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Abstract

The Cantabrian Sea shelf ecosystem is described using a mass-balance model of trophic interactions, in order to understand the
effects of the different fisheries that operate in this area. The study was based on a database of bottom trawl surveys, ICES stock
assessment working groups, stomach analyses, fisheries research and was supplemented by published information. The mode
had 28 trophic groups corresponding to pelagic, demersal and benthic domains, also including detritus and fishery discards. The
results indicated that the biomass and production of some groups would be unrealistic if they were independently estimated by
single-species assessment approaches. Summaries are given to illustrate the flow distributions between groups. Strong relation:
ships existed between the pelagic, demersal and benthic domains due to key groups, like zooplankton suprabenthic and horse
mackerel, that transferred the flow from primary production to the upper trophic levels. Feeding pressure on phytoplankton was
low and detritivorous species were an important component of the ecosystem.

Estimations of the trophic level of the fisheries, transfer efficiency between trophic levels and mixed trophic impact analysis,
that consider the fishery both as an impacting and as an impacted component, were also included. The results indicated a fisheries
impact level in the Cantabrian Sea comparable to that in the most intensively exploited temperate shelf ecosystems of the world.
The fishery was operating at a mean trophic level of 3.7. The importance of discards as food in the ecosystem was low, in
comparison with detritus, primary producers or other low trophic levels. The negative trophic impact of trawling on the different
groups of the system was high and much stronger than the other gears studied. All fishing gears, except the purse seine, had
negative impact on fish feeders and elasmobranchs. The mean trophic level of Cantabrian Sea fisheries declined from 1983 to
1993 but has remained steady since then.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction consequently, high biodiversity indices exist in com-
parison with adjacent area®laso, 1990; Sanchez,
The Cantabrian Sea area forms the subtropi- 1993. In addition, the topographical complexity and
cal/boreal transition zone of the Eastern Atlantic. As a wide range of substrates on its continental shelf re-
result, typical temperate-water species from the south sult in many different types of habitats. This diversity
occur together with those of northern origin and, is reflected in the biological richness of the region
that includes many species of commercial interest.
In addition, it is the winter spawning area for some
* Manuscript PFITEC-4 (EMECS 4) for Ecological Modelling, ~ species, such as hake, megrims, red-sea bream and
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0304-3800/$% — see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2003.09.005



152 F. SAnchez, I. Olaso/Ecological Modelling 172 (2004) 151-174

The fisheries, which have been operating for cen- 2. Material and methods
turies, have become more industrialised over the last
50 years, with the catch reaching about 200,000t per 2.1. Study area
year. Trawlers fish on the muddy bottoms of the shelf,
whereas long-liners operate mainly on the shelf-break The Cantabrian Sea is considered as the southern
bottoms and gill nets are used on rocky grounds near region of the Bay of Biscay and it is generally ac-
the coast and shelf-break. There are seasonal pelagicepted that its western limit corresponds to a verti-
fisheries for anchovy (purse seine) and tunas (troll and cal line from Cape Estaca de Bares4@ W) with
bait boats) during the fishes’ migrations in spring and its eastern limit at the beginning of the French shelf.
summer. However, for practical reasons, this study considers

Single-species assessment approaches have beethe Cantabrian Sea in its wider meaning (ICES Di-
used historically for the management of European vision Vllic), which includes the Galician shelf to
Atlantic fisheries and they are mainly based on TACs the north of Cape Finisterre (at latitude°4R) and
and quota regimes. The latest estimates by ICES stockis the upper limit of the subtropical Lusitanic area
assessment working groups showed that the southern(Fig. 1). Division Vllic has some relatively homo-
stocks of hake and anglerfish were below safe bio- geneous biogeographical characteristics in relation to
logical limits and the southern stocks of megrims and adjacent areas and fishing statistics and information
horse mackerel were overfished@ES, 2000. Land- are available from the evaluation of stocks carried out
ings of hake (the main demersal commercial species) by the ICES stock assessment working groups, which
in the last 4 years have been below the agreed TACswere indispensable for developing the model. In this
and the spawning biomass is at its historical minimum. study, we refer to the neritic area of the Cantabrian
The main management measures in the CantabrianSea, with a total continental shelf surface of about
Sea adopted by the Spanish Fisheries Administration 16,000kn%, and the neighbouring oceanic area. The
are focused on reducing fishing effort and increasing continental shelf is very narrow (10-60 km from the
the protection of juveniles (through a closed area to coast). The inner and middle shelf (with a depth of
fishing). Restricted areas to trawling have been es- less than 100 m) bottoms are mainly rocky or sandy,
tablished in zones where hake recruits concentrate whereas the outer shelf has predominantly muddy bot-
all year. The starting point of the current study was toms. The production of the area is greatly influenced
to determine the interrelations between species andby a seasonal coastal upwelling (spring and summer)
gears and calibrate in a next step whether the man-and hydrographic mesoscale activity along the north-
agement approaches based on models of ecosystemvestern shelf-break. This is a consequence of winter
dynamics could identify the consequences (biological fluxes from the warm poleward current (also known as
and economic) of the application of this measure. the “Navidad Current”), which results in a convergent

This work is a first study of the Cantabrian Sea front at the boundary between coastal and oceanic wa-
ecosystem using a mass-balance model of trophic ters OSPAR, 2000; Sanchez and Gil, 200These
interactions. It attempts to determine the possible im- produce a regular pattern of hydrographic conditions
pact and role of the different fisheries that operate in throughout the year characterised by winter mixing
the area. In addition, it was carried out in order to and summer stratification, with phytoplankton blooms
compare the results with published models from other occurring during the transition periods. This seasonal
European areas, such as the North S@larigtensen, pattern has a significant effect on the dynamics of the
19953, and with similar ecosystems, such as the ecosystem.
Newfoundland-Labrador shelB(ndy et al., 200 The Cantabrian Sea area was assumed to be the unit
Therefore, it was possible to check whether estimates ecosystem for the present study. Nevertheless, this as-
from the single-species assessment approach weresumption may not be appropriate for some species
mutually compatible and realistic. The present contri- whose ranges extend beyond this area. Consequently,
bution is also of relevance in view of the increasing for migratory species, we considered that only a cer-
need for managing the Cantabrian Sea ecosystem,tain proportion of the population was present in the
which is currently subjected to strong fishery pressure. area.
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Fig. 1. The Cantabrian Sea area as defined in the ecosystem model.
2.2. The model losses ofi) — export of {) — biomass accumulation of

(i) = 0, for all ().

The Ecopath model (version 4.0) was applied in  This can also be expressed as:
order to produce a balanced steady-state description _ 0

of the Cantabrian Sea shelf ecosystem. The Ecopathp; — — Z B/—J

model combines estimates of biomass and food con-  Bi " Bj

sumption of the various components (species or groupsyhere, B; is the biomass ofi); Pi/B; is the produc-
of species) in an aquatic ecosystem with an analysis tjon/biomass ratio (equal to the instantaneous rate of
of flows between the ecosystem elemersl¢vina, total mortality Z in steady-state systems) af;(B;
1984; Christensen and Pauly, 1992, 1pghe energy s the biomass of predatgr Q;/B; is the consump-
balance of each trophic group is given by the basic tion/biomass ratio of predatgr DC;; is the fraction
equation: of prey () by weight in the average diet of predajor
EE; is the ecotrophic efficiency of) expressing the
fraction of total production consumed by predators or
= production+ respiratior4- unassimilated food caught by a fishery, explained by the model (the rest
is “other mortality”); and EXis export of (): sum of
The production of each trophic group is balanced by fisheries catches plus emigration to adjacent ecosys-
its predation by other trophic groups in the system, its tems.
exports from the system and mortality. The ecosystem Estimations of biomass, production and consump-
is modelled using a set of simultaneous linear equa- tion by different sources for each trophic group were
tions (one for each groupin the system), i.e. pro-  used inthe model (see below in the functional groups).
duction by () — all predation on ij — non-predation To harmonise the information, all the input data were

