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A CASE STUDY: THE CELTIC SEA

* North-West European ecosystem
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A CASE STUDY: THE CELTIC SEA

* North-West European ecosystem

* G@Great variety of habitats

- diversity of species

* Intensive fishing since the XXth
century and particularly after 1950

- 75% reduction of main target
species biomass in 1980

e Strategic area for European
fishing fleets

BE + 5= + B =340,000t

13.5% French catch in FAO27
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* G@Great variety of habitats

- diversity of species
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WHAT IS THE IMPACT OF SUCH INTENSIVE FISHING AT THE ECOSYSTEM SCALE?
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FISHING IMPACT ON ECOSYSTEMS — The trophic side
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FISHING IMPACT ON ECOSYSTEMS

* Biomass reduction of exploited stocks
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FISHING IMPACT ON ECOSYSTEMS — The trophic side

* Biomass reduction of exploited stocks

* Changes of species composition

Predators

Preys

Competitors
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FISHING IMPACT ON ECOSYSTEMS — A TROPHIC VIEW

* Biomass reduction of exploited stocks »

* Changes of species composition

MOVE TOWARD AN ECOSYSTEM-BASE FISHERIES
Predators MANAGEMENT

Preys
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ABOUT ECOSYSTEM MODELLING

» Need of an ecosytem-based fisheries management (pikitch et al., 2014; Garcia et al., 2003 ...

Scientific Community +  Policy Makers (CFP)

» One tool to support an EBFM is ecosystem modeling, especially trophic
mOdEIing (Plaganyi, 2007)

etc.
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PRE-EXISTING MODELS
Guénette & Gascuel (2009)

Bentorcha et al (2017)

+ EBFM designed
+ Actualisation
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PRE-EXISTING MODELS - , .
“\~. 1980- 2013 « 3

Guénette & Gascuel (2009)

CelticSea | |
Bentorcha et al (2017) |

Moullec et al (2017) e
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AU MENU

* What are the fisheries and environmental determinants of the Celtic Sea
ecosystem dynamics?
What would be the impacts of various management measures and how can
trophic models contribute to the identification of fisheries in order to
minimize the impacts on ecosystems?

* |In practical terms: Improve the predictive capacity of the Celtic model and
Test realistic ecosystem-based fisheries management scenarios
* 3 main steps:

@ Develop a generic method to estimate diet matrices in Ecopath
models and apply the method to the Celtic Sea

@ Spatialize the trophic model through Ecospace

@ Test various fisheries management scenarios
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estimation of diet matrices in trophic
models
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THE DIET MATRIX

Species or trophic connected together through predator/prey relationships

Toothed whales Sbadka,l
Angferfish Sea bass Hake adulte ‘
Plunge Baar:gep#w#gl g;vers seabirds Codad ; M°8"’“ Pelagic L
. o g Shar@/rnys Hake juvenile WhQing
4 Cod juvenile Deszal L
Blue &im’r\g i @m PQ:S Q
Surface feeders seabirds Boarfish Dam@a] M O - ,,M o> S Pel a% - '\;30 phélopods
Haddock Horse Mackerel SM"‘Q Lobstefs/Crabs

O ;ﬁ\{%ne
2 - SO\ °
Q Sglb\\ /’P'I'aice Demersal S - SN Norway lobster O
3 Shrimps \ \’\ Carnivorous and necrophagous invertebrates
\ / Macmz@ankton
Mesozeaplankton

Sub-surface dapog;ﬂgs invertebrates Y — e e——
RemTiie me uprabenthr Microz@anktcn
n

1 Phyt -ﬁ ton L Phyto@(ton s Banlhicgoducers Dis@rds
...and these relationships are determined by...
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THE DIET MATRIX

Toothed whales Sbadka,l
Angferish Sea bass Hake Adulte :
Plunge s‘a’igé’#&?#!ﬁ g;vers seabirds Cod ad ; M°8"’" Pelagic L
4 T Shar@/rays Hake juvenile WhQing
J il
L okl %
Blue \ﬂ'mu’r\g —— - : Pouts [o)
Surface feeders seabirds Boarfish Dom@a] M O e Paicdic MCe pasopods
Haddock Horse Mackerel Lobstere/Crabs
@) - 3
Q s&‘o\\ /’P'l?a'ice Demersal S Norway lobster O
3 Shmies \ Carnivorous and necrophagous invertebrates
lankton
Sub-surface depog;ﬂgs invertebrates ¥ —
Microz@anktcn
2 ria
1 Phyto@(ton s Benthid Dis@rds

Prey | predator 1 2By ) 5 6 7 8 9 0 1 2 13 14 15 16 17 18 19 20 21
1 Punge and pursuit divers seabirds.

2 Surface faeders sesbirds.

3 Balsenwhales

4 Toothed whales.

5 SharksL 0,00518 | 0,037

6 Sharksirays 000518 0,0301 0,000259 0.0287 0,0425

7 Anglerfish 00300 0,200 0,00501 0,00400 000484
8 Seabess 0,00266 0.00202

9 Coded 0,00351 0,00701 000200 000400 000499
10 Cod juvenie. 0,00230 0,00100 0,000528 0,00500 0.00403 0,000096 000140
11 Biue whitting 00865 000137 000829 0,0101 0,323 0,0104' 0,00876 00163 00173

12 Haks adulte 000324 00165 000204 0,0150 0,022 000173
13 Hake juvenile 0,00405 0,000973 0,00810 0,00792 00201 10,0179

14 Haddock 000100 0,00501 0,0808 0,0200 0.00500
15 Whitting 0,00445 0,00411 000404 00302 0126 000300 0.000450 00705 0,00674 0.0245
16 Megrim 000822 0,00829 0,00403 0,000222 0,000598 0,00835
17 Sole 0,00051 0,00100 0,00100 0,00500 0,00806 0,00130 0,000870
18 Boarfish 0.00100 0.00503

19 Plaics 0,000498. 0,000609 00180 0,0201 0,00245

00356 000462 0,00989 0,00379 00116 0,0129 0,0269
21 Demersal M 00594 00190 00120 0,171 00500 00200 00100 00161 000300 00500 00210 0254 00858
22 Demersal 00869 0,115 00572 00828 0115 0424 0126 000478 00227 0103 00150 0239 0,115
23 Horse Mackarol 0,187 0,150 00407 0,569 00670 0,00459 0,0400 0181 0350 .

