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In urban brownfields (derelict sites), we studied the influence of local factors
(successional age, vegetation structure, soil) and landscape context (spatial
arrangement of brownfields of different successional stages) on the diversity of
phytophagous insects, grasshoppers and leafhoppers (Orthoptera and Hemiptera:
Auchenorrhyncha). The study was conducted on a total of 246 plots in the cities of
Bremen and Berlin, Germany. We used a habitat modelling approach, enabling us to
predict the community from single species models (30 species in Bremen, 28 in Berlin).

The results revealed that communities were predominantly determined by vegetation
structure, followed by landscape context, soil parameters and site age. For most species,
local factors were the most important. Only few species were strongly influenced by
landscape context, even though some showed clear negative reactions to low
proportions of brownfields in the surroundings.

Along a successional gradient of vegetation structure, from scarce and low to dense
and high vegetation, the insect community was not static. Even though species numbers
remained comparatively constant, species composition changed considerably. Many
species showed clear preferences for certain successional stages. Thus, maintaining the
regional species pool of a city requires a mosaic of all successional stages.
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Urban brownfields as habitats

Urban areas tend to have a higher biodiversity than their

agricultural surroundings. This might be due to high

habitat diversity and a wide range of environmental

conditions found in urban habitats (Rebele 1994,

Schwerk 2000) as well as to their warmer climate. The

latter is known as the urban heat island effect (Gibson

1998). Urban brownfields (derelict sites) are one of the

many habitat types found in urban areas. Brownfields,

comprising previously-developed land as well as land-

fills, industrial dumps or abandoned railyards, form an

important type of urban habitat. They often support rich

communities and considerable portions of the biodiver-

sity of a city (Rebele 1994, Gibson 1998, Eyre et al.

2003). Even though created by humans, they represent

largely undisturbed, semi-natural habitats (Sanderson

1992), and are home to true urban communities that

might not be found elsewhere.

Brownfields are continuously being generated, quickly

changed by successional processes (Brown and South-

wood 1987), and destroyed by redevelopment. Thus they

form habitats which are highly dynamic in space (as

the location of brownfield patches changes due to

redevelopment and demolition) and time (as individual

brownfield patches continuously change through the

course of succession) (Gibson 1998, Wood and Pullin

2002). These two processes generate a spatio-temporal
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mosaic of different successional stages and built-up

areas. Species that are restricted to certain successional

stages will find suitable habitat at changing locations

(Rebele 1994).

In order to preserve biodiversity within cities, it is

crucial to understand how these dynamic aspects influ-

ence habitat quality, and which driving factors shape the

rich urban communities (Wood and Pullin 2002). Urban

ecosystems, which have been largely neglected by ecolo-

gical research for a long time (Niemelä 1999), start to

receive increasing interest. Recently, much work has been

done on species assemblages along urban-rural gradients

(Niemelä et al. 2002, Sadler et al. 2006). However,

processes on, and differences within, urban sites have

not yet seen much attention. Even though some studies

surveyed insects in urban brownfields, e.g. carabid

beetles (Eversham et al. 1996, Schwerk 2000, Eyre

et al. 2003, Small et al. 2003, 2006) and leafhoppers

(Sanderson 1992), quantitative knowledge linking pre-

sence or abundance to environmental mechanisms

remains scarce for most taxa.

Modelling species communities

In order to preserve species diversity, it is crucial to

know which species occur under certain environmental

conditions. Olden (2003) proposes that for this purpose,

a habitat-based, multispecies and species-specific ap-

proach is required, whereas models predicting species

numbers provide much less information. Therefore, we

developed habitat models for every single species. These

models take into account the identity of species and

functional differences in their relationship to the envir-

onment, and include the possibility that species might

react to the surrounding landscape at different scales

(Holland et al. 2004). The single species models then

provide predictions for the assemblage of species most

likely to occur under certain environmental conditions

(Peppler-Lisbach and Schröder 2004).

Modelling species-environmental relationships usually

searches for a single best model for every species, a

process with numerous pitfalls and an outcome strongly

influenced by the method and data used (Guisan and

Zimmermann 2000, Olden and Jackson 2000, Rushton

et al. 2004). In contrast to this, Burnham (1998)

proposes multi-model inference by averaging over several

models. This method has been adopted by ecologists

(Rushton et al. 2004), and was successfully incorporated

into model building (Gibson et al. 2004). In addition,

model averaging can be used to assess the relative

importance of different factors (Burnham 1998).

In our work, we applied the method of Burnham

(1998) to species occurrence data of grasshoppers and

leafhoppers (Orthoptera and Hemiptera: Auchenor-

rhyncha) on brownfields sites. We considered these

phytophagous taxa as they are particularly abundant

on brownfields (Gilbert 1989, Sanderson 1992). We

aimed to: 1) assess the relative importance of local

factors (site age, vegetation structure, soil) and landscape

scale factors (landscape context) for the species commu-

nity. 2) Gain insight into the shape of the relationship

between species and the environment. 3) Describe how

species number and composition change during the

course of succession. 4) Provide a predictive model.

