogen deposition is just below the critical value of 20 kg N ha-1 yr-1

for heathlands (Bobbink et al. 1998) only in the station located at a distance of

1500 m from the nearest farms. In addition, even in the northern part of the

Netherlands background deposition values lie around 15 kg N ha-1 yr-1. For a

number of sensitive heathland and grassland communities this is equal to the lower

level of the estimated critical load (Bobbink et al. 1998). Therefore, a general re-

duction of the nitrogen emission remains necessary to be able to conserve or re-

store target communities of nutrient-poor soils.

Conclusion

Our results show that nitrogen deposition on vegetation with a low canopy de-

pends on the distance to and the strength of local nitrogen emitting sources. We

measured enhanced nitrogen deposition in an intensively used agricultural region

up to 1500 m from stables, dung reservoirs and other emitting sources. Under such

conditions small nature reserves will suffer from elevated nitrogen levels over large

parts of their area. Large nature reserves have much better prospects, as they pro-

vide their own buffer zones. In addition, local measures can be taken to further re-

duce the deposition, especially where large nitrogen emitters are located in the di-

rect vicinity of the reserves. However, background deposition is already above the

critical level for the most sensitive vegetation types. Options for the preservation or

restoration of low-productive vegetation remain therefore poor, unless legislation

leads to large-scale reduction of nitrogen emission.
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Abstract

The success in restoring seven low production vegetation types

on former agricultural soil after top soil removal was investiga-

ted. The colonization and establishment of target species in per-

manent plots was recorded during the first nine years after resto-

ration measures were taken. For each permanent plot abiotic site

conditions were used to determine which of the vegetation types

could persist there. A comparison of the actual vegetation in the

permanent plots with reference relevés of the selected vegetation

type revealed a gradually increasing similarity during consecutive

years for five vegetation types. This was due to the occurrence of

an increasing number of target species and the number of perma-

nent plots they occurred in. However, nine years after top soil re-

moval a large number of the target species were still lacking from

the vegetation in the permanent plots, although most were pre-

sent in the local species pool. Seed dispersal therefore seems to be

a major limiting factor for restoration of these low production

vegetation types on formerly agricultural soils.



Introduction

Succession on bare soil is a relatively rare phenomenon. It can occur after sand

dune formation, the retreat of glaciers, volcanic eruptions or other situations in

which a bare substrate is exposed. Nowadays, several restoration projects are car-

ried out where total removal of the existing but no longer wanted vegetation is in-

volved, leading to a bare substrate. This provides an opportunity to study the

process of colonization on bare ground. Generally, vegetation composition in the

early stages is considered to be mainly influenced by chance or historical factors,

such as variation in the weather, disturbance intensity and colonization potential,

whereas the importance of site characteristics is thought to increase with succession

age (Christensen & Peet 1984; McClanahan 1986; McLendon & Redente 1990;

Leps
v

& Rejmánek 1991). This suggests that as time proceeds, the actual vegetation

will be determined more and more by the abiotic site conditions. Therefore, it is

possible to predict the vegetation that will develop in the long term based on

knowledge about the abiotic site conditions (Van Diggelen et al. 1991).

In The Netherlands agricultural fields on sandy soils are set aside with the aim

of restoring endangered vegetation types characterised by low production, which

used to occur in these regions until the first half of the 20th century. In order to re-

duce the high soil fertility resulting from the fertilizer practices during previous

agricultural exploitation to levels required by these vegetation types it is necessary

to remove large quantities of nutrients from the systems. In a more traditional way,

this was done by grazing or haymaking without fertilizer application, but this ap-

proach takes decades to reduce nutrient availability to sufficiently low levels

(Bakker 1989). Recently, removal of the top soil has emerged as a technique to

speed up impoverishment, thereby creating a bare substrate.

In the present study the restoration success of low production vegetation types

after top soil removal on formerly agricultural soils is investigated, in particular dry

and wet heathland communities (Calluno-Genistion pilosae and Ericion tetralicis),
small sedge communities (Caricion nigrae), oligotrophic grasslands (Junco-Moli-
nion, Nardo-Galion saxatilis and Thero-Airion) and oligotrophic fen communities

(Hydrocotylo-Baldellion). Hereafter these vegetation types will be referred to as

target alliances. The colonization and establishment of a number of constant and

diagnostic species for each alliance, hereafter referred to as target species (App. 1),

was monitored during the first nine years after top soil removal. Moreover, the im-

portance of the occurrence of these species in the local species pool is discussed.
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Material and Methods

Study sites
The study was carried out at nine sites (figure 4.1), all located on sandy soil and

mainly fed by rainwater, but differing in the degree of isolation from low produc-

tion vegetation types elsewhere, groundwater regime, soil trophic status and histor-

ical land use (table 4.1). All sites were agriculturally used as pasture or arable field

during a period ranging from 50 to 130 yr. Top soil removal was carried out be-

tween 1989 and 1995. The degree of removal varied between and at sites, from

very superficial to a depth of over 50 cm. As a consequence, the amount of organic

matter in the soil varies considerably. A factorial fertilizing experiment showed that

after top soil removal the productivity is limited by nitrogen availability (Klooker et
al. 1999). The sites are mown or grazed by large herbivores, in most cases fenced

in with adjacent sites with well developed target alliances, harbouring many of the

target species.

Vegetation monitoring
At each site 3 to 12 permanent plots (2 m x 2 m) were established, depending on

the area of the site, resulting in a total of 70 permanent plots. Monitoring started in

1993 at the Bakkeveensterduinen, Ennemaborg and Tichelberg, in 1995 in the

Eexterveld, and in 1994 at the other sites. Monitoring was carried out yearly in
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July or August until 1998, resulting in 346 records. As top soil removal was carried

out during a period of 6 yr, the data set for all sites together includes data from 1 to

9 yr after top soil removal. The abundance of each species was recorded according

to the decimal scale of Londo (1976).

Expected target alliances
Data on soil pH and total nitrogen in the soil (measured during the winter of 1994-

1995) were used to model the nitrogen availability on a yearly basis (Klooker et al.
1999). For each permanent plot the results from this model and data on groundwa-

ter levels (measured during 1994 and 1995 at two-weekly intervals) were com-

pared with the abiotic conditions from well developed target alliances (Van

Diggelen et al. 1997). When abiotic site conditions in a permanent plot were with-

in the tolerance limits of a target alliance, its establishment was expected not to be

hampered by abiotic constraints. Target alliances that can develop in a permanent

plot given the abiotic conditions are referred to as potential alliance. Because the

range of the tolerances of different target alliances overlap, it is possible that one

permanent plot can accommodate more than one target alliance. In some perma-

nent plots the conditions lay outside the range of any of the target alliances. 

At the sites Hullenzand and Tichelberg the groundwater levels were not meas-

ured. The assessments on which target alliances can establish at these sites are based

on soil pH and nitrogen availability only. The top soil at the Tichelberg site consists
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Table 4.1. Characteristics of the nine investigated sites.

Site Location Size Year of Former Year of Organic Management No of 

(Amersfoort (ha) reclamation agricultural top soil matter %   after top soil perm.

-coördinates) exploitation removal after top soil removal plots

removal

Aekingerbroek 217,549 20 Before 1920 Pasture 1992 Low Cattle and sheep 8

Bakkeveenster- 214,566 3 ± 1930 Pasture 1989 High Cattle and sheep 8

duinen

Delllebuurster- 206,553 25 ± 1930 Both 1993 High Horses, cattle 9

heide and sheep

Eemboerveld 269,560 10 1910 – 1930 Arable field 1991 High Cattle (only 8

till low in summer)

Eexterveld 243,559 2 1940 – 1955 Pasture 1994 High Cattle and horses 10

Ennemaborg 263,578 7.5 Before 1900 Arable field 1992 Low Horses 7

Hullenzand 235,533 1.5 1940 – 1955 Arable field 1993 Low Cattle and sheep 5

Labbegat 129,410 30 Before 1860 Pasture 1990– Low Mowing 12

1995

Tichelberg 236,560 2 Before 1900 Arable field 1992 Low Horses 3



of boulder clay, which is a major barrier for groundwater flow. The water regime of

this site depends only on the amount of precipitation and is most likely only suit-

able for the establishment of the Ericion tetralicis alliance. 

Similarity between target- and actual vegetation
The relation between abiotic conditions and the vegetation is usually represented at

the level of alliances, while vegetation relevés often are classified at the level of as-

sociations. To be able to make a comparison between the vegetation in the perma-

nent plots and in the target alliances, for each alliance those associations are chosen

which still occur in the region nowadays, or were present at the study sites in the

past (table 4.2). The vegetation in the permanent plots was compared to five vege-

tation relevés (hereafter referred to as reference relevés) for each association, from

the basis data used by Schaminée et al. (1995-1998) for their classification of plant

communities. These reference relevés all stem from the northern part of The

Netherlands and were recorded at different sites by different people and in differ-

ent years. The size of some of the reference plots is different from the 2 m x 2 m of

the permanent plots, but this is no constraint for comparison as all reference plots

represent a homogeneous vegetation, which means that there is no relationship be-

tween the number of species occurring in the relevé and the size of the relevé. 

For each alliance the actual vegetation in a permanent plot with suitable abiotic

conditions for this alliance was compared to the five reference relevés of the associ-

ations belonging to this alliance on the basis of the presence/absence data of target

species. The number of permanent plots with suitable abiotic conditions for a par-

ticular alliance and the number of different sites in which these permanent plots are

located are shown in table 4.2.
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Table 4.2. The selected associations for the target alliances, the number of permanent plots (np)
with suitable abiotic conditions for this alliance and the number of different sites (ns) in which
these plots are located.

Alliance Association np ns

Calluno-Genistion pilosae Genisto anglicae-Callunetum 5 1

Caricion nigrae Carici curtae-Agrostietum caninae 15 3

Ericion tetralicis Lycopodio-Rhynchosporetum 40 9

Ericetum tetralicis

Hydrocotylo-Baldellion Pilularietum globuliferae 37 8

Scirpetum fluitantis
Eleocharitetum multicaulis

Junco-Molinion Cirsio dissecti-Molinietum 12 1

Nardo-Galion saxatilis Gentiano-pneumonanthes-Nardetum 22 4

Thero-Airion Ornithopodo-Corynephoretum 5 1



Similarity between the occurrence of target species in the actual vegetation and

each of the five reference relevés per association was calculated qualitatively with

the Czekanowski-Dice coefficient according to the formula:

Similarity (%) = 100% – 2*Spq/(Sp + Sq)

in which Sp is the number of species in p, Sq is the number of species in q and Spq

is the number of species common to p and q. Calculations were carried out with

the computer package Vegron 6.0. Mean similarity for each alliance was calculated

by averaging the results of the similarities between all permanent plots with suitable

conditions for this alliance and all the reference relevés belonging to this alliance,

without making any distinction between the associations belonging to the same al-

liance. Also, no distinction is made between the different sites, as it is our goal to

calculate the restoration success of the target alliances in general, instead of the

restoration success at a specific site.

Local species pool
When the target species are not present at the study sites, flowering plants in the

surroundings can act as a seed source. Data about the occurrence of target species

in the surroundings of the sites were derived from the 5 km x 5 km grid data in

Van der Meijden et al. (1998; CD-ROM version). This means that all plant species

occurring in the same grid cell as the study site are at a distance of max. 7.1 km

from the site and species in an adjacent cell at max. 14.1 km. These species togeth-

er are referred to as the local species pool (Zobel et al. 1998). 

Data on seed longevity are derived from Thompson et al. (1997) and expressed

as a figure between 0 and 1 according to Bekker et al. (1998), 0 referring to a

strictly transient seed bank and 1 to a strictly persistent seed bank. Seed longevity

of species with less than five records in the database is marked as unknown.

Results

Similarity of the target vegetation with the actual vegetation After top soil removal

the abiotic conditions at several sites were suitable for the establishment of the al-

liances Caricion nigrae, Nardo-Galion saxatilis, Ericion tetralicis and Hydrocotylo-
Baldellion. The abiotic conditions after top soil removal were within the range for

the alliances Calluno-Genistion pilosae and Thero-Airion at the Hullenzand site

only and for the alliance Junco-Molinion at the Labbegat site only. Comparison of

the reference relevés per alliance showed a good internal consistency:

● Calluno-Genistion pilosae 70 %

● Caricion nigrae 75 %
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● Ericion tetralicis 66 %

● Hydrocotylo-Baldellion 31 %

● Junco-Molinion 86 %

● Nardo-Galion saxatilis 85 %

● Thero-Airion 50 %

Only for the Hydrocotylo-Baldellion, with three associations, was the overall

similarity less at 31%. 

The similarity between the vegetation in the permanent plots with the Caricion
nigrae, Ericion tetralicis, and the Junco-Molinion as potential alliances and the ref-

erence relevés increased with consecutive years, reaching a maximum similarity of

29%, 28% and 21%, respectively (figure 4.2). For the Nardo-Galion saxatilis and

Thero-Airion the similarity was already at a level of ca.20% in the first years top

soil removal. For the Nardo-Galion saxatilis a maximum similarity of 27% was

reached in year 8, but decreased to 10% in year 9. For the Thero-Airion the similar-

ity increased during year 5 and 6 after top soil removal to a maximum of 27%. The

similarity between the actual vegetation in the permanent plots with the

Hydrocotylo-Baldellion as potential alliance and the reference relevés was less than

1%. For the Calluno-Genistion pilosae the similarity between the permanent plots

and the reference relevés was 0% during the entire study period.

During the first years after top soil removal no target species were present in the

permanent plots (table 4.3), with the exception of permanent plots suitable for the

Nardo-Galion saxatilis. In the second year the first target species established.

Thereafter, this number steadily increased, as did the number of permanent plots in
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of the potential alliance during the first nine years after top soil removal based on presence/ab-
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which they occurred. However, even after nine years, many of the target species

were still lacking from the permanent plots. The total number of target species in

all permanent plots together was still much less than the total number of target

species in the reference relevés (table 4.3).

Within the permanent plots with the Nardo-Galion saxatilis as potential alliance

three target species were already present in the first year after top soil removal.

During the following years only one additional target species was recorded. The

observed fluctuations in similarity between the permanent plots and the reference

relevés for this alliance were mainly the result of changes in the number of perma-

nent plots where these target species occurred. In the permanent plots with the

Calluno-Genistion pilosae as potential alliance no target species at all established

during the first nine years.

Local species pool
Only a limited number of target species per target alliance were found at the sites

(table 4.4). At several sites target species of a potential alliance were completely ab-

sent. The highest numbers of target species were recorded at the Labbegat site,

where five and seven target species were recorded for the Junco-Molinion and

Caricion nigrae alliances, respectively, and the Eexterveld site with five target

species of the alliance Nardo-Galion saxatilis. 
The majority of the target species were present in the same 5 km x 5 km cell as

the sites, while all but seven target species were present when adjacent blocks are

taken into account. For the alliances Caricion nigrae, Ericion tetralicis, and Nardo-
Galion saxatilis almost all target species were present within the same or an
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Table 4.3. The total number of target species per target alliances present in all reference relevés
belonging to the same alliance and in all permanent plots with suitable abiotic conditions for
this alliance during the first nine years after top soil removal and for each year separately.

Alliance # target   Total #   plots 

species in target species Years after top soil removal

reference in permanent

relevés plots 1 2 3 4 5 6 7 8 9

CG 6 0 – 0 0 0 0 0 – – –

CC 14 7 0 1 1 4 5 5 4 6 6

ET 8 4 0 2 2 2 4 4 4 4 4

HB 11 2 0 0 1 1 1 1 1 2 0

JM 11 4 0 1 0 4 4 4 4 4 1

NG 13 4 3 4 4 4 4 4 3 3 3

TA 12 2 – 1 1 1 2 2 – – –



adjacent block, except for the Ennemaborg site. For the alliance Hydrocotylo-
Baldellion all target species except one occurred in the same or an adjacent block as

the Labbegat site. For the other sites about half or more of the target species did

not occur within the same or an adjacent block. For the Junco-Molinion alliance,

with the potential for restoration restricted to the Labbegat site, only one target

species did not occur in the same or an adjacent block. For the alliances Calluno-
Genistion pilosae and Thero-Airion, both with restoration potential restricted to the

Hullenzand site, respectively four and nine target species occurred in the same

block as the Hullenzand site. 

The longevity index for the seed bank of 22 target species was smaller than

0.33, lay between 0.33 and 0.67 for 11 target species and was larger than 0.67 for

five species (table 4.5). The target species of three target alliances, Caricion nigrae,
Junco-Molinion and Nardo-Galion saxatilis, formed mainly a transient seed bank

(LI < _0.33). For the alliances Calluno-Genistion pilosae and Thero-Airion the tar-

get species formed a seed bank ranging from transient to short-term persistent (LI

between 0.33 and 0.67). The target species of the Ericion tetralicis formed a short-

term persistent to persistent seed bank (LI > 0.67). The number of records on the

seed longevity of the target species of the Hydrocotylo-Baldellion was fewer than

five for all species. Therefore, the longevity of the seed bank of this alliance was

not calculated.
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Table 4.4. The total number of target species per site recorded during the first nine years after
top soil removal, in the local species pool (in parentheses, number of target species within the
same block as the site / number of target species within the same or an adjacent block as the site)
and the mean longevity index (LI) per target alliance of the seed bank formed by the target spe-
cies (in parentheses the number of species used to calculate the mean longevity index).

Total Aekinger- Bakke- Delle- Eem- Eexter- Enne- Hullen- Labbe- Tichel- Mean LI.

