the offspring. The time horizon for the measurements extends
over several years to decades due to the critical population
sizes, existing negative influences and late sexual maturity,
especially for the anadromous species. In parallel, the resto-
ration of the habitats especially of the longitudinal continuum
not only at the Iron Gates but also at upstream migration
obstacles is indispensable.
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Abstract

The Lower Lobau is an urban floodplain system, which
was disconnected from the main channel of the Danube in
the 1880s. In its present state, the area is dominated by
groundwater-fed and back-flooded successional floodplain
water bodies hosting a high biodiversity. The main threat
for the system is that strong terrestrialization processes are
prevailing, significantly accelerated by ongoing hydrologic
alterations. To stop the ongoing loss of aquatic habitats and

their associated community, different management con-
cepts for a step-wise rehabilitation have been developed.
In this article, we give an overview of the prognosis of these
different management options and development perspec-
tives for the system.

Introduction

Terrestrialization, or hydrarch succession, is a plant suc-
cession that starts in shallow water bodies and culminates
in a forest. In natural floodplain water bodies, it is counte-
red by rejuvenation due to dynamic geomorphic processes
(scouring floods, channel migration; Ward et al. 2001). In
regulated rivers, terrestrialization often remains the only
ongoing geomorphic process and therefore floodplain
management and restoration aim to reverse this trend of
decreasing waterbody area (Schiemer et al. 1999). Suc-
cessional communities are complex and diverse commu-
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nities in transition and therefore, manipulations of succes-
sion require detailed planning based on scientific knowledge
(Prach et al. 2007).

The Lower Lobau is an example of such a complex
successional floodplain system. The former dynamic sys-
tem was disconnected from the main channel of the Dan-
ube River by the construction of a flood protection dam
in the early 1880s and thereafter, creating a system of
groundwater-fed and back-flooded successional floodplain
water bodies. These water bodies host a high biodiversity,
including many species and habitat types protected by the
Habitat Directive or Bern Convention, which led to the desig-
nation of the Lobau as a site of European and International
importance (NATURA 2000, UNESCO Men and Biosphere
Reserve, RAMSAR; Funk et al. 2013). Protection status was
mainly designated for successional communities including a
variety of macrophyte assemblages hosting many rare and
endangered aquatic and semi-aquatic species (Barta et al.
2009). The main threat for the system in its present state
is that the ongoing terrestrialization process is significantly
accelerated by ongoing hydrologic alteration, a decrease in
groundwater and surface water levels due to river bed inci-
sion of the main river and climate change related increase
of periods with low precipitation and low water tables of the
main river and the ground water. Enhanced inorganic sedi-
mentation due to the impact of back-flooding of the system
in combination with the lack of erosion further enhance the
terrestrialzation process (Hohensinner et al. 2022; Recken-
dorfer et al. 2013).

This development was already recognized in the
1990s and since then, various management concepts for

a step-wise rehabilitation of the Lobau floodplain have
been developed (Trauner et al. 2016; Weigelhofer et al.
2013). In this article, we discuss the different development
perspectives and management options targeting fo reduce,
stop or even partially reverse the enhanced terrestrialization
prozesses in the system.

Past development and current state

The Lobau floodplain (fig. 7) is situated along the Austrian
Danube, with large parts within the city borders of Vienna,
and it is part of the ‘Donau-Auen’ Nationalpark. During the
major river engineering phase between 1870 and 1885,
this former dynamic floodplain was disconnected from the
main channel by the construction of a flood protection levee.
Nowadays, the floodplain can be separated into two subareas
that differ considerably in their conditions. The upstream
section, the ‘Upper Lobau’, is completely disconnected from
flood events and is integrated into the settlement area of
the City of Vienna. The downstream section, called ‘Lower
Lobau’, is still affected by the flood regime of the Danube
River by a downstream opening and has a widely natural
land cover (Preiner et al. 2018).

