
Cod in the Celtic Sea ecosystem: Environmental niche 
and a few insights from food-web modeling
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Funds Diploma deliverance CollaborationsPhD Supervision

D. Gascuel M. Robert, D. Kopp

Pierre-Yves Hernvann – June 12th 2024 – NWWAC Webinar



• European shelf ecosystem

• Great variety of habitat

seabed substrate – EMODnet.eu
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THE CELTIC SEA CASE STUDY

Context CS environ.        Environ. Niche       Food-Web Dyn.       Discussion



• European shelf ecosystem

• Great variety of habitat

• Great diversity of species

Clustering on catch species composition –
Mateo et al, 2016
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• European shelf ecosystem

• Great variety of habitat

• Great diversity of species

• At a biogeographic boundary

Lusitanian

Boreal

(e.g., Yang, 1992)
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• European shelf ecosystem

• Great variety of habitat

• Great diversity of species

• At a biogeographic boundary

• Crucial for European fisheries

+            +           = 340,000 t     (average - 2010s)

ICES subdivisions 
matching the Celtic Sea 
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• European shelf ecosystem

• Great variety of habitat

• Great diversity of species

• At a biogeographic boundary

• Crucial for European fisheries

• Trophic modeling of the Celtic Sea ecosystem
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THE CELTIC SEA CASE STUDY

Trenkel et al. 2004, Guenette et 
Gascuel 2008, Moullec et al. 2017, 

Hernvann et al. 2020

Context CS environ.        Environ. Niche       Food-Web Dyn.       Discussion



• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics

THE CELTIC SEA FOOD-WEB MODEL
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THE CELTIC SEA FOOD-WEB MODEL

• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics
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THE CELTIC SEA FOOD-WEB MODEL

• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics

• But only fishing as driver of
ecosystem dynamics!

Christensen et al., 2005

Grosse séance de Corrida HERNVANN Pierre-Yves AGROCAMPUS OUEST, 22 juin 2020HERNVANN Pierre-Yves                                           NWWAC Celtic Sea Cod Webinar                            6/12/24
9

Context CS environ.        Environ. Niche       Food-Web Dyn.       Discussion



THE CELTIC SEA FOOD-WEB MODEL

• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics

• But only fishing as driver of
ecosystem dynamics!

• Two levers to integrate environment:

Christensen et al., 2005
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THE CELTIC SEA FOOD-WEB MODEL

• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics

• But only fishing as driver of
ecosystem dynamics!

• Two levers to integrate environment:

 Low Trophic Levels

Christensen et al., 2005

Christensen et al., 2008
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THE CELTIC SEA FOOD-WEB MODEL

• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics

• But only fishing as driver of
ecosystem dynamics!

• Two levers to integrate environment:

 Higher Trophic Levels

 Low Trophic Levels

Christensen et al., 2005

Christensen et al., 2014; Corrales et al. 2018; Bentley et al. 2017 …

Christensen et al., 2008
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THE CELTIC SEA FOOD-WEB MODEL

• A pre-existing Ecopath with Ecosim model for the Celtic Sea 
Moullec et al (2017)

• A mass balance representation of food-web dynamics

• But only fishing as driver of
ecosystem dynamics!

• Two levers to integrate environment:

 Higher Trophic Levels

 Low Trophic Levels

Christensen et al., 2005

Christensen et al., 2014; Corrales et al. 2018; Bentley et al. 2017 …

Christensen et al., 2008

Understand the relative effects of environment and 
fishing on the Celtic Sea dynamics in the past

… To better predict the response of the ecosystem to 
future climate change 
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Context CS environ.   Environ. Niche       Food-Web Dyn.       Discussion

Grosse séance de Corrida HERNVANN Pierre-Yves AGROCAMPUS OUEST, 22 juin 2020HERNVANN Pierre-Yves                                           NWWAC Celtic Sea Cod Webinar                            6/12/24
14



• Increasing availability of forecast products worlwide

e.g. 

