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The role of cephalopods in the world’s oceans: general

conclusions and the future

MALCOLM R. CLARKE

‘ Ancarva’, Southdown, Muillbrook, Torpoint, Cornwall PLI10 IEZ, U.K.

1. INTRODUCTION

In this volume we have considered the problems of
investigation special to cephalopods. Almost all our
knowledge of their general biology is restricted to the
shelf-living, muscular, negatively buoyant (the
Loliginidae and Octopodidae) or gas-supported species
(the Sepiidae and Nautilidae) and members of the
Ommastrephidae which move on to the continental
shelves at certain seasons. These species of the
continental shelves comprise only about 159%, of all
cephalopod genera and live in water of less than 300 m
depth, which covers only 69, of the Earth’s surface.
They do not represent the majority of cephalopod
species or much of their total biomass; 859, of genera
are spread in the upper 2000 m and across the bottom
of the deep oceans, which occupy 66 %, of the Earth’s
surface. Over 409, of these genera are neutrally
buoyant by oil or chemical means and may have very
different lifestyles from the forms we know from shallow
water. Improvement of our knowledge of the ecology of
deep water forms is hindered by our poor direct
sampling methods and rests largely upon sampling
from stomachs or regurgitations of the predators that
eat cephalopods.

Although studies on anatomy and physiology show
that cephalopods have evolved many mechanisms in
parallel with fish (Packard 1972), from the complex
information assembled here we can conclude that
muscular cephalopods are different from other nekton,
including fish, in many details of their biology and
ecology (Boyle & Boletzky, Rodhouse & Nigmatullin,
Wells & Clarke). Their populations show wide fluctu-
ations of abundance (Boyle & Boletzky), largely
because they usually grow rapidly to maturity, in one
or two years, they carry few food reserves (Rodhouse &
Nigmatullin), have little overlap of generations and
their migratory patterns make them particularly
susceptible to changes in oceanographic conditions.
On the other hand, they show great resilience to
fluctuations in conditions by their capacity to vary
their growth rates, extend their breeding seasons, vary
the depth of their spawning grounds and maintain
complex recruitment patterns (Boyle & Boletzky).

Cephalopods in general have developed special
means to collect sufficient nutrients to fuel their growth
and high metabolic activity in an environment having
seasonal fluctuation in food and a varying biomass
spectrum (Rodhouse & Nigmatullin). They maintain a

capacity to take small food while increasing the
maximum size they eat during growth. As Rodhouse &
Nigmatullin have shown, by their development of arms
with adhesive structures, cephalopods have effectively
expanded their food collection apparatus from the
mouth to such proportions that they can capture, hold
and devour animals approaching or even exceeding
their own size. This has considerable advantages over
the mouth of the fish and changes our usual concept of
the nutrient chain progressing through ever larger
animals. Cephalopods have a capacity to catch, ingest
and digest animals of most phyla in their environment,
and can switch from one to another as required. They
migrate to optimum feeding grounds, but this increases
their demand for energy. They are regular cannibals
and thus obtain access to food accumulated through
several mouths, from several size groups of food
organisms and this may, perhaps, facilitate migrations
through areas which are deficient in food organisms of
other phyla (Boyle & Boletzky).

2. SIZE OF CEPHALOPODS

Consideration of the role of cephalopods should not
neglect reference to their size. Reference to the giants
of 20 m is usually considered against a background of
inshore species comparing to middle-sized fish of
500 mm or so. Midwater oceanic fish and cephalopod
species are usually thought of as small. However, while
most of the midwater fish have maximum lengths less
than about 200 mm, the majority of the cephalopods in
midwater, the ommastrephids, histioteuthids, octo-
poteuthids, cranchiids, etc. mature at much larger size.
While the fish and cephalopods caught by midwater
research nets, between mouth areas of 7 m? and 50 m?,
look roughly the same size, the majority of the fish are
mature and the majority of the cephalopods are very
young stages. It is difficult to quantify the marked
difference between midwater fishes and cephalopods in
this respect, but figure 1 shows an attempt for species
caught off Madeira. The comparison is made between
the maximum fork lengths of the fish species and the
maximum lengths from the tips of the arms to the apex
of the body of the cephalopods (often called ‘standard
length’; they are calculated here from mantle lengths
and are regarded as a more realistic length to compare
with the fish length, as much muscle usually lies in the
arms and head). The large pelagic species, such as
tuna, sharks and billfish, lie above 1000 mm, while
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Figure 1. A histogram of the maximum lengths, extracted from the literature, of 76 fish species (fork lengths; open
squares) and 62 cephalopod species (standard lengths derived from mantle lengths; closed squares) occurring in
midwaters off Madeira. The fish above 1000 mm are represented by the large pelagic fishes such as sharks, tunas,
swordfish, billfish and sailfish and there may be a few more than the 11 species shown.