P.
DCji — E’(l— EE) —EX; =0
i

consumption
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those from 1994. The available data from the ICES 2.3. Fish groups

stock assessment working groups and ICCAT were

used to estimate the biomass and production of species2.3.1. Tuna

of commercial interest: hake, anglerfish, megrim, blue  There are two tuna species, albacomhynnus
whiting, horse mackerel, mackerel, anchovy, sardine alalungg and bluefin T. thynu$, which are present
and tuna. Consumption rates for some fish speciesin the area mainly in summe€prt, 1990, 1995; Otz
were from the FishBase databasedese and Pauly, de Zarate and Cort, 1998The albacore, which is
1998. The biomass of some fish groups was estimated more abundant, belongs to the North Atlantic stock
from bottom trawl surveys carried out in the area and the fish that arrived in the Cantabrian Sea area are
during the same yealQES, 1997a,p by applying juveniles up to 5 years of age from adjacent waters
the swept area metho®#énchez et al., 1995Total of the Azores. Based on assessment working groups
biomass estimation of this species obtained from bot- (Anon, 1997a,)y a total mortality estimate in 1994
tom trawl surveys were underestimated because onlywas 0.8 per year and 0.6 per year, respectively for
an unknown percentage of the population is accessiblethese two species. Most of the tuna population that
to the sampling gear. However, a comparison made arrived in the Cantabrian Sea remained in oceanic
between the biomass estimated by stock assessmentsvaters (Bay of Biscay); for this reason only 20% of
and surveys results of some characteristic species, likethe estimated biomass was considered in the model.
hake and megrim, let us predict that the survey only

estimates between the 10% (demersal behaviour) t02.3.2. Hake

15% (benthic habits) of the total biomass. We assume  European hakeMerluccius merluccius the most
the same proportion for the similar species without important demersal fishery resource in the area, is
assessment. In general terms, the groups were pa-separated in two groups: large and small (recruits),
rameterised top—down so that the flows at the lower with the division at 20 cm length. The largest nursery
levels were calculated to match the food demands for the southern stock of this species is found in the
of the upper levels (normally with more available Cantabrian Sea and their variability is associated with
data). hydrographic anomalies in the arezéfichez and Gill,

A classification of species according to their 2000. Information on biomass and production is avail-
prey was carried out as a first step. On this ba- able from ICES assessment working groupiSHS,
sis, and to construct the mass-balance model, 28 19963. The large hake biomass considered in the
trophic groups were defined, 15 of which were modelis 70% of the estimate for the spawning south-
fish, 6 invertebrates, 5 groups of plankton, detri- ern stock biomass (ICES Divisions Vllic and 1Xa).
tus and fishery discards. In each group, we con- Consumption rates (QB) for hake are frovklasco
sidered species of similar size, habitat, diets, con- and Olaso (2000)
sumption rates, mortality and production rates. The
main commercial species were taken separately, 2.3.3. Anglerfish
since better information about their different in- Two species of anglerfish, both in the genus
put parameters was availabl@able 1 summarises  Lophius inhabit the areadl,. piscatoriusandL. bude-
the species composition as a percentage in biomassgassa The anglerfish biomass used for Division Vllic
of each trophic group considered in the model. was 50% of the estimate for the spawning southern
All the available data for biomass, annual land- stock biomass of both species and the total mortality
ings and discards were converted into the same unit estimates were both 0.38 per yelZLES, 19963
(tkm~2) expressed as wet weight. An annual aver-
age model was described, in which biomass, diets 2.3.4. Megrim
and species composition in different seasons were Two megrim species of the genlugpidorhombus
averaged. inhabit the areal.. boscii and L. whiffiagonis The

The species assemblages used in the Cantabrianrmegrim biomass used corresponded to 80% of the
Sea mass-balance model to construct the 28 functionalbiomass estimates for tthe bosciisouthern stock (Di-
trophic groups are following. vision Vlllic and IXa) and the total fok. whiffiagonis
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Table 1
Species composition and percentage of biomass by trophic groups in the Cantabrian Sea shelf ecosystem model
GT Group name Species BiomassGT Group name Species Biomass
(%) (%)
1 Tuna Thunnus alalunga 0.80 14 Anchovy Engraulis encrasicolus  1.00
Thunnus thynus 0.15 15 Sardine Sardina pilchardus 1.00
2  Large hake Merluccius merluccius>19 cm 1.00 16  Squids lllex coindetti 0.50
Todarodes sagittatus 0.20
3 Small hake Merluccius merluccius<20cm 1.00 Loligo forbesi 0.10
4 Anglerfish Lophius piscatorius 0.60 Alloteuthissp. 0.10
Lophius budegassa 0.40 Todaropsis eblanae 0.05
5 Megrim Lepidorhombus boscii 0.60 Loligo vulgaris 0.05
Lepidorhombus whiffiagonis 0.40 17  Benthic Eledone cirrhosa 0.60
cephalopods
Octopus vulgaris 0.30
6 Large Conger conger 0.29 Sepia officinalis
demersal fish
Zeus faber 0.28 Sepiolidae
Chelidonichthys lucerna 0.28
Phycis blennoide$19 cm 18  Benthic Hermit crabs 0.80
invertebrate
carnivores
Helicolenus dactylopterus19 cm Gasteropods carnivores 0.15
Starfish 0.05
7  Dodfish Sciliorhynus canicula 0.80
Galeus melastomus 0.15 19  Shrimps Crustacea natantia 1.00
Etmopterus spinax 0.02
Deania calceus 0.02 20 Polychaetes Polychaetes 1.00
Sipunculids
8 Rays Raja clavata 0.50
Raja montagui 0.30 21  Benthic Sea urchins
invertebrate
deposit feeders
Leucoraja naevus 0.15 Holothuroideans
Gasteropoda
9  Benthic fish Chelidonichthys cuculus 0.20 Benthic Actinauge richardi
invertebrate
suspension
feeders
Chelidonichthys gurnardus 0.10 Bivalves
Callionymussp. 0.10 Espogi
Phicis blennoides<20cm 0.10 Ascidiae
Arnoglossussp. 0.20 Crinoidae
Mullus surmuletus 0.05
Trachinus draco 0.05
Gobids (esuerigobius...) 22 Suprabenthic Euphausiids 0.50
zooplankton
Flatfish @ArnoglossusSolea ...) Mysids 0.40
10  Blue whiting  Micromesistius poutassou 1.00 Isopods 0.01
11 Small Gadiculus argenteus 0.50 23 Macrozooplankton Jellyfish
demersal fish (>5 mm)
Macrorhamphosus scolopax 0.20 Tunicata
Pagellus acarne 0.05 Fish larvae
Argentina sphyraena 0.02
Cepola rubescens 0.02 24 Mesozooplankton Copepods 0.90

(-5 mm)



156

Table 1 Continued
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GT  Group name Species Biomass GT  Group name Species Biomass
(%) (%)
Trisopterussp. 0.05 Euphausiids and 0.10
decapods natantia
larvae
Capros aper 0.10
Antonogadus macrophtalmus 0.05 25 Microzooplankton Copepods larvae 0.90
(<1mm)
Pagellus bogaraveo 0.02 0.10
12 Horse Trachurus trachurus 0.90 26 Phytoplankton Phytoplankton 1.00
mackerel
Trachurus mediterraneus 0.10
27 Discards Fisheries discards 1.00
and offal
13 Mackerel Scomber scombrus 0.70
Scomber japonicus 0.30 28 Detritus Organic dead material 1.00

since this species is practically non-existent south of
Cape Finisterre at 43N (Sanchez et al., 1998the
limit of the study area. Information on biomass and
production was available from ICESJQES, 1996a

2.3.5. Large demersal fish

This group includes numerous demersal species,
among which are the conger e€ldnger congey, John
Dory (Zeus fabey, Trigla lucernaand adults oPhycis
blennoidesand Helicolenus dactylopteruéTable 1.

such as species of the genekanoglossus Psetta
BathysoleaSolea etc. Biomass estimation of benthic
fish species in the study area was also obtained from
the earlier bottom trawl surveySénchez et al., 1995

2.3.8. Blue whiting

Micromesistius poutassois the most abundant
demersal species. Information on biomass and pro-
duction is available from ICESCES, 1996M. It was
estimated that 10% of the total biomass of the stock

Biomass estimation of these species in the study areais located in ICES Division Vllic. The biomass of

had been carried out by bottom trawl surveaifichez
et al., 1995.

