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The urban floodplain Lobau within the city limits of Vienna has been affected by the
Danube regulation in the late 19" century leading to changes in the aquatic habitat
composition and a reduced water exchange with the riverine main channel. As a con-
sequence of the regulation, sedimentation and terrestrializiation processes prevail. Still,
the Lower Lobau remained as a green space, in contrast to the Upper Lobau, where
settlements and agricultural area increased since the late 19 century. While the Lo-
bau harbors a rich aquatic biodiversity and is part of the Danube Floodplain National
Park, the high biodiversity and large number of protected species (e.g., high number
of macrophyte species and amphibian species) as well as the ecological conditions of
the surface and the groundwater system are threatened due to declining water levels,
and fragmentation of waterbodies. In 2015, analyses of the potential effects of man-
agement scenarios to improve the water supply (S3 = constant water supply from the
New Danube) and the dynamic water exchange (520 = dynamic water supply) with
a business as usual scenario (SO = no extra water supply to the Lower Lobau) showed
clear risks of SO leading to a further decline of available habitats for various species,
deteriorating the ecological conditions further. Scenario S3 will establish higher wa-
ter levels in the floodplain system and can support the communities currently present,
while the $20 would introduce dynamic water exchange conditions with the riverine
main channel and allow an additional establishment of rheophilic communities, espe-
cially supporting a more diverse fish community. These analyses back in 2015 have not
considered effects of climate change enhancing the drying of the floodplain systems.
The current alarming situation in the floodplain systems of the Lower Lobau urges to
take immediate actions in counteracting the loss of waterbodies and decline of surface
water and groundwater levels considering new sources for water enhancement schemes
and solving existing conflicts with drinking water production in terms of potential
water quality risks.
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Die Lobau innerhalb der Stadtgrenzen von Wien ist stark von der Donauregulierung
im spiten 19. Jahrhundert betroffen, die zu einer Verinderung in der Zusammenset-
zung der aquatischen Lebensriume und zu einem verringerten Wasseraustausch mit
dem Hauptstrom gefiihrt hat. Als Folge der Regulierung herrschen Sedimentations-
und Verlandungsprozesse vor. Dennoch ist die Untere Lobau als Naturraum erhalten
geblieben, im Gegensatz zur Oberen Lobau, die seit dem spiten 19. Jahrhundert immer
mehr in Siedlungs- und Landwirtschaftsflichen umgewandelt wurde. Obwohl die Lo-
bau eine reiche aquatische Biodiversitit beherbergt und Teil des Nationalparks Donau-
Auen ist, sind die hohe Biodiversitit und die grofSe Anzahl geschiitzter Arten (z. B. eine
grofSe Anzahl von Makrophyten- und Amphibienarten) sowie die 6kologischen Bedin-
gungen des Oberflichen- und Grundwassersystems durch sinkende Wasserstinde und
die Fragmentierung der Gewisser bedroht. Analysen der potenziellen Auswirkungen
von Managementszenarien zur Verbesserung der Wasserversorgung (S3 = konstante
Wasserzufuhr aus der Neuen Donau) und des dynamischen Wasseraustauschs (520)
mit einem Business-as-usual-Szenario (SO = keine zusitzliche Wasserzufuhr in die Un-
tere Lobau) im Jahr 2015, ergaben ein eindeutiges Risiko, dass SO zu einem weiteren
Riickgang der verfiigbaren Lebensrdume fiir verschiedene Arten fithrt und die 6kolo-
gischen Bedingungen weiter verschlechtert. Das Szenario S3 fithrt zu hoheren Was-
serstinden im Auensystem und kann die derzeit vorhandenen Lebensgemeinschaften
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erhalten, wihrend S20 einen dynamischen Wasseraustausch mit dem Hauptgerinne in-
itiiert und eine zusitzliche Etablierung von rheophilen Lebensgemeinschaften ermég-
licht, die insbesondere durch eine vielfiltigere Fischgemeinschaft gekennzeichnet sind.
Bei diesen Analysen aus dem Jahr 2015 wurden die Auswirkungen des Klimawandels,
der die Austrocknung der Auensysteme verstirkt, nicht beriicksichtigt. Die derzeitige
alarmierende Situation in den Auensystemen der Unteren Lobau macht es dringend
erforderlich, sofortige Mafinahmen zu ergreifen, um dem Verlust von Gewissern und
dem Riickgang des Oberflichen- und Grundwasserspiegels entgegenzuwirken, indem
neue Moglichkeiten fiir Mafinahmen zur Kompensation des Wasserdefizits in Betracht
gezogen und bestehende Konflikte mit der Trinkwassergewinnung im Hinblick auf
potenzielle Wasserqualitdtsrisiken geldst werden.

Keywords: floodplain, Lobau, fragmentation, decreasing water table, biodiversity,
management scenarios.

