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Reconnection and restoration of oxbow lakes — crucial factors for the success

Wiederanbindung und Revitalisierung von Altwéassern — entscheidende Faktoren fiir den Erfolg

Sabine Radke, Uta Langheinrich, Richard M. Gersberg and Volker Lideritz

Abstract

Many backwaters worldwide have been decoupled from the
main rivers through hydraulic engineering measures and
changes in use. As a result, oxbow lakes (OL) have become
a threatened habitat. Numerous restoration projects are
therefore aimed at permanently connecting OL to the rivers.
According to widespread belief, the constant connection of
backwaters on both sides is optimal for their ecological
condition. In practice, such a permanent re-connection is not
possible everywhere due to hydrological reasons and legal
restrictions. Thus, we investigated 17 OL of the River Elbe
with different degree of connection by means of multihabitat
sampling for aquatic macroinvertebrates and electrofishing
for freshwater fish, to find out what factors are most impor-
tant for biodiversity and refuge function. We were able to
show that the habitat function of OL for fish and aquatic mac-
roinvertebrates does not primarily depend on the degree and
duration of the flow. For alluvial and river fish species that
use OL for their reproduction, it is much more important that
there is a temporary connection so that the spawning habi-
tats can be reached and left. A one-sided connection of OL is
therefore sufficient. Aquatic macroinvertebrates (MI) of the
floodplain use OL as their preferred habitat. The MI diver-
sity depends primarily on the habitat richness. Desludging
the water bodies has proven to be the preferred method to
improve the habitat quality of OL in the fossil floodplain.
Our investigations show that each water body has to be
considered individually. Thus, adequate scientific pre- and
post-processing is mandatory for restoration measures.

Keywords: oxbow lakes; restoration; re-connection, fish;
macroinvertebrates, ecological guilds; biodiversity, assess-
ment

Zusammenfassung

Viele Altwasser weltweit wurden durch wasserbauliche Maf3-
nahmen und Nutzungsanderungen von den Hauptflissen
entkoppelt. Infolgedessen sind Altwasser (OL) zu einem
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bedrohten Lebensraum geworden. Zahlreiche Revitalisie-
rungsprojekte zielen daher darauf ab, OL dauerhaft mit den
Flissen zu verbinden. Nach weit verbreiteter Meinung ist
die standige Verbindung der OL auf beiden Seiten optimal
fur deren 6kologischen Zustand. In der Praxis ist ein solcher
dauerhafter Wiederanschluss aus hydrologischen Griinden
und aufgrund gesetzlicher Restriktionen nicht berall mog-
lich. Daher haben wir 17 OL der Elbe mit unterschiedlichem
Vernetzungsgrad mittels Multihabitat-Probenahme auf aqua-
tische Makroinvertebraten und mittels Elektrobefischung auf
SiuRwasserfische untersucht, um herauszufinden, welche
Faktoren fir Biodiversitat und Riickzugsfunktion am wichtigs-
ten sind. Wir konnten zeigen, dass die Lebensraumfunktion
von OL fir Fische und aquatische Makroinvertebraten nicht
primar von der Starke und Dauer der Stromung abhangt.
Fir Auen- und Flussfischarten, die OL fur ihre Fortpflanzung
nutzen, ist es viel wichtiger, dass eine temporare Verbindung
besteht, damit die Laichhabitate erreicht und verlassen
werden kénnen. Ein einseitiger Anschluss von OL ist daher
ausreichend. Aquatische Makroinvertebraten (Ml) der Aue
nutzen OL als bevorzugten Lebensraum. Die MI-Diversitat
hangt in erster Linie vom Habitatreichtum ab. Die Entschlam-
mung der Gewasser hat sich als bevorzugte Methode zur
Verbesserung der Lebensraumqualitat von OL in der fossilen
Aue erwiesen. Unsere Untersuchungen zeigen, dass jedes
Gewasser individuell betrachtet werden muss. Daher ist fir
Revitalisierungsmafinahmen eine adaquate wissenschaftli-
che Vor- und Nachbereitung zwingend erforderlich.

Schliisselworter: Altwasser, Revitalisierung; Wiederan-
bindung; Fische; Makroinvertebraten; 6kologische Gilden;
Biodiversitat; Bewertung

1 Introduction

Oxbow lakes (OL) are river loops that are completely or
partially separated from the flowing water by natural and
technical reasons. While natural shifts in the course of a
river usually result in OL that are connected to the river on
one side, artificial straightening usually completely separates
the loops from the river (Tockner et al. 2000, LuperiTz et al.
2009).
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OL naturally often harbor a more abundant and diverse
assemblage of organisms than streams, rivers, and lakes due
to their terrestrial habitats that are spatially and temporarily
connected. For decades, their complex ecological diversity
has been impaired by several degrading factors. In case of
the River Elbe, since the 19th century, this water body has
been channelized and partially dammed up for flood con-
trol and constructed for use as a waterway. Hence, it now
contains about 6,900 groynes, and the floodplain has been
reduced to 15 % of the original size with less than 5 % of its
OL still connected to the main channel. More than 80 % of
its OL are in a terminal stage, close to complete silting up
(Luperitz et al. 2009). The corresponding situation in other
European catchments is similar (e.g. OsoLewski et al. 2014).
This phenomenon is so-called as “(over)aging”. Conse-
quently, all approaches of OL typology (e.g. LuperiTz et al.
2009, Amoros et al. 1982, CHovaNec et al. 2005, PoTTGIESSER
et al. 2013) follow a common basic idea: In dynamic river
systems, in addition to the main stream, there are floodplain
waters in different stages of succession, which are associ-
ated in particular with a different frequency of connection of
the waters to the main stream.

The typification of the floodplain waters based on their con-
nection to the main stream goes back to the “ensembles
fonctionnels”, the functional sets, according to Amoros et
al. (1982). Using the example of the French Haute-Rhbne,
the authors divided the floodplain waters on a regional
scale (1:50,000 or 1:25,000), which was intended to com-
plement the classic longitudinal zoning of the rivers with a
transverse, vertical and temporal dimension. The functional
sets are characterized by the prevailing geomorphological,
hydrological, sedimentological and pedological conditions
as well as the colonization by plants and animals. They rep-
resent the phases of succession, depending on erosion and
agglomeration, biological phenomena such as colmation
and eutrophication, or human interventions. That succession
takes place at different speeds - and sometimes in different
directions. The main stream and its side channel (Eupota-
mon) form the origin. The Parapotamon is created from the
low-lying areas of the Eupotamon by separating it upstream.
The upstream and silting up of the downstream connection
lead to the isolation of the water and cause a transformation
of the corresponding ecosystem. Depending on the geomor-
phological conditions, the Parapotamon can develop in two
different directions: the former branches or anastomoses,
narrow and shallow channels, become the Plesiopotamon,
while the so-called Paleopotamon emerges from the large,
deep, former meanders. In Plesiopotamon, which is already
flat, colmation leads relatively quickly (time horizon of around
100 years) to the formation of a semi-aquatic ecosystem, the
functional set of the lowlands. The colmated Paleopotamon
silts up less quickly due to the greater water depth. After a
time horizon of around 200 years, the semi-aquatic functional
set of bogs emerges from this ecosystem. In contrast, if there
is no colmation and/or strong drainage, the succession pro-
ceeds more slowly, so that the non-colmated Plesiopotamon
and the non-colmated Paleopotamon represent very long-
lived stages (Amoros et al. 1982).

If the dynamic of a river is not limited anthropogenically, new
floodplain waters will continuously emerge according to its
floodplain type. This development is essentially determined
by the size of the watercourse, the gradient and the prevail-
ing substrates (Koenzen 2005). If the natural dynamics are
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hindered by straightening and strengthening the course of
the river, no new floodplains can arise. At the same time,
natural and partly anthropogenic factors accelerate succes-
sion progress in the existing floodplain waters. The floodplain
becomes over-aged and disconnected, dynamic waters
increasingly disappear from the mosaic of floodplain water
types. Nature conservation measures on existing floodplain
water bodies are therefore usually aimed at counteracting
aging. Hence, effective restoration measures of rivers and
floodplains are needed (BMU 2010). This “re-juvenation”
should generally be achieved by increasing the degree of
connection and/or by desludging the river bed (TockNeR et al.
2000, Luperitz et al. 2009). Within such restoration measures,
re-establishing flood channels and re-connection of OL are
an essential part. It was shown that permanently connected
OL harbor river-specific communities to a high degree and
hence, can improve the biodiversity of riverine species in
the floodplains (OBoLeEwski et al. 2016a, OsoLewski et al.
2016b). The interdependence between river channel and
OL by complex matter circulation and organismic exchange
stimulates an increase of biodiversity and productivity of
floodplains (Reese & Batzer 2007, SarTorI et al. 2015). Under
natural conditions, floodplains comprise a mosaic of habitats
subjected to a continuum of hydrological conditions in which
side arms, OL, and paleomeanders that represent habitats of
various degrees of connectivity, are arrayed along both sides
of the river bed, providing ‘hotspots’ of biodiversity (Reese
& Batzer 2007, SarTor et al. 2015). WINEMILLER et al. (2000)
showed that younger OL that have a higher hydrological con-
nectivity gradient with the river, are more often flooded than
older OL, which promotes fish migration and, thus, number
of fish species.

