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Abstract

The Danube River is the second largest in Europe and the most international river of the world, before flowing into
the Black Sea, it creates a delta covering 5,165 km2 that is one of the best preserved in the world. Bighysical
structure of Danube Delta natural capital consist of 38 different ecosystem types supporting a very rich biodiversity
area. We matched the ecosystems types to their potential services then ranked them with local, regional and national
stakeholders using a participatory GIS approach.
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In troduction

As defined by millennium ecosystem assessment, the ecosystem services are the benefits people obtain from
ecosystems MEA 2005, TEEB 2010). Thus, knowing the biophysical structure of natural capital (i.e. type of
ecosystems, their state, dynamcs and the complex interrelations established inside and between them, availability
and type of resources etc.) it is very important for the assessment and mapping of ecosystem services.

The Danube River is the second largest in Europe and the most intenational river of the world. Its basin, covering
an area of 8,684 km2, comprises 19 countries, its springs lay in Germany, and it ends up at the border between
Romania and Ukraine after having passed through Austria, Slovakia, Hungary, Croatia, Serbia, Bulgaria, and having
touched four capitals: Vienna, Bratislava, Budapest and Belgrade before reaching the Black Sea.

At the end of its catchment, the Danube River forms a huge delta covering a surface of 5,165 kmz?, an area covered
by 38 different ecosystem types (EEA 2015). The Danube Delta is the second largest delta in Europe, after the one
of the Volga River, and it is shared between Romania (86%) and Ukraine (14%).

The dynamics of the river arms, transported sediment, low altitudes and the presence ofthe sea is creating a complex
landscape formed by freshwater ecosystems (canals, shallow lakes, and wetlands), flood plains, alluvial forests,
reedbeds, | agoons and coastal area. Deltads terri thmlyy
despite the sediment deficit due to the construction of dams on the river and its tributaries in the last 70 years
(RAFFERTY 2011)

The complex biophysical structure of the Danube Delta landscape sustain a large variety of habitats for many

species. More than 300 species of birds and 80 species of fish can be found in the Delta. About 160 species of
migratory bird species are here because the Delta is located on the major migratory routes, and its environment

provides favorable conditions for nesting and hatching. Flora is composed by almost thousand species, and more
than three thousands species of invertebrates were found here. The Danube Delta is home to over 60% of the world's
population of pygmy cormorants (Phalacrocorax pygmeus), 50% of red-breasted geese (Branta ruficollis) and the

largest number of white pelicans (Pelecanus onocrotalus) and Dalmatian pelicans (Pelecanus crispus) in Europe

(NANKINOV 1996).

Being a wetland dominated landscape, the reed forms one of the largest compact areas ithe world, covering about
2400 km2. Other notable ecosystem types are Letea and Caraorman forests that are located at the northern limit of
the two rare species of oak found more frequently in the south of the Italian and Balkan peninsulas.

There are abou 14,000 inhabitants ( INS 2002) in the Danube Delta, living in 25 settlements (a town 1 Sulina),
concentrated along the Danube arms on the areas of dry land, most of them being reachable only by boat. Thus, the
area is one of the less populated in Europe vith a population density of about 2.8 inhabitants per square kilometers.
Also, due to the historic set-up of the area, cultural heritage is also notable.

Because of its rich diversity, both biological and cultural, the entire delta area gained a triple international
conservation designation: UNESCO World Heritage Sites, Biosphere Reserve since 1990 and Ramsar site due to its
importance for migratory birds. At EU level, the Danube Delta is recognized as part of Natura 2000 network for the
great diversity of birds listed on the Bird directive, as well as for the habitats and other species listed on the annexes
of Habitat directive.
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In the current work, we are exploring the potential of this unique complex of ecosystems to generate services. We

used high resdution maps of ecosystem types that were matched with their potential of generating services. Then,

this potential was assessed on the bases of stakeholderso6 knc
values of general categories of ecosystenservices were produced. The assessment and mapping of ecosystem

services from a protected area is a valuable asset for a sustainable management and informed decision.
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Methods

Study area

Our research was focused on the Danube Delta Biosphere Reserve that lies between 44°80 ' and 45°27 ' N and 28°45
, and 29°46 ' E, and is approximately 100 km long. The delta shape starts were the river divides into three main
arms that enclose an area dominated by marshes and lakes of varying sizes and depths, most of them shallow.
Numerous channels are natural while others have been cut through the marshes mainly to facilitate the access to
these lakes for fishing. Also, the main arms were dredged and straightened for navigation purposes (Fig.1), the
northern one, named Chilia, being preserved as close as its naturaregime, while Sulina arm, the one in the middle

is managed as a maritime shipping lane.

Figure 1: Location of the Danube Delta and the distribution of ecosystem types according to MAES level 4 classification.

Ecosystem identification

Ecosystem identification was based on semiautomatic classification of satellite data with pixel resolution varying
from 1.5 to 2.5 m that were acquired during 2010-2014. Ecosystem types were named following the MAES level four
classification scheme (MAEset al. 2016). The Minimum Mapping Unit (MMU) is 0.5 with a Positional Accuracy less
than 5 m (RMSE > 5m). Such level of spatial resolution allow us to capture the most important ecological features
on the ground.

Ecosystem services

Each ecosystem type was associated to potential list of ecosystem services in accordance to common international
classification of ecosystem services (CICES) i AINES-YOUNG & PoTscHIN 2013). We used high resolution maps of
ecosystem types and matched these with their potential in providing dif ferent services considering their functions

and stakeholders opinion. Each ecosystem type received a rank between ® not provided to 5 - maximum provided

in accordance with the type and importance of providing a specific service (BURKHARD et al. 2014). Median value of
specific ecosystems service ranks were mapped as general category of ecosystem service. Subcategories of services
are presented in the Tab. 1.
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