
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Inland dunes in the Netherlands: soil, vegetation, nitrogen deposition and
invasive species

Sparrius, L.B.

Publication date
2011

Link to publication

Citation for published version (APA):
Sparrius, L. B. (2011). Inland dunes in the Netherlands: soil, vegetation, nitrogen deposition
and invasive species. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/inland-dunes-in-the-netherlands-soil-vegetation-nitrogen-deposition-and-invasive-species(a2d7004a-f119-4151-a9bd-7aa7b4e7d4e9).html


30 Chapter 1



31Vegetation succession in eight inland drift sands

Chapter 2

Vegetation succession in eight inland drift sands 
in relation to geomorphology and nitrogen 
deposition

L.B. Sparrius, A.M. Kooijman, M.P.J.M. Riksen & J. Sevink

Abstract

Questions: (1) At what rate does succession take place in active and more stabilized 
drift sands in regions with low and high N deposition in The Netherlands? (2) What 
is the present composition of the pioneer vegetation in active and more stabilized drift 
sands in regions with low and high N deposition? (3) What efforts are necessary to 
conserve bare sand in drift sands? Location: Eight inland dunes in The Netherlands, 
which represent four active and four more stabilized drift sands in regions with low 
and high N deposition. Methods: Aerial photographs from 1950, 1981, 1995 and 
2007 were used to compare rates of succession from bare sand towards forest. For each 
site, a detailed vegetation map was made in 2007. Results: In all studied sites, bare sand 
decreased, especially in regions with high N deposition. This decline was significantly 
higher between 1981 and 2007 than in the other periods. The loss of bare sand did 
not lead to increase of pioneer vegetation, which remained more or less stable. It led, 
however, to an increase of heath and forest. In active drift sands, pioneer vegetation 
was characterized by Corynephorus canescens and Polytrichum piliferum, while lichens, 
lichen-rich grassland and Campylopus introflexus were more common in stabilized drift 
sands. In regions with high N deposition, the proportion of Campylopus introflexus 
to older pioneer stages was significantly higher. In regions with high N deposition, 
the contribution of forest to the ‘heath/forest’ vegetation class was also higher. The 
calculated lifespan of bare sand decreased in all sites. Extrapolation of the results 
suggests that in the absence of restoration measures, bare sand will vanish in 2035. 
Conclusions: In both active and more stabilized drift sands, a generic loss of bare sand 
and an increase in forest area was found. The increase was higher in regions with high 
N deposition. Conservation management should include the annual transformation of 
43 ha of forest into bare sand in order to stop the loss of bare sand.

Nomenclature source: van der Meijden, R. (2005) for vascular plants; Siebel & During 
(2006) for bryophytes; Aptroot et al. (2004) for lichens.
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Introduction
Since the Middle Ages, until about 1850, intensified land use, mainly sheep grazing 
and sod cutting, led to the degradation of heaths on light sandy soils in Western 
Europe. This resulted in drift sands. Since the 16th century, local governments took 
measures to control further expansion of these drift sands with no substantial results 
(Tesch et al. 1926; Riksen et al. 2005). With the collapse of the wool industry and 
introduction of fertilizers, the heaths lost their economic value. With the increasing 
demand for wood for the mines in the 19th century it became economically feasible 
for the Dutch government to afforest the heaths and drift sands. Scots pine was 
planted on a large scale between 1898 and 1940. Only a few large (> 200 ha) drift 
sand areas were conserved as nature reserves or used for military purposes.

Inland drift sands in Western Europe form a semi-arid landscape and a protected 
habitat type (H2330) in the European Habitat Directive (EC 2007). Although active 
inland drift sands occurred in the entire European sand belt (Koster 2005), today they 
can almost only be found in The Netherlands. Most of the drift sand reserves that 
remain today are still scarcely vegetated, harbouring bare sand and pioneer vegetation 
(Riksen et al. 2006). Increase of vegetation cover forms the main threat to the drift 
sand habitat. The further transformation from pioneer vegetation to forest results 
in a decline in biodiversity. Research showed that succession rates might be further 
increased by high levels of nitrogen deposition (Pluis et al. 1993; Riksen et al. 2006; 
Daniëls et al. 2008b; Remke et al. 2009). Although the lichen-rich grasslands have the 
highest biodiversity of flora and fauna, bare sand is an essential feature of inland drift 
sands as it provides a future habitat for pioneer vegetation (Nijssen et al. 2010).

