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Executive summary

Over the past two decades, cephalopod molluscs have attracted increased attention
from marine biologists and fisheiy scientists. Several species are important for
European fisheries, as targets of small-scale coastal fisheries and/or as bycatch in
multispecies fisheries for demersal fish. The present report draws on a series of
reviews prepared in 2005 for the CEPHSTOCK project (see Section 1). The taxonomy
of the main resource species is reviewed (Section 2), and brief descriptions of each
species are provided, along with information from studies of population genetics,
habitat requirements of paralarvae and adults, and health and ecotoxicology (Section
3). The main fisheries are described, including illustration of gears used in specialized
small-scale fisheries and a discussion of the socio-economic importance of the
fisheries. The current status of cephalopod aquaculture is reviewed, highlighting
notable advances in commercial culture of octopus and cuttlefish (Section 4). Current
fisheiy data collection and fishery management are described, noting that there is no
setting of landings quotas and no routine assessment of stock status. Options for
stock assessment are discussed, drawing on one-off assessments made during specific
projects and current practice elsewhere in the world. The "live fast, die young" life-
history strategies of cephalopods present particular challenges, but parallels can be
drawn with short-lived fish (Section 5). Finally, the report looks to the future,
reviewing possible effects of climate change on cephalopods. It discusses the future
development of aquaculture and fisheries for cephalopods, including prospects for
fishery forecasting and fisheiy management - especially in relation to the small-scale
directed fisheries. Various knowledge gaps are identified, and ideas for research to

fill these gaps are presented.



Cephalopod biology and fisheries in Europe

General introduction

Graham Pierce and Peter Boyle

Historically, cephalopods in European waters have always been considered a minor
fishery resource, although undoubtedly of local economic importance, especially in
southern Europe's artisanal fisheries (Shaw, 1994). Interest in cephalopods as a
fishery resource in northern Europe is evident only from a small number of
publications in the 1970s (Wiborg, 1972, 1978, 1979a, 1979b; Thomas, 1973; Arnold,
1979; Howard, 1979).

Interest in cephalopods as a fishery resource in Europe has, however, grown
substantially since the 1980s, when, in 1987, ICES first established, the Study Group
on Squid Biology, the forerunner of the present ICES Working Group on Cephalopod
Fisheries and Life History (WGCEPH), and two of the earliest academic studies on
the squid Loligo forbesii took place (Ngoile, 1987; Lum-Kong, 1989). By the 1990s,
increased interest in the potential of cephalopod resources to supplement or even to
replace overexploited finfish stocks, as a source of both protein and revenue, led to a
series of collaborative research and fisheries data-collection projects on cephalopod
biology and fisheries, funded through the European Commission's Research and
Fisheries support programmes.

+ Fishery Potential of Northeast Atlantic Squid Stocks (FAR MA 1.146,1990-
1992)

* Stock Dynamics, Interactions and Recruitment in Northeast Atlantic Squid
Fisheries (AIR1-CT92-0573,1993-1995)

+ Experimental squid jigging with light attraction (Study Project 93/19,1994-
1995)

* Data collection for assessment of fished cephalopod stocks (Study Project
96/81,1996-1998)

* Cephalopod Resources Dynamics: Patterns in Environmental and Genetic
Variation (FAIR-CT96-1520,1997-2000)

e Cephalopods resources dynamics and fisheries trends in the Algarve and
Gulf of Cadiz (Study Project 97/86,1997-2000)

+ Development of software to estimate unreported or misreported catch and
effort data and to apply fishery management models (Study Project 97/107,
1997-1999)

* Analysis and evaluation of the fisheries of the most commercially
important cephalopod species in the Mediterranean Sea (Study Project
97/54,1998-2000)

+ Data collection for assessment of cephalopod fisheries (Study Project
99/063,1999-2001)

* Cephalopod Stocks in European Waters: Review, Analysis, Assessment
and Sustainable Management (Q5CA-2002-00962, 2002-2005)

This research activity was reflected in a series of symposia on cephalopods, held
under the auspices of ICES and the Cephalopod International Advisoiy Council, and
generated a substantial number of new publications on cephalopod biology, ecology,
and fisheries, including contributions to several special issues of peer-reviewed
journals dedicated to cephalopod biology and fisheries (e.g. Boyle and Pierce, 1994;
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Payne, A. 1. L., et al.,, 1998; Piatkowski et al., 2001; Boyle et al., 2002; Pierce et al., 2005a;
Payne, A. G,, et al., 2006; Koueta et al., 2006).

Currently, cephalopod fisheries in European waters are of substantial importance.
Total cephalopod landings from the Northeast Atlantic and Mediterranean have
routinely exceeded 100 000t since 1980 and were more than 116 000 t in 2006 (FAO
statistics), comprising 49 000 t landed into Europe from the Northeast Atlantic and ca.
67000 t landed from the Mediterranean by all nations (including those African and
Asian countries with Mediterranean coastlines). However, no cephalopods are
treated as quota species under the Common Fisheries Policy, and there are few
restrictions specifically related to fishing for these species. Several southern European
countries have introduced a range of technical measures and effort controls for
cephalopod fishing, including restrictions on the type of gear used and minimum
landing sizes (see Section 4 for details). Nevertheless, to date, there has been no move
to fully regulate cephalopod fishing in European waters.

As cephalopods are short-lived and increment deposition on recording structures
(where present) is daily or indeterminate, age determination is difficult. Furthermore,
stock—recruitment relationships have generally not been determined (or do not exist),
so most traditional methods of stock assessment have been thought unsuitable,
although, as some authors have pointed out (e.g. Pauly, 1998), similar problems also
arise for assessment of short-lived fish. To make real advances in stock assessment of
cephalopods in European waters, there is a need to ensure that “stocks” are defined,
that adequate biological and fisheries data are collected, and that appropriate
biological and management reference points are identified for the various stocks (as
done already in the Northwest Atlantic; see e.g. Hendrickson and Hart, 2006).

European cephalopod landings statistics refer to broad commercial categories (long-
finned squid, short-finned squid, octopus, and cuttlefish), which all include two or
more species. Limited routine biological data collection became mandatory under
Council Regulation (EC) No. 1543/2000 and continues to be required under Council
Regulation (EC) No. 199/2008. In the past, WGCEPH has expressed concern that there
was no provision for data collection on several commercially important cephalopod
“stocks” and, even for those included in the regulations, the level of data collection
could be insufficient for assessment and management purposes (ICES, 2008). Now
that data collection has switched to a métier-based system, coverage of landings of
most cephalopod species is likely to improve, but it remains uncertain whether the
data collected will be sufficient to determine stock status (see ICES, 2009).

The present report is based on material originally compiled for the final report of the
EU-funded CEPHSTOCK project, a Concerted Action (Q5CA-2002-00962, 2002-2005)
involving scientists from 22 European research institutions in seven countries (UK,
France, Germany, Spain, Portugal, Italy, and Greece). This project (2002-2005) aimed
to review current knowledge and issues in cephalopod fishery science; to assemble,
organize, analyse and synthesize data from national and EC-funded research and
development projects; and to recommend future actions for scientists and
cephalopod-fishery managers in European waters. The project work involved a series
of literature reviews, development of common databases and associated geographic
information system (GIS) analysis capability, and meetings and workshops at which
the status of fished European cephalopod stocks was discussed, retrospective stock
assessments carried out, and management recommendations proposed. Specific
objectives of the project were to:
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1) review the current state of knowledge of exploited cephalopods (biology,
fisheries, environmental relationships, stock identity) in European waters,
on a stock-by-stock basis, in order to identify gaps in knowledge and the
best methods available to collect necessary data;

2) review and document current data collection, stock assessment, and
management practices for cephalopod capture fisheries worldwide;

3) review the current status of cephalopod culture and the prospects for
commercial aquaculture;

4) review socio-economic issues related to cephalopod fisheries: economic
and social value of cephalopod fishing, contribution to income and
employment;

5) review current knowledge of aspects of cephalopod biology and ecology
related to their suitability as resource species for capture and culture
fisheries, including life-history and ecological data and assessment of
environmental factors that affect the immunocompetence and physiology
of cephalopods;

6) review management options for currently unregulated cephalopod
fisheries in order to meet ecological, economic, social, and institutional
goals for sustainable utilization, considering issues such as gear selectivity,
minimum landing sizes, closed areas and seasons, stock enhancement;

7)) design appropriate data-collection protocols for each stock in order to fill
perceived gaps and ensure availability of the appropriate data to underpin
management decisions (e.g. catch and effort data, stock identification
studies, socio-economic data collection, gear trials);

8) hold workshops on assessment and management, with invited experts,
using existing data to make assessments of stock status, including explicit
evaluation of associated wuncertainties, and to provide baseline
precautionary management proposals and recommend future research
directions;

9) develop a common database and GIS of biological, fishery, and
bibliographic data on European cephalopod stocks;

10 ) use the database and GIS to develop models of interactions between
cephalopod fisheries, cephalopod stocks, and the environment;

11 ) disseminate the information synthesized and results generated by the
Concerted Action as peer-reviewed papers and conference presentations,
in addition to reports to the Commission of the European Communities
Directorate General for Research; and

12 ) develop new research proposals to address perceived gaps in the
information required for sustainable management of fished cephalopod
stocks.

The project contributed to three special issues of international peer-reviewed
journals. A special issue of Aquatic Living Resources (Pierce et al., 2005a) arose from a
theme session on cephalopod life history and fisheries held at the 2004 ICES Annual
Science Conference in Vigo, Spain, a session proposed and chaired by members of the
project. A special issue of Fisheries Research arose from a workshop on cephalopod
stock assessment, held at Imperial College, London, also in 2004 (Payne et al., 2006).
Lastly, the project contributed to a special issue of Vie et Milieu about the cuttlefish
Sepia officinalis (Koueta et al., 2006).
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Publication of project results continues, including recent reviews of the biology of the
planktonic stages of benthic octopods (Villanueva and Norman, 2008) and of
cephalopod—-environment interactions (Pierce et al., 2008b). However, a substantial
portion of that report has not been published, and the present report assembles (and
updates) the parts of the project output that are most relevant to European
cephalopod fisheries.

Following this general introduction, the report continues with a brief review of the
thorny subject of cephalopod taxonomy, as applied to the European species of
commercial importance (Section 2), before presenting summary accounts of the
biology and ecology of the main fished species and some short reviews of specific
topics in biology (Section 3). Full accounts will be published as a separate report.
Section 4 comprises a description of the current status of fisheries and culture for
cephalopods in Europe, while Section 5 examines assessment and management
options for European cephalopod fisheries. Finally, we offer perspectives on future
prospects for cephalopod fisheries and culture, with particular emphasis on possible
effects of climate change, and attempt to identify new research directions and
knowledge gaps (Section 6).
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Cephalopod biology and fisheries in Europe

Taxonomy

Louise Allcock

Introduction

The taxonomy of the Cephalopoda has undergone something of a revolution in
recent years as new results, particularly from molecular genetic studies, demonstrate
the need for revision of classical divisions and relationships that were based on
comparative morphology. Much of this work concerns revision of non-commercial
and/or less abundant taxa, many of which are either deep-sea dwellers, e.g. the genus
Opisthoteuthis (Villanueva et ah, 2002b), Northeast Atlantic Bathypolypus (Muus, 2002)
and Benthoctopus (Allcock et ah, 2006), or inhabit more remote regions of the world,
e.g. the several still-undescribed species of the group known as "mimic octopuses" of
the Indian Ocean and South Pacific.

Long-finned squid

The loliginid squids (represented in this report by four species (forbesii Steenstrup,
1856; vulgaris Lamarck, 1798; subulata Lamarck, 1798; and media Linnaeus, 1758) have
been under constant systematic revision for many years. The latter two species were
traditionally placed in the genus Alloteuthis Wiilker, 1920. Indeed, media was placed
in Alloteuthis from the inception of the genus (Wiilker, 1920) and is the designated
type species of the genus, whereas subulata was included within Alloteuthis just a few
years later by Naef (1923). This taxonomy was fairly stable and survived several
major revisions of the Loliginidae (Natsukari, 1984; Brackoniecki, 1986). However, a
systematics workshop held in 1988 (Vecchione et ah, 1998) recognized only five
genera and assigned Alloteuthis subgeneric status within the genus Loligo. This
revision was overturned in a subsequent systematics workshop in 2003 (Vecchione et
ah, 2005), where evidence from gladius structure (Alexeyev, 1989, 1991) and
mitochondrial DNA analysis (Anderson, 2000a, 2000b) was considered sufficient to
elevate Alloteuthis back to generic status. Recent molecular data from Alloteuthis
specimens across the geographic range of the species have demonstrated that the
character most commonly used to distinguish European species (relative tail length)
is unreliable (Anderson er ah, 2008). The data confirmed that two species exist in
European waters but, given that the type specimen of subulata is not extant and the
whereabouts of the type specimen of media has not been confirmed, taxonomic issues
abound. Redescriptions and a neotype designation are essential to stabilize the
taxonomy.

The taxonomy of Loligo vidgaris is relatively stable. Children (1823) designated
vulgaris as the type species of the genus Loligo Lamarck, 1798. Although there have
been nomenclatural issues surrounding the validity of both the genus and species
names, these have been resolved by submissions to the International Commission on
Zoological Nomenclature (ICZN, 1954,1997). A full discussion of these issues can be
found in Sweeney and Vecchione (1998). A subspecies of L. vulgaris, L. v. reynaudii
was cieated when Augustyn and Grant (1988) concluded that L. reynaudii Orbigny,
1839-1841 was a subspecies of L. vulgaris. This conclusion, based on morphological
analyses and allozyme electrophoresis, was apparently accepted by the 1988
systematics workshop (Sweeney and Roper, 1998). The nomenclature was adopted by
many fisheiy biologists (e.g. Sauer et ah, 2000; Oosthuizen et ah, 2002; Roberts et ah,
2002; Shaw and Sauer, 2004), but not by taxonomists (e.g. Anderson, 2000a, 2000b).
The latest revision of the Loliginidae did not specifically address this problem
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(Vecchione et al., 2005), but Table 2 in that paper refers to reynaudii and vulgaris as
distinct species. As L. reynaudii is restricted to South African waters, it does not
concern us directly, but its apparent re-elevation to specific status (Vecchione et al.,
2005) removes the need to refer to L. vulgaris in the ICES Area as L. v. vulgaris.

The most problematic species is forbesii Steenstrup, 1856. There are two issues
surrounding it. First and simplest is the issue of the —ii at the end of the name.
Virtually all authors for this species, from Joubin (1895) to the present day, have used
“forbesi”. However, Steenstrup (1856) clearly states that he is naming the species after
Professor Edward Forbes; the Latinization of Forbes is Forbesius, and the genitive of
this is forbesii, and Steenstrup consistently ends the species name —ii throughout the
manuscript. Although it is permissible for the describer not to Latinize the name
(which would produce the spelling forbesi), the spelling is fixed at the time of
description, if the describer (i.e. Steenstrup in this case) constructed the name
correctly (see Articles 31-32 of the ICZN), which he clearly did.

The second and more difficult issue is the generic placement of forbesii. It was placed
in Loligo by Steenstrup and remained there until the 1990s. Reports of photophores
(Alexeyev, 1992) and potential luminescence (Naef, 1921; Lum-Kong and Hastings,
1992) have led some researchers to believe that forbesii would be better placed in
Uroteuthis Rehder, 1945 (see Vecchione et al., 1998 for discussion). Again, this issue is
not explicitly discussed in the report of the most recent (2003) loliginid workshop
(Vecchione et al., 2005), but Table 2 in that report places forbesii within Loligo. We elect
to treat forbesii as a species of Loligo.

Nomenclature used herein for long-finned squid

Loligo vulgaris Lamarck, 1798
Loligo forbesii Steenstrup, 1856
Alloteuthis media Linnaeus, 1758
Alloteuthis subulata Lamarck, 1798

Short-finned squid

The family Ommastrephidae is well characterized and most former controversies
have been resolved. Both Todaropsis eblange (Ball, 1841) and Todarodes sagittatus
(Lamarck, 1798) are the type species of their respective genera, and their
nomenclature is unlikely to change in the future. lllex coindetii (Verany, 1839) is one of
three North Atlantic species of Illex, as confirmed by recent DNA analyses (Carlini et
al., 2006).

Nomenclature used herein for short-finned squid

Illex coindetii Verany, 1839
Todarodes sagittatus Lamarck, 1798
Todaropsis eblanae Ball, 1841

Octopus

The systematics of the commercially fished octopus species is not controversial.
Controversies over usage of the genus name Eledone and senior synonyms of Octopus
vulgaris Cuvier, 1797 are long since resolved (ICZN, 1954, 1997).
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Nomenclature used herein for octopus

Eledone moschata Lamarck, 1798
Eledone cirrhosa Lamarck, 1798

Octopus vulgaris Cuvier, 1797

Cuttlefish

The family Sepiidae is another group with extensive taxonomic and nomenclatural
issues. The 1988 systematics workshop is the most recent thorough revision of the
sepiids. This revision identified several species complexes within the genus Sepia
Linnaeus, 1758, one of which was the “species complex Rhombosepion” (Khromov et
al., 1998). The workshop proceedings concluded with a classification of all recent
Cephalopoda (Sweeney and Roper, 1998), which treated Khromov’'s species
complexes, including Rhombosepion Rochebrune, 1884, as subgenera of Sepia
Linnaeus, 1758. Two of the species in the ICES Area, elegans Blainville, 1827, and
orbignyana Férussac in Orbigny, 1826, are placed in this subgenus, and elegans is the
type species of this subgenus. The third species in the ICES Area, officinalis Linnaeus,
1758, is the type species of Sepia Linnaeus, 1758, and its taxonomy is relatively stable.
Sanjuan et al. (1996) proposed that Rhombosepion should be elevated to generic status,
based on Nei's genetic distance (calculated from 32 allozyme loci) between Sepia
(Rhombosepion) elegans, Sepia (Rhombosepion) orbignyana, and Sepia (Sepia) officinalis.
There are approximately 100 species in the genus Sepig, and, in the absence of further
data, this revision, based on only three species, has not been widely accepted and we
retain the classification proposed by Khromov et al. (1998) and darified in Sweeney
and Roper (1998).

Nomenclature used herein for cuttlefish

Sepia (Sepia) officinalis Linnaeus, 1758
Sepia (Rhombosepion) elegans Blainville, 1827
Sepia (Rhombosepion) orbignyana Férrusac in Orbigny, 1826
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3.1

Biology and ecology of cephalopod species commercially exploited
in Europe

Species accounts

Patrizia Jereb, Uwe Piatkowski, Louise Allcock, Paola Belcari, Manuel Garcia
Tasende, Angel Gonzilez, Angel Guerra, Lee C. Hastie, Eugenia Lefkaditou,
Ana Moreno, Santiago Pascual, Joao Pereira, Graham J. Pierce, Pilar Sdnchez,
Paolo Sartor, Sonia Seixas, Ignacio Sobrino, and Roger Villanueva

3.1.1 Introduction to the main groups of fished cephalopods in Europe

In nearly all commercial situations throughout Europe, there is no species
determination in catches of cephalopods. This has been underlined in WGCEPH
reports over the years because it is reflected in the official statistics made available to
the scientific community. In addition, cephalopods are landed by both commercial
and artisanal fleets, and landings from the latter have been relatively poorly
documented in the past. As a result of these problems, the utility of cephalopod
landings data for assessment of stock status has been called into question (ICES, 2008,
2009). The new métier-based data-collection system introduced in 2009 may help
overcome these issues, in that all species caught in sampled métiers should be
identified and, indeed, all important métiers should be sampled (see Section 5).

Official cephalopod landing statistics in Europe generally refer to four groups of
species that are analogous from country to country, varying only to the extent that
their composition reflects species distribution: (i) long-finned squid, (ii) short-finned
squid, (iii) cuttlefish, and (iv) octopus. In some countries (e.g. Sweden), the two squid

groups are lumped together.

Although there has been little or no official species determination, the identity of the
species comprising each of the groups is, largely, known from current or previous
scientific sampling. In some cases, the proportions of the main species in each of the
groups have been determined, usually within the scope of short-term projects.
Proportions of the different species are found to vaiy seasonally and annually and
may also differ according to the gear used (see Bruno, 2008, in relation to landings of
Illex coindetii and Todaropsis eblanae in Galicia, Spain).

In this section, short accounts of each of the main species that occur in commercial
catches within European waters are presented, and the countries where species are
landed are identified. Each of these species is briefly described, and their main
biological and ecological characters are highlighted. Information is drawn from
mainstream scientific publications, "grey" literature, and unpublished sources,
including original research conducted by the authors. Full descriptions of the main
species will be presented in a separate report.

3.1.1.1 Long-finned squid

This group is composed exclusively of species belonging to the family Loliginidae.
All of the species exploited in Europe occur in relatively shallow water and are
mostly caught by demersal gear. They are among the most valued squid species and
generally command higher prices in the market than short-finned squid.

Four species are caught and landed in Europe, of which two are relatively large and
two are very small. Adults of the two larger species are similar in size and
appearance but can normally be distinguished from each other, whereas the two
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smaller species are difficult to distinguish from each other and from the juveniles of
the two larger species. They can occur sympatrically, and their identification,
therefore, poses problems.

Post-recruit specimens of Loligo forbesii can be superficially distinguished from L.
vulgaris principally by the larger size of the medial suckers on the tentacular club in L.
vulgaris, whereas in L. forbesii, all the suckers are subequal in size (Roper et al., 1984).
In addition, the papillae present on the terminal portion of the hectocotylus of mature
male L. forbesii are not found in mature males of L. vulgaris. Loligo forbesii has
prominent longitudinal stripes of dark chromatophores on the anterior and ventro-
lateral surfaces of the mantle. Even though large specimens of L. wulgaris can
sometimes display similar stripes, these are smaller than in L. forbesii, less numerous
and different in appearance (Jereb and Ragonese 1986); those of L. forbesii are very
characteristically “flame-like”: each stripe is surrounded by white tissue (devoid of
chromatophores) after which a line or border of slightly darker chromatophores is
visible to delimit the area surrounding the stripe. In life, L. forbesii is usually coloured
with more orange tones and L. vulgaris with more purple tones.

Alloteuthis spp. can be separated from other members of the family Loliginidae on the
basis of their small size as adults and the fact that the mantle length (ML) is 6-15
times greater than its width, i.e. it has a narrower body than all other species. Adult
male A. subulata and A. media possess tentacular club suckers similar to those found
in L. vulgaris, but the fins do not extend beyond 50% of the total ML, except possibly
in male A. subulata. Until recently, relative tail length was the characteristic most
commonly used to distinguish A. media and A. subulata. However, molecular data
from Alloteuthis specimens across the geographic range of the species have
demonstrated this characteristic to be unreliable (Anderson ef al., 2008). As this raises
doubts about the reliability of previous identifications, we treat these two species
under Alloteuthis spp. in this section, although we continue to refer to previous
studies using the species name as determined by the author(s) of those studies.

3.1.1.2 Short-finned squid

This group comprises species mainly belonging to the family Ommastrephidae.
Occasionally very abundant and very important in catches, landings, and exports
from Europe, short-finned squid are less valuable in the market than long-finned
squid and more prone to extreme variations in abundance. They all have pelagic
distributions and, although sometimes caught demersally, are mainly taken from the
water column by trawling and from high-rising gill- and trammelnets.

Three species are most commonly landed in Europe. lllex coindetii and Todaropsis
eblange mainly occur in the south, but both are occasionally frequent in the north.
Todarodes sagittatus is more abundant in the north. Particularly in the northern
extremes, Gonatus fabricii Lichtenstein, 1818, a short-finned squid of the family
Gonatidae, is taken. We have not included an account for this species, or for other
less frequent or occasional species, but the fact that other species may be landed
means that specimens that do not appear to fit the descriptions of the most common
species require careful identification.

3.1.1.3 Octopus

Landings in this category consist exclusively of species belonging to the family
Octopodidae. Catches and landings are dominated in weight and number by a single
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species, Octopus vulgaris, which is taken in greater numbers in the southern part of
the ICES Area and farther south. Landings of the two Eledone species in the area are
increasing. The genus Octopus is easy to distinguish from the genus Eledone, primarily
by the presence of a double row of suckers on the arms of the former vs. a single row
on the arms of the latter. However, the two Eledone species may be difficult to
distinguish from each other if specimens are preserved or have been dead for some
time. Several other European octopus species may be landed as catch from
commercial vessels, but their low abundance makes it hard to determine the extent to
which they are representative of regular catches.

3.1.1.4 Cuttlefish

Of the cephalopod categories landed in Western Europe, cuttlefish landings are the
highest, mostly from catches concentrated over the continental shelf in the region of
the southern Celtic Sea, the approaches to the English Channel, and the northeastern
Bay of Biscay. Most landings are composed of catches of a single species, Sepia
officinalis, but landings of at least two other species are also common in some
European countries. Catches are made demersally by means of trawling and artisanal

trapping.
The distinction between species can pose difficulties, particularly in juveniles, and

more acutely in some geographical areas than in others, because the external
appearance of S. officinalis varies across its distributional range.

Formerly, S. officinalis included two subspecies, S. o. officinalis and S. o. hierredda, the
first distributed in the ICES Area and the second just outside, to the south. Although
they are very similar in general appearance, morphological and genetic analysis has
demonstrated that S. officinalis Linnaeus, 1758 and S. hierredda Rang, 1837, are clearly
different species of the same genus (Guerra et al., 2001). As S. hierredda may also be
found within the ICES Area, it is useful to know how to tell them apart. The mantle of
S. hierredda is narrower than in S. officinalis, and the unmodified arms and the
hectocotylized arm are shorter. The number of transverse rows of reduced suckers on
the hectocotylus is generally larger (8 or 9 to 14) in S. hierredda than in S. officinalis (4
or 5 to 8 or 9). The striated zone of the cuttlebone of S. officinalis is somewhat smaller
(41% of the ML) than in S. hierredda (47 %). The cuttlebone of S. officinalis is slightly
wider and thicker (38% and 13% of the ML, respectively) than that of S. hierredda
(835% and 12%, respectively). The phragmocone and the outer cone of S. officinalis are
wider than in S. hierredda. The cuttlebone of S. officinalis is slightly acuminate at the
anterior end, whereas it is very acuminate in S. hierredda. The spine of the cuttlebone
in S. officinalis is usually covered by chitin, especially in adults, whereas that of S.
hierredda is never covered by chitin. As S. hierreda has only recently been recognized
as a separate species, few landings data have been attributed to this species. A species
account is therefore not included.

Sepia elegans and S. orbignyana are also sometimes confused with each other and with
S. officinalis (particularly younger individuals). Sepia elegans, however, is the
narrowest of the three, whereas S. orbignyana has a more pronounced spine at the
terminal end of the cuttlebone than either of the other two.
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3.1.2 Loligo vulgaris Lamarck, 1798

Common names. European squid (English); encornet (French); Europaischer
Langflossenkalmar (German); calamary (KoAaudoy Greek); calamaro comune'
(Italian); lula-vulgar (Portuguese); calamar comun (Spanish).

3.1.2.1 Adult diagnostic features

Cornea present. Fins rhomboidal, their length up to ca. 66% of dorsal ML. Arms with
two rows of suckers; sucker rings with 20 teeth, the distal ones large and pointed and
the proximal ones minute or absent. Tentacular clubs with four longitudinal rows of
suckers in the “manus”, the suckers in the central rows being larger than the
marginal ones. Buccal membrane with 15 tiny suckers on the extremity, each with
chitinous rings. Left ventral arm (IV) of male hectocotylized. Simple funnel-locking
cartilage (Roper et al., 1984).

3.1.2.2 Distribution and habitat

Loligo vulgaris occurs along the eastern Atlantic from the British Isles (55°N) to the
Gulf of Guinea (20°S; Roper et al., 1984), extending out to Madeira (Clarke and Lu,
1995), and throughout the Mediterranean Sea (Belcari, 1999a). Adults are occasionally
reported off the northwest coast of Scotland at 57°N (Pierce et al., 1994a; Hastie et al.,
2009a), the North Sea (De Heij and Baayen, 2005), and the Kattegat and western Baltic
Sea (Jaeckel, 1937; Muus, 1959; Hornborg, 2005). Paralarvae are absent north of the
English Channel (Yau, 1994; Collins et al., 2002). L. vulgaris is a nectobenthic species
that lives in the circumlittoral and upper bathyal zones (Worms, 1983).

3.1.2.3 Life history

Loligo vulgaris demonstrates high geographic variability of reproductive and growth
parameters, and temperature is one of the main factors inducing such variability
(Moreno et al., 2002). Males attain greater lengths (640 mm ML) than females (540 mm
ML), with the maximum values recorded on the Saharan Bank (Raya, 2001). The life
cycle may be completed within approximately one year, with maximum lifespans of
15 months recorded in western Iberia (Moreno et al., 1996; Rocha and Guerra, 1999).

Loligo vulgaris is a terminal spawner, but oocyte maturation and egg-laying occur in
separate batches during the spawning period (Rocha and Guerra, 1996; Rocha et al.,
2001). Fecundity has been estimated at between 10 150 and 42 000 eggs (Baddyr, 1988;
Coelho et al., 1994; Guerra and Rocha, 1994; Laptikhovski, 2000). Mean spawning age
is ten months, and mean age-at-maturity is nine months. Hatching time significantly
influences mean age-at-maturity, which is higher in winter cohorts than in summer
cohorts (Moreno et al., 2005).

The spawning season is shorter in the northern part of the distribution (Moreno et al.,
2002; Sifner and Vrgoc, 2004). Elsewhere, spawning occurs throughout the year, with
two main peaks between November and June, although these occur earlier in more
southern latitudes and earlier in the Atlantic than in the Mediterranean (Baddyr,
1988; Coelho et al., 1994; Guerra and Rocha, 1994; Moreno et al., 1994, 2002; Rocha,
1994; Bettencourt et al., 1996; Villa et al., 1997; Raya et al., 1999; Belcari, 1999a).
Spawning areas are poorly known, but egg-mass recoveries indicate that spawning
occurs at depths of 2-120 m (Baddyr, 1988; Villa et al., 1997; Pereira et al., 1998).

! All Italian common names are taken from Bello and Borri (1990).
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3.1.2.4 Trophic ecology

Predators. Various cetaceans, seals, large pelagic fish, and some demersal fish have
been reported to prey on L. vulgaris (e.g. Gonzalez et al., 1994a; Orsi-Relini, 1994;
Morte et al., 1997; Borjesson et al., 2003; Salman, 2004; Peristeraki et al., 2005).

Prey. Paralarvae feed mainly on crustacean larvae, small mysids, and fish larvae
(Boletzky, 1979a). Vertical migrations of paralarvae and juveniles are linked to
feeding, and juveniles consume more planktonic prey than bentho-pelagic prey
(Nigmatullin, 1975; Worms, 1983; Turk et al., 1986). Fish species increase in
importance with increasing squid size and are the most frequent prey for adults
(Rocha et al., 1994; Coelho et al., 1997; Lefkaditou, 2006).

3.1.2.5 Fisheries

In the Atlantic and Mediterranean, L. vulgaris is mainly a bycatch in the multispecies
bottom and pelagic trawl fisheries. In the English Channel and French waters,
landings of Loligo are normally a mixture of L. vulgaris and L. forbesii (the species are
normally not separated in the official statistics). Farther south (e.g. off Spain and
Portugal), L. vulgaris is the dominant long-finned squid in the landings (see Chen et
al., 2006). It is a secondary target species in the Saharan Bank cephalopod trawl
fishery (Raya ef al., 1999) and in the western Portuguese coastal demersal trawl
fishery (Fonseca et al., 2008). There are also small-scale, hand-jig artisanal coastal
fisheries at depths of 20-350 m, especially in Spain and Portugal (Guerra et al., 1994).
Near the coasts, where the species concentrates during autumn and winter for
spawning, small-scale professional and sport fishers usually target the species using
hand-jigs.

On the Greek, Portuguese, and northwest Spanish coasts, spawning aggregations are
also occasionally targeted by a limited number of fishing vessels using beach-seine (a
gear that catches higher quantities than hand-jigs and other artisanal gears), gillnets,
and trammelnets. In Galicia (northwest Spain), a seasonal (mainly July—September)
fishery targeting juvenile L. vulgaris takes place inside the Rias Bajas in waters of
3—40 m depth using seinenets with a bag (“boliche”; Guerra et al., 1994; Tasende et al.,
2005). Juveniles generally recruit to the fishery at approximately 5months of age
(Moreno et al., 2007). Nevertheless, the age and size at recruitment to the fishery
obviously depends on the fishing gear used. There is no regular assessment and
management for L. vulgaris fisheries, but landing size restrictions are imposed in
Portugal (and in Spain).

The species has been identified in commercial landings in the UK, France, Portugal,
Spain, Italy, and Greece.

3.1.3 Loligo forbesii Steenstrup, 1856

Common names. Veined squid (English); encornet veiné (French);
Langflossenkalmar (German); calamary (KaAapdgu Greek); calamaro venato,
occhione (Italian); calamar veteado (Spanish); lula-riscada (Portuguese).

3.1.3.1 Adult diagnostic features

Cornea present. Rhomboidal fins of length ca. 75% of dorsal ML, posterior borders
slightly concave. Arms with two rows of suckers. Suckers on the manus of the
tentacular club are subequal in size; sucker rings with 13-18 sharp conical teeth.
Unlike L. vulgaris, it lacks enlarged medial suckers on the tentacular club (suckers in
all four rows are fairly similar in size). In males, the left ventral arm (IV) is
hectocotylized in its distal third by modification of suckers into long papillae that
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gradually decrease in size distally. Simple funnel-locking cartilage. Diagnosis
adapted from Roper et al. (1984).

3.1.3.2 Distribution and habitat

Loligo forbesii is a neritic and largely demersal species occurring in coastal waters and
the continental shelf from the Faroe Islands to 20°N in the eastern Atlantic, including
the North Sea, extending into the Mediterranean and out to Madeira, the Canary
Islands, and the Azores. The species is relatively rare south of the Bay of Biscay and is
absent from the Baltic Sea (Roper et al., 1984).

3.1.3.3 Life history

Loligo forbesii is commonly assumed to have an annual life cycle, with pulses of
recruitment in April and August—November (Lum-Kong et al., 1992; Pierce et dl.,
1994a; Collins et al., 1995, 1997; Belcari, 1999b), although some individuals may reach
an age of ca. 18 months (Rocha and Guerra, 1999). As in other loliginid squid, the
growth pattern comprises an early rapid “exponential” phase followed by a slower
“logarithmic” phase (Forsythe and van Heukelem, 1987; Forsythe and Hanlon, 1989).
Males can reach sizes larger (610 mm ML on the continental shelf; 940 mm in Azores)
than females (420 mm and 460 mm), although some males mature at much smaller
sizes (from ca. 120 mm; Boyle et al., 1995), apparently representing alternative growth
and maturation strategies, and leading to the presence of (at least) two microcohorts
in the fished population (Collins ef al., 1999).

Loligo forbesii is semelparous, displaying “intermittent, terminal spawning”, in which
the females lay eggs in batches and die shortly after spawning (Rocha et al., 2001).
Many studies describe an extended spawning season, although it is unclear how long
an individual continues to spawn (Guerra and Rocha, 1994; Moreno et al., 1994;
Collins et al., 1995). Female L. forbesii produce only a few thousand (up to 23 000) eggs
in their lifetime, with larger females producing more eggs.

Clusters of eggs are normally attached to substrata that include algae, shells, rock
crevices, nets, ropes, creels, and other fishing gear that remains submerged and
undisturbed. There are few reports of eggs from offshore waters, but this may be
because the squid spawn over rocky substratum, making spawning areas largely
inaccessible to trawling (Holme, 1974; Lordan and Casey, 1999).

3.1.3.4 Trophic ecology

Predators. Various cetacean species, seals, and large demersal fish have been
reported to prey on L. forbesii (e.g. Pierce and Santos, 1996; Santos et al., 2004a; De
Pierrepont et al., 2005).

Prey. A large number of prey species, including various fish, crustaceans,
polychaetes, and molluscs have been identified in L. forbesii stomachs. As in most
squid, fish are more important in adults, and crustaceans more important in juvenile
stages (e.g. Pierce et al., 1994d).

3.1.3.5 Fisheries

Loligo forbesii is the dominant squid species fished north of the English Channel,
mainly as bycatch from demersal trawls (Pierce et al., 1994b), although various small
directed trawl fisheries exist in coastal waters (e.g. Young et al., 2006a) and are
becoming increasingly important. It is the only squid species of economic importance
in the Azores, where it is fished by an artisanal fleet equipped with handlines and
homemade jigs (Martins, 1982; Porteiro and Martins, 1994). South of the English
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Channel, the species is currently less common, but is taken both as a trawl bycatch
and by coastal artisanal boats using jigs (Cunha and Moreno, 1994; Guerra et al., 1994;
Rocha et al., 1994). Analysis of morphometric variation and the use of allozyme and
microsatellite markers suggest that there is no significant separation of stocks
throughout the range of its distribution on mainland coasts. The Azores population
probably represents a separate subspecies, and animals from offshore banks (e.g.
Rockall) demonstrate some differences from the coastal population (Pierce et al.,
1994c; Brierley et al., 1995; Shaw et al., 1999). It is also consistently present in the
eastern Mediterranean trawl catches (Machias ef al., 2001).

The species has been identified in commercial landings in the UK, France, Portugal,
Spain, Italy, and Greece.

3.1.4 Alloteuthis spp.

Common names

Alloteuthis subulata Lamarck, 1798. European common squid (English); casseron
commun (French); Gepfriemter Langflossenkalmar (German); calamaretto puntuto
(Italian); lula-bicuda-comprida (Portuguese); calamarin picudo (Spanish).

Alloteuthis media Linnaeus, 1758. Midsize squid (English); casseron bambou (French);
calamaretto comune (Italian); lula-bicuda-curta (Portuguese); calamarin menor
(Spanish).

3.1.4.1 Adult diagnostic features

Elongated mantle. Rhomboidal fins attenuate posteriorly into a long, slender tail,
which can be more than 50% of the ML in males. Arms with two rows of suckers.
Tentacle clubs with four rows of suckers. The central rows of suckers are 3—4 times
larger than the marginal suckers (Yau, 1994; Laptikhovsky et al., 2002). The left
ventral arm (IV) can be hectocotylized in mature males, with 6-8 pairs of normal
suckers proximally followed by two longitudinal rows of fine papillae distally (Yau,
1994). Maximum ML of A. subulata is 20 cm (Rodhouse et al., 1988).

3.1.4.2 Distribution and habitat

Alloteuthis subulata and A. media are sympatric throughout much of the range of both
species (Roper et al. 1984), extending from approximately 60°N to 20°N (Guerra,
1992). They are found in the North Sea and the Mediterranean (Belcari, 1999 ¢, 1999d).
They both occur primarily in shelf waters and are demersal, although A. media is
reported to migrate offshore in winter (Roper et al., 1984) and to make diel vertical
migrations (Zuev and Nesis, 1971).

3.1.4.3 Life history

Hatchlings of both species are 2—-3 mm long (Zuev and Nesis, 1971; Yau, 1994). In A.
subulata, sexual maturation can be achieved at 4-5cm ML in both sexes, although
mature males have a wider range of sizes than mature females and reach 50%
maturity at a slightly smaller size (7-7.5 cm, compared with 7.5-8 cm in females).
Alloteuthis media has an ML of up to 12 cm in females and 9 cm in males. Individuals
hatching in spring grow 7—8 mm month-! during summer and reach an ML of 7-8 cm
the following spring (Zuev and Nesis, 1971). Both species are thought to live for
approximately one year (Rodhouse et al., 1988; Mangold-Wirz, 1963; Alidromiti,
2007).
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The average estimated potential fecundity of female A. subulata is 2200-13 500 eggs
per female (mean ~5900+970 s.e.; Hastie et al., 2009b). In A. media, the potential
fecundity has been estimated at 950-1400 eggs for the western Mediterranean and
1500-2500 for the eastern Mediterranean. Oocyte maturation occurs in batches.

