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ABSTRACT. We examined bird diversity in relation to land use and socioeconomic indicatorsin Leipzig,
Germany. We used neighborhood diversity (ND) and bivariate correlation to show that the potential to
experience biodiversity in acity is associated with population density, household income, unemployment,
and urban green space. People living in urban districts with high socioeconomic status experience the
highest species richness around their homes, whereas lower social status increases the chance of living in
species-poor neighborhoods. High-status districts are located along forests, parks, and rivers that have a
high quantity and quality of green space. However, green space in general does not guarantee high bird
diversity. We conclude that bird diversity mirrorsland use and socioeconomic patterns within the compact
European city of Leipzig. Therefore, urban planning should focus on decreasing these patterns and
protecting the remaining species-rich green spaces.
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INTRODUCTION

Urban areas cover only 2.7% of the world surface
(Center for International Earth Science Information
Network 2004) and have been inhabited by the
majority of the human population since 2008
(United Nations 2008). Likewise, they are the most
domesticated landscapes on earth (Kareiva et al.
2007). The process of urbanization, as this
domestication is usually called, generally leads to
an environment that is favorable for humans.
However, it can lead ssimultaneously to a host of
environmental problems, including the loss of
biodiversity (Grimm et al. 2008).

In examining the genera role and extent of the
impact that urbanization has on biodiversity, no
general answer can be found. On a gradient of
intensifying urbanization, i.e., the rural-to-urban
gradient, the number of species of different
taxonomic groups has been shown to peak at
different levels. Breeding bird diversity has been
found to decrease (Clergeau et al. 1998, 2006,
Marzluff 2001) and to be lowest in urban centers
(Blair 1999, Tratalos et al. 2007a). However, urban
structures can provide a wide and heterogeneous
range of habitats, depending on the intensity of
urbanization (DeGraaf et a. 1991). They often
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encapsulate remnants of natural or semi-natural
ecosystems that are lost elsewhere (Haase 2003,
Crane and Kinzig 2005, Millard 2008). The effect
on biodiversity also depends on where urbanization
occurs. Savard et al. (2000) summarize the effect of
urban land conversion on a given landscape as a
function of its original composition: Urbanization
is most likely to decrease biodiversity when the
original landscapeisdiverse.

Urbanization is not a purely physical process that
affects biodiversity. Many authors argue that
socioeconomic patterns such as urban structure,
population density, neighborhood image, or
household income should be taken into account
when studying urban ecosystems (Grove and Burch
1997, Dow 2000, Alberti et al. 2003). Thereisrecent
evidence that biodiversity mirrors socioeconomic
patterns of income, age of development, and
ethnicity within North American cities. Findingsfor
Vancouver, Canada, demonstrate that the number
of native bird species increases in relation to an
Increasing socioeconomic status that was measured
by mean family income and number of people
holding a university degree (Melles 2005). Similar
patterns were found by Hope et a. (2003) and
Kinzig et a. (2005), who identified substantial
neighborhood differences in species richness
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according to the given income status in Phoenix,
Arizona, USA. In both cities, neighborhoods with
higher social status often have higher species
diversity than neighborhoods with lower social
status.

In addition to the abovementioned effects,
urbanization also changes the way humans
experience biodiversity. Turner et al. (2004)
calculated theneighborhood diversity (ND) to study
the species diversity at people’s place of residence.
ND indicates the number of speciesfound within a
certain radius of a home. Turner et al. (2004)
compared thelocal ND and local human population
to the citywide average ND for five cities on three
continents. They found that 53 to 82% of the
population lives in neighborhoods with below-
average ND. They conclude that this might be the
case for most urban human populations. This is
important for two reasons. First, Miller (2005) and
Dunnetal. (2006) arguethat thel ossof experiencing
biodiversity onadaily basis causesan estrangement
from nature, which might explain thelack of broad-
based support for nature conservation in general.
Second, urban green spaces provide important
social, psychological (Chiesura 2004), and health
(Ulrich 1984) benefits that are not only linked to
their quantity, but also their quality (Fuller et al.
2007, Mitchell and Popham 2008). For example,
Baines (2000) argues that bird life in urban parks
enhancestherecreational quality: Peoplewho go to
parks during the day seek a “wildlife garden”
amosphere that differs from their work
neighborhood. In summary, bird diversity is likely
to vary across an urban region, and some of this
variationislikely to becorrel ated with demographic
and socioeconomic characteristics.

