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e e Dikerogammarus villosus
TS ' (1999 in the Rhine River)
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Table 1. Terminology and definitions used within the context of tipping point in marine, freshwater and terrestrial studies.

» Vd . \ . 4 .
& Théorie des systemes dynamiques en mathématiques (Scheffer, Term Definition
H H 74 H Alternative Refers to the theory that predicts that ecosystems can exist under multiple nontransitory states, or stability domains. An
2 009 ) - Trava ux p l On nle rs en eco I Ogle ( Ca r p e nte r et a | . 1 9 8 5 ) stable state unstable equilib’:a, ger:::raled bya chan;e in external condition, ma:s the border bleeen two slableystales
(Holling 1973; Scheffer and Carpenter 2003)
Breakpoint Value along environmental gradient whereupon a system will move into an alternative stable state. Often used as a
4 \ H HY4 H 74 H H . onym of threshold (May 1977)
(I’ Tres Utl I Isee e n rESta u ratlon eCOIOqu u e (S u d N gl 2 OO4I RO h r et a | . Driver Ansi:vir:;nmental change (nyalurally or anthropogenically driven) that results in a quantifiable biological response,
2 O 1 8 ranging from stress to enhancement (Boyd and Hutchins 2012)
Equilibrium Circumstances in which the processes that affect the state and properties of a system all balance out so that the system
does not change (Scheffer 2009)
Hysteresis After a parameter returns to its original value following a perturbation, hysteresis is revealed if the system can change
back to the original state at a different threshold (Beisner et al. 2003; Faassen et al. 2015)
Phase transition Theory that states that a system can undergo strong change in its macroscopic properties if a suitable control

parameter is adequately tuned. Near these critical points, the critical components (i.e., key characteristic constants)
are the same for very different systems. Often used as a synonym of critical transition (Solé et al. 1996)

Regime shift Sharp change from one dynamic state to a contrasting one. In the region where a regime shift occurs, a small change
in pressure can cause a disproportionately large and abrupt change in system properties (i.e., single species,
populations, ecosystem functioning and services) (Scheffer et al. 2001; Beisner et al. 2003; Lauerburg et al. 2020)

Stressor An environmental change (naturally or anthropogenically driven) that decreases organismal fitness (Boyd and
Hutchins 2012)
Tipping point Thresholds of localized effects, including multiple system properties (i.e., ecological, sociocultural, and economic).

Zones of rapid change in a nonlinear relationship between a response/condition and the intensity of a given driver
(Selkoe et al. 2015; van Nes et al. 2016)

Carrier-Belleau et al. (2022)

* Tipping point = zones de changement rapide dans une relation non
linéaire entre |'état d'un écosysteme et l'intensité d’un driver
donné (Selkoe et al. 2015 - écosystemes marins).

* Tipping point = le phénomene selon lequel, au-dela d'un certain
seuil, un changement rapide propulse un systeme vers un nouvel
état (van Nes et al. 2016).
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Faits structurants, points de bascule et leurs influences sur un grand fleuve, le Rhin

Table 1. Terminology and definitions used within the context of tipping point in marine, freshwater and terrestrial studies.

P 7’ . \ . 4 .
& Theorie des systémes dynamiques en mathématiques (Scheffer, Term Definition
H H 4 H Alternative Refers to the theory that predicts that ecosystems can exist under multiple nontransitory states, or stability domains. An
2 009 ) - Trava ux p | On n|e rs en eco I Ogle ( Ca r p e nte r et a | . 1 9 8 5 ) stable state unstable equilibria, generated by a change in external condition, marks the border between two stable states
(Holling 1973; Scheffer and Carpenter 2003)
Breakpoint Value along environmental gradient whereupon a system will move into an alternative stable state. Often used as a
Y/ X H HYPL : 4 H H . synonym of threshold (May 1977)
‘I’ Tres Utl I |See e n rESta U ratlon eCOIOg[q U e (S u d N gl 2 OO4I RO h r et a | . Driver An environmental change (naturally or anthropogenically driven) that results in a quantifiable biological response,
2 O 1 8 ranging from stress to enhancement (Boyd and Hutchins 2012)
Equilibrium Circumstances in which the processes that affect the state and properties of a system all balance out so that the system
does not change (Scheffer 2009)
Hysteresis After a parameter returns to its original value following a perturbation, hysteresis is revealed if the system can change
back to the original state at a different threshold (Beisner et al. 2003; Faassen et al. 2015)
Phase transition Theory that states that a system can undergo strong change in its macroscopic properties if a suitable control
parameter is adequately tuned. Near these critical points, the critical components (i.e., key characteristic constants)
Phase Sh|ft Alternative Stable states rec ) are the same for very diﬁeren_l systems. Often use_d as a synonym of fﬁlkal lranxilion_ (Solé fel al. 1996)
egime shift Sharp change from one dynamic state to a contrasting one. In the region where a regime shift occurs, a small change
in pressure can cause a disproportionately large and abrupt change in system properties (i.e., single species,
populations, ecosystem functioning and services) (Scheffer et al. 2001; Beisner et al. 2003; Lauerburg et al. 2020)
Stressor An environmental change (naturally or anthropogenically driven) that decreases organismal fitness (Boyd and
Hutchins 2012)
Tipping point Thresholds of localized effects, including multiple system properties (i.e., ecological, sociocultural, and economic).
| Zones of rapid change in a nonlinear relationship between a response/condition and the intensity of a given driver
(Selkoe et al. 2015; van Nes et al. 2016)

