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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.
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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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