The latter could be used to assess the influence of

changing human impact (e.g. faster or slower rates of

redevelopment due to changing economic conditions).

Methods

Study areas and sampling design

The study was carried out in two large cities of northern

Germany, Berlin and Bremen. Berlin (52830?N, 13828?E,

mean temperature 9.78C, mean annual precipitation

560 mm) has a more continental climate than Bremen

(53805?N, 8844?E, mean temperature 8.88C, mean annual

precipitation 694 mm). In each city, we set up study plots

of 225 m2 in a random stratified way (Hirzel and Guisan

2002), covering three gradients: site size, successional age

(0�40 yr) and soil moisture. In Berlin, 89 plots were

spread over 370 km2, in Bremen, 157 plots over 100 km2.

Minimum distance between plots was 80 m. Even though

it is known that leafhoppers and grasshoppers can cover

such distances, a number of mark-recapture studies

indicate that the majority of individuals has an acti-

vity radius of B/40 m (Ingrisch and Köhler 1998,

Biedermann 2002, Schuhmacher and Fartmann 2003,

Cronin 2004).

The data were collected in 2003 (Bremen) and 2004

(Berlin). On each plot, we recorded the presence/absence

of leafhoppers and grasshoppers. For leafhoppers,

sweepnet sampling was carried out four times at monthly

intervals between early June and early September.

Leafhopper species occur at different times of the year,

thus four sampling periods were required to sample all

species in the adult stage. Each sampling procedure

consisted of 100 sweeps covering the entire plot. The

catch was killed with ethyl acetate and frozen. All male

adult individuals were determined to species level

(female individuals only for species where determination

is possible) (Biedermann and Niedringhaus 2004).

Grasshoppers were recorded once in late July/early

August, when all species are present as adults (Ingrisch

and Köhler 1998). To this end, acoustic monitoring

(Bellmann 1993) was used. We recorded all singing

grasshoppers for two minutes at six distinct points per

plot. In Bremen, a total of 146 leafhopper and 11

grasshopper species was recorded, in Berlin 130 and 15,

respectively.
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For each plot, we collected a set of environmental

factors (Table 1). These included local factors (on the

plots), namely successional age, vegetation structure and

soil parameters, as well as landscape scale factors. The

latter describe the landscape context surrounding the

plots. Local scale is within the home range, landscape

scale between the home range and the regional distribu-

tion of a species (Mazerolle and Villard 1999).

Successional age, vegetation structure, soil, and land-

scape context we refer to as the main driving factors.

With the exception of age, each factor was described by

several variables. For detailed measures of vegetation

structure, we used a white screen (height 150 cm, width

50 cm), divided into rectangles, that was erected

perpendicular to the ground (Sundermeier 1999). Using

this screen, vertical vegetation cover was estimated for

each rectangle looking through a 10 cm wide stand of

vegetation at six points per plot. From these estimates,

we calculated several height and density parameters

(Table 1). Landscape context parameters (Table 1) were

derived from a map of brownfield types by calculating

the proportion of each brownfield type within distances

of 25, 50, 75, 100 and 125 m around every plot (Grand

and Mello 2004, Holland et al. 2004).

Single species models

Presence/absence models

We used logistic regression, i.e. generalized linear models

(GLMs) with a logistic link. This approach by now is

well established in ecological modelling, and leads to

models which are straightforward to interpret. We aimed

to model presence/absence only, since abundance models

in practice provide little or no additional information

(Pearce and Ferrier 2001). Moreover, the construction of

abundance models in our case would be questionable

since species prevalences were overall low. In this respect,

we note that Cushman and McGarigal (2004) found

infrequently recorded species to be better explained by

presence/absence data than by abundance data. We

modeled all species with a prevalence (proportion of

occupied plots) between 10 and 90%, using the ‘‘logistf’’

package for Splus 6.1 by Heinze and Schemper (2002).

Univariate analyses

Prior to building multiple models, we performed uni-

variate analyses for each environmental variable and

each species. This avoided spurious inclusion of variables

into multiple models. All univariate models were boot-

strapped 300 times (Manly 2001). Each time, we

recorded deviance reduction and conducted a likeli-

hood-ratio test. If this test was significant (p5/0.05) for

at least 95% of the bootstrap iterations, the variable was

considered for multiple models (see below).

At this stage, we also determined the shape of the

relationship, a process which is crucial for obtaining

meaningful models (Austin 2002). Relationships could

be either sigmoid or unimodal. In unimodal relation-

ships, we only considered bell-shaped responses, but not

bowl-shaped ones. If both sigmoid and unimodal

responses were significant, we chose the one with the

stronger relationship.

Multiple models

For each species, from all variables passing the uni-

variate performance criteria, we picked a set for building

multiple models. Some groups of variables were highly

correlated: 1) proportions of the same brownfield type

Table 1. Environmental data recorded for all plots. These were
used as explanatory variables within habitat models.