Carrier-Belleau et al. (2022)

* Tipping point = zones de changement rapide dans une relation non
linéaire entre |'état d'un écosysteme et l'intensité d’un driver
,\ f x T donné (Selkoe et al. 2015 - écosystemes marins).

Ecosystem state

* Tipping point = le phénomene selon lequel, au-dela d'un certain
seuil, un changement rapide propulse un systeme vers un nouvel
état (van Nes et al. 2016).

No hysteresis Low hysteresis High hysteresis

Environmental driver ——>
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Faits structurants, points de bascule et leurs influences sur un grand fleuve, le Rhin

Table 1. Terminology and definitions used within the context of tipping point in marine, freshwater and terrestrial studies.

" 7’ . \ . 4 .
% Théorie des systéemes dynamiques en mathématiques (Scheffer, Term Definition
H H 4 H Alternative Refers to the theory that predicts that ecosystems can exist under multiple nontransitory states, or stability domains. An
2009) - Travaux pionniers en écologie (Carpenter et al. 1985) Sable st unstable e, ceneraed by  change i externl coniion,mars h brder betwecn o stable e
(Holling 1973; Scheffer and Carpenter 2003)
Breakpoint Value along environmental gradient whereupon a system will move into an alternative stable state. Often used as a
V /7S Y H HYPL : 4 H ( H . synonym of threshold (May 1977)
- Tres Utl I |See e n rESta U ratlon eCOIOg[q U e S u d N gl 2 OO4I RO h r et a | . Driver An environmental change (naturally or anthropogenically driven) that results in a quantifiable biological response,
2 O 1 8 ranging from stress to enhancement (Boyd and Hutchins 2012)
Equilibrium Circumstances in which the processes that affect the state and properties of a system all balance out so that the system
does not change (Scheffer 2009)
Hysteresis After a parameter returns to its original value following a perturbation, hysteresis is revealed if the system can change
H + JA H H : H : back to the original state at a different threshold (Beisner et al. 2003; Faassen et al. 2015)
Falble C0nSIderatI0n des dr'VerS/dlmenSIOns mU|t|pIes (Halpern et al' 2019) Phase transition Theory that states that a system can undergo strong change in its macroscopic properties if a suitable control
parameter is adequately tuned. Near these critical points, the critical components (i.e., key characteristic constants)
. . are the same for very different systems. Often used as a synonym of critical transition (Solé et al. 1996)
Phase Shlﬂ Alternatlve Stable states Regime shift Sharp change from one dynamic state to a contrasting one. In the region where a regime shift occurs, a small change

in pressure can cause a disproportionately large and abrupt change in system properties (i.e., single species,
populations, ecosystem functioning and services) (Scheffer et al. 2001; Beisner et al. 2003; Lauerburg et al. 2020)

Stressor An environmental change (naturally or anthropogenically driven) that decreases organismal fitness (Boyd and
Hutchins 2012)
Tipping point Thresholds of localized effects, including multiple system properties (i.e., ecological, sociocultural, and economic).