most of the midwater fish lie below 100 mm. Most
cephalopods lie between these groups.

That this is so is also supported by the comparison of
net-caught cephalopods with specimens of the same
families collected from sperm whale stomachs (Clarke,
figure 1, p. 979), which shows the large gap between
the sizes of cephalopods caught in nets and the sizes of
cephalopods in the same waters. It is therefore very
likely that cephalopods comprise a much greater part
of the biomass in midwater than is recognized in most
models of the oceanic biota. This biomass might equal
or even exceed that of fish.

3. ENVIRONMENTAL IMPACT

Boyle & Boletzky draw attention to our lack of
detailed knowledge on the effect that the presence and
migration of cephalopods has on the distribution of
chemicals and energy. For example, the annual
movement of hundreds of millions of ommastrephid
individuals, during phases of high growth, on to the
Continental shelves of the world must make an
enormous mass available as food for neritic species of
many phyla, as well as removing a much greater
biomass when they return to deep water to spawn.
These cephalopods are the basis for the main fisheries
of the world, so we have some slight idea of the
magnitude of their effect, but we have no idea of the
causes of their natural fluctuations.

The impact on their animate environment of
shoaling, migrating squids and even perambulating
octopods, can be very considerable. They include in
their food many commercial species (Rodhouse &

Phil. Trans. R. Soc. Lond. B (1996)

Nigmatullin). Although impact by large squids may be
more recognized, there is no doubt that the impact of
the more numerous, more voracious and more active
early stages must have a greater effect. Juveniles may
consume up to 72 9, of their body weight per day and
they attack the smaller stages of the commercial stocks.
A strange feature of our sampling is that only rarely do
our samplers collect paralarvae and they provide little
evidence for their prodigious numbers and immense
impact.

An estimate of the consumption by squids worldwide
is 2-4 x 10° t (Rodhouse & Nigmatullin). Overall, the
squids greatly exceed the octopods in importance,
although muscular octopods on the shelves and
neutrally buoyant, pelagic and bathy-benthic octopods
are widespread and, in some regions and in some years,
their numbers may reach plague proportions and have
devastating effects on local commercial crustaceans
(Rodhouse & Nigmatullin).

Little has been done on any chemical concentrating
mechanisms special to cephalopods, although Caurant
(1995) noted that squids are well known as cadmium
accumulators and may be a significant source of this
element to their predators.

4. PRESENT AND POSSIBLE FUTURE
EXPLOITATION

The total world catch of all fisheries went from
65.2mt in 1970 to 98.1 mt in 1994, showing an
increase of 50 9,, while in the same period cephalopod
catches went from 1 mt to 2.8 mt, showing an increase
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Figure 2. (a) Comparison of world landings of all commercial marine species (closed squares) and the cephalopod
landings (closed diamonds). (Extracted from FAO statistics.) (b) Trends in the landings of cephalopods by major
categories: oceanic squid (closed diamonds), octopus (closed aquares), cuttlefish (closed triangle) and neritic squid

(crosses). (Extracted from FAO statistics.)

of 1809, (figure 2). The composition of the catch of
cephalopods in this period shows the importance of
‘oceanic squid’, but nearly all these are ommastrephids
with Todarodes pacificus and Illex argentinus by far the
largest components. While an increase in catch of the
exploited families probably will take place, as the
current level of fish stocks reduce, their increase is likely
to be achieved by expansion of the fisheries into the less
fished regions of the oceans which are evident in figure
3. However, eventually man is likely to turn to other
species and other families to replace fish stocks which
overfishing may reduce irreversibly.

