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Abstract Profile

Nowadays, anthropogenic landscape fragmentation and land-use change are
recognized as major driving forces for the ongoing worldwide loss of biodiversity.
Though nature conservation areas, such as Austria’s national parks, serve as retreat
habitats for a broad range of biota, they are embedded in a complex of landscapes
where diverse conflicts of interests meet, for instance tourism, agriculture and nature
conservation. As a first step to improving the multifunctional quality of landscapes

in terms of connectivity and flows of energy, material and information across the
boundaries of protected zones, the status quo of such landscape mosaics has to

be evaluated. The main aim of this study was to test if protected areas generally
supply a higher share of environment-related ecosystem services than the surround-
ing landscape. We also investigated to which extent the structural composition

and configuration of landscape sections reflects their volume of ecosystem service
provision. We selected our study sites within the Austrian-Hungarian transnational
study region around Lake Neusiedl and developed a methodological framework

for assessing and mapping ecosystem services based on expert knowledge, spatial
information and field data. The crucial linkage between landscape structure and its
contribution for sustaining distinct ecological key functions was investigated through
comprehensive use of landscape metrics, habitat and connectivity mapping. We were
able to verify that levels of ecosystem service provision as well as the share and func-
tion of ecologically viable landscape elements were higher within the national park
and that a statistical correlation between the aforementioned assessments exists.
The outcomes of this study may support local stakeholders with valuable information
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on the service provision capacity and functional state inside and outside protected
landscapes and illustrate hot and cold spots of network patterns. This in turn will
allow the development of well-focused and efficient planning measures to strengthen
ecosystematic functioning in terms of sustainable landscape development vis-a-vis

society.

Introduction

In recent decades the demand for natural resources
has grown considerably due to exponential econom-
ic growth, resulting in an enormous pressure on the
earth’s ecosystems. As a consequence, our society is
faced with various negative impacts on the environ-
ment, such as habitat loss, fragmentation and degrada-
tion, climate change, biological invasions, overexploi-
tation and pollution at global, national and regional
level. European cultural landscapes in particular are
characterized by a high level of anthropogenic frag-
mentation and habitat loss which are known major
reasons for the decline of biodiversity in industrialized
countries and also have a negative influence on ecosys-
tem service provision (Walz & Syrbe 2013). Old cul-
tural landscapes, on the other hand, which have been
shaped and used for centuries, like the region around
Lake Neusiedl, are composed of a mosaic of differ-
ent habitat types reflected in a highly diverse landscape
structure. Based on these geometrical aspects, which

can also be regarded as frogen processes (Wrbka et al.
2004), the crucial relationship between structural pat-
terns and functional indicators in landscapes has been
stressed repeatedly (Forman 1995; Turner et al. 2001;
Moser et al. 2002; Blaschke 2006; Walz 2011). Such
multifunctional landscapes not only share a rather high
potential for biodiversity and ecosystem functioning
but are also beneficial for society (Otte et al. 2007). The
concept of ecosystem services is said to have great
potential for adding value to current conservation ap-
proaches, in particular for local and regional planning
(Maes et al. 2012; Chan et al. 2006; Daily & Matson,
2008; Nelson et al. 2009; Egoh et al. 2009). However,
this potential remains poorly explored across Europe
(Haslett et al. 2010; Harrison et al. 2010). Therefore
we have investigated the relation of two promising op-
tions to provide a knowledge basis to meet the needs
of sustainable landscape development and conserva-
tion management inside and outside protected areas.
While Kuttner et al. 2013 introduced an assessment of
structural landscape functionality that has been devel-
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Figure 1 — Location of the study area within the cross-border region of Austria and Hungary.

oped to provide a comprehensive overview of loca-
tion and quality of ecologically valuable landscape ele-
ments and networks, Hermann et al. (2014) created a
flexible approach for mapping and spatio-thematic ag-
gregation of various ecosystem services (ESS). Both
assessments were conducted on the same sample plots
throughout the transnational study region around
Lake Neusiedl.

The main aim of our study was to find out if eco-
system service provision differs significantly, depend-
ing on status and category of protection, with a special
focus on Lake Neusiedl / Fert6 Hansag National Park
(NP). As stated by Syrbe & Walz (2012), structural
configuration and land-use regimes have a strong in-
fluence on several ecological key processes which have
been quantified by ESS evaluation. We also tested if
a statistical relation existed between the results of
the former studies and identified hot and cold spots
of ESS supply, which we subdivided into the main
groups of Provision, Habitat and Regulation services. We
tested the strength and quality of coherence between
them and the outcomes of the structural assessment
on landscape functionality. Innovative conservation
assessment and planning may benefit from this ap-
proach because it allows for an integrative evaluation
of conservation areas and their contribution to human
wellbeing (Chan et al. 2006; Egoh et al. 2008).

