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Functional plant traits as indicators
of impacts on braided rivers

Alisa Zittel, Isabell Becker, Johannes Kollmann, Norbert Miiller, Gregory Egger

Braided rivers are characterised by very high hydro- and morphodynamics. Human
impacts altered the natural habitat structures and fluvial processes. In this work we
examine to what extent habitat characteristics, species composition and functional
plant traits are changed by river degradation. For this purpose, four river sections with
different degrees of human impacts were investigated at the Upper Isar in Southern
Germany: a diverted river section with bedload deficit, a near natural section, a reg-
ulated section and a restored section. In total, 31 habitat parameters and the cover of
19 typical floodplain species and their traits were investigated within 3x3 m plots.
The plots were placed in different succession phases along three transects in each of
the four sections. The statistical analysis was done using a median test. In addition,
an evaluation of the relationships of traits with habitat parameters were performed via
a NMDS (Non-metric Multidimensional Scaling). In summary, the results show that
differently impacted river sections of braided rivers differ significantly in terms of hab-
itat parameters, the occurrence and cover of section-specific plant species, as well as the
plant traits. The results indicate that plant traits thus enable a superordinate analysis
of human impacts on rivers.

Zittel A, Becker I, Kollmann J, Miiller N, Egger G (2023) Funktionelle Pflanzen-
merkmale als Indikatoren fiir Auswirkungen auf Umlagerungsfliisse.
Umlagerungsfliisse zeichnen sich durch eine sehr hohe Hydro- und Morphodynamik
aus. Durch menschliche Eingriffe werden die natiirlichen Habitatstrukturen und flu-
vialen Prozesse verindert. In dieser Arbeit wird untersucht, wie sich anthropogene Ein-
griffe auf die Standortfaktoren, die Artenzusammensetzung und funktionalen Pflan-
zenmerkmale auswirken. Dafiir wurden an der Oberen Isar vier Flussabschnitte mit
unterschiedlichen Eingriffen (Wasserausleitungsstrecke mit Geschiebedefizit, natur-
naher Abschnitt, regulierter Abschnitt, renaturierter Abschnitt) untersucht. Es wur-
den 31 Standortfaktoren sowie die Deckungsgrade 19 auetypischer Pflanzenarten und
deren funktionale Pflanzenmerkmale innerhalb von 3 x 3 m grofSen Aufnahmeflichen
aufgenommen. Die Aufnahmeflichen wurden in den vier Abschnitten jeweils in drei
Transekeen in unterschiedliche Sukzessionsphasen gelegt. Die statistische Auswertung
der Unterschiede der Abschnitte erfolgte iiber einen Median-Test. Weiters fand eine
Auswertung der Zusammenhinge der Pflanzenmerkmale mit den Standortfaktoren
tiber eine NMDS (Non-metric Multidimensional Scaling) statt. Die Ergebnisse zeigen,
dass unterschiedlich degradierte Flussabschnitte von Umlagerungsfliissen sich durch
die Standortsfaktoren, das Vorkommen und den Deckungsgrad abschnittsspezifischer
Pflanzenarten sowie den Pflanzenmerkmalen signifikant unterscheiden. Weiters kann
nachgewiesen werden, dass Pflanzenmerkmale eine umfassende Analyse der mensch-
lichen Eingriffe in Fliisse erméglichen.

Keywords: plant traits, Upper Isar, riparian restoration, human impact, water diver-
sion.

Introduction

Gravel-bed rivers and particularly braided rivers are characterised by an exceptionally high
diversity of habitats and highly specialized fauna and flora. Despite their great ecological
value, they are among the most endangered ecosystems worldwide (Tockner & Stanford
2002; Hauer et al. 2016). In the European Alps the situation is even more critical, as due
to systematic river regulations since the mid-19th century less than half of the braided river
sections remain (15% of formerly 34 %; Hohensinner et al. 2021; Miiller 1995 b). Along
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Fig. 1: Classification of the northern alpine wild river landscapes with four degrees of naturalness
(after Miiller 1991, updated from N. Miiller in WF Deutschland 2022). — Abb. 1: Klassifizierung
der nordalpinen Wildflusslandschaften anhand von vier Natiirlichkeitsgraden (nach Miiller 1991,
aktualisiert von N. Miiller in WWF Deutschland 2022).

