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At present, world-wide traditional finfish stocks are
decreasing due to overfishing and environmental
changes (Caddy and Rodhouse, 1998). In response,
cephalopods have gained increasing attention as an
alternative to the traditional marine harvest and will
gain a much larger importance in the future to supply
mankind with marine living resources. In fact, total
cephalopod landings have steadily increased since
1950s, peaking in 1997 at more than 3.3 million
tonnes (FAO, 2000; Fig. 1).

Although increased cephalopod landings may
partly reflect increased market demand, particularly
in the Far East nations, there is evidence that over-
fishing finfish stocks has positively affected cephalo-
pod populations. Data from fifteen FAO key areas
reveal that, with the exception of the north-east Atlan-
tic, cephalopod landings have increased significantly
over the last 25 years, while groundfish catches have
risen more slowly, remained stable, or declined
(Caddy and Rodhouse, 1998). Species replacement
has been suggested as an underlying factor in chan-
ging fishery patterns in the Saharan Bank fishery, with
cephalopods replacing sparids as the main target
species (Balguerias et al., 2000).

Despite these economic and ecological key posi-
tions of cephalopods, their overall role in the marine
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environment, their significance as food resources for
higher trophic levels such as marine mammals and
birds, and their impact as predatory consumers of
finfish and invertebrates are only beginning to be
studied (Clarke, 1996a). In comparison with other
marine groups, such as crustaceans, fishes or marine
mammals, ecological studies on cephalopods are strik-
ingly sparse. Two major shortcomings are responsible
for this: (1) cephalopods are difficult to catch and
mostly taken as by-catch in surveys targeting other
taxa; (2) they have complicated life cycles and dis-
tribution patterns which are only roughly understood
for a few species. Consequently, it is of great impor-
tance to intensify field and laboratory studies on
trophic interrelationships where cephalopods are
involved, because they will help to elucidate cepha-
lopod ecology and form the basis for further ecosys-
tem modelling.

Among the terms of reference addressed by the
International Council for the Exploration of the Sea
(ICES) Working Group on Cephalopod Fisheries and
Life History during the last decade, one focused on
trophic interrelationships in which cephalopods are
involved. This work resulted in a Theme Session on
Impact of cephalopods in the food chain and their
interaction with the environment which was held at the
1998 ICES Annual Science Conference in Cascais,
Portugal. The topics that had been proposed for
this session included all aspects of cephalopod
feeding ecology, the importance of predators of cepha-
lopod stocks, in particular marine mammals, and the
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Fig. 1. Cephalopod world catch (from FAO, 2000).

interactions between cephalopod stocks and the phy-
sical environment. Another important subject was the
human influence on cephalopod stocks due to fishing.
Of the 43 presentations given at this Theme Session,
seven plus three additional papers were chosen for the
present volume to cover research on cephalopod
trophic ecology from all parts of the world’s oceans.
This issue is not meant to summarise our present
knowledge of cephalopods in the world’s oceans.
Instead, it illustrates specific aspects of the role of
cephalopods in marine food chains, one of the major
subjects of current research on cephalopods. The 10
papers can be divided into three broad topics: (a) the
abundance of cephalopod stocks; (b) their importance
as food for predators and (c) their importance as
consumers.

Knowledge of the biomass and production of cepha-
lopod stocks is fundamental to understand their impor-
tance in energy and material flow in marine
ecosystems. Indeed, a second volume arising from
the 1998 Theme Session focuses on environmental
influences on cephalopod abundance (Balguerias et al.,
2000; Dawe et al., 2000; Koueta et al., 2000; O’Dor
and Hoar, 2000; Sakurai et al., 2000). “Cephalopod
production and biomass” was also the theme of an
international symposium held in Aberdeen (UK) in
July 2000 under the auspices of the Cephalopod
International Advisory Council (CIAC).

Two papers in the present volume highlight the pro-
blems associated with measuring and understanding

