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ABSTRACT 
 
A present-day (1998) mass-balance model of the 
Bay of Biscay, France (ICES areas VIIIa/b) was 
constructed using the Ecopath with Ecosim 
software package. Over 200 species of fish, 
invertebrates, birds, marine mammals and 
primary producers were considered. Basic 
Ecopath parameters and diet matrices were 
determined from the literature, while catch 
information was obtained from the ICES 
STATLANT database. The initial model was 
submitted to French experts, and their 
suggestions were included in subsequent 
revisions of the model. The methodology used to 
construct a similar model, but covering the 1970s, 
is also presented. 
 
INTRODUCTION 
 
In this model, 38 functional groups are 
represented by 158 species of fish, 16 
cephalopods, 12 crustaceans (crabs, shrimps and 
prawns), 10 species of zooplankton (2 small, 8 
large), 14 seabirds, 24 cetaceans (19 toothed, 5 
baleen), 3 echinoderms, 2 worms and several 
more (generic) representatives of molluscs, 
benthic infauna and primary producers. Although 
this model covers a wide range of trophic 
interactions, it was sometimes difficult to 
estimate average group parameters as only the 
most abundant and/or commercially important 
species appear in the literature. Where practical, 
important species were given their own group, 
(e.g., common forage fish such as anchovy and 
sardine). Consumption, production and 
particularly biomass were consistently found only 
for important species. Data for less abundant, but 
ecologically similar species were often limited. 
Various assumptions were required to 
accommodate groups which included data-
deficient species. 
 
Geography and Oceanography of Bay of 
Biscay 
 
The Bay of Biscay is a feature of the North 
Atlantic, along the West coast of France, 
extending from the Brittany peninsula in the 

north, to Spain in the south (Figure 1). The entire 
bay covers an area of approximately 223,000 km2 
but this model includes only ICES Areas VIIIa 
and b (96,587 km2; Figure 1) of which 20,867 km2 
are shallow (<50 m), 57,677 km2 are of medium 
depth (<200 m) and 18,043 km2 are deep (>200 
m). The principal rivers flowing into the bay are 
the Loire, the Ardour, the Dordogne and the 
Garonne which forms the Gironde Estuary. The 
continental shelf is 160 km off the coast of 
Brittany in the north and narrows to 65 km off the 
Spanish coast. Neither ICES Areas VIIIa nor b 
extend as far as the continental slope. 
 
Currents 
 
Surface currents in the Bay of Biscay circulate 
clockwise, as in the North Atlantic in general. The 
tidal range is 6 m in the north (Ouessant Is.) and 
3.5 m in the south (Biarritz). The bay is subject to 
rough seas and gales in excess of 113 km·hours-1. 
Average ocean temperature is 13.9 OC, taken as 
the yearly average from Carnac and Saint-Nazaire 
in the north Bay of Biscay (Area VIIIa), and 
Royan and Hossegor in the south (Area VIIIb) 
(Fremy and Fremy, 1998). 
 
Notes on classifications of fish groups 
 
All divisions were based on length first since this 
factor influences the size of prey items consumed. 
Classifications were further performed on the 
basis of weight where there was enough range to 
merit an additional group. Large-sized fish were 
defined as being greater than 60 cm, medium as 
between 30-60 cm and small as under 30 cm 
(based on Lmax; total length). Very small 
demersals (independently of trophic levels (TL)) 
were separated from the small demersals on the 
basis of weight, with an asymptotic weight of 20 g 
as cut-off weight. Very large demersals were large 
demersals with body weights in excess of 6 kg.  
 
High and low trophic groups (e.g., small pelagic 
high TL/small pelagic low TL) were divided based 
on average approximate trophic levels (from 
FishBase; Froese and Pauly, 2000) of 3.67 and 
3.07 for 'small pelagic high TL' and 'small pelagic 
low TL', respectively, 4.033 and 3.326 for 'very 
large demersal high TL' and 'very large demersal 
low TL', and 3.5 and 2.81 for 'very small demersal 
high TL' and 'very small demersal low TL'.  
 
Notes on the diets of fish groups 
 
When diet information comes from other 
ecosystems, there is a broad range of prey items 
that are not included in any group representing 
the basic parameters. In such cases, the item is 
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Figure 1. Location of the Bay of Biscay showing the two ICES statistical areas (VIII a and b) featured in this model. 
 
classified into an existing group for the purpose of 
the diet matrix only. For instance, there are 50 
prey items varying from species to family that 
have been classified as 'small deepwater' fish in 
the diet matrix, although the model is represented 
by only 9 fish. 
 
When quantitative diet information was lacking, 
all identified prey items were assumed of equal 
importance in the initial diet matrix. Where 
qualitative descriptions of the diet were available, 
the following assumptions were made; 'primarily', 
'principally' and 'mainly' were all assumed to 
equal 80%, 'predominantly' and 'major' were 
assumed to equal 60% and 'minor' to equal 20%. 
 
For all fish groups, unidentified nekton, 
unidentified bony fish and unidentified finfish 
(from FishBase or the literature) were divided 
equally among likely prey for that predator group. 
Likely prey groups were generally assumed to 
occupy smaller size classes of the same habitat 
group, (e.g., large demersal prey; unidentified 
bony fish, was assumed to consist equally of 
'medium demersal', 'small demersal' and 'very 
small demersal high/low TL'). ‘Nekton’ and ‘bony 
fish’ were distributed among all fish groups 

except rays, small sharks and large sharks. ‘Fin 
fish’ included the cartilaginous fish as well.  
 
Notes on calculation of consumption / 
biomass for fish groups 
 
All Q/Bs were calculated using the empirical 
equation derived by Pauly (1986); 
 
Q/B=106.37*0.0313T * Winf0.168 * 1.38P * 1.89H  …1) 
 

where: 
T=1000/(TOC + 273.1); 
P=1 for predators and planctonophages, 0 for 
herbivores, detritivores, and omnivores; 
H=0 for carnivores and omnivores, 1 for 
detritivores and herbivores; 
Winf is weight at infinite length (grams). 

 
Length/weight data were used to calculate Winf 
according to the equation Winf=a * Linfb. Area-
specific length-weight data were usually available 
from the Bay of Biscay or a nearby area. Where 
this information was not available, Winf were 
taken directly from FishBase. Q/B is expressed as 
the annual consumption per biomass (year-1). 
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Notes on calculation of 
production/biomass for fish groups 
 

Given our assumption of mass-balance, all P/B 
values are assumed to equal natural mortality (M) 
plus fishing mortality (F) (Allen 1971). Non-
commercial fish have an F=0 and so M is taken as 
P/B. For commercial fish, F was either taken from 
literature directly or calculated as catch/biomass 
in the area. In most cases, F was obtained by 
dividing the yield from the whole of ICES Area 
VIII by an estimate of biomass for the area. Both 
mortalities, as well as P/B are expressed as 
annual rates (year-1). 
 
Notes on commercial importance 
 

Commercial data were based on historical ICES 
records for the whole of Area VIII (687,000 km2), 
which includes catches from all countries taken 
from VIIIa, b, and c. The main countries fishing 
in the Bay of Biscay are France, Spain and 
Portugal. Other countries are Finland, Belgium, 
the former USSR, Netherlands, Denmark, 
Sweden, UK and Poland. In this report, we use 
catch as a synonym of landings, i.e. we assumed 
that discarding is nil. This is likely to 
underestimate true catches. 
 
INITIAL PARAMETERS BY ECOPATH GROUP 
 

Large deepwater (group 1)  
 

Fish composing the large deepwater basic 
parameters are conger eel (Conger conger), 
angler (Lophius piscatorius), black-bellied angler 
(Lophius budegassa), rabbit fish (Chimaera 
monstrosa), Atlantic pomfret (Brama brama), 
roundnose grenadier (Coryphaenoides rupestris), 
daggertooth (Anotopterus pharao), alfonsino 
(Beryx decadactylus), black scabbardfish 
(Aphanopus carbo), silver scabbardfish 
(Lepidopus caudatus), roundhead grenadier 
(Odontomacrurus murrayi) and lanternfish 
(Lampanyctodes hectoris). All species are found 
in deep water and generally feed on small 

deepwater fish, large crustaceans (particularly 
crabs and shrimp) and cephalopods. Although 
rabbit fish tend to feed less on fish and more on 
invertebrates, they were included in this group 
rather than 'large demersal' because they are 
found quite deep (up to 500 m) and because large 
deepwater and large demersals' respective trophic 
levels largely overlap. Both diets have a 
significant fish component (21.4% vs. 18.9% - 
initial diet matrix).  
 
Conger eel is present in the eastern Atlantic from 
Norway to Senegal, and also occurs in the 
Mediterranean and the Black Sea. The two 
anglerfish dominate this group in biomass, but 
not in abundance (F. Blanchard, IFREMER, pers. 
comm.). Angler is a widespread species found in 
the eastern Atlantic as far south as the Strait of 
Gibraltar, while black-bellied angler occurs from 
Britain to Senegal.  
 
Overall 'large deepwater' is a fairly important 
commercial group. The most important fish are 
anglerfish (L. piscatorius and L. budegassa), 
Atlantic pomfret and conger eel (Figure 2). Minor 
commercial fish in this group are (in order of 
present-day importance), roundnose grenadier, 
black scabbardfish, alfonsino, and silver 
scabbardfish at less than 25 t yearly, although 
landings of roundnose grenadier reached 187 t in 
1998 (Table 1). Angler yields were large in the 
early 1970s, averaging around 15,000 t yearly and 
gradually declining in the late 1980s to about 
4,000 t by 1998. Until the late 1950s, conger eel 
was the most important commercial species. 
Conger eel yields have remained more-or-less 
constant for fifty years, but declining to about 
300 t in the late 1990s (Figure 2). ICES records 
for Atlantic pomfret started in 1975 at over 
16,000 t and fell sharply in the 1980s, averaging 
just over 500 t·year-1 throughout that decade. The 
catch increased to about 2,000 t·year-1 during the 
1990s, although the most recent catch (1998) was 
a dismal 2 t.  
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Figure 2. Evolution of the catches of ‘Large deepwater’ species for the period 1970-1998 
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Table 1. Initial basic parameter summary for ‘Large deepwater’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Conger conger 3.149 0.390 0.119 0.259a 2966 

Lophius piscatorius 3.336 0.489 0.17 0.259 4264 

Chimaera monstrosa 3.551 0.220 - 0 0 

Brama brama 3.508 - - 0 2 

Coryphaenoides rupestris 3.804 - - - 187 

Anotopterus pharao 3.222 0.190 - 0 0 

Beryx decadactylus 2.826 - - - 11 

Aphanopus carbo 4.431 - - - 17 

Lepidopus caudatus 6.307 - - 0 2 

Odontomacrurus murrayi 4.851 0.260 - 0 0 

Lophius budegassa 2.967 0.180 - - - 

Group Value 3.532 0.288 0.304b - 7449 

aAssumed to be equal to Lophius fishing mortality; 
bAugmented from 0.289 by 5% to account for other species. 
 

Asymptotic weights (Winf) were calculated using 
length-weight data (Froese and Pauly, 2000) 
from the Bay of Biscay for conger eel and 
anglerfish, from the UK for Atlantic pomfret and 
roundnose grenadier, from Portugal for black 
scabbardfish and from Spain for silver 
scabbardfish (Table 1). Q/B estimates from these 
localities are probably applicable to the Bay of 
Biscay; Q/B estimates for the remaining species 
were calculated using generic Winf values taken 
from FishBase (i.e., area-specific length-weight 
relationships were not available). The average 
Q/B is 3.53 year-1. 
 
Fishing mortality for anglerfish (F=0.259 year-1) 
was taken from VIIb-k and VIIIa,b (Anon., 
1999d) (Table 1). We assumed that conger eel was 
submitted to a similar exploitation rate as 
anglerfish. The biomass for these two species, 
calculated at the ratio of catch over F, amounted 
to 0.289 t·km-2. Assuming that these species 
constitute the main biomass of the large 
deepwater group, we augmented the biomass by 
5% to cover for the remaining 3% of the catch and 
the species that are not exploited. The group’s 
average natural mortality was equal to 0.216 
year-1. The average P/B was estimated as 0.288 
year-1.  
 
In order to balance the model, the biomass had to 
be increased to 0.35 t·km-2, and the P/Q ratio 
increased by decreasing the consumption rate to 
2.5 year-1 and increasing the production rate to 
0.33 year-1. Lophius being ambush predators, we 
assumed that their consumption and gross 
efficiency ought to be higher.  
 

Diet compositions were based on conger eel, 
anglerfish, rabbit fish, Atlantic pomfret, 
roundnose grenadier, black scabbardfish, 
daggertooth, silver scabbardfish and alfonsino. 
Four of nine diets were quantitative, while five 
were qualitative.  
 
Medium deepwater (group2) 
 

The group consists of ribbon barracudina 
(Arctozenus risso), argentine (Argentina 
sphyraena), greater argentine (Argentina silus), 
megrim (Lepidorhombus whiffiagonis), Sloane's 
viperfish (Chauliodus sloani), parrot seaperch 
(Callanthias ruber), deepbody boarfish 
(Antigonia capros), solenette (Buglossidium 
luteum), longfin gurnard (Chelidonichthys 
obscurus), bogue (Boops boops), greater weever 
(Trachinus draco), and slender codling 
(Halargyreus johnsonii). All the fish in this group 
occur in deep water, and most are 
bathydemersals, except for slender codling, 
Sloane's viperfish and ribbon barracudina which 
are bathypelagic. Sloane's viperfish differs from 
the other fish in this group in that it does not feed 
on bottom-dwelling fish; instead it feeds on 
pelagic fish and crustaceans during vertical 
migration. It was included in this group because 
its overall trophic level is comparable, and at 
1000 m it is certainly deep-water (Froese and 
Pauly, 2000). Although greater argentine is 
bathydemersal and its diet is more similar to 
'medium (big end) demersals', it was included in 
this group because it occurs as deep as 1440 m (F. 
Blanchard, IFREMER, pers. comm.), and because 
it is has a trophic level of 3.4, similar to other 
members of this group. 
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The distribution of megrim covers the NE 
Atlantic, from Iceland to Western Sahara and in 
the western Mediterranean. It has been 
historically caught in amounts as much as ten 
times the next most commercial fish, so it is safe 
to assume that the megrim is among the most 
abundant fish of the group (Table 2). Megrim 
yields have been substantial since 1950, although 
variable in the 1970s (Figure 3). The catch 
gradually declined throughout the 1980s and 
remained quite low in the 1990s (1500-2000 t 
yearly). Records for bogue only started in the 
mid-1970s at 500-1000 t yearly until the catch 
declined in the late 1980s to 22 t in 1996. Greater 
weever landings have remained constant at 100 t 
per year since 1976. Longfin gurnard is absent 
from the time series ICES fisheries stats for Area 

VIII, although a 1998 ICES value was available 
(148 t). 
 
Asymptotic weights were calculated using length-
weight data from the Bay of Biscay for greater 
weever, from other locations in France for 
solenette and deepbody boarfish, and from Spain 
for argentine and megrim (Froese and Pauly, 
2000). All other estimates were taken from 
generic data in FishBase (Table 2). The resulting 
average Q/B was 6.513. We assumed that F 
equaled two-thirds of natural mortality for 
megrim and that all other exploited species were 
submitted to the same exploitation rate (=0.172). 
The average P/B for the group was estimated at 
0.502 year-1 (Table 2). There is no estimate of 
biomass for these fish. 

 

Table 2. Initial basic parameter summary for ‘Medium deepwater’ species. 

Species Q/B 
(year-1) 

P/B 
(year-1) 

Fa 
(year-1) 

Catch in 1998  
(t) 

Arctozenus risso 7.128 0.650 0 0 
Argentina sphyraena 7.520 0.710 0 0 

Argentina silus 5.584 0.282 0 0 

Lepidorhombus whiffiagonis 5.281 0.460 0.172a 963 

Chauliodus sloani 6.297 - 0 0 

Callanthias ruber 5.010 0.360 0 0 

Antigonia capros 4.153 0.580 0 0 

Buglossidium luteum 9.767 0.685 0 0 

Chelidonichthys obscurus 8.537 - 0.172b 147.8 

Boops boops 6.837 0.502 0.172b 33 

Trachinus draco 6.858 - 0.172b 119 

Halargyreus johnsoni 5.185 0.290 0 0 

Group value 6.513 0.502 - 1262.8 

aAssumed that F=0.6M; 
bAssumed to be exploited at the same level as Lepidorhombus. 
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Figure 3. Evolution of the catches of Medium deepwater species for the period 1970-1998 
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Prey item types are quite consistent among fish in 
this group. They tend to consume primarily small 
deepwater fish and epibenthics. The greater 
argentine is the only fish in this group that 
consumes zooplankton. Most epibenthic prey 
items are listed in the literature only as 
‘unidentified benthic crustaceans’. Since it is 
unclear which particular crustaceans are preyed 
on, larger crabs (i.e., the 'crabs' group) may be 
underestimated. The main secondary prey items 
fall under 'molluscs' and 'shrimps/prawns' groups 
at about 12.5% of the diet each in the preliminary 
diet matrix. The diet of megrim in this group 
refers to the adult diet, while juvenile diet for this 
fish appears in small deepwater.  
 
Small deepwater (group4) 
 
This group consists of half-naked hatchetfish 
(Argyropelecus hemigymnus), Cataetyx alleni, 
Cataetyx laticeps, small-headed clingfish 
(Apletodon dentatus), Fries' goby 
(Lesueurigobius friesii), pearlsides (Maurolicus 
muelleri), and lanternfish (Ceratoscopelus 
maderensis). Most of these fish are generally 
deepwater bentho/mesopelagics and 
benthodemersals that feed on small benthos 
(crustaceans and polychaetes mostly). There is 
some variation in the depth at which these fish 
occur, most are in the order of several hundred 
meters deep. Pearlsides are the deepest, at over 
1500 m (see FishBase, Froese and Pauly, 2000). 
Fries' goby lives in shallower waters at 130 m, but 
were included in this group because of its 
similarity in diet (worms and small benthos). 
Although the diet of lanternfish is different from 
the group average (zooplankton rather than 
zoobenthos), it has been included because it 
resides in deep water (650-700 m during the day, 
<250 m at night). 
 
Although pearlsides and lanternfish are 
commercially caught elsewhere, none of the fish 
in this group have catch records for ICES Areas 
VIIIa,b since 1950. Biomass data for the Bay of 
Biscay and the west coast of Portugal were 
available only for pearlsides (0.5 g·m-2) (Gjøsaeter 
and Kawaguchi, 1980) (Table 3). 
 
Length-weight relationships are not available for 
Cataetyx alleni, C. laticeps and small-headed 
clingfish, so Winf was taken directly from 
FishBase. Most fish show similar consumption 
values except for pearlside which, at 17.4, is well 
above the group average of 12.6 (Table 3). 
Overall, the initial Q/B average for this group may 
be slightly overestimated. Since this is a non-
commercial group, all P/Bs were assumed to 
equal natural mortality, that is 1.537 year-1, which 

is the arithmetic mean of values for all group 
members, except small-headed clingfish and 
lanternfish.  
 
