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Abstracts
Riverscapes are a diverse habitat mosaic of patches ranging from wet to dry that are 
shaped by the hydro- and morphodynamic characteristics of the river. Sediment dynam-
ics and connectivity are therefore two key elements influencing the flood protection and 
ecological functions in river restoration efforts. The interdisciplinary research  project 
‘ Riverscape  – sediment dynamics and connectivity’ links hydraulic engineering and 
 ecology to evaluate measures fostering sediment dynamics and to explore functional 
 riverscape habitats. This publication comprises a summary of the main research findings 
of the project, supplemented by perspectives from researchers and practitioners who were 
not directly involved in the project.

Flusslandschaften bilden ein vielfältiges Habitatmosaik von feuchten zu trockenen 
Standorten, die durch die hydro- und morphodynamischen Eigenschaften des Flusses 
geprägt sind. Sedimentdynamik und Vernetzung sind daher zwei Schlüsselelemente, die 
den Hochwasserschutz und die ökologischen Funktionen bei Massnahmen zur Fliess-
gewässerrevitalisierung beeinflussen. Das interdisziplinäre Forschungsprojekt «Lebens-
raum Gewässer – Sedimentdynamik und Vernetzung» verbindet Wasserbau und Ökologie 
miteinander, um Massnahmen zur Förderung der Sedimentdynamik zu beurteilen und 
funktionale Lebensräume in Flusslandschaften zu erforschen. Diese Publikation fasst 
die wichtigsten Forschungsergebnisse zusammen und ergänzt diese durch Beiträge von 
Forschenden und Fachleuten aus der Praxis, die nicht direkt am Projekt beteiligt waren.

Les milieux fluviaux constituent une mosaïque d’habitats variés, allant des habitats très 
humides à d’autres complètement secs, qui se forment en fonction des caractéristiques 
hydrodynamiques et morphodynamiques des cours d’eau. Ainsi, la dynamique sédimen-
taire et la connectivité sont deux éléments influant sur la protection contre les crues et 
les fonctions écologiques dans les efforts de revitalisation des cours d’eau. Le projet de 
recherche interdisciplinaire « Milieux fluviaux – dynamique sédimentaire et connectivité » 
fait le pont entre l’aménagement et l’écologie des cours d’eau afin d’évaluer les mesures 
favorisant la dynamique sédimentaire et d’explorer les habitats fonctionnels des milieux 
fluviaux. La présente publication contient un résumé des principaux résultats de ce pro-
jet ainsi que des interprétations complémentaires de la part de chercheurs et de prati-
ciens qui n’ont pas directement participé au projet.

I paesaggi fluviali sono caratterizzati da un mosaico di habitat diversi, da umidi ad aridi, 
plasmati dalle peculiarità idrodinamiche e morfodinamiche del corso d’acqua. La dina-
mica dei sedimenti e la connettività sono quindi due elementi chiave per la protezione 
contro le piene e le funzioni ecologiche negli sforzi di rivitalizzazione dei corsi d’acqua. Il 
progetto di ricerca interdisciplinare «Paesaggi fluviali – dinamica dei sedimenti e connet-
tività» unisce la sistemazione e l’ecologia dei corsi d’acqua al fine di valutare le misure 
che favoriscono la dinamica dei sedimenti ed esplorare gli habitat funzionali dei pae-
saggi fluviali. La presente pubblicazione comprende una sintesi dei principali risultati del 
progetto, integrata dai punti di vista di ricercatori e professionisti del settore non diret-
tamente coinvolti nel progetto.
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flood protection, interdiscipli-

nary research, refugia, river 

habitat, riparian species, river 

restoration
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Foreword 
Near-natural watercourses are among the most species-rich habitats in Switzerland. 
They form a mosaic of sites ranging from wet to dry, which are constantly changing as a 
result of varying discharge conditions and sediment dynamics. They form a corridor that 
also includes gravel banks, floodplain forests and ponds. The connectivity of these hab-
itats allows the preservation and development of biodiversity.

In Switzerland today, many watercourses are no longer close to their natural state. 
Most rivers and streams are constricted and their discharge and sediment balance have 
been altered. Biodiversity in riverscapes has decreased considerably. Additionally, cli-
mate change causes increased water temperatures and more extreme runoff conditions. 
Severe floods and increasingly frequent low water levels during drought pose a threat to 
humans and their infrastructures. To improve this situation in the long term, flood pro-
tection and restoration measures must be harmonized. This requires close collaboration 
between different disciplines.

The interdisciplinary research project ‘Riverscape – sediment dynamics and connectivity’ 
combines the two topics of hydraulic engineering and ecology. Researchers from these 
two disciplines have worked together to establish fundamental principles and propose 
solutions for the restoration of sediment dynamics and habitat connectivity. The most 
important results relevant to practice are presented in this publication. It is intended in 
particular for experts from the public administration and the private sector.

