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Sixty wastelands of Rotterdam were described in terms of plant species composition, biodiversity and 
succession and they were analysed for multiple geological and geographical parameters. The sites were 
clustered according to species composition. Significantly different environmental variables between 
the clusters were selected for further analysis in order to identify which abiotic factors contribute most 
to the presence or absence of the species. Age, zonation and human activity have the highest explana-
tory value for the composition of the wasteland communities. Sites towards the periphery of the city 
have the lowest amount of human activities. The youngest sites are situated in the centre, the recycling 
rate of wastelands is the fastest in the centre and decreases towards the outskirts. On sites with two 
human activities the number of species was higher than on sites with one, three or four human activi-
ties. This can be explained with the intermediate disturbance hypothesis. Apparently, some disturbance 
is beneficial to the typical urban vegetation.
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INTRODUCTION
The vegetation is a mirror for processes in 
the landscape. Abiotic factors such as cli-
mate, soil, nutritional status and humidity 
influence these processes (Wittig 1991). The 
distribution of plants in cultivated land such 
as cities and pasture is under high human 
influence, but even there, climate and soil 
type determine which plants grow where 
(Rebele & Dettmar 1996). Most climatic 
parameters in the city differ from the param-
eters in the surrounding area. Depending 
on the size of the city, its temperature is 
usually 2-6 degrees higher as a result of a 
local greenhouse effect; the city forms a heat 
island. As a result, the winters are less severe 

than in the countryside and air pressure is 
different, which may even cause a 10% high-
er precipitation in the city (Wittig 1991). The 
vegetation in a city (the urban flora) consists 
of species of very different origin. Feral 
ornamentals, adventives (transported unin-
tentionally in cargo), ruderals, plants that 
profit from artificial habitats (wall vegetation 
for example) and plants that profit from the 
urban heat island effect live together in the 
urban context (Reumer 2000). So, a typical 
flora can develop, with its own characteristic 
species, both indigenous and exotic. It can be 
considered a young and new ecosystem that 
consists of species of different ecological 
origin (Andeweg & Florusse 2002). 
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Together, abiotic parameters and the urban 
flora and fauna form the urban ecosystem. 
Abiotic factors are primarily based on geo-
logical, geographical and meteorological 
properties of any area, but, in the city, human 
influence (such as building constructions, 
infrastructure, drainage and heat produc-
tion) is added as an important set of factors 
(Wittig 1991). Cities have their own specific 
biotopes. Typical urban biotopes are public 
and private gardens, verges, roof tops and 
wastelands. Urban wastelands are defined as 
sites supporting semi-natural vegetation that 
has developed on a deposited or artificial 
substrate, subsequent to previous develop-
ment or disturbance and with little human 
influence since the moment the site was aban-
doned. Such sites include disused railways, 
demolition sites and derelict land (Gilbert 
1994). Wastelands are thus previously devel-
oped land. All sites have in common that 
they are left alone for several years and are 
not managed (Brown 2002; Wittig 1991). As 
such, urban wastelands are usually subject to 
redevelopment (Münch 2001). Hence, waste-
lands get lost, while new ones are constantly 
being created; this is a typical feature of the 
ecological cycle in cities. 
   Despite redevelopment, wastelands can act 
as an important source of species, and they 
thus contribute substantially to the urban 
biodiversity (Rothe 1971; Reumer 2000). 
Although it seems contradictory, rebuilding 
should not be prevented, because wasteland 
floras are essentially short-lived, as in natural 
high-energetic systems. A common feature 
of many urban wastelands is the dominance 
of weedy, ruderal or pioneer plant species 
(Denters 1999). These species are generally 
better in colonising disturbed environments, 
but they are often outcompeted during suc-
cession. Thus, constant creation and destruc-
tion of wastelands favours their presence 
(Wittig 1991). The total amount of waste-
lands can be considered as one single system. 
It inevitably is a habitat that continuously 
changes its location: it is a ‘hopping’ ecosys-
tem (Reumer & Andeweg 1998). 

   In western Europe the urbanisation rate is 
very high and as a result the contrast between 
countryside and city is fading. That is the 
reason why nature in and around cities is 
becoming more and more important (Muller 
2003). Urban waste communities have not yet 
been studied in the Netherlands. Within the 
Rotterdam urban area, a proper knowledge of 
the presence of plant and animal species, of 
their distribution in the urban environment, 
and of the factors affecting their presence and 
their distribution is lacking. This hampers 
the introduction and evaluation of policy 
measures concerning wasteland management. 
Therefore, fundamental scientific research 
into the distribution of organisms in the 
urban environment in Rotterdam is needed. 
The research aim is to obtain data on the 
occurrence of plant species in the wastelands 
of Rotterdam, in order to identify the most 
important abiotic variables that determine the 
floral composition.