Diet information is based on three species: half-
naked hatchetfish, Fries' goby and megrim 
recruits/juveniles. All three are based on detailed, 
quantitative information although only Fries' 
goby is from Europe (Camas Nathais, Scotland). 
Megrim (recruits/juveniles) and half-naked 
hatchetfish diet data were from outside the 
Eastern North Atlantic. Although the systems are 
different from Atlantic France, the prey items 
were quite broad and we assumed they were a 
good indicator of diet in Biscay as well. Half the 
diet composition was unidentified copepods and 
the other half more specific items, especially 
Foraminifera (Hilbrecht, 1996).  
 
The initial diet matrix indicated very heavy 
predation by this group on 'benthic infauna' 
(mostly from the half-naked hatchetfish). We 
were forced to reduce the predation on 'benthic 
infauna' by this group from 46.1 to 22.9%. The 
difference was added to small zooplankton and 
detritus. The latter may be questionable for small 
deepwater fish, but all other prey items were 
being overpreyed on already. 
 
 
Table 3. Initial basic parameter summary for ‘Small 
deepwater’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Argyropelecus hemigymnus - 2.325 

Cataetyx alleni 12.586 1.670 

Cataetyx laticeps 10.932 1.730 

Apletodon dentatus 13.940 - 

Lesueurigobius friesii 11.229 0.976 

Maurolicus muelleria 17.409 1.179 

Ceratoscopelus maderensis 9.779 - 

Group value 12.646 1.537 

aThe biomass of this group is 0.5 t·km-2. 
 
 
Very large pelagic (meagre, group 4) 
 
Basic parameters for this group are based on the 
meagre (Argyrosomus regius). Meagre is by far 
the most abundant pelagic fish in the model with 
an asymptotic weight of 105 kg (calculated with 
length/weight data from the Bay of Biscay). The 
second most massive pelagic is comparatively 
small at 19 kg (bluefish in 'large pelagic'). The 
'very large pelagic' group is based solely on the 
meagre because it is so large and is of commercial 
importance and so presumed abundant. It is 
similar to 'tuna-like' fish in its basic parameters, 
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but does not migrate. Meagre preys more heavily 
on swimming crustaceans (50% of diet is 
'shrimp/prawn') than do 'tuna-like' fish, which 
feed predominantly on nekton (forage fish and 
cephalopods) and consume less than 10% of 
shrimps, molluscs and zooplankton combined. 
 
Meagre has a broad distribution, from Norway to 
Gibraltar and further south. The species also 
occurs in the Mediterranean and the Black Sea. 
Meagre is currently a moderately important 
commercial fish. After low landings in the 1970s 
and 1980s, the catch of meagre suddenly rose in 
the early 1990s, reaching 453 t in 1998 (Figure 4). 
No ICES catch records exist for this fish prior to 
1975, and biomass information is not available 
either. A Q/B was estimated at 2.492 year-1 based 
on the empirical estimate after Pauly (1986) for 
Argyrosomus regius. Natural mortality (M) was 
estimated at 0.13 year-1 and fishing mortality was 
assumed to be equal to half of M, which yielded a 
P/B value of 0.195 year-1.  
 

Figure 4. Evolution of the catches of Very Large 
pelagic species for the period 1970-1998 
 
Meagre's diet essentially breaks down to 50% 
swimming crustaceans (mostly southern pink 
shrimp Penaeus notialis) and 50% pelagic forage 
fish, which includes large, medium and small 
pelagics with a wide trophic range. As mentioned, 
its earlier dependence on crustaceans is the 
reason that it merited its own group apart from 
'tuna-like' fish. Diet information came from 
Senegal (Caverivière and Andriamirado, 1997) 
and Gulf of Tunisia (Chakroun and Ktari, 1981). 
 
Large pelagic (group 5) 
 
The 'large pelagic' group is very broad, and 
includes 12 species used to estimate the basic 
parameters and diet composition. Atlantic horse 
mackerel (Trachurus trachurus), adult whiting 
(Merlangius merlangus), blackspot seabream 
(Pagellus bogaraveo), garfish or garpike (Belone 
belone), Atlantic bonito (Sarda sarda), allis shad 

(Alosa alosa), ocean perch (Sebastes marinus), 
forkbeard (Phycis phycis), chub mackerel 
(Scomber japonicus), greater forkbeard (Phycis 
blennoides), black seabream (Spondyliosoma 
cantharus) and bluefish (Pomatomus saltator). 
These animals feed on medium and small fish, 
zooplankton and zoobenthos (crabs mostly). Note 
that blackspot seabream is benthopelagic and 
occurs deeper than the other group members, but 
feeds on similar prey items (Bauchot and Hureau, 
1990). P. phycis and P. blennoides are 
benthopelagic (F. Blanchard, IFREMER, pers. 
comm.). 

0

5 0

1 00

1 5 0

2 00

2 5 0

1 9 7 0 1 9 8 0 1 9 9 0
C

a
tc

h
 (

1
0

0
0

s 
t)

A t la n t ic h or se m a cker el

0

5

1 0

1 5

2 0

2 5

1 9 7 0 1 9 8 0 1 9 9 0

C
a

tc
h

 (
1

0
0

0
s 

t)

Bla ckspot  sea br ea m

A tla n t ic bon ito

Wh itin g

Ga r fish

0

2 00

4 00

6 00

8 00

1 000

1 2 00

1 4 00

1 6 00

1 8 00

1 9 7 0 1 9 8 0 1 9 9 0

C
a

tc
h

 (
t)

Blu efish

Ch u b m a cker el

Com m on  sea br ea m
Gilth ea d sea br ea m

Gr ea ter  for kbea r d
0

5 0

1 00

1 5 0

2 00
2 5 0

3 00

3 5 0

4 00

4 5 0

5 00

1 9 7 0 1 9 8 0 1 9 9 0

C
a

tc
h

 (
t)

Mea g r e

Figure 5. Evolution of the catches of Large pelagic 
species for the period 1970-1998 
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In the 1950s landings of Atlantic horse mackerel 
ranged from 30-50 thousand tonnes per year. 
There is a gap in the catch records until the early 
1970s, when the landings reached a peak of over 
211,000 t in 1973 and declined to 33,000 t in the 
1980s (Figure 5). Although 1998 catches were 
only 16,547 t, the lowest in 30 years, Atlantic 
horse mackerel still remains a major target 
species. Atlantic bonito and blackspot seabream 
catches have been much higher in the past; 1972 
saw peak catches for these two fish at 19,413 t and 
26,416 t respectively, while they dropped 
dramatically to 11 t and 41 t in 1998. Whiting 
catch has remained very constant since 1970, at 
an average of 2,900 t per year. It peaked in 1986 
at 7303 t, and has been low (below 2,000 t 
annually) since 1996. Black seabream (S. 
cantharus) is a commercial fish elsewhere, but no 
catch record exists for the study area. Other 
noteworthy commercial fish in this group are the 
greater forkbeard and bluefish (Figure 5).  
 
The biomass of Atlantic horse mackerel and chub 
mackerel was estimated at 0.549 and 0.031 g·m-2, 
respectively, based on the 1997 stock assessment 
for the Bay of Biscay (Anon., 1999c) (Table 4). In 
absence of suitable quantitative data, we assumed 
that fishing mortality for whiting equaled that of 
horse mackerel (F=0.312 year-1) and calculated its 
biomass by dividing catch by F. As the rest of the 
catch amount for 0.8% of the total, we augmented 

the estimated biomass for the three main species 
(0.638) by 1% for a total of 0.645 t·km-2. The 
average P/B was 0.524 year-1 and the average M 
was 0.165 year-1. 
 
Overall, the length-weight information was from 
relevant areas. Of the 12 fish in the group, 11 had 
length-weight relationships: six were from France 
(four of these were Bay of Biscay), two from 
Portugal, one from the Irish Sea, and one from 
South Africa (ocean perch). The Q/B values were 
very consistent across the group, the largest 
consumption was from Atlantic horse mackerel 
(6.081 year-1) and the smallest from bluefish 
(3.541 year-1), average value was 5.033 year-1 
(Table 4). 
 
Diet information for five out of the twelve fish 
was quantitative. 'Large pelagics' prey on a very 
wide range of items (22 groups in the initial diet 
matrix). Crabs are the most heavily preyed on 
group, commanding only 10.8% of the diet for 
'large pelagics'. Six minor groups comprised of 
zooplankton and pelagic fish all contribute 
roughly equally to the diet, between 6-9% each. A 
large portion (10.2%) of the average diet for this 
group was based on unidentified 'nekton' and 
'bony fish', which were divided equally among 
'medium pelagic', 'small pelagic high TL' and 
'small pelagic low TL' prey items when adjusting 
the diet matrix, in order to balance the model.  

 
 

Table 4. Initial basic parameter summary for ‘Large pelagic’ species. 

Species Q/B 
(year-1) 

P/B 
(year-1) 

Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Trachurus trachurus 6.081 0.622 0.549a 0.312a 16547 

Merlangius merlangus 5.708 0.775 0.058b 0.028c 1759 

Pagellus bogaraveo 4.641 - - - 41 

Belone belone 5.321 - - - 33 

Sarda sarda 4.876 - - - 11 

Alosa alosa 4.423 - - - 30.5 

Sebastes marinus 4.615 - - - 12 

Phycis phycis 4.894 0.358 - 0 0 

Scomber japonicus 6.032 0.620 0.031a 0.059a 178 

Spondyliosoma cantharus 4.383 0.480 - 0 0 

Phycis blennoides 5.990 - - - 28 

Pomatomus saltator 3.541 0.287  0 0 

Group value 5.033 0.524 0.654d - 18639.5 
aFrom Bay of Biscay assessment; 
bObtained by using ratio Catch/F; 
cF assumed equal to that of Trachurus; 
dAugmented by 1% from 0.638. 
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Medium pelagic (group 6) 
 

The 'medium pelagics' consist of 14 benthopelagic 
and pelagic species with a variable depth range, 
but usually occurring from 30 - 500 m. They tend 
to feed on benthic (mostly crabs and worms) and 
pelagic prey (shrimp and fish). This group 
consists of the hollowsnout grenadier 
(Caelorinchus caelorhincus), axillary seabream 
(Pagellus acarne), pouting (Trisopterus luscus), 
poor cod (Trisopterus minutus), Risso's smooth-
head (Alepocephalus rostratus), twaite shad 
(Alosa fallax), adult European smelt (Osmerus 
eperlanus), Mediterranean flyingfish 
(Cheilopogon heterurus), adult Atlantic mackerel 
(Scomber scombrus), blue whiting 
(Micromesistius poutassou), big-eye scad (Selar 
crumenophthalmus), grenadier (Nezumia 
bairdi), Norway pout (Trisopterus esmarkii) and 
saury (Scomberesox saurus). Blue whiting is 
among the deeper fish in the group, occurring as 
deep as 3000 m. It is included in this group 
rather than 'medium deepwater' because it makes 
daily vertical migrations and tends to feed in the 
pelagic water column. Its diet is also consistent 
with the group, preying on amphipods and small 
fish. The European smelt is on the other end of 
the depth range, occurring only in the first 50 m. 
This fish is included because of its size and the 
overall similarity in diet composition. Prey items 
are mostly shrimp, small crustaceans and small 
fish. 
 
Atlantic mackerel has a wide range, in the eastern 
Atlantic, also the Mediterranean and Black Sea. 
Blue whiting occurs from Iceland to Cape 
Bojador, Africa. Pouting has a more restricted 
range, from the British Isles to the west African 
coast. Norway pout is at the southernmost extent 
of its range, which extends North to the Barents 
Sea.  
 
Except for Atlantic mackerel, catch records are 
missing for all species in this group prior to 1970. 
Landings of mackerels in the 1950s were small (1-
5,000 t·year-1), while data were absent for the 
1960s (Figure 6). Catches in the 1970s were very 
high, peaking in 1974 at 66,980 t, declining in the 
late 1970s to 15-20 thousand t per year, and again 
in the late 1980s. Landings of mackerel reached 
an all-time low in 1998 (5,119 t). Of less 
importance is pouting, at 1,321 t (1998) and blue 
whiting at 167 t (Table 5). The latter has been 
much more important in the past, with larger 
catches than Atlantic mackerel throughout most 
of the 1980s, and all of the 1990s (Figure 6).  
 
The biomass of Atlantic mackerel from ICES Area 
VIII in 1997 was estimated at 108,000 t or 0.157 
t·km-2 (Table 5). As this was the only biomass 

available for a commercially important group, the 
ecotrophic efficiency was set at 0.95, and Ecopath 
was left to estimate this parameter. Four 
length/weight relationships were from France 
(three from Bay of Biscay), one was from Spain 
and five were generic or from an unrelated area. 
Q/B was estimated at 6.503 year-1 (Table 5). In 
absence of data, fishing mortality for all exploited 
species was assumed to be equal to that 
calculated for Atlantic mackerel (=0.047 year-1). 
The average natural mortality reached 0.581 
while the average P/B was estimated at 0.609 
year-1 (Table 5). Fishing mortality could be 
underestimated here, but the overall P/B seems 
reasonable. 
 
Only one of the 13 species had a qualitative diet 
description. Like 'large pelagics', this group also 
preys on a wide variety of prey groups. The most 
important preys are small zooplankton (11.4%), 
crabs (10.6%), shrimps (10.2%), large 
zooplankton (8.5%) and cephalopods (7.6%). All 
together, these five groups constitute the bulk 
(48.3%) of the 18 prey groups consumed. Diets 
for European smelt and Atlantic mackerel were 
divided into adults and juveniles. Juvenile data 
appear in the group 'small pelagic high TL'. The 
diet had to be changed only slightly, removing the 
predation on Very Large demersal High TL.  
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Table 5. Initial basic parameter summary for ‘Medium pelagic’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(g·m-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Caelorinchus caelorhincus 6.128 0.480 - 0 0 
Pagellus acarne 6.885 0.606 - 0.047a 15 
Nezumia bairdi 6.128 0.550 - 0 0 
Alepocephalus rostratus 5.991 - - 0 0 
Alosa fallax 6.656 0.803 - 0.047a 30.5 
Osmerus eperlanus 7.320 0.581 - 0.047a 67 
Cheilopogon heterurus 6.128 0.480 - 0 0 
Scomber scombrus 7.083 0.847 0.157 0.047b 5119 
Micromesistius poutassou 6.622 0.432 - 0.047a 167 
Selar crumenophthalmus 4.309 - - 0 0 
Trisopterus luscus 5.907 0.899 - 0.047a 1321 
Trisopterus minutus 7.102 0.417 - 0 0 
Trisopterus esmarkii 8.150 0.740 - 0.047a 1 
Scomberesox saurus 

scombroides 
6.634 0.470 - 0 0 

Group value 6.503 0.609 - - 6720.5 
aAssumed to be equal to that of Scomber scombrus; 
bFrom Catch/Biomass. 

 
Anchovy (group 7) 
 
This functional group is based solely on the 
European anchovy (Engraulis encrasicolus), 
because it is an important commercial species 
and forage fish in the Bay of Biscay. European 
anchovy has a very wide distribution in the 
Atlantic from Norway to southern Africa, as well 
as populations in the Mediterranean, Black and 
Azov Seas, and western Indian Ocean. 
 
Biomass of the European anchovy in ICES Area 
VIIIa,b is estimated at 57,000 t (Anon., 1999c) or 
0.590 g·m-2. No catch records are available prior 
to 1973. Catches in the 1980s fluctuated from year 
to year, averaging about 13,000 t yearly. The 
catch in 1998 was 18,906 t (Figure 7). Q/B was 
estimated at 8.684 based on length/weight data 
from the Bay of Biscay. A P/B value of 0.911 year-1 
was obtained by summing natural mortality 
(=0.66 year-1) and fishing mortality (=0.251 
year-1) based on ICES stock assessment for area 
VIII (Anon., 2000). In order to balance the 
model, we increased P/B to 1.15 year-1. 
 
Diet information in FishBase for the European 
anchovy is limited, with 50% of its diet reported 
to consist of small zooplankton, while the 
remaining 50% consists of unidentified ‘bony 
fish’, which was ultimately divided into four 
groups: 'small deep', 'small pelagic low TL', 
'anchovy', and 'herring'. The relative proportion 
of each group was based on the average frequency 
of occurrence of those prey items in the diets of 
the top predator groups. 
 

Figure 7. Evolution of the catches of anchovy for the 

period 1970-1998 
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Small pelagic high TL (group 8)  
 
These are typically small pelagic, coastal forage 
fish. This group is separated from 'small pelagic 
low TL' only by trophic level, meaning that they 
typically consume more fish and less 
zooplankton. The basic parameters were 
estimated using sand smelt (Atherina presbyter) 
and Argyropelecus olfersi.  
 
Sand smelt is a resident of the eastern Atlantic, 
from the British Isles to Canary Islands, also 
Mauritania and Cape Verde Islands and in the 
western Mediterranean. The juvenile forms of 
whiting, European smelt and Atlantic mackerel all 
tend to stay close to the coast. This group is less 
important than 'small pelagic low TL' in the 
commercial catch. Sand smelt is caught 
commercially, but only at low levels (65 t in 
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1998). There were no historical catch data 
available from ICES prior to 1998. In balancing 
the initial model, it was necessary to reduce the 
consumption of this group by higher predators.  
 
Consumption rates for these small fish are high, 
averaging 10.15 year-1 for the group (Table 6). 
Asymptotic weight is calculated for sand smelt 
using length-weight data from the Bay of Biscay, 
and a generic Winf was used (from FishBase) for 
Argyropelecus olfersi. No biomass data were 
available for any fish in this group. Natural 
mortality was estimated at 1.315 year-1 and F 
assumed to be low that is, a third of M which 
yielded a P/B value of 1.524 year-1.  
 
Diet composition was estimated using sand smelt, 
juvenile whiting (Merlangius merlangus), 
juvenile European smelt (Osmerus eperlanus) 
and juvenile Atlantic mackerel (Scomber 
scombrus). This group depends very heavily on 
small zooplankton (75.1% of diet) and small fish, 
particularly 'small pelagic low TL' (16.5% of diet). 
The data were reliable as 3 of 4 are from 
quantitative, species-specific sources.  
 

Small pelagic low TL (group 9) 
 
Like the above group, these are also small (less 
than 30 cm) pelagic, often inshore forage fish 
species, separated from the precedent group by 
their trophic level. Basic parameters are 
estimated with 3 species; lesser sandeel 
(Ammodytes marinus), sprat (Sprattus sprattus) 
and glacier lanternfish (Benthosema glaciale). 
Sprat catches were largest in the early 1970s, and 
have largely declined in the last decade to 67 t in 
1997 (Figure 8). Catches of Ammodytes were 
taken as a third of the ICES catch statistics for 
Ammodytes spp (Table 7). 
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Figure 8. Evolution of the catches of ‘Small pelagic 
low TL’ species for the period 1970-1998 
 

 
 

Table 6. Initial basic parameter summary for ‘Small pelagic high 
TL’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
F 

(year-1) 
Catch in 
1998 (t) 

Atherina presbyter 10.775 1.68 0.42a 65 

Argyropelecus olfersi 12.859 1.38 0  

Group value 10.150 1.524 - 65 

aAssumed to be small, i.e., a third of M. 

