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Abstract The importance of the spatial as well as
the temporal structure of habitat patches for urban
biodiversity has been recognised, but rarely quanti-
fied. In dynamic environments the rate of habitat
destruction and recreation (i.e. the landscape turnover
rate), the minimum amount of potential habitat, its
spatial configuration as well as the environmental
conditions determining habitat quality are crucial
factors for species occurrence. We analysed species
responses to environmental parameters and to the
spatio-temporal configuration of urban brownfield
habitats in a multi-species approach (37 plant and 43
insect species). Species presence/absence data and
soil parameters, site age, vegetation structure and
landscape context were recorded by random stratified
sampling at 133 study plots in industrial areas in the
city of Bremen (Germany). Based on the field data,
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we predicted species occurrences by species distribu-
tion models using a multi-model inference approach.
Predicted species communities were driven by suc-
cessional age both at the scale of a single building lot
and at the landscape scale. Minimum average succes-
sion time of brownfield habitats required to support all
and especially regionally rare species depended on the
proportion of available open space; the larger the
potential habitat area the faster the acceptable turn-
over. Most plant, grasshopper, and leafhopper species
modelled could be maintained at an intermediate
turnover rate (mean age of 10-15 years) and a
proportion of open sites of at least 40%. Our modelling
approach provides the opportunity of inferring optimal
spatio-temporal landscape configurations for urban
conservation management from patch scale species-
environment relationships. The results indicate that
urban planning should incorporate land use dynamics
into the management of urban biodiversity.

Keywords Dynamic landscape - Species
distribution model - Habitat model - Urban

brownfields - Model averaging - Landscape context -
Conservation planning - Succession

Introduction

In dynamic landscapes, species are facing habitats of
changing quality and location. Landscape dynamics
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can arise from land use, succession, or natural
disturbances like wind, fire or flood. Often, habitat
destruction for one species allows for habitat creation
for another.

An example of dynamic ecosystems is urban
brownfields (derelict land). Brownfields represent
artificial habitats which are fundamentally influenced
by humans (Gibson 1998) and comprise previously
developed land, abandoned railway tracks, landfills,
and industrial dumps. They often support a diverse
flora and fauna (Angold et al. 2006; Godefroid and
Koedam 2007; Muratet et al. 2007), including rare
species (Eyre et al. 2003). In contrast to other urban
green spaces like parks or gardens, brownfields form
dynamic habitats in space and in time: Landscape
turnover causes spatial shifts of habitats due to
redevelopment and abandonment while succession
causes continuous temporal changes in habitat quality
(Gibson 1998; Wood and Pullin 2002). These two
processes result in a spatio-temporal mosaic of patches
of different successional stages, and built-up areas.
Hence, brownfields form a special case of mosaic
cycles, which have been described for natural and
human-influenced ecosystems (Kleyer et al. 2007).

While not accounting for habitat patch dynamics
in conservation management might cause overopti-
mistic estimates of population persistence (Akcakaya
et al. 2004), it can also result in an underestimation of
habitat connectivity (Wimberly 2006), depending on
species’ dispersal abilities. Thus, a critical issue in
maintaining urban biodiversity in such a dynamic
environment is the landscape turnover rate, which
describes the rate of habitat destruction and redevel-
opment (Roy et al. 2004). Moreover, the minimum
amount of potential habitat, its spatial configuration
as well as the environmental conditions determining
habitat quality are crucial factors (Garden et al.
20006).

On the one hand, the effect of the landscape
dynamics on species occurrence and (meta-) popula-
tion viability has been analysed in several theoretical
multi-species studies (e.g. Keymer et al. 2000; Roy
et al. 2004). Furthermore, some detailed empirical
single species studies consider habitat creation in
space and time (Snill et al. 2005) or explicitly
account for population dynamics at patch scale
(Akcakaya et al. 2004). However, such process-based
models can hardly be parameterised for many species
in biodiversity analyses and are thus limited in the

@ Springer

number of modelled species and in their generality
(Jeltsch et al. 2008). On the other hand, in empirical
studies species’ responses to the environment are
mostly analysed at the patch scale, while habitat
turnover takes place at the landscape scale. Spatially
explicit statistical modelling offers the opportunity to
both working with a manageable amount of data and
extrapolating species-environment relationships from
patch scale—focus of empirical studies—to land-
scape scale—focus of planning and management
issues (Corsi et al. 2000).

We use species distribution models (SDMs; also
called habitat suitability models or habitat models) to
analyse the response of plant and insect biodiversity
to spatio-temporal changes in habitat quality. SDMs
are statistical models which relate species incidence
or abundance to environmental predictors, and have
become an important and frequently applied tool in
ecology as well as in conservation biology in recent
years (Guisan and Thuiller 2005).

To reflect species’ varying habitat requirements
and susceptibilities, a multi-species approach is
needed (Garden et al. 2006). Following the recom-
mendations of Olden et al. (2006), we predict species
composition of plant and insect communities as the
sum of individual species occupancies, which are
modelled by single species distribution models.
Although SDMs are widely used on different species
groups, only a few attempts have been made so far to
model community composition in this way (Peppler-
Lisbach and Schroder 2004; Olden 2003).