24 Meckerel 045¢ 0307 0160 0205 0365 000288 03% 00600 0,166 0.00900 0.0800

25 Sprat 00200 00154 0,00411 0,00230 000369 000759 00252 00516 00613 0.0257

26 Horring 0,051 0,0300 0,0400 0,010 00143 0,01000 0,00200 0,0302 0,00400

27 Serdine 0,119 0,118 00495 0,00338 0,00101 0,0890 0,00921 00234 00227 00416 0.00578 0.00858
28 Pouts 00892 00100 00504 000551 0,168 0,00708 00467 0,0278 0231

29 Polagic L 0,01000 0,110 0,00403

30 Pelagic M 00831 0,0800 0,0483 00397 00103 00341 0,000305 0,00676 X

31 Caphalopods 00670 0226 0170 00310 00110 000646 0,00124 0,000359 00140 00347 00776

32 Norway lobstar

33 Lobsters/Crabs 00100 00301

00262 0,0397
0,0366 00758
000758

0,1000 0,097t 0,0201
0.
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INTRO

THE DIET MATRIX

Predators (=consumers)

< .
Prey \ predstor [ 1] 23] « [ 5] 6] 7] 8] a]w | n|] 2] r]uwu]n]w|[v]w][w]2]za]2][sn]a|zs]s]z]:
A 1 Plunge and pursuit divers seabirds
2 Surface feeders seabirds
3 Baleen whales
4 Tosthed whales
5 Sharks L 000518 00137
6 Sharkslrays 000512 | 00301 0000259 00287 00425
7 Anglerfish 00300 | 00200 000501 0,00400 0.00484
2 Seabass 0.00288 0.00202
3 Codad 000351 0,00701 0,00200 0,00400 0,00438
10 Cod juverile D.00230 | 0.00100 D,000528 | D,00500 0,00403 | 0,000096 0,00140
11 Blue whitting 00565 | 000137 000828 00101 00323 00104 000276 00183 00173
12 Hake adulte 000324 00165 000204 00150 00252 000173
13 Hake juvenile 0.00405 0.000873 0.00810 0.00782 00201 | 00178
14 Haddock £,00100 | 0,00501 0,080 00200 0,00500
15 Wihitting 000445 | 000411 000404 | 00302 0126 000300 0,000450 00705 | 0,00674 00245
? 16 Megrim 0,00822 | 0,00828 | 0,00403 0000222 0,000598 0,00835
17 Sole 000351 0,00100 | 0.00100 0,00800 0,00208 0,00130 0,000870
Q 18 Boarfish 0.00100 0.00503
(&) 19 Plaice 000048 0,000807  0,000803 D180 00201 0.00245 000
— 20 Demersal L D00E0E 000753 000518 00356 000262 000888 0.00378 00116 00129 00289
S 21 Demersal M 00584 00180 | 00120 00701 | Q171 00500 00200 00100 00161 000300 00500 00210 0254 0.0858
o 22 Demersal § 00BEE 0115 00§72 (0DED5 00828 0115 0424 012 000478 00227 0103 00150 0238 0.1 000168 0.0104 00200 [T
23 Horse Mackerel 0.187 | 0150 00407 | 00569 000201 00670 000483 00400 0181 0380 0.120
(%] 24 Mackerel D454 0307 07160 D205 0365 00110 000288 0390 000D 0166 0,00900 0.0800
1 25 Sprat 00300 00154 | 000411 00167 | 000230 000363 0,00759 00252 00516 00613 00257 00253 00310 000
~ 26 Herring 0,051 0,0300 00400 00190 000404 0,0143 | 0,01000 0,00200 00302 0.00400 0.00500 000
27 Sardine 0118 0118 00485 | 000332 000875 000101 00880 0,00821 00234 | 00227 00416 0.00578 0.00252 00102 00110
0 28 Pouts 00882 | 00100 000777 00504 000551 0168 000708 00467 | 00278 0.231
> 23 Pelagic L 001000 0110 0.000629 0,00403
Q 0 Pelagic M 00831 00800 0,0482 00387 00103 00051 0.0341 0000305 0,00676 0,057 0011
o 31 Cephalopods 00670 0226 | 0170 | 0148 | 00310 Q0110 000846 000124 0,000358 00140 00347 00776 0.00407 00204 0,0700 00
o 32 Norway lobster 000104 00345 0.00813
33 Lobsters/Crabs 00100 | 00103 00504 00262 00397 00301 0,00613 0,0200 | 0.0102 00
34 Shrimps 00501 | 0272 | 0055 0037 0212 01000 00871 00201 00758 00230 0275 | 0,110 0,150 D208 | 0180 0160 00368 0500 D:
35 Camiverous and necrophagous inverisbrates 000701 00634 | 00300 | 0121 0,0200 00171 00201 | 000758 000888 000115 00340 0,100 00123 | 00830 00450 00100 [
36 Sub-surface deposit feeders invertsbrates 00100 00101 | 0,0262 0,000073 00201 | 00197 0140 00509 0189 0100 0250 0245 000900 00469 00102 00400 00
37 Surface suspension and deposit feeders 0.108 0.0700 00522 0334 00289 0701 0100 0750 00785 0303 0375 00307 00500 00
38 Benthic meiofauna
9 Suprabenthic inverisbrates 0,00300 00198 | 00379 0.0200
40 Macrozooplankion 00852 0443 00120 00781 | 00560 00820 00530 0203 0587 0134 0230 00700 0145 0411 00EB0 | 0335 0033 0234 0240 00500 0184 0210 0!
U) |41 Mesczooplankton 0,164 00581 00280 00400 0211 00701 00403 0136 | 00530 00700 0,138 00480 00882 0193 0601 004 0350 0650 0500 00
Se |42 Microzooplankton opis2 0.00462 0.0150 00880 0200
(D] 43 Bacteria
O T e Prytopaniion L 0125
S | |4 Protsplankions
46 Benthic producers
o) 47 Discards 00475 0.200
O | 8 perms D.00DS4 | D.00402 00500 00810
o 1 [49 impor 0000 | 0000 0000 00210 001000 0000 | 0181 | 0000 0000 G000 0000 0000 | 0000 | 0000 0000 | 0000 0000 0000 0000 0000 | 0000 0000 0000 0000 | 0000 D000 0000 Of
v 50 Sum 1000 1,000 1000 1000 | 1,000 1000 | 1000 | 1000 1,000 1000 1,000 1,000 | 1000 | 1000 1000 1,000 1000 1,000 1,000 1000 | 1,000 1000 | 1000 1,000 | 1,000 1000 1000 1.
Q. 5 s 0000 | 0000 0000 0000 | 0000 | 0000 | 0000 | 0000 0000 0000 0000 0000 | 0000 | 0000 0000 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 Of
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THE DIET MATRIX

