
Appendix B – Composition of functional groups and parameters 

Table B1. The BOWF functional fish groups species composition and parameters used to estimate the basic input parameters: Biomass (B) (t·km-²), Production 

over Biomass (year-1) (P/B), Consumption over Biomass (year-1) (Q/B). L∞ is the asymptotic length, k is the growth coefficient, a and b are the parameters of 

the empirical relationship between length and weight (W∞=aL∞b) where W∞ is the asymptotic weight, M is the natural mortality.  

Functional 

group / Species 

B  Ref L∞  k Ref a b Ref A Ref W∞ Q/B Ref M Ref 

Rays 

Raja asterias  0.022 25 67.4 0.454 24 0.00257 3.25 24 1.32 24 2254.64 4.14 14 0.67 15 

Raja clavata  0.047 25 96.3 0.17 4 0.0024 3.24 24 1.32 24 6414.46 3.35 14 0.32 15 

Torpedo 

marmorata  

0.0025 25 57.31 0.187 5 0.01862 2.94 24 1.32 24 2749.01 3.98 14 0.39 15 

Sharks 

Scyliorhinus 

canicula  

0.026 25 69.3 0.21 19 0.00195 3.13 24 1.26 24 1125.98 4.71 14 0.40 15 

Squalus acanthias 
 

102.5 0.21 1 0.00282 3.07 24 2.19 24 4199.25 4.81 14 0.36 15 

Deep Sea fish  

Micromesistius 

poutassou  

0.0005 25 40.35 0.22 4 0.00389 3.15 24 1.08 24 445.00 5.51 14 0.48 15 

Small demersal fish 

Boops boops  0.0083 25 30.7 0.182 16 0.01047 3 24 3.18 
 

302.94 8.90 14 0.46 15 

Diplodus 

vulgaris  

0.0086 25 26.78 0.255 4 0.0123 3.04 24 2.96 13 269.43 8.74 14 0.60 15 

Diplodus 

annularis 

0.0089 25 24.54 0.269 4 0.01202 3.07 24 2.96 13 222.24 9.09 14 0.63 15 

Mullus barbatus 

barbatus  

0.074 25 23.5 0.58 4 0.00871 3.09 4 2.02 
 

150.18 8.23 14 1.06 15 

Pagellus acarne 0.079 25 28 0.37 4 0.0092 3.076 4 2.96 13 260.16 8.80 14 0.75 15 

Pagellus 

erythrinus 

0.031 25 40.16 0.2554 4 0.0092 3.076 4 2.91 
 

788.96 6.95 14 0.53 15 

Scorpaena 

notata 

0.055 25 21.1 0.314 16 0.008 3.04 16 
   

7.21 16 0.73 15 

Medium demersal fish 

Eutrigla 

gurnadus  

0.039 25 48.4 0.22 4,13, 24 0.00676 3.05 24 1.93 24 930.52 5.57 14 0.46 15 



Trisopterus 

capelanus  

0.067 25 22.23 0.462 17 0.00724 3.1 24 2.29 24 108.46 9.27 14 0.93 15 

Large demersal fish 

Lophius 

budegassa 

0.0042 25 90 0.075 7 0.01259 2.98 24 1.32 24 8388.19 3.17 14 0.19 15 

Lophius 

piscatorius 

0.0264 25 162.31 0.088 9 0.01738 2.9 24 1.32 24 44673.61 2.25 14 0.18 15 

Conger conger 0.0039 25 228 0.068 4 0.0004 3.34 24 1.32 24 30030.49 2.44 14 0.14 15 