Spawning occurs throughout the year, generally with larger numbers of mature
squid in spring—summer and smaller numbers in autumn-winter (Rodhouse et al.,
1988; Nyegaard, 2001; Hastie et al., 2009b). A predominance of small squid (<50 mm
ML) is observed during autumn (Hastie et al., 2009b). Adults of A. media migrate to
shallow water, spawning at depths of 10-100m on sand, seagrass meadows, etc.
from March to October in the western Mediterranean (Mangold-Wirz, 1963) and year-
round in the central and eastern region (Lo Bianco, 1909; Naef, 1923; Laptikhovsky et
al., 2002; Lefkaditou, 2006). In the North Sea, spawning takes place in June—July
(Zuev and Nesis, 1971). Recruits of A. media are present practically all year-round in
shallower waters of their distribution (Relini and Orsi-Relini, 1984). Seasonal peaks of
recruitment are more evident in areas with a wider continental shelf (Mangold-Wirz,
1963; Papaconstantinou et al., 1994).

3.1.4.4 Trophic ecology

Predators. Alloteuthis subulata has been identified from the stomach contents of
several species of marine mammal (Santos et al., 2001a, 2001b, 2004a, 2005a, 2005b;
Gonzélez et al., 1994a; Meynier, 2004) and from hake (Merluccius merluccius; Daly et
al., 2001), and Loligo spp. (Pierce et al., 1994d; Rocha et al., 1994). Alloteuthis media is
eaten by various gadid and elasmobranch fish (Zuev and Nesis, 1971; Bello, 1997),
and is an important food for demersal fish in the southern Bay of Biscay (Velasco et
al., 2001).

Prey. The main prey of A. subulata in the Irish Sea comprises clupeid fish and
crustaceans (Nyegaard, 2001). The diet of A. media consists of larvae and juveniles of
fish, copepods, and euphausiids (Zuev and Nesis, 1971).

3.1.4.5 Fisheries

Both A. media and A. subulata can be caught and misidentified as juvenile Loligo and
can occur among long-finned squid catches throughout their range. In the Gulf of
Cadiz, Alloteuthis spp. are caught as a bycatch of the multispecies bottom-trawl fleet,
and recorded annual landings varied between 55 and 290t during 1996-2006. Both
Alloteuthis species are landed, probably in similar amounts (I. Sobrino, pers. comm.).
In the Rias Bajas of Galicia (northwest Spain), Alloteuthis is a bycatch of the boat-seine
fishery directed at L. vulgaris (Tasende et al., 2005). Studies on bottom-trawl discards
have demonstrated that, in the northeastern Mediterranean, A. media is totally
discarded (Machias et al., 2001), whereas in the western Mediterranean, it is normally
landed (Sartor et al., 1998).

These species have been identified in commercial landings in Spain and are regularly
landed in Italy (Belcari, 1999¢, 1999d).
3.1.5 [Hlex coindetii Verany, 1839

Common names. Broadtail shortfin squid (English); faux encornet (French); thrapsalo
(®pd&aAo; Greek); totano, todaro (Italian); pota voladora (Spanish); pota-voadora
(Portuguese).
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3.1.5.1 Adult diagnostic features

Mantle width 15-25% of the ML. Rhomboidal fins of width 45-60% of dorsal ML.
Arms with two rows of suckers. Tentacular club with eight transverse rows of minute
subequal suckers. Left or right ventral arm of male hectocotylized with distal
trabeculae modified to papillose flaps. Inverse T-shaped funnel cartilage. Funnel
groove with anterior foveola and without side pockets. Diagnosis adapted from
Roper et al. (1984, 1998) and Roper and Mangold (1998).

3.1.5.2 Distribution and habitat

Illex coindetii is found in the Mediterranean Sea, the eastern Atlantic from 60°N to
17°S and 30°W, and in western Atlantic waters from the Gulf of Mexico to Venezuela
(Roper et al., 1998; Belcari, 1999¢). It is demersal in the middle and lower sublittoral
and upper bathyal in temperate latitudes, and it undertakes diel vertical migrations.

3.1.5.3 Life history

Illex coindetii is a medium-sized squid (Sanchez, P., et al., 1998). The maximum ML is
generally larger in females than males. The largest sizes are found in Northeast
Atlantic populations, with males growing to 370mm and females to 320 mm
(Gonzélez et al., 1996; Sanchez, P., et al., 1998). The life cyde is probably annual,
although lifespan estimates vary from six months (based on statolith increments;
Arkhipkin ef al., 1998) to 24 months (length frequency analyses; Mangold-Wirz, 1963).

The age at which I. coindetii matures is variable: 100-271 days in males and 140-285
days in females (Gonzalez and Guerra, 1996; Gonzalez et al., 1996; Arkhipkin ef al.,
2000). The number of mature eggs in the ovary and oviducts ranges from 50 000 to
200 000. It is an “intermittent spawner”, with females spawning several times during
a prolonged spawning period lasting from a few days to a few weeks (Gonzalez and
Guerra, 1996). Spawning may occur year-round, but seasonal peaks exist and vary
widely through the geographic range (e.g. Sanchez, 1984; Tursi and D’Onghia, 1992;
Sanchez and Martin, 1993; Jereb and Ragonese, 1995; Belcari, 1996; Arvanitidis et al.,
2002; Hernandez-Garcia, 2002; Ceriola et al., 2006).

3.1.5.4 Trophic ecology

Predators. Illex coindetii has been found in the stomachs of various marine mammals,
including Risso’s dolphin (Grampus griseus), bottlenose dolphin (Tursiops truncatus)
(Santos, M. B., et al., 1997, 2007), long-finned pilot whale (Globicephala melas), and
common dolphin (Delphinus delphis) (Gonzalez et al., 1994a; Silva, 1999). It has also
been recorded from swordfish (Xiphias gladius; Bello, 1985), greater forkbeard (Phycis
blennoides; Morte et al., 2002), and the sharpnose sevengill shark (Heptranchias perlo;
Henderson and Williams, 2001).

Prey. The diet of I. coindetii is composed of fish, crustaceans, and cephalopods; it is
also cannibalistic. It is mainly a neritic, nekto-benthic predator with a wide spectrum
of prey, but adults perform significant vertical migration and also take pelagic prey
(Sénchez, P., et al., 1998).

3.1.5.5 Fisheries

Illex coindetii is taken throughout the year as bycatch in bottom and pelagic trawls,
and, to a lesser extent, in gill- and trammelnets, at depths of 100-400m in the
Mediterranean, off West Africa, and in the Northeast Atlantic. Its fishery value is
increasing. Although separate statistics are generally not reported, the annual catch
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for the last decade probably ranged from 5000t to 12000 t. There is thought to be a
single stock throughout the region.

The species has been identified in commercial landings in Ireland, the UK, France,
Spain, and Portugal (in the Northeast Atlantic), and Spain, Italy, and Greece (in the
Mediterranean).

3.1.6 Todarodes sagittatus Lamarck, 1798

Common names. European flying squid (English); toutenon commun (French);
Pfeilkalmar (German); katamachi (Katapdyy Greek); beitusmokkur (Icelandic);
totano viola (Italian); akkar (Norwegian); pota-europeia (Portuguese); pota europea
(Spanish).

3.1.6.1 Adult diagnostic features

Tentacle club suckers on dactylus are arranged in four rows, suckers on elongate
carpus in 10-12 pairs; entire club relatively long, extending along stalk. Arm suckers
with enlarged central tooth, 7-9 regular teeth, and virtually no small alternating
teeth. Funnel groove with anterior foveola and without side pockets. Reference:
Roper et al. (1984).

3.1.6.2 Distribution and habitat

Todarodes sagittatus is found throughout the eastern Atlantic to ca. 40°W, and from the
Arctic Ocean to ca. 13°S5. The range includes the North Sea and the Mediterranean
(Clarke, 1966; Zuev et al., 1976; Roper et al., 1984). They occur in both the open ocean
and coastal waters, and from the surface to near-bottom at depths up to 2500 m. They
migrate vertically between the surface at night and near-bottom waters during the
day (Mangold-Wirz, 1963; Korzun et al., 1979; Nesis, 1987).

3.1.6.3 Life history

The largest reported male from northern Europe had an ML of 640 mm, and the
largest unsexed specimens an ML of 750 mm (in Clarke, 1966). More recent records
indicate that females reach a maximum ML of 520 mm (males 426 mm) off northern
Europe (Lordan et al., 2001a) and 600 mm (males 385 mm) in the Mediterranean
(Cuccu et al., 2005). However, the records given by Cuccu et al. (2005) represent quite
unusual findings for Mediterranean populations (e.g. Quetglas et al., 1999) and for
Italian waters (e.g. Jereb and Ragonese, 1990; Belcari, 1999f). It was hypothesized that
such large sizes may result from unusually old animals. Age-at-maturity has been
estimated at 15 months, although Nesis (1987) suggested that individuals larger than
50 cm are at least 2 years old, a hypothesis also proposed by Lordan et al. (2001a).
Generally speaking, however, individuals in the Mediterranean and the southern part
of the distributional range mature at much smaller body sizes than those in the North
Atlantic (Hernandez-Garcia et al., 1998a; Piatkowski et al., 1998; Arkhipkin et al.,
1999). Females produce 12 000-18 000 eggs (Laptikhovsky and Nigmatullin, 1999).

Spawning probably takes place on the continental slope in late winter or eatly spring
off northern Europe, in March and April off France, and between September and
November in the western Mediterranean (Piatkowski et al., 1998; Quetglas et al.,
1998a; Arkhipkin et al., 1999; Lordan et al., 2001a). Females always outnumber males.
Ripe males seem to be present throughout the year, whereas mature females are
present exclusively during the spawning period.
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3.1.6.4 Trophic ecology

Predators. Todarodes sagittatus has been found in the stomachs of various cetaceans
(Gonzadlez et al., 1994a; Clarke and Pascoe, 1997; Santos, M. B., et al., 2001b, 2007;
Oztiirk et al., 2007) and large fish, such as swordfish (Xiphias gladius; Bello, 1985, 1991,
1993; Guerra et al., 1993; Salman, 2004; Peristeraki et al., 2005).

Prey. The diet of T. sagittatus is composed of fish, crustaceans, and cephalopods; the
presence of cannibalism has also been noted. In northern waters, T. sagittatus feeds
primarily on small herring (Clupea harengus) and cod (Gadus morhug; Hernandez-
Garcia, 1992; Piatkowski et al., 1998; Quetglas et al., 1999).

3.1.6.5 Fisheries

A directed fishery off Norway has taken 10000t in some years (e.g. Wiborg, 1972,
1978, 1979b, 1987; Besteiro, 1985; Sundet, 1985; Bjorke and Gjoseter, 2004). In the
Mediterranean, the main fishery is operated by Italian bottom-trawl vessels, with
annual catches (mainly bycatches) of ca. 3000t. In other parts of its distributional
range, it is taken as bycatch in trawl fisheries (e.g. Joy, 1990; Jénsson, 1998; Lordan et
al., 2001b; Gonzalez and Sanchez, 2002; Lefkaditou et al.,, 2003a). The fishery is
concentrated from August to December in ICES Division Ila. Common fishing
methods include jigging off Norway (Sundet, 1985) and in the Mediterranean
(Ragonese and Bianchini, 1990) and purse-seines around the Canary Islands (Clarke,
1966). No landings data for this species alone are reported; it is grouped with other
short-finned squid. It is probable that two separate stocks exist, one in the northern
and another in the southwestern part of the range.

The species has been identified in commercial landings in Norway, Ireland, Spain,
Portugal, Italy, and Greece.

3.1.7 Todaropsis eblanae Ball, 1841

Common names. Lesser flying squid (English); toutenon souffleur (French);
thrapsalo (G@pdaio; Greek); totano tozzo (Italian); pota-costeira (Portuguese); pota
costera (Spanish).

3.1.7.1 Adult diagnostic features

Mantle width larger than 33% of the total ML. Rhomboidal fins of length less than
50% of dorsal ML, width 75-90% of dorsal ML. Arms with two rows of suckers.
Dactylus of tentacular club with four longitudinal rows of small suckers. Manus of
club with six transverse rows of four suckers, each with median pairs up to fourfold
larger in diameter than lateral suckers. Left and right ventral arms (IV) of mature
males are hectocotylized. Inverse T-shaped funnel-locking cartilage. Funnel groove
without anterior foveola and without side pockets. Reference: Roper et al. (1984).

3.1.7.2 Distribution and habitat

The geographical distribution is discontinuous. The species is known from the
Mediterranean Sea, the eastern Atlantic from 61°N to 40°S, the southwestern Pacific,
and the southwestern Indian Ocean off Australia. It is demersal and associated with
sandy and muddy bottoms, mainly in the lower sublittoral and upper bathyal over
the continental shelf, inhabiting depths of 20—780 m (Adam, 1952; Belcari, 1999g).

3.1.7.3 Life history

Eggs of mature females are 0.8—-2.5 mm in length (Mangold-Wirz, 1963; Hastie e al.,
1994; Laptikhovsky and Nigmatullin, 1999). The hatching season extends from
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October to March in British waters (Hastie et al., 1994; Collins et al., 2002) and from
March to July, with a peak in May, in northwestern African waters (Laptikhovsky
and Nigmatullin, 1999). Growth rates vary with the season of hatching and are higher
in later-hatched individuals. French fishery data suggest monthly growth rates of
0.76 cm (males) and 1.22 cm (females; Robin et al., 2002). Maximum ML is 290 mm
and 220 mm for females and males, respectively (Robin et al., 2002). Lifespan is
approximately 1-2 years for both males and females.

Size-at-maturity varies with geographic location (Gonzalez et al., 1994b; Hastie ef al.,
1994; Belcari et al., 1999; Zumholz and Piatkowski, 2005), with an ML of 120-130 mm
in males and 140-200 mm ML in females. Total fecundity in mature females varies
from 4500 to 28 000 eggs in Scottish waters (Hastie et al., 1994) and from 43 000 to
275000 eggs off West Africa (Laptikhovsky and Nigmatullin, 1999). Todaropsis eblanae
is an intermittent terminal spawner. The spawning season varies geographically.

3.1.7.4 Trophic ecology

Predators. The main predators of T. eblanae are toothed whales and dolphins (Clarke
and Pascoe, 1985; Pascoe, 1986; Blanco et al., 2001; Santos, M. B., et al., 2001a, 2001b,
2007), sharks (Clarke and Stevens, 1974), and several teleost fish species (Meyer and
Smale, 1991; Lipinski et al., 1992).

Prey. The diet is composed of fish, crustaceans, and cephalopods (Rasero et al., 1996;
Lordan et al., 1998; Zumbholz, 2000; Form and Oelschlégel, 2004).

3.1.7.5 Fisheries

Juveniles recruit to the fishery at ca. 3 months of age. Todaropsis eblanae is taken
throughout the year as bycatch in otter-trawl fisheries and, to a lesser extent, with
gill- and trammelnets, longlines, and jigging at depths of 100-400m in the
Mediterranean, off West Africa, and in the Northeast Atlantic (Robin et al., 2002).
Most catches are made at a depth of ca. 200m. As for other ommastrephids, in
general, no separate landings data are available for this species; landings are pooled
with those of other ommastrephid squid species. Todaropsis eblanae is less important
than I. coindetii in French short-finned squid landings (Robin et al., 2002) and more
important than [. coindetii in Spanish and Portuguese short-finned squid landings,
although seasonal variation occurs (Bruno, 2008).

The species has been identified in commercial landings in Ireland, UK, France, Spain,
and Portugal (in the North Atlantic), and Spain, Italy, and Greece (in the
Mediterranean).

3.1.8 Eledone moschata Lamarck, 1798

Common names. Musky octopus (English); elédone musquée (French);
Moschuskrake (German); moshios (Moox16g; Greek), moscardino muschiato (Italian);
polvo-mosqueado (Portuguese); pulpo cabezén (Spanish).

3.1.8.1 Adult diagnostic features

Arms uniserial. Living animal exudes a very prominent, musk-like odour, reportedly
from glands in the skin. Live colour greyish-brown, with blackish-brown blotches on
dorsum. Skin smooth to very finely granulose. No ridge occurs around the lateral
periphery of the mantle. Web moderately deep—-30% of arm length. Right arm III
hectocotylized, length only 60-70% of left arm III. Ligula short (3% of arm length);
calamus absent. Distal tips of all other arms of males modified by subdivision of
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universal suckers into two parallel rows of flattened laminae or platelets. Gill
demibranch with 11-12 lamellae. Reference: Roper et al. (1984).

3.1.8.2 Distribution and habitat

This species is distributed at depths of 15-200m in Mediterranean and Iberian
waters, with the greatest abundance down to 100 m (Lefkaditou et al., 1998a; Belcari
and Sbrana, 1999; Belcari et al., 2002a; Silva et al., 2004). It is relatively abundant on
the southern Portuguese coast and in the Gulf of Cadiz, where it extends to 450 m
(Guerra, 1984; Reis et al., 1984).

3.1.8.3 Life history

Hatchlings of Eledone moschata are 25-30mm long (ML 10-12 mm), eventually
reaching a maximum length of 150 mm in the Gulf of Cadiz and along the Portuguese
coast and 190mm in the Mediterranean (Mangold, 1983; Silva et al., 2004; E.
Lefkaditou, pers. comm.; S. Lourencgo, pers. comm.). Females reach maturity at an ML
of 12 cm in the Gulf of Cadiz and 11 cm in Tunisian waters (Ezzeddine-Najai, 1997;
Silva et al., 2004). Males mature at slightly smaller sizes. Estimates of fecundity
(oocytes per female) include ca. 450 + 150 for the Gulf of Cadiz (Silva et al., 2004) and
100-500 for the northwestern Mediterranean populations, where egg length ranged
between 12 and 16 mm (Mangold, 1983).

In the Gulf of Cadiz, the spawning season extends from October to July (Silva et al.,
2004). Peak spawning occurs from February to May, with a secondary peak in
October. The southern Mediterranean populations spawn from November to July
(Ezzeddine-Najai, 1997). In the northwestern Mediterranean waters, the reproductive
season is shorter, from January to May—June (Mangold, 1983; Belcari et al., 2002a).

The life-cycle model of this species in the northwestern Mediterranean is based on the
alternation of short-lived and long-lived life cycles (Mangold, 1983; Silva et al., 2004),
whereby populations hatched at different times vary in growth rate and rate of sexual
development according to prevailing environmental conditions.

3.1.8.4 Trophic ecology

Hatchlings are able to feed on live crabs of their own size. Their preference for
crustaceans is clear from the very early stages onward (Boletzky, 1975). Captive
studies confirm a preference for crustaceans over molluscs and fish (Sen, 2007).

3.1.8.5 Fisheries

This species is caught mainly as bycatch of bottom-trawl fisheries; in the Gulf of
Cadiz it is often discarded by the Spanish fleet because of its low commercial value.
In the main ports of this region, annual landings of E. moschata averaged ca. 100t
during 1996-2004, with a maximum from January to April. In the Mediterranean, this
species is of considerable economic importance, especially on the south and east
coasts and in the Adriatic Sea (Belcari and Sbrana, 1999; Belcari et al., 2002a).

The species has been identified in commercial landings in Spain, Italy, and Greece.

3.1.9 Eledone cirrhosa Lamarck, 1798

Common names. Horned octopus, lesser octopus (English); élédone commune,
poulpe, poulpe blanc (French); moshios (Mooxiog, Greek); moscardino bianco
(Italian); polvo-do-alto (Portuguese); pulpo blanco (Spanish).
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3.1.9.1 Adult diagnostic features

Suckers uniserial. Orange-red and reddish-brown dorsally; greenish iridescence
ventrally. Dorsal side covered with numerous warts. A whitish line encircles the
lateral periphery of the mantle. A cirrus is present near each eye. Right arm III of
males is hectocotylized, shorter (69-76%) than its opposite, with a very short ligula
(3-4% of the length of the hectocotylus), calamus absent; terminal suckers of the
other arms of males modified and transversely compressed. Diagnosis adapted from
Roper et al. (1984).

3.1.9.2 Distribution and habitat

Eledone cirrhosa is a common species in the Northeast Atlantic, extending from 67°N
to the northwest African coasts (Guerra, 1992) and throughout the Mediterranean
Sea. It appears occasionally in the Kattegat (west of Sweden; Hornborg, 2005) and in
the Marmara Sea (Unsal et al., 1999). It is a typical soft-bottom eurybathic species that
lives to a depth of 770 m (Massy, 1928), although it is mainly distributed between 50
and 300 m (Belcari and Sartor, 1999a; Belcari et al., 2002a).

3.1.9.3 Life history

Females reach a maximum size of 190 mm ML compared with 135 mm ML in males.
They attain maturity at smaller sizes in the Mediterranean than in the Atlantic, and
males mature at smaller sizes than females (Belcari and Sartor, 1999a; Belcari et al.
2002a; A. Moreno, pers. comm.).

A combination of a 1- and 2-year life cycle (fast-growing, early-maturing animals vs.
slower-growing, late-maturing animals) is proposed for the North Sea (Boyle and
Knobloch, 1982; Boyle, 1983; Boyle et al., 1988). In the Mediterranean, the lifespan of
most individuals is estimated to be approximately 2 years (e.g. Moriyasu, 1981, 1983;
Belcari et al., 1990, 2002a; Sanchez et al., 2004), with less than 10% reaching maturity at
ca. 3 years old (Lefkaditou and Papaconstantinou, 1995; Cuccu et al., 2003; Orsi-Relini
et al., 2006). Note, however, that these conclusions are based on length frequency
analysis, the validity of which has been called into question (E. Lefkaditou, pers.
comm.)

Fecundity estimates vary widely: ~9000 eggs in the North Sea, ~5500 eggs in the
Catalan Sea (Boyle et al., 1988), and ~2000 eggs in the Tyrrhenian Sea (Rossetti, 1998).
E. cirrhosa spawns in summer—autumn in the North Sea (Boyle, 1983; Boyle and
Knobloch, 1983) and in spring—summer farther south (A. Moreno, pers. comm.). In
the Mediterranean, the spawning season is earlier in the western basin
(spring—summer) than in the eastern basin (summer—autumn; Belcari and Sartor,
1999a; Lefkaditou et al., 2000).

3.1.9.4 Trophic ecology

Predators. Whales, seals, and fish are considered to be the most important predators
of E. cirrhosa (e.g. Pierce et al., 1991; Tollit and Thompson, 1996; Santos et al., 1999;
Brown et al., 2001; Daly et al., 2001; Velasco et al., 2001).

Prey. Eledone cirrhosa is a carnivorous species and active predator. The diet is mainly
composed of decapod crustaceans, mostly alpheids and brachyurids (Boyle and
Knobloch, 1981; Sanchez, 1981; Auteri et al., 1988). The species also feeds on molluscs
and cephalopod eggs, and cannibalism has been observed (Moriyasu, 1981; Guerra,
1992).
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3.1.9.5 Fisheries

Eledone cirrhosa has great commercial value in the western Mediterranean and usually
less than 10% of catches is discarded (Mangold and Boletzky, 1987; Sartor et al., 1998;
Relini et al., 1998). Across Europe, landings come almost entirely from bottom-trawl
fisheries, and E. cirrhosa appears together with E. moschata and Octopus vulgaris in the
catch statistics. It is marketed in two distinct commercial categories in the
Mediterranean, where small specimens (<50 mm ML) have higher economic value
(Belcari et al., 1998; Belcari and Sartor, 1999). In some regions, these small octopus are
a target of the multispecies trawl fishery in spring and summer that coincides with
the recruitment period of the species (Relini and Orsi-Relini, 1984; Belcari et al., 1998,
2002a; Belcari and Sartor, 1999; Sanchez et al., 2004). Recently, this fishery was banned
in the Catalan Sea (P. Sanchez, pers. comm.). Eledone cirrhosa is the only Eledone
species present in northern Spanish waters, where it is landed by the bottom-trawl
fishery (ca. 700t year—! on average, 1998-2006) as bycatch, although its commercial
value is very low. It is occasionally landed in small quantities in Scotland, but there
appears to be little commercial interest in the species (G. Pierce, pers. comm.).

The species has been identified in commercial landings in Portugal, Spain, Italy, and
Greece.

3.1.10 Octopus vulgaris Cuvier, 1797

Common names. Common octopus (English); pieuvre, poulpe (French); chtapodi
(xtamoody, Greek); Gemeiner Krake (German); polpo comune (Italian); pulpo comun
(Spanish); olagarro (Spanish, Basque); pop roquer (Spanish, Catalan); polbo (Spanish,
Galician); polvo-vulgar (Portuguese).

3.1.10.1 Adult diagnostic features

Suckers biserial. ML to 40 cm; total length to 140 cm. Arms robust at base, lateral arms
longest, dorsal arms shortest. Suckers 15-17 of arms II and III enlarged in adults,
especially males. Right arm III of mature males hectocotylized; ligula short and
spoon-shaped. Gill demibranch with 7-11 lamellae, including terminal lamellae. Four
papillae in the dorsal part of the mantle (one situated in the anterior part, another
posterior and two laterals). Reticulated skin with four whitish spots, two between the
eyes and two below the first dorsal papilla. Diagnosis adapted from Guerra (1992).

3.1.10.2 Distribution and habitat

Octopus vulgaris is especially abundant in the Mediterranean Sea and the eastern
Atlantic (Belcari and Sartor, 1999b). Molecular genetic work has demonstrated that
the distribution of O. vulgaris in the Atlantic extends to southern Brazil (Soller et al.,
2000) in the west, to Lanzarote and Senegal in the east, and as far south as Tristan de
Cunha and False Bay, South Africa (Warnke et al., 2004). Samples from Japan and
Taiwan in the Pacific also appear to be conspecific with O. vulgaris. A benthic species,
O. vulgaris inhabits the coastline to the outer edge of the continental shelf (200 m). It
undertakes limited seasonal migrations.

3.1.10.3 Life history

Octopus vulgaris has a life cycle of 12-14 months (Domain et al., 2002; Iglesias et al.,
2004) and terminal spawning with egg care by the female. The incubation period of
the eggs is 22-25 days at 25°C (Mangold, 1997), but longer at lower temperatures
(36 days at 23°C, 60 days at 21°C, 80 days at 17°C, and 120 days at 13°C; Mangold
and Boletzky, 1973; Caveriviere et al., 1999; Martins, 2003). Paralarvae are planktonic
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for 1-3 months, depending on the effect of temperature on growth rate, and adopt
the benthic life mode of the adults at ca. 7.5 mm ML (Villanueva, 1995). The mortality
on the paralarvae phase is thought to be very high and dependent on environmental
conditions, with highly variable recruitment success (Faure, 2002).

Growth is very rapid, and large individual variation in growth rates has been
observed both in culture experiments (Iglesias et al., 2004) and in wild populations
(Domain et al., 2000). Juveniles can reach 0.5-0.6 kg within six months of hatching,
and 1.4-1.8 kg within eight months, at a mean temperature of 18°C (Iglesias ef al.,
2004). Maximum size is 400 mm ML.

The potential fecundity of mature females ranges from 100 000 to 500 000 oocytes. The
eggs are small, approximately 2.5 mm long (Mangold, 1997). The spawning season
extends throughout the year, with two peaks in Atlantic populations within the main
upwelling regions: winter and summer in western Portuguese waters (Moreno, 2008),
and spring and autumn in Moroccan waters (Faraj and Bez, 2007) and the Canary
Islands (Hernandez-Garcia et al., 2002). A single spawning peak occurs in late
winter/spring in northwest Spain (Fernandez-Rueda and Garcia-Flérez, 2007; Otero et
al., 2007) and in summer in the northern Gulf of Cadiz (Rodriguez-Raa et al., 2005;
Moreno, 2008) and the Mediterranean (Sanchez and Obarti, 1993; Mangold, 1997;
Belcari et al., 2002b).

3.1.10.4 Trophic ecology

Predators. Fish, marine mammals, birds, and other cephalopods prey on O. vulgaris
(Hanlon and Messenger, 1998). Marine mammals include common dolphin
(Delphinus delphis; Lopez, 2002; Santos et al., 2004b), bottlenose dolphin (Tursiops
truncatus; Blanco et al., 2001), Risso’s dolphin (Grampus griseus), long-finned pilot
whale (Globicephala melas; Lopez, 2002), and Mediterranean monk seal (Monachus
monachus). Fish predators of adults and juveniles include conger eel (Conger conger)
and Mediterranean moray eel (Muraena helena), whereas Mediterranean dusky
grouper (Epinephelus marginatus), serranid fish (Serranus sp.) and the sand smelt
(Atherina presbyter) prey on hatchlings (Villanueva and Norman, 2008).

Prey. Paralarvae feed mainly on decapod crustacean larvae (Villanueva and Norman,
2008). Diet of juveniles and adults may include crustaceans, teleost fish, other
cephalopods, and polychaetes. On the Mediterranean coast of Spain in Catalufia, 80%
of the diet comprises crustaceans (Guerra, 1978; Sanchez and Obarti, 1993; Quetglas et
al.,, 1998b), but in the Algarve (Portugal), a similar proportion comprises bivalves
(Rosa et al., 2004).

3.1.10.5 Fisheries

Octopus vulgaris is taken throughout the year as a target species in bottom and pelagic
trawls and via hand-jigs, pots, trammelnets, and traps in small-scale coastal fisheries
at depths of 20—-200 m in the Mediterranean (Belcari ef al., 2002b), off West Africa, and
in the Northeast Atlantic. Although some countries report landings of this species
separately, others group all landings of Octopodidae together. In Galicia (northwest
Spain), where annual landings for 19982006 were ca. 1500 t, the species is targeted
by the artisanal fleet using traps (called “nasa de polbo”), which are fairly specific to
octopus (which forms 80-90% of the total catches in this gear); it is also caught in
traps set for other species, in trammelnets (“trasmallos” and “mifios”), and on
hooked lines (“rafa”; Bafon et al., 2007). In the Gulf of Cadiz, both bottom trawlers
and artisanal vessels take this species, and annual landings have fluctuated widely,
from 500 t to more than 2000 t in 1994-2006.
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The species has been identified in commercial landings in Spain, Portugal, Italy, and
Greece.

3.1.11 Sepia officinalis Linnaeus, 1758

Common names. Common cuttlefish (English); seiche commune (French); Gemeiner
Tintenfisch (German); soupia (Zovmi; Greek); seppia comune (Italian); sepia comun
(Spanish); choco-vulgar (Portuguese).

3.1.11.1 Adult diagnostic features

Up to 450 mm ML. Mantle oval. Tentacular club with five or six suckers in each
transverse row, the medial one moderately enlarged; swimming keel not extending
proximally beyond the base of the club. Hectocotylus on left arm IV of males: after
the 5-7 proximal sucker rows, there are from 4-5 to 8—-9 (medial) horizontal rows of
reduced suckers. Cuttlebone posteriorly rounded with parallel sides. Anterior striae
are inverted U-shape, or shallow M-shape. Colour light brown. Head with scattered
white spots and with dark pigment around eye orbits. Arms I-1II have a broad,
longitudinal brownish band medially, extending onto head. Dorsal mantle has bold
transverse zebra-stripe pattern during the breeding season; paired dorsal eye spots
absent. Fins with narrow white band along outer margin and with small white spots,
becoming larger toward junction of mantle and fins. Mature males with arms IV
emboldened by white and black zebra bands and white arm spots. Diagnosis adapted
from Roper et al. (1984), Guerra (1992), and Reid et al. (2005).

3.1.11.2 Distribution and habitat

Sepia officinalis extends through the eastern Atlantic and Mediterranean Sea (Belcari,
1999i). In the eastern North Atlantic, it extends from the Shetland Islands and
southern Norway (not present in the Baltic Sea, except for occasional incursions with
the northeasternmost Atlantic waters), south through the Mediterranean Sea
(including Aegean Sea, Sea of Marmara, and Levantine Sea), to northwest Africa,
with the southern boundary coinciding approximately with the border between
Mauritania and Senegal (16°N; Reid et al., 2005). Seasonal migrations occur from
deeper, offshore overwintering grounds to shallower, coastal spawning and nursery
grounds.

3.1.11.3 Life history

Hatchling ML ranges from 6 to 9 mm (Boletzky, 1983). Growth rates vary directly
with temperature and inversely with size. In the English Channel, statolith analysis
indicates that the growth pattern is exponential in hatchlings and early stages,
whereas logistic curves are a better fit for larger size classes (7—106 mm ML; Challier
et al., 2005a).

Common cuttlefish attain sexual maturity at a wide range of sizes. In the
Mediterranean Sea, mature males of 6-8 cm ML were observed. Males over 10 cm
ML, however, may still be immature. A similar situation exists in females. Length at
first maturity is ca. 13 cm ML in females. Females produce 150-4000 eggs, depending
on their size. The main spawning season covers spring and summer, but there is also
winter spawning, which is especially pronounced on the Atlantic coast. The length of
time spent under optimal conditions in the early juvenile phase (inshore spring and
summer conditions) determines whether an individual becomes sexually mature
during the first winter and, hence, determines the lifespan, which may vary from ca.
14 to 24 months. The species has an intermittent terminal spawning strategy
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(Boletzky, 1983; Guerra and Castro, 1988; Boucaud and Daguzan, 1990; Boucaud-
Camou et al., 1991; Gauvrit et al., 1997; Belcari, 1999h; Dunn, 1999; Rocha et al., 2001).

3.1.11.4 Trophic ecology

Predators. Sepia officinalis has been found in the stomachs of marine mammals,
including Risso’s dolphin (Grampus griseus; Clarke and Pascoe, 1985), the
Mediterranean monk seal (Monachus monachus; Salman et al., 2001), and (in South
Africa) fur seals (Arctocephalus pusillus; Castley et al.,, 1991). It is also eaten by
elasmobranchs, including the blue shark (Prionace glauca; Clarke and Stevens, 1974)
and smooth hound (Mustelus mustelus; Morte et al., 1997).

Prey. The diet mainly consists of small crabs, shrimps, demersal fish, cephalopods,
and polychaetes. A significant change from crustaceans to fish occurs with growth.
Cannibalism is relatively common at all sizes.

3.1.11.5 Fisheries

Sepia officinalis is an important species for the commercial fisheries of many countries.
The main producer countries in the last decade were France in the Northeast Atlantic,
followed by Italy and Tunisia in the Mediterranean Sea (Belcari et al., 2002¢). In
northern fisheries (English Channel, Bay of Biscay), cuttlefish are primarily caught by
otter and beam trawlers, either as a target species or as bycatch when the target is
demersal finfish. In southern fisheries, artisanal gears dominate, and cuttlefish are
caught by gillnets, trammelnets, and a great variety of highly selective gears, such as
traps, lures, jigs, and spears. Generally, trawlers operate in inshore and offshore
fishing grounds, taking both juvenile and adult specimens, whereas artisanal gears
(e.g. traps) catch spawning animals mainly inshore. In Galicia, cuttlefish is mainly
caught with trammelnets from January to May (during the main reproductive period)
on inshore fishing grounds (Arnéiz et al., 2001). In the inner area of the rias, cuttlefish
is also caught with fykenets (“butrons”) and traps (“nasa de choco”). Management
options of interest for this resource include effort regulations (licences are issued in
inshore artisanal fisheries) and minimum landing size. Catches of this species are not
recorded separately by all countries, often being grouped with other cuttlefish,
although FAO records separate catch statistics for this species along the Spanish
Atlantic coast, and separate statistics are probably also available for the French
Atlantic coast.

The species has been identified in commercial landings in the UK, France, Spain,
Portugal, Italy, and Greece. Sepia elegans Blainville, 1827

3.1.12 Sepia elegans Blainville, 1827

Common names. Elegant cuttlefish (English); seiche elegante (French); seppia
elegante (Italian); choco-elegante (Portuguese); choquito sin punta (Spanish).

3.1.12.1 Adult diagnostic features

Up to 89 mm ML (Adam, 1952). Mantle oblong, length more than twice width. Club
short, oval; sucker-bearing surface flattened, with 6-8 suckers in transverse rows;
suckers differ markedly in size: 3—4 greatly enlarged suckers toward posterior end of
club and several dorsal suckers enlarged, but not as large as medial suckers.
Hectocotylus present on left ventral arm of males: 1-2 rows of normal size suckers
proximally, 9-11 rows of reduced minute suckers medially, then normal size suckers
to arm tip; suckers in two dorsal and two ventral series displaced laterally.
Cuttlebone outline oblong. Anterior striae are inverted U-shape. Spine absent, but
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ridge and small lateral wings present. Dorso-posterior end of cuttlebone with short,
rugose, calcareous keel. Colour reddish brown. Dorsal mantle pale, peppered with
scattered purple-black chromatophores. Fins and ventral mantle pale. Reference: Reid
et al. (2005).

3.1.12.2 Distribution and habitat

Sepia elegans extends through the eastern Atlantic from western Scotland in the north
to Namibia (21°S) in the south and is present throughout the Mediterranean Sea
(Jereb and Roper, 2005). It is a sublittoral species, living on sandy and sandy-muddy
bottoms at depths to ca. 450 m (Jereb and Ragonese, 1991). The species is tolerant of
fluctuations in salinity and has been found in brackish waters (salinity 18-25) in the
Sea of Marmara (Unsal ef al., 1999) and the estuarine waters of the Ria de Vigo
(Guerra, 1984).

3.1.12.3 Life history

After hatching, juveniles immediately adopt a benthic lifestyle. Growth was
calculated at 2.8 mm month ! for males and 3.0 mm month-! for females in the Sicilian
Channel (Ragonese and Jereb, 1991), a little faster than that estimated in the western
Mediterranean by Mangold-Wirz (1963) and in the Ria de Vigo by Guerra (1984; 2—
2.5 mm month-). Lifespan ranges between 12 and 19 months. The smallest mature
males have been reported at 20 mm, and females at 30 mm ML (Guerra and Castro,
1989; Volpi et al., 1990). However, most individuals attain maturity at larger sizes
(Mangold-Wirz, 1963; Volpi et al., 1990; Jereb and Ragonese, 1991), at approximately 1
year of age. Males may carry ca. 95 spermatophores and females ca. 250 eggs.

In the Mediterranean Sea, as well as in the Atlantic, mature males and females are
present throughout the year, which suggests a continuous spawning period (e.g.
Mangold-Wirz, 1963; Roper et al., 1984; Guerra, 1992; Belcari, 1999i). The eggs
(maximum diameter 5 mm; Guerra, 1984) are attached to alcyonarians (sea fans),
shells, etc., on muddy bottoms or, less frequently, on coral formations (Mangold-
Wirz, 1963). Continuous recruitment also occurs, with peaks observed in several
Mediterranean areas (Volpi et al., 1990; Jereb and Ragonese, 1991; Wurtz et al., 1991;
D’Onghia et al., 1992; Casali et al., 1998).

3.1.12.4 Trophic ecology

Predators. Sepia elegans has been identified from stomach contents of very few
predators, but has been reported from the dolphinfish (Coryphaena hippurus; Massuti
et al., 1998) and the bottlenose dolphin (Tursiops truncates; Blanco et al., 2001).

Prey. This species feeds mainly on small crustaceans, fish, and polychaetes (Reid et
al., 2005). Detailed studies on feeding (e.g. Guerra, 1985; Castro and Guerra, 1990)
suggest that there is no change in diet with growth and/or maturity and that the
variety of prey does not decrease with increasing size.