We developed a modelling shell which integrates
the generation of urban land use scenarios, the
prediction of numerous species occurrences on the
landscape scale using SDMs, and the evaluation of
the results from the conservational perspective con-
sidering species richness and regional rarity. To
represent the complex links between vegetation and
phytophagous insects, we chose plants, leafhoppers
and grasshoppers (and one bush-cricket (Metrioptera
roeseli), hereafter referred to as grasshopper) as study
species. Altogether, the response of 37 plant species
and 43 insect species to abiotic and biotic conditions
at the landscape scale were analysed. We defined
spatio-temporal dynamics by (1) the landscape turn-
over (i.e. the rate at which brownfield habitat
is destroyed by redevelopment and new habitat is
created by abandonment) and (2) temporal changes
in habitat quality due to succession.
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We apply the modelling approach to industrial and
business areas in the city of Bremen (Germany) to
assess the following questions:

e How important is the spatio-temporal configura-
tion versus other environmental variables for
species occurrence?

e How relevant is the proportion of brownfields
within urban industrial areas (i.e. the proportion
of potential habitat) from a nature conservation
point of view, and what minimum proportion is
required?

e s there an optimal turnover rate to maintain as
many species as possible, especially rare ones?

Methods
Approach

In this study, we analyse each single species’
response on the landscape scale to different propor-
tions of brownfield area and different landscape
turnover rates. For this purpose, we generate repeti-
tions of artificial urban planning situations for each
scenario of brownfield proportion and turnover rate
and aggregate the results for each scenario. Thus,
modelling results reflect single species’ and biodi-
versity’s response to the spatial-temporal landscape
configuration.

Modelling shell

Our modelling shell is based on a grid-based
geographic information system, which divides the
study area (see below) into 63,000 raster cells of
size 12.5 m by 12.5 m. The shell consists of three
modules. In the scenario creation module the propor-
tion of potential habitat patches (i.e. brownfield
proportion) and the age distribution of these patches
(resulting from different paces of abandonment and
redevelopment, i.e. different turnover rates) are set.
The location of potential habitat is assigned ran-
domly. Site age is drawn randomly for every lot from
an exponential distribution with mean value 1/4,
representing a certain average turnover rate.

The modelling module calculates plant and insect
species occurrence for every raster cell in response
to the environmental variables using SDMs (species

distribution models). Since SDMs are static models
which relate species distribution to the present
environment (Guisan and Zimmermann 2000), their
outcome is independent of past states making time
series simulation unnecessary. Succession as well as
landscape turnover change the spatio-temporal land-
scape configuration. However, this altered configura-
tion is identical to that of another replicate simulation
run if the overall ratio of brownfield to built-up sites
and the turnover rate remain constant over time.
Within the evaluation module, modelling results
are rated from the nature conservation perspective.
First, species richness as the total number of occur-
ring plant and insect species in the study area is
calculated. To ignore unviably small populations, a
species must occur on at least 0.1% of the raster cells.
Second, an average rarity value over all brownfield
cells is calculated. To this end, a regional rarity value
ranging from 1 (very common) to 5 (very rare) was
assigned to every species (see Figs. 5, 6) on the basis
of distribution atlases [plants and grasshoppers
(Bundesamt fiir Naturschutz 2004; Hochkirch and
Klugkist 1998)] or, in case of leafthoppers, expert
knowledge (Robert Biedermann). For all species, the
number of occupied cells is multiplied by the species’
rarity value. The result is summed over all species,
divided by the total number of brownfield cells, and
normalised by dividing it by the sum of rarity values
over all species. Third, the response of every single
species to the spatio-temporal configuration is calcu-
lated as the proportion of occupied brownfield cells.

Study area and sampling design

The study area is located in the city of Bremen in
north-west Germany. Sampling plots were restricted
to brownfield sites, consisting of previously devel-
oped land, abandoned railroads, and vacant areas
within industrial and logistics centres. Soil at the
sampling plots comprised mainly of sandy landfills.
Plots were chosen in a random stratified way along
three gradients: site age, site size and soil moisture.
At 133 plots, presence/absence of all vascular plant
species within an area of 16 m?, and of leafhoppers
and grasshoppers within an area of 225 m’ was
sampled. Leafhoppers were recorded by swepnet
sampling and grasshoppers by acoustic monitoring
and visual inspection (Oedipoda caerulescens). At
the plots, soil water budget parameters, soil nutrients
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Table 1 Predictor variables for the species distribution mod-
els, their scale, and aggregation to groups used in Fig. 1

Predictor variables Scale Aggregated
predictor group
Coefficient of Plot Soil
permeability
Air porosity Plot Soil
Field capacity Plot Soil
Plant available water Plot Soil

at field capacity

Plant available water Plot Soil
over the year

Effective cation Plot Soil
exchange capacity

pH (in CaCOs) Plot Soil

Plant available Plot Soil
phosphorus (P)

Plant available Plot Soil
potassium (K)

Calcium carbonate Plot Soil
(CaCO03)

Brick rubble Plot Soil

Site age Plot Site age

Current disturbance Plot Site age

Vegetation structure Plot Vegetation

(PLS regression)

Site age (9 classes) Landscape Landscape context
site age
Vegetation type Landscape Landscape context
(4 classes, regression vegetation type
trees)
Brownfield ratio Landscape Landscape context

brownfield ratio

status (P, K, and cation exchange capacity), pH, and
calcium carbonate content were measured (Table 1).
A detailed description of sampling methods is given
in Schadek et al. (2009) and Strauss and Biedermann
(2006). Site age, as time since initiation of succes-
sion, was derived from a time series of aerial
photographs. All samples were taken in 2003.