Successional age [yr]
time since demolition of buildings or any other severe
disturbance that reset succession; derived from a series of aerial
photographs

Vegetation structure
� vegetation density [%]
. horizontal density: density estimated from looking down on

the vegetation
. vertical density (measured with screen; Sundermeier 1999,

Zehm et al. 2003)
+ average density at 4 different layers: 0�5 cm above

ground, 5�15 cm, 15�50 cm, 50�100 cm
+ average vertical density
+ variation of vertical density

� vegetation height [cm]
. estimated height: height estimated from looking down on

the vegetation
. height measures (using screen) (Sundermeier 1999, Zehm

et al. 2003)
+ 50%-height (height below which 50% of the total vertical

vegetation cover is located), 75%-height, 90%-height
+ standardized vegetation height: height, at which vertical

density has dropped to 25% of the value directly above
the ground (Kuhn and Kleyer 1999/2000)

+ average height
� moss cover [%], litter cover [%], proportion of bare soil [%]
� cover of shrub and tree layer [%]
� cover of host plants [%] (for mono- and oligophagous

leafhoppers), as specified by Nickel (2003)

Soil parameters
� pH (CaCl2), Ellenberg pH-values (calculated from vegetation

data) (Ellenberg 1992)
� P [kg ha�1], K [kg ha�1], ECEC [cmolc kg�1] (Finnern et al.

1996), Ellenberg N-values (calculated from vegetation data)
(Ellenberg 1992)

� available water capacity (AWC) [mm] (Finnern et al. 1996), air
porosity [Vol%] (Finnern et al. 1996), Ellenberg moisture
values (calculated from vegetation data) (Ellenberg 1992)

� gravel and stone content of topsoil [content classes] (Finnern
et al. 1996)

Landscape context [%]
Proportion of brownfield types within 25, 50, 75, 100, 125 m
� open brownfields (B/10% vegetation cover)
� moderately dry to dry brownfields
. brownfields with grassy vegetation (divided into scarce/

dense and low/high)
. brownfields with herbaceous vegetation (divided into

scarce/dense and low/high)
� moist to wet brownfields
� brownfields covered with pre-forest stages or forests
� sum of all brownfield types
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within different radii, 2) vegetation height parameters

derived from ‘‘screen measurements’’ and 3) vegetation

density parameters derived from ‘‘screen measurements’’

(Table 1). From each of these groups, we chose the

variable with the strongest relationship. If different

response shapes were found within one group (e.g.

positive reaction to vegetation density in the 0�5 cm

layer and negative reaction to vegetation density in the

50�100 cm layer), one variable representing each re-

sponse was picked correspondingly.

This variable set was used to estimate multiple models

for all ‘‘uncorrelated’’ (Spearman’s r5/0.7) combinations

of four, three and two variables. More than

four variables would have led to overparameterized

models for the sample size of our data (Guisan and

Zimmermann 2000). For each model, we 1) performed

an LR-test to check if the model was better than any

model with one variable less (Ferrier et al. 2002).

Additionally we checked 2) whether corrected R2
N (200

bootstrapping iterations; Harrell 2001) was ]/0.3 and

3) coefficients were significantly different from zero

(p5/0.15). The latter, less conservative constraint takes

into account that Wald confidence intervals and p-values

are not always reliable (Heinze and Schemper 2002). If

all three conditions were met, the model was considered

to be adequate.

Model averaging

In case several ‘‘adequate’’ models were obtained for a

species, averaged coefficients from all models were

calculated. To this end, the method of Burnham (1998)

was used, which proceeds as follows. For each model in

the set, the AICc-value was calculated. This small-

sample version of the Akaike information criterion

indicates how well a model performs the trade-off

between model fit and model complexity. Lower values

indicate better models. Models were sorted according to

their AICc values. For each model m of a species model

set M, Akaike weights (wi) ere calculated from the AICc

differences (Di) between each model and the AICc of the

best model (Table 2). Akaike weights were calculated as

wi�
exp(�0:5 � Di)

XM

m�1

exp(�0:5 � Di)

Note that, for each species, the sum of all weights wi

equals 1. Model coefficients were weighted with the

corresponding model weight. The sum of all weighted

coefficients for a given variable represents the averaged

coefficient for this variable (Table 2). By this, the

sought-after averaged model was obtained for each

species.

Performance of single species models

Model performance of single species models describes

the agreement between observed and predicted species

occurrences, calculated over all plots. To assess this

agreement, we used a set of criteria, each describing

different aspects of model fit: AUC (area under the

receiver operator characteristic curve), R2
N, Cohen’s

Kappa, sensitivity (correctly predicted species pre-

sences), specificity (correctly predicted absences), and

CCR (overall correct classification rate) (Fielding and

Bell 1997, Hosmer and Lemeshow 2000, Manel et al.

2001).

Community model

Model building

The community model was composed of all single

species models. Simultaneous application of single

species models was used to predict the community under

a given combination of parameter values. To transform

occurrence probabilities of single species models into

presences/absences, we used PKappa as a threshold,

defined as the threshold where Cohen’s Kappa is

maximized (Fielding and Bell 1997).