Floodplain status worldwide and along the Danube

Worldwide, riverine floodplains have been decoupled from riverine dynamics and exposed
to land use changes, dramatically declining in their areal extent (Tockner & Stanford,
2002). These alterations have severe implications on the biodiversity of riverine landscapes
and the various ecosystem services provided by floodplains (Tomscha et al. 2017). Hydro-
morphological alterations, such as channelization, flood protection, river straightening,
and land-use changes, as well as pollution have further impacted the ecological status of
floodplains in the Danube River basin (Habersack et al. 2016; Tschikof et al. 2022). As a
consequence, almost 80 % of former floodplain areas along the Danube River have been
disconnected from the main river and converted to arable land and settlements, leading
to severe reductions in their multiple ecological functions and the provision of ecosystem
services (Hein et al. 2016; Stammel et al. 2018; Funk et al. 2019). Large-scale conservation
and restoration actions are required to maintain and restore the integrity and multifunc-
tionality of river floodplains in the Danube basin, especially focusing on biodiversity and
the provision of ecosystem services (Funk et al. 2021; ICPDR 2021).

Basin-wide conservation and restoration efforts demand the assessment and further im-
plementation at regional scales, especially in the Upper Danube reach, which currently
shows the largest loss of intact floodplains (Hein et al. 2016). The Lobau, an urban flood-
plain within the city limits of Vienna and part of the Danube Floodplain National Park, is
an example of such a highly degraded and widely used Danube floodplain. Especially the
downstream part of the Lobau, the Lower Lobau, harbors (still) a high diversity of partly
rare and protected plants and animal species and thus urgently deserves science-based dis-
cussions about potential measures and ways to solve current conflicts of uses (Sanon et al.
2012). A long-term interdisciplinary research project (2005-2015) provided predictions on
the ecological, hydrological, and hydro-chemical development of the floodplain related to
different hydrological management options (scenarios). One final outcome of the project
was the identification of conflicts between the drinking water production and the eco-
logical state of surface waters in the Lower Lobau (Sanon et al. 2012; Preiner et al. 2018),
while other uses were not further investigated in the frame of this project (e.g., recreational
uses). The main reasons for the current prohibition of surface water supply or reconnec-
tion measures are the suspected negative effects of the increased surface water-groundwater
interactions on the quality of the groundwater used for drinking water production. Thus,
no measures have been taken since the interdisciplinary project was finalized seven years
ago (Trauner et al. 2016).
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So far, no strategy to solve this conflict has been developed, while the ongoing climate crisis
has further deteriorated the ecological status of the Lobau. In this article, an overview on
the current ecological status and potential measures to improve the ecological conditions
of the aquatic ecosystems are discussed and recommendations for urgent management ac-
tions are given. Aspects of terrestrial ecology are not considered in this article.

The Lobau Floodplain before and after the Danube regulation

Prior to the large river regulation in the 19 century, the Austrian Danube represented a
gravel-dominated, laterally active anabranching river (Nanson & Knighton 1996) charac-
terized by distinct fluvial dynamics and a combination of braiding and sinuous-meander-
ing channels in the alluvial sections. Floodplains in the middle Danube reaches, such as
the Lobau, were primarily built up of loosely deposited gravel and compact fine sediments
(Nanson & Croke 1992; Hohensinner et al. 2022; Fig. 1). Channel shifts and cutting off
of river bends were typical natural processes in the dynamic areas of the Danube, leading
to the ongoing emergence of new habitats and transformation of existing habitats (Ho-
hensinner et al. 2008). However, historical analyses show that the Lobau also had several
stable areas over extended time periods which were characterized by siltation and ecologi-
cal succession of aquatic and terrestrial habitats.

One specific geomorphological “hot-spot” was crucial for the evolution of fluvial land-
forms in the Lobau. At the upstream end, where the tectonic subsidence ultimately reaches
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Fig. 1: Danube river landscape in the Lobau downstream of Vienna in 1726 (black dots: settlements;
Eberstaller-Fleischanderl et al. 2004). — Abb. 1: Donau-Flusslandschaft in der Lobau stromabwiirts
von Wien 1726 (schwarze Punkte: Siedlungen; Eberstaller-Fleischanderl et al. 2004).
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Fig. 2: Waterbody types in the Lower Lobau 1817 and 2011 (area shares in % of the contemporary
floodplain that was formed in the last 500 years; Pseudopotamon is not visible due to minor areal
extent; for definition of waterbody types see Hohensinner et al. 2011). — Abb. 2: Gewissertypen in
der Unteren Lobau 1817 und 2011 (Flichenanteile in % des neuzeitlichen Augebiets, das in den letz-
ten 500 Jahren entstanden ist; Pseudopotamon ist aufgrund der geringen Flichenausdehnung nicht
sichtbar; zur Definition der Gewissertypen siche Hohensinner et al. 2011).