Consequently, the basis of restoration of OL is to reestablish
connectivity between the river channel and these waterbod-
ies to ensure the diversity of the dynamics of water flow
through these ecosystems (Warp et al. 2000, OBoLEwWsKI
et al. 2018). GaLLarDO et al. (2008) demonstrated that the
diversity of benthic macroinvertebrates (Ml) increased with
higher hydrological connectivity. The results of OsoLEwski et
al. (2016a) supplemented this information by showing that in
addition to the level of hydrological connectivity, the rate of
water flow within the OL is an important factor. For the sur-
vival of rheophilic organisms, at least a small but steady flow
is essential (Warp et al. 2002). The EPT (Ephemeroptera,
Plecoptera, Trichoptera) index (%) was higher at sites where
the riverine waters had contact with OL which indicated the
positive influence of the main river on the quality of water in
the OL. Newly formed or re-connected OL which are perma-
nently connected by their arms to the parent river host many
aquatic species that can easily migrate into the river system.
Such conditions contribute to the considerable diversity of
various hydrobiont communities, particularly fish (SarToRI et
al. 2015, SeipeL et al. 2017a, b, Panper et al. 2015). Shortly
after oxbow lake re-connection to the Slupia River in Poland,
the number of fish species was enhanced and ichthyofauna
abundance increased up to 15 times, but species evenness
decreased (OsoLewski et al. 2016). AArTs et al. (2004) con-
cluded that fish species richness decreases with decreasing
hydrological connectivity of OL.

Concerning aquatic M, effects of re-connection can be con-
flicting. WARD & StanForp (1995), Luperitz et al. (2009) and
SeipeL et al. (2017a, b) observed that floodplains provide sup-
portive habitats for benthic Ml including typical river species.
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On the other hand, OsoLewski et al. (2018) have shown that
a newly created habitat which was actively flushed with river
water was not favourable for benthic MI. The diversity of Mi
species decreased from 19 taxa in the unaltered water bod-
ies (plesiopotamal phase) to 5 taxa in the reconnected water
bodies (eupotamal phase). These authors have shown that
the improvement of Ml abundance and biodiversity is higher
in the case of half-open OL. Thus, construction of river-flood-
plain systems connected with the river only from downstream
seems to be also a useful and relatively stable approach.

The restoration of OL in the Slupia River floodplain in Poland
did not lead to a significant increase in the biological diversity
of benthic fauna, but on the contrary it led to a decrease, prob-
ably due to the removal of organic matter including aquatic
macrophytes. The availability of organic matter including
submerged and emerged plants as food and habitat is a more
critical factor in explaining the composition and density of
MI communities than the physical properties of bottom sedi-
ments (OsoLewski et al. 2018). For example, OsoLewski et al.
(2014) found that the leaves and roots of the water soldier
(Stratiotes aloides) served as habitats for up to 29 Ml species
in OL of the Slupia River.

With regard to the above results, our hypotheses are the
following:

1. OL embankment restricts species diversity of fish but
can bear

2. remarkable richness in aquatic macroinvertebrates.

3. Duration of (both-side) connection of OL to the main
river in the recent floodplain is not the crucial factor for
occurrence and reproduction of fish.

4. Rheoparous fish must be able to reach their spawning
habitats, even if it is only for a short time span. Within
the narrow floodplain of the middle Elbe, annual flood
is sufficient for broad fish species distribution.

5. Habitat richness is the crucial factor stirring the diver-
sity of M.

6. Ecohydrological evaluation of OL is not in accordance
with assessment by means of Ecological Integrity.

2 Material and methods

2.1 Study area

Our study area included alluvial water bodies existing
between km 245 and 545 of the Middle Elbe. 17 OL were
examined in more detail within the scope of the present work
(Fig. 1). The catchment area of the Elbe belongs to the tem-
perate climate zone and lies in the transition area from a more
maritime to a more continental climate. Continental influence
is reflected in relatively low levels of precipitation and large
temperature differences between winter and summer. The
average annual air temperature in the Middle Elbe region is
8 to 9 °C and average annual precipitation for the Middle Elbe
area is 628 mm. The natural vegetation in the immediate vici-
nity of the Elbe is characterized by softwood and hardwood
floodplain forest (LuberiTz et al. 2009).

In the considered reach, the Elbe is classified as natural
running water of LAWA type 20 “Sand-shaped streams”
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(PotTciesser et al. 2013). The geological map (GK 1000,
BGR 2013) shows Holocene river deposits (sand, gravel and
gravel) along the Elbe. According to Koenzen (2005), it is a
floodplain with little gradient (gradient > 0.1 to 0.5 %o) with the
basic substrates sand and gravel; in the very low-gradient
section below the mouth of the Havel (gradient < 0.1 %o) sand
dominates as floodplain substrate.

With regard to Sapels, Forsterbrack, Elbealtarm Romerwer-
der, Parchauer Baggerloch, Alte Elbe Lostau and Kurzer
Waurf, these six OL were selected because measures to
increase the frequency of connection or throughflow were
implemented there in the past.

In addition, eleven OL located outside and inside the dyke
with different connectivity states and water body size and
shape, were selected in order to represent the widest pos-
sible spectrum of water body types in the recent and fossil
floodplain (Balower Haken, Elbealtarm Rihstadt, Bolsdorfer
Haken, Sandheger, Hohengéhrener Haken, Heidebleck,
Buttenwerder, Kiihnauer See, Alte Elbe Klieken and the
Dornburger Alte Elbe (DAE) in the Haberlanddamm and
Kreuzhorst sections. Tabel 1 gives an overview of the main
characteristics of the OL considered in this study.

2.2

The dominant classification of the OL bases on the perma-
nent, episodic or missing connection to the main stream, e.g.,
the “Typology of potamal backwaters (OL) of River Elbe in
Saxony-Anhalt” (PotTtciesser et al. 2013). The four types are
referred to “OL of the Sandy Streams”:

Typology of OL

e with permanent connection (type 20.A1),
e with episodic connection (type 20.A2),

e without connection in the recent floodplain (type 20.A3)
and

e without connection in the fossil floodplain (type
20.A4).

Other approaches to determine the development status of OL
within the sequence of natural succession stages are based
on the interaction of hydrology and some biological groups.

The Floodplain Index (Fl) by CHovanec et al. (2005) and
WAaRINGER et al. (2005) uses fish, amphibians and some
groups of MI to match them to one of five OL types H1 to H5.
Flis an index for the degree of connectivity between the main
river and the OL.

Five habitat types are defined:

H1: eupotamic, connected at mean water discharge at both
ends

H2: semipotamic, connected at mean water discharges only
at the downstream end

H3: not connected at mean water discharge, coverage by
macrophytes < 20 %

H4: not connected at mean water discharge, coverage by
macrophytes > 20 %

H5: not a permanent water body
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Tab. 1: Information on water body name, type and position (localization of lead-in at single-edge connection unless water body is
embanked), statistical frequency of single-edge hydrological connection to the main channel and water body perfusion or location
within embanked floodplain, respectively, implementation of restoration measures and habitat richness (5 = very good, 4 = good,
3 = moderate, 2 = poor).

Tab. 1: Angaben zum Gewdssernamen, zum Gewdéssertyp und zur Gewdsserlage (Lokalisierung der Einmiindung an einseitigem
Anschluss, sofern Gewdsser nicht eingedeicht ist), statistische Haufigkeit einseitiger hydrologischer Anbindung an Hauptgerinne
und Gewdsserdurchstrémung bzw. Lage innerhalb eingedeichter Aue, Umsetzung der RevitalisierungsmalBnahmen und Habitat-
vielfalt (5 = sehr gut, 4 = gut, 3 = méBig, 2 = unbefriedigend).

Water body and its | River | Single- Perfusion | Restoration measures Habitat
type Elbe- edge [d/a] rich-

km connection ness

[d/a]
Sapels 541,3 365 20 establishment of upstream lead-in in 2011 3
20.A1
Forsterbrack 481,4 > 174 17 establishment of downstream lead-in in 2011 3
20.A1
Balower Haken 4457 359 73 none 3
20.A1
Rihstadt 441,5 61 34 none 3
20.A2
Elbealtarm im Rémer- | 419,2 351 193 excavation and rock ramp construction at 5
werder lead-in in 2006, subsequent safeguarding mea-
20.A1 sures due to erosion processes
Hohengdhrener 399,0 210 35 none 4
Haken
20.A2
Bolsdorfer Haken 385,0 355 31 none 3
20.A1
H2
Heidebleck 380,2 191 56 none 3
20.A2
Buttenwerder 378,9 273 75 none 3
20.A2
Sandheger 370,9 134 28 none 3
20.A2
Parchauer Bagger- 358,4 365 365 both-edge excavation for connectivity enhan- 3
loch cement in 2004, subsequent erosion at
20.A1 downstream lead-out
Alte Elbe Lostau Sediment removal, re-establishment of perma- 4
20.A1 337,2 365 365 nent perfusion by the river Ehle, dischargeing
into the Elbe, in 2012
DAE Haberlanddamm 2948 location within embanked none 4
20.A4 ’ floodplain®
DAE Kreuzhorst 305 location within embanked none 3
20.A4 floodplain
Kihnauer See 266 location within embanked | Sediment removal from 1994 to 1997, diversifi- 4
20.A4 floodplain* cation of depth and banks
ggrz;ar Warf both-edge excavation for connectivity enhan- 2
A 2504 | =349 65 cement in 2001, subsequently silting up at
upstream lead-in

Alte Elbe Klieken 250 location within embanked | Sediment removal from 2001 and 2015, diversi- 5
20.A4 floodplain fication of depth and banks

* perfusion at extended flood events
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In this sense, Fl is an ecohydrological approach of OL
assessment incorporating simultaneously the typology and
the ecological evaluation concerning the European Water
Framework Directive (WFD). Differing from PoTTcIESSER et al.
(2013), it is basing on bioindication.

