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Abstract

The success in restoring seven low production vegetation types

on former agricultural soil after top soil removal was investiga-

ted. The colonization and establishment of target species in per-

manent plots was recorded during the first nine years after resto-

ration measures were taken. For each permanent plot abiotic site

conditions were used to determine which of the vegetation types

could persist there. A comparison of the actual vegetation in the

permanent plots with reference relevés of the selected vegetation

type revealed a gradually increasing similarity during consecutive

years for five vegetation types. This was due to the occurrence of

an increasing number of target species and the number of perma-

nent plots they occurred in. However, nine years after top soil re-

moval a large number of the target species were still lacking from

the vegetation in the permanent plots, although most were pre-

sent in the local species pool. Seed dispersal therefore seems to be

a major limiting factor for restoration of these low production

vegetation types on formerly agricultural soils.



Introduction

Succession on bare soil is a relatively rare phenomenon. It can occur after sand

dune formation, the retreat of glaciers, volcanic eruptions or other situations in

which a bare substrate is exposed. Nowadays, several restoration projects are car-

ried out where total removal of the existing but no longer wanted vegetation is in-

volved, leading to a bare substrate. This provides an opportunity to study the

process of colonization on bare ground. Generally, vegetation composition in the

early stages is considered to be mainly influenced by chance or historical factors,

such as variation in the weather, disturbance intensity and colonization potential,

whereas the importance of site characteristics is thought to increase with succession

age (Christensen & Peet 1984; McClanahan 1986; McLendon & Redente 1990;

Leps
v

& Rejmánek 1991). This suggests that as time proceeds, the actual vegetation

will be determined more and more by the abiotic site conditions. Therefore, it is

possible to predict the vegetation that will develop in the long term based on

knowledge about the abiotic site conditions (Van Diggelen et al. 1991).

In The Netherlands agricultural fields on sandy soils are set aside with the aim

of restoring endangered vegetation types characterised by low production, which

used to occur in these regions until the first half of the 20th century. In order to re-

duce the high soil fertility resulting from the fertilizer practices during previous

agricultural exploitation to levels required by these vegetation types it is necessary

to remove large quantities of nutrients from the systems. In a more traditional way,

this was done by grazing or haymaking without fertilizer application, but this ap-

proach takes decades to reduce nutrient availability to sufficiently low levels

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

speed up impoverishment, thereby creating a bare substrate.

In the present study the restoration success of low production vegetation types

after top soil removal on formerly agricultural soils is investigated, in particular dry

and wet heathland communities (Calluno-Genistion pilosae and Ericion tetralicis),
small sedge communities (Caricion nigrae), oligotrophic grasslands (Junco-Moli-
nion, Nardo-Galion saxatilis and Thero-Airion) and oligotrophic fen communities

(Hydrocotylo-Baldellion). Hereafter these vegetation types will be referred to as

target alliances. The colonization and establishment of a number of constant and

diagnostic species for each alliance, hereafter referred to as target species (App. 1),

was monitored during the first nine years after top soil removal. Moreover, the im-

portance of the occurrence of these species in the local species pool is discussed.
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Material and Methods

Study sites
The study was carried out at nine sites (figure 4.1), all located on sandy soil and

mainly fed by rainwater, but differing in the degree of isolation from low produc-

tion vegetation types elsewhere, groundwater regime, soil trophic status and histor-

ical land use (table 4.1). All sites were agriculturally used as pasture or arable field

during a period ranging from 50 to 130 yr. Top soil removal was carried out be-

tween 1989 and 1995. The degree of removal varied between and at sites, from

very superficial to a depth of over 50 cm. As a consequence, the amount of organic

matter in the soil varies considerably. A factorial fertilizing experiment showed that

after top soil removal the productivity is limited by nitrogen availability (Klooker et
al. 1999). The sites are mown or grazed by large herbivores, in most cases fenced

in with adjacent sites with well developed target alliances, harbouring many of the

target species.

