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Contexte : Vers une augmentation de la
navigation en Europe
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AStratégie de mobilité durableadapter le transport
européeen pour le future

ATransporty inland waterways and short sea shipping
will increase by 25% by 2030 and by 509050.
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Questions

Navigation

U Quelssont les effets de la navigation
et des infrastructures associees (INIf
sur la biodiversité ?

U De quoi dependent ces effets €.9.
taxons, contexte paysager, échelles, < ’Paysagg& .
etc.) ¥ 1 eledien. ‘contexte riparien

U Quelles solutions de restauration et | Ecosysteme fluvial / rivulaire
de gestiorenvisager pour attenuer les Biodiversité aquatique et
impaCtS ) riparienne




Approchegle synthese (CESAB)

Syntheses sur les relations navigatimodiversité :

ARevues de la littérature

AAnalyses de données

AMéta-analyse




Effets de lanavigationet
deslINIssur les
ecosystemes aquatiques

SYNTHESE SYSTEMATIQUE DE LA LITTERATURE
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Methodologie

ARevue systématique de la littératu¢8ordellcet al.2019)A 7700articles

Ve
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ARésultant 243 articles pertinentgpour extraire
A Metadonnées
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Al1103relationsidentifiées entrefacteur de navigation & réponses biotiquésabiotiques

Navigation
Trafic fluvial

Exemples de
relations étudiées

Gestion des voies navigableg
Faucardage




Nombre d’articl es ét dlauvea nt

Number of papers
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Exploration des™
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Analyse de preuves des liens entre facteurs de navigation et reponse
biotiques

Native taxa / communities Exotic or invasive taxa / groups
*%*%* *%k%* *%k%* *%*%* *%k%* *
100%- ) 100%-
90%- 90%-
| Negative effect .
80%- 80%-
60%- 60%-
Nonsign. effect 50%- 50%-
30%- 30%-
Unknown effect —— —
10%- 10%-
0%- 0%-
(n=191) (n=81) (n = 43) (n=231) (n=23) (n=18) (n=11) (n=1)
NAVI INI MANAG MULTI NAVI INI MANAG MULTI

Category of navigation-related effect Category of navigation-related effect




Analyse de preuves des liens entre facteurs de navigation et reponse
biotiques

Native taxa / communities Exotic or invasive taxa / groups
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Contextedependance &
echelledépendance des
relations navigation
biodiversite

SYNTHESE PAR ANALYSE DE DONNEES




Evaluer les relations navigation
biodiversite et leur contextdépendance

Naviaation DensitétR Q S & L]lé 0S a
9 invasives

I

Biodiversité
(native)

AVerifier les liens de facoempirique alarge échelle

ADistinguer les effets de laavigationvs.des INIssur les communautés a travers
differentes meétriques

AEvaluer la dépendance de ces effets aux contextes riparien et paysager




Methodologie : les donnéees

Différentessourcesde données  «u
compilées & homogénéisees
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15jeux de données de
biodiversité sur les voies
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Methodologie : analyse statistiques des
nees d’ observat |
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Effets de lanavigation &des INIs sur la biodiversité

Taxonomic Functional Taxonomic  Functional @ Taxonomic @ Functional Invasive

Predictor Richness Richness Diversity Diversity Evenness Evenness Abundance
Ships G 0 G G G OB E S ]
Ports an an _—
Locks ] ] ] O e Ew 3
Channelization ] ] ] N

Effet négatif o

PI——— Spécialiste, Rhéophilique, Spécialiste, Disperseur

D Benthique, Normigrateur passif, Attaché au substrat

Généraliste, Eurytopique, Généraliste, Disperseur actif,
Pélagique, Diadromes Nageur/volant




Effets de lanavigation &des INIs sur la biodiversité

Taxonomic = Functional Taxonomic  Functional = Taxonomic = Functional Invasive
Predictor Richness Richness Diversity Diversity Evenness Evenness Abundance
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Channelization ] ] ]

aing<

90fdzaSa Y2Aya TN IAYSYGlrydaSa 1jdzS RQI dzil
Parfois méme facilitantes pour le passage de poissons
(Baumgartneiand Harris 2007; Vergeynst et al. 2021; Le Pichon 202B)




Effets de lanavigation &des INIs sur la biodiversité

Taxonomic Functional Taxonomic  Functional @ Taxonomic = Functional Invasive
Predictor Richness Richness Diversity Diversity Evenness Evenness Abundance
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Contextedependance des effets de la navigation sur la biodiversité

161
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Evaluer les relations navigation
biodiversité et leur écheldépendance

T Invasivespecies
Navigation density
I 1
|

I

1
Native
oy |

Aldentifier leséchelles spatialepertinentes degestion de la navigation




Les effets de lnavigationsur les especes
exotigues dependent

A Effets positifs des canaux et de la
temperature a toutes les echell@s o
AYLRNIGF YOS RQIFRFLIGSN iﬁ%m
gestion au changement climatique |

A Effets négatifs du trafic fluvial et des
ports a échelle IocaIA pressmns

A0FLILX AljdzSyd AYRAFFSw~ VRSV o dzNJ
poissons natifs et exotiques a cette g e
échelle .

