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Table S1 Sources of the parameters used by functional group for the Portuguese continental shelf ecosystem model. Percentages before each 
species scientific names represent the relative abundance of each species within a group. When no relative abundance is given, such information 
was not available or the functional group has only one species. 

Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

1. Seabirds [2.7% Alca torda (Linnaeus, 
1758), 7.9% Calonectris diomedea 
borealis (Cory, 1881), 86.8% Morus 
bassanus (Linnaeus, 1758), 1.6% Puffinus 
mauretanicus (Lowe, 1921), 0.9% Uria 
aalge (Pontoppidan, 1763)] 

0.009 0.1 57.64	   0     

  From 2010 to 2012, 
Araújo et al. 2014 

Christensen et al. 
2009 

Nilsson & Nilsson 
1976 

 Estimated 
by the model 

Spring 1971, 
Wanless et al. 
1985, Granadeiro 
1991, Genovart et 
al. 2003, Langston 
& Teuten 2013 

Beja 1990, Käkelä 
et al. 2010, Paiva et 
al. 2010 

2. Minkle whale [Balaenoptera 
acutorostrata (Lacépède, 1804)] 

0.061 0.03 35.113 0.371   

  From 2010 to 2012, 
Araújo et al. 2014 

Christensen et al. 
2009 

From Markussen et 
al. 1992 daily food 
consumption 
estimates and mean 
weight in the area 

Estimated by 
model 

 MarPro database  MarPro database 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

3. Common dolphin [Delphinus delphis 
(Linnaeus, 1758)] 

0.038 0.08 31.293 0.2    

  From 2010 to 2012, 
Araújo et al. 2014 

Christensen et al. 
2009 

From Begona 
Santos et al. 2014 
daily food 
consumption 
estimates and mean 
weight in the area 

Estimated by 
model 

Fernández 2003  Stomach content 
analysis from 
stranded animals 

4. Striped dolphin [Stenella coeruleoalba 
(Meyen, 1833)] 

0.005 0.080 30.977 0.105   

  From 2010 to 2012, 
Araújo et al. 2014 

Christensen et al. 
2009 

From Begona 
Santos et al. 2014 
daily food 
consumption 
estimates and mean 
weight in the area 

Estimated by 
model 

Fernández 2003 Stomach content 
analysis from 
stranded animals 

5. Bottlenose dolphin [Tursiops truncatus 
(Montagu, 1821)] 

0.006 0.080 32.056 0.868   

  From 2010 to 2012, 
Araújo et al. 2014 

Christensen et al. 
2009 

From Begona 
Santos et al. (2014) 
daily food 
consumption 
estimates and mean 
weight in the area 

Estimated by 
model 

Fernández (2003)  Stomach content 
analysis from 
stranded animals 

6. Harbor porpoise [Phocoena phocoena 
(Linnaeus, 1758)] 

0.004 0.080 14.166 0.013   

  From 2010 to 2012, 
Araújo et al. 2014 

Christensen et al. 
2009 

From Begona 
Santos et al. (2014) 
daily food 
consumption 
estimates and mean 
weight in the area 

Estimated by 
model 

MarPro Stranding 
database (2015) 

 Stomach content 
analysis from 
stranded animals 

7. Tunas [Auxis rochei (Risso, 1810), 
Sarda sarda (Bloch, 1793), Thunnus 
thynnus (Linnaeus, 1758)] 

0.200 0.420 4.211 0.096   

 Sanchez & Olaso 2004, 
Coll et al. 2006 
(considering that only a 

Pauly 1980, F 
assumed 0.1 

Pauly et al. 1990 Estimated by 
model 

Santos et al. 2002, 
Relini et al. 2005, 
Rooker et al. 2007, 

Campo et al. 2006, 
Coll et al. 2006, 
Logan et al. 2011, 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

portion of this tuna 
migrates through the 
Portuguese continental 
shelf ecosystem) 

Zaboukas & 
Megalofonou 2007, 
Kahraman et al. 
2011, ICCAT 2011 

Bănaru et al. 2013, 
Fletcher et al. 2013  

8. Rays [Leucoraja naevus (Müller & 
Henle, 1841), Raja brachyuran (Günther, 
1880), Raja clavata (Linnaeus, 1758), 
Raja montagui (Fowler, 1910)] 

0.136 0.729 4.826 0.850   

  Estimated by model ICES 2012, Pauly 
1980 

Pauly et. 1990 Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

ICES 2012  Farias et al. 2006 

9. Hake [Merluccius merluccius 
(Linnaeus, 1758)] 

0.389 1.300 6.070 0.934    

  Bottom trawl surveys 
2006-2009 

ICES 2013 Pauly et. 1990 Estimated by 
model 

Mendes et al. 2004, 
Mellon-Duval et al. 
2010  

 Cabral & Murta 
2002 

10. Squids [Alloteuthis sp. Illex coindetii 
(Vérany, 1839), Loligo vulgaris (Lamarck, 
1798), Todaropsis eblanae (Ball, 1841)] 

0.962 2.800 8.000 0.950   

  Estimated by model Sanchez & Olaso 
2004, Torres et 
al. 2013 

Sanchez & Olaso 
2004, Torres et al. 
2013 

Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

 Bidder 1950, 
Rocha et al. 1994, 
Rasero et al. 1996, 
Coelho et al. 1997, 
Sanchez & Olaso 
2004, Torres et al. 
2013 

11. Benthic cephalopods [Eledone 
cirrhosa (Lamarck, 1798), Octopus 
vulgaris (Cuvier, 1797), Sepia officinalis 
(Linnaeus, 1758), Sepiola sp.] 

1.154 2.300 6.500 0.950   

  Estimated by model Sanchez & Olaso 
2004, Torres et 
al. 2013 

Sanchez & Olaso 
2004, Torres et al. 
2013 

Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

 Sanchez & Olaso 
2004, Lassalle et al. 
2011, Torres et al. 
2013 

12. Horse mackerel [Trachurus trachurus 
(Linnaeus, 1758)] 

2.841 0.512 7.607 0.935   

  Acoustic survey 2008- Pauly 1980,  F Pauly et al. 1990 Estimated by Costa 2004, Cabral & Murta 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

2009 from official 
landings 
information for 
the study area 
and period (2006-
2009) 

model Mendes et al. 2004 2002 

13. Blue jack mackerel [Trachurus 
picturatus (Bowdich, 1825)] 

0.784 0.536 7.208 0.901   

  Bottom trawl surveys 
2006-2009 

Pauly 1980,  F 
from official 
landings 
information for 
the study area 
and period (2006-
2009) 

Pauly et al. 1990 Estimated by 
model 

Mendes et al. 2004, 
Vasconcelos et al. 
2006 

Deudero, 2001, 
Hirch, 2009, 
www.fishbase.org 

14. Chub mackerel [Scomber colias 
(Gmelin, 1789)] 

6.578 0.655 6.816 0.915   

  Acoustic surveys 2007-
2009 

Pauly 1980,  F 
from official 
landings 
information for 
the study area 
and period (2006-
2009) 

Pauly et al. 1990 Estimated by 
model 

Mendes et al. 2004, 
Velasco et al. 2011 

Garrido et al. 2015 

15. Mackerel [Scomber scombrus 
(Linnaeus, 1758)] 

0.448 0.804 7.137 0.942   

  Bottom trawl surveys 
2006-2009 

Pauly 1980,  F 
from official 
landings 
information for 
the study area 
and period (2006-
2009) 