To some extent, drift sands may be compared with sand deserts. They are both habitats 
under influence of wind erosion. However, while deserts remain open due to the 
extremely dry climate, inland drift sands without human influence show a succession 
towards grassland, and eventually heath and forest. In the first stages of succession, 
grasses such as Corynephorus canescens and mosses such as Polytrichum piliferum 
dominate the vegetation (Hasse, 2005). In the moss mats, lichen communities 
establish, followed by lichen-rich grasslands. At present, however, the Polytrichum moss 
mats may also be colonized by Campylopus introflexus, an exotic moss species, which 
has arrived in the 1960s (van der Meulen et al., 1987). In pioneer vegetation, seedlings 
of Pinus sylvestris may take root and eventually transform pioneer vegetation into 
forest.

Geomorphological differences within the inland drift sands seemed to be an important 
factor with respect to succession. Inland drift sands are largely formed by local 
reworking of terrestrial (mainly aeolian) deposits by wind (Koster 2005). This took 
place mainly in areas with young cover sand or river dune sand at the surface. 

The open character of these areas in combination with (high) local disturbance by 
intensive land use like sheep herding, heath burning and sod cutting, made this 
landscape extremely vulnerable to wind erosion. In periods with major storms, drift 



33Vegetation succession in eight inland drift sands

sands developed and expanded quickly, due to deflation and burying of vegetation. 
The development of a drift sand area depends on the size, the local weather conditions, 
the availability of erodible soil material (total area times the thickness of the high 
erodible sand layer), the presence of less erodible soil layers, the presence of a water 
table near the soil surface, the position in the landscape, and the land use. Within a 
drift sand area this can result in a number of geomorphologic units with their own 
characteristics and thus different conditions for vegetation and fauna (Castel et al. 
1987; Jones et al. 2008; Jungerius et al. 2010). Specifically, two geomorphological 
units can be recognized:  active drift sand dunes and stabilized blowouts.

Rates of succession differ between active and more stabilized drift sand areas. In 
active drift sands, continuous movement of sand slows succession. In less dynamic 
areas, such as blowouts, succession is no longer hindered by aeolian activity. In the 
blowouts, fluvio-periglacial and other compact non-aeolian deposits become exposed. 
These fluvio-periglacial deposits are more variable in grain size, may contain pebbles, 
are usually densely packed and are much less sensitive to wind erosion (Riksen et al. 
2006). The lack of erosion activity gives room to the settlement of pioneer vegetation.

Among the factors known to increase the natural succession rates, a high level of 
N deposition has shown to play an important role. The Netherlands is among the 
European countries with the highest level of nitrogen deposition. The amount of 
nitrogen deposition doubled over the period 1950-1981, remained high and was 
eventually reduced by approximately 30% over the period 1990-2007 (de Haan et al. 
2008). Within The Netherlands, nitrogen sources are concentrated in a few areas in 
the southeast, leaving the northern and western part of the country relatively devoid of 
high levels of atmospheric deposition. This spatial pattern in nitrogen deposition exists 
since around 1960 (de Haan et al. 2008). In 2004, nitrogen deposition in inland drift 
sands varied from 22 to 45 kg ha-1 yr-1 (de Haan et al. 2008). All these values are far 
above the modelled critical load for inland dunes of 9.8 kg ha-1 yr-1 (van Dobben et al. 
2006). In the present study, one of the main questions is whether drift sand areas with 
low and high N deposition differ in the rate of succession.

Under present conditions conservation measures are necessary to prevent the drift sand 
landscape from turning into forest (Ketner-Oostra et al. 1998; Riksen et al. 2006). 
For a long time, removal of young tree seedlings was the only management measure 
in drift sands. In some areas where drift sand is part of a bigger nature reserve with 
heath, grazing is seen as a measure to reduce the succession rate. Since the 1970s, 
conservation measures also include tree and topsoil removal to set back the vegetation 
succession to bare sand. This decision was in most cases taken on an ad hoc basis by 
the managers. Since the 1990s, experts more carefully plan the selection of measures 
and locations for drift sand restoration. However, the scale and frequency at which 
these measures should take place is still a point of discussion. Drift sand areas in 
which all succession stages are present are seen as the optimal situation. Therefore, 
an important goal of drift sand management is to create and maintain diversity in 
succession stages.
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In this study, rates of succession were compared in eight inland drift sand nature 
reserves within The Netherlands. The three research questions in this study are:

1.  At what rate does succession from bare sand to pioneer vegetation take place 
in active and more stabilized drift sands in regions with low and with high N 
deposition, respectively?

2.  What is the present composition of the pioneer vegetation in active and more 
stabilized drift sands in regions with low and high N deposition? 

