SectionS1i Detailed description of the functional groups included in the By of Biscay Atlantis model.

Table S1 Description of functional groups composition of the Bay of Biscay Atlantis model.

Code

Group

Species

SBD

SBS

BWH

CET

SHB

SHP

SHD

Diving andpursuit divers
seabirds

Surface feemg seabirds

Baleen whales

Toothed cetaceans

Demersal sharks

Pelagic sharks

Deep water sharks

Razorbill Alca torda,Li nnaeus 1758) , CaboectysaiomedebsSeopali WibH),eAtlanti¢ puffin
(Fratercula arctica,Linnaeus 1758), European stopetrel Hydrobates pelagicud,innaeus 1758), European shi
(Phalacrocorax aristotelis,Linnaeus 1761),great cormorant Rhalacrocorax carbo,Linnaeus 1758), Man
shearwaterRuffinus puffinusBrunnich 1764), Balearic shearwat&uffinus mauretanicug,owe 1921), commor
murre Uria aalge,Pontoppidan 1763)

Norhern fulmar Fulmarus glacialisLinnaeus 1761), herring gulLérus argentatusPontoppidan 1763), yellow
legged gull Larus cachinnans, Pallas 18),llesser blaclbacked gull Larusfuscus,Linnaeus 1758), great blac}
backed gull Larus marinusLinnaeus 1758), yellovlegged gull Larus michahellis).F.Naumann 184)) common
black-headed gull l(arus ridibundusLinnaeus 1766), northern ganndidrus bassanud,innaeus 1758)black
legged kittiwake Rissa tridactylaLinnaeus 1758)

Minke whale Balaenoptera acutorostratd,acépéde 1804), sei whalBglaenoptera borealid,esson 1828), blue
whale Balaenoptera musculud,innaeus 1758)fin whale Balaenoptera physalud,innaeus 1758)humpback
whale Megaptera novaeanglia®orowski 1781), sperm whal®llyseter macrocephalulsinnaeus 1758
Common dolphin@elphinus delphid.innaeus 1758 shortfinned pilot whale Globicephala macrorhynchu§ray
1846), longfinned pilot whale Globicephala melasTraill 1809, Risso's dolphinGrampus griseusCuvier 1812),
grey seal flalichoerus grypusk-abricius 1791), Atlantic whitsided dolphin l(agenorhynchus acutu§ray 1828),
white-beaked dolphinlagenorhynchus albirostri§ray 1846), pygmy sperm whal€dgia brevicepsde Blainville
1838), Dwarf sperm whaleKfpgia sima,Owen 1866) , Ge r vMesoplédonbearapleasiervaist
1855) , Tr u e 6 Mesdpledork mirdsT ruehl @1B) ekillef whale@rcinus orca,Linnaeus 1758), harbou
seal Phoca vitulina,Linnaeus 1758), harbour porpoidehpcoena phocoendjnnaeus 1758 false killer whale
(Pseudorca crassiden®wen 1846), stripedlolphin Stenella coeruleoalbaVieyen 1833, bottlenose dolphir
(Tursiops truncatusMontagu 182}, Cuvier's beaked whal&iphius cavirostrisCuvier 1823)

Starry smootkhound Mustelus asteriagCloquet 1821), smoothound Mustelus mustelusjnnaeus 1758), picket
dogfish Squalus acanthiad,innaeus 1758), longnose spurddgq(alus blainville,Risso 1827), smakpotted
catshark $cyliorhinus caniculal.innaeus 1758), nursehoun8dyliorhinus stellarisl.innaeus 1758)

Thresher Alopias vulpinus,Bonnaterre 1788), shortfin makdsiirus oxyrinchusRafinesque 1810), porbeag
(Lamna nasusBonnaterre 1788), blue shafRr{onace glaucal.innaeus 1758)

Leafscale gulper shariCéntrophorus squamosuBonnaterre 1788), Portuguese dogfi€eiitroscymnus coelolepi:
Bocage & Capello 1864), rabbit fisBliimaera monstrosd,innaeus 1758), kitefin sharbélatias licha,Bonnaterre
1788), birdbeak dodfistDania calceal owe 1839), arrowhead dogfisBéania profundorumSmith & Radcliffe
1912), velvet belly Etmopterus spinax,innaeus 1758), tope shar&éleorhinus galeud.innaeus 1758), Atlantic
sawtail catsharkGaleus atlanticusyaillant 1888), blackmouth catsharicgleus melastmus,Rafinesque 1810)
bluntnose sixgill sharkHexanchus griseu®onnaterre 1788), knifetooth dogfisBdymnodon ringen8ocage &
Capello 1864)




TableS1 (continued)

Code Group

Species

SSK  Skates and rays

BFT  Bluefin tuna
ALB  Albacore
OPE Otherlargepelagic fishes

MAC Mackerel
HOM Horse mackerel

PIL Sardine
ANE Anchovy
OPL  Otherplanktivorousfishes

FMP  Mesopelagic fishes

ANF  Anglerfish
BSS Seabass
WHB Blue whiting

HKE Hake
COD Caods
MEG Megrim

SOL Common sole
FFL Flatfishes

MUL Mullets

Common stingray asyatis pastinacal.innaeus 1758), blue skat®ipturus batis,Linnaeus 1758), sandy ra
(Leucoraja circularis,Couch 1838), shagreen ralye(icoraja fullonica,Linnaeus 1758), cuckoo ray.€ucoraja
naevusMiiller & Henle 1841), common eagle rayliyliobatis aquila,Linnaeus 1758), thornback raRdja clavata,
Linnaeus 1758), sma#tyed ray Raja microocellataMontagu 1818), spotted rajRéja montaguiFowler 1910)
Atlantic bluefin tuna Thunnus thynnug,innaeus 1758)

Albacore Thunnus alalungaBonnaterre 1788)

Garfish Belone belonelLinnaeus 1761), Atlantis pomfreBfama brama,Bonnaterre 1788), skipjack tur
(Katsuwonus pelamigjnnaeus 1758), bluefisiPbmatomus saltatrit,innaeus 1766), Atlantic bonit&arda sarda,
Bloch 1793), Atlantic sauryScomberesox saurud/albaum 1792), bigeye tun@t{unnus obesuspwe 1839)
Atlantic chub mackerelScomber coliagzmelin 1789), Atlantic mackereS€omber scombrukjnnaeus 1758)
Mediterranean horse macker&kdchurus mediterraneus§teindachner 1868), Atlantic horse mackefebthurus
trachurus,Linnaeus 1758)

European pilchar@=Sardine) $ardina pilchardusyvalbaum 1792)

European anchovyEpgraulis encrasicolud,innaeus 1758)

Allis shad @losa alosalinnaeus 1758), twaite shadll¢sa fallax,Lacépéde 1803), argentinkrgentina sphyraena
Linnaeus 1758), bogudB¢ops boopsl.innaeus 1758), boarfisiCapros aper,Linnaeus 1758), Atlantic herrin
(Clupea harenguslinnaeus 1758), silvery poutG@adiculus argenteus(uichenot 1850), longspine snipefi
(Macroramphosus scolopakinnaeus 1758), European smdlisnerus eperlanugjnnaeus 1758), Atlantic saur
(Scomberesox sauruid/albaum 1792), European spr8ptattus sprattud,innaeus 1758)

Baird's slickheadAlepocephalus bairdiiGoode & Bean 1879)%potted barracudina(ctozenus rissoBonaparte
1840),half-naked hatchetfishArgyropelecus hemigymnuSpcco 1829)glacier lantern fishEenthosema glaciale
Reinhardt 1837), Madeira lantern fish eratoscopelus maderensid,owe 1839), shortnose greeney
(Chlorophthalmus agassizBonaparte 1840)jewel lanternfish l(ampanyctus crocodilusRisso 1810),silvery
lightfish (Maurolicus muelleriGmelin 1789), spotted lanternfishlyctophum punctatunRafinesque 1810)
Blackbellied anglerl{ophius budegass&pinola 1807), angldrmonk) (ophius piscatorius,.innaeus 1758)
European seabaddi¢entrarchus labraxl.innaeus 1758)

Blue whiting (=Poutassou)Micromesistius poutassoRjsso 1827)

European hakaerluccius merlucciud,innaeus 1758)

Norway pout Trisopterus esmarkiiNilsson 185%, pouting(=bib) (Trisopterus luscud,innaeus 1758 poor cod
(Trisopterus minutud,innaeus 1758

Fourspot megrim (kpidorhombus bosciRisso 1810), megrimLépidorhombus whiffiagoni¥yalbaum 1792)
Common sole%olea solea.innaeus 1758)

Imperial scaldfish Arnoglossus imperialisRafinesque 1810), Mediterranean scaldfigtrnpglossus laterna
Wal baum 1792) , Arioglessudtborikyle ¥913) deépswvater $olBdthysolea profundicola/aillant
1888), solenetteBuglossidium luteunRisso 1810), spotted flounderif@arus linguatula,Linnaeus 1758), wedg
sole Dicologlossa cuneatayloreau 1881), witch floundelyptocephalus cynoglossusnnaeus 1758), commo
dab (imanda limanda,Linnaeus 1758), thickback soldicrochirus variegatus,Donovan 1808), lemon sol
(Microstomus kittWalbaum 1792), sand solPdgusa lascarisBenTuvia 1990), European flounderlatichthys
flesus,Linnaeus 1758), European plaidel€uronectes platesséjnnaeus 1758), turbotScophthalmus maximu:
Linnaeus 1758), brillgcophthalmus rhombuisinnaeus 1758)

Red mullet Mullus barbatusLinnaeus 1758)surmullet Mullus surmuletusl.innaeus 1758
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TalesS1 (continued)

Code Group

Species

FDL Large demersal fishes

FDM Medium demersal fishes

FDS Small demersal fishes

FSD Deep sea fishes

CBE Benthic cephalopods

Meagre Argyrosomus regiusisso 1801), European cong&anger congerl.innaeus 1758), Atlantic cods@dus
morhua, Linnaeus 1758), haddockMglanogrammus aeglefinuginnaeus 1758), blue lingMolva dypterygia,
Pennant 1784), Spanish ling¢lva macrophthalmaRafinesque 1810), lingMolva molva,Linnaeus 1758),
forkbeard Phycis phycis,Linnaeus 1766), pollackPpllachius pollachius,Linnaeus 1758), saithé=pollock)
(Pollachius virensLinnaeus 1758), John dorgdus faberlLinnaeus 1758)

Tub gurnard Chelidonichthys lucernd,innaeus 1758), blackbelly rosefisHelicolenus dactylopterufelaroche
1809), sand steenbrasithognathus mormyrugd,innaeus 1758), whitingMerlangius merlangud,innaeus 1758),
blackspot seabreanPggellus bogaraveoBrinnich 1768), red porgyPégrus pagrusLinnaeus 1758), greate
forkbeard Phycis blennoidesBrinnich 1768), red scorpionfisiS¢orpaena scrofal.innaeus 1758), giltheau
seabream3parus auratal.innaeus 1758)

Scalerayed wrasseAcantholabrus palloniValenciennes 1839), small sandedimmodytes tobianug,innaeus
1758), transparent gobyphia minutaRisso 1810), butterfly blenn{ennius ocellarisL.innaeus 1758), dragone
(Callionymus lyra,Linnaeus 1758), spotted dragonéla(lionymus maculatusRafinesque 1810Q)reticulated
dragonet Callionymus reticulatusValenciennes 1837)ed gurnard Chelidonichthys cuculud,innaeus 1758),
streaked gurnardhelidonichthys lastoviz&onnaterre 1788), longfin guand (Chelidonichthys obscuruBjoch &
Schneider 1801), thicklip grey mulle€Clelon labrosusRisso 1827), goldsinawrasse Ctenolabrus rupestris
Linnaeus 1758), fouspotted gobyeltentosteus quadrimaculatigalenciennes 1837), white seabreddip{odus
sargus,Valenciennes 1830), common t@anded seabreanDiplodus vulgaris,Geoffroy St. Hilaire 1817), gre
gurnard Eutrigla gurnardus,Linnaeus 1758), bigeye rocklings@idropsarus macrophthalmu&iinther 1867),
threebearded rocklingGaidropsarus vulgarisCloquet 1824), gobies nébpbiidag, cuckoo wrassd @brus mixtus,
Linnaeus 1758), spiny gurnardgpidotrigla dieuzeideBlanc & Hureau 1973), Fries's gohyeSueurigobiugriesii,
Malm 1874), thinlip grey mulletjza ramadaRisso 1810), softhead grenadiglalacocephalus laevigowe 1843),
common Atlantic grenadieNgzumia aequalis;inther 1878), snake blenn@ghidion barbatuml.innaeus 1758),
axillary seabreamRagellus acarneRisso 1827), common pandoRagellus erythrinud,.innaeus 1758), sand gok
(Pomatoschistus minutu®allas 1770), painted gobydmatoschistus pictusia |l m 1865) , ca
(Scorpaena loppeiCadenat 1943), combeBérranus cabrillaLinnaeus 1758), black seabreaBpondyliosome
cantharusLinnaeus 1758), greater weev@airgchinus dracolLinnaeus 1758), piper gurnardr{gla lyra, Linnaeus
1758)

Alfonsino Beryx decadactylusCuvier 1829), red bandfistCépola macrophthalmd,innaeus 1758), hollowsnot
grenadier Coelorinchus caelorhincufisso 1810), Mediterranean slimeheblblostethus mediterraneuSuvier
1829), Mediterranean codlingépidion lepidionRisso 1810), common moriléra moro,Risso 1810)Notacanthus
bonaparte,Kaup's arrowtooth eelSiynaphobranchus kaupilohnson 1862)oughsnout grenadiefachyrincus
scabrus Rafinesque 1810)

Globose octopusBathypolypus sponsalifjscher and Fischer 1892), horned octotisqone cirrhosal.amarck
1798), spider octoputopus salutiiverany 1837), common octopuS¢topus vulgarisCuvier 1797), lentiBay
of Biscayail squid Rondeletiola minorNaef 1912), elegant cuttlefisisépia eleganBlainville 1827), common
cuttlefish Sepia officinalisLinnaeus 1758), pink cuttlefistSépia orbignyanal-érussac 1826), commday of
Biscaytail squid Gepietta owenianal 6 Or bi gny 1839)




TableS1 (continued)

Code Group Species

CBP Squids Midsize squid Alloteuthis medial.innaeus 1758 European common squiél{oteuthis subulatal.amarck 1798
broadtail shortfin squidll{ex coindetii, Verany 1839, Northern shortfin squidlliex illecebrosusLesueur 182},
veined squid l(oligo forbesi,Steenstrup 1856 European squid_pligo vulgaris,Lamarck 1798 European flying
squid (Todarodes sagittatusamarck 1798 lesser flying squidTodaropsis eblanad3all 1841

NEP Norway lobster Norway lobster llephrops norvegicujnnaeus 1758)

CRP Pelagiccrab Hensl owds s vwWolybios hanglowd, Leadh 1820

SHR Zooplankton feeding shrimps Acanthephyra pelagicéRisso 1816)Acanthephyra purpure@h. Milne-Edwards 1881 green shrimpChlorotocus
crassicornis,Costa 1871)Eusergestes arcticu&royer 1855) Gnathophausia zog@VillemoesSuhm 1873)pink
glass shrimp Fasiphaea multidentatd&gsmark 1866), white glass shrimBasiphaea sivaddiisso 1816), lesse
striped shrimp Rlesionika acanthonotus.l. Smith 1882), arrow shrimgPlesionika heterocarpussosta 1871),
golden shrimpRlesionika martiaA. Milne Edwards 1883)Sergia robustdSmith 1882)

DFB Benthosfeeders decapods Red snapping shrim@A({pheus glaberQlivi 1792), blue and red shrimpA¢isteus antennatuygRisso 1816), circula
crab @Atelecyclus rotundatu$)livi 1792), Bathynectesnaravigna (Prestandrea 1838jlible crab Cancer pagurus,
Linnaeus 1758 common shrimp Grangon crangonlLinnaeus 1758 whip shrimp Dichelopandalus bonnieri
Caullery 1898, Galathea dispersdBate 1859),Geryon trispinosugHerbst 1803) European lobsterHomarus
gammarus,Linnaeus 1758 scorpion spider crablnachus dorsettensisPenrant 1777, blueleg swimcrab
(Liocarcinus depuratorLinnaeus 1758 knobby swimcrab Nlacropipus tuberculatusRoux 1830, Macropodia
longipes(Milne-Edwards & Bouvier 1899)spinous spider cralMaja squinado,Herbst 1788 common prawn
(Palaemon serratusPennant 1777 pink spiny lobster Ralinurus mauritanicus,Gruvel 191), Pandalina
brevirostris (Rathke 1843)deepwater rose shrimpRarapenaeus longirostrid,ucas 184% megalops shrimg
(Penaeopsis serrat®ate 1888, caramote prawrPenaeus kerathurusorsskal 1775 Philocheras echinulatu@v.
Sars 1861)Polycheles typhlopéHeller 1862), Norwegian shrimpgéntophilus norvegicusyl. Sars 1861)spiny
shrimp @ontophilus spinosud,each 181% processa shrimpP¢ocessa canaliculatal.each 181% Rissoides
desmarest{Risso 1816)Atlantic mud shrimp$olenocera membranaceRisso 181p

DFD Detritusfeeders decapods Anapagurus laevi¢Bell 1845),angular crab Goneplax rhomboided.innaeus 1758)Munida intermediaMilne-
Edwards & Bouvier 1899Munida iris (Milne-Edwards 1880)Munida sarsi(Huus 1935)Munida tenuimandSars
1871), American smooth floundeP@gurus alatusfabricius 1775), ammon hermit crabRagurus bernhardus
Linnaeus 1758 Pagurus excavatu@Herbst 1791)Prideaux's hermit cralP@gurus prideauxl.each 181} delta
prawn Palaemon longirostrisi. Milne Edwards 183)7 whiteleg shrimpRenaeus vannamdsoone 1931

BIV  Bivalves

POL Polychaetes

SB Suprabenthos Mysids, isopods, amphipods, cumaceans and copepods

ECH Echinoderns

INV  Other invertebrates Gastropodscnidarians and sponges

ZG Gelatinous zooplankton Cubozoa, hydrozoa, scyphozoa and tunicata

ZL Macrozooplanktorf> 2000 pn)

ZM Mesozooplanktoi200-2000 pm)

ZS Microzooplankton(< 200 pm)

PP Benthic primary producers Benthic macrophytes amdicrophytobenthos

PL Large phytoplanktoif> 20 pm)

PS Small phytoplanktori< 20um)




TableS1 (continued)

Code Group Species
PB Pelagic bacteria

BB Sediment bacteria

DL Labile detritus

DR Refractory detritus

DC Carrion
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Carrion

The model was initiized with a biomass d@f.91t km (Corrales et al., 2032

We assumed that bacteria groups are distributed throughout the whole water column of the model.