2.3.6. Dogfish and rays

A total of 80% of the dogfish biomass is formed by
the lesser-spotted dog fisBgyliorhinus caniculpthat
inhabits the whole shelf. Other species in this group are
small sharks that live on the shelf-break and slope, like
Galeus melastomuand Etmopterus spinaxAt least
eight species of rays exist in the ar&afichez et al.,
1995 of which the most abundant iRaja clavata
(50% of the biomass in the model), followed By
montaguiandR. naevusBiomass estimation of dog-
fish and ray species in the study area is obtained from
bottom trawl surveysJanchez et al., 1995

2.3.7. Benthic fish

This group is formed by bottom species of medium
size, such asMullus surmuletus Chelidonichthys
gurnardusand the genu€allionymus(Table J). Also
included were most of the flatfish present in the area,

spawners in the Cantabrian Sea is very low. It is a
migratory species and most juveniles come from the
north (mainly the Bay of Biscay and west of Ireland),
in currents that penetrate into the Cantabrian area
from spring onwardsKloppmann et al., 1996 An
immigration routine was used in the modelling be-
cause the values of estimated blue whiting biomass
were insufficient for the demands of their predators
and the fishery in the area. According the age-class
abundancelCES, 1996h 60% of the biomass esti-
mates is included as immigration to the area (recruits
from the northern area).

2.3.9. Small demersal fish

This group had numerous species in the area.
The largest percentage was formed by small school-
ing fish such asGadiculus argenteysCapros aper
and Macroramphosus scolopagonstitute 80% of
the biomass, according to the bottom trawl surveys
(Table 1. However, the latter two species usually
come from more southerly waters (Galicia and Por-
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tugal). Medium-sized fish, which exploit a similar

trophic niche to the others, were also present, (e.g.

sparids such aBagellus acarnendP. bogaravep

2.3.10. Horse mackerel

The horse mackerelTtachurus trachurus has a
wide distribution in the East Atlantic. The adults live
near the bottom and are usually found in continental

157

1997h. The biomass used in the model was 50% of
the whole stock (ICES Division VIII), and was as-
sumed to be present in the area for only half of the
year.

2.3.13. Sardine
The sardine $ardina pilcharduy present in the
Cantabrian Sea corresponds to the Iberian-Atlantic

shelf waters, whereas the juveniles are more pelagic. population; the biomass used in the model was 20%

The horse mackerel biomass for Division VIIICES,
1997H was estimated as 50% of the total biomass
for the southern stock (Divisions Vllic and 1Xa). The
studies carried out do not consider that it is a migra-
tory species in the aread/iflamor et al., 1997 and

apparently only a 5% of the Cantabrian Sea popula-

tion coming from the Bay of Biscay (Northern stock).
A relatively low total mortality rate (0.32 per year)

of the southern stocklCES, 1997ph. Although it is

a species with similar characteristics to the anchovy,
it apparently has much smaller production values
because the&Z estimate from the stock assessment
working groups is 0.58 per year.

2.4. Invertebrate groups

has been estimated for this species due to its observed Only very limited information was available for all

longevity (CES, 1997h.

2.3.11. Mackerel
This species also have a wide distribution and, in

contrast to horse mackerel, undertake long spawn-

the invertebrate groups. From bottom trawl surveys,
the more abundant squid species in the area Were
coindettj Todarodes sagittatyd.oligo spp. andAllo-
teuthisspp. The more abundant benthic cephalopods
were octopus,Eledone cirrhosaand Octopus vul-

ing and feeding migrations. The Cantabrian Sea is a garis, together with other species of the family
spawning area in winter. Juveniles remain near the Sepiolidae.

coast while adults make feeding migrations to the
north in summerV\illamor et al., 1997. Two species,
Scomber scombruand S. japonicus were included
in this trophic group, although the former is far more
abundant. Information on biomass and production
was available from ICESICES, 1997. The biomass,

All the crustacean decapods, the gastropod carni-
vores and the sea stars were aggregated into the “ben-
thic invertebrate carnivore” trophic group. From bot-
tom trawl surveys, the species that constitute more than
75% of the biomass ar®lunida intermedia Pagu-
rus prideauxj Liocarcinus depuratar Munida sarsi

estimated from egg production surveys, indicated that andNephrops norvegicus hese surveys showed that

15% of the total biomass of the Northeast Atlantic

more than 90% of the shrimp biomass in the area con-

stock was in the area considered by the model. As sists of Plesionika heterocarpysPasiphaea sivado
it can be considered a migratory species, presentDichelopandalus bonnierSolenocera membranacea

in the Cantabrian Sea during winter-spring, values
for both immigration (12tkm? per year) and emi-
gration (10tknT2 per year) were considered in the
model.

2.3.12. Anchovy

The anchovy Engraulis encrasicolyspopulation
considered in this model was distributed throughout
the whole Bay of Biscay. Juveniles remain near the
coast, while adults make feeding and spawning mi-

Chlorotocus crassicornisind Processa canaliculata
There is no shrimp fishery because, although they are
abundant, they are very small.

Finally, in the “other invertebrates” trophic group,
we included benthic deposit feeder species (detritiv-
orous) such as the echinoderms (mainly sea urchins
and holothuroideans) and gastropods, and benthic sus-
pension feeders such as bivalve molluscs, cnidarians,
ascidians and sponges. Input parameters (PB and QB)
from models of similar areas and the alternative input

grations in the Bay. It is present in the Cantabrian Sea of EE = 0.95 were used to estimate the biomass of
from March to November. Information on biomass all invertebrates from the food demands of the upper
and production was available from ICESCES, levels.
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2.5. Zooplankton taken from different sources. Quantitative analysis
was undertaken for 10,000 stomach contents from 36
The zooplankton biomass shows a periodic annual species of fish in the study area. The species selected
cycle in the neritic area of the Cantabrian Sea. The constituted a significant percentage (90%) of the de-
maximum values occur in late spring and extend mersal fish biomass. In order to obtain an appropriate
into summer, with a high secondary biomass peak representation of the annual diet of the fish, the sea-
in autumn and minimum values in winter. Copepods sonal diet change that takes place in many species
represent the main taxonomic group in the zooplank- was also considered. In 1994, 5000 large and small
ton assemblages in terms of abundance (>70%) andhake stomachsvglasco and Olaso, 19%8and 1500
persistence\(aldes and Moral, 1998and they con- dogfish stomachdJlaso et al., 1998were analysed.
stitute the mesozooplankton trophic group in the Additionally, in autumn 1994, 6000 stomach contents
model. The mean zooplankton biomass estimates for from anglerfish, megrim, large demersal fish, rays,
the Cantabrian Sea area are 53mgCnior mi- small demersal fish and benthic fish were analysed
crozooplankton (size< 1mm) and 315mgC ¢ (Gutierrez-Zabala et al., 20plinformation was also
for mesozooplanktonSPAR, 200D We used the  available on the diets of these fish in spring (Olaso
most common regression to convert carbon units and Velasco, in preparation) and autun®igso and
into dry weight and wet weightWiebe et al., 197p Rodiiguez-Main, 1995; Velasco et al., 1996simi-
The mean daily zooplankton production estimations lar information was available for horse mackerel and
in the Cantabrian Sea area are 5mgCnper day mackerel Qlaso et al., 1999 Abundance indices
for microzooplankton and 32 mg CTh per day for from bottom trawl surveys carried out in 1994 were

mesozooplanktongSPAR, 200 used to determine the percentage participation of each
species in the multispecies trophic groups. This was
2.6. Phytoplankton necessary in order to generate the feeding matrix of

each functional group applying this percentage as a
The annual phytoplankton cycle shows the typ- weighted factor on the diets of each species.