Performance of the community model

In contrast to single species models, performance of the

community prediction is assessed per plot and describes

the agreement between observed and predicted species

community. To quantify this agreement, four measures

were used: Cohen’s Kappa, sensitivity, specificity and

CCR. We performed a randomisation test (Manly 2001,

Peppler-Lisbach and Schröder 2004) to verify if model

predictions were better than chance. For this test,

presences and absences of each species were randomly

permuted, resulting in random community composi-

tions for each plot (Olden 2003). This process was

repeated 10 000 times, and each time measures of

agreement were calculated for each plot. Thus, we

created chance distributions for each plot and each

measure of agreement. If the actual agreement between

the observed and predicted community exceeded

the 95%-percentiles of the corresponding chance dis-

tributions, we considered the community model for a

plot to achieve predictions significantly better than

chance.

Relative importance of factors

The relative weight of variables was assessed by sum-

ming, for each variable, the Akaike weights wi of all

models that contained the variable (Burnham 1998,

Gibson et al. 2004). The process is demonstrated for

one species in Table 2. For comparison, the relative

weights were converted to percentage values.
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Table 2. Demonstration of the model averaging process for the leafhopper Psammotettix excisus. In this example, 7 variables are relevant, yielding 7 ‘‘adequate’’ multiple models mi

could be formed. The models were ranked according to their AICc (smallest to largest). From AICc-differences (Di), Akaike weights (wi) were calculated. These were then used to calculate
weighted coefficients (ß�/wi) for each model and furthermore averaged coefficients (‘‘averaged ß’’), and the variable weights (‘‘relative weight’’ and ‘‘% weight’’).

mi AICc Di wi var.1 var.2 var.2ffl2 var.3 var.4 var.5 var.6 var.7 Intercept

b b�/wi b b�/wi b b�/wi b b�/wi b b�/wi b b�/wi b b�/wi b b�/wi b b�/wi

1 55.66 0.00 0.46 0 0 0 0 0 0 �/0.03 �/0.0133 0 0 0 0 2.5 1.2 0.4 0.163 �/3.1 �/1.4
2 56.09 0.43 0.37 0 0 0 0 0 0 0 0 0 0 0 0 3.0 1.1 0.3 0.105 �/3.8 �/1.4
3 58.02 2.37 0.14 0 0 37 5.2 �/88 �/12.4 0 0 0 0 0 0 0 0 0.3 0.036 �/5.2 �/0.7
4 63.14 7.48 0.01 0 0 47 0.5 �/113 �/1.2 0 0 �/3.1 �/0.003 0 0 0 0 0 0 �/4.7 �/0.1
5 63.31 7.66 0.01 0 0 0 0 0 0 �/0.04 �/0.0004 0 0 0 0 0 0 0.4 0.004 �/2.1 0.0
6 63.86 8.20 0.01 0 0 36 0.3 �/88 �/0.7 0 0 0 0 10.2 0.08 0 0 0 0 �/14.2 �/0.1
7 64.38 8.72 0.01 �/0.2 �/0.001 0 0 0 0 0 0 0 0 0 0 0 0 0.3 0.002 �/1.9 0.0

averaged b �/0.001 6.010 �/14.302 �/0.014 �/0.003 0.078 2.263 0.310 �/3.730
relative weight 0.006 0.159 � 0.467 0.011 0.008 0.826 0.982 �
% weight 0.24 6.5 � 19 0.44 0.31 34 40 �

var.1 vegetation density, 15�50 cm layer [%]
var.4 soil phosphorus content [t ha�1]
var.2 vegetation height [m]
var.5 proportion of brownfields within 25 m
var.2ffl2 (vegetation height)2

var.6 proportions of brownfields with scarce, grassy vegetation within 25 m
var.3 litter cover [%]
var.7 cover of Corynephorus canescens [%]
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Results

Model performance

Forty-eight species (Bremen) and 56 species (Berlin) met

the prevalence criterion, i.e. the proportion of occupied

plots exceeded 10% but remained below 90%. Of these,

30 species in Bremen (25 leafhopper and 5 grasshopper

species), and 28 species in Berlin (24 leafhopper and 4

grasshopper species) were responsive. In other words, the

corresponding models exceeded the minimum perfor-

mance criteria. Prevalence of the responsive species was

mostly low, with medians of 26% in Bremen and 37% in

Berlin. The species numbers per plot for Bremen ranged

between 3 and 18, with a median of 11. For Berlin, the

corresponding range was between 2 and 21 species, also

with a median of 11.

The number of variables used in the multiple models

was lower in Berlin (2�16, median 5.5) than in Bremen

(2�17, median 9). Nevertheless, the performance of the

single species models (Fig. 1) was similar for both study

areas, with sensitivity being slightly poorer in Bremen.

