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LANDINGS

Fishing is important economic resource in northern Spain 
(161000 tonnes in 1994). Trawlers fish on the muddy bottoms 
of the shelf, longliners work mainly on the slope and gill nets 
on rocky grounds near the coast or on the slope. Pelagic 
fisheries are seasonal and exploit anchovy and tunas during 
their trophic migrations in spring and summer. To adjust the 
model for pelagic fisheries,  we have only taken into account 
the percentage of catches from the shelf and adjacent oceanic 
waters. The fisheries statistical data used in the present study
were provided by the ICES Assessment Working Groups.
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THE STUDY AREA

The area studied is the southern Bay of Biscay (north 
of Spain). Because of the special characteristics of the 
Cantabrian Sea, it is the spawning area in winter for 
some species, such as hake and horse mackerel, and 
the feeding area for others, e.g. anchovy and tuna. 
Some other species remain outside of the ecosystem 
during different  seasons due to their migratory habits.
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THE FISHERY
IN THE ECOSYSTEM MODEL

By using the model, we have evaluated the impact 
of the different gears on the ecosystem and 
estimate their trophic level. In the pelagic domain, 
plankton-feeders fish of small and medium size are 
captured by purse seine. This gear has the lowest 
trophic level of the fishery (3.11). Bait boats and 
troll catch exclusively tuna and present the highest 
trophic level of the fishery (4.30). In the demersal 
domain, large fish-feeder fish like hake and other 
big demersal fish are captured by long line (trophic 
level 4.01). In the benthic domain, trawl catches a 
great variety of organisms and has a medium 
trophic level (3.55). Gill net exploits certain 
predators from the domain demersal as well as 
from the benthic, and presents a high trophic level 
(4.21).

Strong relationships exist mainly among the three 
domains due to groups that transfer the flow (food 
intake) from primary production to the superior 
levels. Groups that link the pelagic and demersal 
domains are the suprabenthic zooplankton, horse 
mackerel and squids. The demersal domain 
connects in low levels with the zooplankton pelagic 
due to the vertical migrations of the suprabenthic 
zooplankton eaten by a multitude of small 
demersal fish and blue whiting, and constitutes the 
main demersal flow (green line).  Species between 
the benthic and demersal domains are the big 
demersal fish and dogfish. We have marked the 
main flows (food intake) in the model 
corresponding to each one of the three domains.

It is possible to observe the ecological impact of 
discards in the model (pink line). The groups 
mainly favoured are those of the benthic domain, 
and specially benthic carnivorous invertebrates,
benthic fish and dogfish.
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FISHERY MIXED TROPHIC IMPACT

The model analyses the trophic impact any of the groups in a system has on other groups. It  allows to know the direct and indirect 
interactions in a system in balance. The computed impacts are relative on a scale from –1 to 1, where 0 indicates no impact. The 
bars quantify the direct and indirect trophic impacts that the groups indicated on the left have on the groups mentioned at the right.

TRAWL: The negative impact on the different groups of the system is much stronger that the other gears, mainly on fish-feeders, 
crustacean-feeders and scavengers. On the contrary, it benefits slightly plankton-feeders eaten by fish-feeders, as small hake and 
small demersal fish. The effect of this fishery has a negative influence on all the fishing gears related with the bottom, mainly in the 
gill net fishery.

LONG LINE: Impacts positively on forage fish of small and medium size since the catches of this gear act on fish-feeders, impacting 
negatively on them. This fishery has a negative effect on all the fishing gears and on long line itself; this reflects a high competition 
within this fishery due to the low number of target species.

GILL NET: Impacts negatively on big fish-feeders and big scavenger fish, practically its only catches. It does not affect the rest of the 
ecosystem at all. This so selective gear has a negative effect on its own fishery and an inhibition of the other gears. All the fishing 
gears influence negatively on gill nets, especially trawlers and gill nets.

PURSE SEINE: Negative impact on small and middle plankton-feeders fish that are important forage fish for diverse trophic groups; 
that is why this fishery influences somewhat negatively on the rest of the fishing gears.

FISHERY MIXED TROPHIC IMPACT

The model analyses the trophic impact any of the groups in a system has on other groups. It  allows to know the direct and indirect 
interactions in a system in balance. The computed impacts are relative on a scale from –1 to 1, where 0 indicates no impact. The 
bars quantify the direct and indirect trophic impacts that the groups indicated on the left have on the groups mentioned at the right.