 
Table 7. Initial basic parameter summary for ‘Small pelagic low TL’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Ammodytes marinus 7.829 ~0.808 - - 22 

Sprattus sprattus 11.588 1.338 0.026a 0.027b 67 

Benthosema glaciale 13.565 0.700 0.200 0 0 

Group values 10.994 0.949 0.226c - 89 

aAssessment for Area VIII; 
bFrom Catch/Biomass; 
cMinimal estimate not used in the model. 
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Table 8. Initial basic parameter summary for ‘Very large demersal high TL’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(g·m-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Dicentrarchus labrax 5.190 0.773 0.054 0.241a 1263 

Seriola dumerili 2.883 0.334 - 0 0 

Merluccius merluccius (adult) 4.066 0.549 0.169 0.241b 3953 

Molva molva 3.530 0.515 0.054 0.241a 1254 

Molva dypterygia 4.354 0.513 0.002 0.241a 35 

Melanogrammus aeglefinus 3.331 0.596 0.007 0.241a 152 

Muraena helena 3.180 0.19 - 0 0 

Pollachius pollachius 3.337 0.222 0.041 0.241a 957 

Pagellus erythrinus 3.326 0.527 0.001 - 14 

Gadus morhua 3.462 0.569 0.013 0.241a 300 

Merluccius bilinearis (adult) 4.908 0.467 - 0 0 

Group value 3.779 0.499 0.341 0.176 7928 

aFishing mortality assumed to be equal for that of Merluccius merluccius; 
bFrom Anon. (1999d). 

 
 
The average consumption rate is taken to be 
10.994 year-1 (Table 8). Length-weight data were 
obtained from the North Sea (lesser sandeel) and 
Scotland (sprat). The asymptotic weight for 
glacier lanternfish was taken directly from 
FishBase and is not area-specific. Average natural 
mortality was 0.94 year-1 for this group, while 
fishing mortality is rather low (Table 7). P/B was 
estimated at 0.949 year-1. Biomass of sprat based 
on assessment for Area VIII that is 18,000 t or 
0.026 t·km-2 (Anon., 1999d). The glacier 
lanternfish biomass estimate of 0.200 t·km-2 
refers to the Bay of Biscay in 1962 (Gjøsaeter and 
Kawaguchi, 1980). Total biomass for this group 
would be a total of 0.226 t·km-2. However, we left 
the biomass to be estimated by Ecopath because 
of the large uncertainty associated with this 
estimate. 
 
Diet composition is based on sprat and sandeel. 
Although values are from qualitative or 
descriptive data, all accounts for sprat indicate 
that they consume 100% 'small zooplankton', 
particularly copepods and euphausiids. Lesser 
sandeel is said to consume a large portion of 
diatoms. We assumed its diet to be 50:50 'small 
zooplankton' and diatoms (i.e., 'primary 
producers').  
 
Sardine (group 10) 
 
This group consists only of European pilchard 
(Sardina pilchardus). Upon revision of the 
model, these were given their own group because 
they are a highly commercial species and an 
important forage fish in the Biscay region. When 
‘herring’ occurred in the diet composition of 

piscivores (i.e., when data came from systems 
where herring was the dominant forage fish), that 
amount was divided evenly between sardines and 
anchovy, thus assuming that these two species 
were substitutes for herring as dominant forage 
fish in the Bay of Biscay (V. Christensen, Fisheries 
Centre, UBC, pers. comm.).  
 
The species is widespread, occurring from the 
North Sea to Senegal. Sardines are a very 
important commercial species in the Bay of 
Biscay and throughout their range. Average 
landings were over 40,000 t·year-1 since 1950, 
and peaked in 1973 at over 100,000 t (Figure 9). 
Recent years have seen a decline in catch but 
sardines still remain important (10,760 t in 1998).  
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Figure 9. Evolution of the catches of sardine for the 
period 1970-1998 
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Sardine biomass is estimated to be 0.321 t·km-2 in 
the Bay of Biscay, as obtained by reducing the 
absolute ICES estimate for Area VIII 
proportionately to represent only VIIIa,b. The 
value may be underestimated for coastal VIIIa,b 
since sardines are a littoral species (Brito, 1991) 
and so may occur in greater densities near shore 
compared to the whole of Area VIII.  
 
The Q/B value of 8.965 year-1 is based on length-
weight data from the Bay of Biscay. The sum of 
natural mortality (M=0.903 year-1) and fishing 
mortality (F=0.049 year-1) (Whitehead, 1985) 
equals the production rate (P/B=0.952 year-1). 
The Council of the European Union (Anon., 1997) 
reports that sardines are overfished in the Iberian 
Peninsula (at risk of depletion). Were this to hold 
true for Biscay, we may expect a higher fishing 
mortality than our data suggest, and therefore 
P/B may be underestimated by as much as 40-
50% if F approximately equals M. In order to 
balance the model we increased P/B to 1.1 year-1. 
Sardine diet consists of 100% small zooplankton.  

 

 
Very large demersal high TL (group 11)  
 
The group is composed of large (greater than 30 
cm) demersal groundfish whose asymptotic 
weights are in the tens of kilograms. They tend to 
eat small fish which are usually, but not 
exclusively, demersal and small crustaceans 
(crabs and shrimps mostly). The species are 
European sea bass (Dicentrarchus labrax), 
greater amberjack (Seriola dumerili), ling (Molva 
molva), blue ling (Molva dypterygia), haddock 
(Melanogrammus aeglefinus), Mediterranean 
moray (Muraena helena), pollack (Pollachius 
pollachius), common pandora (Pagellus 
erythrinus), Atlantic cod (Gadus morhua), 
European hake (Merluccius merluccius) and 
silver hake (Merluccius bilinearis). The European 
sea bass is the least massive fish at 1.9 kg and was 
included in this group because its maximum 
length falls within the range for this group. This 
group is separated from the 'very large demersal 
low TL' group by trophic level alone (4.033 
average vs. 3.326). European hake occurs from 
the coast of Norway and Iceland to West Africa. 
 
Only three fish have no commercial value in the 
area: the greater amberjack, Mediterranean 
moray and silver hake. The most important 
commercial fish as of 1998 was the European 
hake at 3953 t, followed by the European seabass 
and ling at 1263 and 1254 t respectively (Table 8). 
In 1998, catches of less than 1,000 t were 
reported for pollack and Atlantic cod, and catches 
were negligible for haddock, blue ling and 
common pandora. Hake catches have gradually 

declined from 1951 (59,207 t). Their landings 
peaked in 1973 at 75,096 t, then declined to about 
25,000 t·year-1 during the 1980s and 1990s, and 
reached their lowest level in recent years (Figure 
10). The early 1970s also coincide with higher 
catch per unit effort. Ling catches have been 
highly variable, ranging from a low in 1971 of 192 
t, to a peak in 1980 of 5,502 t (Figure 10).  
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Figure 10. Evolution of the catches of ‘Very large 
demersal high TL’ selected species for the period 1970-
1998 
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Hake biomass for was estimated from ICES stock 
assessment data for the entire northern Atlantic 
hake stock, including areas IIIa, IV, VII and 
VIIIa,b (Anon., 1999d). Biomass for Area VIIIa,b 
was back-calculated using the catch (3,953 t) 
divided by the fishing mortality (0.241) from the 
greater region (i.e., the entire northern stock). In 
absence of data for the other commercial species 
of the group, which are believed to be popular 
targets, we assumed that they are subjected to a 
similar fishing mortality as hake. The resulting 
biomass is then 0.34 t·km-2. The average natural 
mortality for this group was estimated at 0.35 
year-1 and P/B to 0.499 year-1. 
 
Area specific length/weight relationships were 
used for 10 of 11 species, five from France (three 
from Biscay), two from UK, one from Portugal, 
one from the North Sea and one from western 
Atlantic. The range of consumption rates is 
narrow, although greater amberjack is at the low 
end of the scale with a Q/B of 2.883 year-1 
(compared to average of 3.779 for group). 
 
Diet information for six out of ten species that 
compose the diet matrix are from qualitative 
sources and are possibly unreliable. Diet items for 
this group are diverse. The initial matrix 
indicated strongest predation on 'small 
deepwater' fish (16.6%), and 'crabs' (12.5%), also 
'benthic infauna' (7.3%), 'shrimp' (5.9%) and 10% 
plankton (large and small at 5.6% and 4.4% 
respectively). 3.8% of diet consisted of fish over 
30 cm, and the remainder of fish under 30 cm, 
with heavy predation on herring in particular 
(5.9%).  
 
Very large demersal low TL (group 12)  
 
This group is characterized by very large (166 cm 
average length) and heavy (72 kg average Winf) 
demersal feeders that prey on benthos and small 
fish of trophic level of about 3.3. The species 
included consisted of sturgeon (Acipenser sturio), 
wolffish (Anarhichas lupus), saithe (Pollachius 
virens), European plaice (Pleuronectes platessus) 
and turbot (Psetta maxima). 
 
Saithe occurs from Barents Sea to the Bay of 
Biscay. Plaice occurs from Greenland and Norway 
to Morocco and in the Mediterranean. Sturgeon 
occurs from northern Norway and Iceland to 
Morocco, also in the Mediterranean and Black 
Seas. In fact, sturgeon being a critically 
endangered species, is protected by the Bern 
convention (see FishBase). Based on Robins et al. 
(1991) we assumed sturgeon biomass to be 
negligible. 
 

Plaice has been called the most important flatfish 
in the European fishery, but in recent years the 
landings have fallen to only a fraction of their 
former amount (see www.fao.org). Plaice and 
saithe catches were high in the early 1970s (over 
2,000 t each), and tapered down to an average of 
326 and 51 t per year respectively (Figure 11). 
Turbot landings have remained very constant 
over the last 30 years, averaging 339 t·year-1.  
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Figure 11. Evolution of the catches of ‘Very large 
demersal low TL’ species for the period 1970-1998 
 
We assumed that the fishing mortality of plaice in 
the Bay of Biscay was equal to natural mortality 
(F= 0.159 year-1). Then, we assumed that saithe 
and turbot were exploited at the same level. The 
resulting group P/B was 0.254 year-1 (Table 9) 
while the average M equaled 0.159 year-1. Using 
the ratio Catch/F, the minimum biomass would 
amounted to 0.044 t·km-2 which seems too small. 
The biomass was thus left to be estimated by 
Ecopath. The length/weight relationships were 
taken from the North Sea for saithe, from the UK 
for wolffish, and from the Bay of Biscay for plaice 
and turbot. Sturgeon data were generic. Q/B was 
estimated at 3.147 year-1.  
 
Diets for sturgeon and wolffish are based on 
qualitative data, while information for saithe and 
plaice is quantitative. The die is this group is quite 
homogeneous, and composed of benthos such as 
'worms' (44.6%) and 'small zooplankton' (13.8%), 
higher benthos echinoderms (16.7%) and crabs 
(8.6%). The remaining prey items are small fish, 
which we assumed include sharks, skates and 
rays. ‘Unidentified finfish’, a significant 
component of sturgeon diet, was divided equally 
into 8 groups, 'large demersal', 'medium (big end) 
demersal', 'medium (small) dem', 'very small 
demersal high TL', 'very small demersal low TL', 
'small sharks', and 'rays/skates'. Saithe tend to 
feed more on fish and less on benthos than the 
other species in the group although its trophic 
level is the same (3.3). 
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Table 9. Initial basic parameter summary for ‘Very large demersal low TL’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Acipenser sturio 2.310 0.094 - 0 0 
Anarhichas lupus 2.146 0.100 - 0 0 
Pollachius virens 3.010 0.300 0.02 0.159a 301 
Pleuronectes platessus 4.116 0.318 0.015 0.159b 235 
Psetta maxima 4.152 0.460 0.009 0.159a 135 

Group value 3.147 0.255 0.044c - 671 

aAssumed equal to that of P. platessus; basumed equal to M; cconsidered an absolute minimum. 
 

Large demersals (group 13) 
 
The species in this group are European eel 
(Anguilla anguilla), tub gurnard 
(Chelidonichthys lucerna), tusk (Brosme 
brosme), brill (Scophthalmus rhombus), common 
sole (Solea solea), John dory (Zeus faber), 
thicklip grey mullet (Chelon labrosus) and ballan 
wrasse (Labrus bergylta), gilthead seabream 
(Sparus auratus), dusky grouper (Epinephelus 
marginatus) and common seabream (Pagrus 
pagrus). Common seabream is benthopelagic, but 
is included in this group rather than 'large 
pelagic' because it feeds near the bottom and 
relies heavily on benthic and demersal prey. 
'Large demersals' have a length ranging between 
45 to 150 cm and can occur at depths of 400 m. 
They occur over a variety of substrates from soft 
sand (common sole), muddy sand, gravel (tub 
gurnard) and rock (John dory). Ballan wrasse 
occurs in the first 50 m and is reef-associated. 
John dory is benthopelagic in deep waters. John 
dory seemed out of place with a trophic level of 
4.5 compared to the mean of 3.9. There is no 
group better suited to it, however, as it is not 
massive enough to be considered to be part of the 
'very large demersal high TL' and given that this 
group is composed of higher trophic level fish. 
Tusk also has a high trophic level for the group. 
FishBase records 4.2 and this may be a low 
estimate (F. Blanchard, IFREMER, pers. comm.). 
By all accounts tusk is a large animal and may be 
a borderline candidate for 'very large demersal'. 
Thicklip grey mullet has a lower trophic level than 
other species in this group. Its length is on the 
borderline between 'medium' and 'large', but 
considering its bulk (Winf = 6.6 kg), it is an 
appropriate candidate for this group. Basic 
parameters are estimated using eight species, all 
above except the common seabream and dusky 
grouper. 

 

 
Sole occurs from the North Sea to Senegal, and in 
the Mediterranean. Tub gurnard, ballan wrasse 
and brill are distributed from Norway to Morocco. 
Most populations of the gilthead seabream occur 
in the Northeast Atlantic, particularly around the 
British Isles and south to the Straits of Gibraltar. 

All others show wide distribution throughout the 
eastern Atlantic.  
 
Present day catches are greatest for common sole 
(4,335 t in 1998) (Figure 12). Common seabream 
and Moroccan white seabream (in 'medium (big 
end) demersal') have a combined catch of 4,860 t 
in 1998, although historical data were not 
available. European eel follow with 960 t while 
the other species catches were all below 200 t 
(Table 10). European eel has been much more 
important in the past, including an 
uncharacteristically large catch in 1997 of 14,289 t 
(Figure 12). Thicklip grey mullet had a catch of 
601 t in 1998, but it does not appear in the 
historical catch records. 
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Figure 12. Evolution of the catches of ‘Large demersal’ 
selected species for the period 1970-1998 
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Table 10. Initial basic parameter summary for ‘Large demersals’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Anguilla anguilla 5.323 0.497 0.04 0.249 960 
Chelidonnichthys lucerna 5.618 1.11 0.003 0.557 148 
Sparus auratus 4.898 0.932 0.002 0.466 105 
Brosme brosme 4.298 0.521 0.002 0.261 40 
Scophthalmus rhombus 6.000 - 0.003 0.332a 92 
Solea solea 5.423 0.768 0.104 0.430b 4335 
Zeus faber 4.395 0.604 0.004 0.302 123 
Labrus bergylta 4.884 0.260 - 0 0 
Pagrus pagrus 5.269 0.589 0.085 0.294 2430 
Chelon labrosus 3.064 0.520 0.024 0.260 601 
Pleuronectidae   0.015 0.430c 605 

Group value 4.917 0.647 0.28 0.156 9439 

aAssumed F= average M for the group; from (Anon., 1999d); assumed equal to that of S. solea. 
 
Biomass estimates are available only for common 
sole, at 0.216 t·km-2 (Area VIIIa,b; Anon., 1999d) 
(Table 10). As sole fishing mortality is slightly 
higher than M we assumed that all the other 
commercial species in the group are exploited at a 
high level, which is F=M. The resulting P/B is 
0.647 with average M=0.332 year-1.  
 
Only the estimate for tusk was generated from 
generic length/weight relationships. Otherwise 
the consumption estimates appear to be reliable. 
Length/weight relationships were used to 
calculate asymptotic weights of seven species. The 
other relationships all came from France 
(including four from the Bay of Biscay). Thicklip 
grey mullet has a much lower Q/B (3.064 year-1) 
than the average (4.917 year-1).  
 
Diet composition is based on six species: 
quantitative information for European eel, tusk 
and John dory, and qualitative information for 
tub gurnard, common sole, and brill. These 
species feed largely on benthos ('crabs', 'worms' 
and 'benthic infauna' at 10.8%, 7.6% and 5.9% 
respectively), medium demersal fish (12.2% 
allocated in 'medium (big end) demersal', 
'medium (small end) demersal'), 'medium pelagic' 
fish (7.8%), small demersal fish (19.4% divided in 
'very small demersal high/low TL', small 
demersal) and 'small pelagic' (4.8%). John dorys 
have been suggested to eat cephalopods (Stergiou 
and Fourtouni, 1991), but since quantitative data 
were not available, they were not included. A 
significant portion of the diet information of this 
group is referred to as ‘unidentified’ prey items. 
In these cases unidentified ‘bony fish’ was divided 
into 5 groups; 'medium (big end) demersal, 
'medium (small end) demersal', 'small demersal', 
'very small demersal high TL' and 'very small 
demersal low TL'. 

Medium (big end) demersals (group 14)  
 
14 species compose this group; European 
flounder (Platichthys flesus), red gurnard 
(Aspitrigla cuculus), grey gurnard 
(Chelidonichthys gurnardus), boarfish (Capros 
aper), striped red mullet (Mullus surmuletus), 
cockoo wrasse (Labrus bimaculatus), streaked 
gurnard (Chelidonichthys lastoviza), lemon sole 
(Microstomus kitt), fourspotted megrim 
(Lepidorhombus boscii), bar jack (Caranx ruber), 
Atlantic bigeye (Priacanthus arenatus), 
Moroccan white seabream (Diplodus sargus 
cadenati), and sand sole (Pegusa lascaris). All 
species listed are used in the basic parameter 
estimates. Cockoo wrasse, bar jack, Moroccan 
white seabream and the Atlantic bigeye are reef 
dwellers, and the rest inhabit rocky (lemon sole), 
or sand and gravel (red gurnard) substrate from 
shallow demersal, to about 600 m (boarfish occur 
the deepest). They are between 30 and 60 cm in 
length, and tend to feed on small (usually) 
bottom-dwelling fish, benthos and other 
invertebrates. Note that boarfish are on the small 
end of the size range for the group, and the males 
are smaller still, compared to females (Sánchez et 
al., 1995). For simplicity's sake, both sexes are 
included in this group.  
 
The lemon sole is at the edge of its range, which 
extends from Iceland and the White Sea to the 
Bay of Biscay. Most others occur from as far north 
as the British Isles, (e.g., fourspotted megrim) or 
Norway (boarfish) and extend along the west 
coast of Africa. There were no available biomass 
data for any fish in this group. Present day 
catches for all species in this group are relatively 
low (Table 11). Historically the striped red mullet 
has been more important, with catches averaging 
628 t·year-1 during the 1980s, and a peak in 1976 
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Table 11. Initial basic parameter summary for ‘Medium (big end) demersals’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Fa 

(year-1) 
Catch in 1998 

(t) 
Platichthys flesus 4.524 1.15 0.43 26 
Aspitrigla cuculus 6.464 1.27 0.48 192 
Chelidonichthys gurnardus 6.578 1.76 0.66 55 
Capros aper 6.620 0.59 0 0 
Mullus surmuletus 6.994 1.41 0.53 8 
Labrus bimaculatus 6.354 0.34 0 0 
Chelidonichthys lastoviza 6.395 1.49 0.56 148 
Microstomus kitt 6.509 1.12 0.42 77 
Lepidorhombus boscii 6.418 0.33 0 0 
Caranx ruber 4.593 0.29 0 0 
Priacanthus arenatus 5.751 0.47 0 0 
Pegusa lascaris 6.061 0.39 0 0 
Diplodus sargus cadenati 5.776 - - ~2430 
Prionotus sp. - - - 148 
Group value 6.080 0.885 - 3084 
aAssuming F= 0.6 M. 

  
of 1,318 t (Figure 13). Landings of European 
flounder, grey gurnard and lemon sole were 
generally lower than 100 t·year-1 each. Sand sole 
catch increased in the 1990s, remaining above 
100 t·year-1 since 1993. Landings of the Moroccan 
white seabream are estimated at 2,430 t·year-1, 
one half of ICES’ ‘seabream’ catch. The remaining 
half was relegated to the common seabream in 
‘large demersals’. 
 