3.  What is the life span of bare sand and further succession stages in drift sands, 
and which efforts are necessary to conserve the characteristic primary succession 
stages?

Succession rates in inland drift sands are usually studied at site level, and cover only a 
short period (Daniëls 1990; van Rheenen et al. 1995; Biermann et al. 1997; Biermann 
et al. 1998; Ketner-Oostra et al. 1999; Ketner-Oostra 2004; Nijssen et al. 2007; 
Daniëls et al. 2008a; Ketner-Oostra et al. 2008). However, by combining data from 
aerial photographs of different periods with a current vegetation map, it was possible 
to study the rates of succession at a larger time and spatial scale. Four active and four 
more stabilized drift sands were selected, evenly distributed over regions with low and 
high N deposition.

Based on calculated succession rates, the future cover of the main vegetation classes 
(bare sand, pioneer grassland and heath/forest) can be predicted. The outcome 
may help to improve measures to conserve the area of bare drift sand and support 
management of similar types of dune systems, e.g. coastal dunes, which exhibit a 
similar decline of the area of bare sand (Provoost et al. 2011).

Methods

Study sites

Eight inland drift sand areas were selected in the Netherlands (Fig. 2.1; Table 2.1). 
They are well distributed over the potential drift sand area (Koster 1978) and include 
the main drift sands left in the country. Four of the sites (Aekingerzand, Loonse 
en Drunense Duinen, Kootwijkerzand and Wekeromse Zand) still contain active 
drift sand and four are stabilized (Drouwenerzand, Lemelerberg, Otterlosche Zand, 
Bergerheide). Stabilized sites typically consisted for a large proportion of blowouts. 
The two groups, active and stabilized drift sands, were subdivided in two regions 
(north and southwest versus southeast), which are characterized by relatively low and 
high atmospheric N deposition (Velders et al. 2002; van Jaarsveld 2004; de Haan et al. 
2008). Differences in N deposition between sites, based on modelled values of 2004, 
are sometimes small and the uncertainty may be up to 20-30% (van Jaarsveld 2004). 

Other site properties that may affect succession were not used as a site selection 
criterion and include recreation pressure, which was quantified as the annual number 
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of visitors (provided by site managers) and the total length of paths and hiking trails. 
Mean annual rainfall was derived from Sluijter & Nellestijn (2009) (Table 2.1). Past 
rainfall is not taken into account, but the weather station in De Bilt, which is generally 
used as a reference for Dutch weather data, was 9% higher in the period 1981-2007 
(although not significant) compared to 1940-1981.
 
 

  
 
Table 2.1. Site characteristics of study sites. Area size is the section of the site that was mapped in 
this study.

Site name Drift 
sand type

N 
deposition

Modelled 
N 

deposition

Area 
size

Visitors Trail 
length

Rainfall

kg ha-1 yr-1 ha 103 yr1 103 m mm yr-1

Aekingerzand active low 22.6 39.6 50 25.3 750

Loonse en Drunense 
Duinen

active low 28.3 47.1 500 17.6 700

Kootwijkerzand active high 29.0 45.8 250 6.4 800

Wekeromse Zand active high 44.8 86.0 50 18.3 800

Drouwenerzand stable low 24.4 40.5 10 6.8 775

Lemelerberg stable low 33.7 20.2 20 3.2 750

Otterlosche Zand stable high 34.0 26.0 45 5.3 800

Bergerheide stable high 37.1 15.1 0.5 5.5 700

!

!

!

!

!

!

!!

Lemelerberg

Bergerheide

Aekingerzand

Drouwenerzand

Wekeromse Zand

Kootwijkerzand O�erlosche Zand

Loonse en Drunense Duinen

50 km

N

Fig. 2.1. Location of the study sites 
within The Netherlands.
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Aerial photo interpretation

For each site, we created maps of the vegetation in several years based on photo 
interpretation. Characteristic sections with the open inland drift sand landscape (bare 
sand and pioneer vegetation) surrounded by a fringe of predominantly self-sown trees 
were selected. These sections, of 15 to 86 ha each, represent about 3% of all non-
forested drift sand habitat in The Netherlands and about 30% of the most undisturbed 
(i.e. not used for military purposes) drift ‘sand reserves. Digital high resolution aerial 
photographs, all with < 1 x 1 m pixel size, made in 1950, 1981, 1995 (black and white 
imagery) and 2007 (RGB+NIR channels) (source: Kadaster) were georeferenced at 
1 m resolution and automatically classified in 3 main vegetation classes (Fig. 2.2): 
1. sand, 2. pioneer vegetation and 3. heath / forest. Classification was done using 
image segmentation in Definiens Developer 7 (Definiens AG. 2007) and ArcGIS 
9.3. Additional to reflection, pattern recognition in Definiens Developer was used 
to classify tree canopies using contrast split segmentation with settings depending on 
the image quality (Fig. 2.2). Unpaved paths and hiking trails were digitized as line 
features. The years were chosen due to the fact that high-quality photographs were 
available for all sites. Heath and forest could be distinguished with recent colour 
photographs; this was not possible with older material.

