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I. Fundamental aspects on the 
interactions between channel 
geometry and riparian forest

- What is the riparian area?
- Main characteristics
- Biodiversity

- How is it affected by channel dynamics in 
human environments?

- Reach scale
- Catchment scale
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Main characteristics : channel and groundwater proximity
• water, sediments, nutrients, and propagules supply during floods

• physical disturbance

Mars 2001, Rhône River

Ain River, avril 2002

A specific vegetation

Salix sp. on gravel bar

Alnus glutinosa, permanent water

Geographical variability within watershed

upstream

downstream
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The fluvial mosaics

Confluence Ain Rhône, Girel et al.,1986
600 m

Succession Succession 
dynamics dynamics 

controlled by controlled by 
channel shiftingchannel shifting

Post-pioneer units

Pioneer units
(softwood) 

Gravel bar
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The most dynamic reaches

A broad range of habitat A broad range of habitat 
conditions : groundwaterconditions : groundwater

Ex : groundwater depth, 
alluvial forest of the 
Rhine River

Onf, 2001
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A broad range of habitat A broad range of habitat 
conditions : sedimentationconditions : sedimentation
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Black poplar

Disturbance effect on vegetationDisturbance effect on vegetation

Tree seedling frequency Liana frequency

Disturbance
Frequency Intensity

Local variability Diversity
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Location of topographical cross-sections surveyed in 2005, 
A) In the embanked reach, B) in the braided reach, photographies IGN of 1991

species richness (TSR) varies 
from 20 to 23 in the braided islands
against 12 to 14 in islands located in the embanked reach
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B - Species occurring only in a single side-channel
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Monitoring of 
aquatic vegetation

The restored former 
channels

of the
old Rhône of Pierre 

Bénite
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Human pressure – Urbanization 

Arve River

Agout River

Human pressure - Artificial plantations 
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D ’après Michelot 1989

In 1964

In 1984

influence of human 
activities on structure 

(the Rhône)

=> fragmentation

Human impacts along the Arve, France

Dike
between 18  and
20th c. Lateral deconnection

Pit
After 1950 fragmentation

Mining in the active
channel
After 1950

incision – vertical deconnection

reduction of bedload - narrowing
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Examples of the works done
by the RTM services 
(mountain restoration terrain) 
At the end of the 19th c.
to control stream gradient 
and hillslope erosion

Dendro / Effet cascade / FRED

Drôme catchment

F. Liébault PhD
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A reach with
a braided channel
in 1830

Imperial Road following the
hillslope built in 1804

Upper Drôme

River

Ex .210Pb Ac t iv i t y (mBq g-1 )137Cs Ac t iv i t y (mBq g-1 )
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1986

1997

Le Doubs Le Doubs àà
ll ’’aval de Doleaval de Dole
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EffectEffect of of channelchannel incisionincision
on the on the perifluvialperifluvial aquaticaquatic zoneszones

A. Citterio et al. 2003

Lower Ain Valley (n = 195)
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EffectEffect of of channelchannel regulationregulation
on the on the OakOak growthgrowth alongalong the Rhinethe Rhine

Station located
outside of the external dikes

Width of
rings (microns)

Rhinau

Erstein

1996 1960
Changes in Changes in cutcut--offoff dynamicsdynamics

because of because of floodplainfloodplain afforestationafforestation
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The Doulon and the Cronce,
two tributaries of the Allier :

- increase of mortality in Alnus community,
- abandoned derivation check dam,

- increase in LWD input,
- channel widening

-Structure

- Loss in 
connectivity
(vertical, 

horizontal)

UnheritageUnheritage and and funtionnalfuntionnal value value 
of the riparian forestsof the riparian forests
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II. Elements for designing the WFD 
restoration program

• Riparian zones and WFD
– Not a metrics … for evaluating if we reach a good 

ecological status
– A compartment on which we can act… for reaching a 

good status

• Guiding ideas for implementing the WFD
- Reference state versus pristine state
- Static versus dynamic 
- Local diversity versus long term diversity
- Balancing ecosystem improvement and other stakes 

(risk management)

Time River managers Scientists

Definition of 
water bodies

Selection of sites to
establish the ref states

Highly Modified
Water Bodies

failing risk to 
reach good status

Human pressure
State of WB

2005

2009

2015

Measure/test deviations
between obs and ref. states

Management
plan design

(toolbox of measures)

Application of the 
survey system to assess

efficiency of the MP
(reach GES-GEP)

Application of the
Management plan

Schedule for defining the program of 
measures in France

Metrics for assessing the efficiency of measures : Metrics for assessing the efficiency of measures : 
= invertebrates (IBGN amélioré – au genre/espèce Usseglio Metz), 
= fish (CSP pêche par ambiance), 
= macrophytes (Diren), 
= diatoms (niveau taxonomique poussé – espèce possible) 
= physico-chimistry (nutriments+micropolluants 6 surveys per yr, 12 
pesticides)
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Naiman et al. 2005