MATERIALS AND METHODS

Data collecting 
The city of Rotterdam, situated in the western 
part of the Netherlands, has smaller towns 
merged to its eastern and western boundaries, 
forming an urban agglomeration of over 1.1 
million residents. Rotterdam is strategically sit-
uated on the river Nieuwe Maas, in which the 
Rhine and Meuse join together and that reach-
es the North Sea some 25 kilometer west of 
the agglomeration. The altitude of Rotterdam 
ranges from 3 to 1.5 m below mean sea level 
and the city has an area of 304.24 km2. The 
city is built on fluvial, estuarine, and lacustrine 
Holocene deposits. Sixty wastelands within the 
municipality of Rotterdam were sampled in 
the summer of 2003 in terms of plant species 
composition and were analysed for various 
geological and geographical parameters. 
   The nomenclature of the plant species 
follows Van der Meijden et al. (1996). 
Numbers and abundances of plant species 
were recorded with the Tansley approach 
(Appendix 1). This method is very useful 
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for a quick and accurate judgement of the 
vegetation (Schaminée et al. 1995). The sites 
were walked around and across and every 
plant species encountered was noted. For all 
60 sites, 20 environmental variables were 
described, measured, analysed and calculated 
(Appendix 2). Six of these variables will be 
explained in more detail below (a-f).

a One of the measured parameters was the 
degree of human influence (indicated in the 
tables as USAGE and considered a measure 
of disturbance) on the sites. The number 
of disturbance factors present in the sites 
decided upon the degree of human influence. 
Disturbance factors were (1) dumping of rub-
bish, (2) dumping of construction wastes, 
(3) parking of cars, (4) walking the dog, (5) 
trampling by commuters and (6) playing chil-
dren.

b The age (AGE) of the sites was another 
variable taken into account. Succession takes 
place in the time the area lies fallow and is an 
important factor in the species composition of 
a site. Every successional stage has its range 
of own species. As the exact age of some 
sites is unknown, four age categories were 
created: 0-2 years, 3-5 years, 6-9 years and 
10 years or more.

c Zonation (ZONE) of the city was also an 
important variable: the most characteris-
tic and meaningful properties of cities are 
buildings and surface sealing. Buildings and 
ground sealing are not evenly distributed 
over the city. The concentration of buildings 
decreases more or less concentrically from 
the centre to the periphery (Sukopp 1973; 
Wittig 1991). Four zone types were recog-
nized in Rotterdam, and the zone type all 
wastelands belonged to, was assessed. Zone 
A: a site in an area of the city which is heav-
ily built and where the ground is completely 
sealed; zone B: sites surrounded by many 
buildings in an area without complete ground 
sealing; zone C: sites surrounded by houses 
and roads and open land; zone D: sites with 

almost no buildings and much open ground.

d Six soil samples were taken with a 25 cm 
long and 13 mm wide ground drill. All six 
samples were mixed in the field and stored in 
a bag and at -18oC until further analysis. After 
drying and weighting the samples, their grain 
sizes (MEANGR) were measured. With a 
grain size ruler, the smallest, largest and most 
frequent grain sizes were observed in mm.

e The conductivity (CONDUC) was meas-
ured according to Houba et al. (1995) in a 
supernatant solution that is in equilibrium 
with a soil suspension. We weighed 5.00 g of 
air-dry soil in a shaking bottle and added 100 
ml of demineralised water with a dispenser. 
The bottles were shaken mechanically for one 
hour. Then the suspension was left to settle 
and the conductivity of the supernatant liquid 
was measured.

f Plant cover percentage (COVER) is 
expressed in steps of 5% presence based on 
the visual inspections of the sites.