The community model predicted numbers of species

similar to those actually observed on the plots, ranging

between 4 and 22 with a median of 12 for Berlin, and

between 3 and 17 with a median of 11 for Bremen. The

quality of the community predictions, defined as the

agreement between observed and predicted species for

each plot, was overall better for Berlin than for Bremen

(Fig. 2). For the communities in both cities, median

values of sensitivity, specificity and CCR were found to

be between 0.8 and 0.9, while Kappa ranged between

0.6 and 0.7. For the majority of plots, community

model predictions were better than chance predictions

concerning the sensitivity, CCR, and Kappa. In con-

trast, since the prevalence of most species was low,

chance values for specificity (i.e. correct absences) were

rather high. The community model prediction exceeded

these high values for only 56% of the plots in Berlin

and 46% in Bremen.

Relative importance of factors

The communities in both study areas reacted similarly to

the main factors. Vegetation structure was particularly

dominant, and accounted for 61% (Berlin) and 46%

(Bremen) of the factor weights. Nearly all species were
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Fig. 1. Performance of single species models. Shown is, for each
performance criterion, the range and distribution of values for
all models. For each criterion, the left boxplot represents all
Berlin models (Be), the right boxplot all Bremen models (Br).
Box: median, 25%- and 75%-percentiles; whiskers: 1.5�/inter-
quartile range; outliers drawn as individual points.
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Fig. 2. Validation of community models. Shown is, for each
performance criterion, the range and distribution of values for
all plots. For each criterion, two boxplots are drawn. The left
boxplot shows the 95%-percentiles of the chance distributions
(chance prediction�/CP). The right boxplot shows the observed
agreements between model predictions and species occurrences
(model prediction�/MP). Numbers in brackets indicate the
proportion of plots where model predictions are better than
chance predictions.
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influenced by vegetation structure (Fig. 3). The median

of vegetation structure weight was around 50% (Fig. 4),

with some species almost exclusively controlled by this

factor. Landscape context followed in weight, with more

influence in Bremen (35%) than in Berlin (19%).

Note that, in Bremen, most species presences were

influenced by landscape context, in Berlin only half of

them (Fig. 3). Moreover, in Berlin, the magnitude of

landscape context influence was considerably lower (Fig.

4). Soil parameters ranked third in weight (Fig. 3), with

mostly small influence. However, a few species were

strongly influenced by soil parameters (Fig. 4). Site

age had little impact in both cities, but did occur in

many models (32% of models in Berlin, 50% in Bremen)

(Fig. 3).

Shape of species responses to the environment

Most species preferred medium values for site age,

vegetation density and height, moss and litter cover,

but high values for proportions of grassy brownfields,

and low values for proportions of open brownfields, bare

soil, soil pH and soil nutrients (Table 3). However, for

most factors, all forms of species responses to the

environment were encountered. Negative or positive

reactions, i.e. decreasing or increasing occurrence prob-

abilities with increasing variable values, could be ob-

served as well as unimodal responses, i.e. highest

occurrence probabilities at medium variable values.

This implies that, for most driving factors, the entire

gradient of values was used by the community of

brownfield species. Note that some species showed

negative reactions to the proportions of all types of

brownfields.

Some pronounced differences between Berlin and

Bremen became apparent when landscape context para-

meters were considered (Table 3). Moist to wet brown-

fields played an important role in Bremen, where both

positive and negative responses were found, but not in

Berlin, where this brownfield type did not occur at all.

Moreover, the proportions of brownfields with grassy

vegetation were important in Bremen, mostly enhancing

species occurrences. In Berlin, this brownfield type only

played a minor role.

Species assemblage along the successional gradient

Vegetation gradient

The community model, consisting of single species

models, can be used to visualize the reaction of the

community to a vegetation gradient from scarce and

low to dense and high. This gradient essentially repre-

sents the successional gradient of vegetation structure.

Figure 5 illustrates the reactions of species along this

gradient, with all other parameters set to fixed values.

Both the Berlin and the Bremen gradients are scaled to

the actual data distributions of the environmental

parameters.

Some species have a wide range under the given

parameter combinations, others do not occur at all.

About half of the species show clear reactions and occur

at distinct sections along the gradient. Pioneer species,

like Macrosteles quadripunctulatus, are restricted to the

left of the gradient (scarce/low vegetation). Other

species, such as Rhopalopyx vitripennis, prefer medium

conditions, whereas some, e.g. Metrioptera roeseli , are

restricted to the right end of the gradient (dense/high

vegetation).

Influence of landscape context

Figure 6 (Berlin) and Fig. 7 (Bremen) illustrate

the modifying influence of landscape context. Four
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Fig. 3. Influence of main driving factors. For each factor, the
weights within the models are averaged over all species to
determine the average weight within the community model
(white bars). The proportions of species influenced by each
main factor are drawn as grey bars. Be�/Berlin models, Br�/

Bremen models.
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Fig. 4. Range and distribution of factor weights within species
models. For each factor, the left boxplot represents Berlin
models (Be), the right boxplot Bremen models (Br).
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constellations of landscape context are shown: 1) no

brownfields, vs high proportions of 2) open brownfields,

3) grassy or herbaceous brownfields and 4) (Bremen

only) moist to wet brownfields. Occurrence of species

along the vegetation gradient is depicted in the same way

as in Fig. 5, but with three (Berlin) or four (Bremen) bars

for each species. Each bar represents the occurrence

along the gradient in combination with one of the

different settings of landscape context (1�4), as outlined

above.

