
The land-ocean
continuum

From Si cycling to ICZM

Olivier Ragueneau, LEMAR-IUEM,
and all participants of MOITEM and Si-WEBS projects

Olivier.Ragueneau@univ-brest.fr



Si and the carbon cycle
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Importance and complexity of
continental margins

CO2 sources and sinks, nutrient filter, budgets

Functioning of ecosystems, ressources

Anthropic perturbations



Continental Margins as a filter for
DSi inputs to the ocean

Paradigme 1: Alteration of oceanic DSi inventory may alter the 
functioning of the biological pump on glacial/interglacial time scales

- Increased Si delivery from rivers (Froelich et al., 1992)
- Increased Si delivery from Antarctic ice sheet (Pollock, 1997)
- Increased Si delivery from dust inputs (Harisson, 2000)

Problem: temporal changes in DSi river inputs are poorly known 

Paradigme 2: Si and C cycle tightly connected on margins, where the 
missing Si sink may be located

- Decreasing sink in Southern ocean (Pondaven et al., 2000)
- Margins as the missing sink (DeMaster 2002)



Quantification of the CM’s filter

Build-up of Si biogeochemical budgets on margins

Global box model of Si cycling along the LOC

Mechanistic modeling of Si transformations along the LOC

Problem : heterogeneity of continental margins



Si transformations along the LOC
Laruelle et al., GBC, 2009



Scenarios combining damming
and climate change

From IPCC

From Gleick, 2003, UN 2005

dSi

bSiO2

bSiO2



Regional budget construction
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Gallinari et al. (2009)

Ragueneau et al. (2002, 2005)

Michalopoulos et al. (in prep.)

Ragueneau et al. (2009)



From budget and process studies

Need to explore  Si inputs to the ocean  through 
downslope transport and redissolution

5 Tmol Si / y 

5-10 Tmol Si / y 

Ragueneau et al., 2009, BIOZAIRE DSRII



Annual cycle of Si in the Bay of Brest

Ragueneau et al., 2005, Biogeochemistry

Increasing biodeposition (through invasive species benthic 
suspension feeders, plants…) as a third route for

decreasing Si inputs to the coast ?
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New conceptual model of eutrophication
(Cloern, 2001)
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à la décision
Outils d ’aide
à la décision

Restauration, réhabilitation

Aquaculture

Espèces invasives

Contaminants

Sur‐pêche

Changement
climatique

Eutrophisation

Manipulations
hydroliques

Facteurs de stress

Santé

Climat

Socio ‐
économie

Autres

Impacts  sur le
système Terre

Filtre

Réponse 6

Réponse 4

Réponse 3

Réponse 1

Réponse 5

Réponse 2

Réponses des
écosystèmes côtiers

Nitrate
and

Crepidula

Resistance
then

Evolution

Modeling
then
ICZM

The Bay of Brest ? « un cas d’école !! » 



The Bay 
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Problems linked to nitrate



Importance of Si:N, Si:P ratios
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Invasion of the Bay of Brest
By Crepidula fornicata

Strong impacts on:
(i) Homogeneisation of bottoms

(ii) Biodiversity
(iii) Great Scallop Fishery



Possible links between the
two perturbations

Limitation of algal developments

Changes in the seasonality of
primary production

Control of nutrient cycling

Impacts on retention and recycling of Si



The Crepidula paraddox

Resistance to distrophy

Erosion of biodiversity

Endangers the 
Great Scallop fisheries?



MOITEM

Modeling the
Bay of Brest

Modeling human activities
& nutrient fluxes in the
watersheds and rivers

Invasive
species

Nutrients

Objectives of MOITEM:

Develop a land-ocean model, from human activities on the watersheds
to the functioning of the Bay of Brest ecosystem

Run scenarios with changes in human practices and control of
the proliferation of Crepidula fornicata

Link to HSS to develop an ICZM project



Data collection in watersheds
(SAS-Rennes P. Durand & J. Jaffrain)



Nitrate emissions from agriculture

(GEOMER-Brest, C. Tissot)



Dynamic map of « épandages »

(GEOMER-Brest, C. Tissot)



Watershed model
(INCA)

River model
(Riverstrahler)

(SAS-Rennes
P. Durand & J. Jaffrain)

(Sysiphe-Paris, G. Billen & J. Garnier)



(GEOMER, SAS & Sysiphe-Paris)

Modeling nutrient fluxes



MOITEM

Modeling the
Bay of Brest

Modeling human activities
& nutrient fluxes in the
watersheds and rivers

Invasive
species

Nutrients

Objectives of MOITEM:

Develop a land-ocean model, from human activities on the watersheds
to the functioning of the Bay of Brest ecosystem