Statistics & analysis
Two databases were composed; one with the 
nominal vegetation data, which was made 
ordinal and the other one with the environ-
mental variables. All nominal variables were 
made ordinal, and the measured variables 
had a quantitative scale. We used SPSS 10.0 
(SPSS Inc.) for analyses. This was done to 
perform a hierarchical clustering with the 
Ward’s method and Euclidean distance, 
Anova, a testing of the residuals of signifi-
cantly different environmental variables for 
their normal distribution, and a Pearson cor-
relation between the significantly different 
abiotic factors. The last analysis done was 
a stepwise logistic regression. This method 
determines which abiotic factors contribute 
most to the presence or absence of the spe-
cies (Bootsma 2000). The regression was the 
binary logistic regression with the forward 
enter method and the species data had to be 
in the form of presence/absence. The relation 
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obtained between the vegetation and the abi-
otic factors of the sites was examined in more 
detail, using the abiotic factors that explained 
most of the variance in the species data. This 
detailed analysis was performed in two-fold, 
grouping the species into different categories; 
(1) a native vs. alien group and (2) a group 
with the three urban indications (urban-
depending, urban-loving and urban-neutral 
species according to Denters 1999). The cat-
egory ‘alien species’ is defined as the total of 
all neophytes, archeophytes, adventives and 
feral plants (Andeweg, pers.comm.). 
   The distribution of the sites was analysed, 
regarding the different categories of abi-
otic factors, by plotting them on the map of 
Rotterdam (Fig. 1). Different diagrams were 
made, containing the environmental variables 
and the species compositions. The mean num-
bers of species on a site within a category 
were plotted. The observed trends were ana-
lysed for their significance with Anova.

RESULTS
A total of 204 species have been found on 
the 60 wastelands described in this study 
(Appendix 3). Of these, 153 were Dutch 
native species and 51 were alien species. 
The Dutch native species were all common 
species for the Netherlands; no species were 
found that are on Red Data lists or the like. 
The alien species were also common spe-

cies for the Netherlands and are mentioned 
in Heukel’s flora (van der Meijden 1996), 
except for some ornamentals like Alcea 
rosea, Aster tradescantii, Lobelia inflata and 
Petunia sp. Of the 204 species, 36 species 
were urban indicator species (Appendix 3; 
Denters 1999).

Environmental conditions 
A cluster-analysis was performed with the 
vegetation data. As a result, the 60 sites were 
divided into three groups (Table 1). Sites 
in cluster 1 mostly contained weeds (e.g. 
Chenopodium ficifolium and Capsella bursa-
pastoris), cluster 2 was characterised by 
humidity indicators (e.g. Stellaria media and 
Phragmites australis) and the sites of cluster 
3 were depleted in nutrients (e.g. Festuca 
rubra and Rubus fruticosus). The species 
shaded on the right-hand side of Table 1 were 
indifferent for the growing conditions of 
the sites (e.g. Artemisia vulgaris and Urtica 
dioica). Six variables were significantly dif-
ferent between the clusters; AGE, USAGE, 
CONDUC, ZONE, MEANGR and COVER. 
These six variables were tested for their cor-
relation (Table 2), and were not strongly cor-
related with each other in the total dataset. 
Cluster 1 was found to have young sites, a 
low coverage by plants and a high conductiv-
ity (Tables 1 and 3). Sites in cluster 2 had a 
low human influence, were old, had a high 

Figure 1  The distribution of the different sites over the city of Rotterdam. The triangle (∆) represents cluster one sites, sites 
from zone D and sites with four humans activities (Map a, b and c, respectively). The pentagon (I) represents cluster two, 
zone C and three human activities. The star (I) represents cluster three, zone B and two human activities. The square (q) 
represents zone a and one human activity (Map b and c, respectively). 

a b c
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coverage by plants and the sites were situated 
in zone B. Sites in cluster 3 were character-
ised by an intermediate age and coverage and 
the sediment had a large mean grain size. The 
human activity on sites within clusters 1 and 
3 was not different. Both cluster 1 and 3 had 
sites situated in zone C. Sites in clusters 1 
and 2 have a low mean grain size.
   Twenty-five species were selected for fur-
ther analysis: five species specific for sites 
in cluster 1, six species of cluster 2 and four 
species growing on sites of cluster 3. Ten 
species were abundant within all three clus-
ters (Table 1). A stepwise logistic regression 
was performed on these species, in order 
to discover those environmental variables 
that contribute most to the species’ pres-

ence (Table 4). Only the four variables that 
explain most of the variance are presented in 
this Table 4. The two variables that are omit-
ted (MEANGR and COVER) explained less 
than 0.5% of the variance. The percentage 
of variance explained by the first four vari-
ables ranges from 11.0% to 58.9% for the 
individual species. On average 27.3% of the 
total variance was explained. The AGE was 
selected for 15 species as the first explana-
tory variable, ZONE was selected 6 times and 
USAGE was selected 4 times. As the second 
explanatory variable, ZONE was selected for 
10 species, USAGE 9 times, AGE 5 times and 
COVER 1 time. The USAGE was selected for 
11 species as the third explanatory variable. 