# target broek veenster buurster boerveld veld maborg zand gat berg

species duinen heide

CG 6 0 (4/4) 0.42 (2)

CC 14 1 (13/14) 1 (7/12) 7 (10/13) 0.23 (11)

ET 8 1 (8/8) 2 (7/8) 0 (8/8) 0 (2/6) 0 (6/8) 1 (1/2) 1 (5/7) 3 (3/6) 2 (1/5) 0.71 (2)

HB 11 0 (4/7) 0 (3/5) 1 (6/9) 1 (0/3) 0 (1/5) 0 (0/0) 0 (1/6) 1 (2/10) unknown

JM 12 5 (9/11) 0.23 (9)

NG 14 2 (13/14) 4 (14/14) 5 (14/14) 4 (7/13) 0.27 (10)

TA 12 1 (9/11) 0.45 (4)
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Discussion

Similarity of the target vegetation with the actual vegetation
Top soil removal leads to a large decrease in the amount of nutrients in the soil

(Aerts et al. 1995; Van Diggelen et al. 1997; Klooker et al. 1999), meeting the first

requirement for the restoration of the low production target alliances. Increasing

similarity between the permanent plots with the same potential alliance during con-

secutive years (data not shown) suggests a decreasing influence of the chance factor

on the vegetation composition. This probably means that the abiotic site conditions

in the permanent plots became more important. This is likely to be due to selection

against a number of non-adapted species, while well-adapted species can establish

and increase their abundance.

The mean similarity between the permanent plots with suitable conditions for

the alliances Caricion nigrae, Ericion tetralicis, Junco-Molinion, Nardo-Galion sax-
atilis and Thero-Airion and the reference relevés increased during the first nine

years after top soil removal. This increase in similarity was caused by the establish-

ment of a number of target species. The similarity between the permanent plots

and the reference relevés was, however, smaller than within the set of reference

relevés, indicating that the establishment of the target species for the target alliances

is a slow process.

For the Calluno-Genistion pilosae and Hydrocotylo-Baldellion alliances none of

the target species had established in the permanent plots with suitable abiotic con-

ditions for one of these alliances. As all the permanent plots with suitable abiotic

conditions for the Calluno-Genistion pilosae were located at the Hullenzand site,

this might be a specific site effect. For the Hydrocotylo-Baldellion alliance perma-

nent plots with suitable abiotic conditions were located at eight sites, suggesting

that it is very difficult to restore this alliance on former agricultural soils. 

Similar to our results, in other studies most of the target species did not estab-

lish after several years (Poschlod & Jordan 1992) or even decades (Kapfer 1988,

1994; Bakker 1989; Rosenthal 1992). However, Eysink & de Bruin (1997) report

that the successful regeneration of the Caricion davallianae and Junco-Molinion al-

liances occurred within 5 yr after sod cutting small agricultural fields, with many of

the target species for these alliances still present in, or very close to, the target area

(Jansen & Roelofs 1996).

Local species pool
For the establishment of new species at the restored sites, propagules must be avail-

able from a local species pool (Zobel et al. 1998). The re-establishment of plant

species depends on their persistence in the soil seed bank, or seeds have to be trans-

ported to the sites and incorporated into the fresh seed bank (Bakker et al. 1996).

With top soil removal a large part of the seed bank is removed, depending on the
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depth of top soil removal (Klooker et al. 1999). Further, the target species of the

target alliances in this study mainly formed a short living seed bank. For a small num-

ber of species, such as Calluna vulgaris and Erica tetralix, it is known that their seeds

can survive for several decades (Ter Heerdt et al. 1997). However, seed survival is

negatively affected by common agricultural practices such as ploughing, draining and

fertilizing (Bekker et al. 1997; Pywell et al. 1997). As the study sites have been under

agricultural practice for a period of 50 yr or more, almost all target species will have

disappeared from the seed bank. Analyses of the soil seed bank of the present study

sites showed that only small amounts of seeds of a limited number of target species

were present before top soil removal, while large amounts of pioneer (non-target)

plant species were detected, such as Juncus effusus, J. bufonius, Gnaphalium uligi-
nosum and Poa annua (Van Diggelen et al. 1997; Klooker et al. 1999). Therefore,

top soil removal seems to have a positive effect on the chances for establishment of

the target species by removing the seed bank of potential competitors.

The establishment of species from individuals in the surroundings depends on

the dispersal capacity of the species. Vectors for seed dispersal are wind, water, ani-

mals, and humans. Seed dispersal by wind seems to be overestimated, especially

when the viability of dispersed seeds is taken into account (Vegelin et al. 1997;

Strykstra et al. 1998). Investigations on the seed rain in a number of studies have

shown that even species occurring close to the restoration sites were absent from

the seed rain (Salonen 1987; Poschlod & Jordan 1992; Tränkle 1995). This was

confirmed by research at the present study sites Dellebuursterheide, Eexterveld and

Labbegat (Klooker et al. 1999). 

Seeds can be dispersed over large distances by livestock, such as sheep (Fischer

et al. 1996) and cattle (Welch 1985), or mowing machinery (Strykstra et al. 1997).

Many of the target species were present within less than 7 km of the study sites,

and many were even present in nature reserves adjacent to seven of the nine study

sites. Nonetheless, establishment was still restricted to a few target species only.

Dispersal by water did not play an important role in the present study as the sites

were flooded in small patches only. 

Instead of waiting for passive dispersal, active introduction can be used as a tool

to speed up the establishment of the target species. The active introduction of seeds

has resulted in a faster or larger recruitment of the target species than unsown spots

(Bakker 1989; Hutchings & Booth 1996; Manchester et al. 1998). Small-scale

sowing experiments at the Dellebuursterheide site showed the establishment and

growth of a number of target species at this site (Klooker et al. 1999). Spreading of

hay from an existing heathland (with target species of the Calluno-Genistion pi-
losae and Ericion tetralicis) at small parts of the Bakkeveensterduinen and

Hullenzand sites resulted also in a fast development of these alliances. Seed disper-

sal therefore seems to be a major limiting factor for restoration, rather than

seedling recruitment.
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Establishment of the target alliances
Knowledge about both persistence, that is incorporation into a soil seed bank, and

dispersal capabilities of a species will probably give a good estimation of its restora-

tion perspectives (Poschlod et al. 1995). Most seeds of the target plant species have

not survived the period during which the sites were under agricultural use, while

this study suggests that seed dispersal from plants in the surroundings was not suffi-

cient for a fast restoration of the target alliances. Also the restoration of a degraded

Nardo-Galion grassland and species-rich dry heathlands (Roelofs et al. 1996) and a

Cirsio-Molinietum community (Jansen et al. 1996) in other parts of The Nether-

lands seem to have suffered from a limited availability of seed sources. 

Data on the vegetation development during 9 yr after top soil removal showed

a small but increasing similarity, except for the Calluno-Genistion pilosae and

Hydrocotylo-Baldellion. This means that restoration of the Caricion nigrae, Ericion
tetralicis, Junco-Molinion, Nardo-Galion saxatilis and Thero-Airion seems to be

possible in the long term, while restoration of the Calluno-Genistion pilosae and

Hydrocotylo-Baldellion seems to be more difficult. Prins et al. (1998) estimated for

the nature reserve Drentse A that 51% of the target species for species-rich mead-

ows and 31% for heathland vegetation are likely to be present after 100 yr. This

suggests that it is questionable if the complete species richness of the target alliances

can ever be restored. Active introduction by means of seeds or hay may be an op-

tion to establish the missing species and speed up the development towards the tar-

get alliances. 

The occurrence of suitable abiotic conditions for low production vegetation

types is vulnerable in the long term, especially as phosphorus availability is still

much greater than at sites with well developed stands of target alliances (Aerts et al.
1995; Klooker et al. 1999). An increase in the nitrogen availability due to atmos-

pheric deposition, accumulation of organic matter, increase in the mineralization

rate or restriction of nitrogen losses (Marrs et al. 1980, 1983; Berendse et al. 1989;

Koerselman & Verhoeven 1993; Morecroft et al. 1994) will result immediately in a

higher productivity. Under these circumstances the target species will be replaced

by faster growing non-target species. Management should therefore aim at preserv-

ing the low nitrogen availability. Only then the target alliances, with their target

species, have the time they need for establishment at the restored sites.
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Abstract

We describe and analyse plant colonisation in eight former agri-

cultural fields during the first decade after top soil removal in

order to find major constraints in restoration success. Only a few

target species have colonised the sites during the first decade.

Most of them are still increasing their frequency. This results in a

very slow colonisation process (slower than expected) in the

early succession of these old fields. On the other hand, species

characterised by their rareness in the regional pool are signifi-

cantly constrained to colonise the sites compared with common

species. No other species trait explains, in a general way, why a

target species is a good or poor coloniser, even when we know

that each mature/stable target community select specific species

traits, mainly related with abiotic and biotic conditions. In these

early stages of succession, species colonisation success seems to

be mainly constrained at the level of local propagule availability,

whereas in late successional stages species composition is more

dependent on abiotic and biotic constraints. Apparently, abiotic

and biotic constraints do not play an important role and chance

processes, related with dispersal or seed production, are probably

much more important. To improve predictability of community

development after restoration measures on the short term, as-

sembly rules should include information on local propagule avai-

lability. 



Introduction

Ecological restoration often involves extensive and expensive human interference

to restore or create appropriate site condition, but the effects on community devel-

opment and species composition seem rather fuzzy and unpredictable. A promising

concept to improve predictability on the subset of species that is likely to co-occur

in a specified habitat is the concept of assembly rules (Keddy 1992; Weiher &

Keddy; 1999). 

This concept consists of a set of rules that deals with “species pools” and con-

straints or “filters” (Pärtel et al.1996; Zobel et al. 1998). Assembly rules are based

on functional, characteristic traits, and not on the names given to the species

(Weiher & Keddy 1999). Filters operate on traits (and therefore plant functions)

and eliminate those sets of traits which are unsuitable to that specific environment

(Keddy 1992).

Vegetation patterns are assumed to be determined both by abiotic conditions

and biotic interactions (Wilson 1999). Some authors have defined these constraints

as the “abiotic” and “biotic filters” (Keddy 1992; Zobel et al. 1998; Wilson 1999).

It is widely accepted that the relative frequency of different species traits changes

during succession (Ricklefs 1973; Bazzaz 1979; Huston & Smith 1987). Analyses

showed that early-successional species tend to invest mainly in abiotic tolerance and

the quantity of propagules whereas late-successional species invest more in the ability

to compete for light and nutrients and the quality of propagules (Grime et al. 1988;

Hodgson et al. 1995; Thompson et al. 1997). These two species strategies have been

described as r-selection and K-selection (Pianka 1970) and differences in strategy are

related to plant traits such as leaf size, Relative Growth Rate, seed size and others.

While this theory may be true for large time scales this is much less clear when

smaller time windows are considered. Certain authors state that micro-site avail-

ability (both biotic and abiotic components) determine whether a given species can

establish itself (Crawley 1990; Wood & Morris 1990) whereas others believe that

propagule (in)availability is the major determinant of species composition (Pärtel et
al. 1996; Zobel et al. 2000). In recent years the evidence has increased that both

theories may be partly correct, depending on the community (Eriksson & Ehrlén

1992; Tilman 1997). The species richness of unproductive communities seems to

be mainly limited by propagule availability whereas competition seems to be the

major structuring factor in more productive surroundings (Zobel et al. 2000;

Foster 2001). This seems to be not only true in a spatial but also in a temporal con-

text. Leps
v et al. (2000) pointed out that succession proceeds from communities

where species composition is determined by diaspore availability towards commu-

nities where environmental conditions are the main factor.

Nowaday, restoration on agricultural fields often involves removal of the top

soil (Van Diggelen et al. 1997) Simultaneously with the removal of the soil, the ex-

Plant traits

71



isting, no longer desired vegetation is removed. This provides a good opportunity

to study the process of colonisation of low production environments by plant

species. The present study was carried out to investigate which of the above-de-

scribed mechanisms (abiotic filters vs. propagule availability) is more important in

the recolonisation of a bare substrate. Therefore we analysed the effects of abiotic

filters and of several species traits on the colonisation success of a set of characteris-

tic species of low production communities in the first decade after top soil removal.

Increased knowledge on this topic will enable the development of more accurate

restoration strategies (Luken 1990; Marrs & Bradshaw 1993).

Material and methods

Study sites
Data were gathered in eight former agricultural fields on sandy soils in the

Netherlands (figure 5.1; table 5.1). All areas lie on sandy soils but they differ in

previous use (arable field vs. grassland), the degree of top soil removal (complete

vs. partial) and spatial arrangement (sites adjacent to source populations of target

species or not). In some areas the whole top soil of c. 40 cm was removed whereas

the degree of removal varied spatially within other sites (Verhagen et al. 2001).

Small elevation differences within the areas lead to spatial differences in soil mois-

ture and possibly nutrient availability, thus creating suitable abiotic conditions for

the occurrence of several plant communities in all areas. All sites are being grazed

by large herbivores (cattle, horses and sheep).
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EV  Eemboerveld
EX  Eexterveld
HZ  Hullenzand
TB  Tichelberg

Figure 5.1. Location of the study sites.



Restoration targets
The restoration goal in all sites is to restore endangered low productive vegetation

types (target communities) such as heathland communities, oligotrophic grasslands,

small sedge communities and oligotrophic fen communities (table 5.2). We believe

that these communities will be able to establish in the long term based on the fact

that the abiotic conditions in the area lay within the tolerances of well-developed

stands of the target associations (Verhagen et al. 2001). Characteristic, endangered

and frequent taxa (species and subspecies) from these communities were chosen as

target species (see Appendix I).
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Table 5.1. Characteristics of the eight studied sites.

Site Site Size Year  Previous Degree of  Nr. Grid Adjacent 

code (ha) top soil use top soil grids size (m) propagule

removal removal source

AB Aekingerbroek 20 1992 grassland Complete 139 35x35 +

BV Bakkeveensterduinen 3 1989 grassland Partial 166 10x20 +

DB Dellebuursterheide 25 1993 both Partial 161 35x35 +

EB Ennemaborg 7.5 1992 arable field Complete 126 25x25 –

EV Eemboerveld 10 1991 arable field Partial 164 25x25 –

EX Eexterveld 2 1994 grassland Partial 211 10x10 +

HZ Hullenzand 1.5 1993 arable field Complete 100 10x10 +

TB Tichelberg 2 1992 arable field Complete 135 10x10 +

Table 5.2. Target communities

Target alliance Abbr. Target associations

Calluno-Genistion pilosae CG Genisto anglicae-Callunetum

Caricion nigrae CC Carici curtae-Agrostietum caninae

Ericion tetralicis ET Lycopodium-Rhynchosporetum
Ericetum tetralicis

Hydrocotylo-Baldellion HB Pilularietum globuliferae
Scripetum fluitantis
Eleocharitetum multicaulis

Junco-Molinion JM Cirsio dissecti-Molinietum

Nardo-Galion saxatilis NG Galio hercynici-Festucetum ovinae
Gentiano pneumonanthes-Nardetum

Thero-Airion TA Ornithopodo-Corynephoretum



The frequency of each target species was monitored in all sites during 8 years

(from 1994 to 2001) by means of a grid system. The presence/absence of all target

species was noted at the centre (1 m2) of each grid cell. The number of grids dif-

fered between sites, from 100 to 211 (table 5.1). The relative frequency of each tar-

get species was used as a measure for its probability of occurrence.

Colonisation rate
The relative frequency per site and year was used to classify the species colonisation

ability. We distinguished two groups: good colonisers are species that were present

in a site for at least one year in 5% or more of the grid-cells; poor colonisers were

completely absent in the site or never present in more than 5% of the grid-cells.

For all good colonisers we calculated a response model per site, with probability

of occurrence as the response variable and years after top soil removal as the ex-

planatory variable. We used a hierarchical set of five different models (Huisman et
al. 1993) fitted by non-linear regression and chose the model that best explains the

observed pattern (table 5.3).

Colonisation success in relation to species traits
The above-mentioned parameters of colonisation rate and success were related to

plant traits to find general rules. Species traits were derived from the literature

(table 5.4) and were grouped in traits related to the regional frequency, to dispersal,

to biotic interactions and to the ecological habitat. The choice of traits was ham-

pered by the availability of published data. If a species could be classified in more

than one class in the trait involved e.g. a species with more than one mechanism of

dispersal, we attributed the most characteristic class to the species.

We analysed per site and trait whether good and poor colonisers were distrib-

uted evenly over the classes of the trait. This analysis was carried out with four dif-

ferent subsets of species, to avoid subjectivity in the results due to the choice of

species. (1) In the first analysis we used all target species. (2) In the second analysis

we only used species that were present in the local species pool as defined by being
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Table 5.3. Trends described by the expected response model.

Model Trend described

I No trend

II Increasing or decreasing trend

III Increasing or decreasing trend with a maximum below 100%

IV Increasing and decreasing trend in a symmetrical response curve

V Increasing and decreasing trend in a skewed response curve
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Table 5.4. List of traits.

Related to the frequency in the surroundings:

Regional frequency in the province of Drenthe. Adapted from Fresco et al. (2001).

Classes from 1 (extremely rare) to 8 (very common)

Related to dispersal:

Dispersule weight. Hodgson et al. (1995). Classes:

<0.20 mg; 0.21–0.50 mg; 0.51–1.00 mg; 1.01–2.00 mg; 2.01–10.00 mg

Dispersule shape. Hodgson et al. (1995). Classes:

l/b <1.5; l/b 1.5/2.5; l/b >2.5

Agency of dispersal. Hodgson et al. (1995). Classes aggregated in:

animals; water; wind; unspecified

Longevity index of seed bank. Thompson et al. (1997).

Classes from 0 (transient) to 1 (persistent)

Related to biotic interactions:

Canopy height. Hodgson et al. (1995). Classes:

<100 mm; 101–299 mm; 300–599 mm; 600–999 mm

Lateral spread. Hodgson et al. (1995). Classes:

therophytes; per.<100 mm; per.100–250 mm; per.251–1000 mm; per.>1000 mm

Mycorrhizas. Hodgson et al. (1995). Classes aggregated in:

with mycorrhizas; intermediate; non mycorrhizal

Root depth. Fresco et al. (2001). Classes:

0–10 cm; 10–20 cm; 20–50 cm; 50–100 cm

Life history. Hodgson et al. (1995). Classes aggregated in:

annual; perennial

Established strategy. Hodgson et al. (1995). Classes aggregated in:

C; S; R; CSR

Life form. Fresco et al. (2001). Classes aggregated in:

therophytes; cryptophytes; hemicryptophytes; chamaephytes

Related to the ecological habitat:

Light/shadow. Fresco et al. (2001). Classes:

full light; light; light or shadow

Ellenberg, light. Fresco et al. (2001). 