The Floodplain Index is calculated according to WARINGER et
al. (2005) using the formula:

_ T(HV+IW)
YW

Fl

HV is the habitat value and IW is the species-specific indica-
tor weighting. The assignment of the Fl values to the 5 habitat
types (H1 to H5) was carried out according to CHovaNEC et al.
(2005). However, GraF & CHovAaNEc (2016) state that by aver-
aging the indicator values ,no clear statement can be made
about the habitat characteristics” at an examined location.
On the other hand, the detection of species with specific
requirements can serve as evidence for the occurrence of
corresponding alluvial water types within an area (LUberITZ
et al. 2021).

2.3 Sampling and mapping

In 15 of the 17 OL, fish were sampled in September/October
2017 and 2018 by electrofishing from a boat over the whole
length of the banks (one anode, adapted DC stator with
1.5-7.5 kW, 300-600 V). Electrofishing is normally provided
in fall to catch already the youngs-of-the year. In Rihstadt and
Sandheger, fish sampling was not permitted.

The fish were identified and their length was determined
(>1cm).

Both fish and Ml sampling were accomplished at medium
water levels.

Due to the marked discrepancy in sample size, statistical
evaluation of differences in fish community composition
between embanked and unembanked oxbow lakes was not
reasonable. Nevertheless, these differences were apparent
so that fish data from embanked oxbow lakes were excluded
from the statistical analysis of correlation between the pro-
portion of rheoparous fish and the duration of perfusion of
oxbow lakes. Non-parametric Spearman’s rank correlation
was performed in R (version 3.4.3) using the percentage of
rheoparous individuals and the statistical frequency of per-
fusion of eleven unembanked OL.

In April and June 2017 and 2018, macroinvertebrates (MI)
were sampled with handnets from the water and sediment
in 300 m sections at each sampling site. The sampling
periods were selected because we found in former studies
(e.g. Luperitz et al. 2009, SepeL et al. 2017a, b) an almost
total covering of all MI groups. The sites were sampled using
the multihabitat sampling technique according to LuberiTz et
al. (2011) and Lupernz et al. (2021). Also, to find infrequent
species, this sampling procedure was extended from 1.25
to 10 m? (SeipeL et al. 2017). Sampled surfaces included all
microhabitats. The procedure lasted about 4 hours for one
sampling section.

The organisms (except easily identifiable species) were fixed
in ethyl alcohol (70 %) and identified with keys documented
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by LuperiTz et al. (2011).

Habitat richness as a measure for hydromorphological grade
was mapped and calculated according to a method developed
in LuperiTz et al. (2009) especially for OL. It includes variety of
current and of water depth, diversity of mineralic and organic
substrate, structure of banks and surroundings and diversity
of plant communities (small and big reeds, submerged and
emerged plants, floating leaf plants).

2.4 Ecological Assessment

Due to the deficits of the FI that does not mirror main ecologi-
cal traits like structural and functional biodiversity, LUDERITZ et
al. (2021) developed an Index of Ecological Integrity contain-
ing several functional (Funct) and taxonomic (Tax) indices and
conservation parameters as the refuge function (Ref). Ecolo-
gical integrity is here defined as the ability of an ecosystem
to maintain its structures and functions. The characteristics
of the ecosystem integrity are self-organization ability, func-
tionality and compliance of abiotic and biotic properties with
the natural site potential (UBA 2019).

Functional indices are:

e Percentage of predator species: predators are standing
on the top of the foodchain, normally they have high
demands for the habitat quality

e Percentage of pelal settlers: they are adapted to the
conditions of muddy water bodies without flow and low
oxygen concentration in the sediment; dominance of
sediment eaters and filterers

e Percentage of neozoa: High abundances of neozoa
indicate a disturbance of original community; abun-
dances are normally high under conditions of
morphological, chemical and thermal disturbance.

Taxonomic indices are:

e Species numbers of considered MI groups; oxbow lakes
in good status are very species-rich compared with
other types of water bodies

e Percentage of Ephemeroptera, Plecoptera, Trichoptera,
Coleoptera, Bivalvia and Odonata (EPTCBO) in the
whole species number; it reflects the diversity of spe-
cies and of undisturbed sub-habitats; the six groups
include a very high percentage of sensitive species with
high environmental demands

e Number of Odonata species: Dragonflies and dam-
selflies are frequent in intact oxbow lakes of the optimal
condition; many species are stenotopic and bound to
distinct plants and plant communities. As predators,
Odonata need good food supply from other Ml groups.
Thus, the occurrence of many Odonata species is an
indication of a valuable habitat.

For assessment of the refuge function, present red-list (RL)
species and species according to the attachments Il and IV
of the European Habitat Directive (HD) (EU 1992) are consid-
ered in the following way:

e 3 points for species RL 1 (federation and/or state) and
HD Il species
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1 Sapels

2 Forsterbrack

3 Bélower Haken

4 Riihstadt

5 Elbealtarm im Romerwerder
6 Hohengohrener Haken
7 Bolsdorfer Haken

8 Heidebleck

9 Biittenwerder

™ 10 Sandheger

11 Parchauer Baggerloch
12 Alte Elbe Lostau

13 DAE Kreuzhorst

14 DAE Haberlanddamm
15 Kiihnauer See

16 Kurzer Wurf

17 Alte Elbe Klieken

~\' \ 4 b 1

~

© GeoBasis-DE / BKG (2019)

Fig. 1:
Abb. 1:

e 2 points for species RL 2 (federation and/or state) and
HD IV species

e 1 point for RL 3 (federation and/or state)
El is calculated as the average of scores of functional and
taxonomic indices and of the score for the refuge function:
Tax = Func = Ref
3

El

Calibration of metrics and indices was done with 104 data-
sets from oxbow lakes at rivers Elbe, Aller, and Upper Main
(LuperiTz et al. 2021).

50

Localization of the considered 17 oxbow lakes and side arms of River Elbe.

Lokalisierung der untersuchten 17 Altwésser und Nebenarme der Elbe.

3 Results
3.1 Fish
311 Species number

A total of 3,967 fish belonging to 26 species were recorded
in the 15 OL.

Table 2 gives an overview of the fish species found, their
allocation to the floodplain guilds according to ScHwevers &
Apam (2010) and habitat guilds according to the fish-based
assessment system (fiBS) (DussLing 2009), the consistency
of their detection and their proportion of individuals across
all water bodies.

In the individual water bodies, the number of individuals was
between 12 and 780, and between 6 and 16 species were
recorded. As Figure 2 shows, the number of species recorded

Waldb6kologie, Landschaftsforschung und Naturschutz 21 (2022)
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Tab. 2: Results of the fishing of 15 OL of the Middle Elbe with assignment to the floodplain guilds according to Pezensurc et al. (2002) and
the preference guilds according to fiBS (DusstLing et al. 2009).
Tab. 2: Ergebnisse der Befischung von 15 OL der Mittelelbe mit Angabe der Auengilden nach Pezensure et al. (2002) und der Strémungs-

préferenzgilden nach fiBS (DussLinG et al. 2009).

Species name

Scientific name

Preference guilds

Percentage of
individuals [%]

Steadiness

European eel Anguilla anguilla eurytopic 0.4 7115
Orfe Leuciscus idus rheophilic 5.2 10/15
Chub Squalius cephalus rheophilic 0.5 3/15
Asp Leuciscus aspius rheophilic 3.1 9/15
Zope Ballerus ballerus rheophilic <0.1 115

Parapotamon species

Bream Abramis brama eurytopic 91 12/15
Perch Perca fluviatilis eurytopic 12.7 15/15
Gudgeon Gobio gobio rheophilic 4.7 6/15
White bream Blicca bjoerkna eurytopic 41 8/15
Ruffe Gymnocephalus cernuus eurytopic 11 6/15
Burbot Lota lota rheophilic 041 2/15
Roach Rutilus rutilus eurytopic 28.6 14/15
Spined loach Cobitis taenia rheophilic 3.6 1115
Bleak Alburnus alburnus eurytopic 8.4 10/15
Catfish Silurus glanis eurytopic 01 2/15
Zander Sander lucioperca eurytopic 1.3 5/15

Pike Esox lucius eurytopic 2.9 13/15
Plesiopotamon species

Bitterling Rhodeus amarus eurytopic 0.2 3/15
Gibel carp Carassius gibelio eurytopic 2.6 5/15
Carp Cyprinus carpio eurytopic 0.3 6/15
Sunbleak Leucaspius delineatus limnophilic 0.2 115
Rudd Scardinius erythrophthalmus limnophilic 75 12/15
Trench Tinca tinca limnophilic 3.0 9/15
Paleopotamon species

Crucian carp Carassius carassius limnophilic 0.5 2/15
Weather loach Misgurnus fossilis limnophilic <041 115

MNeooa | e

Round goby Neogobius melanostomus not rated 041 115
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was particularly low in those OL where a low total number of
individuals was found.