Table 1  Cluster analysis (Ward’s method, euclidean distance) divided the 60 wastelands in three clusters. This table shows 
how much of the sites within a cluster (in %) are occupied with the indicated plant species. Only the most frequent species 
are shown. Those are the species with a least occupancy of 30% within one cluster. Four species groups can be composed out 
of these clustered species: species of group 1 grow especially on sites within cluster 1, species of group 2 are more indicative 
of sites within cluster 2 and species of group 3 are representatives for sites within cluster 3. Group 4 contains general species, 
they are indifferent for their surroundings. The species that are shaded are placed in the four groups and are selected for 
further analysis.  
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Human activity 
Human activity was one of the environmental 
variables that explained most of the variance 
in the species data, together with zonation and 
age. Human activity, zonation and the differ-
entiation of the species data in some biologi-

cal groups (Appendix 1; native vs. alien and 
urban indications) were used to examine the 
relations in more detail. 
   Figure 1 shows the distribution of the 
clustered sites, the distribution of the sites 
according to the zonation and the distribu-

Figure 2  These diagrams show the average number of species on a site. The sites were judged for their level of human activity 
(Figure 1c). The species were classified in two biological groups (Appendix 3); native-alien (Figure 2A) and urban indicators 
(Figure 2B). The error bars indicate the standard deviation of the average number of species. The categories with an hatched 
error bar have no significant difference in average number of species on the sites between the four classes (p<0,05).

A

B
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tion of human activity in Rotterdam. The 
clustered sites were distributed randomly; 
all three clusters were present in both centre 
and periphery of the city (Figure 1A). What 
could be seen from the human activity dis-
tribution was that sites with only one human 
activity (Figure 1C) were present within all 
clusters, but sites with one human activity 
were no sites of zone A, only of zones B, C 
and D. The sites with two human activities 
were present within all clusters and within 
all zones. Three human activities could be 
found on sites within all clusters, but not on 
sites with zone D. The sites with four human 
activities were present on the left side of the 
map, within all clusters, but not on sites with 
zone C. 
   Figure 2 shows that there is also a differ-

ence in average number of species on the sites 
between the four classes of human activity. 
The average of the total number of species is 
higher (  ̄ x =36) on a site with USAGE level 1 
and 2 and is low (  ̄ x = 30) on sites with levels 
3 and 4 (Figure 2A). Thus, the total number 
of species decreases with increasing human 
influence. The average number of native 
species is also higher (  ̄ x = 30) on sites with 
USAGE levels 1 and 2, and relatively low 
(  ̄ x = 28) on sites with levels 3 and 4. There is 
an average difference of 2 species on a site 
between high and low human influences. For 
alien species, the respective numbers are 
¯  x = 5 and  ̄ x  = 3. The alien species thus also 
have an average difference of 2 species on a 
site with high and low human influences. 
   The average number of urban-neutral spe-
cies fluctuates significantly from low on sites 
with levels 1 (  ̄ x = 3) and 3 (  ̄ x = 4) to high 
numbers on sites with level 2 and 4 (both 
with  ̄ x  = 5). The same fluctuations are shown 
for the average numbers of urban-loving 
(  ̄ x = 2) and urban-depending species (  ̄ x = 1), 
but the fluctuations are not significant (Figure 
2B). The average number of wind-dispersed 

Table 2  Pearson correlation matrix of the selected variables.

Table 3  Mean values with their standard deviations of the environmental variables in the study areas. each cluster contained 
20 sites. * Indicates that the difference between the clusters is significant (Anova, p < 0.05). 
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species is high on sites with levels 1 and 2  
(both  ̄ x = 9) and the numbers are lower on 
sites with levels 3 and 4 (both  ̄ x  = 8). 

DISCUSSION
Like in any other ecosystem, abiotic climate 
parameters and the flora and fauna present 
form the urban ecosystem. The abiotic factors 
are primarily based on geological, geographi-
cal and meteorological properties of an area, 
but in the city human influence is added as 
an important set of factors (Wittig 1991). The 
wastelands of Rotterdam were described in 
terms of species composition and biodiversity 

and they were analysed for multiple geologi-
cal and geographical parameters and human 
influences.
   The research question to be answered was: 
What are the most important abiotic variables 
that determine the nature of the waste com-
munities? Sixteen species in three clusters 
as well as ten ubiquist species were selected 
for analysis (Table 1). There are differences 
in environmental variables between the clus-
ters (Table 2). A stepwise logistic regression 
was necessary to determine what variables 
contributed most to the presence of the spe-
cies (Table 4). Cover, conductivity and mean 