ical pattern for a temperate sea characterised by a An intensive literature search was carried out to
winter mixing period followed by a stratification determine the diet composition of the other fishes
phase during the summer. For most of the year, di- and invertebrates. The following references were used:
atoms dominate the phytoplankton community in the (Guerra, 1978; Oiz de Zarate, 1987; Varela et al.,
Cantabrian Sea, particularly during the transition peri- 1988; Pereda and Olaso, 1990; Rocha et al., 1994,
ods of spring and autumn (blooms caused by nutrient Freire, 1996; Pages et al., 1996; Rasero et al., 1996;
inputs from coastal upwelling). Upwelling pulses of Tudela and Palomera, 1997; Baamstedt and Karlson,
central North Atlantic water are a common feature 1998; Barquero et al., 1998; Quevedo et al., 1999; Du
throughout the western Cantabrian Sea, especially in Sel et al., 200
summer, and they have important consequences for
phytoplankton growth @SPAR, 200D The chloro- 2.8. Placing the fishery into the ecosystem: landings
phyll concentrations in the continental shelf waters and discards
varied from 15.64 mg Chlan? (winter in the central
area) to 57.84 mg Chlam? (upwelling in the western The statistical data for fisheries landings were pro-
area) and the mean biomass for the period 1984—-1992vided by the ICES stock assessment working groups
was 1638 mg C m? (Bode et al., 1996 The average  and by the IEO Fishery Database team. The data were
value of annual primary production for the Cantabrian subsequently summarised and combined by trophic

Sea was 428 g Cnf (OSPAR, 200D group. To adjust the model for pelagic fisheries
(mainly tuna and anchovy), only the proportions of
2.7. Diets catch from the shelf and close oceanic waters (neritic

area) were taken into account. The total landings dur-
The links between groups were their feeding habits; ing 1994 reached a value higher than 140,000 t, which
the information needed to create the diet matrix was implied an annual extraction rate of 11.6 tkfn
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The tuna landings corresponded to 25% of those for invertebrate carnivores, small demersal fish and other
the whole Bay of Biscay, since most catches of the two invertebrates.
species considered were obtained in oceanic waters. From the results o€amphuysen et al. (199%nd
They are caught by troll and pole-and-line (bait boats). Garthe et al. (1996)t was assumed that 20% of the
The albacore and bluefin catches during 1994 in the discards were consumed by marine birds. This trophic
Cantabrian Sea were 11,622 and 1035t, respectively. group was not used in the model, therefore this portion
The landings used in the model for the hake, an- of discard was attributed to exportation. Nevertheless,
glerfish, megrim, blue whiting, horse mackerel and in order to determine the species that benefit from the
mackerel groups were those corresponding to Divi- discards, some studies have been carried outin the area
sion Vllic (ICES, 1996a,b, 1997 Hake is the main (Olaso et al., 1998, 2001, 200Zrom this studies,
target species of the fleet that operates in the area andScyliorhinus caniculaRaja naevussmall demersal
they are fished by bottom trawl, longlines and gill- fish (Pagellusspp.) and benthic fishGhelidonichthys
nets. In 1994, the Cantabrian fleet landed a total of spp. andTrachinus dracp are the main fish species
5473t of hake. Anglerfish is taken mainly with bot- that use the carrion as food.
tom trawl and gillnets. During 1994, 2260t of the two
species of this functional group were fished. Megrim
is caught exclusively by bottom trawl and the land- 3. Results and discussion
ings were 1105t in 1994. The blue whiting landings
were mainly from bottom trawling. Horse mackerel 3.1. The unbalanced model
is caught mainly by purse seine and trawl although
landings from longlines and gillnets also exist. A total The initial model was not balanced, since there
of 24,147t was caught in the Cantabrian area in the were some ecotrophic efficiencies (EE) greater than
year of study; also 21,146t of mackerel were caught 1, which indicated that the demand on them was too
mainly with longline, trawl, purse seine and gillnet high to be sustainable. In the low trophic levels, the
gears. microzooplankton biomass and production estimates
Since the available anchovy landings did not belong (OSPAR, 200D were insufficient to support their
exclusively to the area described in this study, 90% of predators (mainly mesozooplankton, macrozooplank-
the landings from area VIl by the Spanish fleet were ton and small pelagic fish). The EE of the following
considered in the modelGES, 1997, estimated at  fish groups were greater than 1: blue whiting, horse
14,043t. The sardine landings used were 60% of those mackerel, anchovy and sardine. All these groups, to
caught by Spanish vessels in Divisions Vllic and IXa a greater or lesser extent, belonged to the pelagic en-
(ICES, 1997, or 15,333t. vironment. However, the mackerel EE was extremely
Discards are consumed mainly by sea birds, fish low.
and benthic scavenger species. In this study, informa- A high possible explanation to this is that all these
tion was based on the results of the project “Discards fish species undergo seasonal migrations and the dis-
of the Spanish fleets in ICES Divisions” financed by tribution area for their stocks greatly exceeds that of
the EU. This discard sampling programme covered the Cantabrian Sea, which created problems in the es-
the activities of some of the most important Spanish timation of their biomass as it has been previously de-
fleets during 1994 in ICES Division Vllic, such as scribed. In order to balance the model, we reconsider
trawlers, gillnets, long-liners, and purse seiné&érez the reliability of the biomass estimates or the PB from
et al.,, 199%. From the results of this study, an es- the assessments, which resulted in a more realistic ap-
timation of 20% of the total catches were discarded proach. Bearing in mind that these species constitute
in the Cantabrian Sea. Blue whiting and horse mack- the most abundant of biomass prey groups in the area,
erel were the main species discarded. It has been esdit was concluded that both the values of total mortal-
timated that 6149 and 5040t of these two species, re- ity from the stock assessment groups and the biomass
spectively, were discarded during 1994. Other heav- percentages present in the area could have been under-
ily discarded trophic groups were dodfish, that survive estimated, and then an slight increase of their values
the processRodriguez-Cabello et al., 20Q1benthic was made.
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using Ecopath. The total biomass supported by the

System summary statistics for the Cantabrian Sea ecosytem modelecosystem was estimated at 227.2 tlmwhich cor-

for the 1994 scenario

Parameter Value
Sum of all consumption (tkm? per year) 2458.081
Sum of all exports (tkm? per year) 3097.134
Sum of all respiratory flows (tkm? per year) 990.816
Sum of all flows into detritus (tkr? per year) 3597.345
Total system throughput (tkn? per year) 10143.000
Sum of all production (tkm? per year) 5825.000
Mean trophic level of the catch 3.66
Gross efficiency (catch/net primary production) 0.002397
Calculated total net primary production 4852.214
(tkm=2 per year)
Total primary production/total respiration 4.897
Net system production (tknf per year) 3861.399
Total primary production/total biomass 27.749
Total biomass/total throughput 0.017
Total biomass (excluding detritus) (tKkrf) 174.859
Total catches (tkm? per year) 11.633
Connectance index 0.318
System omnivory index 0.268
Ecopath pedigree index 0.669

3.2. The balanced model

responded to 49.5, 27.3 and 23.2% of the pelagic, de-
mersal and benthic domains, respectively. This signi-
fies the great importance of the bottom communities
and benthic producers in the area.