Given this experience, our purpose is to analyze
whether thisidea holds true for Leipzig, Germany.
The city of Leipzig isacompact, central European
city that is situated in the former Communist Bloc;
the devel opment of the city and its society has been
very different compared to most North American
cities. We therefore expect different relationships
betweenbirddiversity, |and use, and socioeconomic
patterns. Because we focus on the spatial and social
aspects of potential urban human-nature interactions,
we take the method developed by Turner et al.
(2004) one step further by overlaying patterns of
human populations living in neighborhoods of
bel ow-average ND with land use and socioeconomic
data.
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METHODS
Study area

Leipzig is located in eastern Germany (51°20° N,
12°22' E). The city reached its peak population of
more than 700,000 inhabitants in the early 1930s,
making it the country’s fourth largest city. After
WWII, thecity entereditssocialist period until 1990
and started to lose population. Faced with
tremendous societa transition and the withdrawal
of investment, the city lost approximately 100,000
inhabitants after the fall of the Berlin wall in 1989,
with 530,000 inhabitants in 1989 and 437,000
inhabitantsin 1998.

Leipzig consists of a densely developed core with
administrative and cultural facilities in the city
center. The coreissurrounded by aring of tenement
blocks from the Wilhelminian period (1890-1918;
Fig. 1). A second residential ring is formed around
Leipzig by terraced houses and villas, mainly built
between 1900 and 1940, as well as huge socialist-
era prefabricated multistory housing estates in the
western part of the city. Larger parts of the eastern
and western city are covered by manufacturing and
commercia land use. Many small and intensively
used allotment garden plots are situated along
railway tracks and around the city.

There are mgjor differences in population density
withinthecity area. Thesurrounding ring of terraced
and single houses has alow population density of <
1000 inhabitantskm?. The southern part and the
inner western part of the Wilhelminian block-
structures, namely the municipal districts of
Sldvorstadt, Schleu3ig, Waldstral3enviertel, and
Gohlis, belong to the districts with a population
density close to the city’s average of 4900
inhabitants/km? (Stadt Leipzig 1995). Inhabitants
of higher income groups live in these districts.
Districts with a higher population density include
the simple or medium-quality Wilhelminian
structures of the eastern part of Leipzig such as
Volkmarsdorf and Neustadt-Neuschtnefeld. These
districts suffer from high vacancy accompanied by
declining economic activity. In addition, the low
quality of public spaces in some of these areas
overlaps with social problems and increases the
perception of anegative image (Haase et al. 2004).
Districts with mainly socialist-era prefabricated
multistory housing estates such as Grunau in the
outer west had a population density of up to 18,000
inhabitants/km? in 1993. They also suffer from a
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Fig. 1. Land-use classification of the study area of Leipzig, Germany, based on amap published in

Haase and Nuissl (2007).

\

1  Gohlis
2 Grinau

2 | Municipal district boundary

3 Meustadt-MNeuschénefeld

. Land-use

Il City centre

Bl Tenement blocks

W Terraced houses

B Single and semi-detached h.
Hl villas

Prefabricated multi-storey
housing estate

Ml Urban village centre
B Industry and trade
Hl Failway
N Major roads
Flay- and recreation areas

I Parks

Allotments
Il Cementeries
4 Schleufig Arable land
5 Sidvorstadt N Grassland
& “olkmarsdorf Bl Forest
7

Waldstraltenviertel [l Lakes, rivers and channels

negative image because of the low housing quality
and the perception that the inhabitants of such high-
density districts often belong to lower income and
socialy deprived groups (Kabisch et a. 2005).
These municipal districts areindicated in Fig. 1.