Only 15 species were recorded in the four OL (Kihnauer
See, Alte Elbe Klieken, DAE Kreuzhorst, DAE Haberland-
damm) that are completely or partially inland (verification
of hypothesis 1). A total of 23 species were recorded in
the six OL (Sapels, Forsterbrack, Elbealtarm Rémerwerder,
Parchauer Baggerloch, Alte Elbe Lostau and Kurzer Wurf)
with (almost) year-round connection to the Elbe (overflow
> 349 d), the same number of species was found for the five
OL (Ruhstedt, Hohengohrener Haken, Heidebleek, Sandhe-
ger, Bittenwerder) with medium connections and an overflow
between 73 and 273 (verification of hypotheses 2 and 3).

3.1.2 Floodplain Guilds and Flow Preference for
Reproduction

Orfe, chub, asp and zope use areas of water characterized
by currents for reproduction. As a catadromous species, the
eel migrates to the sea to reproduce. All five species with
rheoparous or marine reproduction are considered flood-
plain guests. The share of this ecological guild in the total
number of individuals was 9 %. Rheoparous species were
found in all eleven floodplain waters outside the dyke, with
the guild being represented in relatively small numbers and
a maximum of three species. No rheoparous fish were found
in the four floodplain waters that were partially or completely
inland. Nine species that reproduce in stagnant water (limn-
oparous) were recorded. They are therefore considered to be
obligatory alluvial species and are divided into parapotamon
species (pike), plesiopotamon species (bitterling, gibel carp,
carp, sunbleak, rudd, tench) and ancient paleopotaon spe-
cies (crucian carp, weather loach). In the DAE Kreuzhorst
and Haberlanddamm, in the Alte Elbe Klieken and in the
Kuhnauer See, between three and five of a total of seven
obligatory floodplain species were found. In the other eleven
floodplain waters with more frequent connections and flows,
there were between zero and seven species, which together
represented the entire spectrum of limnoparous fish. With
74 % of the individuals, the guild of facultative floodplain
species was the most strongly represented. Bream, perch,
gudgeon, white bream, ruffe, burbot, roach, spined loach,
bleak, catfish and zander are considered to be adaptable
to the flow rate at the breeding site (euryoparous). A total
of seven facultative floodplain species were recorded in the
four OL with rare or no connection and flow through, between
two and six species of the guild occurred in the individual
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waters. The species inventory of the OL on the outer dike
includes all eleven euryoparous fish, the number of species
varied between three and nine. Species that avoid floodplains
were not recorded. In addition to the complete absence of
rheoparous fish, a limited species inventory of limnoparous
and euryoparous species was found in the four floodplain
with limited or no connectivity with the Elbe compared to the
more frequently connected floodplain waters. The records of
rheoparous, limnoparous and euryoparous fish found in the
15 OL listed in Table 3.

Also, based on the individual proportions of euryoparous,
limnoparous and rheoparous species (Fig. 3), there are clear
differences in the composition of the fish zones of OL that are
completely or partially inland diked compared to those located
in the recent Elbe floodplain.

Thus, all coenoses of the eleven OL located outside the dykes
were dominated by euryoparous fish. Their proportions of
individuals were between 58 and 94 % (median 76 %) and
were disproportionately high compared to the proportion
of species. The proportion of limnoparous species varied
between 0 and 34 % (median 9 %), rheoparous fish made
up between less than 1 and 26 % (median 9 %) of the total
number of individuals. On the other hand, in the four OL
located completely or partially within dikes, the proportion
of euryoparous fish was lower overall at 21 to 73 % (median
34 %); obligate floodplain species made up the majority of
individuals in three of these four waters. The median propor-
tion was 64 % (range 22 to 78 %).

Correlation between the percentage of rheoparous indi-
viduals and the frequency of perfusion was not significant
(Figure 4).

The calculation of the floodplain index resulted in values
between 1.4 and 3.0 for the 15 fished OL. If the bodies of
water are classified according to CHovanec et al. (2005) and
assigned to the five habitat types based on their Fl values,
twelve OL with statistical frequency of connection and flow
between zero and 365 days per year can be classified as
type H2. This is described as a body of water with changing
direction of flow and one-sided, downstream connection at
mean water (WARINGER et al., 2005). Only the Sapels, which
is connected all year round, and the Parchauer Baggerloch,
through which water flows all year round, correspond to
habitat type H1, that is characterized by the connection to
the main stream on both sides with medium discharges.
The DAE Kreuzhorst is classified as habitat type H3, which
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Tab. 3: Records (x) of rheoparous, euryoparous and limnoparous fish species in 15 OL of the Middle Elbe, sorted by frequency of connec-
tion. The statistical frequency of connections and flow rates in days per year are given after the names of the water bodies.

Tab. 3: Nachweise (x) von rheoparen, euryoparen und limnoparen Fischarten in 15 OL der Mittelelbe, geordnet nach Verbindungshéu-
figkeit. Hinter den Namen der Gewdésser sind die statistische Anschlusshéufigkeit und die Durchflussmengen in Tagen pro Jahr
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rheoparous

Individual proportions of euryoparous, limnoparous and rheoparous fish in eleven outer dyke (A) and four completely or partially

Einzelne Anteile von euryoparen, limnoparen und rheoparen Fischindividuen in elf OL der Mittelelbe aulerdeichs (A) und vier

Individual proportions of rheoparous
fish in eleven outer dyke oxbow lakes
of the Middle Elbe. There was no sta-
tistical significance for the correlation
at a significance level of a=0,05.

Individuelle Anteile von Flussfischen
in elf AuBendeich-OL der Mittelelbe.
Bei einem Signifikanzniveau von
a=0,05 lag keine statistische Signifi-
kanz fiir die Korrelation vor.

Floodplain index according to WARIN-
GER et al. (2005) for the fish zones of
15 OL of the Middle Elbe according
to the statistical frequency (o) or
minimum frequency (e) of their con-
nection to the Elbe. The dashed lines
mark the boundaries for assignment
to habitat types H1 to H5 according
to CHovaNEC et al. (2005).

Auenindex nach WARINGER et al.
(2005) fiir die Fischzonen 15 OL
der Mittelelbe nach der statistischen
Haéufigkeit (o) bzw. Mindesthéufigkeit
(e) ihres Anschlusses an die Elbe.
Die gestrichelten Linien markieren
die Grenzen fiir die Zuordnung zu
den Lebensraumtypen H1 bis H5
nach CHovanec et al. (2005).
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has no connectivity with the river at mean water and is
characterized by silting processes, increasing sedimentation
and a vegetation cover of up to 20 %. Figure 5 shows the FI
values of the 15 OL according to their (minimum) connection
frequency and marks the limits for their assignment to the
five habitat types.

3.2 Macroinvertebrates (M)

3.21 Species Number and Taxonomic Compo-
sition

A total of 254 taxa from 15 orders were recorded in 17 OL
of the Middle Elbe (see supplementary material). 240 taxa
were identified at the species level. Between 29 and 144 taxa
were recorded in the individual OL (median 54.5 taxa). Both
extreme values were reached in OL without a connection to
the Elbe. OL whose connectivity with the Elbe is not restricted

AFSV

by dikes reached between 37 and 94 taxa.

The most species-rich orders were Coleoptera (65 species),
Odonata (44 species), and Trichoptera (42 species). Almost
60 % of all taxa came from these groups. Figure 6 shows the
number of taxa found in the 15 orders.

18 taxa were previously characterized as ,frequent” due to
their detection in at least 13 of the 17 OL. The number of
common resp. widespread taxa in the individual waters was at
least nine and increased with the total number of taxa; in the
species-rich community the inventory of common taxa was
complete (see Figure 7). The number of taxa found common
also increased with the total number of taxa, in the individual
floodplain waters up to 34 of the 40 taxa were recorded. A
total of 196 taxa were rare. Their number rose particularly
sharply as the total number of taxa increased and reached
92 taxa in the most biodiverse water body.

&5 Fig. 6: Number of species or taxa (*) of
— benthic macroinvertebrates recor-
L0 ded in 17 OL of the Middle Elbe, by
K 4 order.
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Overall MI taxa number and number of MI taxa according to the continuity of their presence in 17 OL of River Elbe.

Gesamtzahl der MI-Taxa und Anzahl der MI-Taxa geméR der Kontinuitét ihres Vorkommens in 17 OL der Elbe.
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With regard to current preference, the Ml were divided into
seven classes according to the operational taxa list. In the
case of three species, the classification remained on the
genus level. With 96 of the 254 recorded taxa, the guild of lim-
nophilic invertebrates was most strongly represented. Further
83 taxa are considered to be limno- to rheophilic, twelve taxa
are particularly closely linked to still-water habitats (limnobi-
ont). Overall, three out of four taxa were classified in one of
the three guilds mentioned.

The number of recorded taxa decreased with increasing
attachment to current-influenced habitats, a total of 35 taxa
were rheo- to limnophilic, rheophilic and rheobiontic. 19 taxa
are considered to be indifferent with regard to current velocity,

Okosystemrenaturierung und nachhaltiges Management

for nine taxa no information was available.