the northern alpine rivers only at the Tyrolean Lech in Austria and at the Upper Isar near-
natural sections with all typical species and habitats persist (Fig. 1). Therefore, these last
braided river courses are especially important as reference ecosystems for the implemen-
tation of the Natura 2000 Directive, EU Birds and Habitats Directives (92/43/EEC) and
Water Framework Directive (2000/60/EC), and as species pools for river restoration.

Braided rivers represent extreme ecosystems due to their specific disturbance regime (Egg-
er et al. 2022; Hohensinner et al. 2019). Only specifically adapted species can establish
and survive here. Therefore, plants in braided rivers must have special traits which allow
them to cope with frequent disturbance and stress (cf. Violle et al. 2007; Catford & Jans-
son 2014).

The fitness of the species is determined by their performance and their appearance in the
habitat in terms of growth, reproduction and survival. These three properties, summarized
as performance traits, are largely determined indirectly by the functional traits. These can
be divided into phenological, morphological and physiological traits and can be measured
at plant level (Violle et al. 2007). In case of changing environmental factors, it can be as-
sumed that the traits change as well (McIntyre et al. 1999).

Different environmental conditions therefore determine the trait quality and the diversity
of the traits. Thus, trait diversity reflects ecological selection within the ecosystem con-
stituting specific plant communities. Competition, disturbance and harsh environmental
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conditions have an impact on both increasing and decreasing trait divergence (Richardson
etal. 2012). In addition, with an ongoing succession the trait diversity generally decreases
(Fukami et al. 2005; Roeder et al. 2012).

To date, functional traits were mostly used to characterize the succession phases found
along rivers and to explain plant population factors to river dynamics (Corenblit et al. 2015,
2009). With the help of functional traits, a connection between changing environmental
factors and vegetation can be established (Keddy 1992; Mclntyre et al. 1999; Patten &
Auble 1981). The functional plant traits in connection with the impacts on braided rivers
were currently only considered to a small extent.

These functional characteristics in connection with the corresponding local habitat pa-
rameters as indicators of human impact are the focus of this study. The overall objective is
to show the variation between different sections of the Upper Isar River, which are char-
acterised by different impacts. Upstream of the Sylvenstein reservoir, the hydrodynamics
and bedload transport in the diverted river section are reduced by the water diversion of
the Isar and its tributaries for hydropower utilisation. This leads to a reduction of charac-
teristic processes of wild river landscapes and consequently to an impoverishment of typi-
cal habitats and species. Nevertheless, the Upper Isar can be classified as a near-natural
wild river landscape despite the diversion (Reich & Rethschulte 2021; Juszczyk et al. 2020).
Downstream of the Sylvenstein reservoir, the river regulation and the construction of the
reservoir have destroyed the wild river landscape (Maier et al. 2021). This leads to the fol-
lowing research questions (Zittel 2020):

How do the sections of the Upper Isar differ in terms of their habitat parameters, plant
species and plant traits?

Are plant traits correlated with environmental factors?

Study site

The Upper Isar is defined as the river reach from the stream source in Tyrol (Austria) at
an altitude of 1,200 m above sea level, to the confluence with the Loisach river. Until the
20th century, the Upper Isar was a wild landscape with an extensive braided floodplain
(Miiller 1995 a). Today, it is one of the last river sections with near-natural river reaches,
but also includes sections with human impact and restoration. For these reasons, the Up-
per Isar was selected for this study.

The following study sections were chosen (Fig. 2):

® Scction 1 extends from Wallgau to the mouth of the Riflbach (river km 247-236). It
suffers from water diversion at the Kriiner Weir and bed load management in the up-
stream section. The loss of dynamics in the gravel banks and river channels (Bayerisches
Landesamt fiir Umwelt 2011) facilitates succession as shown by an increased cover of wil-
low scrubs (Reich et al. 2008; Juszczyk et al. 2020). Moreover, the water deficit generates
dry habitats (Poschlod 2016). However, the section has not been regulated and there is no
bank protection.