Tuna (4.71), large hake (4.77) and anglerfish (4.80)
showed the highest trophic levels in their respective
domains. For the fish species, except for mackerel, the
EE indicated that 60—95% of the production was used
within the system.

In order to compare the relative role of the pelagic,
demersal and benthic sub-systeifig,. 2 presents the
major biomass flows for the Cantabrian Sea ecosystem
in 1994. The groups represented by small plankton, in-
vertebrate filter feeders and detritivores were in trophic
level Il. Part of their production passed to the large
plankton, benthic and suprabenthic invertebrates, and
clupeiform fish (level IIl). The planktophagous fish of
medium size, together with the rays and benthic fish
were at level IV. The highest level, close to level V,
corresponded to apex pelagic fish (tuna), squids, and
large demersal and benthic fish.

Most of the biomass and production were contained

The system summary statistics for the Cantabrian within the pelagic domain. The main flow was de-

Sea ecosystem model are givenTable 2 These in-
dices, drawn from theoretical ecolog@qum, 1969;
Holling, 1973; Christensen, 199hkallow the ecolog-

ical characteristics of the Cantabrian Sea to be com-

termined by the interaction between phytoplankton,

mesozooplankton, horse mackerel and tuna. In the
benthic and demersal domain, most of the biomass and
production was associated with the detritus. Strong

pared with other marine ecosystems. The connectancerelationships existed between the three domains due

index was high at 0.32, and was similar to stud-
ies of other shelvesAfreguin-Sanchez et al., 1993;
Mendoza, 1998 The number of links between groups
is important and determines the complexity of inter-
nal flows, which is expected to be correlated with the
stability and maturity of the ecosystem. In addition,
the omnivory index of the system, that explains the
variance in the trophic level of the prey groups for a
consumer, showed a high levdlaple 3. Only large
hake and anglerfish (top predators) had low omnivory
index values due to their high degree of prey spe-
cialisation (piscivorous). The pedigree routiriga(ly
et al., 2000, that summarises the quality of the data
by categorising the different input sources used to
construct the model, gave a pedigree index of 0.67.
A summary of the input parameters for the bal-

to key groups that transferred the flow from primary
production to the upper trophic levels. Groups that
linked the pelagic and demersal domains, through ver-
tical migration, were the suprabenthic zooplankton,
horse mackerel and squids. The demersal domain con-
nected at low levels with the mesozooplankton through
the suprabenthic zooplankton eaten by a multitude of
small demersal fish and blue whiting, and constituted
the main demersal flow. Species that linked the benthic
and demersal domains were the big demersal fish and
dodfish, because their diets included a large quantity
of benthic organisms. Iirig. 2, only the main flows
in the model that corresponded to each of the three
domains are marked.

Table 4 shows the estimates of annual food in-
take (consumption in tkm?) by trophic group. Phy-

anced model, under the assumptions described abovetoplankton and mesozooplankton constitute 41.6 and

is given inTable 3together with parameters estimated

14.1% of the total food intake, respectively. Feeding
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Table 3
Input values (in italic) and estimates of some parameters in the balanced trophodynamic model of 1994 for each functional group
Group name TL Biomass PB per year QB per year EE Flow to Catches Fishing Natural
detritus mortality  mortality
per year  per year
1 Tuna 4.7 0.384 0.82 9.50 0.85 0.78 0.27 0.70 0.12
2 Large hake 4.7 0.876 0.53 3.90 0.79 0.78 0.37 0.42 0.11
3 Small hake 44 0.185 0.80 6.50 0.68 0.29 0.05 0.29 0.51
4 Anglerfish 4.8 0.746 0.38 1.90 0.56 0.41 0.16 0.21 0.17
5 Megrim 42 0237 0.66 3.00 0.84 0.17 0.09 0.38 0.28
6 Large demersal fish 43 2115 0.60 2.70 0.95 121 1.18 0.56 0.04
7 Dogfish 41 0.870 0.40 3.20 0.93 0.58 0.31 0.35 0.05
8 Rays 3.8 0.360 0.40 2.90 0.88 0.23 0.13 0.35 0.05
9 Benthic fish 3.6 2940 1.20 2.80 0.89 2.05 0.23 0.08 1.12
10 Blue whiting 3.8 16.415 0.48 5.30 0.98 17.57 1.50 0.09 0.39
11 Small demersal fish 3.6 15.040 1.20 6.40 0.86 21.88 0.20 0.01 1.19
12 Horse mackerel 3.8 14.771 0.32 4.30 0.84 13.48 1.95 0.13 0.19
13 Mackerel 3.8 11.486 0.43 4.60 0.29 14.10 157 0.14 0.29
14 Anchovy 29 2832 1.98 9.13 0.83 6.14 1.24 0.44 1.54
15 Sardine 28 6.978 0.58 8.80 0.61 13.88 1.58 0.23 0.35
16 Squids 4.4  0.964 3.20 7.50 0.95 1.60 0.16 0.16 3.04
17 Benthic cephalopods 3.8 1.116 3.00 6.00 095 151 0.38 0.34 2.66
18 Benthic invertebrate carnivores 2.9 6.914 2.60 5.60 0.95 8.64 0.06 0.01 2.59
19 Shrimps 2.8 8.442 4.20 9.67 0.95 18.10 0.01 0.00 4.20
20 Polychaetes 2.2 11.944 4.80 12.00 0.95 31.53 0.08 0.01 4.79
21 Other invertebrates 2.1 7.845 2.50 6.50 0.95 11.18 0.08 0.01 2.49
22 Suprabenthic zooplankton 2.712.261 16.00 32.00 0.95 88.28 0.00 0.00 16.00
23 Macrozooplankton 3.1 3.507 18.00 38.00 0.95 29.81 0.05 0.01 17.99
24 Mesozooplankton 2.2 8889 39.08 80.00 1.00 143.06 0.00 0.00 39.08
25 Microzooplankton 21 3981 4528 120.00 0.95 104.55 0.00 0.00 45.28
26 Phytoplankton 1.0 32.760 148.11 - 0.21 3063.83 0.00 0.00 148.11
27 Discards 1.0 2294 - - 0.98 0.03 0.00 0.00 0.00
28 Detritus 1.0 50.000 - - 0.13 0.00 0.00 0.00 0.00
Sum 227.152 3595.65 11.63

TL: trophic level, PB: production/biomass ratio, QB: consumption/biomass ratio and EE: ecotrophic efficiency. Biomass, is4n tkm
while flow to detritus and catches (landingsliscards) are expressed in tkfper year.

pressure on phytoplankton is low in the system €EE ~ The detritus in the model accounted for 19.3% of total
0.2) which meant that a large percentage of the impor- consumption and constituted one of the main energy
tant primary production of the Cantabrian Sea passed flow inputs. Consequently, detritivorous species were
to detritus (3064 t km? per year). This is corroborated  an important component of the ecosystem and suspen-
by studies in the area that indicate that a high per- sion feeders (i.e. suprabenthic zooplankton, shrimps)
centage of the primary production is exported to the and deposit feeders (polychaetes and other inverte-
bottom as particulate organic matt&@$PAR, 200D brates) constituted a high percentage of the biomass
The impact of copepods (main zooplankton group between trophic levels 2 and Bable 3 Fig. 2) to the

in biomass) on the phytoplankton bloom is negligible detriment of pelagic plankton. In particular, the high
in the Cantabrian Sea,; the fate of the accumulated par-availability of suprabenthic zooplankton in the system,
ticulate carbon would be mostly determined by sedi- accessible to both medium sized pelagic fish (mack-
mentation and water dynamidddqrquero et al., 1998 erel and horse mackerel) and to small demersal fish
Wals (1983)determined for a number of temperate and blue whiting, meant that this whole group of fish,
and subtropical marine systems that the export of pri- with a trophic level close to 4, had high biomass and
mary production into the detritus was 50% or more. consumption values compared to the fish at a lower
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Table 4
Estimates of food intake for trophic groups in the Cantabrian Sea ecosystem model