Classes from 5 (half shadow) to 9 (full light)

Ellenberg, temperature. Fresco et al. (2001). 

Classes from 2 (cold areas species) to 7 (warm areas species)

Ellenberg, continentality. Fresco et al. (2001). 

Classes from 1 (eu-oceanic) to 9 (eu-continental)

Ellenberg, moisture. Fresco et al. (2001). 

Classes from 2 (extreme dry indicator) to 10 (aquatic plant)

Ellenberg, pH. Fresco et al. (2001). 

Classes from 1 (very acid) to 9 (very basic or calcium rich)

Ellenberg, nitrogen. Fresco et al. (2001). 

Classes from 1 (very nitrogen poor) to 7 (nitrogen rich)



present inside the grazing areas or immediately close to this area. We call this the

“local pool filter”. (3) In the third analysis we used only target species from al-

liances for which the measured actual abiotic conditions were considered suitable

(Klooker et al. 1999). We considered a target species to be expected in a site if it is

a strict characteristic species of an expected alliance or if its frequency in the ex-

pected alliances is 20% or more (data from tables in Schaminée et al. 1995, 1996).

We call this the “abiotic filter”. (4) The fourth analysis was run with species that

were present in the local pool and had ‘passed’ the abiotic filter (“local pool and

abiotic filters”).  

Species traits in well-developed target communities
We carried out a second set of analyses to test whether the considered traits do dis-

criminate at all between well-developed stands of different target alliances. In other

words, to test if there has been positive selection on specific traits in the target al-

liances. Per alliance, we split the species into two groups: “typical” species, which

were either strict characteristic species of that alliance or had a frequency higher

than 20% in the tables of Schaminée et al. (1995, 1996), and “non-typical” species.

For each trait, the distribution over both groups was tested for evenness.  

Statistics
To test the significance of the differences found between good and poor colonisers

we used a Fisher exact test for nominal traits with two classes (life history), chi-

square tests for nominal traits with more than two classes (established strategy,
agency of dispersal and life form) and Mann-Whitney U tests for the remaining

traits (Siegel 1956). In the case of nominal traits, we used the exact method to cal-

culate significance levels for the chi-square statistic. The same non-parametric tests

were used to test differences in species traits between typical and non-typical target

species per alliance. All statistical calculations were performed using SPSS-PC.

Results

Colonisation rates
Most target species have obviously problems to colonise the sites: 74 of 112 target

species are “poor colonisers” in all sites, 33 of the 38 “good colonisers” occur in

less than six sites and only 5 species appear in almost all sites.

We found also significant differences in colonisation success between sites (table

5.5). The number of ‘good colonisers’ that have invaded a given site seems well

correlated to the size of the local species pool. Nevertheless, a linear regression

analysis did not show a significant relationship. A scatter plot of the two variables

showed that a significant larger part of the local species pool was found back in the
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colonised areas in the sites Tichelberg (TB) and Bakkeveen (BV). If these two areas

are left out of the analysis the correlation between local species pool and the num-

ber of good colonisers was highly significant (r2 = 0.83, p < 0.01).

Colonisation success did not show a significant correlation with one of the

other explanatory variables (vegetation cover, number of target species for which
abiotic conditions are suitable, number of target species present in the local pool and
having suitable abiotic tolerances). The same was true in a multiple regression

analysis. Using a backward selection technique, all variables were removed from

the equation, except the variable local species pool.

Species identities
Table 5.6 shows the type of response of “good colonisers” per area. Most “good

colonisers” exhibit responses of type II, showing a constantly increasing frequency

of occurrence. Only a few species reach a maximum (models III to V) in one or

more areas but these species differ between sites and no clear trends are found.

Most of them reach a maximum in only one site, only Hypochaeris radicata,
Rumex acetosella and Leontodon autumnalis do this in two, four and five sites re-

spectively.

Species traits as predictor of colonisation success
Regional frequency is the only trait that is correlated significantly with colonisation

success in all sites (p<0.001, except in the site Ennemaborg where p=0.013) (table

5.7). Common species are significantly more frequent between good colonisers
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Table 5.5. Potential and actual colonisation success after 8 years. For abbreviations of site
names: see table 5.1.

AB BV DB EB EV EX HZ TB

Vegetation cover after 8 years (%) 50 83 77 52 82 72 41 42

‘Good colonisers’ after 8 years 21 22 16 4 11 15 13 23

Target species in the direct surroundings 72 43 53 26 38 64 58 31 

(local species pool)

Observed number of target species from the local 21 20 16 3 9 15 12 22

species pool that have actually colonised the site

Target species for which abiotic conditions are suitable 36 32 71 71 62 62 52 16

Observed number of species from the above mentioned 8 10 14 2 7 11 10 6

group that have actually colonised the site

Target species present in the local pool and having  35 19 42 18 29 47 44 8

suitable abiotic tolerances

Observed number of species from the above mentioned 6 9 14 2 5 11 10 6

group that have actually colonised the site



than are rare species. This trend does not change when the analysis is restricted to

species present in the local species pool or to species for which the abiotic condi-

tions are considered suitable. Even when both restrictions are applied together, re-
gional frequency still explains differences between colonisation success in four sites

out of eight. Obviously there is significant overlap between regional and local

species pool. 

Chapter 5

78

Table 5.6. Response models that explain the probability of occurrence. Only “good colonisers”
are presented (38 from 112 target species). For explanation of response type: see table 5.3.

Species AB BV DB EB EV EX HZ TB

Achillea millefolium . . I . . .

Agrostis canina II II . . . . V II

Aira praecox III . .

Anthoxanthum odoratum II I . II II . II

Calamagrostis epigejos . . III

Calluna vulgaris . I II . II II

Carex nigra II II II . II . I

Carex oederi subsp. oedocarpa II . II II I

Carex ovalis II II II . II II II

Carex panicea I I . . . II

Carex pilulifera IV I . . . II

Eleocharis multicaulis . I . .

Empetrum nigrum II II . .

Erica tetralix . I III . . . II

Euphrasia stricta . II

Festuca ovina II II . . II IV

Festuca rubra subsp. commutata . I . . . . I II

Filago minima II . IV

Genista anglica II

Hieracium umbellatum . . . II II

Hydrocotyle vulgaris II II II IV II .

Hypochoeris radicata . II II II I II III III

Juncus acutiflorus II . II I

Juncus bulbosus subsp. bulbosus I II I . I I I I

Juncus conglomeratus . I I I IV II

Juncus squarrosus II I . . II II I

Leontodon autumnalis I II I IV III IV IV IV

Luzula campestris + Luzula multiflora . . . . . II . II

Lythrum portula I I III . . . .

Molinia caerulea . II II II .

Nardus stricta III II

Pilularia globulifera III

Potentilla anserina II . . . IV .

Potentilla erecta . II . . . II

Ranunculus flammula I . II . III I II

Rumex acetosella III I IV V IV II I .

Spergularia rubra IV . . . .

Veronica scutellata II . . .



Other traits are sometimes related to colonisation success, but only in one or

few particular sites (table 5.7). Only established strategy is clearly related to more

sites but only after filtering the species. However, successful strategies differ from

site to site (analysis not shown). While CRS species are more likely to colonise (in-

dependently of the filters we use in the analysis) in the site Hullenzand, they are

not in the sites Tichelberg, Dellebuursterheide and Eemboerveld. Furthermore,

stress-tolerators tend to colonise better in all sites, except in Tichelberg.

All other traits explain colonisation success in particular sites only and change

together with the applied filters. Seed longevity in the site Dellebuursterheide is the

only factor that remains constant as explanation independently of the applied filter:

species with a transient seed bank have less chance to colonise this site.
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Table 5.7. Areas where “good” and “poor colonisers” are separated significantly (p<0.05) by
different plant traits on the basis of: (1) all species (no constraint); (2) only species that are pre-
sent in the local species pool; (3) only species with a suitable abiotic tolerance; and (4) species
under both restrictions.

Areas with significant correlation

Trait (1) All species (2) Only species (3) Only species (4) Species

from the local with suitable under both 

nr. spp. species pool abiotic tolerances restrictions

Regional frequency n=112 all areas AB, BV, DB, BV, DB, EB, BV, DB, EX, HZ

EV, EX, HZ EX, HZ, TB

Dispersule weight n=56 – DB DB DB

Dispersule shape n=56 HZ HZ – –

Agency of dispersal n=56 – TB – –

Longevity index of seed bank n=56 DB, TB DB DB DB

Canopy height n=56 – – – –

Lateral spread n=56 HZ – – –

Mycorrhizas n=45 – – – EX

Root depth n=72 EB – EB –

Life history n=54 TB TB – –

Established strategy n=56 HZ HZ, TB DB, EV, HZ DB, EV, HZ

Life form n=111 – – – –

Light/shadow n=112 – – – –

Light n=109 – – – –

Temperature n=76 – – – –

Continentality n=99 – – – –

Moisture n=103 – – BV –

pH n=89 – EV – –

Nitrogen n=107 EB, EV, EX – – –



Differences in species traits between well-developed target alliances
In contrast to the afore-mentioned data, species traits do differ significantly be-

tween different well-developed target alliances (table 5.8).

Both dry and wet heathlands (Calluno-Genistion pilosae and Ericion tetralicis)
favour species with low Ellenberg pH values. Chamaephytes are over-represented

in dry heathlands whereas this is the case for species with large lateral spread, high

Ellenberg moisture values and low Ellenberg temperature and nitrogen values in

wet heathlands. Typical species for small sedge communities (Caricion nigrae) are

dispersed by water and have a large lateral spread, low Ellenberg temperature val-

ues, high Ellenberg moisture values and no mycorrhizas. In oligotrophic fen com-

munities (Hydrocotylo-Baldellion) there is selection for cryptophytes (helophytes

and hydrophytes) and species with high temperature and moisture but low conti-

nentality Ellenberg values. The oligotrophic grassland communities Junco-Molinion
and Nardo-Galion saxatilis contain more perennial species, hemicryptophytes,

stress-tolerators and less ruderals than other target communities. The latter com-

munity, Nardo-Galion saxatilis, also favours species with low Ellenberg tempera-

ture and pH values and species with mycorrhizas. Typical species of the dry olig-

otrophic grassland Thero-Airion communities are therophytes, have narrow seeds, a

short canopy, deep roots, low Ellenberg moisture values and are light loving.

Discussion

Colonisation success in relation to species characteristics
Our study shows that colonisation on bare soil of a large number of target species is

severely hampered during the first decade (see also Verhagen et al. 2001). This is

not a unique result: low establishment rates of target species are found also in many

other restoration projects (e.g. Bakker 1989; Bakker & Berendse 1999).

Our areas do not only differ in the number of good colonisers, also the identi-

ties of successful species differ from site to site. One species (Leontodon autum-
nalis) occurs in all sites with a frequency of over 5% while only four other species

exhibit the same behaviour in almost all sites. Swieringa & Wilson (1972) pub-

lished a study on shortly abandoned fields and found also large differences in

species composition despite the proximity of the sites and seemingly similar condi-

tions. This suggests that, in accordance to Leps
v et al. (2000) chance processes play

an important role during succession, at least during the first stages. It would imply

that common species have a larger probability of successful colonisation than rare

species. Indeed our analysis shows that regional frequency is the species ‘trait’ which

predicts colonisation success best. High colonisation successes of common species

were also described in a review of attributes of plant species colonising spoil habi-

tats in the Sheffield region (Grime 2001).
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Colonisation success in relation to local frequency
If the above stated relation is generally true, this would relate rareness and coloni-

sation success in an interesting way. It would mean rare species tend to be bad

colonisers and therefore remain rare. An important reason why common species

are more successful colonisers than less common ones might lie in the amount of

propagules per surface area. As long as there are no significant differences in op-

portunities for germination and seedling establishment between species, the proba-

bility to colonise a given site is directly linked to the number of available propag-

ules. We do not a priori see a reason why seeds from rare species should germinate

less or seedlings should have more problems establishing themselves and this re-

stricts the parameters that cause differences between species in local propagule

availability to only two. Propagule production per individual and per surface area is

one trait (Prach & Pys
v

ek 1999; Grime 2001) and dispersal capacity of seeds the

other (Fenner 1987; Prach & Pys
v

ek 1999). 
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Table 5.8. Differences (p<0.05) in species traits between typical and non-typical species of 7
target alliances. Results listed are preferences of typical species. See table 5.2 for the abbrevia-
tions of target alliances, table 5.4 for the classes of each trait.

nr. spp. CG CC ET HB JM NG TA

Dispersule weight n=56 . . . . . . .

Dispersule shape n=56 . . . . . . narrower

Agency of dispersal n=56 . water . . . . .

Longevity index of n=56 . . . . . . .

seed bank

Canopy height n=56 . . . . . . shorter

Lateral spread n=56 . larger Larger . . . .

Mycorrhizas n=45 . less . . . more .

Root depth n=72 . . . . . . deeper

Life history n=54 . . . . perenn perenn .

Established strategy n=56 . . . . S, not R S, not R .

Life form n=111 chamaep . . cryptoph hemicr. hemicr. theroph.

Light/shadow n=112 . . . . . . lighter

Light n=109 . . . . . . .

Temperature n=76 . lower Lower higher . lower .

Continentality n=99 . . . lower . . .

Moisture n=103 . higher Higher higher . . lower

pH n=89 lower . Lower . . lower .

Nitrogen n=107 . . Lower . . . .



Wind-dispersed seeds are often supposed to disperse and colonise well (Grime

2001; Fenner 1987), but only species with light plumed seeds or dust seeds are dis-

persed by wind over long distances in appreciable numbers (Tackenberg et al.
2003). For most of the species a large portion of the seeds does tend to fall within

a few meters from the parent plant, and large-distance dispersal is a rather rare

phenomenon (Bullock & Clarke 2000; Jongejans & Telenius 2001). In addition,

the seeds dispersed further from the maternal plant appear to suffer from reduced

germination power (Stryksta et al. 1998). Unfortunately, dispersal by other vectors,

such as animals or water has been hardly quantified. However, as long as the

propagule availability of common species is orders of magnitude larger than that

from rare species we may safely assume that the chances of successful dispersal and

establishment over wide distances are also orders of magnitude larger for species

from the first group.

Abiotic conditions and biotic interactions in relation to colonisation success 
Many authors believe that complex interactions between abiotic constraints and bi-

otic competition for nutrients and light determine the species composition at a

given site. Our data on colonisation of bare soils are not a clear support for these

ideas but our results on differences in species traits between well-established and

older target communities are. In the latter, there is a clear and often logical selec-

tion for certain traits, e.g. preference for dispersal by water is found in a wet com-

munity, perennial species are preferably found in mown grasslands, deeper rooting

species occur in a dry community, etc. In fact our data emphasise the ideas of Leps
v

et al. (2000) that species composition in early successional stages is mainly influ-

enced by seed availability and that the role of environmental conditions increases

with time.

However, our results on abiotic constraints will most probably be biased by re-

stricting our selves to a specific subset of species adapted to low soil fertility.

Further, vegetation cover in the completely top soil removed sites after ten years is

still small. As establishment of the target species is mainly restricted to these part

(Verhagen et al. submitted), competitive exclusion till thus fare will hardly occur.

Effects of biotic and abiotic constraints may just be starting to become visible in the

colonisation patterns. Some species, e.g. Hypochaeris radicata, Leontodon autum-
nalis and Rumex acetosella, show models III, IV or V in more than one site. The

fact that they reach a maximum frequency suggests that they have filled up all

available niches and further expansion is prevented by some external factor. Fenner

(1978) showed experimentally that competition by a tall turf canopy prevented the

establishment of Hypochaeris radicata from seeds. However, most other species

show ever-increasing frequencies, suggesting that external constraints still play an

unimportant role after one decade.
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Implications on predicting community development
We did not find any relationship between species colonisation and plant traits. On

the contrary, chance processes appeared to be by far the most important determi-

nants of species assemblages during early successional stages. This limits the practi-

cal use of assembly rules to make short-term predictions on species composition

after certain disturbances considerably. As argued above, the outcome of chance

processes will be highly dependent on propagule availability in the surroundings. In

our opinion the predictive power of assembly rules would be greatly improved if

the concept of local propagule availability was included explicitly in the predictive

rules. However, contrary to other plant traits, this parameter depends only for a

limited degree on species characteristics and for a large part on environmental

characteristics, such as landscape structure.