European hake 

Merluccius 

merluccius 

0.021 25 88.7 0.146 4, 21 0.00501 3.1 24 0.76 24 5475.21 3.11 14 0.30 15 

Flatfishes 

Solea Solea  0.010 25 42.6 0.23 6 0.00759 3.06 24 0.80 24 734.91 4.71 14 0.49 15 

Microchirus 

variegatus  

0.0026 25 19.1 0.382 6 0.00851 3.02 24 0.99 24 62.90 8.07 14 0.86 15 

Scophthalmus 

maximus  

0.025 25 54.5 0.271 18 0.01122 3.06 24 1.95 24 2308.69 4.65 14 0.51 15 

Scophthalmus 

rhombus  

0.061 25 39.95 0.651 18 0.01096 3.01 24 1.99 24 725.06 5.93 14 0.99 15 

Sea Bream  

Pagellus 

bogaraveo 

0.0051 25 56.8 0.092 4 0.01148 3.174 4 2.96 13 4248.58 4.98 14 0.25 15 

Sparus aurata 
 

75.97 0.13 4 0.029 2.91 11 2.96 13 8611.26 4.31 14 0.29 15 

Spondyliosoma cantharus  
 

38.6 0.1 12 0.01259 3.02 24 2.96 13 778.97 7.04 14 0.3 15 

European Seabass 

Dicentrarchus 

labrax  

0.17 25 70.45 0.26 4 0.0093 3.02 24 1.78 24 3540.65 4.12 14 0.46 15 

European Anchovy 

Engraulis 

encrasicolus  

2.88 26 19.1 0.3491 4 0.0065 3.02 4 2.25 20 48.04 10.85 14 0.81 15 

European Pilchard 

Sardina 

pilchardus 

5.03 26 19.65 0.325 4 0.00384 3.25 4 2.38 24 61.34 10.58 14 0.76 15 

Small pelagic fish 

Sprattus sprattus 6.55 26 13.8 0.25 8 0.0064 2.921 8 1.81 20 13.67 12.88 14 0.71 15 

Trachurus 

mediterraneus 

0.047 25 39.3 0.22 21, 24 0.00891 2.96 24 3.66 20 466.96 8.92 14 0.49 15 



Trachurus 

trachurus 

0.16 25 37.5 0.22 4 0.00832 2.95 24 3.66 20 366.03 9.38 14 0.49 15 

Medium pelagic fish  

Scomber colias 0.0082 25 40 0.37 23 0.00646 3.05 24 4.01 20 497.18 9.42 14 0.68 15 

Scomber 

scombrus 

0.015 25 41.95 0.485 4 0.0067 3.125 4 4.01 20 789.06 8.58 14 0.80 15 

Large pelagic fish 

Coryphaena 

hippurus 

0.009 27 200 0.64 13 0.0138 2.87 24 3.72 24 55441.53 3.41 14 0.62 15 

Lichia amina  0.009 27 106.5 0.31 3 0.01349 2.95 24 4.2 13 12903.08 5.03 14 0.46 15 

Xiphias gladius  0.002 10 224.5 0.169 22 0.0038 3.15 24 5.81 20 96853.45 4.54 14 0.25 15 

Thunnus thynnus 0.04 2 318.9 0.07 4 0.01259 3.01 24 5.54 20 432539.56 3.17 14 0.13 15 
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Table A2. The BOWF functional non fish groups (FGs) species composition, methods and references used to estimate the basic input parameters: Biomass (B) 

(t·km-²), Production over Biomass (year-1) (P/B), Consumption over Biomass (year-1) (Q/B). gC is equivalent of grams of carbon, gWW is the wet weight in g 

and gAFDW is the ash free dry weight. 

 

Input parameters Methods References 

1 - Phytoplankton 
B  Chlorophylle-a represents 98% of the total weight of 

phytoplankton  

Depth is constant is the model area, equal to 70m 

(Lefevre et al., 1997; Severin et al., 2014; Vörös and Padisák, 

1991) 

 

P/B Data in gC to gWW by multiplying by 16,7 (Gaudy et al., 2003; Lefevre et al., 1997 ; Optiz,1996) 

2- Algae 

B Chlorophylle-a represents 98% of the total weight of 

phytoplankton  

(Plante-Cuny and Boboy, 1987; Vörös and Padisák, 1991) 

P/B Data in gC to gWW by multiplying by 16,7 (Bǎnaru et al., 2013; Optiz, 1996) 
3- Zooplankton 

B Data in gC to gWW (wet weight) by multiplying by 5,71 

Data in gAFDW to gWW by multiplying by 6,49 (1/0,154) 

(Espinasse et al., 2014 ; Labrune et al., 2007 ; Optiz ,1996 ; 

Plounevez and Champalbert, 2000 ; Ricciardi and Bourget, 

1998) 

