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Abstract

We describe and analyse plant colonisation in eight former agri-

cultural fields during the first decade after top soil removal in

order to find major constraints in restoration success. Only a few

target species have colonised the sites during the first decade.

Most of them are still increasing their frequency. This results in a

very slow colonisation process (slower than expected) in the

early succession of these old fields. On the other hand, species

characterised by their rareness in the regional pool are signifi-

cantly constrained to colonise the sites compared with common

species. No other species trait explains, in a general way, why a

target species is a good or poor coloniser, even when we know

that each mature/stable target community select specific species

traits, mainly related with abiotic and biotic conditions. In these

early stages of succession, species colonisation success seems to

be mainly constrained at the level of local propagule availability,

whereas in late successional stages species composition is more

dependent on abiotic and biotic constraints. Apparently, abiotic

and biotic constraints do not play an important role and chance

processes, related with dispersal or seed production, are probably

much more important. To improve predictability of community

development after restoration measures on the short term, as-

sembly rules should include information on local propagule avai-

lability. 



Introduction

Ecological restoration often involves extensive and expensive human interference

to restore or create appropriate site condition, but the effects on community devel-

opment and species composition seem rather fuzzy and unpredictable. A promising

concept to improve predictability on the subset of species that is likely to co-occur

in a specified habitat is the concept of assembly rules (Keddy 1992; Weiher &

Keddy; 1999). 

This concept consists of a set of rules that deals with “species pools” and con-

straints or “filters” (Pärtel et al.1996; Zobel et al. 1998). Assembly rules are based

on functional, characteristic traits, and not on the names given to the species

(Weiher & Keddy 1999). Filters operate on traits (and therefore plant functions)

and eliminate those sets of traits which are unsuitable to that specific environment

(Keddy 1992).

Vegetation patterns are assumed to be determined both by abiotic conditions

and biotic interactions (Wilson 1999). Some authors have defined these constraints

as the “abiotic” and “biotic filters” (Keddy 1992; Zobel et al. 1998; Wilson 1999).

It is widely accepted that the relative frequency of different species traits changes

during succession (Ricklefs 1973; Bazzaz 1979; Huston & Smith 1987). Analyses

showed that early-successional species tend to invest mainly in abiotic tolerance and

the quantity of propagules whereas late-successional species invest more in the ability

to compete for light and nutrients and the quality of propagules (Grime et al. 1988;

Hodgson et al. 1995; Thompson et al. 1997). These two species strategies have been

described as r-selection and K-selection (Pianka 1970) and differences in strategy are

related to plant traits such as leaf size, Relative Growth Rate, seed size and others.

While this theory may be true for large time scales this is much less clear when

smaller time windows are considered. Certain authors state that micro-site avail-

ability (both biotic and abiotic components) determine whether a given species can

establish itself (Crawley 1990; Wood & Morris 1990) whereas others believe that

propagule (in)availability is the major determinant of species composition (Pärtel et
al. 1996; Zobel et al. 2000). In recent years the evidence has increased that both

theories may be partly correct, depending on the community (Eriksson & Ehrlén

1992; Tilman 1997). The species richness of unproductive communities seems to

be mainly limited by propagule availability whereas competition seems to be the

major structuring factor in more productive surroundings (Zobel et al. 2000;

Foster 2001). This seems to be not only true in a spatial but also in a temporal con-

text. Leps
v et al. (2000) pointed out that succession proceeds from communities

where species composition is determined by diaspore availability towards commu-

nities where environmental conditions are the main factor.

Nowaday, restoration on agricultural fields often involves removal of the top

soil (Van Diggelen et al. 1997) Simultaneously with the removal of the soil, the ex-
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isting, no longer desired vegetation is removed. This provides a good opportunity

to study the process of colonisation of low production environments by plant

species. The present study was carried out to investigate which of the above-de-

scribed mechanisms (abiotic filters vs. propagule availability) is more important in

the recolonisation of a bare substrate. Therefore we analysed the effects of abiotic

filters and of several species traits on the colonisation success of a set of characteris-

tic species of low production communities in the first decade after top soil removal.