During later successional phases with well-established, more or less stable plant

communities there was a clear correlation between plant traits and species compo-

sition. This suggest that assembly rules can be formulated to predict the mature,

more or less stable phases of succession, where species composition is determined

by biotic and abiotic constraints and propagules of all relevant species are in ample

supply. In other words, assembly rules seem to do well in natural areas and stable

semi-natural landscapes, but not for newly created restoration sites. Such steady

states however might hardly be reached in the ever-changing environment of our

dynamic world.
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Appendix I. List of target species

Achillea millefolium
Agrostis canina
Aira caryophyllea
Aira praecox
Andromeda polifolia
Anthoxanthum odoratum
Apium inundatum
Arnica montana
Calamagrostis epigejos
Calluna vulgaris
Carex arenaria
Carex curta
Carex echinata
Carex flacca
Carex hirta
Carex hostiana
Carex nigra
Carex oederi subsp. oedocarpa
Carex ovalis
Carex panicea
Carex pilulifera
Carex pulicaris
Cicendia filiformis
Cirsium dissectum
Corynephorus canescens
Cynosurus cristatus
Dactylorhiza maculata
Danthonia decumbens
Deschampsia setacea
Diphasiastrum tristachyum
Drosera intermedia
Drosera rotundifolia
Echinodorus ranunculoides
Eleocharis multicaulis
Eleogiton fluitans
Empetrum nigrum
Erica tetralix
Eriophorum angustifolium
Eriophorum vaginatum

Euphrasia stricta
Festuca ovina
Festuca rubra
Filago minima
Galium saxatile
Genista anglica
Genista pilosa
Gentiana pneumonanthe
Hieracium pilosella
Hieracium umbellatum
Hydrocotyle vulgaris
Hypericum elodes
Hypericum perforatum
Hypochoeris radicata
Isolepis setacea
Jasione montana
Juncus acutiflorus
Juncus alpinoarticulatus

subsp. atricapillus
Juncus bulbosus
Juncus conglomeratus
Juncus filiformis
Juncus pygmaeus
Juncus squarrosus
Juncus tenageia
Leontodon autumnalis
Linum catharticum
Littorella uniflora
Luronium natans
Luzula campestris +
Luzula multiflora

subsp. multiflora
Lycopodiella inundata
Lycopodium clavatum
Lythrum portula
Menyanthes trifoliata
Molinia caerulea
Myrica gale
Nardus stricta

Narthecium ossifragum
Ophioglossum vulgatum
Ornithopus perpusillus
Oxycoccus macrocarpos
Oxycoccus palustris
Parnassia palustris
Pedicularis palustris
Pedicularis sylvatica
Pilularia globulifera
Polygala serpyllifolia
Polygala vulgaris
Potamogeton polygonifolius
Potentilla anserina
Potentilla argentea
Potentilla erecta
Potentilla palustris
Radiola linoides
Ranunculus flammula
Ranunculus ololeucos
Rhynchospora alba
Rhynchospora fusca
Rumex acetosella
Samolus valerandi
Schoenus nigricans
Scleranthus perennis
Scleranthus polycarpos
Spergularia rubra
Stellaria palustris
Succisa pratensis
Trichophorum cespitosum

subsp. germanicum
Trifolium arvense
Trifolium campestre
Valeriana dioica
Veronica scutellata
Viola canina
Viola palustris
Vulpia bromoides
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Abstract

Removal of top soil on former agricultural fields resulted in a

rapid reduction in soil fertility. Insight into the general principles

determining invertebrate faunal community assemblage after re-

moval of top soil was studied by correlating assemblage of the ca-

rabid community ten years after top soil removal, to traits related

to abiotic preferences, dispersal ability and the relative abundan-

ce of species. Special emphasis is put on the animal species cha-

racteristic of low production communities (target species).

Results showed that newly exposed sites were rapidly colonized

by Carabidae. Both abiotic preference and dispersal ability to

some extent influenced community assemblage. Over time the

importance of abiotic conditions on community assemblage in-

creased, whilst dispersal restrictions seemed to decrease. During

the first ten years chance factors appeared to be of major impor-

tance on community assemblage.

Isolated restoration sites were almost exclusively colonised by

flying species. Restoration of the characteristic invertebrate cara-

bid fauna of low production communities thus requires the pre-

sence of source populations in the immediate surroundings. It is

concluded that restoration of low production communities on

former agricultural land is an effective conservation method for

carabid beetles, particularly for endangered, non-flying, large

species.



Introduction

Ecological restoration is a relative new, proactive way to counteract community

and species decline. The aim of restoration is to improve conditions for specific

plant and animal communities, and often involves manipulation of the physical and

chemical environment. The ecological basis of this approach is the assumption that

environmental factors and the composition or functioning of communities are

closely related (Anderson 1995; Hobbs & Norton 1996). However, individual at-

tempts to restore a specific target community do not always result in the desired

outcome. To improve predictability of species composition after a restoration

event, insight is required into the general principles of species assembly during the

formation of communities (Belyea & Lancaster 1999). The application of the con-

cept of assembly rules may enhance the prediction of community species composi-

tion.

Assembly rules consist of a set of rules that relate to “species pools” (Pärtel et al.
1996; Zobel et al. 1998) and environmental constraints. The objective is to predict

which subset of the regional species pool is likely to co-occur in a specified habitat

(Keddy 1992; Weiher & Keddy 1999). Abiotic constraints and biotic interactions

operate as filters on specific traits, eliminating those sets of traits that are not adapt-

ed to a specified habitat (Keddy 1992). It has been suggested that by comparing the

traits of species present with those of species absent from a particular habitat, it

might be possible to reveal which traits are selected against, or are favoured.

During the 1990’s, removal of top soil from agricultural fields has been under-

taken in an attempt to restore the low production communities that previously oc-

curred in the north of the Netherlands. Although it is possible to rapidly create ap-

propriate physical and chemical conditions, this is not followed by complete devel-

opment of the target plant communities (Verhagen et al. 2001). Colonization ap-

peared to be a slow process; in which particular rare species were significantly less

successful at establishing permanent populations than common species (chapter 5).

A consistent correlation was not found between any specific species trait and the

population density of colonizing species, suggesting that stochastic processes are of

major importance in determining species dynamics. Insight into the factors affect-

ing faunal species assemblage after removal of top soil is lacking thus far. Increased

knowledge about this will enable the development of more accurate restoration

strategies for fauna in the future (Luken 1990; Marrs & Bradshaw 1993).

In order to obtain further insight, we studied the assemblage of the Carabid

fauna after removal of top soil. The taxonomic group “carabid beetles” (Carabidae,

Coleoptera) encompasses a large, well-studied group of species (Dessender & Turin

1989). Carabid beetles have been shown to respond rapidly to changes in abiotic

conditions in just three to five years (Perner & Malt 2003). Their presence is relat-

ed to vegetation structure, but, in contrast to many other insect groups, is not de-
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pendent on specific plant species (Gardner 1991). This means that the slow estab-

lishment of the target plant species is not limiting colonisation by carabid beetles.

Within the group of carabid beetles large differences in dispersal ability can be

found, but unlike the situation in many other terrestrial animals, these differences

can be quantified with precision (Den Boer 1977, 1990a).

To test whether colonisation by carabid beetles on newly created habitats is

mainly constrained by abiotic filters, dispersal ability or is dependent on chance

processes, we sampled eight sites where top soil was removed. Some of the restora-

tion sites were situated adjacent to a nature reserve that contained low production

plant communities. Other sites were in isolated locations within an agricultural

landscape. We started the analysis with a search for specific traits being favoured

during the first ten years following top soil removal. Then, we compared species

traits between restored sites and adjacent nature reserves. Next, we analysed

whether differences in species composition between isolated and non-isolated sites

could be related to specific traits. Finally, we distinguished between good and poor

coloniser species and analysed whether this could be related to differences in

species traits. Because the goal of top soil removal was to restore low production

plant communities, we carried out analyses using two different subsets of species.

These were either, including all species or only using characteristic species of low

production communities. This latter group is often referred to as the ‘target

species’.

Material and methods

Study sites
The study was carried out at eight former agriculturally exploited sites on sandy

soils in the northern part of the Netherlands (figure 6.1). Data on historical land

use, isolation of the site in relation to existing heathland and existing vegetation are

presented in table 6.1. Top soil was removed between 1989 and 1995 with depth

of removal varying from very superficial to over 50 cm. Consequently, soil fertility

varied considerably between and within sites (Verhagen 2007), but in all sites soil

fertility was comparable with that of low production communities. Management

after top soil removal consisted of grazing by livestock. In addition, some of the

sites were mown once a year.

Half of the restoration sites were located adjacent to existing nature reserves

harbouring low production plant communities. The other half was isolated, sur-

rounded by an agricultural landscape. Characteristic target beetle species have a

discontinuous distribution through the landscape, but many other species can be

found in a wide variety of habitats. The term ‘isolation’ therefore is used in this

paper with respect to these target species only.
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N

HZ
ABDB

BV
EX

TB
EV

EB

AB  Aekingerbroek
BV  Bakkeveensterduinen
DB  Dellebuursterheide
EB  Ennemaborg
EV  Eemboerveld
EX  Eexterveld
HZ  Hullenzand
TB  Tichelberg

Figure 6.1. Location of the study sites.

Table 6.1. Characteristics of the study sites.

Site Coordinates Size Year of Former Year of Isolated Charact. 

(ha) reclamation agricultural top soil from of the    

exploitation removal target existing 

comm. vegetation 

Aekingerbroek 52º55'N 6º18'E 20 Before 1920 Pasture 1992 No Open, low 

grasses

Bakkeveenster- 53º04'N 6º16'E 3 ± 1930 Pasture 1989 No Dense, low

duinen heather

Dellebuurster- 52º57'N 6º08'E 25 ± 1930 Arable and 1993 No Dense, tall 

heide pasture grasses

Eemboerveld 53º02'N 7º01'E 10 1910 –1930 Arable field 1991 Yes Open, low

herbs

Eexterveld 53º00'N 6º42'E 2 1940 –1955 Pasture 1994 Yes Open, low 

grasses

Ennemaborg 53º11'N 7º01'E 7.5 Before 1900 Arable field 1992 Yes Open, low 

grasses

Hullenzand 52º46'N 6º34'E 1.5 1940–1955 Arable field 1993–1994 No Open, low

herbs

Tichelberg 53º01'N 7º00'E 2 Before 1900 Pasture 1992 Yes Open, low 

herbs



Sampling method
The Carabid community at the Hullenzand site was sampled regularly during the

first ten years after top soil removal. In addition, seven other sites where top soil

was removed, ranging from ten to fourteen years old, were sampled over a period

of one year. At the Hullenzand site two adjacent fields, where top soil had been re-

moved in 1992 and 1993 respectively, were sampled from March 1996 until

March 1998 and again from March 2002 until March 2004. The other top soil re-

moval sites with nearby low production plant communities were sampled over a

period of one year. The sites located at Delleburen, Ennemaborg, Eemboerveld and

Eexterveld were sampled from March 2002 until March 2003. The remaining sites

(Aekingerbroek, Bakkeveensterduinen, and Tichelberg) were sampled from March

2002 until March 2004.

Sampling was undertaken throughout the year using standard sets of five pitfall

traps per site (Den Boer 1977). Using this method about 95 % of the species, active

within a radius of 50 m around the traps, are thought to be caught (Baars & Van

Dijk 1984). A pitfall trap consists of a plastic cup (diameter 10,5 cm, depth 15 cm),

inserted in the soil with the upper rim at surface level. A ring mounted near the rim

of the pitfall trap prevents beetles, which have been caught, from escaping again.

Each pitfall trap contained a few ml of 4 % formalin, to rapidly kill the beetles and

thus prevent large individuals from eating smaller ones. The cups were covered

with a plastic roof at about 5 cm above the surface level. Pitfall traps were placed

along a straight line, with a 5 m. interval between them. The traps were emptied

every two weeks.

At the Hullenzand site, one restoration field and the nearby reference sites were

sampled by a set of two square iron cans (30 cm x 20 cm, depth 30 cm) and a

square funnel (same size) attached to a small container filled with 4 % formalin

(Den Boer 1977). In the square cans individuals were trapped alive. To keep out

predators, the cans were provided with a wire net at 5 cm below the upper rim,

and covered with a metal roof. The traps were placed at intervals of 10 m. along a

straight line with the funnel in the middle. These traps were emptied every week.

Carabid species were identified according to Boeken et al. (2002).

Species traits
We utilized species traits related to habitat preference, dispersal capacity and occur-

rence in the surroundings of restoration sites, as described by Boeken et al. (2002).

It was not possible to derive frequency of regional occurrence from published data.

However, the range of distribution of carabid beetles in the Netherlands and their

local abundance are intimately linked (Kotze et al. 2003). Widespread species are

also locally abundant, whilst narrowly distributed species also tend to be rare local-

ly. This implies that the number of grid cells (10 x 10 km) occupied by a species in

the Netherlands (Turin 2000) gives an approximate indication of local frequency.
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Habitat preference of a species is expressed as the ecological characterisation of

species and their ecological amplitude (Turin et al. 1991). Ecological characterisa-

tion indicates the type of habitat preferred by a species. We refer to species that

were identified by Turin et al. (1991) as being restricted to the habitats raised bogs,

heathlands, drifting sand areas and/or nutrient-poor grasslands as ‘target species’.

The ecological amplitude gives an indication of the number of habitat types in

which a species regularly occurs. This amplitude is expressed as a score between

1 and 10, whereby 1 indicates that the species is highly restricted to a certain habi-

tat. Such specialised species are referred to as ‘stenotopic’. Species with a score of

10 are found in all kinds of habitats. Such species, which do not have a clear pref-

erence for a particular habitat, are known as ‘eurytopic’. Carabid beetles disperse

by flying or by walking. Species capable of flying can disperse over large distances,

but only a restricted number of species has the ability to fly. Only those that have

fully developed wings and flight muscles will be capable of doing so. In the case of

some species, although they possess both fully developed wings and flight muscles,

flight has never been observed. These species may not fly at all, or it may be a very

rare phenomenon. In our analysis we only scored species as capable of flying, when

it was indicated in Boeken et al. (2002) that flight has been observed. Species with-

out the ability to fly have to disperse by walking. Carabid beetles easily move out of

their preferred habitat. After prolonged periods in unfavourable habitats, their

behaviour changes into an extreme kind of obsessive walking in an arbitrary direc-

tion (Baars 1979). The distance that species can traverse by walking is highly corre-

lated with their size. Small species are limited in their walking distances to a few

tens of metres whilst large species sometimes walk distances of up to one kilometre

(Den Boer 1977). Therefore size forms a good indication of the active-radius of

non-flying species.

Data analysis
Data providing evidence about the occurrence of species were grouped per pitfall

set. Analyses were carried out on qualitative data only, meaning that differences in

the number of individuals between species were not taken into account.

For the Hullenzand site we analysed whether specific species traits had been

favoured, or selected against, over time. Then we calculated yearly averages per

trait and carried out trend analyses on these averages (curve fitting).

Species composition between reference sites and restoration sites were com-

pared using DCA analysis (Canoco 4.5). Subsequent analysis employed a Mann

Whitney U test with exact probability to determine whether the number of species

per ecological group and species traits, differed between the reference sites and

restoration sites. We also analysed for differences between isolated and non-isolated

sites using a Mann Whitney U test.

Species were classified as good or poor colonisers, by comparing catches over a
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period of one year on each restoration site with catches in the nearby reference na-

ture reserve. This analysis was carried out only for the non-isolated sites. Good

colonisers are characteristic species that were present in the restoration site with a

population size at least 10 % of the population present in the nearby reference site.

Poor colonisers were either completely absent in the restoration site or were pres-

ent with less than 10 % of the population recorded in the nearby reference site. We

analysed (for individual sites and pooling all sites together) whether traits of good

and poor colonisers were evenly distributed over the classes of the trait (Mann

Whitney U test with exact probability). This analysis was carried out including all

species. It was not possible to separately analyse the group of target species because

the number of species was too small to produce meaningful results.

All statistical calculations were performed using SPSS-PC.

Results

Community assemblage over time
Almost 40 different carabid species were caught on the fields with removed top soil

within three years after its removal (figure 6.2). The total number of species gradu-

ally increased over time up to ten years. About half of the species belonged to the

group of eurytopic species. Over time, the number of eurytopic species was con-

stant, whilst the number of target species increased from three to nine species.

Species from other ecological groups occurred very rarely in the study sites, and

therefore are not mentioned separately.

Changes in the community assemblage over time showed that the number of

species not capable of flying increased, whilst the number of species capable of fly-

ing remained constant (table 6.2). This was true for all species but also for the tar-

get species alone.

Including all species, the average frequency and body size of the non-flying

species showed a decreasing trend. This indicates that less common and smaller

species tended to colonise the restoration fields over time. Analysis of target species

traits revealed a negative trend for ecological amplitude, so that in later years more

stenotopic species were found in the restoration fields.

Comparing restoration and reference sites
Ten to fourteen years after restoration measures were applied, species composition

in the restoration sites remained different from the adjacent target plant communi-

ties (figure 6.3). The first axis, which explains almost 19 % of the variation, is relat-

ed to the moisture status of the fields during summer. The wettest sites are plotted

on the left and the drier ones on the right. The second axis, which explains 7 % of

the variation, distinguishes between reference and restoration sites.
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Comparison of the restoration sites with nearby reference sites revealed signifi-

cantly less target species in the restoration sites (table 6.3). The frequency of occur-

rence of the target species in the Netherlands was less in the restoration sites than

in the adjacent reference sites, but species with large body size were more common.

This indicates that in particular the relatively common, small species are under-rep-

resented in fields with removed top soil. No statistically significant differences were

found for the other traits.

Isolation effects
Comparison of the isolated restoration sites with the non-isolated sites revealed

that the number of eurytopic species was the same in both (table 6.4). However,
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Figure 6.2. The number of species trapped in the restoration site Hullenzand during the first ten
years after top soil removal. Species are grouped according to their habitat preference (after
Turin et al. 1991).

Table 6.2. Changes in traits as a function of time in restoration site Hullenzand during the first
ten years after top soil removal.

Trait All species Species of nutrient-poor conditions

Frequency y = -2.38x + 233.8  (R2 = 0.54; p ≤ 0.05) n.s.

Ecological amplitude n.s. y = -0.06x + 6.41 (R2 = 0.59; p ≤ 0.05)

# of flying species n.s. n.s.

# of non-flying y = 0.57x + 6.0  (R2 = 0.66; p ≤ 0.01) y=0.27x + 1.14   (R2 = 0.51; p ≤ 0.05)

species

Size of non-flying y = – 0.32x + 15.21 (R2 = 0.57: p ≤ 0.05) n.s.

species



isolated sites contained significantly less species typical of nutrient-poor conditions

than the non-isolated sites. Almost all species characteristic of low production com-

munities, which were captured in isolated sites, had the ability to fly and their num-

ber was similar to the non-isolated sites. Only two species could not fly.
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Figure 6.3. DCA analysis of the restoration areas in comparison with the reference sites inclu-
ding all species (species are log transformed). The first two positions of the sample codes stand
for sampling site (cf. figure 6.1), the next whether the sample is from a reference site (‘R’) or a
restoration site (‘N’) and the last two for the year of sampling.