European flounder and bar jack are at the low end 
of the range of consumption rates (Q/B~4.5 
year-1) compared to the average of 6.08 (Table 11). 
Asymptotic weights for 11 out of 13 species are 
based on length/weight relationships and two are 
directly from FishBase. Six length/weight 
relationships were from France (five from the Bay 
of Biscay), two from Spain, one from the western 
Atlantic, and one is generic. The average M value 
amounted to 0.628 year-1. Assuming that F=0.6 
M for each commercial species, then P/B=0.885 
year-1. The weighted average F would be of 0.51 
year-1, and applied to the total catch, yielded a 
biomass of 0.062 t·km-2, which is probably 
underestimated. Thus, biomass was not entered 
and left to estimate by Ecopath. 

 

 
The diet information for 11 out of 15 species were 
from quantitative sources. Major prey items for 
this group included 'benthic infauna', 'shrimp', 
'worms' and 'small/large zooplankton' (all these 
items constituted greater than 6% of the diet). 
The remainder was generally small deepwater 
and small/medium demersal fish, as well as a 
small amount of primary producers 
(phytoplankton and seaweed). A significant 
portion of the diet of six fish was termed ‘other 
benthic crustaceans’ or ‘unidentified benthic 
crustaceans’ in the literature. Except for 
components which fell into other crustacean 

categories such as 'crabs' or 'shrimp/prawn', the 
remainder was assigned to 'epibenthos', a general 
group for microbenthos occurring on the 
substrate (as opposed to benthic infauna). 
Unidentified fish such as ‘bony fish’ or ‘nekton’ 
were assigned to groups; 'medium (small end) 
demersal', 'very small demersal high TL' and 'very 
small demersal low TL'. Moroccan white 
seabream also feeds on small amounts of 
seaweed. 
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Figure 13. Evolution of the catches of ‘Medium (big) 
demersal’ selected species for the period 1970-1998. 
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Medium (small end) demersals (group 15) 
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This group is separated from 'medium (big end) 
demersals' by difference in mass since there was a 
wide range of medium demersals when 
considering length alone. The species included in 
this group are red bandfish (Cepola 
macrophthalma), dragonet (Callionymus lyra), 
dab (Limanda limanda), witch flounder 
(Glyptocephalus cynoglossus), Mediterranean 
rainbow wrasse (Coris julis), and grey gurnard 
juveniles (Chelidonichthys gurnardus). These 
fish are between 30 and 60 cm in length (Lmax) 
except for the red bandfish (80 cm) because it is 
ribbon shaped, and thus its weight is quite low. 
These fish consume mainly small invertebrates 
and worms, and to a lesser extent, small fish. 
They occur on soft, sandy or muddy bottoms. 
Witch flounder is the species occurring in the 
deepest waters, down to 1460 m. 
 
Red bandfish occurs in the eastern Atlantic from 
the British Isles to Senegal. Dragonet has a very 
wide distribution, ranging in the North Atlantic 
from Norway and Iceland to Algeria. The dab is at 
the southern end of its range, which extends from 
Norway and Iceland to the Bay of Biscay. This is 
the only fish of this group that has a small fish 
component in its diet. Witch flounder is also at 
the edge of its range, which extends from Norway 
to northern Spain. No biomass data were 
available for any fish in this group. 
 
There is very little commercial interest in this 
group, the 1998 catch for witch flounder and dab 
combined reaching 23 t (Table 12). Since the 
1950s there has been only a minor fishery for 
these animals. Dab catches were more substantial 
throughout the 1970s (average 172 t·year-1) and 
fell to less than 60 t·year-1 in the 1980s (Figure 
14). Witch flounder yields have been less than 30 
t·year-1 except for a surge in 1994 of 123 t, and 
again another in 1997 of 835 t.  
 
 
Table 12. Initial basic parameter summary for 
‘Medium (small end) demersals’ species. 

Species 
Q/B 

(year-1) 
M 

(year-1) 

Catch 
in 1998 

(t) 

Cepola macrophthalma 8.299 0.379 0 

Callionymus lyra 8.772 0.796 0 

Limanda limanda 8.291 1.030 7 
Glyptocephalus 
cynoglossus 

7.666 0.609 16 

Group value 8.257 0.703 23 

 
 

Figure 14. Evolution of the catches of ‘Medium (small) 
demersal’ species for the period 1970-1998 
 
 
The length/weight relationships were from 
France (no locality), the Bay of Biscay, Spain and 
the North Sea. The average consumption rate was 
estimated at 8.257 year-1. The average natural 
mortality was estimated at 0.7 year-1 (Table 12). 
However, in absence of an indicator for the level 
of exploitation of these species, we set the ratio 
production/consumption to 0.15 and let Ecopath 
estimate P/B and biomass.  
 
The diet of this group, all based on quantitative 
information, was dominated by worms (33.5%), 
epibenthos (17.0%) and benthic infauna (16.7%, 
including 11.3% amphipods), adding up to 67%. 
The remainder of the diet was composed of 
'shrimp' (11.8%), 'large zooplankton' (7.7%) and 
'echinoderms' (4.0%), the remainder is small fish 
('small deepwater' and 'small demersals'), 
'cephalopods' and 'detritus'. 
 
Small demersals (group 16)  
 
The 'small demersals' are small demersal and 
reef-associated fish, between 15 and 30 cm Lmax. 
They reside in a wide range of depths from as 
shallow as 2-40 m (damselfish) to 110-1000 m 
(silvery cod), and occur over sandy, muddy or 
hard bottoms. Also, they may be associated with 
coral or aquatic vegetation. The group includes 
hooknose (Agonus cataphractus), imperial 
scaldfish (Arnoglossus imperialis), damselfish 
(Chromis chromis), butterfly blenny (Blennius 
ocellaris), goldsinny wrasse (Ctenolabrus 
rupestris), scaldfish (Arnoglossus laterna), 
tomtate grunt (Haemulon aurolineatum), red 
mullet (Mullus barbatus), silvery cod (Gadiculus 
argenteus) and wedge sole (Dicologlossa 
cuneata). Silver cod was identified as a pelagic 
animal (Cohen et al., 1990), but it is better suited 
to this group over 'small pelagics' (high or low TL) 
as it feeds exclusively on the sea floor. The 
tomtate grunt occurs only in the western Atlantic 

  



Bay of Biscay, Page 289  

(Robins and Ray, 1986), but it was included in 
this model because ICES has a commercial catch 
record for it in Area VIII (1998). 
 
The hooknose is probably a minor player in the 
ecosystem, as its range barely extends to the Bay 
of Biscay. Damselfish was noted to occur more 
often on the islands of the eastern Atlantic, and 
less often close to mainland (Loris and Rucabado, 
1990) and so probably plays a minor role as well. 
Butterfly blenny has a narrow range in the 
eastern Atlantic, from Morocco to the English 
Channel. Tomtate grunt probably occurs only in 
low numbers in the Bay of Biscay (see above). 
Judging by its relatively large catch, the wedge 
sole is likely the most abundant of these animals. 
 
Only tomtate grunt and wedge sole are 
commercially fished. Tomtate grunt had a very 
low catch in 1998, at only 16 t, wedge sole catch 
was more substantial at 476 t (Table 13). Neither 
fish have a historical catch record. The biomass of 
this group was estimated by Ecopath using an 
ecotrophic efficiency of 0.95. 
 
 
Table 13. Initial basic parameter summary for ‘Small 
demersals’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Catch in 
1998 (t) 

Agonus cataphractus 7.914 0.986 0 

Arnoglossus imperialis 8.052 0.670 0 

Chromis chromis 8.507 0.670 0 

Blennius ocellaris 8.291 0.780 0 

Ctenolabrus rupestris 9.562 0.728 0 

Arnoglossus laterna 10.239 1.087 0 

Haemulon aurolineatum 6.761 - 19 

Mullus barbatus 8.304 0.614 0 

Gadiculus argenteus 10.003 0.991 0 

Dicologlossa cuneata 8.551 - 476 

Group value 8.618 1.2a 545 

aIncreased from 0.816 year-1 to increase P/Q. 

 
 
Of the 10 fish that compose the average, four 
estimates of asymptotic weight are from Spain, 
three are from France (one of those from Biscay), 
one is from Greece (damselfish, Chromis 
chromis), one from the USA (tomate grunt, 
Haemulon aurlineatum) and one is a generic 
value. Temperatures from Greece and the USA 
may be too warm, and probably yield higher Q/B 
values. However, consumption rate for all 
animals falls under a narrow range between 8 and 
10.2 year-1, except for tomate grunt (USA figure, 
6.8). The tomtate grunt is by far the most massive 
fish. Its weight and consumption rate are more 

akin to the 'large demersals', but it was put in this 
group because its length is below 30 cm, and so 
its prey are presumably small. Wedge sole 
consumption rate is based on weight/length 
relationships from the Bay of Biscay. Since its 
Q/B appears to be reliable, and since it is 
probably the most abundant fish, it should be 
considered a yardstick for evaluating the accuracy 
of the group's average value. Indeed wedge sole 
Q/B is very close to the group's average (8.55 
compared to average group value of 8.62 year-1). 
 
Since most fish in this group are not 
commercially caught, total mortality (and 
therefore production rate) was assumed to equal 
natural mortality. There is a wide range of 
production values in this group, approximately 
from 0.6 (red mullet) to 1.0 (scaldfish) (Table 13). 
The average P/B for the group was 0.816 year-1, 
but that value was increased to 1.2 year-1 in the 
initial model in order to fall between ‘medium 
(small) demersals’ and ‘very small demersal high 
TL’ groups. This yields a P/Q ratio of 0.14, which 
is reasonable.  
 
Of the ten fish that compose this group, 
quantitative diet information was only available 
for six. Information for imperial scaldfish, 
butterfly blenny, wedge sole and damselfish was 
qualitative and non-specific as for prey groups. 
The diet composition of scaldfish and butterfly 
blenny included 50% ‘unidentified benthic 
crustaceans’, which was put in 'epibenthic'. It is 
likely that a fraction of these unidentified 
crustaceans would represent 'crabs', 'shrimp', 
'benthic infauna' or other alternate crustacean 
prey groups, but of all the crustacean groups, only 
epibenthos is consumed in quantity by the other 
members of the 'small demersals'. The diet of 
damselfish was assumed to be composed of 50% 
of 'epibenthic' pycnogonidids (sea spiders). This 
seems too exclusive for a prey that probably 
occurs in only minor abundance. However, this 
quantity of 'epibenthic' prey is not unreasonable, 
considering the diets of other fish in the group. 
Scaldfish diet is 50% ‘unidentified finfish’. 
Although finfish is usually said to include sharks 
and rays, scaldfish are too small to prey on 
elasmobranchs and so their unidentified 
component is divided between very small 
demersal high and low TLs. In all, four of ten 
species had ‘unidentified fin/bonyfish’ 
components, which were uniformly divided 
between 'very small demersal high/low TL'. Initial 
diet matrix is probably reasonable, although 
'epibenthos' may be overestimated.  
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Very small demersal high TL (group 17)  
 
This group is composed of 3 demersal and 2 reef-
associated small fish (less than 30 cm Lmax, less 
than 30 g Winf), differentiated from the 'very 
small demersal low TL' group only by trophic 
level (3.5 versus 3.0). They are the reticulated 
dragonet (Callionymus reticulatus), rock cook 
(Centrolabrus exoletus), dragonet (Callionymus 
maculatus), cardinal fish (Apogon imberbis) and 
Jeffrey's goby (Buenia jeffreysii). These animals 
occur as deep as 330 m (Jeffrey's goby) and feed 
on small benthic crustaceans, worms and small 
fish.  
 
In the Northeast Atlantic, reticulated dragonet 
occurs from Portugal to the North Sea, rock cook 
occurs from Portugal to Norway. Dragonet C. 
maculatus occurs from Iceland and Norway to 
Senegal. Cardinalfish are at the northern extent of 
their range, they are common only as far north as 
Portugal. Jeffery's goby is at the southern extent 
of their range, from Iceland to Brittany, France.  
 
The length/weight relationships were from 
Scotland and Spain for rock cook and dragonet, 
respectively. The values for the three remaining 
fish were based on generic estimates of 
asymptotic weight from FishBase. The 
length/weight relationship for rock cook refers to 
females only. Except for cardinal fish, at 
Q/B=10.6 year-1, all consumption rates fall under 
a very narrow range, from 11.4 to 11.6 year-1 
(Table 14). The group average of 11.24 year-1 is 
probably reasonable. Since there are no 
commercial fish in this group, production rate, is 
equal to natural mortality (average M=1.334 
year-1). The range is broad, from 0.9 for dragonet, 
to 1.8 year-1 for Jeffrey's goby (Table 14). No 
biomass data were available for this group, 
though cardinal fish and Jeffrey's goby are 
probably minor in abundance. 
 
Table 14. Initial basic parameter summary for 
‘Very small demersal high TL’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Callionymus reticulatus 11.630 1.190 

Centrolabrus exoletus 11.525 1.294 

Callionymus maculatus 11.423 0.920 

Apogon imberbis 10.257 1.494 

Buenia jeffresii 11.364 1.820 

Group value 11.240 1.344 

 
Diet information is based on five fish, all listed in 
Table 14 except for Jeffrey's goby and hake 
juveniles. Three of the five fish are based on 
qualitative information. ‘Unidentified benthic 

crustaceans’ are assumed to fall under 
'epibenthos' for reticulated dragonet and Jeffery's 
goby, composing 50% and 100% of their diets 
respectively. A fraction of these amounts may be 
attributable to 'crabs', 'benthic infauna' and other 
large crustacean groups. However, considering 
the very small size of these two species, it is 
reasonable to assume that they prey on small 
enough crustaceans that they may be considered 
'epibenthos'. Only dragonet (C. maculatus) and 
reticulated dragonet consume a large proportion 
of worms. Cardinal fish adults were exceptional as 
they consumed 100% small fish, which was 
assumed to be 50% 'very small demersal high TL' 
and 50% 'very small demersal low TL'. Elsewhere 
in the model, where diet is evenly divided among 
likely prey, exceptions are made to avoid 
cannibalism within the group. This was not done 
for cardinal fish because theirs is already the 
smallest size class.  
 
Very small demersal low TL (group 18) 
 
This group represents only the small sandeel 
(Ammodytes tobianus), and later it was expanded 
to include transparent goby (Aphia minuta) as 
well. Transparent goby was in 'small deepwater' 
based on diet (100% small zooplankton), but its 
extremely small size and low trophic level merited 
the change. The transparent goby is demersal, 
coastal, and shallow (80 m), and at 0.3 g Winf, it is 
by far the smallest fish in the model. The sand eel 
is much larger at 16.0 g Winf, and lives inshore 
and over sandy bottoms, like the transparent 
goby.  
 
Sand eel occurs from Spain to Murmansk. 
Transparent goby is found from Norway to 
Morocco. It has no catch and does not appear in 
the diets of higher predators and so probably 
occurs at a much lower abundance than sand eel. 
The sand eel is listed as a ‘highly important 
commercial’ fish in FishBase, but ICES catch in 
1998 was only approximately 44 t (2/3 of the 
Ammodytes spp. statistics), and no information is 
available for ICES Area VIII prior to then. 
Transparent goby is not a commercial species. 
 
The consumption rate (= 23.0 year-1) for the 
transparent goby is the highest in the model, 
owing to its extremely small body size. Since this 
species is relatively unimportant in the system 
compared to the much more abundant sandlance. 
It was therefore omitted from the calculation and 
Q/B was set at 11.3 year-1. For the same reason, 
natural mortality (=1.18 year-1) was based on 
sandeel only (Table 15). However, in absence of 
information on fishing mortality we let Ecopath 
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estimate both P/B and biomass based on EE of 
0.95 and P/Q of 0.15. 
Diet information for both species was based on a 
qualitative record. Sand eels consume diatoms 
which are grouped within 'primary producers'. It 
was assumed that sand eel prey on diatoms and 
large zooplankton evenly and that transparent 
goby preyed exclusively on copepods. 
 
Table 15. Initial basic parameter summary for ‘Very 
small demersal low TL’ species. 

Species 
Q/B 

(year-1) 
M 

(year-1) 
Catch in 
1998 (t) 

Ammodytes 
tobianus 

11.301 1.18 44 

Aphia minuta 22.967 3.538 0 

Group value 11.301a 1.18a 44 

aBased on Ammodytes tobianus only. 

 

 
Rays/skates (group 19)  
 
The basic parameters were estimated using data 
from the longnosed skate (Raja oxyrinchus), 
shagreen ray (Leucoraja fullonica), thorny skate 
(Amblyraja radiata), blue skate (Raja batis), 
thornback ray (Raja clavata), spotted ray (Raja 
montagui), pale ray (Bathyraja pallida), 
Richardson's ray (Bathyraja richardsoni) and 
cuckoo ray (Leucoraja naevus). Most are 
demersal or bathydemersal, except for shagreen 
ray, which is benthopelagic. These creatures are 
found at a wide range of depths, from as shallow 
as 15 m (long nosed skate) to as deep as 2500 m 
(Richardson's ray) and all feed off the bottom. 
 
There were no biomass data available for any 
species in this group. Most of them are found in 
coastal waters between Norway and Morocco, 
from the coast to the upper part of the continental 
slope. The thorny skate is at the southern most 
end of it distribution in the Bay of Biscay, and so 
probably occurs in small numbers. Blue skate has 
been critically overfished, and is endangered or 
extirpated in certain areas of its range (Hilton-
Taylor, 2000). These animals are probably also 
low in abundance in the Bay of Biscay. Thornback 
ray is cited as one of the most abundant rays in 
the Northeast Atlantic (Hilton-Taylor, 2000). 
Pale ray is a rare fish (Stehmann and Bürkel, 
1984) and its biomass is probably negligible. 
Richardson’s ray occurs only in the northwest Bay 
of Biscay. Most of its habitat is deeper and on the 
continental slopes, beyond the western 
boundaries of ICES Area VIIIa,b. 
 