changes in the distribution and abundance of cepha-
lopod populations. Denis and Robin (this issue) exam-
ine French data on the cuttlefish fishery in the English
Channel. In common with many cephalopod fisheries,
this fishery has by-catch (trawl) and directed (artisanal
coastal trap nets) components. Seasonal patterns in the
fishery data are shown to reflect the underlying migra-
tion patterns and (short) lifecycle of the species and it
is concluded that data from trawl fishing can provide
abundance indices. This is important because few
European countries (with the notable exception of
Portugal) direct research survey effort at monitoring
cephalopod abundance. The application of GIS and
spatial statistical techniques has highlighted the pat-
chy spatial distribution of abundance in cephalopod
stocks. Consequently, overall stock abundance may be
a poor predictor of the local importance of cephalo-
pods, and predators and prey. Research on factors
underlying spatial distribution tends to emphasise
the role of environmental factors (e.g. Pierce et al.,
1998; Waluda and Pierce, 1998) but such relationships
are difficult to quantify. The paper by Bellido et al.
(this issue) shows how relatively recent developments
in statistical methods, specifically generalised additive
models can help to quantify the non-linear empirical
spatial relationships found between local cephalopod
abundance and environmental variables. It also pro-
vides a framework under which both spatial and
temporal (in this example seasonal) patterns could
be modelled simultaneously.
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The importance of many cephalopod species as
predators is not well-known, in part reflecting pro-
blems in collecting good data. The beak of cephalo-
pods is used to bite the prey into small pieces so that
hard parts, which are usually needed for identification
of prey species are often rejected causing potential
bias in estimation of diet. Cephalopods may also feed
“unnaturally” in the presence of sampling gear, eating
fish captured in the net as well as exhibiting canni-
balism (see Rodhouse and Nigmatullin, 1996, for a
recent review).

In the Northern Atlantic, various studies have quan-
tified the diet and food consumption of squids (Macy,
1982; Breiby and Jobling, 1985; Maurer and Bowman,
1985; Collins et al., 1994; Pierce et al., 1994; Rocha
et al., 1994; Pierce and Santos, 1996; Rasero et al.,
1996; Coelho et al., 1997; Dawe et al., 1997; Lordan
et al., 1998; Piatkowski et al., 1998). There are also a
few such studies on cuttlefish (Castro and Guerra,
1989, 1990; McQuaid, 1994; duSel and Daguzan,
1997; Blanc et al., 1998; Koueta and Boucaud-Camou,
1999). In octopods, more attention has been given to
predatory behaviour than diet per se (Nixon, 1979;
Guerra and Nixon, 1987; Grisley et al., 1996, 1999;
Runham et al., 1997; Fiorito and Gherardi, 1999),
although diets have been studied, e.g. using serologi-
cal methods (Boyle et al., 1986; Grisley and Boyle,
1988). Studies on predatory behaviour of other cepha-
lopods include Porteiro et al. (1990) and Nicol and
O’Dor (1985) for squid and Bergstrgm (1985) and
Guerra et al. (1988) for sepioids. The present volume
includes results from a new study of the diet of the
commercially important ommastrephid squid Illex
argentinus from the SW Atlantic (Mouatt et al., this
issue). The most important prey were crustaceans
(hyperiid amphipods and euphausiids), especially in
smaller size classes of squid, although there was
evidence of cannibalism in larger individuals. Feeding
apparently occurred mainly around dusk, although dos
Santos and Haimovici (1997) recorded feeding activ-
ity in this species during both the day and the night off
Brazil.

The remainder of this special issue concerns the
role of cephalopods as prey, for various predators in
different parts of the world. The role of smaller fish
as predators of cephalopods is probably less well-
understood than the role of sharks, swordfish, birds
and mammals, although this topic was recently

reviewed by Smale (1996). Previous large-scale stu-
dies in the ICES area have suggested that cephalopods
are a relatively minor part of fish diet (ICES, 1988;
Hislop et al., 1983, 1991; Daan, 1989; Hislop, 1997)
and with the notable exception of Hislop et al. (1991),
cephalopods eaten were usually not identified to spe-
cies. However, from the perspective of their effect on
cephalopod populations, such interactions could be
very important.

Daly et al. (this issue) enumerated the cephalopod
prey in stomach contents of 17 demersal fish species in
UK waters. The cephalopods were found to be mostly
species of little or no commercial value and small
adult body size, e.g. Sepiolidae, Alloteuthis spp.,
although some small Loligo spp. were also recorded.
Generally, as found in previous work, cephalopods
were a minor component of the diet. The data were
used to estimate Loligo consumption by cod Gadus
morhua in UK waters. Although the estimate is based
on a small data set and some assumptions must be
made to complete the calculations, amounts of post-
recruit squid eaten by cod could be of the same order
of magnitude as recent population estimates for Loligo
in UK waters (Pierce et al., 1996). Velasco et al. (this
issue) quantified cephalopods in the stomach contents
of 27 species of fish from the southern Bay of Biscay.
As was the case in UK waters, cephalopods formed
only a small proportion of the diet of most species,
although in large specimens of monkfish Lophius
piscatorius cephalopods comprised 17% (by volume)
of the diet. Both small cephalopods (Sepiolidae, Allo-
teuthis spp.) and larger species (e.g. the squids Illex
coindetii, Todaropsis eblanae and Loligo spp.) were
recorded. The incidence of Alloteuthis spp. and octo-
pods in fish stomachs was correlated with the abun-
dance in surveys of these species, although this was
not the case for other cephalopod categories.