Overall, limnobiont, limnophilic and limno- to rheophilic taxa
accounted for the majority of MI. An increasing total number
of taxa went along with an increasing number of taxa of
these guilds, whereas the number of rheobiontic, rheophilic
and rheo- to limnophilic taxa - apart from the Elbealtarm in
Rémerwerder with a total of 20 representatives of the three
guilds - was comparatively low everywhere (Figure 8).

Obviously, there was no clear relation between the degree
of OL perfusion and number and percentage of rheophilic Ml
taxa (Figure 9).
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philic and rheo- to limnophilic taxa; B) aquatic invertebrates in 17 OL of the Middle Elbe according to the total taxa number of the

coenoses; Ro6m = old arm of the Elbe in Rdmerwerder.

Abb. 8:
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On the other hand, most OL with high habitat richness (Table
1) as Altarm Rdmerwerder, AE Klieken, DAE Haberland-
damm, AE Lostau, Kihnauer See also exhibited a high Ml
diversity (see supplementary material).

3.2.2 Evaluation with the FI

The calculation of the floodplain index resulted in values
between 2.7 and 3.7 for the 17 OL. If the water bodies are
classified according to CHovanec et al. (2005) assigned to
the five habitat types based on their Fl values, 14 floodplain
waters with statistical connection and flow frequencies
between zero and 365 days per year are to be defined as
type H3. This is described as a water body that has no con-
nectivity with the river at mean water and is characterized by
siltation processes, increasing sedimentation and vegetation
cover of up to 20 %. The other three OL which are statistically

AFSV

connected or flowing through on up to 73 days per year, are
classified as habitat type H4, which differs from type H3 only
in more pronounced macrophyte vegetation that occupies
more than 20 % of the water surface (GraF et al. 2016). Fig-
ure 10 shows the Fl values of the 17 OL according to their
(minimum) connection frequency and marks the limits for their
allocation to the five habitat types. A look at the absolute FI
values shows an index between 3.2 and 3.7 for the five OL
that are only partially or not at all connected to the River Elbe
due to their location behind dykes. The Fl values of the other
alluvial waters are between 2.7 and 3.6.

3.2.3 Ecological Integrity

The ecological integrity (El) was determined for the eight OL
where revitalization measures took place (Table 4).

N
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Floodplain-Index
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Fig. 10:  Floodplain index according to GRAF &
CHovaNec (2016) for the MI-coenoses
of 17 OL of the Middle Elbe according
to the statistical frequency (o) or
minimum frequency (e) of their con-
nection to the Elbe. The dashed lines
mark the boundaries for assignment
to habitat types H1 to H5 according

&® § fo CHovANEG et al. (2005).

Auenindex nach GraF & CHOVANEC
(2016) fiir die MI-Zénosen von 17 OL
der Mittelelbe nach der statistischen
Haéufigkeit (o) bzw. Mindesthéufigkeit
(e) ihres Anschlusses an die Elbe.

Abb. 10:
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Die gestrichelten Linien markieren
die Grenzen fiir die Zuordnung zu
den Lebensraumtypen H1 bis H5
nach CHovanec et al. (2005).

Tab. 4: MI-based assessment of OL by means of the Index of Ecological Integrity (El) and the Floodplain Index (FI).

Tab. 4: MlI-basierte Bewertung von OL anhand des Indexes of Ecological Integrity (El) und des Auenindexes (Fl).

Sapels Forster- Roémer- Hohen- Lostau Kiihnauer | Kurzer Klieken
brack werder gohren See Wurf

FI 2.7 2.9 25 2.8 2.6 341 2.9 3.2
Score predators 0.69 0.62 0.67 0.78 0.55 1.00 0.71 0.97
Score pelal 0.41 0.59 0.53 0.40 0.63 0.12 0.85 0.17
Score neozoa 0.74 0.54 0.83 0.79 0.86 1.00 1.00 0.96
Score Taxa 0.10 0.19 0.66 0.41 0.57 0.73 0.06 1.00
Score EPTCBO 0.56 0.58 0.74 0.53 0.47 0.79 0.38 0.80
Score Odo 0.14 0.28 0.45 0.38 0.45 1.07* 0.17 1.00
Score Tri 0.11 0.28 0.78 0.56 0.72 0.61 0.11 0.78
Score RL 0.08 0.15 0.91 0.30 0.49 0.83 0.04 1.00
Ecological
Integrity 0.31 0.35 0.75 0.48 0.59 0.77 0.36 0.87
Class poor poor good moderate moderate good poor very good
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Water bodies where restoration measures led to a high
habitat richness (Table 1) also mostly reached a good grade
in Ecological Integrity (verification of hypothesis 4). Obvi-
ously, there is no interdependence between EIl and Fl. This
means that OL can have a good ecological status regardless
of the connection situation to the main stream (verification
of hypothesis 5).

4 Discussion

In our former studies (LuberiTz et al. 2009, SeipeL et al. 2017
a, b, Luperitz et al. 2021) we were able to show that oxbow
lakes are very diverse aquatic ecosystems and refuges for
endangered plant and animal species in all stadiums of their
hydrological and biological development. Due to the influence
of multiple stressors, the existence of oxbow lakes in early
stadiums of its development is endangered (LUperITZ et al.
2009). Consequently, a variety of restoration projects have
been implemented to stop the uplanding and silting-up includ-
ing total or partial re-connection to the main river, removal of
mud and establishment of planted buffer zones (e.g. LUDERITZ
et al. 2009, OsoLewsk! et al. 2014, OsoLewski et al. 2016,
Luperimz et al. 2021). We were able to show that success of
such complex projects can be different with concern to dif-
ferent groups of organism like fish and Ml (SeipeL et al. 2017
a, LuperTz et al. 2021). But, the reasons for such different
degree of success are not fully clear. To get more insight into
the promoting and hampering factors of successful restora-
tion, we performed this study where we give a proof for the
hypothesis that, for re-establishment of high biodiversity,
connectivity is an important and helpful factor but the effec-
tiveness of permanent flow is low. It is overruled by habitat
richness for fish and Ml that can be only reached by multiple
measures and consideration of individual characteristics of
the water bodies.

4.1 Fish

A comparison of our fishing results with those of Pezensurc
et al. (2002) who listed species of the current native fish
fauna of the Middle Elbe shows a complete coverage of the
species spectrum of the guilds ,Rheophil B, ,Eurytop” and
,Limnophil“. From the guild ,Rheophil A, only the chub could
be detected in the alluvial waters; diadromous species were
also missing with the exception of the eel. ZurPke & REICH-
HoFF (2015) found a total of 29 species in alluvial waters of
the Middle Elbe. The species inventory largely corresponds
to the results presented here.

It is a predominant assumption that the alluvial water type
,Potamal backwaters of the sandy streams with permanent
connection” is characterized by a species-rich fish popula-
tion compared to less frequently connected alluvial waters
(Zuppke & REeicHHOFF 2015, UBE 2012). AarTs et al. (2004)
conclude that fish species richness decreases with decreas-
ing hydrological connectivity of floodplain waters. But our
results show that neither the consideration of the number
of species found, nor the number of species to be expected
prove a special species richness of waters with year-round
connection to the Elbe, compared to less frequently con-
nected alluvial waters of the recent floodplain. Instead, with
a range of six to 16 species, there is great variability in the
species richness of these waters. The species inventory was
equally extensive with 23 species each in floodplain waters
connected (almost) all year round and those with medium
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connections. There was no change in the proportion of
rheoparous fish with increasing perfusion frequency. As rhe-
oparous species were recorded almost solely as juveniles in
the oxbow lakes, we suggest prevailing lentic conditions even
at permanent perfusion being causative. Unlike the adults,
juvenile rheoparous fish are incapable of coping with higher
flow velocity and use areas of reduced current as nursery
habitats.

As in our current studies of the OL of the Middle Elbe, also
the fishing results for the River Aller OL (Kaiser et al. 2011)
showed a great variability in species richness of OL which are
regularly subject to the influence of floods. However, neither a
particular wealth of species in floodplain waters with an open
connection to the Aller, nor an impoverishment of the fish
communities in waters without a steady connection, could be
concluded from their results.

In contrast to water bodies in the recent floodplain, we only
found 15 species of fish occurring in the OL on the inside of
the dike (Paleopotamon), and the number of species in the
individual waters was generally lower than that in the waters
on the outside of the dike (verification of hypothesis 1). An
examination of the floodplain guilds showed that, in addition
to the complete absence of rheoparous floodplain guests,
the species inventory of euryoparous and limnoparous fish
was also incomplete. Comparably, VAN DEN BRink et al. (1996)
observed the highest fish diversity in anastomoses (29 spe-
cies) in the area of River Lower Rhine and River Maas, and
the lowest in isolated floodplain waters outside the active
floodplain (23 species). They found 26 species in floodplain
waters of the active floodplain that were connected on aver-
age no more than 20 days a year, and 27 species when
connected on average more than 20 days a year.

Our results are also confirmed by those of Lasne et al. (2007)
in River Loire bream region. They clustered 46 separate
floodplain waters into four clusters based on the presence
or absence of fish species: Clusters la and Ib contained iso-
lated waters and differed in particular by higher vegetation
cover, the occurrence of mud and flatter slopes in cluster
la compared to Ib. Cluster lla included bodies of water with
a medium degree of connectivity, Cluster llb included con-
nected bodies of water. Statistical evaluations of species
richness did not reveal any significant differences between
clusters Ib, lla and llb. Only the shallow, vegetated and muddy
isolated waters of Cluster la showed significantly lower num-
bers of species than the connected waters of Clusters lla and
IIb. Within an oxbow system of the Danube River, ScHaBUss
& BarANYI (2006) did not record any significant differences
in diversity and species numbers when fishing at different
distances from the Danube mouth.