Pauly et al. 1990 Estimated by 
model 

Mendes et al. 2004, 
Villamor et al. 
2004 

Cabral & Murta 
2002 

16. Demersal piscivorous fish 
[Chelidonichthys lucernus (Linnaeus, 
1758), Conger conger (Linnaeus, 1758), 
Dicentrarchus labrax (Linnaeus, 1758), 
Helicolenus dactylopterus (Delaroche, 

0.531 0.644 3.575 0.950   
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

1809), Lophius budegassa (Spinola, 
1807), Lophius piscatorius (Spinola, 
1807)] 
  Estimated by model Pauly 1980 and 

considering the 
models from 
neighbour areas 
(Lassalle et al. 
2011, Sanchez & 
Olaso 2004, 
Torres et al. 
2013) 

Pauly et al. 1990 Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

Gonçalves et al. 
1997, Landa et al. 
2001, Mendes et al. 
2004, García-
Rodríguez et al. 
2005, Olim & 
Borges 2006, Cicek 
et al. 2008, Correia 
et al. 2009, 
Sequeira et al. 
2009, ICES 2013, 
www.fishbase.org 

Sanchez & Olaso 
2004, Preciado et 
al. 2006, Xavier et 
al. 2010, Neves et 
al. 2012, Castro et 
al. 2013, Spitz et al. 
2013, Torres et al. 
2013 

17. Demersal invertivorous fish 
[Callanthias ruber, Callionymus lyra, 
Cepola macrophthalma, Chelidonichthys 
cuculus, Lepidotrigla cavillone, Mullus 
barbatus, Mullus surmuletus, Serranus 
hepatus, Synchiropus phaeton, Trigla lyra, 
Ammodytidae, Gobiidae] 

5.773 1.221 6.677 0.950   

  Estimated by model Pauly 1980, F 
assumed 0.5 

Pauly et al. 1990 Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

Reñones et al. 
1995, Borges et al. 
2003, Mendes et al. 
2004, Olim & 
Borges 2006, 
Dulčić et al. 2007, 
www.fishbase.org 

Terrats et al. 2000, 
Mackinson & 
Daskalov 2007, 
Castro 2008, Hirch 
2009, Lopez-Lopez 
et al. 2011, Castro 
et al. 2013, Torres 
2013, 
www.fishbase.org 

18. Benthopelagic piscivorous fish 
[Belone belone (Linnaeus, 1760), 
Lepidopus caudatus (Euphrasen, 1788), 
Phycis blennoides (Brünnich, 1768), 
Phycis phycis (Linnaeus, 1766), Zeus 
faber (Linnaeus, 1758)] 

0.336 0.833 4.098 0.950   

  Estimated by model Pauly 1980, Pauly et. 1990 Sanchez & Demestre et al. Demestre et al. 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

Sanchez & Olaso 
2004, Torres et 
al. 2013 and 
Official landings 
information for 
the study area 
and period (2006-
2009) 

Olaso 2004, 
Torres et al. 
2013 

1993, Casas & 
Piñeiro 2000, 
Borges et al. 2003, 
Mendes et al. 2004, 
Vieira et al. 2014, 
www.fishbase.org 

1993, Morato et al. 
1999, Silva 1999, 
Morte et al. 2002, 
Klimpel et al. 2006, 
Sever et al. 2009, 
Torres 2013 

19. Benthopelagic invertivorous fish 
[Anthias anthias (Linnaeus, 1758), 
Argentina sphyraena (Linnaeus, 1758), 
Capros aper (Linnaeus, 1758), Gadiculus 
argenteus (Guichenot, 1850), 
Macroramphosus spp. Micromesistius 
poutassou (Risso, 1827), Trisopterus 
luscus (Linnaeus, 1758)] 

6.622 0.954 7.096 0.950    

 Estimated by model Pauly 1980, F 
assumed 0.3 

Pauly et al. 1990 Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

Merayo & Villegas 
1994, Borges 2000, 
Borges et al. 2003, 
Mendes et al. 2004, 
Hüssy et al. 2012, 
www.fishbase.org 

Cabral & Murta 
2002, Oliveira 
2002, Lopes et al. 
2006, Hirch 2009, 
Sever et al. 2013, 
www.fishbase.org 

20. Flatfish [Arnoglossus laterna 
(Walbaum, 1792), Citharus linguatula 
(Linnaeus, 1758), Dicologlossa cuneata 
(Moreau, 1881), Lepidorhombus boscii 
(Risso, 1810), Lepidorhombus 
whiffiagonis (Walbaum, 1792), 
Microchirus azevia (Capello, 1867), 
Microchirus variegatus (Donovan, 1808), 
Pegusa lascaris (Risso, 1810), Platichthys 
flesus (Linnaeus, 1758), Scophthalmus 
maximus (Linnaeus, 1758), Scophthalmus 
rhombus (Linnaeus, 1758), Solea 
senegalensis (Kaup, 1858), Solea solea 
(Linnaeus, 1758)] 

0.908 0.940 5.687 0.950   

  Estimated by model Pauly 1980, F 
assumed 0.3 

Pauly et al. 1990 Sanchez & 
Olaso 2004, 

Santos 1995, 
Andrade 1998, 

Cabral 2000, 
Cabral et al. 2002, 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

Torres et al. 
2013 

Landa & Piñeiro 
2000, Mendes et al. 
2004, Teixeira et 
al. 2009, Teixeira 
& Cabral 2010, 
Teixeira et al. 
2010, Félix et al. 
2011, ICES 2013, 
www.fishbase.org 

Amezcua et al. 
2003, Šantić et al. 
2009, Teixeira et 
al. 2009, Teixeira 
et al. 2010, Vinagre 
et al. 2011, Torres 
2013, Torres et al. 
2013 

21. Sparids [0.01% Diplodus annularis 
(Linnaeus, 1758), 0.05% Diplodus 
Bellottii (Steindachner, 1882), 0.01% 
Diplodus sargus (Linnaeus, 1758), 26.4% 
Diplodus vulgaris (Geoffroy Saint-Hilaire, 
1817), 55.9% Pagellus acarne (Risso, 
1827), 0.73% Pagellus bogaraveo 
(Brünnich, 1768), 3% Pagellus Erythrinus 
(Linnaeus, 1758), 0.2% Pagrus auriga 
(Valenciennes, 1843), 1.1% Pagrus 
pagrus (Linnaeus, 1758), 12.5% 
Spondyliosoma cantharus (Linnaeus, 
1758)] 

0.599 0.725 5.425 0.858   

  Bottom trawl surveys 
2006-2009 

Pauly 1980,  F 
from official 
landings 
information for 
the study area 
and period (2006-
2009) 

Pauly et al. 1990 Estimated by 
model 

Gonçalves et al. 
1997, Pajuelo & 
Lorenzo 2000, 
Erzini et al. 2001, 
Santos et al. 2002, 
Borges et al. 2003, 
Gonçalves et al. 
2003, Mendes et al. 
2004, Pajuelo et al. 
2006, Matić-Skoko 
et al. 2007, Coelho 
et al. 2010, Lorance 
2011, 
www.fishbase.org 

Chakroun-Marzouk 
& Kartas 1987, 
Gonçalves & Erzini 
1998, Pita et al. 
2002, Torres 2013 

22. Anchovy [Engraulis encrasicolus 
(Linnaeus, 1758)] 

0.305 1.170 12.220 0.919   
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

  Acoustic surveys 2006-
2009 

Pauly 1980,  F 
from official 
landings 
information for 
the study area 
and period (2006-
2009) 