5,500 m below the current terrain surface (Schwechat Tief, Schwechart subsidence), a sig-
nificant reduction in channel slope existed prior to the river regulation (Lorenzo 1819),
leading to amplified fluvial dynamics (deposition and remobilization of sediments) and the
formation of ice jams (Hohensinner & Péppl 2022). Here, the floodplain was one of the
broadest along the Austrian Danube River section. Around 1817, the (almost) permanently
flowed through secondary channels amounted to 66 % of the total floodplain waterbodies
(without the main river channels) or 8.8% of the contemporary floodplain extent of the
Lower Lobau, respectively (Fig. 2; the contemporary floodplain refers to the part of the
river landscape that was formed under the climatic-hydrological conditions of the modern
period since approximately AD 1500). Other types of backwaters were much less frequent
(Hohensinner & Jungwirth 2009; Graf et al. 2013).

The first large river regulation in the Lobau was completed in 1836, when a two-kilome-
ter long cut-off was created to shorten a river bend close to Fischamend and Schonau. In
the following years, training walls and embankments were constructed along the main
channel to improve navigation and prevent ice jam formation (Donau-Regulierungs-Com-
mission 1850). After the termination of the Viennese river regulation program around
1880, the Marchfeld flood protection levee was extended further downstream through
the Lobau. This measure resulted in the separation of large parts of the floodplain from
the river. Currently, the Lobau is only connected with the Danube at the downstream end
(Schonauer Schlitz; Reckendorfer et al. 2013; Weigelhofer et al. 2015).

The various human interferences altered the composition of water bodies in the Lobau
(Fig. 2). As many lotic secondary channels were cut off at their upstream ends, one-side
connected backwaters increased. In 1875, at the end of the Viennese Danube regulation
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program, the backwaters already showed a larger aerial expansion than the main channel,
indicating an entirely unnatural hydro-morphological configuration. As a consequence of
the progressive channelization and associated terrestrialization processes, the area of dy-
namic and one-side connected backwaters significantly declined, while isolated backwaters
drastically increased in numbers (Fig. 2). In 2011, water bodies in the Lower Lobau only
showed 35 % of their historical extent in 1817 (calculated without main channel, tributar-
ies and the Lobau Harbour). While originally dynamic secondary channels have vanished,
isolated water bodies dominate today.

The loss of water bodies in the Lobau floodplain, especially that of small and shallow ones,
is still ongoing and will continue in the future if no measures are taken. Sedimentation
rates of more than 40 cm until 2050 are predicted in stagnant backwaters near the in-
flow of the Danube into the Lobau due to fine sediment inputs from the Danube during
flooding (Funk et al. 2014; Weigelhofer et al. 2015). In more distant isolated water bodies,
sedimentation rates of up to 15 cm are expected due to primary production until 2050.
Increasing and prolonged drought periods, going along with receding surface and subsur-
face water levels, will aggravate the situation further (Kling et al. 2012).

Land use and ecosystem services

While most areas of the former Viennese Danube floodplains were turned into residen-
tial areas, the Lobau remained as a green space. This was partly owed to the integration
of the Lobau in the “Wiener Wald- und Wiesengiirtel”, a green belt established around
the city in 1905, to improve among others the air quality in the industrializing city. An-
other reason was the accessibility of the area, as in the beginning 20" century Lobau was
not yet connected to the public transport network. But these circumstances did not pre-
vent the area from various human uses which diversified and intensified especially during
the 20™ century.

Forestry and hunting were dominating uses in the whole area of Lobau over centuries. Af-
ter 1918, the Upper and the Lower Lobau experienced different developments (Fig. 3). As
the Upper Lobau was closer to the city of Vienna, especially agricultural areas increased
considerably to more than 30 % of the total area. The total expansion of settlements in the
1920s and 1930s is difficult to estimate as with one exception (Biberhaufen; Eder & Eichert
2005) most of the settlements evolved without formal permission. However, the munici-
pality tacitly accepted also these buildings and vegetable gardens because of the economic
crises and the shortage of food for the Viennese population after World War 1. In 1926, the
Upper Lobau became a recreational place, whereas in the beginning an entrance fee had
to be paid to access the still fenced area. This kind of cultural ecosystem service remains
important in the Upper Lobau until nowadays (Eder & Eichert 2005).

The Lower Lobau was less affected by urban settlement expansion (Fig. 3). Around 1820,
forests extended on 46 % of the total area, while aquatic habitats covered about 30 % and
grasslands less than 14 %. Other land use types, such as arable land, were negligible. Typi-
cal soft wood tree species such as Poplar, Alder and Willows dominated. Forest manage-
ment plans from the middle of the 20® century mention Grey Alder (A/nus incana), Black
Poplar (Populus nigra) and Silver Poplar (Populus alba) (Forstoperat Untere Lobau 1947-
1956). The trees provided mainly firewood, some hardwood trees were used for local hy-
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draulic structures or various kinds of commodities. The Lower Lobau was an appreciated
imperial hunting place where game was fostered.