The vertical and horizontal distribution was based on the proportion of each cell from the total area.
Detailed verticaland horizontaldistribution can be found irfsection S3 Table S6 and Fig. S1,

respectively

Detritus

Labile and refractory detritus have equal initialization estimd&eash of the detritugroup was
initialized with a biomass of 86.81 t kh{Corrales et al., 2032

We assumed that bacteria groups are distributed throughout the whole water column of the model
The vertical and horizontal distribution was based on the proportion of each cell from the total area.
Detailed verticaland horizontaldistribution can be found irsection S3 Table S6 and Fig. S1,

respectively

Bacteria

Pelagic and benthic bacteria have equal initialization estinfases rough estimate for the biomass
of each ofthe bacteria group, a value 6f50-10™ cellsml from ICES (2012)and theconversion factor
from Fukuda et al. (1998yas used to get the initiél6- 10° mgmil™.

The growthrate(mgN per day) and mortalitsate (per dayyvere assumed to libose set in the SE
Australian Atlantis mode(Fulton et al., 2004

We assumethatbacteria groups are distributed throughout the whole water column of the. model
The vertical andhorizontal distribution was based on the proportion of each cell from the total area.
Detailed verticaland horizontaldistribution can be found irBection S3 Table S6 and Fig. S1,

respectively

Phytoplankton

The size categories for large and small phytoplankton comesManquis et al. (2007)> 20 um
and <20um, respectively
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Estimates of phytoplankton biomass were collected friard. Copernicus Marine Service
Information for thelberiaBiscayIreland (IBI) aregAznar et al., 2016 Theseestimatesvere based on
satellite Chla data and conversion factors frdorgensen et al. (199ahdDalsgaard et al. (199 Were
used to convert tokm™?. Large phytoplankton was initialized with a biomass of 4.22 £lamd small
phytoplankton with a biomass of 7.42 t ®m

The growth rate (mgN per day) and mortaliye (per dayyvere assumed to ltbose set in th8E
Australian Atlantis modgJFulton et al., 2001

The phytoplankton is most common in the upper 4%Lmia et al., 2016, but a maximum depth of
100 m was setpers. comm. Xavier Corralg®Detailed vertical distribution can be foundSecton S3
TableS6. The horizontal distribution was characterizeeighing each of the boxes from the total area of
the Bay of Biscay. Detailedhorizontaldistribution can be found i8ectionS3 Fig. Sl.

Benthic primary producers

The benthic primary producers group includes benthic macrophytes and microphytab&néhos
model was initialized with a biomas$0.49 tkm2 (Guénette and Gascuel, 2009

The growth rate (mgN per day) and mortalitye (per dayyvere assumed to ltbose set in th8E
Australian Atlantis modeg(Fulton et al., 2004

Benthic primary producerare mostly common in the firdd-50 m pers. comm. Xavier Corralgs
Detailed vertical distribution can be found $ectionS3 Table $. The horizontal distribution was
characterizedveighing each of the boxes from the total area of thg d@ Biscay. Detailedhorizontal

distribution can be found i8ectionS3 Fig. Sl.

General zooplankton

The size categories fanacrozooplankton, mesozooplankton and microzooplarda®the standard
sizes used in the literature2000 um, 202000 um and 200 um respectivelyPoulet et al., 1996

The zooplankton can be foufidm the surface up to 2000 (Albaina and Irigoien, 20Q7Detailed
vertical distribution can be found BectionS3 Table $. The horizontal distribution ascharacterized
weighing each of the boxes from the total area of e & Biscay. Detailedhorizontaldistribution can
be found inSectionS3 Fig. SL.
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Microzooplankton

Themodel was initialized with a biomass of 5.5 t'k(Corrales et al., 2032

The growth rate (mgN per dagihd mortalityrate (per dayyvere assumed to libose set in the SE
Australian Atlantis modgJFulton et al., 2001

Their diet consists mainly of the two phytoplankton groups and de{@alkbet, 2008 Sherr and
Sherr, 200Y. Detailed diet matrix can be found $ectionS4, Table S7

Mesozooplankton

Themodel was initialized with a biomass of 7.7 tk(Corrales et al., 2032

The growth rate (mgN per day) and mortaligye (per dayyvere assumed to libose set in the SE
Australian Atlantis modeg(Fulton et al., 2004

The mesozooplankton feeds mainly in microzooplankton, large phytoplankton and small
phytoplankton(Calbet, 2001 Calbet et al., 2002Calbet and Saiz, 20p5SDetailed diet matrix can be
found inSectionS4, Table S7

Macrozooplankton

Themodel was initialized with a biomass®fL t kn? (Corrales et al., 2032

The growth rate (mgN per dafgr this groupwvas &sumed to bthis set in the SEAustralian Atlantis
model(Fulton et al., 2004

The mortality rate was set very low, 0.000@@t day(Hansen et al., 2016

Their diet consists of gelatinous zooplankton, ma@od mesezooplankton, large and small
phytoplankton and detrituBamstedt and Karlson, 1998leary et al., 201;2Dalpadado et al., 2008
Detailed diet matrix can be found $ectionS4, Table S7

Gelatinous zooplankton

The gelatinous zooplankton group is composed by cubozoas, hydrozoas, scyphozoas and tunicata
It was initialized with a biomass 681 tkm2 (Lamb et al., 201:9Pauly et al., 2008
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The growth rate (mgN per daghd mortalityrate (per dayyvere assumed to libose set in the SE
Australian Atlantis modeg(Fulton et al., 2004

The maximum depth of #hgroup was assumed 2000(pers. comm. Xavier CorraleDetailed
vertical distribution can be found BectionS3 Table $. The horizontal distribution was characterized
weighing each of the boxes from the total area of #nedB Biscay. Detailedhorizontaldistribution can
be found inSectionS3 Fig. Sl.

Their diet consist of gelatinous zooplankton, macrozooplankton, mesozooplankton,
microzooplankton, large phytoplankton, small phytoplankton and deth&isg mesozooplankton the
dominant prey(Granhag and Hosia, 201Blansson et al., 20Q4%.illey et al., 2009 Martinussen and
Bamstedt, 1996 Detailed diet matrix can be found $ectionS4, Table S7

Other invertebrates

The other invertebrasegroup is composed by gastropods, cnidarians and spofigesgroup was
initialized with a biomass af.23t km (Blanchetet al., 2005Le Loc'h et al., 2008Serrano et al., 2006

The growth rate (mgN per daghd mortalityrate (per dayyvere assumed to libose set in the SE
Australian Atlantis modeg(Fulton et al., 2004

Based on the information of depth range gather&hlomares and Pauly (20Z0) theinvertebrate
speciesncluded inDEMERSALES and EVHOE bottom trawl surve{f€ES, 2017d)a depth range of
0-2000 m wasassumed for the groupetailed vertical distribution can be foundSectionS3 Table $.
The horizontal distribution was characterized taking into account the information gathered from
DEMERSALES and EVHOE bottom trawl survef{)€ES, 2017d)Detailedhorizontaldistribution can
be found inSectionS3 Fig. Sl.

The 85% of the diet corresponds to detritus, the remaining 15% being made up of suprabenthos, th
zooplankton groups, benthic primary producers, large and small phytoplankton, and diBeagdgtist,
2001, Geiger, 2006Lewis, 1982. Detailed diet matrix can be found $ectionS4, Table S7

Echinoderms

The echinodermigroup was initialized with a biomass of 1.1212 (Le Loc'h et al., 2008_ourido
et al., 2014Serrano et al., 2006



125

130

135

140

145

The growth rate (mgN per dagihd mortalityrate (per dayyvere assumed to ltbose set in th8E
Australian Atlantis modeg(Fulton et al., 2004

Based on the information of depth range gather&lamares and Pauly (20Zaj theechinoderrs
speciesncludedin DEMERSALES and EVHOE bottom trawl surve)€ ES, 2017d)a depth range of
0-1500 m wasassumed for the groupetailed vertical distribution can be foundSectionS3 Table $.
The horizontal distribution was characterized taking into account the information gathered from
DEMERSALES and EVHOE bottom trawl surve{f€ES, 2017d)Detailedhorizontaldistribution can
be found inSectionS3 Fig. Sl.

The diet consists of bivalves, polychaetes, other invertebrates, benthic primary producers, detritus
and discards, being detritus the dominant prey (90% of the G@lijon and Jangoux, 199Rian et al.,
2007 Rodriguez, 197p Detailed diet matrix can be found $ectionS4, Table S7

Suprabenthos

The suprabenthos group is composed by mysids, isopods, amphipods, cumaceans and copepods. T
group was initialized with a biomass of 2.5dnt2 (Blanchet et al., 20Q%artes et al., 200Frutos and
Sorbe, 2017Le Loc'h et al., 2008Pérez et al., 2007

The growth rate (mgN per day) and mortaligye (per dayyvere assumed to libose set in the SE
Australian Atlantis mode(Fulton et al., 2004

The deptlwassetat30-400 m(Sorbe and Elizalde, 20LDetailed vertical distribution can be found
in SectionS3 Table %. The horizontal distribution was characterizeeighing each of the boxes from
the total area of thBay of Biscay Detailedhorizontaldistribution can be found i8ectionS3 Fig. Sl.

The 84% of its diet corresponds to detritus, the remaining 16% being made up of polychaetes, othe
invertebrates, mesozooplankton, microzooplankton and disg@ad®s et al., 20Q1Detailed diet matrix
can be found irbectionS4, Table S7

Polychaetes

The group was initialized with a biomass of 0.86 t%¢hastra et al., 20Qd_e Loc'h et al., 2008
Lourido et al., 2014
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The growth rate (mgN per day) and mortaliéye (per dayyvere assumed to be thaset in the SE
Australian Atlantis modeg(Fulton et al., 2004

The depth range for the group was assumed te38#0 m(pers. commXavier Corrales)Detailed
vertical distribution can be found BectionS3 Table $. The horizontal distribution was characterized
taking into account the information gathered from DEMERSALES and EVHOE bottom trawl surveys
(ICES, 2017d)Detailedhorizontaldistribution can be found iSectionS3, Fig. Sl.

Polychaetes main source of food are the detritus, being this specie the 94% o{Asdieten and
Kristensen, 2002Checon et al., 201®ubois et al., 2003Jumars et al., 201Blagalhdes and Barros,
2017). Detailed diet matrix can be found $ectionS4, Table S7

Bivalves

The groupwas initialized with a biomass 6£86 t km? (Lastra et al., 20Q@.e Loc'h et al., 2008
Serrano et al., 2006

The growth rate (mgN per daghd mortality rate (pestay) were assumed to beose set in the SE
Australian Atlantis modeg(Fulton et al., 2004

Based on the information of depth range gatherd@allomares and Pauly (202fby the bivalves
speciesncluded INDEMERSALES and EVHOE bottom trawl surveff€ES, 2017d)a depth range of
0-200 m wasassumed for the groupetailed vertical distribution can be foundSectionS3 Table $.

The horizontal distribution was characterized taking into account the information gathered from
DEMERSALES and EVHOE bottom trawl survef{)f€ES, 2017d)Detailedhorizontaldistribution can
be found inSectionS3 Fig. Sl.

The diet of bivalves consists mainly of the phytoplankton and detritus groups, with large
phytoplankton being the main source of food (57% of the total @&8uvaud et al., 20QHeral, 1989
Langdon and Newell, 199Q.ehane and Davenport, 2008erot et al., 2012Page and Lastra, 2003
Perez et al., 20)3Detailed diet matrix can be found $ectionS4, Table S7
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Detritus-feeders decapods

175 This group was parameterized based updanida sarsi the most abundant specie from
DEMERSALES and EVHOBottom trawlsurveys(ICES, 2017d)It was initialized with a biomass of
1.57 t km? obtained from DEMERSALES and EVHOE bottom trautveys(ICES, 2017d)

The growth rate (mgN per day) and mortality rate (per dare assumed to libose set in the SE
Australian Atlantis modgJFulton et al., 2001

180 Munida sarsilives abundantly at depths of 2800 m (Wikipedia, 2018. Other species included in
the group, however, have a different depth distributidelta pram (Palaemon longirostris can be
found in the surface up tb/ m(Palomares and Pauly, 202hilst munida irisandmunida tenuimana
can be found at around3@0 m and 1900 n{Palomares and Pauly, 2Q2tespectivelyWe therefore
assumea depth range of-0300m for the group as a whal®etailed vertical distribution can be found

185 in SectionS3 Table %. The horizontal distribution was characterized taking into account the information
gathered from DEMERSALES and EVHOE bottom trawl surv@¢ES, 2017d)Detailedhorizontal
distribution can be found iBectionS3 Fig. SL.

This group feeds in almost all invertebrate groups included in #yeoBBiscay Atlantis model,
although detritus is the main resource of food (41% of the total (@edell et al., 1999Cartes et al.,

190 2007 Lagardere, 1977 Detailed diet matrix can be found 8ectionS4, Table S7

Benthosfeeders decapods

This group is composed by shrimps, lobsters and crabs, although laveaseterized based upon
edible crab Cancer paguruls the most abundant spefiem DEMERSALES and EVHOBottom trawl
surveys (ICES, 2017d) This group was initialized with a biomass of 1.8km? obtained from

195 DEMERSALES and EVHOBottom trawlsurveys(ICES, 2017d)

The growth rate (mgN per day) and mortality rate (per day) were assumethtiséeset in the SE
Australian Atlantis modg(Fulton et al., 2004

The edible crab’s depth range is set -d@06m (Palomares and Pauly, 202 AImost all species
included in the group has a shallow distribution (the informdtorall the speciesvasgatheredrom

200 Palomares and Pauly (2021but Macropodia longipesand Polycheles typhlopswvhich are foundat
depths 0fLl249 m and 2195 m, respectivéBalomares and Pauly, 202We therefore assumed a depth
12
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range of 61400 m for the group as a whol@etailed vertical distribution can be found $ectionS3
Table %. The horizontal distribution was characterized taking into account the information gathered from
DEMERSALES and EVHOE bottom trawl surve{f€ES, 2017d)Detailedhorizontaldistribution can
be found inSectionS3 Fig. Sl.

The diet of this group consists mainly of polychaetes, suprabenthos and other detritus (50 % of the
diet is made up of these three grou@)ello, 2008 Allen, 1965 Ansell et al., 1999Bernérdez et al.,
200Q Cartes, 1995Cartes et al., 20QFreire, 1996 Lagardere, 1977Monfort, 1986. Detailed diet

matrix can be found iBectionS4, Table S7

Zooplankton feeding shrimps

This group was parameterized based upon arrow shritfgsi¢nika heterocarpuys the most
abundant specie according to DEMERSALES and EVH©O&om trawlsurveys(ICES, 2017d) This
group was initialized with a biomass of 1.2#nt obtained fromMDEMERSALES and EVHOBbottom
trawl surveyqICES, 2017d)

The growth rate (mgN per day) and mortality rate (per day) were assurbethtise set in the SE
Australian Atlantis modeg(Fulton et al., 2004

The arrow shrimps maximum depth is considered to be 8@atmares and Pauly, 202Pink
glass shrimpRasiphaea multidentajahowever, can be found at 2000d®pth(Palomares and Pauly,
2027). We therefore assumed a deptimge of 12000 mfor the group as a whal®etailed vertical
distribution can be found i8ectionS3 Table $. The horizontal distribution was characterized taking
into account the information gathered from DEMERSALES and EVHOE bottom trawl s,
2017d) Detailedhorizontaldistribution can be found i8ectionS3 Fig. SL.

The diet of this group is composed of mesopelagic fish, benthopelagic fish, zooplankton feeding
shrimps, benthesanddetritusfeeders decapods, bivalves, polychaetes, suprabenthos, echisatben
invertebrates, zooplankton, detritus and disc@@dstes, 1993b, a; Cartes, 1991; Cartes, 1998; Cartes et
al., 2007; Fanelli and Cartes, 2004; Lagardere, 19¥&giled diet matrix can be found 8ectionS4,
Table S7

13
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Pelagic crab

The pelagic crab groupepresentd he Hens | owo s Pslyiusnhensiony It wasa b |
initialized with abiomass 00.55 tkm obtainedrom DEMERSALES and EVHOE bottom trawl surveys
(ICES, 2017d)

The growth rate (mgN per day) and mortality rate (per day) were assumethtiséeset in the SE
Australian Atlantis modgJFulton et al., 2001

Hensl|l owds s ganbefaundatlepths of&B00 m(Palomares and Pauly, 202Detailed
vertical distribution can be found BectionS3 Table $. The horizontal distribution was characterized
taking into account the information gathered from DEMERSALES and EVHOE bottom trawl surveys
(ICES, 2017d)Detailedhorizontaldistribution can be found i8ectionS3 Fig. Sl.

Around 42% of the diet of Henwlow’s swimming consists of discards, being the remaining 58%
squids pelagic crab, zooplankton feeding shrimps, bentaod detrituseeders decapods, polychaetes,
suprabenthos, other invertebrates, gelatinous zooplankton, macrozooplankton, mesozooplankton an
detritus(Lépez Lopez, 201;7Signa et al., 2008 Detailed diet matrix can be found 8ectionS4, Table
S7.

Norway lobster

The Norway lobster was initialized with biomass of 0.11.km? estimatedrom DEMERSALES
and EVHOE bottom trawl surveykCES, 2017d)

The growth rate (mgN per day) and mortality rate (per day) were assumethtiséeset in the SE
Australian Atlantis modeg(Fulton et al., 2004

Basedon thelCES (2016dstock annex reparN o r wa y  Idistribstionenrth@ southern Bay of
Biscay and northern Galicia is limited to depths ranging frorB@Dm.Detailed vertical distribution can
be found inSectionS3 Table %. The horizontal distribution was characterized taking into account the
information gathered from DEMERSALES and EVHOE bottom trawl sur¢i§&S, 2017d)Detailed
horizontaldistribution can be found iSectionS3 Fig. SL.

