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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA CASE STUDY -

* European shelf ecosystem

* Great variety of habitat

seabed substrate — EMODnet\e
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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA CASE STUDY -

* European shelf ecosystem
* Great variety of habitat

* Great diversity of species

Clustering on catch species ¢
Mateo et al, 2016
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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA CASE STUDY -

* European shelf ecosystem

Great variety of habitat

Great diversity of species

At a biogeographic boundary

Lusitanian
(e.g., Yang, 1992)
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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA CASE STUDY N v

* European shelf ecosystem

* Great variety of habitat

* Great diversity of species

* At a biogeographic boundary

e Crucial for European fisheries

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

ICES subdivisions™s
matching the Celtic Sea

7.1
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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA CASE STUDY

* European shelf ecosystem

* Great variety of habitat

Peldarks '~ .

* Great diversity of species N LA ° o
5 , Be uﬁ mEl ) Ek%ﬁ%v Meg =
Anglerfish adult Piscivo a% B 1% IFl = =
. . i M-:' T e T ng 52 o2 'm " %ﬁ' . Pl"..P ' v
* At a biogeographic boundary P C";.,‘";f"hﬁ_,,,,, f” == Frsic-tose %
nai benthivorous demersal fish - cgphalonody . 10 tdis LELLE = Herrir?gle 1 whalGEN
o} = H ddco)cl: OPol mCommerE%::m;?:anso Mu: . ‘Horse nackarel O Bodish o Q‘alagin;ldedium o o
. . . phiop: L hPes = L ConmBiy  SEBF
e Crucial for European fisheries : , NI 2=
o re fophages I‘ ;::';7 . Microzooplankton
, 'surfar: ‘eposit feeders ‘ ‘l .:_ Mamm:.n-Small . :
* Trophic modeling of the Celtic Sea ecosystem R S\ o
1 Discoards OW

Phytoplankton - Small

d

Trenkel et al. 2004, Guenette et
Gascuel 2008, Moullec et al. 2017,
Hernvann et al. 2020
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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA FOOD-WEB MODEL

e 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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Context CS environ. Environ. Niche Food-Web Dyn.  Discussion
THE CELTIC SEA FOOD-WEB MODEL

e 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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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 A&

Christensen et al., 2005

e But only fishing as driver of
ecosystem dynamics!
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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 A&

Christensen et al., 2005

e But only fishing as driver of
ecosystem dynamics!

* Two levers to integrate environment:
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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 A&

Christensen et al., 2005

e But only fishing as driver of
ecosystem dynamics!

* Two levers to integrate environment:

v Low Trophic Levels

Christensen et al., 2008
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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 ‘&
Christensen et al., 2005

e But only fishing as driver of
ecosystem dynamics!

« Two levers to integrate environment: m o T

v’ Higher Trophic Levels

.// s ““/
» k‘
= 3
3% -4y :

N O

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

v Low Trophic Levels

Christensen et al., 2008
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Context CS environ. Environ. Niche Food-Web Dyn. Discussion

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
\e © Y
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CS environ. Environ. Niche  Food-Web Dyn. Discussion
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CS environ. Environ. Niche  Food-Web Dyn. Discussion
AN OCEANOGRAPHIC FUTURE THAT WE CAN FORESEE

Increasing availability of forecast products worlwide

B60°N

e.o. - : ~~ Climate o ~d
8 - (OpEe';n!CL-EJﬁ ( 1" Change service oo S

FISHERIES & MARINE ECOSYSTEM

* Benefitsto ... global scale studies FlSH»MIP

MODEL INTERCOMPARISON PROJECT

88

... regional studies

o = N

... local studies (1BMm, Pardo et al. 2019)

[
b & A

e 3

8 & & g
z2 z2 z z z z

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

Physics Low-TL Izo -
(plankton, I§ -
benthos) w -

200w 10w [0 10°E 20°E

(Kay, Du Pontavice, pers. Comm.)