Biodiversity and conservation

The Lower Lobau is of outstanding ecological value for
its diverse macrophyte community and its associated ani-
mal communities (Barta et al. 2009; Janauer 2005). A total
of 156 macrophyte species have been identified so far, 82
of them have a protection status according to the Austrian
Red Lists (Weigelhofer et al. 2014). Particularly the smaller
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floodplain water bodies, separated from the larger oxbows,
represent biodiversity hotspots hosting many rare and en-
dangered aquatic species (Barta et al. 2009). These types
of water bodies in the Lower Lobau are also of outstand-
ing ecological value for rare and threatened amphibian
species (Waringer-Loschenkohl et al. 2013; 1986). Within
the national park, the isolated water bodies of the Lobau
with sufficiently long permanence (water from March to at
least August) are of special importance for the reproduction
of important amphibian species such as Danube crested
newt (Triturus dobrogicus), fire-bellied toad (Bombina bom-
bina) or European common spadefoot (Pelobates fuscus).
Furthermore, the late successional waterbody type is im-
portant for protected macroinvertebrate species including
important protected dragonfly species (e.g., Leucorrhinia
pectoralis, protected according to Habitats Directive; Weigel-
hofer et al. 2014). Rare, endangered and protected stagno-
philic fish species can be found in less frequently connected
(European bitterling, Rhodeus amarus) or completely iso-
lated (e.g., weatherfish, Misgurnus fossilis) waterbodies
(Funk et al. 2013; Schabuss & Reckendorfer 2006).

Rare and protected species in the Lower Lobau are
mainly associated with the (late) successional communities
of floodplain systems, which are at the same time also most
threatened due to the ongoing enhanced terrestrialization
processes. Due to the decreasing surface and ground-
water tables in the Lobau, these smaller floodplain water
bodies, separated from the larger oxbows, are continuously
decreasing during the last years (Barta et al. 2009).
Especially the communities of submerged hydrophytes are
already endangered in their existence (Janauer & Strausz
2007; Schiemer et al. 1999).

Furthermore, with its extensive reed beds, the Low-
er Lobau is of specific importance for the reed-breeding
species of waterbirds, which reach higher densities than
in other side arm systems of the Nationalpark Donau-Au-
en (Frihauf & Sabathy 2006). The species of particular
conservation relevance are, for example, the little bittern
(Ixobrychus minutus) and the great reed warbler (Acroce-
phalus arundinaceus, Schulze & Schiitz 2013).

Additionally, the large shallow waterbodies with ex-
tensive terrestrialization zones are also highly relevant for
wading birds including different species of herons (e.g.
Ardea alba) or swimming waterbirds including protect-
ed duck species (e.g. Anas querquedula or Aythya ferina;
Frihauf & Sabathy 2006). Furthermore, the Danube
floodplain east of Vienna is home to the only reproducing
population of the European pond turtle (Emys orbicularis)
in Austria, with about one third of the population located in
the Lobau (Schindler et al. 2012), inhabiting also the larger
waterbodies of the system.

The fish community of the Lower Lobau is domi-
nated by widely distributed eurytopic fish species. In its
present state, it does not serve as habitat for endangered
rheophilic species (e.g. nase, Chonarostoma nasus and barbel,

Barbus barbus, Schabuss & Reckendorfer 2006). Equally,
other communities of the large water bodies of the Lobau
are characterized by generalists with a wide range of eco-
logical requirements. Regarding macroinvertebrates, the
Lower Lobau has a specific relevance for a high number of
dragonfly species. With a total of 46 recorded dragonfly spe-
cies, the Lower Lobau is the most species-rich alluvial forest
area in Austria (Schulze & Schneeweihs 2013). Dragonflies
include the endangered species Sympetrum meridionale,
the critically endangered species Somatochlora flavomacu-
lata, and the endangered species Orthetrum coerulescens,
amongst others.

Provisioning and cultural Ecosystem Services

In the Lower Lobau, provisioning and cultural ecosystem
services evolved over the centuries. While the Upper Lobau,
which is located closer to the city, is surrounded by settle-
ments and a sought for recreation and leisure area since
about one century, the Lower Lobau is less affected by
urban development and human uses (Haidvogl 2019).

After 1918, forestry was a dominating use until the
late 1970s. Forestry management changed in this period
because of altered hydrological conditions after the Danube
channelization. The proportion of hard wood tree species
increased from approximately 8% in 1850 to 50% in 1940.
However, typical trees such as willows, alder or poplar still
kept their importance (Haidvogl 2019).