We should ask which species of cephalopod might
become of interest to man for food? As touched on by
Croxall & Prince, Klages, Clarke and Smale, there is
clear evidence, mainly from estimated consumption of
their predators, that there are large cephalopod

Phil. Trans. R. Soc. Lond. B (1996)

resources in the open ocean available for exploitation.
Table 1 lists the medium to large cephalopods with
large populations already exploited or with potential
for exploitation, including the deep-water species.
Because their tissues contain ammonia, many oceanic
squids are distasteful and only likely to be valuable for
industrial processing. However, experiments are being
carried out to remove this defect on a commercial scale.
The ommastrephids, which are already the greatest
contributor to the shelf commercial cephalopod
fisheries, and include a few species not moving into
shelf waters, have no ammonia and good firm flesh.
Four Atlantic species:  Sthenoteuthis  pteropus,
Ommastrphes bartrami, Martialia hyadesi and Todarodes
sagittatus; four Indo-Pacific species: Sthenoteuthis
oualaniensis, Ommastrephes bartrami, Nototodarus philipinen-
sis and Dosidicus gigas; and the circum-polar, sub-Ant-
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Figure 3. (a) World distribution of cephalopod catches, neritic (open squares) and oceanic (closed squares).
(Extracted from FAO statistics.) (b) Estimated total landed (closed squares) and values (open squares) of selected

marine groups. (Extracted from FAO statistics.)

arctic Todarodes filippovae have large unexploited or
underexploited populations. Their capture in deep
water will need minor developments in catching
technique, but major effort in detection techniques to
find where they congregate for feeding and spawning.
Very large increases in tonnages of high quality
cephalopods could result. Experiments with gill-netting
proved successful near sea mounts but has now been
banned. The only other oceanic families with high
quality flesh and large populations are the Thysano-
teuthidae, Gonatidae and Pholidoteuthidae. Thysano-
teuthis produced a very large catch with drift-jigging in
the North Pacific (up to 100 million yen in value) and
gonatids are widespread in the Arctic and North
Pacific and can be caught by development of present

Phil. Trans. R. Soc. Lond. B (1996)

methods. Pholidoteuthis, however, is among many others
listed in table 1 which are probably living on the
Continental slope in canyon areas which man has
failed to fish effectively. None of these are catchable
without major development in fishing techniques and
nearly all of them would need processing. Before these
are utilized, catching the cosmopolitan Histioteuthidae
could be considered. This family is a major contributor
to many diets of oceanic cetaceans, birds, seals and fish
from the Arctic to the Antarctic. They shoal in
midwater mainly at 200-800 m but no method has yet
been designed to catch them in large numbers,
although they are sluggish. However, one large
commercial catch has already been made in the North
Atlantic (Okutani, personal communication).