® Scction 2 extends from the mouth of the Rif§bach to the Sylvenstein reservoir (river
km 234-232). This is the most natural area of the Isar due to the high and natural bed
load input of the Rifbach, despite the modification of the river in this area and water ab-
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Fig. 2: Location of the Upper Isar (A) and the four river sections (B) in Southern Germany. The
sections are shown by the red frames (C—E) with the location of the transects as red lines. (Goog-
le Maps 2019; modified from Zittel 2020) — Abb. 2: Lage der Oberen Isar (A) und der vier aus-
gewihlten Abschnitte (B) in Siiddeutschland. Zusitzlich ist die Lage der Transekte als rote Linien
in den vier Flussabschnitten (rote Rechtecke, C—E) gekennzeichnet. (Google Maps 2019; verindert
nach Zittel 2020).

straction from the Rif§bach. Due to the nutrient-poor limestone gravel, vegetation-poor
gravel banks and islands dominate the floodplain (Miiller 1995 a, Bayerisches Landesamt
fiir Umwelt 2011; Fig. 3). The dynamics of this section are similar to natural conditions of
braided rivers, and are characterized by a mosaic of different types of vegetation (Schauer

1998; Juszczyk et al. 2020; Reich et al. 2008).

® Section 3 is located between Lenggries and Bad T6lz downstream of the Sylvenstein
reservoir (river km 201-211). The section is regulated and impacted by dam operations
(Speer 1977; Maier et al. 2021). In addition, due to the retention capacity of the Sylven-
stein reservoir, there is a bed load deficit. The flood peaks are capped, which reduces the
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Fig. 3: Aerial view of the near-natural river section 2 upstream of the Sylvenstein reservoir. The fre-
quent high flood pulses with sediment load allows vegetation only to develop in patches on slightly
higher areas (picture by G. Egger). — Abb. 3: Schrigluftbild des naturnahen Flussabschnitts 2 flus-
sauf des Sylvensteinspeichers. Die regelmifligen Hochwasser mit Geschiebetransport stéren die
Vegetationsentwicklung, die sich daher nur auf etwas hoheren Bereichen ausbilden kann (Foto von
G. Egger).

characteristic disturbance patterns. The Isar is restricted to one channel by bank struc-
tures (Hettrich & Ruff 2011) resulting in river bed depth erosion (Maier et al. 2021). The
non-relocated gravel banks are often covered with dense vegetation (Bayerisches Lande-
samt fiir Umwelt 2011).

® Scction 4 is located about 6 km downstream of the Loisach estuary near Schiftlarn at
river km 165-158. The former regulated area was restored between 1999 and 2002. Riv-
erbank stabilisations were removed, and the river received additional gravel and more wa-
ter. Despite of the location of the restoration in a diverted river section, the flood dynam-
ics are still effective. Due to this at least some of the former riparian forests have been
eroded and new gravel banks developed (Muhar et al. 2019; Bayerisches Landesamt fiir
Umwelt 2011).

Methods

Vegetation and habitat parameters

During the field work in June 2019, habitat parameters and vegetation traits were recorded
using a scheme of individual plots along transects. The transects were arranged perpen-
dicular to the course of the river (Fig. 4). Within each of the four sections, three randomly
selected transects were chosen. Transect length always refers to the whole morphological
floodplain including the fossil floodplain. Transects 1-3 belong to Section 1, 4-6 to Sec-
tion 2, 7-9 to Section 3, and transects 10—12 to the restored Section 4.
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Fig. 4: Overview of the sampling design for the field work. Depending on the length of the fluvial
succession phase (after Corenblit et al. 2007), different numbers of plots were set to cover all veg-
etation patterns. If the succession phase was <15 m in length, one plot was established; if the length
was <30 m, two plots were placed; and if the length was 230 m, three plots were used (Zittel 2020).
— Abb. 4: Uberblick iiber das Aufnahmedesign der Gelindearbeiten. Abhingig von der Linge der
fluvialen Sukzessionsphase (nach Corenblit et al. 2007) wurde eine unterschiedliche Anzahl von
Aufnahmeflichen angelegt, um alle Vegetationseinheiten abzudecken. Bei einer Linge der Suk-
zessionsphase von <15 m wurde eine Aufnahmefliche angelegt; bei einer Linge von <30 m wur-
den zwei Aufnahmeflichen angelegt; und bei einer Linge von >30 m drei Aufnahmeflichen (Zit-
tel 2020).