As an example, we consider Athysanus argentarius for

Berlin (Fig. 6, first species). The upper two bars are the

shortest. This means that, without brownfields in the

landscape context (upper bar) as well as with high

proportions of open brownfields (middle bar), the

species is restricted to the right side of the vegetation

gradient. However, high proportions of grassy or her-

baceous brownfields enhance the occurrence of the

species. It then occurs under a wider range of vegetation

conditions along the gradient (lower bar).

In Berlin, under the given combination of soil and age

parameters, only eleven species (Fig. 6: first eleven

species) exhibit reactions to landscape context: the three

bars for each of these species have different lengths. The

first six of these species are enhanced by high propor-

tions of grassy or herbaceous brownfields (third bar for

each species is the longest). Some species (e.g. Anacer-

atagallia ribauti ) are inhibited by open brownfields

(second bar is the shortest). Three species (e.g. Balclutha

punctata ) have their widest range with no brownfields in

the landscape context (first bar is the longest), indicating

that the main habitat of these species may well be outside

of brownfield areas.

In Bremen, 24 species react to landscape context

under the given parameter combination (Fig. 7: first 24

species). The first 13 of these have a wider range with

high proportions of grassy or herbaceous brownfields.

However, five species (e.g. Macrosteles ossiannilssoni )

are inhibited by these brownfield types. Some species

(e.g. Doratura homophyla ) are enhanced by moist to wet

brownfields (lowest bar is the longest).

Species numbers

The charts on top of Fig. 6 (Berlin) and Fig. 7 (Bremen)

indicate how species numbers change along the vegeta-

tion gradient. Each line represents one condition of

landscape context. In Berlin, 23 of 28 modelled species

are predicted to occur at some point under the given

conditions. In Bremen, this is 28 of 30. Maximum species

number at a given point along the gradient is 14 for

Berlin, and 18 for Bremen. Overall, species numbers are

the lowest without brownfields in the landscape context,

as well as with high proportions of open brownfields. In

Bremen, species numbers are low at the ‘‘young’’ end of

the vegetation gradient. However, numbers raise quickly

during the course of succession and then remain

constant. In Berlin, changes in species numbers are

small, particularly with grassy or herbaceous brown-

fields.

In both cities, there is no point along the gradient

where all species co-occur. Species composition changes

considerably over the gradient. For high proportions of

grassy and herbaceous brownfields, only 6 out of 12

species in Berlin (and 1 out of 9 in Bremen) that are

present at the beginning of the gradient, are also present

at the end.

Discussion

Relative importance and ecological relevance of

main driving factors

Vegetation parameters and site age

Our results clearly indicate that vegetation structure was

the most influential factor for the communities of

Table 3. Summary of species responses to driving factors. We considered negative (�), positive (�/) and unimodal (þ) responses.
Numbers of variable or response occurrences in averaged models. NA denotes not available.

total Berlin Bremen

sum � þ �/ sum � þ �/ sum � þ �/

site age 24 4 12 8 9 2 4 3 15 2 8 5

vegetation structure
veg. density 75 13 31 31 38 7 16 15 37 6 15 16
veg. height 59 5 32 22 28 5 15 8 31 0 17 14
moss and litter cover 43 9 8 26 17 4 1 12 26 5 7 14
% bare soil 28 20 7 1 9 7 1 1 19 13 6 0

soil parameters
ph and soil nutrients 35 23 5 7 16 10 4 2 19 13 1 5

landscape context
brownfields, all types 11 8 2 1 3 3 0 0 8 5 2 1
open brownfields 22 20 1 1 8 7 0 1 14 13 1 0
brownfields, grassy 31 7 6 18 5 2 0 3 26 5 6 15
brownfields, herbaceous 29 15 3 11 18 8 3 7 11 7 0 4
brownfields, moist to wet 16 6 1 9 NA NA NA NA 16 6 1 9
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grasshoppers and leafhoppers in urban brownfields.

A number of previous studies revealed that during

succession, insect communities are driven by changes

in vegetation structure (Brown et al. 1992, Small et al.

2003). Vegetation structure is known to be of great

importance for both leafhoppers (Brown et al. 1992,

Morris 2000) and grasshoppers (Brocksieper 1978,

Detzel 1998, Ingrisch and Köhler 1998). Vegetation

structure influences microclimatic conditions, namely

temperature and (soil) moisture, which in both taxa are

important factors for development and reproduction.

Vegetation development on urban brownfields goes

through a series of successional stages, starting from

open, short-lived pioneer vegetation, followed by per-

ennial herbs, perennial grasses, and culminating in scrub

woodland (Gilbert 1989, Small et al. 2003). Each

successional stage embraces a range of vegetation

Fig. 5. Occurrence of species (black bars), based on single
species habitat models, on a vegetation gradient. The gradient
runs from low to high vegetation height and density, from low
to high moss and litter cover, and from high to low proportions
of bare soil. ‘‘Low’’ refers to the 5%-percentiles of the data
distribution, ‘‘high’’ to the 95%-percentiles. PH, soil nutrients,
and proportions of open brownfields are fixed to low values.
Proportions of grassy and herbaceous brownfields are fixed to
high values. Age is set to 15 yr, cover of host plants to high
values. All other variables are fixed to their arithmetic mean.
(G)�/grasshopper species.