Prey Predator
Tuna Large Small Anglerfish Megrim Large Dogfish Rays Benthic Blue Small Horse Mackerel Anchovy
hake hake demersal fish fish whiting demersal fish mackerel
1 2 3 4 5 6 7 8 9 10 11 12 14

1 Tuna - - - - - - - - - - - - - -

2 Large hake - - - 0.00 - - - - - - - - - -

3 Small hake - 0.03 0.01 0.00 - 0.01 - - - - - - - -

4 Anglerfish - - - - - - - - - - - - - -

5 Megrim - 0.00 - - 0.00 0.02 0.01 - - - - - - -

6 Lg demersal Fish - 0.01 - 0.01 - - - - - - - - - -

7 Dogfish - - - - - - 0.02 - - - - - - -

8 Rays - - - - - - - - - - - - - -

9 Benthic fish - 0.01 0.10 0.07 0.07 0.86 0.02 0.06 0.33 - 1.35 - - -
10 Blue whiting 0.51 2.70 0.14 0.65 0.00 1.20 0.51 - - 2.87 - 4.13 7.61 -
11 Small demersal fish - 0.14 0.21 0.23 0.19 1.08 0.26 0.02 0.45 7.30 0.87 8.32 - -
12 Horse mackerel 1.00 0.24 0.24 0.38 0.08 0.04 0.05 - - 1.13 - 127 - -
13 Mackerel 0.83 0.05 - - - 0.01 - - - - - - - -

14 Anchovy 0.37 0.09 0.08 - - - - - - 1.04 - 4.00 291 -

15 Sardine 0.06 0.09 0.05 - - 0.58 0.03 - - 1.04 - 1.91 - -

16 Squids 0.47 0.01 0.07 0.04 0.00 0.01 0.11 0.03 - 0.35 0.96 0.38 - -

17 Benthic cephalopods - 0.01 0.00 0.02 0.00 0.01 0.13 0.00 0.10 - 222 - - -

18 Benthic invertebrate = — 0.02 0.01 0.00 0.14 1.27 0.77 0.38 2.52 - 8.10 - - -
carnivores

19 Shrimps 0.01 0.02 0.16 0.01 0.18 0.30 0.29 0.40 1.34 8.17 10.61 2.99 - -

20 Polychaetes - - - - 0.01 0.12 0.16 0.05 1.74 - 3.95 - - -

21 Other invertebrates - - - - 0.00 0.14 0.05 0.05 0.29 - 1.16 1.59 - -

22 Suprabenthic - 0.01 0.14 - 0.04 0.02 0.16 0.03 0.94 47.60 46.59 22.23 16.80 1.29
zooplankton

23 Macrozooplankton 0.40 - - - - - 0.14 - - 2.61 0.96 - 9.77 -

24 Mesozooplankton - - - - - - - - - 14.88 15.43 15.12 14.85 10.34

25 Microzooplankton - - - - - - - - - - - 1.59 0.90 9.05

26 Phytoplankton - - - - - - - - - - - - - 5.17

27 Discards - - - - - 0.05 0.08 0.02 0.12 - 0.19 - - -

28 Detritus - - - - - - - - 0.41 - 3.86 - - -
Sum 3.65 3.42 1.20 1.42 0.71 5.71 2.78 1.04 8.23 87.00 96.25 63.52 52.83 25.86
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Table 4 Continued

Prey

Predator

Sardine Squids Benthic

Benthic invertebrate

cephalopods carnivores

Shrimps Polichaetes Other in-
vertebrates zooplankton

Suprabenthic

Macrozooplankton Mesozooplankton

Microzooplankton

15 16 17

18

19

20

21

22

23 24

25

© o0~ WNRE

NNNNRNNNNNERRR R BB PR
XNONEWNRPOO®O®NI®OOSWNERO

Tuna

Large hake

Small hake
Anglerfish

Megrim

Lg demersal Fish
Dogfish

Rays

Benthic fish

Blue whiting

Small demersal fish
Horse mackerel
Mackerel

Anchovy

Sardine

Squids

Benthic cephalopods

- 0.58
- 0.94 -
- 0.92 -
- 0.61 -
- 0.35 -
- 0.24 0.08

Benthic invertebrate carnivores — 0.23 1.61

Shrimps

Polychaetes

Other invertebrates
Suprabenthic zooplankton
Macrozooplankton
Mesozooplankton
Microzooplankton
Phytoplankton

Discards

Detritus

Sum

- 0.48 2.67

- 0.67 141

6141 7.23 6.70

1.97

11.72

4.08
28.85
4.89
9.86

0.65
33.30

81.63

7.17

12.90

123.26
143.33

0.15
45.75

50.99

66.63
26.65

19.99
133.25

All

units are in tkm2 per year.
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Table 5

Estimates of prey overlap between trophic groups in the Cantabrian Sea for the 1994 scenario

Group Tuna  Large Small Anglerfish ~ Megrim  Large demersal Dogfish Rays  Benthic Blue Small demersal  Horse Mackerel  Anchovy
name hake hake fish fish whiting fish mackerel
1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 Tuna 1.00 - - - - - - - - - - - - -

2 Large hake 0.33 1.00 - - - - - - - - - - - -

3 Small hake 054 031 1.00 - - - - - - - - - - -

4 Anglerfish 0.57 082 0.64 1.00 - - - - - - - - - -

5 Megrim 0.16  0.06 0.72 0.32 1.00 - - - - - - - - -

6 Lg demersal fish 0.19 0.45 0.57 0.57 0.68 1.00 - - - - - - - -

7  Dodfish 025 0.39 0.48 0.47 0.65 082 1.00 - - - - - - -

8 Rays 0.02 0.01 0.31 0.03 0.73 0.50 0.69 1.00 - - - - - -

9  Benthic fish 0.00 0.01 0.31 0.05 0.66 0.56 0.77 081 1.00 - - - - -

10 Blue whiting 0.05 0.07 0.42 0.10 0.29 0.12 0.23 0.17 0.31 1.00 - - - -

11 Small demersal fish 0.01 0.01 0.36 0.01 0.31 0.14 0.32 0.32 0.47 0.9 1.00 - - -

12 Horse mackerel 0.11  0.15 0.51 0.22 0.34 0.25 0.28 0.13 028 09 0.87 1.00 - -

13 Mackerel 022 027 0.31 0.24 0.08 0.16 0.28 0.04 017 0.80 0.77 0.86 1.00 -

14 Anchovy 0.00 0.00 0.03 0.00 0.01 0.00 0.01 0.01 0.02 0.29 0.29 0.46 0.48 1.00
15  Sardine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.21 0.37 0.41 0.98

16  Squids 0.58 0.23 0.78 0.44 0.58 0.54 0.48 0.22 0.29 0.36 0.31 0.52 0.32 0.05
17  Benthic cephalopods 0.01  0.01 0.43 0.03 0.73 0.39 0.63 090 081 0.50 0.61 0.41 0.26 0.04

18  Benthic invertebrate carnivores  0.00 0.00 0.07 0.00 0.13 0.12 0.22 0.24 0.54 0.11 0.23 0.11 0.07 0.01
19  Shrimps 0.00 0.00 0.09 0.00 0.09 0.05 0.15 0.14 048 0.22 0.32 0.18 0.14 0.02
20 Polychaetes 0.00 0.00 0.02 0.00 0.01 0.00 0.02 0.01 0.14 0.09 0.16 0.07 0.06 0.01
21  Other invertebrates 0.00  0.00 0.01 0.00 0.01 0.00 0.01 0.01 011 0.05 0.11 0.04 0.03 0.00
22 Suprabenthic zooplankton 0.04  0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.09 0.22 0.28 0.35 0.44 0.50
23 Macrozooplankton 0.02  0.00 0.05 0.00 0.02 0.00 0.03 0.01 0.07 0.42 0.44 0.60 0.66 0.85
24 Mesozooplankton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.02 0.03 0.04 0.44
25 Microzooplankton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.35
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Table 5 Continued

