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1 INTRODUCTION

Terms of Reference

The following Working Group members excused their
absence: Nick Bailey, UK; Angel Guerra, Spain; Lisa
Hendrickson, USA; and Mike Vecchione, USA.

ICES C.Res. 1995/2:44 stated that the Working Group on
Cephalopod Fisheries and Life History (Chairman: Dr U.
Piatkowski, Germany) would meet in Lisbon, Portugal,
from 17-19 April 1996 to:

41) update currently available landing statistics;

b) collect and evaluate data on the life history and
exploitation of relevant cephalopod stocks in the
ICES Area;

c) describe trophic interactions between cephalopods
and other marine resources.

1.2 Participants

The following twenty-three persons participated in the
meeting. Seventeen partieipants are formal members of
the Working Group. Their names are marked with an *.

1.3 Opening of the l\leeting

The meeting took place in the conference room of the
Instituto Portugues de Investigac;äo Marftima (IPIMAR)
in Lisbon. The Chairman welcomed the participants, and
Dr Carlos Sousa Reis, Director of IPIMAR and active
member of the Working Group, gave some introductory
remarks and wished the Working Group 41 stimulating and
successful meeting. Local arrangements were extremely
well-organized by the hosts, in partieular by Manuela
Morais da Cunha, Ana Morcno, and Joäo Pereira, and the
Working Group appreciated the superb atmosphere of the
meeting. The Chairman further expressed his conviction
that the meeting would not only contribute to the
scientilic work on cephalopods, but would also increase
transnational contacts and exchanges of information
between ICES cephalopod scientists and cephalopod
scientists of adjacent areas.

1.4 General Considerations

A list of the participants' names and addresses is attached

as Annex 1. A list of names and addresses of the Working
Group members (as of April 1996) is given in Annex 2.

Pedro Andrade
Herman Bj~rke*

Teresa Borges*
Peter Boyle*
Manuela l\forais da Cunha*
Earl Dawe*
Maria deI Mar Fernandez*

Graham Gillespie
Angel Gonzalez*
Vicente Hermindez-Garcfa *

ColmLordan
WiIIiam Macy
Helen Martins
AnaMoreno*
Joäo Pereira *
Uwe Piatkowski (Chairman)*
Graham Pierce*
Julio Portela*
Joäo Quintela
Jean-Paul Robin*,
Francisco Rocha
Paul Rodhouse*
Carlos Sousa Rcis*

Faro, Portugal
Bergen, Norway
Faro, Portugal
Aberdeen, UK
Lisbon, Portugal
S1. John's, Canada
Santa Cruz de Tenerife,
Spain
Nanaimo, Canada
Vigo, Spain
Las Palmas de Gran
Canaria, Spain
Cork, Ireland
Narragansett, USA
Horta, Azores, Portugal
Lisbon, Portugal
Lisbon, Portugal
Kiel, Germany
Aberdeen, UK
Vigo, Spain
Faro, Portugal
Caen, France
Vigo, Spain
Cambridge, UK
Lisbon, Portugal

During the 78th ICES Statutory Meeting in Copenhagen
in 1990 the re-establishment of the former ICES Study
Group on Squid Biology was decided. Since that time the
Study Group had met four times and reports have been
regularly presented at annual ICES Statutory Meetings
(now the ICES Annual Science Conference). The Study
Group developed into 41 Working Group on Cephalopod
Fisheries and Life History mostly due to thc growing
economic importancc of cephalopod lisheries in Europe.
Thc Working Group collected available cephalopod catch
statisties relevant to thc ICES region and compiled
comprehensivc information on the lifc history and
exploitation of cephalopod species whieh are of
economic importance in thc ICES area (ICES, 1993;
1994; 1995). Becausc cephalopod fisheries research is
currently 41 very activc sciencc the permanent study of
new publications is required and regular detailed
updating of cephalopod life history data is necessary.

In thc 1990s thc Working Group largely benelited from
two comprehensivc projects of thc European
Community's Research Programmes in thc Fisheries
Sector (FAR: 1990-1992; AIR: 1993-1995) whieh
concentrated on research on Northeast Atlantic
cephalopods. On thc other hand, ICES conferenccs havc

been thc most important fora to introducc and discuss thc

results of these projects. In fact, nearly 4111 European
members of thc present Working Group participated

actively in the projects. They contributed substantially to
the scientific sessions of the ICES Shcllfish Committcc.
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This is documented in numerous ICES papers and posters
on all subjects of cephalopod fisheries biology which
dominated the ICES Shellfish Committee in recent years
and which significantly improved our knowledge of the
biology and fishery of Northeast Atlantic cephalopods.
Most ofthe data compiled for the Working Group reports
are also essential for the \vork undertaken within the
projects.

The two projects of the European Community's Research
Programmes in the Fisheries Sector related to cephalopod
fisheries biology were Fishery Potential of Northeast
Atlantic Squid Stocks (1990-1992) and Stock Dynamics.
Interactions ami Recruitment in Northeast Atlantic Squid
Fisheries (1993-1995). They involved several ICES
Member Countries such as the UK, France, Germany,
Portugal. and Spain. The aims of the projects were to
improve understanding of the basis Iife-cycle biology,
stock structure, trophic interactions and fisheries
exploitation of Northeast Atlantic squid, in particular the
loliginids Loligo forbesi and Loligo vlllgaris. Results of
the first project have been published in a special issue of
Fisheries Research (Boyle and Pierce, 1994a)
comprising seventeen papers covering all aspects of the
fishery biology of Northeast Atlantic squid; e.g., life
history, population structure, fecundity, diet, stock
assessment methods and economy of the squid catching
industry. Detailed reports and publications on the work of
the second project will appear in the near future.

At present no transnational European research projects on
cephalopod fisheries biology exist. However, a third big
European project on Cephalopod Resources Dynamics:
Patterns in Environmental and Genetic Variation was
proposed to the Third Call of the European Communitys
Research Programmes in the Fisheries Sector. In
addition, some smaller proposals related to cephalopod
science have been or will be submitted to the European
Community's Research Programmes. These proposed
projects will form the basis of future transnational
cephalopod fisheries research within the EEC and
maintain active contributions to all cephalopod fisheries
biology-related subjects relevant to ICES, such as advice
on assessment and management of cephalopod fisheries.

2 CEPIIALOPOD LANDING STATISTICS

2.1 Compilation of Landing Statistics

The present report updates the landing statistics available
for cephalopod groups within the ICES area (sec Tables I
to 5). The data are largely based on last year's report
(lCES, 1995). Tables 1 to 4 give information on annual
catch statistics (1989-1995) per cephalopod group in

2

each ICES division or sub-area separated for each nation.
The cephalopod groups of the tables comprise the
following species:

Table l. Cuttlefish (Sepiidae) and bobtail squid
(Sepiolidae). The big majority of landings
summarised in these tables are catches of Sepia
oJficinalis, the common cuttlefish.

Table 2. Common squid (includes the long-finned
squids Loligo forbesi, Loligo vulgaris and
Alloteuthis subulata).

Table 3. Short-finned squid (/Ilex coindetii and
Todaropsis eblanae) and European flying squid
(Todarodes sagittatus).

Table 4. Octopus (Eledone cirrhosa and OctOPIlS
vulgaris).

A compilation divided by species is not possible because
fishing nations report landings for groups, mostly in the
format presented in the tables. The data in the tables are
based on official ICES statistics and information on
national catch statistics supplied by Working Group
members. When values differed between official ICES
data and available national statistics, the higher value was
included in the tables. Table 5 summarises cephalopod
landings for the whole ICES area (FAO region 27). In
contrast to last year's report, ICES data and national data
available to the Working Group members have been used
for this table instead of data published by the FAO. Data
are compiled for each year (1989-1995), categorised
according to cephalopod species groups and fishing
nations. Table 6 comprises annual landings (1989-1995)
for the entire ICES region separated into species groups.
Information on the most important fishing techniques is
given in various ICES papers prepared by Working
Group members during recent years.

The quality of available landing statlstlcs has been
discussed in detail in earlier reports of the Working
Group (ICES, 1993; 1994; 1995; sec also
"Recommendations for Improvement in Cephalopod
Fishery Data" (ICES, 1994». There have been some
improvements since the last meeting of the Working
Group. As already outlined in the 1995 report, difficulties
remain in several aspects of data collection. Where

cephalopod data are recorded there is frequently
unccrtainty on the spccics composilion. The cxtcnt of this
problem varies from country to country with some

making no distinctions, some distiguishing between
major groups (cuttlclish, squid, octopus), and some
providing details on individual species.
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ßelgium reports data for cuttlefish, common squid
(Ioliginid squid), and octopus. Cephalopods are only
caught as bycatch and yields are relatively low. Major
fishing areas are the southern North Sea and the English
Channel. Loliginids are the most important cephalopods
with a maximum annual catch of 546 tonnes in 1990.

Denmark reports landings of cuttlefish. However, these
numbers most likely refer to common squid (Loligo spp.)
as inspection of catches in Danish fishing ports (Hwide
Sande, Hirtshals) demonstrate. Squid is caught as bycatch
in the trawl fishery'and numbers are low with a maximum
of54 tonnes in 1992.

England and Wales regularly provide data to ICES per
specics group. Landings increased significantly during
the last years peaking in 1995 with more than 3,000
tonnes of cuttlefish and nearly 3,000 tonnes of common
squid. Major fishing areas are the English Channel and
the Celtic Sea.

France is the most important nation concerning landings
of common cuttlefish (Sepia ofjicinalis) and common
squid (Loligo spp.) in the ICES region. Major fishing
grounds are the English Channel and the Bay of Biscay.
During rcccnt years catches have been on a constant level
with ca. 9,000 to 10,000 tonnes for common cuttlefish
(peaks in 1990 with 17,776 tonnes and in 1995 with
14,741 tonnes) and 4,500 to 6,000 tonnes for common
squid (peaks in 1989 with 6,404 tonnes and in 1995 with
6,011 tonnes). Landings for 1995 were only available as
totals for each cephalopod group. Therefore, provisional
data for ICES regionlsub-areas were estimated according
to the 1994 percent distribution of each species group in
each area. Detailed information on French loliginid
catches is provided by Robin and Boucaud-Camou
(1995).

In Germany cephalopods are of no commercial
importance and they are only landed occasionally as
bycatch in the North Sea shrimp or flatfish fishery. A
maximum bycatch of ca. II tonnes was yielded in 1995
in the North Sea and was composed of loliginid squid. As
in Denmark the catches are erroneously reported as
cuttlefish landings to ICES.

Surprisingly, Iceland again has reported catches of
Todarodes sagittatlls, the European flying squid.
According to information provided by Einar Jonsson
(Marine Research Institute in Reykjavik), the species
appeared in the bycatch of redfish trawlers south of
Iceland in autumn 1995. Although catch statistics of 11
tonnes for 1995 are low, this is the first record of T.
sagittatlls in Icelandic waters since 1985.

As in many other nations cephalopods are not "quota
species" in Ireland. Therefore, available catch data have
to be treated with caution. Common squid (mainly Loligo
forbesi) contribute the major share of cephalopods landed
in Ireland. They are caught in ICES divisions VI and VII.
Yields ranged from ca. 150 to 450 tonnes during recent
years. It should be mentioned, however, that a
considerable amount of common squid caught in Irish
waters is landed in Spanish ports. Detailed information
on Irish cephalopod catches is provided by Collins et al.
(1995a; 1995b) and Lordan et al. (1995).

In Norway the only important cephalopod fishery has
been that of Todarodes sagittatlls which was caught by a
directed jigging fishery in the early 1980s. The fishery
peaked in 1983 with ca. 18,000 tonnes. Since 1985 the
fishery decreased dramatically duc to the absence of the
squid in coastal Norwegian waters, and since 1990 the
squid was virtually absent according to available catch
statistics. As in Iceland the squid appeared again in the
fishery statistics in 1995 with ca. 352 tonnes which were
caught in autumn. The possible "return" of T. sagittatlls
in North European waters should be observed with great
interest as this species provided an important cephalopod
fishery in the early 1980s. Recently Bjprke (1995) noted
that thc gonate squid Gonatlls fabricii could becomc an
cconomically interesting specics in Norwegian waters as
an estimated biomass of 1.5 million tonnes in July 1994
indicates.

Portugal regularly provides catch statistics for all major
groups to ICES. Together with France and Spain it is thc
most important cephalopod fishery nation. During recent
years Portugal yielded thc highest octopus catches
(OctOPIlS vulgaris aIld Eledone cirrhosa) in the ICES
region, particularly in ICES sub-area IX. Thc yields
ranged from ca. 7,000 to 10,000 tonnes between 1989
and 1995. Tbc other' cephalopod groups arc also
exploited and show constant high catch rates with some
slight declines in the loliginid fishery (sec Tables I to 5).
Detailed information on the fishery and population
structurc of cephalopods is given by Coelho et al. (1994),
Cunha and Moreno (1994), Cunha et al. (1995), Moreno
et al. (1994), and Porteiro and Martins (1994).

Scotland has also reported regular catch statistics during
recent year~. The most important catches are those of
common squid (only Loligo forbesi in Scottish waters)
with a peak of 1,937 tonncs in 1989. Since then, catches

are somewhat lower varying between 300 and 1,500
tonnes per year. Catches of octopus (only Eledone
cirrhosa in Scottish waters) were in the range of 5 to 122
tonnes between 1989 and 1995. For further information
sec Boyle and Pierce (1994a; 1994b; 1994c) and Pierce
etal. (l994a; 1994b) among others.
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For the first time, official catch statistics of Spain were
made available to the Working Group. A document
summarising available Spanish cephalopod landings for
the period 1990-1995 separated by species and into
ICES sub-areas VI, VII, VIII and IX is attached as Annex
3. Spain is the most important cephalopod fishery nation
within the ICES region besides France and Portugal.
l\tajor fisheries exist on octopus and short-finned squid
with annual landings of ca. 2,000 to 4,000 tonnes and
1,000 to 2,500 tonnes, respectively. Further information
regarding the Galician coast was compiled by Gonz:\:Iez
et al. (l994a), Guerra and Rocha (1994), Guerra et al.
(1994), and Sim6n'etal. (1995).