Field survey

For the most recent map in our series, present-day vegetation in 2007, we produced 
a more detailed vegetation classification by relying on field surveys. These vegetation 
subclasses (Fig. 2.3) are based on the vegetation structure and derived from Hasse 
(2005), although the subclasses are here named after the dominant species or species 
group. Compared to the classes used in photograph interpretation, the main class 
sand was subdivided into the subclasses ‘bare sand’ and ‘bare sand with Corynephorus 
canescens tussocks’. Pioneer vegetation was subdivided into ‘Polytrichum piliferum 

18914591

20071995

50 m

 

Fig. 2.2. Example of digitized 
aerial photographs (site: 
Kootwijkerzand) showing loss 
of bare sand (white space) and 
changes in pioneer vegetation 
(grey) and forest (black). The 
decrease of forest between 1981 
and 1995 is due to conservation 
management.
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mats’, ‘Campylopus introflexus mats’, ‘Cladonia spp. lichen dominated vegetation’, and 
‘lichen-rich grassland on shallow soil dominated by Agrostis vinealis and Festuca sp.’ 
The ‘heath/forest’ vegetation class was subdivided into ‘heath’ and ‘forest’ subclasses. 
All maps were digitized at about 1 m resolution.

Spatial data processing

All layers (classified photographs of 1950, 1981, 1995 and 2007, and the detailed 
vegetation map of 2007) were overlaid in ArcGIS 9.3 (using “union”) resulting in 
a fine pattern of 7.9 105 segments covering 3.5 km2, each having a combination of 
vegetation (sub)classes for all years, additional to environmental properties at site 
level. From the original dataset, areas in which large-scale measures in the drift sands 
of Aekinge and Wekerom (Nijssen et al. 2007) were removed, were subtracted to 
differentiate between autonomous processes in vegetation succession and conservation 
measures (tree logging and top soil removal). In the case of drift sands, retrogression 
of the vegetation occurs rarely (Walker et al. 2010) and is mainly the result of 
conservation measures, such as logging and topsoil removal. The selection of this 
dataset (further called “succession only”) thus only contained segments with stable or 
progressive vegetation classes over time. In this way, effects of large-scale conservation 
measures could be eliminated, which made the datasets of the four different years more 
comparable. However, the dataset still includes small-scale measures, especially tree 
removal in pioneer vegetation. Both the original and the “succession only” datasets are 
used in the analyses.

Statistical analysis

The results of the field survey and image data were analyzed using R for Windows 
2.11 (R development core team 2010) and Microsoft Office Excel and Access 2007. 
Annual loss of bare sand was calculated for two periods separately, 1950-1981, 
and 1981-2007, in order to differentiate between periods with lower and higher 
atmospheric N deposition. In the 1950s, N deposition had only slightly increased 
with respect to natural background levels, but annual N deposition reached its peak 
in the 1990s (de Haan et al. 2008). The annual loss of bare sand was calculated as the 
annual percentage loss of the original cover of bare sand in 1950. Differences in loss of 
bare sand were tested with three-way ANOVA, with drift sand type (active and more 

sand pioneer vegetation heath / forest

bare sand Coryne-
phorus

Polytrichum
lichens (small, large)

Campylopus grasses

heath forest

time

Fig. 2.3. Vegetation succession in inland drift sands using a classification in main vegetation 
classes (above) and subclasses (below).
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stabilized), N deposition region (low and high), and period (before and after 1981) as 
factors. Rates of changes in pioneer vegetation or heath/forest did not differ between 
the periods before and after 1981 and are not further treated.

Differences in the area of the pioneer vegetation from the field survey in 2007 
were tested with two-way ANOVA, with drift sand type and N deposition region 
as independent variables. Additionally, ratios of vegetation types indicating habitat 
quality were calculated and tested in a similar way. The bare sand ratio was calculated 
as the cover of bare sand divided by the cover of bare sand including the stage with 
Corynephorus canescens, indicating the early settlement of vegetation. The Campylopus 
ratio is indicative of the contribution of Campylopus introflexus to older pioneer stages, 
which developed from open mats of Polytrichum piliferum. This ratio was calculated 
as the cover of Campylopus divided by the combined cover of lichens, lichen-grassland 
and Campylopus. The forest ratio, indicative of the relative contribution of forest and 
heath to the heath/forest class, was calculated as the cover of forest divided by the total 
cover of forest and heath combined.