Within the transects, 3 x 3 m plots were set randomly in each occurring fluvial biogeo-
morphic phase of Corenblit et al. (2007). Depending on the length of the biogeomor-

phic phases, different numbers of plots were set to cover all vegetation patterns (Fig. 4).
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Fig. 5: Methodological approach and relationships of data evaluation (modified from Zittel 2020).
— Abb. 5: Methodischer Ansatz und Zusammenhinge der Datenauswertung (verindert nach Zit
tel 2020).
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Tab. 1: Parameters collected in the field and from literature (modified from Zittel 2020). — Tab. 1:
Im Gelinde und aus der Literatur erhobene Parameter (verindert nach Zittel 2020).

Environmental factors Vegetation characteristics Selected plant species Traits
AB:  cover bare soil [%) B: canopy openness (%] Acer pseudoplatanus Published data:
ASt:  cover stones [%)] Dg:  total cover %] Alnus incana BA:  leafendurance
ABI:  cover rocks [%) DM:  cover moss layer [%] Bromus erectus BF:  leafform
Aki:  cover gravel [%] DK:  cover herb layer [%] Calamagrostis pseudophragmites leaf anatomy
ASa:  cover sand [%)] DS: cover shrub layer (%] Chondrilla chondrilloides X: xeromorphic form
ASc: cover silt [%] DB:  cover tree layer (%) Dryas octopetala AF: expansion form
Th:  cover deadwood [%] dHM: @ height moss 1. [m] Erica carnea seed dispersal
StD: cover litter [%] dHK: @ height herb |. [m] Fraxinus excelsior SG:  seed mass
SerT: depth litter [cm] dHS: @ height shrub |. [m] Impatiens glandulifera LF:  life form
T_O: depth O horizon [cm] dHB: @ height tree |. [m] Juniperus communis ST:  strategy type
T_A: depth A horizon [cm] mHK: max. height herb . [m] | Molinia caerulea agg. V: lignification
T_F: depth fine soil [cm] mHS:  max. height shrub L. [m] | Myricaria germanica HD:  wood density
MK:  morphodynamic mHB: max. height tree | [m] | Pesasites paradoxus span of life
GK:  wood damage VR:  vegetation type after Picea abies Ellenberg values
UK:  flood dynamics Reich et al. (2008) Pinus uncinata
CP:  biogeomorphic succession | VE:  vegetation type after Pinus sylvestris Field data:
after Corenblit et al. (2007) Egger etal. (2007) Salix eleagnos dBl  mean leaf length
Salix purpurea dH  mean height
Solidago gigantea dBHU mean range at breast
Solidago canadensis height
dBM  biomass

In total, 31 parameters were recorded for 86 plots (Tab. 1). In each plot the habitat
parameters were gathered. Besides, 19 plant species were selected as typical species of
each succession phase. The floristic determination was made according to Fischer et
al. (2008). Their coverage, individual plant height, diameter at breast height (DBH),
mean leaf length and plant traits were collected in the field. Additionally, plant traics
and Ellenberg values (Ellenberg & Leuschner 2010) were collected from the literature
(s. Zittel 2020; Fig. 5).

Statistical analysis

To test the differences between the sections, the metric habitat parameters, plant coverage
and metric traits of the transects were statistically verified over the mean values. Therefore,
the median test was used at the global level to check if there were statistically significant
differences of the transects of the sections. The test result was considered significant for p
< 0.05. If there were significant differences at the global level, we checked with post-hoc
tests about the location of these differences at the local level.