TRAWL: The negative impact on the different groups of the system is much stronger that the other gears, mainly on fish-feeders, 
crustacean-feeders and scavengers. On the contrary, it benefits slightly plankton-feeders eaten by fish-feeders, as small hake and 
small demersal fish. The effect of this fishery has a negative influence on all the fishing gears related with the bottom, mainly in the 
gill net fishery.

LONG LINE: Impacts positively on forage fish of small and medium size since the catches of this gear act on fish-feeders, impacting 
negatively on them. This fishery has a negative effect on all the fishing gears and on long line itself; this reflects a high competition 
within this fishery due to the low number of target species.

GILL NET: Impacts negatively on big fish-feeders and big scavenger fish, practically its only catches. It does not affect the rest of the 
ecosystem at all. This so selective gear has a negative effect on its own fishery and an inhibition of the other gears. All the fishing 
gears influence negatively on gill nets, especially trawlers and gill nets.

PURSE SEINE: Negative impact on small and middle plankton-feeders fish that are important forage fish for diverse trophic groups; 
that is why this fishery influences somewhat negatively on the rest of the fishing gears.

FISHERY TROPHIC LEVEL

By combining the results of the model and 
the historical series of landings of the 
main commercial species we could 
estimate the variations of the mean 
trophic level of fishery, presented here as 
time series from 1983 to 1997. In this 
analysis, we have only used the fleets 
fishing for demersal and benthic species 
(trawl, long line and gill net). The reason 
has been that catches of the pelagic fleets 
come mainly from oceanic waters and are 
species of wide distribution, that do not 
represent adequately the particular 
characteristics of the Cantabrian Sea 
ecosystem.

From 1983 to 1992, the mean trophic level 
of these fisheries declined. This reflects a 
gradual transition in landings from long-
lived, high trophic level piscivorous bottom 
fish (hake, monk, megrim) toward low 
trophic level planktivorous fish (blue 
whiting). Until 1992 the decline of the 
mean trophic level does not seem to be 
associated to a decrease of the landings, 
but to their components. The big 
oscillations in the landings over the last 
six years are not able to diminish the 
trophic level of the fishery. This makes us 
suspect that the fisheries have reached 
their lowest trophic level limit. Fishing 
down Cantabrian Sea food webs.
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DISCARDS

Discards (20% of total catches) are consumed by sea birds (not 
considered in the model) and benthic scavenger species. Some 
of the discarded species, as dogfish and some invertebrates, 
survive the fishing process and continue their  living in the 
ecosystem. In this study the information is based on the results
of the project "Discards of the Spanish Fleets in ICES Divisions" 
financed by the EC. Due to their small selectivity and to the 
abundance of species on the fishing grounds, trawls generate a 
big volume of discards (35% of  the catches). Bait boats and 
trolls do not generate discards, since they are highly selective.
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THE ECOPATH MODEL

The model ECOPATH combines the estimation of biomass and food consumption of the various 
elements (species or groups of species) in an aquatic ecosystem with the analysis of flows 
between the elements of ecosystems (Christensen and Pauly, 1992). The production of each 
trophic group is balanced by its predation by other trophic groups in the system, its exports from 
the system and mortality. The energy balance of each trophic group is given by the basic 
equation:

CONSUMPTION = PRODUCTION + RESPIRATION + NON-ASSIMILATED FOOD

An estimation of biomass, mortality, consumptión and ecotrophic efficiency of each trophic group 
is introduced in the model. To homogenize the information, all the input data are those of the 
year 1994. The available data of ICES Assessment Working Groups have been used to estimate 
the biomass and mortality of species of commercial interest. Biomass of some groups has been 
estimated from the bottom trawl surveys carried out in the area during the same year. All the 
available data of biomass, landings and discards has been converted to t/km².

A classification of species according to their prey was realised previously. On this basis, and to 
construct the mass balance model, we have selected 25 trophic groups. In each group we have 
considered species of similar size, diets, consumption rates, mortality and production rates. The 
main species of commercial interest have been taken separately, since a better information 
about their different input parameters is available. One of the boxes at the same level of primary 
producer and detritus corresponds to the discards. The information to set the diet matrix was 
taken from different sources: 1) quantitative analysis of the stomach contents of 10000 fish in the 
study area; 2) different publications; 3) unpublished reports and 4) personal observations.
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