In order to model the succession rate, a transition matrix was made based on the 
succession only dataset and represented in a Markov diagram representing the annual 
percentage of change of the original cover of the vegetation class for two periods 
(e.g. Tang et al., 2007): 1950-1981 and 1995-2007, as differences in succession rates 
between those periods differed significantly. The transition from sand directly to 
forest did not occur. Forest represents an end state. To illustrate the transition matrix, 
the estimated development time of each vegetation subclass is given. This estimate is 
based on results from long-term monitoring of permanent plots in inland drift sands 
(Ketner-Oostra et al. 2008) and detailed studies of vegetation development in drift 
sand landscapes (Ujházy et al. 2011).

In order to predict the future cover of the three main vegetation classes, the succession 
rates in the periods 1950-1981 and 1995-2007 were extrapolated into the future and 
used as minimum and maximum scenarios respectively. This results in a minimum 
and maximum value for the year in which no bare sand is expected to remain, and the 
percentage of bare sand that will be lost annually starting from 2007. This percentage 
is multiplied by the total area of bare sand currently present in The Netherlands 
(Riksen & Jungerius, 2010) to estimate future efforts necessary to preserve bare sand 
surfaces.

2.4 Results

2.4.1 Changes in main vegetation classes

In the ‘succession only’ dataset, the area of bare sand decreased in all sites over 
the period 1950-2007 (Fig. 2.4). The actual loss of bare sand was higher in active 
drift sands than in more stabilized drift sands, which already had a low sand cover 
in 1950. However, in all sites the decrease was about 50%. In the dataset with all 
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polygons, including those showing retrogression of the vegetation due to management 
measures, the cover of bare sand decreased in all sites as well, with more or less similar 
overall rates of loss of bare sand. The restored drift sands of Aekinge and Wekerom 
temporarily showed an increase in cover of bare sand and decrease of pioneer 
vegetation in 1995, after large-scale restoration efforts to transform forest and pioneer 
vegetation back into bare sand. However, restoration measures had only temporary 
effect and could not prevent the loss of bare sand over the entire period.

In both datasets, the loss of bare sand was accompanied by a net increase in heath/
forest, rather than an increase in pioneer vegetation. In the period 1950-1981 and 
again between 1981-1995, most of the bare sand was transformed into pioneer 
vegetation. However, much of the pioneer vegetation transformed to heath/forest. 
Especially after 1995, heath/forest was formed at a higher rate than before. As a result, 
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Fig. 2.4. Change in cover of three vegetation classes for each site based on succession only and all 
polygons (including retrogression and conservation measures).
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after slightly more than 50 years, the net area of pioneer vegetation remained more or 
less the same.

While actual loss of bare sand expressed as surface area was higher in active drift sands 
than in more stabilized ones, the annual loss as a percentage of the area in 1950 did 
not differ between drift sand types (Figs 2.4, 2.5). However, regions with high N 
deposition had significantly higher losses of bare sand. Also, the loss of bare sand in all 
sites together was significantly higher in the period of 1981-2007 than in 1950-1981.

Local differences in present-day vegetation

The decrease of bare sand may be further reflected in the even lower amount of bare 
sand, compared to initial stages of succession with Corynephorus canescens, which are 
both included in the main class of sand in the analysis of aerial photographs (Table 
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Fig. 2.5. The annual loss of bare sand as percentage of the original cover of bare sand in 1950 for 
the periods 1950-1981 and 1981-2007, using the succession only data set. Sites are grouped by the 
dominant geomorphological unit and ranked by increasing N deposition.
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2.2). The contribution of bare sand without C. canescens individuals is reflected in the 
bare sand ratio, which is usually lower than 65%. However, the bare sand ratio did not 
differ between active drift sands and blowouts, or between low and high N deposition 
regions.

Table 2.2. The distribution of bare sand, pioneer stages, heath and forest in 2007 in active and 
more stabilized drift sands in regions with low and high N deposition (in % cover), based on the 
forward succession data set. Bare sand ratio = cover of bare sand divided by cover of bare sand 
including the Corynephorus-stage. Campylopus ratio = cover of Campylopus introflexus divided by 
the cover of late pioneer stages (lichens, grasses and Campylopus). Forest ratio = cover of forest 
divided by the cover of heath + forest. 1 significant difference between active and more stabilized 
drift sands; 2 significant difference between N deposition regions (P < 0.05).

