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Introduction 
 
The Natuurnetwerk Nederland (National Ecological Network) (NEN) is a network that is 

designed to link nature areas, as well as surrounding agricultural areas, with each other as 

effectively as possible. The NEN comprises existing nature conservation areas, including our 

20 National Parks, areas where new wildlife habitats are being created, agricultural land 

under nature-friendly management and over six billion acres of water, including lakes, rivers 

and coastal zones. Nature development on former farmland has often been found to be an 

important option in the realization of the NEN. The nutrients that remain behind on former 

farmlands impede the development of a species-rich vegetation and the corresponding fauna 

community. The removal of the nutruent-rich upper layer of the soil is one of the options in 

achieving a rapid demineralisation. However, a structural monitoring of the developments 

following the topsoil removal is lacking (Sanders, 2009). 

In the year 2009, twenty years after this measure was implemented for that specific purpose 

for the very first time, an evaluation was conducted of the effects of topsoil removal on 

nature development (Bekker, 2008). This evaluation concerned the results 13 years, at the 

very most, after the implementation of the measure, with an emphasis on the botanical 

development. The fauna development following topsoil removal was only examined for 

butterflies (Wallis de Vries & Ens, 2004 en 2010; Bekker & Wallis de Vries, 2009) and, to a 

lesser degree, for beetles (Verhagen, 2007) and spiders (Maelfait et al., 2008). These studies 

showed that recurrence of characteristic species is influenced by a combination of source 

populations in the surrounding area, the habitat conditions and management. 

As the developments have only been monitored in the medium-long term so far, insight into 

the developments in the long term are lacking at this point. 

The best studied soil removal locations are the higher altitude sandy soils that were 

examined by the University of Groningen (Klooker et al., 1999; Verhagen et al., 2003). The 

colonization by butterflies was examined at eight of these locations in the province of Noord 

Nederland (Wallis de Vries & Ens, 2004 en 2010). This offered a good opportunity to gain 

insight into the developments in the long term. 
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Objective and method 
 

The main question in the study concerned: to which degree has the earlier establishment of 

characteristic vascular plant and butterfly species in nutrient-poor sandy soils resulted in a 

permanent recurrence of the species concerned? 

 

Additional questions include: 

a) Did the development towards more comprehensive species communities on nutrient-

poor sandy soils show a further development through the establishment of new 

species, or could a relapse in this development be observed? 

b) How can the development in the trophic level of the species community be 

characterised? 

c) Do the developments in terms of flora and fauna differ? 

d) Can the changes be explained by the management measures that were 

implemented? 

e) Which recommendations for land management follow from the findings? 

 

The study had to be conducted with limited resources. It therefore focussed on repeating the 

determination of the presence of the target species for flora and the monitoring of 

butterflies. The relevé samplings of the vegetation were repeated along the monitoring 

routes for the butterflies, but only in the five study areas for which it was possible to make a 

comparison with the reference heath area in the vicinity (no heath was present in the 

immediate vicinity in the other three areas). 

 

The study was conducted in 2017 and comprised eight research areas in the three northern 

provinces in the Netherlands. All of these areas were used in the past for the production of 

crops or as pastures for livestock and were subjected to topsoil removal between 1990 and 

1994 for the purpose of nature development. The only other measure concerned the 

scattering of heath cuttings from surrounding heaths in part of the Bakkeveense duinen in 

1992 (after loosening the soil). The same was done on a smaller scale at the 

Dellevoersterheide location; the vegetation in the other areas is the result of spontaneous 

colonization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location of the eight research areas. 
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The availabilty in the immediate vicinity of source populations with the desired ecological 

communities differed from one area to another. These were well represented at a short 

distance in five areas (Aekingerbroek, Delleboersterheide, Bakkeveense duinen, Hullenzand 

and Eexterveld). In the three other areas, the immediate surroundings consisted of mainly 

agricultural land or woodlands or species-poor grasslands. The area in the immediate vicinity 

of the Eemboerveld was raised using the soil that was removed (down to the boulder clay 

level). Part of the immediate vicinity of the Tichelberg consisted of a small area of heathland 

that came about following the previous removal of the topsoil on a piece of farmland in 1980.  