Despite being compact, Leipzig contains a large
guantity of green spaces. There are several large
parks. The floodplains of the rivers Weil3e Elster
and Pleil%e are covered by old riparian forests

belonging to the association Querco-Ulmetum
minorislssler 1924 (Muller 1995) and meadowsthat
make up approximately 6.3 and 4.1%, respectively,
of thecity. Leipzig holdsone of thelargest and most
diverse urban floodplains of Europe (Haase 2003).
The floodplain separates the city into western and
eastern parts. The soilsinthefloodplainsare mostly
loamy Fluvisols, but the major part of the city is
covered by Pleistocene sediment-based Luvisols.
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Intotal, 109 breeding bird specieswerefoundwithin
the city borders of Leipzig. This diversity is
significant; the number of bird speciesin the entire
Federal State of Saxony is 180 (Stefens et al. 1998)
and in Germany is 314 (VOlkl et al. 2004). Turdus
merula (blackbird), Parus major (great tit) and
Passer domesticus (house sparrow) havethelargest
ranges, occupying 93, 84, and 83% of the city,
respectively. Diverse areas with rare species such
as Dendrocopos medius (middle spotted woodpecker)
are located along the floodplain, indicating the
ecological value of the meadow forests. Only afew
species are found in the densely built-up areas and
intensively used rural agricultura surroundings.
Only afew species are non-native, but those can be
considered naturalized, e.g., Streptopelia decaocto
(Eurasian collared dove).

Indicators

We used three sets of indicators: breeding bird
diversity, land use, and socioeconomic indicators.
Weused breeding birdsbecausethey areavery well-
studied taxonomic group, providing good data
availability. Furthermore, urban bird communities
can beindependent of bird communitiesintherural
surroundings at local and regional scales (Clergeau
et a. 2001) and have been used to evaluate the
ecological quality of urban green space (Sandtrom
et a. 2006). Most importantly, birds are probably
the most visible and audible taxonomic group for
humans in cities. Land use is an indicator that
contains information on both habitat quality and
residential quality. For socioeconomic indicators,
we used variables similar to Hope et a. (2003),
Turner etal. (2004), Kinziget a. (2005), and Melles
(2005); we used population density and total
number of companies, representing economic
density, asindicatorsof land-useintensity. We used
income level and unemployment as indicators of
socioeconomic status. Finally, average household
size and mean age were used to identify social

segregation.

Data

The breeding bird survey of the region of Leipzig
was carried out between 1991 and 1993 on a 500 x
500 m sampling raster. In each year, theraster cells
were surveyed by volunteer ornithologists at least
five times between February and July. Only
breeding species were mapped. If a species was
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found breeding in at least one of the three years, it
was marked as present in the respective raster cell
of the species atlas (STUFA 1995). The map of
Leipzig’' sland-usestructurewascompiled by Haase
and Nuissl (2007) for 1997 (Fig. 1), which is
considered close enough to the survey period of the
breeding birds. The information about socioeconomic
patterns at the municipal district level (n = 49) was
mainly taken from local census data. Data for
population density, average household size, mean
age, and number of compani es per square-kilometer
were available for 1994. Data for residential
vacancy are from 1995 and those for
unemployment rate are from 1996 (Stadt Leipzig
1995, 1997). For theincomeindicator, therewas no
information from 1994, 1995, or 1996; data were
thus taken from the closest available year: 2003
(Stadt Leipzig 2004). We used the share of
households with income < 1000 € and the share of
househol ds with income > 3000 €, which were the
most detailed indicators available. Although
absolutelevelsof incomehave changed, therel ative
gpatial differences are expected to be quite stable.
See Tables 1 and 2 for lists of al variables used.