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

52

e Whatever the RCP scenarios:

51
Sea surface

temperature %,
2010s

Latitude

49

Sea bottom
temperature
2010s

Latitude

12,5 -10.0 75 5.0 25
Longitude

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

WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA

52

e Whatever the RCP scenarios:

L8 4]
-

Sea Surface

v' Increase in surface and bottom temperature équ
temperature 2010s-2090s change -
RCP 8.5 .0
v' Large increases in already warm i
areas -12.5 -10. 75
Longitude
151 RCP 4.5 — RCP 8.5 — historical 51 ﬂ
Sea Bottom g -
o Surface temperature 50
- | 2010s-2090s change !
5 " RCP 8.5 49 :
Q.
=
P12 48
-125 -10.0 -5 -5.0 25
111 Longitude
Outputs of the POLCOMS-ERSEM model

2000 2020 2040 2060 2080 (Holt and James, 2001; Butenschon et al., 2016)
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Food-Web Dyn.  Discussion

CS environ. Environ. Niche

WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA

e Whatever the RCP scenarios:

52 |

(8]
'y
|

Latitude
S

49 -

48 |

-125 -10.0 75
Longitude

-5.0 -2.5

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

6/12/24
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CS environ.

m

WHAT POLCOMS-ERSEM TELLS US ABOUT THE CELTIC SEA \@ES

e Whatever the RCP scenarios:

_—~—
v" Decline in the Primary Production '
52

v’ Steeper decline offshore

% of change

- I20

10

(8]
-

Stratification enhancement N PP
VA
Warming A plankton productivity

Latitude
S

o
y

| -

-12.5 -10.0 -7.5
100 Longitude

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

RCP 4.5 — RCP 8.5 — historical

-—

—

b
\

©
o

Primary production (mgC m 2 day ')

@
o

2000 . 2020 2040 2060 2080
Christensen et al., 2008
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Environ. Niche | :ciconicar ol niiaiiiel
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Context CS environ. Environ. Niche | :ciconicar ol niiaiiiel

INFORMING THE ENVIRONMENTAL RESPONSE OF HIGH TROPHIC LEVELS

max
4

e Concept of the environmental niche (senso Grinnell): f

v’ Subset of environmental conditions in which the 4
functional group can maximize its fitness

v One specific response per environmental variable 1

- Niche as a multidimensional space

min
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Context CS environ. Environ. Niche | :ciconicar ol niiaiiiel

INFORMING THE ENVIRONMENTAL RESPONSE OF HIGH TROPHIC LEVELS

max
4

e Concept of the environmental niche (senso Grinnell): f

v’ Subset of environmental conditions in which the 4
functional group can maximize its fitness

v One specific response per environmental variable 1

- Niche as a multidimensional space
min

* Environmental conditions affect fish productivity and spatial
distribution (Christensen et al, 2014)

2 C

HERNVANN Pierre-Yves NWWAC Celtic Sea Cod Webinar 6/12/24



Context CS environ. Environ. Niche | :ciconicar ol niiaiiiel

PREDICT SPECIES RESPONSES TO WARMING 5t°f°° e 0 . .
Presence/abz:nce ‘éf " ¢ l :
* Improvement of the previous used ; “‘ \“b’ @)

Niche-modeling framework 50 .;

(Hernvann et al. 2020, Gruss et al. 2020)

Colllneanly
l analysis (3 )

GAM ﬁthng —

.‘ p
40 - ; « ¥
* NW European shelf survey - | | (5) GAM eva.ualu:n using cross-
ANz Gruss et al. 2020
JJ w [N

-10 0 10
(6)

Preforence
02 04 05 08
Distribution maps
%8y

||||||||

Preference functions
i

Preference
0s o7 09
-
= \
$ 8 3
Hotspot maps
2 R B3 8 2
2R Bnd
8
£3
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Context CS environ. Environ. Niche | :ciconicar ol niiaiiiel

Sea

PREDICT SPECIES RESPONSES TO WARMING 5:),309 o gatme_ o perature
s Sta |os!2§§ - .
Presence/absence g P

* Improvement of the previous used

Niche-modeling framework 50 -
(Hernvann et al. 2020, Gruss et al. 2020)

B
> b
.‘w'.

A JC,K":‘: &
y - -:“’ﬁa-::,;\a 2
=

* NW European shelf survey .

e Shape-constrained additive models \ |
(SCAM; Pya and Wood, 2015) !
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Environ. Niche

Sea
% Mud Bat\'\Yme“V temperatu\'e

PREDICT SPECIES RESPONSES TO WARMING 50,000

* Improvement of the previous used Presence/absence
Niche-modeling framework o ¥ |
(Hernvann et al. 2020, Gruss et al. 2020) N
* NW European shelf survey 40
. oy e Envi tal iat
* Shape-constrained additive models \ 40 0 10 eirenmeme cotarEes )
(SCAM; Pya and Wood 2015; Citores et al. 2020) \