The proportions of land use types changed only moderately during the 19" century. A
moderate shift is noticeable after the Viennese Danube regulation. As the flood protection
dikes prevented floods and thus hydromorphological dynamics, forests increased up to
61 %. In the period to come, decreasing groundwater tables and the lack of frequent sur-
face inundation altered soil properties. This had an impact on the floodplain forests, where
typical floodplain trees such as willows decreased. Despite the altered hydrology, human
uses remained more or less the same until the middle of the 20" century.

In the 1950s, plans were developed to use groundwater from the Lower Lobau to supply
Vienna with drinking water. Additionally, the growing agricultural production in the re-
gion Marchfeld east of Vienna showed an increasing demand for water. Starting with a few
small wells for agriculture, an area of 10 km? was designated as drinking water protection
zone. Groundwater works built in the 1960s served parts of Vienna east of the Danube
with drinking water. Since 1988, the wells mainly secure the water supply of Vienna dur-
ing peak demands and in case of maintenance work on the main water pipelines (Haid-
vogl et al. 2019).

Arable land
Meadows, pastures
I Forests

— Floodprotection dike

Fig. 3: Land use in the Lobau floodplains in 1880 (left) and 1934 (right). In contrast to the Upper
Lobau, where arable land and grassland had increased to approx. 47 % at the expense of flood plain
forests (24 %) by 1934, forests still dominated land use in the Lower Lobau. (Digitalization: Martin
Perschl, Gertrud Haidvogl, visualization Friedrich Hauer, 2019). — Abb. 3: Landnutzung in der Lo-
bau 1880 (links) und 1934 (rechts). Im Gegensatz zur Oberen Lobau, wo Acker- und Griinland bis
1934 auf Kosten der Auwilder (24 %) auf ca. 47 % zugenommen hatten, dominierte in der Unteren
Lobau noch die Waldnutzung. (Digitalisierung: Martin Perschl, Gertrud Haidvogl, Visualisierung
Friedrich Hauer, 2019).

Aquatic biodiversity and ecological functioning

Currently, the Lobau floodplain hosts a diverse flora and fauna with many species and
habitat types of high protection status. Thus, the Lobau was designated as a site of Euro-
pean and International importance (NATURA 2000, UNESCO Men and Biosphere Re-
serve, RAMSAR) and is part of the Danube Floodplain National Park. Due to the high
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proportion of lentic water bodies, the macrophyte abundance and diversity has strongly
increased since the Danube regulation (Baart et al. 2010). So far, up to 156 macrophyte spe-
cies have been identified, with 82 of them having a protection status (Austrian Red Lists;
Barta et al. 2009; Janauer 2005, 2006; Weigelhofer et al. 2014). Particularly small isolated
water bodies in the Lower Lobau are biodiversity hot-spots hosting many rare and endan-
gered aquatic plant species (Barta et al. 2009).

The Lower Lobau also contributes to the phyto- and zooplankton diversity of the National
Park (Chaparro et al. 2018). Compared to more connected but equally impacted sections of
the Danube, the Lobau shows a high diversity of microcrustaceans (Chaparro et al. 2019).
These relatively large and slow-growing planktonic species show a high dominance in low-
flowing and undisturbed habitats typical for the Lobau (Baranyi et al. 2002). With a total
of 46 recorded dragonfly species, the Lower Lobau is the most species-rich floodplain in
Austria (Schultz 2008; Schulze & Schneeweihs 2013). While the dragonfly fauna of the
Lower Lobau is mostly dominated by generalists with a wide range of ecological require-
ments, endangered species, such as Sympetrum meridionale, Somatochlora flavomaculata,
and Orthetrum coerulescens, can also be found. In addition, there are dragonfly species that
are specialized in waters of different stages of sedimentation (e.g. Leucorrhinia pectoralis,
protected according to the Habitats Directive, EC 1992) (Weigelhofer et al. 2014). Fur-
thermore, 73 caddisfly species are known from the Lobau, which represents about 20 %
of the total fauna of Austria and underlines the status of a high biodiversity hot spot. One
caddisfly species, Orthotrichia angustella, was newly recorded for Austria. In addition to
some widespread and common species, some specialties such as the bog-affine Erozesis bal-
tica were found for the first time in eastern Austria, and a number of rarities from the Hy-
droptilidae family, such as Hydroptila dampfi, H. simulans, H. pulchricornis, H. angustata,
H. angulata and Oxyethira falcata, were documented (Graf et al. 2012). With 50 % of all
species detected, 36 species are listed in an endangerment category of the Austrian Red
List (Malicky, 2009), with Erotesis baltica being classified as “Critically Endangered” in
the highest endangerment category.