• Benefits to    … global scale studies

… regional studies

… local studies (IBM, Pardo et al. 2019)

• Exemple of the POLCOMS-ERSEM model 
(Holt and James, 2001; Butenschön et al., 2016)

AN OCEANOGRAPHIC FUTURE THAT WE CAN FORESEE

(Kay, Du Pontavice, pers. Comm.)

Physics Low-TL 
(plankton, 
benthos)

Context CS environ.   Environ. Niche       Food-Web Dyn.       Discussion
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Sea surface
temperature

2010s

Sea bottom
temperature

2010s

Outputs of the POLCOMS-ERSEM model 
(Holt and James, 2001; Butenschön et al., 2016)

• Whatever the RCP scenarios:
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WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA

Context CS environ.   Environ. Niche       Food-Web Dyn.       Discussion
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• Whatever the RCP scenarios:

 Increase in surface and bottom
temperature

 Large increases in already warm 
areas
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WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA

Sea Surface
temperature

2010s-2090s change
RCP 8.5

Outputs of the POLCOMS-ERSEM model 
(Holt and James, 2001; Butenschön et al., 2016)

Sea Bottom
temperature

2010s-2090s change
RCP 8.5

Context CS environ.   Environ. Niche       Food-Web Dyn.       Discussion
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WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA

(mgC.m-2.d1)

Outputs of the POLCOMS-ERSEM model 
(Holt and James, 2001; Butenschön et al., 2016)

• Whatever the RCP scenarios:

Context CS environ.   Environ. Niche       Food-Web Dyn.       Discussion
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WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA

Outputs of the POLCOMS-ERSEM model 
(Holt and James, 2001; Butenschön et al., 2016)

• Whatever the RCP scenarios:

 Decline in the Primary Production

 Steeper decline offshore

Stratification enhancement ↘ PP

Warming ↗ plankton productivity 
vs

Context CS environ.   Environ. Niche       Food-Web Dyn.       Discussion

Christensen et al., 2008
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INFORMING THE ENVIRONMENTAL RESPONSE OF HIGH TROPHIC LEVELS

• Concept of the environmental niche (senso Grinnell):

 Subset of environmental conditions in which the 
functional group can maximize its fitness

 One specific response per environmental variable

 Niche as a multidimensional space
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INFORMING THE ENVIRONMENTAL RESPONSE OF HIGH TROPHIC LEVELS

• Concept of the environmental niche (senso Grinnell):

 Subset of environmental conditions in which the 
functional group can maximize its fitness

 One specific response per environmental variable

 Niche as a multidimensional space

• Environmental conditions affect fish productivity and spatial 
distribution (Christensen et al, 2014)
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max
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PREDICT SPECIES RESPONSES TO WARMING

• Improvement of the previous used
Niche-modeling framework
(Hernvann et al. 2020, Gruss et al. 2020)

• NW European shelf survey
Gruss et al. 2020

50,000 
stations!

Presence/absence
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PREDICT SPECIES RESPONSES TO WARMING

• Improvement of the previous used
Niche-modeling framework
(Hernvann et al. 2020, Gruss et al. 2020)

• NW European shelf survey

• Shape-constrained additive models
(SCAM; Pya and Wood, 2015) 

50,000 
stations!

SCAM

Presence/absence
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PREDICT SPECIES RESPONSES TO WARMING

• Improvement of the previous used
Niche-modeling framework
(Hernvann et al. 2020, Gruss et al. 2020)

• NW European shelf survey

• Shape-constrained additive models
(SCAM; Pya and Wood 2015; Citores et al. 2020) 

• More realistic/constrained functional responses

50,000 
stations!