USA. Landings statistics and stock assessments of the
long-finned squid Loligo pealei and the short-finned
squid Illex illecebroslls within the US EEZ (NAFO sub
areas 5 and 6) were submitted by Lisa Hendrickson. The
draft documents were circulated among the participants.
Data are not included in the present report. Data on
recruitment of long-finned squid L pealei in New
England (USA) waters were published by Macy (1995).

Canada. Catch statistics of Illex illecebroslls in NAFO
sub-areas 3 to 6 were discussed according to information
published in the recent Scientific Council Report of the
Northwest Atlantic Fisheries Organization (NAFO,
1996). After the decline of the Illex fishery in the early
1980s, recent catches began increasing in NAFO sub
areas 3 and 4 in 1989 and peaked at 11,000 tonnes in
1990. They declined again to ca. 2,000 tonnes in 1992.
Since then, catches increased to ca. 6,000 tonnes in 1994
which were mostly taken as bycatch in the silver hake
fishery.

Current fishery stahstlcs of the opal squid Loligo

opaleseens (175 tonnes in 1994) and OctOPIlS spp. (142
tonnes in 1993) off British Columbia were circulated by
Graharn Gillespie from Nanaimo, Canada.

During the meeting the Working Group also discussed
the present cephalopod fisheries in seas adjacent to the
ICES region such as the CECAF area (Hernandez-Garda,
1995). Of particular interest is the Saharan Bank fishery
where a directed trawl fishery yields nearly 110,000
tonnes of octopus per year. Vicente Hernandez-Garcia
reported on the squid fishery in the Canary IsIand region.
An artisanal fishery on the short-finned squid
Sthenotellthis pteroplls exists which yields ca. 800 to
1,000 kg per day during the summer season in yery warm
years. This fishery takes only immature females which
attain 28 to 40 cm dorsal mantle length and which are
sold for ca. 1,200 Ptas per kg.

4

In conclusion, it should be emphasized that with a total of
at least 44,792 tonnes the cephalopod landings in the
ICES region rose remarkably in 1995 (see Table 6). This
was mostly due to the increase of landings of cuttlefish
and common squid in the English Channel and adjacent
waters. England and Wales, and France were the major
fishery nations in these regions (Tables 1, 2, 5). Landings
of short-finned squid and octopus remained
comparatively constant during the past seven years. The
major fishery of these groups took place in ICES sub-area
IX (Portuguese waters) with Portugal and Spain being the
dominating fishery nations (Tables 3, 4, 5).

2.2 Asscssment of Squid

Cephalopods remain an extremely important component
of marine ecosystems in many parts of the world and in
some places offer a significant resource supporting large
fisheries. In ICES waters, particularly the Northeast
Atlantic, the position is presently less clear. However,
fisheries for various species exist with increasing catch
rates.

In the Northwest Atlantic the situation is different. There,
two cephalopod specics are exploited. Management
advice is provided for their stocks and they have been of
commercial importance for a long time: the long-finned
squid Loligo pealei and the short-finned squid Illex
illecebroslls. Total US landings of L pealei averaged
17,500 tonnes during 1990-1992. Since then, they
increased to an average of ca. 22,000 tonnes during
1993-1994. Almost all commerciallandings were taken
with otter trawl gear. Detailed landing statistics are
available for recent decades as weil as LPUE
(tonnes/days fished) and standardized fishing efforts
(days fished). L pealei was last assessed by the 17th
Stock Assessment Review Committee (SARC) during
December 1993 (NEFSC, 1994) which found that the
stock was probably fUlly-exploited and at a medium level
ofbiomass.

A commercial fishery for Illex illecebroslls exists from
Newfoundland to Cape Hatteras. The fishery is managed,
in the US EEZ (NAFO sub-areas 5 and 6), by the Mid
Atlantic Fishery Management Council (MAFMC) and, in
NAFO sub-areas 2, 3, and 4, by the NAFO. Since 1980,
the NAFO total allowable catch (TAC), for sub-areas 2
4, has been 150,000 tonnes (NAFO, 1996). An
assessment of the I. illecebroslls stock in the US EEZ was
last conducted for review by the 17th Stock Assessment

Review Committee in December 1993 (NEFSC, 1994). It
was concluded that the stock was under-exploiled and at
a medium biomass level. An updated and revised
analytical assessment of the US EEZ portion of the stock,
for the period 1967-1993, based on analyses of statolith
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ageing, commercial fishery data, and research survey data
will be available soon (Hendrickson et al., in prep.).

At present, assessments on cephalopod species exploited
in the Northeast Atlantic are not available and TACs for
the most important species cannot be recommended. This
is mostly duc to the inadequacy of basic fisheries data. In
its 1995 report (ICES, 1995) the ICES Working Group
on Cephalopod Fisheries and Life History pointed out
that ICES should be more proactive in encouraging
Member Countries to collect and collate basic fisheries
data-disaggregated to the statistical square level. This
will provide a hetter picture of the actual removals hy
fishing, a c1earer picture of cephalopod distributions, and
the basic data for use in fisheries or population models.

However, first attempts to assess the loliginid stock
around the British Isles, including the English Channel
and the Celtic Sea, are now underway and will become
available as a result of the second European transnational
cephalopod research project Stock Dynamics,
Interactions and Recrllitment in North East Atlantic
Sqllid Fisheries (1993-1995). Overall loliginid squid
catches per ICES division landed in France are available
for 1989-1994 (Figure 1). In addition, as an example,
monthly fishing effort data per ICES rectangle (CPUE in
kg per fishing hour of a 100 kW fishing boat) are shown

for 1994 (Figures 2-4). The data demonstrate the
development of the fishery in the course of one year.
Based on these statistics, DeLury methods were used to
assess the stock and its level of exploitation (Pierce et al.,
1996).

Further, Scottish landings of Loligo forbesi have been
correlated with sea surface temperature offering the
potential for forecasting of the fishery (Pierce, 1995).
Stock assessment methods used for cephalopod fisheries
have recently been reviewed (sec ICES, 1993, Table 1;
Pierce and Guerra, 1994).

2.3 Management Advice

The Working Group cannot at present provide reliable
assessments of cephalopod stocks under exploitation in
ICES waters, and consequently advice on TACs for the
major species is not possible.

However, in the following table some regulations for
exploited cephalopod species are compiled which are
currently valid legislations in Spanish and Portuguese
fisheries. They should be considered as regulation advice
for developing fisheries in other ICES regions.

•

Portu~al Spain

l\linimum sizes Minimum sizes

Loligo vulgaris 10 cmDML* Loligo vulgaris IOcmDML

Sepia spp. (for inland waters) 10 cm D1\IL Sepia officinalis 8cmDML

Sepia spp. (in Sado river) 15 cm D1\IL Sepia elegans 4 cm D1\IL

Sepia spp. (Ria Formosa) 15 cm D1\IL OctOPllS vulgaris 750 g

Loligo vulgaris (Ria Formosa) 10 cm D1\IL

OctOPllS vulgaris (Ria Formosa) 500g

Maximum number of Octopus traps
per boat (Galicia)

Boat size No.oCtraps

< 2.50 TRB** 90

2.50-5.00 TRB 135

5.01-7.00 TRB 180

7.Q\-lO.OO TRB 225

> 10.00TRB 270

*DML =Dorsal mantle length.
**TRB =Registered brutto tonnes.

. .', ..
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who presented a review paper on this subject during the
meeting which is attached as Annex 4.

The reproductive strategies of Loligo forbesi have
recently been descibed in detail by Boyle et al. (l995a;
1995b)

Cephalopods are entirely predatory. Early studies of diet
composition suggest that approximately half of their food
consists of crustaceans or fish, respectively. Among the
fish prey identified many are of commercial importance.
Neritic squid such as loliginids prey heavily on early life
stages of gadoid fish and flatfish, thus potentially having
a significant impact on the recruitment of economically
important finfish. Recent studies show that Loligo forbesi
feeds primarily on Gadidae, Ammodytidae, and
Clupeidae. Fishes occurred in more than 80% of non
empty stomachs (Pierce et al., 1994c). Importance of
cephalopods increases in the diet of L forbesi with
growth showing considerable cannibalism in loliginid
squid (Rocha et al., 1994). The ommastrephid squid Illex
coindetii also feeds primarily on fish such as Clupcidae
and Sparidae (Castro and Hernandez-Garcfa, 1995).

In Galician waters traps should be carried to port daily,
and it is not allowed to fish with traps between 10.00 hrs
on Salurday and 10.00 hrs on Monday. Traps for
Octopus: there are limitations according to the type of
trap and to fish in the Rias. Fishing is only allowed
during the day. Portuguese traps (wire basket for
Octopus) are not permitted in the Rias. Traps für Sepia:
bait is not permitted.

The Working Group recommends that legislations on
exploitation should be established. In addition,
restrictions on the length and weight of exploited stocks
should be introJuccd.

3 COLLECTION OF DATA ON
CEPIIALOI'OD LIFE IIISTORY

3.1 Compilation of Data

Cephalopod life history data are extensively compiled in
Tables 7 to 11. All major species are covered. The data
\vere first presented in the 1994 report of the Working
Group (lCES, 1994). Since then, a large amount of new
data was collected and the present report represents an
updated and comprehensive data collection. For the first
time, life history data on the European flying squid
Todarades sagittatlls and the gonate squid Gonatlls
fabricii are also inc1uded in the tables (see Table 10).

4

4.1

TROPIIIC INTERACTIONS INVOLVING
CEPHALOPODS

Ccphalopods as Prcdators

The life history data will be reviewed on a regular basis
with new interesting species added to existing data sets.

In the future, ICES should initiate links between
activities on cephalopods and those in environmental
disciplines such as hydrography in order to investigate
more fully possible factors controlling recruitment in
squid and distribution/migration patterns of juveniles and
adults. Fisheries for these species are frequently
characterised by their sporadic nature and environmental
factors have been implicated-evidence has not,
however, been fully considered and whether processes
operate at the egg, paralarval, or later life stages is not
known.

3.2 Rcproductive Stratcgics in Ccphalopods

Among cephalopod biologists there is a discussion about
whether female cephalopods lay their eggs in one single
spawning or in several consecutive spawnings. This is of
great importance in estimating fecundity and recruitment.
There are a number of definitions which explain the
possible ways that cephaloPods spawn. These definitions
and possible examples within the animal group have been
studied in detail by Rocha et al. (Working Group paper)

6

Detailed information on the role of cephalopods as
predators will be soon available in a review paper
compiled for the second EU project on cephalopod
fisheries biology (see above; Pierce et al., in prep) and in
a review by Rodhouse and Nigmatullin (in press).

4.2 Cephalopods as Prey

The importance of cephalopods in the diet of marine
mammals was reviewed by Pierce (1992) and Gonzalez
et al. (1994b). Furness (1994) has estimated the quantity
of squid consumed by seabirds in the Northeast Atlantic.
According to his assessment, annual squid consumption
by seabirds reaches ca. 100,000 tonnes in the Northcast
Atlantic. Further, it was recently shown that in the central
eastern Atlantic, the swordfish Xiphias gladills is an
important predator of oceanic squid such as
ommastrephids (Clarke et al., 1995; Hernandez-Garcfa,
1995).

There is little evidence available as to what determines
the proportion of cephalopods in the diet of different
predators. Many predators are thought to be
opportunistic. Also, the relative importance of trophic
links involving cephalopods is largely unknown.

1996 WGCEPll Report
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However, it is certain that some larger-toothed cetaceans,
particularly sperm whales,..are largely dependent on

'I.

oceanie squids for their food. There are insufficient data
on cephalopods as prey to make realistic estimates of
natural mortality, although estimates of 50 milIion Loligo
removed annualIy by porpoises, if reliable, may set a
lower limit to the natural mortality parameter (Pierce and
Santos, 1996).

Preliminary calculations have been done to estimate the
numbers of cephalopods removed by seals in Scotland
(Pierce and Santos, 1996). The calcutions are based on
reeent estimates of seal population sizes, literature values
for daily energy requirements, and data on diet
composition. Although cephalopods arc generally a small
proportion of thc diet, amounts arc large, exceeding
significantly thc amounts taken by commercial fisheries
as demonstated in thc tablc below.

ICES should encourage that thc Working Group makc
usc of cxisting ICES stomach sampling data to establish
likely quantities of ccphalopods removed by predators.
At present, publications on investigations of fish stomach
contents are of \ittle use, because cephalopods are not
identified at thc species level. ICES should requirc that
future stomach sampling programmes make greater
attempts to identify cephalopod material in fish stomachs
or to makc such material availablc to cephalopod cxperts.
This information would hclp to establish the relative
importance of natural processes compared to fishery
induced mortality.

4.3 Review on Trophic Interactions of Squid in
Scottish Waters

Trophie interactions of squid In Scottish waters was
examined by Piercc and Santos (1996). This publication
authored by two members of the Working Group is the
first document that reviews the importance of the long
finned squid Loligo forbesi in thc trophic food chain of
the Northeast Atlantic. It provides a wealth of
information on this subject and is attached as Annex 5 to
the present report.

5 CEPIIALOPOD SYMPOSIUM

During thc 83rd ICES Statutory Meeting, thc Shellfish
Committec proposed a Mini-Symposium on
"Cephalopods: Thcir role in the trophic chain". This
could incIudc particularly their abundance, thc
importancc of fish predation by cephalopods, and their
predation by marine mammals. Thc symposium should
take placc in 1997 or 1998. The Working Group
diseussed this suggestion in detail and eoncIuded that a
symposium on trophic interactions might be too late in
1997. Therc will appear a eonsiderablc amount of new
publications on this subjeet during the next months (e.g.;
"Role of cephalopods in the world's oceans"; theme issuc
of thc Phi! Trans R Soc Lond B). Therefore, thc Working
Group eoncIuded that a symposium on this subject would
not attract many participants.

Instead, thc Working Group proposes a symposium on
"Environmental changes and the reaetions of cephalopod
populations". This topie would cover all factors
determining biomass and abundance of cephalopods. It
would also address many subjects outlined in the
GLOßEC programme. It should take place in Portugal in
1998 either just berore or shortly after the ICES Annual
Sciencc Conference in Lisbon.