A Navigation (trafic) devient favorable & fH
larges échelles quand celie facilite la ; 4 :
dispersion [ HH §




Restauration & solutions
de gestion pour atténuer
les iImpacts de |la navigation

REVUE. METAANALYSE




Revue des acti ons (

A Revue classique de la littérature (non ransvortof goods atlarge
exhaustive, non systématique) Inland navigation a4 Driving forces | sle with 2 minmum o GHc

A 61études - InCrease over time

A Actions de restauration les plus
communes:

- Boat traffic
- Transport infrastructure
- Waterway management

. - Biodiversi
A Division du chenal Commanites'stuctre
Al NBFOA2Yy RQnft Sa \ “functioning
- Reduced habitats

A Restauration des berges
naturelles (connectivité latérale)

A Reconnexion du lit avec la plaine
alluviale (gestion intégrée des
VAODSI dzE RQS|I dz0

m and biodiversity
l - Altered continuities
| Responses

- Invasive species




Meéta-analyse du succes de restauration

Restoration vs. Degraded River

Restoration vs. Reference River

Birds

A Résultats préliminaires
A Restauration améliore significativement la
situation .
A Stratégies particulierement fructueuses :
adaptations morphologiques, régulation des ...
débits et gestion de la végétation riparienne
A Tous les habitats, groupes taxonomiques, et.......
VADSI dzE RQ2NHI YAALl A2y
bénéficier
A Mais difficulté a revenir a un état de |
référence (pressions persistantes, point de

non retour ?)

Morphology: Planform
Morphology: Floodplain
arian Vegetation

All Biotic
All Abiotic

Full Dataset
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Principales conclusions

AUtile et écologiquement pertinent de distinguer les effets dadaigation
elleeméme vs. defNlIsvs. de Iagestiondes voies navigables

ABesoin de connaissances supplémentaires sur les effetsgdsstimn des
volies navigablegt des processus soyacents

AFortsimpactsde la navigation sur leiodiversité native
ACanauxfavorisent favorisent lesspéces exotiquea toutes les échelles
ATous ces impacts dépendent significativementduotexte paysager

AlLarestaurationRSa O2dzZNBE RQSI dz yI gA3dzSa F2y Ol
les ramener a des niveaux de référence.




Recommandations & perspectives

ARenforcerles réglementationssur letrafic ¥ £ dzgA | £ L2 dzNJ t AYAUGSNI £ Sa
2 LIS NI (édludgespourra@eéliorer la connectivite, et sur lballastagegpour éviter les
contaminations par des especes exotiques

ADévelopperdes solutions dgestion écologiquement responsablésiz dzNJ f QSY G NB G A Sy
navigables et inventer damesures de restauration intégrativest adaptées au contexte
paysager

AAdapterles futuresrégulationspour faire face awhangement climatiqueétant donné que
certains fleuves seront de plus en plus exposés aux modifications de débit et aux invasions
biologiques

A{ QI Llsldz&ssedbimmandations basées sur des preuv®dsi LINR RdzA 1S4 t f QS C
par NAVIDIV pour coordonner les politiques de gestion de la navigation entre pays et ainsi
repondre aux objectifs deohérence transfrontalierale la navigation intérieure
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Navigation-related factor
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Methodology

APECO strategy for litt. searth A 7700articles

AArticles distributed among the group for pfiéter (A 495 articles) and then for analysis

AEnded up wit243 relevant articlesrom which we extracted several information
A Metadata: type of paper, geographical region, etc.
A Focus data: Type of effect, response analysed, direction and significance of effect, etc.

