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A. Geographical framework

= Alpine and Mediterranean rivers . :
P Paillon catchment near Nice (France)

* Physiographical setting:

o Steep slopes
o Shallow soils
o Sparse vegetation cover
* Climate = hydrology:
o Infra-annual flow variability: x103 : N
o Flash floods S, gl Jure 2z
o Torrential regime
* Riverbed morphodynamics:
o Coarse sediment supply
(Dgy=45-90mm)
o High sediment supply and
connectivity

o High energy riverbed
morphodynamics

/247235jpg

2 Rivers corridors facing change in Alpine and Mediterranean climate — a coupled geomorphic and ecologic point of view
CHAPUIS Margot

L @ UNIVERSITE =535
COTE D'AZUR "=+




A. Geographical framework

= Alpine and Mediterranean rivers
* Human impacts:
o Historical land use change

o Dense occupation of the valley
floor

o Hydropower infrastructures

© M. Chapuis; May 2016
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Var / Esteron confluence upstream Nice
in 1945 and 2002
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B. Theoretical framework

= Research hypotheses

1. Geomorphology influences ecology 2. Alpine and Mediterranean climates:
Swanson, 1980 strong drivers that generate
Gregory and Gurnell, 1988 Contrasted Iandsca pes
Belletti et al., 2013
Geomorphology Ecology
— good place to study:
LANDFORMS 2 _ FAUNA S )
] ?x? || S o Climate change
o E [ é
GEOMORPHIC FLORA IS o Extreme events
PROCESSES F g
: gz::: ::E:t:: rDa;g:r-mEifnf:Céiss:::?):ﬁ:js;:‘emiaI by fire, wind. g
C. Affect soil movement by surface and mass erosion. Affect fluvial processes 2
by damming, trampling. 2]

D. Sedimentation processes affect aquatic organisms. Effects through flora.

E. Destroy vegetation. Disrupt growth by tipping, splitting, stoning. Create new
sites for establishment and distinctive habitats. Transfer nutrients.

F. Regulate scil and sediment transfer and storage.

Geomorphical variability :> Ecological variability
in space and time in space and time
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B. Theoretical framework

= Research position(s)

* Physical geography = good framework e Systemic approach
to work at different scales in space
d ti Cholley, 1950 in Battiau-Queney, 2022
and time Schumm, 1977
Rhoads, 2004 Amoros and Petts, 1993

Dufour and Lespez, 2020

* Socio-ecosystem

* + human sciences = good framework Liu et al.. 2007

to study anthropogenic pressures Dufour et al., 2017
Bergeret et al., 2015 e Source-to-sink
Serrhini-Naji, 2021
Thibaut et al., 2023 Anthony and Julian, 1999

Sgmme et al., 2009

e Sediment continuity

Fryirs et al., 2007
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B. Theoretical framework

= General objectives

To analyze some of the reciprocal
relationships between hydrosystem
fluctuations and land use (biocenosis
and/or society) = land use planning
strategies

To better understand physical
processes of sediment transport (pluri-
annual series, extreme flood events)
and their consequences on hydro-eco-
systems

To evaluate and quantify the success
of hydromorphological restoration
operations in braided rivers

To characterize sediment dynamics at
reach and catchment scale, at
different temporal scales: pluri-annual
survey vs. extreme flood event vs.
historical influence of land-use change

Regional setting = climate drivers on river management

Rivers corridors facing change in Alpine and Mediterranean climate — a coupled geomorphic and ecologic point of view
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D. Geographical setting

CHAPUIS Margot
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C. Objectives and studied compartments

= 2 case studies to link geomorphology and ecology
* Dracriver

o Macro-invertebrates 1/ how can we quantify the success of

hydromorphological restoration operations in
Devreux et al., 2022 braided rivers? - need to integrate coupled
Devreux et al., 2023 . . . .

geomorphical and ecological tools in restoration

Devreux et al., in prep.
success assessment
* Royariver

o Trout spawning habitat morphodynamics
o Sediment fluxes monitoring
o Hillslopes’ vegetation dynamics

Chanu 1/ is trout spawning habitats sediment dynamics

apuis etal., 2022a

Chapuis et al., 2022b linked to hydropeaking dam management and/or

EEapu!s and Ac'lnes, 2023 “natural” floods?

apuis, submit.

2/ how does a fluvial system react after a >1000yrs
return period flood? - climate change effects on
river systems sediment dynamics?
3/ what is the effect of land use planning policies
on sediment yield on a historical perspective?