Predators (=consumers)

< .
Prey \ predstor [ 1] 2]3] « [ 5] e ] 7] sl s 0 [ 1] 2 [ 3| u]s]w][v][w][ev] 2]a]2]|n a]ls]xz]:
S 1 Plunge and pursuit divers seabirds
2 Surface feeders seabirds
3 Baleen whales
4 Tosthed whales
5 Sharks L 000518 00137
6 Sharkslrays 000512 | 00301 0000259 00287 00425
7 Anglerfish 00300 | 00200 000501 0,00400 0.00484
2 Seabass 0.00288 0.00202
3 Codad 000351 0,00701 0,00200 0,00400 0,00438
10 Cod juverile D.00230 | 0.00100 0,000528 | 0,00500 0,00403 | 0,000096 0,00140
11 Blue whitting 00565 | 000137 000828 00101 00323 00104 000276 00183 00173
12 Hake adulte 000324 00165 000204 00150 00252 000173
13 Hake juvenile 0.00405 0.000873 0.00810 0.00782 00201 | 00178
14 Haddock £,00100 | 0,00501 0,080 00200 0,00500
15 Wihitting 000445 | 000211 | 000404 | 00302 012( 000300 |),000450 00705 | 0,00674 00245
? 16 Megrim 0,00822 | 0,00828 | 0,00403 0000222 0,000598 0,00835
17 Sole 000351 0,00100 | 0.00100 0,00800 0,00208 0,00130 0,000870
Q 18 Boarfish 0.00100 0.00503
(&) 19 Plaice 000048 0,000807  0,000803 D180 00201 0.00245 000
— 20 Demersal L D00E0E 000753 000518 00356 0,00462 | 000888 0.00378 00116 00129 00289
S 21 Demersal M 00584 00180 | 00120 00701 | Q171 00500 ||0.0200 00100 00161 000300 00500 00210 0254 0.0858
o 22 Demersal § 00BEE 0115 00§72 (0DED5 00828 0115 || 0424 0126 000478 00227 0103 00150 0238 0.1 000168 0.0104 00200 [T
23 Horse Mackerel 0.187 | 0150 00407 | 00569 000201 00670 0.004{3 00400 0181 0380 0.120
(%] 24 Mackerel D454 0307 060 D205 0365 | 00110 000288 | D, 0,050 0166 0,00900 0.0800
1 25 Sprat 00300 00154 | 000411 00167 | 000230 0,00363 | 0,075 00252 00516 00613 00257 00253 00310 000
~ 26 Herring 0,051 0,0300 00400 00190 000404 00143 00100 0,00200 0,0302 0.00400 0.00500 000
27 Sardine 0118 0118 00485 | 000332 000875 000101 0025) 000821 00234 | 00227 00416 0.00578 0.00252 00102 00110
0 28 Pouts 00882 | 00100 | 000777 00504 0. 0168 0.00702 00467 | 00278 0.231
> 23 Pelagic L 001000 0110 0.000629 0,00403
Q 0 Pelagic M 00831 00800 0,0482 00387 00103 00051 0034 0000305 0,00676 0,057 0011
o 31 Cephalopods 00670 0226 | 0170 | 0148 | 00310 00110 000846 |10.00124 0,000358 00140 00347 00776 0.00407 00204 0,0700 00
o 32 Norway lobster 000104 00345 0.00813
33 Lobsters/Crabs 00100 | 00103 00504 | O, 00387 00301 0,00613 0,0200 | 0.0102 00
34 Shrimps 00501 | 0272 | 00855 O, 0212 {01000 00571 00201 | 00758 00230 0275 | 0,110 0,150 D208 | 0180 0160 00368 0500 D:
35 Camiverous and necrophagous inverisbrates 000701 00834 00300 | 02| 00200 00171 00201 | 000758 000888 000115 00340 0,100 00123 | 00830 00450 00100 [
36 Sub-surface deposit feeders invertsbrates 00100 00101 | 0,026 0000073 00201 | 00197 0140 00509 0189 0100 0250 0245 000900 00469 00102 00400 00
37 Surface suspension and deposit feeders 0.108 0.0700 00522 0334 00289 0701 0100 0750 00785 0303 0375 00307 00500 00
38 Benthic meiofauna
9 Suprabenthic inverisbrates L 0.00200 00198 | 00379 0.0200
40 Macrozooplankion 00852 0443 00120 00781 | 00560 00820 00530 || 0203 0587 0134 0230 00700 0145 0411 00EB0 | 0335 0033 0234 0240 00500 0184 0210 0!
U) |41 Mesczooplankton 0,164 00581 00280 00400 || 0211 00701 00403 0136 | 00530 00700 0,138 00480 00882 0193 0601 004 0350 0650 0500 00
Se |42 Microzooplankton opis2 0.00462 0.0150 00880 0200
(D] 43 Bacteria
O T e Prytopianiion L 0125
S | |4 Protsplankions
46 Benthic producers
o) 47 Discards 00475 0.200
O V8 Derns D.00DS4 | D.00402 00500 00810
o |49 impor 0000 | 0000 0000 00210 001000 0000 | 08T | O, 0000 || 0000 000D 0000 | 0000 | 0000 0000 0000 0000 0000 0000 0000 | 0000 0000 | 0000 0000 | 0000 0000 0000 Of
v 50 Sum 1000 1,000 1000 1000 | 1,000 | 1000 | 1000 | 1, 1000 f1,000 1000 1000 | 1000 | 1000 1,000 1000 1000 1000 1000 1000 | 1000 1000 | 1000 1000 | 1000 | 1,000 1,000 1
O 5 -sm 0000 | 0000 0000 0000 | 0000 | 0000 | 0000 | O 0000 || 0000 0000 0000 | 0000 0000 0000 0000 0000 0000 0000 0000 | 0000 0000 | 0.000 0000 0000 0000 0000 0(
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INTRO