Analysis

The spatial data analysis was carried out using
ArcGIS version 9.2, with the extensions Spatial
Analyst 9.2, ET GeoWizards 9.6.1, and Paich
Anayst 0.9.4. The statistical software R 2.7.1 was
used for statistical analysis and visualization.

Soatial Analysis

In afirst step, each bird survey raster cell with its
centroid within the city area was selected and
assigned to the municipal district that covered the
majority of its area. The angular appearance of the
districts is a result of that assignment (Figs. 2 and
3). In asecond step, the raster of the breeding bird
survey wasintersected with the urban land-use map
of Leipzig. Wethen calculated the rel ative cover of
the single land-use classes for each raster cell and
for each municipal district. Knowing the housing
area and population of the municipal districts, we
interpol ated the human popul ation of each raster cell
using the housing area as a proxy.

We calculated the neighborhood diversity (ND) as
a measure of how much bird diversity residents
could experience on a daily basis within a certain
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Table 1. Spearman rank correlation between land use and the percentage of human
population in neighborhoods with below-average neighborhood bird diversity at the

municipal district level.

Land use

Correlation (rho)

Urban village center

Terraced houses

Prefabricated multistory housing estate
Single and semi-detached houses
Tenement blocks

Villas

City center

Industry and trade

Railway

Major roads

Sports and recreation areas
Parks

Allotments

Cemeteries

Arableland

Grassland

Forest

Rivers and channels

Lakes

-0.16
-0.16
0.24°
-0.02
0.20
-0.25°
0.23
0.08
0.35*
0.13
-0.07
-0.14
-0.09
0.15
-0.03
—0.42%*
—-0.65***
-0.66***
—-0.51***

°p<0.1,*p<0.05 **p<0.01, ***p < 0.001.

radius around their home. ND indicates the number
of species found within a survey cell and its
respective neighbors (nine cdlls in total), which
translatesto aradius of 5001000 m. ND represents
the number of species found within that radius for
ahomewithinasurvey raster cell. Thisaccountsfor
government recommendationson theavailability of
natural green space in the proximity of homes in
Germany (500 m; Hutter et al. 2004) and England

(300 m; Handley et a. 2003). There are no federal
recommendations in the United States, but some
communitieshavetheir own guidelines. Comparing
the guidelines of several cities, Harnik and Simms
(2004) found that the maximum allowabl e distance
from a park was 890 m on average.

To visualize the relationship between population
density and species diversity, we used the two
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Table 2. Spearman rank correlation between socioeconomic indicators and the
percentage of human population in neighborhoods with bel ow-average neighborhood
bird diversity at the municipal district level.

Socioeconomic parameter

Correlation (rho)

Population density (inhabitants/km?2, 1994)
Average household size (1994)

Mean age (1994)

Companies (number/kmz, 1994)
Residential vacancy (1995)

Unemployment (% of employable population, 1996)
Share of households with income < 1000 € (2003)
Share of population with income > 3000 € (2003)

0.44**
-0.03
-0.02

0.47***
0
0.25*
0.36*
-0.31*

°p< 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

parameters of population and species diversity in
one map (Fig. 2). We applied red-grey-blue color
coding in which the red channel represents the
human population and the blue channel the species
diversity. The cell appears red if the human
population is high and species diversity is low. In
the opposite case, the cell appears blue. The cells
areblack inthecasethat both population and species
numbers are low. Cells appear white if the
population and species diversity are high. All other
combinations are represented by shades of gray.
This method was adopted from Turner et al. (2004)
and implemented with the R 2.71 package
Maptools.

Finally, we computed the percentage of human
population in neighborhoods with below-average
diversity, following Turner et al. (2004). This was
done by summing the population of all raster cells
with below-average diversity within a certain area
and dividing it by the total population of that area.
Theresultisan aggregated valuefor each municipal
district and one for the whole city.

Satistics

A bivariate correlation analysis was conducted to
find overlaying patterns at the municipal district

level. We correlated the percentage of population
living with bel ow-average ND with all land-use and
socioeconomic variables. Spearman’s rho was
selected as ameasure of correlation because not al
variables were normally distributed.