The nonmetric environmental parameters, the occurrence of species and nonmetric traits
were tested by a Chi2-test at the global level and in a second step at the local level over
residual tests, to check which attribute-composition was “typical” (statistically overrepre-
sented) or “atypical” (statistically underrepresented) for the section. All combinations of
characteristics in which the corrected residuals are u [ij]> 1.96, are referred to as typical
and all combinations of characteristics with u [ij] < -1.96 as atypical.

The relationships of the traits and the environmental parameters were made visible with
a Pearson-correlation and in a NMDS (Non-metric Multidimensional Scaling) using the
Bray-Curtis distance measure.
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Fig. 6: Summary of the results showing differences between the four river sections at the Upper Isar:
A the sections with their main impacts; B the hemeroby of the sections; C, D and E the differences
of the environmental factors between the sections, using the median, with C metric , D nonmet-
ric values and E metric vegetation attributes. F presents the differences in species cover, and G the
typical and atypical plants for each section; H shows the metrical traits, and I the nonmetric traits.
*0.05 > p > 0.01; **: p < 0.01; ": tested by median test; *: tested by residual test with u[ij] > 1.96;
3 tested by residual test with ulij] < -1.96 (modified from Zittel 2020). — Abb. 6: Ubersicht der
Ergebnisse, welche die Unterschiede zwischen den Abschnitten der Oberen Isar zeigen: A die Ab-
schnitte mit ihren Haupteingriffen, B die Hemerobie der Teilbereiche; C, D und E die Unterschiede
der Umweltfaktoren zwischen den Abschnitten, dargestellt anhand des Medians: C metrische Werte,
D nicht-metrische Werte und E metrische Vegetationsattribute. F zeigt die Unterschiede in der Ar-
tenvielfalt und G die typischen und atypischen Pflanzen fiir jeden Abschnitt. H zeigt die metrischen
Merkmale und I die nicht-metrischen Pflanzenmerkmale. *: 0,05 > p > 0,01; **: p < 0,01; 1: getestet
durch Median-Test; 2: getestet durch Residual-Test mit u[ij] > 1,96; 3: getestet durch Residual-Test
mit ulij] <-1,96 (verindert aus Zittel 2020).

Results

Differences of habitat parameters

The median test pointed out that 15 out of 31 variables showed statistically significant
differences among the four sections (Fig. 6 C, D, E). The part of bare soil was highest in
the near-natural Section 2, followed by the restored Section 4, whereas the cover of litter
was highest in the regulated Section 3. The depth of the O-horizon, the vegetation cover,
cover of moss and herb layer as well as the maximum tree height were highest in the regu-
lated Section 3.

Differences of plant species

Regarding the species coverage in the plots, five out of 19 species showed statistically sig-
nificant differences between the sections with the median test. Juniperus communis was
only found in the regulated Section 3, the highest coverage of Erica carnea was also in Sec-
tion 3, whereas Dryas octopetala showed its highest coverage in the near-natural Section 2.
The alien plant species Impatiens glandulifera and Solidago spec. were only represented in
the regulated and the restored Sections 3 and 4. Looking at the occurrence of species in
the sections, over- and underrepresented species were found at all sections (Fig. 5, part G).