Vegetation monitoring
At each site 3 to 12 permanent plots (2 m x 2 m) were established, depending on

the area of the site, resulting in a total of 70 permanent plots. Monitoring started in

1993 at the Bakkeveensterduinen, Ennemaborg and Tichelberg, in 1995 in the

Eexterveld, and in 1994 at the other sites. Monitoring was carried out yearly in
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July or August until 1998, resulting in 346 records. As top soil removal was carried

out during a period of 6 yr, the data set for all sites together includes data from 1 to

9 yr after top soil removal. The abundance of each species was recorded according

to the decimal scale of Londo (1976).

Expected target alliances
Data on soil pH and total nitrogen in the soil (measured during the winter of 1994-

1995) were used to model the nitrogen availability on a yearly basis (Klooker et al.
1999). For each permanent plot the results from this model and data on groundwa-

ter levels (measured during 1994 and 1995 at two-weekly intervals) were com-

pared with the abiotic conditions from well developed target alliances (Van

Diggelen et al. 1997). When abiotic site conditions in a permanent plot were with-

in the tolerance limits of a target alliance, its establishment was expected not to be

hampered by abiotic constraints. Target alliances that can develop in a permanent

plot given the abiotic conditions are referred to as potential alliance. Because the

range of the tolerances of different target alliances overlap, it is possible that one

permanent plot can accommodate more than one target alliance. In some perma-

nent plots the conditions lay outside the range of any of the target alliances. 

At the sites Hullenzand and Tichelberg the groundwater levels were not meas-

ured. The assessments on which target alliances can establish at these sites are based

on soil pH and nitrogen availability only. The top soil at the Tichelberg site consists
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Table 4.1. Characteristics of the nine investigated sites.

Site Location Size Year of Former Year of Organic Management No of 

(Amersfoort (ha) reclamation agricultural top soil matter %   after top soil perm.

-coördinates) exploitation removal after top soil removal plots

removal

Aekingerbroek 217,549 20 Before 1920 Pasture 1992 Low Cattle and sheep 8

Bakkeveenster- 214,566 3 ± 1930 Pasture 1989 High Cattle and sheep 8

duinen

Delllebuurster- 206,553 25 ± 1930 Both 1993 High Horses, cattle 9

heide and sheep

Eemboerveld 269,560 10 1910 – 1930 Arable field 1991 High Cattle (only 8

till low in summer)

Eexterveld 243,559 2 1940 – 1955 Pasture 1994 High Cattle and horses 10

Ennemaborg 263,578 7.5 Before 1900 Arable field 1992 Low Horses 7

Hullenzand 235,533 1.5 1940 – 1955 Arable field 1993 Low Cattle and sheep 5

Labbegat 129,410 30 Before 1860 Pasture 1990– Low Mowing 12

1995

Tichelberg 236,560 2 Before 1900 Arable field 1992 Low Horses 3



of boulder clay, which is a major barrier for groundwater flow. The water regime of

this site depends only on the amount of precipitation and is most likely only suit-

able for the establishment of the Ericion tetralicis alliance. 

Similarity between target- and actual vegetation
The relation between abiotic conditions and the vegetation is usually represented at

the level of alliances, while vegetation relevés often are classified at the level of as-

sociations. To be able to make a comparison between the vegetation in the perma-

nent plots and in the target alliances, for each alliance those associations are chosen

which still occur in the region nowadays, or were present at the study sites in the

past (table 4.2). The vegetation in the permanent plots was compared to five vege-

tation relevés (hereafter referred to as reference relevés) for each association, from

the basis data used by Schaminée et al. (1995-1998) for their classification of plant

communities. These reference relevés all stem from the northern part of The

Netherlands and were recorded at different sites by different people and in differ-

ent years. The size of some of the reference plots is different from the 2 m x 2 m of

the permanent plots, but this is no constraint for comparison as all reference plots

represent a homogeneous vegetation, which means that there is no relationship be-

tween the number of species occurring in the relevé and the size of the relevé. 

For each alliance the actual vegetation in a permanent plot with suitable abiotic

conditions for this alliance was compared to the five reference relevés of the associ-

ations belonging to this alliance on the basis of the presence/absence data of target

species. The number of permanent plots with suitable abiotic conditions for a par-

ticular alliance and the number of different sites in which these permanent plots are

located are shown in table 4.2.
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Table 4.2. The selected associations for the target alliances, the number of permanent plots (np)
with suitable abiotic conditions for this alliance and the number of different sites (ns) in which
these plots are located.