* More realistic/constrained functional responses

Functional responses for Cod large SCAM in the CelticSea

Thermal response of Cod large SCAM - SBT BO2 PerCenthud &

Bathy
06
1.00 > -
- 0.44 _-—_-———______
g type 024
e maxSBT 1980-2016 4

val

8 ors % i g oo, T — " T T T — - ; T T
s s maxSBT 2016-2050 g 0 200 400 600 200 250 300 350 0 25 50 75 100 a5 0.005
o W O
£ maxSAT 2050-2100 %’ PerGentRock PerCentSand SBS E 0.004
5 x minSBT 1980-2016 ue 0.6 = 0.003
= «— > = 0.002
% - Zo4] ———__________-__-‘ » j
s val_var E 0.001
2 0 0.2+
£ §- :
o
2 15 Soo4 | |
= o 0 25 50 75 100 O 25 50 75 100 20 25 30 35 40 4
2oz o k=] 0

g
i N .

506

0

i

SBT <
0419 -
024
-15 -10 -5

0
0.00 — 0
b . o 15 20 0.0 Longit?:de ’ b
predictor values 0 5 10 15 20
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Environ. Niche
ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

* The environmental niche of cod is determined by...

v’ Bathymetry Functional responses for Cod SCAM in the CelticSea

Bathy BO2 PerCentMud
v' Seabed substrate 0.6
. . . . X -1 -‘-‘—-‘-‘—__‘__
v’ Physico-chemical conditions o /\
0.2 4

o
=]
Il

200 400 600 200 250 300 50 0 25 50 75 100

o

predicted probability of presence
e &

e ..and determines its historical distribution

PerCentRock PerCentSand SBS

=== e

T T T T T T T T T T
0 25 50 75 100 O 25 50 75 100 20 25 30 35 40

o
(=]
1

60

o
o
1

50

o
2]
L

= =2 9
o M =
L L AL

40

predictor values
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Environ. Niche
ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

* The environmental niche of cod is determined by...
Functional responses for Cod SCAM in the CelticSea

v’ Bathymetry

Bathy BO2 PerCentMud
v' Seabed substrate 0.6
. . . . X -1 -‘-‘—-‘-‘—__‘__
v’ Physico-chemical conditions o /\
0.2 4

o
=]
Il

200 400 600 200 250 300 50 0 25 50 75 100

e ..and determines its historical distribution

o

predicted probability of presence
e &

PerCentRock PerCentSand SBS

=== e

T T T T T T T T T T
0 25 50 75 100 O 25 50 75 100 20 25 30 35 40

o
(=]
1

60

o
o
1

50

o
2]
L

40

= =2 9
o M =
L L AL

predictor values
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Environ. Niche

ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

* The environmental niche of cod is determined by...

v’ Bathymetry Functional responses for Cod SCAM in the CelticSea

Bathy
v’ Seabed substrate 0.6
v' Physico-chemical conditions .
0.2 4
e ..and determines its historical distribution O 200 400 500

predicted probability of presence (2016)

T
NW Europe _¥
A Ireland

52

51

predicted probability of presence

apnine

English Ghannel-50

50

Depth

[ 0-50m
| 50-100m
100-150m

E 150-200m
>200m

49

48

8

125 -10.0 75 5.0 25 Longitude
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Environ. Niche

ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

* The environmental niche of cod is determined by...
v’ Bathymetry Functional responses for Cod SCAM in the CelticSea
v’ Seabed substrate

v" Physico-chemical conditions

PerCentMud

——

e ..and determines its historical distribution

®
Q
c
@
®
. e PerCentRock PerCentSan
predicted probability of presence (2016) S 6 erCentfioc erceniSand
==
£0.44 _'_—_\\
52 i)
8 02-
o
a
=] 0.0 T T T T T T T
51 jg 0 25
S
o
G (
50
(
(
49
(
pred
48
125 -10.0 7.5 5.0 25
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Environ. Niche

ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

* The environmental niche of cod is determined by...
v’ Bathymetry Functional responses for Cod SCAM in the CelticSea
v’ Seabed substrate

v" Physico-chemical conditions

[$))
N

w
pucy

e ..and determines its historical distribution

Latitude
3

predicted probability of presence (2016)

'S
o

52

'S
o]

125 -10.0 75
Longitude
51

predicted probability of presence

50

49

predictor values
48

-12.5 -10.0 -7.5 -5.0 -2.5
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Environ. Niche