Aekinge Loon Kootwijk Wekerom Drouwen Lemele Otterlo Bergen

drift sand type active active active active stable stable stable stable

N deposition region low low high high low low high high

Bare sand and 
Corynephorus1

29.0 39.7 49.8 23.8 7.1 2.1 2.0 0.3

Bare sand1 17.4 27.0 19.4 18.2 4.5 1.3 0.6 0.0

Corynephorus 11.6 12.7 30.4 5.6 2.6 0.8 1.4 0.3

Bare sand ratio 0.60 0.68 0.39 0.76 0.63 0.62 0.30 0.00

Pioneer vegetation 23.4 24.7 45.4 25.6 40.4 29.4 82.2 39.8

Polytrichum 15.1 14.3 42.7 14.1 5.7 10.8 5.4 0.0

Lichens 0.4 1.4 0.0 1.5 8.3 8.1 7.4 0.0

Grasses 7.1 8.9 1.4 6.1 26.4 8.8 0.0 1.4

Campylopus1,2 0.8 0.1 1.3 3.9 0.0 1.7 69.4 38.4

Campylopus ratio1,2 0.10 0.01 0.48 0.34 0.00 0.09 0.90 0.96

Heath and forest 47.6 35.6 4.8 50.7 52.5 68.5 13.2 59.8

Heath2 45.9 14.3 0.0 0.9 28.6 24.5 0.0 6.1

Forest 1.7 21.3 4.8 49.8 23.9 44.0 13.2 53.7

Forest ratio2 0.04 0.60 1.00 0.98 0.46 0.64 1.00 0.91

In pioneer vegetation, early pioneer communities with Corynephorus canescens 
and Polytrichum piliferum were more prominent in active drift sands than in more 
stabilized ones. In the latter, older stages with lichen-rich vegetation, but also mats 
with Campylopus introflexus were more abundant. Except for Campylopus introflexus, 
the cover of particular early pioneer stages was not significantly affected by region of N 
deposition. In regions with high N deposition, however, Campylopus introflexus had a 
significantly higher cover, or formed a higher percentage of older pioneer stages. In low 
N deposition regions, the Campylopus ratio, calculated as the percentage of Campylopus 
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introflexus of all older pioneer stages combined, did not exceed values of 10%. In 
regions with high N deposition, the Campylopus ratio increased to 37-42% in active 
drift sands and to 90-96% in more stabilized areas.

Development to heath or forest also seemed to be affected by N deposition. The total 
amount did not differ between active and more stabilized drift sands or regions with 
low and high N deposition. In regions with high N deposition, the forest ratio (i.e. 
the contribution of forest to heath and forest combined) was significantly higher. In 
contrast, presence or development of heath mainly occurred in regions with low N 
deposition.

Predicting future development

For each vegetation subclass, the cover of the main vegetation classes in previous years 
was calculated and presented as a transition matrix (Table 2.3) and Markov chain 
(Fig. 6). The future cover of the three main vegetation types can be modelled by 
extrapolating the changes in cover of bare sand and forest/heath (Fig. 2.7). The model 
assumes unidirectional succession without conservation measures and is based on the 
observed succession rate in the last period (1995-2007). This model predicts that at 
the present rates of loss of bare sand, without management, in 2035 no bare sand will 
be left. If we use the lower succession rates of the period 1951-1981, the year in which 
bare sand has completely disappeared and transformed into the next succession stage 
would be 2050. The difference between the 2035 and 2050 scenarios is shown in grey 
in Fig. 2.7. Together with the vanishing bare sand, the cover of pioneer vegetation and 
forest will increase. As soon as no bare sand is left, the area of pioneer vegetation will 
start to decline and gradually transform into heath or forest.

Discussion

Loss of the open inland dune habitat

Our data show that the surface of bare sand in selected inland dune sites declined 
by 50% between 1950 and 2007 and that the rate of decline increased in the 
recent times. There are differences between individual sites, mainly connected to 
geomorphology (drift sand dunes or blowouts) and the percentage cover of bare sand 
in 1950. Most authors consider the abandonment of the original land use to be the 
main factor in the decline of bare sand (Koster 2005; Riksen et al. 2005). As to the 
overall increase in succession rate, it is clear that the recent climate change has led to 
a prolonged growing season and increased precipitation, which must have enhanced 
the settlement of pioneer vegetation over the past decades. However, the spatial and 
temporal differentiation in this loss of inland dune habitats, as observed in earlier 
studies on the development of drift sand landscapes (Riksen & Jungerius 2010) as well 
as in our study must be attributed to other factors. 
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Table 2.3. Transition matrix with the percentage of cover of vegetation classes in previous periods 
for each vegetation subclass in 2007, based on the succession only data set. The column on the 
right-hand side shows an estimation of the development time.