RESULTS

Thehighest ND is73, thelowest is12, and themean
is 47. Areas with high ND and low population
density (Fig. 2, blue) are located along the
floodplain and the northeast and southeast of
Leipzig. The densely populated areas with low ND
(Fig. 2, red) are mainly located in the west and in
some eastern parts of the city. There is little co-
occurrence of high population density and ND (Fig.
2, white).

In 1994, > 66% of the population of Leipzig lived
in  neighborhoods with below-average bird
diversity. The percentage of the population living
with below-average ND ranges from 0 to 100% for
the municipal districts, indicating great differences
among them (Fig. 3).

Districtswith ahigh percentage of populationliving
with below-average ND are situated in the eastern
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Fig. 2. The distribution of human population and breeding bird diversity in Leipzig, Germany. ND =

neighborhood bird diversity.
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low MO
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mean population density,
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part of the city, i.e, the low-image districts of
Volkmarsdorf and Neustadt-Neuschonefeld, aswell
as in the prefabricated housing areas of Grinau
Situated in the west of Leipzig. Areas with a low
percentage of population living with below-average
ND are located along the floodplains and at the
fringe of Leipzig.

We examined the Spearman rank correlation
between land use and the percentage of human

population in neighborhoods with below-average
ND (Table 1). There were negative correlations for
land use in either natural or semi-natural habitats
such as grassland (—0.42), forest (—0.65), river and
channels (—0.66) and lakes (—0.51). There was a
weak negative correlation for the residential land-
use type of villas (-0.25). A positive but weak
relationship emerged for the land-use types of
railway (0.35) and prefabricated multistory housing
estates (0.24). Other building types, parks, sports


http://www.ecologyandsociety.org/vol14/iss2/art31/

Ecology and Society 14(2): 31
http://www.ecol ogyandsociety.org/vol 14/iss2/art31/

Fig. 3. The percentage of human population in neighborhoods with below-average bird diversity at the

municipal district level.
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and recreation areas, allotments and cemeteries,
industry and trade, major roads, and arableland did
not show any significant correlations.

We aso examined the Spearman rank correlation
between socioeconomic data and the percentage of
human population in neighborhoods with below-
average ND (Table 2). The two indicators of land-
useintensity, i.e., population density and number of
companies per square-kilometer, were positively

correlated with neighborhoods with below-average
ND (0.44 and 0.47, respectively). Unemployment
and the share of households with income < 1000 €
also showed a weak positive correlation (0.25 and
0.36, respectively). Therewasanegativecorrelation
with the share of households with income > 3000 €
(-0.31), whereas there was no significant
correlation with average household size or mean

age.
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In addition to the percentage of human population
in neighborhoods with bel ow-average neighborhood
diversity, we aso analyzed the Shannon diversity
index, a common diversity index that does not
require athreshold definition and is not focused on
the potential to experience diversity. The results
were similar to those above (Appendix 1).

DISCUSSION

The percentage of the population of Leipzig living
with below-average ND is similar to that in other
cities (Turner et al. 2004; Table 3). On a more
detailed scale, we found that this measure differs
strongly across Leipzig (Fig. 3), with high
percentages of the population living with below-
averageND ineasterndistricts, andlow percentages
along thefloodplain and thefringe. We discusshow
thisrelates to land use and socioeconomic patterns.
Many relationshipsthat have been found el sewhere
werealsodemonstratedin Leipzig. Inparticular, the
similarity to North American cities was surprising
becausetherearegreat differencesinlifestyle, urban
density, and housing types. Thefact that areas with
high and low ND appeared both in the city and on
its fringe shows that a simple rural-urban gradient
does not apply to Leipzig, asit does in the case of
Quebec, Canada; Rennes, France (Clergeau et al.
1998); and California, USA (Blair 1999).