There have been many more previous studies on the
role of cephalopods in the diets of seabirds (e.g.,
Rodhouse, 1989; Furness, 1994; Piatkowski and Piitz,
1994; Cherel and Weimerskirch, 1995, 1999; Cherel
and Klages, 1998; Cherel and Kooyman, 1998; Rod-
house et al., 1998; Imber, 1999) and marine mammals
(notably numerous papers by Malcolm Clarke and
co-authors). Three new reviews on predators of cepha-
lopods are collected in Clarke (1996a), covering
seabirds (Croxall and Prince, 1996), seals (Klages,
1996) and cetaceans (Clarke, 1996b).
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Piatkowski et al. (this issue) describe the cephalo-
pods eaten by king penguins Aptenodytes patagoni-
cus) in the Falkland (Malvinas) Islands during the
austral winter, showing that the diet includes squid of
coastal and oceanic waters, with the ommastrephid
squid Martialia hyadesi being the most important in
terms of biomass. This squid species is now targeted
by commercial fisheries and the authors discuss the
potential impact of the fishery on king penguins.

Mori et al. (this issue) recorded squids from the
stomach contents of northern fur seals Callorhinus
ursinus in the western and central North Pacific. The
most important squid prey numerically was Watasenia
scintillans. The size of squid taken suggested that fur
seals targeted mature female squid migrating into
shallow waters off Japan for spawning.

Dos Santos and Haimovici (this issue) catalogued
the instance of cephalopods in stomachs of marine
mammals along the Brazilian coast. A wide range of
cephalopod species was recorded, with a greater
diversity being found in diets of mammals from off-
shore waters as compared to those from inshore
waters.

Bjgrke (this issue) reviews information on the
amounts of the Arctic squid Gonatus fabricii eaten,
in Norwegian waters, by sperm whales Physeter
macrocephalus, northern bottlenose whales Hyperoo-
don ampullatus, long-finned pilot whales Globice-
phala melas and hooded seals Cystophora cristata.
The importance of this squid as a source of food for
sperm whales and northern bottlenose whales may
help to explain the presence of these mammals in
Norwegian waters. It may be noted that Gonatus
spp. have also been identified as an important part
of the diet of Greenland halibut (Reinhardtius hippo-
glossoides) off the Atlantic coast of Canada (Dawe
et al., 1998).

Santos et al. (this issue) reviews both published and
previously unpublished data on the amounts of cepha-
lopods eaten by sharks, swordfish and sperm whales in
different parts of the world, making calculations based
on various assumptions about diet, energetic require-
ments and population sizes of the predators. The
traditional approach was based on comparison of
results from “minimum” and ‘“maximum’ figures,
but now modern computer sampling techniques (spe-
cifically, the bootstrap) allow estimation of confidence
limits for amounts of cephalopods eaten. The example

given for the latter methodology is based on dietary
data for sperm whales in the NE Atlantic, taken from
Santos et al. (1999). Although confidence limits
appear discouragingly wide, the computations are
useful to show where the data are most imperfect,
allowing research priorities to be identified.

As most recently highlighted by the CIAC Sympo-
sium on Cephalopod Biomass and Productivity, there
is world-wide interest in the large biomass of cepha-
lopods in the global oceans, and its importance in
marine food webs, especially at higher trophic levels,
and to major international and regional fisheries. The
papers collected in this issue demonstrate that this is
an active and vigorous research field.

One key point is that, in short-lived fast growing
species such as squid, the standing crop (biomass) per
se is not necessarily a good indicator of the level of
predation or exploitation that may be supported by a
population, since the rate at which biomass is gener-
ated must also be considered. In most cephalopod
populations, the entire standing crop is replaced every
year (see Boyle and Boletzky, 1996). A corollary of
the lack of “‘buffering” in cephalopod populations is
that abundance may fluctuate widely from year to
year, so that predators — and fisheries — must be
able to turn to alternative resources in years of low
abundance. Most of the studies in the present volume
report “‘snapshots’ of the trophic interactions taking
place and a target for future investigations will be to
understand the dynamics of predator responses to
fluctuations in the abundance of cephalopod popula-
tions, particularly in those predators (such as sperm
whales) that apparently specialise in feeding on cepha-
lopods.
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