P/B Data in gC to gWW by multiplying by 5,71 (Gaudy et al., 2003; Optiz, 1996) 

Q/B  (Bǎnaru et al., 2013) 

4- Bivalves & gastropods: 

Spisula subtruncata, Acanthocardia aculeata,  

Callista chione, Boliunus barandaris, Cassidaria echinophora, Cerastoderma edule… 

B Data in gAFDW to gWW by multiplying by 8 (1/0,125) (Labrune et al., 2007 ; Ricciardi and Bourget, 1998) 

P/B  (Bǎnaru et al., 2013) 

Q/B  (Bǎnaru et al., 2013) 

5- Crustaceans : 

Parapenaeus longirostris 

,Plesionika edwardsii,  Plesionika acanthonotus, Plesionika gigliolii, Plesionika martia; Carcinus maenas,  

Carcinus aestuarii,  

Liocarcinus corrugatus,  

Liocarcinus depurator, Nephrops norvegicus, Palinurus elephas, … 

B  French Mediterranean bottom trawl surveys - IFREMER 

database MEDITS (2019)  

P/B  (Piroddi et al., 2017) 

Q/B  (Piroddi et al., 2017) 

6- Benthos : 

Paraprionospio spp., Aspidosiphon spp., Lumbrineris spp., Notomastus spp., Holothuria tubulosa, Leptosynapta inhaerens, 

Thyone fusus, Salmacina sp./Filograna sp  



Serpula vermicularis, Scrupocellaria sp  

Pentapora fascialis  

Dentiporella sardenica  

Alcyonium palmatum, Phallusia mammillata, 

Halocynthia papillosa , Alcyonium coralloides  

Leptogorgia sarmentosa, 

Antedon mediterránea,  

Ophiothrix fragilis, Paracentrotus lividus… 

B Data in gAFDW to gWW by multiplying by 9 (1/0,11) (Labrune et al., 2007; Ricciardi and Bourget, 1998) 

P/B  (Bǎnaru et al., 2013; Coll et al., 2006; Piroddi et al., 2017) 

Q/B  (Bǎnaru et al., 2013; Coll et al., 2006; Piroddi et al., 2017) 

 7- Jellyfish : 

Aequorea forskalea, Aurelia aurita, Chrysaora hysoscella, Hydrozoa, Pelagia noctiluca, Pleurobrachia pileus, Rhizostoma pulmo 

B  French Mediterranean bottom trawl surveys - IFREMER 

database MEDITS (2019)  

P/B  (Coll et al., 2006; Corrales et al., 2015) 

Q/B  (Coll et al., 2006; Corrales et al., 2015; Optiz, 1996) 

8- Cuttlefish & squids : 

Sepia ssp. Loligo spp., … 

B  French Mediterranean bottom trawl surveys - IFREMER 

database MEDITS (2019)  

P/B  (Bǎnaru et al., 2013; Vilas et al., 2021) 

Q/B  (Bǎnaru et al., 2013; Vilas et al., 2021) 

9- Octopuses : 

Octopuses vulgaris, octopuses salutii,  

Eledone cirrhosa, Eledone moschata, … 

B  Mediterranean bottom trawl surveys- IFREMER database 

MEDITS (2019) 

P/B  (Bǎnaru et al., 2013; Vilas et al., 2021) 

Q/B  (Bǎnaru et al., 2013; Vilas et al., 2021) 

25- Seabirds : 

Puffinus spp, puffinus yelkouan, Larus minutus, Larus michahellis, … 
B  Observatoire PELAGIS, UMS 3462 ULR/CNRS, AAMP, 

CEBC, ‘SAMM1’ 

P/B 𝑃

𝐵
= 0,6457 × 𝑊𝑚𝑒𝑎𝑛

−0,37
 

𝑊𝑚𝑒𝑎𝑛 is the mean weight of an individual in kcal.  

To convert kcal to g, kcal is multiplied by 0,6. 

(Banse and Mosher, 1980; Mills and Fournier, 1979) 

Q/B 𝐿𝑜𝑔(𝑅𝑐) =  −0,293 + 0,85 × log10(𝑊𝑚𝑒𝑎𝑛) 

𝑅𝑐 is the daily consumption. This value is multiplied by 365 

to obtain an annual consumption and by the number of 

individuals.  