Study region

The investigation area of approx. 2015 km? is lo-
cated on both sides of the border between Hungary
and Austria (see Figure 1). Therein the cross-border
Lake Neusiedl/ Ferto-Hansag NP, founded in 1993,
covers an atea of around 90 km? in Austria and
230 km? in Hungary. At 114 m, Austria’s lowest eleva-
tion (47°44.1° N, 16°51.8’ E) is situated in the centre
of the study area near the village of Apetlon.

The predominant climate is Pannonian, with an-
nual precipitation rates around 600—800 mm and an

annual mean temperature of >9 °C (ZAMG 2002).
The continental lake basin between the Alps and the
Carpathians is a north-western overhang of the Small
Pannonian Plain at the foothills of the Leithagebirge
and the Ruster Higelland.

Lake Neusiedl and a series of small satellite lakes
on the eastern part, the Seewinkel area, constitute
the westernmost alkali lakes in Europe and the semi-
natural zone around them still forms Europe’s second
largest reed wetland vegetation, which is one of the
most important bird sanctuaries in Central Europe,
both for breeding and migratory birds. Beyond the
wetlands the area includes extremely rich habitats, pre-
senting a transition zone between the mountain ranges
and the lowlands of the Pannonian Basin. From the
unique dry alkaline steppe up to the closed deciduous
forests, a series of different vegetation types tresults
in a high level of landscape diversity, also promoting
biodiversity as such. Due to the biocultural richness
of the region, a series of other nationally and inter-
nationally protected areas, such as species manage-
ment areas (IUCN Cat. IV) and protected landscapes
(IUCN Cat. V) (Dudley 2008), Natura 2000 sites and a
transnational biosphere reserve that covers the entire
surface area of the lake have been created here. While
these sites largely overlap the outer zones of the NP,
they add support to sustainable landscape manage-
ment strategies inside the park. In contrast, the rather
dispersed Natura 2000 network ensures target-orient-
ed protection of single species, e.g. the Great Bustard
(Otis tarda), and their required core habitats beyond
the NP boundaries. Further, the entire Lake Neusiedl
plus its adjacent reedbelt, covering a total area of over
440 km?, have been added to the list of internationally
important wetland ecosystems by the RAMSAR con-
vention in 1983. Finally, the Fert6-Lake Neusiedl re-
gion was designated a UNESCO World Heritage Site
in 2001 to foster the preservation of the traditional
cultural landscape and to support sustainable regional
development.
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Figure 2 — Overview of the entire study region, including the division into LLI'Ts and location of local sample sites. Lake basin and
Marshlands are highlighted on the map and cover the area of the NP.

Methods

Landscape division and local site sampling
procedure

In order to reach statistically neat results that could
be scaled up and compared, we developed a com-
mon spatial reference framework, including a nested
sampling design for the selection of test sites, which
followed several stratifications. As a prerequisite, the
region was subdivided into seven Land Form Types
(LFTs) (Konkoly-Gyuré et al. 2010). These LFTs
are expressed by geomorphological peculiarities that
form the characteristic shapes of the target region and
result in greatly varying land-use strategies: Lake ba-
sin, Marshlands, River floodplains, Low lying terrace,
Elevated terrace, Hilly area and hill range, LLow and
middle-range mountains. Within each LFT, we ran-
domly selected six 2 x 2 km? sample sites by applying
a predefined set of exclusion criteria, including inac-
cessibility of NP core zones or minimum distance to
adjacent villages. The final set consisted of a balanced
proportion of sites located inside or outside protected

areas (Figure 2).