The Norway lobster feeds mainly polychaetes and detritus, and to a lesser extent, in benthic
cephalopods, zooplankton feeding shrimps, bertbeders decapods, detritteeders decapods,
bivalves, suprabenthos, echinodsrnother invertebrates, macrozooplankton, mesozooplankton and

14



discards(Cristo and Cartes, 1998agardere, 1977 Detailed diet matrix can be found BectionS4,
Table S7
Squids

Thesquidsgroupwas parameterized basedwained squidl(oligo forbes), the most abundant squid
260 specieof DEMERSALES and EVHOE bottom trawl survefif€ES, 2017d) Thegroupwas initidized
with a biomass 00.28t km™ obtained fromDEMERSALES and EVHOE bottom trawl surve()€ES,
2017d)

The growth rate (mgN per day) and mortality rate (per day) were assumethtiséeset in the SE

Australian Atlantis modeg(Fulton et al., 2004
265 Basedon Palomares and Pauly (2021he veined squids maximum depth is established at 431 m.
Northern shortfin(lllex illecebrosu$ squid and European flying squifiodarodes sagittatj)showever,
can be found deeper, 8000 m and 2500 m, respectivgRjalomares and Pauly, 202We therefore
assumea depth range of-2000 m for the group as a whol2etailed vertical distribution can be found
in SectionS3 Table $. The horizontal distribution was characterized taking into account the information
270 gathered from DEMERSALES and EVHOE bottom trawl surv@g&ES, 2017d) Detailedhorizontal
distribution can be found i8ectionS3 Fig. Sl.

The squids feed in almost all the species included in the model, although, anchovy, other
planktivorous fishes, mesopelagic fish and zooplankteding shrimps are the main sources of food
(Lordan et al., 1998 ordan et al., 20QTPierce et al., 1994Rasero et al., 199Rocha et al., 1994R0sas

275 Luis and Sanchez, 20lRosasluis et al., 2014Valls Mir, 2017. Detailed diet matrix can be found in
SectionS4, Table S7

Benthic cephalopods

The benthic cephalopods group is composed of octopusess squiccuttlefises However, the
group was parameterized based on common oct@pctopus vulgaris the most abundant species of
280 DEMERSALES and EVHOE bottom trawl survefi€ES, 2017d) The groupwas initialized with a
biomass of 0.44 t krfestimated from DEMERSALES and EVHOE bottom trawl Sun(¢9gS, 2017d)
The growth rate (mgN per day) and mortality rate (per day) were assumethtiséeset in the SE
Australian Atlantis mode(Fulton et al., 2004
15



The common octopus is more abundant in the first 2.Q@alomares and Pauly, 202Globose
285 octopus(Bathypolypus sponsajishowever, can be found up to 700 (Palomares and Pauly, 2021
whilst spider octopugOctopus salut) and elegant cuttlefisiiSepia elegansin depths of 500 m
(Palomares and Pauly, 202We therefore assumed a dephge of 6700 mfor the group as a whole.
Detailed vertical distribution can be found $ectionS3 Table $. The horizontal distributiorwas
characterizedaking into account the information gathered frdBEMERSALES and EVHOBbottom
290 trawl surveyqICES, 2017d)Detailedhorizontaldistribution can be found i8ectionS3 Fig. Sl.

The diet consists mainly of small demersal fishes, bentaond detrituseeders decapods and
bivalves(Ajana et al., 2018Alves et al., 2006Castro and Guerra, 199Du Sel et al., 20QHernandez
Lopez, 2000Neves et al., 200Regueira et al., 201 ¥alls Mir, 2017). Detailed diet matrix can be found
in SectionS4, Table S7

295 Deepsea fishes

The deepsea fishes group was parameterized based upon roughsnout grémeatéyrincus
scabrus) the most abundant species BEMERSALES and EVHOEDbottom trawl surveygICES,
2017d) It was initialized with abiomassof 0.07t km estimated from DEMERSALES and EVHOE
bottom trawl survey§ICES, 2017d)

300 Roughsnout grenadier can live up to 11 yesrd measure 45 c(kroese and Pauly, 20RThere
was not possible to find maturity age information for roughsnout grenadier, but alfoBsno (
decadactylusmature at 2.3! years(ICES, 201}. Detailed factions of each age class which is mature
can be found ifsectionS2 Table S3The weightat-age distribution was characterizassuming linear
growth in length andisingthe generallengthweight formula of W =0.00129-132%? from Froese and

305 Pauly (2021) The growth rate for each age cla@sgN per daywasestimated based on the amount of
weight each individual needs to gain to reach the weight of the next age class within a given time window
of 1 year Detailed growth rate per age class can be four8kationS2 Table S4

In the Northeastern Atlantic roughsnout grenadier spawn between February andfveesle and
Pauly, 2021 No information on recruitment was found for this specie, heweeassumed that the

310 recruitment parameters for this groag those set in the SBustralian Atlantis mode{Fulton et al.,
20049).
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The natural mortality used was this set for alfonsino, 0.23 per(l€&S, 201). Following the
guidelines fromAudzijonyte et al. (2017)mortality rates 0%6.301:10° and 3.15110? per day for
juveniles and adults, respectivelyere assumefdr theBay of BiscayAtlantis model

Roughsnout grenadiers are most commonly found at depths386rto 1700 n{Froese and Pauly,
20217). Other species included in the group, however, are found in different depths, such as red bandfist
(Cepola macrophthalma at 15400 m (Froese and Pauly, 201 and Kaupos arr
(Synaphobranchus kaupiat 4062200 m(Froese and Pauly, 20RWe therefore assumed a depth range
of 152000 m for the group as a wholehevertical distribution wathendefined based on the proportion
of each vertical layer to the total depth of the aBeztailed vertical distribution can be foundSection
S3 Table $. No information about swimming speed for roughsnout grenadier was found, but both
Notacanthus Bonapartand Kaup's arrowtooth eel have a burst swim speed of betwgdnns?
(Clough et al., 2004 Therefore, a swimming speed of 1.25sthwas assumed fathe group The
horizontal distribution was characterized with information from DEMERSALES and EVHOE bottom
trawl surveyqICES, 2017d)Detailed horizontal distribution can be foundSactionS3 Fig. Sl.

Adult deepsea fishes prey on mesopelagic fish, medium and small demersal fishes, cephalopods
Norway lobster, zooplankton feeding shrimps, decapods, polychaetes, suprabenthos, echiotiderm
invertebrates, gelatinous zooplankton, microzooplankton and mesozooplabkionafd Gonzalez
(2002) Modica et al. (2014)Pais (2002)Saldanha et al. (1998nd IEO database). Juveniles, however,
feed less on vertebratishesand more on invertebrafesshes mainly on zooplankton feeding shrimps,
benthosfeeders decapods and suprabentpess( comm. Xavier CorralgsDetailed diet matrix can be
found inSectionS4, Table S7

Small demersal fishes

This group was parameterized based ugxiiary seabreanfPagellus acarne)the most abundant
speciefrom DEMERSALES and EVHOIBottom trawl survey$ICES, 2017d)It was initialized with a
biomass 00.93t km? estimated from DEMERSALES and EVH®Bttom trawlsurveygICES, 2017d)

Axillary seabreams mature at®years and can reach a maximum age of 7 {Eaogse and Pauly,
202)). Detailed factions of each age class which is matae be found irBectionS2 Table S3The

weightatage distribution was estimated based on the total length by age for the Gulf of Cadiz and
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Alboran Sedrom Velasco et al. (20113nd thegenerallengthweight formula of W = 0.00856- 313!
from Froese and Pauly (202Ilhegrowth rate for each age cla@sgN per daywasdefined based on
the amount of weight each individual needs to gain to reach the weight of the next age class within a givel
time windowof 1 year Detailed growth rate per age class can be fourBeationS2, Table S4

In the Eastern Atlantic axillary seabream spawning starts in March and ends iiFApege and
Pauly, 202). No information on recruitment was found, so we assumed that the recruitment parameters
for this group are those set in the-BEstralian Atlantis modglFulton et al., 2004

A natural mortality of 0.43 per year is established for axillary seab(Eemese and Pauly, 20R1
Following the guidelines fromAudzijonyte et al. (2017)nortality rates of 5.840%?and 1.17810-°" per
day for juveniles and adults, respectively, were assuoratie Bay of Biscay Atlantis model

Axillary seabreams are usually found betweerl®0 m depth(Froese and Pauly, 20RWhite
seabrean(Diplodus sargusand common Atlantic grenadidiézumia aequal)showever, are found in
different depths, at-80 m and 20000 m, respectivelfFroese and Pauly, 20RWe therefore assumed
adepth range of-A000 m for the group as a whole. Detailed vertical distribution can be fo@®tiion
S3, Table S6Swimming speed information for red gurna@hglidonichthys cuculysand sand goby
(Pomatoschistus minutug/as found instead of for axillary seabream. Red gurnard swims at a speed of
0.47 m & and sand goby at a speed of 0.27nFsoese and Pauly, 20R1n consequence, a swimming
speed of 0.37 m’swas assumed for the group. The horizontal distribution was characterized using
information from DEMERSALES and EVHOE bottom trawl surv@ZES, 2017d) Detailed horizontal
distribution can be found iBectionS3, Fig. S1

Adult small demersal fishes feed other planktivorous fishes, blue whiting, common dtatishes,
small demersal fishes and all invertebrdisis but Norway lobstefAlmeida, 2003 Castro et al., 2013
Gibson and Ezzi, 198%oncalves and Erzini, 199Beitao et al., 2007_eitdo et al., 2008_0pezLopez
et al., 2011 Morato et al., 20010'Connell and Fives, 199Pita et al., 2002Saldanha et al., 1995
J u v e nhoweses,f@rey lesson vertebratdish and more on invertebrafish (pers. comm. Xavier
Corrale$. Detailed diet matrix can be found $ectionS4, Table S7
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Medium demersal fishes

The medium demersal fishes group was parameterized based upon blackbelly fidseétisfenus
dactylopterus)the most abundant specieddEMERSALES and EVHOBbottom trawl survey$ICES,
2017d) It was initialized with abiomass 0f0.22t km? estimated from DEMERSALES and EVHOE
bottom trawlsurveys(ICES, 2017d)

A maximum age of 43 was fouridr blackbelly rosefish in Franggroese and Pauly, 20RWe
therefore assumedmaximum age of 4for theBay of BiscayAtlantis model Blackbelly rosefish mature
between 13 and 16 years and with a length of 3Enmese and Pauly, 20R Detailed factions of each
age class which is matusan be found irSectionS2 Table S3 The weightatage distribution was
characterized based on the mean length by age\Wbite et al. (1998andthe generalengthweight
formula of W = 0.01072-13%8from Froese and Pauly (2021he growth rate for each age cla@agN
per day)wascalculated based on the amount of weight each individual needs to gain to reach the weight
of the next age class within a given time windofiM years Detailed growth rate per age class can be
found inSectionS2, Table S4

In the Northeast Atlantic blackbelly rosefish spawn between November and Dedéntese and
Pauly, 2021 No information about recruitment parameters were found, hence, we assumed that the
recruitment parameters for this groagethose set in the SEBustralian Atlantis mode{Fulton et al.,
2009.

The natural mortality is fixed at 0.12 per yéaroese and Pauly, 20RFollowing the guidelines
from Audzijonyte et al. (2017)mortality rates of 1.64407'2 and 3.28810°8 per day for juveniles and
adults, respectivelywere assumed for the Bay of Biscay Atlantis model

Blackbelly rosefish can be usually found from 8 m(Froese and Pauly, 20R0ther species
included in the group, such as sand steenfitabognathus mormyrgsand whiting Merlangius
merlangu3have a shallower distribution, exactly-20 m(Froese and Pauly, 20pdnd 30100 m(Froese
and Pauly, 2021 respectively. We therefore assumed a depth rang®000n for the group as a whole.
Detailed vertical distribution can be found $®ctionS3, Table S6There was not possible to found
swimming speed information for blackbelly rosefish, but whiting swims at a speed of 0:2@Fnoase

and Pauly, 2021 The horizontal distribution was characterized using information from DEMERSALES
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and EVHOE bottom trawl surveykCES, 2017d)Detailed horizontal distribution can be foundsection
S3, Fig. S1

Adult medium demersal fishes prey on anchovy, other planktivorous fishes, mesopelagic fish, blue
whiting, flatfishes, large demersal fishes, medium demersal fishes, small demersal fishes, deep sea fish
and almost all invertebrates, mainly decapd@issfro et al. (2013)Gibson and Ezzi (1987Morato et
al. (2001) Neves et al. (2012)ita et al. (2002)Rault et al. (2017and IEO database). Juvenile medium
demersal fishes, however, do not feed on large, medium andgedadighes and feed more on invertebrate

speciesfers.comm. Xavier CorralgsDetailed diet matrix can be found $ectionS4, Table S7

Large demersal fishes

This group was parameterized based upon European c(@geger conger)the most abundant
species oDEMERSALES and EVHOBottom trawl survey$ICES, 2017d)It was initialized with a
biomass 00.46t km2 obtainedrom DEMERSALES and EVHOBottom trawl survey§ICES, 2017d)

European congazanreach a maximum age of 11 years for males and 19 years for fefaese
and Pauly, 2021 In consequence, a maximum age of 20 years was assomntieeBay of BiscayAtlantis
model It matures at the age ob years(Froese and Pauly, 20R Detailed factions of each age class
which is maturean be found irsectionS2, Table S3The weightatage distribution was characterized
based on the total length per ageCxyreia et al. (2009Andthe generalengthweight formula of W =
0.0003 L34%%1 from Froese and Pauly (202IJhegrowth rate for each age cla@sgN per day)was
thencalculated based on the amount of weight each individual needs to gain to reach the weight of the
next age class within a given time windo#W2 years Detailed growth rate per age class can be found in
SectionS2, Table S4

Information on spawning for theay of Biscay could not be found, but in the Portugal coast,
spawning occurs between June and August, with a larval stage duration of 1ZFrdage and Pauly,
2021). We therefore assumed a spawning period of-August and a larval stage duration of 127 days
for the Bay of BiscayAtlantis modelNo information about length of time recruits arroneer was found,
hence, we assumed tliae length of time recruits arrive over for thay®f BiscayAtlantis model is that
set in the SEAustralian Atlantis modeFulton et al., 2004

20



425

430

435

440

445

The natural mortality was assumed to be 0.2 per ymas(commCecilie Hansen)Following the
guidelines fromAudzijonyte et al. (2017)mortality rates of 2.739%0'2 and 5.47910° per day for
juveniles and adults, respectively, were assufoethe Bay of Biscay Atlantis model

European conger can be found at a depth rangel000 m(Froese and Pauly, 20R1Detailed
vertical distribution can be found BectionS3, Table S6No swimming speed information was found
for European conger, but for Atlantic c§@adus morhupand haddockMelanogrammus aeglefinus
Atlantic cod mean speed in a tank is around 0.4'{Bgornsson, 1998 meaning bl common length, so
with a common length of 1 ifFroese and Pauly, 20R%5 speed of 0.4 m!sHaddock burst speed is set
between 1.83 n'sand 2.46 m'$ (Froese and Pauly, 202 We therefore assumed a swimming speed of
around 1 m$for the group. The horizontal distribution was characterized based on the information from
DEMERSALES and EVHOE bottom trawls surveff€ES, 2017d) Detailed horizontal and vertical
distribution can be found i8ectionS3, Fig. S1

The adult large demersal fishes feed on demersal andgsdeegharks and in almost fadlh groups,
being blue whiting, pouts and small demersal fishes the main source oBfrgdtad (1991 Hubans et
al. (2017) Rault et al. (2017and IEO database). Juvenile large demersal fishes, however, do not prey on
sharks and large, medium and deep fishespers. comm. Xavier CorralesDetailed diet matrix can
be found inSectionS4, Table S7

Mullets

The mullets group is composed by surmulMtllus surmuletusand red mulletNullus barbatu$.
However, it was parameterized based upon surmullet @bé ilmost abundant species of DEMERSALES
and EVHOBbottom trawl survey8CES, 2017d) The group was initialized withldomass 00.07t km
2 estimated from DEMERSALES and EVHQiBttom trawl survey§ICES, 2017d)

In the Eastern Channel, a surmullet live a maximum age of 11 gedrsature at 12 yearqICES,
2015. We therefore assumed a longevity of 11 years and maturity age of 1 year faytbkeBscay
Atlantis model.The maturityatage proportion was defined based on the information fromGES
(2015)report, described in detailed BectionS2, Table S3 The weight distribution was characterized
based on the mean lengahage information fromiCES (2015)and thegeneralength-weightformula of
W = 0.00512-132%6from Ravard et al. (2014)The growth rate for each age cla@agN per day)was
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thenestimated based on the amount of weight each individual needs to gain to reach the weight of the
next age class within a given time windoWwl year Detailed growth rate per age class can be found in
SectionS2, Table S4

In the Eastern Channel and North Sea spawning occurs between May and August, with a peak i
June(ICES, 2015%. We therefore assumed a spawning period of dMagust for the By of Biscay
Atlantis modeNo information about recruitment was found for mullstaye assumed that for this group
the recruitment parameters are those set in thA&Ealian Atlantis modglFulton et al., 2004

The natural mortality rates were calculated based on the mortality values fogragarfrom ICES
(2015) Following the guidelines fromiudzijonyte et al. (2017)mortality rates of 2.8630°" and
1.08710°% per day for juveniles and adults, respectivebre assumed for the Bay of Biscay Atlantis
model

They can be found around the first 100(kMahé et al., 2005)although large surmullets were
observed at more than 300(@aill-Milly et al., 2017.We therefore assumed a depth range-800 m
for the group. @tailed vertical distribution can be foundSectionS3, Table S6Swimming speed for
surmullet nor red mullet could be found. Therefore, we assumed that surmullets swim at a same speed :
seabass0.6 ms®. The horizontal distribution was determined taking advantage of the information from
DEMERSALES and EVHOBottom trawl survey$ICES, 2017d)Detailed horizontal distribution can
be found inSectionS3, Fig. S1

Around 50 % of their diet consists of polyachetes, and the remaining perceortiagponds temall
demersal fishes, benthic cephalopods, zooplankton feeding shrimps, decapods, bivalves, suprabenthc
echinoderrs, other invertebrates, microzooplankton and benthic primary producers (IEO database)
Detailed diet matrix can be found $ectionS4, Table S7