ENVIRONMENTAL RESPONSE OF COD’S PRODUCTIVITY AND DISTRIBUTION

* The environmental niche of cod is determined by...
v’ Bathymetry
v’ Seabed substrate

v" Physico-chemical conditions
e ..and determines its historical distribution

* Thermal conditions are a strong constrain to cod’s niche

//!\ This response isn’t the thermal physiological N
window of cod
...but it reflects the physiology in some way
...It integrates information on multiple
biological/temporal scales
\_ gical/temp -

predicted probability of presence

1.00 4

_C)
~
w

0.50 1

o

[y~

(&1
L

0.00 1

Thermal response of Cod SCAM - SBT

0 5 10
predictor values

type

maxSBT 1980-2016
R maxSBT 2016-2050
i MaxSBT 2050-2100
¢ minsBT 19802016

val_var
I 20
15
10

5
|
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Environ. Niche

PAST AND FUTURE CHANGES IN THE NICHE OF COD IN THE CELTIC SEA
Probability of presence in 2016 Relative difference to 2016

_— -60%

50

49

” -90%

-12.5 -10.0 -7.5 -5.0

Sea Bottom
temperature
2010s-2090s change

RCP 8.5 4

Latitude

43
125 -10.0 75 5.0 25
Longitude
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Context CS environ. S ies - Food-Web Dyn. m

HERNVANN Pierre-Yves NWWAC Celtic Sea Cod Webinar 6/12/24




Context CS environ. S ies - Food-Web Dyn. m

RECENT PAST

1985-2016

NWWAC Celtic Sea Cod Webinar

HERNVANN Pierre-Yves
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Context CS environ. S Food-Web Dyn. m

RECENT PAST: INTEGRATING ENVIRONMENT TO FIT THE FOOD-WEB MODEL

ECOPATH ECOSIM ECOSPACE
J 1985-2016 i
Observed data Forcing/Driving data Forcing maps Habitat. maps

X
DIV
X
X x
X
>

Fitting procedure

Static mass-balance Temporally dynamic
model model

@

Spatially-explicit
model

JARBEEEN

il S

Ihamh )

AT ==/
™ N

AT
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Context CS environ. S Food-Web Dyn. m

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
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Context CS environ. S Food-Web Dyn. m

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

Contribution to ecosystem dynamics

:\‘; Trophic
= 0.8 | Fishing
o Plankton
'..8 Temperature
S .

304

o

S

==

+ 0.2

c

©

)

= 0.0

Trophic Fishing Plankton Temperature
Ecosystem driver

Hernvann et al. (2021)
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Context CS environ. S Food-Web Dyn. m

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

Contribution to ecosystem dynamics

:\‘; Trophic
= 0.8 | Fishing
o Plankton
'..8 Temperature
S .

304

o

S

==

+ 0.2

c

©

)

= 0.0

Trophic Fishing Plankton Temperature
Ecosystem driver

Hernvann et al. (2021)
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Context CS environ. S Food-Web Dyn. m

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

Contribution to ecosystem dynamics Environmental changes

;\3 Trophic 151 T
ZO.G' ' Fishing s SST Y
o Plankton =) 14=
:.(—_J. Temperature % 13 8
304 S SBT ~
o o) 1.2
o =11 s
=2 © 3
© g o=
. ()

O e 9 o
=001 _ ‘ | ° 0as
Trophic ~ Fishing  Plankton Temperature 7 , . . 2

Ecosystem driver 1990 2000 2010
Hernvann et al. (2021) Hernvann et al. (2021)
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Context CS environ. S ies - Food-Web Dyn. m

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

* The Ecosim model fit can be used to assess... Fit to time-series of observations

Hake adult Sole Sprat

v The ability of the model to reflect species dynamics

Biomass (tkm-2)
o °

v The effect of the ecosystem drivers on one species

1990 2000 2010 1990 2000 2010

Anglerfish adult Pilchard Small benthivorous demersal fish
go.w
3
go0s
2
o
0.00 1 1
1980 2000 2010 1890 2000 2
Boarfish Commercial crustaceans

° o

Biomass (tkm-2)
° i -
o

4
°

1990 2000 2010 1990 2000 2010 1990 2000 2010 1990 2000 2010
Cod adult Horse mackerel Sea bass Benthic cephalopods

o
N

Biomass (tkm-2)
=3

0 199 2000 2010 0 2010
Blue whiting Epibenthivorous demersal fish Piscivorous demersal fish
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Context CS environ. S Food-Web Dyn. m