Table 6.3. Differences in species numbers and species traits between restoration sites and refe-
rence sites. Isolated restoration sites are excluded from the analysis. Average values per class,
Mann-Whitney U score and exact probability.

Species of nutrient poor conditions

# of species # of Total # of Freq. Ecological # of # of  Size of

of nutrient eurytopic species amplitude flying non-flying non-flying

poor species species species species  

conditions (mm)

Restoration 6.3 22.4 38.0 29.1 3.0 4.4 1.8 10.0

sites (n=18)

Reference 9.0 25.0 41.5 36.0 3.1 5.0 4.0 8.8

sites (n=10)

M-W U. 16.50 33.50 42.50 21.00 43.50 33.00 24.50 8.00

p-value 0.032 0.234 0.617 0.031 0.670 0.202 0.057 0.009

(2-tailed)



Relating colonizing ability and species traits
Species that are good colonisers had a higher frequency than poor colonisers at

three individual sites and for all sites combined (table 6.5). At two sites the group

of good colonizers contained significantly more species with the ability to fly than

the group of poor colonizers. At the Hullenzand site and when all sites were com-

bined together, body size of the good colonisers was significantly larger than for

poor colonisers. Good and poor colonisers did not differ in ecological preferences,

except at the Aekingerbroek site. At this site the group of good colonising species

encompassed significantly more target species than the poor colonisers.
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Table 6.4. Differences in total number of species, for two ecological groups and species traits
between isolated and non-isolated sites sampled in 2002 and 2003. Average values per class,
Mann-Whitney U score and exact probability.

Species of nutrient poor conditions

# of species # of Total # of Freq. Ecological # of # of  Size of

of nutrient eurytopic species amplitude flying non-flying non-flying

poor species species species species  

conditions (mm)

Non-isolated 7.0 23.7 41 29.5 2.4 4.1 2.8 10.7

sites (n=18)

Isolated 5.1 20.3 33.3 28.5 2.4 4.9 0.3 6.9

sites (n=10)

M-W U. 6.50 8.00 8.50 15.00 16.00 21.50 3.50 0.000

p-value 0.032 n.s. n.s. n.s. n.s. n.s. 0.009 n.s

(2-tailed)

Table 6.5. P-values (2-tailed) for differences in species traits between good and poor colonisers
for the four non-isolated sites and all four sites together. The number of good and poor coloni-
sers are given in brackets.

Site Frequency Ecological Ecological Ability Size of 

characterization amplitude to fly non-flying species

Aekingerbroek (57 / 16) 0.004 0.030 n.s. 0.027 n.s.

Bakkeveensterduinen (35 / 18) 0.013 n.s. n.s. 0.013 n.s.

Dellebuursterheide (35 / 7) 0.031 n.s. n.s. n.s. n.s.

Hullenzand (65 / 29) n.s. n.s. n.s. n.s. 0.005

All sites together (99/26) <0.0001 n.s. n.s. n.s. 0.044



Discussion

Community assembly
Removal of top soil includes the removal of the entire top layer, containing all

adults, larvae and eggs of the carabid fauna. Despite this, we caught a large number

of carabid species on the restoration sites within two years. Kaufman (2001),

Wagner & Fischer (2003) and Glück & Fischer (2003) found a similarly rapid

colonisation of new sites by several different invertebrate taxa. This indicates that

newly created habitats are rapidly colonised by the ground-dwelling fauna. 

The assemblage of the Carabid beetle community over time showed a gradual

shift towards species adapted to nutrient-poor soil conditions. This accounted for

both the number of characteristic species, as well as the individual population size

of these species. In particular the characteristic species, Poecilus lepidus, Agonum
sexpunctatum and Amara equestris increased in number over the period of moni-

toring. Over the same time period, the number of individuals of eurytopic species

decreased, suggesting that abiotic conditions are important in structuring commu-

nity assembly.

However this idea is not supported by comparison of good and poor colonising

species. The latter analysis suggests that differences in dispersal ability seem to be

more important in determining community assemblage. Species with the ability to

fly colonized the restoration sites quickly, whilst colonisation by non-flying species

was delayed. Sampling newly embanked polders revealed that species capable of

flying were much more likely to colonise these sites than species lacking this ability

(Den Boer 1970; Meijer 1974). Flying individuals might even cross distances of

over 25 km (Den Boer 1970). Because colonisation of isolated sites characterised

by low production communities was almost entirely restricted to flying species

only, this result emphasizes the importance of nearby source populations for those

species lacking the ability to fly (De Vries et al. 1996). A distance of over 500 m be-

tween heathlands is sufficient to ensure that Carabid species communities are iso-

lated from each other (De Vries et al. 1996).

Even when source populations are present nearby, colonising ability is influ-

enced by dispersal ability. Non-flying, but large (30 mm) species can cross a dis-

tance of over one kilometre during their active season, whilst small (3 mm) species

can disperse over several tens of metres at a maximum (Den Boer 1977, 1990a).

Thus small, non-flying species in particular are poor colonisers. In contradiction to

this conclusion, five years after the restoration of wildflower meadows, Blake et al.
(1996) found that mean body size. of carabid beetles in restored wild flower mead-

ows was smaller than in reference sites. In our study, an increasing number of aver-

age species were found on the restoration sites over time. 

Heijerman & Turin (1989) found that the assembly of carabid beetles in differ-

ent types of forest showed greater similarity with the carabid beetle community
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that occurred nearby rather than the type of forest. This suggests that dispersal lim-

itation is a major constraint for the assembly of carabid communities, at least in the

beginning. We conclude that rare species will require, in general, more time for

colonisation than common species, because the number of dispersing individuals is

smaller (Den Boer 1970). This conclusion is in agreement with the evidence about

colonisation of newly embanked polders, where, although dispersal ability and

habitat preference were important factors for colonisation, common species clearly

prevailed (Haeck et al. 1980).

Restoration of low production communities
Removal of the top soil resulted in a rapid establishment of target carabid species.

Also several characteristic plant species established quickly (Verhagen et al. 2001),

in contrast to the slow reduction of soil fertility by annual haymaking on former

agricultural fields. The latter management leads to a very low establishment rate of

characteristic carabid beetles (Van Dijk 1986) and plant species (Bakker et al.
2002). This shows that removal of top soil is a fast and efficient way to speed up

the restoration of nutrient-poor communities on former agricultural soils.

Compared to the vegetation, a higher proportion of the local species pool of tar-

get carabid species (on average, 70 %) established in the first decade than for the

plant species (on average, 30 % (Verhagen et al. 2001). We therefore conclude in

agreement with Perner & Malt (2003), that invertebrates can be better indicators of

short term change due to habitat restoration than plant communities. This is mainly

due to differences in dispersal characteristics between carabid and plant species.

Dispersal by many plant species is usually restricted to distances of a few metres from

the parent plant, and long-distance dispersal is a rather rare phenomenon (Bullock &

Clarke 2000; Jongejans & Telenius 2001). Thus only small numbers of propagules

reached the top soil removed sites (Verhagen et al. 2003), and limited seed dispersal

is considered to be a major constraint for natural vegetation restoration (Bakker &

Berendse 1999). Each year dispersal by walking or flight is a recurrent phenomenon

in all carabid species (Den Boer 1979). Several species characteristic of low produc-

tion conditions therefore can colonise the restoration sites without difficulty.

Compared with vegetation, restoration of the characteristic carabid heathland com-

munity and probably the arthropod fauna in general (Den Boer 1990a), will be

much less restricted by dispersal limitations and therefore proceed more quickly.

Despite this, the number of characteristic carabid species is significantly smaller

in the restoration sites than the adjacent reference heathlands ten years after

restoration measures. The absence of target species after restoration measures have

been applied is often related to the absence of source populations in the surround-

ings (Vermeulen et al. 1997; Van Duinen et al. 2003), but our results show that

even in the presence of local source populations species might be lacking for more

than a decade.
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Implications for species conservation
Populations do not survive for eternity. Den Boer (1990b) estimated that the sur-

vival time of single interaction groups for most carabid species ranged from 9 to 40

years. Spreading the risk of extinction over several interconnected and differential-

ly fluctuating groups, in contrast, results in almost unrestricted survival as unoccu-

pied patches can be easily recolonised (Den Boer 1990a; Den Boer & Reddingius

1996). Recolonisation thus plays an essential role in the survival of a species. 

However, the number of suitable habitats that are occupied by carabid species

with restricted dispersal, in the currently fragmented landscape of North West-

Europe, is small compared to species with high dispersal capacity (Mabelis 1986;

Opdam et al. 1993). The continued survival of many species with restricted disper-

sal is threatened. For the carabid fauna in particular, large, stenotopic non-flying

species associated with open, low production communities are decreasing (Desender

& Turin 1989; Kotze & O’Hara 2003). Those species with intermediate dispersal

ability are threatened not only because of loss of habitat, but also due to habitat

fragmentation (Den Boer 1985; Turin & Den Boer 1988). A high proportion of in-

dividuals of these species will emigrate from suitable patches, but only a few will be

able to reach new patches in the currently fragmented landscape. There is an inter-

esting comparison with butterfly species. Those of intermediate mobility have de-

clined more severely than species with high or low mobility (Thomas 2000).

Our study suggests that carabid species of intermediate dispersal ability colonise

restoration sites more easily than species with low dispersal ability. Restoration of

low production communities on former agricultural fields therefore seems to be a

particularly effective method to increase the area occupied by these large, threat-

ened species, and also to reconnected isolated populations.

Implications for spatial planning
An important prerequisite for restoration of the target carabid fauna is the presence

of source populations in the immediate surroundings, but this does not guarantee a

rapid recovery of the desired fauna. Only large reserves with good and stable envi-

ronmental conditions are capable of maintaining viable populations of nearly all

species. The most endangered species in particular are missing from smaller re-

serves (De Vries et al. 1996).The same situation was found for spiders (Hopkins &

Webb 1984).

Comparison of the species composition in the reference sites used in this study

with two large heathlands areas in the North of the Netherlands revealed that sev-

eral characteristic species characteristic of nutrient-poor conditions were even miss-

ing in these smaller reference sites. Because invertebrates fulfil a crucial part of the

ecosystem in many food networks (Borro et al. 1989), this might also have impor-

tant consequences for other species groups (Larochelle 1980; Esselink et al. 1994;

Pettersson et al. 1995; Kuper et al. 2000). Restoration efforts, therefore, should
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focus on connecting isolated nature reserves with the remaining large areas, but

even then colonisation by species with low dispersal power will require several

decades. In situations where nutrient-poor conditions can be created over large

areas, but connections with existing large reserves cannot be established, active re-

introduction of species with restricted dispersal powers should be considered.
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Introduction

Maintenance of biodiversity has been set as an important goal in international agree-

ments (Convention on Biological Diversity Rio de Janeiro, Johannesburg). In the

1980’s growing awareness developed that the remaining nature reserves alone were

not sufficient to meet this goal in the Netherlands. The extension of the area occu-

pied by (semi-)natural communities with plant or animal species of nature conserva-

tion interest became an important goal of the Dutch nature policy (Structuurschema

Natuur- en Landschapsbehoud 1981). Hereto vacant agricultural land gets a new

function directed on the development of nature values (Ministerie van LNV 1990).

On the Pleistocene sand deposits of the Netherlands a major aim is to restore

the characteristic low production communities of the formerly widespread heath-

land landscape (see also chapter 1). On agricultural fields the abiotic environment

has been substantially changed (Gough & Marrs 1990). Therefore it is necessary to

create appropriate starting conditions for low production communities by using

relevant targeted restoration techniques. During the past 15 years top soil removal

has been regularly utilised. Besides removal of the nutrients, it also implies removal

of the soil biota within the removed layers. A bare substrate is created that has to be

colonized again by the desired plant and animal species, thus rebuilding complete

communities.

In this final chapter I discuss the contribution of top soil removal to the restora-

tion of low production communities on the short and middle-long term. Bottlenecks

for restoration are discussed. The benefits of the removal of top soil are compared

with other restoration techniques. Reflections are made on the long-term restora-

tion perspectives. Recommendations are made on spatial landscape planning.

Soil impoverishment

Top soil removal has proven to be an efficient restoration technique to immediate-

ly reduce the quantity of nutrients in the soil (chapter 2; Aerts et al. 1995; Jansen

& Roelofs 1996; Jansen et al. 2004; Kiehl et al. 2003). The precise effect of top

soil removal however depends on the depth of removal, the former land use and

the soil nutrient considered (chapter 2). Complete removal of the top soil horizon

results in the exposure of a soil layer with low organic matter, nitrogen and phos-

phorus contents in both former pastures and arable fields. Concentrations of major

nutrients are reduced to levels comparable with those in soils that support the least

productive communities such as dwarf-shrub dominated heathland vegetation.

Productivity can be reduced to less than 1 ton ha-1 yr-1 (Klooker et al. 1999;

Verhagen et al. 2003), which is even below the values reported for dwarf-shrub

dominated communities (Klapp 1965). 
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Shallow removal of top soil results also in a considerable reduction in the con-

tent of organic matter and nitrogen in former pastures, but not in former arable

fields. The effect on the phosphorus pool is in both former land use types however

restricted. In some of the sites, shallow top soil removal is followed by a high bio-

mass production during the first years (Klooker et al. 1999). This indicates at accel-

erated breakdown of the remaining organic matter, which sometimes is observed

after sod-cutting of heathlands too (De Graaf et al. 1998b; Berendse 1990). After a

few years productivity drops to normal levels.

Community development

Vegetation
Removal of the upper soil horizons implies removal of all plants and animals pres-

ent in these layers, including roots, seeds, larvae and eggs. Thus, after top soil re-

moval a bare substrate is left, but this is colonized rapidly. In all sites particular

plant species of the Lolio-Potentillion anserinae, the Polygonion avicularis and the

Cynosurion cristati colonized within a few years (Klooker et al. 1999). After estab-

lishment these species can spread rapidly by vegetative reproduction or dispersal by

diaspore. The rate of vegetation development is strongly related to the remaining

nutrient pools in the soil (chapter 2). The vegetation retains an open character for

over a decade following complete top soil removal and often target species domi-

nate the vegetation. In contrast, after shallow removal of the top soil, a dense vege-

tation develops within less than five years, with Agrostis capillaris and Holcus lana-
tus dominating the dry areas and Juncus effusus the wet areas. Species such as these

will impede the establishment of target species (Owen & Marrs 2000; Isselstein et
al. 2002; Walker et al. 2004b). Target species are hardly present.

This difference in vegetation development between areas with shallow and com-

plete top soil removal is likely to be related to differences in nutrient availability

and the species composition of the soil seed bank. In agricultural fields the soil seed

bank mainly contains species of meso- and eutrophic soil conditions (Klooker et al.
1999; Steendam & Bekker 2002). Because the number of viable seeds decreases

with increasing soil profile depth, after shallow top soil removal, a much larger

population of seeds remains in comparison with fields where the entire top soil

horizon was removed. The remaining nutrients will support the growth of the

emerging seedlings of species typical of meso- and eutrophic soil conditions. After

complete top soil removal small quantities of both viable seeds and nutrients are

present in the exposed layer, and the rapid establishment of common plant species

of meso- and eutrophic conditions does not occur.

It appears that over time, establishment of the target plant species is mainly re-

stricted to areas with soil  nutrient concentrations less than 1 mg total-N gr-1,
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14 mg total-P 100 gr-1 and 4 mg extractable-P 100 gr-1 (chapter 2). Such low nutri-

ent concentrations, which are comparable with threshold values reported for

species-rich sites (Janssens et al. 1998; McCrea et al. 2001b), are only found after

complete top soil removal. Spontaneous establishment of the plant species charac-

teristic of low production plant communities after top soil removal, appears to be a

slow process. None of the target species was in any study site able to colonize with-

in ten year the entire potential available habitat (chapter 5). After ten years only 10

to 50 % of the characteristic plant species of the seven selected target alliances (see

chapter 1) have established in one or more sites (chapter 4). 

Fauna 
In contrast to the vegetation, the soil dwelling Carabid species relatively rapidly

colonize fields where top soil was removed (chapter 6). Within ten years after top

soil removal had been undertaken the majority of the locally present species, char-

acteristic of nutrient-poor conditions had colonized the sites, including several

rare species. Top soil removed sites also are colonized rapidly by butterflies. Of

the ten characteristic butterfly species, which occur on heathlands in the direct

vicinity, seven are found on the restoration sites within ten years (Wallis de Vries

2002). In addition, two reptile species, Viper (Vipera berus) and Grass snake

(Natrix natrix), are often observed on sites where top soil has been removed (per-

sonal observation). These species benefit from the development of Juncus effusus
dominated vegetation (Donker 1999).

Comparison with other techniques

Methods that have been utilised widely to remove the surplus of nutrients include

grazing or haymaking. With these methods yearly only a relatively small propor-

tion of the nutrient pools in the soil is removed (Marrs 1985; Bakker 1987;

Bakker & Olff 1995; Bakker et al. 2002; Bakker & Van Diggelen 2005). Hence,

long periods of time are required to achieve the necessary nutrient depletion.

Despite their small effect on nutrient pools, both grazing and haymaking often re-

sult in a rapid reduction in the standing crop. This decrease however is usually not

accompanied by the establishment of target species (Bakker 1987; Oomes 1990;

Berendse et al. 1992: Bullock et al. 1994; Pegtel et al. 1996), even in combination

with sowing of the target species (Pywell et al. 2003). To enhance nutrient deple-

tion the spontaneously developing vegetation can be replaced by a crop species

with high nutrient demands (Marrs 1993). Also the application of a single nutrient

such as nitrogen may accelerate the depletion of other nutrients, but even then im-

poverishment requires more than a decade (Van der Woude et al. 1994; Marrs et
al. 1998). 

Chapter 7

106



Other methods aim at the immobilization of nutrients in the soil. By the incor-

poration in the soil of material with a high C/N ratio, such as straw, the uptake of

nitrogen by soil bacteria is stimulated (Mary et al. 1996; Török et al. 2000). By the

addition of acidifying amendments such as sulphur, the availability of some nutrient

elements is reduced (Owen et al. 1999). Their influence on short-term nutrient

availability often appears to be restricted. 