SCAM

Presence/absence
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Context CS environ.        Environ. Niche Food-Web Dyn.       Discussion



• The environmental niche of cod is determined by…

 Bathymetry

 Seabed substrate

 Physico-chemical conditions

• …and determines its historical distribution
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ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

max

min
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• The environmental niche of cod is determined by…

 Bathymetry

 Seabed substrate

 Physico-chemical conditions

• …and determines its historical distribution
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ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

max

min
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• The environmental niche of cod is determined by…

 Bathymetry

 Seabed substrate

 Physico-chemical conditions

• …and determines its historical distribution
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ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

(2016)
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• The environmental niche of cod is determined by…

 Bathymetry

 Seabed substrate

 Physico-chemical conditions

• …and determines its historical distribution
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ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

(2016)
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• The environmental niche of cod is determined by…

 Bathymetry

 Seabed substrate

 Physico-chemical conditions

• …and determines its historical distribution
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ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

(2016)
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• The environmental niche of cod is determined by…

 Bathymetry

 Seabed substrate

 Physico-chemical conditions

• …and determines its historical distribution

• Thermal conditions are a strong constrain to cod’s niche
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ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

/!\ This response isn’t the thermal physiological 
window of cod

…but it reflects the physiology in some way
…It integrates information on multiple 

biological/temporal scales

Context CS environ.        Environ. Niche Food-Web Dyn.       Discussion
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PAST AND FUTURE CHANGES IN THE NICHE OF COD IN THE CELTIC SEA

-60%

-90%

Relative difference to 2016 Probability of presence in 2016

Sea Bottom
temperature

2010s-2090s change
RCP 8.5

Context CS environ.        Environ. Niche Food-Web Dyn.       Discussion
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Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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RECENT PAST

1985-2016

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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RECENT PAST: INTEGRATING ENVIRONMENT TO FIT THE FOOD-WEB MODEL

Static mass-balance 
model

Temporally dynamic 
model

Spatially-explicit 
model

1985-2016

Observed data Forcing/Driving data

Fitting procedure

P

P

ECOPATH ECOSIM ECOSPACE

Forcing maps Habitat maps

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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FISHING IS STILL THE MAIN DRIVER OF ECOSYSTEM CHANGES OVER 1985-2016

• The Ecosim model fit can be used to investigate the main drivers of the overall ecosystem dynamics

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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FISHING IS STILL THE MAIN DRIVER OF ECOSYSTEM CHANGES OVER 1985-2016

• The Ecosim model fit can be used to investigate the main drivers of the overall ecosystem dynamics

Hernvann et al. (2021)

Contribution to ecosystem dynamics

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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FISHING IS STILL THE MAIN DRIVER OF ECOSYSTEM CHANGES OVER 1985-2016

• The Ecosim model fit can be used to investigate the main drivers of the overall ecosystem dynamics

Hernvann et al. (2021)

Contribution to ecosystem dynamics

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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FISHING IS STILL THE MAIN DRIVER OF ECOSYSTEM CHANGES OVER 1985-2016

• The Ecosim model fit can be used to investigate the main drivers of the overall ecosystem dynamics

Hernvann et al. (2021)

BA

SST

SBT

PP zooHab

Environmental changes

Hernvann et al. (2021)

Contribution to ecosystem dynamics

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion



Fit to time-series of observations
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BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

• The Ecosim model fit can be used to assess…

 The ability of the model to reflect species dynamics

 The effect of the ecosystem drivers on one species

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

• The Ecosim model fit can be used to assess…

 The ability of the model to reflect species dynamics

 The effect of the ecosystem drivers on one species

• ↘  in cod biomass isn’t captured when temperature is
excluded from the model

• Timing of the ↘ matches the early warming

Fit to cod (adult) biomass

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion



BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

• The Ecosim model fit can be used to assess…

 The ability of the model to reflect species dynamics

 The effect of the ecosystem drivers on one species

• ↘  in cod biomass isn’t captured when temperature is
excluded from the model

• Timing of the ↘ matches the early warming

• ~ Consistent with productivity changes estimated by the stock 
assessment model

Stock-recruitment plot from the 2023 assessment
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BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

• The Ecosim model fit can be used to assess…

 The ability of the model to reflect species dynamics

 The effect of the ecosystem drivers on one species

• ↘  in cod biomass isn’t captured when temperature is
excluded from the model

• Timing of the ↘ matches the early warming

• ~ Consistent with productivity changes estimated by the stock 
assessment model