Pauly et al. 1990 Estimated by 
model 

Basilone et al. 
2004, 
www.fishbase.org 

Sanchez & Olaso 
2004, Lassalle et al. 
2011, Castro et al. 
2013, Torres et al. 
2013 

23. Sardine [Sardina pilchardus 
(Walbaum, 1792)] 

14.760 0.891 9.677 0.956   

  Acoustic surveys 2006-
2009 

Pauly 1980,  F 
from official 
landings 
information for 
the study area 
and period (2006-
2009) 

Pauly et al. 1990 Estimated by 
model 

Mendes et al. 2004, 
Silva et al. 2008 

Garrido et al. 2008 

24. Bogue [Boops boops (Linnaeus, 
1758)] 

0.794 1.246 6.201 0.950   

  Estimated by model Pauly 1980, F 
from Monteiro et 
al. 2006 

Pauly et al. 1990 Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

Mendes et al. 2004, 
Monteiro et al. 
2006 

Derbal & Kara 
2008, Bănaru et al. 
2013, Dobroslavić 
et al. 2013 

25. Henslow's crab [Polybius henslowii 
(Leach, 1820)] 

0.526 2.100 10.640 0.950    

 Estimated by model Coll et al. 2006, 
Torres et al. 2013 

Cammen 1980 Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

Acoustic and 
bottom trawl 
surveys 2006-2009 

Signa et al. 2008, 
Torres et al. 2013 

26. Shrimps [Crustacea natantia] 3.619 4.200 11.670 0.950   
  Estimated by model Sanchez & Olaso 

2004, Torres et 
al. 2013 

Sanchez & Olaso 
2004, Torres et al. 
2013 

Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

 Sanchez & Olaso 
2004, Torres et al. 
2013 

27. Macrozoobenthos [Starfishes, 
Annelids, Sea urchins, Sea cucumbers, 
Bivalves, Crustaceans, Sea anemone, 
other benthic invertebrates] 

14.540 3.555 9.727 0.842   

  López-Jamar et al. Sanchez & Olaso Sanchez & Olaso Estimated by  Sanchez & Olaso 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

1992, Martins et al. 
2013 

2004, Torres et 
al. 2013 

2004, Torres et al. 
2013 

model 2004, Torres et al. 
2013 

28. Suprabenthic invertebrates 
[Euphausiids, Mysids, Isopods, 
Amphipods] 

3.599 16.000 42.000 0.950   

  Sanchez & Olaso 2004, 
Torres et al. 2013 

Sanchez & Olaso 
2004, Torres et 
al. 2013 

Sanchez & Olaso 
2004, Torres et al. 
2013 

Sanchez & 
Olaso 2004, 
Torres et al. 
2013 

 Sanchez & Olaso 
2004, Torres et al. 
2013 

29. Macrozooplankton [Zooplankton 
lenght > 3 mm, width > 1 mm] 

5.253 17.000 44.000 0.781   

  Spring and Autumn 
surveys 2006-2009, 
Conversion factors 
were used to estimate 
wet weight of those 
samples (Cushing et al. 
1958, Wiebe et al. 
1975, Wiebe 1988, 
Alcaraz et al. 2003). 
The conversion to t/m2 
from t/m3 was made 
based on information 
about vertical 
distribution of 
zooplankton in the 
western Portuguese 
continental shelf (L. 
Sobrinho-Gonçalves 
unpubl. Data, 
Sobrinho-Gonçalves et 
al. 2013) 

Sanchez & Olaso 
2004, Torres et 
al. 2013 

Sanchez & Olaso 
2004, Torres et al. 
2013 

Estimated by 
model  

 Sanchez & Olaso 
2004, Torres et al. 
2013 

30. Meso e Microzooplankton 
[Zooplankton lenght ≤ 3 mm, width ≤1 
mm] 

25.29 30.100 152.500 0.635   

  Mesozooplankton: 
Spring and Autumn 
surveys 2006-2009,  

Sanchez & Olaso 
2004, Torres et 
al. 2013 

Sanchez & Olaso 
2004, Torres et al. 
2013 

Estimated by 
model 

 Sanchez & Olaso 
2004, Torres et al. 
2013 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

Microzooplankton: L. 
Sobrinho-Gonçalves 
unpubl. data, 2010-
2011 
Conversion factors 
were used to estimate 
wet weight of those 
samples (Cushing et al. 
1958, Wiebe et al. 
1975, Wiebe 1988, 
Alcaraz et al. 2003). 
The conversion to t/m2 
from t/m3 was made 
based on information 
about vertical 
distribution of 
zooplankton in the 
western Portuguese 
continental shelf (L. 
Sobrinho-Gonçalves 
unpubl. Data, 
Sobrinho-Gonçalves et 
al. 2013) 

31. Phytoplankton 18.720 350.800  0.432   
  chlorophyll-a satellite 

data from the 
Globcolour project 
(algorithm by Morel & 
Brethon 1989; 
www.globcolour.info) 
Conversion factors 
(Jorgensen et al. 1991, 
Dalsgaard & Pauly 
1997) 

Vertically 
Generalized 
Production 
Model (VGPM) 
(Behrenfeld & 
Falkowski 1997) 

 Estimated by 
model 

  

32. Discards 1.003   0.933   
  Borges et al. 2001, 

Batista et al. 2009, 
Prista et al. 2012, Feijó 

  Estimated by 
model 
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Species / Parameters B (t·km-2) P/B (year-1) Q/B (year-1) EE Mean weight/L∞ 
and L-W Diet 

2013, Fernandes et al. 
2015 

33. Detritus 45.230   0.068    
  Pauly et al. 1993   Estimated by 

model 
  



 12 

References 
Alcaraz M, Saiz E, Calbet A, Trepat I, Broglio E (2003) Estimating zooplankton biomass 

through image analysis. Mar Biol 143:307–315 doi:10.1007/s00227-003-1094-8 
Amezcua FNRDM, Nash RDM, Veale L (2003) Feeding habits of the Order 

Pleuronectiformes and its relation to the sediment type in the north Irish Sea. J Mar Biol 
Assoc UK 83:593–601 doi:10.1017/S0025315403007525h 

Andrade JP (1998) Age and growth of the bastard sole, Microchirus azevia (Capello, 1868) 
(Pisces, Soleidae) from the south coast of Portugal. Fish Res 34:205–208 
doi:10.1016/S0165-7836(97)00093-3 

Araújo H, Santos J, Rodrigues P, Vingada J, Eira C, Raínho A, Arriegas I, Leonardo T, 
Nunes M, Sequeira M (2014) First Technical proposal of new SCI sites dedicated to the 
conservation of cetaceans in Portugal for inclusion in the National List of Sites. Annex to 
the 2014 Report of project LIFE MarPro NAT/PT/00038, pp. 285. 