Group name Sardine Squids Benthic  Benthic invertebrate Shrimps Polychaetes Other Suprabenthic Macrozooplankton Mesozooplankton Microzooplankton
cephalopods carnivores invertebrates  zooplankton

15 16 17 18 19 20 21 22 23 24 25
1 Tuna - - - - - - - - - - -
2 Large hake - - - - - - - - - — -
3 Small hake - - - - - - - — _ _ _
4 Anglerfish - - - - - — — — _ _ _
5 Megrim - - - - - - - — - - —
6 Lg demersal fish - - - - — — — - — — -
7 Dogfish - - - - - - - - - - —
8 Rays - - - - - - - - - - -
9 Benthic fish - - - - - - - - — - —
10 Blue whiting - - - - - - - — - - _
11 Small demersal fish - - - - — — — - - — —
12 Horse mackerel - - - - - - - - - — —
13 Mackerel - - - - - - - — _ _ _
14 Anchovy - - - - - - - - - - —
15 Sardine 1.00 - - - - - - - - - -
16 Squids 0.03 1.00 - - - - - — - - —
17 Benthic cephalopods 0.00 0.33 1.00 - - - - - - - _
18 Benthic invertebrate carnivorus 0.00 0.05 0.27 1.00 - - - - - - -
19  Shrimps 0.00 0.07 0.27 0.94 1.00 - - - - - _
20 Polychaetes 0.00 0.02 0.05 0.61 0.71 1.00 - - - - -
21 Other invertebrates 0.00 0.01 0.02 0.59 0.67 1.00 1.00 - - - -
22 Suprabenthic zooplankton 0.48 0.04 0.01 0.49 0.55 0.70 0.69 1.00 - - -
23 Macrozooplankton 0.78 0.08 0.07 0.19 0.23 0.26 0.25 0.80 1.00 - -
24 Mesozooplankton 0.58 0.00 0.00 0.04 0.04 0.06 0.06 0.09 0.11 1.00-
25 Microzooplankton 0.49 0.00 0.00 0.03 0.04 0.06 0.06 0.04 0.03 0.99 1.00
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Fig. 3. Annual mortality rates of fish based on the Ecopath model (black bar) and VPA analyses from ACFM reports of southern stocks
and from ICCAT reports (white bar).

trophic level (anchovy and sardine) that only have ac- example, theM values for blue whiting, mackerel, an-

cess to the pelagic planktofgble 4. chovy and sardines (the main food intake for tuna,
hake, anglerfish, and large demersal fish in the area)
3.3. Mortalities were higher in the model. In some cases, mortality

by predation ;) provided by Ecopath was higher

The mortality rates from VPAICES, 1996a,pand than the total value dfl used in the stock assessment
estimates by the Ecopath model are present&igin3 groups, while fishing mortalities for blue whiting and
for comparison. Ecopath provides the natural mortal- small pelagic fish, such as mackerel, anchovy and sar-
ity M broken down into three components: mortal- dines, were lower in the model. The inclusion of the
ity by predation §11), migration and other mortali-  discards of these species in the model (which is not
ties (Mo). The model provided mortality estimates for ~considered by the stock assessment groups) does not
the non-assessed groups. It also detected some disexplain this discrepancy since Ecopath (version 4) in-
crepancies in the natural mortalitif provided by cludes them as an increase of the fishing mortality in
the model with the values used in the single-species combination with the landings.
analytical assessment methodGES, 2000. The M
values for some groups (mainly pelagic fish species) 3.4. Niche overlaps
were slightly higher in the Ecopath model than in the
VPA, where they are generally assumed to have val- To determine to what extent any two groups seek the
ues between 0.2 and 0.8 (depending on species). Forsame prey, the prey overlap was considered by using
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the Pianka indexRianka, 1978 as shown iffable 5 (4.5%). Catches were dominated by medium trophic
High values of niche overlapping appeared among fish level species such as blue whiting, horse mackerel,
from the low trophic level both in the pelagic (sar- mackerel, anchovy and sardindable 3.
dine and anchovy—98%) and in the demersal domain  Overall, the fishery was operating at a trophic level
(blue whiting and small demersal fish—96%). Thetwo of 3.7; i.e. the average catch was more than two
top predators from the demersal and benthic domain, trophic levels above the primary producers. Using the
large hake and anglerfish, also had a high dietary over- mass-balance model, the trophic levels of the different
lap (82%) mainly because both showed a high con- fisheries were estimated; each gear was considered
sumption of blue whiting, that constitute the main fish as a predator in the biomass flow scherg(2). In
biomass close to the bottom. the pelagic domain, planktivorous fish of small and
The results indicated a low level of niche over- medium size were captured by the purse seine. This
lap between large hake and small hake (31%). This gear had the lowest trophic level fishery (3.25). Bait
was due to their different diets—Ilarge hake mainly and troll (surface hook) boats caught tuna exclusively
based their diet on blue whiting whereas small hake and had the highest trophic level fishery (4.71). In
preyed on horse mackerel, small demersal fish andthe demersal domain, large piscivorous fish, such as
shrimps. Blue whiting inhabit deeper waters than do hake and other large demersal fish, were captured by
small hake $anchez, 1993 and therefore the coex- bottom longlines of trophic level 4.08. In the ben-
istence of hakes with large size differences is rare on thic domain, the bottom trawl caught a great variety
the bottom and explains the low level of cannibalism of organisms and had a medium trophic level, 3.83.
observed in the hake of the Cantabrian S@#a$o, Gillnets exploited certain predators from the demersal
1990; Velasco and Olaso, 1998 as well as the benthic domain, and operate at a high
In the benthic domain, the marked presence of in- trophic level, 4.45.
vertebrate carnivores and shrimps in the lower trophic ~ The biomass of fishery discards (2.29 tkfnper
levels, produced a strong overlapping of diets between year) was close to the biomass level of living groups

the benthic cephalopods, rays and benthic fish. benthic cephalopods or benthic fidfig. 2 shows the
main flows for discards in the Cantabrian Sea ecosys-
3.5. The fishery in the ecosystem tem. The main benefited of discards are those from

the demersal and benthic domairable 4, especially

Fig. 4 shows the primary production required to small demersal fish, benthic invertebrate carnivores,
sustain consumption and catches by trophic groups. shrimps, benthic fish and dogfisBlgso et al., 2002
Estimates of primary production required by fisheries These are groups with medium trophic levels (between
(PPR) are based on the trophic level of the species 2.8 and 4.1), since species belonging to higher trophic
caught, the energy transfer efficiency between trophic levels require moving living prey and the species from
levels, and the primary productivity of the shelf area. lower levels are basically filter feeders or detritivores.
The present study shows that the fisheries utilised The importance of discards as food in the ecosystem
36.6% of the total primary production. This high PPR is low with respect to detritus, primary producers or
value corroborates the hypothesis that the fisheries of other low trophic levels, and constitute 0.07% of the
the Cantabrian Sea use a large proportion of the pro- total food intake Table 4. Nevertheless, discard con-
ductive capacity of the shelf ecosystem. The results sumption has considerable importance if we compare
indicate a level of fisheries impact in the Cantabrian it with some fish prey groups of medium TL (e.g. it
Sea comparable to the most intensively exploited tem- is equal to mackerel consumption in the ecosystem),
perate shelf ecosystems of the world. Similar systems and as food for the scavenger species that inhabit in
exhibit values of PPR from 24.2 to 35.3%4uly and the area.
Christensen, 199529% of the primary production is
required to sustain the catches in the North Sea ecosys-3.6. Fisheries mixed trophic impact
tem (Christensen, 199%aThe major PPR fractions
in the Cantabrian Sea were to sustain the catches of Fig. 5shows the mixed trophic impact of different
tuna (9.35%), large hake (3.6%) and horse mackerel gears on other groups using the Leontief economic
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Fig. 4. Estimates of primary production required to sustain consumption by the functional groups (white bar) and catches (black bar) in
the Cantabrian Sea ecosystem, 1994.