To implicitly account for structural connectivity
(the physical arrangement of the landscape) as well as
functional connectivity (i.e. individual species behav-
ioural response to the landscape) (Radford and
Bennett 2004), we included landscape context vari-
ables at different spatial scales into the set of
predictors in the SDMs. Vegetation type around each
plot was mapped and grouped into ‘shrubs and trees’
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and ‘grassy or herbaceous vegetation’ for the insect
models. The latter group was subdivided into sparse
(less than 50% cover) or dense, and low (<~30 cm
in height) or high vegetation. A temporal landscape
context parameter in both plant and insect models
was successional site age, which was divided into
nine classes (0-4, 0-6, 0-8, 0-11, 6-11, 10-20,
15-25, 25-30, and >25 years). All landscape context
variables were calculated within a GIS as the
proportions of each vegetation group and age class,
respectively, within different radii around every plot
(25, 50, 75, 100, and 200 m).

Species distribution models

Most approaches of building SDMs aim to find one
‘best” model (Guisan and Zimmermann 2000). To
overcome the problems arising from variable selec-
tion, and the risk of over-fitting the model (Rushton
et al. 2004), Burnham and Anderson (2002) suggest a
method of multi-model inference. This model aver-
aging approach has successfully been used in ecology
(Gibson et al. 2004). The weights obtained in the
averaging process can be used to assess the relative
importance of the environmental variables (Burnham
and Anderson 2002).

We estimated logistic regression models (GLMs
with logistic link) from species presence/absence data
using the function ‘logistf’ for R (Heinze and Ploner
2004) for all species with a prevalence between 10 and
90%. A detailed description of the model building is
given in the appendix of electronic supplementary
material. Logistic regression models predict occur-
rence probabilities. To distinguish between presence
and absence of a species, we chose the threshold value
which maximises Cohen’s kappa (Fielding and Bell
1997). To evaluate model performance, we used as
measures of discrimination the threshold independent
AUC as well as threshold-dependent Cohen’s kappa,
and CCR (overall correct classification rate); R12\1 was
used as a measure of model calibration (Hosmer and
Lemeshow 2000; Manel et al. 2001).

As an internal validation of each SDM we applied
a bootstrapping procedure since there was no inde-
pendent data set available. The bootstrap method
estimates the optimism of model performance mea-
sures, which arises when these measures are calcu-
lated from the same data set as used for model
building (Harrell 2001). We estimated corrected



Landscape Ecol (2009) 24:929-941

933

values AUC,,, and Ry, for the averaged model of
each species (described in more detail in the appendix
of electronic supplementary material).

Vegetation in the landscape context and vegetation
structure as well as host plants at the plot are
important predictors for insect occurrence (Strauss
and Biedermann 2006). To transfer insect distribution
models from plot to landscape scale, these parameters
must be supplied at the landscape scale. We used
information on plant species occurrence probabilities
provided by the plant distribution models to deter-
mine these vegetation parameters. First, we analysed
the statistical fidelity of every modelled plant species
to the vegetation types (see section sampling design;
Chytry et al. 2002). The occurrence probabilities of
all plant species assigned by the fidelity measure to a
vegetation type were summed up. Classification trees
(Venables and Ripley 1999) were built using these
aggregated variables to predict the vegetation types
on the landscape scale. Second, to account for
vegetation structure and host plants for insects, we
merged plant occurrence probabilities to one or two
new predictors by partial least squares (PLS) regres-
sion (Boulesteix 2004). These new variables were
treated as the other parameters in the insect model
building.

Community models

Species composition models of the plant and insect
communities, respectively, were derived as additive
models based upon the presence/absence predictions
of the single-species models (Ferrier et al. 2002b).
Performance of the community model (i.e. agreement
between observed and predicted communities per
plot) was quantified by Cohen’s kappa, sensitivity
(correctly predicted species presences), specificity
(correctly predicted absences), and CCR (Fielding
and Bell 1997). We used a randomisation test with
10,000 repetitions to calculate performance (Strauss
and Biedermann 2006). The community model was
considered to achieve predictions significantly better
than chance at the plot tested, if <5% of the
randomised trials performed better than the model
prediction.

The relative importance of predictors for the plant
and insect communities was assessed by summing, for
each group of variables (soil, site age or vegetation at
the plot; site age, vegetation type or brownfield ratio

in the landscape context; Table 1), the AIC.-weights
of all models that contained the variable as demon-
strated by Strauss and Biedermann (2006).

Modelling scenarios

Using the modelling shell, brownfield proportion was
varied between 10 and 90% to analyse species
response to available habitat area. The impact of
the pace of brownfield turnover was assessed by
setting mean site age of brownfields to 3, 6, 10, 15,
and 20 years, respectively. The maximum age of a
site was restricted to 50 years, as this was the
maximum value found in the field data set. Soil
properties at the study area could not be spatially
predicted in this study. But as artificial landfills are
the main soil type at the study sites, soil properties do
not vary much between sites. Nutrient and soil water
parameters were assigned to the brownfield sites
according to the estimated most similar sampling
plot. We applied the modelling shell in 45 scenarios
(every combination of brownfield proportion and age
distribution) in 500 replicates per setting to industrial
areas in Bremen with a total area of about 9,850 ha.