Flatfishes

The flatfishes group was parameterized based upon thickbackMicl®chirus variegatus)the
most abundant species BEMERSALES and EVHOBbottom trawl surveygICES, 2017d) It was
initialized with a total biomass @.12t km? estimated from DEMERSALES and EVHQ®Bttom trawl
surveyy(ICES, 2017d)
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Thickback sole can live for a maximum of 14 years and measure a maximum length diFR2Gese
and Pauly, 2021 It matures at 3 year$roese and Pauly, 20R Detailed factions of each age class
which is maturean be found ilsectionS2, Table S3The weightat-age distribution wasstimatedising
the maximum lengthabove mentionednd the assumption of a linear growth in lertgtpether with the
generalengthweightformula of W =0.00137L3°*3from Froese and Pauly (2021he growth rate for
each age clagsngN per daywasthencalculated based on tlaenount of weight each individual needs
to gain to reach the weight of the next age class within a given time wioidbwear Detailed growth
rate per age class can be foun&eattionS2, Table S4

There was no spawning information available for the area, but in the Mediterranean Sea, thickback
sole spawns in FebruafFroese and Pauly, 20RWe therefore assumed that this group spawns
February for the By of BiscayAtlantis model.The recruitment parameters wagsumed to biose set
in the SEAustralian Atlantis modelFulton et al., 2004

The natural mortality was assumed to be 0.2 per years( commCecilie Hansen)Following the
guidelines fromAudzijonyte et al. (2017)mortality rates of 2.73930'? and 5.47910° per day for
juveniles and adults, respectively, were assufoethe Bay of Biscay Atlantis model

Thickback sole can be found from 20 to 40QFmoese and Pauly, 20R However, other species
included in the group can be found in different depth ranges, such as deep wat&atotsolea
profundicolg, between 200 and 600 (kroese and Pauly, 20R1solenette Buglossidium luteuin
between 10 and 40 (kroese and Pauly, 20Rand brill (Scophthalmus rhomb)detween 5 and 50 m
(Froese and Pauly, 20RIMWe therefore assumed a depth range-60@ m for the group as a whole.
Detailed vertical distribution can be foundS$ectionS3, Table S6Swimming speed for thickback sole
could not be found, but European pla{@euronectes platessawim at a speed of 0.34 it §Froese
and Pauly, 2021 The horizontal distribution was characterized using the information form
DEMERSALES and EVHOE bottom trawl survef{f€ES, 2017d)Detailed horizontal distribution can
be found inSectionS3, Fig. S1

Adult flatfishes feed mainly on small demersal fishes, polychaetes and supral{@tito®t al.,
2004 Cabral et al., 20QZastro et al., 201 Lressonetal2014Paul o Mar t i;Rogrigeez, a l
1996 Teixeira et al., 2009Vinagre et al., 2011 The juveniles, however, prey more on zooplankton
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feeding shrimps, decapods and bivalyesg. comm. Xavier CorralgDetailed diet matrix can be found
505 onSectionS4, Table S7

Common sole

The common sole was initialized with a biomas$®.a4t km? obtainedfrom DEMERSALES and
EVHOE bottom trawlsurveys(ICES, 2017d)
They live up to 26 year&roese and Pauly, 20pdndarefully mature at 3 yeardCES, 2016a)The
510 maturity-atage proportion was defined based on the information fronCiE8 (2016ajeport described
in detailed inrSectionS2, Table S3The weightat-age distribution was characteriZeaksed omnformation
on total length for male and femdtem ParkerHumphreys (2004and thegeneralength-weightformula
of W =0.00475-131& from Ravard et al. (2014)0nce the weight per age was estimaggdwth rate for
each age clagsngN per day)were calculated based on the amount of weight each individual needs to
515 gain to reach the weight of the next age class within a given time wioid®dyearsDetailed growth rate
per age class can be foundSactionS2, Table S4
Common s o lbetween Degmbemand May Cantabrian Sea and Atlantic Iberian water
with a larval stage duration of 35 dafgoese and Pauly, 20RThe length of time recruits arrive over
was assumed to be that set in the/AStralian Atlantis modeFulton et al., 2004
520 The natural mortality is assumed to be 0.1 for all age grdGEsS, 2016a)Following the guidelines
from Audzijonyte et al. (2017)mortality rates of 1.320'? and 2.7410°8 per day for juveniles and
adults, respectively, were assuniedthe Bay of Biscay Atlantis model
In the northern and centrabB of Biscaythe common sole can be found at less than 15CES,
2016a)and in the Cantabrian Sea and Atlantic Iberian waters at arourg000t (ICES, 2014c)We
525 therefore assumed depth range of-Q00 mfor the Bay of Biscay Atlantis model Detailed vertical
distribution can be found iSectionS3, Table S6The swimming speed was assumed to be the same as
another flatfis speciesAmerican plaiceHippoglossoides platessoide$his specie swim at around 1.05
m st (Winger et al., 1999 The horizontal distribution was characterized based on the information from
DEMERSALES and EVHOBottom trawl survey$ICES, 2017d)Detailed horizontal distribution can
530 be found inSectionS3, Fig. S1
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The adult common s osmallbdemersal feslhes, zosplackteedmg shrenghs, b y
benthosfeeders decapods, detritfeeders decapods, bivalves, polychaetes, suprabenthos and
echinoderrs (Cabral, 2000Rault et al., 20L7Rijnsdorp and Vingerhoed, 200 he juvenils have the
same diet but feed less twenthosfeeders decapods amaore on suprabenthogpérs. comm. Xavier
Corrale$. Detailed diet matrix can be found $ectionS4, Table S7

Megrim

Four-spot megrim I(epidorhombus bosgiand megrim l(epidorhombus whiffiagonispecies were
includedin this group However, it was parameterized based upmgrimas it is the most abundant
speciesof DEMERSALES and EVHOBbottom trawl survey¢ICES, 2017d) It was initialized with a
total biomasof 0.10t km? obtainedfrom DEMERSALES and EVHOBottom trawlsurveys(ICES,
2017d)

The maximum age for megrim varies with the ICES subareas. In the southern Bay of Biscay and Eas
Atlantic Iberian waters the maximum age for megrim is considered to be 1ZIyH#a%s 2014d)whereas
in the West and Southwest of Ireland and Bay of Biscay the maximum age is aldiduyddrICES,
2018b) In consequence, a maximum age of 15 years was as$anibd Bay of BiscayAtlantis model
50 % of the individuals mature at about 2.5 year old and 20 cm I@G@8E, 2018h)The exact proportion
of maturity was estimated based on the mean of the proportion of fish mature at each age for ICES 8 ah
(ICES, 2018bjand 8c subared$CES, 2014d)Detailed factions of each age class which is matae
be found inSectionS2 Table S3The weightat-age distribution was estimated usimgan lengtratage
from Landa and Pifieiro (200@ndthe generalengthweightformula of W =0.0065-L3°4from (ICES,
2014d) The growth rate for each age cla@sgN per day)wasthencalculated based on the amount of
weight each individual needs to gain to reach the weight of the next age class within a given time window
of 2 yearsDetailed growth rate per age class can be four8kctionS2, Table S4

The spawning period of these species is short. In the ICES 8c and 9a subareas mature males can
found from November to March and mature females from December to NI&EB, 2014d) In the
ICES 7 bk and 8 abd subareas, however, from January to M&C&S, 2018b)We therefore assumed
aspawning period from November to Marfch the Bay of BiscayAtlantis model No information about
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recruitment was found for the ardeencewe assumed thdhe recruitment parameteasethose set in
the SEAustralian Atlantis mode(Fulton et al., 2004

The natural mortality is set to 0.2 and assumed constant over all ages afiOfeBr2014d, 2018b)
Consequenthandfollowing the guidelines from\udzijonyte et al. (2017)mortality rates of 2.73930
12.and 5.47910° per day for juveniles and adults, respectively, were asstiongtie Bay of Biscay
Atlantis model

There is a certain bathymetric difference between the two species of mégurspot megrincan
be found at depths ranging from 100 to 450 m in the southeyfEBiscayand Atlantic Iberian waters
(ICES 8c and 9a subarea#)ereasnegrimhas a preferential depth range of 50 to 300C&ES, 2014d)
In the west and southwest of Ireland and tlag & Biscay (ICES 7bk and 8abd subareashur-spot
megrim can be found between 2600 m, whereasiegrimbetween 106800 m, although can dive up to
800 m(ICES, 2018h)We therefore assumeddepth range of 5600 m for the groups a whole. Btailed
vertical distribution can be found BectionS3, Table S6The swimming speed was assumed to be the
same as another flatfisspeciesAmerican plaice Hippoglossoides platessoidedhis specie swim at
around 1.05 ns! (Winger et al., 1999 The horizontal distribution was characterized based on the
information fromDEMERSALES and EVHOBottom trawl surveyfiCES, 2017d)Detailed horizontal
distribution can be found i8ectionS3, Fig. S1

The diet of megrim is mainly composby zooplankton feeding shrimps, bentHesders decapods
and detrituseeders decapods (IEO datababe} pvenile megrinfeed less osmall pelagic fishegpers.
comm. Xavier CorralgsDetailed diet matrix can be found $ectionS4, Table S7

Cods

The cods group is composed by Norway pdutsppterus esmarkii pouting {Trisopterus luscys
and poor coodTrisopterus minutys although it was parameterized based upon poor cod, the most
abundant species BFEEMERSALES and EVHOIBottom trawl survey8CES, 2017d)It was initialized
with a biomass 00.45t km estimated from DEMERSALES and EVH@Bttom trawlsurveys(ICES,
2017d)

The poor cod is a shelived specie, living until age-8 in Strait of Sicily(Ragonese and Bianchini,

1998 with a maximum length of 24 c(kroese and Pauly, 202 We therefore assume@dmaximum age
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of 6 years for the By of BiscayAtlantis modellt matures at age ZJennings et al., 199%ith a length
of 13.4 cm(Froese and Pauly, 20R Detailed factions of each age class which is matae be found
in SectionS2, Table S3These length information together with dpeneralengthweightformula of W
=0.0086-1%% from Froese and Pauly (202d)ere used to estimate the weiglttage distribution. The
growth rate for each age clagsgN per daywasthen calculated based on the amount of weight each
individual needs to gain to reach the weight of the next age class within a given time winblgear
Detailed growth rate per age class can be four@estionS2, Table S4

The spawning season of poor cod in the coast of Spain lasts from December tqRviaesk and
Pauly, 2021 Information about recruitment was not available, therefore, we assumed that for this groups
the recruitment parameters are those set in thA&alian Atlantis modglFulton et al., 2004

No mortality information for poor cod was found for the area, neither for any other specie included
in the group. In consequence, based upon mortality rates for lumpish and Norway paiefifdoBa
Atlantis mode(Hansen et al., 20)6mortality rates of 1.230'°and 5.2110'° per day for juveniles and
adults, respectively, were assuniedthe Bay of Biscay Atlantis model

Poor codis mostly found at depthBom 50 to 200 m(Ragonese and Bianchini, 199®outing,
however,is found at30-300 m depth rangESpitz, J. et al., 2006We therefore assumed a depth range of
30-300 mfor the group as a whal®etailed vertical distribution can be foundSectionS3, Table S6
No swimming speed was found for poor cod, buiting swim at a speed of 0.55sth(Froese and Pauly,
2021, hence, this swimming speed was assumed for the gMup.horizontal distribution was
characterized based on the information from DEMERSALES and EVHOE bottom trawl s(IVE$s
2017d) Detailed horizontal distribution can be foundSactionS3, Fig. S1

Adult cods prey on almost all demersal fishes iamdrtebrates, being benthteeders decapods the
main source of foodQastro et al. (2013nd IEO database). Juveniles, however, do not feed on adult
deepsea fishespers. comm. Xavier CorraledDetailed diet matrix can be found$ectionS4, Table S7

Hake

Although hake was split into twage groupgjuvenile and adult)n the calculation of biomass and
stomach content, in theal of BiscayAtlantis model was included as one age group. It was initialized
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with a biomass 00.19t km?, calculatedsumming up the biomass of adult and juvenile hedtenated
from DEMERSALES and EVHOBottom trawls surveydCES, 2017d)

The longevity of hakes set atlO yearqICES, 2016b, 2017b; Korta et al., 2015he estimated age
at which 50 % of individuals mature was considered 2.5 years for males, 4.4 years for females and 3.
years for the combined sex@3ifieiro and Sainza, 20P3Ne therefore assumed a maturity age of 2.5
years for the By of BiscayAtlantis model.Detailed factions of each age class which is matae be
found inSectionS2, Table S3 The weightatage distribution was estimated usingan lengthat-age
for combined sexes frorRifieiro and Sainza (2003)nd the generallengthweight formula of W =
0.00513L3%74 from ICES (2016b) The growth rate for each age cla@agN per day)was calculated
considering the amount of weight each individual needs to gain to reach the weight of the next age clas
within a given time windowof 1 year Detailed growth rate per age class can be fourSectionS2,
Table S4

The spawning season of hake in the Iberian Atlantic area extends from December to May, with peak:
in February(Pifieiro and Sainza, 20P3 he duration of the larval period in thaygf Biscayis estimated
to last 39 day¢Kacher and Amara, 20p5No information about the length of time recruits arrive over
was found, hengave assumed that for this group this parameter is that set in tAeiSElian Atlantis
model(Fulton et al., 2004

The natural mortality igletermined tde 0.4 per yea(ICES, 2016b, 2017b; Korta et al., 2015)
Taking into consideration the guidelines frémdzijonyte et al. (2017nortality ratesof 5.48 102 and
1.096 10 per day for juveniles and adults, respectively, were assumed foathef Biscay Atlantis
model.

It lives mostly between 70 and 500 swimming at a speed 6£79m s (Froese and Pauly, 20R1
although it can be found from 30 m down to depths of 10QRarta et al., 201p We therefore assumed
a depth range of 7800 mfor the Bay of Biscay Atlantis moddDetailed vertical distribution can be
found inSectionS3, Table S6The horizontal distribution was characterized considering the information
from DEMERSALES and EVHOE bottom trawdsirveyqICES, 2017d) Detailed horizontal distribution
can be found irsectionS3, Fig. S1

Adult hake feed mainly on horse mackerel, sardine, anchovy, blue whiting and juvenile hake

Juvenile hake, however, do not prey on some adult species such as horse mackerel, sardine, anchovy &
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blue whiting(Mahe et al. (2007Velasco and Olaso (1998hd IEO databaselpetailed diet matrix can
be found inSectionS4, Table S7

Blue whiting

The model wasinitialized with abiomass 0fl.97t km? estimated from the DEMERSALES and
EVHOE bottom trawlsurveys(ICES, 2017d)

Bl ue whi t i ng Oisconsidefe@ 10 gearp, avicilst maturity ageé YeargICES, 2016¢)
We assumed a maturity age of 2 years forBhg of BiscayAtlantis model.Detailed factions of each
age class which is matucan be found ifsectionS2, Table S3The maturity ageof 2 yearscorresponds
to a length of 18.2 cnfFroese and Pauly, 20R&and males can reach a total length 0f330cm and
females 3540 cm(Silva et al., 199¥when they are adult§ his length information together with the
generallengthweight formula of W = 0.00375L3%2 from Froese and Pauly (2021)ere used to
characterize theveightat-agedistribution. The growth rate for each age clagsgN per day)was then
estimated considering the amount of weight each individual needs to gain to reach the weight of the nex
age class within a given time winda#/1 year Detailed growth rate per age class can be fouseation
S2 Table S4

Thespawning seasas considered to biegom March to April(ICES, 2016c)No information about
recruitment was found for blue whiting in the area, hence, we assumed that the recruitment parameter
for this group are those set in the-B&stralian Atlantis modg[Fulton et al., 2004

Natural mortality for blue whiting is fixed to 0.2 per year for all age grolpES, 2016c)
Considering the guidelines frofudzijonyte et al., 2017 we therefore assumeadortality rates of
2.739510'? and 5.47910' per day for juveniles and adults, respectively

The highest concentration of blue whiting is found at depths ranging betwe&s0300 (ICES,
2016c¢) swimming at a speed afound 0.8n s (Hansen et al., 20)6Detailed vertical distribution can
be found inSectionS3, Table S6The horizontal distribution was characterized with information from
DEMERSALES and EVHOE bottom trawl survefy€ES, 2017d) Detailed horizontal distribution can
be found inSectionS3, Fig. S1

Macrozooplankton is the main resource of food of both juvenile and adult blue whiting, being this
planktonic group around 45 % of the total diéabral and Murta (2002)nd IEO database). Tlaeult
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blue whiting feed on almost all pelagic fishes, whistenilesdo not feed on largpelagicfishes(pers.

comm. Xavier CorralgsDetailed diet matrix can be found $ectionS4, Table S7

Seabass

The seabassaginitialized with a biomass .17t km estimated from the DEMERSALES and
EVHOE bottom trawlsurveys(ICES, 2017d)

The maximum observed age in the northern seabass stock w&sy2arqICES, 2018apnd the
maturity age around-4 years, which corresponds to a 35 cm length for males and 42 cm for females
(ICES, 2013, reaching 85 cm in the last age of I{fiRavard et al., 2004 We therefore assumed a
longevity of 28 years and a maturity age #fyears.The detailed proportion of mature per age was
obtained from(ICES, 20183) described in detail irsectionS2, Table S3 The length information
mentioned together with thgenerallengthweight formula of W = 0.01248 L2 from Ravard et al.
(2014)were used to determine the weigltiage distribution, assuming a linear growth in length per age.
Thegrowth rate for each age clagsgN per daywasestimated considering the amount of weight each
individual needs to gain to reach the weight of the next age class within a given time wirRlgears
Detailed growth rate per age class can be fourkstionS2, Table S4

The spawning season moves later in the year in northern latitudes, beindgaytbEBiscayfrom
January to MarclICES, 2013. Regarding the recruitment information, the larval stage was set at 46
days(Froese and Pauly, 20P4nd the length of time recruits arrive owasthat set in the SRustralian
Atlantis model(Fulton et al., 200¢

The estimation of the natural mortality was conducted after performing a sensitivity analysis of the
effect of different M values on the assessment oBtineof Biscayseabass stock, finally setting a natural
mortality at 0.24 per yeaflCES, 2018a)Following the guidelines fronAudzijonyte et al. (2017)
mortality rates of 6.578012and6.575107 per day for juveniles and adults, respectively, were assumed
for theBay of BiscayAtlantis model.