3.1.12.5 Fisheries

Sepia elegans is taken mainly as a bycatch in Mediterranean and West African trawl
fisheries (Roper et al., 1984; Belcari, 1999i; Reid et al., 2005). Separate statistics are
generally not reported for S. elegans, which represents a very significant percentage of
the catches in some areas of its distributional range (Reid et al., 2005). In the
Mediterranean Sea, it is marketed along with S. orbignyana and small S. officinalis, and
constitutes a valuable resource locally. In the Sicilian Channel, an exploitation rate of
0.73 was estimated for the species (Ragonese and Jereb, 1991), which suggests very
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intensive fishing pressure on this resource. It is separately recorded in landings from
the Gulf of Cadiz, where it typically forms ca. 7% of cuttlefish landings (the
remainder being S. officinalis). This species is marketed fresh and frozen.

The species has been identified in commercial landings in Italy and Spain.

3.1.13 Sepia orbignyana Férrusac in Orbigny, 1826

Common names. Pink cuttlefish (English); seiche roseé (French); seppia pizzuta
(Italian); choco-de-cauda (Portuguese); choquito con punta (Spanish).

3.1.13.1 Adult diagnostic features

Up to 120 mm ML (Mangold-Wirz, 1963). Mantle oval. Club short, oval, with 5-6
suckers in transverse rows. Suckers differ markedly in size: three large suckers
medially with one slightly smaller sucker on each side of these. Hectocotylus present
on left ventral arm (IV): 1-2 rows of normal size suckers proximally, greatly reduced
suckers medially, then normal size suckers distally to arm tip. Suckers of hectocotylus
in two dorsal and two ventral series displaced laterally, with a gap between them.
Cuttlebone outline oblong. Anterior striae shallow M-shape, or wavy. Spine long,
pointed (prominent), straight, directed dorsally, with ventral keel. Colour reddish
brown. Reference: Reid ef al. (2005).

3.1.13.2 Distribution and habitat

Sepia orbignyana occurs in the eastern Atlantic from the Irish Sea in the north to
southern Angola (17°5) and is present throughout the Mediterranean Sea (Jereb and
Roper, 2005). It is a demersal species that prefers sandy and sandy-muddy bottoms.
Its greatest abundance is at depths of 50-250 m (Mangold-Wirz, 1963; Casali et al.,
1998). Records from the Sea of Marmara indicate that it can occur in brackish waters
(Unsal et al., 1999).

3.1.13.3 Life history

Newly hatched animals observed in the laboratory (Boletzky, 1988) measured 6 mm
ML. Females attain larger sizes and grow faster than males (Bello, 2001). Growth was
calculated at 2.9 mm month-! for males and 3.0 mm month-! for females in the Sicilian
Channel (Ragonese and Jereb, 1991). Lifespan is considered to vary between 12 and
18 months (Mangold-Wirz, 1963). Estimates from length frequency analyses, although
widely considered to be unreliable for cephalopods, indicate a longer lifespan of 2
years for males and 3 years for females (Ragonese and Jereb, 1991). Males reach
maturity from 35mm ML, and females from 65 mm ML (Belcari and Sartor, 1993).
Mature males, aged 6 or 7 months, carry ca. 100 spermatophores; females aged 9 or
10 months carry ca. 400 eggs (Roper et al., 1984).

In Mediterranean waters, spawning is probably continuous. The eggs, laid
individually, whitish or greyish in colour and slightly more elongate than those of S.
officinalis (Mangold-Wirz, 1963), are deposited in various sponges to form clusters of
30-40 (Reid et al., 2005).

3.1.13.4 Trophic ecology

We found no reports of this species from predator stomach contents. S. orbignyana
feeds mainly on crustaceans and fish (Auteri et al., 1988).
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3.2

3.1.13.5 Fisheries

Sepia orbignyana is taken mainly as bycatch throughout the Mediterranean and in the
West African trawl fisheries, although targeted fisheries also exist (e.g. Roper et al.,
1984; Mangold and Boletzky, 1987; Belcari, 1999j; Reid et al., 2005). Separate statistics
are not reported, but S. orbignyana represents a very significant percentage of the
catches in some areas. In the Mediterranean Sea, it is often marketed along with the
congener S. elegans and small S. officinalis and constitutes a valuable resource locally
(Belcari, 1999j). Studies carried out in the Sicilian Channel demonstrated an
exploitation rate of 0.60 for this species (Ragonese and Jereb, 1991), which suggests
intensive fishing pressure on the resource, as already hypothesized by other authors
(e.g. Boletzky, 1983). It is marketed fresh and frozen.

The species has been identified in commercial landings in Italy.

Application of DNA-based markers in European cephalopod fisheries and
biology

Paul Shaw

3.2.1 Introduction

In the past 30 years, DNA-based markers, such as allozymes, mitochondrial DNA
(mtDNA), and microsatellites, have made a substantial contribution to many fields of
whole organism biology. In particular, population biology (population structuring,
individual interactions), phylogenetics, and systematics have benefited from the
application of dependable, genetically determined, inherited markers that are not
influenced by the environment and individual habits. The value of DNA-based
markers has been demonstrated by their widespread use with finfish and their
fisheries (see Carvalho and Pitcher, 1995).

Despite the obvious benefits of these markers, their input to cephalopod biology has
been limited until the last ten years. Substantial early success was achieved using
allozymes to address issues of population structuring (e.g. Brierley ef al., 1995),
species identification and systematics (e.g. Augustyn and Grant, 1988), and
particularly in identifying cryptic species (e.g. Yeatman and Benzie, 1994). The recent
development of microsatellite DNA markers for cephalopod species and their
application to the study of population structure (e.g. Shaw et al., 1999) and mating
strategies (e.g. Shaw and Boyle, 1997) — and the increasing use of DNA sequencing for
phylogenetics/systematics purposes (e.g. Strugnell et al., 2005) — has demonstrated the
potential for greater contributions to cephalopod biology on a number of levels.

3.2.2 Popvulation genetics of commercially important cephalopods in European
waters

3.2.2.1 Loligo forbesii

Allozyme (Brierley et al., 1995), microsatellite (Shaw et al., 1999), and mitochondrial
DNA data (Norman et al., 1994) all indicate that this species is comprised of a single
genetic stock throughout its range along the Atlantic coast of Europe (northwestern
Scotland to southern Portugal), but that a significantly differentiated population
exists in the Azores archipelago. Shaw et al. (1999) also indicated the possibility of
genetically differentiated populations on off-shelf banks northwest of Scotland
(particularly on Rockall Bank). This genetic pattern of large-scale homogeneity is
consistent with what is known of the life-history characteristics of this species, which
is highly mobile and migratory as juveniles and adults. The genetic differentiation of
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the Azores and, to a much lesser extent, the Rockall populations can be explained by
the neritic habit of the species, as it does not extend below 1000 m depth or beyond
open water off the shelf edge.

3.2.2.2 Loligo vulgaris

Very little genetic information is available on this species. Garoia et al. (2004), using
five microsatellite loci, indicated that a single population is present within the
Adriatic Sea. The limited data available suggest that the genetic population structure
in L. vulgaris may be similar to that seen in L. forbesii, with genetically homogeneous
populations over large geographical scales. However, more work is needed using
additional genetic markers developed specifically for this species.

3.2.2.3 lllex coindetii

Unpublished results from the FAIR-CT96-1520 project (Boyle, 2000), based on five
microsatellite loci developed for lllex argentinus (Adcock et al., 1999), indicated that
samples spanning the species’ range in European waters from west of Ireland to the
eastern Mediterranean demonstrate no significant heterogeneity, although a sample
from Mauritania was genetically differentiated from the European samples. Martinez
et al. (2005), screening 33 allozyme loci in samples from northwest Spain and Italy,
found no evidence for genetic differentiation, although they suggested that there was
some evidence for genetic differences among temporally separated samples from the
same locations, potentially indicating differentiated spawning stocks. The data from
both studies present a pattern of wide-scale genetic homogeneity of the European
population of this species (i.e. a single genetic stock), which is consistent with
predictions from the life history of highly mobile and migratory adults producing a
pelagic, dispersing larval stage.

3.2.2.4 Todaropsis eblanae

Dillane et al. (2005), using four microsatellite loci and one minisatellite locus, found
no significant genetic heterogeneity among samples from throughout the species
range in the Northeast Atlantic (western Ireland, English Channel, northwest Spain,
southern Portugal), slight (but not significant) differentiation between Atlantic and
western Mediterranean samples, and significant differentiation between European
samples and samples from West (Mauritania) and South Africa. The pattern of
genetic panmixia throughout the species range in European waters (i.e. a single
genetic stock) is consistent with predictions from the life history of the species of
highly mobile and migratory adults producing a dispersing larval stage.

3.2.2.5 Octopus vulgaris

Maltagliati et al. (2002), using 20 allozyme loci, demonstrated genetic homogeneity
(no significant allele frequency differences) over large geographic scales (hundreds of
kilometres) within the Mediterranean Sea, but did find evidence for significant
differentiation between western and eastern Mediterranean samples. Murphy et al.
(2002), using three microsatellite loci, demonstrated significant allele frequency
differences between fishery samples from western Saharan and Mauritanian waters,
and between northern and southern Saharan Bank sites. Unpublished FAIR-CT96-
1520 project data (Boyle, 2000), also using three microsatellite loci, indicate significant
differentiation between single samples from the eastern Mediterranean, western
Mediterranean, northwest Spain, and the Saharan Bank. Casu et al. (2002), using one
microsatellite locus, found highly significant differences among samples from
northwest Spain to Crete (mostly around Italy). Recently, Cabranes ef al. (2008), using
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five microsatellite loci, found significant genetic differentiation among samples
around the Atlantic coasts of Spain and Portugal (and similarly for one sample in the
Mediterranean), which fits an isolation-by-distance (IBD) pattern, but with samples
within 200 km demonstrating no significant differences.

Most of the genetic studies of Octopus vulgaris to date used a small number of
samples spread over a wide geographical area, so they can suggest only broad
geographical patterns. The available data suggest some genetic homogeneity within
localized areas (at least several hundreds of kilometres), but there is also evidence of
significant genetic structuring at the scale of identifiable basins in the Mediterranean,
between Mediterrancan and Atlantic areas, and associated with discontinuities in
population distributions. The more detailed study of Cabranes et al. (2008) indicates
that genetic mixing may be limited at distances over 200 km, at least along Atlantic
coasts. These studies indicate that the position for O. vulgaris may lie somewhere
between Sepia officinalis (see Section 3.2.2.6) and Loligo forbesii (see Section 3.2.2.2). It is
probably more similar to Sepia, with a breakdown of genetic exchange over large
distances (isolation by distance, but on a larger scale than seen in S. officinalis) and
possibly associated with distinct hydrographical regimes (such as those associated
with separate basins of the Mediterranean).

A pattern in O. vulgaris of gene flow limited by distance and/or oceanographic
features is counter to predictions from life-history parameters of this species. A long-
lived pelagic larval stage would suggest genetic exchange over great distances,
maintaining genetic homogeneity throughout European waters. If gene flow is
generated only by the larval stage, it is feasible that oceanographic features would be
more important as bartriers to exchange. Further study of this species is required,
focusing on identification of the potential barriers to gene flow (oceanographic fronts,
current systems associated with basins, etc.), in order to identify dearly the
distribution of different stocks in European waters.

3.2.2.6 Sepia officinalis

Both allozymes (Pérez-Losada et al., 1999) and microsatellites (Pérez-Losada et al.,
2002) indicate significant genetic structuring over relatively small geographical scales
(down to ~300km at least) for populations around the Iberian Peninsula.
Microsatellite data also indicate a genetic breakpoint associated with the
Almeria—Oran hydrographic feature. The scale of genetic structuring indicates that
little gene flow is occurring among local populations. Limited exchange among
populations could result from the life-history characteristics of S. officinalis (see
Section 3.1.11), although a breakdown of gene flow at such spatial scales in a highly
mobile marine species is surprising and may suggest the action of other factors, such
as migration back to geographically restricted natal spawning sites. A broader-scale
microsatellite study (Boyle, 2000) also indicated significant genetic stock structuring
throughout the range of S. officinalis in European waters, and the presence of distinct
English Channel, Northeast Atlanticc, western Mediterrancan, and eastern
Mediterranean stocks.

Both allozyme and microsatellite data displayed clinal changes in gene frequencies
around the Iberian Peninsula, suggesting either secondary introgression between
ancestral Mediterranean and Atlantic populations that were isolated by low sea-level
events during Pleistocene glaciations or IBD effects owing to restricted gene flow
along a string of coastal populations. Garoia et al. (2004) also found significant
differences among S. officinalis samples at scales of hundreds of kilometres within the
Adriatic, although they did not find any evidence for an IBD pattern. A recent
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phylogeographic study using mitochondrial cytochrome oxidase I (COI) gene
sequences (Pérez-Losada ef al., 2007) has not only confirmed the widespread action of
IBD processes in S. officinalis population dynamics, but also the presence of several
major genetic clades, indicating distinct ancestral Atlantic, western Mediterranean,
and Aegean populations.

Together, the genetic results to date for S. officinalis indicate the presence of localized
genetic subpopulations at intranational scales (hundreds—thousands of kilometres),
and genetically distinct Atlantic, western Mediterranean, eastern Mediterranean, and
Aegean populations. Allozyme and morphological data on samples of Sepia from the
Canary Islands and the Iberian Peninsula indicate that the described subspecies of S.
officinalis (S. o. officinalis and S. o. hierredda) are, in fact, distinct species (Guerra et al.,
2001).

3.2.3 Gaps in genetic knowledge of commercially important European
cephalopods

To date, no population genetic information is available for Todarodes, Alloteuthis,
Eledone, or other Sepia species. In addition, there is still insufficient data or sampling
coverage to allow confident detailed statements about stock structuring of European
populations of S. officinalis, O. vulgaris, and L. vulgaris. For both S. officinalis and O.
vulgaris, the genetic data indicate the presence of significant stock structuring
throughout European waters.

In S. officinalis, the observed genetic structuring around the Iberian peninsula is
consistent with an IBD model, suggesting low levels of interbreeding among very
local populations (across hundreds-thousands of kilometres), but no substantial
genetic exchange above this scale, resulting in a series of distinct localized stocks.
There is also evidence for S. officinalis of the action of local oceanographic features
presenting a barrier to migration/genetic exchange between populations. This may
explain, and result in, distinct regional populations, such as Adriatic, eastern
Mediterranean, western Mediterranean, English Channel, European Atlantic, North
African Atlantic, Canary Islands, etc. With the present data, however, it is impossible
to determine whether or not regional populations genetically intergrade into each
other through local gene flow, at what scale localized gene flow occurs, and what are
the important determinants of limitation to localized genetic exchange (such as the
presence of isolated breeding; sites or the action of hydrographic features).

In O. vulgaris, there is genetic evidence for distinct regional stocks/populations.
However, there are no data on the geographical scale of localized interbreeding
populations and, therefore, on the critical factors in determining levels of
migration/gene flow. As O. vulgaris possesses a pelagic larval stage, it has been
assumed previously that it will exhibit wide geographical dispersal and
interbreeding, and, therefore, single genetic stocks over large geographical distances.
The genetic data indicate that this assumption cannot be supported. However, owing
to the pelagic larval stage, O. vulgaris may display a different localized population
structure to that suggested above for S. officinalis. Rather than a continuous, local-
scale, IBD pattern of interlinked populations, O. vulgaris may exhibit genetically
homogeneous populations over local scales (hundreds of kilometres), with gene flow
effected by larval dispersal, but regionally distinct populations where hydrographic
barriers prevent larval exchange. For example, we might expect genetically distinct
regional populations in the Adriatic, Aegean, eastern Mediterranean, western
Mediterranean, European Atlantic, North African Atlantic, and Canary Islands.
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For L. vulgaris, the available genetic data are very limited and suggest that definable
oceanographic regions contain single populations with high migration/gene flow
within them (e.g. the Adriatic; Garoia et al., 2004). Species life-history and genetic-
structuring patterns observed for other loliginid squid species elsewhere (Shaw et al.,
1999, 2004; Reichow and Smith, 2001) lead to predictions of high genetic exchange
among areas and effective panmixia across its entire range in European waters (as in
L. forbesii).

3.2.4 Recommendations for future genetic studies of European cephalopod
species

We recommend that genetic studies of population/stock structuring be carried out for
Todarodes, Alloteuthis, Eledone, and Sepia species of commercial or biodiversity
importance. Microsatellite DNA markers would be the most appropriate system,
preferably coupled with examination of a variable mtDNA region.

We also recommend that further population genetic studies, using microsatellite
DNA and mtDNA markers, of S. officinalis, O. vulgaris, and L. vulgaris, be conducted
in European, especially Mediterranean, waters. The primary aim for L. vulgaris would
be to assess whether regional genetic differentiation occurs, indicating localized
spawning groups, or whether —like other loliginids—it can be assumed to comprise a
single population or genetic stock, at least throughout Mediterranean waters. The
primary aim with S. officinalis and O. vulgaris would be to determine the geographical
scale of subpopulation structuring and the relationship of such structuring to
geographical distance (i.e. IBD determinants of species dispersal) and/or to
oceanographic features (i.e. distinct physical barriers to dispersal). Further genetic
studies of L. forbesii, T. eblanae, and 1. coindetii are not considered a priority at present.

3.3 Habitat use
Graham Pierce, Angel Gonzalez, and Ana Moreno

3.3.1 Brief overview of environmental effects on cephalopods

The concept of the niche and the idea that species have preferred and tolerated zones
along each axis of a multidimensional “niche space” has long provided a focus for
research on interspecific competition and competitive exclusion. Increasingly now, it
is also seen as a tool for fishery and conservation management through the concepts
of environmental envelopes and essential fish habitat, which are readily applied to
cephalopods. Our ability to derive empirical models of the preferred habitat of
marine organisms has been facilitated in the last two decades by developments in
remote sensing, GIS, and statistical modelling (e.g. Eastwood et al., 2001; Pierce et al.,
2001, 2002; Redfern et al., 2006; Valavanis, 2008; Valavanis et al., 2008, and references
therein).

Cephalopods are widely recognized as being highly sensitive to environmental
conditions and changes, and at a range of spatial and temporal scales, because of
their short life cycles and rapid growth. For most European cephalopods, information
is available on broad distribution and depth preferences of juveniles and adults,
whether these are primarily benthic, demersal, or pelagic. Most larval forms
(“paralarvae”) are planktonic. Various observational and experimental data point to
limits to tolerance, e.g. in relation to water temperature, oxygen concentration, and
salinity (few species tolerate low-salinity coastal waters).
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As relationships between cephalopods and their environment, specifically effects on
distribution, abundance, and life cycle, have recently been reviewed by Pierce et al.
(2008b), only a brief overview and update is provided here. The majority of studies
cited refer to post-recruit stages.

Relationships documented between cephalopod stock dynamics and environmental
conditions are of two main types: (i) those concerning the geographic distribution of
abundance, for which the mechanism is often unknown; and (ii) those relating to
biological processes, such as egg survival, growth, recruitment, and migration, where
mechanisms are sometimes known-and, in a very few cases, supported by
experimental evidence. Of particular interest are recent experimental studies, such as
Rosa and Seibel (2008) and Kikkawa ef al. (2008), which examine effects of elevated
CO:z levels on cephalopods, and a recent study by André et al. (2009), which uses
captive-rearing data to model the effect of temperature on individual growth curves.

Cephalopods seem to respond to environmental variation both actively (e.g. by
migrating to areas with more favourable environmental conditions for feeding or
spawning) and passively (e.g. by variations in growth and survival according to
conditions experienced, and by passive migration with prevailing currents).
Environmental effects on early life stages can affect postrecruit, life-history
characteristics (growth and maturation rates) as well as adult distribution and
abundance.

Both large-scale atmospheric and oceanic processes and local environmental variation
appear to play important roles in species—environment interactions. Although
oceanographic conditions are of particular significance for mobile pelagic species,
such as the ommastrephid squid, the less widely ranging demersal and benthic
species may depend more on other physical habitat characteristics (e.g. substrata and
bathymetry). Coastal species may be affected by variations in water quality and
salinity (related to rainfall and river flow).

Key research goals include linking distribution and abundance to environmental
effects on biological processes, finding ways of incorporating information on the role
of currents in passive transport, and using such knowledge to provide environmental
indicators and underpin fishery management. Above all, there is a need to focus on
the effects of environmental conditions on the early life stages, namely eggs and
paralarvae.

3.3.2 Habitats of paralarvae

The hatchlings (paralarvae) of many cephalopods, including both neritic and oceanic
species, are planktonic. The paralarvae tend to occur in association with the
biologically productive continental shelves or close to islands or seamounts.
Oceanographic mesoscale features thus play an important role in modulating their
distribution, as they do for other plankton communities (e.g. Bakun, 1996; Dos Santos
et al., 2007; Santos, A. M. P., et al., 2007). However, little is still known about the
influences of hydrographic and water-quality variables on the distribution and
survival of planktonic paralarvae in the field, particularly in the Northeast Atlantic
and Mediterranean (Piatkowski, 1998).

A major constraint for research on cephalopod paralarvae is that they appear in small
numbers in standard plankton hauls. This may be related, at least in part, to their
vertical movements. Few studies have recorded the daily vertical movement cycles of
paralarvae. Loligo vulgaris paralarvae seem to spend most of the time close to the
seabed, undergoing a vertical migration to subsurface waters at night (Moreno et al.,
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2009). Paralarvae of Octopus vulgaris are also nearly absent from surface waters
during the day and occur from the seabed to the surface at night (Takeda, 1990;
Sakaguchi et al., 1999; Otero, 2006). Development of new plankton sampling devices
(e.g. benthic devices and modified opening/closing nets) specifically targeted at
cephalopods would be recommended for future work.

Another key issue to be solved in future is the ageing of paralarvae in order to
estimate the duration of the planktonic phase, especially of commercially important
species. To date, there has been only one study of the age of wild paralarvae: by
Gonzalez et al. (in press) on the common squid (L. vulgaris). Age determination for
paralarvae should be implemented in future in order to understand the dispersal
capacities during the planktonic phase. As the increments deposited in the statoliths
during paralarval life are hard to discern in the statoliths of older squid, such data
can also provide an improved understanding of the lifespan.

The first study of the relationship between upwelling and paralarval presence was
made in Galician waters (northwest Spain) by Rocha et al. (1999). Subsequent work on
the abundance and distribution of paralarvae of commercially important cephalopod
species in relation to the physical environment was undertaken in 2000 and 2001 in
Galicia (Gonzalez et al., 2005) and later in Portuguese waters (Moreno ¢t al., 2009). The
west Iberian coast from Galicia to southwest Portugal (44-37°N) constitutes the
northern boundary of the Iberian—Canary Current upwelling system. In this area, the
presence/absence of upwelling has a strong influence on the annual cycles of primary
and secondary production, modulating the abundance and spatial distribution of the
planktonic cephalopod paralarvae (Gonzélez et al., 2005; Otero, 2006; Moreno et al.,
2009).

Studies in Galicia demonstrated that windstress propagates its effects upwards
through the trophic web, inducing changes in the abundance of O. vulgaris. The
structure of windstress in both spring—summer (previous to the hatching peak) and
autumn-winter affects the planktonic stage of this species and subsequent
recruitment, explaining up to 90% of the interannual variability of catches of adult
octopus in the region (Otero et al., 2008).

Studies on the Portuguese shelf highlighted the role of temperature and upwelling in
modulating seasonality and distribution of L. vuigaris and O. vulgaris paralarvae. The
influence of the physical environment was especially pronounced for O. vulgaris,
which demonstrated significant differences in distribution related to the
oceanography of the western Iberia vs. the Gulf of Cadiz systems (Moreno et dl.,
2009).

The relationship between the dynamics of coastal upwelling areas and planktonic
paralarval distribution and abundance is complex. A model has recently been
developed to test the effect of rapid variability of upwelling chemistry on O. vulgaris
paralarval abundance and biomass in the Ria de Vigo (Galicia, Northeast Atlantic)
and the adjacent shelf (Otero et al., 2009). Model results indicate that decreases in
nitrate, ammonium, and chlorophyll concentrations explain up to 88% of the increase
in common octopus paralarval abundance in years of weak upwelling. These
conditions occur during the relaxation of upwelling events, when the biogenic matter
produced from the consumption of nutrient salts is retained in the system and
transferred through the foodweb.
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3.4 Diseases, parasites, and contaminants

Shelagh Malham, Paco Bustamante, Santiago Pascual, and Sonia Seixas

3.4.1 Introduction

Recorded incidences of disease and mass mortality events in marine organisms are
increasing, a trend thought to be linked to climate-mediated change and
anthropogenic inputs. The marine environment is a microbial soup that contains an
abundance of potentially pathogenic organisms and parasites, and the spread of
disease in the ocean is extremely rapid. Given the various marine habitats occupied
by cephalopods during their life cycle, contact with disease-causing organisms is
inevitable. However, there are only a few reports of viral, bacterial, or fungal diseases
affecting wild stocks of cephalopods.

An understanding of disease dynamics is vital for conserving marine ecosystems.
However, compared with terrestrial systems, the role of diseases in most marine
ecosystems is relatively poorly known. How diseases affect organisms depends on a
range of interacting factors, including whether the disease is specific or non-specific
and the effects of other environmental stressors on individuals and populations (e.g.
pollution, fishing, and climatic variation). Interactions between hosts and pathogens,
such as viruses or bacteria, will alter with changes in climatic features (e.g.
temperature), thus affecting the severity of disease outbreaks (Harvell et al., 2002).
Results from simulation models of the effects of stress on the population dynamics of
infectious diseases suggests that the impact of specific diseases on hosts declines with
increasing stress, while that of non-specific diseases increases with stress (Lafferty
and Holt, 2003). Effects of diseases on individuals potentially have consequences at
population and ecosystem levels. Thus, some diseases have “positive” effects at the
ecosystem level by promoting biodiversity.

Importantly, diseases can be pelagic as well as benthic. Suspended sediments can
provide food and/or shelter and transport for pathogenic organisms. Water column
turbidity can promote waterborne disease outbreaks, with the bottom sediment
acting as a reservoir for pathogens. Disturbance, such as dredging or boating activity,
can cause resuspension of sediment and release of pathogens. In addition,
electrostatic forces that bind viruses/microbes to sediment particles or particulate
organic matter can be overcome by hydrological changes that influence the pH,
salinity, and temperature of the water column.

The emergence of infectious diseases in coastal and ocean ecosystems is often a result
of human-induced environmental change. The underlying causes of emerging
infectious diseases range from human encroachment and population increase to
climate change, agriculture, increased interaction between humans, domestic animals
and wildlife, and immunosuppression in the host owing to environmental stressors
or infection by immunosuppressive viruses such as the morbilliviruses (Daszak et al.,
2001).

Whether or not the reported increases in diseases and mass mortality events in the
ocean are symptomatic of larger problems is unknown. Various factors have been
blamed, including climatic change, pollution (see Section 3.5.2), eutrophication,
overfishing, and habitat destruction, although obviously not all mass mortality events
can be attributed to these factors. Such stressors can increase susceptibility to disease
or toxin accumulation in individual cephalopods, with potential consequences at
population and community levels. Indeed, where environmental impacts persist over
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an extended period (e.g. after an oil spill), more than one generation of cephalopods
may be affected. The issue of climate change and its effects on cephalopods is
examined in more detail in Section 6.

Cephalopods are known to carry a diverse assemblage of parasites and symbionts,
and apparently “healthy” individuals in the wild appear able to survive trauma
without suffering major infections (Boyle, 1991). Potentially pathogenic organisms
found associated with cephalopods include viruses, bacteria, fungi, protozoans,
nematodes, monogeans, digeneans, cestodes, acanthocephalans, polychaetes,
hirudineans, crustaceans, copepods, and isopods (Hochberg, 1983; Forsythe et al.,
1991).

3.4.2 Viruses

Oceans teem with viruses typically numbering tens of billions litre~! (Fuhrman, 1999).
Viruses infect most marine organisms from bacteria to invertebrates and vertebrates.
Importantly, viruses appear to play a major role in regulating population density and
diversity in their bacterial and phytoplankton hosts, significantly affecting primary
production in the world’s oceans (Fuhrman, 1999; Wommack and Colwell, 2000).

Recent research has demonstrated that the Earth’s oceans are a primary reservoir of
emerging infectious diseases caused by RNA viruses (the Caliciviridae), which are
capable of causing a whole suite of diseases in marine and terrestrial organisms
(Smith, 2002). Additionally, viruses are transferring from the land to the sea. Thus,
the canine distemper morbillivirus is thought to have been responsible for deaths in
pinnipeds, although other reported mass mortalities in marine mammals appear to be
caused by different (related) morbilliviruses (De Guardo et al., 2005).

Cephalopods such as Octopus vulgaris have been demonstrated to contain virus-like
particles associated with tumours (Rungger et al., 1971; Hanlon and Forsythe 1990a,
1990b). In addition, squid axoplasm has been demonstrated to transport neurotropic
viruses such as Herpes simplex virus type 1 (Bearer et al., 1999), suggesting that these
viral particles could survive in cephalopods.

3.4.3 Bacteria

Bacteria are essential to the ocean’s biogeochemistry and for their role in the
decomposition of organic matter necessary for marine foodwebs. However, oceans
are also the conduits for various bacterial diseases affecting humans (usually through
contact with contaminated seawater or shellfish), including typhoid fever, meningo-
encephalitis, and gastroenteritis. Bacterial organisms that occur naturally in the
ocean, and can be pathogenic, include Aeromonas, Clostridium, Klebsiella, Rickettsia,
Legionella, Listeria, Pseudomonas, and Vibrio. Bacterial diseases in the ocean have
resulted in large-scale epidemics in marine organisms, ranging from seagrasses to
oysters and fish.

A number of bacterial diseases of cultured cephalopods were described by Hanlon
and Forsythe (1990a) in their review of cephalopod diseases. These appear to be
linked to several bacterial groups including representatives from Vibrio, Aeromonas,
Pseudomonas, and Flavobacterium sp. Infections often follow injury and result in skin
lesions (Hanlon and Forsythe, 1990a; Ford, 1992), with Vibrio sp. bacterial infections
being the main problem for captive cephalopods (Scimeca, 2006). Additionally, in
cuttlefish, fracture of the cuttlebone often causes infections that lead to mortality. A
few studies have been undertaken on diseases in wild cephalopods. In wild Octopus
vulgaris, researchers demonstrated that signs of disease, such as lesions on the arm
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and mantle, were associated with the bacterium Vibrio lentus (Farto et al., 2003).
Quantifying the incidence of diseases in cephalopod populations may be difficult
because diseased and dead animals (especially as they are soft-bodied) are likely to
be rapidly removed by predators or scavengers.

3.4.4 Parasites

Parasites are found in almost all taxa of eukaryotes. Parasite hosts are more
susceptible to disease when they contain the added burden of parasites. In turn,
reduced fitness and mortality of hosts can affect host population dynamics and
community composition. Invasion of parasites into naive areas is a major cause of
biodiversity loss (Lafferty, 1997; Hoberg and Klassen, 2002; Rohde, 2002).

Almost all wild and laboratory-cultured cephalopods contain parasites, which, apart
from viruses and bacteria, include polychaetes, copepods, and metazoans. A number
of these parasites use cephalopods as a reservoir or second or third intermediate host.
Generally, cephalopod parasites are mainly found on the skin and gills and in the
digestive gland, digestive tract, and kidneys (Hochberg, 1990; Pascual et al., 1996;
Gestal et al., 1999), although parasites have been associated with most organs. The
most frequently encountered cephalopod parasites are the ciliates, which mainly
infect pelagic cephalopods, and the dicyemids, present in the renal appendages,
digestive glands, and digestive tract. Dicyemids eliminate the ciliate parasites when
juvenile benthic cephalopods settle after their initial pelagic stage and are the most
common and characteristic parasites of cephalopod renal appendages. Dicyemids
have been found in benthic and epibenthic cephalopods, including cuttlefish,
octopus, and loliginid squid (Hochberg, 1990; Furuya et al., 2003, 2004) and may have
a detrimental effect. Recent studies have demonstrated that parasites (both micro and
macro) affect cephalopods by diminishing their nutrient absorption capabilities
(Pascual et al., 2007a). These authors demonstrate that the parasites lyse large areas of
functional tissue within the animal, deplete energy stores, and affect the host’s
immune defence mechanisms. Cephalopods have also been described as harbouring
parasitic platyhelminths, including monogeneans, digeneans, and cestodes, probably
acquired through eating infected invertebrates and fish (Hochberg, 1990).

Various studies indicate that the ecological niche of a cephalopod species is more
important than its phylogeny in determining its risk of parasitic infection (Gonzalez
et al., 2003). However, various biotic and abiotic environmental drivers will
determine the extent of the infection. Stressed laboratory animals demonstrate
increased parasitic burdens (Forsythe et al., 1990; 5. Malham, pers. comm.). Pollution
may also make marine animals more susceptible to infections and lead to changes in
parasite loads. Parasites will themselves be affected by pollution and may be useful
in monitoring environmental conditions (Rohde, 2002). Parasites, including those
found in cephalopods, have been used as biological tags (Rohde, 2002).

3.4.5 Cephalopod immune system

The immune system of an animal is its defence against invading pathogenic
organisms and reflects its state of health. However, the use of the status of the
immune system as an indicator of ecosystem health or pollution stress is complicated
by the range of different factors involved in any immune response. Sublethal
exposure to environmental contaminants can have measurable effects on many
physiological processes, but different degrees of exposure to a stressor can elicit
different types of immune system response. The ability of animals and plants to
protect themselves from infection relies mainly on the detection of non-self and the
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capacity of the immune system to mount a response. The ability of animals or plants
to defend themselves against disease can be linked directly to the “quality” of the
surrounding environment (Oliver and Fisher, 1999; Niirnberger and Brunner, 2002).
Animals are likely to be at risk of disease and/or mortality if the normal functioning
of the immune system is disrupted.

Immune systems in invertebrates involve complex combinations of cellular and
humoral components, including external barriers, which act to prevent invasion by
pathogens. Invertebrate immunity tends to be thought of as innate, non-adaptive,
and non-specific. However, recent research has revealed similarities and conserved
mechanisms, at the cellular and molecular levels, between vertebrates and
invertebrates, such as the complement pathway (Cooper, 2002).

The cephalopod immune system is capable of recognition of non-self and appears, at
present, to be innate. Cephalopods, unlike other molluscs, have a closed circulatory
system with a central systemic heart and two branchial hearts (Wells, 1978, 1983;
Wells and Smith, 1987). In addition, the arterial, venous, and capillary bed circulatory
system of cephalopods is similar to that of vertebrates (Browning, 1979; Wells, 1983;
Shadwick and Nilsson, 1990). The blood consists of haemolymph (plasma),
haemocyanin (respiratory pigment), and haemocytes (blood cells). Little detailed
information is available on cephalopod immunology (Ford, 1992; Malham and
Runham, 1998). Changes linked to climate-mediated or anthropogenic impacts (e.g.
in relation to water quality, temperature, pollution, or fishing) will affect the immune
system of cephalopods (Lacoue-Labarthe et al, 2009a) and their parasites, and
potentially lead to mortality. Immune-compromised animals tend to have higher
infection rates, although, as noted above, this may not be noticeable in soft-bodied
cephalopods because diseased animals would quickly be picked off and eaten,
leaving very little trace.

3.4.6 Contaminanis

Anthropogenic inputs to the marine environment, such as excess nutrients and
pollutants, including heavy metals and persistent organic pollutants (POPs), all have
numerous, usually negative, effects on marine organisms and the animals that eat
them. Anthropogenic inputs can directly or indirectly affect a whole marine
community or ecosystem.

The release of a large quantity of pollutants can cause immediate mortality, whereas
lower levels of pollutant discharge may lead to accumulation of the pollutant within
animals, with consequences such as immunosuppression and reproductive failure.
Once in the ocean, pollutants can be distributed over wide areas through physical
processes (e.g. currents and gyres). Generally, movement of contaminants from
organism to organism is through trophic links (i.e. by direct assimilation following
ingestion of the prey). Bioaccumulation is basically an equilibrium phenomenon. A
contaminated environment leads to contaminated animals, and certain compounds
(e.g. lipophilic POPs) have a greater affinity for animal tissues than for seawater, so
that concentrations in animals can greatly exceed those in their surroundings. Heavy
metals can accumulate in specific tissues, depending on the detoxification
mechanisms that an animal possesses. In addition, concentrations of persistent
organic pollutants (POPs), and also of some heavy metals, typically increase through
food-chain transfers (biomagnification). Thus, cephalopods are responsible for
transfer of cadmium to top marine predators (Bustamante et al., 1998a).
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There is considerable evidence that marine animals may be more susceptible to
disease if they are contaminated with pollutants. Harvell et al. (1999) state that mass
mortality of marine mammals appears to be associated with heavily polluted coastal
areas of the North Atlantic. Other areas “identified” by these authors as being “hot
spots” for disease include the Caribbean basin and the Indo-Pacific, although, in
practice, the problem appears to be worldwide. Sources of anthropogenic pollutants
entering coastal and ocean ecosystems range from atmospheric deposition to
industrial and agricultural run-off involving both point sources (such as rivers and
dumping) and diffuse sources (such as atmospheric deposition and groundwater).
All of these sources have the potential to disturb ecosystems and increase the risk of
disease, harmful algal blooms, and viral epidemics.

Generally, chemical pollution (e.g. from metals or organic compounds), has been
linked to various disease problems worldwide and is suggested to be a potential
cause of mass mortalities and changes in biodiversity. Chemicals such as polycyclic
aromatic hydrocarbons (PAHSs) and polychlorinated biphenyls (PCBs) have been
linked with deformities, cancer, compromised immune systems, and increased
susceptibility to parasitic infection and disease. Environmental pollution can alter the
host—pathogen relationship, thus increasing the probability of disease and
significantly affecting the host population (Arkoosh et al., 1998). In addition, some
chemicals, such as the PAHs, can serve as growth-stimulating nutrients for
pathogenic bacteria, such as some species of Vibrio.

Pollutants may have impacts on areas far removed from their point of discharge.
Oceans transport substances and organisms over very long distances; for example,
the Arctic is polluted with PCBs and pesticides that originated mainly at lower
latitudes. Migratory and planktonic marine organisms, including cephalopods and
their paralarvae, which swim or drift over long distances, may be exposed to a
variety of environmental hazards. Impacts of pollution at some intermediate location
may seriously affect the population at the end of the migration or drift route. There is
also often a significant time-lag between the release of the pollutant and the
manifestation of its impact on the marine environment. Thus,
dichlorodiphenyltrichloroethane (DDT) accumulated in the marine environment
from the mid-1940s to the mid-1970s and, even 20 years later, was still found in high
levels in species such as dolphins and birds (Addison, 1989; Fry, 1995). The timing of
a pollution event is also important, because even a small release at the wrong time or
season in a sensitive environment can cause considerable harm and leave organisms
susceptible to disease.

Cephalopods are arguably very suitable biological indicators of ecosystem health.
They are short-lived, fast-growing animals in which individual and population
parameters, such as growth and recruitment, are known to depend strongly on
environmental conditions. Importantly, many cephalopod species (e.g. octopus)
inhabit coastal waters or come to mate and spawn close to the coast (e.g. cuttlefish).
Therefore, they are more subject to direct contamination with high concentrations of
pollutants released by industrial, domestic, and agricultural run-off than species,
which live their entire lives away from the coast (e.g. some squid). The effects of these
pollutants are many and varied, ranging from the molecular level, through individual
organisms, to the level of communities and ecosystems. Chemicals may affect the
physiology and immune responses of individuals, as well as reproductive success
and sex ratios within populations. Biological effects may include direct toxicity,
stress, disease, and reproductive failure. Invertebrate embryos and the first stages of
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development are particularly sensitive to pollutants (e.g. Calabrese et al., 1984), which
may be particularly critical for the success of population recruitment of cephalopods.