Alliance Association np ns

Calluno-Genistion pilosae Genisto anglicae-Callunetum 5 1

Caricion nigrae Carici curtae-Agrostietum caninae 15 3

Ericion tetralicis Lycopodio-Rhynchosporetum 40 9

Ericetum tetralicis

Hydrocotylo-Baldellion Pilularietum globuliferae 37 8

Scirpetum fluitantis
Eleocharitetum multicaulis

Junco-Molinion Cirsio dissecti-Molinietum 12 1

Nardo-Galion saxatilis Gentiano-pneumonanthes-Nardetum 22 4

Thero-Airion Ornithopodo-Corynephoretum 5 1



Similarity between the occurrence of target species in the actual vegetation and

each of the five reference relevés per association was calculated qualitatively with

the Czekanowski-Dice coefficient according to the formula:

Similarity (%) = 100% – 2*Spq/(Sp + Sq)

in which Sp is the number of species in p, Sq is the number of species in q and Spq

is the number of species common to p and q. Calculations were carried out with

the computer package Vegron 6.0. Mean similarity for each alliance was calculated

by averaging the results of the similarities between all permanent plots with suitable

conditions for this alliance and all the reference relevés belonging to this alliance,

without making any distinction between the associations belonging to the same al-

liance. Also, no distinction is made between the different sites, as it is our goal to

calculate the restoration success of the target alliances in general, instead of the

restoration success at a specific site.

Local species pool
When the target species are not present at the study sites, flowering plants in the

surroundings can act as a seed source. Data about the occurrence of target species

in the surroundings of the sites were derived from the 5 km x 5 km grid data in

Van der Meijden et al. (1998; CD-ROM version). This means that all plant species

occurring in the same grid cell as the study site are at a distance of max. 7.1 km

from the site and species in an adjacent cell at max. 14.1 km. These species togeth-

er are referred to as the local species pool (Zobel et al. 1998). 

Data on seed longevity are derived from Thompson et al. (1997) and expressed

as a figure between 0 and 1 according to Bekker et al. (1998), 0 referring to a

strictly transient seed bank and 1 to a strictly persistent seed bank. Seed longevity

of species with less than five records in the database is marked as unknown.

Results

Similarity of the target vegetation with the actual vegetation After top soil removal

the abiotic conditions at several sites were suitable for the establishment of the al-

liances Caricion nigrae, Nardo-Galion saxatilis, Ericion tetralicis and Hydrocotylo-
Baldellion. The abiotic conditions after top soil removal were within the range for

the alliances Calluno-Genistion pilosae and Thero-Airion at the Hullenzand site

only and for the alliance Junco-Molinion at the Labbegat site only. Comparison of

the reference relevés per alliance showed a good internal consistency:

● Calluno-Genistion pilosae 70 %

● Caricion nigrae 75 %
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● Ericion tetralicis 66 %

● Hydrocotylo-Baldellion 31 %

● Junco-Molinion 86 %

● Nardo-Galion saxatilis 85 %

● Thero-Airion 50 %

Only for the Hydrocotylo-Baldellion, with three associations, was the overall

similarity less at 31%. 

The similarity between the vegetation in the permanent plots with the Caricion
nigrae, Ericion tetralicis, and the Junco-Molinion as potential alliances and the ref-

erence relevés increased with consecutive years, reaching a maximum similarity of

29%, 28% and 21%, respectively (figure 4.2). For the Nardo-Galion saxatilis and

Thero-Airion the similarity was already at a level of ca.20% in the first years top

soil removal. For the Nardo-Galion saxatilis a maximum similarity of 27% was

reached in year 8, but decreased to 10% in year 9. For the Thero-Airion the similar-

ity increased during year 5 and 6 after top soil removal to a maximum of 27%. The

similarity between the actual vegetation in the permanent plots with the

Hydrocotylo-Baldellion as potential alliance and the reference relevés was less than

1%. For the Calluno-Genistion pilosae the similarity between the permanent plots

and the reference relevés was 0% during the entire study period.