The subsequent management following the removal of the topsoil consisted mainly of 

intensive grazing with livestock. The livestock could move freely between the cleared areas 

and the immediate vicinities, allowing for the transport of diaspores. However, in the course 

of time, the grazing activities were discontinued at the Tichelberg and the grazing intensity 

at the Ennemaborg was very low. 

 

The vegetation study consisted of two parts. First of all, relevé samplings of the vegetation 

were taken along all of the sections of the butterfly monitoring routes in six of the eight 

research areas, both in the cleared areas as well as in the reference area in the immediate 

surroundings. These concerned Braun-Blanquet samplings from 2x2 metre squares in a 

representative part of each section. No relevé samplings were taken in two areas, namely 

Ennemaborg and Tichelberg, due to the dense shoots and sprouts of young trees. 

The second part entailed a repetition of the relevé samplings by Klooker et al. (1999) and 

Verhagen et al. (2003) for the selection of 83 target species of vascular plants in seven 

target vegetation types in heaths and unimproved grasslands. 

 

The abundance and biodiversity of the butterflies were determined in 2002 and 2003 along 

fixed transects. To that end, two routes were plotted in each area that made up at least 10 

sections with a length of 50 metres each; one in the cleared area, the other in the immediate 

vicinity. The counts were conducted in accordance with the method of the National 

Monitoring network (Van Swaay et al., 2011), in which both areas were monitored 

consecutively. 

The frequency of the counts varied between the areas and between years. Fieldwork was 

carried out in 2017 by a single person, which meant that the monitoring was not as 

extensive compared to the period 2002-2003. However, regular counts were conducted in all 

areas in the period from the beginning of May to the end of September. What is particularly 

important for a comparison between cleared areas and the immediate surroundings is to 

ensure that counts are made in both areas with the same frequency and on the same day – 

and that was always the case. 

 

Problems 
 
In 2017, as was the case for the period 2002-2003, the issues regarding the establishment 

of the ten target species of butterflies have been derived from the information collected with 

regard to the habitat conditions. The quality of the habitat is still a more significant 

bottleneck for the target species than dispersal (isolation or small source populationa) 

although both are generally limiting for rare species. A net reduction in the number of 

bottlenecks could be observed for six of the 80 species x area combinations (8 x increase, 2x 

decrease). This was mainly a result of the increased supply of host plants and, to a lesser 

extent, nectar plants. Moisture and trophy remained the same. A decrease in terms of 

structure quality could be observed in the Ennemaborg and the Tichelberg in particular as 

the surroundings grew thick with shoots and sprouts. 
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The increased quailty was reflected in the establishment of Callophrys rubi in Aekingerbroek 

and Hullenzand, Plebejus argus in the Aekingerbroek and Lycaena tityrus and Lycaena 

phlaeas on the Delleboersterheide. However, Ochlodes sylvanus did not benefit from a better 

habitat quality in the Aekingerbroek, nor did Callophrys rubi in Delleburen and Coenonympha 

pamphilius in the Ennemaborg, where the surface area of suitable habitat was perhaps also 

too limited between the emerging young trees. 

New bottlenecks could be observed for Lycaena phlaeas on the Tichelberg (increasingly 

dense undergrowth) and for Lycaena tityrus near Bakkeveen (disappearance of source 

population). 

Figure 2:  Percentage of limitations for establishment of butterfly target species on the basis of 

dispersal and habitat quality (on 8 areas x 10 species = 80 cases). Geen = neither. Dispersie = 

dispersal. Habitatkwalitiet = habitat quality. Alleen = only. Beide = both. 