A powerful actor entered the area in the 1950s and
1960s, when plans to tap groundwater resources for urban
drinking water supply south of Vienna failed. In addition,
growing agricultural production in the region Marchfeld east
of Vienna increased the demand for water. In the 1950s,
water extraction started with small wells supplying agri-
culture. In 1958, groundwater areas were identified at a
depth of 12m that appeared suitable for drinking water
supply. Two years later, an area of 10 km? was designated
as drinking water protection zone. In 1964, construction of
three wells started. For about two decades, these drinking
water wells contributed significantly to the supply of the
Viennese districts east of the Danube and Donaukanal,
respectively. Since 1988, the main purpose is to secure
water supply during peak demand and in case of main-
tenance work on the two main Viennese water pipelines
(Haidvogl 2019).

Predictions for the future and scenarios
for conservation and rehabilitation

During a 70-years period since 1938, 34% of the aqua-
tic areas of the Lower Lobau were lost due to sedimentation
and terrestrialization. Digital geo-referenced orthophotos
were used to visually estimate the areal extension of wa-
ter bodies in the floodplain from 1938 to 2009 (supplied
by Bundesamt flr Eich- und Vermessungswesen BEV, Na-
tionalpark Donau-Auen, viadonau, and MA41; Reckendorfer
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et al. 2011). The losses were significantly higher for small
and shallow water bodies (70%) than for large and deeper
parts of the side arm (30%) and they were also greater in
the Upper Lobau than in the Lower Lobau. The estimated
average sedimentation rates for this period ranged between
1 to 14 mm per year, with maxima of up to 28 mm per year
(Reckendorfer et al. 2013). Predictions about the future
development of floodplain water bodies in the Lobau are
difficult. On the one hand, the incision of the Danube River,
which was one major driver of the increasing terrestriali-
zation during the last 20-30 years, was mitigated by regular
gravel supply to the river channel (Habersack et al. 2013). On
the other hand, more frequent low surface and subsurface
water levels in the Danube and the adjacent floodplain are
predicted for the future due to climate change induced shifts
in the seasonal precipitation patterns (Hein et al. 2016). A
sedimentation model showed high sedimentation rates of
up to 46 cm of fine sediments until 2050 in shallow and
low-flow water bodies near the downstream inlet of the
Lower Lobau (Weigelhofer et al. 2015; Funk et al. 2014). In
addition, both aquatic and terrestrial primary production will
lead to further sedimentation of plant material (10-15 c¢m
until 2050) in isolated water bodies. Thus, if no measures
are taken in the future, further losses especially of small and
shallow water bodies are certain to occur (Reckendorfer et
al. 2013).

Since the 1980s, various management concepts for a
step-wise rehabilitation of the Lobau floodplain have been
developed (Trauner et al 2016; Weigelhofer et al. 2013). As
a first management measure, a water enhancement scheme
was started in the area of Upper Lobau in 2001. Water from
large stagnant former Danube branches within the city
borders of Vienna is discharged during the vegetation
period (March to October; Weigelhofer et al. 2011; 2005;
Funk et al. 2009). The discharge is restricted to a maxi-
mum of 1.5 m%/s and depends on chemical, hygienic, and
hydrological thresholds. The New Danube as source of the
water enhancement scheme was preferred over the Danube
main channel due to the better water quality in this artificial
side channel.

For the Lower Lobau, different hydrological scenarios
were developed and evaluated based on different quantita-
tive and qualitative models since 2005 (fig. 2; Weigelhofer
et al. 2020; 2005; Trauner et al. 2016; Funk et al. 2013;
Reckendofer et al. 2013; Sanon et al. 2012). Besides a
business-as-usual scenario without measures, they in-
cluded two types of measures:

1. A controlled water supply with increased waterflow from
the Upper Lobau or from alternative sources e.g. direct-
ly from the Danube, aiming to stop and partially reverse
the enhanced terrestrialization by raising the surface and
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groundwater levels in the floodplain, increasing the con-
nectivity and the surface water exchange via the main side
arm. In the most recent planning phase, a scenario with a
controlled water supply of 3 m3/s from the Danube main
stem was evaluated (Weigelhofer et al. 2020).