They are found along 1000 m depth(Froese and Pauly, 20RIswimming at around 0.6 s
(Claireaux et al., 20Q6Detailed vertical distribution can be found3ectionS3, Table S6The horizontal
distribution was characterized using timéormationfrom DEMERSALES and EVHOE bottom trawl
surveyy(ICES, 2017d)Detailed horizontal distribution can be foundSactionS3, Fig. S1
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The diet of the adult seabass is composed by almost all pelagic and demersal groups, and als
cephalopods and decapods, although it consists mainly of mackerel and horse niSpieret al.,
2013. The juveniles, however, do not feed on large and medium demersal peheescOmm. Xavier
Corrale$. Detailed diet matrix can be found $ectionS4, Table S7

Anglerfish

The anglerfish group is composed tdgckbellied anglerl(ophiusbudegasspand anglerl(ophius
piscatoriug. However, the group was i@eneterized based upon angleoghius piscatoriusas it is the
most abundant species of DEMERSALES and EVH®DEom trawl survey$§ICES, 2017d)Thegroup
wasinitialized with a biomass d.21t km? estimated from the DEMERSALES and EVH®Bttom
trawl (ICES, 2017d)

The maximum observed age for angleras 20 yeargICES, 2018c) Based on estimates from
Ireland, 100 % of individuals are mature at ag€kCES, 2018c)We therefore assumed a maturity age
of % years.The maturity percentage per age was baseDuarte et al. (2001)which can be found in
detailed inSectionS2 Table S3 The weight distribution was characterized considering the meandength
at-age information for females and males frbamda et al. (20019nd thegeneralengthweightformula
of W = 0.02457-12°%%2from Ravard et al. (2014Yhegrowth rate for each age clagsgN per daywas
estimated taking into account the amount of weight each individual needs to gain to reach the weight o
the next age class within a given time windoiw2 yearsDetailed growth rate per age class can be found
in SectionS2, Table S4

The spawning occurs between January and (IDmarte et al., 2001 No information on recruitment
was available, therefore, we assumed that the recruitment parameters for this group are those set in tl
SE-Australian Atlantis mode(Fulton et al., 2004

Then et al. (2015¢stimated a natural mortality of 0.315 per yeased on the maximum observed
age. However, the observation error around this estimate was considdi@its, 2018c) In
consequence, after considering the growth, thea&fiest maturity and the lifestyle of the angler, a
natural mortality of 0.25 per year was assumed by WKANgle(fSES, 2018d)We thereforeassumed
a natural mortality of 0.25 per year. Taking into consideration the guidelinesAfuoizijonyte et al.
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(2017)mortality rates 0B.08210°° and6.16410° per day for juveniles and adults, respectively, were
assumed for thBay of BiscayAtlantis model.

Anglers are most abundant at depths of-200 m along the southern Celtic Seas and the Bay of
Biscay(ICES, 2018chnd from the surface up to at least 1000 m along the Cantabrian Sea and Atlantic
Iberian water§(ICES, 2018e) We therefore assumeal depth range of-0000 m Detailed vertical
distribution can be found iBectionS3, Table S6The anglers swim at a speeddo24BL/s BL meaning
body length(Wikipedia, 2018. Considering the common body length of 100 cm establishdtadnse
and Pauly (2021 we assumed thaingler swim at apeed of 0.24 m’s The horizontal distributiorwas
characterized based on the information from DEMERSALES and EVHOE bottom trawls JUBESs
2017d) Detailed horizontal distribution can be foundSactionS3, Fig. S1

The adult anglerfish feed on some elasmobranch groups, other planktivorous fishes, juvenile hake
cods, megrim, large and small demersal fishes, esegp fishes, cephalopods, zooplankton feeding
shrimps and decapods, but mainly on mackerel, horse mackerel, blue whiting and comniRnecialéo
et al. (2006 and IEO database). The juveniles, however, do not prey on elasmobranch nor large demerse
and deegsea fishes, but prey more on invertebrapessy. comm. Xavier CorralgsDetailed diet matrix
can be found irBectionS4, Table S7

Mesopelagic fishes

The mesopelagic fishes group is composedifigrent lanterrfish, althought was parameterized
based upon jewel lanternfish.gmpanyctus crocodiljysas it is the most abundant specie of
DEMERSALES and EVHOBottom trawl survey$ICES, 2017d) It was initialized with @iomass of
1.80t km2 obtained fromEWE (Corrales et al., 2032

Due to difficultiesin gathemg information aboutongevityand maturity age of jewel lanternfish in
theBay of Biscay other areas or species informatiweresearchedln the lonian Seahe maximum age
identified of jewel lanternfishwas8 yearg(Sion et al., 201}l so therefore we assumed a longevity of 8
years for thaBay of BiscayAtlantis model.They can reach a length of 30 cm, although the length range
in the Balearic Island is established from 9 cm to 2 Eeroese and Pauly, 20 The maturity age was
assumed to be 1 year, the age at whicheked hatchetfisFroese and Pauly, 20R 1glacier lanternfish
(Froese and Pauly, 20Rand silvery lightfish(Rosland and Giske, 19Ppmature.Detailed factions of
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each age class which is matgsen be found irBectionS2, Table S3The weightatage distribution was
characterized using thgenerallengthweight formula of W =0.0017L3431from Bayhan et al. (2020)
andassuming a linear increase in the length per @gegrowth rate for each age clagsgN per day
wascalculated based on the amount of weight each individual needs to gain to reach the weight of the
next age class within a given time windoWwl year Detailed growth rate per age class can be found in
SectionS2, Table S4

The spawning of jewel lanternfish occurs in Makigust in France, along the Mediterranean Sea,
and in SeptembeXovember in PortugdFroese and Pauly, 20R $oa spawning period of MareAugust
was assumedlhe recruitment parametevgere assumed to tbosefrom the SEAustralian Atlantis
model(Fulton et al., 2004

The mortality ratesvere assumed to libose set in the NoBa Atlantis modelansen et al., 20)6
6.25102° and1-10' per dayfor juveniles and adults, respectively.

Lanternfishare found around 275000 m depth{Froese and Pauly, 20 hence, we assumed a
depth rangeof 200-1000 m. Detailed vertical distribution can be foundSiectionS3, Table S6We
assumed a swimming speed of 15tee swimming speed establisheddivery lightfish(Maurolicus
mueller) andglacier lantern fishBenthosema glacia)éTorgersen and Kaartvedt, 200The horizontal
distribution was characterized according to the information from the DEMERSAL and EVHOE bottom
trawl surveyqICES, 2017d)Detailed horizontal distribution can be foundSactionS3, Fig. S1

The adult mesopelagic fishes diet consists of mesopelagic fishs, polychaetes, other invertebrate:
gelatinous zooplankton, maaooplankton, mesozooplankton and microzooplaniBamnal et al., 201,3
Bernal etal., 2015 Fanelli et al., 2014Sever et al., 20)3Juveniles however do not feed mesopelagic

fishes pers. comm. Xavier CorralpDetailed diet matrix can be found $ectionS4, Table S7

Other planktivorous fish

The other planktivorous fish group was parameterized based upon bo@dsiog ape), the most
abundant species of the DEMERSALES and EVH&Eom trawl survey$ICES, 2017d)The group
was initialized with a total biomass15t km? estimated from the PELGAS and PELACUS acoustic
surveys(Masse et al., 2038
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Boarfishds maxi mum age and the age at whi ch
and 3.5 years, respective(yCES, 2014b) The proportion of maturity was defined based on the
information from thdCES (2014b)Detailed factions of each age class which is matae be found in
SectionS2, Table S3The weightat-age distributiorwascharacterized through the total body weight
age fromWhite et al. (201Q)The lengthweight relationship wadefined with the general formula @f
= 0.0305-12"*from Froese and Pauly (202Mhegrowth rate for each age clgssgN per daywasthen
estimated based on the amount of weight each individual needs to gain to reach the weight of the next ac
class within a given time windowf 3 yearsDetailed growth rate per age class can be fourkeition
S2 Table S4

The spawning occerbetween June and July in thertheast AtlantiqICES, 2014b) Given that
there was no information about recruitment availableasgemed that the recruignt parameters for this
group are those set in the -@Estralian Atlantis modelFulton et al., 2004

The natural mortality is fixed to 0.16 per yeg@€CES, 2014h) Consequently and following the
guidelines fromAudzijonyte et al. (2017)mortality rates of 2.19202 and 4.38410°8 per day for
juveniles and adults, respectivelyergassumed.

The boarfish are widely distributed from the surface up to 6qQOCES, 2014b) However, other
species included in the group such as arger(ftrgentina sphyraenaand silvery poutGadiculus
argenteuyare found deeper, at 700 m and 1000 m respectively. We therefore assumed a depth range ¢
0-1000 m for the group as a whole. Detailed vertical distribution can be fo@etimnS3, Table S6it
was not possible to find swimming speed for boarfish, but for Atlantic hef@hgea harengysand
European sprafSprattus sprattys two of the species that compose the planktivorous fishes group.
Atlantic herring swim at a speed of around 0.64rntReattingen and Rettingen, 19%ind European sprat
at 0.63 m g (Froese and Pauly, 20RTherefore, a swimming speed of around 0.64was assumed
for this group. The DEMERSALES and EVHOE bottom trawl survefl€ES, 2017d)supplied
information to characterize the horizontal distributi@etailed horizontal distribution can be found in
SectionS3, Fig. S1

The diet of planktivorous fishes consists mainly of mesozooplankton (around 70 % of the diet)
(Bachiller, 2013Bachiller and Irigoien, 2013 oherty and McCarthy, 2004ankov et al., 2010_opes
et al., 2006Maitland and Lyle, 2005Rice, 1963 Santos and Borges, 208kéra et al., 20D)2although
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juveniles planktivorousish do not feed overtebratesgers. comm. Xavier CorralgDetailed diet matrix
can be found irbectionS4, Table S7

Anchovy

The anchovies were initialized with a biomas®8.&fl tkm™ estimated from theECES (2019b)eport

Anchowds life expectancy hardly exceeds three years. They grow very fast during the first year,
doubling its weight from first to second year of life, reaching at the end of his life on average 18 cm
(ICES, 2010k Many authors have suggested that the anchovy matures at (&yetlet al., 1976
Furnestin, 1945 ucio and Uriarte, 1990with a size of 11 cm for males and 11.5 cm for fem@fegs,
20109. Detailed factions of each age class which is matae be found irsectionS2 Table S3The
weightat-age distribution was characterized considering the mean wegitglge in the catches in the
ICES 8 subareldCES, 2010h. The lengthweight relationship wadefinedwith the general formula of
W = 0.00703" from theICES (2010c)eport. The growth rate for each age cla@sgN per daywas
thencalculated based on the amount of weight each individual needs to gain to reach the weight of the
next age class within a given time windoWwl year Detailed growth rate per age class can be found in
SectionS2, Table S4

The spawning season on tRay of Biscaytakes place between April and JUZES, 2010¢, with
a larval stage duration of 37 daffsroese and Pauly, 20R1The information about the length of time
recruits arrive ovewas assumed to be thist inthe SEAustralian Atlantis modglFulton et al., 2004

The natural mortality is fixed at 1.2 per year, although the working group consider that some results
presented about the increase of the mortality with age demand a revision of the natural fiGESity
2010h. We tereforeassumednortality rates of 1.6440*! and 3.28810°7 per day for juveniles and
adults, respectivelyaking into consideratiothe guidelines fromudzijonyte et al. (2017)

The juvenile anchovies are located in the first 48oyra et al., 2013 whereas adults can be found
at around 100 nfMasseé, 1996 Detailed vertical distribution can be foundSectionS3, Table S6No
swimming speed information was found for this group, therefore, we assumed a swimming speed of 1.34!
ms?, the same swimming speed as herrif®rawn, 1960. The horizontal distribution was characterized
based on the egg distribution from the BIOMAN survey for 2@E8s. comm. Maria Santos)efailed
horizontal distribution can be found 8ectionS3, Fig. S1
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The adult anchovies prey on macrozooplanktaresozooplanktgn microzooplankton, large
phytoplankton, small phytoplanktofBachiller, 2013 Bachiller and Irigoien, 2015Plounevez and
Champalbert, 1999 while the juveniles feed less on microzooplankton and more on mesozooplankton
and phytoplanktonpers. comm. Xavier CorralgDetailed diet matrix can be found$ectionS4, Table
S7.

Sardine

The sardines were initialized with a biomass 1.R&¢ biomass estimated from the PELGAS and
PELACUS acoustic surveyMasse et al., 2038

Whitin European Atlantic waters, sardine attains age below 10 years and a total length lower than 22
cm(ICES, 2017a)Most sardines are mature by their first year of(IBES, 2017c, g)and all individuals
reach sexual maturity by agqIZES, 2017a)ThelCES (2010b)eport served to obtain the fraction of
maturity per age for the Cantabrian Sea in 2@@ailed factions of each age class which is matae
be found inSectionS2 Table S3 The weightat-agedistribution waslefined usingnean weightatage
valuesfrom (ICES, 2010k The lengthweightrelationship was characterized with the general formula
of W = 0.06940 3" from Froese and Pauly (2021he growth rate for each age cla@sgN per day
wasdefined based on the amount of weight each individual needs to gain to reach the weight of the nex
age class within a given time winda#/1 year Detailed growth rate per age class can be fouseation
S2 Table S4

The sardine spawns during spri(@ertain et al., 2008 more precisely from March to empril
(Froese and Pauly, 20RWith a 40 days larval stageroese and Pauly, 20R Information about length
of time recruits arrive over was not available, hence, the recruitment parameters for sardines are those s
in the SEAustralian Atlantis modglFulton et al., 2004

The mortality rate 02.297.10°" and 1.14210° for juveniles and adults, respectively, were defined
based on age specific natural mortality for ICESIBES, 2017aand 8abdICES, 2017y subareasand
following the guidelines frorAudzijonyte et al. (2017)

The distribution of this species is restricted to the coastal shelf, mainly at depths up tglC&ESm
2017a) Deailed vertical distribution can be found BectionS3, Table S6No swimming speed

information was found for this group, therefore, we assumed a swimming speed of k34hensame
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swimming speed as herringBrawn, 1960. The horizontal distribution was characterized based on the
egg distribution from the BIOMAN survey for 201Bers. comm. Maria Santos)efailed horizontal
distribution can be found i8ectionS3, Fig. S1

The adult sardines feed on gelatinous zooplankton, macrozooplankton, mesozooplankton, large
phytoplankton and small phytoplanktgBachiller, 2013 Bachiller and Irigoien, 2015Cunha et al.,
2009, whereas juveniles prey on less gelatinous zooplankton and large zooplankton, but more
mesozooplankton and phytoplanktgers. comm. Xavier CorralgDetailed diet matrix can be found in
SectionS4, Table S7

Horse mackerel

The horse mackerel fish group is composed of Mediterranean horse mackexehu(us
mediterraneup and Atlantic horse mackerellachurus trachurus However, based on the most
abundant horse mackerel speciDEMERSALES and EVHOBbottom trawl survey$ICES, 2017d)
the group was parameterized as Atlantic horse mackédrelmodel was initialized wita biomass of
2.39 tkm estimated from the PELGAS and PELACUS acoustic sur(fidgsse et al., 2018

The maximum age and length reported for this species are 20(ke&, 2017f)Jand 50 cm, the
maximum length obtained in the EVHOE sur{Bavard etal., 2004At age 0, At l anti c
length is below 14 cm, and up to 18 cm at ag¥illamor et al., 199Y. At age 3.5ICES, 2017f)and
around 21.5 cnfVillamor et al., 199Y, 50 % are maturdCES, 2017f) Detailed factions of each age
class which is maturean be found isectionS2 Table S3 The weightat-age distribution was described
taking into consideration the length informatimentioned abovand thegeneralengthweight formula
of W = 0.00r33039%5* from Ravard et al. (2014the weightatage distribution was described. The
growth rate for each age cla@agN per day wasthendefined based on the amount of weight each
individual needs to gain to reach the weight of the next age class within a given time wirzlgears
Detailed growth rate per age class can be fourkstionS2, Table S4

The spawning period in thg&ay of Biscayis not cleardifferentspawning seasons can be found in
different publications, but it is known to have a longer spawning period Bayef Biscaythan in the
North SeaAbaunza et al., 200Q3Letaconnoux (1951nentioned the peak of spawning to be in May
June, wherealrbault and LacroibBoutin (1969)stated thaspawring preferentiallytakes placen the
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spring.Nazarov and Dobrusin (1977@ferred to the spawning period from December to June. Finally,
Lucio and Martin (1989Jepored that horse mackerel appear in higher frequency between March and
895 August. In the Northern coast of Spalretaconnoux (1951jevealed the spawning season to occur
between February and April, wheréasaddn (1960¥tated to be from February to May, éala (1990)
between February and December, although this last mentioned the main spawning period from April tc
June. Considering the different spawning sesBsotheBay of Biscayand in the Northern coast of Spain,
a spawning period from February to August was assumbdre was no recruitment information
900 available hencethe recruitment parametengere assumed to libose set in the SBustralian Atlantis
model(Fulton et al., 2004
The natural mortality is uncertain, although ICES currently applies a mortality of 0.15 p@OESy
2017f) Consequently and following the guidelines frémdzijonyte et al. (2017)mortality rates of
2.05510'2 and 4.1110% per day for juveniles and adults, respectively, were assumed.
905 This benthopelagic species is usually found®200 m, although it has been reported 1050 m
(Froese and Pauly, 20 However, as Mediterranean horse mackerel stays in shallower (Fat@ese
and Pauly, 2021 a depth range of-B50 m was assumed for the groap a whole. Btailed vertical
distribution can be found iBectionS3, Table S6There was no swimming information available for
horse mackerel in the Bay of Biscay, therefthe, sameswimming speeds the mackerel groupas
910 assumedThe horizontal distribution was characterized based on the informationDeMERSALES
and EVHOBbottom trawl surveydCES, 2017d)Detailed horizontal distribution can be foundSection
S3, Fig. S1
The diet of adult horse mackerel is composed of some pelagic and demersal fishes, and almost all tr
invertebrate groups, mainly suprabenthos, macrozooplankton and mesozoop(&aidoitier, 2013
915 Bachiller and Irigoien, 20%55arrido and Murta, 2031 DlaseToca et al., 1999 The juvenilegpreyon
invertebrates, mostly zooplanktope(s. comm. Xavier CorralgsDetailed diet matrix can be found in
SectionS4, Table S7

Mackerel

In the mackerel fish group, Atlantic chub mackeBgddmbecolias) and Atlantic mackereScomber

920 scombruywere included. However, the group was parameterized as Atlantic mackerel, as this is the mos
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abundant species of tHeEMERSALES and EVHOBbottom trawl surveygICES, 2017d) It was
initialized with abiomass 02.05 tkm obtainedfrom the TRIENAL acoustic surveyCES, 20193

The Atlantic mackerel can live for over 20 years, maturing&y2argJansen and Gislason, 2013
Detailed factions of each age class which is matiae be found irBectionS2 Table S3The weight
atage was defined based on the mean weghge information fromiCES (2017e)Thegeneralength
weight formula ofw = 0.0B2032%% from Costa et al. (201Avas usedThe growth rate for each age
class(mgN per daywasthencalculated based on the amount of weight each individual needs to gain to
reach the weight of the next age class within a given time wired@wears Detailed growth rate per
age class can be foundSectionS2, Table S4

In the Northeast Atlantic, mackerel spawning starts in the Iberian Peninsula waters in
January/February and ends in the North Sea in lubhe spawning arelsfom Spanish and Portuguese
waters, spawning starts in January and ends in M@@IES, 2017g) After spawning, most of them
migrate in a northerly direction along the west of Ireland and north of Scotland to feed in autumn in the
northern North Sea and Norwegian Sea and overwinter along the north of Ireland and Scotland, comin
back towards the sing spawning groundgUriarte and Lucio, 2001 Based on this information,
mackerefs spawning season was assumed from January to March, starting the migration towards the
north in April and coming back to the model domain aroDedemberThe larval stage lasts 40 days
(Froese and Pauly, 20Rand the length of time recruits arrive owexrs assumed to beishset in the SE
Australian Atlantis modeg(Fulton et al., 2004

The natural mortality was set at 0.15 per year, a fixed value for dg¢@&s 2017g)Consequently
and following the guidelines frorudzijonyte et al. (2017)mortality rates of 2.0530'?and 4.1110%
per day for juveniles and adults, respectively, were assumed.