Bănaru D, Mellon-Duval C, Roos D, Bigot JL and others (2013) Trophic structure in the Gulf 
of Lions marine ecosystem (north-western Mediterranean Sea) and fishing impacts. J Mar 
Syst 111-112:45–68 doi:10.1016/j.jmarsys.2012.09.010 

Basilone G, Patti B, Mazzola S, Cuttitta A, Bonanno A, Sposito P, Kallianiotis A (2004) 
Growth of the European anchovy (Engraulis encrasicolus) in the Strait of Sicily. 
MedSudMed Tech. Doc. 5:79–89 

Behrenfeld MJ, Falkowski PG (1997) Photosynthetic rates derived from satellite-based 
chlorophyll concentration. Limnol Oceanogr 42:1–20 doi:10.4319/lo.1997.42.1.0001 

Beja PR (1990) A note on the diet of Razorbills Alca torda wintering off Portugal. Seabird 
12:11–13 

Bidder AM (1950) The digestive mechanism of the European squids Loligo vulgaris, Loligo 
forbesii, Alloteuthis media and Alloteutihis subulata. J Cell Sci 3:1–43 

Borges L (2000) Age and growth of the snipefish, Macrorhamphosus spp., in the Portuguese 
continental waters. J Mar Biol Assoc UK 80:147–153 doi:10.1017/S0025315499001666 

Borges TC, Olim S, Erzini K (2003) Weight–length relationships for fish species discarded in 
commercial fisheries of the Algarve (southern Portugal). J Appl Ichthyology 19:394–396 
doi:10.1111/j.1439-0426.2003.00480.x 

Cabral HN (2000) Comparative feeding ecology of sympatric Solea solea and S. 
senegalensis, within the nursery areas of the Tagus estuary, Portugal. J Fish Biol 
57:1550–1562 doi:10.1111/j.1095-8649.2000.tb02231.x 

Cabral HN, Murta AG (2002) The diet of blue whiting, hake, horse mackerel and mackerel 
off Portugal. J Appl Ichthyology 18:14–23 doi:10.1046/j.1439-0426.2002.00297.x 

Cabral HN, Lopes M, Loeper R (2002) Trophic niche overlap between flatfishes in a nursery 
area on the Portuguese coast. Sci Mar 66:293–300 doi:10.3989/scimar.2002.66n3293 

Cammen LM (1979) Ingestion rate: an empirical model for aquatic deposit feeders and 
detritivores. Oecologia 44:303–310 doi:10.1007/BF00545232 

Campo D, Mostarda E, Castriota L, Scarabello MP, Andaloro F (2006) Feeding habits of the 
Atlantic bonito, Sarda sarda (Bloch, 1793) in the southern Tyrrhenian sea. Fish Res 
81:169–175 doi:10.1016/j.fishres.2006.07.006 



 13 

Casas JM, Piñeiro C (2000) Growth and age estimation of greater fork-beard (Phycis 
blennoides Brünnich, 1768) in the north and northwest of the Iberian Peninsula (ICES 
Division VIIIc and IXa). Fish Res 47:19–25 doi:10.1016/S0165-7836(00)00108-9 

Castro N (2008) Estrutura e Ecologia alimentar das comunidades piscícolas em uma área de 
viveiro para espécies de interesse comercial da região centro de Portugal. MSc thesis, 
University of Lisboa, Lisboa. 

Castro N, Costa JL, Domingos I, Angélico MM (2013) Trophic ecology of a coastal fish 
assemblage in Portuguese waters. J Mar Biol Assoc UK 93:1151–1161 
doi:10.1017/S0025315412001853 

Chakroun-Marzouk N, Kartas F (1987) Denture et régime alimentaire des espèces du genre 
Pagrus (Pisces, Sparidae) des côtes Tunisiennes. Cybium 11:3–19 

Christensen V, Walters CJ, Ahrens R, Alder J and others (2009) Database-driven models of 
the world’s Large Marine Ecosystems. Ecol Modell 220:1984–1996 
doi:10.1016/j.ecolmodel.2009.04.041 

Cicek E, Avsar D, Ozyurt CE, Yeldan H, Manasirli M (2008) Age, growth, reproduction and 
mortality of Tub Gurnard (Chelidonichthys lucernus (Linnaeus, 1758)) inhabiting in 
Babadillimani Bight (northeastern Mediterranean coast of Turkey). J Biol Sci 8:155–160 
doi:10.3923/jbs.2008.155.160 

Coelho M, Domingues P, Balguerias E, Fernandez M, Andrade JP (1997) A comparative 
study of the diet of Loligo vulgaris (Lamarck, 1799)(Mollusca: Cephalopoda) from the 
south coast of Portugal and the Saharan Bank (Central-East Atlantic). Fish Res 29:245–
255 doi:10.1016/S0165-7836(96)00540-1 

Coelho R, Bentes L, Correia C, Gonçalves J and others (2010) Life history of the common 
pandora, Pagellus erythrinus (Linnaeus, 1758)(Actinopterygii: Sparidae) from southern 
Portugal. Braz J Oceanogr 58:233–245 doi:10.1590/S1679-87592010000300006 

Coll M, Palomera I, Tudela S, Sardà F (2006) Trophic flows, ecosystem structure and fishing 
impacts in the South Catalan Sea, Northwestern Mediterranean. J Mar Syst 59:63–96 
doi:10.1016/j.jmarsys.2005.09.001 

Correia AT, Manso S, Coimbra J (2009) Age, growth and reproductive biology of the 
European conger eel (Conger conger) from the Atlantic Iberian waters. Fish Res 99:196–
202 doi:10.1016/j.fishres.2009.06.002 

Costa AM (2004) Idade e crescimento do carapau (Trachurus trachurus L.) da costa 
portuguesa no período de 1992 a 1998. Relatórios Científicos e Técnicos, IPIMAR, Série 
digital 18, 25 pp. 

Cushing DH, Humphrey GF, Banse K, Laevastu T (1958) Report of the committee on terms 
and equivalents. Rapp P-V Reùn Cons Int Explor Mer 144:15–16 

Dalsgaard J, Pauly D (1997) Preliminary mass-balance model of Prince William Sound, 
Alaska for the pre-spill period, 1980-1989. Fisheries Centre, University of British 
Columbia, Vancouver. British Columbia, Canada. 

Demestre M, Moli B, Recasens L, Sánchez P (1993) Life history and fishery of Lepidopus 
caudatus (Pisces: Trichiuridae) in the Catalan Sea (northwestern Mediterranean). Mar 
Biol 115:23–32 doi:10.1007/BF00349382 

Derbal F, Kara MH (2008) Composition du régime alimentaire du bogue Boops boops 
(Sparidae) dans le golfe d’Annaba (Algérie). Cybium 32:325–333 



 14 

Deudero S (2001) Interspecific trophic relationships among pelagic fish species underneath 
FADs. J Fish Biol 58:53–67 doi:10.1111/j.1095-8649.2001.tb00498.x 

Dobroslavić T, Zlatović A, Bartulović V, Lučić D, Glamuzina B (2013) Diet overlap of 
juvenile salema (Sarpa salpa), bogue (Boops boops) and common two-banded sea bream 
(Diplodus vulgaris) in the south-eastern Adriatic. J Appl Ichthyology 29:181–185 
doi:10.1111/j.1439-0426.2012.02046.x 

Dulčić J, Matić-Skoko S, Paladin A, Kraljević M (2007) Age, growth and mortality of brown 
comber, Serranus hepatus (Linnaeus, 1758)(Pisces: Serranidae), in the eastern Adriatic 
(Croatian coast). J Appl Ichthyology 23:195–197 doi:10.1111/j.1439-0426.2006.00840.x 

Erzini K, Bentes L, Lino PG, Ribeiro J and others (2001) Age and growth of seven sparid 
species of the South coast of Portugal. In Tenth European Congress on Ichthyology ECI 
X, Prague, Czech Republic. 

Farias I, Figueiredo I, Moura T, Gordo LS, Neves A, Serra-Pereira B (2006) Diet comparison 
of four ray species (Raja clavata, Raja brachyura, Raja montagui and Leucoraja naevus) 
caught along the Portuguese continental shelf. Aquat Living Resour 19:105–114 
doi:10.1051/alr:2006010 

Félix PM, Vinagre C, Cabral HN (2011) Life-history traits of flatfish in the Northeast 
Atlantic and Mediterranean Sea. J Appl Ichthyology 27:100–111 doi:10.1111/j.1439-
0426.2010.01623.x 

Fernández AL (2003) Estatus dos pequenos cetáceos da plataforma de Galicia. PhD 
dissertation, University of Santiago de Compostela, Santiago de Compostela, 373 pp. 