Land use

Looking at underlying patternsof land use, thereare
clear correlations between a low percentage of
people living in below-average ND and natural or
semi-natural land-usetypes: forest, grassland, rivers
and channels, and lakes. These land-use types were
previously shown to be correlated with species
richness (Clergeau et a. 1998, Melles et a. 2003,
Blair 2004, MacGregor-Fors 2008). Railway areas,
which are abundant throughout the city, do not
enrich ND. Two housing types had weak
correlations: residents of prefabricated multistory
housing estatesaremorelikely to experience bel ow-
average ND than are residents of villas. Villas are
usually situated in districts such as Studvorstadt or
Gohlis. They have a much higher quantity and
higher quality of urban green. Thisis because most
buildingsandrelated housegardens, street trees, and
neighborhood green structures date back more than
50 years. Additionally, they are located close to
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major park areas of the floodplains. In contrast,
prefabricated housing estates were mainly built in
the 1970s and 1980s; correspondingly, urban green
in such districts is mostly very young and
intensively maintained. These results are supported
by Gutte and Goldberg (1986), who compared plant
speciesrichness of different parts of Leipzig. They
found a much lower number of species for a
prefabricated housing estate neighborhood (139
species) than for avilla quarter (212 species).

Surprisingly, there were no significant correlations
between diversity and the presence of sports and
recreation areas, parks, and alotments. This
indicates that urban green is no guarantee for high
bird diversity. Thisis supported by a study of bird
diversity in alotments in Leipzig, which showed
that alotments are structurally homogeneous
throughout the city and only host common
synanthropic species (Mller 2007).

Socioeconomic indicators

The results derived from socioeconomic data
confirm some of the abovementioned findingsfrom
other studies and allow additional conclusions.
Densely populated areas had low bird diversity,
which supports findings by Tratalos et al. (2007a)
for the United Kingdom and by Turner et al. (2004)
for citiesin North America, Europe, and Japan. In
addition, Hadidian et a. (1997) found the lowest
total estimated speciesrichnessincommercial areas
within Washington, D.C.

Households of higher income groups tend to live
within neighborhoods that exhibit higher bird
diversity such as the Wilhelminian period districts
in the western and southern parts of the city. By
comparison, municipal districtswith ahigh share of
low-income households and a high percentage of
unemployment more often show a high percentage
of population living with below-averageND. These
findings are in accordance with those of Melles
(2005), who found that wealthier neighborhoodsin
Vancouver, Canada, have more native species.
Hope et al. (2003) reports similar results for plant
genera, and Kinzig et al. (2005) for birds and plants
in Phoenix, Arizona, USA. The income effect, or
“luxury effect” (Hope et a. 2003), is most likely a
combination of housing choice and design. The
wealthiest municipal districtsinLeipzig, i.e., Gohlis
and Waldstraenviertel, arelocated along the forests
and parks of the floodplain. They have a higher
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Table 3. The percentage of human population in neighborhoods with below-average

neighborhood bird diversity (ND).

City

Human population in neighborhoods with
below-average ND (%)

Western Berlin, Germanyt
Eastern Berlin, Germanyt
Chiba City, Japant
Florence, Italyt

Tucson, Arizona, USAT
Washington, D.C., USAt

Leipzig, Germany

82
65
53
77
71
56
66

tValues from Turner et a. (2004).

quality of green, with more, older greenery and
gardenscomparedtotherather low-incomedistricts
in the eastern part of Leipzig such asVolkmarsdorf
and Neustadt-Neuschonefeld or districts with
prefabricated housing estates (Griinau). MacGregor-
Fors (2008) also showed significant positive
correlations between bird speciesrichnessand ol der
garden trees. Grove and Burch (1997), Pauleit et al.
(2005), and Tratalos et al. (2007b) found more
gardens and higher tree and shrub cover in areas
with higher socioeconomic status. In the case of
Indianapolis, Indiana, USA, Heynen (2003)
provided evidence for the unequal distribution of
urbantreesinrelationtoincome: theupper tomiddle
class are favored, whereas the lower class is
environmentally disadvantaged. In the case of
Leipzig, it appears that a lower social status
increases the chance of living in a neighborhood
with below-average ND.