Differences of traits

Ten of the considered traits and five Ellenberg values showed statistically significant dif-
ferences among the sections. Leaf length was highest in regulated Section 3 and restored
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Fig. 7: Non-metric Multidimensional Scaling (NMDS) of the plot ordination looking at traits across
all sections (dBl = mean leaf length, WaV = water dispersal, KZ = continentality value, LZ = light
value, WV = wind dispersal, V = lignification, HD = wood density, FZ = humidity value, NZ = ni-
trogen value, dH = mean height, SG = seed mass, RZ = acidity value, TZ = temperature value). Ad-
ditionally, environmental factors were added to the NMDS (ASa = cover of sand, AB = cover of bare
soil, ASc = cover of silt, GK = wood damage, MK = morphodynamic, UK = flood dynamic, ASt =
stone cover, Aki = gravel cover, B = canopy openness, EM = distance to mean water, T_A = depth
of A-horizon, Str = litter depth, StrD = litter cover, T_O = depth O-horizon, T_F = depth of fine
soil, Th = deadwood cover , VE = vegetation type after Egger et al. (2007), VR = vegetation type
after Reich et al. (2008), CP = biogeomorphic succession phase after Corenblit et al. (2007). The
environmental factors (black font) show statistically significant relationships (modified from Zittel
2020). — Abb. 7: Nicht-metrische multidimensionale Skalierung (NMDS) der Plot-Ordination un-
ter Beriicksichtigung von Pflanzenmerkmalen tiber alle Abschnitte (dBl = mittlere Blattlinge, WaV
= Wasserausbreitung, KZ = Kontinentalititswert, LZ = Lichtwert, WV = Windausbreitung, V =
Verholzung, HD = Holzdichte, FZ = Feuchtezahl, NZ = Stickstoffzahl, dH = mittlere Hohe, SG =
Samenmasse, RZ = Reaktionszahl, TZ = Temperaturzahl). Zusitzlich wurden dem NMDS Um-
weltfaktoren hinzugefiigt (ASa = Anteil Sand, AB = Anteil offener Boden, ASc = Anteil Schluff, GK
= Holzschiden, MK = Morphodynamik, UK = Hochwasserdynamik, ASt = Anteil Steine, Aki = An-
teil Kies, B = Offenheit des Kronendachs, EM = Abstand zum Mittelwasser, T_A = Michtigkeit A-
Horizont, Str = Michtigkeit Streu, StrD = Anteil Streubedeckung, T_O = Michtigkeit O-Horizont,
T_F = Michtigkeit Feinboden, Th = Anteil Totholzbedeckung, VE = Vegetationstyp nach Egger et
al. (2007), VR = Vegetationstyp nach Reich et al. (2008), CP = biogeomorphologische Sukzession-
sphase nach Corenblit et al. (2007). Die Umweltfaktoren (schwarze Schrift) zeigen statistisch sig-
nifikante Zusammenhinge (verindert nach Zittel 2020).
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Section 4, also animal-dispersal and self-dispersal. Burr dispersal was highest in the re-
stored Section 4, whereas seed mass and wood density were highest in the regulated Sec-
tion 3. Especially Sections 2—4 showed typical Ellenberg values like moisture value and
nitrogen value and atypical traits like leaf endurance and life form (s. Fig. 5, part I). Look-
ing at trait diversity the plots of the regulated Section 3 were similar and were organized
in a close way to each other in the NMDS (Fig. 6). Unlike this, the trait diversity in the
near-natural Section 2 and restored Section 4 was higher, focussing on the differences of
the plots and the organization with high distances to each other.

Relationship between traits and habitat parameters

Looking at the NMDS ordination of traits in the space (Fig. 7) there were different rela-
tionships to habitat parameters. Seed mass, individual height and the Ellenberg values ex-
cept of the light and continental values were correlated with increasing soil depth, increas-
ing distance to the mean water and an advanced succession phase.

Plant traits like mean leaf length, water dispersal, wind dispersal, amount of woody
plants, wood density, and the Ellenberg values for light and continentality were highly
related to increasing indicators of high river dynamics like coverage of bare soil, morpho-
dynamics and flood dynamics, wood damage, coverage of sand and gravel and more open
canopy.

Discussion

A mosaic of different succession phases is typical for braided river ecosystems (Egger et al.
2007; Egger et al. 2022) which was also represented by different traits occurring side by
side in the four study sections at the Upper Isar. Trait diversity of the overgrown diverted
reach within Section 1 decreased due to the lack of bedload and the resulting lower inten-
sity of disturbance (Fig. 5). The trait characteristics were still very similar to those of the
near-natural system in Section 2. However, the cover of woody plants (especially willow
shrubs) increased in this reach in the last decades and the species composition and traits
might change on a long term (Reich et al. 2008; Juszczyk et al. 2020).