Several studies have revealed that cephalopods have the capacity to accumulate
heavy metals at high levels in their tissues (e.g. Miramand and Bentley, 1992; Rossi et
al., 1993; Bustamante et al.,, 1998a, 1998b, 2000, 2002a, 2002b; Storelli and
Marcotrigiano, 1999; Seixas and Pierce, 2005a, 2005b; Seixas et al., 2005a, 2005b; Pierce
et al., 2008a). Heavy metals include both toxic elements (e.g. mercury, cadmium, lead,
silver) and numerous trace elements that are essential to biota (e.g. copper, cobalt, or
zinc), but may be toxic in high concentrations. These elements accumulate in the
sediment, and can be re-mobilized after natural events (e.g. storms) or anthropogenic
modification (e.g. dredging). Of the cephalopod tissues, the digestive gland and
branchial hearts appear to play a major role in the bioaccumulation of toxic elements,
such as cadmium and silver, which are detoxified and sequestrated, sometimes over a
very long time-scale (Beuerlein et al., 2002; Bustamante et al., 2002a, 2004).

Metals such as cadmium can have direct effects on embryogenesis in squid (e.g. Sen
and Sunlu, 2007). Recent experimental studies have demonstrated that some heavy
metals reduce the survival and growth of both eggs and juveniles of the cuttlefish
Sepia officinalis (E. Le Bihan, pers. comm.). Nonetheless, the eggshell limits the
incorporation of cadmium, lead, and mercury during embryogenesis in cuttlefish, but
silver is strongly accumulated and can affect survival (Lacoue-Labarthe et al., 2008a).
Furthermore, there is evidence that maternal transfer of metals occurs in cuttlefish
(Lacoue-Labarthe et al., 2008b). Indeed, invertebrate embryos and the first stages of
development are particularly sensitive to pollutants, which may be critical for the
success of population recruitment of cephalopods.

Heavy metals can also be a concern for human health. For example, some
concentrations of cadmium and lead, determined in edible tissues of octopus in
Portugal, exceeded the legal limits set by the European Community for those metals
(Seixas, 2004). Moreover, over 75% of the mercury accumulated in cephalopod
muscle is in the organic form, which is the most toxic chemical species of this metal
(Bustamante ef al., 2006).

Other chemicals, mainly anthropogenic in origin, can also have profound effects on
marine systems. Examples include POPs, such as PCBs, pesticides, PAHs, and
radioactive compounds. Compared with heavy metals, fewer studies have focused on
the metabolism of POPs in cephalopods, most of them investigating baseline levels in
the flesh (e.g. Goerke et al., 2004; Perugini et al., 2004; Storelli et al., 2006). In general,
relatively low POP levels have been reported for cephalopod flesh. Nonetheless, both
field and experimental analysis of POPs in cephalopod tissues revealed that they are
accumulated at high concentrations in the digestive gland (e.g. Ueno et al., 2003;
Danis et al., 2005). Recent work has identified POPs in nine species of deep-sea
cephalopods, demonstrating persistence of these chemicals at oceanic depths to
2000 m; the physiological effects on these animals are unknown (Unger ef al., 2008). In
general, very little is known about toxic effects of POPs on cephalopods.

In countries where humans consume the digestive gland and other viscera (e.g.
Japan), exposure to bioaccumulated pollutants could be much higher than if only the
muscular mantle and arms were eaten. For example, the toxic equivalent (TEQ)
concentrations of dioxins in gut samples of the Japanese common squid were 50-fold
larger than those in muscle tissues; indeed the gut contained ca. 95% of the total
dioxin load of the squid (Tsutsumi et al., 2007).
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Overall, there is a need to collect further information on the effects of pollutants on
cephalopods, especially those living in the coastal zone, which form part of the
human food chain. This issue is of special concern in the context of ocean acidification
and ocean warming, which increase the metal uptake of the early life stage (Lacoue-
Labarthe ef al., 2009b).
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4.1

European cephalopod fisheries and aquaculture

Eugenia Lefkaditou, Nick Bailey, Isabel Bruno, Angel Guerra, Lee C. Hastie,
Patrizia Jereb, Noussithé Koueta, Joao Pereira, Graham J. Pierce, Jean-Paul
Robin, Pilar Sanchez, Ignacio Sobrino, Roger Villanueva, and Iain G. Young

Overview of 1950-2006 cephalopod landings statistics for Europe

Fishery statistics on cephalopod landings from the Northeast Atlantic by European
nations are available from the ICES website in a form compatible with the FAO's
Fishstat Plus software. There are minor discrepancies between the two sources, but
the same broad patterns can be extracted. The FAO data also afford a broader view of
cephalopod fisheries in "European" waters. Total cephalopod landings from the
Northeast Atlantic and Mediterranean (including landings by non-European
countries) have increased from ca. 30 0001 annually in 1950 to a present-day total of
ca. 120 0001. However, there was a steady decrease in landings from 1965 to 1979,
associated with substantial contraction of the Spanish Atlantic octopus and cuttlefish
fisheries. The three fisheries that were most important in the 1950s and 1960s, for
octopus and cuttlefish in Italy and for octopus in the Spanish Atlantic, all remain
important, but the post-1980 rise is mainly the result of increases in other fisheries,
including the emergence of the French Atlantic cuttlefish fishery (Figure 4.1.1). The
most important non-European fishing nation in the region, with catches of almost
100001 0of cephalopods from the Mediterranean in 2006, is Tunisia.

In the Northeast Atlantic, annual cephalopod landings increased steadily from 1950
to the mid-1960s, when they first exceeded 50 0001. Levels declined again after 1972,
falling to mid-1950s levels (under 20 0001) in 1980. This initial rise was caused by an
increase in octopus landings and, to a lesser extent, in cuttlefish landings. Since then,
landings have generally increased again, with a major surge in short-finned squid
landings in the early to mid-1980s being responsible for most of the initial rise,
caused by the short-lived fisheiy for Todarodes sagittatus in Norway. The general
rising trend since 1980 is almost entirely the result of increased cuttlefish landings
(Figure 4.1.2).

With the exception of the Norwegian Todarodes fisheiy in the 1980s, four countries
(France, Portugal, Spain, and the UK) have been responsible for the majority of
landings. Spain had the highest landings until around 1970 (ca. 18 0001 of octopus
annually in 1967-1971), after which the octopus fisheiy clashed dramatically to
under 100001 annually, where it has remained ever since. France has become the
leading fisher of cephalopods, as reflected by high landings of cuttlefish and, to a
lesser extent, short-finned squid (Figure 4.1.3).

In the Mediterranean, octopus and cuttlefish dominate the landings. The overall
landings trend was upwards from 1950 to 1966 and then remained fairly stable until
around 1982, although octopus increased in importance relative to cuttlefish over this
period. Thereafter, landings again increased, reaching an all-time high in 1988. Over
the following 12 years, landings decreased to the 1970s level, but have increased
again since 2003 (Figure 4.1.4).

By far the most important contributor to total cephalopod landings from the
Mediterranean is Italy. Indeed, the decline in total landings since 1988 is almost
entirely the result of declining landings in Italy. Initially, this was caused mainly by a
decline in cuttlefish catches, but there have been subsequent declines in Italian
landings of all cephalopod categories. Similarly, the recovery since 2003 is largely
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restricted to Italian cuttlefish catches. Spain, Tunisia, and Greece are the other
important contributors to Mediterranean cephalopod catches (Figure 4.1.5).
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Figure 4.1.1. Total cephalopod landings from the Northeast Atlantic and Mediterranean, 1950-
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Figure 4.1.2. Annual cephalopod landings into Europe from the Northeast Atlantic by taxon,
1950-2006.
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Figure 4.1.3. Annual cephalopod landings into Europe from the Northeast Atlantic by country,
1950-2006.
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Figure 4.1.4. Annual cephalopod landings from the Mediterranean by taxon, 1950-2006.
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Figure 4.1.5. Annual cephalopod landings from the Mediterranean by country, 1950-2006.
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4.2 European cephalopod fisheries: a detailed snapshot, 1998-2002

Cephalopod landings in Europe are usually grouped into four broad commercial
categories.

1) Cuttlefish, mainly Sepia officinalis, but also some quantities of S. orbignyana
and S. elegans

2) Octopods, mainly Octopus vulgaris, Eledone cirrhosa, and E. moschata

3) Long-finned squid, mainly Loligo vulgaris and L. forbesii, but also Alloteuthis
media and A. subulata

4) Short-finned squid, Illex coindetii, Todaropsis eblanae, and Todarodes sagittatus

Landings are, in some cases, classified into narrower categories (e.g. common
octopus, common cuttlefish, although it is not clear whether or not the classification
is always accurate), but are also sometimes grouped into broader categories (e.g.
“squid” or simply “cephalopods”). The most important fishing gears for catching
cephalopods are trawl, purse-seine, and “other gears” (mainly gear carried by
traditional multipurpose fishing boats, e.g. traps, setnets, and jigs).

Data on cephalopod landings from fishing areas in the Northeast Atlantic were
grouped according to ICES divisions where possible. The Spanish Atlantic coast was
divided into two regions: northern Spain (ICES Divisions VIIlc and IXa-North) and
Gulf of Cadiz (ICES Division IXa-South). For the Mediterranean, data are presented
for the Spanish Mediterranean coast (General Fisheries Commission for the
Mediterranean (GFCM) Geographical Sub-Areas GSA01, 05, and 06, excluding
Balearic Islands ports), Italy, and Greece.

4.2.1 Gear category contribution by species and general trends in landings

The two most important gear types for the capture of cephalopods are trawl gears
and “other gears”. Purse-seine captures, in comparison, are minimal. Trawling is
responsible for the highest landings in European waters of cephalopod species,
except octopods, which are landed in equal quantities by trawling and by inshore
“métiers” grouped within “other gears” (Figure 4.2.1). However, the importance of
“other gears”, especially the various inshore “artisanal” métiers used to catch squid,
cuttlefish, and octopus in southern Europe, is likely to be underestimated in official
statistics. This is because not all catches pass through monitored markets, and they
are also of considerable socio-economic importance in terms of providing
employment and income in coastal fishing communities (Shaw, 1994; Pierce, 1999).

Total reported annual landings of cephalopods in Europe increased from 46 801 t in
1998 to 97 184 t in 2000, and decreased to 82 534 t in 2002, with cuttlefish and octopods
being the dominant groups landed. Long-finned and short-finned squid represented
a smaller fraction of the total landings. Landings of both cuttlefish and octopods also
increased from 1999 to 2000 (from 37531 to 41159t, and from 37 974 to 42342t,
respectively) and decreased from 2000 to 2002 (to 35297 t and 32 672 t, respectively).
Total landings of long-finned and short-finned squid peaked in 1999 at 12160t and
7061 t, respectively, decreased until 2001, and increased slightly in 2002 (Figure 4.2.2).
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Figure 4.2.1. Average annual landings of cuttlefish, octopods, long-finned squid, and short-finned

squid in Europe by gear type, 1998-2002.
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Figure 4.2.2. Total landings of cephalopods in Europe, 1998-2002.
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4.2.2 Geographical variation in species landings and shares by fishing gear
categories

The main areas of capture for cuttlefish and long-finned common squid during 1998
2002 were the English Channel, Bay of Biscay, and Italian waters, where French and
Italian fisheries yielded the highest landings (Figures 4.2.3a and c). For octopods, the
highest landings were registered by Portuguese and Italian fisheries along the
western shelf of the Iberian Peninsula and in the central Mediterranean, respectively
(Figure 4.2.3b). For short-finned squid, the main areas of capture were located in the
Mediterranean Sea, with highest quantities landed by Italian and Greek fishing fleets.
The Italian fleet’s average landings, amounting to 3501 t, were approximately tenfold
greater than those of other European fleets in the Northeast Atlantic (Figure 4.2.3d).

Long-finned and short-finned squid are taken either exclusively or mainly by
trawling, although other gears contribute substantial proportions of landings in
Portuguese (ICES Division IXa), Italian, and Greek waters (Figure 4.2.3c and d).
Inshore fishing fleets, using mainly specific trammelnets, traps, and pots, land the
majority of cuttlefish and octopod catches off the north and west coasts of the Iberian
Peninsula (ICES Divisions VIlIc and IXa), as well as in the central and eastern
Mediterranean Sea (Figure 4.2.3a and b). In the other parts of Europe, trawling
contributes more than 60% of the landings of these species.



ICES Cooperative Research Report No. 303

4.3

Octopus landings Cuttlefish landings
(1998-2002 average) (1998-2002 average)

I ITrawl

Long-finned squid landings
(1998-2002 average) (1998-2002 average)

| Trawl

d

Figure 4.2.3. Averaged landings of (a) cuttlefish, (b) octopods, (c) long-finned squid, and (d) short-
finned squid in European waters by geographic region, 1998-2002.

Fishing methods

The most commercially important cephalopod species inhabiting the neritic zones of
European countries are targeted by inshore fishing fleets using a variety of fishing
gears (Table 4.3.1), which are generally grouped, for fisheries statistics purposes,
under the category "other gears". Passive selective gears, including static nets, traps,
and pots, are used in directed fisheries for cuttlefish and octopus, whereas
multispedes gears, including different kinds of seinenets and inshore trawlnets, are
used for seasonally targeting squid and cuttlefish. Brief descriptions of the most
important "métiers" targeting cephalopods are presented below, by species,
mentioning their particular characteristics and relative importance by geographic

arca.

Short-finned squid landings
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4.3.1 Cuttlefish métiers

Trammelnets are widely used in most southern European countries for the
exploitation of common cuttlefish (Table 4.3.1). These nets are typically 1.5-2.5m
high and 50-100 m long (per piece of net), with a mesh size of 300-460 mm for the
outer panels and 54-80 mm (stretched mesh) for the inner net. These traditional
fisheries are seasonal and are related to the massive inshore spawning migration of
Sepia officinalis. The operation of these nets to catch cuttlefish usually extends from
late winter to early autumn, depending on the availability of the resource as well as
the seasonal abundance of other commercial species (e.g. shrimp, sole) that are also
targeted on inshore fishing grounds (Arndiz et al., 2001; Lefkaditou et al., 2004). These
fisheries are of primary importance for inshore fishing fleets, particularly in areas like
Galicia (ICES Division IXa-North), where cuttlefish catches represent ca. 70% of total
catches in the multispecies gillnet fishery (Rocha et al., 2006). Short-term studies of
cephalopod fisheries in the Mediterranean Sea have also demonstrated that medium-
mesh trammelnets contribute the major part of cuttlefish catches by small-scale
fishing fleets operating in the northeastern Mediterranean and the Ligurian Sea,
whereas in the Catalan Sea, they share equal importance in landings with traps
(Belcari et al., 2002b).

Traps are the dominant gear for the capture of cuttlefish in the Algarve (south
Portugal; Carneiro et al., 2006) and also contribute almost half of cuttlefish landings
from inshore fisheries in the coastal zones of Basse Normandy (ICES Division VIId,
France) and Catalonia (northwestern Mediterranean, Spain), where their importance
has increased in recent years (Belcari et al., 2002b; Denis and Robin, 2002). Traps
(“nasa de choco”) are also used to catch cuttlefish in the interior waters of the
Galician rias (northwest Spain).

Traps are round or rectangular, comprising an iron or wooden frame lined with
nylon net, with one to four openings (Figure 4.3.1); they can be set individually or in
groups of 5-30 roped together. In Normandy, each trap is weighted with cement, to
ensure that it remains on the bottom, and baited with one or several live cuttlefish,
which attract others into the trap (Madelaine and Aquab, 1991). Traps used in
Portugal are weighted and can be baited or unbaited. They are mainly operated near
or within the major river and lagoon systems, most of which are located in the area
influenced by the Tagus and Sado rivers (Lisbon and the Tagus) and in the Algarve.
Traps operate mainly in spring (March-June) when mature adult cuttlefish
concentrate inshore to spawn. During the breeding season, it is also common to insert
branches of Cytisus sp. (broom) into the traps to attract spawning females.
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Figure 4.3.1. Cuttlefish traps: (a) rectangular and (b) round traps used in Basse Normandie (Bay of
Seine and West Cotentin); traps made from (c¢) iron ("covo") and (d) wire ("murejona'"), used in
the octopus and cuttlefish fisheries in the Algarve.

Trawlnets constitute one of the two main gears used in the coastal zone of Basse
Normandie (ICES Division VI1ld) for the capture of cuttlefish. During spring, inshore
bottom trawlers represent 48% of the fishing fleet, the remainder being vessels using
traps. Trawlers use nets with a diamond-shaped mesh of 80 mm (Council Regulation
(EC) No. 850/98). Inshore bottom trawling occurs mainly in spring (March-June),
when mature adults concentrate inshore to spawn, but continues into August-
September as trawlers are able to catch 1-year-old immature animals in summer and
juveniles from the 0-group recruited to the fisheiy in autumn before their offshore
migration in winter (Boucaud-Camou and Boismery, 1991).

Fykenets consist of an external net and two internal cone-shaped bags supported by
plastic rings (Ferretti et a/, 2002) and are becoming popular in Italy for the capture of
cuttlefish. However, it is not yet possible to evaluate this fishery's contribution to
total Italian cuttlefish landings. These nets are usually placed on the seabed, with the
opening oriented against the current, and tied to each other by a rope (Figure 4.3.2).



Cephalopod biology and fisheries in Europe

J

S

3

=5
=
=

5

S

55
2

=
=
s

‘.

s
S
pes

=
%

=
S

%
55

55

e

o
e

s
S

5
5

3
o

R
SN
S

s

T
%
s

ot

15.00

K

% 10
A . PVC $ 10
o400
G 15.00
B _________ PVC % 10 &l> &D <J <J
o400
s MODALITA® DI CALO IN MARE
C o _____ PVC £ 10
2 400
Do P\//ec/z)vgﬂm G — RETE DI SBARRAMENTO
o 1500 PAZS
£ ) PVE % 10 ! i 1500 £=052
777777777 o400 o 1 1 -
E I I 16nm PA 2
2 mm, 12 : :
= i i £=052
R 1 2 3 X 10 PALI
P D 4ngm 1500 PALI8
e
SACCO - ____

Figure 4.3.2. Italian fykenets (“cogolli”), used for the capture of cuttlefish (from Ferretti et al.,
2002).

Jigs and Devon spinners are also important in nearshore cuttlefish catches in the
Algarve (southern Portugal), although the former is predominantly a squid-catching
gear, and the latter an octopus-catching gear (Carneiro et al., 2006).

4.3.2 Octopus métiers

Pots made of clay or PVC/plastic in different shapes and sizes (Figure 4.3.3) are
typically used for the octopus (Octopus vulgaris) fishery along south European coasts.
This fishing method is based on knowledge of octopus behaviour. The species is very
territorial and “hermit-like”, constantly looking for shelter to use for its “home/nest”.
Clay pots have been deployed in the Iberian Peninsula since at least the 15th century
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(Godinho, 1985), being one of the main gears used for octopus capture particularly
along the west and southeast coasts (Sanchez and Obarti, 1993; Pereira et al., 1997;
Tsangridis et al., 2002). Recently, plastic pots with different shapes have been
introduced with great success along the Portuguese and northeast Greek coasts. They
have also been introduced into Galicia (northwest Spain), although their use is not
authorized.

Pots are used in sets (longline type; Figure 4.3.4). The sets of clay pots used in the
Algarve, Gulf of Cadiz, and Mediterranean coast of Spain comprise 100—-200 pots,
and the length of the mainline is between 1400 and 2000 m. Each day pot has a rope
around its neck, with a slipping knot, and the pots are connected to the mainline at
intervals of 10-15m. At each end of the mainline is a cable that connects the anchor
to the buoy on the surface. The gear is set in areas of sandy bottoms at depths of no
more than 100 m. The pots used in shallower waters are 21 cm in height, with a 10 cm
diameter opening. Bigger pots are used for medium depths (27 cm height, 10 cm
diameter opening) and deeper waters (32 cm height, 13 m diameter opening). Every
pot has to be identified with the name of the boat, the name of the port where the
boat is registered, and the type of fishery for which they are registered (“local” or
“coastal”). Pot longlines can be deployed in various ways, e.g. forming a labyrinth of
lines containing 50-70 clay pots or placed in lines parallel with the coastline.

The sets of plastic pots used in the Thracian Sea (northeastern Mediterranean) since
1992 consist of a mainline, 4—6 km long, and 500-600 pots (Lefkaditou et al., 2007).
The pots usually consist of PVC cylinders 30 cm high and 14 cm in diameter, closed at
one end with cement, which also serves as a weight to keep the pot on the seabed.
The pots are attached to the mainline either directly or by short lines of 0.5-1m,
which facilitates their lifting. Floating buoys are placed every 50 pots to demonstrate
the direction of the “longline”. Fishing depth is 10-70 m and soaking time is 5-10
days (Adamidou, 2007). Pots remain in the sea during the entire fishery season, being
pulled up by fishers periodically to collect the catch. To take the octopus from the
pot, fishers spray bleach into the pot through a small hole in the bottom, or place the
pot in a pail of freshwater.

Pot métiers operate year-round, except during periods of fishery closure that have
been implemented for these gears by regional fishery regulations. Seasonal peaks of
catches vary between different regions, depending on the availability of the resource
and the fishing fleet strategy (Pereira et al., 1997; Lefkaditou et al., 2004). The seasonal
increase observed in clay pot catcher per unit of effort (cpue) in the southeast Spanish
fishery coincides with a seasonal peak in the incidence of mature individuals
(Sanchez and Obarti, 1993). The exploitation pattern can vary spatially and
temporally, depending on the biology of the species (spawning season, recruitment,
feeding grounds, etc.) and the predominant environmental conditions (mainly related
to the meteorological situation).
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Figure 4.3.3. Octopus pots: (a) PVC pots used in Greece; (b) three sizes of clay pots ("alcatruzes")
from Portugal; (c) plastic pots from Portugal; (d, e, f) various types of pots used along the Catalan
coast in the common octopus fishery.
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Figure 4.3.4. Schematic diagram of the setting of clay pots ("alcatruzes") and iron traps ("covos").

A problem assodated with many fishing gears is their ability to continue to capture
animals after the gears have been lost, a process called "ghost fishing" (Hubert, 1996).
When traditional day pots are lost, they not only become a refuge for the odopus but
also provide a substrate for a variety of other organisms. Thus, they are one of the
most "environmentally friendly" fishing gears. Even broken, they continue to serve
as substrata for the establishment of a variety of organisms, thus playing an
important role in the local trophic chain, espedally in an area such as the eastern
Algarve, which lacks natural hard bottoms. More recently, however, the traditional
clay pot has been replaced by plastic pots of different forms. Studies are being carried
out to determine the environmental effeds of plastic pots, as well as their economic
feasibility.

Traps of different designs (see Figure 4.3.1c and d) constitute the dominant gear for
the octopus fisheiy in Portugal and northwest Spain. This métier operates in depths
of less than 50 m. A seasonal trend has been observed in effort, yield, and median
depth of fishing —all of which decrease in summer and increase in winter (Bafion et
al, 2007). Along the Galidan coast, where an inshore fishing fleet of 1561 vessels
operates (data from 2004), 89% of common octopus landings derive from octopus
traps, whereas 4% comes from traps for small edible crab, 4% from gillnets, and 1%
from hook gears. In Portugal, until the 1970s, catches of octopus were traditionally
concentrated in the Algarve region, which yielded 70-80% of the total national
odopus landings. In recent years, the Algarve region has contributed no more than
40% of the national octopus landings, reflecting changes in the distribution of catches
along the Portuguese coast.

Fykenets of two or three chambers, made of netting with hoops, have been used in
Greece for fishing octopus since 1982. The catching system (Figure 4.3.5) consists of
two fykenets conneded by a 4 m leader net. The hoop diameter ranges between 38
and 60 an, and the mesh size is 20-22 mm from knot to knot (Adamidou, 2007). One
or two fishers with a boat of 221 or less can operate 200-2000 pairs of fykenets
(Figure 4.3.6). Lines of 50-100 pairs of fykenets are set parallel with the coastline.
Soaking time is 10-15 days. This method is mainly used in shallow water, ca. 8-30 m
in depth, on bottoms covered by seagrass. S. officinalis and Eledone moschata are
bycatches in this fishery. The fykenet métier operates for nine months of the year, the
fishery being closed during July-September. Maximum cpue values have been
observed for fykenets operating in the western Thradan Sea during late spring-early
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summer, similar to the increase in cpue seen for octopus traps in the Canary Islands
(Hernandez-Garcia et a/, 1998b), and in both cases coinciding with the season of
maximum incidence of mature individuals.

Recent investigations, carried out as part of EU-funded study projects (96/54, 97/54)
have confirmed that this gear contributes the major part of octopus landings by the
small-scale fishing fleet in the Thracian Sea (northeastern Aegean Sea). This is where
the most intensive exploitation of octopus occurs, yielding ca. 60% of the total
national octopus landings (Lefkaditou et al., 2001, 2007).

0,7 m 0,5 m
PA PA
20-22 mm 20-22 mm
210/12-15 210/12-15
4m 9 PVC 70gf
100
PA 210/12-15
20-22 mm
Fet+tPA fl6mm 21 Pb 40¢g
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Figure 4.3.5. Diagrammatic representation of the fykenets used for the octopus fishery in the
northern Aegean Sea (from Lefkaditou ez al., 2003b).

Figure 4.3.6. Winches, (left) mechanical and (right) hydraulic, specially designed for hauling
fykenets by small-scale fishing vessels from Thasos Island (Greece).

Devon spinners of very diverse types, called "salagia" (Greek), "polpaia" (Italian),
"zagaia" or "piteira" (Portuguese), "chivo" or "pulpera" (Spanish), are used to fish for
octopus. They consist of a wooden or metal pole, with between one and four crowns
of hooks either welded or tied to one end (Figure 4.3.7), and a ring at the other end,
joined to a handline, permitting fishing manoeuvres. This fishing gear is used with
bait, a weight made of lead (lead sinker), and a lure, which can be variously shaped
and made of aluminium foil, to attract octopus. When used from an anchored boat,
the fisher allows the Devon spinner to reach the bottom and then pulls the handline
repeatedly to drag it along the bottom. In a moving boat, the fisher only has to hold
the handline because the device will be dragged along the bottom. Each fisher usually
uses more than one of these devices. The fishing strategy is mainly determined by the
type of bottom substratum and by the predominant currents in the area. Each fishing
trip requires searching for areas of high concentrations of octopus and, because the
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fishing manoeuvres require drifting with the currents, the vessels can sail for several
miles. In practice, the vessels fish on rising and ebb tides, and never in still tide,
because the baited hand-jig must move over the bottom to attract the octopus. The
importance of these gears has not been generally assessed, but certainly depends on
local fishing traditions.

Figure 4.3.7. Different types of Devon spinners used for octopus fishing by artisanal vessels in
the Gulf of Cadiz.

In the Gulf of Cadiz, the "chivo" fishery is quite important; it begins in autumn, the
season in which octopus wusually become sufficiently available to make it
commercially exploitable. During this season, octopus attain a mean weight of 1.5 kg.
If these conditions are not met, and fishing for other species is more commercially
profitable, there is no "chivo" fishery. Once the octopus fisheiy starts to obtain good
yields, this fishing method continues until the resource begins to decrease, which is
ca. May and June, after the peak spawning of the species.

At the mouth of the Tagus estuaiy in Lisbon, a bimonthly fishery occurring on spring
tides attracts a multitude of small vessels. These vessels, manned by one or two
persons, conduct a non-professional fishery. This is a very significant fisheiy locally,
which can produce in excess of 30 kg personi d Thus, it is so profitable that many
people will take one or two days a month off work to go fishing. Overall, the fisheiy
canyield ca. 101d 10n each tide.

4.3.3 Squid-targeting métiers

Inshore trawlnets, lightly constructed with 200-300 mm mesh near the fishing line,
tapering to 80 mm in the bag and with a 35-40 mm codend, are used to catch Loligo
forbesii in Scotland. Although squid is mostly a bycatch in UK waters, over the last
decade, a directed trawl fishery for L. forbesii has been developed in the Moray Firth
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(ICES Division IVa), yielding a substantial proportion of the Scottish squid landings.
Loligo forbesii is the most important fished cephalopod in Scottish (UK) waters and the
only cephalopod for which there is a reliable market (see Young et al., 2006a).

Various modifications of demersal trawling gears for squid fishing have been tried.
One aim is to keep the net just off the seabed, which is achieved by the use of several
30 cm chains hung at equal distances from the groundrope and enough floats on the
headline to give the net neutral buoyancy. The net is considered to be fishing
correctly if just the lower few centimetres of the chains are polished —indicating
contact with the seabed. The main Scottish fishery for L. forbesii occurs in coastal
waters. It commences around the middle of September and continues for around
eight or nine weeks, with a marked seasonal peak around October—November,
corresponding to the occurrence of prebreeding squid (Howard, 1979; Howard et al.,
1987; Pierce et al., 1994a, 1994b). The directed fishery tends to start in July or August
(Young et al., 2006a). Spawning grounds have not yet been documented, although
eggs are often reported from inshore creel lines, and almost all records of eggs arise
from coastal waters (see Lum-Kong et al., 1992; Viana et al., 2009). Previous analysis of
spatial patterns in fishery data suggested that L. forbesii move from the west coast of
Scotland into the North Sea to spawn (Waluda and Pierce, 1998; Pierce et al., 2001).
However, more recent and extensive analysis by Viana et al. (2009) casts doubt on this
being a general pattern in all years, pointing to a more usual pattern of expansion
from a core area along the north coast of Scotland. Nevertheless, it is very likely that
the Moray Firth includes spawning grounds for this species.

At the beginning of the season, catches are best in shallow water over hard (even
rocky) ground close inshore at ca. 10 m depth. As the season progresses, the fishery
gradually moves farther offshore to a sandy/muddy bottom in waters of ca. 55 m
depth. Better catches have been reported in areas that experience stronger tidal
currents. Large vessels with lengths of 14-21m and 200-500 horsepower (hp;
373 kW), with crews of three to five men, as well as small vessels less than 10 m in
length with ca. 100 hp (75 kW) and operated usually by one person, are involved in
this fishery. Larger vessels tend to carry two sets of gear and fish at night for Nephrops
norvegicus, changing to squid gear during the day, whereas smaller vessels
exclusively target squid during the season. At the peak of the fishery, squid catches
for a 1-day trip average ca. 24 and 9 boxes (a box typically weighs ca. 40 kg) for the
large and small vessels, respectively. The resulting catch in the 2000 fishery was
usually 100% squid and free of sediments and, therefore, did not require washing,
which could devalue the catch because of the loss of ink. In autumn 2003, this fishery
produced exceptionally high landings, to the extent that squid was one of the most
important species in the Fraserburgh and Peterhead fish markets, with up to 65
trawlers involved in the fishery at its peak.

Although commonly catching squid as a bycatch in the 1980s and 1990s, the Scottish
fly-seine is now less popular in Scotland, with most boats having switched to
trawling.

Boat-seines with bag are commonly used along the Spanish and Greek coasts,
seasonally targeting L. vulgaris in certain regions where it is concentrated in coastal
fishing grounds. The boat-seine with bag (EC, 1987) consists of a codend, bag,
shoulders, wings, and gussets (Figure 4.3.8). The “boliche” or “chinchorro” used in
Spain has two wings, each 75 m long, and the codend is 10 m long with a mesh size of
18-60 mm (the minimum legal mesh size is 17 mm). More than 200 vessels were
authorized to fish with “boliche” along the Galician coast from 1988 to 2003. Loligo



ICES Cooperative Research Report No. 303 | 61

vulgaris was the most important catch (45.5%) for “boliche” gear during 1999-2003.
Alloteuthis spp. (A. media and A. subulata) constituted 2.3% of the catches. A recent
study of this gear has confirmed its low selectivity (nearly 80% of squid catches are
between 4 and 10 cm in length), mainly the result of incorrect assembly of the gear,
but also because of its use in inappropriate places and periods (UTPB, 2005).

The Greek “pezotrata” or “vintzotrata” is operated very close to shore, the boats
anchoring within 70 m of the coast, as specified by Greek regulations. Regulations
also state that the hauling ropes cannot be longer than 700 m (Regulation of 2007) and
the stretched mesh size cannnot be smaller than 16 mm. Since 2005, no fishing has
been allowed from 1 April to 30 September. The fishery currently numbers some 360
vessels, employing ca. 1500 persons. Its technical characteristics vary considerably by
geographic region (Adamidou, 2007). The length of the net ranges from 200 to 440 m
and the perimeter of the mouth opening from 58 to 135 m. Stretched mesh sizes range
from the legal minimum of 16 mm at the codend to 1000 mm at the wings. Two to ten
hauling ropes, each 100 m long, are used on each side of the net. Geomorphology of
the fishing area and target species are the main factors that fishers take into
consideration for efficient and profitable operation of the gear. Adjustment of the
gear in different conditions is achieved by changes in the number of hauling ropes
and in rigging (Adamidou, 2007). This métier is separately registered in Greek
fisheries statistics and yields 25-30% of the total national catches of L. wvulgaris.
Although it is a multispecies gear, it could be considered to undertake specific hauls
targeting L. vulgaris, especially in certain fishing areas such as the Thracian Sea,
where L. vulgaris is the second most important species in terms of sales for this gear
(Lefkaditou and Adamidou, 1997).

Analyses of monthly variation in cpue demonstrate a peak during early
autumn—winter that is related to the prespawning and spawning aggregation of L.
vulgaris on inshore fishing grounds. The gradual decline of L. vuigaris catches during
spring is most probably the result of the high level of post-spawning mortality
(Letkaditou et al., 1998b; Tsangridis et al., 1998). Other cephalopod species caught by
beach-seine are S. officinalis, O. vulgaris, E. moschata, and Alloteuthis media (e.g.
Sanchez et al., 1995).
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Figure 4.3.8. (A) Scheme of the boat-seine with bag and (B) the fishing operation (from
Adamidou, 2007).

Hand-jigs of various types (Figure 4.3.9), named "calamarieres" (Greek), "totanare"
(Italian), "palhacinhos” or "toneiras" (Portuguese), and "poteras" (Spanish), are used
by artisanal and sport-fishery vessels to catch L. vulgaris and T. sagitattus (Biagi, 1997,
Santulli and Bertolino, 1997). Jigs are not baited and are usually made of lead, painted
a light colour, with one to two crowns of metal hooks at one end, and a metal ring on
the other end, to which the fishing line is tied. The fisher holds the fishing line,
making "jigging" movements to attract the animal. Jig fishing is mostly carried out
before sunset or during the night using some kind of light attraction.

Jigs have been used in Scotland to a limited extent in directed squid fishing by small
vessels in the Moray Firth and some west coast areas (although currently all directed
fishing on squid in these areas is by demersal trawlers; Young ef a/, 2006a), and also
on the south coast of England (Shaw, 1994). In the 1980s, interest in squid jigging was
sufficiently high in the UK that a guide to jigging was published (Hamabe ez al., 1982)
and various trials of mechanized jigging machines for catching Loligo spp. were
carried out by the Sea Fish Industry Authority and its predecessor, the White Fish
Authority (reviewed in Pierce et al, 1994b). Most of these trials met with very little
success. For example, in one trial, the few squid taken were all Todarodes sagittatus.
However, scrutiny of the original reports of these trials raises doubts as to whether
the right kind of jig was used for catching Loligo, whether the gear was always
properly deployed, and whether it was used in areas and at times when sufficient
concentrations of squid would have been present to make the method worthwhile.
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Figure 4.3.9. Jigs of different types used for fishing of 7. sagitattus (mainly type A) and L.
vulgaris (mainly types B and C).

Cephalopod discarding in European waters

Most available information on discards of cephalopods in European waters derives
from opportunistic data collection within the framework of studies on general
discarding practices of finfish fisheries, covering limited areas (see Figure 4.4.1).
Discarding of cephalopods is mainly for economic reasons. However, although there
are no landings quotas, some European countries have set minimum landing sizes for
commercial species. In practice, sizes are checked at auction sites (and at retail
outlets), and it is likely that undersized animals are often used for consumption by
the fishers and/or sold directly to restaurants rather than being discarded at sea.
Some cuttlefish (Sepia orbignyana, S. elegans) and smaller long-finned squid species
(Alloteuthis media, A. subulata), although constituting important bycatches of trawl
fisheries, are usually discarded apart in certain regions in Portugal, Spain, Italy, and
Greece. However, they may be landed when the number of specimens justifies their
sale and/or they can be mixed with commercial species of the same group (Sartor et
al., 1998; Machias et al, 2001; Sendao et al,, 2002; Young et al., 2004).

Catches of short-finned squid and Eledone spp. are routinely discarded in some
regions, such as Normandy, north Spain, and Scotland, because of low abundance or
low market demand (Denis et al,, 2002; Santurtun ez al, 2004; Young et al., 2004).
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Figure 4.4.1. The geographic areas (shaded) where studies on cephalopod discards have been
carried out.

Socio-economic importance of cephalopod fisheries

For countries such as the UK, France, Spain, Portugal, Italy, and Greece, cephalopods
are important fisheiy resources not only in terms of quantities landed, but also in
terms of trade. In addition to fishing and landing cephalopods, these countries deal in
cephalopods as import and export products, and three of them land catches of fishing
fleets operating outside their European territorial waters. Of the countries involved,
Spain is the most active in all aspects of the trade (ranked 12th among the producers
of cephalopods in the world), Germany is the smallest producer, and the UK is the
least significant consumer, but all of these are net consumers.

Cephalopod imports are largest in countries that also display the highest production.
The European market is the most important market in the world for this resource
(FAO, 2004).

Cost-benefit analysis for these fisheries is difficult because (according to official
statistics) they are mainly bycatch species. In some fisheries, cephalopods are taken as
bycatch for part of the year and targeted during the remainder of the year. Some
fisheries are totally directed. To compound the problem, many fisheries are very
small-scale enterprises, which keep only the most basic forms of accounts and often
do not correctly report costs and benefits. Indeed, as much as 50% of the cephalopod
landings in some EU countries may never be recorded through official channels (see
EC Directorate General for Fisheries, Study Reports: Pierce, 1999; Guerra et al, 2000;
Pereira, 2001).

In Portugal, the economic importance of cephalopods is relatively high. In fact, over
the years, the landings and their economic value have maintained a significant
growth in importance in relation to those of other marine catches, indicating an

increasing dependence of the fisheries economy on cephalopod landings.
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As cephalopod catches are mainly a result of mixed fisheries, the cost of fishing for
cephalopods does not appear to be any different from those of fishing for other
resources. In each case, the same means are employed, with only very few exceptions,
such as jigs and pots that overall (at least according to official statistics) have little
importance. The increased proportion of cephalopods in total landings may be the
result of increased relative abundance, and not the result of either an active fishing
strategy or increased absolute abundance.

In Portugal and Greece, although the landings of other resources decreased
significantly between 1997 and 2003, those of cephalopods demonstrate a slight
increase. However, trends in prices of first sale suggest that the importance of
cephalopods in relation to other resources did not change.

According to data supplied to ICES, landings in Galician waters (Spain) of octopus
species (Octopus vulgaris, Eledone cirrhosa) and cuttlefish (Sepia officinalis) declined
between 1998 and 2003, (especially for Eledone), but their total value remained fairly
stable. The sepiolids, a minor component of landings, declined by ca. 50% during that
period. Long-finned squid (Loligo vulgaris) demonstrated a clear decline in 2003, also
noted in Alloteuthis subulata, a species of minor importance but landed in larger
amounts than Loligo vulgaris. The short-finned squid (Todaropsis eblanae) is the only
species for which landings remained relatively stable over the period in question,
their value increasing slightly. Illex coindetii, already a very minor component of
landings in 1998, had virtually disappeared in 2003.