6 RECOMl\IENDATIONSIFUTURE WORK

Traditional finfish resources in thc ICES convention area
arc heavily cxploited and the importancc of cephalopod
resources may increase in thc future. First indications arc
already apparent as thc review on catch statistics over
recent years indicates (see Section 2.1; Tables 1 to 6).
Most cephalopod species are very short-lived and their
biomass levels eannot eurrently be reliably assesscd (see
Section 2.2). Therefore, any increasc in their exploitation
should bc approached with great caution and
management advicc (sec Section 2.3) should be
considered.

Species Area,)'ear cephalopod in Loligo Annual population Annual population
diet indiet cephalopod Loligo consumption
% % consumption (tonnes)

(tonnes)

Commonseal UK,1991 1.7% 0.06% 874 32
Scotland. 1991 819 30

Grey seal UK,1991 9.4% 0.25% 21,211 552

Scotland. 1991 19.373 504
lIarbour porpoisc North Sea. 1994 3.8% 1.98% 23.680 12.229

.. "' '.
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As previously outlined in the 1995 report of the Working
Group it should, again, be stressed that reeent projects
funded by the EU (see above) have furnished
eonsiderable data on basic biology, reproduetion,
distribution, and genetic variability of a number of
eommereially important squid species. These projeets
have also begun to address quantitative aspeets of
eephalopod populations with the applieation of fishery
models. It is still the ease, however, that information on
abundance and population dynamics are laeking for many
Northeast Atlantic species. Amongst the various areas of
work whieh eould be addressed by ICES, those related to
a better understanding or eephalopod populations, their
role in North Atlantic eeosystems, and the likely effects
of continued exploitation are probably the most pressing.

The Working Group recommends that it should conlinue
work on its current terms or referenee plus two additional
ones:

a) update eurrently available landing statistics;

b) colleet and evaluate data on the life history and
exploitation of relevant cephalopod stocks in the
ICES area;

c) describe trophic interactions between cephalopods
and other marine resources;

d) review trade statistics of eephalopods relevant to the
ICES area;

e) review eurrent assessments of loliginid squid In

France and UK.

The next meeting of the Working Group is proposed fur
3-4 days in March 1997 at the Centro Oceanografico de
Canarias (IEO) in Santa Cruz de Tenerife, Spain.

The Chairman dosed the meeting at 17.00 hrs on 19
April 1996.
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Table 1. Landings (in tonnes) ofCuttlefish (Scpiidae) and Bobtail Squid (Sepiolidae).

COWltry 1989 1990 1991 1992 1993 19UP 1995P

ICBS Division IVa (Northern North Seal

Scotland + + + + + + +

Total + + + + + + +

ICBS Division IVb (Central North Seal

B~lgium 0 0 2 12 6 + 1

Bngland " Wales 1 0 + + 2 + 2

Pranc. + 2 + + + + +

Total 1 2 2 12 8 + 3

ICBS Division IVc (Southern North Seal

Belgium 0 0 9 13 25 13 8

Bngland Ii Wal.a 10 2 15 26 22 47 163

France 82 117 42 109 172 182 348

Total 92 119 66 148 219 242 519

ICBS Division VIa (NW eoast of Seotland and North Ireland)

Bngland " Wales 1 0 + 1 + 1 3

Francs 1 2 4 + 1 + +

Total 2 2 4 1 1 1 3

ICBS Division VIIa (Irish Seal

Belgium 0 0 1 4 1 2 1

Bngland " Walss 3 6 5 46 11 13 16

Prancs 2 6 2 + 1 + +

Total 5 12 8 50 13 15 17

ICBS Divisions VIIb,c (West of Ireland and Poreupine Bank)

Bngland " Wales 0 0 0 0 0 5 +
Prance + 1 + + + + +

Total + 1 + + + 5 +

ICBS Divisions VIId,e (Bnlllish Channel)

Belllium 0 0 15 20 24 19 17

Chanoel Ialands 7 20 1 4 2 2 ?

Bnllland " Wales 1,292 3,000 642 898 1,882 1,797 3,113

France 5,517 9,144 2,820 3,281 6,561 4,151 7,966

Scotland 1 12 1 0 0 0 0

Total 6,817 12,176 3,479 4,203 8,469 5,969 11,096
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Table 1. continued.

COUDtry 1989 1990 1991 199:l 1993 199' 1995P

ICES Division Vllf (Brhtol Channel)

8.lgium 0 0 , , 11 U ,
Bngland l& Wal•• 10 83 :l8 35 95 38 U

Franc. 5 U 11 15 13 17 3:l

Scotland 0 5 0 0 0 0 0

Total 15 187 U 5' 119 69 78

leES Division. VIIq-k (Celtic Sea and SW of Ireland)

Belgium 0 0 3 9 1:l , 5

Bngland l& Wale. 68 4.403 39 101 1U 13' 197

France 386 :l,:l95 l,:l15 347 373 :l95 566

Spain 7 16 :l0 :l 0 0 0

Total '5' :l,75' l,:l77 '59 4.99 '33 768

ICES SUb-area VIII (Bay of Bhcay)

Belgium 0 0 0 3 5 , 0

Bngland l& Wales 9 7 ':l 58 U 56 39

Franc. 3,068 6,110 ',411 5,463 3,707 3,0'3 5,8:l9

Portugal U 1:l 11 , 4 5 5

Spain 7 4.405 581 54:l 0 1 0

Total 3,089 6,574 5,045 6,070 3,757 3,109 5,873

ICES SUb-area IX (Portuqueee Watere)

Portugal 1,56:l 1,608 1,197 l,:l30 l,:l05 l,l:l0 1,000

Spain 7 4.9 37 17 U 9' 10:l

Total l,56:l 1,657 l,:l3' l,:l'7 l,:l19 l,:l1' l,10:l

Grand Total 1:l,037 :l3,484 11,158 U,:lU U,30' 11,057 19, '59
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Table 2. Landings (in tonnes) of Comrnon Squid (includes wligo forbesi. wligo vulgaris and
Alloteuthis subulata).

Country 1989 1990 1991 199~ 1993 1996 1995P

ICES Division lIla (Skagerrak and lCattellat)

Denmark 14 19 13 37 ~ 0 1

Sweden 0 1 1 3 0 + ~

Total 14 ~o 14 '0 ~ + 3

ICES Division IVa (Northern North Seal

Denmark 1 5 7 7 1 1 1

BDgllUld li Wale. 1 , 1 9 1 1 ~76

FrlUlce 19 ~7 11 7 ~ 0 +
aermany + + 1 3 1 + +
ScotllUld 609 95~ 5U 561 ~,~ 93 ~55

Total 630 988 569 587 ~4.7 95 53~

ICHS Division IVb (Central North Seal

Be1giUlll ~, 38 , 6 ~~ 13 14

Denmark 3 9 ~ 10 ~ + +
England .. Wal •• 87 83 ~~ 50 ~~

,
"France 1 ,

~ 1 1 1 1

aermany + + 1 ~ 1 1 3

Scotland 70 151 6~ 106 36 5 ~5

Total 185 ~87 93 175 84. ~4. 90

ICHS Division IVc (Southern North Seal

BelgiUlll 68 142 19 35 84. 113 153

Denmark 0 0 0 0 0 + +
England .. Wale. 6 3 ~

, 3 10 13

France 118 10~ 111 119 ~99 193 ~5'

aermany + + 1 ~ 1 ~ 6

Total •19~ ~" 133 160 387 318 '~6

ICHS Division Vb (Faroe Grounds)

England li Wales 0 + 0 0 0 1 +
Faroe Islands + + + + + 1 +
Scotland + ~ + 5 + + +

Total + ~ + 5 + ~ +
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Table 2. continued.

COUDtry 1989 1990 1991 1992 1993 1996 1995P

ICBS Division VIa (NW coast of Scotland and North Ireland)

Bngland Ii Wal.s 14 2 1 50 2' 129 '"Franc. 338 330 2" 227 lU 86 113

Ir.land 206 30 15 30 78 36 1

North.rn Ir.land + 1 3 21 , 15 ?

Scotland 565 267 2U 339 182 91 257

Total 1,123 630 513 667 636 357 810

ICBS Division Vlb (Rockall)

Bngland Ii Wal.s 21 6 1 8 1 6 11

Franc. + + 1 + + 0 +

Ir.land 0 10 26 50 5 6 1

North.rn Ir.land , 0 + 0 0 0 ?

Scotland 681 70 21 65 9 28 ,
Total 706 86 U 123 15 '0 15

ICBS Division Vlla (IriBh Seal

B.lgium 32 36 1 6 0 3 2

Bngland Ii Wale. 92 37 25 " 112 133 161

Franc. 111 32 U 65 " 15 20

Ir.land 175 5 , 5 112 66 ?

Isl. of Man 21 12 7 15 15 6 1

North.rn Ir.land 105 73 33 89 62 101 ?

Scotland 10 9 6 19 10 , 2

Total 5'6 20' 118 273 358 328 185

ICBS Divisions Vllb,c (West of Ireland and Porcupine Bank)

Bngland Ii Wal.s 0 0 1 13 " 79 107

Franc. 120 62 60 21 56 11 14

Ireland 11 10 H '0 35 11 ?

Northern Ireland 0 0 0 0 1 0 ?

Scotland 2 2 2 5 1 18 1

Total 133 7' 87 79 140 119 122

ICBS Divisions Vlld,e (BngUsh Channel)

B.lgium 142 213 '5 86 70 132 220

Chann.l Islands 3 2 0 1 0 0 0

Bngland Ii Wal•• 720 566 '16 698 869 727 667

Franc. 2,777 1,360 1,736 2,218 3,083 1,962 2,58'

Total 3,6'2 2,141 2,197 3,003 ',022 2,821 3,'69
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Table 2. continued.

Country 1989 1990 1991 1992 1993 199~ 1995P

ICBS Division Vllf (Bristol Channel)

B.lgium 56 23 10 2 + ~ 13

Bngland " Wal•• 65 56 35 57 136 161 132

Pranc. 286 25~ 191 370 351 298 392

Total ~07 333 236 ~29 U5 ~63 537

ICBS Division. VIIll-k (Celtic Sea and SW of Ireland)

B.lgium U 5~ ~ 3 2 II 26

Bngland " Wale. ~3 " 24 122 282 600 1170

Prance 967 519 354 569 624 310 ~08

Germany 0 0 0 0 0 0 2

Ireland 39 112 80 135 133 164 1

Scotland 0 2 1 8 14 34 1
Spain 1 28 31 62 85 36 27

Total 1,095 789 494 899 1,140 1,151 1,43~

ICBS SUb-area VIII (Bay of Biscay)

Belgium 23 40 6 34 36 17 ~O

Bngland " Wale. 22 17 8~ 65 94 96 56

Prance 1,667 1,850 1,135 1,222 1,313 1,691 2,225

Portugal 2 7 1 1 0 1 1

Spain 1 260 162 198 2 22 0

Total 1,714 2,174 1,388 1,520 1,445 1,827 2,321

ICBS SUb-area IX (Portuguese Waters)

Portugal 1,001 1,283 1,869 1,569 508 309 831
Spain 1 124 200 246 137 153 167

Total 1,001 1,~07 2,069 1,815 U5 ~62 998

ICBS SUb-area X (Azores Grounds)

Portugal+ 473 333 258 72 108 114 250

Total 473 333 258 72 108 114 250

Grand Total 11,861 9,715 8,218 9,847 9,514 8,121 11,199

+Landings consist exclusively of Loligo forbesi.
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Table 3. Landings (in tonnes) of Short-finned Squid (Illex coindetii and Todaropsis eblanae) and
European Bying Squid (Todarodes sagittatus).

Country 1989 1990 1991 1992 1993 19U 1995P

ICBS SUb-area. I + 11 (Barent. Sea and Norwegian Seal
Norway 5 0 0 0 0 0 352

Total 5; 0 0 0 0 0 352

ICBS Division Va (Iceland Grounds)

Ic.land 0 0 0 0 0 0 11

Total 0 0 0 0 0 0 11

ICBS Division VIa, b (NW coast of Scotland and North Ireland, Rockall)

e Franc. 1 1 1 1 + + +
Spain ? 0 68 2 0 0 0

Total 1 1 69 3 + + +

ICBS Divisions Vllb,c (West of Ireland and Porcupine Bank)
Franc. 1 + 3 4 + + +

Total 1 + 3 4 + + +

ICBS Division. Vlld,e (Bnglish Channel)

Bnlliand r. Wal•• 1 7 0 0 0 0 +
Franc. 2 1 2 2 1 + +

Total 3 8 2 2 1 + +

ICBS Division VIIf (Bristol Channel)

Franc. + + + 1 + + +

Total + + + 1 + + +

ICBS Divisions VIIg-k (Celtic Sea and SW of Ireland)

Bnlliand r. Wales 0 0 0 0 0 0 29

Franc. 38 37 63 70 44 28 66

Spain ? 741 909 469 374 611 299

Total 38 778 972 539 418 639 3U

ICBS SUb-area VIII (Bay of Biscay)

Bngland r. Wale. 5' 0 0 0 0 0 6

Franc. 189 188 173 426 377 222 523

Portugal 2 3 3 11 1 4 3

Spain ? 244 25 364 21 6 0

Total 196 435 201 801 399 232 532

++Landlnga conaiat excluaively of Tod.rod•• ••g1ee.eu••
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Table 3. continued.

COUDtry 1989 1990 1991 199:1 1993 1994 1995P

ICHS SUb-area IX (Portuguese Waters)

Portugal :167 310 509 766 :159 190 96

Spain ? 694 1,410 1,616 63:1 743 9:18

Total :167 1,004 1,919 2,38:1 891 933 1,024

Grand Total >511 :1,:1:16 3,166 3,73:1 1,709 1,804 2,313

Table 4. Landings (in tonnes) of Octopus (Eledone cirrhosa and Octopus vulgaris).