There are six commercial species of the nine that 
compose this group. Cuckoo ray is the most 
important with 1124 t harvested in 1998 (Table 

16). Spotted ray and thornback ray are and have 
historically been comparable in annual yields. 
Catch rates for both species have remained 
between 150-250 t·year-1 since 1988 (Figure 15). 
In 1998, catch for spotted ray was 152 t, 
thornback ray was 162 t. ICES lists Raja spp. as a 
much more important element of the Biscay 
fishery, at a combined yield for 1998 of 5,444 t. It 
is unclear in the records to which species this 
number refers to, as all species mentioned by 
name total less than 1,500 t. The difference may 
be attributable to other species of rays and skates 
not elsewhere mentioned. The unknown Raja 
spp. component was included in the total 
landings of this group (total of 6912 t for Area 
VIII). 
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Figure 15. Evolution of the catches of ‘Rays/skates’ 
species for the period 1970-1998 
 
Since there is no division in this group based on 
size, we see a great deal of variation in 
consumption rates. The lowest consumption rate 
belongs to Richardson's ray at 2.1 (Winf = 56.8 
kg), and the highest to the spotted ray at 5.0 (Winf 
= 2.4 kg). The average Q/B is 3.612 year-1 (Table 
16). Three length/weight relationships came from 
the UK, one from Iceland and one from the Bay of 
Biscay. Waters of the UK and Iceland are colder 
than Biscay, and so we may expect Winf to be 
underestimated. The remaining four estimates of 
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asymptotic weight are taken directly from 
FishBase. Assuming that fishing mortality 
amounted to two-thirds of natural mortality (= 
0.245 year-1), P/B was estimated as 0.315 year-1. 
The biomass, was obtained form the ratio catch 
over biomass, was estimated at 0.487 t·km-2. 
 
Diet information was based on the same species 
listed in Table 16, minus Richardson's ray and the 
pale ray. Over 80% of their diet consisted of 
benthic crustaceans, worms and demersal fish. 
The proportion of fish or crustaceans varied 
between species. Shagreen ray and long nosed 
skate consume only zoobenthos, cuckoo ray 
consumes roughly 50% zoobenthos and 50% fish 
and blue skate consumes only bony fish. All diet 
information is based on quantitative data, 
although a large fraction of the fish prey was 
termed ‘unidentified bony fish’. These values were 
distributed evenly among what was considered 
the most likely prey; 'medium deepwater', 'small 
deepwater', 'medium (big end) demersal', 
'medium (small end) demersal', 'small demersal', 
'very small demersal high TL' and 'very small 
demersal low TL'.  
 
Small sharks (group 20) 
 
This group is composed of four species of dogfish: 
the black dogfish (Centroscyllium fabricii), piked 

dogfish (Squalus acanthias), Portuguese dogfish 
(Centroscymnus coelolepis), longnose velvet 
dogfish (Centroscymnus crepidater), as well as 
the catshark (Scyliorhinus canicula). These 
elasmobranchs are less than 150 cm in length, 
and have an average weight of 9.2 kg. They are 
demersal and bathydemersal and reside at 200 m 
or below on sand or sand/rock bottoms.  
 
The sharks in this group occur on both sides of 
the Atlantic except for the longnose velvet dogfish 
and the small spotted catshark, which are only 
found in the eastern Atlantic. All species occur at 
least from Iceland to Senegal, but piked dogfish 
and Portuguese dogfish extend further towards 
South Africa. Deepest is the Portuguese dogfish at 
3700 m, most others are found above 1500 m 
except for the small spotted catshark which 
resides no deeper than 400 m. Longnose velvet 
dogfish is cited as common (Last and Stevens, 
1994) and piked dogfish is said to be the world’s 
most abundant shark (Compagno, 1984) although 
a precise biomass estimate is unavailable for 
either species in the Biscay region. All animals 
occur on the continental slope or shelf and are 
bathydemersal, except for the small spotted 
catshark which is demersal, and the piked 
dogfish, a benthopelagic. 

 
Table 16. Initial basic parameter summary for ‘Rays/skates’ species. 

Species 
Q/B 

(year-1) 
M 

(year-1) 
F 

(year-1) 
Catch in 
1998 (t) 

Raja oxyrinchus 3.180 0.190 0.114 9 
Leucoraja fullonica 3.889 0.210 0.126 4 
Amblyraja radiata 4.129 0.404 - 0 
Raja batis 2.261 0.112 0.067 14 
Raja clavata 4.444 0.354 0.213 165 
Raja montagui 5.006 0.353 0.212 152 
Bathyraja pallida 3.080 0.180 - 0 
Bathyraja richardsoni 2.134 0.170 - 0 
Leucoraja naevus 4.389 0.228 0.137 1124 
Raja sp. - - 0.147a 5444 

Group value 3.612 0.245 - 6912 
aAssumed to equal 0.6 * the average M of the group (=0.245). 

 

Table 17. Initial basic parameter summary for ‘Small sharks’ species. 

Species 
Q/B 

(year-1) 
M 

(year-1) 
Biomass 
(t·km-2) 

Fa 
(year-1) 

Catch in 
1998 (t) 

Centroscyllium fabricii 4.638 0.28  0 0 
Squalus acanthias 4.158 0.11 0.031 0.17 193 
Centroscymnus coelolepis 3.714 0.22  0 0 
Centroscymnus crepidater 3.533 0.21  0 0 
Scyliorhinus canicula 5.484 0.25 0.349 0.39 4983.5 

Group value 4.305 0.213b 0.38c - 5199.5 

aAssuming F= 0.6 * M; group P/B = 0.255; minimum biomass required to account for fishing 
pressure. 
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Catshark is the only major commercial fish in the 
group. ICES catch data indicate that 
Scyliorhinidae catches reached 9,967 t in 1998. 
This value was split evenly between ‘small sharks’ 
and ‘large sharks’ (each functional group has one 
Scyliorhinidae representative) (Table 17). A much 
smaller fishery exists for the piked dogfish. 
Catches for this animal have been higher in the 
1980s, peaking at 608 t in 1981 and gradually 
declining throughout the 1980s, reaching the 
present day yields by about 1994 (Figure 16). The 
1998 catch of piked dogfish was 193 t.  
 
 

Figure 16. Evolution of the catches of ‘Small sharks’ 
species for the period 1970-1998 
 
 
Length/weight data for three species were from 
Scotland, one was from the Bay of Biscay and one 
from the Northeast Atlantic. Consumption rates 
vary from 3.533 (longnose velvet dogfish) to 
5.484 year-1 (catshark), with an average of 4.305 
year-1 for the group. The average natural mortality 
was estimated at 0.245 year-1 (Table 17). In 
absence of information on fishing mortality, it 
was assumed to be equal to 2/3 of M, yielding a 
P/B value 0.255 year-1. The minimum estimate of 
biomass for the group obtained by using the ratio 
Catch/F was 0.38 t·km-2. This value was later 
increased to 0.5 t·km-2 to balance the model.  
 
This group’s diet information is based on 
quantitative data. A significant portion of the diet 
consists of what was called ‘unidentified bony 
fish’. The most likely preys were assumed to be 
'small deepwater', 'small demersal' and 'very 
small demersal high/low TL'. All species in this 
group consume cephalopods to some degree; 
from 65% of the diet in Portuguese dogfish, to 
5.8% of the diet in catshark, yielding an average 
of 28%. 'Small deepwater' fish (including 
‘unidentified’) constituted 17.9% of the diet of 
which 14.1% was lanternfish (Myctophidae). 
Other significant prey items are ‘other demersal 
fish’, shrimps and crabs. 

Large sharks (group 21) 
 
This functional group is composed of pelagic, 
benthopelagic, demersal and bathydemersal 
sharks; nurse shark (Ginglymostoma cirratum), 
blue shark (Prionace glauca), basking shark 
(Cetorhinus maximus), great white shark 
(Carcharodon carcharias), nursehound 
(Scyliorhinus stellaris), frilled shark 
(Chlamydoselachus anguine), tope shark 
(Galeorhinus galeus), gulper shark 
(Centrophorus granulosus), leafscale gulper 
shark (Centrophorus squamosus), thintail 
thresher (Alopias vulpinus) and the porbeagle 
(Lamna nasus). Their average asymptotic weight 
(2,428 kg) represents a broad range of body sizes, 
from 44.0 kg (tope shark) to over 9,000 kg (great 
white shark). They may be oceanic like the blue 
shark, coastal like the tope shark and thintailed 
thresher, or reef associated like the nurse shark 
and nursehound. Their depths range from 350 m 
(blue shark) to 1280 m (great white shark). Most 
are consumers of fish and/or benthos. Basking 
shark is a filter feeder and the only shark to feed 
only on zooplankton. Accordingly its trophic level 
is much smaller than the other ‘large sharks’ at 
3.4 compared to a group average of 4.2.  
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Figure 17. Evolution of the catches of ‘Large sharks’ 
species for the period 1970-1998 
 
No biomass estimates were found for these 
sharks, accounts being generally qualitative. The 
nurse shark is incidental to France (Compagno, 
1984) and is probably not a significant 
contributor to biomass. Basking shark is a 
protected animal (FAO, 1994) and presumed to 
be uncommon. Although great white sharks are 
widespread, they are endangered and very low in 
abundance (Hilton-Taylor, 2000). Frill shark is 
also cited as uncommon (Hilton-Taylor, 2000). 
The blue shark is historically an abundant species 
in the Atlantic, though their population are in 
decline. The porbeagle has been overexploited in 
the North Atlantic, but is not threatened (Hilton-
Taylor, 2000) (Figure 17). The blue shark and 
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porbeagle are probably the most numerous large 
sharks in the Bay of Biscay. The distribution of 
‘large sharks’ at least spans from Norway to 
Morocco, except for the great white shark, which 
is at the northern extent of its range in France. 
The basking shark, thintailed thresher and blue 
shark are highly migratory; the blue shark is 
considered the most widespread shark in the 
world (Compagno, 1984). The habitats of these 
animals extend from near shore to the continental 
shelf and beyond.  
 
Besides the target fisheries, there is a lot of 
incidental bycatch which may be responsible for a 
large portion of the fishing mortality for large 
sharks (Compagno, 1984). Historically, the 
porbeagle and blueshark have been the most 
heavily exploited animals in this group. Trivial 
catches of basking shark were recorded in 1979 
and 1997, at 7 t and 1 t respectively. Catch of 
nursehound was assumed to be half that of 
Scyliorhinidae in Area VIII (Table 18).  
 
Length/weight relationships were available for 7 
species out of 11 in this group. However, 
length/weight relationships from the Northeast 
Atlantic were available only for the blue shark 

(from the UK). All other information was from 
the Atlantic or Pacific US, or generic. There is a 
large range of consumption rates for these 
animals, from the lowest rate of 1.2 for the great 
white shark, to the highest rate of 3.1 for the 
gulper and leafscale gulper sharks. Overall, 
consumption rate estimates (average Q/B=2.379 
year-1) may not be reliable for this group. The 
average natural mortality was estimated as 0.145 
year-1. Using the same approach as for small 
sharks, we obtained an average P/B of 0.175 year-1 
and a biomass of 0.506 t·km-2. This could be an 
underestimate, as it does not take the non-
commercial species into account.  
 
Diet composition for all fish was from 
quantitative sources. The basking shark is unique 
in this group as it is a filter feeder consuming 
zooplankton (Compagno, 1984). The ‘large 
sharks’ are diverse and represent many different 
habitats, lifestyles and feeding strategies. 
Accordingly, this group has a very broad 
spectrum of prey items of fish and benthos. Each 
item contributes no more than 6.9% to the 
average diet, except for cephalopods (30%) which 
are heavily consumed by all species except for the 
basking shark. 

 
 

Table 18. Initial basic parameter summary for ‘Large sharks’ species. 

Species 
Q/B 

(year-1) 
M 

(year-1) 
Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Ginglymostoma cirratum 2.002 0.090 - 0 0 

Prionace glauca 1.660 0.02 0.013 0.12 147 

Cetorhinus maximus 1.393 0.08 - 0 0 

Carcharodon carcharias 1.249 0.09 - 0 0 

Scyliorhinus stellaris 3.061 0.18 0.478 0.11 4983.5 

Chlamydoselachus anguine 2.757 0.15 - 0 0 

Galeorhinus galeus 3.074 0.15 - 0 0 

Centrophorus granulosus 3.080 0.18 - 0 0 

Centrophorus squamosus 3.080 0.18 - 0 0 

Alopias vulpinus 2.329 0.12 - 0 0 

Lamna nasus 2.482 0.18 0.015 0.11 157 

Group value 2.379 0.145 0.506a - 5287.5 

aMinimum biomass required to account for fishing pressure. 
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Tuna-like fish (group 22)  
 
This group is composed of highly commercial, 
large pelagic species with low natural mortalities 
and large fishing mortalities. They tend to have 
high trophic levels (group average is 4.3) and feed 
mainly on schooling forage fish and squid. They 
are typically oceanic, but may feed close to shore. 
The species are bluefin tuna (Thunnus thynnus), 
swordfish (Xiphias gladius), albacore (Thunnus 
alalunga), bullet tuna (Auxis rochei rochei), 
frigate tuna (Auxis thazard thazard), big eye tuna 
(Thunnus obesus), and skipjack tuna 
(Katsuwonus pelamis). 
 
There were no biomass data available for these 
animals, which are all highly migratory, their 
distributions extending from at least Norway to 
the Canary Islands. Bullet tuna is found the most 
shallow (to 10 m) and occurs near the coastline. 
Bullet tuna and frigate tuna are cited as very 
abundant species, and probably important forage 
fish to other commercial ‘tuna-like’ species. 
 
Albacore are historically the most important 
species (Figure 18). Annual yields declined after 
the peak season in 1974 (66,766 t) and oscillated 
between 15,000-25,000 t. Throughout the 1990s, 
catches remained at around 14,500 t·year-1, until 
a dismal catch in 1998 of only 1728 t. Bluefin tuna 
and swordfish similarly showed peak catches in 
the early 1970s and have since declined (Figure 
18). Yields of bluefin tuna saw a resurgence in the 
early 1990s and have been high until very recently 
(5180 t in 1995). From 1995 to 1998, swordfish 
catches were low (225 t·year-1 average), as 
compared to peak catches in 1973 of 5245 t (Table 
19).  

Figure 18. Evolution of the catches of ‘Tuna-like’ 
species for the period 1970-1998 

 
Table 19. Initial basic parameter summary for ‘Tuna-like fish’ species. 

Species 
Q/B 

(year-1) 
M 

(year-1) 
Biomass 
(t·km-2) 

Fa 
(year-1) 

Catch in 
1998 (t) 

Thunnus thynnus 1.800 0.115 0.015 0.25 372 

Xiphias gladius 2.420 0.233 0.008 0.3 244 

Thunnus alalunga 3.135 0.248 0.04 0.44 1728 

Auxis rochei rochei 2.451 0.15 - - 1.6 

Auxis thazard thazard 3.189 0.119 - - 1.6 

Other tunas - - - - 11 

Group value 2.599 0.373 0.064b 0.174 2358.2 

aInterpretation based on stock assessment documents; 
bMinimum biomass required to account for fishing pressure. 
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All estimates of asymptotic weight were 
calculated using generic length/weight 
relationships, except for bullet and frigate tuna, 
whose length/weight relationships were from the 
tropical Atlantic and Spain, respectively. The 
average Q/B was 2.599 year-1 and the average 
natural mortality was estimated at 0.373 year-1. 
Fishing mortality was taken from the 
International Commission for the Conservation of 
Atlantic Tunas (ICCAT). Annual fishing mortality 
for bluefin tuna has been estimated at 0.1 for ages 
6-7, 0.23 for age 8 and 0.25-0.4 for ages 8+ 
(Anon., 1998b). We chose 0.25 year-1 for the 
entire population (Table 19). We estimated 
swordfish fishing mortality at 0.3 based on ICCAT 
estimate of 0.25 for age 5+ males and 0.57 for 
ages 9+ females (Anon., 1999e). Fishing mortality 
for albacore (= 0.44 year-1) was also taken from 
an ICCAT assessment report (Anon., 1998a). The 
minimum estimate of biomass obtained from the 
ratio catch/F is 0.064 t·km-2, which was later 
increased to 0.07 to balance the model.  
 
The animals in this group feed from the entire 
water column. The unidentified bony fish 
component of their diets was divided evenly 
among what was considered the most likely prey 
items. In other groups the most likely prey items 
were taken to be all lesser size classes of fish that 
occupy similar habitats. This method would be 
ungainly for ‘tuna-like’ fish who have been shown 

to consume pelagic and bentho-pelagic preys 
from all size classes. Therefore, the most likely 
prey groups were considered to be the four groups 
that most often appeared as prey items, namely: 
‘very large demersal high TL’, ‘very small 
demersal high TL’, ‘small deepwater’, and ‘small 
pelagic high TL’.  
 
Crabs (group 23) 
 
This functional group consists of macrobenthic 
crabs and Norway lobster. Basic parameters are 
estimated using male and female edible crab 
(Cancer pagurus), green crab (Carcinus 
maenas), spinous spider crab (Maja squinado) 
and male and female Norway lobster (Nephrops 
norvegicus). Spinous spider crab occurs at 40-
100 m depth, edible crab is found to 200 m and 
Norway lobster concentrates between 300-600 
m.  
 
Green crab landings increased abruptly in 1991 to 
about 200 t (Figure 19). All other commercial 
species of this group have seen their landings 
decline steadily starting in the 1970s or 1980s. 
The Q/B value (= 10 year-1) for this group was 
taken from Jarre-Teichmann and Guénette 
(1996). P/B (=2.12 year-1) was based on green 
crab (Swedish waters; Pihl, 1985), edible crab 
(Bay of Biscay; Anon., 1998d) and Norway lobster 
(Anon., 1999a) (Table 20). 
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Figure 19. Evolution of the catches of ‘Crabs’ species for the period 1970-1998 
 

Table 20. Initial basic parameter summary for ‘Crabs’ species. 

Species 
P/B 

(year-1) 
Biomass 
(t·km-2) 

F 
(year-1) 

Catch in 
1998 (t) 

Cancer pagurus 1.04 0.017 0.940 1519 
Carcinus maenas (1 group) 6.9 0.017 - 20 
Maja squinado - - - 489 
Nephrops norvegicus (male) 0.489 0.097 0.189b 1759.5c 
Nephrops norvegicus (female) 0.420 0.083 0.220b 1759.5c 
Other crabs/lobsters - - - 101 

Group value 2.212 0.196a 0.140 5648 

aA very small proportion of the real biomass; bcalculated from catch and biomass; ccatches 
distributed equally among males and females. 
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Fishing mortality for edible crab (=0.94 year-1), 
taken from a stock assessment report (Anon., 
1998d) for the Bay of Biscay, was used used to 
back-calculate the biomass to 0.017 t·km-2. The 
biomass of Nephrops norvegicus present in the 
Bay of Biscay was taken from a stock assessment 
report (Anon., 1999a). However, the total biomass 
calculated for this group is very small and 
represent only a small proportion of this group. 
Thus, biomass was left to be estimated by 
Ecopath.  
 
Diet information is based on green crab (age 0 
and age 1) (Leif, 1985), Norway lobster (Cristo, 
1998) and velvet crab (Necora puber) (Gonzalez-
Gurriaran et al., 1995). Cannibalism in 'crabs' was 
high (18.7%) because large crabs feed on small 
crabs. The value was arbitrarily reduced by half, 
and this value shunted to the three most 
important prey groups; benthic infauna, molluscs 
and detritus. Of less importance in the crab diet 
are 'epibenthos', 'small demersal' fish and 'small 
zooplankton'. 
 
Shrimps/prawns (group 24) 
 
This group is composed of pelagic and demersal 
shrimp, i.e., members of the families Penaeidae, 
Sergestidae and Oplophoridae. Basic parameters 
are estimated using northern shrimp (Pandalus 
borealis), common shrimp (Crangon crangon) 
and common prawn (Palaemon serratus).  
 