Increased knowledge on this topic will enable the development of more accurate

restoration strategies (Luken 1990; Marrs & Bradshaw 1993).

Material and methods

Study sites
Data were gathered in eight former agricultural fields on sandy soils in the

Netherlands (figure 5.1; table 5.1). All areas lie on sandy soils but they differ in

previous use (arable field vs. grassland), the degree of top soil removal (complete

vs. partial) and spatial arrangement (sites adjacent to source populations of target

species or not). In some areas the whole top soil of c. 40 cm was removed whereas

the degree of removal varied spatially within other sites (Verhagen et al. 2001).

Small elevation differences within the areas lead to spatial differences in soil mois-

ture and possibly nutrient availability, thus creating suitable abiotic conditions for

the occurrence of several plant communities in all areas. All sites are being grazed

by large herbivores (cattle, horses and sheep).
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AB  Aekingerbroek
BV  Bakkeveensterduinen
DB  Dellebuursterheide
EB  Ennemaborg
EV  Eemboerveld
EX  Eexterveld
HZ  Hullenzand
TB  Tichelberg

Figure 5.1. Location of the study sites.



Restoration targets
The restoration goal in all sites is to restore endangered low productive vegetation

types (target communities) such as heathland communities, oligotrophic grasslands,

small sedge communities and oligotrophic fen communities (table 5.2). We believe

that these communities will be able to establish in the long term based on the fact

that the abiotic conditions in the area lay within the tolerances of well-developed

stands of the target associations (Verhagen et al. 2001). Characteristic, endangered

and frequent taxa (species and subspecies) from these communities were chosen as

target species (see Appendix I).
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Table 5.1. Characteristics of the eight studied sites.

Site Site Size Year  Previous Degree of  Nr. Grid Adjacent 

code (ha) top soil use top soil grids size (m) propagule

removal removal source

AB Aekingerbroek 20 1992 grassland Complete 139 35x35 +

BV Bakkeveensterduinen 3 1989 grassland Partial 166 10x20 +

DB Dellebuursterheide 25 1993 both Partial 161 35x35 +

EB Ennemaborg 7.5 1992 arable field Complete 126 25x25 –

EV Eemboerveld 10 1991 arable field Partial 164 25x25 –

EX Eexterveld 2 1994 grassland Partial 211 10x10 +

HZ Hullenzand 1.5 1993 arable field Complete 100 10x10 +

TB Tichelberg 2 1992 arable field Complete 135 10x10 +

Table 5.2. Target communities

Target alliance Abbr. Target associations

Calluno-Genistion pilosae CG Genisto anglicae-Callunetum

Caricion nigrae CC Carici curtae-Agrostietum caninae

Ericion tetralicis ET Lycopodium-Rhynchosporetum
Ericetum tetralicis

Hydrocotylo-Baldellion HB Pilularietum globuliferae
Scripetum fluitantis
Eleocharitetum multicaulis

Junco-Molinion JM Cirsio dissecti-Molinietum

Nardo-Galion saxatilis NG Galio hercynici-Festucetum ovinae
Gentiano pneumonanthes-Nardetum

Thero-Airion TA Ornithopodo-Corynephoretum



The frequency of each target species was monitored in all sites during 8 years

(from 1994 to 2001) by means of a grid system. The presence/absence of all target

species was noted at the centre (1 m2) of each grid cell. The number of grids dif-

fered between sites, from 100 to 211 (table 5.1). The relative frequency of each tar-

get species was used as a measure for its probability of occurrence.

Colonisation rate
The relative frequency per site and year was used to classify the species colonisation

ability. We distinguished two groups: good colonisers are species that were present

in a site for at least one year in 5% or more of the grid-cells; poor colonisers were

completely absent in the site or never present in more than 5% of the grid-cells.