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

1109

M. R. Clarke

Conclusions and the future

Jopun pooS wuy w gy X sisdoreuon)
Jopun pooS wiy w g X sIyInalkieg
0009 Iapun pooS wiy w gy X X X X snjeuon) Jepneuos)
parojdxa 10U jou  3jos w | X X X X sorads o] 1noqe SIYINSIONSIE QepIYINAIONSIH
0061 peordxa 10U pooS 'ssod  3j0s w g X uorwey  SIYINAI0YIAUOSIA sepuydULI)
0s1 paropdxa 10u poos wiy w g X X snoruodel-jeatoq SIINIOY2AU)
parofdxs jou poo8 ‘ssod  uwury w g 10N )sNqOI STYINIIOIOA.
paropdxa jou poo$ 'ssod wuay w | X X X uosqox SIYINAIOIOJA.
w 00g (panunuodsIp syUNOWeas
panojdxa jou ¢ os w g X eurwWISUO[ RIAOYEPUOY]  EPIYINNOYIAUQ) Mopq 1940 Sunidu JWos)
Jopun X PooS AmAa  wiy  w g'[ X X X snquoyx sInajouesAy], depryinajouesiyy,
parordxa 10U poosS wuy w g/Q X X X seaoddry sopoIepoJ,
00081001 Iopun X pooS  wuyy w g 1sBaYINOG seS1s SNOIPISO(]
00§ paropdxa jou pooS wuy w ¢/Q X X sIsua[UE[eno
0062-0091 parojdxs 10u pooS wuy w | X sndoxard STYINIOUYIS
(1ySneo
w (0% M3J AJoA sjunowress
anoqe pue sadojs uo umeds
08% Jopun X poo8 wuy w g X X X Tureqeq soydonsewrnr(y  oeprydomsewrui(y uajjo Aewr) I2)BMPIW JIUBIDO
parojdxa 10U jou way  wg(Q X X X sopads ¢ RIUSMOYIND
paro[dxs jou jou  uLy w | X X X [e19A38  eIYOURIDO[ESIA QepryoueI)
parofdxa jou jou  yos w /() X X X up{ysnuiye SIYINAIOPAY epIYINAIOPAY
parofdxs jou pooS 'ssod  wuy w | X X X sapads g SIINAIOPIOYJ  ePIINAIOPIOYJ
parofdxa jou jou  os  w G| X X X nprewis snpnatopidory  deprpnaroprdoy
parojdxs 10u jou  )jos w g X X X Jruep erdurue I,
parofdxa jou jou  Pyos WG X X X esoSnr sipuajodoloy  aepryimarodorng
parofdxa jou jou  Jos  w (g X X X [eI2A28 STINIYIIY QEPIYINAIYIIY
parofdxa jou ou Ap8 wg X X X syour sasodoqry seprsodofy
parodxs j0u pooS uuy ur | X X X M3 sndAjodAyreg
w 00§
parodxa jou pooS uuy w | X X X X M3y sndojooyiueg aepipodoldy MOTaq
(1ySneo 1ou spodoreydad)
w )0G (suoAued ur ‘wonoq
Iopun X pooS wuy w | X X X Auewr o801 seprursiory roddn uo) sadofs [eaudUNUOd
parordxa j0u poos wuy w g/ Q JsoMYINOg 159peAY RI[ENIBIA
Iopun X pooS uwuy w0 X Jeue[qa sisdorepo],
Arojoejsnes X poos wuy ur g0 1seq nopuIod
Asooejsnes X pooS wuy w oFQ 159MYIN0g snunuaSie
1980 X pooS wiy w o§Q JSOMYIION STISOIGAII[T X9[[L
Jopun oS eUIYD) sisuaurddryd
K1o1oejsiyes X 7N ueo[s
A1oyoejsres X eIsE[RNSNY 1p[nos SNIEPOIOION
ITopun pooS wuy w 6.0 X snyenses
Surra021/1980 X pooS wuy w g/ Q quIoN snoygroed soporepo], oeprydensewrwi(y
Iopun X pooS wuy w g X X X soads ¢ siyinajordog
Jopun X pooS uuy w | X X X Auewr o8ro1 seprurso|
Iopun X pooS  wuy w | X X X Auewr erdog sepndog
Jopun X pooS wuy wg > X X X sorads g sndoQ seprpodoloy SIAJOYS [€IUAUNUOD
10001 X uoneyoidxs snae jsnpur Aipiquered  ysop  |aSus[ OnMOIY dndJeIuy  UBD() URIPUL oywed  onuepy sorads snuaf Aqrurey w21$4s009
J01S PILWISI
SOLIDYSLY py

d viouan:

40

SNOILDVSNVYIL
TVOIHAOSO1IHd

suoyvingod 251wy Swavy spodoppydas 254v) o wmpapy "1 dqe],

d-

ALITOOS

VAOY HHL

40

SNOILDVSNVYL
TVOIHdOSOT1IHd

Phil. Trans. R. Soc. Lond. B (1996)


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

1110 M. R. Clarke Conclusions and the future

The increased utilization of these oceanic species
might have very far-reaching effects on the oceanic
ecosystem and much caution should be exercised
before such developments take place. The short life
cycles and terminal spawning of many cephalopods
may make heavy exploitation during particular seasons
more devastating to the stocks than for longer living
fish species but, on the other hand, it might make
planning of less destructive exploitation easier.

5. THE ROLE OF CEPHALOPODS

In this issue we have shown the importance of
cephalopods as predators and as food of top predators
in and above the sea, particularly the deep oceans of
the world. Population mass estimates are preliminary
but commensurate with fish.

One way of assessing the role of cephalopods in the
sea is to ask, “What would happen if cephalopods were
removed or even just reduced?’ To attempt this we
must first know the position in the energetic heirarchy
held by cephalopods, mainly squids, in the oceans.