Ecosystem state

Zones of rapid change in a nonlinear relationship between a response/condition and the intensity of a given driver
(Selkoe et al. 2015; van Nes et al. 2016)

Carrier-Belleau et al. (2022)

* Tipping point = zones de changement rapide dans une relation non
linéaire entre |'état d'un écosysteme et l'intensité d’un driver
donné (Selkoe et al. 2015 - écosystemes marins).

* Tipping point = le phénomene selon lequel, au-dela d'un certain
seuil, un changement rapide propulse un systeme vers un nouvel
état (van Nes et al. 2016).

No hysteresis Low hysteresis High hysteresis

Environmental driver ——>
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L'INTERACTION ENTRE LES DIMENSIONS SOCIALES ET ENVIRONNEMENTALES
DES SOCIO-HYDROSYSTEMES.

% Expliquer les changements graduels ou les « tipping
points »

& Caractériser leur potentiel de réversibilité = résilience de
I’écosysteme (hysteresis)

& Dissocier les tipping points dans un contexte multi-drivers

& Prédire les tipping points

® @ ® @ G

Utilisation moderne du fleuve

1842 1876 1906 1928 1956 1959
1817 gProjetde Tulla g feeularisatiog 9. .
. | . [
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1932 : : {
1rusine | 1974
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Chenalde 26 3 km de Chenol de 200- Chenolde fxenmegl ok iy
lorgewr 300 m large - 80 m large Usine hysroélectrique IEFEZHEN
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1957
MIMUr
(FESSENMEI)
1959 2007
Usine hydroélectrique Arrivée des gobies
—BIOLOGIE D — -
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* — 1950 1974
Extinction du Année de pic dg’
Sauman poliltiongollrie
~DROIT W . | B fhin
1831 1868 1010 1969 ¢ i 1
a de Conventiond: Traité de Versailles Comvention de foris i Prog
Araysnce révisée de Droit exclusif & fa France 4 i po
i R 1974

Création « Liste nowe » de produits chimigues
convention « Chlorures »
1982
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ollemande dué

décemnbre
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® @ ® @ G

Utilisation moderne du fleuve

% Expliquer les changements graduels ou les « tippin 1817 S4projet de Tuli L. “Woaularisatioe® [RENECERMSES
pliqg g g ppINg . . . " .
points » | B
/ At : 4 S 4 oF Chenalde 243 km de Chenol de 200- Chenol de hw{"""“) ’ l!
& Caractériser leur potentiel de réversibilité = résilience de - Womisse somumse e s
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Usine hydroélectrique
(FESSENMHEM)
& Dissocier les tipping points dans un contexte multi-drivers o e et
' , . ) ) ) _BQLLMHQNS PIC DE POLLUTION HCDE*_.POI.WTTDN 2: ’,“
% Prédire les tipping points — = -~ o
DRO . s Souman :.;uw::np‘wrlr -
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1

Canvention franco-
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& Données biologiques depuis les années 90’s
& Données historiques & observées (qui est la et qui était la)

% Données théoriques (qui devrait étre 1a)
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Utilisation moderne du fleuve
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Résultats a venir

O @

HYDECO - Programme de recherche transverse
CONNEXIONS, DECONNEXIONS ET RECONNEXIONS DANS LES SOCIO-
HYDROSYSTEMES : EVALUER L'INTERFACE VISIBLE/INVISIBLE DANS
L'INTERACTION ENTRE LES DIMENSIONS SOCIALES ET ENVIRONNEMENTALES
DES SOCIO-HYDROSYSTEMES.

% Tipping points & effets sur les réponses biologiques et les processus
fonctionnels du Rhin Supérieur ?

& Caractériser leur potentiel de réversibilité = résilience de [|'écosystéeme
(hysteresis)

& Dissocier les tipping points dans un contexte multi-drivers

& Prédire les tipping points : modélisation & inversions statistiques
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% Tipping points & effets sur les réponses biologiques et les processus
fonctionnels du Rhin Supérieur ?