A second dataseries for Galicia, based on sales at fish markets (1997-2007), can be
obtained from the Department of Fishing and Maritime Matters, Galician
Autonomous Community (Conselleria de Pesca e Asuntos Maritimos da Xunta de
Galicia; available online at http://www.pescadegalicia.com; see also Figure 4.5.1).
Amounts estimated from sales were higher than those from landings, but trends were
very similar for most cephalopod groups and years. However, some differences were
observed. According to the Xunta de Galicia, landings of O. vuigaris declined from
1997 to 2000, then increased slightly between 2001 and 2004. Sales of E. cirrhosa
demonstrated a clear increase over the whole period, opposite to the trend identified
from landings data. Sales of S. officinalis declined by ca. 50% between 1997 and 2001
but subsequently increased to near the 1997 value in 2007. Differences between the
two sources of data could arise because sales data include some cephalopods caught
outside Galician waters (e.g. from ICES Subarea VII and Division IXa-Centre. The
most important differences were observed in data for E. cirriosa, which is caught
mainly in ICES Subarea VIL
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Figure 4.5.1. Trends in cephalopod landings in Galicia based on sales data.

The cephalopod trade is very important in Italy, which is the third major importer of
cephalopods in 2002, after Spain and China. Cephalopods accounted for 22% of the
imports of fishery commodities in Italy, with a monetary value corresponding to 18%
of the total national expenditure on fishery products. This constant increase in
imports of cephalopod products into Italy has taken place against a background of
steadily decreasing capture production during the last 15 years, whereas, apparently,
national consumption of cephalopods continues to increase. The major component of
national landings, ca. 54% in 2002 (P. Jereb, pers. comm.), comes from bottom
trawlers, but a substantial fraction still depends on small-scale and mixed fisheries,
despite the reduced capacity of these fishing categories in recent years. Both activities
employ an important number of local fishers in the many small landing places
scattered along the Italian coast. In spite of the undoubtedly important social and

economic roles of these fisheries, veiy poor quantitative information exists on them.

In the UK, the most important commercial cephalopod is the cuttlefish (S. officinalis),
most catches of which are taken in the English Channel. The cuttlefish fishery is
based on a combination of trawling and artisanal fishing, the latter exclusively
directed at cuttlefish. Long-finned squid are the second-most important category,
being landed from most waters around the UK. Most landings of long-finned squid
are bycatches, but there is increased targeting, notably by a small-scale directed
fishery for L. forbesii in the Moray Firth, of new recruits as they appear close inshore
in autumn (Young et al, 2006a). Several other cephalopods of potential value are
routinely caught by UK fishing vessels, especially the short-finned squid (T. eblanae,
T. sagittatus, and I coindetii) and the octopus (E. cirrhosa), but these are often
discarded.

A quaculture of European cephalopods

The high commercial value of cephalopods and their rapid growth makes the
aquaculture of this group of molluscs an area of increasing interest, particularly in
Mediterranean markets. The study of cephalopod culture has recently increased
significantly in Europe, especially in Spain, Italy, Portugal, and Greece (Vaz-Pires et
al, 2004). The need to diversify the available number of farmable marine species,

2006

2007
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taking into consideration biological and economic aspects, make cephalopods in
general, and octopus in particular, potential candidates for industrial-scale culture.
For cuttlefish, there is potential for further exploitation, particularly with regard to
the ongrowth of undersized individuals, which are considered a delicacy and have
the highest commercial value in Portugal and Spain. Such a practice might reduce the
impact of illegal catches of this species from the natural environment.

The main features of cephalopods that enhance their potential for culture are as
follows.

e High food conversion rate. 30-60% of the ingested food is incorporated
(Mangold and Boletzky, 1973; Wells, 1978; Mangold, 1983; Cerezo
Valverde et al., 2008);

e Fast growth. ca. 3% daily growth rate, depending on the developmental
stage (Mangold and Boletzky, 1973; Mangold, 1983; Forsythe and van
Heukelem, 1987);

e High protein content. 70-90% by dry weight of the edible parts is mantle
and arms (O'Dor and Wells, 1987; Lee, 1994);

e High fecundity. Wells (1978); Mangold (1983); Iglesias et al. (1996, 1997).

In addition, cephalopods remain an important and highly appreciated food resource
in Europe (especially southern countries) and many other parts of the world.

Boletzky (2004), in a brief survey of cephalopod culture techniques, suggested that
four conditions must be fulfilled in culture experiments or advanced routine
applications: (i) viable hatchlings, (ii) good water quality, (iii) appropriate food, and
(iv) suitable living space. The nature of cephalopod protein metabolism means that
their requirement for proteins and amino acids is high (Lee, 1994). Appropriate and
inexpensive diets are a basic requirement for the success of commercial aquaculture
(Chen and Long, 1991). A major obstacle to the establishment of large-scale culture
has been the dependence on natural prey and the scarcity of suitable alternative diets
(O'Dor and Wells, 1987; De Rusha et al., 1989; Lee et al., 1991; Di Marco et al. 1993; Lee,
1994; Domingues, 1999; Domingues et al., 2005, 2008). The use of prepared diets, as a
replacement for natural diets, can reduce production costs by 40% initially, and
further reductions can be obtained later (Lee, 1994). Two species in European waters
have been identified as candidates for aquaculture in the near future: Sepia officinalis
and Octopus vulgaris. Until now, only a modest production of ongrown, wild-
collected O. vulgaris has been obtained in Galicia, northwest Spain.

4.6.1 Sepia officinalis

Richard (1971) and Pascual (1978) were among the first researchers to culture
European cuttlefish (Sepia officinalis) successfully in the laboratory. Hanlon et al.
(1991) obtained daily growth rates of 3-4% body weight d-' over 10 months, with a
weight increase of 500-1400 g, at temperatures that varied between 20°C and 24°C.
Domingues et al. (2001a, 2001b) cultured S. officinalis at 24-30°C and obtained a
growth rate of 11.8% body weight d-! for hatchlings and mean growth of 2.5-8.5%
body weight d-! over the course of the life cycle. As problems with water quality
have been minimized during the past few years, the main problem that has kept this
species out of the commercial aquaculture business is adequate food supply and
associated costs. Many different diets have been tested, but only live food has
produced good results for growth, condition, and survival (Toll and Strain, 1988; De
Rusha et al., 1989; Lee et al., 1991; Castro et al., 1993; Domingues, 1999; Koueta and
Boucaud-Camou, 1999; Domingues et al, 2001a, 2008). Koueta et al. (2002)
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demonstrated that enrichment of the natural diet with polyunsaturated fatty acids
resulted in faster growth in juvenile cuttlefish. There is also an interaction between
feeding regime and photoperiod, with slower growth observed in cuttlefish when the
light period was shorter (Koueta and Bouacaud-Camou, 2003).

The development of artificial diets for S. officinalis started in the early 1990s (Castro,
1991; Lee et al., 1991; Domingues, 1999; Domingues et al., 2005), but its success has
been limited. Early feeding experiments with S. officinalis used either moist or dry
pellets (Castro, 1991; Lee et al., 1991; Castro et al., 1993) or surimi (fish myofibrillar
protein concentrate; Castro et al., 1993; Castro and Lee, 1994; Domingues, 1999;
Domingues et al., 2005) and demonstrated that subadults and adults readily accepted
prepared diets. Feeding rates for S. officinalis fed prepared diets were always
considerably lower than those fed a normal laboratory maintenance diet of
crustaceans (Richard, 1971, 1976; Pascual, 1978; Boletzky, 1979b; Lee et al., 1991;
Castro et al., 1993; Castro and Lee, 1994; Forsythe et al., 1994; Domingues et al., 2001a,
2002, 2003a, 2003b, 2004, 2006, 2008; Koueta and Boucaud-Camou, 1999, 2001; Perrin
et al., 2004). Adequate food supply also remains a key problem for rearing hatchlings
and juveniles of cuttlefish (Almansa ef al., 2006). The youngest animals need live prey
(mysids, shrimps) during the first 15 days of their life, but it is very costly to rear
grass shrimp or to trawl for this prey in the field. For large-scale production, it
appears necessary to develop a surimi-based artificial food that is accepted by young
cuttlefish at the earliest possible age. Recent studies by Perrin (2004) and Perrin et al.
(2004) have demonstrated that juvenile cuttlefish (S. officinalis) can eat surimi during
the first days of their life if this artificial diet is visually attractive, will adhere to the
tentacles, and is suitable for the animals” chemoreceptors. The surimi that were
accepted were cylindrical in shape and had to be gently shaken.

Sykes et al. (2006) summarized current research on S. officinalis culture and identified
the main biological characteristics that represent bottlenecks for the development of
aquaculture of the species and need urgent research. These included:

o lower fertility and fecundity under culture conditions;

e semelparous life history, so that a new group of breeders is required for
each cycle;

e hatchlings require live food, and juveniles and adult stages refuse dry
pellets;

e the species is cannibalistic;

e production of the live food required is not yet developed, so the cost of
food supply is high;

o the presence of a basic immunological system (Forsythe et al., 1987, 1990),
which may generate problems in intensive culture.

In Portugal, the University of the Algarve, in cooperation with a private company,
“Necton —Companhia Portuguesa de Culturas Marinhas, S.A.”, began to lay the
foundations for the socio-economically viable production of S. officinalis, with the
prospect of introducing this species to the market for human consumption.

4.6.2 Octopus vulgaris

The common octopus (Octopus vulgaris) has been identified as an important potential
candidate for mariculture (Iglesias et al., 1996) because subadults and adults have
suitable characteristics for rearing (Mangold and Boletzky, 1973; Boletzky and
Hanlon, 1983; Garcia and Aguado, 2002). It represents one of the most interesting
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new species for the aquaculture sector, and there have been rearing experiments in
Spain (see below) and Italy (Lenzi et al., 2002; Mattei et al., 2002). Research conducted
on subadults of this species in Spain has demonstrated that season and diet seem to
be the most important factors influencing the success of commercial culture (Iglesias
et al., 2000, 2004; Giménez and Garcia, 2002; UTPB, 2005; Rodriguez et al., 2006).

In Galicia, northwest Spain, the minimum legal weight of landed common octopus is
1kg (increased from 750 g in 2008). Therefore, the ongrowing of these subadult
animals would increase their market value and help to regulate the supply of large
animals. Some limited ongrowing trials have been conducted in Galicia since 1995 by
growing these subadult octopuses for 4 months on a diet of commercially discarded
fish and crustaceans to obtain individual weights of 3-4kg. Some trials were
undertaken using tanks (Iglesias et al., 1997; Sanchez, F. ]., et al., 1998; Otero et al.,
2001), whereas others used various types of cages (Rama-Villar and Rey-Mendez,
1997; Luaces and Rey-Mendez, 2001; Chapela et al., 2006).

Rafts currently in use for mussel culture may also be suitable for ongrowing
experiments with cephalopods. The success of experiments from rafts will depend on
several factors, including environmental conditions, diet, design of cages, and density
of animals.

In 2005, five Galician companies were licensed to undertake trials, but after the oil
spill resulting from the wreckage of the tanker “Prestige” and/or other difficulties,
only two remain in operation, “Arrecifes del Atlantico” and “Samertolameu, S. C. L.”.
In the same year, in Valencia, on the Spanish Mediterranean coast, a new company
applied for a licence to produce octopus kept under the same conditions as in Galicia.

Table 4.6.1. Production (t) of Octopus vulgaris during recent years in Galicia, northwest Spain, by
ongrowing wild-collected subadults in floating cages. Source: FAO (2007).

Year 1998 1999 2000 2001 2002 2003 2004 2005

Production 32 32 28 15 14 8 12 16

Although no compound feed formulations are available for octopus, recent studies on
subadult growth performance using artificial wet diets agglutinated with gelatin or
alginate for O. vulgaris (Cerezo Valverde et al., 2008; Quintana et al., 2008) and O. maya
(Aguila et al., 2007; Rosas et al., 2008) identified the future research needs in this field.
These authors concluded that the type of binder affects octopus growth. They also
signalled the importance of including taste enhancers, and the necessary
improvement of the stability of these diets in water, their texture, nutritive
composition, and manufacture.

At present, the main problem to overcome for the commercial culture of common
octopus is related to the low survival of the paralarvae of this species. This planktonic
phase lasts nearly two months before the animals become benthic. At present, larval
rearing techniques remain under development despite recent progress (see reviews
by Iglesias et al, 2007; Villanueva and Norman, 2008). To improve paralarval
survival, recent research has focused on the nufritional requirements of the
paralarvae. It is generally recognized that diets must be rich in protein and essential
amino acids, particularly lysine, leucine, and arginine (Villanueva et al., 2004),
phospholipids, cholesterol, and particularly in the highly unsaturated fatty acids
(HUFAs) 22:6n-3 and 20:5n-3 (Navarro and Villanueva, 2000, 2003; Moxica et al.,
2002; Okumura et al., 2005; Seixas et al., 2008), copper (Villanueva and Bustamante,
2006), and vitamin E (Villanueva et al., 2009).
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In future, large-scale culture of the paralarvae should probably use Artemia, and it is
known that O. vulgaris hatchlings select juvenile Artemia of 1.4 mm length as suitable
prey (Iglesias et al., 2006). Future research is needed to obtain suitable enrichment of
juvenile Artemia by the use of different algal sources, such as Rhodomonas lens (Seixas
et al., 2008) and to design new co-feeding techniques using micropellets. Compound
millicapsules made by a process of gelification and composed of squid powder and
crab meal have been used as supplementary food, in addition to Artemia, and were
ingested by the paralarvae from the age of 5 days. However, results did not lead to a
significant increase in octopus weight compared with control cultures fed only with
Artemia (Villanueva et al., 2002a).

4.6.3 Sustainability

Cephalopods are carnivorous, their body is rich in protein, and shallow-water
species, such as S. officinalis and O. vulgaris, are characterized by vigorous protein
metabolism (Lee, 1994). This suggests that artificial diets need to be rich in protein. At
present, the use of fish powder, obtained mainly from pelagic fish, in the
manufacture of most marine aquaculture foods, is a serious environmental problem
because of its tremendous impact on fish stocks and ocean ecosystems (Pauly et al.,
2002).

For future cephalopod aquaculture, finding an appropriate protein source will be a
major problem. Alternative sources of vegetal protein should be tested in order to
support the development of sustainable and environmentally friendly cephalopod
culture in future. Mazon et al. (2007) evaluated the possible environmental impact
arising from the intensive ongrowing of common octopus in sea cages by estimating
the waste generated during one growth cycle (starting with a mean individual weight
of 750 g and ending with 3500 g) in octopus fed with crab (Carcinus mediterraneus) or
fish (Boops boops). These authors found that the percentage of total nitrogen excreted
by octopus differs little from that observed for teleost species, such as sea bream
(Dentex dentex) and sea bass (Dicentrarchus labrax). However, the low percentage of
nitrogen in particulate waste from octopus, compared with that from sea bream, sea
bass, and tuna (Thunnus spp.), reflects the high digestibility of protein in octopus. The
authors concluded that the main environmental impact would come from the non-
edible fraction of the food provided (50% crab and 23.3% fish) and from particulate
wastes. This is because the production of 1000 kg of octopus from a crab diet would
generate 110.6 kg of nitrogen and 37.9 kg of phosphorus, whereas the corresponding
figures for a fish diet would be 71.7 kg of nitrogen and 16.8 kg of phosphorus.
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Assessment and management

Graham J. Pierce, Manuel Garcia Tasende, Ane Iriondo, Eugenia Lefkaditou,
Véronique Legrand, Pia Orr, Matthew Payne, Joao Pereira, Jean-Paul Robin,
Pilar Sanchez, Marina Santurtin, and Ignacio Sobrino

Data collection

Traditional methods of fish stock assessment have generally been thought unsuitable
for assessing cephalopods. Reasons given include various aspects of the particular
biology and dynamics of these species. They are short-lived and semelparous, with
only one or two generations present in the fisheiy at any time, although within
generations there may be multiple "microcohorts" (i.e. groups defined according to
hatching date) and/or alternative maturation strategies, leading to the simultaneous
presence of animals of different sizes and ages, and with different growth trajectories.
They also have apparently complex (or poorly defined) stock-recruitment
relationships, strongly related to environmental factors, and demonstrate wide
interannual fluctuations in abundance. In addition, there are difficulties in age
determination: although recording structures have been identified in most groups
(e.g. the statoliths of squid), reading of growth increments is time-consuming and, for
most species, daily increment deposition is assumed rather than fully validated.
However, similar problems are common in many finfish species for which regular
assessments are carried out annually under the ICES framework. Furthermore, many
traditional approaches to stock assessment have been applied to cephalopod stocks in
various parts of the world (Pierce and Guerra, 1994). Pauly (1998), among others, has
argued that the differences between squid and fish have been overstated and that
efforts should be made to apply the approaches developed for fish to cephalopods.

The implementation of stock-assessment models relies on appropriate stock
identification and consistent data-collection programmes. Perhaps the most
important impediment to routine assessment for European cephalopods is that, to
date, few European countries have collected detailed data on cephalopod fisheries
(e.g. ICES, 2000, 2004a, 2008, 2009). Commercial landings from larger vessels are
relatively well recorded, but catches and fishing effort of the veiy important artisanal
fisheries are not so well known. Until 2002, much of the limited market and discard
cephalopod sampling was carried out under the auspices of EC-funded projects.
From 2002 onwards, cephalopod sampling became part of regular official data
collection under the national sampling programmes at a basic level (minimum
sampling). The fishery and biological data thus obtained from national fisheries can
be used for some basic assessment. However, this sampling did not include all the
commercially important species in each area and, because of the short life cycles and
non-overlapping generations of these species, biological data are of limited value
unless collected on a monthly basis (see ICES, 2008). Monthly (or more frequent)
sampling for biological data allows the possibility of applying DeLury depletion
methods which, for many years, has been the approach of choice in squid fisheries
around the Falkland Islands (e.g. Beddington et al/, 1990; Rosenberg et al, 1990;
Agnew et al, 1998).

Nevertheless, lack of detailed information should not prevent countries from starting
to assess cephalopod stocks. Where cephalopod fishery and biology data are
incomplete, simple assessment models should be chosen rather than more complex
models (i.e. those that require more and higher quality data). Where there are
insufficient data to define stocks, ad hoc definitions can be used in the first instance.
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All European countries should be able to start assessing cephalopod stocks
individually and/or cooperatively in order to identify population sizes, trends in
abundance, and projections of future trends.

Probably the simplest approach to assessment, the application of production models,
is at first sight unsuitable for short-lived species for which environmental carrying
capacity is unlikely to be consistent between years. However, such an approach,
which requires only catch and effort data, has been applied with some success to
fisheries in the Saharan Bank (Bravo de Laguna, 1989).

As of 2009, under the new European Community’s Data Collection Regulation (DCR;
Commission Decision 2008/949/EC), the sampling unit for fishery data has changed
from the species or stock to the métier. A métier is defined in the new DCR as a
group of fishing operations targeting a similar (assemblage of) species, using similar
gear, during the same period of the year and/or within the same area, and which are
characterized by a similar exploitation pattern. The new DCR sampling system offers
a greater opportunity for sampling of cephalopods in countries where these species
are frequent in catches, but may not be economically important overall.

Basic fisheries data required for any assessment of cephalopod species, whether
simple or more complex, can be summarized as follows.

e Total nominal catches. By country, by species and species groups, and by
statistical divisions. To link these data to effort data in order to create
abundance indices, it is also necessary to have landings data available by
fleet or métier and to have information on discards.

e Fishing effort and catch per unit of effort (cpue). By fleet or métier.

¢ Biological data. Sampling and measurements of commercial landings at an
appropriate frequency (e.g. length frequency for squid and cuttlefish,
weight frequency for octopus). Data on weight, sex, maturity, and
fecundity are also desirable.

Currently used assessment models, such as DeLury depletion analysis, cohort
analysis, and biomass models, require much more detailed information than is
available from the current basic fishery data collection. Under the new DCR,
sampling intensity is proportional to the relative effort and variability of the catches
of a particular métier. The minimum number of fishing trips to be sampled is not less
than one fishing trip per month during the fishing season for trips of less than
2 weeks and one fishing trip per quarter otherwise. For short-lived species, such as
cephalopods, quarterly sampling is of little value, and for certain kinds of assessment
(e.g. depletion methods), weekly data may be needed.

In many national statistical schemes, substantial improvement in sampling is feasible,
very often without entailing a comparable rise in cost. National sampling schemes
could be refined so that better estimates of catches, cpue, and size composition of
landings can be obtained. Progress could also be made by integration with
programmes of work carried out by research institutions in each country (e.g. regular
trawl surveys) and fostering exchange of information between the fishing industry
and such agencies.

Routine trawling surveys, such as the ICES International Bottom Trawl Survey (IBTS)
in the North Sea, could collect data on the most important cephalopod species. The
German RV “Walther Herwig” has been doing this for many years using a simple
identification key for North Sea cephalopods. Cephalopod data from the IBTS could
give an excellent indication of trends in stock size of various species from year to
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year, because the effort is the same each year. One important caveat, however, relates
to estimation of recruitment. The timing of life-cycle events in cephalopods seems to
be very labile, and apparent year-to-year differences in recruitment strength, at least
in part, may reflect different timing of recruitment.

Another useful additional type of data collection would be a dedicated set of
cephalopod plankton stations within existing plankton surveys to collect data on the
planktonic paralarvae. Such stations should be sampled taking into account the
epibenthic location of paralarvae. Such data could be invaluable for cephalopod
assessment and management purposes.

Assessment in practice

Very little, if any, information is available on recruitment and stock biomass for most
octopus, cuttlefish, and squid stocks in European waters, a situation that has
remained relatively unchanged since the publication of a review of cephalopod
assessment methods by Pierce and Guerra (1994) ca. 15 years ago. In order to redress
this situation, the CEPHSTOCK project convened two stock-assessment workshops,
in London in 2004 and Tenerife in 2005, with the objective of providing the
opportunity for European and invited non-European scientists to discuss assessment
issues and methodologies. A selection of papers presented at these workshops was
published in a special issue of Fisheries Research (Payne et al., 2006), and many of these
are referred to in the following section.

In general, European cephalopod stocks are not currently valued sufficiently highly
to warrant routine, full-scale assessments. Few of these stocks have been subjected to
any type of rigorous stock assessments, with the notable exceptions of English
Channel populations of Loligo forbesii and L. vulgaris (Royer et al., 2002) and cuttlefish
(Sepia officinalis; Royer et al., 2006) and L. forbesii in Scottish waters (Young et al., 2004).
All these assessments were retrospective, using historical data, but effective
management of fishing on annual species, for example, to ensure escapement of a
sufficient number of spawners, arguably requires real-time assessment (see e.g.,
Beddington et al., 1990; Rosenberg et al., 1990). However, not all cephalopods are
annual; some species live for two or three years.

The analysis of catch and/or effort data has been used in place of formal assessments
to provide information on abundance trends, for example, L. forbesii in Scottish
waters (Zuur and Pierce, 2004; Chen et al., 2006; Young et al., 2006b), S. officinalis in
the English Channel (Dunn, 1999; Denis and Robin, 2002), Octopus vulgaris in
Portugal (Lourengo and Pereira, 2006), loliginid and ommastrephid squid from the
northern Aegean Sea (Georgakarakos et al., 2006), and Eledone cirrhosa in the Ligurian
Sea (Orsi-Relini ef al., 2006). Recent studies have also focused on the use of
environmental information (such as sea surface temperature) or biological
parameters to examine trends in abundance (Waluda and Pierce, 1998; Sobrino et al.,
2002; Pierce and Boyle, 2003; Wang et al., 2003; Challier et al., 2005b; Chen et al., 2006;
Orsi-Relini et al., 2006; Ceriola et al., 2007).

As the exploitation of European cephalopod populations increases and their
commercial value becomes increasingly significant, it is expected that routine
rigorous assessments will become necessary to maintain sustainable fisheries.
Current practice for assessment of cephalopods outside Europe suggests various
approaches.

Major non-European cephalopod stocks, such as Falkland Island Loligo gahi and Illex
argentinus (Agnew et al, 2005), South African L. wvulgaris reynaudi (Roel and
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Butterworth, 2000), and Japanese Todarodes pacificus (Suzuki, 1990) are all
economically important stocks that are assessed regularly. Assessment methods can
be classified in three categories, depending on whether they are used before, during,
or after the fishing season (Pierce and Guerra, 1994).

Preseason assessments generally assume the form of a stock survey prior to
recruitment at the start of the season, as is the case for the biomass projection estimate
of L. gahi (Roa-Ureta and Arkhipkin, 2007). In-season and post-season assessments
commonly involve the application of the Leslie-Delury depletion model to cpue
data, as is the case for the I. argentinus and L. gahi fisheries in Falkland waters (Agnew
et al., 2002, 2005; Roa-Ureta and Arkhipkin, 2007). Other post-season assessments
have been performed using cohort analysis for Illex illecebrosus (Hendrickson and
Hart, 2006), the swept-area survey method for Ommastrephes bartramii (Ichii et al.,
2006), a combination of swept-area and hydroacoustic surveys for L. reynaudii
(Lipinski and Soule, 2007), and a Bayesian approach to the Leslie—Delury model for
L. gahi (McAllister et al., 2004). Other recent developments have focused on the
relationships between environmental parameters (such as sea surface temperature)
and stock size, and their possible use for fishery forecasting (e.g. Waluda et al., 1999,
20014, 2001b; Dawe et al., 2000, 2007; Agnew et al., 2002, 2005).

Management of cephalopod fisheries

5.3.1 Introduction

Management of cephalopod stocks in European waters remains limited, and there is
currently no quota-managed cephalopod fishery in Europe. Nevertheless, examples
of both input controls (e.g. restrictions on the characteristics of the gear and the
number of licences) and output controls (e.g. limits on the length or weight of the
specimens landed) exist, and cephalopod fishing is, of course, also subject to a range
of general fishery legislation.

Southern European countries appear to manage their cephalopod fisheries more
actively than northern European countries. This may be a reflection of the long
history of these fisheries and the local importance of the species. These are the
countries where the internal consumption of the resources and the relative economic
and/or social value of the fisheries are the greatest.

The present analysis was made on a country-by-country basis, because relevant
national legislation is significantly different between countries, even in relation to the
adoption of general legislation issued by the EU and subsequently transcribed to
national legislation. Legislation directly related to regulation of cephalopod fishing in
Europe is summarized in Table 5.3.1, and minimum landing sizes are summarized in
Table 5.3.2. In general, the information presented concerns regulations introduced up
to 2005. However, information on legislation in Galicia (northwest Spain) related to
tishing for O. vulgaris, L. vulgaris, and S. officinalis was current in 2008.
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Table 5.3.2. Legislative regulations concerning minimum landing size of cephalopod species in
European countries.

Species

Octopus
vulgaris

Sepia officinalis

Loligo vulgaris

Country/region

Greece

Spain (Mediterranean,

Gulf of Cadiz, and
Galicia)

Portugal

Spain (Galicia)

France (Normandie)

Portugal
Portugal

Spain (Galicia)

Minimum landing size

500 g (weight)
1000 g (weight)

750 g (weight)
80 mm (ML)

100 g (weight)

100 mm (ML)
100 mm (ML)

100 mm (ML)

Regulation

Presidential Decree 144/1986

Regional Orders:
APA/973/2002 (Andalusia),
ARP/182/2002 (Catalonia)

Order of 22 Nov. 1996 (Gulf of
Cadiz)

Regional Order of FMAC/28 Jul.
2008 (Galicia)

Portaria 27/2001

Regional Order of FMAC/28 Jul.
2008 (Galicia)

Council Regulation (EC) No.
2406/96 (26/11/1996).

Portaria 27/2001
Portaria 27/2001
Regional Order of FMAC/28 Jul.

2008 (Galicia)

5.3.2 Management of cuttlefish fishing in France

5.3.2.1 History of regulation

In the 1960s, cuttlefish fishing was not common in Lower Normandy. Most catches
were taken by multispecies trawlers, and trapfishing was rare. A government order,
signed in 1974, introduced some regulation of trawling for cuttlefish in the western
English Channel. It permitted fishing within the 3-mile limit, while specifying the
fishing period, a specific schedule for fishing, and permitted trawl mesh sizes. In the
1980s, scientific studies of cuttlefish biology and exploitation were instigated, the
concept of sustainable management was launched, and some protection was
introduced, taking into account the different "métiers" involved in cuttlefish
exploitation and the spatial distribution of the resource.

Since the 1990s, the French regulatory framework has been changing. The state gives
power to regional fishing committees, so that the state, the regional committee, and
scientists share responsibility for the management of cuttlefish fishing. Usually, for
trawling, the state takes decisions in consultation with the regional committee and
after considering scientific advice from IFREMER. These decisions include those
concerning the implementation of international, European, or national measures
linked to the protection and sustainable management of resources.

Three administrative regions are involved in cuttlefish exploitation: Normandy and
Brittany in the English Channel, and Brittany and the Pays de Loire in the Bay of
Biscay. Each regional maritime affairs directorate (Direction Régionale des Affaires
Maritimes (DRAM)) may issue regional orders (ROs) to establish compulsory impact
mitigation measures for a specific period in a specific fishing area (e.g. limits to the
number of licences issued, limited fishing seasons, and the definition of authorized
fishing gear). These measures have the force of law. For example, along the west
coast of Cotentin, where trawling and trapfishing are both used to catch cuttlefish in
inshore waters, the following regulations have been implemented under ROs.

e 1993: new limit for trawling (within the 3-mile limit), identification and
restriction of ships authorized to fish
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e 1995 restriction of access authorization and new specifications for ship
characteristics

e 1998: implementation of trapfishing licences, with restrictions placed on
numbers of trapfishers and definition of numbers of authorized traps

There are no specific limits on cuttlefish fishing beyond the 3-mile limit, although EU
regulations for multispecies bottom trawling apply. Fishing by trawlers in inshore
waters is regulated under Decree 90/94 of 25 January 1990 (issued in accordance with
the application of Article 3 of the Decree of 9 January 1852, imposing maritime fishing
regulations). This decree allows, among other things, the possibility of trawling
within three miles off the coast provided that an administrative authorization (AA) is
obtained. This is issued by the state after consultation with the relevant professional
organizations and is temporary, susceptible to suspension, and may be withdrawn at
any time.

Trapfishing is covered under the Regulatory Framework for the Management of
Regional Species through Fishing Licenses (except trawling).

e Law of 2 May 1991 regulates the delegation of regulatory power to the
marine fisheries professional organizations to define technical measures
needed to ensure sustainable management of marine resources and to
regulate access under the principles of the precautionary approach.

e Decree of 30 March 1992, Article 22, defines the nature of regulations that
may be introduced. Specifically, these may include limitation of fishing
time, establishment of fishing seasons, establishment of rules of resource
sharing among occupations, quotas of fishing licences, limitation of fishing
vessel size and engine power, and definition of the characteristics of
fishing gear.

o TFishing Law of November 1997, Articles 4 and 13, concern particular
circumstances for the exercise of inshore fishing activities, particularly
within territorial waters, for the protection of fragile habitats. The law aims
to regulate the sharing of the resources among different occupations.

5.3.2.2 Management of cuttlefish fishing in Lower Normandy

Cuttlefish is one of the most significant marine resources in Lower Normandy. It is
exploited mainly by three different "métiers”, according to the season: offshore
trawlers in wintering grounds in the central English Channel, inshore trawlers, and
trapfishing in the western and eastern Channel. After a period of increasing pressure
on the cuttlefish stock, licences are now limited to 180 trapfishing vessels and 140
coastal trawlers, which fish in spring and summer. Trawling for cuttlefish within the
3-mile limit requires an AA issued under the framework of the Normandy ROs. The
state issues regulatory dispositions after consulting the Regional Fisheries Council
(CRPM), taking research advice into consideration.

In spring, trawlers are allowed to fish within the 3-mile limit in three areas: (i) along
the east coast of the English Channel, (ii) along 90 km of coastline in the Bay of Seine
(since 1955), and (iii) north of the Cape of Antifer. Since 1993, trawlers have been able
to fish within the 3-mile limit along almost 64 km of coast between Granville and
Carteret in the West Cotentin sector. Trawling is restricted to two months each year,
depending on the migratory movement of adult cuttlefish in spring, between April
and June. This period is adjusted every year as a function of the probability of the
arrival of cuttlefish, indicated by the volume of landings in the preceding autumn or
the results of the trapfishery in the same season. Within this spring fishing season,
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since 1995, fishing for cuttlefish has been opened for 45 days, 5 days per week.
Specific engine-power limits (331 kW) and overall boat length limits (16 m),
established since 1995, serve as a basis for the issuing of licences. Between 1996 and
2002, the average engine power (AEP) among trawlers targeting cuttlefish in this
region remained stable, indicating that the largest boats did not participate in this
activity (Table 5.3.3). The number of boats that met these criteria and were allowed to
enter the fishery declined from 156 to 98 between 1994 and 1999, and from ca. 90 to 70
between 2002 and 2008. Authorization to fish is revised annually. Mesh size is limited
to a minimum of 80 mm in accordance with Council Regulation (EC) No. 850/98.
Fishers contribute to the cost of delimiting the trawl-fishing area with floating
devices. Each trawlerman has to pay €70, and this amount can rise to €150 to cover
compensation payments for damage to other fishing activities, e.g. bivalve culture.

Table 5.3.3. Number («) and average engine power (AEP, kW) of inshore trawlers operating in
spring along Lower Normandy coasts, 1993-2002.

Year 1993 1994 1996 1997 1998 1999 2000 2001 2002
AEP 243 - 219 228 219 226 231 227 224
n - 156 131 121 121 103 98 95 -

Spatial limits to the area of coastal waters within which trawling for cuttlefish can
take place in summer were defined in 1993. The summer trawling period has been
progressively reduced over the years, from three months between 1993 and 1998, to
nine weeks in 2001, five weeks in 2008, and two weeks (ten days) in 2008. This
reduction is designed to protect nursery areas of a multitude of species, particularly
spider crabs (Maja squinado). As in spring, mesh size is limited to a minimum of
80 mm in accordance with Council Regulation (EC) No. 850/98. Although a minimum
market size of 150 g has been proposed to protect juveniles, the only size limit at
present is determined by the lower boundary of the smallest commercial category
defined at the European level (i.e. 100 g; Council Regulation (EC) No. 2406/96).

Trapfishing is subject to issue of licences by the CRPM under a regional order. With
state approval, the CRPM operates a co-management procedure. Co-management
ensures limited, but shared, access to the resource and adequate spatial management,
which may allow simultaneous exploitation by competing "métiers". There is a
defined geographical area where inshore trapfishing is authorized. In the western
sector, where the tidal zone is extensive, the area extends along 64 km of coastline.
Access is limited by licence and according to vessel characteristics: only vessels <12 m
in length may obtain a licence, and since 1998, the number of licensed boats has
remained at 127. Since 1999, the average length of boat in the fisheiy has been s m
and the AEP 85kW. If the income from a boat depends almost exclusively on
cuttlefish trapping, up to 500 traps can be carried (otherwise only 200). The total
number of traps used in the fishery each year is currently ca. 34 000 and, although it is
increasing, remains under the estimated total used before implementation of the
regulation. The fishing season and number of fishing days are not limited. The status
of the fisheiy and the resource are reviewed every year, but it has not been found

necessary to amend the regulations since 2002.

5.3.2.3 Consensual conflict management for cuttlefish fishing in Lower Normandy

A consensual decision-making process is used to manage interactions between
different fisheries and between fisheries and other marine-resource users. Although it
has no legal force, it is generally accepted. Trapfishing for cuttlefish may interact with
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other métiers using traps for different species (e.g. crustaceans, whelks) in the same
fishing grounds in different seasons. Relationships between trapfishers and
trawlfishers are maintained by designating protected areas for traps and other areas
for trawlers or dredgers. Problems are solved at the local level and on a case-by-case
basis. The increase in recreational fishing is an issue because catches often exceed
what would be consistent with individual consumption and because some activities
(notably walking along the shore) can damage habitats.

Conflict between the cuttlefish fishery and shellfish farming along the coast of
Normandy may occur where shellfish farming uses large portions of the shore.
Again, problems are solved at the local level and on a case-by-case basis. Interactions
with several other types of human activity in the marine environment are more
problematic. Installation of submarine cables, or concrete foundations for equipment
such as windmills, and extraction of aggregates and sediments, affect the cuttlefish by
reducing the natural surface area available for egg-laying, and the amount of food.

5.3.2.4 Concluding remarks

Despite the lack of stock assessment, the English Channel cuttlefish fishery has been
routinely monitored and regulated in order to limit the increase in fishing pressure.
The management initiatives for the spring fishing period, which targets reproductive
adults, seem to be effective. However, regulation of fishing on juvenile cuttlefish is
still a work in progress. Trawlfishers and trapfishers share the resource in the coastal
zone and together take 1500-2000 t of cuttlefish per year. For trapfishers, cuttlefish
represents 20-60% of their annual income, whereas for trawlfishers, it represents
20-30%.

Local environmental conditions can be harmful for spring fishing on cuttlefish. In
recent years, fishers have complained about the amount of drifting seaweed that
reduces fishing gear efficiency (trapfishing or trawling) in the western part of the
Channel. The impact of environmental factors is not negligible and can change the
way the fishery develops, or even modify the biology of the species itself. In future,
the monitoring and management of the exploitation of cuttlefish will have to include
an evaluation of its environmental requirements and role in the ecosystem.

5.3.3 Spain

5.3.3.1 Gulf of Cadiz

Fishery management policies in Spanish waters of the Gulf of Cadiz are regulated by
more than one public body. The management and conservation of resources policy is
transcribed from EU regulations, thus establishing a series of technical measures.
Bottom trawling and artisanal fisheries are regulated by different specific legislation.

Bottom trawling is only allowed with mesh sizes >40 mm (Council Regulation (EC)
No. 215/1992). Technical protective measures (reflected in the Spanish Royal Decrees
632/1993 and 60/1994) regulate this fishing activity. The determination of closed or
restricted areas, limitations to fishing effort, permitted bottom-trawling gear, and
minimum sizes of mesh and species are regulated by the same decrees. The Order of
13 June 1996 established two trawling exclusion areas located near the mouths of the
Piedras and Guadalquivir rivers. The enforcement of these regulations and the
protection of the artisanal fisheries from conflicts with trawl fisheries were
encouraged by the deployment of artificial reefs. Trawling is banned in some coastal
areas reserved exclusively for military use. Fishing is banned on Saturday and
Sunday. A minimum individual octopus (O. vulgaris) landing weight of 1kg was
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established by the Order of 22 November 1996, which also bans sport fishing for the
species. The Order of 23 October 2004 published new measures for trawl fisheries in
the Gulf of Cadiz that include a closed season (15/10 to 30/11) and a night-fishing ban.

In accordance with Council Regulation (EC) No. 894/97, the Gulf of Cadiz artisanal
fisheries are regulated by the national administration by Royal Decree 1428/1997,
which covers the classification of fishing gear (nets, hooks, and traps) and the
regulation of their technical characteristics, as well as fishing effort. Artisanal fishing
in outer waters by boats with outboard engines is restricted to distances shorter than
2 nautical miles offshore. The maximum permitted horsepower and length for
artisanal vessels are, respectively, 250 hp and 15 m for vessels with inboard engines,
and 50 hp and 5 m for those with outboard engines. New vessels must be built with
an inboard engine and a minimum length and GRT of 5m and 2.5, respectively.
Fishing gear must be lifted and stored in port for 48 hours a week. Although
alternation of fishing gear is allowed, artisanal fishing activity with more than one
gear type is banned during the same fishing trip. The seasonal use of a gear by a
vessel licensed for another gear (either within an artisanal fishery or from an artisanal
to non-artisanal fishery) is restricted to periods of no longer than 6 months a year and
whenever conditions of the new targeted resource are deemed to allow the added
effort. Nets (gillnets, trammelnets, mixed nets) may have a maximum length of
4500 m, a maximum height of 4m, and a minimum mesh size of 60 mm for short-
finned squid and 50 mm for cuttlefish. The maximum length of small-hook longlines
is 2000 m, carrying up to 1000 hooks, but no regulations are established for hand-jig
types (“chivo”, “tablilla”, “potera”). The maximum length of trap and clay-pot lines is
2000 m, and the maximum number per vessel is 250 traps and 1000 clay pots (details
from the Spanish Boletin Oficial del Estado (www.boe.es), Royal Decree 1428/1997).