Regarding vertebrates, amphibia prefer small, fish-free, sun-exposed, and more or less
vegetation-rich backwaters for reproduction, with Rana dalmatina, Pelophylax spp. and
Lissotriton vulgaris also occurring in margin areas of the main secondary channel. Thus,
isolated temporary backwaters with sufficiently long water permanence are important re-
production habitats for rare and protected amphibians such as the Danube Crested Newt
(Triturus dobrogicus), the Fire-bellied Toad (Bombina bombina) and the European Com-
mon Spadefoot (Pelobates fuscus) (Schedl et al. 2009; Waringer-Loschenkohl et al. 1986,
2013). Furthermore, the Danube floodplains east of Vienna are the only reproduction areas
of the European Pond Turtle (Emys orbicularis) in Austria (Korner et al. 2006), with about
one third of the population found in the Lobau (Schindler et al. 2012). The fish commu-
nity of the Lower Lobau is dominated by widely distributed eurytopic fish species. Rare,
endangered and protected stagnophilic species can be found in less frequently connected
(European Bitterling, Rhodeus amarus) or completely isolated waterbodies (e.g. Weather-
fish, Misgurnus fossilis) (Schabuss & Reckendorfer 2006; Funk et al. 2013). In contrast,
endangered rheophilic species (e.g. Nase, Chondrostoma nasus and Barbel, Barbus barbus)
(Schabuss & Reckendorfer 2006) can only be found in and close to the dynamic connec-
tion to the Danube (Schabuss et al. 2013). The extensive reed belts of the Lobau offer hab-
itats for reed-breeding waterbirds, such as the Little Bittern (Zxobrychus minutus) and the
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Great Reed Warbler (Acrocephalus arundinaceus) (Schulze & Schiitz 2013), which reach
higher densities in the Lobau than in other floodplains of the Danube Floodplain National
Park (Frithauf & Sabathy 2006). The large waterbodies with their extensive sedimentation
zones offer habitat for wading birds, such as different species of herons (e.g. Ardea alba),
or swimming water birds, such as several protected duck species (e.g. Anas querquedula or

Apythya ferina) (Frithauf & Sabathy 20006).

An important element of river floodplains is their shallow (meters to tens of meters deep)
alluvial groundwater systems. They not only fulfill an important ecosystem service in
terms of water and nutrient retention (Griebler & Avramov 2015), but are habitats dense-
ly colonized by microorganisms and invertebrates. In fact, it is the proximity to the sur-
face lotic environment (as a source of energy) and the dynamic hydrological conditions
that make them essential natural bioreactors and hot-spots of groundwater biodiversity.
For Europe, a high hypogean biodiversity could be shown for individual sections of the
alluvial aquifers and floodplains of the Rhone, the Rhine, and the Danube River (Dole-
Olivier et al. 1994; Pospisil 1994). The Lobau, and in particular the Lower Lobau, as part
of the Danube Floodplain National Park, is among the world hot-spots of groundwater
fauna biodiversity (Danielopol & Pospisil 2001, Griebler et al. 2023). In the area of the
early UNESCO biosphere reserve Lower Lobau, groundwater ecological research started
in 1975 (Danielopol 1976, 1984, 1989, 1991; Pospisil 1994) with not less than 35 stygobi-
ont invertebrate taxa recorded until the year 2000 (Danielopol & Pospisil 2001). Recently,
after a pause of 20 years, groundwater ecological research in the Lobau has been revived
underlining the biodiversity hot-spot status of the Lower Lobau (see Griebler et al. 2023).

Predictions for the future ecological development
based on the business as usual scenario

A “business-as-usual” scenario (SO = no extra water supply to the Lower Lobau) was mod-
elled based on the development of the floodplain over the past 70 years which predicted
further aquatic habitat losses by almost 20 % until 2050 (Bottiger 2011, Weigelhofer et
al. 2020). Losses can be even higher as the model does not consider any changes in the
hydrological conditions of the Danube due to climate change. Especially existing shal-
low and isolated water bodies are threatened, with severe consequences for the respective
fauna, such as stagnophilic dragonflies (e.g. Leucorrhinia pectoralis, Lestes barbarus, Sym-
petrum meridionale), and amphibia (Funk et al. 2013; Weigelhofer et al. 2020). Howev-
er, while main reproduction areas for amphibia, such as Géthenwasser and Hanslgrund
(Fig. 4), may dry out in the future, the increased fragmentation of the main secondary
channel can create new habitats in the meantime. In contrast, Emys orbicularis needs less
frequently connected but deeper water bodies for winter survival (e.g. Eberschiittwasser,
Schwarzes Loch, Fig. 4) which will gradually disappear if water levels further decrease.
These expected changes in the aquatic habitat mosaic need to be checked with empirical
data and underlines the current water deficit. A further fragmentation of the main sec-
ondary channel and decreasing water levels during prolonged summer droughts will af-
fect the eurytopic and rheophilic fish fauna negatively, especially when the connectivity
to the Danube is further disrupted (Weigelhofer et al. 2020). Currently, the Lower Lobau
does not provide habitats for endangered rheophilic Danube fish (e.g. Nase, Chondros-
toma nasus and Barbel, Barbus barbus) (Schabuss & Reckendorfer 2006). Regarding the
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Fig. 4: Overview map of the Lobau with the sections Upper Lobau, Lower Lobau and their key ar-
eas. Isolated water bodies are labeled in light blue, the main secondary channel in dark blue. Black
lines are indicating hydraulic engineering structures. — Abb. 4: Ubersichtskarte der Lobau mit den
Abschnitten Obere Lobau, Untere Lobau und deren Schliisselbereichen. Isolierte Gewisser sind
hellblau, der Hauptnebenarm dunkelblau eingezeichnet. Schwarze Linien weisen auf wasserbau-
liche Strukturen hin.
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Fig. 5: 30 years trends of groundwater temperature and groundwater level at two monitoring wells lo-
cated in the Upper and Lower Lobau. — Abb. 5: 30-jiahrige Entwicklung der Grundwassertemperatur
und des Grundwasserspiegels an zwei Grundwassermessstellen in der Oberen und Unteren Lobau.
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stagnophilic fish community only the Weatherfish Misgurnus fossilis may profit from the
creation of new habitats in the course of further fragmentation. As reed zones will spread,
reed-breeding birds will find more habitats for reproduction, especially those which prefer
old reed stocks (Weigelhofer et al. 2020). However, reed-breeders that need dynamic areas
with reed rejuvenation, such as the Great Reed Warbler, the Marsh Harrier, and the Great
White Heron could suffer from habitat losses. The further extension of reed belts and the