The research project ‘Riverscape – sediment dynamics and connectivity’ was a joint pro-
ject of the FOEN and the research institutes Eawag, EPFL, ETH Zurich and WSL, which 
also involved experts from practice – from cantonal administrations, private offices and 
non-governmental organizations.

The FOEN would like to thank all participants for their valuable collaboration and the 
representatives from the cantonal administrations and the private sector for their ded-
icated support.

Katrin Schneeberger, Director
Federal Office for the Environment (FOEN)
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Introduction
Sabine Fink, Anna Belser, Giovanni De Cesare,  

Christoph  Scheidegger, Christine Weber and David Vetsch

Hydrological and hydraulic processes, such as sediment 
transport, affect aquatic, amphibian and terrestrial organ-
isms and their habitats, far beyond the main channel of 
a river. This area, the so-called ‘riverscape’, includes a 
high diversity of riparian habitats, which can vary in space 
and time depending on the water discharge and sediment 
dynamics. The animals and plants adapted to life in river-
scapes benefit from the changing environment. Specifically, 
sediment dynamics can provide nutrients, promote repro-
duction, and both create and temporarily alter habitats.

In near-natural riverscapes, the large area connecting land 
and water provides sufficient space to mitigate flood haz-
ards. In altered riverscapes, however, human infrastructures 
and agricultural land are affected by events that exceed 
the design discharge, and protection measures and resid-
ual risk management are therefore necessary. To link flood 
protection and ecological functions in riverscapes, an 
understanding of the degree of connectivity is of utmost 
importance. Near-natural rivers are connected to their sur-
roundings in multiple dimensions: longitudinally from the 
source to the mouth, laterally from the water to (and includ-
ing) the shores, and vertically from the surface water to the 
groundwater. Sediment dynamics affect connectivity in all 
of these dimensions, and the processes involved range from 
the catchment to the patch scale.

In ecologically connected riverscapes, species can find ref-
uge in areas where the impact of extreme events (e.g. floods 
and droughts) is reduced. Functional connectivity also pro-
motes biodiversity, even in small areas, as it interlinks habitats 
and makes it possible for organisms to disperse or colonize 
new areas. The recolonization of riverscape habitats is a 
key process, as the dispersal of riparian species is possible 
over large distances along functional waterways. Strategic 
planning for restoration and conservation at the catchment 
scale benefits from a holistic perspective. Models can help 
to project the potential for species to reach habitats with-
in riverscapes after years or decades, also under changing 
climatic and morphological conditions (see Chapter 1; Fink 
and Scheidegger 2023). Furthermore, aquatic and terrestrial 

species in riverscapes depend on specific habitats to estab-
lish, grow and reproduce. The formation of these habitats in 
particular locations is shaped by climatic and hydrological 
factors at the catchment scale and by hydrodynamic factors 
at the local scale (see Chapter 2; van Rooijen et al. 2023).

In near-natural riverscapes, the water and land are well 
connected, including food webs where insects emerging 
from the water serve as nutritious food for terrestrial pred-
ators (e.g. spiders and birds; see Chapter 3; Kowarik and 
Robinson 2023). Functional lateral connectivity between 
aquatic and terrestrial habitats may also be important for 
the prevention of natural hazards, e.g. flood water diver-
sion. Riverscapes with sufficient space for water retention 
are able to reduce high water peaks and thus mitigate flood 
impacts downstream. In the case of a major flood event, lat-
eral diversion structures divert flood water but also affect 
the sediment transport in the main channel (see Chapter 4; 
Frei et al. 2023). Because regular flooding is important for 
floodplain vegetation, the construction of lateral diversion 
structures may also be an effective ecological measure.

During small and large flood events, riverscape species seek 
shelter in refugia, which are aquatic or terrestrial habitats 
where the impact of high discharge and sediment mobilization 
is reduced (see Chapter 5; Rachelly et al. 2023). The mosaic 
of habitats within near-natural riverscapes creates an abun-
dance of refugia, with sediment supply being a prerequisite for 
refuge provision and function. Additionally, the deposition of 
fine sediment on floodplains during floods is important for the 
formation of terrestrial riparian habitats such as species-rich 
floodplain forests. This process is highly dependent on the 
structure within the habitat, for example, shrubs and grass-
like vegetation promote sediment deposition. Further, knowl-
edge about the deposition characteristics of fine sediment in 
compound channels is crucial for flood protection in regulat-
ed rivers (see Chapter 6; Conde et al. 2023).