COUDtry 1989 1990 1991 199:1 1993 1994 1995P

ICHS Division IVa (Northern North Seal

Hngland r. Wale. 1 1 0 0 0 0 1

Scotland 59 110 86 31 10 :I 1:1

Total 60 111 86 31 10 :I 13

ICHS Division IVb (Central North Seal
Belgium 0 0 43 :14 10 3 0

Hngland r. Wale. 1 7 :I 8 1 4 +
Scotland 0 1 1 1 :I 1 0

Total 1 8 46 33 13 8 +

ICHS Division IVc (Southern North Seal
Belgium 0 0 1 0 1 1 :I

Hngland " Wales 0 0 + 1 + 4 8

Total 0 0 1 1 1 5 10

ICES Division VIa, b (NW coast of Scotland and North Ireland, Rockall)

Hngland " Wales 0 1 5 4 + 1 13
Scotland 8 11 1 3 1 :I 39

Spain ? 0 90 4 0 0 0

Total 8 1:1 96 11 1 3 5:1

ICES Division VIIa (Irish Seal

Belgium 0 0 1 14 8 14 14

Hngland " Wales 3 :I 1 :I 4 :l4 1

PranCe 0 0 + 0 0 + +
Ir.1and 1 0 0 0 0 + 0

Total 4 :I :I 16 12 38 15
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Table 4. continued.

COUDtry 1989 1990 1991 1992 1993P 1994 1995P

ICHS Divisions Vllb,c (West of Ireland and Porcupine Bank)

BnlJland li Wal•• 0 0 0 0 + + 3

Ir.land 0 0 0 0 3 2 +

Total 0 0 0 0 3 2 3

ICHS Division. Vlld,. (Hnlll1sb Cbannel)

B.IlJium 0 0 0 1 2 + 6

BDlJland li Wal•• n 9 9 20 21 60 77

Pranc. 0 638 38 1 2 32 97

Total n 647 47 22 25 92 180

ICHS Division Vllf (Br1stol Cbannel)

B.1lJium 0 0 1 2 4 6 9

BnlJland li Wal•• 4 1 1 8 13 26 7

Pranc. 0 5 + 1 + 3 9

Total 4 6 2 11 17 35 25

ICHS Divisions VIIIl-k (Celtic Sea and SW of Ireland)

B.IlJium 0 0 1 2 6 10 27

BnlJland li Wal•• 14 3 3 22 57 77 215

Franc. 0 + + + + 6 18

Ir.land 0 0 0 1 1 4 ?

Spain ? 187 163 179 139 108 134

Total 14 190 167 204 203 205 394

ICHS SUb-area VIII (Bay of Biscay)

B.llJium 0 0 0 0 7 6 3

BnlJland li Wal•• 18 0 22 0 0 0 8• Franc. 12 3 .. 3 2 56 170

PortulJal 57 17 82 144 111 15.. 200

Spain ? 2 ..0 90 214 + 1 0

Total 87 260 198 361 120 217 381

ICHS SUb-area IX (Portuguese Waters)

PortulJal 9,831 6,913 7, .... 0 9,476 7,099 7,319 8,842

Spain ? 2,91" 2,694 3,499 2,99" 2,5"7 1,898

Total 9,831 9,827 10,134 12,975 10,093 9,866 10,7"0

ICHS SUb-area X (Azores Grounds)

Portugal+ 5 33 7 11 7 7 8

Total 5 33 7 11 7 7 8

Grand Total 10,061 11,096 10,786 13,676 10,505 10,480 11,821
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Tab. 5. Total annual cephalopod landings (in tonnes) in leES area by country and separated
into major cephalopod species groups.

Country 1989 1990 1991 199:l 1993 1996 1995P

(a) euttlefieh (Sepiidae) and Bobtail squid (Sepio1idae).

BelgiW1l

Channel Ialande

Bngland " wale.

Prance

Portugal

Scotland

Spain

Total

o
7

1,39'

9,061

1,57'

1

'1

1:l,037

o
:l0

3,5'1

17,776

1,6:l0

17

510

:l3,'8'

3'
1

771

8,505

1,:l08

1

638

11,158

65,
1,165

9,:l15

1,:l3'

o
561

1:l,:l"

u
2

:l,167

10,8:l8

1,:l09

o
U

U,30'

56

2

2,091

7,688

1,1:l5

o
95

11,057

36

'1

3,575

1',7'1

1,005

o
102

19,'59

(b) Common Squid: Loligo forbesi, Loligo vulgarie, Alloteuthie .ubulata.

BelgiW1l

Channel Ielande

Denmark

Bngland " Walee

Paro_ Ielands

Prance

aermany

Ir_land

Isle of Man

North_rn Ir_land

Portugal

Scotland

Spain

Sweden

Total
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3
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+
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+
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:l1
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1,'76

1,937

'1

o
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:l
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848

+

4,540

:l
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o
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612
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1
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7
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15
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o
5
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+
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2:l'

o
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o
1

1,9'7

1

4,567

3
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6
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424

:l73
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U8

'1

2

:l,88'

+
6,011
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'1

'1

'1

1,08:l
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1U

2

11,199 •(c) Short-finned Squid: Iller coindetii, Todaropsis eblanae, Todarodes sagittatus

Bngland " Wales

Prance

Ic_land*

Norway*

Portugal

Spain

Total

6

231

o
5

269

'1

>511

7

2:l7

o
o

313

1,679

o
:l42

o
o

5U

:l,412

3,166

o
504

o
o

777

2,451

3,73:l

o
4:l:l

o
o

:l60

1,0:l7

1,709

o
:l50

o
o

194

1,360

1,80'

35

589

11

35:l

99

1,2:l7

2,313

18

* Landinge consiet _xclusively of Todarodes aagittatus.
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Table 5. continued.

Country 1989 1990 1991 1992 1993 199. 1995P

(d) Octopu•• Bl.don. c1rrho.a, Octopu. vulgar1••

B.lglum 0 0 n u 38 .0 fi1

Bngland li Wale. 88 2. U U 96 196 333

Franc. 12 6U U 5 • 97 2U

Ireland 1 0 0 1 • 6 .,
Portugal 9,893 6,963 7,529 11,631 7,217 7,.80 11,050

Scotland 67 122 88 35 13 5 51

Spain ., 3,3.1 3,037 3,896 3,133 2,656 2,032

Total 10,061 11,096 10,786 13,676 10,505 10,.80 11,821

Tab. 6. Total annual cephaIopod Iandings (in tonnes) in leES area separated into major cephalopod
species groups.

Cephalopod Oroup 1989 1990 1991 1992 1993 19U 1995P

Cuttlefhh 12,037 23,.8. 11,158 12,2U H,30. 11,057 19,.59

COllllllOn .quid 11,861 9,715 8,218 9,8.7 9,51. 8,121 11,1119

Short-finned • quld >511 2,226 3,166 3,732 1,709 1,80• 2,313

o<::topu. 10,061 11,096 10,786 13,676 10,505 10,.80 11,821

Total H,.70 .6,521 33,328 39,U9 36,032 31,.62 U,792
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Table 7. Sepia officinalis and Alloteuthis subulata. Data on Iife bistory, environmental faetors and fisheries.

Sepia officinalis Alloteuthis subulata

LIFE HISTORY
E~~s:

El!l! nrincipal axis (mm) 20- 30 1.2 - 1.8
Potential fecunditv 5,000 unknown
No. of eggs spawned per female 500- 5.000 400 - 1.500
No. of snawning enisodes several (l - 5) several
Bentbic or nelagic benthie bentbic, attaehed to suhstrate
Duration of embryological development 80 - 90 days (15°C); not investigated

40 - 45 davs (20°C)
Paralarvae:

Size at hatehin~ (mantle lenj!hth in mm) 6-9 1.4 - 1.8
Temnerature denendenee weak - medium medium
Location in water eolumn benthic rarelv found: nelagie?
Duration in nlankton no nlanktonie nhase 15 - 30 d.1YS

Reproduetive eycIe:
Spawning season early spring to summer all year; mainly spring to

autumn
Snawning location shallow waters shallow waters
Spawning denth 2-50m 8 - 200m
Preferred suhstrate sandv and muddv hottoms sandv and hard hottoms
No. ofcohorts peryear at least 2 2 (or 3)

Growth:
Mantle lenl!tb at fuH maturity; male (mm) 70 - 210 40 -200
Mantle lengtb at fuH maturitv; fernale (mm) 42 - 250 50 -120
Weil!ht ranl!e at fuH maturitv; male (l!) 33 - 957 4 -10
Weight range at fuH maturity; female (g) 72 - 1,560 5 - 16
Lifesmm 16 - 24 months 10 - 12 months
Minimum alle at maturitv 16 months variahle; at ca. 10 months
Form of ~rowtb (mantle length) sigmoid exponential
POflulation reeruitment: how variahle unknown unknown
Natural mortality rates unknown high durin~ early stages

Distihution:
Geographie Nortb Rast Atlantic (25-57°N) Nortb East Atlantic (20-600 N)

and Mediterranean shelfwaters and Mediterranean shelf waters
Bathvmetric surfaee - 300 m surfaee - 200 m; max. 2.000 m
Migration pattern (e.g. inshore-offshore) offshore - inshore inshore - offshore
Migration sc.'lle (e.~. m; km; ete.) 30 - 50 km unknown
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Table 7. Continued.

. , .... ", .,-' ~ ~ .... ~ ."-' ,,',''''' ,-. """ .. ,.,

Sepia oflicinalis Alloteuthis subu/ata

ENVIRONMENTAL FACTORS
Habitat:

Depth ran~e ofpamlarvae (m) cpihenthic in shallow watcrs 45 -100
Depth ran~e of iuveniles/adults (m) 10 - 300 15 - 300
Tcmpcrature range of pamlarvae eC) 10- 30 2-25
Temperature ran~e of iuvcniles/adulL~(OC) 10 - 30 2-25
Salinity range of pamlarvae (S %t» 18 - 36 unknown
Salinity ran~e of iuveniles/adults (S %c) 18 - 36 unknown
Effects on survival, development, ~rowth not as imPOrtant a.~ in sauid pmbably very strong

FISIIERIF.,s
Directed or by-catch hoth bv-catch
Scasonalitv of fisherv all year; moslIv NOV - nn. no season
Geographie location of fishery, main fishery Englisb Cbannel to Portugal; throughout range of
nations France, Portugal, Spain, UK distribution
lnshore or offshore inshore inshore
Fishing methods traps and gillnets, trawling

artisanal fishery (91 % in Portugal)
Estimated catch data:

Quality poor not available and mixed with
other loliginid sauids

Landings in ICES re~ion (= FAO 27) ca. 25.000 t (1995) 353 t (PortUlml, 1990)
Range of Iandings over past 10 years in 5,000 - 27,000 t unknown
lCES re~ion

Availahilitv of CPlm dat:l not availahle not availahle
Mantle length ran~e of exploited population 40- 350mm 100 - 200 mm
Wei~ht range of exploilcd population 15 - 2.800 g 5 - 35 g
Exploit.1tion level high unknown
Stock reeruitment relationship unknown unknown
Timing ofreeruitmcnt to fishcry JAN ·nn. earlv summer
Variahilitv of reeruitment into fisherv unknown unknown
Envimnment.ll influenees on c.1tch new moon. storms eurrenL~. hvdro~raphy

Assessment:
Stock biomass or abundanee unknown Max.= 132 ind./h; 0.7 hg/h

Min.= 14 ind./h; <0.1 kg/h
(Portugal 1990; 1992)

No. of stocks identified loeal stocks identified unknown
.Method applied no assessment swept area method; abundanee

indices from survey cruises
(Portugal)

Research aetivities in lCES arca:
Country France, Portu~al. Spain Portugal
Re~ion leES divisions VII - IX leES division IX

" . ...... .'. ,". " '.'
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Table 8. Loligo forbesi and Loligo vulgaris. Data on Iife history, environmental faetors and fisheries.

Loli.rm rorbesi LoliJ!o vulJ!aris

LIFE IIISTORY
EJ;!J;!s:

Egg principal axis (mm) 3-5 2-4.1
Potential feeunditv 5,000 - 32.000 3,000 - 25 000 (averaJ;!c 17.000)
No. of eggs spawned per female ca. 2.000 ca. 3,000 - 5,000
No. of snawninl! episodes scveral (2 - 3?) scveral (l - 2?)
Denthic or pelagic bcnthie, attaehed to suhstrate
Duration of embryological developmcnt 1 - 3 months 40 - 45 days (13°C);

26 d.1Vs (22°C)
Paralarvae:

Size at hatchinJ;! (mantle Icnghth in mm) 2.7 -4.9 1.2 - 3
Temperature dependence stronl!
Location in water eolumn planktonic; rarelv found. low numbcrs close to hottom
Duration in plankton 1 - 3 months ca.2months

Reproduetive cvcle:
Spawning scason ocr - MAY; extcnded; all year, extended;

neak in DEC - JAN neak mainlv in winter
Snawning location eoastal shallow waters
Spawning dcpth 10 - 300m 5 - 195 m
Prcfcrrcd substrate hard substrate hard suhstrate; coarse sand
No. of eohorts per ycar multiple "microcohorts"; < 2 multiple cohorts

Growth:
Mantle 1cngth at fuH maturity; male (mm) 100 - 650; (240 - 937)* 75 - 500
Mantle length at fuH maturitv; female (mm) 175 - 350; (200 - 462)* 75 - 350
Weight range at fuH maturity; male (g) 155 - 3,700 (average 2,000) 22 - 1,690

(370 - 8,300)*
Weight range at fuH maturity; female (g) 200 - 1,150 (average 1,500) 23 - 1,272

(260 - 2.200)*
Lifespan 6 - 18 months (average 15 - 18) 7 - 22 months (average 12 - 14)
Minimum age at maturitv 6 months; variahle 7 months; variable
Form of growth (mantle lenl!th) eXpOnential initiallvexnonential
Population reeruitment: how variahle variable; hiJ;!her durinJ;! summer variahle; high in spring/summer
Natural mortalitv rates hiJ;!h. if com 1ared to fish

Distihution:
Geographie North East Atlantie (25-62°N) North East AtIantie (15-600 N)

and Mediterranean shdf waters; and Medilerranean shelf waters;
Azores; central East Atlantie central East Atlantie

Dathymetrie shelf & shelf edge; 10- 550 m; shelf & shelfedge; 10 - 300;
mainlv in 50 - 250 m mainly in 10 - 100 m

Migration pallern (e.g. inshore-offshore) inshore - offshore
Migration seale (e.g. m; km; ete.) <500 km <200 km

* in Azores region

•
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Table 8. Continued.