Restoration of riparian corridors for aquatic habitatRestoration of riparian corridors for aquatic habitat

a) Effect of upstream veg. Corridor of variable length on 
predicted  stream t°

b) Change in t° according to the length of the gazp in rip. 
Veg.

c) Fish species richness related to t°

40 streams, southern Ontario 
(Barton et al. 1985 in Naiman et al. 2005)

Riparian corridor and temperatureRiparian corridor and temperature
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Influence of LWD on Influence of LWD on 
fishfish abundanceabundance and and diversitydiversity

Case of the Case of the cyprinidcyprinid zonezone
Source: Thévenet, 1998

Fishing zones :
without LWD
with LWD

Number of species
per 50 m2

Number of fish
per 50 m2

Carmel river, Californie, USA, 2003 (Photo by D. Smith)

Mitigate the impact of vegetation Mitigate the impact of vegetation 
maintenance : define objectives maintenance : define objectives 
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buffer function 
restoration
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II. Elements for designing the WFD 
restoration program

• Riparian zones and WFD
– Not a metrics … for evaluating if we reach a good 

ecological status
– A compartment on which we can act… for reaching a 

good status

• Guiding ideas for implementing the WFD
- Reference state versus pristine state
- Static versus dynamic 
- Local diversity versus long term diversity
- Balancing ecosystem improvement and other stakes 

(risk management)

ContemporaryContemporary floodplainfloodplain landuselanduse
change in the middle Ardchange in the middle Ardèèche river che river 

(in (in ChauzonChauzon, , fromfrom land land surveysurvey mapsmaps))

Arable land Alder forestGrazed area
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The Drôme in Crest
1947

G. Barnard, Fontaine Saint-Andéol, Vivarais (détail), in Taylor J., Nodier
C., De Cailleux A. (1833), Voyages pittoresques et romantiques dans
l'ancienne France. Voyages en Languedoc.

Daily regional
newspapers
1879/ 2005 

110 Floods studied
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Y. Le Lay, in prep.
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ConsiderConsider the the dynamicdynamic behaviorbehavior of of riversrivers
((selfself--restoringrestoring processesprocesses ratherrather thanthan «« gardeninggardening »»))

20032003

2001

2002

20012001
Verification by electro fishing

Habersack & Hauer, 2004; Hauer, Unfer, Habersack, Schmutz, in press

Sulm River

Lower Ain Valley
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System scale Restoration project
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System scale restoration project : System scale restoration project : 
bed load transportbed load transport

J. Lejot, 2004
Béoux river - works in 2000
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The STREAMWAY has been 
defined in the SDAGE as
“a floodplain band in which the
river channel migrates laterally
for sediment mobilisation and 
optimum aquatic terrestrial
ecosystem functioning”.

An official list of river reaches
was established for which a 
streamway must be defined
in the following years for bedload

supply, land use management 
(e.g. planning mining sites, forestry
activity, recreation
areas) ecosystem regeneration
and biodiversity conservation

Prevent rather than repairPrevent rather than repair

possible zones of erosion 
in the next 50 years

Tagliamento River

From : N. Surian

Balancing ecosystem improvement and other stakesBalancing ecosystem improvement and other stakes

G.R. Bezzola, ETH, Zürich
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Social Social acceptanceacceptance and participativeand participative
managementmanagement

A) Order of preference
of 9 photos according 

to a gradient of desirable 
and undesirable riverscape
aesthetics as scored by 
inhabitants of a braided 
river valley (the Roubion, 
South East France)

B) Examples of photos 
used in the analysis

(from M. Cossin, 
unpublished data)

These results have been provided from a survey developed by an international working 
group leaded by H. Piégay (CNRS, France) and K.J. Gregory (Univ. Southampton, U. K.) 
and composed of V. Bondarev (Moscow State Univ., Russia), A. Chin (Texas A & M 
Univ., USA), N. Dalhstrom (Mid Sweden Univ., Sweden), A. Elosegi (Univ. of the Basque 
Country, Spain), S.V. Gregory (Oregon State Univ., USA), V. Joshi (S.P. College, Pune, 
India), M. Mutz (Brandenburg Technological Univ. Cottbus, Germany), M. Rinaldi (Univ. 
of Florence, Italy) B. Wyzga (Polish Academy of Science, Krakow, Poland) and .J. 
Zawiejska (Jagiellonian Univer. Poland).

ConclusionsConclusions
• Clear challenge : acting on the riparian features to reach 

a good ecological status

• WFD can be successful in a long term perspective if
= targeted and planned
= thought at appropriate geog. and temp. scales
= focused on processes rather than on structures
= accepted and balanced

• Sustainable development = living with Nature and using 
its immediate benefits (good and services)

(≠ fighting against Nature)
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2004

2003

http://www.svo.se

LIFE LIFE –– EnvironmentEnvironment
FORESTS FOR WATERFORESTS FOR WATER

(2004(2004--2007)2007)

http://rdb.eaurmc.fr/sdage/documents/guide-tech-1-f1.pdf

1998
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Disturbance effect on vegetationDisturbance effect on vegetation

Substrate removal

Biomass destruction