The potential to experience natureonaregular basis
is not only determined by social status. A person’s
lifestyle also plays an important role. Generally
speaking, not all inhabitants of a city are restricted
to only using natural green space within aradius of
300 to 900 m around the home, a distance that
governments and municipalities recommend
(Handley et a. 2003, Harnik and Simms 2004,
Hutter et a. 2004). However, financial well-being

increases lifestyle choices and mobility in general,
whereaspoverty decreasesboth (Kinziget al. 2005).
Additionally, children are much less mobile than
adults, but the availability of green spaceisof great
importance for them while growing up (Heuser
2007) because attitudes toward nature conservation
are ofteninfluenced by childhood experiences(e.g.,
Chawla 1998).

It might be disputed whether something as complex
and subjective as the possibility of experiencing
nature can be measured. We used the average ND
as a threshold. Turner et a. (2004) call ND a
conservative baseline, but it is obviously very case
sensitive. Comparing the cities studied by Turner et
a. (2004), only Florence has a higher average ND
(50 species) than Leipzig (47 species). Berlin, acity
located very closeto Leipzig, hasan average ND of
approximately 23 species. This means that species-
poor neighborhoods in Leipzig could be species-
rich neighborhoods in Berlin. However, different
ecosystems that are equally natural can have very
different numbers of species; this explains the
highest average ND for Florence, which is located
in the species-rich Mediterranean. In addition, van
Kamp et a. (2003:11) examined the literature on
environmental quality and human well-being and
conclude that the “judgment about environmental
quality isaways restricted to a geographical area.”
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However, they al so state that the definition of living
area is very subjective and dependent on lifestyle
and mobility. Hence, people in municipal districts
withlow ND might not actually feel deprivedif they
are immobile. In any case, a local definition of
diversity is necessary, and a direct comparison to
average ND from different citiesis problematic.

CONCLUSIONS

Even though Leipzig is a densely built, centra
European city, the experience of high ND and little
domesticated nature is possible. However, the
neighborhood diversity indicator showed that there
are patterns of inequality. To make nature
experiences possible for al residents and to avoid
and minimize “environmental injustice” (Low and
Gleeson 1998 cited in Heynen 2003), more effort
should be made in urban planning to enhance
biodiversity, especialy in economically poorer
areas. These areas often have little and low-quality
green space, and most inhabitantslikely have fewer
resourcestospendontravel. ND isthereforeauseful
indicator for finding areas most in need of
enhancement.

In the case of Leipzig, changesin land use caused
by urban decline, recent renewal, and restructuring
offer the chance to create new habitats and enhance
the quality of life of many people by developing
green spaces in districts where they were formerly
lacking (Stadt Leipzig 2007). Approximately 5-7%
of the city iswasteland, holding great potential for
the development of green space. However, to gain
acceptance fromlocal residents, it would haveto be
carefully designed (Mathey and Rink 2010). The
effectiveness of specific measures already taken in
Leipzig isyet to be shown. Great effort should also
be placed on preserving existing natural green
spaces from devel opment.

These efforts are far altruistic if one considers the
benefitsthat humans receive from green spaces, for
example, climate mitigation, attractive scenery, and
health benefits (Ulrich 1984). Recently, Mitchell
and Popham (2008) showed that exposure to high-
quality green space can actualy mitigate
socioeconomically induced heath inequalities.
Additionally, people are more likely to take action
to conserve biodiversity if they have direct contact
withnature. Thebenefitsand the potential tointeract
should be available for all residents.
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Appendix 1. A correlation analysis between the Shannon Diversity Index and land use as well as
socioeconomic parameters for Leipzig, Germany.

Please click here to download file ‘ appendix1.pdf’.
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