Compared to these techniques, complete removal of the top soil provides a

clear acceleration of nutrient depletion. In addition, by removal of competitive

species from both the vegetation and soil seed bank, characteristic species of low

production communities become established rapidly. However, in specific situa-

tions inverting the soil profile by deep ploughing can be a good alternative. In the

past agricultural land was reclaimed from heathland by deep ploughing. In sites

that were reclaimed relatively recently the original surface layer including the seed

bank might be preserved in the subsoil (Ter Heerdt et al. 1997). Exposure of this

layer by turning the soil profile again to its original state might be a successful alter-

native restoration technique. As no nutrients are removed from the soil by this

technique, its application should be restricted to sites that were not exploited very

intensively.

Colonization constraints

Colonization ability plant species
With removal of the upper soil horizons, a bare substrate is created. This has to be

colonized again from the soil seed bank or the surroundings. Restoration success of

degenerated vegetation often is related to the presence of viable seeds in the soil

seed bank (Roelofs et al. 1996; Jansen et al. 2004; Walker et al. 2004a). In agricul-

tural fields, fertilisation, ploughing and drainage reduce the lifespan of buried seed

populations (Roberts & Feast 1973; Bekker et al. 1997; Pywell et al. 2002; Walker

et al. 2004a). The soil seed bank of agricultural fields with a long history of inten-

sive agricultural use therefore hardly contains viable seeds of target species

(Klooker et al. 1999; Steendam & Bekker 2002). Establishment of target species

therefore entirely depends on colonisation from the surrounding areas. 

Many plant species have restricted dispersal ability (Vegelin et al. 1997;

Strykstra et al. 1998; Bullock & Clarke 2000; Jongejans & Telenius 2001).

Restoration attempts therefore often fail when seed sources are not present in the

immediate locality (Bakker et al. 1996; Jansen et al. 1996; Bakker & Berendse

1999). In the present study, colonization by target species was in all sites restricted

to the species present in the immediate surrounding area. Hereby, restoration suc-

cess during the first ten years following removal of the top soil appeared to be

highly related to their commonness in the Netherlands (chapter 6). In addition,
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both frequency of occurrence of a target species within a site, and the number of

sites colonized are related to their commonness in the Netherlands (Verhagen et al.
2003).  No correlation was found with any specific life history trait, such as disper-

sal ability, dispersal vectors or life history strategy (chapter 6). This indicates that

especially chance determines restoration success during the first ten years after top

soil removal.

In general, the frequency of rare plant species in the surroundings is restricted,

and thus the number of seeds produced is relatively small. This reduces the proba-

bility that propagules of these rare plant species will colonize the restoration site

(Van Dorp 1996). The seed rain of the common target species arriving at the

restoration sites will be greater and hence their appearance is much more likely. In

other restoration projects involving the removal of the top soil from agricultural

land on sandy soil, more or less the same relatively common target plant species

proved to be successful colonizers at short time intervals (Arnolds 2006; Sival et al.
2004; Van Uytvanck & Decleer 2004).

Colonization by characteristic fauna species
Characteristic Carabid species of low production communities are rarely present in

agricultural environments (Verhagen & Vermeulen 2005), and therefore these

species must colonize the restoration sites from the surrounding areas. In contrast

to plant species, especially the less common Carabid species do fast colonize the re-

stored sites (chapter 6). Colonization is further related to dispersal ability. Species

with high dispersal ability rapidly colonize the sites after top soil removal. Size is

both related to commonness and dispersal ability. This indicates that especially the

large species, that are usually less common, do have a high colonization potential.

But even species with restricted dispersal ability are able to colonize restored sites

within ten years. 

The soil dwelling fauna does colonize the top soil removed sites more straight-

forward than the flora. The colonization potential of the fauna will be much less

restricted due to their mobility. Their mobility will not only provide them with a

wider active radius, but also allows them to actively seek specific areas with suitable

conditions. In combination with an opportunistic life strategy, the group of

Carabidae can profit fast from restoration projects. In contrast, the appearance of

butterflies in the study sites depends on the presence of specific plant species with-

in a sufficient density (Wallis de Vries 2004). But also the distance to local source

populations is an important bottleneck for colonization. It appears that several but-

terfly species, despite their ability to fly, cannot cross distances of over 200 meters

(Thomas 2000). This indicates that especially animal species with an opportunistic

life strategy will have high restoration potential. The presence of nearby source

populations remains important even for opportunistic species, as isolated sites are

colonized by flying species only (chapter 6).
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Environmental constraints

Besides limitations related to the number of propagueles or individuals reaching the

restored sites, some environmental conditions might be limitative. As rare species

usually require specific conditions, these species will be the first to be affected. 

Hydrological conditions
Top soil removal implies lowering the field level. This means that groundwater ta-

bles rise.  Further, the withdrawal of a field from agricultural use sometimes pro-

vides opportunities to optimise hydrological conditions for nature purpose. As a re-

sult, after top soil removal conditions are often more appropriate for communities

of moist to wet conditions than of dry conditions (chapter 4; Klooker et al. 1999;

Verhagen et al. 2003), but in summer ground water levels are often too far below

the soil surface to sustain the wet communities. 

Rewetting of former agricultural sites can result in increased P-availability, due

to the release of phosphate from iron-complexes in the soil under reduced condi-

tions (Lamers et al. 2005). This will hamper especially the establishment of rare

plant species, as several of these species are especially adapted to low phosphorus

availability (Roem & Berendse 2000). Recently it has become clear that species di-

versity is highly related to low phosphorus availability, even in nitrogen limited sites

(Wassen et al. 2005). Depletion of the phosphorus pools depends on the depth of

removal of top soil. Large amounts of phosphorus remain in the soil after shallow

removal of the top soil (chapter 2), and P-availability is above the threshold values

reported for high species diversity (Janssen et al. 1998). After complete removal of

the top soil the total phosphorus pool is low, and phosphorus availability is compa-

rable to low production plant communities (chapter 2). In all study sites high levels

of calciumbicarbonate, resulting from the former agricultural limings, were present

in the ground water (Klooker et al. 1999). Calcium(bicarbonate) can bound to

phosphate. In the sites where top soil is removed entirely these residues might pre-

vent increased phosphate availability due to rewetting. Jansen (2000) showed that

on former agricultural fields a combination of top soil removal and manipulation

of hydrological conditions (rewetting), resulted in the restoration of low produc-

tion plant communities with high nature conservation value.

Nitrogen deposition
Fertilisation experiments revealed that after removal of the top soil horizon, pro-

ductivity is limited by nitrogen (Klooker et al. 1999). Also in the past low produc-

tion plant communities on sandy soils were, in general, limited by nitrogen avail-

ability (Chapin 1980; Lee et al. 1983; Tilman 1984; Ellenberg 1985; Egloff 1987;

Tamm 1991; Vitousek & Howarth 1991; Bobbink & Roelofs 1995; Bobbink &

Lamers 1999), and most of these communities nowadays still are (Verhagen & Van
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Diggelen 1999; Kemmers et al. 2001). In the current situation atmospheric deposi-

tion is an important source for nitrogen. Nitrogen deposition on vegetations with a

short canopy can be as high as 20 kg N ha-1 yr-1 (chapter 3). This is above the crit-

ical levels for the selected target communities (Bobbink et al. 1998).

Besides eutrophicating effects, atmospheric deposition can cause soil acidifca-

tion. An important part of the nitrogen deposition comes down as ammonium. De

Graaf et al. (1998a) showed that several rare plant species of low production com-

munities require nitrate as a source of nitrogen, and therefore are sensitive to acidi-

fication caused by airborne nitrogen deposition (Houdijk et al. 1993; Roelofs et al.
1996; Bobbink et al. 1998; Lee & Caporn 1998). Due to the residues of former

liming still present after top soil removal the latter process will not occur on the

short term.

Adverse soil conditions
Sod-cutting of heathlands sometimes leads to accelerated breakdown of the re-

maining organic matter and temporarily high ammonium and aluminium concen-

trations (De Graaf et al. 1998b; Berendse 1990), constraining the restoration of

several rare species. Also after partial removal of the top soil accelerated break-

down might occur. In some of these sites high biomass production was observed

for a few years, suggesting temporarily increased nutrient availability. In sod cutted

heathland the accumulation of both ammonium and aluminium could be prevented

by the addition of lime, and this stimulated the germination and establishment of

rare species (Van den Berg et al. 2003; Bobbink et al. 2004; Dorland et al. 2005).

Agricultural fields are regularly limed. Top soil removal hardly affects soil pH,

which is in the first years always above 5.5. It is therefore not likely that ammoni-

um and aluminium accumulate to high levels after top soil removal of former agri-

cultural land.

After removal of top soil a bare substrate is left with low organic matter con-

tent, and hence low water-buffering capacity. The top layer will dry out rapidly,

and conditions will be highly unfavourable for germination and establishment

(Londo 1997; Dorland et al. 2000). With the establishment of an open, short vege-

tation, opportunities for species establishment will increase (Nash Suding &

Goldberg 1999). The establishment of hair-moss (Polytrichum spp.), which is ob-

served in all sites, initially improves the survival rate of seedlings of target species

(Mallik et al. 1984; Van Tooren et al. 1985). However the development of a dense

moss layer over time eventually hampers the germination of higher plant species

(Mallik et al. 1984; Van Tooren et al. 1985; Van Tooren 1990; Zamfir 2000).

Besides specific abiotic conditions, soil biota, such as mycorhiza and root-feed-

ing nematodes, may influence plant species composition (Kuyper & De Goede

2005). Prolonged periods of intensive agricultural use have lead to completely

altered soil communities (Korthals & Van der Putten 2001). Agricultural soils are
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dominated by bacteria with a relatively large biomass of soil borne pathogens and

herbivores, whilst the diversity of mycorhizal fungi is small. The soil organisms

which are a necessary component of the ecosystem supporting the target communi-

ties are probably absent in former agricultural fields, and these soil organisms also

do have to colonize the restoration sites from the surrounding areas.

Introduction experiments
Despite these environmental constraints, several rare species were able to establish

successfully in the sites with removal of top soil when they were actively intro-

duced as seed or hay (Klooker et al. 1999). This resulted in the permanent estab-

lishment of several species, followed by successful reproduction (Bekker et al.
2002, 2005). These experiments suggest that for several plant species colonization

is especially restricted by a lack of propagules reaching the restoration sites. Also

Hölzel & Otte (2003) showed that the combination of top soil removal with the

introduction of target species resulted in the fast establishment of these species. 

Restoration perspectives

Nitrogen budgets
Predicting the restoration prognosis of the target low production communities on

former agricultural sites is difficult. At one hand, the number of species established

in the field where top soil was completely removed increase slowly, but continuous-

ly, and established species continue to spread. At the other hand, nitrogen availabil-

ity is expected to increase over time. Accumulation of nitrogen is a common char-

acteristic of succession (Tilman 1988;  Aerts & Chapin 2000). Because nitrogen is

the limiting nutrient, this will result in increased biomass production, increased

competition for light (Kotowski & Van Diggelen 2004) and a subsequent decrease

in the number of target species of low production communities.

Estimations of nitrogen budgets, based on measured abiotic site conditions and

estimated rates of flux, suggest that nitrogen availability in areas where there was

partial removal of top soil, increased during the first ten years by almost 50 % (fig-

ure 7.1). As there is a trade-off between competitive ability for light and nutrients

(Aerts 1999), this will favour fast growing species. 

In contrast, nitrogen availability in the first ten years only increased slightly in

the areas where the top soil was completely removed (Verhagen et al. 2003).

Species adapted to low nutrient availability will still be favoured and spread more

successfully. Similarly, in sod-cut heathlands nitrogen availability is generally stable

during the first ten years (Berendse 1990), but thereafter nitrogen availability in-

creases linear with atmospheric nitrogen deposition (Berendse 1998; Aerts &

Bobbink 1999). In all study sites organic matter content increases, while the C/N-
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Figure 7.1. Estimated nitrogen balances after complete and shallow top soil removal, based on
abiotic conditions measured in 1995 or 2001 (after Klooker et al. 1991; Verhagen et al. 2003). 



ratio decreases (chapter 2). This suggests that nitrogen is accumulating in the soil. 

Depending on the speed of vegetation development, nitrogen availability will prob-

ably start to increase within a period of 10 to 20 years following complete top soil

removal. Vegetation cover then will increase, reducing the number of safe sites

(Grubb 1977) for germination and establishment of target species. This process will

be accelerated by the current high atmospheric nitrogen deposition (Berendse et al.
1993; Lee 1998; Goulding et al. 1998).

Time windows
Modelling nitrogen availability over time according to a nitrogen budget model

(after Klooker et al. 1999; Verhagen et al. 2003), based on measured abiotic site

condition and estimated rates of flux according to rules of thumb, revealed that ni-

trogen availability in areas with shallow removal of top soil, closely relates to values

measured in species-rich grasslands and small sedge communities for a period of

approximately 40 to 60 years (unpublished results Verhagen). After complete top

soil removal, soil nitrogen availability does not compromise the sustainable man-

agement of dry and wet heath vegetation for a period of over 100 years. For the

more oligotrophic Thero-Airion and Hydrocotyle-Baldellion alliances, the time span

is restricted to 60 years. Because the model is based on the relative small changes in

nitrogen availability during the first ten years only, it is likely that the predicted

time span for maintenance of a stable species composition, is an overestimate of the

real time period in natural habitats. 

Within a time interval of less than ten years about half of the characteristic

species of the Ericion tetralicis and Caricion nigrae community have yet to become

established on a regular basis  in several of the study sites (chapter 4).  Some of the

other species have been recorded incidentally. Future restoration prospects for

these two communities therefore seem to be promising. Based on the current ob-

servation of the development of these two communities, the establishment of the

other characteristic species will require at least 20 years (figure 7.2). The number of

species established on a regular basis is much lower for the other alliances and sev-

eral of the characteristic species have not been recorded at all. For these communi-

ties, based on the results thus fare, complete restoration will require a period of

over 40 years (figure 7.2). These estimates may however be far too optimistic, as

they are based on the first ten years after top soil removal. During this period espe-

cially the more common target species established. The establishment of rare

species will probably go much more slowly, due to fewer propagules reaching the

restored sites and the more critical requirements for germination and establish-

ment. Within the study sites in the present study increasing nitrogen input and con-

sequent development of vegetation favouring more competitive species, will mean

that full restoration of these communities following top soil removal, without ap-

propriate restoration management, is unlikely to occur.
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Restoration management

Removal of top soil has proven to be an effective and rapid method to create ap-

propriate starting conditions for restoration, but subsequent restoration manage-

ment remains necessary in order to steer future community development.

Complete restoration of the desired low production communities requires that

management on the one hand promotes the establishment of target species and

prevents, or slows down the accumulation of nutrients.

Current management involves mainly free range grazing by large herbivores,

communally fenced with adjacent nature reserves, and in several sites combined

with a management of hay-making. 

Evidence of the direct effects from grazing has been clearly demonstrated by ex-

closures at the study sites. These show that grazing and browsing activities of herbi-

vores is effective in keeping shrubs and trees suppressed, whilst trampling by cattle

or horses prevents the development of a dense moss layer (Verhagen et al. 2003).

Mowing of dense vegetation results in reduced standing crop.

Both mowing and grazing affect vegetation development indirectly by influenc-

ing nutrient availability and vegetation structure, and acting as a seed dispersal

agent. Large herbivores increase vegetation structure (Bakker 1989, 1998), whilst

in contrast haymaking homogenizes vegetation structure, but both methods create

gaps and allow penetration of light through the plant canopy. This stimulates the

germination of seeds (Bakker 1987; Nash Suding & Goldberg 1999). Recurrent
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mowing with removal of the cuttings leads to removal of nutrients from the sys-

tem. Prolonged periods of mowing over several decades results in a shift from limi-

tation by nitrogen to co-limitation by potassium and later also phosphorus (Marrs

et al. 1989; Pegtel et al. 1996; Bakker & Olff 1995). In this way the system will be-

comes less vulnerable to atmospheric nitrogen deposition. Grazing, on the other

hand, results in a redistribution of nutrients within the grazing unit (Bakker 1989)

and an increase in nutrient cycling (Marrs et al. 1989). In a mosaic landscape, dif-

ferential foraging and non-foraging habitat preferences of herbivores often result in

the transport of nutrients from the more productive areas to less productive areas

(Schutter er al. 1987; Bokdam 2003). The effect of grazing on nutrient availability

in the restoration sites thus depends on the habitat quality of the rest of the grazing

unit.

Large herbivores can disperse seed by their adhesion to the fur and hoofs (exo-

zoochory) or via the alimentary tract (endozoochory) (Howe & Smallwood 1982).

Dispersal by herbivores will be restricted to plant species growing within the graz-

ing unit, but they can be dispersed throughout the entire area (Moussie 2004;

Couvreur 2005). Introduction of grazing in a species-rich grassland community re-

sulted in a higher abundance and more even spread of characteristic plant species

throughout the area within a few years (De Smith & Heil 2000). In a mosaic land-

scape, large quantities of seeds of species characteristic of meso- and eutrophic soil

conditions are spread with the dung, and therefore restored areas can receive a rel-

atively high input of seeds of competitive species (Verhagen et al. 2003; Moussie et
al. 2006). These species will profit from the nutrients transported with the dung

(Dai 2000). Hence, care is required by connecting restoration sites with surrouding

areas. In order to enhance the dispersal of target species to the restoration sites by

mowing machinery, the machinery should be used first in fields with a high abun-

dance of the target species and then on the restoration site (Strykstra & Verweij

1995; Strykstra et al. 1997).