For all good colonisers we calculated a response model per site, with probability

of occurrence as the response variable and years after top soil removal as the ex-

planatory variable. We used a hierarchical set of five different models (Huisman et
al. 1993) fitted by non-linear regression and chose the model that best explains the

observed pattern (table 5.3).

Colonisation success in relation to species traits
The above-mentioned parameters of colonisation rate and success were related to

plant traits to find general rules. Species traits were derived from the literature

(table 5.4) and were grouped in traits related to the regional frequency, to dispersal,

to biotic interactions and to the ecological habitat. The choice of traits was ham-

pered by the availability of published data. If a species could be classified in more

than one class in the trait involved e.g. a species with more than one mechanism of

dispersal, we attributed the most characteristic class to the species.

We analysed per site and trait whether good and poor colonisers were distrib-

uted evenly over the classes of the trait. This analysis was carried out with four dif-

ferent subsets of species, to avoid subjectivity in the results due to the choice of

species. (1) In the first analysis we used all target species. (2) In the second analysis

we only used species that were present in the local species pool as defined by being
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Table 5.3. Trends described by the expected response model.

Model Trend described

I No trend

II Increasing or decreasing trend

III Increasing or decreasing trend with a maximum below 100%

IV Increasing and decreasing trend in a symmetrical response curve

V Increasing and decreasing trend in a skewed response curve
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Table 5.4. List of traits.

Related to the frequency in the surroundings:

Regional frequency in the province of Drenthe. Adapted from Fresco et al. (2001).

Classes from 1 (extremely rare) to 8 (very common)

Related to dispersal:

Dispersule weight. Hodgson et al. (1995). Classes:

<0.20 mg; 0.21–0.50 mg; 0.51–1.00 mg; 1.01–2.00 mg; 2.01–10.00 mg

Dispersule shape. Hodgson et al. (1995). Classes:

l/b <1.5; l/b 1.5/2.5; l/b >2.5

Agency of dispersal. Hodgson et al. (1995). Classes aggregated in:

animals; water; wind; unspecified

Longevity index of seed bank. Thompson et al. (1997).

Classes from 0 (transient) to 1 (persistent)

Related to biotic interactions:

Canopy height. Hodgson et al. (1995). Classes:

<100 mm; 101–299 mm; 300–599 mm; 600–999 mm

Lateral spread. Hodgson et al. (1995). Classes:

therophytes; per.<100 mm; per.100–250 mm; per.251–1000 mm; per.>1000 mm

Mycorrhizas. Hodgson et al. (1995). Classes aggregated in:

with mycorrhizas; intermediate; non mycorrhizal

Root depth. Fresco et al. (2001). Classes:

0–10 cm; 10–20 cm; 20–50 cm; 50–100 cm

Life history. Hodgson et al. (1995). Classes aggregated in:

annual; perennial

Established strategy. Hodgson et al. (1995). Classes aggregated in:

C; S; R; CSR

Life form. Fresco et al. (2001). Classes aggregated in:

therophytes; cryptophytes; hemicryptophytes; chamaephytes

Related to the ecological habitat:

Light/shadow. Fresco et al. (2001). Classes:

full light; light; light or shadow

Ellenberg, light. Fresco et al. (2001). 

Classes from 5 (half shadow) to 9 (full light)

Ellenberg, temperature. Fresco et al. (2001). 

Classes from 2 (cold areas species) to 7 (warm areas species)

Ellenberg, continentality. Fresco et al. (2001). 

Classes from 1 (eu-oceanic) to 9 (eu-continental)

Ellenberg, moisture. Fresco et al. (2001). 

Classes from 2 (extreme dry indicator) to 10 (aquatic plant)

Ellenberg, pH. Fresco et al. (2001). 

Classes from 1 (very acid) to 9 (very basic or calcium rich)

Ellenberg, nitrogen. Fresco et al. (2001). 