Assessment of structural landscape functionality

We delineated single landscape elements across
all sample sites through object-based image analy-
sis of the latest available orthophotos and manually
corrected spatial misclassifications afterwards by on-
screen digitizing. Then we applied a key for visual land
cover interpretation, where the CORINE land cover
interpretation system served as thematic basis to iden-
tify 65 different land cover classes. The resulting land
cover maps were used for landscape structure analy-
sis, where we first calculated a comprehensive set of

46 landscape metrics at class level using Fragstats 3.3
(McGarigal et al. 2002) and computationally reduced
them to 21 by sorting out all highly correlated metrics
after conducting a rank-based correlation analysis in R
2.7.1 (R Development Core Team 2008). Then we per-
formed a Principal Component Analysis to detect the
metrics that emerged as most important in describing
variance throughout the input dataset. We then com-
pared these outcomes with other recent literature and
reduced the final set of metrics to 13. This core set
of indices is subdivided into AREA (mean patch area;
largest patch; total class area), SHAPE (area-weighted
mean shape; landscape shape index; mean fractality),
CONNECTIVITY (mean proximity; connectance;
contiguity), ISOLATION (patch density; Fuclidean
nearest neighbour; aggregation index) and CORE
(mean core area). For a differentiated assessment of
the landscape’s ecological state based on its underly-
ing structural features, we sectioned the different
land cover classes into six discrete functional groups
(connecting corridors, dissecting corridors, valuable
matrix, disturbed matrix, artificial matrix, stepping
stones) and set up a classification scheme where posi-
tive or negative relations between the selected metrics
and each functional group were assigned in terms of
quantifying structural landscape functionality. In case
of ambiguous or negligible relations, we excluded
the relevant metrics from subsequent group calcula-
tions. In order to reach one final functionality value
per sample site, we transformed and rescaled metric
values per group, with a range of 0—100 for positively
correlated or 100—0 for negatively correlated metrics,
and summarized their outcomes per site. Further, to
detect most valuable Green Infrastructure (GI) ele-
ments and ecologically valuable network structures,
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Figure 3 — Combined landscape functionality maps for each 1ET, visnalizing GI networks and results cost surface modeling

approach.

we performed a morphological spatial pattern analysis
plus additional cost surface mapping for a predefined
virtual species group we called specialists, which would
requite less or non-disturbed parts of the landscape as
their living space. At this, we set up a series of seven
way points located at a standardized distance (=1 km)
from the centroid point of the largest GI element
per sample plot and simulated least cost path walks
to each point. The parameterization quantifying ac-
cessibility of the various landuse types to cross have
been specifically suited to our target species group and
consequently one final least cost path value per plot
has been generated by calculating the mean out of the
seven single walks. For further details on the previ-
ously described technical part of this study, please also
refer to Kuttner et al. (2013).

Evaluation of ecosystem services

We also assessed and mapped 14 ESS within the
aforementioned spatial reference framework for each
sample site of the single LI'Ts. The ESS were grouped
into three main service categories: Regulation (lo-
cal climate regulation, disturbance prevention, water
regulation, water supply, soil retention, soil formation,
nutrient regulation, pollination), Habitat (sanctuary,
nursery) and Provision (wild plants and game, raw ma-
terials, genetic resources, medicinal resources) (mainly
adapted from de Groot 2006). To distinguish different
service providing units, we used the Broader Habitat
Type (BHT) classification system (Bunce et al. 2008,
2011). BHTSs were linked to their capacities for pro-
viding vatious ESS by an expert-based classification
system, on a scale of 0 to 5, with the highest value
denoting the closest general relation between the BHT
and its related service. This so-called Broader Habitat

Approach (Hermann et al. 2014) is based on a capacity
matrix, with values altered by semi-quantitative field
data (qualifiers). These qualifiers describe #n-situ chat-
acteristics of single service providing units (landscape
clements) with regard to their structural peculiarities,
management practices and disturbance regimes. We
then aggregated the service data into the main service
categories and extrapolated them to gain statistically
comparable results between the LFTs and protected
and unprotected areas.

Interrelation of the assessments and comparison
between areas of different protection status

In order to test if the outcomes of the two divet-
gent assessments were pointing in the same direction,
we conducted various univariate and multivariate line-
ar regression analyses to identify both single and main
ecosystem services that are correlated with structural
landscape functionality and the share of green infra-
structure networks.

In a separate step we tested if protected landscapes
could be distinguished from non-protected areas in
terms of service provision by applying a series of
One-way Analysis of Variance (ANOVA) tests.

Results

Results of the structural functionality assessment

The combined outcomes of the structural land-
scape functionality assessment are represented in
Figure 3, including sample GI maps for each LFT.
Ecologically most valuable GI netwotks and corre-
sponding functionality rating, which would serve as
potential habitats and migration cortidors for the vit-
tual specialist species group, ate marked. In the back-



ground, outcomes of the cost surface modelling ap-
proach are outlined, ranging from areas that are easy
to cross (brown) to barriers (blue).