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

* The Ecosim model fit can be used to assess...

v The ability of the model to reflect species dynamics Fit to cod (adult) biomass

v The effect of the ecosystem drivers on one species

* N\ incod biomass isn’t captured when temperature is
excluded from the model Q02

£

* Timing of the Y matches the early warming =
n
© 0.1
5
m

0.0

1990 2000 2010

= F. +PIK. * Temp.= F. + Plk. = F. + Temp.
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Context CS environ. S Food-Web Dyn. m

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

* The Ecosim model fit can be used to assess... Stock-recruitment plot from the 2023 assessment

v The ability of the model to reflect species dynamics WGCSE, 2023

60000

v The effect of the ecosystem drivers on one species

50000

* N\ incod biomass isn’t captured when temperature is
excluded from the model

40000

* Timing of the NI matches the early warming

30000

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

Recruitment (age 1+)
20000

10000

T
0 5000 10000 15000 20000 25000 30000
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Context CS environ. S Food-Web Dyn. m

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

* The Ecosim model fit can be used to assess... Stock-recruitment plot from the 2023 assessment

v The ability of the model to reflect species dynamics WGCSE, 2023

60000

v The effect of the ecosystem drivers on one species

50000

* N\ incod biomass isn’t captured when temperature is
excluded from the model

40000

* Timing of the NI matches the early warming

30000

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

Recruitment (age 1+)
20000

10000

T
0 5000 10000 15000 20000 25000 30000
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Context CS environ. S Food-Web Dyn. m

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

The Ecosim model fit can be used to assess... Stock-recruitment plot from the 2023 assessment

v The ability of the model to reflect species dynamics

v The effect of the ecosystem drivers on one species

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

* Timing of the NI matches the early warming

* ~ Consistent with productivity changes estimated by the stock
assessment model
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Context CS environ. S Food-Web Dyn. m

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

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

Relative diff.
2.0

l 15
1.0

. 0.5
0.0
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Ecosystem modeling
BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

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

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

Change in the relative biomass distribution of demersal Boreal species

» Relative diff.
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Food-Web Dyn.
BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT OVER THE RECENT PAST

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

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

Change in the relative biomass distribution of demersal Boreal species
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Food-Web Dyn.
BUT COD’S DYNAMICS ARE INFLUENCED BY THE ENVIRONMENT

* Changes in cod’s biomass distribution of reflects patterns affecting demersal Boreal species
e Contraction of biomass in colder areas, especially in the mid-1990s

* Driven by an overall warming, stronger in warmer areas

Change in the relative biomass distribution of demersal Boreal species
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Context CS environ. S ies - Food-Web Dyn. m

FUTURE

2016-2099
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Context CS environ. S Food-Web Dyn. m

FUTURE: INTEGRATING PRIMARY PRODUCTION AND TEMPERATURE PROJECTIONS

ECOPATH ECOSIM ECOSPACE

-t?»i

1985-2099 l

Forcing/Driving data Forcing maps Habitat. maps
Static mass-balance [ Temporally dynamic ‘ Spatially-explicit
model & CERES model i model
(7 &

HERNVANN Pierre-Yves NWWAC Celtic Sea Cod Webinar 6/12/24



Context CS environ. S Food-Web Dyn. m

FUTURE DEBOREALIZATION OF THE CELTIC SEA

___=RCP45

* The decline in the Primary production is amplified ---=RCP 8.5
through the food web

©1.00
(@]
N
o
.g 0.75+
©
o
=0.50-
w
©
e
& 0.251
2020 2040 2060 2080
Year

Biomass trends according to TL and thermal preferenda
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Context CS environ. S Food-Web Dyn.
FUTURE DEBOREALIZATION OF THE CELTIC SEA

= RCP 4.5

e The decline in the Primary production is amplified ---=RCP 8.5

through the food web

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

©1.00
* Alarger decline for Boreal than for Lusitanian <
species.... 9

o 0.75-
©
o

& 0.501
(2]
®
5

& 0.251

2020 2040 2060 2080
Year

Biomass trends according to TL and thermal preferenda
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Context CS environ. S Food-Web Dyn.
FUTURE DEBOREALIZATION OF THE CELTIC SEA