'-.'- _..,.- ,,~ ' .. ,.".'.'.'. " .•...... ~. ... ...... -',-' ..,. ........ " .., .., ....... ........ ... . ,. ' '0'

Lo/iRolorbesi Lo/iRo vulRaris

ENVIRONl\1ENTAL FACTORS
Ilahitat:

Dcpth range of paralarvae (m) 10-I00m 1O-120m
Dcpth range of iuvcnile!:/adult!: (m) 10 - 500 m; mainlv l00-200m 10 - 300 m; mainlv 15-100m
Temperature ran~e of paralarvae (OC) 10 - 20 10-20
Temperature range of iuvenile!:/adults (OC) 6-24 10- 25
Salinity ran~e of paralarvae (S %0) 30-36 30 - 36
Salinitv range of iuveniles/adulLIi (S %0) 30- 36 30-36
Effects on survivaI, development, growth hi h

FISIIERIES
Direeted or hv-e:lteh hoth hoth
Sea!:onality of fi!:herv a1l vear; with variahle peaks, mo!:tlv in earlv aulumn
Geogranhie loeation of fi!:herv Ihroughout range of distrihution
In!:hore or off!:hore eoastal continenlnl shelf; mainly inshore
Fishing methods trawling; hand-jigging mostly trawling,

manual ih!j:~ing

E!:timated catch data:
QualilY POOr; dat.'l not fullV repnrted and not senarated hv species
Landings in ICES region (= FAO 27) 11,000 t (1995)
Range of Iandings over past 10 years in 8,000 - 12,000 t
ICES region

Availability of CPUE data available onlv for some countries
Mantle Iength range of exploited population 70-640 mm (average 110 mm) 6O-5OOmm

<940 mm (Azores) (average 110 mrn)
340-6RO mm (Canaries)

Weight range of exploited population 20 - 3,700 g (average 60 g) 10 - 1,000 g (average 40 g)
<8,300 g (Azores)

1,050 - 4,100 (Canaries)
Exploitation level variahlclunknown
Stock reeruitment relationship wenk
Timing of reeruitment to fishery a1l year; !:Casonal peaks
Variahilitv of rccruitmcnt into fishcry hi~h

Environmcntal innucnees on e:ltch moon Ii~ht; rough weathcr
Assessment:

Stock biornuss or abundance preliminary estimates for northern range;
abundance indicc!: from re!:earch crui!:cs (Portugal)

No. of stocks identified offshore and coastal Europcan 1 (Europcan shelO
stock differenees; scparated stock

around A7.0rers
Method applied DcLurv denletion methodli

Research aetivities in ICES are:.:
Countrv France, Portugal, Spain, UK France, Portugal, Snain, UK
Region throu~hout lCES regions throughout ICES redons

." . '. .. ' . .... '.'
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T,'lble 9. lllex coindetii and Todaropsis eblanae. D,'lta on life history, environmental f,'letors and fisheries.

lllex coindetii TodaroTJs;s eblanae

UFEHISTORY
E~~s:

Eg~ nrincip,'ll ,'lxis (mm) <1.0 1.4 - 1.7
Potential fecunditv 6.500 - 285,000 (max.: 729,000) 124,000 ± 18,000
No. of eggs spawned per female 4,000 -120,000 122,000 ± 18,000
No. of snawning enisodes several several; prohahly 4 - 10
Denthie or pelagie pelagie nrohahlv nelagie
Duration of emhrvologieal develonment unknown

Paralarvae:
Size ,'lt hatehin!!: (mantle lenghth in mm) 0.8 - 1.0 unknown
Temneraturc dependence strong nmhahlv strOßj~

Location in water column planktonic
Duration in plankton unknown

Reproductive cycle:
Snawnin~ se:1son all year, peaks in snrin~, autumn all year, peaks in sprin!!:
Snawning location prohahly slone water prohahlv shel cdge
Spawning denth unknown prohahlyahove 150 m
Prcferred substrate unknown associ,'lted with sandy or

muddy hottom
No. ofeohorts nervear unknown

Growth:
Mantle length ,'lt fuH m,'lturity; male (mm) 95 - 360 98 - 168
Mantle length at full maturitv; female mm) 79 - 380 107 - 222
Weight range at full maturity; male (g 30 - 1,549 (average 400) 94 - 300
Weight range at full maturity; female (:g) 32 - 1,180 (average 750) 180 -720
Lifesnan 12 - 14 months ca. 12 months
Minimum age at maturity unknown 220 - 280 davs
Form of growth (mantle lcngth) linear? linear
Ponulation recruitment: how variahle linear in post-recruitc; hil!hlv variahle
Natural mortality rates verv hi~h in early stages

Distihution:
Geographie Eastern Atlantic Ocean: 15°5 to Eastern Atlantic Ocean: 36°5 to

6QoN; Mediterranean and Dl,'lek 6QoN; Mediterranean Se,'l;
Seas; Carihhean Sea Australia; Indian Ocean

Dathvmetrie 30 -I,OOOm 20- 800 m
Migration nattern (e.g. inshorc-offshorc) unknown seasonal hathymetric migrations
Migration seale (e.~. m; km; ete.) unknown km

•
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Table 9. Continued.

Il/ex coiruletii Todaropsis eblanae

ENVIRONI\IENTAL FAcrORS
Ilabitat:

Deoth range ofoaralarvae (m) 60 - 100 60 - 100
Deoth range of iuveniles/adults (m) 30 - 1,000 20 -800
Temoerature range of paralarvae (OC) 13 - 20 13 - 20
Temperature range of iuveniles/adults (OC) 7.5 - 18 6 - 18
Salinity range of oaralarvae (S %c) unknown
Salinitv range of iuveniles/adults (S %ll) unknown
Effects on survival, development. growth very strong

I
FISIIERIES
Dirccted or by-eatch by-catch
Seasonalitv of fishery .111 year; higher in spring and autumn
Geographie location of fishery, main fishery continental shelf and slope regions
nations off Ireland, Portugal, Spain
lnshore or offshore offshore
Fishing methods trawling
Estimated eatch data:

Quality poor; data not fully reported, spccies not scparated
and mixed with other short-lin squids

Landings in ICES region (= FAO 27) ca. 2,300 t (1995)
Range of landings over past 10 years in 1,500 - 6,000 t
lCES region

Availabilitv of CPlm <1.11.1 not available
Mantle lenl!th range of exoloited oooulation 55 - 380 42 - 220
Weight range of exoloited oormlation 4 -1,500 6-720
Exploit.1tion level low probably low
Stock recruitment relationshin unknown
Timing ofrecruitrnent to fishery .111 year; peaks in autumn
Variability of recruitment into fisherv high moderate
Environmental influences on cntch hydrographv;curren~

Assessment:
Stock biomass or nbundance unknown
No. of stocks identified 1 in Galician waters by 1 in Galician waters by

mornhometrics and enzymes mornhomctrics and enzymes
Method nnnlied no nsscssmcnt no nssessment

Research activities in lCES aren:
Country Ireland, Portugal, Ireland, Portugal, Spain

Russia (agcing studies), Spain
Res!ion ICES divisions VIII - IX ICES divisions VIII - IX

,,,. -I •
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Tahle 10. Todarodes sagiltatlls and Gonallls[abricii. Data on life history, environmental factors and fisheries.

Todarodes sa.f!iltatlls Gonatllsfabricii

LIFE IIISTORY
Eggs:

Egg principal axis (mm) unknown 5
Potential fecunditv unknown unknown
No. of eggs spawned peT fernale 12,000 - lR.OOO ca. 10,000
No. of spawning episodes I? unknown
nenthic or pelagic nenthie? nenthie
Duration of emhryologic.'ll devclopment unknown unknown

Paralarvae:
Size at hatching (mantle lenghlh in mm) unknown 3
Temperature dependence unknown 3.9 - 4.4
Location in water column unknown 0-I,ooom
Duration in plankton unknown ca. 6 months

Reproductive cycle:
Spawning scason winter, early spring DEC-APR

(northern range)
Spawning location slope waters; west off Ircland? continental slope of North East

Atlantie; grounds of
hottlenose whales

Spav.ning depth unknown >4oom
Preferred suhstrate unknown unknown
No.ofcohortsperyc.'lT unknown unknown

(Jrowth:
Mantle length at full maturity; male (mm) >260 175 - 250
Mantle length at full maturitv; female (mm) >370 250·340
Weight range at full maturitv; male (g) unknown RR - 226
Weight range at full maturitv; female (g) 493 - 1.156 (Canaries) 400 - 615
Lifespan <24 months >12 months
Minimum age at maturitv ca. 12 months unknown
Form of growth (mantle Icngth) linear linear
Ponulation rccruitment: how variahle prohahlv hij!hlv variahle unknown
Natural mortalitv rates very high in early stages unknown

Distihution:
Geographie whole North East Atlantie Labrador Sea, Darcnts Sea and

Norwegian Sea and adjacent
waters

nathvrnetrie o-1,ooom 0-2,7oom
Migration pattern (e.g. inshore-offshorc) pronounced feeding migrations unknown
Migration sc.'lle (e.g. m; km; ete.) unknown unknown
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Table 10. Continued.

, ---- -- - -. ,

Todarodes saJ!ittatlls Gonatlls fabricii

ENVIRONI\II':NTAL FACfORS
Ilabit<'!t:

Depth ran~e of paralarvae (m) surface waters? 0-2,000
Dcpth ranl!e of juvcniles/adults (m) 0-1,000 <2,700
Temperature ranl!e of paralarvae (OC) unknown 0.5 - 14
Temperature range of juvenilesladullS eq 5 - 7 (northem range) 0.5 -14

16 - 24 (Canaries)
Salinity ranl!e of paralarvae (S %(') unknown 31.2 - 35.3
Salinitv ranl!e of iuveniles/adults (S %0) unknown 31.2 - 35.3
Effects on survival, development, growth strong unknown

FISIIERIES
Dirccted or hv-catch directed and by-catch hy-cntch
Scasonality of fishery AUG-DEC all year

OCES suh-area lIa)
Geographie location of fishery, main fishery North East AUantie slope North East AUantie slope
nations rel!ions; Norwcl!ian fionJs rCl!ions; Norwcl!ian fionJs
lnshore or offshore mainly inshore offshore
Fishing methods jigging; trawling

purse scines (Canaries)
Estimatcd catch data:

Quality poor; data not fully rcported, species not scparated
and mixed with other sQuids

Landinl!s in ICES fCl!ion (= FAO 27) ca. 400 t (1995) unknown
Range of landings over past 10 years in 0- 15,000 t unknown
lCES rCl!ion

Availahility of CPlffi data not availahle not nvailahle
ManUe length range of exploitcd population ca. 200 - 400 mm (Norway) >200 mm in by-catch

147 - 340 mm (Canaries)
Weight range of exploitcd population 150 - 4,000 unknown
Exploitation level variahle no exploitation
Stock recruitment relationship unknown unknown
Timing of recruitmcnt to fishcry 3 -4 months unknown
Variahility ofrccruitment into fishcrv high (one vear cIass) unknown
EnvironmcntaI innuences on catch hydrol!raphy, currentc; unknown
Assessment:

Stock biomass or ahundance unknown unknown
No. of stocks identified probably 2 (northem range, unknown

and southwesiem range)
Method applied no assessment no assessment

Research activities in ICES are:.:
Country Ircland. Norway; Spain Germany, lceland, Norway
Region whole ICES region lCES divisions I, 11, Va; IX

,
" ", " , '" " - - "-.,, '- '- ,
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Table 11. Octopus vulgaris and Eledone cirrllOsa. Data on life history, environmental factors and fisheries.

OctOTJUS vul~aris Eledone cirrhosa

LlFE HISTORY
Eggs:

E~j.!; principal axis (mm) 2.0 - 3.0 6.7 -7.5
Potential fecunditv 500,000 2,000 -7,500
No. of Cj.!;j.!;S spawnoo per female 100,000 - 500,000 unknown
No. of spawninj.!; cpisodes 1 (within 1 - 2 months) 1 (extended over 3 - 4 wecks)
Eenthic or pelaj.!;ic Eenthic, protected hv fernale
Duration of cmbryological developmcnt 125 days (l3°C); 30 - 60 days 3 - 4 months

05-20°C); 25 davs (25°C)
Paralarvae:

Size at hatchinj.!; (mantle len~hth in mm) 1.4 - 2.0; 1.4 mg ca. 3
Temperature dcpendence strong strong
Location in watcr column planktonic planktonie
Duration in plankton 5 - 12 weeks fewd1Ys

Rcproductive cvcle:
Spawning season FEE· OCT; all ycar;

peaks in June and Septemher peaks hetween April to Octoher
Snawning location shallow waten" inshore
Soawning depth < 100 m < 200 m
Prcferroo suhstrate rockv and sandv hottom, caves flat muddy and rocky hottom
NO.ofcohortsperY~1f 20rmore orohahlv 1 annual recruitment

Growth:
Mantle len~th at fuH maturitv; male (mm) 95 - 250 50 - 180
Mantle length at full maturitv; female (mm) 185 - 260 120 - 400
Weight range at fuH maturitv; male (g) 200 - 6,100 400 -700
Weight range at fuH maturitv; female (g) 390 - 4,300 1,200 - 2.000
Lifesnan 12 - 24 months 12 - 24 months
Minimum age at maturitv 10 - 18 months. variahle ca. 12 months, variahle
Form of growth exoonential exnonential?
Ponulation recruitment: how variahle highly variahle highlv variahle (MAR-nIT.)
Natural mortality rates vcr hh:h

Distihution:
Geographic cosmopolitan; in all North East North East Atlantic coastal and

Atlantie coastal waters, [rom shelf waters [rom Norway to
southem North Sea to west of Portugal, Iceland; eastem

Africa Mediterranean Sea
Eathymetrie bcnthic; 2·100 m; max. 400 m bcnthic; 0-200 m (shore Hne);

max.17Om
Migration nattern (e.g. inshore-offshore) inshore for soawnin~ inshore for spawning
Migration scale (e.~. m; km; ete.) <50km unknown (few km?)