resulting increase in evapotranspiration will also aggravate the water deficits in the Lobau
furcher (Weigelhofer et al. 2020).

The current trends of increasing groundwater temperatures in the entire Lobau and de-
creasing groundwater levels in the Lower Lobau (Fig. 5) may also pose a serious risk to
groundwater biodiversity. While the temperature increase in the atmosphere and in sur-
face water bodies is a global climate change phenomenon, the declining groundwater ta-
bles in the Lower Lobau are mainly caused by active water management decisions, i.e.
prohibition of artificial surface water supply to the Lower Lobau justified by protective
measures for drinking water production. Current data collected at individual spots in the
Lower Lobau provide preliminary evidence that the timing and rhythm of maxima and
minima in groundwater dissolved oxygen concentration and groundwater temperature
have shifted (Griebler et al., unpubl. data). This pattern awaits systematic evaluation in
the upcoming years.

Potential management scenarios
for conservation and rehabilitation

Since the 1980s, various management concepts for a step-wise rehabilitation of the Lobau
floodplain have been developed (Weigelhofer et al. 2013; Trauner et al. 2016). The overall
aim of these concepts was the sustainable long-term protection of the current nature con-
servation state and the re-establishment of an increased hydrological dynamics of the sec-
ondary channels with the main channel (Fig. 4) of the Danube, considering the restoration
potential of the respective sub-areas and local usages (e.g. tourism, drinking water supply).
Due to its direct neighborhood to the city of Vienna and other smaller cities, a conserva-
tive approach was selected for the Upper Lobau. This approach mainly aimed at compen-
sating the existing hydrological deficits, decreasing the water retention times in the main
secondary channel to improve the self-purification capacity, protecting the established
fauna and flora of lentic water bodies, and facilitating the establishment of rheophilic spe-
cies in small lotic sections of the main secondary channel. Since 2001 water has been dis-
charged from the New Danube and the Old Danube via the Miihlwasser into the Upper
Lobau during the vegetation period (March to October), usually ranging between 0.2 to
0.4m? s* discharge (Weigelhofer et al. 2011; Funk et al. 2009; Preiner et al. 2018). The
New Danube as source of the water enhancement scheme was preferred over the Danube
main channel due to the better and more predictable water quality. However, due to strict
chemical, hygienic, and hydrological thresholds, less water than permitted (0.5 m®s™”) has
effectively flowed through the Upper Lobau so far. An additional water supply via a newly
created pipeline from the New Danube into the oxbow lake “Panozzalacke” can increase
the water input into the Upper Lobau with a maximum of 1.5m? s* from 2023 onwards.

For the Lower Lobau, various hydrological management scenarios were developed aiming
at a partial re-connection of the main secondary channel with the Danube and the estab-
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lishment of lotic conditions over larger reaches to facilitate the migration and colonization
of rheophilic species (Weigelhofer et al. 2020). The management scenarios in the study
2011 to 2015 comprised:

(1) a restricted water supply from the New Danube, ranging from 3 m’s™ to a maximum of
4.5m3 s (S3) to improve the water exchange through the main secondary channel (con-
stant water supply with low amounts) and

(2) a hydrologically more dynamic water supply of 20 m’s* at Danube mean water (MW)
levels (S20) to maximum peaks of up to 80 m’s” during high flow conditions (at MW+ 1m)
from the Danube, which creates lotic conditions along the entire main secondary channel
and increases water levels in larger areas of the floodplain (Weigelhofer et al. 2020; Trauner
et al. 2016). The channel network was adapted accordingly for the hydraulic modelling.