THE DIET MATRIX

Sharks/rays 0,04

Blue whiting 0,03

Sole 0,01

Plaice 0,02

822:::: 2/' _0’05 The « cod case »
Horse mack. 0,04

Mackerel 0,06 « je mange ***% de bidule,
Sardine 0,01 ***% de truc,

s o017 w459 de machin ...... »

Cephalopods
Lobsters/Crabs
Shrimps
Carn/necro
SSDF
Macrozoo
Mesozoo

Sum
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THE DIET MATRIX

* Generally, diet matrix are based on information
from the literature
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INTRO

THE DIET MATRIX -

* Generally, diet matrix are based on information ,
from the literature '

* |n the case of the current Celtic Sea model, it
comes from
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THE DIET MATRIX -

* Generally, diet matrix are based on information ,
from the literature '

* |n the case of the current Celtic Sea model, it
comes from

" Few local studies
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INTRO

THE DIET MATRIX

* Generally, diet matrix are based on information
from the literature

* |n the case of the current Celtic Sea model, it
comes from

m Few@udief \l

= Many studies made somewhere else
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INTRO

THE DIET MATRIX -

* Generally, diet matrix are based on information ,
from the literature '

* |n the case of the current Celtic Sea model, it
comes from

" Few local studies

= Many studies made somewhere else .

= Some recent studies > 2000
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INTRO

THE DIET MATRIX -

* Generally, diet matrix are based on information ,
from the literature '

* |n the case of the current Celtic Sea model, it
comes from

" Few local studies

= Many studies made somewhere else )( .

= Some recent studies 1960-2000

= Many old studies
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INTRO

THE DIET MATRIX

* Generally, diet matrix are based on information
from the literature

* |n the case of the current Celtic Sea model, it
comes from

= Few local studies

= Many studies made somewhere else

—> NEED OF BETTER INFORMATION
(local and relevant)
ON SPECIES INTERACTIONS

= Some recent studies

= Many old studies

£ 2



A GREAT OPPORTUNITY FOR TROPHIC MODELING IN THE CELTIC SEA

e EATME Project — IFREMER Lorient " Ifremer

* EVHOE survey 2014-2016 — Celtic Sea

* More than 2000 samples

Stable isotops analysis (SIA)

< ]

- L]

o

* Squid L
T 27 Silverside . LI
= & Sailfin Molly +
Z o - + Sheepshead minnow
o * Grass shrimp
-
© a, +7
< “ X

24 22 -20 -18 -16 -14
3C (...
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METHODS

NTAVAVAIRTE S,

N -



CONSIDERATIONS ABOUT THE DATA:

- HOW TO USE EACH TYPE OF DATA?

- EVENTUAL DATA PREPARATION

HERNVANN P.-Y. ~ M) Séminaire Amédée Automne 2017 23/11/17




STOMACH CONTENT ANALYSIS éb

* 10 main commercial species

* >1000 stomachs analyzed . -

75 % of non empty DDH DDD u :DD D

Lp. Lb Lw. Ma.Mm.M.p M.m.G.m. P.p. S.s. Lp. Lb Lw. Ma.Mm.M.p M.m.G.m. P.p. S.s.
* |dentification as precise as possible of taxa - 206 different taxa
* Occurrence, numerical, gravimetric;volumetric ()

HERNVANN P.-Y. ~ M) Séminaire Amédée Automne 2017 23/11/17
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INTRO

STOMACH CONTENT ANALYSIS é)

campagr station LatitucLongitu  taille Nom.latin

EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE
EVHOE

CC322
CC322
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC323
CC327
CC327
CcCc327
CC327
CC322
CC327
CC327
CC327
CcCc327
CC327
CC327
CC327
CC327
CC327
CcCc327

50.921 -9.6318:
50.921 -9.6318:
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.039 -9.636
51.161.-9.9233:
51.161-9.9233:
51.161.-9.9233:
51.161.-9.9233;
50.921 -9.6318
51.161-9.9233:
51.161.-9.9233:
51.161-9.9233:
51.161.-9.9233:
51.161.-9.9233:
51.161-9.9233:
51.161-9.9233:
51.161.-9.9233:
51.161-9.9233:
51.161.-9.9233:

Consumer _id

code_ind
39 Gadus morhua GM-Z1-1

39 Gadus morhua GM-Z1-1

38 Gadus morhua GM-71-10
38 Gadus morhua GM-Z1-10
38 Gadus morhua GM-Z1-10
39 Gadus morhua GM-Z1-11
39 Gadus morhua GM-Z1-11
39 Gadus morhua GM-Z1-11
39 Gadus morhua GM-71-11
38 Gadus morhua GM-71-12
51 Gadus morhua GM-Z1-13
51 Gadus morhua GM-Z1-13
42 Gadus morhua GM-Z1-14
41 Gadus morhua GM-Z1-15
41 Gadus morhua GM-Z1-15
37 Gadus morhua GM-Z1-16
37 Gadus morhua GM-Z1-16
51 Gadus morhua GM-Z1-17

Massi Masse Mass¢ No PaiCode_Proie.