(Nilsson and Nilsson, 1976) 



26- Dolphins : 

Tursiops truncates, Stenella coeruleoalba, … 

B 𝑊𝑚𝑒𝑎𝑛 = 0,3 × 𝑊𝑚𝑎𝑥 (Froese, R. and D. Pauly; Laran et al., 2017; Optiz, 1996) 

P/B 𝑃

𝐵
= 0,6457 × 𝑊𝑚𝑒𝑎𝑛

−0,37
 

 

(Banse and Mosher, 1980) 

Q/B 𝑅 = 0,1 × 𝑊𝑚𝑒𝑎𝑛
0,8

 

R is the daily ration by individual 

𝑄 = 𝑁 × 𝑅 

N is the number of individuals, R the annual ration by 

individual.  

(Innes et al., 1987) 

27- Detritus  

B log10 𝐷 =  −2,41 + 0,954 log10 𝑃𝑃 + 0,863 log10 𝐸    
D is the biomass of detritus (gC/m²), PP is the primary 

production and E is the euphotic depth.  

Data in gC to gWW by multiplying by 25 

(Duforêt-Gaurier et al., 2010; Pauly et al., 1993; Optiz, 1996) 

P/B  (Tanaka and Rassoulzadegan, 2002) 

 

Bǎnaru, D., Mellon-Duval, C., Roos, D., Bigot, J.L., Souplet, A., Jadaud, A., Beaubrun, P., Fromentin, J.M., 2013. Trophic structure in the Gulf of Lions marine 

ecosystem (north-western Mediterranean Sea) and fishing impacts. Journal of Marine Systems 111–112, 45–68. https://doi.org/10.1016/j.jmarsys.2012.09.010 

Banse, K., Mosher, S., 1980. Adult Body Mass and Annual Production/Biomass Relationships of Field Populations. Ecological Monographs 50, 355–379. 

https://doi.org/https://doi.org/10.2307/2937256 

Christensen, V., Walters, C.J., Pauly, D., Forrest, R., 2008. Ecopath with Ecosim version 6 User Guide. 

Coll, M., Palomera, I., Tudela, S., Sardà, F., 2006. Trophic flows, ecosystem structure and fishing impacts in the South Catalan Sea, Northwestern Mediterranean. 

Journal of Marine Systems 59, 63–96. https://doi.org/10.1016/j.jmarsys.2005.09.001 

Corrales, X., Coll, M., Tecchio, S., Bellido, J.M., Fernández, Á.M., Palomera, I., 2015. Ecosystem structure and fishing impacts in the northwestern Mediterranean 

Sea using a food web model within a comparative approach. Journal of Marine Systems 148, 183–199. https://doi.org/10.1016/j.jmarsys.2015.03.006 

Duforêt-Gaurier, L., Loisel, H., Dessailly, D., Nordkvist, K., Alvain, S., 2010. Estimates of particulate organic carbon over the euphotic depth from in situ 

measurements. Application to satellite data over the global ocean. Deep-Sea Research Part I: Oceanographic Research Papers 57, 351–367. 

https://doi.org/10.1016/j.dsr.2009.12.007 

Espinasse, B., Harmelin-Vivien, M., Tiano, M., Guilloux, L., Carlotti, F., 2014. Patterns of variations in C and N stable isotope ratios in size-fractionated zooplankton 

in the Gulf of Lion, NW Mediterranean Sea. Journal of Plankton Research 36, 1204–1215. https://doi.org/10.1093/plankt/fbu043 



Gaudy, R., Youssara, F., Diaz, F., Raimbault, P., 2003. Biomass, metabolism and nutrition of zooplankton in the Gulf of Lions (NW Mediterranean). Oceanologica 

Acta 26, 357–372. https://doi.org/10.1016/S0399-1784(03)00016-1 

Innes, S., Lavigne, D.M., Earle, W.M., Kovacs, K.M., 1987. Feeding Rates of Seals and Whales. The Journal of Animal Ecology 56, 115. https://doi.org/10.2307/4803 