•

28 1996 WGCEPll Report



•

Table 11. Continued.
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Octo/JIlS vlllRaris Eledone cirrhosa

ENVIRONMENTAL Jo'A CTORS
Ilabitat:

Depth ranJ!e of oaralarvae (m) surface - 500 0-500
Depth ranJ!e of iuveniles/adults (m) surface - 200 0-770
Temperature ranJ!e of paralarvae (OC) 10 - 25 unknown
Temperature ran~e of iuvenilesladulL" (OC) 10 - 30 unknown
Salinity range of paralarvae (S %1') not documented unknown
Salinitv ran~e of iuveniles/adults (S %c) 32 -40% unknown
Effects on survival, development.. growth strong strong

FISII ..:RIES
Directed or hV-C1tch halh hv-catch
SC1sonalitv of fishery all year MAR-JUL
Geographie location of fishery, main fishery whole range of distribution; whole range of distribution in
nations PortuJ!al, Spain 10 - 12 m; Portugal, Spain
lnshore or offshore inshore mostly inshore
Fishing mcthods traps and pots; trawling hattom trawls; seines; pots
Estimated catch da!.1:

OuaHtv ooor; da!.1 not fuHv rcported and not scparatcd hv snccics
Landings in ICES rCJ!ion (= FAO 27) ca. 12,000 t (1995)
Range of landings over past 10 years in 7,000 - 18,000 t
lCES region

Availabilitv of CPlm d1t.a not availahle not availahle
Mantle len~th ranJ!e of exploitcd population 34-260mm unknown
WeiJ!ht ranJ!e of exploitcd population 100 - 14,000 ~ (average 500 g) <C1. 2,000 J.!

Exploi!.1tion level hiJ!h variahlelunknown
Stock recruitmcnt relationshio unknown unknown
Timing of recruitment to fishcrv all year unknown
Variahility of recruitment into fishcrv variahle; most Iv high unknown
EnvironmentaI inßuences on catch wind; hydrography unknown

Assessment:
Stock hiomass or ahundmce unknown unknown
No. of stocks identified unknown unknown
Method applied no assessmcnt no assessment

Research activilies in ICES area:
Countrv Portugal, Spain Scotland
ReJ!ion leES divisions VIII - X Scottish watcrs

,., . , '. ....
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Working document to the ICES Working Group on Cephalopods Fisheries
and Life History

Lisbon, 17-19 April 1996.

SPANISH CEPHALOPOD LANDINGS IN ICES WATERS, 1990-1995
(Sub-areas VI, VII, VTII and IX)

by

Julio M. Portela & Mario Rasero
Instituto Espafiol de Oceanografia

C. O. de Vigo
Apdo. 1552.36280 Vigo, Spain

ABSTRACT

In this paper, available data on Spanish cephalopod landings for the period 1990-1995 in
the ICES waters are presented. Catches were obtained in ICES Sub-areas VI, VII, VIII and IX by
artisanal and industrial vessels.

The results indicate that Spanish cephalopod landings from lCES waters during the period
ranged from 3600 to 7400 metric tannes, with an average of 5400 tonnes/year. The main
contribution to these landings was that of the octopods (Octopus vulgaris and Eledone cirrosa)
accounting for 56 % ofthe total. Landings of omrnastrephid squid (Illex coindetii and Todaropsis
eblanae) and cuttlefish (particularly Sepia ojjicinalis), show a rnarked seasonal.distribution, with
higher landings in autumn to spring, and lower in summer. Landings ofAlloteuthis spp. occur only
in the first half of the year, probably indicating the existence of an important spring recruitment.
Loligo spp. is caught throughout the year, occurring higher landings in the second half, mainly in
summer.

The total catch of Octopus vulgaris and Alloteuthis spp. was obtained in Divisions VIIIc
and IXa, while most ofthe cuttlefish and a third ofLoligo spp. were caught in Divisions VIIIa,b.

The seasonality observed in catches may be related to seasonality in fishing behaviour,
abundance ancJjor in recruitments.

•

•
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MATERIAL AND METHODS

Data on landings of cephalopods was collected, in the main fishing harbours of north änd
north-west Spain, using the statistical database corripiled in the fish markets of those poris (Figure
1). Due to the difficulty for achieving an exhaustive monitoring of landings in the fish markets,
occasionally, an unknown portion of landings is not registered in the statistics, mainly in some
artisanal harbours (Table 1 shows data available by harbour and year). For 'this reason, the
information presented in this document should be considered with caution.

Cephalopods are caught by artisanal vessels targeting Loligo spp., Sepia spp. and Octopus
lJUlgaris in ICES divisions.VllIc arid IXa, or as a by-catch by industrial vessels operating in ICES
areas VI, VII, VIII arid IX, being Illex coindetii, Todaropsis ehlallae and Eledone cirrhosa the
main species for this vessels. ,

Sometimes the statistics do not indicate the origin of landings, but we have estimated that
iri these cases, more than 80% ofthe catch originates in Divisions VIIIc arid IXa, even though we
cannot assess the proportion coming from each one ofthem.

Although statistics have some lacks and deficiencies, the figures can be taken as an
approach to rea1landings, and as an index ofthe evolution ofthe fisheries.

Since most of the landings were not separated by species in the statistics, data is c1assified
as follows:

"Loligo spp" includes Loligo vulgaris and Lforhesi.
"Cuttlefish" consists ofSepia officinalis, S. elegans and S. orhignyana, although
most ofthe catch is made up ofthe first species.

. "Ommastrephids" comprise Illex coindetii and Todaropsis ehlanae, and some
irTelevant quantities ofTodiuodes sagitattus.
"Unspecified octopods" iricludes Eledone cilrhosa and Octopus l7/lgaris, for those
harbours in which landings ofboth species are not distinguished in the statistics.
"Alloteuthis spp." includes Alloteuthis media and A. suhulata.

RESULTS AND DISCUSSION

Table 2 shows total cephalopod landings in Spanish harbours (caught in ICES waters), by
species or group of species for the study period. Landings are given by year, but also the period
average far each species or group of species and the standard deviation (Sm) is shown in the
iable.

The results indicate a general decrease in landings since 1993, particularly in Loligo spp.
and Sepia spp. The explanation for this change is the absence ofstatistics for Pasajes and Ondarroa
harbours (Basque Country) since 1993, when contral ofthese ports was transferred to the Basque
Government. Ondarroa and Pasajes have an important trawling fleet, and the lack of information
since 1993 is weIl reflected in the data, panicularly for Divisions VllIab (see Table 5), \vhere
Basque trawlers have historically exerted an important activity. Data in Tahle 2 are represented in
Figure 2 (except Alloteuthis spp., whose catches are irrelevant).

In Tables 3 and 4, landings of cephalopods coming from Sub-areas VI and VII are
presented respectively, while these landings from Divisions VIIIab are shO\\TI in table 5.

Table 6 shO\vs landings from divisions VIIIc arid IXa. Alllandings ofOet0lms mlgaris and
Alloteuthis spp. are caugl1t in these divisions.

, ,
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Figure 3 shows the relative importance (average percentage) of each cephalopod ~oup in
landings for the whole period. Octopods are by far the most important cephalopod resource to the
Spanish fishing fleet in ICES waters, with 56 % of the total landings, while ommastrephids in
second place represents 31.6 %. Results shown in Figure 3 are higWy coincident with the results
obtained in Galician waters (between Guarda and Ribadeo, Figure 1) by Gonzälez et al. (in press)
for the period 1980-1991. The similarity of the results suggests that no signifieant ehanges took
plaee in the fishery pattern between both periods.

Figure 4 shows the origin of the landings for each eephalopod group, and iridieates that
most ofthe landings originate in Spanish waters (divisions VIIIc and IXa). Octopus vulgaris and
Alloteuthis spp. are not included in the figure beeause, as stated above, the total catch comes from
the divisions mentioned. Most ofthe cuttlefish, and a little more than a third ofLoligo spp., are
eaught off the Frcnch eoast (Divisions VIII a,b). Landings from Sub-areas VI and VII are not
significant, exeept for ommastrephids (one third of the short-finned squid landings have been
eaught in Sub-area VII).

Figure 5 shows average monthly landings for the period 1994-1995, using statistics from
Riveira and Grove harbours exclusively. These statisties have an aeeeptable level of confidenee,
and, very probably, the temporary pattern of coastal eatches in these ports represents the general
pattern in Divisions VIIle and IXa. A certain degree of seasonality in the landings ofall the groups
ean be observed. Sueh seasonality is probably related to some biological features that will be briefly
diseussed in the following paragraphs.

Landings ofommastrephid squid have a marked seasonal distribution, with peak landings
oceuning from Oetober-November to March-May, and lower landings in summer. This pattern has
also been observed by Gonzälez et al. (1994 and 'in press'). Besides a possible change in the
fishing behaviour ofthe fleet during summer, the biologieal explanation could be the existenee ofan
intense reeruitment during autumn and winter, and a high post-spawning mortality at the end of
spring, both causing the comparatively low catches of summer (Gonzälez et al, 1994 and 'in
press').

Landings of Cuttlefish (and less clearly, of Octopus vulgaris) have a temporal pattern
similar to that of the ommastrephids, the causes of which may be similar to those discussed for
short-finned squid. Alloteuthis spp. eatches occur only in the first half of the year (especially in
spring), probably indieating the existenee ofan important spring recruitment. Loligo spp. is caught
throughout the year, the higher landings occurring in the second half, especially in summer. This is
coincident with the observations by Guerra et al (1994) and Simon ct al. (in press) in Galician
waters, Pierce et al (1994) in Scotland, and Cunha and Moreno (1994) in Portugal. The seasonality
observed in catches can be related to seasonality in fishing behaviour (especially in the hand-jig
fishery; Simon ct al, 1994), abundance and recruitment (pierce et al., 1994; Guerra et al., 1994).

•

•
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-rAßLE 2. Total Spanish cephalopod landings (tonnes) in ICES waters tor the period 1990-1995.

YEAR LoJigo spp. Cuttlensh Ommlstrlphlds Oc/opus vulgarls Eledone c/rmou Uns. OctCD'::QS A/lo/lHJthJs spp. YEARLY TOTAL.
1990 4120 5106 16800 17083 11056 5273 i 59438

19" 3935 6370 24120 11733 7182 1145 3 64794

1992 5059 5608 24509 12555 13414 12989 74134

1993 2238 13.7 10266 11702 10661 891' 2
I

43976:
11S4 197.1 939 1360.7 11108 471.5 1072.9 123 43193

'. 11'6 1858 101.7 1261.3 2304 588.1 12592 79 36345

GROUPAVERAGE 3197 3196 16986 1108.1 881.8 '0:115 101 YEARLY AVERAGE.
"

STD 134,7 2784 6053 481.7 3396 286.5
"

31 53647:t 1469 5

.

.' YEAR Lallgo Ipp. Cuttlefish Ommastrephids Octopus vulgar/s Eledone cln1lou . Uns.Octopods Alloteuthls spp•

1990

1991 67.8 89.7

1992 1.7 3.5

1993

1994
.

1995

•
TAßlE 3. Spanish cephalopod landings (tonnes) in ICES Sub-area VI tor the period 1990-1995.

TAßlE 4. Spanish cephalopod landings (tonnes) in ICES Sub-area VII tor the period 1990-1995.

'1'
,"

•

YEAR ',' LeI/go spp. Cuttlefish Ommastrephids Octepus vulgaris Sedone cirrhosa Uns. Octopods AJloteuthis spp.

1990 27.7 16.0 741.3 186.7

1991 30.9 19.5 908.9 162.8

1992 61.9 2.0 469.1 178.6

1993 84.5 374.3 139.1

1994 34.3 611.3 107.7

1995 26.8 . 298.7 . '. " 133.6 .

TAßlE 5. Spanish cephalopod landings (tonnes) in ICES Divisions Vllla,b torthe period 1990-1995.

'. ' ..

YEAR Lol/go spp. Cuttlefish Ommastrephids Octopus vulgar/s Eledone cln1losa Uns. Octopods Alloteuthls spp.

1990 260.<4 445.<4 244.4 240.1

199t 1624 581.0 25.1 90.1

1992 198.2 541.6 364.4 214.4

1993 2.1 20.7 0.1

1994 I
:~.2 01 6.1 0.8

1995
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TABLE 6. Spanish cephalopod landings (tonnes) in ICES Divisions Vllic and IXa tor the period 1990-1995.

YEAR Lol/go spp. Cuttlefish Ommastrephids Octopus vulgarls Eledone clrrhosa Uns. Octopods Alloteuthls spp.

1990 123.9 49.2 694.3 1708.3 678.8 527.3

1991 200.1 36.5 1410.2 1173.3 375.7 1145.3

1992 245.8 17.2 1615.6 1255.5 944.9 1298.9

1993 137.2 13.7 631.5 1170.2 926.9 897.2

1994 140.6 93.8 743.3 1110.8 363.1 1072.9 12.3

1995 159.0 101.7 927.9 230.4 407.9 1259.2 7.9

FIGURE 1. Chart showing thenorthern coast of Spain, and the ports where fishing statistics were obtained tor
the present study. .
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FIGURE 2.Total Spanish landings of squid, cuttlefish and octopus in ICES waters, for the period 1990-1995.
AJloteuthis spp. is not included.
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FIGURE 3. Average percentage for each cephalopod group, for the period 1990-1995.
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0.2% •

FIGURE 4. Area of origin of the landings for Loligo spp., Cuttlefish, Ommastrephids and Bedone cirrhosa.
Average percentage for the period 1990-1995. Unespecified octopods are not shown. Octopus vulgaris and
AJloteuthis subulata have been caught exclusively in Subarea Vllic and IXa.
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FIGURE 5. Evolution of the monthly catches of loliginids, ommastrephids, octopus and cuttlefish in the NW of
Spain. Data from two Galician ports (Grove and Riveira) averaged for 1994-1995.
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ANNEX 4

Rocha et al., 1996: Reproductive strategies in cephalopods

ICES JVorkillg Group 011 Cepltalopod FisIteries alldLife History
17-19 April 1996, Lisboll, Portugal

An overvielv on tlle reproductive strategies in Cepbalopoda

by

F. Rocha, AF. Gonzälez, M. Rasero, A Guerra, B.G. Castro & T. Cortez

Instituto de Investigaciones Afarinas (CSIC)
CI Eduardo Cabello 6, 36208 Vigo, Spaill

Introduction

•

Until reeently, it was generally accepted that female cephalopods lay their eggs in one single
spa\\ning or in several consecutive ones, after whieh they wou1d die of exhaustion (McGow~

1954; Mangold,. 1987; Hannan ef a!., 1989; Mangold ef a!., 1993). The animals with this
reproduetive pattern where gonad regeneration is absent are known as semelparous. Conversely,
iteroparous species are those in whieh gonadal regeneration follo\\mg spa"VIling oecurs, making
new reproduetive eyc1es possible. .