matrix routine implemented in Ecopath, following the 3.6.1. Trawl

subsequent development described bgnowicz and The negative impact of trawling on the different
Puccia (1990Q) This analysis quantifies the direct and groups of the system is high and much stronger than
indirect interactions in a balanced system. The mixed for the other gears, mainly on large fish-feeders (hake,
trophic impact routine gives an idea of how important anglerfish, megrim) and crustacean feeders (dodfish,
the different fisheries are in the trophic dynamics of rays and benthic cephalopods). The trawl fishery has a
the system. negative effect on all fishing gears that focused on the
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Fig. 5. Fisheries mixed trophic impact using the Leontief matrix. Values of the computed impact are relative on a scaid fiorh,

where 0 indicates no impact; but they are comparable between groups. The bars quantify the direct and indirect trophic impact that the
groups indicated on the left (fisheries) have on the groups listed at the bottom.

benthic domain, particularly the gillnet fishery because its fishing mortality. There are positive impacts on

they compete for the same species. benthic fish (including anglerfish and megrims),
which were species not accessible to the gear and
3.6.2. Longline which competed for the same food resources as the

Bottom longlining impactes negatively on large large hake and demersal fish and elasmobranchs. The
hake, large demersal fish and elasmobranchs throughgear also has a positive impact on demersal fish of
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medium size such as small hake and blue whiting area and the proportion of Norway lobster (the main
because it acts on their natural predators. Longlining invertebrate commercial species) in the ‘benthic inver-
has a negative effect on selective bottom fishing gears tebrate carnivore’ group was very small. Each gear has
(longline and gillnet), which reflects the high compe- a negative impact on the other gears, which explains
tition within this fishery (due to the low number of the strong spatial competition in the different bottom
target species). fisheries on the narrow shelf of the Cantabrian Sea,
and the inherent social conflicts present in the area.
3.6.3. Gillnet
Gillnetting impacts negatively on large piscivores 3.7. Historical fishery trophic level
(hake and anglerfish) and elasmobranchs (dogfish and
rays), which are practically the only targets. The rest By combining the TL results of the model and land-
of the ecosystem is not affected at all. This very selec- ings for the main commercial species from 1983 to
tive gear has a negative effect on its own fishery and 1999, we could follow variations in the mean trophic
inhibits the other gears, which emphasises the impact level of the fishery. These are presented as a time series
of longline fishing intensity on the selection of target in Fig. 6. In this analysis, only the fleets fishing for de-

species. mersal and benthic species were used (i.e. trawl, long-
line and gillnet). Catches of the pelagic fleets come
3.6.4. Purse seine mainly from oceanic waters and are of species with

Purse seining has a negative impact on small and a wide distribution. Here, we were concerned only
medium planktivorous fish that are important as forage within the Cantabrian Sea ecosystem.
fish for diverse trophic groups. Thus, this fishery has  From 1983 to 1993, the mean trophic level of
a negative effect on the other fisheries. the demersal and benthic fisheries declinE).( 6).

All the fishing gears except the purse seine have a This is reflected in a gradual transition of landings
negative impact on large hake and elasmobranchs. Thefrom long-lived, high trophic level piscivorous bot-
impact of fisheries on all the invertebrate groups was tom fish (hake, anglerfish, megrim) towards lower
low and benthic cephalopods are negatively affected trophic level planktivorous fish (blue whiting, horse
only by the trawl. A shrimp fishery does not existinthe mackerel). Globally, the trophic levels of fisheries
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Fig. 6. Changes in the mean trophic level of the demersal fisheries on the Cantabrian Sea shelf from 1983 to 1999.
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landings appear to have declined in recent decades athe differences in structure and dynamics of these
a rate of about 0.1 per decadeafly et al., 1998 two seasons would provide important improvements
The Cantabrian Sea shows a decadal rate from 1983in modelling the Cantabrian Sea ecosystem.

to 1993 of about 0.15. From 1994 until the present, = The conclusions from the present analysis of this
the mean trophic level of these fisheries has remained system are:

at very low values. This makes us suspect that the

Cantabrian Sea fisheries have reached their lowest® Strong relationships exist between the pelagic, de-
historical trophic level limit. mersal and benthic domains due to key groups that

transfer production from primary production to the
upper trophic levels.

4. Conclusions o Feeding pressure on phytoplankton is low; a large
percentage of primary production of the Cantabrian

The Cantabrian Sea mass-balance model provides S€2 passes to Qetritus. Consequently, detritivorous
a summary of current knowledge of the biomass, ~SPecies are an important component of the ecosys-
consumption, production, food web and trophic struc- ~ €m-
ture in an ecosystem strongly exploited by the ICES ® The level of fisheries impact in the Cantabrian Sea
Division Vllic fishery. The Ecopath model can be a is comparable to the most intensively exploited tem-
valuable tool for understanding ecosystem function- ~ Perate shelf ecosystems in the world. The high PPR
ing, and for design of ecosystem-scale adaptive man- yalue corroborates thg fact that most (;ommerC|aIIy
agement experiments. Using Ecosim and Ecospace important shelf stocks in the area are either fully ex-
routines, in a future step, it could be possible to sim-  Ploited or overexploited, and landings are expected
ulate the consequences of certain management mea- {0 decrease with the current fishing pressure.
sures, such as effort reduction or closed areas, on the® Theimportance of discards as food in the ecosystem
ecosystem. Nevertheless, further research is required IS low with respect to detritus, primary producers or
in order to improve input data and to support or re- other low trophic levels. Nevertheless, discard con-
fute the results presented in this preliminary model. ~ Sumption has considerable importance when com-
In particular, the limited availability of parameter es- ~ Pared with consumption of some fish prey groups
timates on an annual basis for the invertebrate groups ©f medium TL.
of the Cantabrian Sea reflects a need for such studies® The negative trophic impact of trawling on the

The ecosystem of the Cantabrian Sea receives sea- different groups of the system is h_'gh and much
sonal migrations of species from other waters; for ~ Stronger than for other gears. Longlining produces
tuna, blue whiting, mackerel, anchovy and sardine it ~ the most positive impact in the ecosystem.
was necessary to make important assumptions. Conse® All fishing gears, except the purse seine, impact
quently, the conclusions for these trophic groups and ~ negatively on piscivores fish and elasmobranchs.
the PPR estimations have to be considered carefully.® From 1983 to 1993, the mean trophic level of
The greater stability of the demersal and benthic com- Cantabrian Sea fisheries declined to 3.7. Since 1993
munities, together with the good information available ~ there has been no further decrease and the fisheries
for their associated higher trophic levels groups, means May have reached their lowest historical trophic

that the results offered by this model have greater re- ~ level limit. .
liability for these two particular domains. e The depressed abundance and productivity of top

Seasonally driven production agents such as up- predators impedes the recovery of the trophic levels
welling and mesoscale activity have a large influence  in the catch.
on the dynamics of the ecosystem, producing seasonal
changes in trophic structure. Two different periods are
recognised, spring-summer (upwelling, high primary Acknowledgements
production, anchovy and tuna immigration, etc.) and
autumn-winter (water layers mixing, main recruitment ~ We thank Villy Christensen and Daniel Pauly for
processes for benthic and demersal fish). Analysis of valuable suggestions during the construction of the
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