Fig. 6. Berlin community: influence of landscape context on the
occurrence of species on a vegetation gradient (for gradient
details see Fig. 5). For each species, three bars indicate species
occurrence with either low (5%-percentile) proportions of
open, grassy and herbaceous brownfields (upper bar), high
(95%-percentile) proportion of open brownfields (middle bar),
or high proportions of grassy and herbaceous brownfields
(lower bar). In the top chart, species richness (number of
species present) along the vegetation gradient is plotted for each
of the three landscape context conditions. (G)�/grasshopper
species.
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characteristics (Rebele 1994, Hollier et al. 1994). Since

succession is a process acting in time, successional age

has the potential to explain the occurrence of species. On

the other hand, succession is also driven by soil

conditions and the type of succession (primary vs

secondary) (Rebele and Lehmann 2002, Small et al.

2003), and can therefore vary considerably between sites.

There is a clear trend towards higher and denser

vegetation during succession, but this trend is only

loosely related to site age. In our study, this is reflected

by the weak influence of site age compared to vegetation

parameters.

Landscape context

It has been widely recognized that species reactions

cannot be fully understood without considering the

influence of the surrounding landscape (Mazerolle and

Villard 1999). Most ecological processes depend not only

on patch characteristics, but on spatial scales much

larger than a habitat patch (Holland et al. 2004). Effects

of the landscape context have been demonstrated for a

variety of taxa (Mazerolle and Villard 1999).

Since brownfields often form isolated habitats entirely

different from their surroundings (Niemelä 1999), we

expected the landscape context to have a pronounced

influence on brownfield communities. This expectation

was met for Bremen, where landscape context had a

strong influence. Overall, leafhoppers and grasshoppers

in urban brownfields seem to depend more on landscape

context than carabid beetles, where only little influence

on few species was found (Small et al. 2006). However, in

our study, we distinguished different types of brown-

fields and considered smaller scales than Small et al.

(2006).

Many species were reacting positively to high or

intermediate proportions of brownfields with grassy

vegetation, particularly in Bremen. As the majority of

leafhoppers feeds on grasses (Morris 2000), this relation-

ship is reasonable. Sanderson (1992) found higher

species diversities in leafhoppers on grassy brownfields

than on those with ruderal vegetation. In general, the

grassland stage is a late stage during brownfield succes-

sion. Thus, a high proportion of grassland also goes

along with an extended period of colonization.

A number of species reacted negatively to the absence

of brownfields, as well as to high proportions of open

brownfields. Both might indicate negative reactions to

site isolation. In the first case, patches without brown-

fields in their surroundings may be isolated for those

species that have their main habitat on brownfields. In

the second case, high proportions of open brownfields

may indicate 1) that the site is still young, giving species

little time for colonization, and 2) the absence of suitable

habitat nearby. With the exception of pioneer species like

Ophiola decumana , most species seemed to not prefer the

most open, scarcely vegetated sites.

Some species showed an unexpected negative reaction

to all types of brownfields. We assume that, within an

urban environment, these species mainly occur in other

habitats, such as gardens or parks. The species which did

not show any reaction to landscape context, might either

be generalists, which find suitable habitats almost every-

where, or they might be strong dispersers.

Fig. 7. Same as Fig. 6, but for the Bremen community. In
addition, a fourth landscape context condition is shown (high
proportions of moist to wet brownfields).
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Our results confirm that species respond to their

environments at different scales, and that the appropriate

scale can be estimated by modelling the relationship at a

number of scales (Holland et al. 2004). All scales tested

within this study were relevant for several species. As

larger radii would unavoidably have lead to considerable

overlap, causing pseudoreplications (Holland et al.

2004), we cannot test to which extent some species

might react at larger scales.

Landscape context seemed to be less influential in

Berlin than in Bremen. Our explanation is that moist to

wet brownfields, which enhanced or suppressed a

number of species in Bremen, were not present in Berlin.

In addition, even though the total amount of brown-

fields around sample plots showed a similar distribution

in both cities, brownfield composition was very different.

Namely proportions of grassy brownfields were on

average much lower in Berlin. The scarce data on these

variables might have led to weaker models. This raises

the general question to what extent the response to the

landscape structure from one area can be extrapolated to

another (Fisher et al. 2005).

Overall, our simple measure of landscape context

(proportion of brownfield types within circles) worked

remarkably well, and did not indicate the need to

consider additional measures. According to Gustafson

(1998), such proportions can provide almost as much

information as more advanced measures of landscape

context. Moreover, proportions of brownfield types are

easy to calculate and interpret: they indicate patch size

and isolation, and are a measure for the ‘‘functional

connectivity’’ of a landscape (Radford and Bennett

2004).