In addition to the measures above, the fishery for common octopus in “inner waters”
is regulated by the Consejeria (Order of 11 October 1996), which covers the same
technical measures adopted later by the national fishing administration and extended
to “outer waters”. The Order of 20 July 2005 contains additional measures for O.
vulgaris caught in the Gulf of Cadiz, including two closed seasons (1 May—30 June for
artisanal fisheries and 15 September—31 October for all fisheries); the use of traps and
clay pots is permitted between the coastal line and 6 nautical miles offshore; pots can
only be made of clay (plastic is forbidden).

5.3.3.2 Maediterranean

In Spanish Mediterranean waters, fishery management policy is regulated by five
public bodies. Bottom-trawl fishing is managed by EC regulations on technical
measures for the Mediterranean (Council Regulation (EC) No. 1626/94), transcribed to
Spanish Royal Decree 1440/1999, which regulates fishing activities. Regulations
define the number of vessels licensed, fishing time per vessel (number of weekly
fishing days cannot exceed five), length of the vessels (between 12 and 24 m), and
horsepower (less than 500 hp). Trawling cannot be pursued inshore of the 50 m
isobath, and the minimum mesh size is 40 mm. The same regulation establishes that
trawling, seining, or similar activities are not allowed over Posidonia beds or over
other marine phanerogams. Undersized molluscs cannot be retained on board,
transhipped, landed, transferred, stored, sold, displayed, or offered for sale. Fishing
in Andalusian waters is regulated by a management plan (Resolution of 18 February
2004, Regional Administration) which implemented a reduction in fishing effort by
25%, limiting it to 160 fishing days per vessel per year, 60 h per week, and 12 h per
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day. Two closed seasons a year were established in May and October and, in order to
protect nursery areas, some areas were delimited for closure to trawling.

Artisanal fisheries are regulated by the national administration by Royal Decree
1724/1990, the Order of 8 March 1999 and the Resolution of 18 October 1999 for
longlines, and the Order of 22 October 1990 and Order of 12 June 1992 for nets. The
main technical measures are a minimum length of 9m for longline vessels and a
minimum GRT of 2.5t for net vessels. Nets must be lifted and stored in port for 24 h
each week. Longlines must be lifted for 48 h each week, and their activity is restricted
to distances of less than 60 nautical miles from the port. Fishing gear alternation is
allowed, but the artisanal fishing vessels cannot operate more than one gear type
during the same trip. Seasonal alternation of fishing gear is restricted to periods of no
more than six months per gear, whenever the condition of the target resource
permits. Nets (gillnets, trammelnets, and mixed nets) can be no longer than 4500 m
and no higher than 4m (gillnets and mixed nets) or 3m (trammelnets), with a
minimum mesh size of 40 mm. The maximum hook longline length is 7000 m, with
up to 3000 hooks.

In addition to this national legislation, O. vulgaris fishing in inshore waters is
regulated by the Spanish regional administrations. In Andalusia, the minimum
weight was fixed at 1kg, and sport fishing was prohibited by Order APA/973/2002 of
23 April 2002 (offshore waters) and by the Resolution of 18 February 2004 (inshore
waters). The Order of 7 April 2004 restricted artisanal fishing to pots and traps, with a
maximum number of 1000 pots and 200 traps per vessel. It is forbidden to catch
octopus with pots or traps in April, May, September, and October. Vessels must
remain in port throughout the weekend. Gear must be set between the coastline and a
depth of 50 m in Almeria and Granada, and between 11 and 35m depth in Malaga
and Cadiz. In Murcia, the Order of 19 September 2002 regulates fishing with traps to
a maximum number of 200 per vessel. Gear must be set between 25 and 50 m depth.
Minimum landed weight must be 1 kg. In Valencia, Decree 263/1997 regulates fishing
with pots, establishing a maximum number of 800 per vessel, forbidding fishing
between 1 July and 30 September, and for 24h per week. In Catalonia, Order
ARP/182/2002 regulates fishing with pots and traps, establishing a minimum landing
weight of 1kg, limiting gear use to between 5 and 40m depth, establishing a
maximum number of 800 pots, and 200 traps per vessel, and instituting closed
seasons between 1 September and 31 May in Tarragona, 15 September and 31 April in
Barcelona, and 1 October and 28 February in Gerona.

5.3.3.3 Galicia

In Galicia (northwest Spain), fishing is regulated by Law 6/2009 of 11 December. The
fishing ordinance (Regional Decree 424/1993) set limits on vessel size and engine
power, established fishing seasons and times, and defined permitted fishing gear
characteristics. In addition, the O. vulgaris tishery has been regulated under different
orders over the years. Since 2005, fishing has been prohibited during 2 months
(between May and July) of the year, depending on the timing of recruitment (i.e.
fishing is banned when young specimens dominate).

Cuttlefish (Sepia officinalis) are mainly captured with two types of trammelnet,
“trasmallos” (height <2m) and “mifios” (height <3 m). Maximum net length varies
according to vessel size, from 1500 m (vessels <2.5 GRT) to 4000 m (vessels >5 GRT).
Minimum mesh sizes for “trasmallos” are 70 mm for the inner sheet and 400 mm for
the outer ones. For “mifios”, minimum mesh sizes are 90 and 500 mm, respectively.
From January to May (or June), during the main reproductive period of the species,
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small vessels (<2.5 GRT) are authorized to work with “tramallos” nets in the interior
waters of the rias, where cuttlefish concentrate to spawn. Maximum net length is
600 m. The minimum landing size (DML) for cuttlefish is 8 cm. Traditional
trapfisheries employing egg-laying lures are still in use inside the rias. These cannot
be operated over weekends, and there is a minimum mesh size. Eggs are returned to
the sea.

The DML for squid (L. vulgaris) is 10 cm. Squid fishing is authorized year-round.
However, a targeted squid fishery using a boat-seine with bag (“boliche”) is
authorized only from July to September (or October), when recruitment of squid
takes place in the “Rias Baixas”. The “boliche” has two wings, each 75m long, and
the codend is 10 m long with a minimum mesh size of 17 mm.

5.3.4 Portugal

In Portugal, the main responsibility for fishery policy and administration belongs to
the Ministry of Agriculture, Fisheries and Rural Development through the
Directorate General of Fisheries and Aquaculture. Different authorities under the
Ministry of Defence are responsible for fishery control and regulation enforcement.

The main piece of fisheries legislation in Portugal is the Fisheries Act. Originally
adopted in 1987 as Decree-Law 278/87, it has been amended several times; its present
version dates from 1998 (amendment through Decree-Law 383/98). The Fisheries Act
contains, in its Articles 15 and 15A, provisions concerning the competent authority in
fishery matters. For the application of the Fisheries Act, secondary legislation has
been adopted in the form of Decree-Regulation 43/87, as last amended by Decree-
Regulation 7/2000, which contains general provisions concerning the exercise of
fishing activities. It contains management and conservation rules, including technical
rules, in accordance with EC legislation.

Legal gear descriptions and operating procedures for fishing on cephalopods were
regulated by Portaria 1102-C/2000 of 22 November (linefishing), which specifies
unbaited jig construction and their use for the catch of cuttlefish and squid, and
baited jig construction and their use for the catch of octopus.

Portaria 1102-D/2000 of 22 November (trapfishing) specifies characteristics for
artisanal fisheries with pots (maximum 3000 per vessel, set at a minimum of 0.8 km
from the coast for vessels <9 m total length and 1.6 km for vessels >9 m total length)
and with traps (maximum 500 for vessels <9 m long, 750 for vessels 9-12 m long, and
1000 for vessels >12m long). Under this legislation, vessels may catch octopus with
traps equipped with meshes of a variety of dimensions, but the mesh size used must
relate to a specified minimum proportion of octopus in the total landings.

Portaria 1102-E/2000 of 22 November (trawlfishing) specifies characteristics of bottom
trawls to two mesh-dimension classes (65—-69 mm and >70 mm). For the smaller mesh
size, catches must contain a minimum of 70% of any target cephalopod species.

Portaria 1102-H/2000 of 22 November (gillnet fishing) specifies the characteristics of
gillnets and trammelnets, determining that cuttlefish can only be caught by nets
employing three mesh dimension classes (60—79, 80-99, and >100 mm).

The minimum landing sizes and weights of the several different cephalopod species
caught by all applicable gear were regulated by Portaria 27/2001 of 15 January: 100-
mm ML for the cuttlefish Sepia officinalis and the squid Loligo vulgaris and 750 g for the
octopus Octopus vulgaris.
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Portaria 635/2005 of 2 August (amended by Portaria 840/2005 of 19 September and
valid until 31 July 2006) established an experimental fishing regime for O. vulgaris,
aimed at enhancing the productivity of the species. This took place in the area
bounded by the coastline to the north, the Portuguese EEZ to the east and south, and
the line passing through the meridian of 8°59'8" to the west (part of the Algarve). The
“local” category of fishing vessels could only set traps for octopus beyond 0.25 miles
(0.4km) from the coastline between 1 June and 31 October and beyond 0.5 miles
(0.8 km) from the coastline between 1 November and 31 May, except between 1 and
30 September 2005, when it was forbidden to catch, keep on board, land, and market
any specimen whatsoever. It was also forbidden to catch octopus with baited or
unbaited jigs between 1 August and 30 October in the same year, or to catch, keep
onboard, land, and market any specimen on any Sunday between 1 June and 31
October.

5.3.5 Greece

Fishery policy in Greek waters is regulated by the Hellenic Ministry of Rural
Development and Food. The main body of fishery national regulations is included in
Legislative Decree 420/1970 and subsequent presidential decrees. Additional
technical measures for fisheries in the Mediterranean are implemented according to
Council Regulation (EC) No. 1626/1994. A minimum landing weight is defined only
for Octopus vulgaris (500 g), by Presidential Decree 144/1986.

Bottom trawls are the only kind of trawlnet used in Greek waters. In accordance with
Council Regulation (EC) No. 1626/1994, trawlers operate at depths of >50 m or at a
distance greater than 3 miles (4.8 km) from the coast, and the stretched mesh size in
the codend is 40 mm. Additionally, in accordance with national regulation
(Presidential Decree 817/1966), a ban on trawling extends from 1 June to 30
September, and more extensively in some gulfs or near estuaries. Beach-seines (a
normal boat-seine hauled by a special winch) are used in Greece and regulated by
Presidential Decree 817/1966, which states that the gear should be operated very close
to shore, the boats anchoring within 70 m of the coast. Until 2002, the closed season
for beach-seine operation extended from 1 June to 30 September, but according to
Council Regulation (EC) No. 1626/1994, the use of this gear was supposed to have
stopped in 2002. Ministerial Decree 292288/2001, however, permitted the use of this
gear to continue, with a 6-month ban extending from 1 April to 30 September and a
limit on the length of the hauling ropes (maximum 400 m). Fykenets and pots are
regulated by Presidential Decree 157/2004 (in force from 10 January 2005), which
implemented a ban on fishing with both gears from 1 July to 30 September, a
maximum number of 1000 pairs of fykenets or 1500 cylindrical pots per vessel, and a
limitation on fishing operations to depths greater than 10 m.

5.3.6 Conclusion

It is likely that the exclusion of cephalopods from quota regulations under the
Common Fisheries Policy has been a good thing. The management regimes, which
have evolved in the various small-scale fisheries described above, serve to regulate
exploitation, although stock sizes are generally unknown. Thus, they effectively
operate under a precautionary principle and, perhaps even more importantly, in
relation to the CFP reforms ongoing in 2009, they are founded on local-scale
management, participation of the fishers, and, in some cases, co-management.

The apparent success of these arrangements suggests that they can work for highly
mobile species (such as cuttlefish and squid) that breed in coastal waters, and not
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only for species of shellfish that are essentially sedentary as adults. Applying this
type of management to larger-scale fisheries, in which cephalopods are usually one of
many species caught and may not be a target species, is clearly more difficult. In such
multispecies fisheries, protection of the most vulnerable species almost invariably
results in suboptimal exploitation of other species. The corollary of this is that
optimal exploitation of the main target species is nearly always damaging to at least
some species in the catches. Cephalopod populations are both theoretically
vulnerable to overfishing (because of non-overlapping generations) and yet also
apparently resilient to high fishing pressure. Thus, any measures designed to protect
target finfish species should also be adequate to protect cephalopods.
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Cephalopods and climate change

6.1.1 Introduction: climate change and climate variation

The term "climate change" is generally currently understood as referring to global
warming and the build-up of greenhouse gases in the Earth's atmosphere, that is,
directional and essentially abnormal changes in the expected climate within the
Earth's atmosphere and subsequent effects on other parts of the Earth, such as ice
caps. It comprises long-term significant changes in the expected patterns of average
weather of specific regions and long-term changes in the climate regime at a global
scale. These changes are, in part, natural, but increasingly there is an anthropogenic
component to "global warming". They occur against a background of natural climatic
variation on temporal-scales ranging from thousands or millions of years (e.g. the
alternation of ice ages and intergladal periods) to phenomena that occur over time-
scales of days, months, or years (e.g. the E/ Niiio Southern Oscillation), although, as
commonly understood, the term "climatic variation" probably excludes local weather

patterns.

As our own frame of reference tends to span a few years or, at most, a few decades, it
is phenomena on these time-scales that are hardest to distinguish from climate
change. The extent of climatic variation in any locality is strongly influenced by four
geographic factors: (i) latitude, (ii) distance from the sea, (iii) direction of the
prevailing winds, and (iv) elevation. The periodic change in atmospheric and oceanic

circulation patterns is one important feature in these variations.

Large-scale and regional impacts of climate change on the marine environment that
have been observed and/or predicted include increased temperature, higher sea
levels, changes in ocean circulation, reduced sea-ice cover, reduced salinity, increased
dissolved CO: concentration (and hence acidity) in seawater, changes in rainfall
patterns, changes in climate variability, increased frequency of storms and storm
surges, increased windspeeds, changes in wave conditions, and more extreme
weather events (Turrell, 1999; Hansen el dl., 2001; IPCC, 2001; Sear et al., 2001a, 2001b;
Hulrne et al, 2002; Fisheries Research Services, 2004; ICES, 2004b).

Impacts of climate change may be seen at global and regional scales and operate
through various direct and indirect mechanisms. Effects on marine organisms may be
seen at cellular, individual, population, community, and ecosystem levels. Climate
impacts may operate either directly, through effects on individual physiology
(metabolic and reproductive processes), or indirectly, through effects on prey,
predators, and competitors (Stenseth et al., 2002), as well as on disease organisms and
parasites. Thus, climate effects can include physiological effects (e.g. on metabolic
rate), changes in individual life-history parameters (e.g. rates of growth and
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maturation), changes in the timing of life-history events (e.g. breeding, migration),
changes in migration routes, changes in population parameters (e.g. reproductive
success, recruitment success, mortality rate), and effects on abundance and
distribution. Effects on individual populations, in turn, may affect community and
ecosystem structure and function (IWC, 1997; Tynan and DeMaster, 1997; Harwood,
2001; Wiirsig et al., 2002).

Climate change may lead to a higher frequency of extreme events, which are often
ecologically more relevant than fluctuations in mean climate (Stenseth et al., 2002).
For example, changes in the frequency of episodic events (e.g. storms) may affect
recruitment. In general, the effects of climate change on the marine environment are
difficult to predict because of the complex interactions between ocean processes and
climate, and they will vary greatly between areas. Uncertainties about the nature and
degree of future climate change make it impossible to know exactly how weather,
ocean circulation, and biological productivity will be affected (Weaver and Zwiers,
2000).

Although the most obvious effects of cimate change will occur in surface waters, the
deep ocean will also be affected. Changes in temperature and acidity may occur very
slowly, but abrupt changes in thermohaline circulation in the southern ocean could
occur as a result of massive surface freshening from glacial meltwater (Kaiser and
Barnes, 2008).

6.1.2 Cephalopoda

There is high variability in the annual abundance of many cephalopod populations,
which suggests that environmental effects on populations tend to be both
pronounced and transient. This reflects the short life, rapid and labile growth and
maturation patterns, and the lack of overlap between generations. Physiological
features that allow squid to have fast life histories include very efficient digestion,
sustained growth, with both increase in muscle fibre size and continual recruitment
of new muscle fibres, efficient oxygen use, and low levels of antioxidative defence
(Pecl and Jackson, 2008; Rosa and Seibel, 2008).

Metabolic and life-history parameters are sensitive to environmental variation, and
there is no reservoir of old adults to buffer the population against fluctuations in
spawning and recruitment success. Nevertheless, populations apparently recover
relatively quickly after periods of low abundance.

Thus, cephalopods are both sensitive (in terms of rapid response) and resilient (in
terms of recovery) to perturbations, including overfishing and, potentially, climate
change. It may, therefore, be difficult to distinguish between the effects of directional
climate change and local climate variation, and indeed (as is the case for all exploited
species) between these effects and the effects of fishing.

Impacts of environmental change and variation may occur at all stages of the life
cycle, from egg to mature adult. However, the planktonic early life stages
(paralarvae) are thought to be particularly sensitive to both physical and chemical
oceanographic factors (e.g. temperature and acidity) and to the biotic environment
(e.g. phytoplankton productivity and abundance of zooplankton-prey for the
paralarvae—and fish (including prey, predator, and competitor species).
Environmental effects on eggs and paralarvae are probably the least well understood.
Growth and mortality rates during the paralarval phase of the life cycle are high and
potentially highly variable (see Pierce et al., 2008b, for a recent review).
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Cephalopods fished in ICES waters include short-finned (ommastrephid) and long-
finned (loliginid) squid, octopus, and cuttlefish (Hastie et al., 2009a). Many of these
cephalopods, particularly those species that are targeted directly by artisanal or
commercial fisheries, have 1- or 2-year life cycles. Paralarvae hatch from eggs, quickly
grow into juveniles, and progressively mature into adult animals. In demersal and
benthic species, the eggs are secured to a hard substratum, whereas in pelagic
species, the eggs are usually floating. Typically, egg-laying occurs in batches,
sometimes over a period of weeks (possibly months). However, there is normally no
post-spawning regeneration of the gonad, and females often die shortly after the
completion of spawning. There are exceptions, however: the females of some octopus
guard the eggs, and the moribund females of gonatid squid form a protective capsule
around the eggs (Seibel et al., 2000, 2005).

Given their short lifespan and rapid growth rate, individual growth and population
abundance in cephalopods are thought to be especially sensitive to changes in
environmental conditions, such as seawater temperature (Rodhouse et al., 1992; Boyle
and Pierce, 1994; Waluda and Pierce, 1998; Waluda et al., 1999). The sensitivity of
cephalopod species to environmental fluctuations is a potentially important factor to
consider in stock assessments and fishery management measures (Pierce et al., 2008b).
Previous research has suggested that environmental temperature can influence
somatic growth rates and final body size, both in captivity and in the natural
environment, with accelerated growth rates observed with increasing water
temperatures (Jackson et al., 1997; Forsythe et al., 2001; Jackson and Moltschaniwskysj,
2002; Forsythe, 2004; Keyl et al., 2008). Cephalopods could, therefore, be good
indicators of environmental change.

6.1.3 Cephalopods as indicators of climate change

An ecological indicator is defined as a measure, an index of measures, or a model that
characterizes an ecosystem or one of its critical components and may reflect
biological, chemical, or physical attributes of ecological condition (Jackson, L. E., et al.,
2000). A “good” indicator should meet several types of criteria concerning conceptual
foundation, feasibility of implementation, response variability, and interpretation and
utility (Barber, 1994). Jackson, L. E., et al. (2000) amplified these criteria as follows: (i)
relevance to assessment and ecological functions; (ii) feasibility of data-collection
methods, logistics, information management, quality assurance, and monetary costs;
(iii) response variability, measurement error, temporal variability within the field
season and across years, spatial variability, and discriminatory ability; and (iv)
interpretation and utility of data in relation to objectives, assessment thresholds, and
linkage to management action. Ultimately, a good indicator in the context of
anthropogenic phenomena such as climate change is one that can be used to
communicate information about an ecosystem, reflecting the impact of human
activity on the system, to groups such as the public or government policy-makers.
Ecological indicators can help to describe effects in simple terms that can be widely
understood and used by non-scientists to make management decisions. Often, no
single indicator is ideal, and it is, therefore preferable to combine a suite of indices
providing complementary information (Salas et al., 2006).

6.1.3.1 Relevance

Cephalopods are often cited as essential ecosystem components (usually by
cephalopod biologists), but it is doubtful whether their role is intrinsically more
important than that of any other taxon, except from the viewpoint of specialist
teuthophages, such as some of the toothed whales. Certain cephalopods are thought
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of as pioneer species, which could indicate highly disturbed ecosystems. Thus, a
marked and sustained increase in their abundance could indicate a regime shift
(Zeidberg and Robison, 2007; Vecchione et al., 2009).

6.1.3.2 Feasibility

Fishery and research survey trawl data are widely available on a range of exploited
cephalopod species, and some countries have relatively long dataseries. However, no
cephalopods are quota species, and so collection of data is not accorded the same
priority as that of many finfish species. The biology of some cephalopod species is
well studied, but there are gaps in knowledge, owing, for example, to the difficulty of
age determination and the high variability in life cycles. Other possible sources of
time-series on cephalopods include predator diets (e.g. Montevecchi and Myers,
1997).

6.1.3.3 Responsiveness

As a consequence of high metabolic rate, rapid growth, and short life cycles,
cephalopod abundance can be very sensitive to environmental change, with fishing
mortality being a less important component of population dynamics than in long-
lived species. This is probably the key point in favour of using cephalopods as
climate-change indicators.

6.1.3.4 Inierpretation

The flexible nature of cephalopod life histories can make consequences of
environmental change unpredictable; they may adapt rather than die. It may also
prove difficult to separate the effects of climate variability from those of climate
change (although this can apply to any organism). In terms of public profile,
cephalopods are charismatic species, for example, because of the very large size of
some species, their intelligence, and their “alien” quality. However, at least in
northern Europe, the public is more likely to be concerned with the fate of dolphins
than that of squid. In southern Europe, however, cephalopods are probably most
appreciated as a food resource, and changes in their abundance may therefore excite
more public interest.

6.1.4 Large-scale climate variability

Large-scale patterns of climate variability, such as the EI Nifio—Southern Oscillation
(ENSO) and the North Atlantic Oscillation (NAQ), account for major variations in
weather and climate around the world and have been demonstrated to affect many
marine species and fish stocks through both direct and indirect pathways (Stenseth et
al., 2002). Effects of short-term events, such as El Nifio events and the NAQO, can
provide a valuable insight into the potential effects of longer-term climate change.

Changes in large-scale climate indices, such as the NAO, are often linked to changes
in currents, upwelling systems, and water temperature. They also affect the
distribution and abundance of animals at the base of the food chain. Thus, temporal
and spatial population dynamics of calanoid zooplankton (Calanus finmarchicus and
C. helgolandicus) have been linked to changes in sea surface temperature and the NAO
(Planque and Taylor, 1998; Beare et al., 2002; Stenseth et al., 2002; Walther et al., 2002;
Beaugrand and Reid, 2003; Beaugrand and Ibanez, 2004). Abundance of these species
will, in turn, determine food availability for higher predators, including squid.

Thus, abundance of northern short-finned squid (Illex illecebrosus) in the Northwest
Atlantic is positively related to a negative NAO index (weak winter, northwesterly
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winds), high water temperatures off Newfoundland, and a southward shift in the
position of the Gulf Stream and the boundary between shelf waters and offshore
slope waters (Dawe et al., 2000). The response of the sympatric Loligo pealeii
population to variation in the NAO appears to be opposite to that seen in Illex
illecebrosus (Dawe et al., 2007).

El Nifio events in the Northwest Pacific lead to environmental conditions favourable
to recruitment in the western winter—spring cohort of the neon flying squid
(Ommastrephes bartramii), whereas La Nifia events result in decreased recruitment
through variability of environmental conditions on the spawning grounds. There is
also a northward shift in the fishing grounds in La Nifia years and a southward shift
in ElI Nifio years (Chen et al., 2007). However, Yatsu et al. (2000) reported that
recruitment rates of the autumn cohort of O. bartramii were lower in El Nifio years
when water temperatures from winter to summer were lower than in normal years in
the North Pacific.

Anderson and Rodhouse (2001) suggested that the ENSO phenomenon might
influence the variability of abundance of paralarvae of the squid Dosidicus gigas, with
favourable retention during EI Nifio conditions and unfavourable offshore
transportation during La Nifia and normal conditions.

6.1.5 Currents, productivity, and upwelling

Changes in ocean currents and mixing, deep-water production, and coastal
upwelling will directly affect the distribution and abundance of plankton and of
many fish and cephalopod species, as well as their migrations. Many pelagic fish
species are closely associated with mesoscale ocean features, such as fronts, which are
hot spots of primary productivity and also tend to have associated high densities of
pelagic fish and squid.

An extended or stronger frontal region may possibly act as a barrier to egg mass and
larval transport of the Argentinean short-fin squid (Illex argentinus) within the area of
the Brazil-Falkland Current confluence (Waluda ef al., 2001a). Any changes in these
ocean currents and fronts as a result of climate change could, therefore, influence the
distribution and abundance of this species.

In upwelling systems, fish production appears to be determined by enrichment,
concentration, and retention processes, which, in turn, are controlled by climatic
factors. An increase in temperature should intensify upwelling, causing a reduction
in the concentration and retention processes and therefore resulting in a decline in
local fish production (Walther et al., 2002). The reproductive cycle of the common
octopus (Octopus vulgaris), an important resource species in northwest Spain, is
coupled to the coastal wind-driven upwelling, so that females spawn prior to spring
months before the upwelling season, and hatching takes place from late summer to
early autumn (Otero et al., 2007). This ensures that the newly hatched paralarvae are
present in the water column when the ecosystem is still productive. Coastal wind
patterns appear to explain up to 82% of the interannual variation in octopus catches
in the Galician artisanal fishery (Otero et al., 2008). Analysis rates of change in
abundance and biomass of the O. vulgaris early larval phase in the northwest Iberian
coast, where upwelling events occur with a frequency of 10-20d from April to
September, indicates that the increase in larval abundance and biomass is
significantly correlated with the simultaneous decrease in water-column-integrated
nitrate, ammonium, and chlorophyll levels. These conditions occur during the early
stage of the relaxation phase of coastal upwelling events, when nutrient salts are
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consumed to produce biogenic matter, which is retained in the system and
transferred through the foodweb (Otero et al., 2009).

In the northwest African upwelling areas, O. vulgaris recruitment depends on the
retention processes when paralarvae are present in the plankton (Faure et al., 2000).

6.1.6 Temperature

Seawater temperature is one of the key parameters affecting cephalopods (Rodhouse
et al., 1992; Boyle and Pierce, 1994; Waluda and Pierce, 1998; Waluda et al., 1999).
Temperature affects all phases of the life cycle, from the development within the egg,
paralarval growth, and settlement of demersal species (e.g. Villanueva, 1995;
Gowland, 2002; Katsanevakis and Verriopoulos, 2006) to recruitment and
reproductive success (e.g. Waluda et al., 2001a, 2001b).

Previous research has suggested that environmental temperature can influence
somatic growth rates and final body size, both in captivity and in the natural
environment, with accelerated growth rates observed with increasing water
temperatures (Jackson et al., 1997; Forsythe et al., 2001; Jackson and Moltschaniwskysj,
2002; Forsythe, 2004). Small increases in temperature (as little as 1°C) could have a
significant influence on cephalopod growth, affecting the threshold body mass in
Octopus spp. by up to 15.5% and the body mass at 100 d by up to 62.6% (André et al.,
2009). According to Forsythe (2004), an increase of 1°C in environmental temperature
can result in squid that are threefold larger after only 90 d.

High temperatures can also result in more rapid completion of the life cycle and
smaller adult size, whereas good food supplies may delay spawning and lead to
larger adult size (e.g. Moreno et al., 2005, 2007). However, the precise role of different
extrinsic factors differs between species (Mangold, 1987).

Apart from direct effects on metabolism, individual growth rate and, ultimately,
population abundance depend on food supply mediated through effects on primary
production and other lower trophic levels. Changes in plankton distribution,
abundance, and composition are related to climate, including temperature
(Southward et al., 1995; Planque and Taylor, 1998; Ducrotoy, 1999; Heath et al., 1999a,
1999b; Edwards et al., 2001, 2002; Beare et al., 2002; Beaugrand and Reid, 2003; Reid et
al., 2003; Edwards and Richardson, 2004; Moline ef al., 2004).

Kang et al. (2002) suggested that increasing zooplankton and changes in the
zooplankton community in the Sea of Japan since the 1990s coincided with increasing
sea surface temperature (SST) and, in turn, led to increased catches of the squid
Todarodes pacificus. The recruitment success of higher marine trophic levels depends
strongly on synchronization with plankton production.

Temperature variation has also been widely linked to variation in cephalopod
movements, distribution, and abundance, and with variation in fishery catches,
especially in squid (e.g. Pierce et al., 1998; Waluda and Pierce, 1998; Bellido et al., 2001;
Sims et al., 2001; Pierce and Boyle, 2003; Zuur and Pierce, 2004; Sanchez et al., 2008).
The link between cephalopod distribution and temperature is not a new concept:
invasions of O. vulgaris in the English Channel in 1899-1900 and 1950, associated
with unusually high temperatures, were described by Garstang (1900), Rees (1950),
and Rees and Lumby (1954).

In the English Channel, loliginid squid catches seem to be related with mean SST of
the year (Robin and Denis, 1999). Recruitment of the Patagonian squid (Loligo gahi) is
related to the SST in October of the previous year (Agnew et al., 2002). Annual catch
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and cpue of diamond squid (Thysanoteuthis rhombus) in the Sea of Japan seem to be
closely related with SST, salinity changes, and sea level (Miyahara et al., 2005).
Variations in the annual biomass of the market squid (Loligo opalescens) population in
the California Current are related to temperature changes, which influence both prey
availability and metabolic rates (Zeidberg et al., 2006).

Temporal variation in peak abundance of squid seen off southwest England
represents temperature-dependent movement, which, in turn, is mediated by climatic
changes associated with the North Atlantic Oscillation. Such climate-mediated
movement may be a widespread characteristic of cephalopod populations worldwide
and may have implications for future fishery management because global warming
may alter both the timing and location of peak population abundance (Sims et al.,
2001). Kishi et al. (2009) suggest that the migration route and spawning area of
Todarodes pacificus might change with global warming, with individual body weight
declining as temperatures exceed the optimum for the species.

Effects of temperature can also be seen in data on the occurrence of squid in seabird
diets. Montevecchi and Myers (1997) found that, on a decadal scale, a major dietary
change in breeding northern gannets (Sula bassana) from migratory warm-water
pelagic fish and squid to cold-water fish was associated with cold-water
perturbations in the Northwest Atlantic during the 1990s.

6.1.7 Rainfall, sea level, and salinity

More intensive precipitation events and flash floods will result in increased run-off
from land. Increased nutrient input into coastal waters, combined with increases in
water temperatures, could cause an increase in toxic algal blooms and eutrophication.
Effects on the dynamics of phytoplankton community dynamics, in turn, will affect
marine fish and cephalopods (Edwards et al., 2001).

Changes in salinity, for example with changes in river inputs/run-off and melting ice,
will influence the distribution and abundance of prey through effects on stratification
and circulation, and possibly as the result of limited salinity tolerance (Fiedler, 2002).

Sobrino et al. (2002) demonstrated a negative correlation between rainfall and O.
vulgaris abundance in the Gulf of Cadiz.

Sea level was one of the factors affecting annual variation in catch and cpue of the
diamond squid (Thysanoteuthis rhombus) in the Sea of Japan (Miyahara et al., 2005).

6.1.8 CO, and ocean acidity

Carbon dioxide accumulating in the atmosphere permeates ocean surface layers
where it alters seawater chemistry and may affect marine animals (Portner et al., 2004;
Fabry et al., 2008), although information on effects on important groups such as fish is
lacking (Ishimatsu et al., 2008). Elevated CO: partial pressures (hypercapnia) can
affect acid—base regulation, production of calcareous structures, oxygen transport
capacity, growth, respiration, energy turnover, and mode of metabolism. Acid—base
parameters, such as pH, bicarbonate, and CO: levels, are likely to affect metabolic
function and, therefore, growth and reproduction. Portner (2008) points out that
lower marine invertebrates, which are characterized by a low capacity to compensate
for disturbances in extracellular ion and acid-base status and a sensitivity of
metabolism to disturbances, are likely to be particularly susceptible to ocean
acidification, and that one key consequence will be the narrowing of thermal
tolerance windows in such species.
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Portner and Reipschlager (1996) predicted that species with high metabolic rates
would be more severely affected by ocean acidification because oxygen binding in
their blood is more pH-sensitive. Epipelagic squid (e.g. Ommastrephidae, Gonatidae,
Loliginidae) are hypothesized to be most severely affected by the interference of CO:
with oxygen binding at the gills because their metabolic rates are higher than those of
other aquatic animals (Seibel, 2007; Seibel and Drazen, 2007) and blood oxygen
transport is extremely pH-sensitive. Rosa and Seibel (2008) demonstrated that ocean
acidification will substantially depress metabolic rates (31%) and activity levels (45%)
in the jumbo squid (Dosidicus gigas) and that the effect will be exacerbated by high
temperature. However, Gutowska et al. (2008) found that juvenile cuttlefish
maintained not only calcification, but also their growth rates and metabolism when
exposed to elevated partial pressures of CO:. They suggest that active cephalopods
possess a certain level of pre-adaptation to long-term increments in CO:z levels.

Although their results were inconclusive, Gutowska and Melzner (2009) highlighted
the possibility that elevated CO: and reduced pH would affect embryonic
development in the common cuttlefish (Sepia officinalis). Lacoue-Labarthe ef al. (2008a,
2008b, 2009a, 2009b) studied the effects of increased CO: and temperature on trace
element bioaccumulation in eggs of the common cuttlefish. Decreased pH reduced
the accumulation of cadmium and zinc by the eggs, but increased the accumulation
of silver. Higher acidity appears to affect the binding properties of the eggshell
components and its permeability.

6.1.9 Distribution and abundance

All the effects described above, singly or in combination, may ultimately affect the
movements, distribution, and abundance of cephalopods. Therefore, as is the case for
finfish (e.g. Stebbing et al., 2002), changes in distribution of some cephalopod species
are likely in response to climate change. Supporting evidence about the likelihood of
such changes arises not only from studies of climatic effects on physiological and life-
cycle parameters (as described above), but from distribution changes that appear to
be related to climate variation, even when the mechanism is unclear. Hastie et al.
(1994) proposed that the high incidence of the ommastrephid squid Todaropsis eblanae
in the North Sea in the early 1990s was the result of cdimatic variation, coinciding
with the entry of various other warm-water species into the North Sea. Chen et al.
(2006) speculated that the decline in Loligo forbesii in Iberian Peninsula waters since
the early 1990s, which was correlated with temperature changes, was caused by
climatic variation.

Various recent records of new cephalopod species in the Ionian Sea, Adriatic Sea, and
Levantine basin (Mediterranean) could reflect distribution changes caused by climate
change (E. Lefkaditou, pers. comm.). These species include the bathybenthic octopus
Bathypolypous sponsalis, bathybenthic sepiolid Neorossia caroli, and the epipelagic
octopod Ocythoe tuberculata, as well as two Indo-Pacific cephalopods, Sepioteuthis
lessoniona and Octopus aegina. Caballero-Alfonso et al. (2008) suggest that the
appearance of the subtropical cephalopod Ocythoe tuberculata in the North Atlantic in
2006 was a reflection of anomalous sea warming.

As seasonal movements of migratory cephalopods are related to the seasonal cycle of
environmental variation (e.g. Arkhipkin et al., 2004a), it may be expected that the
timing of movements will vary with environmental conditions, as reported by Sims et
al. (2001).
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6.1.10 Community-level effects, regime shifts, and ecological replacement

Various recorded changes in marine communities over the last few decades have
been attributed to climate change. Thus, Southward ef al. (1995) described changes in
the plankton community in the English Channel over 70 years and noted the increase
in warm-water species during warm periods, and vice versa. They predicted that
global warming would lead to species from the Bay of Biscay becoming common in
the English Channel.

Similarly, the composition of the coastal nekton community along the eastern
seaboard of the US has shifted progressively from vertebrates to invertebrates over
the last four decades and, especially since 1980, from benthic to pelagic species. These
shifts correlated most strongly with spring-summer SST, which increased by 1.6°C
over the 47-year period (Collie ez al, 2008).

It has been suggested that cephalopods could replace depleted finfish as part of
ecological regime shifts, although to date there are few examples of this having
happened. Species with short generation times and high fecundity, such as squid, are
well suited opportunistically to replace fish species with late maturity and low
fecundity (Zeidberg and Robison, 2007).

Balguerias er al. (2000) examined the apparent shifts in species abundance in the
Saharan Bank area, concluding that a combination of oceanographic factors and
fishing pressure had favoured benthic cephalopods at the expense of most finfish
populations. Nevertheless, the change was not nearly as marked as suggested by
fisheiy statistics. The range expansion of jumbo squid (Dosidicus gigas) described by
Zeidberg and Robison (2007) coincided not only with changes in climate-linked
oceanographic conditions and a reduction in competing top predators, but also with a
decline in the abundance of the most important commercial groundfish species in the
area, Pacific hake (Merluccius productus). Vecchione et al (2009) suggest that a
persistent high abundance of octopods off Elephant Island (Antarctic), first detected
after the cessation of commercial fishing, could be indicative of a regime shift.

6.1.11 Concluding remarks and knowledge gaps

Numerous studies reviewed here and elsewhere (see Pierce et al, 2008b) have
underlined the high sensitivity of cephalopod species to local, regional, and large-
scale environmental conditions and changes. Cephalopods have the intrinsic
flexibility to adapt to climate change; their life history and physiological traits allow
them to be opportunists in variable environments (Rodhouse and Nigmatullin, 1996).
Additionally, we will not have to wait decades to determine these effects. For species
where we have established good baseline data, changes will be immediately obvious.
In contrast, for longer-lived predators, it will probably take decades to establish cause
and effect on their life histories, populations, and abundance (Peel and Jackson, 2008).

Environmental effects on early life stages of cephalopods can affect life-history
characteristics (growth and maturation rates) as well as distribution. Oceanographic
conditions are of particular significance for mobile pelagic species such as the
ommastrephid squid (Pierce er al, 2008a, 2008b). This suggests that recruitment
success of pelagic species or of species with pelagic early life stages could be a
possible indicator of variations in the oceanographic environment.

Impacts of climate change may have had positive effects on some populations of
commercial squid species, such as Illex coindetii in the eastern Ionian (Mediterranean
Sea; E. Lefkaditou, pers. comm.). In general, the positive effects of high productivity
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are likely to be most evident when their timing coincides with the hatching period,
thus ensuring high survival of hatchlings.