The contributions by Croxall & Prince, Klages,
Clarke and Smale summarize their position in outline.
Muscular cephalopods generally derive energy from
crustaceans in their early lives and from fishes, up to

large fish
tunas, billfish
broadbills, etc.

.. MUSCULAR

i3 SQUIDS

:: ommastrephids
i loliginids

‘1 juveniles

their own size, in their later lives. They also cannibalize
their own species and other cephalopods (Rodhouse &
Nigmatullin).

Many oceanic birds, particularly petrels, prey on
larval and juvenile squids but a few of the larger birds,
such as albatrosses, take larger stages. Muscular squids,
as they become sub-adults and mature, are consumed
by large fish, like billfish, broadbills and tunnas, and
marine mammals including sperm whales, beaked
whales and elephant seals (The papers on predation).
These cephalopods are the fast food store for the large
oceanic predators. They convert and concentrate slow-
and fast-growing oceanic resources rapidly into high
energy food for large predators. By taking full
advantage of high seasonal fluctuations in production
for their own growth during their annual or biannual
lives, they provide a ready and steady long-term supply
for their predators. On the other hand, the neutrally
buoyant squids such as the Histioteuthidae, Octo-
poteuthidae and Cranchiidae probably greatly out-
weigh the muscular squids and also provide energy to
the same predators but not over the Continental
shelves. The energy per mass of these may be as little
as one half the energy of muscular squid (Clarke et al.
1985), but their total biomass and stored energy
probably greatly exceeds those of muscular squids in
the deep oceans. The papers on predation show what

marine
mammals

/- BUOYANT, NON-
MUSCULAR SQUIDS

predator

small fishes of all sizes up to
the length of the cephalopod

myctophids, etc.

A

midware crustaceans and other small
¢ organisms

Figure 4. A summary of the role of cephalopods in the world’s oceans and seas as expressed by their position in the

energetic heirarchy.
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eats these low energy cephalopods but we have almost
no information of their food, their energetics, their
growth or their life cycles and spawning. We do not
even know where they spawn or what the spawn looks
like.

Loss of energy from the ‘cephalopod level’, which
does not reach the top predators and mainly enhances
the energy of the benthic ecosystem, includes some
from death at spawning, unhatched or consumed
spawn, scraps as a biproduct of their feeding (e.g. fish
heads), shedding of mucus, etc. and loss in faeces
(Wells & Clarke). All this may considerably enhance
productivity of the benthos in specific areas.

From figure 4 and the fact that most top predators
include fish as well as muscular and buoyant cephalo-
pods in their food, we can make tentative predictions of
the effects of removal of cephalopods from the
Continental shelves and the deep ocean. Removal of
cephalopods from the shelves would have local
influences on the muscular Loliginiidae, Sepiidae,
Sepiolidae and Octopodidae; some crustacean and fish
populations would increase because of the removal of
these predators and others would decrease because a
high energy source would disappear. Annual pro-
duction would probably be reduced. The balance of
species would change, but cephalopods represent only
a small part of shelf life. Destruction of the other family
occurring on the shelf seasonally, the Ommastrephidae,
would have a much wider effect because they spend
most of their lives in the deep ocean. Their serious
reduction, as has happened in Todarodes pacificus and
Dosidicus gigas from over-fishing or climatic changes
must have very broad, but, as yet, unquantifiable
effects on oceanic life. The removal of muscular
cephalopods from the deep ocean would substantially
reduce the food choice of many odontocetes, some
pinnipedes, some large fish and many oceanic birds.
They might be able to increase their predation on non-
muscular squid and small fishes but, in either case, the
energy aquired might not repay the extra energy
required to gather the prey, and removal of cephalo-
pods is likely to lead to reductions in these top predator
populations. If the muscular cephalopods were re-
moved by fisheries and then followed by removal of
buoyant squids, impact on top predator populations
would be greatly increased; over large areas of the
deep oceans, populations of small midwater fish like
myctophids would increase, and populations of the top
predators, particularly cetaceans and seabirds globally
and seals and fishes regionally, would decrease.