Vegetation class bare sand pioneer vegetation forest or heath development 
time

Subclass in 2007 1950 1981 1995 1950 1981 1995 1950 1981 1995 yr

Corynephorus 100 100 100 - - - - - - 1

Polytrichum 96 86 53 5 14 47 - - - 5

Campylopus dominant 25 6 1 75 94 99 - - - 10

Lichens dominant 34 17 2 66 83 98 - - - 15

Mosses, lichens, grasses 30 15 6 70 85 94 - - - 10-20

Psammophilous heath 15 2 1 57 38 74 29 60 74 20

Forest 27 5 1 34 26 17 39 70 82 30
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Fig. 2.6. Markov chain representing 
the succession rate between three 
vegetation classes for the periods 
1950-1981 (between brackets) and 
1995-2007. Values represent the 
percentage of cover in the starting 
year (1950 or 1995). Figures are based 
on the succession only dataset.

60

80

100

120

140

co
ve

r (
ha

)

 sand

pioneer grassland

heath  

0

20

40

60

80

100

120

140

1950 1970 1990 2010 2030 2050

co
ve

r (
ha

)

year

 

 

heath /  forest

2050 scenario

Fig. 2.7. Past changes and a prediction of the amount of the vegetation classes in the eight 
studied drift sands together, Predictions are based on succession rates in the Markov diagram (Fig. 
2.6). From 2007 onwards, solid lines were calculated using the highest succession rates (1995-
2007). The difference with the prediction based on the lowest succession rates between 1950 and 
1981 is shown in grey (pioneer grassland in darker grey). This figure is based on the assumption of 
autonomous development without retrogression due to restoration management.
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In accordance with earlier studies (Riksen & Goossens 2007; Jones et al. 2008), we 
find that geomorphology is an important factor, blowouts and dunes clearly differing 
in succession rate. Wind and water erosion cause active dunes to become covered by 
vegetation at a much lower rate than the relatively stable blowouts.

Vegetation growth in the nutrient-poor inland dune landscape is N limited, at least 
in low N deposition sites within The Netherlands (Sparrius 2011). Especially in 
early succession stages, in which plants highly depend on nutrients from atmospheric 
deposition, the succession rate is positively influenced by extra nitrogen input 
(Sparrius 2011). The results presented here show that the decline of bare sand is 
indeed higher where N deposition is high.

Loss of bare sand may be counteracted by local recreation pressure on hiking trails and 
large sandy surfaces, which causes disturbance of bare sand and disables the settlement 
of pioneer vegetation (Riksen 2005). A comparable process is the disturbance observed 
in military training areas, which often have relatively large areas of well-preserved bare 
sand. Our results show that active drift sands had a general higher number of visitors 
and more hiking trails than sites dominated by blowouts. However, the total impact is 
of a minor order as for example evidenced by the data in Table 2.1. 

Composition and quality of pioneer vegetation

From the biodiversity perspective, pioneer vegetation is considered the most valuable 
habitat type within the drift sand landscape, as many species are limited to this 
habitat type, including many lichens. Results show that in 1950 the highest cover of 
pioneer vegetation occurs in the more stabilized drift sands, which can be explained 
by the lower wind erosion and disturbance, resulting in an earlier establishment of the 
vegetation compared to active drift sands. Consequently, valuable lichen-rich pioneer 
vegetation, which includes the subclasses lichens and grassland, is found more often on 
blowouts than on dunes. 

Little is known about the development time of older stages of pioneer vegetation. 
Young stages of pioneer vegetation (e.g. Polytrichum) obviously have a higher 
percentage of bare sand cover in earlier years than late succession stages. However, the 
rather high values around 50% bare sand cover in 1950 for late stages (Campylopus, 
lichens) suggest that these vegetation types might be locally ancient, probably up to 
a century old, although permanent plot studies (Ketner-Oostra 2007) and our own 
observations show that they might develop within a much shorter period of time of c. 
15 yr. Longer permanent plot studies are required to make a more precise estimate of 
the development time of especially lichen-rich vegetations.

N deposition was already found to cause faster growth and early settlement of thick 
mats of the invasive bryophyte Campylopus introflexus, leaving less space for lichen 
vegetations (Sparrius & Kooijman 2011). Their study included several sites on which 
results are reported here. We indeed observe that the relative cover of the Campylopus 
vegetation class is much higher in regions with high N deposition in both active and 
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more stabilized drift sand. The quality of pioneer vegetation thus is indeed strongly 
influenced by the atmospheric input of N.