= RCP 4.5

e The decline in the Primary production is amplified ---=RCP 8.5

through the food web

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

©1.00
* Alarger decline for Boreal than for Lusitanian <
species.... 9

o 0.75-
©
o

& 0.501
(2]
®
5

& 0.251

2020 2040 2060 2080
Year

Biomass trends according to TL and thermal preferenda
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Food-Web Dyn.
FUTURE DEBOREALIZATION OF THE CELTIC SEA

2010s

 The decline in the Primary production is amplified 2 ﬁ
through the food web ”
50

[

* The biomass declines for most functional groups,

whatever their thermal preferendum =

- 2040s

* Alarger decline for Boreal than for Lusitanian 5 ’
species.... . N
50

- A deborealization phenomenon

4o e, 2090s

Boreal .0— - N e : :
*'A’o 25 50 75 100 *‘ Lusitanian
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Context CS environ. Sl ene feleenaer el Discussion

OUR RESULTS SUGGEST / TAKE HOME MESSAGES

* As aresult 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

v’ Productivity and biomass will decrease
v’ Spatial distribution will contract
v Consequences of climate change on cod will worsen with time

v’ ...and depend on the severity of climate change
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Context CS environ. Sl ene feleenaer el Discussion

OUR RESULTS SUGGEST / TAKE HOME MESSAGES

* As aresult 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

v’ Productivity and biomass will decrease
v’ Spatial distribution will contract
v Consequences of climate change on cod will worsen with time

v’ ...and depend on the severity of climate change

e But keep in mind that environmental niche isn’t everything!
v" It is crucial to consider overall ecosystem changes and species interactions too

v" What we want to do with fishing will matter
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Context CS environ. Sl ene feleenaer el Discussion
OUR RESULTS SUGGEST / TAKE HOME MESSAGES... AND SOME LIMITS

environmental niche

/\ The niche is here estimated from an ad-hoc
methodology, applied to aggregated biological and
temporal scales
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Context CS environ. Sl ene feleenaer el Discussion

OUR RESULTS SUGGEST / TAKE HOME MESSAGES... AND SOME LIMITS

v" Productivity and biomass will decrease

/

/"\ EwE food-web model have a coarse biological
resolution — Need of comparisons with other
approaches (physiological, spawning, early life stages
\_ development, density dependence etc) )
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Context CS environ. Sl ene feleenaer el Discussion
OUR RESULTS SUGGEST / TAKE HOME MESSAGES... AND SOME LIMITS

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

/\ The food-web model used for climate change
projections needs more work...!
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Context CS environ. Sl ene feleenaer el Discussion

OUR RESULTS SUGGEST / TAKE HOME MESSAGES... AND SOME LIMITS

/ /"\ Fisheries dynamics to be refined \

O Climate change projections under a status quo scenario on
fishing mortality

QO Still an over-simplistic representation of fleets in the model

GI Spatial distribution of fishing effort is still homogeneous /

v" What we want to do with fishing will matter

HERNVANN Pierre-Yves NWWAC Celtic Sea Cod Webinar 6/12/24



Context CS environ. Sl ene feleenaer el Discussion
AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