Implications for spatial planning

Nature policy
In the 1980’s nature conservation changed its emphasis from a defensive (conserva-

tion) stance towards a more offensive (restoration) strategy. The idea was promoted

that the area covered with highly valued nature should be extended. Restoration of

nature and landscape values was then introduced to Dutch policy (Structuur

schema Natuur- en Landschapsbehoud, 1981). The idea was elaborated to encom-

pass an ecological network of interconnected nature reserves on a national scale

(Baerselman & Vera 1989). The construction of this network, referred to as the

National Ecological Network (NEN), gained a central role in national policy and
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spatial planning (Ministerie van LNV 1990, 2002; Ministeries van LNV, VROM,

VenW en OS 2000; Ministeries van VROM, LNV, VenW en EZ 2004). Also on

European scale is focussed on the creation of an interconnected, coherent ecologi-

cal network, Natura 2000. This network should provide opportunities for the pro-

tection of species and ecosystems in the wider landscape, and safeguards against ex-

ternal environmental pressures such as climate change.

In the Netherlands, the National Ecological Network will eventually comprise

approximately 730,000 ha of the countryside (Hootsmans & Kampf 2004). The

major part is formed by existing nature reserve areas and woodland, the so called

core areas. These areas should be extended in 2018 by approximately 150,000 ha

of new nature area (Natuurcompendium 2003). In these ecological development

areas, which are mainly located on former agricultural land, highly valued nature

should be restored. 

Maintenance of biodiversity
A wide range of restoration measures has resulted in the reappearance of lost and

threatened species (LNV 2000; Bekker & Lammerts 2000) and with the realisation

of the NEN the land area designated with the status of  ‘nature reserve’ increased

for the first time. However, the overall decrease of biodiversity in the Netherlands

only has been slowed down, not stopped (Natuurbalans 2005). The current study

shows that in the case of heathland restoration on former agricultural soil the re-

quired reduction in soil fertility can be achieved fast by means of complete removal

of the top soil. The newly created habitat then is fast colonised by characteristic

heathland plant and animal species. This means a substantial increase of the area

covered with low production communities.

Colonization on the short term after top soil removal, especially for the vegeta-

tion, appears to be restricted to the more common species. Rare plant species, and

thus the animal species that depend on these species, are usually missing during the

first ten to twelve years. The contribution on the preservation of biodiversity in the

short term therefore is restricted. This however accounts also for large parts of the

Dutch heathland reserves. In these existing reserves rare plant species are usually

found on small patches only. 

The long-term development and preservation of the low production communi-

ties in the NEN, is however threatened by the current high atmospheric nitrogen

deposition. The amount of nitrogen deposition depends on the intensity of the

agricultural practices in the region, and the distance to nearby animal houses (chap-

ter 2), but background deposition usually will be near, or above, the estimated crit-

ical-loads for heathland vegetations (chapter 3). Except an enlargement of nature

reserves to create buffer zones, an overall decrease in nitrogen deposition will be

required. Else sod cutting will be required on a regular base, as is common practice

in many heathland reserves, to remove a surplus of nitrogen from the soil. In exist-
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ing heathland, species do fast regenerate from the soil seed bank. On former agri-

cultural land the time lag between top soil removal and sod cutting however might

be too short to build up an appropriate soil seed bank for fast regeneration. If so,

this would mean that after sod cutting vegetation development again depends on

seed dispersal from the surroundings.

Species exchange
After top soil removal colonization by rare plant species, and therefore the restora-

tion of highly valued (relative) species-rich heathland communities, is severely con-

strained by a lack of propagules reaching the restoration site. A lack of propagueles

or individuals reaching the restroration sites is a major constraint for restoration,

both for the vegetation as the fauna (chapter 4, chapter 6, Opdam 1990; Bakker &

Berendse 1999; Thomas 2000). Focussing on the Drentsche Aa reserve, Prins et al.
(1998) estimated that 50 % of the red list species of heathlands and species-rich

meadows would still be missing 100 years after initial restoration due to dispersal

constraints. In the presence of a well-developed community within a few meters

from the restoration site the desired community can establish within a few years

(Jansen & Roelofs 1996). Maintenance of such source populations therefore

should be the first concern of current nature conservation, as they are the key to fu-

ture restoration. 

Without such source populations present at short distance, the restoration of

low production communities including the characteristic, rare plant species, will be

highly restricted due to dispersal constraints. In the heathland landscape of the

past, human activities were the main factor for species exchange between sites

(Poschlod & Bonn 1998). Species and propagules were then transported with hay,

dung, animals, seeds of cultivars or artificial flooding. These (unintentional) disper-

sal vectors have disappeared from the current landscape. To fill this gap, opportuni-

ties for dispersal and exchange of species between sites in the NEN should be in-

creased (Bakker et al. 2003). This means that barriers must be removed, and addi-

tional measures must be carried out to stimulate the exchange of plant propagules

and individual animals between sites. Top soil removal can be an effective method

to create nutrient-poor connections between sites, along which animals can migrate

through the landscape. Large herbivores can use the created nutrient-poor restora-

tion areas as corridors between low production communities, thus spreading seeds

of the characteristic communities of the heathland landscape (Moussie 2004). A

well-considered mowing ordering of sites also might be beneficial for the exchange

of seeds and individuals between sites (Strykstra 2000). As top soil removal implies

lowering of the field level, in some situations this might offer opportunities for (re-

newed) flooding by brooklets. With the water viable seeds or plant parts can be

transported from, or to, reserves in the surroundings. Despite these measures, the

spreading of rare plant species, and thus the animal species dependent of these
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species, over the NEN will require long time intervals. On the short term active in-

troduction therefore should be considered to provide threatened nature values a

solid base for future preservation. 

Landscape planning
In the long term, biotic and genetic diversity can be preserved only by improving

spatial processes in the landscape, thus allowing species and communities to re-

spond, adjust and evolve under changing conditions. To reach this, at the equip-

ment of the NEN information of both restoration studies and landscape ecology

needs to be integrated (Bell et al. 1997). Restoration studies must provide informa-

tion on the required conditions and prerequisites for recruitment of flora and

fauna, whilst landscape ecology must provide information on spatial heterogeneity,

interconnectivity of landscape structures and spatial network-dynamics (Geertsema

et al. 2002). Only by combining knowledge from both kind of studies allows selec-

tion of most promising sites for restoration, setting of realistic goals and to weigh

different environmental restoration techniques and restoration management there-

after. Particularly radical and expensive techniques, such as topsoil removal, require

careful consideration before implementation.
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Summary



Heathlands

Human activities have made their mark on the Dutch landscape. Under the influ-

ence of cutting, burning and grazing an open heathland landscape developed on

the Pleistocene sands. Characteristic communities of the heathland landscape, such

as dwarf-shrub dominated vegetations and species-rich grassland, are characterised

by low production. From the Middle Ages onward the area covered with heathland

increased fast under influence of the then commonly applied agricultural system.

Climax was reached at the beginning of the 19th century. Then, over 600,000 to

800,000 ha of the Netherlands was covered by heathland. 

Due to changes in agricultural practice the heathlands were abandoned in the

latter decades. Natural succession to forest was no longer prevented. In addition,

large parts were cultivated into agricultural fields or acquired for afforestation. This

resulted in a dramatically decline of the area harbouring heathland. In 1983 only

40.000 ha was left, generally in small and isolated remnants that are surrounded by

intensive exploited agricultural fields. Ecological quality of the heathlands is nega-

tively influenced by acidification, eutrophication and desiccation. As a result, many

characteristic heathland species have disappeared or become rare. 

At the end of the 20th century the idea developed that nature conservation

should not only aim at the preservation of existing sites, but also the area should be

extended by means of restoration. On the Pleistocene sands an important goals is

the extension of the area covered with heathland communities.

Top soil removal 

Current policy provides opportunities to transform agricultural fields into land with

nature conservation interest. Agricultural fields contain high amounts of nutrients

due to heavily fertilization. As nutrient-poor soil conditions are an important prereq-

uisite for the development of characteristic heathland communities, soil impoverish-

ment is required. Recently, removal of top soil has emerged as a technique to achieve

fast the required impoverishment. Top soil removal involves taking away the upper

layers of the soil profile, including the nutrients. Also organisms presents in the

upper soil layers are removed. A bare substrate is left, that has to be colonized again.

This thesis focuses on the abiotic conditions created by top soil removal and the

key processes determining community assembly thereafter. Restoration success is

evaluated by means of seven low production plant communities (target alliances)
that were once wide spread in the Pleistocene sands. Their development was fol-

lowed by monitoring the occurrence of the characteristic plant species of these

alliances (target species). The development of the soil dwelling fauna was monitor-

ing by means of the Carabid fauna.

Summary

138



Nutrient pools

Top soil of former fertilized pastures and arable fields proved to be a quick method

to reduce soil fertility. Nutrient pools in the soil are immediately reduced, whereby

the degree of reduction depends on the removal depth and the nutrient considered.

The nitrogen pool is lowered considerably, even after shallow top soil removal. To

reduce phosphorus pools considerably, the agricultural exploited layer has to been

removed entirely. Complete removal of the agricultural exploited layer removal re-

sulted in similarly sized nutrients pools as in the Calluna-Genestion pilosae and

Ericion tetralicis. Shallow top soil removal reduces nutrient pools to levels similar

to the Caricion nigrae and Nardo-Galion saxatilis.
Biomass productivity after top soil removal is limited by nitrogen. During the

first ten years after top soil removal total-N increased and C/N-ratio decreased in

all studied sites. This implies that productivity increases over time. In general the

changes of soil nutrient pools were related with their initial amount and organic

matter content after top soil removal. Nutrient accumulation seems to be influ-

enced by vegetation development. The amount and decomposability of the litter

produced seem to be key factors for nutrient cycling and nutrient availability.

Atmospheric deposition is an important nitrogen source. Measurements re-

vealed that nitrogen deposition on low canopy vegetation ranges from 17 to 27 kg

N ha-1 yr-1. The exact amount depends on the distance to and the strength of local

nitrogen emitting sources. In intensively used agricultural regions nitrogen deposi-

tion is increased up to distances of 1500 m from local animal houses, dung reser-

voirs and other emitting sources. Under such conditions, local measures can be

meaningful to reduce deposition, especially where large nitrogen emitters are locat-

ed in the direct vicinity of the reserves. Background deposition in all sites however

already lies above the critical level of 15 kg N ha-1 yr-1 for the most sensitive vege-

tation types. 

Community development

Vegetation development after top soil removal appeared to be highly related to re-

moval depth. The vegetation retains an open character for over a decade following

complete top soil removal and often target species dominate the vegetation.

Shallow removal results within less than five years in a dense vegetation dominated

by species of mesotrophic conditions. This difference between complete and shal-

low top soil removal will be related to differences in nutrient availability and the

species composition of the soil seed bank. 

Establishment of target plant species is mainly restricted to areas with soil nutri-

ent concentrations less than 1 mg total-N gr-1, 14 mg total-P 100 gr-1 and 4 mg ex-
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tractable-P 100 gr-1. Complete top soil removal is required to reach these concen-

trations. Spontaneous establishment of the target plant species however goes slow.

In intensively exploited agricultural fields hardly any viable seeds of target species

will be left in the soil. Colonization therefore depends entirely on seed sources in

the surroundings. In the studies sites, colonization by target species was in all stud-

ied sites restricted to species present in the immediate surrounding area. Further,

restoration success appeared to be highly related to commonness in the

Netherlands. No correlation was found with any specific life history trait, such as

dispersal ability, dispersal vectors or life history strategy. This indicates that restora-

tion success after top soil removal is especially determined by chance. In general,

the frequency of rare plant species in the surroundings will be restricted, and there-

fore their appearance on restoration sites will be very small. Ten years after top soil

removal 10 to 50 % of the target species of the seven selected target alliances have

established in one or more sites. 

In contrast to the vegetation, colonization by the soil dwelling fauna goes much

more straightforward. Besides chance, colonization by Carabid species is related to

dispersal ability. Restoration sites are first colonized by species with high dispersal

abilities, that is flying species. These are followed by large, often rare, non-flying

species. But, within ten years, even many small, non-flying species did colonize the

restoration sites. This indicates that especially animal species with an opportunistic

life strategy, such as Carabidae, do have high restoration potential. The presence of

nearby source populations remains very important, as isolated restoration sites are

colonized by flying species only.

Restoration perspectives

The number of species establishing after top soil removal slowly, but continuously,

increase over time. At the same time, nitrogen availability seems to increase over

time. This will favour fast growing, non-target species, and a subsequent decrease

in the number of target species of low production communities. Based on model-

ling nitrogen availability over time it is estimated that nitrogen availability after

shallow removal of the top soil will be within the range of values measured in

Caricion nigrae, Junco-Molinion and Nardo-Galion saxatilis for a period of approx-

imately 40 to 60 years. After complete top soil removal, soil nitrogen availability

does not compromise the sustainable management of the Calluna-Genestion pi-
losae and Ericion tetralicis, for a period of over 100 years. Based on the current

available data on the development of target alliances, it is estimated that establish-

ment of yet missing characteristic species of wet heathland and small sedge commu-

nities will require at least 20 years. For the other communities periods of over 40

years will be required. Both the estimations on the accumulation of nitrogen and
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the colonization by the target species are probably far too optimistic. Full restora-

tion following top soil removal of the latter communities therefore is unlikely to

occur without additional measurements. Management after top soil removal is re-

quired to slow down nutrient accumulation and stimulate seed dispersal. Both graz-

ing and hay making can make a positive contribution on these subjects. Active in-

troduction of rare species however will be required to stimulate the establishment

of several rare species.

Conclusions

It is concluded that by means of top soil removal fast nutrient-poor soil conditions

are created. Top soil must be removed completely to prevent the fast establishment

of competitive non-target species, and subsequent increase in nutrient availability.

Atmospheric deposition is an important source for nitrogen. Restoration of low

production communities after top soil removal is severely constrained by a lack of

propagueles reaching the restoration site. Optimal conditions for restoration re-

quire a well-developed target community at a distance of no more than a few me-

ters. If this condition could not be met, particularly such a radical and expensive

technique as topsoil removal, requires careful consideration before implementa-

tion. Hereby it should be taken into account if appropriate soil conditions (nutrient

pools, hydrological conditions, etc.) can be restored, and if the necessary spatial-

network dynamics for seed dispersal still function or can be restored. 
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Samenvatting



Veranderend landgebruik

Mensen hebben hun stempel gedrukt op het Nederlandse landschap. Onder in-

vloed van maaien, grazen en branden ontstonden op de Pleistocene zandgronden

de eerste schrale vegetatietypen. Eerst nog op kleine schaal, maar nadat rond 400

n.C. een nieuw landbouwkundig systeem werd ingevoerd, het zogenaamde potstal-

systeem, breide het areaal met schrale vegetaties zich snel uit en ontstond het typi-

sche heidelandschap. Het heidelandschap werd intensief benut. Vee, en later ook

schapen, werden hier geweid, en grote delen werden regelmatig geplagd. Natte

delen werden gebruikt als hooiland.

Het heidelandschap wordt gekenmerkt door een grote diversiteit aan plantenge-

meenschappen over relatief kleine afstanden, zoals heides en soortenrijke graslanden,

met een geheel eigen flora en fauna. De plantengemeenschappen hebben met elkaar

gemeen dat ze voor komen op schrale bodems, waardoor de productiviteit laag is. 

Het hoogtepunt van het heidelandschap ligt aan het begin van de 19e eeuw. Het

heidelandschap besloeg toen zo’n 600.000 tot 800.000 ha. Onder invloed van

landbouwkundige ontwikkelingen en sociaal-economische veranderingen werd

vanaf de tweede helft van de 19e eeuw heide op grote schaal omgezet in landbouw-

grond. Daarnaast werden hele stukken aan hun lot overgelaten, waardoor de na-

tuurlijke successie naar bos niet langer meer voorkomen werd. Daarnaast werden

grote oppervlakten aangeplant met naaldbomen. Dit leidde ertoe dat het opper-

vlakte heide in Nederland drastisch afnam. 

In 1983 was niet meer dan 40.000 hectare over. De resterende heidegebieden

zijn in het algemeen klein, en liggen geïsoleerd van elkaar in een omgeving gedomi-

neerd door een intensive landbouw. De ecologische kwaliteit van de resterende hei-

des en schraallanden heeft te leiden onder de bekende ‘ver-thema’s: verdroging,

verzuring, vermesting en versnippering. Dit heeft er toe geleid dat veel kenmerken-

de plant- en/of diersoorten van het heidelandschap inmiddels zeldzaam of geheel

verdwenen zijn. De restanten van het heidelandschap zijn alleen nog aanwezig in

natuurreservaten. 

Zo aan het begin van de tachtiger jaren van de vorige eeuw ontstaat het besef dat

het beschermen van de bestaande natuurreservaten voor veel soorten niet voldoen-

de is om hun voortbestaan veilig te stellen. De omvang van de gebieden met heides

en schraallanden is veelal te klein om negatieve invloeden van buitenaf te kunnen

weerstaan. Uitbreiding van het areaal aan natuur is noodzakelijk om de negatieve

gevolgen van de ver-thema’s te keren. Dit resulteert onder andere in het concept

van de Ecologische Hoofdstructuur (EHS). Tegelijkertijd maakt de Europese land-

bouwpolitiek het mogelijk dat landbouwgronden uit productie worden genomen:

landbouwgronden kunnen aangekocht worden met het doel hier wederom natuur-

waarden te ontwikkelen. Op deze manier kan het areaal aan heide uitgebreid wor-

den, en kunnen geïsoleerde heideterreinen met elkaar verbonden worden.
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Ontgronden

De karakteristieke levensgemeenschappen en soorten van het heidelandschap zijn

gebonden aan voedselarme omstandigheden. Agrarische gronden bevatten ten ge-

volge van zware bemesting hoge gehaltes nutriënten. Verschralen is dan ook een

eerste vereiste om de gewenste laag productieve levensgemeenschappen terug te

krijgen. Sinds het einde van de tachtiger jaren van de vorige eeuw wordt steeds

vaker (een deel van) de bouwvoor afgraven. Hiermee worden de landbouwkundig

verrijkte bodemlagen geheel of gedeeltelijk verwijderd, en daarmee de nutriënten. 