Stock-recruitment plot from the 2023 assessment
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BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

• The Ecosim model fit can be used to assess…

 The ability of the model to reflect species dynamics

 The effect of the ecosystem drivers on one species

• ↘  in cod biomass isn’t captured when temperature is
excluded from the model

• Timing of the ↘ matches the early warming

• ~ Consistent with productivity changes estimated by the stock 
assessment model
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Stock-recruitment plot from the 2023 assessment

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• Changes in cod’s biomass distribution of reflects patterns affecting demersal Boreal species

BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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Research context Ecological niche         Ecosystem modeling Perspectives                           

• Changes in cod’s biomass distribution of reflects patterns affecting demersal Boreal species

• Contraction of biomass in colder areas, especially in the mid-1990s

BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

Change in the relative biomass distribution of demersal Boreal species

Sea bottom Temperature difference
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• Changes in cod’s biomass distribution of reflects patterns affecting demersal Boreal species

• Contraction of biomass in colder areas, especially in the mid-1990s

BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

Change in the relative biomass distribution of demersal Boreal species

Sea bottom Temperature difference

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• Changes in cod’s biomass distribution of reflects patterns affecting demersal Boreal species

• Contraction of biomass in colder areas, especially in the mid-1990s

• Driven by an overall warming, stronger in warmer areas

BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT

Change in the relative biomass distribution of demersal Boreal species

Sea bottom Temperature difference

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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FUTURE
2016-2099

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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FUTURE: INTEGRATING PRIMARY PRODUCTION AND TEMPERATURE PROJECTIONS

Static mass-balance 
model

Temporally dynamic 
model

Spatially-explicit 
model

1985-2099

Forcing/Driving data

ECOPATH ECOSIM ECOSPACE

Forcing maps Habitat maps

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• The decline in the Primary production is amplified
through the food web

FUTURE DEBOREALIZATION OF THE CELTIC SEA

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• The decline in the Primary production is amplified
through the food web

• The biomass declines for most functional groups, 
whatever their thermal preferendum

• A larger decline for Boreal than for Lusitanian
species….

FUTURE DEBOREALIZATION OF THE CELTIC SEA

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• The decline in the Primary production is amplified
through the food web

• The biomass declines for most functional groups, 
whatever their thermal preferendum

• A larger decline for Boreal than for Lusitanian
species….

FUTURE DEBOREALIZATION OF THE CELTIC SEA

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• The decline in the Primary production is amplified
through the food web

• The biomass declines for most functional groups, 
whatever their thermal preferendum

• A larger decline for Boreal than for Lusitanian
species….

 A deborealization phenomenon

FUTURE DEBOREALIZATION OF THE CELTIC SEA

Context CS environ.        Environ. Niche      Food-Web Dyn. Discussion
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• As a result of the reduction in its environmental niche, cod will be one of the first/most commercial stocks 
negatively affected by climate change in the Celtic Sea

 Productivity and biomass will decrease

 Spatial distribution will contract 

 Consequences of climate change on cod will worsen with time

 …and depend on the severity of climate change

OUR RESULTS SUGGEST / TAKE HOME MESSAGES

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion
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• As a result of the reduction in its environmental niche, cod will be one of the first/most commercial stocks 
negatively affected by climate change in the Celtic Sea

 Productivity and biomass will decrease

 Spatial distribution will contract 

 Consequences of climate change on cod will worsen with time

 …and depend on the severity of climate change

• But keep in mind that environmental niche isn’t everything!

 It is crucial to consider overall ecosystem changes and species interactions too

 What we want to do with fishing will matter

OUR RESULTS SUGGEST / TAKE HOME MESSAGES

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion
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• As a result of the reduction in its environmental niche, cod will be one of the first/most commercial stocks 
negatively affected by climate change in the Celtic Sea

 Productivity and biomass will decrease

 Spatial distribution will contract 

 Consequences of climate change on cod will worsen with time

 …and depend on the severity of climate change

• But keep in mind that environmental niche isn’t everything!