Prey id

Nb_items

Prey PhyPrey S Prey SitPrey Cl:Prey Suk Prey SiPrey OiPrey SulPrey In Prey SiPrey F Prey G Prey_ ¢ Prey_MNb Remarks

35 Gadus morhua GM-Z1-18
35 Gadus morhua GM-71-18
35 Gadus morhua GM-Z1-18
35 Gadus morhua GM-Z1-18
35 Gadus morhua GM-Z1-18
35 Gadus morhua GM-Z1-18
39 Gadus morhua GM-Z1-19
39 Gadus morhua GM-Z1-19
39 Gadus morhua GM-71-19
39 Gadus morhua GM-71-13

41 Gadus morhua GM-Z1-2

detail

Finest taxon

Prey Taxon Prey T:
1 1 paire d'yev Eumalacostr:

1 1 paire d'yeu Brachyura

3 3 paires d'ye Eucarida

1 carapace san Brachyura

1 Liocarcinus
3 3 queues, 31 Pandalidae
7 1 queue, 4 pi Eumalacostr:
1 1disque san Ophiura

2 3 P1(2gauch Anomura

1 rostre trong! Processidae
1 péréiopode: Brachyura

1 chair, arétes Actinopteri
NA

Crangon allrr
1 1 pince subcl Crangonoide

1 entiére

21  5tétessans| Eumalacostri

1 1 ceil, 1 pinct Brachyura

2 1bivalve, 1v Palliolum tig
1 1bivalve Palliolum tig
8 8 paires d'ye Eucarida

1 1 paire d'yev Brachyura

2 2 pinces, 1 cc Liocarcinus v
1 1 corps entie Xanthidae

1 1 corps entie Atelecyclus:
1 entier

5

1

1

Macropipus
1 chair carap Brachyura

entiére Astarte sulcz

31 Gadus morhua GM-Z1-20
31 Gadus morhua GM-Z1-20
31 Gadus morhua GM-71-20
35 Gadus morhua GM-71-21
35 Gadus morhua GM-Z1-21
35 Gadus morhua GM-Z1-21
48 Gadus morhua GM-Z1-22
48 Gadus morhua GM-Z1-22
43 Gadus morhua GM-71-22

1 céphalo rost Pandalidae
1 téte sans ros Anomura

1 columelle tr; Naticidae

3 3 tétes Eumalacostri
1 1bivalve Palliolum tig
1 1 otolithe tr¢ Actinopteri
1 carapace ave Ebalia tubert
1 1corps avec Paguridae

2

25.1119.77 5.34 1 0GM-Z1-1-1 Arthropo Crustac Multicr Malacos Eumalace NA NA NA NA NA NA NA NA }

25.1119.77 5.34 1 0GM-Z1-1-2 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Brachyu NA NA NA NA

30.37 18.63 11.74 1 0 GM-Z1-10-1 Arthropo Crustac Multicri Malacos Eumalace Eucarid NA NA NA NA NA NA NA

30.37 18.63 11.74 1 0 GM-Z1-10-2 Arthropo Crustac Multicr Malacos Eumalacc Eucarid Decapo Pleocym Brachyu NA NA NA NA

30.37 18.63 11.74 1 0 GM-Z1-10-3 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Brachyu Portuni Polybii LiocarciNA -~/

38.13 14.68 23.45 1 0 GM-Z1-11-1 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Caridea Pandal Pandal NA NA

38.13 14.68 23.45 1 0 GM-Z1-11-2 Arthropo Crustac Multicr Malacos Eumalace NA NA NA NA NA NA NA NA }

38.13 14,68 23.45 1 0 GM-Z1-11-3 Echinode Astero: NA Ophiurc NA NA COphiuri Ophiurir Chiloph NA Ophiur Ophiur NA /

38.13 14.68 23.45 1 0 GM-71-11-4 Arthropo Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Anomur NA NA MNA NA

21.7 16.02 5.68 1 1 GM-Z1-12-1 Arthropo Crustac Multicr Malacos Eumalacc Eucarid Decapo Pleocym Caridea Proces: Proces: NA NA

81.61 56.56 25.05 1 1 GM-Z1-13-1 Arthropo Crustac Multicr Malacos Eumalacc Eucarid Decapo Pleocym Brachyu NA NA NA NA

81.61 56,56 25.05 1 1 GM-Z1-13-2 ChordataVerteb Gnatho Actinopi NA NA NA NA NA NA NA NA NA  /

26.89 24.45 2.4 0 1NA MNA NA NA NA NA NA NA NA NA NA NA NA NA I NA

22.5220.14 2.38 1 1 GM-Z1-15-1 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Caridea Crango Crango Crango Crang /

22.5220.14 2.38 1 1 GM-Z1-15-2 Arthropo Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Caridea Crango NA NA NA

20.66 15.5 5.16 1 0 GM-Z1-16-1 Arthropo Crustac Multicr Malacos Eumalacc NA NA NA NA NA NA NA NA

20.66 15.5 5.16 1 0 GM-Z1-16-2 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Brachyu NA NA NA NA

67.6256.88 10.74 1 1 GM-Z1-17-1 Mollusca NA NA Bivalvia Pteriomec NA Pectino NA NA Pectinc Pectini Palliolu Pallio ¢

Z1Z 676825682 A0 74 1 1 GM.71.17.2  ChordataVerteh Goatho ActinooiNa 37 Lo LG 117

26.9715.83 11.14 1 0 GM-Z1-18-1 Mollusca NA NA Bivalvia Pteriomc NA Pectino NA NA Pectinc Pectini Palliol. Pallio /

26.97 15.83 11.14 1 0 GM-Z1-18-2 Arthropo Crustac Multicri Malacos Eumalace Eucarid NA NA NA NA NA NA NA

26.97 15.83 11.14 1 0 GM-Z1-18-3 Arthropo Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Brachyu NA NA NA NA

26.97 15.83 11.14 1 0 GM-Z1-18-4 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Brachyu Portuni Polybii Liocarci Liocar

26.97 15.83 11.14 1 0 GM-Z1-18-5 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Brachyu Xantho Xanthic NA NA

26.97 15.83 11.14 1 0 GM-Z1-18-6 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Brachyu Cancroi Atelec) Atelecy Atele £

34.65 17.63 17.02 L 0 GM-ZL-19-1 Arthropo Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Brachyu Portuni Polybii Macrog Macrc /

34.6517.63 17.02 1 0 GM-Z1-19-2 Arthropo Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Brachyu NA NA NA NA

34.6517.63 17.02 1 0 GM-71-19-3 Mollusca NA NA Bivalvia Heterodc NA Carditoi NA NA Crassat Astartii Astarte Astari £