Overall, the results of the surveys of the fish zones of different
water systems indicate that there is a high variability in the
number of species in individual water bodies within the recent
floodplain. However, a connection between species rich-
ness and the degree of connection cannot be proven within
the recent floodplain. In floodplain waters located behind
dikes, we determined a reduced species inventory, but this
is not necessarily reflected in the number of species in the
individual waters. Instead of a continuous decline in species
richness with decreasing frequency of connection, the barrier
effect of dikes seems to be essential for the fish coenoses of
the recent and fossil floodplain (LuperiTz et al. 2009).

Waldb6kologie, Landschaftsforschung und Naturschutz 21 (2022)



Okosystemrenaturierung und nachhaltiges Management

Concerning the habitat guilds, a dominance of indifferent
species, as found in the OL of the Middle Elbe on the outer
dikes, is also observed in other floodplains (AARTs et al.
2007, ScHaBuss & BaraNYI 2006, ILLNER & MEYER 2008). Fish
larvae and juvenile fish of the year are common in the Upper
Rhéne and in the Middle Elbe across the entire gradient of
floodplain waters with different connections (Coop & PENAZ
1988, Oesmann 2002). In floodplain waters of River Loire,
LasNE et al. (2007) found a high consistency (> 75 %) only in
indifferent species.

In our present work, stagnant water fish only showed high
proportions of individuals in those waters that are rarely or
never connected to the Elbe River. In floodplain waters with
a statistical frequency of connection to the Elbe between 73
and 365 days per year, they were generally rare with one
exception. Since high proportions of individuals of stag-
nophilic species on the outskirts of the dikes were due to a
high number of juveniles, it can be assumed that the absence
of currents is less important than suitable conditions for repro-
duction for an increased occurrence of this guild in floodplain
waters with less connectivity with the Elbe. A prerequisite
for successful reproduction is sufficient heating of the water,
which is prevented by a strong exchange of water with the
main stream. For example, populations of stagnophilic spe-
cies on the Lower Rhine River that are rich in individuals are
limited to the rarely connected floodplain waters, while water
exchange with the main river during spawning impairs the
reproductive success of these fish (ScHARBERT 2010).

Overall, the assumption that the high level of biodiversity
in the floodplains is due to the heterogeneous site condi-
tions is confirmed (e.g. TockNeER & ScHIEMER 1997, WOLTER &
ScHomaker 2007). Floodplain waters with different flow and
connection frequencies offer many species suitable (partial)
habitats. This can be supplemented by the importance of the
structure of individual water bodies: due to fragmentation
and heterogeneous site conditions, correspondingly diverse
coenoses can also develop within a floodplain (SepeL et al.
2017). Especially in the narrow, diked section of the Elbe
from the mouth of small River Ohre to the mouth of River
Havel, there is not only a permanent lack of side channels,
but there are also few floodplain waters that are only con-
nected to the floodplain during severe winter floods (ZuprPke
& REeicHHoFF 2015). Favorable conditions for the reproduc-
tion of stagnophilic species could prevail here, while at the
same time, a long-term exchange of very rare species such
as weather loach could be ensured. Dike structures limit the
spread of fish species that reproduce in the main stream, but
also the general exchange of species. Waters located along
the inland dike therefore have a limited inventory of species,
with rheoparous species being completely absent (LUberiTZ
et al. 2009, Zuprrke & ReicHHOFF 2015).

Changes in the connection situation of individual bodies of
water that do not go beyond the existing gradient are not suit-
able for promoting characteristic river fish or stagnant water
species. A threat to stocks however, affects species that
only use well-connected floodplain waters as a partial habi-
tat due to specific ecological requirements or adaptations.
Revitalization measures should therefore focus on complet-
ing the spectrum of habitats in the floodplain system which
can essentially be achieved by creating side channels with
constant flow and relocating dikes. In order to ensure specific
functions of floodplain waters for certain fish such as winter
shelter for river fish, it can make sense to create a permanent
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connection if there is a lack of appropriate habitats.

4.2 Macroinvertebrates

With 254 taxa, an extensive species inventory of benthic
invertebrates was found in the 17 OL of the Middle Elbe (see
supplementary material). The number of taxa in the individual
bodies of water varied markedly; exceptionally high numbers
of taxa were observed in three of the five bodies of water
with limited or no connectivity to the Elbe (verification for
hypothesis 1). In particular, the Alte Elbe Klieken was home
to an outstanding diversity of species of benthic invertebrates,
more than 50 % of all recorded taxa occurred here.

A relation between the connection situation of floodplain
waters and the species richness of Ml has been widely dis-
cussed: VaN DeN Brink et al. (1996) found lower biodiversity
of aquatic insects in anastomoses and dynamic floodplain
waters in the lower Rhine-Meuse system compared to mod-
erately dynamic floodplain waters that are connected to the
main stream on average less than 20 days per year and iso-
lated waters of the fossil floodplain. In the Upper Rhine River,
OsroLIK & FucHs (1991) observed a lower species diversity of
Ml both in large active branches of the river and in completely
isolated water bodies than in small water bodies of the active
floodplain and aquatic biotopes of the former floodplain.
PaiLLex et al. (2015), on the other hand, could not find any
correlation between the connection situation of alluvial waters
and the species richness of benthic invertebrates in the River
Rhéne. Within the scope of our present study, a high variabil-
ity of the taxa numbers over the entire gradient of connectivity
was shown. The species inventory was comparably extensive
on the outer and inner dikes and consisted of about two thirds
of common resp. widespread species.

The hydrological flood regime represents another steering
factor for composition of MI-coenoses. STARR et al. (2014)
observed on the Sipsey River in Alabama (USA) that,
immediately after flooding, the 23 investigated floodplain
waters showed a similar composition of the coenoses. With
falling water levels, there was an increasing differentiation
of the communities. Especially in the first 40 days after the
flood receded, B-diversity increased significantly and then
remained high until the last sampling another 80 days later.
The pronounced hydrological connectivity, as it occurs in the
floodplains of unregulated rivers or in the context of flood
events, is therefore accompanied by an adjustment of the
biocoenosis in the floodplain waters. Irrespective of the fre-
quency of the one-sided or two-sided connection, almost all
water bodies in the recent floodplain of the Middle Elbe expe-
rience considerable disruption due to the regular flooding, so
the establishment of the benthic communities is subject to an
annual restart. However, the particular richness in species of
the Alte Elbe Klieken, which lies in the fossil floodplain of the
Elbe, shows that a high biodiversity of Ml can develop under
stable site conditions. At the same time, the occurrence of a
large proportion of the total recorded species inventory in the
Alte Elbe Klieken can also be taken as evidence that a lack
of hydrological connectivity apparently does not limit the spe-
cies richness of MI - unlike that of fish. This can be explained
by the diverse strategies for spreading that are not tied to
water. Merolimnic insects such as the Odonata, Trichoptera,
Ephemeroptera and Diptera use the water bodies only as a
partial habitat and are observed there as larvae. The sexu-
ally mature stages, on the other hand, are able to fly, and
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after reproduction, oviposition can also take place in distant
waters. Although many Coleoptera and Heteroptera live
mainly aquatic as imagines, they develop wings that enable
them to migrate to other waters. Gastropoda and Bivalvia
are known to be carried over by birds, newts or water beetles
(OBRroLik & FucHs 1991, ScHeicHER 2011).

With regard to sensitive taxonomic groups, the number of
ETCBO (Ephemeroptera, Trichoptera, Coleptera, Bivalvia,
Odonata) taxa increased disproportionately with increasing
species richness. The extraordinary species richness of
three floodplain waters located inside the dike was due in
particular to a very high diversity of Coleoptera and Odonata,
while the largest number of Ephemeroptera, Trichoptera and
Bivalvia was found in the OL Romerwerder, which had the
highest total number of taxa on the outside of the dyke. Van
DEN BRINK et al. (1996) mostly found a low diversity of Coleop-
tera, Odonata and Trichoptera in dynamic floodplain waters
of the lower Rhine-Maas system. In floodplain waters of the
Rhone, PaiLLex et al. (2015) also found decreasing numbers of
Coleoptera, Zygoptera and Anisoptera with increasing hydro-
logical connectivity, while numbers of EPT (Ephemeroptera,
Plecoptera, Tricoptera) taxa increased. These authors
suspected the sensitivity of many EPT taxa to low oxygen
levels which can occur at night with high macrophyte densi-
ties to be the cause (STarr et al. 2015). However, within the
scope of the present study, a relation between the species
numbers of the ETCBO taxa and the connection situation in
floodplain waters with low and medium total taxa numbers
was not observed. TacHeT et al. (1994) showed a comparable
species richness of Trichoptera in Eu-, Para-, Plesio- and
Paleopotamon in OL of the upper Rhéne. This was attributed
to the particularly high diversity of autecological properties
(“traits”) and habitat requirements in this species group so
that the different ecological niches are populated in all types
of water bodies. We also already found in former studies that
there is no correlation between El and the FI (Luperitz et al.
2021). Irrespective of the degree of connection, backwaters
can therefore be in different ecological status classes. Inside
the dike, we observed a high effectiveness of mud removal
measures for enhancement of MI diversity (LuperiTz et al.
2009, Luperitz et al. 2021). Such removal decreases oxy-
gen consumption in the water body and is prerequisite for a
more diverse sediment and development of rich macrophyte
communities (LupberiTz et al. 2009). As shown for the water
bodies Kilhnauer See, Alte Elbe Klieken, and Lostau, Odo-
nata, Trichoptera and Coleoptera particularly benefit from
such restoration measures. However, the number of complex
restoration measures is still too small to show significant
statistical correlations.