Dit proefschrift

Het onderzoek beschreven in dit proefschrift is opgezet om de effectiviteit van ont-

gronden als inrichtingsmaatregel voor het herstel van heides en schraallandvegeta-

ties op voormalige landbouwgronden nader te beschouwen. Hiertoe zijn gedurende

de periode 1994 – 2001 zowel de abiotische als biotische ontwikkelingen gevolgd

in tien terreinen in Noord Nederland waar recent de bouwvoor verwijderd was.

Als te ontwikkelen natuurdoelen zijn een zevental vegetatietypen op verbondsni-

veau benoemd (doelvegetaties), waarvan bekend is dat ze in het verleden veelvuldig

in deze regio voorkwamen. Herstel van de doelvegetaties is gevolgd aan de hand

van een beperkt aantal soorten (doelsoorten), die kenmerkend zijn voor de doelve-

getaties. In de meeste studiegebieden is de toplaag niet eerder dan eind jaren

tachtig, begin jaren negentig verwijdert. Deze benadering geeft dan ook inzicht in

de ontwikkelingen en knelpunten voor de korte en middellange termijn.

Vooruitzichten voor de lange termijn zijn ingeschat aan de hand van de ontwikke-

lingen in de abiotische omstandigheden en vegetatie tot dusverre, en de gesignaleer-

de knelpunten voor een optimale ontwikkeling. Naast de vegetatie is de ontwikke-

ling van de bodemfauna bestudeerd aan de hand van de soortgoep Loopkevers.

Studiegebieden

Het onderzoek is uitgevoerd in een achttal terreinen in Noord-Nederland. De gese-

lecteerde terreinen vormen tezamen de meest voorkomende uitgangssituatie op

kalkarme zandgronden in Nederland. Zowel het grondwaterregime als de samen-

stelling van het bovenste grondwater duiden er op dat deze gebieden worden ge-

voed door regenwater. Het grondwater is verrijkt met kalk en nutriënten, sporen

van het voormalige landbouwkundig gebruik. Het verschil tussen de laagste en de

hoogste grondwaterstand bedraagt in de meeste gebieden tussen april en oktober

ongeveer 80 cm. Door de aanwezigheid van oppervlakkig gelegen slecht doorlaten-
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de lagen, zoals ijzeroer, veen of keileem, kunnen zich in enkele studiegebieden ex-

treem droge of natte omstandigheden voordoen. 

Bodemvruchtbaarheid

Ontgronden blijkt een effectieve methode te zijn om snel de gewenste verschraling

te bereiken. Door ontgronden neemt de nutriëntenvoorraad in de bodem snel af.

De mate waarin de bodem verschraald wordt, hangt echter sterk af van de ont-

grondingsdiepte en het betreffende nutriënt. De hoeveelheid stikstof in de bodem

wordt reeds bij oppervlakkig afgraven van de bouwvoor verlaagd. Om de hoeveel-

heid fosfaat in de bodem te verlagen moet de bouwvoor nagenoeg geheel verwij-

derd worden. Uit vergelijking met gegevens van goed ontwikkelde doelvegetaties

blijkt dat na het geheel verwijderen van de bouwvoor de nutriëntengehaltes verge-

lijkbaar zijn met die gemeten in droge en natte heidevegetaties. Na oppervlakkige

ontgronden zijn de gehaltes vergelijkbaar met Kleine zeggenvegetaties en soortenrij-

ke graslanden. De vestiging van doelsoorten is voor de vegetatie echter beperkt tot

gedeelten waarbij de nutriënten gehaltes lager zijn dan 1 mg totaal-N /gr, 14 mg to-

taal P /100 gr en 4 mg uitwisselbaar-P /100 gr. Om dergelijke lage gehalten te berei-

ken moet de gehele bouwvoor afgegraven worden.

Vegetatieontwikkeling

Behalve de nutriënten worden met ontgronden ook alle plantendelen, zaden, eie-

ren en bodemorganismen aanwezig in deze bovenste lagen verwijderd. Er blijft dus

een kaal substraat achter, dat opnieuw gekoloniseerd moet worden. Kolonisatie

hiervan kan plaatsvinden vanuit de zaadbank of vanuit zaadbronnen in de omge-

ving. Uit bemonstering van de zaadbank is gebleken dat na decennia lang agrarisch

gebruik er nauwelijks nog kiemkrachtige zaden van doelsoorten aanwezig zijn in de

vegetatie, terwijl zaden van algemene pionier- en verstoringssoorten in grote aantal-

len voorkomen. Hierdoor heeft ontgronden geen effect op de zaadvoorraad van

doelsoorten, maar is het wel een effectieve methode om de zaadvoorraad van alge-

meen voorkomende soorten te verminderen.

Na oppervlakkig afgraven van de bouwvoor ontstaat snel een dichte vegetatie.

Binnen 5 jaar wordt een bedekking van meer dan 80% bereikt waarbij soorten van

mesotrofe omstandigheden domineren. Doelsoorten komen slechts in zeer beperkte

mate voor. Geheel ontgronde terreinen doen er veel langer over om dicht te groei-

en, waarbij de vegetatie vaak gedomineerd wordt door doelsoorten. Dit verschil tus-

sen geheel en oppervlakkig verwijdering van de bouwvoor zal het gevolg zijn van

verschillen in nutriëntenbeschikbaarheid en de samenstelling van de zaadbank.
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Stikstof

Bemestingsexperimenten met bodemmateriaal uit de verschillende onderzoeksge-

bieden heeft aangetoond dat stikstof het groeibeperkende nutriënt is voor de vege-

tatie. Dit houdt in dat een toename van de beschikbaarheid van stikstof tot een ho-

gere productie leidt. Een belangrijke voorwaarde voor het herstel van de doelvege-

taties op de langere termijn is dan ook dat de stikstofbeschikbaarheid laag blijf. Uit

analyse van de stikstofvoorraad in de bodem blijkt dat in alle terreinen het gehalte

totaal-stikstof gedurende de eerste tien jaar toeneemt, terwijl gelijktijdig de C/N-

ratio daalt. Dit laatste vormt een indicatie dat bij afbraak van het organische mate-

riaal in de bodem hieruit meer stikstof beschikbaar zal komen voor de vegetatie. De

stapeling van stikstof in het systeem is het grootste in terreindelen waar een deel

van de oude bouwvoor is achtergebleven, en lijkt beïnvloed te worden door de ve-

getatieontwikkeling. Algemene soorten van matig voedselrijke omstandigheden

produceren in het algemeen meer, en makkelijker afbreekbaar strooisel dan de ka-

rakteristieke soorten van het heidelandschap. Op de langere termijn zal de beschik-

baarheid van stikstof dan ook toenemen. 

Een andere belangrijke bron voor stikstof vormt de atmosferische depositie, met

name in de studiegebieden waar de gehele bouwvoor verwijderd is. Uit metingen

blijkt dat de stikstofdepositie voor lage vegetaties uiteenloopt van 17 tot 27 kg/ ha /

jaar, afhankelijk van de omvang van en afstand tot de lokale emissiebronnen. In re-

gio’s met intensieve dierhouderijen is de depositie van stikstof tot op een afstand

van 1500 meter verhoogd ten opzichte van de achtergrond depositie. Bij dergelijke

omstandigheden kunnen lokale maatregelen leiden tot een verbetering van de situ-

atie. De achtergronddepositie is met waarden van boven de 15 kg/ha /jaar al reeds

hoger dan de in de literatuur opgegeven grenswaarden voor de meest gevoelige ve-

getatietypen.

Kolonisatiepatronen

Spontane regeneratie van de beoogde plantengemeenschappen gaat langzaam.

Aangezien er nauwelijks zaden van doelsoorten in de bodem aanwezig zijn, moeten

deze vanuit de omgeving het terrein koloniseren. Zaden van soorten die in de om-

geving van de ontgronde terreinen voorkomen kunnen deze bereiken via verbrei-

ding met de wind, water of dieren. Alle studiegebieden grenzen direct aan bestaan-

de natuurreservaten waarin nog heide- en schraallandvegetaties voorkomen, en

worden veelal integraal hiermee begraasd door grote herbivoren. Kolonisatie van

de studiegebieden door met de wind of de mest van grote herbivoren verbreide

zaden is waarschijnlijk een incidentele gebeurtenis, terwijl kiemkrachtige zaden van

algemene soorten in grote aantallen in de studiegebieden terecht komen.
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Uit de jaarlijkse vegetatiemonitoring blijkt dat de bedekking in de studiegebie-

den waar de gehele bouwvoor is verwijderd slechts geleidelijk aan toeneemt, zodat

tien jaar na ontgronden er nog voldoende open plekken zijn waar vestiging van

nieuwe soorten mogelijk is. In de studiegebieden waar de bouwvoor lokaal is opge-

schoven neemt de vegetatiebedekking snel toe in de eerste jaren na ontgronden. De

regeneratie van de doeltypen die verwacht mogen worden op grond van de abioti-

sche omstandigheden verloopt echter zeer langzaam in alle studiegebieden. Tien

jaar na ontgronden komt slechts een beperkt aantal van de doelsoorten voor in de

studiegebieden. Er is geen duidelijk verband tussen het al dan niet voorkomen van

een soort en specifieke soortskenmerken, behalve de ‘zeldzaamheid’ van een soort

op regionale schaal. De zeldzame soorten worden nauwelijks aangetroffen in de

studiegebieden, hoewel een groot aantal voorkomt in de directe omgeving van de

studiegebieden. Dit verschil tussen de op basis van de abiotische omstandigheden

verwachte vegetatieontwikkeling en de daadwerkelijke vegetatieontwikkeling is

waarschijnlijk het gevolg van een gebrek aan zaden dat de studiegebieden weten te

bereiken. Zeldzame soorten hebben een minder grote zaadbron in de omgeving

dan meer algemene soorten, waardoor de kans dat zaden in het ontgronde gedeelte

terecht komen veel kleiner zal zijn. Introductieproeven toonden voor een aantal

ontbrekende doelsoorten aan dat de abiotische omstandigheden geschikt zijn voor

vestiging en voortplanting. Dit geldt in het bijzonder voor de eerste jaren na ont-

gronden, omdat dan de vegetatiebedekking nog laag is. In latere jaren nemen de

mogelijkheden voor kolonisatie van de studiegebieden door de doelsoorten af ten

gevolge van competitieve uitsluiting door reeds gevestigde niet-doelsoorten.

In tegenstelling tot de vegetatie, verloopt de kolonisatie door loopkevers wel

voorspoedig. Behalve kans speelt hierbij disperie een grote rol. Natuuront-

wikkelingsterreinen worden vrijwel onmiddellijk gekoloniseerd door vliegende

soorten. Deze groep wordt snel gevolgd door de grotere, niet-vliegende soorten,

maar wel over een redelijk loopvermogen beschikken. Als laatste zijn de kleinere,

niet-vliegende soorten aan de beurt. Ook voor deze laatste groep, die over een be-

perkt loopvermogen beschikken, geldt dat het merendeel van de lokaal aanwezig

soorten binnen 10 jaar na de ingrepen aanwezig zijn. Dit duidt erop dat soorten

met een opportunistische levensstijl, snel in staat zijn om de nieuwe gebieden te ko-

loniseren. Het belang van bronpopulaties in de omgeving wordt geïllustreerd door

vergelijking van geïsoleerde natuurontwikkelingsgebieden en gebieden nabij een be-

staand heideterrein. Geïsoleerde gebieden worden uitsluitend door vliegende soor-

ten gekoloniseerd.
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Vooruitzichten

Uit dit onderzoek blijkt dat de kansen voor de regeneratie van heide- en schraal-

landvegetaties door geheel ontgronden sterk zijn verbeterd. De nutriëntenbeschik-

baarheid is fors gereduceerd, terwijl tegelijkertijd concurrentiekrachtige niet-doels-

oorten zijn verwijderd. De regeneratie van de doeltypen gaat echter zeer langzaam,

met name doordat de kenmerkende soorten van deze vegetatietypen slechts een be-

perkt verspreidingsvermogen hebben, en zal zeker enige tientallen jaren in beslag

nemen. Tien jaar na ontgronden is de stikstofbeschikbaarheid nog vergelijkbaar

met goed ontwikkelde voorbeelden van de doeltypen, maar deze zal meer en meer

toenemen ten gevolge van de atmosferische stikstofdepositie en de accumulatie van

organisch materiaal in de bodem. Op de lange termijn nemen de kansen voor de

volledige regeneratie van de doeltypen dan ook af, doordat zowel de stikstofbe-

schikbaarheid als de vegetatiebedekking toenemen. De toename van de stikstofbe-

schikbaarheid wordt versneld door de dominantie van niet-doelsoorten die makke-

lijk afbreekbaar organisch materiaal produceren. Een hoge vegetatiebedekking van

niet-doelsoorten zal tevens de vestiging van doelsoorten verder beperken door

competitieve uitsluiting, met name in combinatie met een toegenomen stikstofbe-

schikbaarheid.

De beste kansen voor de succesvolle regeneratie van heides en schraallanden op

de lange termijn bieden dan ook gebieden waar de bouwvoor geheel verwijderd is

en die omringd worden door goed ontwikkelde heides en schraallanden. In verge-

lijking met de omstandigheden waarbij deze vegetatietypen zich in het verleden

ontwikkeld hebben is de huidige atmosferische stikstofdepositie nu vele malen

hoger. Ook de hoeveelheid fosfaat in de bodem van voormalige landbouwgronden

is vele malen hoger dan in het verleden. Het beheer na ontgronden moet dan ook

gericht zijn op verschraling. Met het beheer moet ook de verspreiding van zaden

van doelsoorten in de omgeving naar het studiegebied gestimuleerd worden.

Actieve introductie van soorten zou overwogen moeten worden, om de ontwikke-

ling van heide- en schraallandvegetaties te versnellen. Op de lange termijn is het

echter noodzakelijk dat bij landschapsplanning, zoals in het kader van de Ecolo-

gische Hoofdstructuur, rekening gehouden wordt met ruimtelijke verbindingen,

zodat uitwisseling van genen, zaden en individuen tussen gebieden mogelijk wordt. 

Samenvatting

149





Op 14 december 1973 ben ik, René Verhagen, geboren te Keldonk, Noord-

Brabant. Na de plaatselijke lagere school doorliep ik het Atheneum aan het Zwijsen

College te Veghel. In 1992 begon ik aan de studie Biologie aan de toenmalige

Katholieke Universiteit Nijmegen (KUN), inmiddels omgedoopt tot Radboud

Universiteit. Begonnen vanuit een interesse om te begrijpen hoe verschillende soor-

ten elkaar beïnvloeden, en zo samen een ecosysteem bouwen, werd bij de cursussen

Algemene Oecologie en de Floracursus meer en meer de belangstelling gewekt

voor de relatie tussen de vegetatie en de bodem. Als afstudeervak werd daarom bij

de Afdeling Aquatische Oecologie en Milieubiologie van de KUN (Prof. dr. Jan

Roelofs) een onderzoek uitgevoerd naar de gevolgen van veranderingen in de

bodem onder invloed van ‘zure regen’ op heischrale vegetaties. In een hydrocultuur

werd het gecombineerde effect van ammonium en aluminium op Arnica en

Spaanse ruiter gesimuleerd. Vervolgens werd bij het NIOO-CTO in Heteren, werk-

groep Multitrofe Interacties (Prof. dr. Wim van der Putten) de invloed van plantpa-

thogene nematoden op de vegetatiesuccessie in de voorduinen onderzocht. Na deze

twee vakken had ik nog wat studietijd over, die ik besteedde om me in de toen

sterk in opkomst zijnde DNA-analyse technieken te verdiepen. Bij de afdeling

Microbiologie van de KUN (dr. Johannes Hackstein) werd met behulp van DNA-

analyses de evolutionaire oorsprong van hydrogenosomen in anaërobe micro-orga-

nismen in kaart gebracht. 

Na mijn studie ging ik met Debbie samenwonen in Spijkenisse. Nadat ik in het

voorjaar van 1998 een baan aangeboden kreeg aan de Rijksuniversiteit van

Groningen werd besloten om naar het ‘hoge’ noorden te verhuizen. Uiteindelijk

kwamen we iets zuidelijker terecht in Assen, om na een jaar door te schuiven naar

ons huidige adres te Smilde. Bij de afdeling Plantenoecolgie (nu COCON) van de

RUG werden in de periode tot 2002 de resultaten van dit proefschrift verzameld.

Deze periode werd afgesloten met een Nederlandstalig rapport waarin de prakti-

sche aanbevelingen ten behoeve van de terreinbeheerders werden uitgewerkt.
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In 2003 werkte ik een aantal maanden bij de Stichting WBBS, waar ik me verdiep-

te in de groep van de Loopkevers. In eerste instantie werd in samenwerking met de

Vlinderstichting een inventarisatie uitgevoerd van de insectenrijkdom van een zestal

veengebieden in Noord-Brabant. Ondertussen werd een projectvoorstel uitgewerkt

om aan de hand van loopkevers te onderzoeken of de aanleg van nieuwe natuur op

voormalige landbouwgronden daadwerkelijk geleid heeft tot ontsnippering van het

Mantingerveld. Nadat de benodigde financiering bij de provincie Drenthe en het

Prins Bernhard Cultuurfonds verkregen was, kon dit project in het voorjaar van

2004 van start gaan.

Gedurende deze periode raakte het proefschrift op de achtergrond. Na afronding

van het bovenstaande project kreeg ik de kans om nog enkele maanden op de uni-

versiteit aan het proefschrift te werken. Direct aansluitend hieraan kreeg ik in 2005

een baan bij Oranjewoud in Heerenveen, waar ik thans nog steeds als ecoloog

werkzaam ben. Daarnaast zet ik me sinds enkele jaren in als vrijwilliger binnen het

bestuur van de Stichting Beheer Kyllotsbos. Naast een gemengd bos omvat het be-

heersgebied een heideterrein en een voormalig landbouwperceel. 

Curriculum vitae

152