Rivers corridors facing change in Alpine and Mediterranean climate — a coupled geomorphic and ecologic point of view P UNIVERSI TE .‘;‘.
CHAPUIS Margot /\/. COTED'AZUR "*=:



D. Methodology

= 2 case studies to link geomorphology and ecology
* Dracriver
o Macro-invertebrates

Fieldwork: samplings, GUS mapping

Belletti et al., 2017
Devreux et al., 2023

* Royariver
o Trout spawning habitat morphodynamics
o Sediment fluxes monitoring
o Hillslopes’ vegetation dynamics

_ORBAARPMIAZSG L & :
AR SR

Chapuis & Adnes, 2023
Devreux, 2023
Misset et al., 2023

Ligbault et al., 2012 Durance riverscape mosaic in 2012
and 2017. In Devreux, 2023

Fieldwork: RFID sediment tracking, passive seismic monitoring, topographic surveys...
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D. Methodology

= 2 case studies to link geomorphology and ecology
* Dracriver

o Macro-invertebrates 1/ how can we quantify the success of

hydromorphological restoration operations in
braided rivers? - need to integrate coupled
pevrewxeta, 2023 geomorphic and ecologic tools in restoration
evreux et al., in prep.
success assessment

Figure A.1 - Photographies of the restored reach (A) before restoration, in 2012 and (B) after
restoration, in 2014. Photographies are from the CLEDA (Communauté Locale de I'Eau du Drac Amont,

local authority in charge of the river).  Devreux et al., in prep.

[ ] y -t
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D. Methodology

= 2 case studies to link geomorphology and ecology
* Dracriver

o Macro-invertebrates 1/ how can we quantify the success of

hydromorphological restoration operations in
braided rivers? - need to integrate coupled
geomorphic and ecologic tools in restoration
success assessment

:_U‘ D Unaltered
‘ > BETCET
Before After S I Altered . .
Bl £ mproved Devreux et al., 2022: https://doi.org/10.1016/j.geomorph.2022.108404
= § m Impact el ) Devreux et al., 2023
= R e Bl LB onsetof
I ::: I @ indicators
5 >
o 2 Control [t
- ] cpotenian B2 e
Geographic |5 A
reference) g

@ i

Marteau et al., 2022
o

BACI approach:

Before/After - Control/Impact R ‘,

= Restoration operations N —
® (ities (2013 - 2014): Sarnph;g;tatl;nst‘.a ] 5 o ——
i - ored station .
A A Chemical probe = Restored reach - s : :
River network * = Target reach arg ion

Devreux et al., in prep.

L] ra «ta
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D. Methodology

= 2 case studies to link geomorphology and ecology
* Dracriver

o Macro-invertebrates 1/ how can we quantify the success of

hydromorphological restoration operations in
braided rivers? - need to integrate coupled
geomorphic and ecologic tools in restoration
success assessment

Devreux et al., 2022: https://doi.org/10.1016/j.geomorph.2022.108404
Devreux et al., 2023

Devreux et al., in prep.

Taxonomic community composition at four different spatial scales with different types of morphology
Restored vs. target stations
1 date p i
f ] [ - Y
f | : o 8 Braided
Station > | 15~
morphologyj NSt
10-10"km| 9 <~ @
v
——) N
Channel types Wandering
107-10" km
Geomorphic units
10°-107 m|
Unique and
narrow channel
f Microhabitats conditions
102-10' m
> Sampling timescale : 2009 = 2018

h—d _——— e — - m——- =
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E. Results

= 2 case studies to link geomorphology and ecology
* Dracriver

o Macro-invertebrates 1/ how can we quantify the success of

hydromorphological restoration operations in
Devreux et al., in prep. braided rivers? - need to integrate coupled

cramel voes B geomorphic and ecologic tools in restoration
S e success assessment

O Alluvial channel

© Pond

Geomorphic units
% Riffle
Y Glide
QO Pool

Substrate types .
f—Substratgyfgr sample a Flglll'e 1

.\—LSauhstrate for sample b
rge .
Medium Location of the study area and samples collected at the two reaches.

o Crganc mater (A) Location of the restored and target reaches and sampling

stations (blue and yellow rectangles). Saint-Bonnet-en-Champsaur is
located at 44.6 N - 6.0 W in the coordinates system WGS 84. Location
and habitat information fior each samples on the restored (B) and target
(C) stations.