» Potieretal.in prep [PhD 2021-2024] '; deCOd

. Ifremer
Historical fit updated : 2003-2020 W oo

. . e e, HAC | Fleet code Country | Mainly exploited functional Target Main fishing
* A new realistic definition of fleets s e mce | g
1 ESP DEF lmes Spain Hake Demersal fish | Lines
FRA DEF dorm France Hake, piscivorous demersal Passive fishing
‘/ . . . fish, seabass, anglerfish, gears: lines and
Clustering based on Fisheries Dependent S N =
hake
UKMDEFderm |UK Prscrvorous demersal fish, hake, Passive fishing
Information (FDI) database (STECF, 2020) e e i
nets
2 FRAMOL OTB France Commercial bivalves, Benthic Mollusks Bottom otter
cephalopods, squi trawd
benthivorous demersal
elasmobranch and piscivorous
demersal fich
TRMMOL K Benthic cephalopods Bottom atier
OTBOTT e e
UKM CRU UK Norway lobster, cod Otter twin trawl
3 FRA SPF OTM France Ho OTB/OTT and bottom
hes otter trawl
TRL SPF Treland | He 9 | ESPLFF lines Spaun  Large pelagic fish pelagic Large pelagic | Lines
PTROTM ma sharks fish
FRALPFPTR France Large pelagic fish Par trawls
OTHSPFOTM | Othen | Ho TRL LPF PIR. Treland | Large pelagic fish Pair trawls
OTHLPF SEN Onthers Large pelagic fish mackerel, Seines
UKM SPF Mz horse
PIROTM 'UKM LPF hnes UK Large pelagic fish Lines
10 ESP DEF OTB Spamn Anglerfish, piscivorous Demerzal fish | Bottom otter
4 FRA SPF PS France Sa demersal elasmobranch, trawl
UKM SPF GNT UK Sa benthivorous demersal
5 FRACRU France | Co lasmobranch, hake, squids
GNTFPO FRADEF tr France Megnm, Anglerfish, Actrve aris:
IFL CRU FPO Ireland piscivercus demersal seines and
OTH CRU FPO Others elasmobranch, benthivorous trawls
UKM CRU FPO UK demersal elasmobranch,
6 FRA MOL FFO France Ne piscivorous demersal fish, blue
UKMMOLFFO | UK Ne whiting, cod
55 IRL DEFtr Ireland | Whiting, cod, piscivorous Active arts:
T FRAMOLDRA France Co demersal fish, endobenthivorous seines and
IRL MOL DRA Ireland demersal fish, trawls
UKMMOLDRA | UK OTHDEF TBB Others Sole, plaice, benthivorous Bottom beam
] FRACRUOTT France | Mk demerzal elasmobranch, trawl
' IRLCRU Ireland | N piscivorous demersal fish
UEM DEF tr UK Sole, plaice, benthivorous Active arts:
demersal elasmobranch seines and
anglerfish, piscivorous demersal trawls
fish, endobenthivorous demersal
fish
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Context CS environ. Sl ene feleenaer el Discussion
AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

» Potieretal.in prep [PhD 2021-2024] t; deCOd

e lfremer
Historical fit updated : 2003-2020 W oo

* A new realistic definition of fleets e -
1 ESP DEF lines Spam Hake . Demerzal fish Line_l
v" Clustering based on Fisheries Dependent J B o
—3a+05- 838*'0
Information (FDI) database (STECF, 2020) A oy = e
o ) ) L gze 05- .lc-)?g gze +05- .gﬁ;
v" Splitting clusters into national groups g;; Fws
- =4 LFF
. . e £16+05 MoL
v’ ...and perspectives for spatial management B3 I I I I =E$R g I | L
o WL g R =
d 12345578910 12345678910 p—
ol Clusters Clusters o
B " = 5
3 E:!(!"‘C'ﬁ' ESE} 05- :mm
5 § Vessel length E Countries
§29+05 = ?i?;nm g?gﬂ{)ﬁ- O E:i iy
% 1 1248m o RL 1
§ E = 18-24m E W ot
£10705- .E:'U':Em e 05-. [ VSV ==
AT e B
8 0e+00- 06‘“‘m_.- i _ H
12345678910 12345678910 e ot
Clusters Clusters zm
11 === ]
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Context CS environ. Sl ene feleenaer el Discussion

AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL
* Potier et al. in prep [PhD 2021-2024] e deCOd

Historical fit updated : 2003-2020 e fasoureesfocen

A new realistic definition of fleets

ICES
CIEM

v’ Clustering based on Fisheries Dependent
Information (FDI) database (STECF, 2020) WORKING GROUP ON MULTISPECIES

ASSESSMENT METHODS (WGSAM; outputs
from 2023 meeting)

v’ Splitting clusters into national groups

VOLUME 6 | ISSUE 13

v’ ...and perspectives for spatial management

« Model is getting ready for key-runs at the WGSAM WGSAM
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Context CS environ. Sl ene feleenaer el Discussion
AN UPDATE TO THE CELTIC SEA FOOD-WEB MODEL

Potier et al. in prep [PhD 2021-2024] '; deCOd

Historicalfit updated - 2003-2020 ' de la source a l'océan

A new realistic definition of fleets

Suspension feeders rel. biomass

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

0.9
Scenario

== no_CC
Suspension_4.5

= Suspension_8.5
=== remainder

value

v’ Splitting clusters into national groups

Deposit feeders rel. biomass

0.84

v’ ...and perspectives for spatial management

1.004

* Model is getting ready for key-runs at the WGSAM ~ **~

Scenario 2025 2050 2075 2100
= no_CC Year

Deposit_4.5
== Deposit_8.5
== remainder

* Additional pertinent bottom-up drivers of cod
dynamics?

0.801

2000 2025 2050 2075 2100
Year
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