Results
Single species models

For 88% of the insect species with prevalence >10%
distribution models could be constructed, whereas
only about 55% of the plant species, which passed the
prevalence threshold, could be modelled. Model
performance according to R%,, ranged from >0.2 to
>0.41, which is good for logistic regression models
(Table 2). Most of the SDMs reached AUC,,, values
exceeding 0.8, some of them exceeded 0.9, which is
regarded as outstanding (Hosmer and Lemeshow
2000).

A lower prevalence resulted in better model perfor-
mance in terms of AUC., and CCR (Spearman’s
p —0.69, —0.71 and —0.51, —0.65 for plants and
insects, respectively), but not in terms of R,
(Spearman’s p < 10.51). However, neither a relation-
ship was found between the local rarity value of
a species (used in the evaluation of the scenarios)
and its prevalence nor with its model performance

(Spearman’s p < 10.5]).
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Table 2 Overview of habitat model performance

Number of Plants  Leafhoppers Grasshoppers
modelled species 38 (60) 36 (41) 7 (8)
(prevalence > 10%):
R
Median 0.28 0.37 0.35
q25 0.23 0.27 0.26
q75 0.38 0.41 0.40
AUCcor
Median 0.82 0.84 0.86
q25 0.78 0.81 0.82
q75 0.87 0.87 0.88
Kappa
Median 0.51 0.58 0.56
q25 0.45 0.50 0.54
q75 0.57 0.64 0.60
CCR
Median 0.85 0.87 0.85
q25 0.76 0.80 0.83
q75 0.89 0.92 0.90

AUC,,, and Ri,mr corrected by bootstrap validation, kappa
Cohen’s kappa, CCR correct classification rate, g 25, g 75 25%
and 75% percentile

Community models

Performance of the community models was of
satisfactory quality (Table 3). Concerning sensitivity,
CCR, and Cohen’s kappa, species composition pre-
dictions were better than chance predictions for the
majority of plots. Due to the rather low prevalence of
several species, chance predictions for specificity (i.e.
correct absences) were high, resulting in low propor-
tions of plots for which the community models
exceeded these high values (only 26 and 47% for
plants and insects, respectively).

Table 3 Overview of community model performance

The most important predictors for the plant
community model were soil parameters, which
accounted for about 50% of the predictor weights
(Fig. 1, grey boxes). At least one predictor of each
plant SDM was a soil parameter. Site age at the plot
and in the landscape context both accounted for about
20% of the predictor weights and were involved in
approx. 80 and 70% of the models, respectively.

As opposed to that, the leafhopper and grasshopper
community was mainly driven by vegetation at the
plot, vegetation type and site age in the landscape
context, which made up about 25% of the predictor
weights and were involved in about 90% of the
species models, each (Fig. 1, white boxes). Site age at
the plot and soil parameters played only a minor role
(about 11 and 15%, respectively), but were involved
in about 60 and 80% of the habitat models.

Landscape modelling scenarios

For each brownfield turnover rate (mean site age of 3,
6, 10, 15, and 20 years, respectively), the variance in
the results over the 500 replicates per setting
decreased with increasing brownfield proportion
(Figs. 2, 3, 4). The higher the proportion of brown-
field area, the smaller was the mean age of brownfield
sites (i.e. the faster the turnover) above which
co-occurrence of all plant species was predicted in
nearly every replicate simulation run (Fig. 2). Insects
reacted similarly, but additionally, at slow turnover
(mean age of 20 years), occurrence of all species
together was predicted only for very large proportions
of brownfield area.

The average plant rarity value over all brownfield
cells increased slightly with increasing brownfield
proportion but remained constant for insects (Fig. 3).
With increasing turnover average plant rarity value

Plant community

Insect community

Sens Spec CCR Kappa Sens Spec CCR Kappa
Median 0.70 0.89 0.84 0.54 0.79 0.90 0.86 0.66
q25 0.57 0.83 0.79 0.40 0.70 0.82 0.81 0.53
q75 0.86 0.93 0.89 0.67 0.85 0.94 0.91 0.72
% sig 63 26 65 72 71 47 89 89

Sens sensitivity, spec specificity, CCR correct classification rate, kappa Cohen’s kappa, g 25, q¢ 75 25% and 75% percentile, % sig
percentage of plots with significantly better than chance species composition predictions
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Fig. 2 Biodiversity of the plant (fop) and insect (bottom) community as the total number of occurring species in the study area. The
upper X-axis gives the mean brownfield age, the lower the brownfield proportion in relation to the whole study area

increased, whereas the insect rarity value decreased. A
linear decrease with decreasing average site age could
be found for plants, while the insect rarity value
reached its maximum at a mean habitat age of 15 years.

Diverse reactions to the spatio-temporal structure
were found on the single-species level (Fig. 4).
Senecio inaequidens, for instance, benefited from
increasing brownfield proportion and its occurrence
decreased with increasing mean site age. As opposed
to this, increasing brownfield proportion had a

negative effect and turnover had no effect on
Cerastium holosteoides. Cicadella viridis showed
no reaction to brownfield area, but a maximum
occurrence at medium mean site ages. For some
species (e.g. Aphrodes makarovi), increasing brown-
field proportion intensified the effect of turnover rate
on the occurrence (causing steeper slopes), while
higher site age itself had a positive impact.