Classes from 1 (very nitrogen poor) to 7 (nitrogen rich)



present inside the grazing areas or immediately close to this area. We call this the

“local pool filter”. (3) In the third analysis we used only target species from al-

liances for which the measured actual abiotic conditions were considered suitable

(Klooker et al. 1999). We considered a target species to be expected in a site if it is

a strict characteristic species of an expected alliance or if its frequency in the ex-

pected alliances is 20% or more (data from tables in Schaminée et al. 1995, 1996).

We call this the “abiotic filter”. (4) The fourth analysis was run with species that

were present in the local pool and had ‘passed’ the abiotic filter (“local pool and

abiotic filters”).  

Species traits in well-developed target communities
We carried out a second set of analyses to test whether the considered traits do dis-

criminate at all between well-developed stands of different target alliances. In other

words, to test if there has been positive selection on specific traits in the target al-

liances. Per alliance, we split the species into two groups: “typical” species, which

were either strict characteristic species of that alliance or had a frequency higher

than 20% in the tables of Schaminée et al. (1995, 1996), and “non-typical” species.

For each trait, the distribution over both groups was tested for evenness.  

Statistics
To test the significance of the differences found between good and poor colonisers

we used a Fisher exact test for nominal traits with two classes (life history), chi-

square tests for nominal traits with more than two classes (established strategy,
agency of dispersal and life form) and Mann-Whitney U tests for the remaining

traits (Siegel 1956). In the case of nominal traits, we used the exact method to cal-

culate significance levels for the chi-square statistic. The same non-parametric tests

were used to test differences in species traits between typical and non-typical target

species per alliance. All statistical calculations were performed using SPSS-PC.

Results

Colonisation rates
Most target species have obviously problems to colonise the sites: 74 of 112 target

species are “poor colonisers” in all sites, 33 of the 38 “good colonisers” occur in

less than six sites and only 5 species appear in almost all sites.

We found also significant differences in colonisation success between sites (table

5.5). The number of ‘good colonisers’ that have invaded a given site seems well

correlated to the size of the local species pool. Nevertheless, a linear regression

analysis did not show a significant relationship. A scatter plot of the two variables

showed that a significant larger part of the local species pool was found back in the
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colonised areas in the sites Tichelberg (TB) and Bakkeveen (BV). If these two areas

are left out of the analysis the correlation between local species pool and the num-

ber of good colonisers was highly significant (r2 = 0.83, p < 0.01).

Colonisation success did not show a significant correlation with one of the

other explanatory variables (vegetation cover, number of target species for which
abiotic conditions are suitable, number of target species present in the local pool and
having suitable abiotic tolerances). The same was true in a multiple regression

analysis. Using a backward selection technique, all variables were removed from

the equation, except the variable local species pool.

Species identities
Table 5.6 shows the type of response of “good colonisers” per area. Most “good

colonisers” exhibit responses of type II, showing a constantly increasing frequency

of occurrence. Only a few species reach a maximum (models III to V) in one or

more areas but these species differ between sites and no clear trends are found.

Most of them reach a maximum in only one site, only Hypochaeris radicata,
Rumex acetosella and Leontodon autumnalis do this in two, four and five sites re-

spectively.

Species traits as predictor of colonisation success
Regional frequency is the only trait that is correlated significantly with colonisation

success in all sites (p<0.001, except in the site Ennemaborg where p=0.013) (table

5.7). Common species are significantly more frequent between good colonisers
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Table 5.5. Potential and actual colonisation success after 8 years. For abbreviations of site
names: see table 5.1.