Fletcher N, Batjakas IE, Pierce GJ (2013) Diet of the Atlantic bonito Sarda sarda (Bloch, 
1793) in the Northeast Aegean Sea. J Appl Ichthyology 29:1030–1035 
doi:10.1111/jai.12164 

García-Rodríguez M, Pereda P, Landa J, Esteban A (2005) On the biology and growth of the 
anglerfish Lophius budegassa Spinola, 1807 in the Spanish Mediterranean: a preliminary 
approach. Fish Res 71:197–208 doi:10.1016/j.fishres.2004.08.033 

Garrido S, Ben-Hamadou R, Oliveira PB, Cunha ME, Chícharo MA, van der Lingen CD 
(2008) Diet and feeding intensity of sardine Sardina pilchardus: correlation with satellite-
derived chlorophyll data. Mar Ecol Prog Ser 354:245–256 doi:10.3354/meps07201 

Garrido S, Silva A, Pastor J, Dominguez R, Silva A, Santos A (2015) Trophic ecology of 
pelagic fish species off the Iberian coast: diet overlap, cannibalism and intraguild 
predation. Mar Ecol Prog Ser 539:271–285. doi:10.3354/meps11506 
doi:10.3354/meps11506 

Genovart M, McMinn M, Bowler D (2003) A discriminant function for predicting sex in the 
Balearic Shearwater. Waterbirds 26:72–76 doi:10.1675/1524-
4695(2003)026[0072:ADFFPS]2.0.CO;2 

Gonçalves JMS, Erzini K (1998) Feeding habits of the two-banded sea bream (Diplodus 
vulgaris) and the black sea bream (Spondyliosoma gantharus) (Sparidae) from the south-
west coast of Portugal. Cybium 22:245–254 

Gonçalves JMS, Bentes L, Lino PG, Ribeiro J, Canario AV, Erzini K (1997) Weight-length 
relationships for selected fish species of the small-scale demersal fisheries of the south 
and south-west coast of Portugal. Fish Res 30:253–256 doi:10.1016/S0165-
7836(96)00569-3 



 15 

Gonçalves JMS, Bentes L, Coelho R, Correia C and others (2003) Age and growth, maturity, 
mortality and yield-per-recruit for two banded bream (Diplodus vulgaris Geoffr.) from 
the south coast of Portugal. Fish Res 62:349–359 doi:10.1016/S0165-7836(02)00280-1 

Granadeiro JP (1991) The breeding biology of Cory’s Shearwater Calonectris diomedea 
borealis on Berlenga Island, Portugal. Seabird 13:30–39 

Hirch S (2009) Trophic interactions at seamounts. PhD Dissertation, University of Hamburg, 
Hamburg, 211 pp. 

Hüssy K, Coad JO, Farrell ED, Clausen LW, Clarke MW (2012) Sexual dimorphism in size, 
age, maturation, and growth characteristics of boarfish (Capros aper) in the Northeast 
Atlantic. ICES J Mar Sci 69:1729–1735 doi:10.1093/icesjms/fss156 

ICCAT (2011) Report of the 2010 Atlantic Bluefin tuna stock assessment session (Madrid, 
Spain, September 6 to 12, 2010). ICCAT, Collect. Vol. Sci. Pap. 66:505–714 

ICES (2012) Report of the Working Group on Elasmobranch Fishes (WGEF), 19–26 June 
2012, Lisbon, Portugal. ICES CM 2012/ACOM:19, 547 pp. 

ICES (2013) Report of the Working Group on the Assessment of Southern Shelf Stocks of 
Hake, Monk and Megrim (WGHMM), 10 - 16 May 2013, ICES Headquarters, 
Copenhagen. ICES CM 2013/ACOM:11A, 11 pp. 

Jørgensen SE, Nielsen SN, Jørgensen LA (1991) Handbook of ecological parameters and 
ecotoxicology. Elsevier Science Publishers, Amsterdam, The Netherlands, pp.1-126 

Kahraman AE, Göktürk D, Karakulak FS (2011) Age and growth of bullet tuna, Auxis rochei 
(Risso), from the Turkish Mediterranean coasts. Afr J Biotechnol 10:3009–3013 
doi:10.5897/AJB10.2021 

Käkelä R, Käkelä A, Martínez-Abraín A, Sarzo B and others (2010) Fatty acid signature 
analysis confirms foraging resources of a globally endangered Mediterranean seabird 
species: calibration test and application to the wild. Mar Ecol Prog Ser 398:245–258 
doi:10.3354/meps08291 

Klimpel S, Rückert S, Piatkowski U, Palm HW, Hanel R (2006) Diet and metazoan parasites 
of silver scabbard fish Lepidopus caudatus from the Great Meteor Seamount (North 
Atlantic). Mar Ecol Prog Ser 315:249–257 doi:10.3354/meps315249 

Landa J, Piñeiro C (2000) Megrim (Lepidorhombus whiffiagonis) growth in the North-eastern 
Atlantic based on back-calculation of otolith rings. ICES J Mar Sci 57:1077–1090 
doi:10.1006/jmsc.2000.0702 

Landa J, Pereda P, Duarte R, Azevedo M (2001) Growth of anglerfish (Lophius piscatorius 
and L. budegassa) in Atlantic Iberian waters. Fish Res 51:363–376 doi:10.1016/S0165-
7836(01)00260-0 

Langston RH, Teuten E, Butler A (2013) Foraging ranges of northern gannets Morus 
bassanus in relation to proposed offshore wind farms in the UK: 2010-2012. RSPB report 
to DECC. 

Lassalle G, Lobry J, Le Loc’H F, Bustamanten P and others (2011) Lower trophic levels and 
detrital biomass control the Bay of Biscay continental shelf food web: implications for 
ecosystem management. Prog Oceanogr 91:561–575 doi:10.1016/j.pocean.2011.09.002 

Logan JM, Rodríguez-Marín E, Goni N, Barreiro S, Arrizabalaga H, Golet W, Lutcavage M 
(2011) Diet of young Atlantic bluefin tuna (Thunnus thynnus) in eastern and western 
Atlantic foraging grounds. Mar Biol 158:73–85 doi:10.1007/s00227-010-1543-0 



 16 

Lopes M, Murta AG, Cabral HN (2006) The ecological significance of the zooplanktivores, 
snipefish Macroramphosus spp. and boarfish Capros aper, in the food web of the south-
east North Atlantic. J Fish Biol 69:363–378 doi:10.1111/j.1095-8649.2006.01093.x 

López-Jamar E, Cal RM, González G, Hanson RB, Rey J, Santiago G, Tenore KR (1992) 
Upwelling and outwelling effects on the benthic regime of the continental shelf off 
Galicia, NW Spain. J Mar Res 50:465–488 doi:10.1357/002224092784797584 

López-López L, Preciado I, Velasco F, Olaso I, Gutiérrez-Zabala JL (2011) Resource 
partitioning amongst five coexisting species of gurnards (Scorpaeniforme: Triglidae): 
Role of trophic and habitat segregation. J Sea Res 66:58–68 
doi:10.1016/j.seares.2011.04.012 

Lorance P (2011) History and dynamics of the overexploitation of the blackspot sea bream 
(Pagellus bogaraveo) in the Bay of Biscay. ICES J Mar Sci 68:290–301 
doi:10.1093/icesjms/fsq072 

Mackinson S, Daskalov G (2007) An ecosystem model of the North Sea to support an 
ecosystem approach to fisheries management: description and parameterisation. Cefas 
Sci. Ser. Tech. Rep. 142, p. 196. 