Understanding climatic effects depends on knowledge of ecology and natural history.
Thus, O. vulgaris females apparently migrate towards the coast before spawning,
presumably in search of rocky substrata with caves and holes that facilitate the
protection of the eggs. Nevertheless, it is not known whether or not this behaviour is
related to other factors, such as temperature, which, by affecting the rate of
embryonic development, can determine hatching time and hence the environmental
conditions experienced by the hatchlings.

In many cephalopods, the energy required for reproduction appears to be derived
directly from exogenous sources rather than by mobilization of body tissues.
Environmental productivity may thus directly affect reproductive investment, in
terms of the number and/or size of eggs and, consequently, survival of the
paralarvae.

Finally, the increase in acidity in the sea caused by the increase in CO: might alter the
capacity to form calcium carbonate and, hence, affect the formation of calcareous
structures, such as the statoliths, which in cephalopods serve as the system of
balance, or the cuttlebone, which serves for buoyancy. However, evidence on this
point is equivocal, with recent work on cuttlefish (Gutowska et al., 2008) pointing to
tolerance of elevated CO: levels.

The combination of sensitivity and adaptability of cephalopods to climate variation,
seen in individual life-history parameters and population processes, and mediated
through direct physiological effects and the indirect consequences of effects on other
species, makes cephalopods potentially useful indicators of climate change. In
addition, the presence of recording structures, such as the beak, gladius, and
cuttlebone, means that the environmental conditions experienced over an animal’s
lifetime, and its responses, are recorded in terms of isotope ratios and increment
sizes, etc., affording the prospect of improved understanding of the mechanisms by
which the environment affects the individual.

Regarding knowledge and data gaps, in most cephalopods, the planktonic
(paralarval) stage is poorly known, notably in relation to how long these animals
spend in the plankton. Studies are needed, using appropriate nets, to determine their
seasonal, annual, and bathymetric and latitudinal distribution.

The lack of long-term dataseries, even on basic fishery parameters like cpue, is one of
the major constraints on improving our understanding of cephalopod population
trends. Long-term dataseries will be imperative to the success of any management
strategy to cope with climate variability. It will also be critical to consider interactions
between different stressors, such as overfishing, habitat destruction, and climate
change (Root et al., 2003).

Although life-cycle plasticity has been demonstrated in a range of cephalopods, the
ways in which life-history parameters are linked to environmental conditions are not
well understood. There is a need to develop integrated population models that
consider both life-cycle parameters and environmental drivers, potentially allowing
both a better understanding of the mechanisms linking life history and environment,
and a way of evaluating the relative importance of different drivers (e.g. global
change vs. overfishing). Such models would be facilitated by availability of accurate
estimates of age and mortality. It is also necessary to find ways to introduce
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environmental information into cephalopod stock assessment and fishery
management.

Solow (2002) and Lozier et al. (2009) have neatly illustrated some of the possible
pitfalls involved in interpreting empirical models that identify apparent temporal
and spatial relationships between species abundance and environmental conditions.
Thus, results of empirical analysis of observational data need to be supported by
experimental studies under controlled conditions in order to demonstrate the impact
of different environmental factors on the life cycle, physiology, and behaviour of
cephalopod species. Various laboratory studies in the last two decades have
examined effects of temperature on different stages of the life cycle of various
cephalopods, and more recent work has also examined other environmental factors,
such as CO: concentrations (e.g. Rosa and Seibel, 2008). Such data have been used to
derive models of individual growth (e.g. Forsythe and van Heukelem, 1987; André et
al., 2009), but more work is now needed to link individual-level responses to effects at
the population and ecosystem levels.

European cephalopod fisheries

Once located mostly in southern Europe, cephalopod fisheries have grown and
expanded northwards along European coastlines. The decline of traditional finfish
resources is, without question, part of the reason for this change, but the occasional
incidence of high abundance of some cephalopod species may also be important.
Also significant is the globalization of supply and demand, so that catches can be
transported virtually anywhere around the globe in a very short time. Thus, the
limited nature of the northern European market for cephalopod products is easily
offset by the expansion of international trade.

Cephalopod fisheries are of two main types: (i) commercial or industrial-scale
fisheries taking cephalopods in inshore and offshore waters, particularly by trawling
and mainly as a bycatch; and (ii) small-scale, directed coastal fisheries. Although the
former have increased in importance in recent years, the increase in the latter is
arguably more dramatic. Currently, inshore fisheries targeting cephalopod species
yield an equally or even more important proportion of cephalopod landings,
particularly in southern European countries, such as Portugal, Spain, Italy, and
Greece, where more cephalopod species are consumed as part of the traditional diet
and these fisheries represent an important part of the local economy.

Coastal cephalopod fisheries previously used traditional fishing gears, such as clay
pots and trammelnets, and until the early 1980s, catches generally were low or
moderate, because of the relative inefficiency of the gear employed. However, during
the last few decades, more efficient gears have been developed, including
modernized traditional gears and newly introduced gears, such as plastic pots and
fykenets (Sanchez and Obarti, 1993; Borges, 2001; Lefkaditou ef al., 2002; Young, et al.,
2006a), resulting in higher cephalopod catches, which are becoming particularly
important for the income of local, small-scale fishing fleets. Changes in the
geographic distribution of cephalopod landings have been noted (e.g. in Portugal).
These adjustments are related to changes in the distribution of the resources and are
usually suspected to reflect environmental changes. Fishing fleet behaviour, which
will respond to factors such as variation in fuel costs and availability of other
resource species, can also strongly affect variation in landings.

Where cephalopods are bycatch species, landings reflect only retained catches, and
the amount of discards, which depends on market price, the amount of target species
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caught, the length of the fishing trip, and (at least where minimum landing sizes
apply) individual body size, is not regularly reported. In general, there are three
different types of discarding patterns, reflecting the degree of commercial interest: (i)
species of no commercial interest that are always discarded; (ii) species of low or
variable commercial value for which the discard percentages will vary (e.g. between
areas and seasons, and depending on the amounts of other species caught); and (iii)
species of higher commercial value that are almost always landed. Reporting of
discards may improve under the revised sampling programme (European
Community’s Data Collection Regulation, Commission Decision 2008/949/EC).

Studies to date on commercially important species, such as the octopods Octopus
vulgaris and Eledone cirrhosa, the cuttlefish Sepia officinalis, and the squid Loligo
vulgaris, L. forbesii, and Illex coindetii, suggest that there is little discarding (Sartor et
al., 1998; Young et al., 2004). However, it should be borne in mind that these studies
were regional in focus, and results cannot be generalized to other parts of Europe.
Thus, E. cirrhosa and 1. coindetii are not highly valued throughout their range and
neither species attracts much interest in Scotland, where they are probably normally
discarded.

Despite their high and increasing importance, monitoring of the directed artisanal
fisheries targeting cephalopods needs to be improved. These inshore fisheries
comprise a high diversity of local fishing gears, catches from which (at least in the
past; see Pierce, 1999; Guerra et al., 2000; Pereira, 2001) have not always appeared in
official statistics. When recorded, these landings are usually grouped under the
category “other fishing gear” in official statistics. In Galicia (northwest Spain),
artisanal landings of cephalopods are recorded in some detail by the Xunta de
Galicia, with statistics available by species (only the two Alloteuthis species are
grouped together), port, gear type, month, and year (ICES, 2009).

The Gémez-Mufioz model (which uses data collected during interviews with fishers
and is particularly applicable to fisheries with a clear seasonal peak, see Gomez-
Mufioz, 1990; Simoén et al., 1995) has been used to estimate unreported landings in
artisanal fisheries. Some recent applications of the method suggest that official
statistics are reasonably good (Rocha et al., 2006; Young, et al., 2006b), and that this is
an approach that could usefully be more widely applied.

Cephalopod fisheries in Europe are expected to continue to expand as a result of the
increasing market demand for these species and the heavy exploitation of traditional
coastal finfish resources. To ensure future sustainability, there is a particularly urgent
need for studies of the dynamics of species exploited by small-scale fisheries and the
effect of different gears on their stocks, as well as studies on the effectiveness of
different gears and their contribution to landings and sales at a regional level. To
allow this to be done, it is important that the specific fisheries targeting cephalopods
(e.g. trammelnets for Sepia, fykenets, pots, and specific trawlnets for loliginids) are
considered as separate “métiers” under national data collection programmes.

Does the future of cephalopod fisheries look better than the future of finfish fisheries?
Populations of cephalopods demonstrate wide fluctuations in abundance, reflecting
their “live fast, die young” life history, with non-overlapping generations, and their
labile life-history strategies. This makes cephalopod populations sensitive to changes
in oceanographic conditions and perhaps susceptible to local overfishing. Boats
targeting cephalopods need to be able to diversify in years of lesser abundance. Thus,
the directed squid fishery in the Moray Firth in northern Scotland landed
exceptionally large amounts of squid in 2005 (Young et al., 2006a), encouraging more
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vessels to enter the fishery in summer 2006. Initial catches in 2006 were of extremely
small individuals, and landings into some Moray Firth ports were as low as 10% of
the 2005 value (J. M. Smith, pers. comm.), with total squid landings for Scotland
decreasing from ca. 2000 t in 2005 to 1000t in 2006. The other side of the coin is that
cephalopod populations tend to demonstrate great resilience to fluctuations in
environmental conditions because of their capacity to vary their growth rate and size
at maturity, extend their breeding seasons, vary the depth of their spawning grounds,
and maintain complex recruitment patterns (Clarke, 1996). The short generation time
means that recovery after periods of low abundance can be very quick. Given this
adaptability, their high production-to-biomass ratio, and the acceptability of
cephalopods as a human food source, it is reasonable to conclude that cephalopods
represent an important renewable resource that should be possible to harvest
sustainably.

Relatively few European stocks have been subjected to rigorous assessment, and
almost none are assessed on a routine basis. As highlighted in Section 5, various
assessment methods have been applied to cephalopods in different parts of the world
(see also Pierce and Guerra, 1994). In the last 15 years, several European stocks have
been assessed under the auspices of short-term, EU-funded projects, and contributed
papers from studies in European waters in Payne et al. (2006) demonstrate that it is
possible to carry out meaningful assessments. An important caveat, again highlighted
in Section 5, is that data collection must be attuned to the assessment, and in the
absence of routine assessment, data collection from many (if not most) European
cephalopod fisheries has been inadequate to support rigorous assessment.

Cephalopod culture

Commercially viable aquaculture of cephalopods is still in the process of
development. Common octopus (Octopus vulgaris) is currently considered a priority
new species for aquaculture research in Spain, Portugal, and Greece (Vaz-Pires et al.,
2004; Iglesias et al., 2007; Lefkaditou et al., 2007). It undoubtedly meets some of the
requirements for industrial culture: (i) easy adaptation to captivity, (ii) high growth
rate, (iii) good acceptance of frozen food, (iv) high reproductive rate, and (v) high
market price (Iglesias ef al., 2000). The main barrier to successful culture through the
life cycle is the high mortality rate and poor growth of the paralarvae. The main
problem to resolve is the identification of suitable food in terms of quality and
quantity, long recognized as an issue for culture of this group of carnivorous
molluscs (Boletzky and Hanlon, 1983). Research on this topic is considered an area of
the highest priority (Iglesias et al., 2007; Villanueva and Norman, 2008).

At present, there are no commercial diets available for cephalopods. For large-scale
commercial production, cost analysis of commercial installations for ongrowing O.
vulgaris demonstrated that food has to be reliable in terms of availability, consistency,
and cost (Garcia Garcia ef al., 2004). Artificial diets have been used only at
experimental scales and with modest success for juvenile and adult cuttlefish and
octopus. There are promising recent results from studies using natural frozen diets
and semi-humid artificial diets for Sepia officinalis (e.g. Sykes et al., 2006; Domingues et
al., 2008) and formulated moist diets based on fish and prawn mixed with alginate or
gelatine as binders for O. vulgaris (e.g. Cerezo Valverde et al., 2008; Quintana et al.,
2008). Nevertheless, further research on cephalopod nutrition is needed to develop
commercial culture for this group.

Cephalopod paralarvae appear to have more stringent nutritional requirements than
juveniles and adults. Some success has been achieved, again at experimental scales,
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for O. vulgaris paralarvae using laboratory-reared crab zoeae as prey (Villanueva,
1995), crab zoeae combined with Artemia (Iglesias et al., 2004; Carrasco et al., 2006),
and Artemia combined with fish flakes (Okumura et al., 2005). Again, further research
is needed to improve current knowledge of ecophysiological and nutritional
requirements of O. vulgaris paralarvae before commercial-scale culture is possible.

Improved knowledge of cephalopod metabolism and digestion remains crucial.
Future research should also determine the influence of environmental factors, such as
light and temperature; the relationships between immunological parameters,
nutritional status and growth; diet; and absorptive capacities. Furthermore, studies
on reproduction, behaviour, and pathology of O. vulgaris and S. officinalis under
culture conditions are needed.

Use of cephalopod by-producis in aquafeed

Large quantities of cephalopod by-products are available from processing factories.
The viscera have previously been considered as waste, but, because of their
biochemical composition, they could form the basis of various products (e.g. Tavakoli
and Yoshida, 2006; Souissi et al., 2008), including dietary supplements for aquaculture
(Le Bihan, 2006).

Silage is a liquid product made from animal material. Liquefaction is caused by the
action of enzymes already present in the animal and is accelerated by acid, which
creates the right conditions for enzymes to help break down hard tissues and limit
the growth of spoilage bacteria. The high concentration of free amino acids in silage
makes it suitable as a food additive in aquaculture. The silages currently used as food
additives in aquaculture are made from fish wastes. However, enzymological and
biochemical studies demonstrate a high potential for the use of cephalopod viscera as
raw material for silage production. Silage obtained from cuttlefish viscera contains
63% protein, of which 89% is peptides and 14% lipids (comprising 37% saturated,
15% mono-unsaturated, and 47 % polyunsaturated fatty acids). Searches for bioactive
molecules in cuttlefish viscera silage have revealed the presence of growth factor-like,
digestion-regulator, and immuno-stimulator molecules.

The addition of low levels of cuttlefish silage to diets of crustacean post-larvae,
juvenile molluscs, and fish has been demonstrated to lead to an increase in
zootechnical parameters (i.e. weight gain, feedfood consumption, and feedfood-
conversion ratio) and to stimulate ontogenesis. The enrichment of the diet of juvenile
cuttlefish with cuttlefish silage leads to a reduction in the required food ration, an
increase in weight, and an improved food-conversion rate. The inclusion of 2%
cuttlefish silage in the diet of young shrimps enhanced weight gain by 170%
compared with control animals (which received an unenriched diet) after 60 days of
rearing. Results on enrichment of the diet of Artemia have also been encouraging.
Supplementing the diet of juvenile Dicentrarchus labrax with the autolysate of
cuttlefish, rather than the hydrolysate of fish, also induces better growth (Le Bihan,
20006). In future, others ways of using processing wastes should be explored because
this not only maximizes the utilization of fished cephalopods, but the use of the
wastes as raw material contributes to better waste management and protection of the
environment.

Fishery forecasting

With the exception of Nautilus, large interannual fluctuations in abundance are a
common feature of populations of species in the class Cephalopoda. They are short-



100 |

Cephalopod biology and fisheries in Europe

lived, ecological opportunists, generally semelparous, and their life-history
characteristics are labile (e.g. Boyle and Rodhouse, 2005). As a consequence,
recruitment variability is driven, to a greater or lesser extent, by the environment (e.g.
Rodhouse, 2001). Because the extant population of most cephalopods normally
consists of only one or two year classes, population size and fishery success are
generally more vulnerable to recruitment variation associated with climatic variation
than is the case for longer-lived species (Rodhouse, 2001).

One of the main problems with reconstructing the historical recruitment time-series
and predicting future recruitment of fished stocks (of fish or cephalopods) is the low
signal-to-noise ratio in the stock—recruitment relationship, which may reflect both the
difficulty of accurately measuring stock size and recruitment and the inherent
variability of the relationship. Predictions can be improved by including
environmental predictors (e.g. sea surface temperature) in the models and by taking
into account the quality of spawners (e.g. considering the links between the number
and quality of the eggs and the size, age, and condition of the spawning females;
Marshall et al., 2003, 2006), but uncertainty remains. Fuzzy-logic models represent a
method of capturing the uncertainty and variability inherent in these processes, and
work is needed to compare results from such models with those from both traditional
stock—recruitment models and artificial neural-network models. To date, such
comparisons seem to demonstrate the superior capability of fuzzy-logic models to
address problems of uncertainty in the data and variability in the stock—recruitment
relationship. The fuzzy-logic model approach is recommended as a useful addition to
the analytical tools currently available for cephalopod stock assessment and
management.

The mechanisms that link cephalopod abundance to the atmosphere—ocean system
are still not well understood, despite numerous studies that demonstrate empirical
relationships between post-recruit distribution—abundance and environmental
factors (see Section 6.1; also Pierce et al., 2008b for a recent review). Models based on
such empirical relationships need to be validated using independent datasets (e.g.
from different areas or future years), and this step is often lacking in published
studies. Determination of the underlying mechanism obviously affords greater
confidence in the persistence of the relationship and, hence, in its future utility as a
forecasting tool (see Solow, 2002, for a brief critique of the purely empirical model-
fitting approach). Nevertheless, empirical models represent potentially powerful
tools for fishery forecasting. For example, fishery managers can use the predictions to
set the number of licences issued at the start of a fishing season.

To date, most research effort related to the underlying mechanisms has been focused
on pelagic squid stocks, whose abundance appears to be linked to fluctuations in
large current systems. In these cases, recruitment variability can be partly explained
by environmental effects on the pelagic paralarval stage (Gonzalez et al., 1997;
Waluda et al., 1999, 2001a, 2001b; Miyahara et al., 2005).

Recent research on demersal and benthic species, notably on Octopus vulgaris and
Loligo wvulgaris in Spain, offers improved understanding of the mechanisms
underlying relationships between environmental conditions and post-recruit
abundance, and suggests that there is scope for successful fishery forecasting in these
groups.

Monthly landings of L. vulgaris demonstrate a marked seasonality in both Atlantic
and Mediterranean areas (Sanchez and Martin, 1993; Guerra ef al., 1994). The amounts
landed depend strongly on recruitment of paralarvae of the year and on a
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combination of environmental factors that can control distribution and abundance
within their essential habitat, where growth and reproduction occurs. Along the
Catalonian coast (northwestern Mediterranean), it appears that relatively cool
weather conditions in the early part of the year favour higher landings in autumn,
with habitat-model results indicating a negative effect on landings for sea surface
temperatures higher than 17.5°C (Sanchez et al., 2008). Optimal temperature
conditions were more common in the northern and central parts of the study area
than in the southern (Ebro Delta) area during 2000-2005, a difference reflected in
historical catch-per-unit-effort data.

Upwelling areas are nutrient-rich systems and often the sites of major fisheries.
Theoretically, three major processes must combine to yield favourable reproductive
habitats: (i) nutrient input, (ii) concentration of food, and (iii) larval retention (Bakun,
1996). The status of an upwelling system in a given year can be quantified using
simple wind-based, upwelling indices and measurements of nutrient and food
availability. In upwelling areas, when fish larvae are present in the water column, the
frequency of calm periods in a given year strongly influences larval survival
(Peterman and Bradford, 1987). Variations in productivity of eastern boundary
current ecosystems lead to natural variations in fish biomass (Chavez et al., 2003;
Ware and Thomson, 2005), and fluctuations in plankton may result in long-term
changes in fish recruitment (Beaugrand et al., 2003).

The common octopus (O. vulgaris) is a benthic species and one of the most important
harvested cephalopods worldwide. Major interannual changes in its local abundance
have been related to upwelling (through its effect on paralarval retention; Faure et al.,
2000), sea temperature (Balguerias ef al., 2002), and rainfall (Sobrino et al., 2002).

Galicia constitutes the northern boundary of the Iberian—Canary Current upwelling
system and almost the northern limit of the distribution of O. vuigaris. The artisanal
fishery for O. vuigaris in Galicia has considerable socio-economic importance and
involves almost 1500 vessels. Landings from the artisanal sector may be substantially
under-reported (Pierce, 1999; Guerra et al., 2000; Otero et al., 2005). Nevertheless, if
this bias is reasonably constant, interannual trends in landings may indicate changes
in abundance because there has been no major change in the number of vessels
registered during recent years.

The catches of O. vulgaris in Galicia seemed to follow cycles of 5-6 years’ duration,
with recent peaks in 1997 and 2004 and troughs in 1994-1995, 2000-2001, and 2005.
Annual catches are positively correlated with the frequency of relaxation/moderate
downwelling episodes during October—March, as well as with the frequency of
upwelling episodes. Excessive upwelling strength over the upwelling season is
negatively correlated with octopus landings. A regression model of O. vulgaris
catches as a function of three upwelling indices and a density-dependent effect (i.e.
the previous year’s catches) provides a good fit to the data (r2>0.85). Conditions
during downwelling could favour the coastal retention and survival of the pelagic
paralarvae, whereas upwelling episodes deliver nutrients to the foodweb. Strong
upwellings are characterized by extremely high flushing rates that do not allow
phytoplankton adaptation (Otero, 2006; Otero et al., 2008).

A model for the effect of upwelling chemistry on paralarval abundance indicated that
the decrease in nitrate, ammonia, and chlorophyll could explain up to 88% of the
increase in abundance of O. vulgaris paralarvae. These conditions occur during the
relaxation of upwelling events, when nutrient salts are consumed to produce
biogenic matter, which is retained in the system and transferred through the foodweb
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(Otero et al., 2009). A negative density-dependent effect contributed 6% to the overall
variability in octopus catches (Otero et al., 2008). Taking into account that, after
settlement on the bottom, octopus remain in more or less the same limited area
throughout their life (Domain et al., 2000), and that the availability of shelters is a
limiting factor for octopus distribution (Katsanevakis and Verriopoulos, 2004),
competition for habitat between adults and new recruits is plausible-and
cannibalism is also known to occur (Smith, 2003). Large changes in catches can arise
from small variations in the local windfield (Faure et al., 2000; Otero et al., 2008) and
could be of major importance in the context of the predicted increasing intensity of
upwelling conditions as atmospheric carbon dioxide concentrations increase
(Diffenbaugh et al., 2004).

Future fishery management

It is almost inevitable that, as more European fishers move into cephalopod fishing,
some management measures will need to be introduced. Arguably, the best-managed
cephalopod fishery in the world, for the squid Illex argentinus in Falkland Islands
waters, has been run using restricted entry, real-time assessment, and the option of
early closure to ensure sufficient escapement. Despite the evident and demonstrable
success of this approach, the fishery is to move to an individual transferable quota
(ITQ) system. In general, however, quota management is not thought appropriate to
such short-lived species, and the shift in EU fishery policy towards an ecosystem
approach to fishery management means that all participants in the fishing industry,
from ICES, national governments, and regulatory authorities to fishery scientists and
fishers, are currently more receptive to alternative approaches than ever before.

Ecosystems are complex and dynamic natural units that produce many goods and
services other than those of direct benefit to fisheries. As fisheries have an impact on
the ecosystem, which is also affected by other human activities, they need to be
managed in an ecosystem context. The meanings of terms such as the “ecosystem
approach to fishery management” (EAFM) are still not universally agreed, and the
concepts will continue to evolve as the EAFM is implemented in the ICES Area.
Nevertheless, the justification for the EAFM is evident in the characteristics of
exploited ecosystems and the impacts resulting from fisheries and other activities.
Indeed, practically all aspects of the EAFM were foreseen in the FAO Code of
Conduct for Responsible Fisheries (FAO, 1995) and, before that, in the World
Conservation Strategy (IUCN et al., 1980).

Stakeholder involvement is one key component of the EAFM and, indeed, of
sustainable resource utilization in general. History suggests that top—down
imposition of measures to control the exploitation of fish and shellfish has usually
failed and that bottom-up and demand-led regulation may have more chance of
success (D. ]J. Starkey, pers. comm.) As seen in Section 5, there is already some
regulation of many small-scale European fisheries for coastal cephalopods, often at a
local or regional scale, and such fisheries could provide an ideal testing bed for fisher
participation and co-management.

Successful fishery management is inherently multidisciplinary because it must be
underpinned both by sound biological and ecological knowledge and by a clear
understanding of the human (social, economic, and institutional) dimensions of the
fisheries. Ecosystem models, such as the Ecopath suite of programmes, facilitate
simulation of the ecological consequences of management scenarios and can
potentially be coupled to hydrodynamic models, thus allowing the local
environmental consequences of climate change to be explored. Approaches such as
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cognitive maps, based on interview or observer data, can be used to simulate fishers’
decisions (e.g. Wise et al., 2009) under various resource abundance, economic, and
regulatory scenarios.

Meanwhile, even if implementation lags behind, concepts and the associated
terminology continue to evolve. Integrated coastal-zone management recognizes the
need to manage interactions between multiple human activities, of which fishing is
just one, and the wider-scale application of this concept, which embraces the whole
marine sector (not just the coastal zone), has been christened “marine spatial
planning”.

6.6.1 Galician octopus fishery

Fishing for common octopus (Octopus vulgaris) in Galicia is one of the main socio-
economic activities within the small-scale fisheries in this area, with more than 1500
vessels licensed to catch octopus (32% of the artisanal fleet). Annual catches from this
fishery from 1997 onwards ranged from 1800 to 3800t, and were worth €10-
17 million per year. The fishery is under pressure for various reasons, including
increased fishing costs (fuel, fishing material, bait, etc.), variability of the resource,
product price in the market, and a lack of human resources in many key positions
within the fishery. Therefore, although this small-scale fishery is well managed
through regional laws, there is a need to develop a management plan to ensure
sustainable exploitation of O. vulgaris in future, with participation by researchers,
government, fishers, and other stakeholders. Objectives could include:

e development of a management plan tailored to the current situation in the
artisanal O. ovulgaris fishery, based on previous scientific studies and
ensuring the sustainability of the resource while maximizing net income in
the fishery sector and protecting the interests of other stakeholders;

e ongoing review and revision of the management regime, supported by
research on alternative management options, including the creation of
protected areas of different kinds;

e active participation of stakeholders in the development and
implementation of management, reflecting their valuable experience in this
sector; in many existing systems involving “consultation” and
“participation” of industry, true co-management is rare and, in practice,
fishers often still have little or no say in management decisions (Mikalsen
and Jentoft, 2008);

e detailed study of the real costs of octopus fishing, and looking for the best
way to minimize costs and, in parallel, be more conservative with the
resource and its environment;

e development of a monitoring and surveillance plan to ensure compliance
with regulations;

e informing the public and stakeholders about the management scheme
adopted.

6.6.2 Directed squid fishing in Scotland

In Scotland, 2005 saw a dramatic increase in interest in squid fishing, with new
fisheries emerging on the Aberdeenshire coast and in the Inner and Outer Hebrides,
in addition to the existing fisheries in the Moray Firth and Firth of Forth. There is also
increased interest in other parts of the UK. Two management objectives already
identified by the UK industry are to (i) limit catches of new recruits, and (ii) protect
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spawning grounds. Another potential issue, because small-mesh codends are used
when targeting squid, is the incidence of fish bycatches in squid nets.

Some of the suggested research priorities listed here have already been incorporated
into an industry-funded study of squid fishing in Scotland (funded by SEAFISH,
2007-2009).

e Monitoring of catches during experimental squid-fishing trials. In
Scotland, the industry proposes exploration of the use of a near-bottom
trawl gear that can be deployed over hard ground. As Loligo forbesii
spawns on hard ground, particular care must be taken to avoid disruption
of spawning and damage to the eggs. Additionally, the industry has
identified the need to establish a protocol for handling squid on board, and
to ensure that sustainable fishing practices are adopted. Young squid are
known to recruit close inshore on the east coast of Scotland in early
autumn before moving into deeper waters. However, it is now necessary
to obtain a detailed picture of their movements, both to ensure effective
fishing and to avoid overfishing. On-board observers and GPS data could
be used to monitor catch composition (including bycatch) in relation to
gear type and deployment, date, time of day, depth, turbidity, and seabed
substratum. Data collected would also be used in depletion and cohort
analysis to estimate stock size and exploitation rate.

o Collection of data on spawning areas. Fishers will be asked to report all
occurrences of squid eggs in their gear. Information gathered will be used
to model the physical characteristics of spawning areas.

o Collection of data on nursery areas. During a limited directed programme
of research sampling, near-bottom deployment of bongo nets will be used
to survey paralarvae. Cephalopod paralarvae are poorly sampled during
normal plankton tows, and the current consensus is that this reflects their
location in the water column.

o Gear selectivity trials. To date, there have been few studies of gear
selectivity for squid (e.g. Hastie, 1996; Fonseca et al., 2002; Belcari et al.,
2007). An investigation of the application of a square-mesh panel in front
of the trawlnet codend in the northern Tyrrhenian Sea (Italy) demonstrated
some potential benefits for the exploited population of Illex coindetii
(Belcari et al., 2007). British trawler fishers trialled specially modified
“squid” nets in 2005. Further and more extensive studies are needed in
order to evaluate the selectivity of gears currently in use and to develop
new selective gears able to provide a compromise between not losing
commercial specimens and, at the same time, allowing as many juveniles
as possible, as well as non-target species, to escape.

e Modelling of recruitment success. Stock-recruitment relationships in
cephalopods are thought to be weak (e.g. Pierce and Boyle, 2003).
However, inclusion of appropriate environmental indicators can
substantially improve predictions, as demonstrated by studies in the
Southwest Atlantic (Waluda et al., 2001a, 2001b).

o Investigation of optimum on-board storage and handling methods.

e Studies of discarding. Although limited work on cephalopod discarding
has previously been carried out in several areas, the information available
is incomplete and probably out of date, and there are no such data
available from directed cephalopod fisheries.
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e Evaluation of the potential for targeting oceanic squid. Ommastrephid
(short-finned) squid are regularly taken as bycatch by trawlers in southern
European waters. However, historically, there was also an important
fishery for Todarodes sagittatus in Norway, as well as some interest in this
species in the Shetland Islands (UK) in the late 1980s. More recently, the
potential for fishing Gonatus fabricii has been explored in Greenland
waters, although trials were considered unsuccessful. Population
abundance in ommastrephids may be “episodic” in nature, although one
of the world's biggest squid fisheries, for Todarodes pacificus off Japan, has
sustained commercially viable catches over several decades. It is likely that
ommastrephid abundance in Northeast Atlantic shelf waters will increase
as sea temperatures increase (see Hastie ef al., 1994), and little is known of
the abundance of these squid in offshore waters.

e Scenario modelling to explore ecological and socio-economic consequences
of alternative management measures.

e Development of protocols for sustainable directed squid fisheries with
fisher participation.

6.6.3 Larger-scale cephalopod fisheries

Various management approaches are currently applied to larger-scale cephalopod
fisheries across the world (e.g. in North America, in both the ICES and PICES areas),
which could be applicable in European waters. For example, in California, market
squid (Loligo opalescens) is the focus of one of the most important fisheries, and
fecundity, egg escapement, and mortality-based biological reference points are
currently being developed (Dorval et al., 2009).

In Europe, the fisheries in which cephalopods are an important bycatch are usually
multispecies fisheries, which present managers with significant challenges. Any
measures applied to catching cephalopods are constrained by measures applied to
the capture of the target finfish species. Similarly, bycatch of fish may be an issue
when small-mesh codends are used on trawls targeting squid (as in fisheries for
Loligo spp. in the US and Scotland). New research in several areas could prove
valuable.

The characterization of essential fish and cephalopod habitats should provide a much
more detailed understanding of the spatial distributions of exploited species,
facilitating seasonal and spatial regulation of fishing activity so as to maximize the
efficiency and sustainability of the exploitation of fished species, for example by
protecting major spawning grounds. Empirical statistical models of habitat
requirements (e.g. Sanchez ef al., 2008) can assist in predicting the locations of
important habitats and, for species requiring particular seabed conditions for
spawning, acoustic surveys can be used to identify spawning areas (Foote et al., 2006).

Modifications to gear design or fishing practice to take account of the behaviour of
cephalopods can be used to reduce bycatch of non-target species. Thus, loliginid
squid are capable of holding station in the mouth of a moving trawlnet for extended
periods, but once exhausted, can be drawn into the bag or attempt to escape
sideways, hence becoming trapped in the wings of the net. Loligo pealeii have been
observed to rise when dropping back towards the codend and, in some cases, to turn
and rise on tiring. Thus, introduction of separator panels can separate squid from
finfish bycatch (Glass et al., 1999). In addition, trawling speed may have a significant
effect on squid catches.
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Squid shoals are potentially identifiable acoustically (e.g. Starr and Thorne, 1998;
Kawabata, 1999, 2005; Kang et al., 2005; Madureira et al., 2005), and this acoustic
signature could be used to inform decisions about whether or not to fish at a
particular time and place.

Selected topics for future research

The following sections describe a range of possible research directions that would
improve our knowledge of cephalopod biology and ecology and contribute directly
or indirectly to their sustainable exploitation. It is worth pointing out that, although
cephalopods are invertebrates, they have highly organized nervous systems, and
research on captive cephalopods raises ethical and welfare issues (see Boyle, 1991;
Moltschaniwskyj et al., 2007). To a greater or lesser extent, such concerns have led to
regulation of experimental studies on cephalopods, notably in the UK, where it falls
under the Home Office licensing system.

6.7.1 Status of cuttlefish stocks

Since the early 1980s, there has been a rapid increase in the landings of cuttlefish by
UK vessels in the English Channel, with landings peaking in 2003 at 5135 t. Cuttlefish
constitute a significant part of the earnings from mixed fisheries in the Channel, the
fishery being an important source of employment. At the European scale, cuttlefish
are currently the most important cephalopod fishery resource.

Tagging experiments and spatio-temporal trends in fishery statistics suggest that the
cuttlefish in the Channel and those in the Bay of Biscay are separate stocks. However,
preliminary investigations of genetic differences revealed very low differentiation
between these areas. In the English Channel, cuttlefish spawn in separate coastal
areas, but their contributions to stock renewal are unknown. Further studies are
required to clarify issues related to stock identification.

Aspects of the stock dynamics and exploitation of cuttlefish in the English Channel
were described by Dunn (1999). A modelling study of the impact of exploitation on
the stock suggested that it may be fully exploited (Royer et al., 2006). A preliminary
investigation of the state of the stock, based on the application of a two-stage biomass
model, suggested an increasing trend in stock biomass in recent years (B. A. Roel and
G. H. Engelhard, pers. comm.). The ongoing research project CRESH (2009-2012),
funded under the INTERREG programme, aims to determine essential habitats for
reproduction and prerecruit stages and to develop modelling approaches for a full
evaluation of the English Channel cuttlefish stock.

6.7.2 Small-scale cephalopod fisheries

Small-scale fisheries contribute to a significant fraction of cephalopod catches in
European waters, particularly in some fishing areas around the Iberian Peninsula, the
northwest coast of Africa, and in the Mediterranean Sea (Lefkaditou and Adamidou,
1997; Lefkaditou et al., 2003b). In these areas, cuttlefish catches by static nets (gillnets
or trammelnets) and octopus catches by traps, pots, or fykenets are the major
component of the total catches. The squid Loligo vulgaris and Todarodes sagittatus also
occur seasonally in the catches in some of the Italian ad hoc developed artisanal
fishing activities.

The availability of new fishing gears that are easily used by small artisanal vessels,
such as plastic pots and fykenets, resulted in the rapid development of octopus
coastal fisheries. For cuttlefish, however, expansion of the traditional net fisheries
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was mainly related to an increase in the species’ abundance in many coastal fishing
grounds and to the change in the target of artisanal fisheries owing to the depletion of
coastal finfish resources.

In spite of the unavailability of specific statistics, these fisheries probably constitute a
substantial source of income for local fishing communities not associated with the big
trawl fishery. They also represent important local social traditions and are the only
source of income for some small, scattered, Mediterranean communities. Decreasing
trends in such fishery landings, recently observed in some areas, are probably related
to the decrease in the small-scale fishing fleets (e.g. in Italy) and/or to the high fishing
pressure recently imposed on cephalopod populations in many areas.

Despite their increasing interest in targeting cephalopods, and their economic and
social importance for local fishing communities, monitoring of these small-scale
fisheries is still limited, and there are important gaps in the available knowledge of
the biology and population dynamics of octopus and cuttlefish.

In order to support sustainable artisanal exploitation of coastal cephalopod resources,
a sector of considerable economic and social importance for local populations, the
following actions are urgently needed:

a) systematic monitoring of fisheries targeting cephalopods;

b) detailed analysis of the economic and social importance of these fisheries
at local levels as well as at national levels;

c) thorough study of different life stages and population dynamics of
targeted cephalopod species;

d) bioeconomic studies of small-scale fishery activities, including fleets
targeting cephalopods; and

e) evaluation of possible ecological and socio-economic implications of
alternative management strategies at the local level.

6.7.3 Essential habitat modelling

During the last decade, the importance of identifying, designating, and protecting
essential fish habitats (EFHs) has been widely recognized. The mapping and
designation of EFHs applies to the spatial component of fishery management, a
component that has often been neglected in previously enforced fishery policies. The
new framework regulation in the European Community’s Common Fisheries Policy
requires the introduction of habitat identification and protection into developing new
fishery policies.

The EC-funded FP6 Project (EnviEFH: Environmental Approach to Essential Fish
Habitat Designation, December 2005-February 2008) was based on the latest
advances in EFH mapping and identification, which are characterized by a broad
approach to EFH designation. This includes all the physical, chemical, and biological
properties of marine areas, and the associated sediment and biological assemblages
that sustain fish populations throughout the various stages of their life cycle. Species
life-history information was introduced in an integrated EFH mapping effort, which
involved the mapping of ocean production processes, species spawning, nursery and
feeding aggregations, overexploited areas, and alternative fishing grounds. The
overall objective of the EnviEFH project was to facilitate the spatial component of
fishery management, especially the designation of essential fish habitats and their
protection through new fishery policies.
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Among several other species, the EnviEFH project included commercial cephalopod
resources in the Mediterranean. Cephalopods are very sensitive to environmental
changes. Spatio-temporal environmental variations strongly affect the biological
processes and characteristics of cephalopods during their short life cycles.
Cephalopods seem to respond to environmental variation both “actively” (by
migrating to areas with more favoured environmental conditions) and “passively”
(by using optimum environmental conditions to reach certain life stages at different
growth rates between different generations). In many demersal and benthic species,
distribution is related to bathymetry. Different groups dominate at different depth
ranges, with benthic octopus species tending to occur in the deepest waters. In some
demersal species, notably cuttlefish and loliginid squid, inshore—offshore migrations
are seen within the range of occurrence. Pelagic species, such as ommastrephid squid,
tend to be highly migratory and are likely to be strongly affected by changes in
current systems and large-scale oceanographic phenomena (e.g. El Nifio). Coastal
species may be affected by variations in water quality (e.g. turbidity and
oxygenation) and salinity (related to rainfall and river flow). Local abundance of
many species, both demersal and pelagic, is related to temperature and/or
productivity, although these links can often be displaced in both time and space, with
conditions experienced by eggs and paralarvae affecting recruitment to the adult
population, which may occur several months later in a completely different area. The
timing of cephalopod life cycles is often related to the seasonal cycle of
environmental conditions, raising the issue that climate change may result in a
mismatch between the timing of critical life stages and optimum environmental
conditions (see Pierce et al., 2008b).

In addition, Lefkaditou et al. (2008) reported depth to be the principal variable
associated with the distribution of Illex coindetii populations in the Ionian Sea,
demonstrating diversification of recently recruited juveniles and immature
individual depth preferences. Mature individuals were more likely to be found at
depths of 200-330m, at greater distances from thermal fronts, and in locations
characterized by highly positive surface chlorophyll @ anomaly. Also, Sanchez et al.
(2008) argue that Loligo vuigaris couples its life cycle with environmental features and
takes advantage of the hydrographic characteristics of the area. Fishing grounds for
squid are mainly located in the northern and central parts of the Catalan coast where
the EFH for paralarvae is optimal. Low landings per unit effort in the southern part
may be related to the export/migration of paralarvae from north to south, following
the north—south current water that flows parallel with the coast.