Also, further development of the vegetation towards Calluna-heath seems to be 
negatively affected by N deposition, in favour of Scots pine forest. Earlier studies have 
shown that moss mats of Campylopus introflexus suppress the germination of Calluna 
(Equiha & Usher 1993), whereas our observations showed that germination of Scots 
pine does not seem to be affected.

Relevance for the conservation management of drift sand areas

The results of this study show that bare sand in inland dunes is disappearing at an 
alarming rate. Measures are necessary to keep the drift sand areas open to prevent the 
open drift sand landscape from becoming covered in forest. At the relatively low rates 
of succession in the period 1950-1981, without management, bare sand would have 
disappeared around 2050. At the present higher rates of succession, bare sand will 
disappear by 2035. Based on the current data, we can describe what management is 
required to maintain a steady state regarding the relative distribution of succession 
stages.

Predicted life spans for bare sand of 43 (2007-2035) or 28 (2007-2050) years mean 
that 1/43th to 1/28th or 2.3% to 3.6 % of the current area of bare sand should be 
newly created annually to conserve the current area of bare sand. Based on a total 
area of c. 12 km2 of bare sand in the drift sand habitat left in The Netherlands in 
2006 (Riksen & Jungerius 2010), this means a nationwide area of c. 28 to 43 ha yr-1. 
Taking into account that past management measures in Aekingerzand and Wekeromse 
Zand only led to temporary increase of the area of bare sand, it is strongly advised 
to use the latter, higher estimate. Currently, the restoration activities in inland dunes 
in the Netherlands are somewhere in between these figures, with c. 40 ha of restored 
drift sand annually over the past ten years. Riksen & Jungerius (2010) estimated a 
net increase of 109 ha of bare sand in the period 2000-2006, meaning that current 
restoration efforts are sufficient and should be continued.

The foregoing implies that for a full range of succession stages to occur in a balanced 
series, continuous creation of bare sand is required that subsequently will transform 
into a later succession stage. In terms of effectiveness and sustainability, restoration of 
locations with drift sand dunes rather than blowouts is to be preferred, since pioneer 
vegetation establishes faster in the latter. Similar remarks can be made regarding N 
deposition, with low deposition providing better conditions for restoration because 
of the slower succession. Evidently, restoration of drift sand areas with less favourable 
conditions requires adapted management, mitigating the faster succession. However, 
such management cannot compensate for the lesser quality of the habitat. Examples 
from coastal dunes of such reactivation of wind erosion in dunes versus blowouts, 
including management measures and subsequent vegetation succession has been given 
by e.g. Arens et al. (2004) and Arens & Geelen (2006).
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Conservation and related management of the various succession stages depend on 
the geomorphology and main vegetation type. Active drift sands can be kept open by 
recreation though its impact in terms of area affected is relatively small. Clear impacts 
are only likely to occur in inland dune sites with over 1000 visitors ha-1 yr-1. Riksen 
& Goossens (2005) studied conservation measures for large bare sand surfaces, i.e. 
the removal of Corynephorus canescens and small patches of Polytrichum piliferum with 
tillage machinery, such as a beach sand cleaner and rotary cultivator. The management 
of blowouts could focus on the conservation of lichen-rich pioneer vegetation, by 
means of young tree-removal and low-density grazing mainly to avoid the settlement 
of trees. Development of psammophilic Calluna-heath does not harm the pioneer 
vegetation as much as the transformation to forest, as the shrubs are relatively 
slow-growing, eaten by deer and sheep, and usually form a mosaic with the lichen 
vegetation (van der Bilt & Nijland 1993).

Conclusions
Windblown bare sand and pioneer vegetation in inland drift sands in The Netherlands 
are in danger of vanishing and transforming into a forest of self-sown trees. An analysis 
of eight inland drift sands reserves suggests that geomorphology and N deposition 
region are driving factors influencing succession rate and habitat quality respectively. 
The results predict that without conservation measures, bare sand will be lost by 
around 2035, or then only occur in association with small-scale disturbances, e.g. 
hiking trails. Bare sand that declined during 1950-2007 did not contribute to a higher 
cover of species-rich pioneer vegetation, as a similar area of forest or mainly self-sown 
Scots pine developed. In order to maintain the current area of bare sand, forest on 
drift sand soils should be removed including their topsoil at a nation-wide total area of 
between 28 and 43 ha per year.
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