As knowledge has grown regarding the biology of this group, it has beeome inereasingly
diffieu1t to support the notion of a single reproductive pattern (Boletzk)', 1981, 1986; Rodaniche, •
1984; Hannan ef al., 1989; Mangold ef a!., 1993). A case in point is plaufilus spp., with a life span
of 20 years, whieh must be considered as an iteroparous species sinee the females spawn onee a
year, smviving, feeding, grO\\ing and regenerating their gonads for a further reproductive event the
following year (\Vard, 1987). \Vith the exeeption ofthis partieular case, the otller eephalopods may
be considered as semelparous, although there are significant differences between the maturation
proeesses and spa\\lling from one speeies to another (Boletzk1', 1975; Mangold, 1987; Mangold ef
a!., 1993). Based on these differenees, several reproduetive strategies may be defined in
eephalopods \\1t11 regard to the oocyte maturation process and the t)pe ofspawning process in eaeh
speeies (Boletzky, 1981, 1986; Harman ef a!., 1989; Villanueva, 1992; Mangold ef a!., 1993;
Gonzälez, 1994; Roeha, 1994; Boyle ef al., 1995; Rasero, 1996; Rocha & Guerra, in press). In
general, the cutTent defmitions for the different cephalopod reproductive strategies are confusing.
For c1atity and aeeuraey in this paper several reproduetive strategies are defined, partieularly
regarding the duration ofbreeding period and t}pes ofovu1ation and spa\\ning.
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Definitions

11le diferent reproductive strategies presented in this paper (Table 1) are:

Iteroparous Reproductive Pattem

"lteroparous spawning". This is a type of spav~ning wbere the gonads regenerate after
each bre~ding season, making new reproductive cycles possible. Therc appears to be a single
breeding season each yeai-, and with the animal smviving, feeding and growing between spa\VIling
events (KirkendaII & Stenseth, 1985). Egg-laying may occur in separate batches during each
spa\\nIDg periocl. The species of the genus Nautilus have been fOlmd ,Wich exhibit iteroparous
spa\\nIDg (Ward, 1983, 1987).

Semelparous Reproductive Pattem

"Simultaneous terminal spa\\ning". 11ris is a type of spa\\ning wbere ovulation is
S)nchroneous, egg-laying occurs in a very short period at the end ofthe animal's life before death,
and there is not oopyte Irulturation during spa\\nIDg periocl. Several species have been found ,\ilich
exhibit simultaneous terminal spawning, e.g. Loligo opalescens, Illex illecebrosus and Todarodes
pacificus (lfIxon, 1983; O'Dor, 1983; Ikeda et al., 1993). 11lis type of spa\\ning is also called
"terminalspa\\nIDg" and "single spa\\nIDg" (lfIXOn, 1983; Mangold et al., 1993).

"Intermittent terminal spa\\ning". In this t)pe of spa\\ning "partial ovulation" occurs.
Partial ovulation iInplies the presence of oocytes at various stages of deve]opment in the ovaries,
thus enablillg the continued productioD ofova once spa\\ning has cominenced. Partial ovulation has
been described in several species: Sthenoteuthis oualaniensis, Loligo bleekeri and IdiosepiiLS
pygmaezLS (HafIrulll et al., 1989; Hun Daeg et al., 1993; Lewis & Choat, 1993). In intennittent
terminal sP:l\\nIDg egg-laying occurs in separate batches during the spa\\nmg period, which is
usually relatively long, although in DO case does it represent the greatest fraction ofthe animal's life.
11le species Loligo vulgaris reynaudii, L. bleekeri, L. vulgaris vulgaris, L. forbesi. Illex coindetii
and Todaropsis eblanae (Sauer & Lipinski, 1990; Hung Daeg et al., 1993; Roeha & Gtierra, in
press; COllillS et al., 1995; GonzMez & Guerra, in press; Rasero et al., 1995) seem to be
illtennittent terminal spa\\ners in \\hieh somatic grO\\th does not take place between spa\\lling
events. 11Iis t)pe ofspa\\ning eorresponds to "intennittent spa\\ning" defined by Boletzky (1975).

"Multiple spa\\ning" (Harman et al., 1989). 11lis is a form of the intermittent terminal
spa\\ning. ''Multiple spa\\lling" is \\hen somatic gro\\th oeeurs between separate spa\\lling events.
Several species have been found \\hieh exhibit multiple spa\\ning, e.g. OctopzLS chierclziae, Sepia
ofjicinalis and Stlzenoteutlzis oualaniensis (Rodaniche, 1984; Boletzky, 1975, 1987, 1988; ForS)the
et al., 1991; lIamum et al., 1989).

"Continuous spa"ning" (Villanueva, 1992). 11lis is a type of reproductiye strategy in
which partial ovulation oeeurs with a continued production of ova onee' spa\\nIDg has commeneed
and adults spa\\ll niany times during their extended life spans. Two species of cirrated octopods
have been fOWld \\ilich exhibit eontinuous spamling. e.g. Opisthoteutlzis agassi=ii and 0. vossi
(Villanueva, 1992).
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Table 1: Characteristics ofthe principal reproductive strategies in cephalopods and some examples.

Reproductive Breeding season Ovulation Spawning pattern Growth between Reproductive Possible species example
pattern pattern pattern egg batches or strategy name

breeding seasons

Single annual Partial Egg-Iaying occurs Yes Iteroparous
Iteroparous during several ovulation in separate batches spawnmg Nautilus spp.

years

Simultaneous Egg-Iaying occurs Simultaneous Loligo opaleseens
ovulation in a very short No terminal Illex illecebrosus

Single aud short at period spawning
Semelparous the end at the

animal' s life
Partial . Egg-Iaying occurs Yes Multiple Sepia officinalis

ovulation in separate batches spawning Sthenoteuthis oualaniensis
Octopus chierchiae
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Table 1: Characteristics ofthe principal reproductive strategies in cephalopods and some examples (Cont.)

Reproductive Breeding season Ovulation Growth between Reproductive
pattern pattern pattern Spawning pattern egg batches or strategy name Possible species example

breeding seasons

Loligo vulgaris
Single and short at Partial Egg-Iaying occurs Intennittent Loligoforbesi

the end at the ovulation in separate batches No terminal Todaropsis eblanae
animal's life spawnmg Illex coindetii

Semelparous

Single alld Continuous Egg-Iaying occurs
extended during ovulation in a extellded and Yes Continuous Opisthoteuthis agassizii
the animal's life continuous period spawning Opisthoteuthis vossi

ofspawning
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Discussion

The main problem in the use of these reproductive strategies is the knowledge of the
main aspects involved in tllC definitions: ovulation pattern, spawning pattern and existence of
growth between egg batches or breeding seasons. Data about tliese three caracteristics have
been reported just in a few species. Information about some of tliese aspects have been
reported for several species, but it is not enough to locate each one in tlie corresponding
reproductive strategies. 11lerefore, it is necessary to improve the knowledge of these
reproductive aspects for each species in order to classify tliem according to each reproductive
strategies.
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ANNEX 5

CHAPTER 9

Trophic interactions ofsquid Loligo forbesi in
Scottish waters

G.]. Pierce andhf.H. Santos

SUMMARY

. (1) Squid are an increasingly important fishery resou~ce in the north-east Atlantic but their role as
predators and prey of other marine organisms is poorly known. The main( squid species of
commercial importance in the northem north-east Atlantic is the veined squid Loligo fMbesi.
The present paper reviews trophic interactions involving this species in Scottish \vaters.

(2) Fishery and population data are used to develop a simple model ofthe squid population. Stock
size estimates, combined with available data on diet and energetic requirements are used to
estimate consumption ofthe main prey species for two annual cohorts (1990/91, 1991/92).

(3) Loligo forb(si is primarily piscivorous, although the diet also includes crustaceans and there is
some cannibalism. In 1990/91, depending on assumptions about natural mortality, the
Scottish population ofLoligo forbesi may have eaten between 9000 and 16000 tonnes of food,
including 1700-3000 tonnes ofsandeels (Ammodytidae), a similar amount of Trisopterus spp.
and 1000-1700 tonnes ofwhiting Mer/angius merlangus. .I

(4) Loligoforbesi is eaten by various predatory fish, seabirds and marine mammals in the north-east
Atlantic. Harbour seals Phoca vitulina and grey seals Halichoerus grypus eat Lo/igo forbesi in
small amounts. Loligo forbesi is more important in the diets of harbour porpoise Phocoma
phocoena and these three mammal species alone may remove more squid from Scottish waters
every year than the commercial fishery.

(5) The importance of Loligo forbesi in fish and seabird diets is not weil documented, although
many studies indicate that other squid species are eaten.l\1any toothed cetaceans are specialist
feeders on cephalopods and good quantitative data on the diets of more of these potential
predators is needed to obtain realistic estimates of natural mortality in Loligo forbesi.

Kg-words: food consumption, Loligo forbesi, marine mammals, north-east Atlantic, population
size

•

•

INTRODUCTION

Tbe veined squid Loligo jörbesi is widely distributed in
the north-east Atlantic, primarily in shelf and shelf
edge waters and is the subject of increasingly important
fisheries, both directed and by-catch. Recent studies
in Scottish waters have examined distribution and
abundance, population ecology, diet and the nature of

56

the commercial fishery (pierce er a/. 1994a,b,c) but no
previous attempts have been made to quantify the
trophic interactions. The diet of Loligo jörbesi has been
documented in Scottish, lrish and Spanish waters
(Ngoile 1987, Collins et al. 1993, Rocha et al. 1993,
Pierce d al. 1994b) and the species is primarily pis
civorous. Howeyer, there are no estimates ofpopulation
size and the potential impact 'on fish stocks remains
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Squid trophic interaaions

unknown. Data on the importance of squid as prey are
patchy. There are many relevant studies on diets of
fish, seabirds and marine mammaIs in the north-east
Atlantic, but few attempts to quantify the mounts of
cephaIopodS eaten, aIthough Furness (1994) estimates
consumption of squids by seabird populations.

The present paper uses existing data to quantify
some of the trophic interactions involving Loligo forbesi
in the north-east Atlantic, focusirig on the fished
population in Scottish ",aters.

instantaneous (annual> natural mortality (M) in squids.
This corresponds to values for in as defined above
between 0.043 and 0.163. }.tost adults disappear from
the fished population in)uly, while in 1991 recruitment
reached a peak in August (pierce et al. 1994a). Setting
the population leVel at the end of)uly in each year to
zero, population sizes for the preceding months were
estimated using Equation (2) for different levels of
monthly natural mortality (m = 0, 0.04, 0.16). Input
catch parameterS and population results for m = 0.16
are illustrated in Figtire 9.1.

(b)

Fig.9.1. Population model for Lolig()forbesi in Sconish waters
July 1990-July 1992 using m = 0.16 for illustration purposes:
(a) monthly landings (tonnes) by the commercial fishery in
Scotland; (b) monthly recruitment to the fished population
based on the proportion ofsquid with mantle length < 150 mm
in monthly sampies; (c) estimated numbers (millions) ofsquid
landed monthly; (d) estimated monthly population size
(millions ofsquid); (e) estimated monthly population food
consumption (thousands oftonnes).

SOURCES OF DATA

Consillnption by squid

Squid energyrequirements
Based on data for Il/a i//tabrosus and Lo/igo spp. com
piled by O'Dor & WeIIs (1987), daily food intake (I,
g'day-l) may be eXpressed in relation to body weight
0N, g) as:

I = 0.0683 + 0.0474 X W (1)

Using this regression, daily food intake was estimated
for all individuals in monthiy population sampies .Uuly
1990-)uly 1992) (pierce tt a/. 1994a), and the mean
daily food requirement per individual caIculated for
each month.

Squid population size
A simple difference equation model is used here,
including terms for recruitment, fishing mortality and
natUral mortality. Immigration and emigration are
assumed to be negligible. Data on the monthly landings
in Scotland (SOAFD, unpublished data) and monthly
size composition (pierce tt a/. 1994a) were used to
estimate the number ofLo/igo landed monthly between
)uly 1990 and )uly 1992. This assumes that a11 squid
caught in Scottish waters are Lo/igo forbesi and are
landed in Scotland, and the size composition in monthly
sampies was representative of the population. Recruit
ment in Laliga forbes; occurs during much of the year,
although with varying seasonal peaks (Lum-Kong tt al:
1992, Boyle & Ngoile 1993; Pierce tt a/. 1994a). The
proportion of recruits (ammals of <150mm mantle
length) in monthly sampies is assumed to be represent
ative of the rate of recruitment to the population:

Nt = (Nt+ 1 + CJ/{1 + rt - m) (2)
where Nt is the population size at the start of month t,
rt is the recruitment in month t expressed as a proportion
of Nt> Ct is the commercial catch in month t and m is
the monthly natural mortality, expressed as a tfixed)
proportion of Nt.

Pauly (1985) gives values in the range 0.53-2.13 for

(a)
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Squiddiet
Oata on the diet ofLoligoforbesi in Scottish waters were
taken from Pierce aal. (1994b). Variation in diet with
body size and season is ignored. Assußung that meals of
different prey taxa are nonnally of equivalent weight,
the proportion by weight in the diet is equivaIent to
the modified frequency of occurrence: fish (75.7%),
crustacean (17.4%), cephalopod (6.9%). Within taxa,
relative weights eaten are assuined to be proportional
to the number of individuals identified from bones,
otoliths (fish) and beaks (cephalopods). Fish identified
only as Gadidae were assigned pro rata to those gadid
species which were identified, while beaks of decapod
cephalopods were similarly assigned.