Species can be grouped into those reacting posi-
tively, or reacting negatively to fast site turnover, or
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Fig. 3 Rarity of the plant (fop) and insect (botfom) community, averaged over all brownfield cells. X-axis as in Fig. 2

being indifferent to mean site age (Figs. 5, 6). Some
benefited strongly from fast turnover, their predicted
incidences were highest at a low mean site age
(e.g. S. inaequidens). On the other hand, there was a
group of species with maximum occurrence when
site turnover was low, resulting in many older sites
(A. makarovi). A third group favoured intermediate
turnover rates (e.g. C. viridis or Poa trivialis and
Rumex acetosella). Several species were not or only
marginally influenced by mean site age with constant
occurrences over all scenarios (like Poa pratensis).

Discussion

Cumulated species distribution models to assess
urban biodiversity

Species distribution models are widely used in
conservation biology for a variety of species and
taxa (Ferrier et al. 2002a; Grand et al. 2004; Wintle
et al. 2005). All those applications use predictive
modelling to analyse realised niches or to identify the
spatial location of habitat of single species. An
important contribution from this study is that—within
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the limitations of static statistical modelling—these
models can be used to predict biodiversity for specific
spatio-temporal configurations of habitat. Hence, the
focus lay on the response of species and communities
on the landscape scale, as opposed to predicting the
exact spatial distribution of a single species or a
single patch’s contribution to biodiversity.

Species with very low prevalence, which may be
endangered ones of special conservation interest, had
to be excluded from the analysis as data was insuffi-
cient for model building. Prediction of diversity
indices in response to environmental factors, regard-
less of species identity might seem attractive to
overcome this problem. However, such an approach
neglects the fact that species numbers can stay quite
constant over the course of succession or be equal at
different spatial locations, while the species compo-
sition varies considerably (Strauss and Biedermann
2006). Additionally, in statistical models of species
numbers, important predictors for single species
occurrence like isolation might be excluded from the
model resulting in misleading conclusions for conser-
vation (Bastin and Thomas 1999). This can be tracked
down by the assessment of community composition
with a species-specific modelling technique.
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Our modelling approach assessed the response of a
large set of plant and insect species. The SDMs used
were based on an intensive field survey and con-
structed using advanced multi-model inference tech-
niques and a validation procedure. The model building
approach yielded SDMs which were well transferable
in space and time (Strauss and Biedermann 2007).

Relative importance of abiotic conditions
and spatio-temporal habitat configuration

More than half of the predictor weights of both plant
and insect communities were related to spatio-tem-
poral parameters (site age and landscape context
variables). This indicates the importance of spatial
arrangement and landscape dynamic for species
occurrence as it has been shown in metapopulation
studies (Wilcox et al. 2006; Biedermann 2004) or
vegetation succession experiments (Cook et al. 2005).

The plant community was highly influenced by
successional site age, both at the plot and in the landscape
context. In accordance, Prach and Rehounkova (2006)
showed in a review of studies on vegetation succession
that time since abandonment has nearly always a
significant influence on vegetation pattern. However,
soil properties played a bigger role than landscape
context variables in determining plant species occur-
rences (cf. Godefroid and Koedam 2007). Thus, spatio-
temporal processes (i.e. destruction at one place and
regeneration at another) driving plant biodiversity, are
complemented by the abiotic conditions defining
habitat quality.

The influence of landscape context variables was
much stronger on leafthoppers and grasshoppers than
on the plant community. Their reaction differed from
that of carabid beetles on brownfields, for which only
little response of a few species to these parame-
ters has been found (Small et al. 2006). The insect
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Lolium perenne (1)
Arabidopsis thaliana (1)
Poa compressa (4)
Tripleurospermum perforatum (1)
Trifolium repens (1)
Conyza canadensis (1)
Taraxacum officinale (1)
Senecio inaequidens (5)
Holcus lanatus (1)
Cerastium holosteoides (1)
Poa trivialis (1)

Artemisia vulgaris (1)
Agrostis tenuis (1)

Cirsium arvense (1)
Saxifraga tridactylites (5)
Bromus sterilis (4)

Vulpia myuros (4)

Arenaria serpyllifolia (2)
Poa pratensis (1)

Rumex acetosella (1)
Corynephorus canescens (2)
Deschampsia cespitosa (1)
Dactylis glomerata (1)
Arrhenatherum elatius (1)
Veronica arvensis (1)

Vicia angustifolia (1)

Vicia hirsuta (2)

Achillea millefolium (1)
Festuca rubra (1)

Plantago lanceolata (1)
Cirsium vulgare (1)
Hypericum perforatum (1)
Picris hieracioides (4)
Betula pendula (1)

3 6 10 15 20
mean age [years]