Results of the coparison of ESS provision in
protected and unprotected areas

The resulting boxplots (Figure 4) represent LFT-
based mean service values for the main categories of
Regulation, Habitat and Provision.

The course of the lines is quite similar, reflecting
that the three environment-related service categories
are positively correlated to each other and that there
are no specific trade-offs between them. However,
the importance of the single main groups is differ-
ent. Whereas the main services Regulation and Habitat
ranked close to each other, the Provision services result-
ed in distinctly lower values. Considering the different
LFTs, outcomes reflected the high diversity within the
study area, from natural and semi-natural areas, such
as the shallow lake and its reed beds, the remaining
marshland and flood plains, to the extensively used
hilly area and the intensive agricultural regions in the
low-lying and elevated terraces. Results of ANOVA
testing confirmed significant differences (p=0.05)
throughout main service values across the single LFTs.

When comparing main service values of protected
and unprotected sites within each LF'T, most of them
differed significantly. However, of the protected sites
only Marshlands and Lake basin resulted in cleatly
higher values (F=6.7902; p=0.001) for all ecosys-
tem main services compared to the unprotected sites.
These LIFTs are particularly interesting with regard to
their conservation value as large parts are covered by
Lake Neusiedl / Ferto-Hansiag NP (see also Figure 2).
Another series of ANOVA testings also pointed to
significantly increased levels of structural functionality
(p=0.001) and share of GI elements (p =0.05) within
the NP territory.

Comparison between ecosystem services and
structural landscape functionality

The scatterplots displayed in Figure 5 represent re-
sults of three different regression analyses that tested
the dependency of main ecosystem services from
the outcomes of the survey on structural landscape
functionality, which are based on mean values of the
single sample sites (n =41). Relations proved to be sig-
nificant (p =0.001) in all cases and the strength of the
statistical models ranged from corr. r>=0.691 for the
main service Habitat to cort. 1>=0.737 for Regulation
and corr. r*=0.802 for Provision.

The performance of a stepwise multivariate regres-
sion analysis, where all subservice variables (n=14)
were chosen as predictors at once, resulted in corr.
r?=0.875 for the four service variables of Soil reten-
tion (Regulation), Sanctuary (Habitat), Food and Ge-
netic resources (both Provision) for the final model.
A second multivariate regression analysis that focused
on the relation between subservice values and GI net-
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Figure 4 — Boxplots of ANOVAs targeting main service dis-
tribution between individual 1.FTs and subdivided into pro-
tected and unprotected areas. The NP is located in the I.FTs
Lake basin and Marshlands.

work area returned corr. r>=0.862 using 8 out of 14
variables. The majority and most influential ones of
those, when referring to the summary of the stepwise
regression, belonged to the main group of Provision
services.

Discussion

The remarkable higher outcomes of both ESS and
structural functionality assessments within the pro-
tected sites of the LFTs Marshlands and Lake basin
(Figure 4) might be due to the fact that most of these
subregions ate covered by Lake Neusiedl-Seewinkel /
Fert6-Hansag NP and thus follow a broad conserva-
tion concept with core areas and buffer zones. Figure
6 exemplifies the outcomes of the structural function-
ality and ecosystem service assessments for the LFT
Lake basin. However, non-protected areas within these
LFTs also range above average in ESS supply, leading
to the assumption that large and effectively managed
nature reserves support ESS supply beyond its bor-
ders. Apart from those cases, the majority of LEFTs
showed a rather unclear and partly contrasting picture
of ESS provision inside and outside local protected
zones. There are several possible explanations for this:
- Some protected area categories, such as the pro-

tected landscapes IUCN Cat. V) or biosphere re-

serve buffer zones, only prescribe minor conserva-
tion conditions for local land use and forestry.

- Other special protection areas, e. g those under the
EU Birds Directive, often follow specific manage-
ment plans to foster local populations. In the Lake
Neusiedl region, protected nesting areas of the
Great Bustard (Ofis tarda) located in LFT Elevated
terrace demand an open and extensively utilized ag-
ricultural matrix without high proportions of corri-
dor networks and stepping stone elements. In turn,
this leads to comparatively low structural landscape
functionality (Kuttner et al. 2013) and mediocre
provision of Regulation, Habitat and Provision
services in the protected parts of this LFT.
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- Privately owned land like the extensive oak-horn-
beam forests in the Leithagebirge region enjoy no
protection status. Hence, within the LFT Low and
Middle range mountains with its vast private forest
stands, the protection status might not be a deter-
mining factor for ecological quality and ESS provi-
sion. The fact that some of the sample sites within
the LIT Elevated terraces also include large pri-
vately owned forest areas explains the rather high
values within the unprotected areas.