Markussen NH, Ryg M, Lydersen C (1992) Food consumption of the NE Atlantic minke 
whale (Balaenoptera acutorostrata) population estimated with a simulation model. ICES 
J Mar Sci 49:317–323 doi:10.1093/icesjms/49.3.317 

Martins R, Quintino V, Rodrigues AM (2013) Diversity and spatial distribution patterns of 
the soft-bottom macrofauna communities on the Portuguese continental shelf. J Sea Res 
83:173–186 doi:10.1016/j.seares.2013.03.001 

Matić-Skoko S, Kraljević M, Dulčić J, Jardas I (2007) Age, growth, maturity, mortality, and 
yield-per-recruit for annular sea bream (Diplodus annularis L.) from the eastern middle 
Adriatic Sea. J Appl Ichthyology 23:152–157 doi:10.1111/j.1439-0426.2006.00816.x 

Mellon-Duval C, De Pontual H, Métral L, Quemener L (2010) Growth of European hake 
(Merluccius merluccius) in the Gulf of Lions based on conventional tagging. ICES J Mar 
Sci 67:62–70 doi:10.1093/icesjms/fsp215 

Mendes B, Fonseca P, Campos A (2004) Weight–length relationships for 46 fish species of 
the Portuguese west coast. J Appl Ichthyology 20:355–361 doi:10.1111/j.1439-
0426.2004.00559.x 

Merayo CR, Villegas ML (1994) Age and growth of Trisopterus luscus (Linnaeus, 
1758)(Pisces, Gadidae) off the coast of Asturias. Hydrobiologia 281:115–122 
doi:10.1007/BF00006440 

Monteiro P, Bentes L, Coelho R, Correia C and others (2006) Age and growth, mortality, 
reproduction and relative yield per recruit of the bogue, Boops boops Linné, 1758 
(Sparidae), from the Algarve (south of Portugal) longline fishery. J Appl Ichthyology 
22:345–352 doi:10.1111/j.1439-0426.2006.00756.x 

Morato T, Solà E, Grós MP, Menezes GM (1999) Diets of forkbeard (Phycis phycis) and 
conger eel (Conger conger) off the Azores during spring of 1996 and 1997. Arquipel. 
Life Mar. Sci. (Suppl. 17A):51–64 ISSN 0873-4704 

Morte MS, Redón MJ, Sanz-Brau A (2002) Diet of Phycis blennoides (Gadidae) in relation to 
fish size and season in the western Mediterranean (Spain). Mar Ecol 23:141–155 
doi:10.1046/j.1439-0485.2002.02763.x 



 17 

Neves A, Sequeira V, Paiva RB, Vieira AR, Gordo LS (2012) Feeding habits of the 
bluemouth, Helicolenus dactylopterus dactylopterus (Delaroche, 1809)(Pisces: 
Sebastidae) in the Portuguese coast. Helgol Mar Res 66:189-197 doi:10.1007/s10152-
011-0260-5 

Nilsson SG, Nilsson IN (1976) Numbers, food consumption, and fish predation by birds in 
Lake Möckeln, southern Sweden. Ornis Scand 7:61–70 doi:10.2307/3676175 

Olim S, Borges TC (2006) Weight–length relationships for eight species of the family 
Triglidae discarded on the south coast of Portugal. J Appl Ichthyology 22:257–259 
doi:10.1111/j.1439-0426.2006.00644.x 

Oliveira MIS (2002) Dieta alimentar da faneca, Trisopterus luscus (Linnaeus, 1758) de 
Angeiras e da Aguda. MSc Thesis, University of Porto, Porto, 170 pp. 

Paiva VH, Xavier J, Geraldes P, Ramirez I, Garthe S, Ramos JA (2010) Foraging ecology of 
Cory’s shearwaters in different oceanic environments of the North Atlantic. Mar Ecol 
Prog Ser 410:257–268 doi:10.3354/meps08617 

Pajuelo BJ, Lorenzo JM (2000) Reproduction, age, growth and mortality of axillary 
seabream, Pagellus acarne (Sparidae), from the Canarian archipelago. J Appl 
Ichthyology 16:41–47 doi:10.1046/j.1439-0426.2000.00154.x 

Pajuelo JG, Socorro J, González JA, Lorenzo JM, Pérez-Peñalvo JA, Martínez I, Hernández-
Cruz CM (2006) Life history of the red-banded seabream Pagrus auriga (Sparidae) from 
the coasts of the Canarian archipelago. J Appl Ichthyology 22:430–436 
doi:10.1111/j.1439-0426.2006.00748.x 

Pauly D (1980) On the interrelationships between natural mortality, growth parameters, and 
mean environmental temperature in 175 fish stocks. ICES J Mar Sci 39:175–192 
doi:10.1093/icesjms/39.2.175 

Pauly D, Christensen V, Sambilay V Jr (1990) Some features of fish food consumption 
estimates used by ecosystem modelers. International Council for the Exploration of the 
Sea (ICES) C.M.1990/G: 17, Session O, 9 p. 

Pauly D, Soriano-Bartz M, Palomares ML (1993) Improved construction, parame-terization 
and interpretation of steady-state ecosystem models. In: Christensen,V., Pauly, D. (Eds.), 
Trophic Models of Aquatic Ecosystems. ICLARM Conference Proceedings 26:1–13. 

Pita C, Gamito S, Erzini K (2002) Feeding habits of the gilthead seabream (Sparus aurata) 
from the Ria Formosa (southern Portugal) as compared to the black seabream 
(Spondyliosoma cantharus) and the annular seabream (Diplodus annularis). J Appl 
Ichthyology 18:81–86 doi:10.1046/j.1439-0426.2002.00336.x 

Preciado I, Velasco F, Olaso I, Landa J (2006) Feeding ecology of black anglerfish Lophius 
budegassa: seasonal, bathymetric and ontogenetic shifts. J Mar Biol Assoc UK 86:877–
884 doi:10.1017/S0025315406013816 

Rasero M, Gonzalez AF, Castro BG, Guerra A (1996) Predatory relationships of two 
sympatric squid, Todaropsis eblanae and Illex coindetii (Cephalopoda: Ommastrephidae) 
in Galician waters. J Mar Biol Assoc UK 76:73–87 doi:10.1017/S0025315400029027 

Relini LO, Garibaldi F, Cima C, Palandri G, Lanteri L, Relini M (2005) Biology of Atlantic 
bonito, Sarda sarda (Bloch, 1793), in the western and central Mediterranean a summary 
concerning a possible stock unit. Collect. Vol. Sci. Pap. ICCAT 58:575–588 



 18 

Reñones O, Massuti E, Morales-Nin B (1995) Life history of the red mullet Mullus 
surmuletus from the bottom-trawl fishery off the Island of Majorca (north-west 
Mediterranean). Mar Biol 123:411–419 doi:10.1007/BF00349219 

Rocha F, Castro BG, Gil MS, Guerra A (1994) The diets of Loligo vulgaris and L. forbesi 
(Cephalopoda: Loliginidae) in northwestern Spanish Atlantic waters. Sarsia 79:119–126 
doi:10.1080/00364827.1994.10413552 

Rooker JR, Alvarado Bremer JR, Block BA, Dewar H and others (2007) Life history and 
stock structure of Atlantic bluefin tuna (Thunnus thynnus). Rev Fish Sci 15:265–310 
doi:10.1080/10641260701484135 

Sánchez F, Olaso I (2004) Effects of fisheries on the Cantabrian Sea shelf ecosystem. Ecol 
Modell 172:151–174 doi:10.1016/j.ecolmodel.2003.09.005 

Šantić M, Podvinski M, Pallaoro A, Jardas I, Kirinčić M (2009) Feeding habits of megrim, 
Lepidorhombus whiffiagonis (Walbaum, 1792), from the central Adriatic Sea. J Appl 
Ichthyology 25:417–422 doi:10.1111/j.1439-0426.2009.01257.x 

Santos P (1995) Growth, mortality and maturation of Lepidorhombus boscii in Portuguese 
waters. ICES Demersal Fish Committee, CM. 1995/G:38, 20 pp. 