Fig. 5 Occurrence of plant species against mean site age. In
brackets: regional rarity value. Brownfield proportion is fixed
to 0.4. The graphic shows the median proportion of occupied
brownfield cells for each mean site age, standardised by
division by the maximum value per species

community was also driven by the vegetation at the
site (and thus indirectly by soil parameters and site
age). Carabid assemblages on urban brownfields
are strongly influenced by the stage of vegetation
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Macrosteles cristatus (2)
Macrosteles quadripunctulatus (1)
Doratura homophyla (4)
Doratura impudica (4)
Macrosteles ossiannilssoni (1)
Ophiola decumana (4)
Neoaliturus fenestratus (3)
Macrosteles sexnotatus (1)
Psammotettix excisus (5)
Dikraneura variata (3)
Psammotettix nodosus (3)
Psammotettix confinis (1)
Cicadella viridis (1)
Macrosteles laevis (1)
Macropsis prasina (3)
Elymana sulphurella (1)
Arocephalus longiceps (2)
Euscelis incisus (1)
Cicadula quadrinotata (2)
Errastunus ocellaris (1)
Graphocraerus ventralis (2)
Empoasca vitis (1)
Mocuellus collinus (2)
Balclutha punctata (1)
Aphrodes makarovi (1)
Ribautodelphax collina (3)
Zyginidia scutellaris (2)
Athysanus argentarius (3)
Javesella pellucida (1)
Arthaldeus pascuellus (1)
Rhopalopyx vitripennis (1)
Kosswigianella exigua (3)
Jassargus pseudocellaris (2)
Cixius nervosus (1)
Neophilaenus minor (4)
Fagocyba cruenta (1)

Oedipoda caerulescens (5)
Tetrix tenuicornis (5)
Chorthippus mollis (5)
Chorthippus biguttulus (1)
Chorthippus albomarginatus (1)
Myrmeleotettix maculatus (5)
Metrioptera roeseli (4)

3 6 10 15 20
mean age [years]

Fig. 6 Occurrence of insect species against increasing mean
site age. Grouped in leathoppers (top) and grasshoppers; details
and legend as in Fig. 5

succession as well (Small et al. 2003). Strauss and
Biedermann (2006) found comparable weights of the
main driving factors for grasshoppers and leathoppers
when including detailed measures of horizontal and
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vertical vegetation structure and host plant cover in
the SDMs, although vegetation structure measures
made up a greater proportion of the driver weights.
Hence, PLS-dimension reduction seems to be a valid
simplification in this context but contains probably
less information than detailed measures.

Effects of turnover rates and habitat area
on species richness and rarity

On the single-species level, the response to brown-
field turnover rate was very distinct and variable. This
is due to the major role site age plays in determining
species’ response as revealed by the SDMs. Some
species benefited from many young sites (i.e. a fast
turnover, Figs. 5, 6), while others depended on older
sites in the surrounding or at the plot. In terms of
rarity no clear trend could be found on the single-
species level. There were regionally rare plant species
which benefited strongly from fast turnover (e.g. Poa
compressa), but others did not show any preference
(such as Vulpia myuros) or a positive reaction to
many older sites (e.g. Picris hiracioides). For grass-
hoppers results were similar. Only regionally rare
leathoppers seemed to depend on a low mean site
age, with Neophilaenus minor (rarity value 4) being
the only rare species which, though preferring young
and open habitats, benefits from many older sites in
the landscape context. This contrasts the averaged
findings for insect rarity which increased with
decreasing turnover. It is caused by low predicted
occurrences of regionally rare species depending on
fast turnover resulting in many young, open sites (e.g.
Doratura impudica and Oedipoda caerulescens) as
opposed to high predicted incidences of rare species
benefiting from slow turnover (e.g. M. roeseli). This
difference between community and single-species
results and the species dependent reaction to dynam-
ics demonstrates that biodiversity indices alone (such
as species richness) reflect effects on species com-
munities inadequately (Olden et al. 2006) and that
management decisions may depend strongly on
which species is given priority (Bastin and Thomas
1999) if only single species are considered.

In terms of biodiversity and rarity value of the
study area, modelling revealed that a multitude of
different successional stages is necessary to maintain
the conservational value. At proportions of brown-
field area under 50%, sites should undergo succession

for about 10-15 years on average to maintain the
regional species pool, as Muratet et al. (2007)
suggested on the basis of simple estimates. At higher
brownfield proportions, landscape turnover can be
faster because there is a higher chance that some
brownfield lots reach old successional stages. Species
rarity value is relatively unaffected by the proportion
of potential habitat area. Nevertheless, the decreasing
variance of modelling results with increasing brown-
field proportion suggests a lower susceptibility of the
communities to habitat turnover. The opposing trend
in the rarity value (decreasing for insects but
increasing for plants with faster turnover) suggests
an intermediate optimal turnover.

According to the results of our case study we
recommend an intermediate rate of redevelopment
and abandonment (mean age of 10-15 years) and a
brownfield proportion of at least 40% to maintain
most modelled plant, grasshopper, and leathopper
species. The actually mapped proportion of open
space in our study area was 31% with an average
successional site age of about 8 years. Thus, in the
absence of any conservation management within
the area the conditions found are already quite close
to our recommendations. Furthermore, a detailed
study of business areas of six German cities (includ-
ing Bremen) based on the analyses of aerial photo-
graphs over the time series from 1950 to 2004
(Empter 2006) revealed that 34% of all analysed sites
experienced one, 22% two, and 7% even three open
periods over the whole time span. Thus, site turnover
including a period of open space and free succession
can indeed be found in industrial areas.

Conclusions

In landscapes of temporary habitats with succession-
dependent quality, species persistence is controlled by
the dynamics of the landscape and by species dispersal
ability (Wimberly 2006). Conservation management
in such spatio-temporal mosaics of habitat patches has
to find the appropriate habitat turnover rate and the
minimum sufficient amount of habitat, additionally to
factors like habitat connectivity and patch size.