Overall, it seems that a particular species richness of Cole-
optera and Odonata can only develop in undisturbed waters
whose connectivity with the Elbe is restricted by dikes. How-
ever, dynamic alluvial waters of the recent floodplain can be
important for individual species or groups of species such as
the rivermaidens (Gomphidae) (SeipeL et al. 2017). In both
cases, the connection situation has a limiting effect, albeit in
the sense of a necessary but not sufficient prerequisite for
settlement.

5 Conclusions

Eurypotent fish dominate the floodplain waters of the recent
floodplain, without any particular demands in terms of

60

Okosystemrenaturierung und nachhaltiges Management

currents. With a sufficient minimum connection to the main
stream, juvenile fish individuals of rheoparous species can
immigrate; this minimum connection is reached relatively
early. Adult rheoparous species can be found very rarely as
»floodplain guests” in floodplain waters, but do not use them
as the main habitat even with regular flow. Frequent connec-
tion to main river or through-flow of backwaters therefore
does not allow the targeted promotion of typical river fish;
instead, they find good conditions in the main stream. Over-
all, there is no discernible benefit for fish colonization from
regular flow (verification of hypothesis 2). In individual
cases, more frequent connections can be useful for certain
functions, provided that a dysfunction is proven. In terms of
connectivity measures, high discharges should be compul-
sory to promote lotic conditions in oxbow lakes. Otherwise,
considering erosion processes happening for example at side
arms Rémerwerder and Parchauer Baggerloch after connec-
tivity enhancement, these erosions would require massive
safeguarding measures inconsistent with near-natural resto-
ration and therefore shouldn't be targeted.

Stagnant water fish species in the recent floodplain have
comparatively less success in reproducing than in the fossil
floodplain, since a connection in springtime prevents suf-
ficient warming of the water. In the case of fragmentation,
reproduction in shallow water areas is in principle possible,
from there the animals can then be dispersed during the
next flood. This is not possible with waters behind the dike.
Relocation of dikes is therefore likely to make sense in order
to promote these species that are endangered to a high
percentage.

With existing data, a development of an index of ecological
integrity based upon fish communities is still not possible.
Also the Fl has only a limited expressiveness. More and
extended research is necessary to fill that gap.

In all floodplain waters, flow-avoiding and at most, flow-
tolerant MI species dominate. Rheopilic species are in the
minority even with regular flow. This is why the OL of our
study have the character of stagnant water from the point of
view of the MI-based bioindication. A more frequent connec-
tion to the main stream does not make sense from the point
of view of the settlement of MI. This connection can often
only be maintained with major effort. Ml species usually have
adequate strategies for colonizing waters that are only tempo-
rarily connected. In addition, large-scale flooding of the recent
floodplain which promotes dispersion occurs on the Middle
Elbe at medium high tide.

MI coenoses of OL differ markedly from one to another
in terms of species richness, in number and proportion of
ETCBO and in terms of rare and endangered species. The
reason for the high biodiversity lies less in the degree and
duration of the connection, but rather to the state of water
quality and the abiotic and biotic habitat richness. These
factors are to be promoted in a targeted manner, whereby
the desludging and the creation of water protection strips are
particularly useful here.

The characteristic coenoses of fish and benthic invertebrates
described in the profiles of backwater types (UBE 2012) could
not be confirmed by the present study. Other assignments of
ecological guilds to types of floodplain waters with different
connection situations or even conclusions from the recorded
communities about the connection situation have proven to
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be of little use. The a-priori division of the floodplain waters
can be assumed to be the cause. In addition, there is usually
a strong focus on the flow preference of aquatic organisms.
However, this is variable within the life cycle and also has a
rather theoretical character, i.e. in individual cases it does not
have a limiting effect on the colonization of different habitats.
Thus, inaccurate basic assumptions may subsequently lead
to planning of measures that are not based on the determi-
nation of specific needs for action and the effect of which on
the aquatic communities, can lead to incorrect assessment
or overestimation.

In order to ensure the success and quality of nature conserva-
tion measures for the revitalization of OL and floodplains, it is
urgently necessary to turn away from a simplistic water clas-
sification. In its place, an ecosystem approach should prevail
over the long term, which supports the natural dynamics in
the floodplain, for example by relocating dikes and removing
bank reinforcements.

If benthic invertebrates are to be promoted in the floodplain,
the cause of the high diversity in species must therefore be
elucidated. Instead of looking for differences between water
bodies that are connected more or less frequently, future
research should address the question how species-rich and
species-poor bodies of water differ.
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Appendix/Anhang

Appendix: Aquatic macroinvertebrates found in 17 oxbow lakes of the Middle Elbe in alphabetic order, abundance classes and Red List
categorization.

Anhang: Aquatische Makroinvertebraten der 17 untersuchten Altwasser im Mittelelbegebiet, alphabetisch geordnet, Abundanzklassen
und Zuordnung nach den Roten Listen.
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Acilius canaliculatus 3 *
Acilius sulcatus 3 3 3
Acroloxus lacustris 3 *
Aeshna affinis 3 3 *
Aeshna cyanea 51| 4 3 2 3 1 *
Aeshna grandis 4 4 3 4 *
Aeshna isosceles 4 2|3 4 *
Aeshna juncea 2 3
Aeshna mixta 4 2 143 4 1 4 1 *
Aeshna viridis 1
Agabus bipustulatus 4 | 3 4 | 3 5 *
Agabus sturmii 4 4 *
Agabus undulatus 4 3 4 *
Agrypnia pagetana 3 *
Agrypnia varia 3 *
Alboglossiphonia heteroclita 3 4 *
Anabolia brevipennis 3 *
Anabolia furcata 3 4 |3 *
Anabolia nervosa 4 2 |4 |4 3 4 *
Anacaena limbata 4 | 4 3 3 4 | 4 5 | *
Anax imperator 51| 4 3| 4 23 4 | 4 2 | 4 *
Anax parthenope 3 3 *
Anisus vortex 4 | 4 5154 | 4 4 4 | 3 314 |4
Anodonta anatina 51| 4 3141|444 3 4 | 3 *
Anodonta cygnea 3 *
Aquarius paludum 3|
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Asellus aquaticus 5|6 5|54 ,6 4 4 | 5|4 |56 |5]3]|4 *
Athripsodes aterrimus 3 3 3
Atyaephyra desmarestii 2|2 2 4 2 | N
Baetis rhodani 3 *
Bathyomphalus contortus 3 *
Bithynia tentaculata 4 | 5|5 5|5|5 |5 |5 4|44/ 4 4,54 *
Brachytron pratense 4 | 4 3 |4 3|4 2 *
Caenis horaria 4 | 4 314 |3 4 12|53 2 *
Caenis luctuosa 3 4 3 *
Caenis pseudorivulorum 5 3 3 *
Caenis robusta 4 2 *
Callicorixa praeusta 2 *
Calopteryx splendens 4 3 *
Ceraclea dissimilis 3 3 *
Ceratopogoninae 3
Chironomidae 5|5 |4 |6 3 |5 2 14 4 5 3
Chrysops sp. 3 2 2
Cloeon dipterum 5,6 |6 /4,55 /4|5 7|6 |6 |6 |6 |6 4|6 |5]|F"®
Cloeon simile 3 2 |3 4 4 | 4 *
Coenagrion hastulatum 2
Coenagrion puella 4 | 3 3 4 4 | 4 3 *
Coenagrion pulchellum 3 3 3 *
Colymbetes fuscus 3 3 4 2 *
Copelatus haemorrhoidalis 3 3 4 *
Corbicula fluminea 3 3 3 5 4 | N
Cordulia aenea 5 3 3 *
Corixa punctata 33 3|3 3 *
Crocothemis erythraea 1 *
Culicidae 3
Cybister lateralimarginalis 4 |3 3|3 3 2 123 *
Cymatia coleoptrata 3 *
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taxon

Alte Elbe Klieken

Alte Elbe Lostau

Balower Haken

Bolsdorfer Haken

DAE Haberlanddamm

DAE Kreuzhorst

Bilittenwerder

Sandheger

Heidebleck

Elbealtarm im Romerwerder

Forsterbrack

Hohengohrener Haken

Kiihnauer See

Kurzer Wurf

Parchauer Baggerloch

Riihstadt

Sapels

Red List (Saxony-Anhalt 2020)

Dikerogammarus haemobaphes

N

IS

()]

w

pzd

Dikerogammarus villosus

SN

N

Dreissena polymorpha

Dugesia lugubris

Dytiscus circumflexus

Dpytiscus dimidiatus

Dytiscus marginalis

Dytiscus semisulcatus

N W Wl w

Echinogammarus trichiatus

Eiseniella tetraedra

Enallagma cyathigerum

Enochrus melanocephalus

Enochrus quadripunctatus

L )