Santos MN, Gaspar MB, Vasconcelos P, Monteiro CC (2002) Weight–length relationships 
for 50 selected fish species of the Algarve coast (southern Portugal). Fish Res 59:289–295 
doi:10.1016/S0165-7836(01)00401-5 

Begoña Santos M, Saavedra C, Pierce GJ (2014) Quantifying the predation on sardine and 
hake by cetaceans in the Atlantic waters of the Iberian peninsula. Deep Sea Res II 
106:232–244 doi:10.1016/j.dsr2.2013.09.040 

Sequeira V, Neves A, Vieira AR, Figueiredo I, Gordo LS (2009) Age and growth of 
bluemouth, Helicolenus dactylopterus, from the Portuguese continental slope. ICES J 
Mar Sci 66:524–531 doi:10.1093/icesjms/fsp010 

Sever TM, Bayhan B, Bilge G, Taşkavak E (2009) Diet composition of Belone belone 
(Linnaeus, 1761)(Pisces: Belonidae) in the Aegean Sea. J Appl Ichthyology 25:702–706 
doi:10.1111/j.1439-0426.2009.01368.x 

Sever TM, Bayhan B, Filiz H, Taşkavak E, Bilge G (2015) Diet composition of the five deep 
sea fish from the Aegean Sea. Ege. J. Fish. Aqua. Sci. 30:61–67 

Signa G, Cartes JE, Solé M, Serrano A, Sánchez F (2008) Trophic ecology of the swimming 
crab Polybius henslowii Leach, 1820 in Galician and Cantabrian Seas: Influences of 
natural variability and the Prestige oil spill. Cont Shelf Res 28:2659–2667 
doi:10.1016/j.csr.2008.08.008 

Silva A (1999) Feeding habits of John Dory, Zeus faber, off the Portuguese continental coast. 
J Mar Biol Assoc UK 79:333–340 doi:10.1017/S002531549800037X 

Silva A, Carrera P, Masse J, Uriarte A and others (2008) Geographic variability of sardine 
growth across the northeastern Atlantic and the Mediterranean Sea. Fish Res 90:56–69 
doi:10.1016/j.fishres.2007.09.011 

Sobrinho-Gonçalves L, Moita MT, Garrido S, Cunha ME (2013) Environmental forcing on 
the interactions of plankton communities across a continental shelf in the Eastern Atlantic 
upwelling system. Hydrobiologia 713:167–182 doi:10.1007/s10750-013-1500-2 

Spitz J, Chouvelon T, Cardinaud M, Kostecki C, Lorance P (2013) Prey preferences of adult 
sea bass Dicentrarchus labrax in the northeastern Atlantic: implications for bycatch of 



 19 

common dolphin Delphinus delphis. ICES J Mar Sci 70:452–461 
doi:10.1093/icesjms/fss200 

Spring L (1971) A comparison of functional and morphological adaptations in the common 
murre (Uria aalge) and thick-billed murre (Uria lomvia). Condor 73:1–27 
doi:10.2307/1366120 

Teixeira CM, Cabral HN (2010) Comparative analysis of the diet, growth and reproduction of 
the soles, Solea solea and Solea senegalensis, occurring in sympatry along the Portuguese 
coast. J Mar Biol Assoc UK 90:995–1003 doi:10.1017/S0025315410000238 

Teixeira CM, Pinheiro A, Cabral HN (2009) Feeding ecology, growth and sexual cycle of the 
sand sole, Solea lascaris, along the Portuguese coast. J Mar Biol Assoc UK 89:621–627 
doi:10.1017/S0025315409002562 

Teixeira CM, Batista MI, Cabral HN (2010) Diet, growth and reproduction of four flatfishes 
on the Portuguese coast. Sci Mar 74:223–233 doi:10.3989/scimar.2010.74n2223 

Terrats A, Petrakis G, Papaconstantinou C (2000) Feeding habits of Aspitrigla cuculus (L., 
1758)(red gurnard), Lepidotrigla cavillone (Lac., 1802)(large scale gurnard) and 
Trigloporus lastoviza (Brunn., 1768)(rock gurnard) around Cyclades and Dodecanese 
Islands (E. Mediterranean). Mediterr. Mar. Sci. 1108-393X 1(1):91-104. 

Torres MÁ (2013) Modelización ecológica del Golfo de Cádiz: relaciones tróficas, análisis de 
la estructura de la comunidad e impacto de la pesca en el ecosistema, PhD Dissertation, 
University of Cádiz), Cádiz, 177 pp. 

Torres MÁ, Coll M, Heymans JJ, Christensen V, Sobrino I (2013) Food-web structure of and 
fishing impacts on the Gulf of Cadiz ecosystem (South-western Spain). Ecol Modell 
265:26–44 doi:10.1016/j.ecolmodel.2013.05.019 

Vasconcelos J, Alves A, Gouveia E, Faria G (2006) Age and growth of the blue jack 
mackerel, Trachurus picturatus Bowdich, 1825 (Pisces: Teleostei) off Madeira 
archipelago. Arquipel. Life Mar. Sci. (Suppl. 23):47–57 

Velasco EM, Del Arbol J, Baro J, Sobrino I (2011) Age and growth of the Spanish chub 
mackerel Scomber colias off southern Spain: a comparison between samples from the NE 
Atlantic and the SW Mediterranean. Rev Biol Mar Oceanogr 46:27–34 
doi:10.4067/S0718-19572011000100004 

Vieira AR, Neves A, Sequeira V, Paiva RB, Gordo LS (2014) Age and growth of forkbeard, 
Phycis phycis, in Portuguese continental waters. J Mar Biol Assoc UK 94:623–630 
doi:10.1017/S0025315413001549 

Villamor B, Abaunza, Celso Fariña A (2004) Growth variability of mackerel (Scomber 
scombrus) off north and northwest Spain and a comparative review of the growth patterns 
in the northeast Atlantic. Fish Res 69:107–121 doi:10.1016/j.fishres.2004.02.005 

Vinagre C, Silva A, Lara M, Cabral HN (2011) Diet and niche overlap of southern 
populations of brill Scophthalmus rhombus and turbot Scophthalmus maximus. J Fish 
Biol 79:1383–1391 doi:10.1111/j.1095-8649.2011.03116.x 

Wanless S, Harris MP, Morris JA (1985) Radio-monitoring as a method for estimating time 
budgets of guillemots Uria aalge. Bird Study 32:170–175 
doi:10.1080/00063658509476875 

Wiebe PH (1988) Functional regression equations for zooplankton displacement volume, wet 
weight, dry weight, and carbon: a correction. Fish Bull 86:833–835 



 20 

Wiebe PH, Boyd S, Cox JL (1975) Relationships between zooplankton displacement volume, 
wet weight, dry weight, and carbon. Fish Bull 73:777–786 

Xavier JC, Cherel Y, Assis CA, Sendão J, Borges TC (2010) Feeding ecology of conger eels 
(Conger conger) in north-east Atlantic waters. J Mar Biol Assoc UK 90:493–501 
doi:10.1017/S0025315409990555 

Zaboukas N, Megalofonou P (2007) Age estimation of the Atlantic bonito in the eastern 
Mediterranean Sea using dorsal spines and validation of the method. Sci Mar 71:691–698 
doi:10.3989/scimar.2007.71n4691 



 21 

Table S2. Diet composition matrix adjusted for the Portuguese continental shelf food web of the Ecopath model. 