During the 2009 blue whiting spawning stock surveys, large amount of mackerel were observed
throughout the spawning ground, ranging from 60 to 300 m@@ES, 2016cand swimming at around
2 ms? (Jansen and Gislason, 2Q1Betailed vertical distribution can be foundSectionS3, Table S6
The horizontal distribution was defineding thenformation fromDEMERSALES and EVHOBottom
trawl surveyqICES, 2017d)Detailed horizontal distribution can be foundSactionS3, Fig. S1

The adult mackeré& diet consists mainly of blue whitingupra benthos and macro zooplankton
(Bachiller (2013) Bachiller and Irigoien (20150laso, Ignacio et al. (2008d IEO database). Juvenile
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mackerelhas a larger fraction afivertebratesn their diet(pers. comm. Xavier Corralgetailed diet

matrix can be found iBectionS4, Table S7

Other large pelagic fishes

The other large pelagic fishegoup was parameterized based upon Atlantic boSigmda sards
the most abundant speciesREMERSALES and EVHOmbottom trawl survey$ICES, 2017d)It was
initialized with abiomass 00.14 tkm? obtainedrom EwE (Corrales et al., 2032

The age determination has been studied by means of different methodologies, establishing finally
maximum age of 5 yea(fCCAT, 200620163. They mature at age 1, when they have a length of 37 cm
(Froese and Pauly, 20R Detailed factions of each age class which is matae be found irBection
S2 Table S3Atlantic bonito is a small tuna specie, with a common fork length of 50 cm and about 2 kg,
reaching a maximum fork length of 91.4 cm and 5.4I€ECAT, 200620169. The common weight and
the lengthatmaturity together with thgenerallengthweight formula ofW = 0.00724031%*4 from
ICCAT (20062016a)were used to defined the weiggitage distribution, assuming a linear increase in
weight. Thegrowth rate for each age cla®sgN per daywascalculated based on the amountwaight
each individual needs to gain to reach the weight of the next age class within a given time efitddow
year. Detailed growth rate per age class can be four@kstionS2, Table S4

The spawning season information was found for the Mediterranean, which occurs from May to July
(ICCAT, 200620163. The recruitment parameters are those set in thAuBHEalian Atlantis model
(Fulton et al., 2001

The Atlantic bonito swims at a speed®85 ms? along the80-200 m depth(Froese and Pauly,
2027). To take into consideration the depth distribution of all the species included in the group, a depth
range of 8200 m was assumed for the graagpa whole. Btailed vertical distribution can be found in
SectionS3, TableS6. The horizontal distribution was defined taking advantage of the information from
DEMERSALES and EVHOBottom trawl survey$ICES, 2017d)Detailed horizontal distribution can
be found inSectionS3, Fig. S1.

The diet of the adults of this group consists mainly of horse, sardine, anchovy, other planktivorous
fishes and microzooplanktg®hieb et al., 2001; Dorman, 1988; Navarro et al., 2017; Sever et al., 2009;
Varela et al., 2019)Among the changes in the diet of juveniles is the cease of horse mackerel as one of
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the main sources of fodgers. comm. Xavier Corralpdetailed diet matrix can be found $ectionS4,
Table S7

Albacore

The albacore was initialized with a biomas@f3 tkm? (ICCAT, 2019.

Le Gall (1974) estimates a longevity of 15 years. However, tagging experiments have shown that the
oldest albacore ever recovered was less than 10 yedi€GIAT, 20062016b) Therefore, a maximum
age of 10 years was assumed. Juvenile albacores are found during the summer in tropical surface wate
where they grow very quickly reaching around 20 cm at an age of 6 mdiikudic et al., 2016. In
general, there is a lack of exhaustive studies on Atlantic albacore sexual n{E@@y, 20062016b)
In the model assumptionSP % of north and south albacore are mature at age of 5 years, measuring
around 90 cnfICCAT, 20062016b; Nikolic et al., 2016Yyeaching up to 140 cm and 60 kg in weight
adults(Nikolic et al., 2018. The precise fraction of maturity per age class was defined bas€CaT
(20062016b) defined in detailed ilBectionS2 Table S3 The length informationrmentionedtogether
with the generallengthweight formula ofw = 0.043802%%°from Nikolic et al. (2016)were used to
defined weightat-age distributionThe growth rate for each age clagsgN per daywasset based on
the amount of weight each individual needs to gain to reach the weight of the next age class within a givel
time windowof 1 year.Detailed growth rate per age class can be fourBkationS2, Table S4

In the North Atlantic, spawning takes place between April and Septdii@tic et al., 2018. No
information was founa@n recruitment, thereforde recruitment parameters drem the SE-Australian
Atlantis model(Fulton et al., 200¢

The natural mortality is assumed to be 0.3 per year for all year cld€eAT, 20062016b)
Therefore, for th@ay of BiscayAtlantis model mortality rates of 8.219°8 per day for both juveniles
and adults, were defined.

Its depth distribution in general is relatively shallow, being 95% of the time within the upper 50 m
although sometimes it can be foundhitthe upper 100 r(Gofii et al., 2011 For this reason, a depth
range of 0100 m was assumeBDetailed vertical distribution can be found3ectionS3, Table S6Along

this depth range, juveniles are known to svaster than adults, 857 ms! whereas adults swim a#45
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cms?! (ICCAT, 20062016b) The horizontal distribution was established based on the box proportion of
the total areaDetailed horizontal distribution can be foundSactionS3, Fig. S1

Adult albacore feeds on mackerel, horse mackerel, sardine, anchovy, other planktivorous fishes
mesopelagic fishes, blue whitingquids pelagic crab, zooplankton feeding shrimps, gelatinous
zooplankton, macrozooplankton, mesozooplanki@Gofii et al., 201LaPusineri et al.,, 2005 The
juvenil eds feed éss,onvenebratesy amangre oninvertebrates(pers. comm. Xavier
Corrale3. Detailed diet matrix can be found $ectionS4, Table S7

Juveniles and immature albacore seem to be mostly distributed in the Northeast Atlantic during
summer, and in the central and southwest Atlantic during w{Nii&olic et al., 201%. When albacore
reach maturity, this patterchanges. After this age, albacore migrate from the northeast of the North
Atlantic to tropical waters of the southwest of the North Atlantic, and they remain in this region until they
completely mature and then spawn. Then they follow an annual migration following warm water, from
the south to the north in January until September, retutioirtbe south(Nikolic et al., 2018. The
juveniles werghusassumed to enter the model domain in May and leave wOmiober, whereas adults
were assumed to stay sitte the modetlomainthe whole yeargders. commEider Andonegi). Taking
into account the way migration is defined in Atlantidults were specified to come spawnand leave

the same dagpers. commBeth Fulton)

Bluefin tuna

The bluefin tuna was initialized with a biomass of 0.kt (ICCAT, 2017.

Bl uefin tunabs | i f e s p-atage distréodtianr were ydefinedy leaseda ond
information fromlCCAT (20062016c) Bluefin tuna adults grow at a slower rate than juveniles, but their
weight grows fastefTheymeasure about 3®0 cm long and weight about lkdhen hatchingreaching
60 cm long and about 4kg after one year. The firsteigeaturity is stablished at age 3, weighting 20 kg.
Detailed factions of each age class which is mattae be found irfBectionS2, Table S3 whichwere
defined based on the values frofl€CAT (2017) At 10 years, an individual bluefin tuna measures
approximately 200 cm and weighs 150 kg, at 20 years old reaching in average 300 cm andV&0 kg.
therefore assumed a maximum lifespan of 20 years and a maturity age of 3Tiieangeightatage

distribution was defined based on the -ageght distribution for East Atlantis published BQCAT
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(2006:2016¢c) Although lengthweight parameters were suggested in the ICCAT mdDaIAT, 2006
2016c) this parameters were considered low comparing with the lemgidgiht parametersf the fish
1035 groupsfrom theSE-Australian Atlantis modeglFulton et al., 2004 Wetherefore usethelengthweight
parameterfrom Froese and Pauly (202abtaining the generddrmulaof W = 0.013@ 3. The growth
rate for each age clagagN per daywascalculated based on the amount of weight each individual needs
to gain to reach the weight of the next age class within a given time winid®dwearsDetailed growth
rate per age class can be foun&eattionS2, Table S4
1040 In east Atlantic and east Mediterranean, bluefin tuna spawn from May tdume{ICCAT, 2017,
and the larval stage duration is set at 28 daysese and Pauly, 20R Thelength of time recruits arrive
overwas assumed to libis set in the SRustralian Atlantis mode(Fulton et al., 2004
The mortality rates for juveniles and adults were calculated based on metalgg rates from
ICCAT (2017) being 9.04110%and 3.7910°8 the mortality rates for juveniles and adults, respectively.
1045 From June to October bluefin tuna is concentrated betwehr and restricted to 50 m overall,
while from December to March, the depth range expand tel260m (Arregui et al., 201B For this
reason, a{125 m depth range was assumBetailed vertical distribution can be found $ectionS3,
Table S6 They swim at a speed of arouBdh s* (Froese and Pauly, 20RThe horizontal distribution
was defined based on the box proportion of the total &etailed horizontal distribution can be found
1050 in SectionS3, Fig. S1
The diet of adult bluefin tuna consists mainly of horse mackerel, sardine and a(PledaySerna
et al., 2012Logan et al., 20L1Varela et al., 20L4Varela et al., 2019 The juveniles, however, do not
feed on adult large pelagic fishgsers. comm. Xavier CorralesDetailed diet matrix can be found in
SectionS4, Table S7
1055 TheBay of Biscayhas beemevealed as important summer feeding area for juveniles, as well as an
overwintering area for an unexpected proportion of this popul@ioegui et al., 2018 For this reason,
juveniles were assumed to enter Bagy of Biscayarea in May and leave in Octobee(s. commEider
Andonegi). Among adults, a few were documented to enter the Bay of Biscay during the period after
spawning migration out of the Mediterrandanregui et al., 2018 In consequence, adults were assumed

1060 to stay out the whole yeapdrs. commEider Andonegi). However, Atlantis is modelled in a way that a
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species can be sent away for one @eydzijonyte et al. (2017pers. commBeth Fultor). We therefore

assumed that adults comefan spawningand leave the same day.

Skates and rays

Skates and rays was parameterized as thornbacRegg ¢lavatd, as it is the most abundant species
of DEMERSALES and EVHOBottom trawl survey$ICES, 2017d)It was initialized with eiomass
of 0.17 tkm obtainedfrom DEMERSALES and EVHOBottom trawl survey§lCES, 2017d)

Thornback rayds maxi mum age was sef{Garcaetd.,0 y ¢
2008. Detailed factions of each age class which is matae be found irfBectionS2 Table S3The
weight distribution was defined based ongleeeralengthweight formula of W =0.00450Q 368 (ICES,
2018f)and the estimates of lengdittage published b§erraPereira et al. (2008Dnce the weighatage
distribution was definedhe growth rate for each age clagsgN per daywascalculated based on the
amount of weight each individual needs to gain to reach the weight of the next age class within a giver
time windowof 1 year Detailed growth rate per age class can be fourBeationS2, Table S4

Since no spawning information was found for Bay of Bisspgwning information frorthe Gulf of
Gabés southcentral Mediterranean Seaas used. IrGulf of Gates actively spawning females occur
throughout the year, although the spawning fraction is highest between May and Sef{achihet al.,
2014. We therefore assumed spawning period from Ma8dptember for the Bay of Bisc#@tlantis
model The recruitmenparameters werassumed to behis set in the SEAustralian Atlantis model
(Fulton et al., 2001

Based orfFroese and Pauly (20219 mortality of 0.19 per year is set for thornback Ftlowing
the guidelines fronAudzijonyte et al. (2017)mortality rates of 2.6020*! and 5.20410!! per day for
juveniles and adults, respectively, were assufoethe Bay of Biscay Atlantis model

Thornback rays found in Western Galicia at depths ranging from 20 to 400 m, specifically in the
sedimentary grounds of the continental shelf, but it is most abundant between 50 and 200 m, particularl:
near 75 m(ICES, 2014a)Considering the depth ranges of all the skates and rays included in the group, a
depth range of-B300 m was assumed for the graga whole. Detailedertical distribution can be found
in SectionS3, Table S6Since noswimming speed informatiowas found for theBay of Biscay
swimming speed informatiois those set in the SBustralian Atlantis mode(Fulton et al., 2004
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DEMERSALES and EVHOBbottom trawl survey$ICES, 2017dpserved to characterize the horizontal
distribution Detailedhorizontal distribution can be found $ectionS3, Fig. S1

Adult skates and rays feed on demersal sharks, skates and rays, and on almost all the fish ar
invertebrate species, although Norway lobster is the main source oPjegd(L982) Ellis et al.(1996)
Morato et al. (2003)Ponte et al. (2016)Valls Mir (2017)and IEO database)uvenile skates and rays,
however, do not eat sharks, skates and ragslt large and medium demersal fishes, but eat more
invertebrate specidpers. comm. Xavier CorralgDetailed diet matrix can be found$®ectionS4, Table
S7.

Deepwater sharks

This group was characterized as blackmouth catsi@ake(gs melastomysthe most abundant
species 0DEMERSALES and EVHOBbottom trawl survey$§ICES, 2017d)The group was initialized
with abiomass 00.05 tkm? obtained fromDEMERSALES and EVHOBottom trawl survey$ICES,
2017d)

The maximum longevity for blackmouth catshark in the Northeast Atlantic is established fsr male
at age §Froese and Pauly, 20RTThe age ofmaturity was assumed to be at age 3, the age at which the
blackmouth catshark mature in the lonian §eaese and Pauly, 20R Detailed factions of each age
class which is maturean be found ilsectionS2, Table S3Males mature between 34 and 42 cm, reaching
at least 61 cmFemaleshowever mature between 39 and 45 cm, and can reach a length of @bent
and Stehmann, 201.38ased on this information, a maturity length of 40 cm and a leatdést age class
of 55 cm were assumed. This length information together witheheralengthweightformulaof W =
0.0630 33 from Froese and Pauly (202djre used to characterize the weight distribution perTige.
growth rate for each age cla@ngN per day)was calculated based on the amount of weight each
individual needs to gain to reach the weight of the next age class within a given time winblgear
Detailed growth rate per age class can be fourkstionS2, Table S4

The spawning period was obtained for the lonian Sea, where the individuals apparently reproduce
from the end of February to Septemiperoese and Pauly, 20R1The recruitment parameters for this

groupwere assumed to bledse set in the SBustralian Atlantis modgFulton et al., 2004
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Natural mortality information was obtained for birdbesddarkfrom Irvine et al. (2012)The natural
mortality ranges from 0.061 to 0.191 for males and 0.051 to 0.145 for femalesoréyesenatural
mortality of 0.1128 per year was assumed. With regard to the need of low natural m@talzjyonyte
et al., 2017, mortality rates of 1.54802 and 3.0910 per day for juveniles and adults, respectively,
were defined.