Enochrus testaceus

O Wb

Epitheca bimaculata

Erotesis baltica

Erpobdella nigricollis

Erpobdella octoculata

Erythromma najas

Erythromma viridulum

Ao |~ B

Galba truncatula

Gammarus pulex

Gammarus tigrinus

Gerris argentatus

Gerris lacustris

Gerris odontogaster

Glossiphonia complanata

Glyphotaelius pellucidus

Gomphus flavipes

Gomphus vulgatissimus

Grammotaulius nigropunctatus
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Graphoderus cinereus 5 3 4 2 *
Graptodytes bilineatus 3 2 3
Gyraulus albus 4 |4 3 3 *
Gyrinus substriatus 4 3 *
Haemopis sanguisuga 3 3 *
Halesus radiatus 3 *
Haliplus confinis 4 \%
Haliplus flavicollis 3 4 |4 4 1 |
Haliplus fluviatilis 1 |6 5 |3 |4 *
Haliplus immaculatus 4 |4 2 2 *
Haliplus laminatus 2 *
Haliplus lineatocollis 4 |4 *
Haliplus ruficollis 5 |4 4 3 4 |5 |3 *
Helobdella stagnalis 4 2 2 3 |3 *
Helochares lividus 3 *
Helochares obscurus 2 |3 2 1 *
Helophorus aquaticus 3 1 *
Helophorus grandis 1 *
Hemiclepsis marginata 3 4 |3 4 |3 *
Hesperocorixa linnaei 4 *
Holocentropus dubius 3 *
Holocentropus picicornis 3 *
Hydaticus continentalis 2 *
Hydaticus seminiger 3 2 *
Hydaticus transversalis 4 3 3 1 *
Hydrobius fuscipes 4 |4 |4 3 |4 |3 |4 4 |4 |4 |4 |3 |3 |5 |4 |*
Hydrochara caraboides 5 |4 3 |3 |3 3 |3 |3 |4 |4 2 |3 |*
Hydrochus elongatus 1 *
Hydroglyphus geminus 3 *
Hydrometra stagnorum 5 4 4 4 *
Hydrophilus aterrimus 4 |2 *
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taxon

Alte Elbe Klieken

Alte Elbe Lostau

Balower Haken

Bolsdorfer Haken

DAE Haberlanddamm

DAE Kreuzhorst

Bilittenwerder

Sandheger

Heidebleck

Elbealtarm im Romerwerder

Forsterbrack

Hohengohrener Haken

Kiihnauer See

Kurzer Wurf

Parchauer Baggerloch

Riihstadt

Sapels

Red List (Saxony-Anhalt 2020)

Hydrophilus piceus

IS

w

N

w

N

N

*

Hydroporus palustris

N

w

w

w

Hydroporus planus

Hydropsyche angustipennis

Hydropsyche bulgaromanorum

Hygrotus confluens

Hygrotus decoratus

Hygrotus impressopunctatus

Hygrotus inaequalis

Hygrotus versicolor

Hyphydrus ovatus

Ilybius ater

1lybius fenestratus

B S B &) B S B S O B C I B #V)

A0 o>

[ B N AR

1lybius fuliginosus

1lybius quadriguttatus

Ilyocoris cimicoides

Ischnura elegans

Ischnura pumilio

w | oo W

Jaera istri

Kageronia fuscogrisea

Laccobius bipunctatus

Laccobius minutus

Laccophilus hyalinus

Laccophilus minutus

Leptocerus tineiformis

Lestes sponsa

Lestes viridis

Leucorrhinia caudalis

Leucorrhinia pectoralis

Libellula depressa

Libellula fulva
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Libellula quadrimaculata 5 33 3|5 *

Limnephilus affinis / incisus 4 21253

Limnephilus auricula 3 3|3 *
Limnephilus binotatus 2 2
Limnephilus bipunctatus 3 *
Limnephilus decipiens 3 1 4 3 3 *
Limnephilus extricatus 4 3 3 *
Limnephilus flavicornis 4 |4 |52 3 313 4 | 4 4 *
Limnephilus fuscicornis 5 2
Limnephilus germanus 2 |2 2 *
Limnephilus lunatus 515 |5 2 |4 |2 4 |4 5|4 4|44 *
Limnephilus marmoratus 2 *
Limnephilus nigriceps 3 3|13 |°*
Limnephilus politus 3 2 3
Limnephilus rhombicus 4 | 5 3 4 51514 |4 *
Limnephilus stigma 3 6 2 | 4 4 /3|3 |3 3 *
Limnephilus vittatus 2 4 | *
Limnoxenus niger 4 4 3 3 4 3 *
Lymnaea stagnalis 5|5 4 |5 |4 4|24 |4 |5 |5 2 | 4 *
Mesovelia furcata 3 *
Microvelia reticulata 4 4 *
Molanna angustata 4 3 *
Musculium lacustre 4 |3 3 3 *
Mystacides longicornis 3 4 | 4 | 3 5 4 | 4 *
Mystacides niger 3 2 *
Nepa cinerea 4 14 /3|54 |43 |5 |5 |4/|4 6|4 4 314 |
Noterus clavicornis 5 4 3|3 3 53|23 *
Noterus crassicornis 4 3 3|4 *
Notonecta glauca 4 |5 |4 4 | 4 4 |5 4|3 4|4 |4 |4 |4 | 4)|°*
Oecetis furva 3 2 *
Oecetis lacustris 3 3 *
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Oecetis ochracea 3 2 3 4 4 3 *
Ophiogomphus cecilia 3
Orconectes limosus 4 4 3 2 N
Orthetrum cancellatum 3| 4 33 5131314 ]4)|4)|3 2|
Peltodytes caesus 4 | 4 3 4 3 *
Phryganea bipunctata 3 *
Phryganea grandis 3 *
Physa fontinalis 313 2 14|33 3 4 4 214
Physella acuta 1175|533 |53 4 | 3 3 | N
Pilaria sp. 2
Piscicola geometra 4 3 512 3 4113 |4 3 117
Pisidium amnicum 3 4 *
Pisidium casertanum 4 | 3 3 3 4 2 *
Pisidium henslowanum 3 *
Pisidium subtruncatum 4 3 4 *
Pisidium supinum 4 4 | 4 *
Placobdella costata 3 2
Planaria torva 3 3
Planorbarius corneus 5|4 4 1 4 | 4 3 4 3 *
Planorbis carinatus 4 2 *
Planorbis planorbis 5/65|5]|2|4 5|4 ,3 |4 44,54 3143 |°
Platambus maculatus 3| 4 4 | 3 5,4 /|5 4|34 3 4 | *
Platycnemis pennipes 4 | 5 4 |4 4|3 |4|2 5|4 4,43 /,3|4/|4)"*
Plea minutissima 6 2 *
Pontogammarus robustoides 2 4 |5 |3 N
Potamanthus luteus 3 2
Potamophylax luctuosus 2 2
Potamopyrgus antipodarum 4 |46 |5 31454 5| N
Proasellus coxalis 4 N
Procloeon bifidum 3 *
Procloeon pennulatum 2 1
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Ptychoptera sp. 3 2
Pyrrhosoma nymphula 4 3 3 4
Radix auricularia 3|3 3 31522 *
Radix balthica 5/6|3|5]3]5]|5 5|44 ,5 4|5 5|5 |4]F*~
Ranatra linearis 4 13|23 4134 5|3 |3 |4 ]4]3 3 *
Rhantus exsoletus 4 |3 3 4 *
Rhantus frontalis 4 3 3 *
Rhantus latitans 3 3 2134 3|43 4 | 4 |~
Rhantus suturalis 3 3|3 4 4 3"
Sciomyzidae
Sialis lutaria 3 2 2 14 1 4
Sigara falleni 4 15|54 4 14 4|5 2 4 15 4 D
Sigara iactans 5 *
Sigara lateralis 516 4 4 4 | 6 *
Sigara nigrolineata 5 4 |5 |4 4 |55 |~
Sigara striata 4 6 | 4 3 4 *
Somatochlora flavomaculata 3 3
Somatochlora metallica 4 |3 4 3 |4 *
Sphaerium corneum 4 | 4 4 3 4 4 4 1 *
Sphaerium ovale 4 D
Sphaerium rivicola 2
Sphaerium solidum 2 1
Stagnicola palustris 4 14,14 ,3 4,5 43|44 ,4|5 5 3 | 4 *
Stratiomyidae 3|2
Stratiomys sp. 4 3 4 2
Suphrodytes dorsalis 1 *
Sympecma fusca 2 2 4 3 *
Sympetrum danae 3 3 *
Sympetrum flaveolum 3
Sympetrum fonscolombii 4 D
Sympetrum sanguineum 4 4 1 *
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Sympetrum striolatum 3 2 4 *
Sympetrum vulgatum 4 |3 5 3|2
Tabanus sp. 3 4 4 | 4
Theromyzon tessulatum 4 3 3 *
Tipula sp. 2 3
Tipulidae 3
Triaenodes bicolor 4 132 3 3 3 2 *
Tubifex sp. 5
Unio pictorum 4 | 4 3141|433 3 4 |13 |2 *
Valvata piscinalis 4 |5 |4 213|433 |3]2 2 |
Viviparus contectus 4 *
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