A1103 relationshipsdentified betweennavigationrelated factor & biotic / abiotic response

Biodiv

Navigation AND
AND

Relationship

Inland

freshwater AND
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Taxonomic Functional Taxonomic Functional Taxonomic Functional Invasive

richness richness diversity diversity evenness evenness abundance
Ships [ -0.18 0.048  0.097
Ports 001 0.025 0.005 [ 0.06 ]
Locks [ 0.025 10.043 10.006 (=0.011 -0.051
Channelization 0.032 0.005 [0.014 ] 0158
Riparian degradation -0.007 -0.008 -0.05
Agriculture -0.0M -0.004 10.047 0.0n (0067 0.098
Urban -0.05 -0.047 -0.016 -0.01 [EGa25 -0.009 0.021 0.01 (0.054 (@444
Ships:Riparian X3 o0.018 -0004 -0.004 -0.103
Ships:Agriculture -0.067 -0.014 Fon28 0167 0.004 @Y 0.013
Ships:Urban -0.047 -0.015 @009 -0.051 0.013 0.005
Channelization:Riparian -0.036 -0.046 -0.19 [ 0.185 |
Channelization:Agriculture  -0.01 0.07 £01007 0163
Channelization:Urban 0.0 0.01 [ 0.065 | 0.004

Fig.2|Inland navigation and other stressor effects on freshwater fishand
macroinvertebrate biodiversity. Model estimates from the GLMMs. Each
columnrepresents aseparate model, with the response metric and taxonomic
group as the column header, with predictors of the model as rows. Red cells
indicate a negative effect and blue cells represent a positive effect, with colour
intensity representing the magnitude of effect. Non-significant effects are
blank cells (Pvalues and standard errors reported in Supplementary Table1).

‘Ships’ refers to ship traffic, ‘Ports’ and ‘Locks’ represent the density of each,
‘Channelization’ represents the portion of the river stretch that has been
channelized, ‘Agriculture’and ‘Urban’ represent the respective portion of

land use at eachsite, and ‘Riparian degradation’ represents the portion of the
riparian habitat that has been lost from its potential extent. All predictors were
standardized to an average value of 0 and s.d. of + 1, allowing one to compare
predictors.
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Trait class
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Fig. 4 |Fish trait responses to navigation. Ordinations from an RLQ-fourth- navigation pressures with highly positive x-axis values (for example, ‘Pelagic
= corner analysis that represents the relationships between fish traits (coloured habitat’ and 'Ships’) are strongly associated, and the same for y-axis relationships. -

text) and navigation pressures (bold green boxes). Both ordination axes (traits Axes ‘CS1’and ‘CS2’ are species traits coefficient scores, which bound both trait

and navigation pressures) are significantly linked (P = 0.002). Both traits and and environmental variables.
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Fig.5|Macroinvertebrate trait responses to navigation. Ordinations from
an RLQ-fourth-corner analysis that represents the relationships between

= macroinvertebrate traits (coloured text) and navigation pressures (bold green
boxes). The axes of the two ordinations (traits and navigation pressures) are
significantly linked (P = 0.002). Traits with highly positive y-axis values (for

example, Burrower locomotion) are strongly associated with navigation

pressures with highly positive y-axis values (for example, ‘Locks’ and ‘Ports’), and

the same for x-axis relationships. Axes ‘RS1’and ‘RS2’ are environmental variable m—
coefficient scores, which bound both trait and environmental variables.
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Extended DataFig. 1| Macroinvertebrate’s response to channelizationis
dependent onriparian degradation and agricultural cover. The panels show
the marginal effect of channelization from the GLMMs on macroinvertebrate
communities along a gradient of riparian degradation and agricultural land
use. A negative value on the y-axis indicates anegative impact of channelization

0 2
Agricultural Land Use

on said metric (for example a decrease in taxonomic richness), and a value at 0
(grey horizontal line) indicates a null effect. Left panel shows the relationships
of taxonomic richness and right panel shows the prevalence of invasive taxa.
Predictors were standardized to zeromeanand aSD of +1.
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e = g -
_ Taxonomic = Functional Taxonomic  Functional = Taxonomic = Functional Invasive

Predictor Richness Richness Diversity Diversity Evenness Evenness Abundance
Shipe "X T K X - s —
Ports - - - -
Locks ) ) ) N 3 N 3 3
Channelization - -
Riparian Degradation -0.103
Agriculture
Urban 0276 -1.121
Ships:Riparian 0.205
Ships:Agriculture - ! -0. !
Ships:Urban 0347 @SS o016 [0007N -0.064 0013 [0.014 0076
Channelization:Riparian -0.774 -0.010 | -0.045 -0.196 -
Channelization:Agriculture -0.132 0.008 -0.006 - - -
Channelization:Urban 0.162 - - 0.069 0.004 -