 

Both habitat quality and isolation were often problematic for the rare species. The cleared 

areas are often too wet for Hesperia comma, as is also the case for Hipparchia semele, and 

the necessary pioneer vegetation is losing ground. Phengaris alcon was present on the part 

of the Eexterveld where the topsoil was removed, But the density of host plants is still too 

low. Concerning the establishment of Pyrgus malvae, the circumstances appear to be 

suitable in five of the eight areas, but this is impeded by the great distance to source 

populations.   
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Nitrogen indicator values 

The results for vegetation and butterflies were translated into a trophic level by determining 

the nitrogen indicator values. The Ellenberg indicator values for nitrogen for vascular plants 

were used as an indication of the productivity of the study areas (Ellenberg et al., 1992). A 

nitrogen value was calculated as the unweighted average of the species-specific indicator 

values for each vegetation relevé along the monitoring routes for butterflies, for both 

periods. 

Species-specific nitrogen indicator values for the butterflies are also known on the basis of 

vegetation relevé samplings along monitoring routes where the species concerned where 

found to be present or absent (Oostermeijer et al., 1998). A nitrogen indicator value for the 

butterfly community was calculated for each study area, for each period and for both the 

cleared area as well as the surroundings as the weighed average – based on the abundancy 

per route – of the species-specific indicator values (Wallis de Vries & Van Swaay, 2017). 

 

 

Statistical analysis 

Concerning the vegetation, the data from the vegetation relevé samplings were mainly used 

to gain an impression of the dominant species per area. The proportion of established 

species from the potential species pool in the immediate vicinity was determined for the 

target species per vegetation type. It was determined for the target species that were 

present in the surrounding area of at least four of the eight study areas whether they were 

able to establish themselves in the cleared areas either frequently (at least half of the areas 

in which the species was present in the immediate surroundings) or not at all. A Fischer 

Exact test was then used to determine whether species with long-living seeds (> 5 years) 

were able to establish themselves more often compared to species with short-living seeds. 

 

The differences in biodiversity and abundance between cleared areas and reference areas on 

the one hand and between the period 2002-2003 and the period 2017 on the other, were 

analysed for butterflies using standard linear models, in which topsoil removal (yes/no), the 

period and their interaction were incorporated as decisive factors and the area was seen as a 

random factor. 

 

A more comprehensive dataset of nitrogen indicator values was available for the vegetation 

compared to that of the butterflies, because the relevé samplings per section could be used 

for the plants, whereas the data for butterflies could only be analysed on a route level. The 

differences between the two periods regarding the indicator values of the relevés in separate 

route sections were analysed for the plants; a standard linear model was used to that end, 

with both topsoil removal (yes/no) and the area and their interaction as explanatory 

variables. The differences in indicator value were analysed for the butterflies in the same 

way as that of the biodiversity and abundancy. 
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Figure 3: Aekingerbroek after topsoil removal with exclosure in 2002 (above) and in 2017 

(below; the exclosure fence has been removed); the butterflies were most abundant along 

the former exclosure. 
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Figure 4: Bakkeveense duinen: topsoil removal area in 2002 (above), with dominant heather 

vegetation after spreading of cut heather in the foreground and grass vegetation without 

cuttings in the background, and in 2017 (below), at the transition between the zone with cut 

heather (right) and without (left). 
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Figure 5: Delleboersterheide: topsoil removal area in 1995 (inset above), 2002 (above) and 

in 2017 (below). 
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Figure 6: Eexterveld: topsoil removal area in 2017 with flowering Dactylorhiza maculata 

(above); Hullenzand: topsoil removal area in 2017 (below). 
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Figure 7: Eemboerveld: topsoil removal area in 2002 (above) and in 2017 (below).  
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Figure 8: Ennemaborg: topsoil removal area in 1995 (above) and in 2001 (below). 
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Figure 9: Ennemaborg: semi-open and bush-encroached locations along the butterfly 
monitoring transect in the topsoil removal area in 2017. 
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Figure 10: Tichelberg: topsoil removal area in 1995 with flowering Lotus corniculatus (inset), 

2001 (above) and in 2017 at a corner post of a former exclosure (below). 
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Discussion 
 
Developments in the long term 

Vegetation 

Following the removal of the topsoil layer at the beginning of the nineties, the vegetation 

showed significant development between 2001 and 2017. The target species for dry heaths 

and acid grasslands in particular increased between 2001 and 2017. The species of wet 

unimproved grasslands had already established themselves in many cases, and they 

maintained themselves well. However, only a small proportion of the species of (river) bank 

communities and Caricion nigrae returned after 2001. The dry pioneer communities clearly 

lost ground in the emerging vegetation and were partially no longer found. Based on the 

Ellenberg indicator values for nitrogen, however, the trophic levels of the cleared study areas 

showed development in the direction of further demineralization. 