Run scenarios with changes in human practices and control of
the proliferation of Crepidula fornicata

Link to HSS to develop an ICZM project



Coupled physical-biological model, benthic-pelagic coupling
Simplified (but realistic ☺ ) biological model 

Useful to study the ecosystem functionning and evolution
Useful to determine the impact of the invasive species 
Crepidula fornicata

Modeling the Bay of Brest

Utrecht Univ.
Mike 21/ECOLAB
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Hypothesis to be tested
C. fornicata controls phytoplankton dynamics

through the Si cycle

Scenarii: Year 2001 (Laruelle et al., MEPS 2009)



MOITEM

Modeling the
Bay of Brest

Modeling human activities
& nutrient fluxes in the
watersheds and rivers
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Need a good estuarine model !



MOITEM-estuaires (EC2CO)

Objectives :       to study the fate of river inputs (dissolved AND partic
upon estuarine mixing 

Methodology :    seasonal surveys along Aulne and Elorn estuaries
emphasis on small and short time scales
production and degradation, water column and sediment

Collaborations : LEMAR (Si, OM), Chimie Marine (N), DYNECO (P), 
ECOBIO, LSCE, LGE

CONTINENTOCEAN ESTUARIES
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SPICOSA-Rade

Modeling the
Bay of Brest Modeling on the watershed

Climate

Invasive
species

Nutrients

Reglementation

Sociology

Economy

Towards a systemic approach in the Bay of Brest

- System definition, formulation
- Co-construction of the scenarios
- ESE Analysys  of the scenarios
- Help for decision making ?

NS H&SS

Science in society



Approche originale de l’hétérogénéité
des marges continentales

A. Typologie

B. Modélisation de la
Rétention du Si

C. Filtre appliqué à la
base de données
globale en rivières

D. Régionalisation des 
apports de Si à l ’océan

Manque crucial de données Si
(Ragueneau et al., 2004, 2009)



MOITEM

Modélisation Rade
et estuaires

Modélisation des activités
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Nutriments

Climat
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Si-WEBS
Margins and the silica sink

1
2

3



Sysiphe LPOLEMAR
DELUniv U.GEOMER

SAS

Land-Ocean model

Development, parameterisation, coupling, validation

Functioning of the
Bay of Brest

Help for 
decision making

MOITEM: Modeling land-ocean interactions
in the Bay of Brest

atmosphere

rivers oceancoastal
zoneestuaries

Climate

nappe

. Urb.& ind
Ground

Socio-economic pressures (agriculture, industry, urbanisation, damming, invasive species …)



Modeling nutrient emissions from agricultural practices

GEOMER, C. Tissot



Coupling of DAHU and SENEQUE
models

GEOMER, C. Tissot
SAS (CAREN), Paris VI



Coupled physical-biological model, benthic-pelagic coupling
Simplified (but realistic ☺ ) biological model 

Useful to study the ecosystem functionning and evolution
Useful to determine the impact of the invasive species 
Crepidula fornicata

Modeling the Bay of Brest
Ph.D. Lemar: M. Raimonet

Ph.D. LPO: G. Campbon

Utrecht Univ.
Mike 21/ECOLAB
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Hypothesis to be tested
C. fornicata controls phytoplankton dynamics

through the Si cycle

Scenarii: Year 2001 (Laruelle et al., MEPS, accepted)



MOITEM-estuaires (EC2CO)

Objectives :       to study the fate of river inputs (dissolved AND particulate)
upon estuarine mixing 

Methodology :    seasonal surveys along Aulne and Elorn estuaries
emphasis on small and short time scales
production and degradation, water column and sediments

Collaborations : LEMAR (Si, OM), Chimie Marine (N), DYNECO (P), 
ECOBIO, LSCE, LGE

CONTINENTOCEAN ESTUARIES



SPICOSA-Rade

Modeling BoB
and its estuaries 

Modeling human activities 
on watersheds

Climate

Invasive
species

Nutrients

Reglementation

Sociology

Economy

Systemic approach in the Bay of Brest

- Issue, system definition, system formulation…
- Co-construction of scenarios
- ESE Analyses of scénarios
- Decision tools

NS SHS

Science in Society, Society in Science



Merci à tous !



Si et fonctionnement
des écosystèmes côtiers

Transformations de Si
le long du continuum terre-mer

Production et dissolution
de la silice biogénique

Diagénèse de la
silice biogénique

Thématiques scientifiques
Gestion Intégrée de

la Zone Côtière

Rôle des marges continentales dans
les cycles globaux

Calibration des traceurs
paléocéanographiques

Diatomées et pompe
biologique de carbone
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