Based on the hydrological model and on habitat models (Funk et al. 2013), the potential-
ly available habitats for the various protected species in the Lobau were estimated for the
business-as-usual scenario SO and the two management scenarios S3 and $20 until the
year 2050 (Weigelhofer et al. 2020). To derive a prediction of the habitat availability in
the different scenarios, species presence/absence data from the area of the whole Nation-
al Park were modeled related to seven environmental parameters (upstream hydrological
connectivity, downstream hydrological connectivity, sun exposure, maximal relative wa-
ter depth at low, mean, and high water levels as well as water flow velocity at an annual
flood event) using a generalized linearized model (GLM) approach described in Funk et
al. (2013). Considering the actual distribution of species in the floodplain, the change in
the potentially available habitats, and the respective conservation state, the three scenar-
ios were ranked for the different species depending on their potential for improvement
(5=good conservation status reached and further improvements; 4=good status reached,
3=good state not reached, but improvement), and deterioration (2=good state not reached,
no habitat losses predicted; 1=good state not reached, further habitat losses predicted; for
details, see Weigelhofer et al. 2020). The ranking was checked by experts of the National
Park and the environmental protection agency via comparisons with other re-connected
floodplains in the area and slightly adapted if necessary (e.g., in the case of over- or under-
estimations of the water flow velocity distribution).

The models predicted favorable conditions for the immigration and establishment of
theophilic macro-invertebrates in the lotic sections of the main secondary channel, while
enough lentic habitats will remain for stagnophilic species. Similar observations have been
made in the Upper Lobau (Funk et al. 2009). The improved water supply in the Lobau will
create new isolated and shallow habitats in the currently dry areas which can be used by,
e.g. stagnotopic dragonflies and amphibia as reproduction sites. These newly created habi-
tats should compensate any losses of amphibian reproduction sites due to the increased hy-
drological connectivity and predatory pressure by fish (Waringer-Loschenkohl et al. 2013).
Equally, the pond turtle Emys orbicularis should profit from the increase in both water ar-
eas and water depths. Thus, S3 and S20 scored equally high for most amphibians and the
pond turtle, while the business-as-usual scenario SO had the lowest score 1 (Weigelhofer
et al. 2020; Fig. 6). Both reconnection scenarios (S3, S20) will change the potential habi-
tat availability for macrophytes. The status quo is a shallow lake system offering favorable
conditions for numerous macrophyte species. However, many of the currently diverse mac-
rophyte habitats will get lost if the floodplain dries out further (S0). The controlled water
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Fig. 6: Scores of the three hydrological scenarios for a: amphibia and the pond turtle, b: fish, and ¢
water birds depending on their potential for improvement (5=good conservation status reached and
further improvements; 4=good status reached, 3=good state not reached, but improvement), and de-
terioration (2=good state not reached, no habitat losses predicted; 1=good state not reached, further
habitat losses predicted) in the Viennese part of the Lobau. Species” full names: a: Pelobates fuscus,
Lissotriton vulgaris, Hyla arborea, Bufo bufo, Bombina bombina, Rana dalmatina; Emys orbicularis; b:
Rutilus pigus virgo, Romanogobio vladykovi, Gymnocephalus schraetzer, Barbus barbus, Rhodeus sericeus
amarus, Misgurnus fossilis, Silurnus glanis, Cobitis taenia, Aspius aspius, Zingel zingel, Zingel streber;
c: Alcedo atthis, Tachybaptus ruficollis, Ixobrychus minutus, Circus aeruginosus, Ardea alba, Vanellus
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aber Verbesserung) und Verschlechterung (2=guter Zustand nicht erreicht, keine Lebensraumver-
luste vorhergesagt; 1=guter Zustand nicht erreicht, weitere Lebensraumverluste vorhergesagt) im
Wiener Teil der Lobau. Vollstindige Namen der Arten: a: Pelobates fuscus, Lissotriton vulgaris, Hyla
arborea, Bufo bufo, Bombina bombina, Rana dalmatina; Emys orbicularis; b: Rutilus pigus virgo, Ro-
manogobio vladykovi, Gymnocephalus schraetzer, Barbus barbus, Rhodeus sericeus amarus, Misgurnus
Jossilis, Silurnus glanis, Cobitis taenia, Aspius aspius, Zingel zingel, Zingel streber; c: Alcedo atthis, Ta-
chybaptus ruficollis, Ixobrychus minutus, Circus aeruginosus, Ardea alba, Vanellus vanellus, Charadrius
dubius, Actitis hypoleucos, Podiceps cristatus, Milvus migrans, Mergellus albellus.
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supply in §3 will increase the proportion of both shallow margin areas and deeper water
bodies (important for submerged macrophytes) leading to improved habitat availability.
In contrast, locally increased flow velocities in the main secondary channel are expected
to lead to decreased macrophyte coverage and species numbers in those stretches (Baart
et al. 2010; Trauner et al. 2016; Preiner et al. 2020). This development will be more pro-
nounced in the S20 scenario due to more extended lotic sections.