Population food in take
Monthly food intake by the squid population (1, tonnes)
for prey t)'Pe i is given by:

I = Nt X PI X F t x T t (3)

where Nt is the squid population size at the start of
month t, T t is the number of days in month t, Pi is the
proportion by weight of prey-t)'Pe i in the diet, F t is
the average weight of food eaten daily per individual.
Monthly food intake was summed to give annual food
consumption (Table 9.1).

Consumption ofsquid by marine manunals and
other predators

Population consumption is calculated for marine mam
mals on which we have some dietary data: harbour

seals Phoca 'Citulina. grey seals Halichoerus grypus and
harbour porpoise Phoroma phocoroa (Table 9.2). For
other potential predators on squid, data in the literature
are summarized (Table 9.3).)gnormg within-year vari
ation and efrects of population stnieture, annual con
sumption of squid by a population cf marine Ina.mma1s
(1, tonnes ) is given by:

I = 365 ~ N x E x Ps x Os (4)
10 x Os Po x 0 0

where N is the estimated population size, Eisthe
average individual daiJy energy intake (kcal), Os is' the
calorifie density ofsquid (kcal'g- I), 0 0 is the average
calorifie density of other prey in the diet (kca!' g-I), Ps
is the proportion (by weight) ofsquid in the diet and Po
is the proportion (by weight) of other, prey.

Not aIl data are precisely known. Estimated energetie
intake for the harbour porpoise (Table 9.2) assumes a
nonnal daily energy expeqditure ofapproximately three _
:imes the .basal metabolie rate. predieted, using the -
Kleiber relationship, from body weight (after Worthy a
a/. 1987, Murie 1987). Taking average body weight to
be 45 kg (at the lower end of the range for mean adult
body' size) (Leatherwood (t a/. 1983), this is equivalent
to approximate1y 3600 kcal· day-I. At 90% assimilation
effidency (a realistie figure for seals) (prime &
Hammond 1987) this would require a daily intake of
4000 keal' day-I. .

Croxall & Prince (1982) give a figw-e of3.5 kJ· g-I for
average calorifie density of cephalopods, i.e. 836 kcal'
kg- I, noring that values for fish are usually higher.
However, a1though ealorif1c densities often quoted for
fish such as sandeels (1367), sprat (~1587) and Tri-

Table 9.1. Amounts offood eaten by Loligoforbesi 1990/91 and 1991192, based on estimated importance ofmain prey species in
the diet and estimates of squid population size using various vaIues for natural morcility (m).

Prey species Proportion Weights (tannes) eaten Weights (tonnes) eaten eof diet 1990/91 for m = 1991/92 for m =
0 0.04 0.16 0 0.04 0.16

Trisopterus 0.166 1559 1754 2678 467 524 800
Haddock 0.060 563 634 968 169 190 289
Whiting 0.104 976 1099 1678 292 329 SOl
Cod 0.009 85 95 145 25 28 43
Sandeel 0.183 1718 1933 2952 515 579 881
Clupeidae 0.088 826 930 1419 247 278 423
Mackerel/scad 0.022 207 232 355 62 70 106
Other fish 0.126 1183 1331 2032 354 398 606
Crustacea 0.174 1634 1838 2806 489 .550 838
Lo/igoforbesi 0.049 460 518 790 138 155 236
Otherceph. 0.020 188 211 323 56 63 96

Total 1.000 9389 10563 16130 2812 3161 . 4817
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Table 9.2. Estimated annual cephalopod consumption for seals and porpoises.

Halbour seal Grey seal Harbour porpoise

UK
1991

Scodand
1991

UK
1991

Scodand
1991

Nonh Sea
1994

Population size
Daily energy intake (k.cal)
Daily food inuke (kg)
%Diet =Cephalopod
%Diet =Loligo
Annual Population Cephalopod consumption (tonnes)
Annual population LoligrJ consumption (tonnes)

24640 {I) 23089 (1)
4680 (2)

5.6 (2)
1.7 (3)
0.06 (3)

874 . 819
32 30

93500 (1) . 85400 (1)
5530 (4)

6.6 (4)
9.4 (3)
0.25 (3)

21211 19373
552 504

352500 (5)
.. 000 (6), (7)

4.8 (6), (7)
3.8 (3), (8)
I.98 (3), (8)

23680
12229

Sources: (I) Hibyaal. (1993); (2) Härkönen &Heide-]ergensen (1991); (3) GJ. Pierce ci al. unpublished data; (4) Fedak & Biby
(1985); (5) Hammond a al. (19~5); (6) Wonhy aal. (1987); (7) Leatherwood aal. (1983); (8) Santos aal. (1994).

SoptmlS spp. (1058-1146) are higher than values for
most Gadidae and flatfish (700-800) (M:urray & Burt
1969, Prime & Hammond 1987)~ Hislop d a/. (1991a)
show that there are very)arge seasonal and size-related
changes in calorific density. Thus smaIr sprat may on
average be no more energy rieh than cod or whiting.
We make the simp1ifying assumption that fish and
cephalopods are on average of equal"calorific value.

Diet was quantified by analysis of harbour seal
faeces (N = 658), grey' seal faeces (N = 495) and
porpoise stomaehs (N = 108). Weights of fish and
cephalopods eaten were calculated from measurements
on otoliths and beaks (pieree d a/. 1991a,b, unpublished
dati, Santos et a/. 1994).

RESULTS AND DISCUSSION

Predation by l.oIigo forbesi

Maximum population size for Lo/igo forbesi in Scottish
waters during the study period is estimated to have
r:inged between 4 million (for m = 0) and 7.5 million
(for m = 0.16). Depending on m, the population would
have eaten between 9000 and 16000 tonnes offood in
1990/91 and 3000 to 5000 tonnes in 1991/92 (Table
9.1). Iri 1990/91, the food eaten included 1700-3000
tonnes ofsandeeis (Ammodytidae), 1600-2700 tonnes
of TrisoptmlS spp. and 1000-1700 tonnes of whiting
Afer/angius mer/angus. This excludes any estimate of
consumption by pre-recruit and paralarVal squid.
Empirical estimates of natural mortality, on a seasonal
or monthly basis, are needed to provide meaningful
confidence limits for the size of the squid population.
Scottish squid landings varj wide1y from year to year,
possibly reflecting cyclic variations in population size

" '.
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(pieree d a/. 1994c). From a low of 88 tonnes in 1979,
annual landings rose to approximately 1900 tonnes in
1989. Landings in 1990, 1991 and 1992 were relative1y
large (approximately 1400, 900 and 1100 tonnes,
respectively) and estimated consumption by squid in
these years would therefore be towards the upper end
of the natural range of values. To put the amount of
food eaten by squid in Scottish waters in perspective,
predators in the North Sea are estimated to have eaten
approximate1y 2.2 million tonnes offish and 6.1 million
tonnes of other focid during1991 (Anon. 1994), and
these figures may even be underestimates (GreenStreet,
in press).

Predation by seals arid propoises on l.oIigo forbesi

Seals ate very little Lo/igojörbisi (Table 9.2); in fact only
single specimens were found in faeces ofboth species.
Most of the eephalopods eaten by grey seals were
octopus Ekdone cirrhosa. Porpoises probably have a more
significant impact on Lo/igo jörbesi, although population
estimates are for the North Sea rather than for Scotland
(Table 9.2). Mortality of Lo/igo jörbesi due to marine
mammals appears to be of at least a similar order of
magnitude to fishing mortallty (see Pieree er a/. 1994c)
and probably rather higher, implying that the higher
values for natural mortality in the preceding squid
model are more realistic.

Predation by other predators on cephalopods

As the seleetive list of predatorS in Table 9.3 makes
clear, there is a long way to go before natural mortality
of Lo/igo jörbesi can be fully quantified. Large-scale
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Table 9.3. Marine predators of cephalopods in the north-east Adantic.

Area Predator % ofdiet = Species eatenb
ö Sources

cephalopods· other comments

NorthSea Cod Gadus momua 0-11 Not stated but Dun (1981), Anon.
HaddockMt/anogrammus fUglt'jinus 0-11 ineludesA (1994),J.R.G.
WhitingAfmangius mt'T/angus 0-14 Cephalopods Hislop, personal
Saithe Pol/achius t'ir(TlS 0-30 mainly eaten in communication
Mackerel S(()mbt'Tscombrus 0-80 1st quarter of
Grey gumard Eutrig/a gurnardus 0-11 year
Ray Raja radiata 0-1

NE Atlantic SwordfishX,phiasg/adius (4) H,T,Ocs Guerra d aJ. (1993)
Scotland Puffin Fraurcu/a artica ,'{I) . A Harris & Hislop (1978)
Skomer (Wales) Guillemot Uria aa/gt (1) • Squid Hatchwell (1990)
Rum Manx shearwaterPuffinus puffinus 40 Onun, ocs Furness (1994)
Foula, St Kilda Northem fulmar Fulmarus ga/da/is 1 Omm Furness (1994)

Leach's stormpetrel O«anodroma kuaJrhoa .,(1) Omm
British stormpetrel Hydrobata Pt/agials • (1) Omm

Foula Great skua Catharaa s1:ua 0.1 L Furness (1994)
Various other seabirds Absent eUKwaters Harbour seal Phoca t'itulina (1)-(2)' E,L,S Steven (1934),

Sergeant (1951),
Rae (1968), Pierce tt

/
al•. (1991b),
Thompson d aJ.
(1993)

Grey seal llalicho(TUS ro'Pus (I) E,L,R. T Rae (1968), SMRU
,I (1984), Pieree cl aL

(199la)
UKandother Fin whale Ba1amqptt'Ta plrysalus (1) Rae (1965), Rae

NE Adantic Sei whale Ba1amqptt'Ta bortalis (2) (1973), Clarke &
waters, Minke whale Ba/acnqptt'Ta acutorostrata (1)-(1) MaeLeod (1974),
Mediterranean Sperm whale Plryutt'T macrocrphalus (4) B, G, H; T, ocs. Clarke & Kristensen

Pygmy sperm whale Kogia bm';crps (4) E, H, L, SI, oes (1980),
White whale Dtlpinapt(TUS ltucas (4) Leatherwood cl aJ.
Narwhal Monot/Qn monoctrUS (2) (1983), Oarke &
Northem bottlenose whale H;'PtrOOtÜJn (4) G, H, L, S, T, oes Pascoe (1985),

ampulLitus Clarke (1986),
Cuvier's beaked whale Ziphius eat';rostris (3) B,H,oes Martin & Clarke
Sowerby's beaked whaleAfaqplotÜJn bidtns (3) Omm? (1986), Corbet &
True's beaked whaleAfaqplotÜJn mirus (4) Harris (1991), Bello eHarbour porpoise Phocoma phocoma (1) L (1992), Würtz tt aL
Common dolphin Dtlphinus tklphis (2) A,L,Sa (1992), Clarke tt al.
Striped dolphin Sttntl/a cot:rUkoalba (2) A, G,H,I,L,SI, T (1993), Haug tt al.
Botde-nosed dolphin Tursiqps truncatus (1) L,S (1993), Gonzilez tt
Atlantic white-sided dolphin Lagtnorlrynchus (2) L "-. al. (1994a); Santos tt

acutus aL (1994)
White-beaked dolphin Lagtnorlrynchus (2) L

aJbirosiris
Melon-headed whale Ptponocrphala tltctra (2)-(3)
False killer whale PstutÜJrca crassidms (1)
Killer whale Orcinus orca (I) I,L,S,T
Long-finned pilot whale Globictpha/a (3) B,E,G,H,L,O,

mtlacna SI,S,T
Risso's dolphin Grampus gristus (4) E, G, H, L, R, S,

Sr. T, Te

•Where no data on %weight were available, importance ofcephalopods in the diet is expressed as: (1) same, (2) eonsiderable,
(3) large proportion, (4) main food (after qarke, 1986).
b Key to cephalopods: A,A/lotnJthisöD, Br(J(;hiotnJthisöE, Eltdon~ G, Gonatus; H,/listiotnJthis; L, Loligo (L.forbesi + L. t'ulgaris);
I,ll/er; 0, Ommastrtphes; Omm, Ommastrephidaeöocs, oceanic squids; R, Rossia; S, Stpia; SI, Stpio/a; St, Stpima; T, Todarotks;
Te, Todizropsis.
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studies on fish diets in the North Sea (Daan 1981,
Anon. 1994) showed that cephalopods are seasonally
important prey of same. commercial fish. The squid
A//otcuthis suhu/ata was the principal cephalopod prey at
least in the case of whiting (Hislop (t a/. 1991b). For
younger fish, any Lo/igo[orba; eaten would probably be
pre-recruits. Although squid are among the main prey
ofthe swordfishXiphiar g/adius, it takes oceanic species
r:ither than the (neritic) loliginids (Guerra (t a/. 1993).
Fumess (1994) estimated that seabirds may remove
100000 tonnes of squid annually from the north-east
Atlantic, but most squid eaten are probably ommastre
phids rather than Lo/igo. Also, the smaller loliginid
A//oteuthissuhu/ata is a more like1y prey for most seabirds
than adult Lo/igo [orbai, which may reach weights of
more than lkg (pierce d ar. 1994a).

Many cetaceans of north-east Atlantic waters eat
Lo/igo spp. (Clarke, 1986, Corbet & Harris 1991) and
some, e.g. Risso's dolphin and spennwhales, are specia
list feede~ on cephalopods. Some of the other cepha
lopods eaten are also fished commercially in Europe,
e.g. the cuttlefish S~ia ojJicina/is and the ommastrephid
squids Todaropsis (b/anae -:ind I/la coinddii (pierce (t a/.
1994c, GonzaIez d a/. 1994a,b).

Quantitative infonnation on consumption by a wider
array of predatorS is needed to prO"fide realistic esti
mates of natural mortality in Loligo [orba;.
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