Table 4  Environmental variables explaining the occurrence of 26 selected species. The total variance of each  variable was 
determined with a stepwise logistic regression. The percentage of total variance in species data that is explained by the variable 
is given. In the last column the cumulative percentage of the variance explained by the four variables is given.
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grain size had a low explanatory value for the 
occurrence of the selected plant species. Age, 
zonation and human activity have the highest 
explanatory value for the occurrence of the 
selected plant species. These are the vari-
ables that contribute most to the difference in 
species composition of the wasteland com-
munities. The clustered sites were distributed 
evenly over the city (Fig. 1). In general, it 
can be said that the sites closest to the urban 
periphery show the lowest amount of human 
activities. The less buildings and ground seal-
ing there are, the less human influence.  
   This study found that the total number of 
species on a site, the number of native species 
and the number of alien species all were high-
est on sites with intermediate disturbance. 
On sites with one or two human activities 
the number of species were higher compared 
to sites with three or four human activities 
(Fig. 2A). Also, the urban indicator species 
had the highest numbers of species on sites 
with two human activities (Fig. 2B). Different 
researchers found this same pattern: highest 
species numbers on intermediately disturbed 
sites (Maurer et al. 2000; Zerbe et al. 2002). 
In another paper concerning a similar matter, 
Lake & Leishman (2004) stated that invasion 
of natural ecosystems by exotic species is 
dependent on the amount of disturbance. Too 
much disturbance will decrease the number 
of species present, and a very low disturbance 
does not support a lot of species either.
   Lake & Leishman (2004) investigated 
the effect of different disturbance types on 
natural ecosystems in terms of native and 
exotic plant species diversity. No exotic spe-
cies were found on undisturbed control sites. 
Species richness was higher on intermediately 
disturbed sites, while native species richness 
decreased. Exotic species had invaded the 
disturbed sites abundantly. Species richness 
decreased at sites with high disturbance, but 
the native species richness decreased dramati-
cally and the number of exotic species was 
somewhat lower as observed in intermediately 
disturbed sites.
   All studies (Maurer et al. 2000; Zerbe et 

al. 2002; Lake & Leishman 2004; this report) 
share the conclusion of high numbers of 
species on intermediately disturbed sites. 
Huston (1979) developed the intermediate 
disturbance hypothesis. This hypothesis states 
that diversity will be highest at sites with an 
intermediate disturbance that prevents com-
petitive exclusion, and that it will be lower 
at sites that have experienced either very 
high or very low disturbance (Huston 1979). 
Under conditions where the growth rates of 
competitors are low, that means a low rate of 
competitive displacement, diversity will be 
low at minimum disturbance. This is because 
the time period is sufficient to approach 
competitive equilibrium. An increase in the 
disturbance (sufficient enough to prevent 
competitive equilibrium) will allow maximum 
diversity, and the diversity will then decrease 
as the disturbance rises and some competitors 
are unable to recover (Huston 1979; Schwilk 
et al. 1997). The intermediate disturbance 
theory holds both for natural ecosystems 
(Zerbe et al. 2002; Lake & Leishman 2004) 
as for the ‘hopping ecosystems’ in man-made 
environments (Kowarik 1990; Maurer et al. 
2000; this report). Apparently, some limited 
disturbance is beneficial to the typical urban 
vegetation found on wastelands.

CONCLUSION
1  Age, zonation and human activity have the 
highest explanatory value for the composi-
tion of the urban wasteland communities in 
Rotterdam. 
2  There are several types of wasteland com-
munities, and these communities are deter-
mined by the differences in abiotics of the 
sites.
3  Typical cosmopolitan species as well as 
typical urban species were found on the 
wastelands of Rotterdam. 
4  The sites follow the concentric model. 
Sites towards the periphery of the city have 
the lowest amount of human activities. The 
youngest sites are situated in the centre, as 
the recycling rate of wastelands is faster in 
the centre and decreases towards the outskirts.
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5  The number of species was higher on sites 
with two human activities in comparison to 
sites with one, three or four human activities. 
This can be explained by the intermediate dis-
turbance hypothesis.
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APPENDIX 1
Tansley’s nine points abundance scale, with the nominal scale abbreviations and the ordinal number for each category and the 
category explanations.

APPENDIX 2
List of abiotic factors with their explanation and scale.
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APPENDIX 3
Species list, with their biological indications; native vs. alien plant species and the different urban indications.
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APPENDIX 3 (continued)
Species list, with their biological indications; native vs. alien plant species and the different urban indications.
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 Deinsea 12, 2008

APPENDIX 3 (continued)
Species list, with their biological indications; native vs. alien plant species and the different urban indications.
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sPROnG & ReUMeR: Vegetation of urban wastelands

APPENDIX 3 (continued)
Species list, with their biological indications; native vs. alien plant species and the different urban indications.
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