AB BV DB EB EV EX HZ TB

Vegetation cover after 8 years (%) 50 83 77 52 82 72 41 42

‘Good colonisers’ after 8 years 21 22 16 4 11 15 13 23

Target species in the direct surroundings 72 43 53 26 38 64 58 31 

(local species pool)

Observed number of target species from the local 21 20 16 3 9 15 12 22

species pool that have actually colonised the site

Target species for which abiotic conditions are suitable 36 32 71 71 62 62 52 16

Observed number of species from the above mentioned 8 10 14 2 7 11 10 6

group that have actually colonised the site

Target species present in the local pool and having  35 19 42 18 29 47 44 8

suitable abiotic tolerances

Observed number of species from the above mentioned 6 9 14 2 5 11 10 6

group that have actually colonised the site



than are rare species. This trend does not change when the analysis is restricted to

species present in the local species pool or to species for which the abiotic condi-

tions are considered suitable. Even when both restrictions are applied together, re-
gional frequency still explains differences between colonisation success in four sites

out of eight. Obviously there is significant overlap between regional and local

species pool. 
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Table 5.6. Response models that explain the probability of occurrence. Only “good colonisers”
are presented (38 from 112 target species). For explanation of response type: see table 5.3.

Species AB BV DB EB EV EX HZ TB

Achillea millefolium . . I . . .

Agrostis canina II II . . . . V II

Aira praecox III . .

Anthoxanthum odoratum II I . II II . II

Calamagrostis epigejos . . III

Calluna vulgaris . I II . II II

Carex nigra II II II . II . I

Carex oederi subsp. oedocarpa II . II II I

Carex ovalis II II II . II II II

Carex panicea I I . . . II

Carex pilulifera IV I . . . II

Eleocharis multicaulis . I . .

Empetrum nigrum II II . .

Erica tetralix . I III . . . II

Euphrasia stricta . II

Festuca ovina II II . . II IV

Festuca rubra subsp. commutata . I . . . . I II

Filago minima II . IV

Genista anglica II

Hieracium umbellatum . . . II II

Hydrocotyle vulgaris II II II IV II .

Hypochoeris radicata . II II II I II III III

Juncus acutiflorus II . II I

Juncus bulbosus subsp. bulbosus I II I . I I I I

Juncus conglomeratus . I I I IV II

Juncus squarrosus II I . . II II I

Leontodon autumnalis I II I IV III IV IV IV

Luzula campestris + Luzula multiflora . . . . . II . II

Lythrum portula I I III . . . .

Molinia caerulea . II II II .

Nardus stricta III II

Pilularia globulifera III

Potentilla anserina II . . . IV .

Potentilla erecta . II . . . II

Ranunculus flammula I . II . III I II

Rumex acetosella III I IV V IV II I .

Spergularia rubra IV . . . .

Veronica scutellata II . . .



Other traits are sometimes related to colonisation success, but only in one or

few particular sites (table 5.7). Only established strategy is clearly related to more

sites but only after filtering the species. However, successful strategies differ from

site to site (analysis not shown). While CRS species are more likely to colonise (in-

dependently of the filters we use in the analysis) in the site Hullenzand, they are

not in the sites Tichelberg, Dellebuursterheide and Eemboerveld. Furthermore,

stress-tolerators tend to colonise better in all sites, except in Tichelberg.

All other traits explain colonisation success in particular sites only and change

together with the applied filters. Seed longevity in the site Dellebuursterheide is the

only factor that remains constant as explanation independently of the applied filter:

species with a transient seed bank have less chance to colonise this site.
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Table 5.7. Areas where “good” and “poor colonisers” are separated significantly (p<0.05) by
different plant traits on the basis of: (1) all species (no constraint); (2) only species that are pre-
sent in the local species pool; (3) only species with a suitable abiotic tolerance; and (4) species
under both restrictions.