We showed that landscape dynamics, resulting in a
shifting mosaic of habitats of different successional
stages, could support urban biodiversity. This means
to allow for a ‘temporary conservation’ which, in
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contrast to common practice in traditional nature
conservation, generates mosaic cycles and excludes
only some areas from development at a time while
accepting the destruction of habitat at one place for
creation of new habitat at another. This concept
dissolves the conflict between redevelopment of
abandoned sites and conservation interests (Gibson
1998), and accounts for the importance of succes-
sionally young habitats for species diversity (Small
et al. 2003).

The modelling approach used here can be adapted
to other dynamic landscapes in which habitat patches
shift in location, and habitat quality is dependent on
patch age. It provides a tool to evaluate species
response on the landscape scale to the spatio-tempo-
ral arrangement and demonstrates the value of
landscape modelling for practical planning issues.

Acknowledgments This study was conducted as part of the
TEMPO project and was financially supported by the German
Ministry of Education and Research (BMBF, grant
01LMO0210). We thank Cord Peppler-Lisbach for helpful
comments on species fidelity to vegetation types and Ute
Schadek for providing soil and plant composition data.

References

Akcakaya HR, Radeloff VC, Mlandenoff DJ et al (2004)
Integrating landscape and metapopulation modeling
approaches: viability of the sharp-tailed grouse in a
dynamic landscape. Conserv Biol 18(2):526-537

Angold PG, Sadler JP, Hill MO et al (2006) Biodiversity in urban
habitat patches. Sci Total Environ 360(1-3):196-204

Bastin L, Thomas CD (1999) The distribution of plant species in
urban vegetation fragments. Landsc Ecol 14(5):493-507

Biedermann R (2004) Modelling the spatial dynamics and
persistence of the leaf beetle Gonioctena olivacea in
dynamic habitats. Oikos 107(3):645-653

Boulesteix AL (2004) PLS dimension reduction for classifi-
cation with microarray data. Stat Appl Genet Mol Biol
3(1):33

Bundesamt fiir Naturschutz (BfN) (2004) FloraWeb—Daten
und Informationen zu Wildpflanzen und zur Vegetation
Deutschlands (Data and information on the wild plants
and vegetation of Germany). http://www.floraweb.de

Burnham KP, Anderson (2002) Model selection and multimodel
inference: a practical information-theoretic approach, 2nd
edn. Springer, New York

Chytry M, Tichy L, Holt J et al (2002) Determination of
diagnostic species with statistical fidelity measures. ] Veg
Sci 13(1):79-90

Cook WM, Yao J, Foster BL et al (2005) Secondary succession
in an experimentally fragmented landscape: community
patterns across space and time. Ecology 86(5):1267-1279

@ Springer

Corsi F, de Leeuw J, Skimore A (2000) Modeling species
distribution with GIS. In: Boitani L, Fuller TK (eds)
Research techniques in animal ecology. Columbia
University Press, New York, pp 389-434

Empter J (2006) Umnutzungsraten in Industriegebieten und
deren Einfluss auf Brachflachen: Eine luftbildgestiitzte
Erfassung von Nutzungsdnderungen und Moglichkeite
einer Nutzung industriell-gewerblicher Brachflichen im
Rahmen des Stadtnaturschutzes. Diploma thesis, Univer-
sity of Oldenburg, Landscape Ecology Group

Eyre MD, Luff ML, Woodward JC (2003) Beetles (Coleoptera)
on brownfield sites in England: an important conservation
resource? J Insect Conserv 7:223-231

Ferrier S, Drielsma M, Manion G et al (2002a) Extended sta-
tistical approaches to modelling spatial pattern in biodi-
versity in northeast New South Wales. II. Community-level
modelling. Biodivers Conserv 11(12):2309-2338

Ferrier S, Watson G, Pearce J et al (2002b) Extended statistical
approaches to modelling spatial pattern in biodiversity in
northeast New South Wales. 1. Species-level modelling.
Biodivers Conserv 11(12):2275-2307

Fielding AH, Bell JF (1997) A review of methods for the
assessment of prediction errors in conservation presence/
absence models. Environ Conserv 24(1):38—49

Garden J, McAlpine C, Peterson A et al (2006) Review of the
ecology of Australian urban fauna: a focus on spatially
explicit processes. Austral Ecol 31(2):126-148

Gibson CWD (1998) Brownfield: red data. The values artifi-
cial habitats have for uncommon invertebrates. English
Nature Research Report no. 273, English Nature,
Peterborough

Gibson LA, Wilson BA, Cahill DM et al (2004) Spatial pre-
diction of rufous bristlebird habitat in a coastal heathland:
a GIS-based approach. J Appl Ecol 41(2):213-223

Godefroid S, Koedam N (2007) Urban plant species patterns
are highly driven by density and function of built-up
areas. Landsc Ecol 22(8):1227-1239

Grand J, Buonaccorsi J, Cushman SA et al (2004) A multiscale
landscape approach to predicting bird and moth rarity
hotspots, in a threatened pitch pine-scrub oak community.
Conserv Biol 18(4):1063-1077

Guisan A, Thuiller W (2005) Predicting species distribution:
offering more than simple habitat models. Ecol Lett
8(9):993-1009