The blackmouth catshark is found on the outer continental shelves and upper slopes, mainly betwee
200 to 500 m, although occasionally can be found up to 55 m and down to ZE0@nnand Stehmann,
2013. Other sharks included in the group are found deeper,aaiBlortuguese dogfisBéntroscymnus
coelolepi$, 2703675 m (ICES, 20103 birdbeak dogfish eania calceg 601490 m (Ebert and
Stehmann, 20)3and knifetooth dogfistScymnodon ringefs200-1600 m(Ebert and Stehmann, 2013
We therefore assumed a depth rang@-8600 m for the groups a whole. Detailedevtical distribution
can be found irBectionS3, Table S6No information on swimming speed for blackmouth catshark was
found soswimming speed for Portuguese dogfish was used to initialize the model, which bBsegieyn
et al. (1994)s set at 0.1043 rg'. The horizontal distribution was characterized using informétimm
DEMERSALES and EVHOBottom trawl survey$ICES, 2017d)Detailed horizontal distribution can
be found inSectionS3, Fig. S1

This group feeds on almost dish groups included in the model, although the primary source of
food are the blue whiting, deegea fishes, benthic cephalopods, zooplankton feeding shrimps, decapods
and suprabenthaBarria et al.(2015) Ellis et al. (1996) Moura et al. (2005)Navarro et al. (2014)
Neiva et al(2006) Preciado et al. (200@)nd IEO databasepetailed diet matrix can be found@ection
S4, Table S7

Pelagic sharks

The pelagic shark group was parameterized as blue sRadngce glaucy the most abundant
species in the arepdrs. commGuzman Diez). It was initialized with a biomass of 0t&? obtained
from the EWE mode{Corrales et al., 2032that was estimated using a realistic ecotrophic efficiency of
the group (EE). This ecotrophic efficiency indicaties proportion of the production or total mortality
that is actually explained in the mod€hristensen and Walters, 2004

46



1145

1150

1155

1160

1165

The maximum estimated age for blue shark is about 20 years whilst the maturity age for females is
between 5 and 7 years, and for males between 4 and 5(kbars and Stehmann, 2018Ve therefore
assumech maturity age of 4 yearBetailed factions of each age class which is matae be found in
SectionS2 Table S3The weight for each age class was estimated using the Jemgiht relationship
together with estimates of lengéitage. Thegeneralengthweight formula of W = 0.03703*! from
Froese and Pauly (202Was usedwhereas the lengths are based on those reportSkoatal and
Natanson (2003)Growth rate for each age clagsgN per daywere calculated based on the amount of
weight each individual needs to gain to reach the weight of the next age class within a given time window
of 2 yearsDetailed growth rate per age class can be four8kctionS2 Table S4

There was no information of spawning, recruitment nor mortality available for this groupBayhe
of Biscay However, in the Indian Ocean, blue shark spawn between March an@-doese and Pauly,

2027), soa spawning period of Marebune was assumddr the Bay of BiscayAtlantis model The
recruitment parameters are those set in theAG&ralian Atlantis mode(Fulton et al., 2004 The
mortality was assumed to be 0.2 per ygarg. commCecilie Hansen), so as a result, mortality rates of
5.47910° and 2.73951072 per day for juveniles and adults, respectively, was defined iBayeof
BiscayAtlantis model.

Blue sharks can forage up to 600 meters d@egsineri et al., 2008&nd swim a total of 2 km at a
rate of 0.3 to 0.6 ns? (Klimley et al., 2002 With the aim of taking into consideration the maximum
depth of all the sharks included in the group, a depth range&’00 0n was assumed for the graaga
whole The vertical and horizontal distribution was described based on each layer proportion of the total
water column and the box proportion of the total area, respectielgailed vertical and horizontal
distribution can be found i8ectionS3, Table S@ndFig. SL, respectively

The adult pelagic sharks feed mainly on other large pelagic fishes, mackerel, anchovy, other
planktivorous fishes and medium demersal fis{@@arke et al., 1996Joyce et al., 2002Maia et al.,

20086 Preti et al., 2008 although in the juvenile pelagic sharks diet, among others, other large pelagic
and medium demersal adult fishes cannot be fopads( commXavier Corrales)Detailed diet matrix
can be found irsectionS4, Table S7
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1170 Demersal sharks

This group was parameterized based on the most abundant specieBEMERSALES and
EVHOE bottom trawl surveygICES, 2017d) lesserspotted catsharkSgyliorhinus caniculp It was
initialized with abiomass 00.13 tkm obtainedrom DEMERSALES and EVHOBottom trawl surveys
(ICES, 2017d)

1175 Initially, the maximum age for lessgpotted catshark was set at 14.6 years, the maximum time
achieved at liberty considering results from-tagapture datdCES, 2018f) However, according to the
tagging length, the estimated life expectancy of this specie could be at least Z00ESr2018f) As a
result,a longevityof 20 years was assumeconsidering the maximum length of 75 cm observed in the
annual bottom trawl surveys carried out by the IEO along the Cantabrian Sea and the von Bertalanffy

1180 lengthat-infinity of 69.3 cm(ICES, 2018f) a 60 cm lengtat-last age class was assumBadriguez
Cabello et al. (1998&)stimated the maturity age at 7 years from a leagthaturity of 54.2 cm obtained
for this specie and using the von Bertalanffy growth equation derived frened¢agture datdDetailed
fractions ofeach age class which is matean be found irfBectionS2, Table S3There was no weight
information found, so the weiglatt-age distribution was characterized using geeerallengthrweight

1185 formulaof W = 0.0@20 3% from ICES (2018f) and the previous mentioned lengthmaturity and
lengthat-last age classThe growth rate for each age cla@agN per daywascalculated based on the
amount of weight each individual needs to gain to reach the weight of the next age clasa tintiein
window of2 yearsDetailed growth rate per age class can be four@estionS2, Table S4

The spawning can take place almost all year arditis et al., 2009 although in the Languedian

1190 Coast, Francet takes place from October to Augybroese and Pauly, 20R TTherefore,a spawning
period from October to August was assurfadhe Bay of Biscay Atlantis moddh the North Atlantic,
the gestation period was estimated at five to six months, with a fecundityo@f &§9gs per yedEllis et
al., 2009. In the Atlantis models the total number of new recruits per individual, not per female, must be
specified(Audzijonyte et al., 2017 For this reason, wdivided by 2 the number of eggs, assuming

1195 fecundity of 15 eggs per individual per year
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No information & mortality was obtained for lessspotted catsharkVe therefore decided to use
mortality rates fopicked dogfishdefined in NoBa Atlantis modéHansen et al., 20363.5210°° and
5.74107° per dayfor juveniles and adults, respectively

The lessespotted catshark is particularly abundant over sandy, gravelly and muddy bottom in the
Cantabrian Sea, at depths ranging from 50 to 500 m, although primarily at depths fr@d01%0
(RodriguezCabello et al., 1998 Picked dogfish(Squalus acanthigsand lognose spurdogqualus
blainville) arefound at depths of 600 (Ebert and Stehmann, 201hd 780 n{Froese and Pauly, 201
We therefore assumed a depth rangé-600 m for the groups a whole. Btailed vertical distribution
can be found ifsectionS3, Table SANo information of swimming speed for lessgrotted catshark was
found, but forpicked dogfishwho swims at a speed ofiround 2m st (Domenici et al., 2004 The
horizontal distribution was described using the information collected from the DEMERSALES and
EVHOE bottom trawl surveydCES, 2017d) Detailed horizontal distribution can be foundSection
S3, Fig. S1

The adult demersal sharks feed on almost alishegroups included in the model, although the main
source of food is blue whiting and decapods (47% of the @#i} et al. (1996)0Olaso, | et al. (2005)
and IEO database)uvenile sharks do not feed on adult sharks and adult medium demersalpgshes (

comm. Xavier CorralgsDetailed diet matrix can be found $ectionS4, Table S7

Toothed cetaceans

The toothed cetaceans group was parameterized based on bottlenose @alsiopg truncatus
the most abundant specie based.aran et al. (2017)t was initialized with 20210etaceansvhich was
calculated using information of individuals per kfor 2012 fromPettex et al. (2017and doing a
reconstruction of the time seriethe numbers afetaceanfor the period 2002016with Authier et al.
(2018} the initial abundance value used corresponded to the208dr

The female bottlenose dolphins can live more than 57 years, whereas the males can live up to 4
years, reaching an estimated body weight of around 21BPdgin et al., 2009 Therefore, a maximum
longevityof 60 years was assumed. Females reach sexual and physical maturity before males. The age
which theyreach sexual maturity varies by region, but females typically reach sexual maturity between
the ages of 5 and 13, while male sexual maturity occurs between the ages of Rerdriét al., 2009
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Consequently, a maturity age of 5 years was assubstdiled factions of each age class which is mature
can be found irbectionS2 Table S3The estimation of the weiglait-age distribution was based on the
information of the estimated body weight mentioned above, and calf and mature adult weight data
provided byPerrin et al. (2009)assuming a linear trend on the weight distribution. The lewgight
relationship was defined using the general fornofil/ = 0.0XD3from Girardin et al. (2018)Thegrowth
rate for each age clagagN per daywascalculated based on the amount of weight each individual needs
to gain to reach the weight of the next age class wihime window of6 years Detailed growth rate
per age class can be foundSactionS2 Table S4

No information on spawning and recruitment was found for Bag of Biscay hence these
parametersvere assumed to likose set in the SBustralian Atlantis modgFulton et al., 2004

The natural mortality was assumed to be 0.2 per ypess.(commCecilie Hansen). In consequence,
converting to daily mortality and implementing the recommendation&uolzijonyte et al. (2017)
mortality rates of 5.47940° and 2.7395.0%2 per day for juveniles and adults, respectively, were
assumed.

Bottlenose dolphinare foundoetweenl00 and 200 m isobatti€ertain et al., 2008 swimming at
a speed of aroun? m st (FISH and HUI, 1991 Othercetaceans included in the group have deeper
vertical distribution, such as lofmned pilot whalgGlobicephala melgs 0-600 m(Perrin et al., 2009
and stripediolphin (Stenella coeruleoala200700 m(Ringelstein et al., 2006We therefore assumed
a depth range di-700 m for the groups a whole. Btailed vertical distribution can be foundSection
S3, Table S6The horizontal distribution was establishHesed on thehelf (depth < 200 m)slope(200
< depth <2000 mand oceani¢depth > 2000 m) stratdassification of the area frobaran et al. (2017)
and assuming a homogeneous distribution upon the boxes of eacBeteeled horizontal distribution
can be found irsectionS3, Fig. S1

The diet of adult toothed cetaceans consists mainly of sardine, blue whiting, medium demersal fishe:
and cephalopod®e Pierrepont et al., 200&onzalez et al., 199Marcalo et al., 201,8Meynier et al.,
2008 Santos and Borges, 2008antos et al., 200Bantos et al., 201%antos et al., 200&pitz et al.,
2011, Spitz, J. et al., 20065pitz, Jérbme et al., 20PBuvenile toothed cetaceans, however, do not feed
on medium demersal adult fishgmxs. comm. Xavier CorralgsDetailed diet matrix can be found in
SectionS4, Table S7

50



1255

1260

1265

1270

1275

1280

Baleen whales

The baleen whales group was parameterized based upon fin Bhkder(optera physaljisas it is
the most abundant specie basedaran et al. (2017)The initial abundance value was 88ialeswhich
was calculated using information of individuals perrKor 2012 fromPettex et al. (20173nd doing a
reconstruction of the time serie§the numbers ofvhalesfor the period 200£016with Authier et al.
(2018) the initial abundance value used corresponded to the29edr

Fin whale’s longevity has not been determined, but individuals of up-20 §@ars old have been
identified(Perrin et al., 2009 Based on this information, a maximilongevityof 90 years was assumed.
In the Northern Hemisphere, the body mass of adults usually ranges 00®td®000 kg and the calf
weight from 1750 to 1850 k(Perrin et al., 2000 The sexual maturity is reached at a weight of 30000
kg, which corresponds to a length of approximately 17.5 m in males and 18.5 m in f@ealieset al.,
2009. These lengths are typically associated with ages®féars in males and& years in females
(Perrin et al., 2009 So, therefore, we assumed a maturity age of 6 yBatailed factions of each age
class which is maturean be found ilsectionS2, Table S3Theweight informatiorpreviously mentioned
was used to characterize the weightige distribution, and therefore, theowth rate for each age class
(mgN per daycalculated based on the amount of weight each individual needs to gain to reach the weight
of the next age class withatime window o® yearsDetailed growth rate per age class can be found in
SectionS2 Table S4 The lengthweight relationship was estimated with the general forrtl/ =
0.0013D3“*¢(Perrin et al., 2009

Fin whales mate in winter, from December through to February, the gesastiog dout 11 months
(Norsk Polarinstitutt, 2008 During their first migration, they accompany their mothers to higher
latitudes, and they remain with their mother for aboit onths(Norsk Polarinstitutt, 2008 so the
arrival of recruits to the model was assumed 6.5 months.

No information about mortality was found for tBay of Biscay therefore, the mortality rates were
those defined in the NoBa Atlantis modelansen et al., 20)63.0420° and 5.1@0° per day for
juveniles and adults, respectively.

The vertical distribution was defined considering a dive range of2000m (Perrin et al., 2009

Detailed vertical distribution can be foundSectionS3, Table S6The fin whales dive ataundl ms
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! (Edwards et al., 2035The horizontal distribution was establisHzbed on thehelf (depth < 200 m)
slope(200 < depth < 2000 mgnd oceani¢depth > 2000 m) stratdassification of the area frofraran
et al. (2017)and assuming a homogeneous distribution upon the boxes of eadbetadlad horizontal
distribution can be found i8ectionS3, Fig. S1

1285 The main source of food of baleen whales is macrozooplankton, mackerel, sardine, anchovy, othe
planktivorous fishes, cods, small demersal fiskgaidsand gelatinous zooplanktd@larke efal., 1993
Giménez et al., 201#aug et al., 199%Fierce et al., 200Ryan et al., 20145pitz et al., 201)1 Detailed

diet matrix can be found i8ectionS4, Table S7

Surface feedng seabirds

1290 Surface feeithg seabirds were parameterized as northern gaMwué bassanysas it is the most
abundant specie basedPettex et al. (2017An initial abundance 4193 birdswas usedwhich was
calculated using information of individuals per kfor 2012 fromPettex et al. (2017and doing a
reconstruction of the time serie$ the numbers of birds for the period 260@16 with Authier et al.
(2018} the initial abundance value used corresponded to the year 2004.

1295 Theylive around 1624 yeargPhang, 201); so a maximuniongevityof 20 years was assuméde
fraction of mature per age class was based on the assumption of a total maturity for species at year 3, tl
age at which northern gannets mat{y#4nn and Olla, 201 Detailed factions of each age class which
is maturecan be found irsectionS2, Table S31t was not possible to findeightatageclass, hence, a
weight distribution was calculated based upongéeerallengthweight formula of W = 0.0 3 from

1300 Girardin et al. (2018and information of hatching growth and mass range ffonimal Diversity Web
(2018) Ther weight at hatching iabout 79.3 gand theyreach a weighbetweer2.47 and3.61kgin the
last years of lifeThe growth rate for each age clagsgN per daywascalculated based on the amount
of weight each individual needs to gain to reach the weight of the next age clasawitenwindow of
2 yearsDetailed growth rate per age class can be four@estionS2, Table S4

1305 Females lay a single egg from the end of April through-doide, although they may lay up to 3
replacement eggs if they are I¢g8nimal Diversity Web, 2018 They need 42 to 46 days to hatch, and
90 days to become independéhmimal Diversity Web, 2018 so the arrival of recruits to the model was

assumed 90 days.
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The first year after hatching has the highest mortality mtparticularduring the period just after
fledging when immature individuals are unable to fly. Approximately 65% of immature northern gannets
do not survive to adulthood, and adult mortality rates are expected to be less th@heéétore, a
mortality of 0.65 and 0.0@dividualsper year for juveniles and adults, respectively, was @muzerting
this mortality ratego daily mortality and implementing the recommendationgAafdzijonyte etal.,
2017, mortality rates of 1.781¥ and 1.644€8 per day for juveniles and adults, respectively, were
assumed.

The northern gannet dive up to 3Q(Winn and Olla, 201R and we therefore assumed that they are
present down to 30 m depthefailed vertical distribution can be foundSectionS3, Table S6Northern
gannets travel down the water column at 0.8§'rfRopertCoudert et al., 2009As in the other seabirds
group, the horizontal distribution was based on the workPbitex et al. (2017and assuming a
homogeneous distribution upon the boxes of each Betailed horizontal distribution can be found in
SectionS3, Fig. S1

The adult seabirds feemh almost all pelagic groups, small demersal fishes and dis@saisso et
al., 2015 Furness and Todd, 198damer et al., 20QMoreno et al., 201,0Ramos et al., 1998The
juvenile seabirds, however, do not eat adult large fispes.(comm. Xavier CorralgsDetailed diet
matrix can be found iSectionS4, Table S7

Based on the work byettex et al. (2017}his seabirds can also be considered winter visitors.

Diving and pursuit divers seabirds

This functional group was parameterized based upon data for common bniaraalge). Based on
Pettex et al. (20173}he common murre is the most abundant specie iBdlyeof Biscay The model was
initialized with an abundance 865653 birds which was calculated using information of individuals per
km? for 2012 fromPettex et al. (2017and doing a reconstruction of the time sedéshe rumbers of
birdsfor the period 2002016with Authier et al. (2018)the initial abundancealueusedcorresponded
to theyear 2004.

The longevityis about 23 year€rhe Wildlife Trusts, 2018and adult birdsan reach a weight around
1.250 kg (Wikipedia, 2018, while chicksweigh between 585 g when they are hatchédnimal

Diversity Web, 2018 The common murre mature at 3 years Mdnn and Olla, 201R so the fraction
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of each age class that is sexually mature was assumed to be 1 at 3 ydaesadiet factions of each
age class which is matuoan be found irBectionS2, Table S3 The weight distribution was defined
using chicks and adult weight previously mentioned tnedgenerallengthrweight formula of W =
0.02@3 from Girardin et al. (2018)The growth ratefor each age clagsngN per daywas calculated
based on the weight each individual needs to gain to reach the weight of the next age classinvehin a
window of2 yearsDetailed growth rate per age class can be four@kutionS2, Table S4

Theyhave an average of 1 egg per seggamal Diversity Web, 2018 The eggs are laid between
May and July in populations breeding on the Atlantic cQasimal Diversity Web, 2018 Both parents
participate in the incubation process, which takes between 28 and 34 days dividee2atmLP shifts
(Animal Diversity Web, 2018 After 18-25 days, chicks leave the n¢éhimal Diversity Web, 2018
so the arrivabf recruitsto the modelvas assumed 21 days.