Labrune, C., Grémare, A., Guizien, K., Amouroux, J.M., 2007. Long-term comparison of soft bottom macrobenthos in the Bay of Banyuls-sur-Mer (north-western 

Mediterranean Sea): A reappraisal. Journal of Sea Research 58, 125–143. https://doi.org/10.1016/j.seares.2007.02.006 

Laran, S., Pettex, E., Authier, M., Blanck, A., David, L., Dorémus, G., Falchetto, H., Monestiez, P., van Canneyt, O., Ridoux, V., 2017. Seasonal distribution and 

abundance of cetaceans within French waters- Part I: The North-Western Mediterranean, including the Pelagos sanctuary. Deep-Sea Research Part II: Topical 

Studies in Oceanography 141, 20–30. https://doi.org/10.1016/j.dsr2.2016.12.011 

Lefevre, D., Minas, H.J., Minas, M., Robinson, C., Williams, P.J.L.B., Woodwards, E.M.S., 1997. Review of gross community production, primary production, net 

community production and dark community respiration in the Gulf of Lions. Deep-Sea Research II 44, 801–832. 

Mills, E.L., Fournier, R.O., 1979. Fish production and the marine ecosystems of the Scotian Shelf, eastern Canada. Marine Biology 54, 101–108. 

Nilsson, S.G., Nilsson, I.N., 1976. Numbers, Food Consumption, and Fish Predation by Birds in Lake Möckeln, Southern Sweden. Ornis Scandinavica (Scandinavian 

Journal of Ornithology) 7, 61–70. https://doi.org/10.2307/3676175 

Pauly, D., Soriano-Bartz, M.L., Palomares, M.L.D., 1993. Improved Construction, Parametrization and Interpretation of Steady-State Ecosystem Models, in: Throphic 

Models of Aquatic Ecosystems. ICLARM. 

Piroddi, C., Coll, M., Liquete, C., Macias, D., Greer, K., Buszowski, J., Steenbeek, J., Danovaro, R., Christensen, V., 2017. Historical changes of the Mediterranean 

Sea ecosystem: Modelling the role and impact of primary productivity and fisheries changes over time. Scientific Reports 7. https://doi.org/10.1038/srep44491 

Plante-Cuny, M.-R., Boboy, A., 1987. Biomasse et production primaire phytoplancton du microphytobenthos deux biotopes sableux olfe de Fos, France). 

Oceanologica acta 10. 

Plounevez, S., Champalbert, G., 2000. Diet, feeding behaviour and trophic activity of the anchovy (Engraulis encrasicolus L.) in the Gulf of Lions (Mediterranean 

Sea). Oceanologica Acta 23, 175–192. 

Ricciardi, A., Bourget, E., 1998. Weigth-to-weight conversion factors for marine benthic macroinvertebrates. Marine Ecology Progress Series 163, 245–251. 

Severin, T., Conan, P., Durrieu de Madron, X., Houpert, L., Oliver, M.J., Oriol, L., Caparros, J., Ghiglione, J.F., Pujo-Pay, M., 2014. Impact of open-ocean convection 

on nutrients, phytoplankton biomass and activity. Deep-Sea Research Part I: Oceanographic Research Papers 94, 62–71. 

https://doi.org/10.1016/j.dsr.2014.07.015 



Tanaka, T., Rassoulzadegan, F., 2002. Full-depth profile (0-2000 m) of bacteria, heterotrophic nanoflagellates and ciliates in the NW Mediterranean Sea: Vertical 

partitioning of microbial trophic structures, Deep-Sea Research II. 

Vilas, D., Coll, M., Corrales, X., Steenbeek, J., Piroddi, C., Macias, D., Ligas, A., Sartor, P., Claudet, J., 2021. Current and potential contributions of the Gulf of Lion 

Fisheries Restricted Area to fisheries sustainability in the NW Mediterranean Sea. Marine Policy 123, 104296. https://doi.org/10.1016/J.MARPOL.2020.104296 

Vörös, L., Padisák, J., 1991. Phytoplankton biomass and chlorophyll-a in some shallow lakes in central Europe. Hydrobiologia 215, 1–1. 

  

 