Brown shrimp is cited as the most abundant 
shallow epibenthic species on the Swedish west 
coast (Pihl and Rosenber, 1982). Its distribution 
ranges in the North Atlantic from the coast of 
Norway and the North Sea to the Mediterranean 
(Cotman, 1993). The two most important 
commercial species in the Bay of Biscay are 
common shrimp and common prawn (Figure 20). 

Figure 20. Evolution of the catches of ‘Shrimp/prawn’ 
species for the period 1970-1998 
 

P/B (=1.45 year-1) and Q/B (=9.667 year-1) were 
taken from the Newfoundland/Labrador coast, 
i.e., for northern shrimp (Bundy et al., 2000) 
(Table 21). For comparison, the P/B of penaeid 
shrimps in the Philippines was estimated at 1.8 
year-1 (Pauly et al., 1993). As the group includes 
several species that are not exploited or listed, we 
started by multiplying by five the biomass used in 
a model of the Newfoundland Labrador area 
(0.202 t·km-2). This initial value was too low 
because of the high predation to which shrimps 
are submitted. The final biomass value was 6.1 
t·km-2.  
 
The diet composition of shrimps/prawns is based 
on brown shrimp (Crangon crangon) (Pihl, 1985) 
and diets for herbivorous and predatory shrimps 
(Venier and Pauly, 1997). The most important 
food item for these animals is 'primary 
producers', at 35% of the diet, mainly from 
herbivorous shrimp. 'Benthic infauna' (28.1%) 
includes mostly small benthic crustaceans, 
meiofauna and amphipods. Detritus (18.4%) and 
worms constitute 18.4% and 8.4% of the diet 
respectively. The remainder are crabs, molluscs 
and 5.9% cannibalism, which was used in the 
initial diet matrix. 
 
Table 21. Initial basic parameter summary for 
‘Shrimps/prawns’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomass 
(t·km-2) 

Catch in 
1998 (t) 

Common shrimp - - - 218 

Common prawn - - - 206 

Group value 9.667a 1.450a 10.0b 424 
aFrom (Bundy et al., 2000) assumes growth efficiency of 0.15 year-1; 
bGuesstimate. 
 
 
Worms (group 25) 
 
Basic parameters were estimated for this group 
using generic data representing pelagic feeding 
polychaetes, detritivorous polychaetes (Venier 
and Pauly, 1997) and generic polychaetes (Jarre-
Teichmann and Guénette, 1996). There are no 
commercial 'worm' species in the Bay of Biscay. 
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 'Worms' Q/B was assumed to be 22.2 year-1 
based on the value used for the southern BC shelf, 
and assuming polychaetes represent the 'worm' 
group (Jarre-Teichmann and Guénette, 1996). 
Bundy (2000) provided a range of P/B values of 
2-3 year-1 for polychaetes from the Scotian Shelf 
in eastern Canada. The lower estimate was used 
in the initial model as it is more indicative of the 
cold waters of the Bay of Biscay, and also 
consistent with Christensen’s value from the 
North Sea, of 2 year-1 (Christensen, 1995).  
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EE was set at 0.95 and the biomass left to be 
estimated by Ecopath. The resulting biomass 
amounted to 12.964 t·km-2. For comparison, the 
biomass of Polychaeta in the North Sea was 
estimated at 32 t·km-2 (Christensen, 1995). 
Polychaetes consume 100% detritus (Nesis, 1965 
in Bundy et al., 2000). 
 
Molluscs (group 26) 
 
Basic parameters were estimated using only the 
arctic wedge clam (Mesodesma deauratum) as a 
representative species (Hutcheson et al., 1981 in 
Bundy et al., 2000). For the purpose of the diet 
matrix, prey items such as bivalves (oysters, 
scallops, clams, mussels), gastropods and 
barnacles were included in this group. We are 
aware of no catch for this group.  
 
The Q/B ratio of molluscs (=6.3 year-1) is based 
on ‘invertebrate benthos’ of the southern BC shelf 
(Jarre-Teichmann and Guénette, 1996). 
Production rate is taken from Hutcheson et al. 
(1981 in Bundy et al., 2000) study of arctic wedge 
clam from the Southeast Shoal area of the Grand 
Banks. The authors estimated the production rate 
of small individuals as 0.57 year-1 and large 
individuals as 0.11 year-1. The larger production 
rate was used because the temperature in the Bay 
of Biscay is higher than the Grand Banks. 
 
In absence of data, we left the biomass to be 
estimated by Ecopath using EE=0.95. The 
resulting biomass amounted to 33.512. For 
comparison, the ‘molluscs’ biomass of the Grand 
Banks (Eastern Canada) was estimated at 42.1 
t·km-2 (Hutcheson et al., 1981; in Bundy et al., 
2000). 
 
Bivalves are representative of the group 
'molluscs'. They are filter-feeders and are 
assumed to feed on suspended detritus, small 
zoobenthos, zooplankton, and phytoplankton. 
Diet in the initial unbalanced model was taken to 
be 25% each of 'small zooplankton' and 'primary 
producers', and 50% 'detritus'. To balance the 
initial model, it became necessary to reduce their 
predation on 'small zooplankton' and 'small 
zooplankton' to 8% of their diet. The difference 
was transferred to 'detritus' and phytoplankton. 
Bundy (2000) assumed their diets to be 
exclusively detritus.  
 
Cephalopods (group 27) 
 
This group is composed of squids, cuttlefish and 
octopus. Biomass information was not found for 
cephalopods in the Bay of Biscay and was left to 

be estimated by Ecopath. These animals can 
occur deep (750 m Illex illecebrosus) 
(Amaratunga, 1983), in the open ocean or on the 
continental shelf (Loligo sp., Sepia sp.). Most of 
these cephalopods are benthic (Mangold, 1983 in 
Wood and Day, 2000). 
 
Since the 1950s, the most important commercial 
species in this group have been the common 
cuttlefish (Sepia officinalis), the northern 
shortfin squid (Illex illecebrosus), and the 
Angolan flying squid (Todarodes sagittatus 
angolensis) (Figure 21), although this last species 
is absent from 1998 ICES records. ICES catch 
database indicates only minor catches for 
cuttlefish, but the database of the ‘Centre 
Administratif des Affaires Maritimes’, Ministère 
de la Mer (see Melnychuk et al., 2001) indicates 
much higher catches, 15,000 t in 1998 for Area 
VIII (0.022 t·km-2). Catches of northern shortfin 
squid were highest between 1987 and 1992, 
averaging 1830 t·year-1. Mid and late 1990s saw 
lower catches, and present-day values are only a 
small fraction of the former quantity (Table 22).  
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Figure 21. Evolution of the catches of Cephalopods for 
the period 1970-1998 
 
 
 
Table 22. Initial basic parameter summary for 
‘Cephalopods’ species. 

Species Q/B 
(year-1) 

P/B 
(year-1) 

Catch in 
1998 (t) 

Illex sp. - 1.500 166 
Loligo sp. - 1.500 888 
Octopus vulgaris 7.300 1.640 - 
Generic squid 16.640 - - 
Sepia officinalis - - ~2125a 

Group value 8.0b 2.5c ~3179 
aCAAM database (value scaled to represent area VIIIa, b); 
bReduced from 11.972 year-1 to lower P/Q ratio; 
cAssumes average cephalopod lifespan mid-value of 1.5-3 

years (Gonçalves, 1993). 
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Basic parameters were estimated with Illex sp., 
Loligo sp. and octopus (Octopus vulgaris) (Cohen 
et al., 1982) and generic squid from the 
Philippines (Pauly et al., 1993). The consumption 
rate was based on a generic value for squids from 
the Philippines, and octopus (O. vulgaris) in the 
western Mediterranean (Guerra, 1979 in Pauly et 
al., 1993). The value from the Mediterranean is 
probably reasonable, as the temperature is 
comparable (15oC compared to 13.9oC in Bay of 
Biscay). The values from the Philippines are 
probably too high, as the water is warmer. The 
overall value of 11.92 is very likely too high. This 
value was reduced to 8.0 year-1 for the initial 
model. 
 
The first estimate of P/B was based on Illex sp., 
Loligo sp. (Georges Bank, Cohen et al., 1982) and 
O. vulgaris from the Mediterranean (Guerra, 
1979 in Pauly et al., 1993). A P/B value of 2.5 
year-1 was used instead of our original average 
value (1.547 year-1) because they live between 1.5-
3 years (Gonçalves, 1993). 
 
Diet information is estimated using European 
squid (Loligo vulgaris), European flying squid 
(Todarodes sagittatus), northern short-fin squid 
(Illex illecebrosus), octopus (Octopus vulgaris) 
and cuttlefish (Sepia officinalis). All diet 
information is based on detailed, but qualitative 
accounts from Cephbase (Wood and Day, 2000) 
except for common octopus (Boletzky and 
Hanlon, 1983). All food item entries in Cephbase 
for these species were weighted equally and 
assumed to equal 100%. For example, 100% of 
the diet of European squid was divided evenly 
among 50 food items (2% each). Food items were 
assigned groups and then repeats were weighted 
proportionally. Information for L. vulgaris came 
from the Galician coast, NE Atlantic, Algarve, 
Portugal and the Saharan Bank. The sources of 
cuttlefish data were the Tunisian coast and the 
Normano-Breton Gulf, France. European flying 
squid information was from northern Norwegian 
waters. The amount of cannibalism had to be 
decreased to 0.07 from 0.114.  
 
Echinoderms (group 28) 
 
Basic parameters for this group were estimated 
from echinoderm values from the coral reef 
ecosystem of the Florida keys (Venier and Pauly, 
1997); sea cucumbers (synaptid holothuroideans, 
Holothuria floridana), brittle stars (Ophiostigma 
isacanthum, amphiurids, Ophiolephis elegans), 
sea urchins (Echinaster sentus, Echinaster 
spiulosus.), sea stars (Astropecten duplicatus). 
Also included are Echinometra mathaei, 
Diadema spp., Tripneustes spp., generic 

holothurian data from the Philippines (Pauly et 
al., 1993), and generic echinoderm data from the 
southern BC shelf (Jarre-Teichmann and 
Guénette, 1996). 
 
No biomass information was available for these 
species in the Bay of Biscay, so values from the 
North Sea model were used (Christensen, 1995). 
The Q/B value of generic echinoderms was taken 
from Jarre-Teichmann and Guénette (1996) for 
benthic groups of the southern BC shelf. Both 
areas are warmer than the Bay of Biscay so the 
average value of 4.7 year-1 may be too high. 
 
Production rate is based on Echinometra mathaei 
and generic holothurians from the Philippines 
(Pauly et al., 1993) and sea cucumbers, brittle 
stars, sea urchins and sea stars from the Florida 
Keys coral reef system (Venier and Pauly, 1997). 
The average value (0.7 year-1) may be too high for 
the colder waters of the Bay of Biscay. 
 
Diet information is based on Bundy and 
Gilkinson’s echinoderms (Bundy et al., 2000); 
sand dollar (Echinarchnius parma) (Hutcheson 
et al., 1981; Mooi and Telford, 1982), sea urchin 
(Stronglyocentrotus pallidus) (Gilkinson et al., 
1988) and brittle star (Phiura robusta) (Nesis, 
1965 inBundy et al., 2000 ). Most described diets 
qualitatively. The most important diet item is 
‘molluscs’, mostly gastropods and bivalves 
(36.9%). Also important is ‘benthic infauna’ 
(19.7% - exclusively from Astropecten johnstoni) 
and detritus (19.7%). Of less importance is 
epibenthos (12.7%). In the initial diet matrix 
there was 18.3% cannibalism in ‘echinoderms’, 
mostly from sea stars preying on sea urchins. This 
value was arbitrarily reduced by half in the initial 
model so that Ecopath could complete 
parameterization. The difference was divided 
among the three most important groups. 
 
Epibenthos (group 29) 
 
This group consists of sessile/motile filter feeders 
and small benthic creatures that occur on top of 
the substrate, as opposed to ‘benthic infauna’ 
which are closely associated with the substrate. 
This distinction was created because the feeding 
modes of predators which consume 'epibenthos' 
and 'benthic infauna' differs in that infauna is 
filtered out of the sediment and epibenthos is 
consumed directly, i.e., grazed. Where diet items 
included unidentified benthos, these were usually 
assigned to 'epibenthos', as they were assumed to 
be on the surface of the sea floor and could not be 
more precisely categorized into crabs, worms, etc. 
Horseshoe worms (Phoronis) were placed in 
'epibenthos' rather than 'worms' because they are 

 



Page 300, Part III: Northeast Atlantic 

sessile organisms, which live in chitinous tubes 
anchored to rocks and shells. Sea spiders 
(pycnogonids) were placed in this group rather 
than with 'crabs' (where other arthropods were 
placed) because they largely feed on soft-bodied 
animals like Cnidaria and so their diet is 
inconsistent with more powerful predators like 
lobsters and crabs. Sessile filter-feeders in this 
group refer to sponges, other macrobenthic filter-
feeders like bivalves and barnacles are included in 
'molluscs'. Basic parameters are estimated using 
generic data representing cunaceans, 
tanaidaceans and ostracods (Venier and Pauly, 
1997).  
 
No information was found on the biomass of 
'epibenthos' and was left for Ecopath to estimate. 
No species are exploited commercially. A Q/B of 
9.0 year-1, was used in the initial model, based on 
sponges (Wilkinson, 1987 in Opitz, 1993) and 
corals (Sorokin, 1987 in Opitz, 1993) used for a 
Caribbean model. 
 
Data for cunacean, tanaidecean and ostracod 
were from Sweden (Schwinghamer et al., 1986 
and Jorgensen et al., 1991 both in Venier and 
Pauly, 1997). The P/B value was subsequently 
lowered from 4.79 to 2.7 year-1 in order to 
produce a more reasonable GE value.  
 
Diet information is based on bottom-living 
recruits/juveniles of common goby, sand goby, 
plaice and green crab (Pihl, 1985). Most of their 
diet is 'benthic infauna', largely amphipods 
(Corophium volutator). Ostracods are a small 
component of their diet (~8%), but this value was 
given to benthic infauna in the initial diet matrix 
to reduce cannibalism in this group. 
 
Large zooplankton (group 30) 
 
Basic parameters were estimated based on 
euphausiids (Thysanoessa longicaudata, 
Thysanopoda acutifrons, Meganyctiphanes 
norvegica), detritivorous amphipods (Ampelisca 
spp., Gammarus mucronatus, Elasmopus spp.), 
herbivorous amphipods (Acunmindeutopus 
naglei, Ampithoe longimana, Caprella penantis, 
Cymadusa compta, Lembos rectangularis) and 
isopods (Paracereis caudata, Edotea triloba, 
Anthuridae, Spaeomatidae). 
 
The biomass used in the initial model was 18.343 
t·km-2, after Koslow (1997, in Bundy et al., 2000). 
This value was taken from the mid-continental 
shelf, off southeastern Australia, and included 
jellyfish, euphausiids and amphipods. 
 

Q/B was based on three euphausiids from the 
Gulf of St. Lawrence (Sameoto, 1976) and krill 
from Nice, France (Heyraud, 1979 in Bundy et al., 
2000). The initial value used in the model was 
28.417 year-1. Production rate was based on 3 
euphausiids of the Rockall Trough (Mauchline, 
1985), and detritivorous/herbivorous amphipods, 
and isopods from the Florida coral reef (Venier 
and Pauly, 1997). The original value of 2.979 
year-1 was then raised to 5.0 year-1 in order to 
increase the P/Q ratio to something more 
reasonable for this group (=0.176). 
 
The diet was based on euphausiids, isopods and 
herbivorous/detritivorous amphipods. A 
qualitative diet for euphausiids is provided by 
Bundy (2000) based on Mauchline (1980). Diet 
for isopods and amphipods are from qualitative 
accounts from Florida (Venier and Pauly, 1997). 
 
Small zooplankton (group 31) 
 
Basic parameters are estimated using data on 
cyclopoid copepod (Oithona similis), and generic 
copepods. Cladocerans, calanoid copepods, 
mysids and barnacle larvae are also included in 
this group. 
 
Biomass density of the 'small zooplankton' was 
taken from Bundy et al. (2000) at 21.7 t·km-2. 
This value was raised in subsequent versions of 
the model up to 32 t·km-2, to accommodate a high 
level of predation on this group. These animals 
are not taken commercially. 
 
A generic consumption rate of 60 year-1 was used 
from the North Sea (Bromley et al., 1993). P/B of 
generic copepods is based on (Bromley et al., 
1993) and cyclopoid copepod (O. similis) from the 
Scotian Shelf (Sakshaug, 1997 in Bundy et al., 
2000). The original value of 20.5 year-1 was 
arbitrarily decreased to 18.0 year-1 in order to 
lower P/Q below 0.3. Diet of 'small zooplankton' 
is assumed to be 100% 'primary producers'.  
 
Benthic infauna (group 32) 
 
This group includes small benthic crustaceans 
such as Gammarus, amphipods, nematods and 
other meiofauna. The biomass was unknown and 
left to be estimated. P/B (= 2.5 year-1) and Q/B (= 
12.5 year-1) were taken from Jarre-Teichmann 
and Guénette (1996). The biomass estimated by 
the model, 20 t·km-2, is slightly higher than the 
biomass estimated by sampling obtained for the 
southern shelf of eastern Canada (region 3LNO) 
of 11.8 t·km-2 (Bundy et al. 2000). Members of 
this groups were assumed to feed on detritus.  
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Birds (group 33) 
 
This functional group includes Cory’s shearwater 
(Calonectris diomedea borealis), great 
shearwater (Puffinus gravis), Wilson’s Petrel 
(Oceanites oceanicus), yellow-legged gull (Larus 
cachinnans atlantis), herring gull (Larus 
argentatus), British storm petrel (Hydrobates 
pelagicus), great cormorant (Phalacrocorax 
carbo), double crested cormorant (Phalacrocorax 
auritus) and Mediterranean shearwater (Puffinus 
mauritanicus). Also included in the diet matrix is 
brant goose (Branta bernicla). These are migrant 
and resident shorebirds.  
 
Biomass density was calculated for Cory’s 
shearwater, great shearwater, brent goose, little 
egrets, herring gull, British storm petrel and great 
cormorant. Their estimated population size was 
multiplied by their average weight (Monteiro et 
al., 1996; Wada, 1996; Anon., 1999b; 
Montevecchi, 2000) to produce an overall 
biomass which was divided by the area of ICES 
Areas VIIIa,b to obtain the relative biomass. Body 
mass of brant goose was assumed to be equal to 
yellow-legged gull (both animals are 57 cm 
average length). Biomass density was reduced 
proportionally to the number of days out of the 
year that these (migratory) birds spend in the Bay 
of Biscay. There are six birds for which biomass 
was not known. The biomass of each of the 
unknown birds was assumed to be equal to the 
average biomass of the four known species, and 
then scaled down to reflect the number of days 
spent in the area. Three species, yellow-legged 
gull, great cormorant and double crested 
cormorant, were assumed to remain in the area 
all year round. The resulting biomass amounted 
to 0.0034 t·km-2. 