During the first years after top soil removal no target species were present in the

permanent plots (table 4.3), with the exception of permanent plots suitable for the

Nardo-Galion saxatilis. In the second year the first target species established.

Thereafter, this number steadily increased, as did the number of permanent plots in
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which they occurred. However, even after nine years, many of the target species

were still lacking from the permanent plots. The total number of target species in

all permanent plots together was still much less than the total number of target

species in the reference relevés (table 4.3).

Within the permanent plots with the Nardo-Galion saxatilis as potential alliance

three target species were already present in the first year after top soil removal.

During the following years only one additional target species was recorded. The

observed fluctuations in similarity between the permanent plots and the reference

relevés for this alliance were mainly the result of changes in the number of perma-

nent plots where these target species occurred. In the permanent plots with the

Calluno-Genistion pilosae as potential alliance no target species at all established

during the first nine years.

Local species pool
Only a limited number of target species per target alliance were found at the sites

(table 4.4). At several sites target species of a potential alliance were completely ab-

sent. The highest numbers of target species were recorded at the Labbegat site,

where five and seven target species were recorded for the Junco-Molinion and

Caricion nigrae alliances, respectively, and the Eexterveld site with five target

species of the alliance Nardo-Galion saxatilis. 
The majority of the target species were present in the same 5 km x 5 km cell as

the sites, while all but seven target species were present when adjacent blocks are

taken into account. For the alliances Caricion nigrae, Ericion tetralicis, and Nardo-
Galion saxatilis almost all target species were present within the same or an
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Table 4.3. The total number of target species per target alliances present in all reference relevés
belonging to the same alliance and in all permanent plots with suitable abiotic conditions for
this alliance during the first nine years after top soil removal and for each year separately.

Alliance # target   Total #   plots 

species in target species Years after top soil removal

reference in permanent

relevés plots 1 2 3 4 5 6 7 8 9

CG 6 0 – 0 0 0 0 0 – – –

CC 14 7 0 1 1 4 5 5 4 6 6

ET 8 4 0 2 2 2 4 4 4 4 4

HB 11 2 0 0 1 1 1 1 1 2 0

JM 11 4 0 1 0 4 4 4 4 4 1

NG 13 4 3 4 4 4 4 4 3 3 3

TA 12 2 – 1 1 1 2 2 – – –



adjacent block, except for the Ennemaborg site. For the alliance Hydrocotylo-
Baldellion all target species except one occurred in the same or an adjacent block as

the Labbegat site. For the other sites about half or more of the target species did

not occur within the same or an adjacent block. For the Junco-Molinion alliance,

with the potential for restoration restricted to the Labbegat site, only one target

species did not occur in the same or an adjacent block. For the alliances Calluno-
Genistion pilosae and Thero-Airion, both with restoration potential restricted to the

Hullenzand site, respectively four and nine target species occurred in the same

block as the Hullenzand site. 

The longevity index for the seed bank of 22 target species was smaller than

0.33, lay between 0.33 and 0.67 for 11 target species and was larger than 0.67 for

five species (table 4.5). The target species of three target alliances, Caricion nigrae,
Junco-Molinion and Nardo-Galion saxatilis, formed mainly a transient seed bank

(LI < _0.33). For the alliances Calluno-Genistion pilosae and Thero-Airion the tar-

get species formed a seed bank ranging from transient to short-term persistent (LI

between 0.33 and 0.67). The target species of the Ericion tetralicis formed a short-

term persistent to persistent seed bank (LI > 0.67). The number of records on the

seed longevity of the target species of the Hydrocotylo-Baldellion was fewer than

five for all species. Therefore, the longevity of the seed bank of this alliance was

not calculated.
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Table 4.4. The total number of target species per site recorded during the first nine years after
top soil removal, in the local species pool (in parentheses, number of target species within the
same block as the site / number of target species within the same or an adjacent block as the site)
and the mean longevity index (LI) per target alliance of the seed bank formed by the target spe-
cies (in parentheses the number of species used to calculate the mean longevity index).

Total Aekinger- Bakke- Delle- Eem- Eexter- Enne- Hullen- Labbe- Tichel- Mean LI.