Sample location might not be in water channels due to the differences
of discharge and morphology between the orthophotography collection
time (2018) and the sampling campaign time (2019).

Data for Figure 1B and C: the orthophotography comes from the
district council of Hautes-Alpes.
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E.

Results

NMDS2

0.5

0.0 +

2 case studies to link geomorphology and ecology

* Dracriver
o Macro-invertebrates

1/ how can we quantify the success of
hydromorphological restoration operations in
braided rivers? - need to integrate coupled
geomorphic and ecologic tools in restoration

success assessment

Tapo

e Tany Lirmn

¥ola

A Chia .

0.5 1.0 1.5 2.0

NMDSA1

B)

—1 1 =
[

Distance lo centroids

=
[*]

i

Restared Target

Devreux et al., in prep.

Figure 2

(A) Non-metric Multidimensional Scaling

(nMDS) ordination based on the Bray-Curtis

distances for all taxa and The quadrants

correspond to the habitat conditions:

* quadrant [= fast and connected channels

* quadrant II= slow and mainly connected
channels

* quadrant III= fast and main channels with
coarse sediments

* quadrant [V= slow and stagnant habitats.

Abbreviations for the taxa names are in given

Table A.4 in the Supplementary Materials.

Code for samples of the restored station

(blue) start with R and code for samples of

the target station start with T (brown).

NMDSI1= first nMDS dimension,

nMDS2= second nMDS dimension.

(B) difference in beta diversity for the

restored (blue) and target (brown) stations.
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E.

Results

2 case studies to link geomorphology and ecology
* Dracriver

o Macro-invertebrates 1/ how can we quantify the success of

hydromorphological restoration operations in
braided rivers? - need to integrate coupled

geomorphic and ecologic tools in restoration

success assessment

Main conclusions

1/ We need to consider channel types diversity (macroscale habitats) in restored
braided rivers’ sampling protocol to assess their health status

2/ In the absence of morphogenic flood: inter-annual variability of
macroinvertebrates community composition plays a major role compared to the
river morphology driver

3/ What about human infrastructures (waterwaste treatment plants efficiency)?

Devreux et al., in prep.
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E. Results

UNITED Catchments
KINGDOM
POLAND
= 2 case studies to link geomorphology and ecology SRR 1 Drac
* Royariver : Roya
o Trout spawning habitat morphodynamics | FRANCE £
) o Q;
o Sediment fluxes monitoring PR e
. , . . i Q swisstopo, Esri,
o Hillslopes’ vegetation dynamics Tomtom, FAo,NOAR, |
SPAIN g ; : apuis, June g
Ve i Lo Sources: IGN, BD Carthage
Chapuis et al., 2022 e
Ch i d Adnés, 2023 ¥ vl Aty
’ . ! /-‘: I a/\ /._ \
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(o} g P& ¢ Po
_ Grenoble 5 s o
y O
oValence '
RAL ¢S
W
IF ‘\Q;\
Y
Q
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E. Results

= 2 case studies to link geomorphology and ecology
* Royariver
o Trout spawning habitat morphodynamics

Fig.2. Passive RFID tracking at
Lamberta bridge for trout habitat
dynamics monitoring

= Trout spawning habitats

Quax ~ 63 m¥s (Breil, 2018/05/04)

Liébault et al., 2012

* Intense mobility of alluvial
sediments (@ ~< 512 mm), even
for small floods (< Q,) prior to
Oct. 2"9 2020 flood

* Frequent mobility of spawning
material (@ < 64 mm)

6318100
1
T
6318100

6318050
1
T
6318050

A Passive RFID final location (June

~ Sept. 2018)

* Initial location (Mar. 2018)

T
6318000

Travel path (recovered tracers)
Differential DEM (Mar. — Sept. 2018)
Elevation change (m)
| BREE
B --0s
[ -05--01

* Sediment mobility driven by
boulders (inherited from past
— 4 glacial activity), and by riverbed
]o1-05

— macroforms.
- 1-17 1067130 1067200 N

0 10 20 40m A
Projection system: RGF93 — Lambert 93 oS Ch d p u |S et G/ 2023
°,

Adapted from M. Martins and M. Chapuis, Mar. 2019

»
-
T
6317950
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E. Results

* Royariver

o Sediment fluxes monitoring

Liébault et al., 2024

Chapuis et al., 2022

2 case studies to link geomorphology and ecology

Oct. 2"¢ 2020
> 1000-year rainfall
- ~1000-year flood
- fluvial metamorphosis:
single-thread = braided