With no available information on mortality for our area, mortality rit@s the NoBa Atlantis model
were usedHansen et al., 20)65.3720° and 2.74€0*! per day were assumed for juveniles and adults,
respectively

The common murreds mean maxi nBrawnird iet\ale 20tiBespa h i
depth range of-G0 m was assumeBetailed vertical distribution can be foundSectionS3, Table S6
They dive at around 0.9 s (Rory et al., 200R The horizontal distribution was based on tiegitic
(depth < 200 m)slope(200 m < depth < 2000 nand oceani¢> 2000 m)strataclassification of the area
from Pettex et al. (2017and assuming a homogeneous distribution upon the boxes of eadbetadad
horizontal distribution can be found 8ectionS3, Fig. S1

The diet of adult seabirds consist mainly of sardine, anchovy, other planktivorous fish and discards
(Alvarez, 1998Anderson et al., 2014 rcos and Oro, 20QFortin et al., 2013Gomes, 2015Granadeiro
et al., 1998Mirra, 201Q. The juveniles, however, do not eat adult large fish due to regurgitpgos (
comm. Xavier CorralgsDetailed diet matrix can be found $ectionS4, Table S7

Most of the seabird groups encountered in the Eastern North Atketroore abundant during
winter (NovembeiFebruary period)Pettex et al., 2007 and could therefore be considered winter

migrators.
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SectionS2i Final parameter values for the Bay of BiscayAtlantis model, after calibration.

1365 Table S2 Initial biomasHt), growth ratgmgN per dayjand mortality rategper day)for invertebrates.

Initial condition

Growth (mgNper day

Mortality (per day

Group Biomass (t) Linear Quadratic
Benthic cephalopods 63552.8892 0.0014 0 1.101°
Squids 41295.6458 0.0006 0 1.10%0
Norway lobster 16196.8662 0.006 0 0.0000001
Pelagic crab 79601.6974 0.05 0 0.0000001
Zooplankton feeding shrimps 176609.2186 0.0001 0 1.101°
Benthosfeeders decapods 264557.8056 0.02 0 0.0000001
Detritusfeeders decapods 229140.5263 0.02 0 0.0000001
Bivalves 125731.1736 0.02 0 0.0000001
Polychaetes 570980.7028 0.02 0 0.0000001
Suprabenthos 366213.6138 0.02 0 0.0000001
Echimoderns 162923.8930 0.005 0 0.0000001
Other invertebrates 1054992.5732 0.04 0 0.0000001
Gelatinous zooplankton 118746.335 0.02 0 0.000005
Macrozooplankton 744449.9483 0.05 0 0.000001
Mesozooplankton 1123973.4514 0.025 0 0
Microzooplankton 802838.1795 0.05 0.0001 0
Primary producers 71293.0813 1 0 0
Large phytoplankton 616278.8765 0.1 0 0
Small phytoplankton 1083370.8592 0.1 0.02 0
Pelagic bacteria 831917.5150 1.2 0 0
Sediment bacteria 831917.5150 15 0 0

1370
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Table S3 Initial biomass(t), age class structure amedproductionparameterdor vertebratesTwo
reproduction relationships were usedmodified BevertorHolt spawn and species biomass dependent
recruitment relationshi(BH) or a number of recruits per adult.

Initial condition

Group Biomass (t) Age per clds380
Diving and pursuit diveiseabirds 169.3699
Surface feeding seabirds 999.6767
Baleen whales 23231.3078
Toothed cetaceans 5611.5053
Demersal sharks 19013.6750
Pelagic sharks 9267.4457
Deep water sharks 7407.7733
Skates and rays 25398.8806
Bluefin tuna 15099.6053
Albacore 296592.8006
Other large pelagic fishes 20575.1807

Mackerel

Horse mackerel

Sardine

Anchovy

Other planktivorous fishes
Mesopelagic fishes

299444.7738
349211.1068
251321.1936
75124.4587
168586.9675
262103.4563

Anglerfish 30170.4836
Seabass 24618.7846
Blue whiting 287872.5183
Hake 28117.7286
Cods 65258.4241
Megrim 13966.5248
Common sole 19850.0280
Flatfishes 16956.3365
Mullets 10837.5403
Largedemersal fishes 67801.7133
Medium demersal fishes 31536.7536
Small demersal fishes 135260.8628
Deepsea fishes 9488.0876
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Table S3continued)

Initial condition

Group Clgss at Fraction ofthe age class which is mature

mgtrjﬁity Age 1 Age2 Age3 Aged Age5 Age6 Age7 Age8 Age9
Diving and pursuit divers seabirds 2 0 1 1 1 1 1 1 1 1
Surface feeding seabirds 2 0 1 1 1 1 1 1 1 1 1
Baleen whales 1 0.75 1 1 1 1 1 1 1 1 1
Toothedcetaceans 1 1 1 1 1 1 1 1 1 1 1
Demersal sharks 4 0 0 0 1 1 1 1 1 1 1
Pelagic sharks 3 0 0 1 1 1 1 1 1 1 1
Deep water sharks 4 0 0 0 1 1 1 1 1 1 1
Skates and rays 6 0 0 0 0 0 1 1 1 1 1
Bluefin tuna 2 0 0.125 0.75 1 1 1 1 1 1 1
Albacore 6 0 0 0 0.1 0.5 1 1 1 1 1
Other large pelagic fishes 2 0 1 1 1 1
Mackerel 2 0 1 1 1 1 1 1 1 1 1
Horse mackerel 2 0 0.5 1 1 1 1 1 1 1 1
Sardine 2 0 0.47 0.992 0.998 0.9 0.999 1 1 1 1
Anchovy 2 0 0.5 1
Other planktivorous fishes 2 0.03 0.68 1 1 1 1 1 1 1 1
Mesopelagic fishes 2 0 1 1 1 1 1 1 1
Anglerfish 3 0 0 0.125 0.31 0.5 0.5 5 .8 1 1
Seabass 2 0 0.067 0.652 0.942 0.993 0.999 1 1 1 1
Blue whiting 3 0 0 1 1 1 1 1 1 1 1
Hake 3 0 0 0.5 1 1 1 1 1 1 1
Cods 3 0 0 1 1 1 1
Megrim 2 0.25 0.77 0.98 1 1 1 1 1 1 1
Common sole 2 0.44 0.93 1 1 1 1 1 1 1 1
Flatfishes 4 0 0 0 1 1 1 1 1 1 1
Mullets 2 0 0.54 0.65 1 1 1 1 1 1 1
Large demersal fishes 3 0 0 1 1 1 1 1 1 1 1
Medium demersal fishes 4 0 0 0 1 1 1 1 1 1 1
Small demersdishes 3 0 0 1 1 1 1 1 1 1 1
Deepsea fishes 3 0 0 1 1 1 1 1 1 1 1
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Table S3continued)

Group

Recruitment

BH U9(: BH b9( 1 #peradult
Diving and pursuit divers seabirds 1 1390
Surface feedingeabirds 0.7
Baleen whales 0.03
Toothed cetaceans 0.04
Demersal sharks 2
Pelagic sharks 0.05
Deep water sharks 0.5
Skates and rays 0.2
Bluefin tuna 0.09 0.1
Albacore 0.05 3
Other large pelagic fishes 0.0007 0.8 1395
Mackerel 0.15 3
Horse mackerel 0.09 4
Sardine 0.1 2.5
Anchovy 2.5 1
Other planktivorous fishes 0.12 2
Mesopelagic fishes 0.7 1.5
Anglerfish 0.001 0.3
Seabass 0.0001 0.2
Blue whiting 0.1 2
Hake 0.001 0.4
Cods 0.7 0.5 1400
Megrim 0.0009 0.04
Commonsole 0.008 0.2
Flatfishes 0.0459 0.1
Mullets 9 0.08
Large demersal fishes 0.00009 0.5
Medium demersal fishes 0.013 0.2
Small demersal fishes 0.015 1
Deepsea fishes 0.0009 0.1
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Table S4 Lengthweight relationship and growth rat@gN per dayper clasgor vertebrates.

1 10
151U

Group Length/weight

a b
Diving and pursuit divers seabirds 0.02 3
Surface feeding seabirds 0.02 3
Baleen whales 0.0015 3.46
Toothed cetaceans 0.01 3
Demersal sharks 0.0022 3.1194
Pelagic sharks 0.004 3.11
Deep water sharks 0.0026 3.03
Skates and rays 0.0045 3.0686
Bluefin tuna 0.01% 3.01
Albacore 0.0438 2.825
Other large pelagic fishes 0.0072 3.1644
Mackerel 0.0032 3.2695
Horsemackerel 0.0073 3.0254
Sardine 0.0059 3.077
Anchovy 0.007 3.017
Other planktivorous fishes 0.0305 2.791
Mesopelagic fishes 0.0017 3.431
Anglerfish 0.0286 2.8561
Seabass 0.015 2.9485
Blue whiting 0.00375 3.082
Hake 0.00513 3.074
Cods 0.0086 2.98
Megrim 0.0064 3.0114
Common sole 0.00475 3.1809
Flatfishes 0.00137 3.543
Mullets 0.00512 3.29%
Large demersal fishes 0.00@3 34991
Medium demersal fishes 0.01072 3.08
Small demersal fishes 0.00856 3.131
Deepsea fishes 0.00129 3.232
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Tahle1S4(continued)

Growth perageclass (mgNper day

Group 1 2 3 4 5 6 7 8 9 10
Diving and pursuit divers seabirds 1.8025  15.688 24.7003 40.3883 56.0763 71.7643 87.4523 103.1403 118.8283 134.5163
Surfacefeeding seabirds 0.1906 9.428 11.3338 20.7618 30.1899 39.6179 49.0459 58.4739 67.9019 77.33
Baleen whales 59410 501160 34716 39716 44710 49716 54710 59710 6.4810 6.9810
Toothed cetaceans 48.8665 1928.439 4371.762 6300.2 8228.64 1.021¢ 1.2110 14010 15916 1.7910
Demersal sharks 0.339 1.695 3.39 5.085 6.78 7.2017 7.6234 8.0451 8.4668 8.8885
Pelagic sharks 14.3784 1141.334 1500.795 3108.658 4790.895 6314.149 7589.873 8599.201 9377.049 1.02 10
Deep watesharks 0.7531 3.7655 7.5309 11.2964 15.0619 19.14 23.2182 27.2963 31.3745 35.4527
Skates and rays 0.2451 3.4355 46611 11.7851 21.5518 32.4667 46.6020 59.5766 80.3888 98.8719
Bluefin tuna 0.0095 0.0477 0.9537 3.4968 7.3116 11.4442 15.8947 20.9809 25.7493 29.8819
Albacore 1.9941 137.6657 369.0905 713.2548 1057.419 1401.583 1745.748 2293.035 2840.323 3387.61
Other large pelagic fishes 1.5957 55.8504 111.7008 186.6198 261.5387
Mackerel 0.9299 4.6453 6.1964 7.9588 9.1164 10.0076 11.5277 13.247 15.453 17.659
Horse mackerel 0.0946 0.4732 0.9464 1.6021 2.2578 2.9134 3.5691 4.2247 4.8804 5.5361
Sardine 0.2004 0.2535 1.2557 1.6751 1.9358 2.0007 2.0944 2.2507 2.4021 2.4706
Anchovy 0.1332 0.3456 1.0118
Other planktivorous fishes 0.0051 0.1062 0.1316 0.2734 0.3858 0.4581 0.5038 0.5254 0.5361 0.5446
Mesopelagic fishes 0.0351 0.1757 0.3513 0.527 0.7027 0.8783 1.054 1.2297
Anglerfish 0.05 29.7381 35.3052 81.9448 156.4855 284.5126 369.919 490.1862 839.1639 992.0211
Seabass 0.4727 4.7268 9.4535 18.4817 27.5099 36.5381 45.5662 54.5944 63.6226 72.6508
Blue whiting 0.0919  0.4595 0.919 1.3785  2.6593 3.94 5.2208 6.5015 7.7823  9.0631
Hake 5.8495 59.4645 88.7118 20.8626 44.0947 82.8911 142.2488 208.4211 337.8097 518.3536
Cods 0.0315 1.1017  2.2033 3.305 5.837 8.369
Megrim 0.026 2.6229 3.2727 8.1723 14.6614 23.7769 36.0722 49.0821 62.0921 75.102
Common sole 0.0639 0.8205 1.1401 1.6895 1.952 2.0586 2.0712 2.0838 2.0965 2.1091
Flatfishes 0.0184 0.0922 0.1845 0.2767 0.369 0.4612 05535 0.6457 0.738 0.8302
Mullets 0.2292 2.0287 3.1748 5.061 6.8812 8.7882 9.2902 9.7923 10.2944 10.7964
Large demersal fishes 0.2449 33.6371 39.7603 112.3663 223.1934 387.7967 584.5923 716.6375 745.4305 775.0265
Medium demersdishes 0.1728 0.5068 1.3707 1.8774 2.0271 2.4944 3.1486 3.4482 3.6837 3.9192
Small demersal fishes 0.1407 0.8438 1.5474 2.5041 3.3546 4.0373 4.8697 5.7947 6.7196 7.6446
Deepsea fishes 0.1366 3.4162 6.8324 10.2486 13.6648 17.0811 20.4973 23.9135 27.3297 30.7459
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Table S5 Mortality rates(per day)or vertebrates.

Mortality (per day

Group Linear Quadratic

Juvenile Adult Juvenile (16) Adult (109)
Diving and pursuit diversemabirds 0 0 53.7 27.4
Surface feeding seabirds 0 0 17.81 1.644
Baleen whales 0 0 3040 510
Toothed cetaceans 0 0 0.02739 547.9
Demersal sharks 0 0 0.352 0.0574
Pelagic sharks 0 0 0.02739 54.79
Deep water sharks 0 0 0.0001545 3.09
Skates and rays 0 0 0.002602 0.005204
Bluefin tuna 0 0 9.041 3.79
Albacore 0 0 0.08219 8.219
Other large pelagic fishes 0 0 0.001192 0.002384
Mackerel 0 0 2.0551012 4.11:10%
Horse mackerel 0 0 0.0002055 0.000411
Sardine 0 0 2.297107 0.0001142
Anchovy 0 0 0.001644 0.00003288
Other planktivorous fishes 0 0 0.0002192 0.0004384
Mesopelagic fishes 0 0 6.251012 1.10°
Anglerfish 0 0 3.082 0.6164
Seabass 0 0 0.06575 0.006575
Blue whiting 0 0 0.0002739 0.000005479
Hake 0 0 0.548 0.001096
Cods 0 0 0.00123 5.21:10°
Megrim 0 0 0.00002739 0.00005479
Common sole 0 0 0.000137 0.000274
Flatfishes 0 0 0.0002739 0.0005479
Mullets 0 0 0.2863 0.01087
Large demersal fishes 0 0 0.0002739 0.05479
Medium demersal fishes 0 0 0.0001644 0.03288
Small demersal fishes 0 0 0.000589 0.001178
Deepsea fishes 0 0 0.0006301 0.0003151
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SectionS31 Initial spatial structure of the functional groups included in the Bay of Biscay Atlantis model

Table 6. Fractions of populations of juveniles and adults at daytimenagid-time. L1 is the layer closest to
the sediment, while L5 is the surface layer. The fractions must sum up to 1 for each of the groups.

1435

Group L1 L2 L3 L4 L5
Diving and pursuit divers sbads 0 0 0 0.29 0.71
Surface feeding seabirds 0 0 0 0 1
Baleen whales 0 0 1 0 0
Toothed cetaceans 0.29 0.43 0.14 0.07 0.07
Demersal sharks 0.29 0.43 0.14 0.07 0.07
Pelagic sharks 0.29 0.43 0.14 0.07 0.07
Deep water sharks 0.861 0.083 0.028 0.014 0.014
Skates and rays 0 0.33 0.33 0.17 0.17
Bluefin tuna 0 0 0.2 0.4 0.4
Albacore 0 0 0 0.5 0.5
Other large pelagic fishes 0 0 0.5 0.25 0.25
Mackerel 0 0.4166667 0.4166667 0.1666667 0
Horse mackerel 0 0.2 0.4 0.2 0.2
Sardine 0 0 0.333333333 0.333333333 0.333333333
Anchovy(juvenile) 0 0 0 0 1
Anchovy(adult) 0 0 0 0.5 0.5
Other planktivorous fishes 0.5 0.3 0.1 0.05 0.05
Mesopelagic fishes 0.625 0.375 0 0 0
Anglerfish 0.5 0.3 0.1 0.05 0.05
Seabass 0 0 0 0.6 0.4
Blue whiting 0.3 0.7 0 0 0
Hake 0 0.7 0.2 0.1 0
Cods 0 0.37 0.37 0.19 0.07
Megrim 0.2 0.5 0.2 0.1 0
Common sole 0 0 0.5 0.25 0.25
Flatfishes 0.17 0.5 0.17 0.08 0.08
Mullets 0 0.3333 0.3333 0.1667 0.1667
Large demersal fishes 0.5 0.3 0.1 0.05 0.05
Medium demersal fishes 0.17 0.5 0.17 0.08 0.08
Small demersal fishes 0.5 0.3 0.1 0.05 0.05
Deepsea fishes 0.756 0.151 0.05 0.025 0.018
Benthic cephalopods 0.29 0.43 0.14 0.07 0.07
Squids 0.75 0.15 0.05 0.03 0.03
Norway lobster 0.196 0.588 0.196 0.02 0
Pelagic crab 0 0.6 0.2 0.1 0.1
Zooplankton feeding shrimps 0.74 0.15 0.05 0.02 0.04
Benthosfeeders decapods 0.64 0.21 0.07 0.04 0.04
Detritusfeeders decapods 0.62 0.23 0.08 0.04 0.04
Bivalves 0 0 0.5 0.25 0.25
Polychaetes 0.9 0.06 0.02 0.01 0.01
Suprabenthos 0 0.54 0.27 0.14 0.05
Echinoderns 0.67 0.2 0.07 0.03 0.03
Other invertebrates 0.75 0.15 0.05 0.03 0.03
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Table $ (continued)

Group L1 L2 L3 L4 L5
Gelatinous zooplankton 0.75 0.15 0.05 0.025 0.025
Macrozooplankton 0.75 0.15 0.05 0.025 0.025
Mesozooplankton 0.75 0.15 0.05 0.025 0.025
Microzooplankton 0.75 0.15 0.05 0.025 0.025
Primary producers 0 0 0 0 1
Large phytoplankton 0 0 0 0.5 0.5
Small phytoplankton 0 0 0 0.5 0.5
Pelagic bacteria 0.9 0.1 0 0 0
Sediment bacteria 0.8 0.06 0.02 0.01 0.01
Labile detritus 0.9 0.06 0.02 0.01 0.01
Refractory detritus 0.9 0.06 0.02 0.01 0.01
Carrion 0.9 0.06 0.02 0.01 0.01
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Demersal sharks
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Mesopelagic fishes

Fraction
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Blue whiting
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