The frequently recurring species were already known from the immediate surroundings and 

often had long-living seed stocks, whereas the species that did not return despite their 

presence in the surroundings often had short-living seeds. This indicates that seed 

availability for species establishment, whether from the immediate vicinity or from the seed 

bank, remains an important restriction in the restoration of complete plant communities. An 

average of 72% of the species present in the immediate vicinity were restored in the wet 

grassland communities (Junco-Molinion). This is in keeping with earlier findings (Jansen et 

al., 2002; Jansen et al., 2010). 

The positive development of species characteristic of acid grasslands (Nardo-Galion) since 

2001 was above expectation. Again, species with large short-living seeds, such as Viola 

canina and Polygala serpyllifolia, remained absent. But various other species, including some 

with short-living seeds, appeared for the first time (indicated with an *) or increased in 

numbers when already present: Danthonia decumbens, Euphrasia stricta, Festuca filiformis*, 

Galium saxatile, Nardus stricta* and also Pedicularis sylvatica* in study area Eexterveld. 

Festuca filiformis and Nardus stricta are quite abundant in the surroundings and were 

presumably distributed via livestock or mowing machines; Pedicularis sylvatica is present in 

the study area Eexterveld at a short distance from the cleared area and was possibly 

distributed via the hooves of the cattle. Clever mowing management in the more bushy spots 

most likely contributed to this favourable development as well. 

Butterflies 

The habitat quality improved for the butterflies across the board, particularly due to an 

increase of host plants and, in part, sources of nectar. Plebejus argus was the most 

successful of the rare species, as colonization occurred in five of the eight study areas. The 

topsoil-removal areas often offer a good combination of young Calluna vulgaris and Erica 

tetralix as host plant and Lasius niger, with which Plebejus argus lives in symbiosis, leading 

to a quick colonization. 

Lycaena tityrus was present in four of the topsoil-removal areas in 2002-2003, but 

disappeared in three of these and then appeared on the Delleboersterheide. It is not entirely 

clear whether the decline of the species was due to the fact that the year 2017 was simply a 

poor year for the species or whether the decrease of the pioneer vegetation with Rumex 

acetosella also played a role; the related Lycaena phlaeas maintained its level of abundancy 

in these areas, but the species is less dependent upon warmth and may therefore be less 

susceptible to increasingly dense vegetation. 

Isolation with respect to source populations continues to be a huge problem for rare species, 

but even if this problem was to be solved, then the habitat quality would still prove limiting 

for the establishment of Hesperia comma and Phengaris alcom. The cleared areas are often 

too wet for Hesperia comma and the density of host plants Festuca filiformis and 

Corynephorus canescens in a sufficiently open vegetation structure is lacking. 
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An exception regarding habitat quality as a limiting factor for rare species is Pyrgus malvae, 

for which the habitat quality meanwhile appears to be suitable in the majority of the cleared 

areas thanks to an increase of host plant Potentilla erecta, but isolation remains a problem. 

 

 

Recommendations for management 

Following the topsoil removal between 1991 and 1994, both vegetation and fauna 

communities developed spontaneously in the study areas without the introduction of seeds 

through clippings. Heath clippings were only introduced on a part of the cleared area in the 

Bakkeveense duinen and the Delleboersterheide. This is still clearly visible, particularly in the 

first area: a heath-dominated vegetation developed with the addition of the heath clippings, 

whereas the vegetation remained grassy without (but the number of species did increase). 