Guisan A, Zimmermann NE (2000) Predictive habitat dis-
tribution models in ecology. Ecol Model 135(2-3):147-
186

Harrell FEJ (2001) Regression modeling strategies: with appli-
cations to linear models, logistic regression, and survival
analysis. Springer, New York

Heinze G, Ploner M (2004) A SAS macro, S-Plus library and R
package to perform logistic regression without conver-
gence problems. Technical report, Medical University of
Vienna, Department of medical computer sciences, Sec-
tion of clinical biometrics

Hochkirch A, Klugkist H (1998) Die Heuschrecken des Landes
Bremen—ihre Verbreitung, Habitate und ihr Schutz
(Orthoptera: Saltatoria). Abh Naturw Verein Bremen
44(1):3-73

Hosmer D, Lemeshow S (2000) Applied logistic regression,
2nd edn. Wiley, New York


http://www.floraweb.de

Landscape Ecol (2009) 24:929-941

941

Jeltsch F, Moloney KA, Schurr FM et al (2008) The state of
plant population modelling in light of environmental
change. Perspect Plant Ecol Evol Syst 9(3—4):171-189

Keymer JE, Marquet PA, Velasco-Hernandez JX et al (2000)
Extinction thresholds and metapopulation persistence in
dynamic landscapes. Am Nat 156(5):478-494

Kleyer M, Biedermann R, Henle K et al (2007) Mosaic cycles
in agricultural landscapes of Northwest Europe. Basic
Appl Ecol 8(4):295-309

Manel S, Williams HC, Ormerod S (2001) Evaluating pres-
ence-absence models in ecology: the need to account for
prevalence. J Appl Ecol 38:921-931

Muratet A, Machon N, Jiguet F et al (2007) The role of urban
structures in the distribution of wasteland flora in the
Greater Paris Area, France. Ecosystems 10(4):661-671

Olden JD (2003) A species-specific approach to modeling
biological communities and its potential for conservation.
Conserv Biol 17(3):854-863

Olden JD, Joy MK, Death RG (2006) Rediscovering the spe-
cies in community-wide predictive modeling. Ecol Appl
16(4):1449-1460

Peppler-Lisbach C, Schroder B (2004) Predicting the species
composition of Nardus stricta communities by logistic
regression modelling. J Veg Sci 15(5):623-634

Prach K, Rehounkova K (2006) Vegetation succession over
broad geographical scales: which factors determine the
patterns? Preslia 78(4):469—480

Radford JQ, Bennett AF (2004) Thresholds in landscape
parameters: occurrence of the white-browed treecreeper
Climacteris affinis in Victoria, Australia. Biol Conserv
117(4):375-391

Roy M, Pascual M, Levin SA (2004) Competitive coexistence
in a dynamic landscape. Theor Popul Biol 66(4):341-353

Rushton SP, Ormerod SJ, Kerby G (2004) New paradigms for
modelling species distributions? J Appl Ecol 41:193-200

Schadek U, Strauss B, Biedermann R et al (2009) Species
richness, vegetation structure and soil resources of urban
brownfield sites linked to succesional age. Urban Ecosyst
12(2):115-126

Small EC, Sadler JP, Telfer MG (2003) Carabid beetle
assambalges on urban derelict sites in Birmingham, UK.
J Insect Conserv 6:233-246

Small E, Sadler JP, Telfer M (2006) Do landscape factors
affect brownfield carabid assemblages? Sci Total Environ
360(1-3):205-222

Snéll T, Ehrlén J, Rydin H (2005) Colonization-extinction
dynamics of an epiphyte metapopulation in a dynamic
landscape. Ecology 86(1):106-115

Strauss B, Biedermann R (2006) Urban brownfields as tem-
porary habitats: driving forces for the diversity of
phytophagous insects. Ecography 29:928-940

Strauss B, Biedermann R (2007) Evaluating temporal and
spatial generality: how valid are species—habitat relation-
ship models? Ecol Mod 204:104-114

Venables WN, Ripley BD (1999) Modern applied statistics
with S-PLUS, 3rd edn. Springer, New York

Wilcox C, Cairns BJ, Possingham HP (2006) The role of
habitat disturbance and recovery in metapopulation per-
sistence. Ecology 87(4):855-863

Wimberly MC (2006) Species dynamics in disturbed land-
scapes: when does a shifting habitat mosaic enhance
connectivity? Landsc Ecol 21(1):35-46

Wintle BA, Elith J, Potts JM (2005) Fauna habitat modelling
and mapping: a review and case study in the Lower
Hunter Central Coast region of NSW. Austral Ecol
30(7):719-738

Wood BC, Pullin AS (2002) Persistence of species in a frag-
mented urban landscape: the importance of dispersal
ability and habitat availability for grassland butterflies.
Biodivers Conserv 11(8):1451-1468

@ Springer



	Modelling multi-species response to landscape dynamics: mosaic cycles support urban biodiversity
	Abstract
	Introduction
	Methods
	Approach
	Modelling shell
	Study area and sampling design
	Species distribution models
	Community models
	Modelling scenarios

	Results
	Single species models
	Community models
	Landscape modelling scenarios

	Discussion
	Cumulated species distribution models to assess urban biodiversity
	Relative importance of abiotic conditions �and spatio-temporal habitat configuration
	Effects of turnover rates and habitat area �on species richness and rarity

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