2. Different levels of re-connections with the Danube, in-
cluding a dynamic discharge of the river into the main
side arm of the floodplain. Besides the aim to stop and
partially reverse the enhanced terrestrialization, this
scenario type also aims at increasing the erosion in
certain stretches and reducing the effect of sedimen-
tation at least in parts of the system (Funk et al. 2013;
Sanon et al. 2012).

Opportunities and risks

All evaluated management scenarios, except the busi-
ness-as-usual scenario, have the potential to improve, stop
or even reverse the hydrologically driven terrestrialization
process, dependent on the amount of water entering into
the system, i.e., an increase of the groundwater and surface
water tables that reverses or stabilizes the human driven
loss of water body area in the system (e.g. Weigelhofer et
al. 2020).

The different management options also come together
with some risks for the biodiversity and integrity of the system.

There is a risk for a loss of the diversity of small per-
manent to temporal, isolated water bodies by increasing
the surface connectivity with the large main waterbodies.
This may initiate a loss of heterogeneity, increase in nutrient
levels and productivity, trophic state and consequently, loss
of the sensitive community and dominance of more eurytopic
species. This is a risk of both types of restoration measures
(Weigelhofer et al. 2020; Funk et al. 2013) but according to
Reckendorfer et al. (2013) especially relevant for the partial
re-connection type where nutrient and sediment rich surface

waters enter the system widely uncontrolled. In a controlled
water supply scenario, the amount and quality of surface
water that is supplied can be controlled and regulated as
already shown for the Upper Lobau. A potential management
solution for this issue is also a creation (excavation) of small
isolated groundwater-fed water bodies that can compensate
a potential loss of these types (Weigelhofer et al. 2020).

Further, there is a risk related to socio-economic
demands in the system. Only the controlled water supply
type of scenario is expected to fully preserve important
socio-economic demands in the area such as drinking water
supply, recreation or agriculture. Especially a full reconnec-
tion of the system would be in conflict with the socioeco-
nomic demands, particularly for the potential for drinking
water production, as the surface water influence impacts
the quality of groundwater (Sanon et al. 2012). Therefore,
a partial re-connection scenario with a dynamic, permanent
discharge (depending on the respective water level of the
Danube) and a controlled maximum discharge of 80 m3/s
was developed to reduce this risk (Weigelhofer et al. 2020).

Sedimentation processes in the system are a further
issue. Ongoing sedimentation can only be reversed, if the
discharge in the system is high enough to allow erosion
processes; this is only predicted for the re-connection type
of measures, so with a controlled water supply enhanced
terrestrialisation might continue (Weigelhofer et al. 2020;
Funk et al. 2013). On the other hand, these erosion
processes within a reconnection type measure come also
with the risk that the successional stage of parts of the
system are more strongly reversed than targeted, parts of
the waterbodies might lose their current stagnotopic species
rich community (Weigelhofer et al. 2020; Funk et al. 2013).
A potential solution to reduce the impact of sedimentation
within a controlled water supply scenario could also be a
targeted excavation of water bodies with high sedimentation
rates to reduce the already accumulated sediments.

Figure 3. View of an isolated oxbow in Untere Lobau (© Andrea Funk)
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Therefore, most promising could be a stepwise adaptive
management approach, closely monitoring the effects of con-
trolled water supply, beginning with low amounts of nutrient
and sediment poor water to reduce the described risks, then
further increasing the supply and if the targeted reversion in
succession is not achieved a partial re-connection can be im-
plemented in a second step (Reckendorfer et al. 2013).
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The International Association for Danube Research (IAD)
is in many ways actively contributing to both the Interna-
tional Commission for the Protection of the Danube River
(ICPDR) and European Macro-Regional Strategy for the

Danube Region (EUSDR). The Sturgeon Action Plan after
2005 set the fundament for all further networks and has
been established in a Danube Sturgeon Task Force (DSTF).
The Danube Invasive Alien Species Network (DIAS) has been
developed since 2014. Continuous cooperations between
the Working Community of the Danube Region, the Euro-
pean Land and Soil Alliance (ELSA) and the IAD expert group
Sustainable Development and Public Participation (IAD EG
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