The same could be said of the Delleboersterheide, but the heath-like vegetation has 

expanded here as well since 2001. The spreading of clippings is meanwhile a standard 

management measure as earlier studies showed dispersal as being a problem for the return 

of flora target species. The current study demonstrates that dispersal remains an important 

issue even after 25 years. The reintroduction of plant species through the spreading of 

clippings can therefore be considered worthwhile. 

 

Still, the results show that new colonisations have and are still taking place. More than half 

of the target species of the characteristic heathlands and unimproved grasslands are 

meanwhile present in most of the study areas. This would seem to be the result of 

subsequent management. 

 

Extensive grazing occurs in seven of the eight study areas. Extreme extensive grazing had 

already been discontinued on the Tichelberg and the cleared area quickly grew thick with 

birch wildshoots. Although some plants, such as Potentilla erecta, are still present in the 

undergrowth, many of the target species for flora and all of the butterfly target species have 

disappeared from the area. The grazing intensity has always been extremely low in the 

Ennemaborg based on the objective “natural development”. Here too, the cleared area has 

grown thick with wildshoots, with the exception of a few small pastures and cattle paths. The 

establishment of the flora target species was never very successful in this area, and so the 

decrease mainly appears to be limited to the species of dry pioneer vegetations. The 

decrease is very evident for the butterflies and the two target species that were present have 

meanwhile disappeared. A sufficient grazing intensity, with perhaps additional management 

measures, is required for the species communities of heaths and unimproved grasslands in 

order to guarantee the open and lush character.  

 

In addition to extensive grazing, mowing also took place in various areas with vegetation 

encroachment (Bakkeveense duinen, the Delleboersterheide and Eexterveld) and wildshoots 

are sometimes removed on a local level. The mowing and removal most likely not only 

resulted in a decrease in productivity and a more open vegetation structure, in which new 

species can easily establish themselves, but it is also very possible that the mowing 

machines resulted in the introduction of seed of the target species. And so the targeted 

mowing of bushy vegetation is a useful additional measure for the restoration of the 

vegetation of heaths and unimproved grasslands and therefore for the habitat conditions of 

the butterfly target species. 

In addition to breaking the dominance of bushy vegetation, it is important for the butterflies 

and other insects that certain structure elements are left intact, such as clusters of bramble 

bushes, small (early blossoming!) willow thickets, a solitary buckthorn and clusters of 

stinging nettles or thistles are extremely valuable: they provide both food (via nectar or as a 

host plant) and shelter or a safe place for pupation or hybernation. 

 



 

Ontwikkeling en Beheer Natuurkwaliteit 16 

 

Regarding the butterfly target species, the matter of dispersal is found to be almost as big a 

problem for the recurrence as the habitat quality. Regarding the endangered Pyrgus malvae, 

a typical species of the habitat type acid grasslands (H6230), the habitat quality appears to 

have sufficiently improved in many cases after 25 years. It is therefore recommended to 

examine in which cases the quality conditions have improved such that a reintroduction of 

this species can be realized. 

 

Conclusion 

Nature development on former farmland has occurred in many locations since 1990, but 

relatively few of these projects were subjected to some type of monitoring (Bekker, 2008; 

Sanders, 2009). The conducted study is the first to provide insight into the consequences of 

the developments for the vegetation and butterfly fauna after 25 years. 

 

The restoration of the vegetation of heaths and acid grasslands has progressed, but the 

isolation of source populations is still a significant problem. The quality of the habitat has 

improved for butterflies, to be sure, but both dispersal and the habitat quality are an 

important hindrance to recolonization. Plejebus argus was the most successful of the species 

on the Red List, along with Lycaena tityrus to a lesser degree. Isolation is particularly a 

problem for the rare species. Nature development after topsoil removal appears to offer good 

opportunities for the habitat restoration for Pyrgus malvae.  

 

It is important to point out that the success of a management measure highly depends upon 

the subsequent management of the area in order to maintain the openness of the cleared 

areas. In addition to extensive grazing, it appears that made-to-measure mowing to 

counteract vegetation encroachment, while simultaneously sparing structure elements such 

as bramble bushes, can provide an important added value for a species-rich community of 

plants and butterflies. 
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