Future research themes should include in-depth research on the responses of
cephalopods to a combination of changing environmental habitat descriptors. There
is a need to take account of surface and subsurface oceanographic processes that are
not readily captured in static models (e.g. current systems), and of interactions
between large-scale climate processes and local oceanography.

Unless local oceanography is understood, empirical relationships between species
distributions and environmental processes may not explain the underlying
mechanism(s) controlling species abundance, and models will not be applicable in
other areas. Environmental relationships, clearly spatial and temporal components
(e.g. environmental conditions), affect both recruitment strength and the subsequent
distribution of post-recruits. It is also necessary to consider that cephalopods will be
affected indirectly by environmental effects on other species.
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A promising generic approach is the coupling of large- and local-scale oceanographic
models with ecosystem models, although fully spatially explicit versions of such
models may be hugely complex. Single-species studies still can reveal subtleties and
details of interactions between animals and their environment that are not necessarily
apparent from oceanography—ecosystem models.

Research is needed to improve our understanding of what exactly determines the
distribution of cephalopod habitats in an ever-changing marine environment, to
identify certain species as important environmental change indicators, to provide an
important contribution to stock assessment methods, and to contribute to the
environmental approach to fishery management (EAFM). A first picture of fisheries—
environment interactions in the Mediterranean arose from the EnviEFH project, and
there is a need for similar research in European Atlantic waters.

6.7.4 Cephalopods as vectors for pollutants and physiological effects of
pollutants

Chemical substances constitute the greatest pollutant burden on natural ecosystems.
Such pollutants can affect the marine environment by directly affecting individual
animals exposed to the contamination. They can also contaminate a fishery resource
and thereby affect species higher in the food chain, such as humans.

Many molluscs bioconcentrate chemical substances more than other animal groups
by virtue of their high storage capacities and limited excretory abilities, as well as
being less able to metabolize organic chemicals. This suggests there will be a lower
effect threshold for molluscs compared with other invertebrate groups.

Cephalopods are known to accumulate and detoxify several trace metals in their
digestive gland (Bustamante et al., 2002a), branchial hearts (Ueda et al., 1979), and
renal and pericardial appendages (Bustamante et al., 2000). Silver, for example, is
absorbed mainly from seawater (Bustamante et al, 2004; Miramand et al., 2006),
whereas cadmium is accumulated mainly from the diet (Koyama et al., 2000;
Bustamante et al., 2002b). Cephalopods are a major vector for the bioaccumulation of
trace metals in animals higher up the food chain, such as whales and humans
(Muirhead and Furness, 1988; Bustamante et al., 1998a, 2006; Lahaye ¢t al., 2005).

Despite its short lifespan, Eledone cirrhosa can accumulate high levels of mercury, such
as those seen in the mantle muscle tissue of animals from the northern Tyrrhenian
Sea, which are related to the cinnabar anomaly of Mount Amiata (Tuscany;
Barghigiani and De Ranieri, 1992; Rossi et al., 1993). Biomass estimates indicate very
high densities of this octopus along the Tuscany coast (Wurtz et al., 1992). The species
is common in the diet of local people and could be detrimental to human health.
Studies on metal concentrations in Octopus vulgaris in Portuguese waters also
highlight possible health risks to human consumers (e.g. Seixas and Pierce, 2005a,
2005b; Seixas et al., 2005a, 2005b).

In giant squid (Architeuthis dux) from the Mediterranean and Atlantic Spanish waters,
the highest concentrations of mercury, cadmium, cobalt, copper, iron, nickel,
selenium, vanadium, and zinc were found in the digestive gland and branchial
hearts, highlighting their major role in the bicaccumulation and detoxification
processes. With the exception of mercury, the muscles contained relatively low
concentrations of trace elements. Nevertheless, this tissue still contained the main
proportion of the total arsenic, chromium, mercury, manganese, nickel, and zinc in
the body because muscles represent the main proportion of the squid mass. These
findings suggest that, overall, metal metabolism is the same as in other cephalopod
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families from neritic waters. In female squid, zinc concentrations in the digestive
gland increased with increasing body weight, probably reflecting physiological
changes during sexual maturation. A comparison of trace element concentrations in
the tissues of Architeuthis showed that silver, copper, mercury, and zinc
concentrations were higher in squid from the Mediterranean than from the Atlantic,
reflecting different exposure conditions. In comparison with other mesopelagic squid
from the Bay of Biscay, cadmium concentrations recorded in the digestive gland
suggest that Architeuthis may feed on more contaminated prey or that it has a longer
lifespan that other cephalopods (Bustamante et al., 2008).

Organic chemicals are known to affect cephalopods physiologically, causing changes
in respiration, reproduction, etc. Studies have demonstrated that squid and cuttlefish
accumulate organochlorine compounds (Sato et al., 2000; Danis et al., 2005), including
PCBs (Butty and Holdway, 1997; Yamada et al., 1997), in concentrations similar to
those measured in the environment.

Chemical pollutants are also known to affect molluscs physiologically, for example,
by reducing growth and reproductive fitness, and depleting energy reserves
(Oehlmann and Schulte-Oehlmann, 2003). In addition, cellular, molecular, and
genetic alterations have been reported for molluscs (e.g. DNA damage caused by
chemical pollution and resulting in genetic mutations; reviewed by Oehlmann and
Schulte-Oehlmann, 2003).

Preliminary research has demonstrated that, although low concentrations of some
heavy metals are blocked by the egg membrane, high concentrations inhibit egg
development and cause high mortality of the embryos (E. Le Bihan, pers. comm.). It is
important to study the sensitivity of cephalopod eggs to pollutants as well as the
effects of pollutants on digestive physiology and its consequences for the hatchlings.

Perrin et al. (2004) have demonstrated that some heavy metals can affect the digestive
enzymes of the digestive gland. Bustamante et al. (2002b, 2004) and Miramand et al.
(2006) have demonstrated the bioaccumulation of some heavy metals and confirmed
the storage function of the digestive gland. The results indicate that it is necessary to
know the toxic concentrations and the toxic effects on juvenile cephalopod
physiology (nutrition, digestion, growth survival).

Research on the suppression or stimulation of the immune system of invertebrates
indicates that exposure to various contaminants, including metals, adversely affects
the immune system so that disease is contracted earlier and infection rates are higher
(Cheng, 1988a, 1988b; Oliver and Fisher, 1999; Pipe et al, 1999; Galloway and
Depledge, 2001). In relation to cephalopods, temperature and physical stress are
known to affect the immune system, although there is very little information on the
effect of chemical pollutants—including endocrine disruptors—on the health of
cephalopods (see Malham and Runham, 1998; Malham et al., 2002). The effect of these
pollutants on the various cephalopod fisheries as a whole is also unknown, although
individual animals will undoubtedly be affected.

Finally, it should be noted that pollutants bioaccumulated by cephalopods are passed
on to the consumers of cephalopods, including humans. Whereas some fish species
are known to accumulate high levels of mercury, it is the accumulation of cadmium
that is more frequently noted in cephalopods. Although metal concentrations in
cephalopods are relatively well documented and generally thought to be below levels
that are toxic to humans, much less information is available on other types of
contaminants and marine toxins. Some information exists on the accumulation of
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domoic acid, which is responsible for amnesic shellfish poisoning, and high levels
have been recorded in the octopus Eledone moschata (Costa et al., 2005a, 2005b).

In order to understand the effects of pollutants on cephalopods and the potential loss
to the fishery, proposed new research should include the following.

o Targeted sampling trips (cephalopods and water) along known
cephalopod migratory routes to assess potential accumulation (efforts
would be concentrated at juvenile stages as being the most vulnerable to
pollution, although most bicaccumulation will occur in adults).

e Laboratory experiments to assess the physiological, biochemical,
immunological, and transgenomic responses of different cephalopod life-
history stages to selected pollutants.

e The production of models of the effects of pollutants on cephalopods,
including reduction in fitness and potential loss to the fishery.

e Assessment of the amounts of contaminants passing from cephalopods up
the food chain, including contaminant levels entering the human food
chain.

e Verification of the use of cephalopods as bio-indicators of environmental
mercury for comparing both the levels of the metal in different areas and
the variations in the same area between different periods.

6.7.5 Age determination using growth-recording structures

Studies and monitoring of growth in cephalopods are complicated by the high
variability of individual growth rates. Length—frequency distributions are generally
polymodal, making it difficult to clearly single out cohorts or microcohorts, and
growth estimation by means of length—frequency methods is difficult (e.g. Sanchez,
1984; Caddy, 1991; Jereb and Ragonese, 1995; Arvanitidis et al., 2002). Therefore,
conventional methods for determining growth, such as length—frequency analysis,
used in the assessment of traditional resources such as short-lived fish and
crustaceans, are inappropriate to cephalopods. This, in turn, is the main reason why
statoliths have attracted increasing attention in the last two decades and are
considered among the most promising tools for age determination in cephalopods
(e.g. Jereb et al., 1991; Jackson, 1994).

Generally speaking, age estimates from statolith analysis may result in strikingly
different values from those obtained by length—frequency analysis (see e.g. Jereb and
Ragonese, 1995; Arkhipkin et al., 1998). In particular, much shorter lifespan estimates
are obtained. Recent studies are very much in favour of a very fast life cycle for most
squid, because of the combination of efficient digestion and a protein-based
metabolism, along with the ability to sustain continuous growth by a combination of
hypertrophia (muscle fibre size) and hyperplasia (muscle fibre number), the efficient
use of oxygen, and low levels of antioxidative defence (Jackson and O’Dor, 2001).

However, other evidence supports longer lifespans, and there are problems related to
interpreting increments in statoliths. These include changes in statolith structure and
growth increment deposition rate with growth and maturity, and potential bias
caused by loss of growth increments deposited in statoliths during paralarval life (see
Gonzélez et al., 2010), environmentally derived changes in increment width (Moreno,
2001), and biases related to statolith preparation and differences in the methods for
interpreting and enumerating increments (e.g. Lipinski and Durholtz, 1994; Gonzalez
et al., 2000; Bettencourt and Guerra, 2001). There is also a rather broad consensus that
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the use of other hard structures, such as beaks or gladii, to investigate growth and
age in cephalopods is less likely to lead to a simple and routinely applied
methodology.

Many aspects of cephalopod life history have been elucidated in the absence of
reliable age data, including seasonality of breeding and recruitment and the
relationships between somatic growth and maturation (e.g. in Loligo forbesii; see Smith
et al., 2005). However, the evident complexities, including multiple microcohorts,
alternative size-at-maturity strategies, apparent mismatches between recruitment and
spawning seasons, multiple breeding seasons, and interactions between body size,
fecundity, and seasonality (e.g. in L. forbesii, see Boyle et al., 1995; Collins et al., 1997,
1999; Pierce et al., 2005b), make clear that age is a key parameter and that length is a

very poor proxy.

Based on these considerations, we propose new broad-scale, collaborative studies on
statoliths. At a basic level, these would evaluate precision and increase consistency
among investigators. This would require scientists from different countries meeting,
discussing, and carrying out the necessary procedures in order to make comparisons
and evaluations possible. In such a context, additional techniques and/or tools, such
as image analysis systems, already applied individually, could be used and results
evaluated (Eltink ef al., 2000).

Second, there is a need for further data collection. This includes experimental studies
on increment deposition. Although several studies indicate that increments are
normally daily, it is far from clear that this is always the case. The collection of new
age data, both from historical collections and new samples, is also necessary. Finally,
a workshop-based approach would facilitate the use of statolith data to generate new
insights into life-history processes in cephalopods and ultimately inform improved
fishery management.

It is now about two decades since the first international statolith workshop was held
in Mazara del Vallo (Sicily, Italy, 1989; Jereb et al., 1991). Therefore, it is suggested
that a new series of workshops on the analysis of statoliths and interpretation of data
on growth increments should be organized. The first such event would involve:

e participation of experts on statoliths and experts on cephalopod life cycles
and growth;

o expertise from otolith research and guidelines from fish age-reading
intercalibration workshops;

e investigation of statoliths of several different species, especially squid (i.e.
ommastrephids and loliginids) from different areas around the world;

o existing collections of statoliths of animals of known age to address
problems related to accuracy and precision;

e cvaluation of the use of additional techniques, such as image analysis
systems;

o discussion on how to deal with the many problems related to statolith
structure modification with growth and maturation;

e investigation of the application and use of models, taking into
consideration the above-mentioned sources of bias and problems.

It is important that the use of other recording structures to reconstruct individual
growth trajectories and age continues to be explored. Several recent studies have
demonstrated that age determination is possible using increments in the beak and
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stylus of octopus (Hernandez-Lépez et al., 2001; Doubleday et al., 2006; Leporati et al.,
2008; Doubleday, 2009; Hermosilla et al., 2009; Perales-Raya et al., 2009). Hughes
(1998) demonstrated the potential for using increments in the gladius of L. forbesii to
reconstruct recent growth trajectories. The clear advantage of the squid gladius is that
increments can be related to actual growth in ML (with almost a 1:1 ratio). In species,
which demonstrate such wide variability of individual growth trajectories, growth
patterns reconstructed from putting together age and size data from different animals
can give a highly misleading picture of individual growth (Alford and Jackson, 1993;
Arkhipkin, 2005; Arkhipkin and Roa-Ureta, 2005).

6.7.6 Life-history reconstruction using growth increments in recording structures

Statoliths can provide a variety of information about squid biology and ecology.
Growth increments and other patterns within the statolith microstructure may be
used to identify age, hatching date, and the growth of an individual as well as to date
and estimate the duration of ontogenetic events, such as the paralarval phase and
number of spawning events. Furthermore, the chemical composition of statoliths has
extensive relevance to many ecological questions.

The uptake of minor and trace elements in carbonate structures of many marine
animals is influenced by chemical and physical parameters of the ambient water.
Element incorporation can vary with temperature, salinity, and element
concentration in the surrounding water. Therefore, essential information on
distribution and migration pathways of the individual animal is stored in the bio
crystal. Microchemical analyses have become a standard method in fish otoliths to
reconstruct environmental histories of individuals and as natural tags of stock
structure.

Compared with fish otoliths, there have been only a handful of studies examining the
chemical composition of cephalopod statoliths, but statolith chemistry is obviously a
field of growing interest. Chemical signatures of statoliths have been used as a tool to
determine environmental life histories of the neon flying squid (Ommastrephes
bartramii; Yatsu et al., 1998), the Japanese common squid (Todarodes pacificus; lkeda et
al., 2003), and the boreo-atlantic armhook squid (Gonatus fabricii; Zumholz et al.,
2007a), as well as to discriminate between stocks of the Patagonian longfin squid
(Loligo gahi; Arkhipkin et al., 2004b). Experimental studies found good evidence for
environmental influences (e.g. temperature, salinity, food intake) on several minor
and trace elements (Zumbholz, 2005; Zumholz et al., 2006, 2007b), providing an
essential basis for further investigation in the field.

Such a project might include the following components.

e stock separation
e location of spawning and nursery grounds
e reconstruction of migration routes

e changes in the microstructure and chemical signature of statoliths caused
by climate-change effect on chemical and physical parameters of the
ambient water

The focus would be on commercially important species such as Loligo forbesii, Loligo
vulgaris, Sepia officinalis, and ommastrephids for which older statolith collections
might also be available.



114 |

Cephalopod biology and fisheries in Europe

6.7.7 Genetic biodiversity and genetic stock structuring in European
cephalopods

Research employing molecular genetic methods conducted during previous EU and
allied projects on European cephalopods uncovered two fundamentally different
patterns of distribution of genetic diversity: (i) genetic homogeneity of populations of
loliginid and ommastrephid squid across large geographical scales; and (ii) distinct
genetic population substructuring over relatively small geographical scales
(hundreds of kilometres) in cuttlefish and octopus species (Shaw et al., 1999; Pérez-
Losada et al., 2002, 2007; Garoia et al., 2004; Dillane et al., 2005; Cabranes et al., 2008).
These data indicate that, whereas highly migratory squid species may be safely
considered to represent single stocks at large geographical scales (certainly at
infranational scales), more sedentary species, such as cuttlefish and octopus, mostly
comprise highly localized genetic stocks. As distinct genetic stocks suggest very low
levels of gene flow (i.e. effective migration) within a species, the observation of
locally structured genetic diversity within some cephalopod species indicates that
such species should be managed on a corresponding local scale.

Previous genetic studies of cephalopods also indicate that no single factor may be
responsible for the observed population substructuring in some species. For example,
the scale and pattern of structuring in Sepia officinalis hints at species life-history
effects on dispersal, such as localized breeding grounds, whereas in Octopus vulgaris,
oceanographic features that affect larval dispersal may be more important.

Existing genetic studies of European cephalopods represent very basic initial surveys
of genetic diversity. A full understanding of the distribution of genetic biodiversity in
these species, and, therefore, the data upon which to base realistic management
models, can only be achieved with further, carefully targeted studies.

Population genetic studies, utilizing a combined approach with microsatellite DNA
and mtDNA markers, of Sepia officinalis, Octopus vulgaris, and Loligo vulgaris should
be conducted in European waters, especially within Mediterranean waters.

o The primary aim for L. vulgaris would be to assess whether regional
genetic differentiation occurs, indicating localized spawning groups, or
whether, like other loliginids, it can be assumed to comprise a single
population or genetic stock, at least throughout Mediterranean waters.

e The primary aim with S. officinalis and O. vulgaris would be to determine
the geographical scale of subpopulation structuring and the relation of
such structuring to geographical distance (i.e. isolation-by-distance
determinants of species dispersal) and/or to oceanographic features (i.e.
distinct physical barriers to dispersal). To achieve these aims for S.
officinalis and O. vulgaris, a hierarchical sampling scheme incorporating
different spatial scales and relevance to oceanographic features would be
required. An ideal combination would be to study both species
simultaneously as a comparative study of the influence of species biology
on stock structuring.

e To provide a complete picture of fished European species, genetic studies
of population/stock structuring should be carried out for Todarodes,
Alloteuthis, Eledone, and Sepia species of commercial or biodiversity
importance.

Population genetic studies can be conducted in isolation, but would be significantly
more powerful in their outcome if combined in a multidisciplinary study alongside
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other population-level methodologies, such as statolith microchemistry or
approaches such as essential habitat modelling.

6.7.8 The role of cephalopods in the ecosystem

In the context of the EAFM, it is important to understand how cephalopods interact
with other ecosystem components, including prey, predators, competitors,
pathogens, and parasites.

6.7.8.1 Ecosystem models

Models of the trophic structure of ecosystems built using Ecopath/Ecosim/Ecospace
(Christensen and Walters, 2000) are a useful tool to explore the consequences of
increased fishing on cephalopods, but few applications to date consider cephalopods
as a distinct functional group (or groups). The Ecopath approach allows
characterization of foodweb structure through integration of disparate ecosystem
information derived from many years of study. Ecosim and Ecospace allow us to
explore various hypotheses about system dynamics as well as potential solutions to
conservation concerns about overfishing. After defining functional groups in the
ecosystem and obtaining a “balanced” model, simulated depletion or removal of
functional groups allows estimation of interaction strengths and “keystone” potential
for each group. Relative interaction strengths in a pristine unfished system are likely
to be quite different from interaction strengths indicated by this present-day model.
The effects of human extraction of food from different trophic levels in the ecosystem
can be tested, as can the consequences of creating protected areas.

Ecopath represents just one tool available to analyse the complex network of trophic
relationships in an ecosystem. Other possible approaches include neural network and
fuzzy-logic models (Wasserman, 1989; Spooner et al., 2002). In general, such tools
create representations of the system that facilitate analysis of the similarities and
differences between complex systems of very different natures, ranging from the
technological to the biological and social.

Complex network, neural network, and fuzzy-logic models of ecosystems all require
historical series of both biological and oceanographic data, and/or data from the
whole ecosystem. Historical data on catches and/or cpue for cephalopods and
accompanying species are essential. This kind of information is contained in
databases that some European agencies, institutes, or organizations have constructed
from research cruises carried out annually over many years in the same geographic
area. Additional information may also be available from some research cruises
undertaken in specific areas (e.g. submarine canyons, deep coral grounds). Making
such databases accessible to the research community should be a future priority.

6.7.8.2 Parasites

One of the main tasks in the study of cephalopod parasites and their effects on
cephalopod stocks is to understand how parasites are being recruited to host
populations. It is generally thought that potentially harmful cephalopod parasites are
those transmitted via trophic interactions, but much more information is needed. It
would be interesting to investigate the parasitic forms present in cephalopod prey,
especially in paralarvae and juvenile cephalopods. Additionally, it would be very
informative to compare the physical and chemical characteristics of water body
masses with the zoogeographical distribution of cephalopod parasites.

Variability in recruitment of parasite infracommunities tends to be associated with
major current systems of the world’s oceans. It appears that instability in water
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masses caused by physical perturbations (e.g. water mass convergence and turbulent
mixing in upwelling systems) is associated with instability of trophic interactions
over time, which in turn leads to a paucity of parasite communities. Various reports
indicate the crucial role of oceanographic processes on the recruitment of different
parasitic aggressors that affect stocks of commercial species (Marcogliese, 2001;
Pascual et al., 2007a) in areas as diverse as the Humboldt upwelling affected by EI
Nifio (Luque and Oliva, 1999), changes in Antarctic ice cover (Agnew et al., 2003), or
the variability of other upwelling systems or productive areas (Esch and Fernandez,
1993). Nevertheless, studies of the larval phases constituting the vector by which the
parasitic infection enters are currently lacking for both cephalopods and fish.
Knowledge of the relationship between parasite recruitment and the oceanographic
regime could be very useful in providing an indicator of ecosystem health, as well as
being relevant to the understanding of the status of fished cephalopod stocks
(Pascual et al., 2007b).

6.7.8.3 Determining trophic relationships using biochemical and molecular techniques

In support of stomach content analysis, both fatty acid and stable isotope analysis
have been used to study the trophic ecology of cephalopods (as reviewed by Jackson
et al., 2007). Although neither technique easily provides detailed data on diet
composition — although quantitative fatty acid signature analysis (Iverson et al., 2004)
has the potential to do so —both are suitable for demonstrating differences and trends
in diet. They can be applied to animals with empty stomachs and provide dietary
information integrated over an extended period, the length of which depends on the
turnover rate of the tissue sampled.

Most stable isotope studies analysed cephalopod species regarding their role as prey
to higher trophic levels (e.g. Hobson et al., 1994; Ruiz-Cooley et al., 2004, 2006).
Several studies, however, have used stable isotopes to investigate the role of
cephalopods as predators. Although analysis was generally carried out on whole
animals or muscle tissue (Takai et al., 2000; Landman et al., 2004; Chen et al., 2008;
Parry, 2008), the most recent studies also successfully demonstrated the usefulness of
beaks (Cherel and Hobson, 2005; Zimmer et al., 2007; Cherel et al., 2009a), gladii
(Cherel et al., 2009b), and shells (Lukeneder et al., 2008) in describing the relative
trophic position within and between cephalopod species. The underlying principle
was that sequential sampling along the growth increments of squid beaks and gladii
can be used to produce a chronological record of dietary information throughout an
individual’s history. Overall, stable isotope studies have identified changes in feeding
with size (Ruiz-Cooley et al., 2004; Cherel and Hobson, 2005; Zimmer et al., 2007;
Lukeneder et al., 2008; Parry, 2008; Cherel et al., 2009b), variations in habitat use
(Landman et al., 2004; Chen et al., 2008), and species migration patterns (Ikeda et al.,
1998; Takai et al., 2000; Cherel and Hobson, 2005; Lukeneder et al., 2008).

Although a large number of cephalopod species have been analysed for their fatty
acid composition, only a few of these analyses were aimed at studying the feeding
ecology of the species (Jackson et al., 2007). The purpose of the earliest studies was to
identify the species energy requirements in the wild (e.g. Jangaard and Ackman,
1965). Recent research focused predominantly on the nutritional requirements of
cephalopods with regard to rearing in captivity (e.g. Navarro and Villanueva, 2003;
Domingues et al., 2004; Almansa et al., 2006) and their nutritional value for human
consumption (e.g. Nakazoe, 2000; Ozogul et al., 2008). Studies investigating the
trophic ecology of cephalopods have used fatty acids as biomarkers to identify
habitat (Phillips et al., 2001, 2003a; Chen et al., 2008), seasonal (Phillips et al., 2003b),
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ontogenetic (Piatkowski and Hagen, 1994; Phillips et al., 2003¢), and between-species
(Rosa et al., 2005) variation in feeding,.

The usefulness of both methods in studying the trophic ecology of cephalopod
species was further verified through several controlled feeding experiments (Hobson
and Cherel, 2006; Stowasser et al., 2006; Fluckiger et al., 2008). As with all techniques,
limitations and technical difficulties have been noted (see Pierce et al., 2004, for a
review). Thus, it is increasingly apparent that differences in stable isotope ratios
between tissues can reflect biochemical and physiological differences rather than
simply differences in turnover, thus undermining the concept that diet is averaged
over different lengths of time in different tissues. For example, the large amounts of
chitin in beaks and gladii are likely to influence their isotopic signatures when
compared with those of soft tissues, and the varying chitin contents within beaks are
likely to affect the interpretation of ontogenetic isotopic variations (discussed in
Cherel et al., 2009b). A promising approach to overcoming the chitin effect is to
undertake compound-specific isotopic analyses of individual amino acids isolated
from cephalopod tissues (e.g. Lorrain et al., 2009).

A limitation of the fatty acid method is that the prey must contain large amounts of
lipids. Also, in some cases, the fatty acid signatures were a modification of those seen
in the fatty prey, necessitating the derivation of “correction factors” if a quantitative
picture of diet was sought. Finally, it is important to note that inferences about
trophic relationships from both the stable isotope and fatty acid methods can be
greatly strengthened by the assembly of reference libraries of the isotopic and lipid
signatures of potential prey of studied predators. Nevertheless, both techniques have
great power to help elucidate trophic interactions and thus quantitatively define the
role of cephalopods in the ecosystem. The most fruitful approach is to combine, for
the same individuals, the direct method of stomach content analysis with the two
complementary indirect methods that are based on protein (stable isotopes) or lipid
(fatty acids) metabolism.

Another suite of techniques developed for, or applicable to, dietary analysis is based
on the identification of species-specific components of prey tissues. This includes the
use of antisera to detect specific proteins, which has been attempted for cephalopods
(Grisley and Boyle, 1988; Kear, 1992), and, more recently, the application of molecular
genetic techniques (e.g. for marine mammals, see Symondson, 2002; Tollit et al., 2009).
DNA-based species identification quantification techniques have been developed for
a range of applications (e.g. plankton identification, Pan ef al., 2008, and references
therein), and the concept of molecular bar-coding continues to be developed,
potentially with applications for cephalopods (Strugnell and Lindgren, 2007). As with
fatty acid and stable isotope techniques, a library of prey species signatures is
essential when applying DNA-based identification to diet analysis, and the use of this
approach for full quantification of the diet is still in the future. However, advances in
techniques, from use of the polymerase chain reaction (PCR) to automated DNA
sequencing, and falling costs should bring these techniques within reach of
researchers studying cephalopod trophic interactions.
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Annex 1 CEPHSTOCK project deliverables

The project deliverables (prefixed D) are listed by workpackage, and most are
unpublished reports. Almost all are multi-authored, and author names are indicated
below if given in the report. Copies of reports may be requested from the authors
and/or workpackage leaders.

WP1  Coordination

Workpackage leader: Graham Pierce (University of Aberdeen, UK)

Deliverable No Deliverable title Delivery date
DI1.1 Annual Progress Report, Year 1 12 months
D1.2 Annual Progress Report, Year 2 24 months
D1.3 Annual Progress Report, Year 3 36 months
D1.4 Final Report 36 months
D1.5 Dissemination Report 36 months

WP2  Fishery databases and GIS for cephalopod stocks
Workpackage leader: Jianjun Wang (University of Aberdeen, UK)

The final GIS and databases (D2.5, D2.6, D2.7) were delivered as CD-ROMs. D2.8 was
a website (unfortunately no longer active).

Deliverable No Deliverable title Delivery date
D2.1 CD-ROM FOR COMMON DATABASES (DRAFT) 24 MONTHS
D2.2 CD-ROM for common GIS outputs (draft) 24 months
D2.3 CD-ROM for GIS routines (draft) 24 months
D2.4 Evaluation version of web interface 24 months
D2.5 CD-ROM for common databases (final) 36 months
D2.6 CD-ROM for common GIS outputs (final) 36 months
D2.7 CD-ROM for GIS routines (final) 36 months
D2.8 Final version of web interface 36 months
D2.9 Report on commercial development of GIS 36 months

WP3  Review and analysis of fishery-environment interactions
Workpackage leader: Vasilis Valavanis (HCMR, Greece)

D3.3 subsumed the content of D3.1 and D3.2, as well as adding new material.

Deliverable No Deliverable title Delivery date

D3.1 Review of modelling studies of cephalopod stock dynamics and 12 months
relationships with environmental factors

D3.2 Summary report on new modelling results 24 months

D3.3 Report on stock trends and fishery forecasting 36 months

WP4  Review of cephalopod stock genetics
Workpackage leader: Paul Shaw (Royal Holloway, University of London, UK)

The content of D4.1, D4.3, and D4.4 was subsumed entirely within D4.2 and D4.5.



166 | Cephalopod biology and fisheries in Europe

Deliverable No Deliverable title Delivery date

D4.1 Draft report on molecular genetics applications In cephalopod 18 months
fisheries

D4.2 Final report on molecular genetics applications In cephalopod 36 months
fisheries

D4.3 Annual summary recommendations for genetic data collection 12 months

D4.4 Annual summary recommendations for genetic data collection 24 months

D4.5 Annual summary recommendations for genetic data collection 36 months

WP5  Review of life cycle, ecology, and movements
Workpackage leader: Uwe Piatkowski (IFM-GEOMAR, Germany)

D5.2 was extended to include reviews of additional, less commercially important
species. D5.3 was merged with D5.2 (the common database) and was provided on a
CD-ROM. D5.4, a compilation of beak size-body size relationships, is currently
available online at http://researchservicesl.qub.ac.uk/BiolBio/.

Deliverable No Deliverable title Delivery date
D5.1a-f Life-history review papers for main species (draft) 18 months
D5.2a-f Life-history review papers for main species (final) 36 months
Ds5.3 Life-history data CD-ROM 36 months
Ds5.4 Beak size-body size CD-ROM 36 months

WP6  Review of cephalopod immunology and physiology
Workpackage leader: Shelagh Malharn (Bangor University, UK)

Deliverable No Deliverable title Delivery date

D6.1 Report and map of nutrient and pollutant distribution In 12 months
cephalopod fishery areas - S. Malham, D. Norris, M. L. M. Jones, J.
Latchford, J. King, S. Seixas, P. Bustamante, J. Wang, and G. J.

Pierce

D6.2 Report on diseases in cephalopods- S. Malham, J. Latchford, S. 24 months
Seixas, P. Bustamante, and S.Pascual

D6.3 Report on methodology for testing immuno-competence-S. 36 months
Malham, M. L. M. Jones, J. Latchford, S. Seixas, P. Bustamante, and
G. J. Pierce

WP7 Review of cephalopod culture and capture fisheries
Workpackage leader: Noussithé Koueta (University of Caén, France)

The two final deliverables (D7.3, D7.4) were combined in a single report. D7.3 also
included a series of annexes.

Deliverable No Deliverable title Delivery date
D7.1 Status report on European cephalopod fisheries (draft) 18 months
D7.2 Prospects for cephalopod culture (technical aspects; draft) 18 months
D7.3 Status report on European cephalopod fisheries (final) 36 months
Annex 1 The Moray Firth Directed Squid Fishery-G. J. Pierce, 1 A. G. Young,

G. Stowasser, M. B. Santos, J. Wang, P. R. Boyle, P. W. Shaw, N,
Bailey, L Tuck, and M. A. Collins

Annex 2 Cuttlefish Fisheries in the Coastal Zone of Normandy-V. Legrand,
P. Freitas, L. Challler, J. Royer, and J. P. Robin
Annex 3 The Galician Glllnet Fishery in San Simon-F. Rocha, A. Guerra,, A.

F. Gonzalez, and S. Cervifio


http://researchservicesl.qub.ac.uk/BiolBio/

ICES Cooperative Research Report No. 303

Annex 4 Artisanal Fisheries Off South Coast of Portugal, Algarve-T. C
Borges and J. Sendao

Annex 5 Characterization of the Artisanal Cephalopods Fisheries off
Spanish South Atlantic Region (Gulf Of Cadiz): Fishing Gear and
Methods -1. Sobrino and L Silva

Annex 6 Review of Cephalopod Culture and Capture Fisheries: The Italian
Situation-Patrizia Jereb and Sabrina Agnesi

Annex 7 Review of cephalopod fisheries in the Greek Seas- E. Lefkadltou,
S. Kavadas, G. Petrakis, D. Koutsoubas, A. Chllarl, and J. Nikolaou

Annex 8 Falklands Fishery - A. G. Payne and D.J. Agnew

Annex 9 Spanish Cephalopod Fisheries in West Africa (Eastern Central

Atlantic)-Eduardo Balguerias Guerra

D7.4 Prospects for cephalopod culture (technical aspects; final) 36 months

WP8  Socio-economic review of cephalopod fisheries

Workpackage leader: Joao Pereira (IPIMAR, Portugal)

Deliverable No Deliverable title Delivery date
D8.1 Socio-economic report on European cephalopod fisheries (draft) 18 months
D8.2 Prospects for cephalopod culture (socio-economic aspects; draft) 18 months
D8.3 Socio-economic report on European cephalopod fisheries (final) 36 months
D8.4 Prospects for cephalopod culture (socio-economic aspects; final) 36 months

WP9  Data collection requirements for stock assessment

Workpackage leader: Marina Santurtun (AZTI, Spain)

Deliverable No Deliverable title Delivery date
D9.1 First report on data collection protocols 12 months
D9.2 Second report on data collection protocols 24 months
D9.3 Third report on data collection protocols 36 months

WPI10 Stock status reviews

Workpackage leader: Jean-Paul Robin (University of Caén, France)

Deliverable No Deliverable title Delivery date
D10.1 Outline stock status reports 12 months
D10.2 Draft stock status reports 24 months
D10.3 Final stock status reports 36 months

WP11 Stock assessment workshops

Workpackage leader: Adam Payne (Renewable Resources Assessment Group,
Imperial College, London, UK)

D11.3 comprised the special issue of Fisheries Research edited by David Agnew, Adam
Payne, and Graham Pierce, arising from the 2004 stock assessment workshop.

Deliverable No Deliverable title Delivery date
D 11.1 First assessment workshop report 24 months
DI11.2 Second assessment workshop report 36 months

DI1.3 Review and results of stock assessments 36 months
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WP12 Fishery management recommendations

Workpackage leader: Joao Pereira (IPIMAR, Portugal)

Deliverable No Deliverable title Delivery date
D12.1 Summary report on management regimes 24 months
D12.2 Report on management recommendations 36 months

WP13 New research priorities

Workpackage leader: Graham Pierce (University of Aberdeen, UK)

Deliverable No Deliverable title Delivery date

D13.1 Research priorities 36 months

D13.2 Framework 6 RTD proposals) 36 months
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Annex 2 CEPHSTOCK project publications

A2.1 Journal special issues

Koueta, N., Andrade, J. P, and Boletzky, S. v. (Eds). 2006. The cuttle Sepia officinalis. Vie et
Milieu, 56(2): 69-201.

Pierce, G. J., Portela, J. M., and Robin, J-P. (Eds). 2005. Environmental effects on cephalopod life
history and fisheries. Aquatic Living Resources 18: 325-400.

Payne, A. G., Agnew, D. J,, and Pierce, G. J. (Eds). 2006. Trends and Assessment of Cephalopod
Fisheries-Proceedings of the CEPHSTOCK Cephalopod Assessment Workshop. Fisheries
Research, 78:1-106.

A2.2 Journal papers

Challier, L., Royer, J., Pierce, G. J., Bailey, N., Roei, B. A., and Robin, J-P. 2005. Environmental
and stock effects on recruitment variability in the English Channel squid Loligo forbesi.
Aquatic Living Resources, 18: 353-360.

Chen, C. S, Pierce, G. J.,, Wang, J., Robin, J-P., Poulard, J. C., Pereira, J., Zuur, A. F., et al. 2006.
The apparent disappearance of Loligo forbesi from the south of its range in the 1990s: trends

in Loligo spp. abundance in the northeast Atlantic and possible environmental influences.
Fisheries Research, 78: 44-54.

Georgakarakos, S., Koutsoubas, D., and Valavanis, V. D. 2006. Time series analysis and
forecasting techniques applied on loliginid and ommastrephid landings in Greek waters.
Fisheries Research, 78: 55-71.

Payne, A. G., Agnew, D. J, and Pierce, G. J. 2006. Foreword: Trends and assessment of
cephalopod fisheries. Fisheries Research, 78:1-3.

Pierce, G. J,, Portela, J., and Robin, J-P. 2005. Foreword: Environmental effects on cephalopod
life history and fisheries. Aquatic Living Resources, 18: 325-326.

Pierce, G. J., Zuur, A. F., Smith, J. M., Santos, M. B., Bailey N., Chen, C-S., and Boyle, P. R.
2005. Interannual variation in life-cycle characteristics of the veined squid (Loligo forbesi) in
Scottish (UK) waters. Aquatic Living Resources, 18: 327-340.

Pierce, G. J., Valavanis, V. D., Guerra, A., Jereb, P., Orsi-Relini, L., Bellido, J. M., Katara, 1., et al.
2008. A review of cephalopod—environment interactions in European Seas and other
world areas. Hydrobiologia, 612: 49-70.

Rosa, R., Pereira, J., Costa, P. R., and Nunes, M. L. 2006. Distribution, abundance, biology, and
biochemistry of the stout bobtail squid Rossia macrosoma from the Portuguese coast.
Marine Biology Research, 2:14-23.

Royer, J., Pierce, G. J., Foucher, E., and Robin, J-P. 2006. The English Channel stock of Sepia
officinalis: modelling variability in abundance and impact of the fishery. Fisheries
Research, 78: 96-106.

Seixas, S., Bustamante, P., and Pierce, G. J. 2005. Interannual patterns of variation in
concentrations of trace elements in arms of Octopus vulgaris. Chemosphere, 59:1113-1124.

Semmens, J. M., Peel, G. T., Villanueva, R., Jouffre, D., Sobrino, 1., Wood, J. B,, and Rigby, P. R.
2004. Understanding octopus growth: patterns, variability and physiology. Marine and
Freshwater Research, 55: 367-377.

Smith, J. M., Pierce, G. J., Zuur, A. F., and Boyle, P. R. 2005. Seasonal patterns of investment in
reproductive and somatic tissues in the squid Loligo forbesi. Aquatic Living Resources, 18:
341-351.

Valavanis, V. D., Kapantagakis, A., Katara, 1., and Palialexis, A. 2004. Critical regions: A GIS-
based model of marine productivity hotspots. Aquatic Sciences, 66:139-148.
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environmental modelling approach to essential fish habitat designation. Ecological
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Villanueva, R., and Bustamante, P. 2006. Composition in essential and non-essential elements
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DCR
DML
EAFM
EFH
ENSOI

EnviEFH

GIS
IBD
IBTS
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ML
NAO
PAH
PCB
POC
POP
RO
SST

WGCEPH

administrative authorization

average engine power

Regional Fisheries Council

the European Community's Data Collection Regulation
minimum landing size

ecosystem approach to fisheries management
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persistent organic compound
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