Areas with significant correlation

Trait (1) All species (2) Only species (3) Only species (4) Species

from the local with suitable under both 

nr. spp. species pool abiotic tolerances restrictions

Regional frequency n=112 all areas AB, BV, DB, BV, DB, EB, BV, DB, EX, HZ

EV, EX, HZ EX, HZ, TB

Dispersule weight n=56 – DB DB DB

Dispersule shape n=56 HZ HZ – –

Agency of dispersal n=56 – TB – –

Longevity index of seed bank n=56 DB, TB DB DB DB

Canopy height n=56 – – – –

Lateral spread n=56 HZ – – –

Mycorrhizas n=45 – – – EX

Root depth n=72 EB – EB –

Life history n=54 TB TB – –

Established strategy n=56 HZ HZ, TB DB, EV, HZ DB, EV, HZ

Life form n=111 – – – –

Light/shadow n=112 – – – –

Light n=109 – – – –

Temperature n=76 – – – –

Continentality n=99 – – – –

Moisture n=103 – – BV –

pH n=89 – EV – –

Nitrogen n=107 EB, EV, EX – – –



Differences in species traits between well-developed target alliances
In contrast to the afore-mentioned data, species traits do differ significantly be-

tween different well-developed target alliances (table 5.8).

Both dry and wet heathlands (Calluno-Genistion pilosae and Ericion tetralicis)
favour species with low Ellenberg pH values. Chamaephytes are over-represented

in dry heathlands whereas this is the case for species with large lateral spread, high

Ellenberg moisture values and low Ellenberg temperature and nitrogen values in

wet heathlands. Typical species for small sedge communities (Caricion nigrae) are

dispersed by water and have a large lateral spread, low Ellenberg temperature val-

ues, high Ellenberg moisture values and no mycorrhizas. In oligotrophic fen com-

munities (Hydrocotylo-Baldellion) there is selection for cryptophytes (helophytes

and hydrophytes) and species with high temperature and moisture but low conti-

nentality Ellenberg values. The oligotrophic grassland communities Junco-Molinion
and Nardo-Galion saxatilis contain more perennial species, hemicryptophytes,

stress-tolerators and less ruderals than other target communities. The latter com-

munity, Nardo-Galion saxatilis, also favours species with low Ellenberg tempera-

ture and pH values and species with mycorrhizas. Typical species of the dry olig-

otrophic grassland Thero-Airion communities are therophytes, have narrow seeds, a

short canopy, deep roots, low Ellenberg moisture values and are light loving.

Discussion

Colonisation success in relation to species characteristics
Our study shows that colonisation on bare soil of a large number of target species is

severely hampered during the first decade (see also Verhagen et al. 2001). This is

not a unique result: low establishment rates of target species are found also in many

other restoration projects (e.g. Bakker 1989; Bakker & Berendse 1999).

Our areas do not only differ in the number of good colonisers, also the identi-

ties of successful species differ from site to site. One species (Leontodon autum-
nalis) occurs in all sites with a frequency of over 5% while only four other species

exhibit the same behaviour in almost all sites. Swieringa & Wilson (1972) pub-

lished a study on shortly abandoned fields and found also large differences in

species composition despite the proximity of the sites and seemingly similar condi-

tions. This suggests that, in accordance to Leps
v et al. (2000) chance processes play

an important role during succession, at least during the first stages. It would imply

that common species have a larger probability of successful colonisation than rare

species. Indeed our analysis shows that regional frequency is the species ‘trait’ which

predicts colonisation success best. High colonisation successes of common species

were also described in a review of attributes of plant species colonising spoil habi-

tats in the Sheffield region (Grime 2001).
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Colonisation success in relation to local frequency
If the above stated relation is generally true, this would relate rareness and coloni-

sation success in an interesting way. It would mean rare species tend to be bad

colonisers and therefore remain rare. An important reason why common species

are more successful colonisers than less common ones might lie in the amount of

propagules per surface area. As long as there are no significant differences in op-

portunities for germination and seedling establishment between species, the proba-

bility to colonise a given site is directly linked to the number of available propag-

ules. We do not a priori see a reason why seeds from rare species should germinate

less or seedlings should have more problems establishing themselves and this re-

stricts the parameters that cause differences between species in local propagule

availability to only two. Propagule production per individual and per surface area is

one trait (Prach & Pys
v

ek 1999; Grime 2001) and dispersal capacity of seeds the

other (Fenner 1987; Prach & Pys
v

ek 1999). 
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Table 5.8. Differences (p<0.05) in species traits between typical and non-typical species of 7
target alliances. Results listed are preferences of typical species. See table 5.2 for the abbrevia-
tions of target alliances, table 5.4 for the classes of each trait.

nr. spp. CG CC ET HB JM NG TA

Dispersule weight n=56 . . . . . . .