# target broek veenster buurster boerveld veld maborg zand gat berg

species duinen heide

CG 6 0 (4/4) 0.42 (2)

CC 14 1 (13/14) 1 (7/12) 7 (10/13) 0.23 (11)

ET 8 1 (8/8) 2 (7/8) 0 (8/8) 0 (2/6) 0 (6/8) 1 (1/2) 1 (5/7) 3 (3/6) 2 (1/5) 0.71 (2)

HB 11 0 (4/7) 0 (3/5) 1 (6/9) 1 (0/3) 0 (1/5) 0 (0/0) 0 (1/6) 1 (2/10) unknown

JM 12 5 (9/11) 0.23 (9)

NG 14 2 (13/14) 4 (14/14) 5 (14/14) 4 (7/13) 0.27 (10)

TA 12 1 (9/11) 0.45 (4)

A
ll
ia

n
ce



Discussion

Similarity of the target vegetation with the actual vegetation
Top soil removal leads to a large decrease in the amount of nutrients in the soil

(Aerts et al. 1995; Van Diggelen et al. 1997; Klooker et al. 1999), meeting the first

requirement for the restoration of the low production target alliances. Increasing

similarity between the permanent plots with the same potential alliance during con-

secutive years (data not shown) suggests a decreasing influence of the chance factor

on the vegetation composition. This probably means that the abiotic site conditions

in the permanent plots became more important. This is likely to be due to selection

against a number of non-adapted species, while well-adapted species can establish

and increase their abundance.

The mean similarity between the permanent plots with suitable conditions for

the alliances Caricion nigrae, Ericion tetralicis, Junco-Molinion, Nardo-Galion sax-
atilis and Thero-Airion and the reference relevés increased during the first nine

years after top soil removal. This increase in similarity was caused by the establish-

ment of a number of target species. The similarity between the permanent plots

and the reference relevés was, however, smaller than within the set of reference

relevés, indicating that the establishment of the target species for the target alliances

is a slow process.

For the Calluno-Genistion pilosae and Hydrocotylo-Baldellion alliances none of

the target species had established in the permanent plots with suitable abiotic con-

ditions for one of these alliances. As all the permanent plots with suitable abiotic

conditions for the Calluno-Genistion pilosae were located at the Hullenzand site,

this might be a specific site effect. For the Hydrocotylo-Baldellion alliance perma-

nent plots with suitable abiotic conditions were located at eight sites, suggesting

that it is very difficult to restore this alliance on former agricultural soils. 

Similar to our results, in other studies most of the target species did not estab-

lish after several years (Poschlod & Jordan 1992) or even decades (Kapfer 1988,

1994; Bakker 1989; Rosenthal 1992). However, Eysink & de Bruin (1997) report

that the successful regeneration of the Caricion davallianae and Junco-Molinion al-

liances occurred within 5 yr after sod cutting small agricultural fields, with many of

the target species for these alliances still present in, or very close to, the target area

(Jansen & Roelofs 1996).

Local species pool
For the establishment of new species at the restored sites, propagules must be avail-

able from a local species pool (Zobel et al. 1998). The re-establishment of plant

species depends on their persistence in the soil seed bank, or seeds have to be trans-

ported to the sites and incorporated into the fresh seed bank (Bakker et al. 1996).

With top soil removal a large part of the seed bank is removed, depending on the
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depth of top soil removal (Klooker et al. 1999). Further, the target species of the

target alliances in this study mainly formed a short living seed bank. For a small num-

ber of species, such as Calluna vulgaris and Erica tetralix, it is known that their seeds

can survive for several decades (Ter Heerdt et al. 1997). However, seed survival is

negatively affected by common agricultural practices such as ploughing, draining and

fertilizing (Bekker et al. 1997; Pywell et al. 1997). As the study sites have been under

agricultural practice for a period of 50 yr or more, almost all target species will have

disappeared from the seed bank. Analyses of the soil seed bank of the present study

sites showed that only small amounts of seeds of a limited number of target species

were present before top soil removal, while large amounts of pioneer (non-target)

plant species were detected, such as Juncus effusus, J. bufonius, Gnaphalium uligi-
nosum and Poa annua (Van Diggelen et al. 1997; Klooker et al. 1999). Therefore,

top soil removal seems to have a positive effect on the chances for establishment of

the target species by removing the seed bank of potential competitors.