 
Birds are not harvested in the Bay of Biscay and 
we have no information on the amount of by-
catch. Daily ration (R) in g·day-1 was calculated 
according to the empirical equation: 
 

logR=0.293+0.85*logW   …2) 
 
where weight (W) is in grams (Nilsson and 
Nilsson, 1976, in Wada, 1996). This value was 
divided by the average weight of the species to 
provide a daily ration that was then multiplied by 
365 to provide annual consumption per biomass 
(Q/B). Our value, 79.2 year-1 (Table 23), is close 
to Wada’s value for the Strait of Georgia (91.77). 
Most marine birds are long-lived and their 
natural mortality varies between 3-12% (Nelson, 
1979). P/B for the group (=0.09 year-1) was based 
on estimates published in Nelson (1979). 
 
Diet information was based on Cory’s shearwater 
(Monteiro et al., 1996), great shearwater (Prince 
and Morgan, 1987), herring gull (Anon., 1999b), 
British storm petrel (Prince and Morgan, 1987; 
D'Elbée and Hemery, 1998), Wilson’s petrel 
(Prince and Morgan, 1987) and brant goose 
(Merrifield, 2000). Great cormorant and double 
crested cormorant diet information is from the 
Gulf of St. Lawrence (Gremillet et al., 1999). Their 
single most important prey group was 
cephalopods, constituting 13.4% of the diet of 
seabirds. 46.2% of their diet is small fish 
including pelagic, demersal and deep water 
species. This number was divided among 7 groups 
in the initial model. Other important prey are 
‘large zooplankton’ (mostly euphausiids) at 11.0% 
and ‘primary producers’ at 10.8% (exclusively 
brent geese). Of less importance in their diet are 
larger fish, crabs, and other zoobenthos.  

 
Table 23. Initial basic parameter summary for ‘Birds’ species. 

Species 
Q/B 

(year-1) 
P/B 

(year-1) 
Biomassa 
(t·km-2) 

Calonectris diomedea borealis 67.718 - 5.05 * 10-4 
Puffinus gravisb 67.125 - 1.54 * 10-4 
Oceanites oceanicusb 106.902 - 1.80 * 10-4 
Branta bernicla hrotab - - 1.82 * 10-4 
Larus ridibundusb 79.840 - 7.29 * 10-4 
Larus cachinnans atlantisb 67.148 - 7.29 * 10-4 
Larus argentatus 64.850 0.065 1.28 * 10-4 
Hydrobates pelagicus 111.616 - 2.17 * 10-7 
Phalacrocorax carbob 60.395 0.1 3.35 * 10-5 
Phalacrocorax auritus 87.070 0.1 7.29 * 10-3 

Group value 79.185 0.09 0.0034  

aCorrected for days per year spent in the area; 
bAssumed to be equal to the average abundance of the ‘known’ species, divided by 
6 and corrected (see text). 
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Toothed cetaceans (group 34) 
 
These are migratory and resident carnivorous 
whales, dolphins and porpoises that consume 
cephalopods and fish (mostly pelagic, fewer 
demersals). This group consists of Cuviers beaked 
whale (Ziphius cavirostris), northern bottlenose 
whale (Hyperoodon ampulatus), Sowerby's 
beaked whale (Mesoylodon bidens), sperm whale 
(Physeter macrocephalus), harbour porpoise 
(Phocoena phocoena), common dolphin 
(Delphinus delphis), striped dolphin (Stenella 
coeruleoalba), Risso's dolphin (Grampus 
griseus), white-beaked dolphin (Lagenorhynchus 
albirostris), Atlantic white-sided dolphin 
(Lagenorhynchus acutus), bottlenose dolphin 
(Tursiops truncatus), false killer whale (Psudorca 
crassidens), long-finned pilot whale 
(Globicephala melas), short-finned pilot whale 
(Globicephala macrorhynchus), killer whale 
(Orcinus orca), Gervais beaked whale 
(Mesoplodon europaeus), True's beaked whale 
(Mesoplodon mirus), pygmy sperm whale (Kogia 
breviceps) and dwarf sperm whale (Kogia simus). 
All variables except biomass were available for 
both males and females. 
 
Several of these species are known to be present 
in the area all year round (harbour porpoise, 
common dolphin, striped dolphin bottlenose 
dolphin and long-finned pilot whale). Others are 
thought to be present all year round, although no 
sighting has confirmed this (Cuvier's beaked 
whale, northern bottlenose whale, Sowerby's 
beaked whale, Risso's dolphin, killer whale) (Tom 
Brereton, Biscay Dolphin Research Program, 
pers. comm.). The rest are migrants which arrive 
in late winter to early spring and depart late 
summer to early fall.  
 
Cetacean population estimates were obtained 
from the database built within the Sea Around Us 
project (Kaschner et al. 2001). Population 
estimates were converted from biomass by 
multiplying each by the mass of the animal (mean 
of male and female body weight) (Trites and 
Pauly, 1998). Each biomass is then corrected for 
the time spent in the area by reducing it 
proportionately to the number of days the 
animals of a given species are known to be in the 
Bay of Biscay. The resulting total biomass for 
‘toothed cetaceans’ was 0.318 t·km-2. These 
animals are not hunted in the Bay of Biscay so 
their production rate equals natural mortality, 
0.02 year-1, i.e., one half of the cetacean 
production rate (Reilly and Barlow, 1986 in Trites 
and Heise, 1996). The average for Q/B was 
estimated at 11.693 year-1 (Table 24). 
 

Diet information for all ‘toothed cetaceans’ is 
from qualitative sources (Anon., 1998c) except for 
sperm whale (Martin and Clarke, 1986). They 
feed most heavily on pelagic fish (38%), 
cephalopods (25%), deep fish (20%) and 
demersal fish (11%). 
 
Table 24. Initial basic parameter summary for ‘Toothed 
cetaceans’ species. 

Species Q/Ba 
(year-1) 

Biomassb 
(t·km-2) 

Ziphius cavirostris  9.525 0.00016 
Hyperoodon ampulatus 8.257 0.00481 
Mesoplodon bidens  10.733 7.15 * 10-5 
Physeter macrocephalus 5.259 0.0639 
Phocoena phocaena 18.366 0.1555 
Delphinus delphis 15.229 0.00132 
Stenella coeruleoalba  14.106 0.00676 
Grampus griseus  12.375 0.0006 
Lagenorhynchus albirostris 13.559 0.00023 
Lagenorhynchus acutus 14.831 6.64 * 10-6 
Tursiops truncates  12.825 0.0058 
Pseudorca crassidens 10.280 0.00054 
Globicephala melas  9.522 0.078 
Globicephala macrorhynchus  10.109 8.88 * 10-5 
Orcinus orca 7.792 0.00026 
Mesoplodon europaeus 11.150 0.0001 
Mesoplodon mirus  10.789 0.00045 
Kogia breviceps  12.963 3.11 * 10-5 
Kogia simus  14.502 3.18 * 10-5 

Group value 11.693 0.201 
aQ/B values averaged for male and female; 
bCorrected for days per year spent in the area. 

 
 
Baleen whales (group 35) 
 
The baleen whales are resident and migratory 
filter feeding planktivores. Species include minke 
whale (Balaenoptera acutorostrata), humpback 
whale (Megaptera novaengliae), sei whale 
(Balaenoptera borealis), fin whale (Balaenoptera 
physalus) and blue whale (Balaenoptera 
musculus). Migrants proceed north to Biscay or 
beyond in the spring and make the return trip to 
the south beyond Spain in the late summer. Sei 
whales arrive later (late summer) and stay for as 
long as six months, until late winter. Minke 
whales are important to the Biscay ecosystem: 
theirs is the second largest biomass in the Bay of 
Biscay (~2100 t), next to fin whales (~2800 t), 
but their population in the area consumes 1.17 
times as much as fin whales. 
 
The minke whale and the fin whale are residents 
in the Bay of Biscay. The humpback and blue 
whale migrate north to Norway and above in 
summer and south to Spain in winter. They spend 
about 2 and 3 months in the Bay of Biscay, 
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respectively (return trip included). The sei whale 
winters south of Spain and travels as far north as 
Ireland in the summer. They typically spend 
about six months in the Bay of Biscay.  
 
Baleen whales population estimates were 
obtained from the database built within the Sea 
Around Us project (Kaschner et al. 2001). 
Population estimates were converted from 
biomass by multiplying each by the mass of the 
animal (mean of male and female body weight) 
(Trites and Pauly, 1998). Each biomass is then 
corrected for the time they spend in the area by 
reducing it proportionately to the number of days 
the animal is known to be in the Bay of Biscay. 
The resulting total biomass for ‘baleen whales’ 
was 0.426 t·km 2 (Table 25). -

 
The daily consumption per animal (R) was 
calculated using the formula  
 

 
where W is mean body weight in kg, and R in 
kg·day (Innes et al. 1987; in Trites and Heise, 
1996). The daily rate was multiplied by the 
number of days per year in the area to provide 
annual consumption estimates. The Q/B value 
was estimated at 4.777 year . Production rates for 
the 'baleen whales' are from Perry et al. (1999) 

except for fin whale, which is from Aguilar and 
Lockyer (1987). P/B ranges from 0.075 year  (sei 
whale) to 0.04 year 1 (blue whale), with an 
average of 0.05 year .  

-1 

-1

-1

-

-1

 

 
Primary producers (group 36) 
 
Primary producers include phytoplankton and 
benthic macrophytes. Plankton primary 
productivity (240gC·m ·year ) was taken from 
Longhurst et al. (1995). Using a ratio carbon to 
wet weight of 1:14 (Pauly and Christensen, 1995), 
the productivity was estimated at 3360 
gWW·m 2·year . Assuming an approximate 
turnover of about 3 days, the P/B was set at 100 
year  and biomass at 33.6 t·km . No estimate of 
benthic primary producers was available.  

-2 -1

- -1

-2

 

R=0.1*W0.8     …3) 

Baleen whales only feed for four or five months 
during the year in the northern temperate and 
polar seas. They rely primarily on large 
zooplankton like euphausiids and pelagic 
crustaceans, but the minke, humpback and fin 
whales also consume cephalopods and small fish, 
primarily herring, mackerel and sandlance 
(Lindstrøm et al., 1998; Perry et al., 1999). 
Overall, the group diet in the initial matrix 
consists of 46% large zooplankton, 24% pelagic 
fish, 16% small zooplankton, 9% demersal fish, 
and 5% cephalopods.  

-1

Table 25. Initial basic parameter summary for ‘Baleen whales’ species. 

Species 
Q/Ba 

(year-1) 
P/B 

(year-1) 
Biomassb 
(t·km-2) 

Balaenoptera acutorostrata 6.296 - 0.192 
Megaptera novaengliae 4.634 0.049c 0.015 
Balaenoptera borealis 5.215 0.075d 0.0007 
Balaenoptera physalus 4.108 0.218 
Balaenoptera musculus 3.633 0.040d 0.0001 

Group value 4.777 0.05 0.426 
aQ/B values averaged for male and female;  
bCorrected for days spent in the area (T. Breton, pers. comm.); 
cFrom International Whaling commission;  
d(Allen, 1980 in Perry et al., 1999); 
e)(Clark, 1982 and De la Mare, 1985 in Aguilar and Lockyer, 1987). 

0.050e 

 
 
LANDINGS AND DISCARDS 
 
Landings per fleet type were divided up based on 
information from the literature and 
correspondence with Dr. Guy Fontenelle, Ecole 
Nationale Supérieure Agronomique, Rennes, 
France. A breakdown is provided in Table 26. 
Discards were adapted from Morizur et al. (1996). 
 
‘Groundfish’ applies to all demersal functional 
groups, ‘large pelagics’ applies to the ‘large’ and 
‘medium’ pelagic groups, ‘small pelagics’ applies 

to ‘small’ and ‘very small’ pelagic groups, the rest 
are self-explanatory. For the immediate need of 
the model, the Ecopath functional groups 
‘echinoderms’ and ‘primary producers’ were 
assumed to be caught entirely by coastal trawl. 
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Table 26. Proportion of landings of important ecotrophic groups, by fishing fleet in (%). 

 
Large mesh 

gill nets 
Small mesh 

gill nets 
Coastal 

trawl 

Offshore 
trawl 

(Manche) 

Offshore trawl 
(Bristol/Small 

channels) 
Groundfish 3.8 3.8 30.7 30.7 30.7 
Large Pelagics 2.2 2.2 31.9 31.9 31.9 
Small Pelagics 3.6 3.6 30.9 30.9 30.9 
Sharks, rays, skates 1.3 1.3 32.5 32.5 32.5 
Bivalves 0 0 33.3 33.3 33.3 
Shrimps/prawns 1.3 1.3 32.5 32.5 32.5 
Crabs 0 0 33.3 33.3 33.3 

 
 
BALANCING THE INITIAL MODEL 
 
Biomass data were lacking in the initial model, so 
we tried to run the program by assigning EEs and 
having the model estimate the biomasses. We 
found that the program required more biomass 
information than initially provided in order to 
estimat some parameters and so we used some 
guesstimates based very roughly on other models. 
It was necessary to reduce the predation on large 
fish groups by groups of fish of similar or higher 
P/Bs. Several revisions were made, as improved 
biomass data became available. Still, benthic 
invertebrates are poorly known, and remain a 
source of uncertainty in the model. The final diet 
composition and basic parameters are presented 
in Table 27 and 28.  
 
 
EVALUATION BY FRENCH EXPERTS 
 
Herring and capelin were dropped entirely from 
the model. Although herring is known to occur in 
the northern Bay of Biscay, it is the southern end 
of their distribution. Presumably, they contribute 
very little to the system. Sardines (European 
pilchard - Sardina pilchardus) were suggested to 
be major players in the system and so they were 
removed from 'small pelagic low TL' and given 
their own group. Where forage fish ‘herring’ or 
‘capelin’ appeared in the diets of higher predators 
(i.e., where diet information was from other 
systems), ‘anchovy’ and ‘sardine’ were substituted 
directly and in equal proportion, those being the 
equivalent forage fish of the Biscay region. Poor 
cod (Trisopterus minutus) was removed from 
'medium (big end) demersals' and put in 'medium 
pelagic' because it is ecotrophically similar to T. 
luscus and T. esmarkii (F. Blanchard, IFREMER 
pers. comm.). Greater argentine (Argentina silus) 
was added to 'medium deepwater', black 
seabream (Spondyliosoma cantharus) was added 
to 'large pelagic' and black-bellied angler 
(Lophius budegassa) was added to 'Large 
deepwater'. 

MODEL OF THE YEAR 1970 
 
Having completed our model for 1998, we then 
adjusted biomasses to represent the Bay of Biscay 
as it may have looked in 1970. Time-series 
biomass data were collected for most major 
commercial stocks in the Bay of Biscay. This 
information would later be used to validate or 
refute the outcome of the time simulation, using 
1970 values as a starting point. The biomasses for 
the 1970s were generally taken from ICES 
reports, in some cases their data did not extend as 
far back as 1970. In these instances, the biomass 
estimates of the earliest five years available were 
averaged and that value was taken as 
representative of the 1970 condition.  
 
Most functional groups have one or two 
commercial fish, and many more animals that are 
non-commercial. Since biomass data were 
available only for commercial fish, those values 
were assumed to represent a certain fraction of 
the group's total biomass, based on how many 
other (non-commercial) animals were in the 
group. That same fraction was applied to the 1970 
biomass estimates of those commercial animals. 
In this way, the populations of all non-
commercial fish were assumed to increase or 
decrease in the same proportion as the 
commercial fish.  
 
Since no biomass estimates are available, there is 
no way to determine what has actually happened 
in these non-commercial stocks. However, our 
assumption may be valid for several reasons. 
Commercial animals are often the most 
abundant, so in a large part their trend represents 
the group trend as well. As well, fish of similar 
habitats (i.e., fellow group members) are 
presumably similarly sensitive to fishing pressure 
through unreported bycatch and discards. For 
instance, a fishery for a particular commercial 
species will also impact other ecologically similar 
species by virtue of the similarities in size, habitat 
preference and vulnerability to gear type.
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Table 27 a. Final Diet composition for the Bay of Biscay model. 
 

 Prey \ Predator 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 Large Deepwater                  0.001  
2 Medium Deepwater                  

                    
                  

                 
                    
         

          
           

                 
              
              

               
          
          

                 
         

                  
                  

           
                    

          
            

                    
                 
              
              
                    
         

                  
                  

                  
                 

               
ort                  
                  

0.117  0.005
3 Small Deepwater 0.196 0.251 0.04 0.074 0.085 0.266 0.034 0.215 0.232 0.039 0.056 0.076
4 Very Large Pelagic  
5 Large Pelagic 0.034 0.038 0.004  0.005
6 Medium Pelagic 0.012 0.046 0.004 0.005 0.015 0.013
7 Anchovy 0.002 0.005 0.005 0.02 0.008 0.004  0.01   0.003  0.001  
8 Small Pelagic High TL 0.059   0.05 0.038 0.065  0.005   0.03      0.005  
9 Small Pelagic Low TL 0.02   0.045 0.02 0.009 0.013 0.01  0.012 0.005
10 Sardine 0.008   0.03 0.002 0.003 0.002 0.001 0.009  0.009 0.001  
11 Very Large Demersal High TL 0.003          0.005  0.008 0.001     
12 Very Large Demersal Low TL 0.005          0.021        
13 Large Demersal 0  0.002 0.006 0.001
14 Medium (Big end) Demersal  0.002   0.02 0.019 0.004 0.051 0.021 0.049 0.006
15 Medium (Small end) Demersal   0.026 0.021 0.02 0.021 0.06 0.057 0.001
16 Small Demersal 0.032 0.009 0.021 0.014 0.03 0.008
17 Very Small Demersal High TL 0.043    0.034  0.008 0.021 0.06 0.045 0.025
18 Very Small Demersal Low TL 0.003    0.048  0.097 0.033 0.146 0.045 0.038
19 Rays/Skates 0.004  0.004 0.004 0.001
20 Small Sharks 0.005   0.002   0.005 0.005  0.001   
21 Large Sharks  
22 Tuna-like fish  
23 Crabs 0.119  0.001 0.012 0.09 0.039  0.023  0.13 0.086 0.104 0.011 0.005 0.024 0.029  
24 Shrimps/Prawns 0.118 0.104 0.018 0.25 0.13 0.192 0.07 0.112 0.106 0.118 0.071 0.055
25 Worms 0 0.069 0.06 0.035 0.078  0.039 0.487 0.075 0.203 0.336 0.139 0.235
26 Molluscs 0.104 0.038 0 0.028 0.003  0.005 0.017 0.041 0.007 0.062 0.062
27 Cephalopods 0.181 0.078 0.432 0.071 0.106 0.012 0.003 0.003
28 Echinoderms 0.001  0.038 0 0.038  0.026 0.189 0.026 0.005 0.04 0.056 0.062
29 Sponges/Epibenthic 0.011 0.243 0.024 0 0.088 0.059  0.03  0.188 0.17 0.191 0.35 
30 Zooplankton Large 0.012 0.075 0.021 0.044 0.084  0.131  0.005 0.037 0.077 0.085
31 Zooplankton Small 0.075 0.06 0.05 0.075 0.711 0.789 0.75 1 0.044 0.1 0.01 0.042 0.185 0.4
32 Benthic Infauna 0.003 0.002 0.113 0.081 0.067  0.004  0.088 0.006 0.047 0.053 0.167 0.097 0.058  
33 Birds  
34 Toothed Cetaceans  
35 Baleen Whales  
36 Primary Producers 0.175 0.25  0.005 0.041 0 0.6
37 Detritus 0.044 0.453 0.082 0.065  0.036 0.002 0.132 0.012
38 Imp  
- Sum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 27 b. Final Diet composition for the Bay of Biscay model. 
      Prey \ Predator 19 20 21 22 23           24 25 26 27 28 29 30 31 32 33 34 35