34.6517.63 17.02 1 0 GM-71-19-4_Echinode Echino: NA Echinoic NA A A MNA MNA MNA MNA MNA NA ) fragments d¢ Echinoidea

31.58 24.28 7.3 0 0NA NA NA NA NA NA NA NA NA NA NA NA NA NA T NA
30US MOTNUE GV 2120 10.080 0.8 18 1 DOM L1201 Annengana  MA  PolychachA < 17— . A WEW

10.58 84 2,18 1 0 GM-Z1-20-2 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Caridea Pandal Pandal NA NA

10.58 8.4 2.18 1 0 GM-Z1-20-3 Arthropo Crustac Multicr Malacos Eumalace Eucarid Decapo Pleocym Anomur NA NA NA NA

105884 2.18 1 0 GM-71-20-4 Mollusca NA MNA Gastropt Caenoga: NA Littorini NA MNA Naticoi Naticid NA NA

15.2710.6 4.67 1 0 GM-Z1-21-1 Arthropo Crustac Multicr Malacos Eumalacc NA NA NA NA NA NA NA NA

15.2710.6 4.67 1 0GM-Z1-21-2 Mollusca NA NA Bivalvia Pteriomec NA Pectino NA NA Pectinc Pectini Palliolu Pallio ¢

15.2710.6 4.67 1 0GM-Z1-21-3 ChordataVerteb Gnatho Actinopi NA NA NA NA NA NA NA NA NA

46.97 27.47 19.5 1 0 GM-Z1-22-1 Arthropa Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Brachyu LeucosiLeucos Ebalia Ebaliz/

46.97 27.47 19.5 1 0 GM-Z1-22-2 Arthropo Crustac Multicri Malacos Eumalacc Eucarid Decapo Pleocym Anomut Paguro Paguric NA NA

46.97 27.47 19.5 1 0 GM-Z1-22-3 Arthropo Crustac Multicri Malacos Eumalace Eucarid Decapo Pleocym Brachyu NA NA NA NA

174

1pince Brachyura



STOMACH CONTENT ANALYSIS @b

Number of prey X 4 il

items per stomach
X touffe
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STOMACH CONTENT ANALYSIS tb

Number of prey _X 44

items per stomach
w_xtouﬁb

Eaten quantity of —
each prey type
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STOMACH CONTENT ANALYSIS é)

Number of prey

items per stomach
. X touffe

Number = Weight?
Question of digestibility PREY ITEMS| = | ESTIMATORS

OF MAT[TER FLOWS?

Eaten quantity of —
each prey type
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STOMACH CONTENT ANALYSIS é)

Number of prey _X 2%

items per stomach
e X touffe

Number = Weight?
Question of digestibility PREY ITEMS| = | ESTIMATORS

Compare species... OF MATITER FLOWS?

z.zw
Eaten quantity of —
each prey type

HERNVANN P.-Y. ~ M) Séminaire Amédée Automne 2017 23/11/17



STOMACH CONTENT ANALYSIS é)

Number of prey
items per stomach

. X touffe

PREY ITEM
OF M

ESTIMATORS
FLOWS?

Eaten quantity of —
each prey type
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STOMACH CONTENT ANALYSIS @

Number of prey _X ik

items per stomach
.,‘xtouﬁb

Frequencies of
observation
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STOMACH CONTENT ANALYSIS

Number of prey X,4 .

items per stomach

X touffe

SCA will give information on the
links to be considered in the diet
matrix

- Topological web

Frequencies of T3
observation
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STABLE ISOTOPES ANALYSIS /

« ~all functionnal groups in the ecosystem (the 10 commercial species and
their potential preys)

* >1000 samples

* Both carbon and nitrogen stable isotopes

53¢ S15N
Identification of the Identification of the
primary source trophic position

HERNVANN P.-Y. ~ M) Séminaire Amédée Automne 2017 23/11/17
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TROPHIC ENRICHMENT CONCEPT

« You are what you eat »

Fry 2006 etc

P shrimp-> cod P small dem-> cod

= 46 % =35%
P pout-> cod
=119 %

o wnrme 815N small dem
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TROPHIC ENRICHMENT CONCEPT /

0.46 * qp chyimp SI5N shrimp+ ) + 0.19 * I pout ™ ( 85N pout +A)+ 0.35 *Ansm dem ™ ( SI5N small dem + A)
815N cod =

0.46 * qN,shrimp+ 0.19* qN,pout +0.35* qN,sm dem

P shrimp-> cod P small dem-> cod

=46 % =35%
P pout-> cod
=119 %

&)y

15 .
8> N shrimp 815N small dem
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TROPHIC ENRICHMENT CONCEPT /

SI5N cod ~ 0.46 *( 85N shrimp+A) + 0.19 * ( 815N pout +A)+ 0.35 *( 812N small dem + A)

P shrimp-> cod P small dem-> cod

=46 % =359
P pout-> cod
=119 %

o wnrme 815N small dem
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TROPHIC ENRICHMENT CONCEPT /

—> ISOTOPIC SIGNATURE of CONSUMER and SOURCES + TROPHIC ENRICHMENT
= DETERMINATION OF THE DIET

P pout-> cod =5 %
42 %

S1°N small dem(
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STABLE ISOTOPES ANALYSIS /

§13¢C
Stable isotopes 2
concentrations +

§1°N

Consumer

TROPHIC ENRICHMENT

Eaten quantity of
each prey type
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STABLE ISOTOPES ANALYSIS

§13¢C
Stable isotopes 2
concentrations +

515N

SIA will estimate the coefficients of

mer

the diet matrix conditionnally to
the topological web

Eaten quantity of
each prey type
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LITERATURE...because it is still useful!

* Does the predator X eat the prey Y?
- If we miss something!
- Because of the temporal coverage of our SCA and SIA data
e Are there estimates of the contributions?
Qualitative or Quantitative studies?
 What about data quality?
- Local vs Foreign

- Recent vs Old
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LITERATURE...because it is still useful! ===

* Does the predator X eat the prey Y?
- If we miss something!
- Because of the temporal coverage of our SCA and SIA data
Literature can inform on both
* Are there stimatis of the contriQutions? . .
opological web and contributions
Qualitative or Quantitative studies?
 What about data quality?