Suspended sediment may also be deposited in the riv-
er substrate, with fine particles being retained in the pore 
space, leading to clogging (also referred to as colmation) and 
hence reducing porosity and water exchange (see Chapter 
7; Dubuis et al. 2023). With increasing discharge, declogging 
occurs as a result of increasing bedload mobilization and a 
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 resuspension of fine sediment. It is important to under-
stand the factors responsible for clogging, as this process 
hinders nutrient fluxes and prevents free circulation of 
well-oxygenated water. The latter is of major importance 
for the development of the eggs of substrate-spawning 
fish, such as brown trout. Further, the type and size of sed-
iment in the river substrate have an impact on the spatial 
distribution of brown trout, depending on the age and sex 
of the individual fish (see Chapter 8; Takatsu et al. 2023). 

The establishment of near-natural sediment dynamics is 
key to enhancing the ecological function of river substrate. 
Impaired sediment continuity can be mitigated by sediment 
augmentation. The optimal approach to bedload restoration 
measures varies depending on the desired goal, e.g. improv-
ing fish spawning habitat, promoting riverbed structures, or 
enhancing channel dynamics (see Chapter 9; Mörtl et al. 
2023). For all measures, the ideal timing, quality and quan-

tity of the added substrate are highly dependent on the flood 
protection objectives and on the ecological characteristics 
of the aquatic and terrestrial species or habitat affected by 
the augmentation (e.g. fish and vegetation in the river reach).

This publication is the result of an interactive process involv-
ing the researchers working on the project and the advisory 
board consisting of practitioners from private consultancies, 
NGOs, and cantonal and federal administrations. It sum-
marizes the main findings of the project phase  2017–2021 
(see Box 1) and includes perspectives from researchers 
or practitioners who were not directly involved in the pro-
ject (see the ‘In practice’ box in each chapter). More infor-
mation about the programme ‘Hydraulic engineering and 
ecology’ and the projects can be found on the website  
www.rivermanagement.ch, which also includes links to pre-
vious reports and scientific publications.

Box 1: Research programme ‘Hydraulic engineering 
and ecology’
The Federal Waters Protection Act (WPA, 1991) and the 
Waters Protection Ordinance (WPO, 1998) ask for func-
tional rivers in near-natural riverscapes while maintain-
ing flood protection. Since 2011, a national restoration 
strategy has been implemented to fulfill this mission. 
With foresight, the Federal Office for the Environment 
(FOEN) launched the interdisciplinary research pro-
gramme ‘Hydraulic engineering and ecology’ 20 years 
ago, together with the research institutes VAW (ETH 
Zurich), PL-LCH (EPFL), Eawag and WSL. The aim of this 
programme is to develop scientific principles and prac-
tice-oriented solutions for dealing with watercourses and 
to process them in a way that is suitable for implemen-
tation. Researchers from various disciplines and experts 
from practice participate in the programme. The results 
are intended to contribute to the implementation of the 
Federal Waters Protection Act and the Hydraulic Engi-
neering Act (1991) and are available to practitioners in  
the form of scientific and technical articles, manuals, 
reports and fact sheets.
‘Riverscape – sediment dynamics and connectivity’ was 
the fourth multi-year research project in the ‘Hydraulic 
engineering and ecology’ programme, following ‘Rhone-
Thur’, ‘Integral river management’ and ‘Sediment and 

habitat dynamics’. It comprised two main research topics, 
both focusing on flood protection and ecology in medi-
um-sized rivers: (i) sediment dynamics and (ii) longitudinal, 
lateral and vertical connectivity. A detailed description of 
the research project with its specific foci, subprojects and 
research questions can be found in Vetsch et al. (2018) 
and Fink et al. (2018).
Important practice-related products of the research 
programme that have been generated so far include:
• Handbook for evaluating rehabilitation projects in riv-

ers and streams (Woolsey et al. 2005)
• Integrales Gewässermanagement – Erkenntnisse aus 

dem Rhone-Thur-Projekt (Rohde 2005) [in German]
• Synthesebericht Schwall/Sunk (Meile et al. 2005) [in 

German]
• Wasserbauprojekte gemeinsam planen. Handbuch für 

die Partizipation und Entscheidungs findung bei Was-
serbauprojekten (Hostmann et al. 2005) [in German 
and French]

• Merkblatt-Sammlung Wasserbau und Ökologie. 
Erkenntnisse aus dem Projekt Integrales Fluss-
gebietsmanagement (FOEN 2012) [in German, French 
and Italian]

• Merkblatt-Sammlung Wasserbau und Ökologie. 
Geschiebe- und Habitatsdynamik (FOEN 2017a) [in 
German, French and Italian]

http://www.rivermanagement.ch
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