At present we can only look at the problem locally,
but to take one example, in the Antarctic the annual
consumption of odontocetes is estimated at 14.4 mt and
the squid taken by beaked whales alone are calculated
to eat about 24 mt of krill, approaching the 33 mt of
krill consumed by penguins (Kasamatsu & Joyce
1995). What if the Eastern cephalopod-eating nations
managed to fish out Dosidicus gigas in the south east
Pacific, Todarodes sagittatus in the North Atlantic or
Ommastrephes bartrami and Histioteuthis spp. from the
open ocean? What if all cephalopods disappeared or
even just certain families in certain areas? Would we
lose all the teuthophages such as Physeter, Globicephalus,

Phil. Trans. R. Soc. Lond. B (1996)
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Grampus, some seal species, some shark and tuna
species, some albatross and penguin species? Or could
some of these adapt to heavier fish-eating? We might
assume the predators eating both fish and cephalopods
would readily change to more fish. Where would these
come from — the shelf or the deep sea? Ultimately,
certainly the shelf, with consequent large losses to
commercial fish stocks. Apart from that, there are
already held to be some indications that as shelf-living
fish stocks go down due to over-fishing, cephalopod
catches go up (Boyle & Boletzky).

Perhaps of more academic interest is what would be
the effect on parasite cycles if cephalopods were
reduced? Are they so specific that the cephalopod
predators may become healthier with large reductions
in certain secondary hosts? Does the enormous pro-
duction of eggs protect the parasites from serious
reduction even if the hosts are much reduced in
numbers?

6. THE FUTURE

The extension of cephalopod fisheries to include
more oceanic species offers a chance to improve our
knowledge by riding on the improvements in sampling
that the industry can implement. But the industry must
be made to recognize its own position as just another
predator and its long-term dependence on a better
understanding of the role of all cephalopods in the
ocean. It must resist the temptation to regard the
current target species as the only one of interest and as
independent from its predators, its food and the
complex structure it enhances. More cooperation
between the industry and environmental biologists is a
basic requirement for sustaining the industry and
increasing our knowledge of the role of cephalopods.

Methods outlined in the papers on predation show
the importance of cephalopods in the marine biosphere.
They also illustrate the intangible nature of the results.
Any but the most general conclusions are hampered by
temporal, regional and sampling variations. Is there
any point in continuing such investigations now that
we have general pictures, if all we can hope to obtain
is more of the same? There is still much to be learned
about cephalopods by continuing such food analyses,
but further progress will be greatly enhanced if
substantial parts of well-defined ecosystems are studied
in detail over several years. As a first attack, trophic
links between the fish, cephalopods and vertebrate
predators should be studied within representative
areas. A start has been made for the Antarctic (e.g.
British Antarctic Survey work quoted by Croxall &
Prince and Klages), but while most studies have the
same ultimate aim, concerted effort in smaller areas
should be more illuminating. Areas could be (a) round
an oceanic island group (e.g. Azores, Galapagos
Islands), (b) over parts of the continental slope (see
work off South Africa) or (¢) in well-defined seas or
bays. We desperately need to know more about the
ammoniacal, neutrally buoyant cephalopods, part-
icularly the Histioteuthidae, Octopoteuthidae and
Cranchiidae, their growth rates, conversion rates and
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food. The methods of using beaks of cephalopods and
otoliths of fish need to be further refined and this can
best be achieved by studies within the areas selected
(e.g. Smale et al. 1993).

Only such studies can provide the data for more
sophisticated modelling of cephalopods in the
ecosystem and a full understanding of their role,
together with predictions of the affects of their
exploitation. Man will certainly exploit cephalopods to
an increasing degree. Before he develops techniques
efficient in the open ocean, it is essential that a much
better understanding of the likely effects is obtained so
that some basis for regulation can be used in argument.
In view of the difficulties confronting international
regulation, the only safe way forward is to seek
agreement to an international moratorium on oceanic
cephalopod fishing until more research can form a
basis for rational exploitation. If exploitation extends
further into the deep ocean it will be very difficult to
control or stop. The balance of the planet’s marine life
is at stake and all nations could be affected.

From this issue we can begin to see the role of
cephalopods in the oceans, but much more work on all
aspects is required and we hope that this will give a
stimulus to fill in the detail and progress with the
methodology. Probably the greatest gap in our

Phil. Trans. R. Soc. Lond. B (1996)

knowledge concerns all aspects of the biology of
neutrally buoyant oceanic squids which we only really
know are there from predators’ stomach contents, we
can only catch in small numbers and we cannot keep
alive.
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