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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). 
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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

Restoration prospects

117



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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