Dispersule shape n=56 . . . . . . narrower

Agency of dispersal n=56 . water . . . . .

Longevity index of n=56 . . . . . . .

seed bank

Canopy height n=56 . . . . . . shorter

Lateral spread n=56 . larger Larger . . . .

Mycorrhizas n=45 . less . . . more .

Root depth n=72 . . . . . . deeper

Life history n=54 . . . . perenn perenn .

Established strategy n=56 . . . . S, not R S, not R .

Life form n=111 chamaep . . cryptoph hemicr. hemicr. theroph.

Light/shadow n=112 . . . . . . lighter

Light n=109 . . . . . . .

Temperature n=76 . lower Lower higher . lower .

Continentality n=99 . . . lower . . .

Moisture n=103 . higher Higher higher . . lower

pH n=89 lower . Lower . . lower .

Nitrogen n=107 . . Lower . . . .



Wind-dispersed seeds are often supposed to disperse and colonise well (Grime

2001; Fenner 1987), but only species with light plumed seeds or dust seeds are dis-

persed by wind over long distances in appreciable numbers (Tackenberg et al.
2003). For most of the species a large portion of the seeds does tend to fall within

a few meters from the parent plant, and large-distance dispersal is a rather rare

phenomenon (Bullock & Clarke 2000; Jongejans & Telenius 2001). In addition,

the seeds dispersed further from the maternal plant appear to suffer from reduced

germination power (Stryksta et al. 1998). Unfortunately, dispersal by other vectors,

such as animals or water has been hardly quantified. However, as long as the

propagule availability of common species is orders of magnitude larger than that

from rare species we may safely assume that the chances of successful dispersal and

establishment over wide distances are also orders of magnitude larger for species

from the first group.

Abiotic conditions and biotic interactions in relation to colonisation success 
Many authors believe that complex interactions between abiotic constraints and bi-

otic competition for nutrients and light determine the species composition at a

given site. Our data on colonisation of bare soils are not a clear support for these

ideas but our results on differences in species traits between well-established and

older target communities are. In the latter, there is a clear and often logical selec-

tion for certain traits, e.g. preference for dispersal by water is found in a wet com-

munity, perennial species are preferably found in mown grasslands, deeper rooting

species occur in a dry community, etc. In fact our data emphasise the ideas of Leps
v

et al. (2000) that species composition in early successional stages is mainly influ-

enced by seed availability and that the role of environmental conditions increases

with time.

However, our results on abiotic constraints will most probably be biased by re-

stricting our selves to a specific subset of species adapted to low soil fertility.

Further, vegetation cover in the completely top soil removed sites after ten years is

still small. As establishment of the target species is mainly restricted to these part

(Verhagen et al. submitted), competitive exclusion till thus fare will hardly occur.

Effects of biotic and abiotic constraints may just be starting to become visible in the

colonisation patterns. Some species, e.g. Hypochaeris radicata, Leontodon autum-
nalis and Rumex acetosella, show models III, IV or V in more than one site. The

fact that they reach a maximum frequency suggests that they have filled up all

available niches and further expansion is prevented by some external factor. Fenner

(1978) showed experimentally that competition by a tall turf canopy prevented the

establishment of Hypochaeris radicata from seeds. However, most other species

show ever-increasing frequencies, suggesting that external constraints still play an

unimportant role after one decade.
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Implications on predicting community development
We did not find any relationship between species colonisation and plant traits. On

the contrary, chance processes appeared to be by far the most important determi-

nants of species assemblages during early successional stages. This limits the practi-

cal use of assembly rules to make short-term predictions on species composition

after certain disturbances considerably. As argued above, the outcome of chance

processes will be highly dependent on propagule availability in the surroundings. In

our opinion the predictive power of assembly rules would be greatly improved if

the concept of local propagule availability was included explicitly in the predictive

rules. However, contrary to other plant traits, this parameter depends only for a

limited degree on species characteristics and for a large part on environmental

characteristics, such as landscape structure.