The establishment of species from individuals in the surroundings depends on

the dispersal capacity of the species. Vectors for seed dispersal are wind, water, ani-

mals, and humans. Seed dispersal by wind seems to be overestimated, especially

when the viability of dispersed seeds is taken into account (Vegelin et al. 1997;

Strykstra et al. 1998). Investigations on the seed rain in a number of studies have

shown that even species occurring close to the restoration sites were absent from

the seed rain (Salonen 1987; Poschlod & Jordan 1992; Tränkle 1995). This was

confirmed by research at the present study sites Dellebuursterheide, Eexterveld and

Labbegat (Klooker et al. 1999). 

Seeds can be dispersed over large distances by livestock, such as sheep (Fischer

et al. 1996) and cattle (Welch 1985), or mowing machinery (Strykstra et al. 1997).

Many of the target species were present within less than 7 km of the study sites,

and many were even present in nature reserves adjacent to seven of the nine study

sites. Nonetheless, establishment was still restricted to a few target species only.

Dispersal by water did not play an important role in the present study as the sites

were flooded in small patches only. 

Instead of waiting for passive dispersal, active introduction can be used as a tool

to speed up the establishment of the target species. The active introduction of seeds

has resulted in a faster or larger recruitment of the target species than unsown spots

(Bakker 1989; Hutchings & Booth 1996; Manchester et al. 1998). Small-scale

sowing experiments at the Dellebuursterheide site showed the establishment and

growth of a number of target species at this site (Klooker et al. 1999). Spreading of

hay from an existing heathland (with target species of the Calluno-Genistion pi-
losae and Ericion tetralicis) at small parts of the Bakkeveensterduinen and

Hullenzand sites resulted also in a fast development of these alliances. Seed disper-

sal therefore seems to be a major limiting factor for restoration, rather than

seedling recruitment.
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Establishment of the target alliances
Knowledge about both persistence, that is incorporation into a soil seed bank, and

dispersal capabilities of a species will probably give a good estimation of its restora-

tion perspectives (Poschlod et al. 1995). Most seeds of the target plant species have

not survived the period during which the sites were under agricultural use, while

this study suggests that seed dispersal from plants in the surroundings was not suffi-

cient for a fast restoration of the target alliances. Also the restoration of a degraded

Nardo-Galion grassland and species-rich dry heathlands (Roelofs et al. 1996) and a

Cirsio-Molinietum community (Jansen et al. 1996) in other parts of The Nether-

lands seem to have suffered from a limited availability of seed sources. 

Data on the vegetation development during 9 yr after top soil removal showed

a small but increasing similarity, except for the Calluno-Genistion pilosae and

Hydrocotylo-Baldellion. This means that restoration of the Caricion nigrae, Ericion
tetralicis, Junco-Molinion, Nardo-Galion saxatilis and Thero-Airion seems to be

possible in the long term, while restoration of the Calluno-Genistion pilosae and

Hydrocotylo-Baldellion seems to be more difficult. Prins et al. (1998) estimated for

the nature reserve Drentse A that 51% of the target species for species-rich mead-

ows and 31% for heathland vegetation are likely to be present after 100 yr. This

suggests that it is questionable if the complete species richness of the target alliances

can ever be restored. Active introduction by means of seeds or hay may be an op-

tion to establish the missing species and speed up the development towards the tar-

get alliances. 

The occurrence of suitable abiotic conditions for low production vegetation

types is vulnerable in the long term, especially as phosphorus availability is still

much greater than at sites with well developed stands of target alliances (Aerts et al.
1995; Klooker et al. 1999). An increase in the nitrogen availability due to atmos-

pheric deposition, accumulation of organic matter, increase in the mineralization

rate or restriction of nitrogen losses (Marrs et al. 1980, 1983; Berendse et al. 1989;

Koerselman & Verhoeven 1993; Morecroft et al. 1994) will result immediately in a

higher productivity. Under these circumstances the target species will be replaced

by faster growing non-target species. Management should therefore aim at preserv-

ing the low nitrogen availability. Only then the target alliances, with their target

species, have the time they need for establishment at the restored sites.
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