& Caractériser leur potentiel de réversibilité = résilience de [|'écosystéeme
(hysteresis)

& Dissocier les tipping points dans un contexte multi-drivers

P1

P2:
P3:
P4:
P5:
P6:
P7:
P8:
P9:

:1749 - 1840

1840 - 1876
1876 - 1925
1925 - 1950
1950 - 1986
1986 - 1992
1992 - 2007
2007 - 2015
2015 - 2022

& Prédire les tipping points : modélisation & inversions statistiques

TRONCONS SOURCE METRIQUE  GENRE

PERIODE

ESPECE

FAMILLE

/

/;ﬂvuhmm
izheim \\\‘\_\d

N

=
7

nzingen

€ndinger” ) \
~~—_am Kalserstuhl
A K E}m\end{geh

ANNEES COMPTAGE  PRESENCE  TYPE

60 GBIF OCCURRENCE BIOTIQUE ~ 1876-1925 salmo_salar NA 1885 4317 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE  1876-1925 gobio_gobio NA 1886 2 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE  1876-1925 alosa_fallax NA 1886 9 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 alosa_alosa NA 1886 426 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 alburnus_alburnus NA 1886 10 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 lampetra_fluviatilis NA 1886 4 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 gasterosteus NA 1886 1 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 blicca_bjoerkna NA 1886 8 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 platichthys_flesus NA 1886 8 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 leuciscus_idus NA 1886 2 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 coregonus NA 1886 4 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 petromyzon_marinus NA 1886 1 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE  1876-1925 osmerus_eperlanus NA 1886 1 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE ~ 1876-1925 leuciscus_leuciscus NA 1886 4 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE  1876-1925 cyprinus_carpio NA 1886 1 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE  1876-1925 pomatoschistus_minutus NA 1886 1 1 POISSONS
43 GBIF OCCURRENCE BIOTIQUE 1876-1925 scardinius_erythrophthalmus NA 1886 1 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 clupea_harengus NA 1886 89 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 gasterosteus NA 1886 4 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 lampetra_fluviatilis NA 1886 21 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 osmerus_eperlanus NA 1886 39 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 alosa_fallax NA 1886 39 1 POISSONS

44 GBIF OCCURRENCE BIOTIQUE

1876 - 1925

platichthys_flesus

1886 50 1 POISSONS
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Haguenau

% Tipping points & effets sur les réponses biologiques et les processus
fonctionnels du Rhin Supérieur ?

& Caractériser leur potentiel de réversibilité = résilience de [|'écosystéeme
(hysteresis)

& Dissocier les tipping points dans un contexte multi-drivers

& Prédire les tipping points : modélisation & inversions statistiques

* P1:1749-1840
* P2:1840-1876
* P3:1876-1925
* P4:1925-1950
* P5:1950- 1986
* P6:1986-1992

Linigoisheim |

Y28 5]
A lni{irch-éﬂi“"““.’ :
LI e

e P7:1992 -2007 e z
e P8:2007 - 2015 ol scrlonas

* P9: 2015 - 2022

/ oo

8 4

St s

'
' '. .
'
Hypothése HO Caractéristiques des données Test statistique appliqué 3 4 i 'f-‘ 'V +
' .
g "

w10 >|J Mann-Kendall
HO: Absencede | :l N>40 et données autocorrélées Mann-Kendall modifié

tendance

——— N>3 Régression linéaire

1 | N>3et distribution non-normale des données m
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FAMILLE ANNEES ~ COMPTAGE PRESENCE  TYPE
NA 1885 4917 1 POISSONS
NA 1886 2 1 POISSONS
NA 1886 9 1 POISSONS
NA 1886 426 1 POISSONS
NA 1886 10 1 POISSONS
NA 1886 4 1 POISSONS
NA 1886 1 1 POISSONS
NA 1886 8 1 POISSONS
NA 1886 8 1 POISSONS
NA 1886 2 1 POISSONS
NA 1886 I3 1 POISSONS
NA 1886 1 1 POISSONS
NA 1886 1 1 POISSONS
NA 1886 4 1 POISSONS
NA 1886 1 1 POISSONS
NA 1886 1 1 POISSONS
NA 1886 1 1 POISSONS
NA 1886 89 1 POISSONS

NA 1886 4 1 POISSONS

saisonnalité i N>10 et distribution normale des données Analyse de la varlance
m— ‘ 44 GBIF OCCURRENCE BIOTIQUE 1876-1925 lampetra_fluviatilis NA 1886 21 1 POISSONS

44 GBIF OCCURRENCE BIOTIQUE 1876-1925 osmerus_eperlanus NA 1886 39 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 alosa_fallax NA 1886 39 1 POISSONS
44 GBIF OCCURRENCE BIOTIQUE 1876-1925 platichthys_flesus NA 1886 50 1 POISSONS
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