- Local vs Foreign

- Recent vs Old
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OK, SO KNOW WE CAN START MODELLING:
Building EcoDiet

HERNVANN P.-Y. y p Séminaire Amédée Automne 2017 23/11/17



Diversity of data = SIA & SCA
to couple

+

Integrate « a priori » knowledge from the literature

+

Need of taking into account uncertainty related to diet estimates

{

INTEGRATED BAYESIAN MODEL

EcoDiet

HERNVANN P.-Y. ~ M) Séminaire Amédée Automne 2017 23/11/17




BAYESIAN |NETWORK

Literature
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STOMACH CONTENT ANALYSIS é)

For each consumer: Found vs Not found

[ B |
IIIDd O
b @ o 1 1 0 .1 1

= Success

= fail
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STOMACH CONTENT ANALYSIS é)

For each consumer: Found vs Not found

[ B |
IIIDd O
b @ o 1 1 0 .1 1

= Success

= fail
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SCA — 7
>

xO

SIA

Occ_stom X5

/-

Occ_stom ~ Bin (pz, Nb_stom)

link ~ Bern (12)

Literature
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SCA — 7
>

x0

SIA

Occ_stom X5

/ / Nb_stom

Occ_stom ~ Bin (pz, Nb_stom)

Literature
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STABLE ISOTOPES ANALYSIS /

* SIA module based on a pre-existing global mixing model

IsoWeb: A Bayesian Isotope Mixing Model for Diet Analysis of the
Whole Food Web e
‘@ PLOS | one

Taku Kadoya [E. Yutaka Osada, Gaku Takimeto

Data:

° Ma | n equ ations X; = c?bse.:rved isqtope ratio of element 7 ir; consumer i
normally distributed with mean s; and variance o

N 2 ij;. [,;,] = observed concentration of element j in resource k;[m|.

Estimated:
s; = mean of isotope ratio of element j in consumer i.
~NI(A: 72
Cf k i [m] N( J> Tjki [m} ay-z = residual variances of isotope ratio of element j in
consumer 2.
M: Cikiim] = trophic enrichment factor of element j for the trophic
Zm’: ) pik‘-[ Qj k;[m (S jk; ] + Cjki [m]) li?k from reso‘lirce k;|m] to consumer ¢ (k;[m] is the mth resources
Sij = of consumer ¢ ).
M;
Zm: 1 P ik;| iji [m Pikijm] = dietary proportion of resource k;[m] of consumer 1.
Priors:
A;and szk,-[m] 1s the mean and variance of prior distribution

Piti(1)> -+ Pit [ 1] - Dirichlet (o1, .., ;)

o1 = ... =04y, are the parameters of a Dirichlet prior
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STABLE ISOTOPES ANALYSIS /

* SIA module based on a pre-existing global mixing model

Whole Food Web

Taku Kadoya [E. Yutaka Osada, Gaku Takimeto

IsoWeb: A Bayesian Isotope Mixing Model for Diet Analysis of the
©PLOS | one

* Main equations

@) N (A )

o ot ;k,f ) (St
! Znﬂf i w’ 9 Tk iml]

Pit{1]> - - Lit [ Dirichlet (o1, ..., o)

Data:

X; = observed 1sotope ratio of element j in consumer g
o : : 2
normally distributed with mean s; and variance o

ij;. [,;,] = observed concentration of element j in resource k;[m|.

Estimated:

s; = mean of isotope ratio of element j in consumer i.

g; = residual variances of isotope ratio of element j in
consumer 2.

Cikiim] = trophic enrichment factor of element j for the trophic
link from resource k;[m| to consumer ¢ (k;m] is the mth resources
of consumer 7 ).

Dik;jm) = dietary proportion of resource k;[m] of consumer .

Priors:

A;jand 7 is the mean and variance of prior distribution
7 Jkilm]

o1 = ... =04y, are the parameters of a Dirichlet prior
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STABLE ISOTOPES ANALYSIS /

* SIA module based on a pre-existing global mixing model

IsoWeb: A Bayesian Isotope Mixing Model for Diet Analysis of the
Whole Food Web e
‘@ PLOS | one

Taku Kadoya [E. Yutaka Osada, Gaku Takimeto

Data:
° Ma | N eq u ations X; = c?bse.:rved isqtope ratio of element 7 ir; consumer g
normally distributed with mean s; and variance o
2 ij;. [,;,] = observed concentration of element j in resource k;[m|.
X;~N (s, - ])
Estimated:
s; = mean of isotope ratio of element j in consumer i.

Cik:(m) ~ N b . . . .
fkl [m] ‘ o; = residual variances of isotope ratio of element j in

consumer 1.

M: Cikiim] = trophic enrichment factor of element j for the trophic
Zm': 1 pik‘- [m) Qj k; [m] (S jk; m] -+ Cjki [m]) li?k from reso‘lirce k;[m| to consumer ¢ (k;[m] is the mth resources
Sij = Y of consumer 7).
i
Zm: 1 P ik;[m| iji [m] Pikijm] = dietary proportion of resource k;[m] of consumer 1.
Priors:

. . A;and 1s the mean and variance of prior distribution
PRI ) ~Dirichlet(o;1, ..., tip. ) 7 el
plk‘ [1] ’ ,plki [M i] il > M o] = ... =0p; are the parameters of a Dirichlet prior
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SCA

vy SIA

\\ §YX
AN D¢
8V X

~ Norm (s,0?)

SF:fed = zApprey*( Sprey™ X)

p ~ Dirich (o, Za)

Literature
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NN &YX
Occ_stom X5 .\ §YX

/=

Occ_stom ~ Bin (pz, Nb_stom)

~ Norm (s,0?)