During later successional phases with well-established, more or less stable plant

communities there was a clear correlation between plant traits and species compo-

sition. This suggest that assembly rules can be formulated to predict the mature,

more or less stable phases of succession, where species composition is determined

by biotic and abiotic constraints and propagules of all relevant species are in ample

supply. In other words, assembly rules seem to do well in natural areas and stable

semi-natural landscapes, but not for newly created restoration sites. Such steady

states however might hardly be reached in the ever-changing environment of our

dynamic world.
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Appendix I. List of target species

Achillea millefolium
Agrostis canina
Aira caryophyllea
Aira praecox
Andromeda polifolia
Anthoxanthum odoratum
Apium inundatum
Arnica montana
Calamagrostis epigejos
Calluna vulgaris
Carex arenaria
Carex curta
Carex echinata
Carex flacca
Carex hirta
Carex hostiana
Carex nigra
Carex oederi subsp. oedocarpa
Carex ovalis
Carex panicea
Carex pilulifera
Carex pulicaris
Cicendia filiformis
Cirsium dissectum
Corynephorus canescens
Cynosurus cristatus
Dactylorhiza maculata
Danthonia decumbens
Deschampsia setacea
Diphasiastrum tristachyum
Drosera intermedia
Drosera rotundifolia
Echinodorus ranunculoides
Eleocharis multicaulis
Eleogiton fluitans
Empetrum nigrum
Erica tetralix
Eriophorum angustifolium
Eriophorum vaginatum

Euphrasia stricta
Festuca ovina
Festuca rubra
Filago minima
Galium saxatile
Genista anglica
Genista pilosa
Gentiana pneumonanthe
Hieracium pilosella
Hieracium umbellatum
Hydrocotyle vulgaris
Hypericum elodes
Hypericum perforatum
Hypochoeris radicata
Isolepis setacea
Jasione montana
Juncus acutiflorus
Juncus alpinoarticulatus

subsp. atricapillus
Juncus bulbosus
Juncus conglomeratus
Juncus filiformis
Juncus pygmaeus
Juncus squarrosus
Juncus tenageia
Leontodon autumnalis
Linum catharticum
Littorella uniflora
Luronium natans
Luzula campestris +
Luzula multiflora

subsp. multiflora
Lycopodiella inundata
Lycopodium clavatum
Lythrum portula
Menyanthes trifoliata
Molinia caerulea
Myrica gale
Nardus stricta

Narthecium ossifragum
Ophioglossum vulgatum
Ornithopus perpusillus
Oxycoccus macrocarpos
Oxycoccus palustris
Parnassia palustris
Pedicularis palustris
Pedicularis sylvatica
Pilularia globulifera
Polygala serpyllifolia
Polygala vulgaris
Potamogeton polygonifolius
Potentilla anserina
Potentilla argentea
Potentilla erecta
Potentilla palustris
Radiola linoides
Ranunculus flammula
Ranunculus ololeucos
Rhynchospora alba
Rhynchospora fusca
Rumex acetosella
Samolus valerandi
Schoenus nigricans
Scleranthus perennis
Scleranthus polycarpos
Spergularia rubra
Stellaria palustris
Succisa pratensis
Trichophorum cespitosum

subsp. germanicum
Trifolium arvense
Trifolium campestre
Valeriana dioica
Veronica scutellata
Viola canina
Viola palustris
Vulpia bromoides
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