 It is crucial to consider overall ecosystem changes and species too

 What we want to do with fishing will matter

OUR RESULTS SUGGEST / TAKE HOME MESSAGES… AND SOME LIMITS

/!\ The niche is here estimated from an ad-hoc
methodology, applied to aggregated biological and 

temporal scales

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion
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• As a result of the reduction in its environmental niche, cod will be one of the first/most commercial stocks 
negatively affected by climate change in the Celtic Sea

 Productivity and biomass will decrease

 Spatial distribution will contract 

 Consequences of climate change on cod will worsen with time

 …and depend on the severity of climate change

• But keep in mind that environmental niche isn’t everything!

 It is crucial to consider overall ecosystem changes and species too

 What we want to do with fishing will matter

OUR RESULTS SUGGEST / TAKE HOME MESSAGES… AND SOME LIMITS

/!\ EwE food-web model have a coarse biological 
resolution – Need of comparisons with other 

approaches (physiological, spawning, early life stages 
development, density dependence etc)

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion
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• As a result of the reduction in its environmental niche, cod will be one of the first/most commercial stocks 
negatively affected by climate change in the Celtic Sea

 Productivity and biomass will decrease

 Spatial distribution will contract 

 Consequences of climate change on cod will worsen with time

 …and depend on the severity of climate change

• But keep in mind that environmental niche isn’t everything!

 It is crucial to consider overall ecosystem changes and species interactions too

 What we want to do with fishing will matter

OUR RESULTS SUGGEST / TAKE HOME MESSAGES… AND SOME LIMITS

/!\ The food-web model used for climate change 
projections needs more work…!

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion
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• As a result of the reduction in its environmental niche, cod will be one of the first/most commercial stocks 
negatively affected by climate change in the Celtic Sea

 Productivity and biomass will decrease

 Spatial distribution will contract 

 Consequences of climate change on cod will worsen with time

 …and depend on the severity of climate change

• But keep in mind that environmental niche isn’t everything!

 It is crucial to consider overall ecosystem changes and species too

 What we want to do with fishing will matter

OUR RESULTS SUGGEST / TAKE HOME MESSAGES… AND SOME LIMITS

/!\ Fisheries dynamics to be refined

 Climate change projections under a status quo scenario on 
fishing mortality

 Still an over-simplistic representation of fleets in the model

 Spatial distribution of fishing effort is still homogeneous 

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion



Grosse séance de Corrida HERNVANN Pierre-Yves AGROCAMPUS OUEST, 22 juin 2020HERNVANN Pierre-Yves                                           NWWAC Celtic Sea Cod Webinar                            6/12/24
61

• Potier et al. in prep [PhD 2021-2024]

• A new realistic definition of fleets

 Clustering based on Fisheries Dependent 
Information (FDI) database (STECF, 2020)

AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion

Historical fit updated : 2003-2020
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• Potier et al. in prep [PhD 2021-2024]

• A new realistic definition of fleets

 Clustering based on Fisheries Dependent 
Information (FDI) database (STECF, 2020)

 Splitting clusters into national groups

 …and perspectives for spatial management

AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion

Historical fit updated : 2003-2020
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• Potier et al. in prep [PhD 2021-2024]

• A new realistic definition of fleets

 Clustering based on Fisheries Dependent 
Information (FDI) database (STECF, 2020)

 Splitting clusters into national groups

 …and perspectives for spatial management

• Model is getting ready for key-runs at the WGSAM

AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion

Historical fit updated : 2003-2020
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• Potier et al. in prep [PhD 2021-2024]

• A new realistic definition of fleets

 Clustering based on Fisheries Dependent 
Information (FDI) database (STECF, 2020)

 Splitting clusters into national groups

 …and perspectives for spatial management

• Model is getting ready for key-runs at the WGSAM

• Additional pertinent bottom-up drivers of cod 
dynamics?

AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

Context CS environ.        Environ. Niche      Food-Web Dyn.       Discussion

Suspension feeders rel. biomass

Deposit feeders rel. biomass

Historical fit updated : 2003-2020
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