SF:fed =2 Porey™( Sprey™ X)

p ~ Dirich (a, 2a)

Literature
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MAT & METH

LITERATURE - how to assess the quality of the data

* Consistency with EwWE approach: using the Pedigree scores

« = A mark (€ [0;1]) that decreases when the data becomes more uncertain

2 A
Parameter Category Description Index Default confidence interval + C V
(+- %) o

Biomass (B) 1 Missing parameter (estimated by Ecopath) 0.0 i

2 From other model 0.0 80

3 Guesstimates 0.0 80

4 Approximate or indirect method 04 50-80

3 Sampling based, low precision 0.7 40

6 Sampling based. high precision 1.0 10
P/B and Q/B 1 Missing parameter (estimated by Ecopath) 0.0 n.a.

2 Guesstimates 01 90

3 From other model 02 80

4 Empirical relationships 0.5 50

3 Similar group/species, similar system 0.6 40

6 Similar group/species, same svstem 0.7 30

7 Same group/species, similar svstem 0.8 20

b Same oroun/species same svstem 10 10
Diets (DC) 1 General knowledge of related group/species 0.0 80

2 From other model 0.0 80

3 General knowledge for same group/species 0.2 80

4 Qualitative diet composition study 0.5 50

3 Quantitative but limited diet composition study 0.7 40

6 Quantitative_detailed, diet composition studv___1.0 30
Catches 1 Guesstimates 0.0 =80

2 From other model 0.0 =80

3 FAO statistics 02 80

4 National statistics 0.3 30

5 Local study, low precision/incomplete 0.7 30

6 Local studv_high precision/complete 1.0 10
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LITERATUREg

* Pedigree - atarget C.V. by consumer

Same sp/grp
Related sp/grp Gnrl knwldg or study in foreign Qualitative Quantitative
A Gnrl knwldg ecosystem diet study diet study
<€ > <€ >€ >

Mono/Multi s
> - Study in foreign
@ ecosystems:
Qttv/Qltv?
Recent/Old~
- CelticSea/
neigh.?

4

O 01 02 03 04 05 06 07 08 09
Pedigree
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LITERATURE g - how to assess the quality of the data

A m .K. Weight Lit vs Stom:

Pedigree = 1

P g5

non informative prior :

.

~ Beta(1,1) z ~ Sampling size of b
LYJ
2.
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LITERATURE g - how to assess the quality of the data

A m .K. Weight Lit vs Stom:

Pedigree = 1

- SR

.

L

informative prior :

~ Beta(x,y)
\—Y—} z ~ Sampling size of
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LITERATURE g - how to assess the quality of the data

LITT LIT2 LIT3
A

%

non informative prior :

o [1,]] ~ Beta(piit,1)

A
|
|
v

Z = determined by CV peqigree
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LITERATURE g - how to assess the quality of the data

LITT LIT2 LIT3
A

Za N

L

informative prior :

p [1,i1 ~ Dirich(ai,j],2 ali,],)

Z = determined by CV peqigree
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LITERATURE g - how to assess the quality of the data

LITT LIT2 LIT3
A

%

informative prior :

o [1,j] ~ Beta(ali,j],2 ali,])

afi,jl/2 afi,]
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Occ_stom X5

/-

Occ _stom ~ Bin (

(A 8§V X
&YX

~ Norm (s,0?)

, Nb_stom)

SF:fed =2 Porey™( Sprey™ \\)

p ~ Dirich (o, Za)

Literature
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MAT & METH

(A 8§V X
&YX

~ Norm (s,0?)

Occ_stom X5

/=

Occ_stom ~ Bin (pz, Nb_stom)

SF:fed =2 Porey™( Sprey™ \\)

p ~ Dirich (a, 2a)

!

e

Literature
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« EASY » RESULTS

SIA for all trophic groups SCA for one species: cod
.
175 :_ﬁ%__
=2
LN
—
I
E 15.0
()]
R kS e ¢ - 2 /!\ Occurrences of each prey in separated stomachs
Delta 13 C
(Data prep.: baseline correction) (Data prep.: reassignation of undet. grp)
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FIRST RUN OF EcoDiet ON BOTH SIA & SCA DATA
IN THE CELTIC SEA
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TOPOLOG'CAL FOO D_WEB only Sto?n 0n|y|it.> Stom &ﬁt. only lit.
\ J
A SCA avallilable SCA not available
T
R
(0
P
H
|
C
L
E
Vv
E
L

BenthD_prod ﬁhylo
(Width is proportional to the probability that a link exist between two groups)
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> > >

TOPOLOGICAL FOOD-WEB deduced by SCA  onvsim oy stomin

O — T v O =™ -H

rmn< mr-r

(Width is proportional to the probability that a link exist between two groups)

HERNVANN P.-Y. ~ M) Séminaire Amédée Automne 2017 23/11/17



RESULTS

TOPOLOGICAL FOOD-WEB

Take back posteriors of the several parameters « SWITCHER »
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RESULTS

STABLE ISOTOPES MODULE
Take back posteriors of the several parameters ISOTOPIC SIGNATURES
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STABLE ISOTOPES MODULE
Take back posteriors of the several parameters TROPHIC ENRICHMENT

Carbon trophic enrichment Nitrogen trophic enrichment

Density
Density

All species All species
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RESULTS

STABLE ISOTOPES MODULE
Take back posteriors of the several parameters CONTRIBUTIONS
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COMPARING THE RESULTS - Strategic design
+

EcoDiet2

EcoDietl

~ IsoWeb

Literature
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A NEW VISION OF DIETS IN THE CELTIC SEA — the cod case
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A NEW VISION OF DIETS IN THE CELTIC SEA — the cod case
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RESULTS

A NEW VISION OF DIETS IN THE CELTIC SEA — the cod case
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A NEW VISION OF DIETS IN THE CELTIC SEA — the cod case
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A NEW VISION OF DIETS IN THE CELTIC SEA — the cod case
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DISCUSSION




STILL TO DO

* Inclusion of final a « Pedigreed » diet matrix as prior

* Remove variation for the trophic enrichment factor

* Sensitivity analysis on data pretreatment of SIA & SCA
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ABOUT EcoDiet

* EcoDiet: an innovative integrated model to couple both SCA and SIA...
....and literature data

* Main strengths:
= SCA as occurrences = less time-consuming
= Distinction between preys with similar isotopic signatures
= Better estimates of contributions since it artificially decrease the

number of potential preys

* Promising results: new vision of trophic functionning in the Celtic Sea



DISCUSSION

Perspectives
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