However, ESS provision did not turn out to be sig-
nificantly higher in some of the protected areas within
the single LETs. Distribution of GI elements and struc-
tural functionality values consistently showed higher
outcomes. While the investigated ESS main groups
are rather highly correlated to the outcomes of the
structural assessment, not all of the single subservices
showed such strong interdependency and thus cannot
be explained by structural proxies only, as Syrbe et al.
had already found in 2012. For example, abiotic ser-
vices such as climate-, nutrient regulation or soil for-
mation shared a rather high service potential in non-
protected but still sustainably managed areas as well.
Nevertheless, both assessments are strongly correlated
as most ecologically valuable elements share a rather
high potential for providing the investigated ESS. As
our results confirm, land management generally does
not seem to be overexploitative in the region, especial-
ly in non-favourable sites (e.g. wooded slopes and wet
ot dry areas that have not been reclaimed / drained).
On the other hand, areas that have been intensively
used for decades, such as the LFTs Low terrace and
Elevated terrace, performed least well, both in eco-
system service provision and structural functionality.
Future management of ecosystems to enhance their
functioning and service provision must consider the
trade-offs between the different services. While we
found positive correlations between ecologically valu-
able areas and the supply of the environment related
services, traditional food production and services of
crops and livestock are likely to be higher in intensively
used areas (Hermann et al. 2014; Maes et al. 2012).

Our results are congruent with the outcomes of
a global study carried out by Naidoo et al. (20006),

in which they demonstrated that regions selected to
maximize biodiversity do not provide as many eco-
system services as regions chosen randomly. How-
ever, it strongly depends on the target of the respec-
tive conservation area. Despite the lack of general
concordance, win-win areas — regions important for
both ecosystem services and biodiversity — could also
be identified, especially on smaller scales. However,
the results might be biased by the methods chosen
to assess ecosystem services. As some services, such
as providing a sanctuary, are locally explicit, while
other services, such as climate regulation, occur on a
regional scale (Hermann et al. 2011), it is difficult to
assess a wide range of services within a specific ser-
vice providing unit, e.g. a conservation area. Bridging
the gap between different approaches to conservation
and adaptive management of ecosystems to support
service provision is part of new global and regional
biodiversity policies. However, levels of congru-
ence between biodiversity and ecosystem services are
pootly understood, and the little quantitative evidence
available so far has led to mixed conclusions (Chan et
al. 2006; Metzger et al. 2000). According to the Con-
vention on Biological Diversity’s definition of biodi-
versity and the UK National Ecosystem Assessment
report, biodiversity may act as a regulator of underpin-
ning ecosystem processes as a final ecosystem service
and as a good that is subjected to valuation, whether
economic or otherwise (Mace et al. 2012). Thus, to
really understand this complex relationship, we need
to develop an interdisciplinary science of ecosystem
management, bringing together ecologists, conserva-
tion biologists as well as resource economists. Despite
these challenges, comparisons between biodiversity-
related and ecosystem service assessments have the
potential to viably support decision-making processes.
More research on the quantification and mapping of
ecosystem services would improve our understand-
ing on synergies and trade-offs between services and
biodiversity. Sustainable development should involve
managing for both in order to enhance human welfare
that is linked in diverse ways to biodiversity, conserva-
tion and ecosystem services (Naidoo et al. 2000).



Applicability and outlook

Although the methods of the ESS and structural
landscape functionality assessments have been specifi-
cally targeted to our study region, their overall frame-
work will be applicable in other areas as well. Particu-
larly in protected mountain landscapes, vatious biotic
and abiotic base datasets are often available even on
a broader scale, but quantification of specific ESS is
still limited or incomplete. There the use of region-
ally adapted capacity matrices, including appropriate
land cover classes, would provide a good overview
of trends in ESS provision along and between entire
mountain regions. Similarly, the structural assessment
of landscape functionality along with the identifica-
tion of key landscape elements and GI networks for
certain target species or guilds could be established.
Together, these concepts allow a comprehensive in-
sight into the mutual benefits that landscapes can pro-
vide for both society and nature if sustainable devel-
opment and use of natural resources is guaranteed. As
the proposed methods are comprehensible as well as
easily applicable along a wide range of different land-
scapes, it seems that they are well suited for integration
into existing ecosystem monitoring techniques.
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