1 Large Deepwater              0.004 0.003 0.014   0.005
2 Medium Deepwater                

                   
                

            
                  
                

              
               

           

              

                 
              

1 tes   2             
               
                
               

               
                   
               
          
                   

               
                   

              
             

                   
ds   0             

                
               

             
            

rt        
                

0.029 0.05   0.055
3 Small Deepwater 0.069 0.177 0.061 0.097 0.035 0.08 0.221
4 Very Large Pelagic   0.013
5 Large Pelagic 0.005 0.001 0.009 0.027   0.006 0.011
6 Medium Pelagic 0.011 0.058 0.001 0.051 0.022 0.019
7 Anchovy 0.005 0.003 0.025 0.1 0.002 0.029 0.010 0.05
8 Small Pelagic High TL  0.01 0.029      0.005      0.047 0.116  
9 Small Pelagic Low TL 0.015 0.001 0.005 0.139 0.005 0.043 0.080 0.045
10 Sardine 0.002 0.01 0.004 0.01 0.001   0.02 0.005 0.03
11 Very Large Demersal High TL 0.004 0.005 0.01 0.01   0.005
12 Very Large Demersal Low TL  0.005 0.004 0.021            0.007  
13 Large Demersal 0.003 0.002 0.011   0.005
14 Medium (Big end) Demersal  0.037  0.046      0.003      0.06 0.033  
15 Medium (Small end) Demersal 0.057  0.023 0.071     0.006       0.035  
16 Small Demersal 0.029 0.044 0.05 0.01 0.013 0.066 0.032 0.047
17 Very Small Demersal High TL 0.029 0.024 0.04 0.153 0.025 0.031 0.023
18 Very Small Demersal Low TL 0.128 0.049 0.084 0.021     0.035      0.141  0.11 
9 Rays/Ska 0.02   

20 Small Sharks 0.008 0.027   
21 Large Sharks   0.004
22 Tuna-like fish 0.01   
23 Crabs 0.122 0.107 0.07  0.005 0.002 0.024  0.041  
24 Shrimps/Prawns 0.025 0.14 0.013 0.04 0.012 0.01 0.118
25 Worms 0.061 0.028 0.003 0.055 0.06 0.015 0.110 0.021  0.001  
26 Molluscs 0.019 0.004 0.002 0.088 0.049 0.005 0.112 0.043 0.014   0.074  
27 Cephalopods 0.008 0.321 0.308 0.159 0.005 0.070 0.156 0.321 0.049
28 Echinoderms 0.001 0.003 0.005 0.07   0.001
29 Sponges/Epibenthic 0.286 0.024 0.061 0.009 0.127 0.007 0.005 0.195 0.084 0.012
30 

 
Zooplankton Large 0.014  0.02 

 
0.058 
 

0.061
 

0.161 0.04 0.129
 

0.429
31 Zooplankton Small 0.008 0.011 0.04 0.01 0.08 0.126 0.1 0.04 0.221
32 Benthic Infauna 0.027 0.002 0.001 0.055 0.096 0.01 0.127 0.099 0.03 0.019 0.007
33 Bir   
34 Toothed Cetaceans

 
0 0.001   

35 Baleen Whales 0.001   
36 Primary Producers 0.01 0.479 0.425 0.41 0.013 0.651 1  
37 Detritus

o
0.04
 

0.527
 

 0.304
 

 0.528
 

 0.51
 

0.593
 

 0.743
 

 0.25
 

 1
38 Imp   
- Sum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 28. Basic parameters of the balanced 1998 model. Values in bold were estimated by Ecopath. 

 Group name Trophic 
level 

Biomass 
(t·km-2) 

P/B 
(year-1) 

Q/B 
(year-1) 

EE 
(-) 

P/Q 
(-) 

1 Large Deepwater 3.9 0.35 0.33 2.5 0.97 0.082 
2 Medium Deepwater 3.4 0.921 0.502 6.513 0.95 0.077 
3 Small Deepwater 2.5 5.732 1.537 12.646 0.95 0.122 
4 Very Large Pelagic 4.1 0.287 

0.075 
0.195 2.492 0.95 0.078 

5 Large Pelagic 3.5 0.645 0.53 5.033 0.99 0.105 
6 Medium Pelagic 3.5 0.622 

0.396 
0.609 6.503 0.95 0.094 

7 Anchovy 3.2 0.59 1.15 8.684 0.98 0.132 
8 Small Pelagic High TL 3.1 0.85 

0.501 
1.524 10.15 0.95 0.15 

9 Small Pelagic Low TL 2.8 1.057 
0.591 

0.949 10.994 0.95 0.086 

10 Sardine 3.0 0.321 1.1 8.965 0.97 0.123 
11 Very Large Demersal High TL 3.6 0.34 0.499 3.779 0.93 0.132 
12 Very Large Demersal Low TL 3.4 0.347 0.254 3.147 0.95 0.081 
13 Large Demersal 3.6 0.28 0.703 4.917 0.63 0.143 
14 Medium (Big end) Demersal  3.2 0.742 

0.577 
0.885 6.08 0.95 0.146 

15 Medium (Small end) Demersal 3.4 0.733 
0.555 

1.239 8.257 0.95 0.15 

16 Small Demersal 3.3 1.035 
0.756 

1.2 8.626 0.95 0.139 

17 Very Small Demersal High TL 3.4 1.0407 
1.132 

1.344 11.24 0.95 0.12 

18 Very Small Demersal Low TL 2.4 1.601 
1.269 

1.886 11.301 0.95 0.167 

19 Rays/Skates 3.5 0.487 0.315 3.612 0.75 0.087 
20 Small Sharks 3.9 0.5 0.264 4.305 0.96 0.061 
21 Large Sharks 4.1 0.506 0.175 2.379 0.79 0.074 
22 Tuna-like fish 4.1 0.07 0.529 2.599 0.99 0.204 
23 Crabs 2.6 1.538 

1.336 
2.212 10 0.95 0.221 

24 Shrimps/Prawns 2.3 6.1 1.6 9.667 0.99 0.166 
25 Worms 2.1 13.285 

11.066 
2.28 22.2 0.95 0.103 

26 Molluscs 2.1 35.599 
31.43 

0.6 6.3 0.95 0.095 

27 Cephalopods 3.5 2.310 
1.823 

2.5 8 0.95 0.313 

28 Echinoderms 2.6 22 0.649 4.703 0.86 0.138 
29 Sponges/Epibenthic 2.3 20.994 

19.011 
2.7 9 0.95 0.3 

30 Zooplankton Large 2.1 18.343 5 28.417 0.34 0.176 
31 Zooplankton Small 2.0 32 18 60 0.175 0.3 
32 Benthic Infauna 3.0 20.991 2.5 12.5 0.95 0.2 
33 Birds 3.8 0.0034 0.09 79.185 0.40 0.001 
34 Toothed Cetaceans 4.1 0.318 0.02 11.693 0.13 0.002 
35 Baleen Whales 3.4 0.426 0.05 4.777 0.06 0.01 
36 Primary Producers 1.0 33.6 100 - 0.75 - 
37 Detritus 1.0 50 - - 0.35 - 
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However, this assumption may introduce a degree 
of error if those few commercial fish for which we 
have time series information have changed much 
more or less so than the fish for which we do not. 
This was likely the chief source of error, causing a 
few unrealistic fishing mortality estimates in 
groups whose biomass was less in 1970, and 
whose catch was larger. 
 
Groups prone to this error were generally much 
larger in total biomass than the one or two 
representative species whose 1970 biomass was 
known. For example, the representative species 
may have comprised as little as 5.7% of the total 
group biomass (as in ‘very large demersal high 
TL’), so fluctuations in the representative species 
may not reflect the change in the group as a 
whole. With this in mind, 1970 landings of ‘large 
deepwater’, ‘very large demersal high TL’ and 
‘medium pelagic’ were arbitrarily reduced so that 
the fishing mortality of these groups was the same 
as in the 1998 model. 
 
No P/B or Q/B values were changed in the 1970 
model from the original 1998 condition. The 
assumption that the production and consumption 
rates of these groups were the same 30 years ago 
is most likely valid, since the Bay of Biscay was 
already under intense fishing pressure at that 
time and so the average size of the fish was 
probably not too different from that of today.  
 
The methodology explained thus far was used to 
generate 1970 biomass estimates for most groups. 
What follows is a more detailed account of the 
groups for which we had reliable estimates of 
1970 biomass and fishing pressure. 
 
Large Deepwater  
 
The 1970 biomass estimate for large deepwater 
fish was based on anglerfish (Lophius 
piscatorius) and black-bellied anglerfish (L. 
budegassa). Available ICES biomass data only 
extended as far back as 1986 for either of these 
species and referred to areas VII and VIIIa/b 
combined. We used the same fishing mortality as 
in 1998 (F=0.259 year-1) and used the ratio 
catch/F to obtain the biomass value of 0.64 t·km2. 
 
Medium Deepwater  
 
The sole commercial representative of the 
Medium Deepwater group is megrim; it is the 
only fish for which time series biomass was 
available. As a first approximation, its 1970 
biomass was assumed equal to the average of the 
first five years of available data (1986-1990) and 
megrim is assumed to equal ½ of the entire group 

biomass. The resulting biomass was assumed to 
be equal to 1.328 t·km2. The biomass trend for 
this group from 1970 to 1998 used in the 
temporal series file (presented below) is assumed 
to be the same as that of megrim. The biomass 
was increased to 1.5 t·km2 to balance the model 
(Christensen et al., 2000).  
 
Large Pelagic  
 
The 1970 biomass of large pelagics is based on its 
only commercial representative, whiting, which 
was assumed to compose 25% of this group by 
weight. ICES reports that the biomass of whiting 
was 1.87 times greater in 1978 than in 1997. That 
ratio was therefore applied to the estimate used in 
the 1998 model for the entire group to produce a 
1970 value (2.003 t·km2). The biomass trend 
taken for the CSV file represents the trend of 
whiting as seen in area VIa, scaled to the overall 
biomass of this group. 
 
Medium Pelagics  
 
In order to calculate the 1970 biomass of medium 
pelagics in the Bay of Biscay, the trend in 
mackerel abundance since 1970 was assumed 
representative of the entire group, which in turn 
followed the same trend as the trend of the entire 
western mackerel stock. Since ICES reports that 
the western mackerel stock was about 1.45 times 
greater in 1972 than in 1996, the present day 
estimate of 0.396 t·km2 was multiplied by the 
same factor to yield our 1970 estimate, which is 
0.574 t·km2.  
 
To calculate the historic trend of fishing pressure 
for medium pelagics for use in the CSV file for 
Ecosim simulation, we used time series catch data 
from area VIIIa/b, and assumed that the biomass 
trend of the group was the same as that of the 
western mackerel stock. Those annual biomass 
estimates were then combined with ICES catch 
record data to determine the trend in fishing 
pressure. 
 
Anchovies  
 
Anchovies time series biomass data were not 
available prior to 1983. The annual average of the 
first five available years (33,008 t) was not 
sufficient to explain the high catches listed in the 
ICES records (i.e., F exceeded 1·year-1). Instead, 
we assumed that the 1970 biomass was equal to 
the 1983 level (50,000 t), which was higher than 
the four subsequent years. That value was divided 
by the area of ICES VIIIa/b to yield 0.518 t·km-2. 
The time series biomass trend used in Ecosim’s 
CSV file was taken from available ICES reports. 
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The data represents the trend in abundance of 
anchovy as seen in area VIII. The Bay of Biscay, 
i.e., area VIIIa/b geographically represents about 
14% of ICES area VIII, so the biomass estimates 
were scaled down by a factor of 0.14. Those 
annual biomass estimates were then combined 
with ICES catch record data to determine the 
trend in fishing pressure. 
 
Sardines 
 
Sardines had reliable time series biomass data 
extending back to 1977 but the data referred to 
statistical areas VIIIc and IXa. That 1977 value 
was reduced by 50% to approximate the area of 
the Bay of Biscay, which yielded a biomass of 
0.663 t·km2.  
 
Very Large Demersal High TL 
 
The very large demersal high TL functional group 
is represented by hake and cod. When combining 
the ICES time series estimates for these two 
species, we find that the 1970 biomass was 
approximately 1.2 times larger than in 1998. The 
biomass estimate of the present day model was 
therefore increased by that amount to yield 0.408 
t·km2.  
 
The historic trend in abundance, as provided by 
ICES records, applied to the entire northern stock 
for hake. The northern stock occupies statistical 
areas VIIIa/b, 7, 6, and part of 4. That value was 
reduced by 50% to represent VIIIa/b alone. 
Records for cod referred to area VIIa, which we 
took as equivalent to VIIIa/b. 
 
Very Large Demersal Low TL 
 
The very large demersal low TL group was 
represented by plaice. ICES records suggest that 
plaice was 1.45 times more plentiful in 1976 than 
in 1998. The present day estimate of biomass for 
the entire functional group was therefore 
increased by that factor to provide a 1970 
estimate. The resulting value is 0.387 t·km-2. The 
time series biomass trend of this group for use in 
the CSV file was assumed to follow the same 
trend as plaice. Available data referred to area 
VIIe, which was assumed equivalent to the Bay of 
Biscay. 
 
Large Demersal 
 
Common sole represented this group. The records 
suggest that sole’s 1970 biomass was about 93% 
of today. Since the 1970 value is so similar, and 
since sole is only one of ten species in this group, 
we used the same value as in the 1998 model to 

represent the 1970 value, that is 0.280 t·km-2. The 
time series trend for use in our CSV file refers to 
area VIIe, which we took to be equivalent to the 
Bay of Biscay. 
 
Other groups 
 
Shrimps, worms, molluscs, cephalopods, 
echinoderms, zooplankton, sponges, benthic 
infauna and primary producers were absent from 
the series biomass data. 1970 biomass for these 
groups was assumed to equal the 1998 biomass. 
However, the biomass of shrimps and 
cephalopods had to be increased slightly to 
balance the model (Table 29). The diet was 
slightly adjusted to balance the model. The larger 
change was the virtual removal of predation on 
birds by large sharks from 0.2% to 0.05%.  
 
 
PREPARING ECOSIM 
 
A comma-delimited DOS text file (.CSV) was 
created in Microsoft Excel for use in the time 
simulation. Time series fishing mortality (F) was 
calculated for 1970 to 1998 for each functional 
group, based on the commercial fish for which 
time series biomass (and catch) was available. 
Change in biomass over time was assumed for all 
groups to follow the pattern of the representative 
species. Again, the representative species were 
assumed to compose an unchanging fraction of 
the group's total biomass. 
 
 
DISCUSSION 
 
The present model constitues a first attempt to 
construct a trophic ecosystem model the Bay of 
Biscay. It is based on the literature that was 
available to us at the time and the kind review of 
French collegues. This version of the model could 
be improved upon in two major ways. First the 
validity of the model 1998 could be tested by 
using the 1970 model and the time series and try 
to make the 1970 model gradually transform into 
the 1998 model. The catch series suggest a 
systematic depletion during that period. The 
problems and uncertainties identified, the second 
step would be to hold a worksop with the 
scientists of the region for a discussion of the 
problems and possible improvements.  
 
We already identified several aspects of the model 
that would need improvements; for example, 
bycatch had not been considered. For the time 
being, crude bycatch values have been only 
estimated for the 1990s (Melnychuk et al., 2001).
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Table 29. Basic parameters of the balanced 1970 model. Values in bold were estimated by Ecopath. 

 Group name 
Trophic 

level 
Biomass 
(t·km²) P/B Q/B EE P/Q 

1 Large Deepwater 3.9 0.64 0.33 2.5 0.86 0.132 

2 Medium Deepwater 3.3 1.5 0.502 6.513 0.78 0.077 

3 Small Deepwater 2.5 4.803 1.537 12.646 0.95 0.122 

4 Very Large Pelagic 4.0 0.110 0.195 2.492 0.95 0.078 

5 Large Pelagic 3.5 2.003 0.530 5.033 0.67 0.105 

6 Medium Pelagic 3.4 0.574 0.609 6.503 0.90 0.094 

7 Anchovy 3.1 0.518 1.150 8.684 0.819 0.132 

8 Small Pelagic High TL 3.1 1.177 1.524 10.15 0.95 0.15 

9 Small Pelagic Low TL 2.8 1.121 0.949 10.994 0.95 0.086 

10 Sardine 3.0 0.663 1.100 8.965 0.82 0.123 

11 Very Large Demersal High TL 3.7 0.408 0.499 3.779 0.80 0.132 

12 Very Large Demersal Low TL 3.3 0.387 0.254 3.147 0.57 0.081 

13 Large Demersal 3.6 0.28 0.703 4.756 0.50 0.148 

14 Medium (Big end) Demersal High TL 3.1 0.520 0.885 6.08 0.95 0.146 

15 Medium (Small end) Demersal 3.4 0.593 1.239 8.257 0.95 0.15 

16 Small Demersal 3.3 0.656 1.200 8.618 0.95 0.139 

17 Very Small Demersal High TL 3.3 1.082 1.344 11.24 0.95 0.12 

18 Very Small Demersal Low TL 2.4 1.186 1.886 11.301 0.95 0.167 

19 Rays/Skates 3.5 0.336 0.315 3.612 0.95 0.087 

20 Small Sharks 3.9 0.522 0.264 4.305 0.95 0.061 

21 Large Sharks 4.0 0.337 0.175 2.379 0.95 0.074 

22 Tuna-like fish 4.0 0.099 0.529 2.599 0.95 0.204 

23 Crabs 2.6 1.336 2.212 5.283 0.97 0.419 

24 Shrimps/Prawns 2.3 6.5 1.45 9.667 0.78 0.15 

25 Worms 2.1 11.066 2.28 22.2 0.91 0.103 

26 Molluscs 2.1 31.43 0.6 6.3 0.88 0.095 

27 Cephalopods 3.4 2.1 2.5 8 0.95 0.313 

28 Echinoderms 2.6 22 0.649 4.703 0.79 0.138 

29 Sponges/Epibenthic 2.3 19.011 2.7 9 0.96 0.3 

30 Zooplankton Large 2.1 18.343 5 28.417 0.37 0.176 

31 Zooplankton Small 2.0 32.000 18 60 0.17 0.3 

32 Benthic Infauna 3.0 22.560 2.5 12.5 0.95 0.2 

33 Birds 3.8 0.003 0.09 79.185 0.03 0.001 

34 Toothed Cetaceans 4.1 0.103 0.02 11.693 0.002 

35 Baleen Whales 3.4 0.210 0.05 4.777 0.08 0.01 

36 Primary Producers 1.0 33.6 100 - 0.74 - 

37 Detritus 1.0 50 - - 0.33 - 

0.39 
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Estimates for the 1970s would be needed to 
determine the trend. The catch has been 
attributed to the different fleets on qualitative 
information. The next model should include the 
estimation from Melnychuk et al. (2001). 
Fisheries management scenarios would be more 
consistent with reality if their relative importance 
were better known.  
 
Several groups of large fish predators (e.g., the 
large sharks) were characterized by general 
informations and would benefit from more local 
knowledge, as might be retrieved from the grey 
literature. Although small benthic invertebrates 
are not well known and their parameter values 
have larger confidence intervals, they do not seem 
to be very influential in the model.  
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