\

oy

7 ) A Initial location

Year of survey 2019 2020 2021 ® Post-flood location

Qmax at Breil (m?/s) 133 140 |[1000;1500] j Distances

Nb of tfracers found 17 16 4 _am

MOX' diST' Of TronsporT (m) 0 250 500 1000 Projection system: RGF93 - Lambert93
Ambo/Fontan 240 632 5840 A — M Mearins & 1. Ghapuis (June 2022
Pertus 166 | 90 - Figure 4: active RFID
Lamberta - 2875 474

Table 1: RFID tracking and
sediment fransport distances

fracking 2021 survey

[ ]
d ecologic point of view /\)7.
[ ]
O
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E. Results

= 2 case studies to link geomorphology and ecology
* Royariver
o Hillslopes’ vegetation dynamics

Locally: mean temperatures are General drying within the catchment:
rising and rainfall is decreasing conditions are more stressful for vegetation
Martin, 2020 Vignal, 2020
Global warming & PR
+ Intense events % MOd'f'C:tt'Pn of th-e
lll increase in frequency representative species

(migration)
L]

_ + Boucher et al., 2015 ;
- ﬁ GREC-PACA, 2017 ?

Local reactivation Hillslopes’
‘s  ofsedimentyield stability
to the channel

= storage catchment
Evolution of + flow reduction damming
sedimentary fluxes e (hydropower)
Adapted from Chapuis, submit.
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E. Results

= 2 case studies to link geomorphology and ecology
* Royariver
o Hillslopes’ vegetation dynamics

S

Upstream
catchment
Becomes
French

Upstream Full catchment then
catchment after only downstream
1860 after 1860 O 4
Y] < e
Rural exodus after Maintain < o >
. . O
the Middle Age agriculture and % - Q
(when?) rural activities on R = *g
hillslopes = =
_ _ ] ] N .
Landuse planning:  Agricultural = : H Y time
complex and terraces on
limited until after hillslopes are still A’i 'Ni
WWII well attended '

Vegetation Ia I%I ?
[ [

encroachment of
hillslopes (trees)

Adapted from Vignal, pers. comm. Adapted from Purdue, pers. comm.
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E. Results

= 2 case studies to link geomorphology and ecology

* Royariver
o Hillslopes’ vegetation dynamics

Land use planning policies

o[

General drying within the catchment:

conditions are more stressful for vegetation
Vignal, 2020

Locally: mean temperatures are

rising and rainfall is decreasing
Martin, 2020

Global warming A
Intense event &S Modlfncatl?n of thfe
++ il representative species

increase in frequd\cy eny

+ ouche X \ot ? (migration)
- i g ’
@Local reactivation Hillslopes’

%) ofsedimentyield stability S

et to the channel e
¥ [ ]

d ° Sediment

e Upstream

9@ - storage catchment

Evolution of + flow reduction damming
sedimentary fluxes » (hydropower)

Hypothesis: land use planning
policies influenced sediment yield to
the channel through hillslopes’
stability on an historical perspective
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E. Results

= 2 case studies to link geomorphology and ecology
* Royariver
o Trout spawning habitat morphodynamics
o Sediment fluxes monitoring
o Hillslopes’ vegetation dynamics

Main conclusions

The Roya river displays a unique example of sediment tracking experiment
undertaken on a bi-national catchment, before and after a 1000 yrs return period
flood event.

This constitutes a perfect occasion to explore the effects of:
1/ land use planning policies on sediment yield on a historical perspective
2/ climate change effects on river systems sediment dynamics.

22 Rivers corridors facing change in Alpine and Mediterranean climate — a coupled geomorphic and ecologic point of view P UNIVERSI TE .‘;‘. .
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F. Conclusions —take-home messages

= Aiming at a long term and sustainable river corridor management requires to consider
the complexity of forms and processes affecting the various compartments of the
hydrosystem

—> We need to consider biotopes (i.e. geomorphology) and biocenosis (both fauna,
vegetation and human needs), at different spatial and temporal scales.

= Only by achieving transdisciplinary approach we will be able to produce valuable and
operational knowledge for long term and sustainable river corridor management

723 Rivers corridors facing change in Alpine and Mediterranean climate — a coupled geomorphic and ecologic point of view P UA IVERSITE e
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