 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Seabirds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 Minkle	  whale 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 Common	  dolphin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 Striped	  dolphin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 Bottlenose	  dolphin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 Harbor	  porpoise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 Tunas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 Rays 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 Hake 0.1 0 0.042 0.1 0.084 0.152 0 0.012 0.02 0.01 0 0 0 0 0
10 Squids 0.01 0 0.047 0.139 0.003 0.003 0.01 0.093 0.01 0.05 0 0.005 0.01 0.02 0.01
11 Benthic	  cephalopods 0 0 0.008 0.037 0.011 0.001 0 0.021 0 0.004 0.03 0 0 0.03 0
12 Horse	  mackerel 0.014 0.2552 0.13 0.03 0.009 0.021 0.01 0.03 0.02 0 0 0 0 0 0
13 Blue	  jack	  mackerel	   0 0.0888 0.025 0.005 0 0 0.01 0 0.01 0 0 0 0 0 0
14 Chub	  mackerel 0.126 0.108 0.233 0.104 0.007 0.023 0.09 0.002 0.059 0.163 0.083 0 0 0 0
15 Mackerel 0.25 0.002 0.047 0.038 0.004 0 0 0 0.001 0 0 0 0 0 0
16 Demersal	  piscivorous	  fish 0 0 0 0 0.673 0.073 0 0 0 0 0 0 0 0 0
17 Demersal	  invertivorous	  fish	   0.122 0 0.002 0.013 0.004 0.106 0 0.227 0 0.116 0.212 0 0.01 0.01 0
18 Benthopelagic	  piscivorous	  fish 0 0 0.001 0 0 0 0 0 0.03 0 0 0 0 0 0
19 Benthopelagic	  invertivorous	  fish 0.078 0.021 0.057 0.202 0.013 0.051 0 0.172 0.51 0.183 0.015 0 0 0.02 0.1
20 Flatfish 0 0 0.003 0 0.015 0.026 0 0.025 0 0.031 0.035 0 0 0 0
21 Sparids 0 0.062 0 0 0 0 0 0 0 0.005 0.01 0 0 0 0
22 Anchovy 0.019 0.04 0.007 0.064 0 0 0.01 0 0.025 0.01 0 0 0 0 0.01
23 Sardine 0.253 0.357 0.372 0.226 0.002 0.012 0.37 0.095 0.255 0.261 0.275 0.03 0.02 0.03 0.03
24 Bogue 0 0 0.026 0.002 0.002 0.001 0 0 0.03 0.015 0.09 0 0 0 0
25 Henslow's	  crab 0 0 0 0 0 0 0 0.074 0 0.002 0.015 0 0 0 0
26 Shrimps 0 0 0 0 0 0 0 0.056 0.005 0.022 0.026 0 0 0 0
27 Macrozoobenthos 0 0 0 0 0 0 0 0.124 0 0.025 0.065 0.1 0.1 0.02 0
28 Suprabenthic	  invertebrates 0 0 0 0 0 0 0 0.014 0.005 0.034 0.066 0.44 0.32 0.097 0.16
29 Macrozooplankton 0 0 0 0 0 0 0 0.055 0.02 0.069 0.078 0.385 0.24 0.325 0.141
30 Meso	  and	  Microzooplankton 0 0 0 0 0 0 0 0 0 0 0 0.04 0.3 0.446 0.549
31 Phytoplankton 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002 0
32 Discards 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0
33 Detritus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
34 Import 0.018 0.066 0 0.04 0.173 0.531 0.5 0 0 0 0 0 0 0 0

Predators
Preys
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Table S2. (Continued) 

 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1 Seabirds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 Minkle	  whale 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 Common	  dolphin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 Striped	  dolphin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 Bottlenose	  dolphin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 Harbor	  porpoise 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 Tunas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 Rays 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 Hake 0.016 0 0.017 0 0.001 0 0 0 0 0 0 0 0 0 0
10 Squids 0.008 0 0.019 0.002 0.081 0.051 0 0 0 0.03 0 0 0 0 0
11 Benthic	  cephalopods 0.04 0.002 0.02 0 0.042 0.022 0 0 0 0 0 0 0 0 0
12 Horse	  mackerel 0.033 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 Blue	  jack	  mackerel	   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 Chub	  mackerel 0.076 0 0.032 0 0 0 0 0 0 0 0 0 0 0 0
15 Mackerel 0.012 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 Demersal	  piscivorous	  fish 0.02 0 0.019 0 0 0 0 0 0 0 0 0 0 0 0
17 Demersal	  invertivorous	  fish	   0.166 0.01 0.086 0.029 0.215 0.05 0 0 0 0 0 0 0 0 0
18 Benthopelagic	  piscivorous	  fish 0.078 0 0.004 0 0 0 0 0 0 0 0 0 0 0 0
19 Benthopelagic	  invertivorous	  fish 0.249 0 0.241 0.01 0.021 0 0 0 0 0 0 0 0 0 0
20 Flatfish 0.026 0 0.016 0 0.01 0.033 0 0 0 0 0 0 0 0 0
21 Sparids 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0
22 Anchovy 0.004 0 0.011 0 0 0 0 0 0 0 0 0 0 0 0
23 Sardine 0.035 0 0.142 0.014 0.009 0 0 0 0 0 0 0 0 0 0
24 Bogue 0 0 0.014 0 0 0 0 0 0 0 0 0 0 0 0
25 Henslow's	  crab 0.01 0.015 0 0.001 0.003 0 0 0 0 0.038 0 0 0 0 0
26 Shrimps 0.115 0.115 0.211 0.079 0.139 0.022 0 0 0.4 0 0.005 0.017 0 0 0
27 Macrozoobenthos 0.037 0.368 0.085 0.069 0.366 0.588 0 0 0.15 0.41 0.28 0.02 0 0 0
28 Suprabenthic	  invertebrates 0.009 0.197 0.082 0.37 0.063 0.062 0.007 0 0.15 0.01 0.12 0.044 0 0 0
29 Macrozooplankton 0.066 0.174 0 0.265 0.05 0.152 0.021 0 0.25 0.255 0.05 0.091 0.04 0 0
30 Meso	  and	  Microzooplankton 0 0.094 0 0.161 0 0.02 0.97 0.833 0.05 0.163 0.09 0.021 0.2 0.7 0
31 Phytoplankton 0 0.01 0 0 0 0 0.002 0.167 0 0 0.03 0.079 0.08 0.3 0.95
32 Discards 0 0 0 0 0 0 0 0 0 0.01 0.004 0.005 0 0 0
33 Detritus 0 0.015 0 0 0 0 0 0 0 0.084 0.421 0.723 0.68 0 0.05
34 Import 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Predators
Preys