Section 2 is only affected by water diversion; it is used as a near-natural reference for North
alpine braided rivers (Juszczyk et al. 2020). Plants need to be adapted to the frequent dis-
turbances which is expressed by their traits (Parkhurst & Loucks 1972). The traits in Sec-
tion 2 were characterised by a short leaf length and a low seed mass (Fig. 5). Besides, early
pioneer phases were still present which causes according to Fukami et al. (2005) a higher
trait diversity, i.e. a higher dispersion in the NMDS (Fig. 6). This high dispersion of the
near-natural Section 2 showed the high trait dissimilarity of this section compared to the
restored Section 4. In the regulated Section 3, on the other hand, the plots were similar
in the expression of the traits, which resulted in an orientation of the plots close to each

other (Fig. 6).

Compared to the traits of the near-natural Section 2, the traits of Section 3 were charac-
terised by high seed mass, high wood density and generally low trait diversity (Fig. 5). A
correlation could be observed here due to the change in disturbance intensity caused by
retention of flood peaks and bedload in the Sylvenstein reservoir as well as bank protection,
which allows no relocation. Thus, there is an adaptation to these more stable conditions
with progressive succession. Besides, it was striking here that the plots within Section 3
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could almost exclusively be classified in the biogeomorphological and the ecological phase
of the fluvial biogeomorphic succession concept of Corenblit et al. (2007). Considering
that there are no pioneer communities in Section 3 it seems reasonable that the trait di-
versity is lower here (Fukami et al. 2005). In terms of traits, the regulated Section 3 could
be assessed as completely altered and impaired.

In contrast, the trait values in the plots of the restored Section 4 had a wide range of
variation. However, the traits did not correspond to the near-natural Section 2 (Fig.
5, Fig. 6). Trait diversity was high, which can be attributed to the newly created pi-
oneer sites (Fukami et al. 2005). However, a full adaptation of the vegetation to the
conditions prevailing in the natural system takes time (Bartha et al. 2003; Diggelen
et al. 2001; Prach et al. 1999). Thus, it takes more than 20 years after restoration for
the complete reestablishment of species (Bayerisches Landesamt fiir Umwelt 2011). Al-
though the habitat parameters were like those of near-natural diverted Section 2 and
the trait diversity was also similar (Fig. 6), the typical species were different (Fig. 5).
Colonisation with the typical species occurring in the natural system can only take
place via water- and wind dispersal. However, the area can again be assessed as only
moderately impacted.

Résumé

The four river sections along the Upper Isar are characterised by different habitat param-
eters and plant species. The overgrown diverted Section 1 with impacts on the hydro- and
morphodynamic regime is characterised by a high proportion of woodland. The expres-
sion of the species here is shifted to the dryness-adapted range. However, the habitat pa-
rameters and traits here are most like the near-natural Section 2. Besides, the latter is also
characterised by high diversity of species and traits.

The removal of morpho- and hydrodynamics in the regulated Section 3 leads to dras-
tic changes in the river and riparian ecosystem. This leads to high amounts of advanced
phases of succession resulting in similar individual sites in terms of their species and trait
composition.

In the restored Section 4, removing of the bank protection and adding of bedload by side
erosion were planned to re-initiate the characteristics of the former braided river. This
leads to an approximation to the near-natural Section 2 regarding the habitat parameters
and clear differences to the regulated Section 3. The trait diversity is increasing again and
is similar to that of Section 2. Trait characteristics, however, are still different to the near-
natural diverted Section 2.

Obur results indicate that traits thus enable a superordinate view of human interventions on
rivers. Natural sites can be investigated as trait references and can be used as indicators of
the deviating states of restored river reaches in terms of their expression and diversity. The
consideration of traits is also advantageous in the global comparison of restored rivers. As
different species occur in different climatic regions, they still had to adapt to the similar
site conditions with frequent disturbances and stresses of braided rivers and probably de-
veloped corresponding traits. The comparison of traits could therefore be a valuable tool
and should be tested on other rivers.
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