Soil parameters

Even though in some studies soil parameters were found

to strongly influence leafhoppers (Cherrill and Rushton

1993) and grasshoppers (Ingrisch and Köhler 1998), they

were not of major importance in our study. Soil

parameters give direct and indirect information about

temperature and moisture. They influence plant growth

and therefore vegetation structure. Moreover, they affect

the nutritional and physical status of plant tissues, which

is important for many phytophagous insects (Morris

2000). In our data, it seems that soil parameters mainly

play an indirect role by influencing the vegetation. This

influence is directly reflected by our detailed measures of

vegetation structure.

Community composition, species numbers and

succession

Succession, even though often mainly viewed in vegeta-

tional terms, also occurs in insect communities (Morris

2000). Brown et al. (1992), as well as Hollier et al. (1994),

found clear successional patterns in leafhopper composi-

tion. Along the gradient from scarce and low, to dense

and high vegetation, which roughly represents the

gradient of vegetation succession on brownfields, we

were able to separate pioneer species from species

occurring during mid- and late succession. In addition,

generalists occurring over the whole gradient could be

distinguished.

In contrast to the findings of Brown et al. (1992),

some pioneer species did not occur later in succession.

Thus we agree with Eversham et al. (1996), who propose

that the presence of early successional stages in urban

habitats is of great importance. Such habitats are

generally absent or difficult to maintain elsewhere.

Studies on changes in insect communities through old-

field successional stages (Brown et al. 1992, Steffan-

Dewenter and Tscharntke 1997, Purtauf et al. 2004)

found a rapid turnover of species, rather than large

changes in species richness. This pattern we observed as

well. Only during the early successional stages species

numbers were lower, with some species being restricted

to these early stages. Thus, maintaining the regional

species pool of a city requires a mosaic of all succes-

sional stages. This mosaic is currently present in the

cities under study, but may change under different

economic conditions. In case of economic boom, brown-

fields are likely to be re-used faster, providing habitat

only for a limited number of pioneer species. In case of

economic stagnation, site turnover might slow down

considerably, and thus young habitat might become

scarce.

Model performance and implications

Habitat models, like any statistical approach, do not

allow inference for very scarce species. Since many

species have been recorded only once or twice, consider-

able parts of the species pool could not be considered for

modelling. On the other hand, the more common species

that occurred on at least 10% of the plots, accounted for

�/80% of all species observations. Of those species, more

than half could be successfully predicted within the

community model. The species that were not responsive

within this study might be responding to environmental

factors different from those we measured, they might be

generalists within brownfields, or our data might not

have provided enough observations for sound statistical

inference.

Inference from habitat models is of little use if these

models do not reflect the species-habitat relationships.

Our approach, based on a combination of local and

landscape parameters, combined with an advanced

model averaging process, yielded models that repre-

sented the data well. With two exceptions, all our models

reached AUC-values exceeding 0.8, which is considered
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excellent (Hosmer and Lemeshow 2000); almost half

of the models exceeded 0.9, which is regarded as

outstanding. On the other hand, these values might be

too optimistic, due to possible overfitting to the data. A

bootstrapping procedure would enable an unbiased

estimate of the model performance (Harrell 2001), but

was computationally too extensive to be performed in

combination with the model averaging process. Even

though single species models performed well, the com-

munity predictions resulting from these models did not

exceed chance for a number of plots. Olden (2003) and

Peppler-Lisbach and Schröder (2004) achieved similar

results for modelling communities with species-specific

approaches.

Overall, our modelling approach provides a concep-

tual framework enabling predictions of species composi-

tion and richness along the gradient of brownfield

succession. The models can be used to predict changes

in the community composition if parts of the gradient

are cut off (e.g. due to faster redevelopment), or to

compare different spatial arrangements of brownfield

sites. However, it is important to note that, at this stage,

models are only valid for the study area and data they

are based on. Generalizations should not be made before

transferability of the models has been tested with

independent data (Vaughan and Ormerod 2005). Never-

theless, the fact that the main driving factors had similar

influence in both data sets, is a positive indication that

the observed patterns might, indeed, be general.

Conclusions

1) Vegetation structure, influencing microclimate and

food resources, was the dominant factor driving the

community of leafhoppers and grasshoppers in urban

brownfields. Vegetation parameters reflected site condi-

tions more precisely than site age. The latter was found

to be only a rough indicator of the successional stage.

Landscape context, indicating patch size and isolation,

played a considerable role for some species. Soil para-

meters, as indirect factors, were of minor importance in

most cases.

2) Different species exhibited different functional

relationships to the environment. All parts of the

successional gradient were used by some species: pioneer

species could be identified, as well as mid- and late-

successional species and generalists. Species composition

changed greatly along the gradient, with not more

than approximately half of the species pool present at

the same time. Thus, the species community is not static,

but changes in composition through space and time as

the location and successional stage of brownfields

changes.

3) Combinations of local-scale and species-specific

landscape variables were a powerful tool to obtain

community predictions. The models generated by our

statistical approach appeared to be robust. However, we

emphasize that generalizations cannot be made until the

models have successfully been transferred to indepen-

dent data.
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