In general, fish were expected to be positively affected by both $3 and S20 scenarios due
to deeper water bodies and an increased connectivity among existing habitats (Fig. 6;
Weigelhofer et al. 2020). These model predictions are supported by findings from other re-
connection projects in adjacent floodplains in Orth and Regelsbrunn (Schabuss & Reck-
endorfer 2006; Zweimiiller 2004), where especially young fish used the in- and outflow
areas of the re-connected secondary channels. The highest potential for habitat gains of
rheophilic fish showed S20. However, comparisons with the estimated historical species
distributions revealed that even the S20 scenario cannot establish conditions necessary for
endangered, strongly rheophilic Danube fish species (Weigelhofer et al. 2020). Similar as
amphibians, the stagnophilic species Rhodeus sericeus amarus and Misgurnus fossilis may
slightly benefit from the creation of new habitats (S3). In general, the scenarios, including
S0, were more balanced for fish than for amphibia as neither large habitat gains nor large
losses were predicted for the future.

Birds which use large water bodies for swimming or preying on fish (e.g. Podiceps cristatus,
Alcedo atthis, Milvus migrans) should benefit from the larger water areas and the potentially
increased fish population in both management scenarios S3 and S20 (Fig. 6) (Frithauf &
Sabathy 2006). For gravel-breeders, only S20 has the potential for enough hydrological dy-
namics to move sediments and create new habitats. Reed-breeding birds preferring young
reed stocks (e.g. Acrocephalus spp.) will profit from both S3 and S20 due to the creation
of new reed habitats and the resulting rejuvenation. In contrast, reed-breeders preferring
old stocks (e.g. Ixobrychus minutus) may lose habitats in the S20 scenario. Observations
during the wet year 1999 showed similar trends for water birds as our model predictions,
with habitat gains for most species except those breeding in dry reed belts (Frithauf & Sa-
bathy 20006).

The scenario analyses confirmed that the scenario SO without any additional water inputs
will have severe consequences for the Lower Lobau regarding both the future habitat size
and the habitat mosaic of (semi-) aquatic habitats, severely impacting the overall aquatic
species diversity including the occurrence of protected species (Weigelhofer et al. 2020).
While the current climate crisis has not yet been included in the SO scenario, it is appar-
ent that the situation will deteriorate further.

The scenario S3 will increase surface and subsurface water levels and water areas without
changing the overall environmental conditions of aquatic habitats (only localized lotic con-
ditions established). Thus, S3 will mainly support already established habitats and species.
The ongoing terrestrialization will not be stopped entirely but partly compensated by the
increased water levels.

The scenario $20 will allow lotic conditions in larger parts of the main secondary channel
and may support the re-introduction of rheophilic species (Trauner et al. 2016, Weigel-
hofer et al. 2020). While the increased flow velocities and the increased connectivity (and
predation by fish) may reduce areas currently used by stagnophilic species, the increased
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water supply in the Lower Lobau entails the option for compensation measures, such as
the creation of new shallow and isolated backwaters. Thus, this scenario has the highest
potential for increasing the overall species diversity and initiating local geomorphic pro-
cesses. The geomorphic template for this scenario was adapted to allow the discharge for
the defined amounts, but no dynamic changes were included. These analyses do not in-
clude the groundwater fauna but it can be assumed that increased surface water levels, and
subsequently higher groundwater levels, as well as more dynamic conditions would also
show positive effects on the groundwater biodiversity of the Lobau.

Recommendations for a management approach
to improve the ecological conditions of the Lower Lobau

Based on the findings from the presented as well as other studies and expert groups, the
following recommendations can be given for the Lower Lobau to conserve and restore the
aquatic biodiversity of this area while simultaneously maintaining other ecosystem ser-
vices:

* Apply an adaptive management approach by giving the highest priority to the immedi-
ate compensation of the actual water deficits in the Lower Lobau water bodies and acquir-
ing the knowledge needed to prepare the next steps. Each next implementation step needs
to be supported by empirically gained, science-based evidence.

* Nominate an independent committee of experts that develops generally applicable,
transparent evaluation criteria for the different ecosystem functions and ecosystem ser-
vices, supervises the monitoring and assessment of the floodplain under the management
measures already applied, and evaluates further management options for application. Ur-
gent measures need to be taken to compensate the dramatic deficit in the surface water
system in most upstream parts, based on scenarios already developed and based on the

higher availability of water in the Upper Lobau.

* The effects of actual and new controlled water inputs allow to gain the needed knowl-
edge base for next steps to mitigate water deficits in the whole floodplain, not only the
most upstream parts. Update modelling results and integrate climate change effects and
groundwater ecological aspects to assess the effects of further measures on the hydrologi-
cal and ecological conditions of the floodplain.

¢ Further development of measures to achieve at least partly dynamic conditions for hy-
drological and ecological improvements. These measures need to consider the geomorphic
conditions such as the high rate of sedimentation, the ecological habitat mosaic and hu-
man uses in the area, particularly drinking water production and recreational uses to be
tested in model approaches and experimental settings.

* An integration of already identified stakeholders and representatives of the wider public
should be considered in further planning processes.
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