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The Giant Squid

This deep-sea cephalopod 1s so seldom seen, dead or alive, that it

seems mythical. Numerous specimens have, however, been studied,

and they have begun to reveal the animal’s anatomy and its ecology

by Clyde F. E. Roper and Kenneth J. Boss

scribes a sea creature of “vast pulpy

mass, furlongs in length..., long
arms radiating from its center and curl-
ing and twisting like a nest of anacon-
das.” He apparently had in mind the
giant squid; his description reflects the
meager information that was available
about the animal in his time. Indeed,
until the crew of a French warship sight-
ed one in 1861 and managed to haul in
part of it the animal was quasi-mythical.
Even now, when a considerable number
of specimens have been reported, the gi-
ant squid (weighing up to 1,000 pounds
and having an overall length of some 18
meters, or nearly 60 feet, if the tentacles
are extended) remains largely mysteri-
ous. No living specimen has ever been
maintained in a research institution or
an aquarium. Most of what is known
comes from strandings, when the squid
is dead or dying; from capture by fisher-
men of animals that soon died, and from
specimens removed from the stomach
of toothed (fish- or squid-eating) whales.
On the basis of this information one can
state what a mature giant squid looks
like and can say quite a bit about its
internal anatomy. On other matters,
such as its habitat and method of repro-
duction, one can offer only educated
guesses based on what is known of relat-
ed oceanic squids.

Teuthologists, the specialists who
study cephalopods (the group of marine
animals that includes the squid, the cut-
tlefish and the octopus), have placed
the giant squid by itself in the genus Ar-
chiteuthis of the family Architeunthidae.
Nineteen nominal “species” have been
described, some solely on the basis of
individual parts of the animals. Until re-
cently the tendency was to classify near-
ly every find as a new species. Although
authorities differ, it has been suggested
that the 19 nominal species can in fact
be encompassed by only three: Archi-
teuthis sanctipauli in the Southern Hemi-
sphere, A. japonica in the northern Pacif-
ic and A. dux in the northern Atlantic.
Some evidence, based mainly on the
relative size of the head and the outline
of the caudal fin, has been marshaled
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In Moby-Dick Herman Melville de-

to indicate that as many as five species
live in the Atlantic, two in the northern
Pacific and several more in the south-
ern Pacific.

In 1980 a specimen of medium size—
about 10 meters in total length—was
stranded on Plum Island in Massachu-
setts. The animal was preserved and was
displayed for several months at the New
England Aquarium in Boston, It is now
in Washington at the Smithsonian In-
stitution’s National Museum of Natu-
ral History, where it is being studied
in detail. The study provides much of
the data for the following description,
in which we adhere to the standard meth-
od for avoiding ambiguity about ana-
tomical positions by relying on the
terms dorsal for back or top, ventral
for front or bottom, caudal for at or
near the tail, anterior for forward, pos-
terior for rearward, proximal for near a
reference point and distal for far. The
normal swimming position of the giant
squid is horizontal, so that the animal’s
dorsal side 1s at the top and its ventral
side is at the bottom.

The giant squid’s cylindrical head
may reach nearly a meter in length; it
is connected to the body proper by a
“neck” bearing a circumferential collar
or sheath with a dorsal locking cartilage.
A crown of eight thick, muscular arms
and two very long and thin but muscular
tentacles surrounds the buccal (mouth)
apparatus and extends from the anteri-
or end of the head. (Cephalopod means
head-foot.)

Although the arms are proportionate-
ly long in young individuals, they are
relatively much shorter than the ten-
tacles in adults. An arm may attain a
circumference of 50 centimeters at the
base and a length of three meters. Each
arm bears on its inner surface low,
weak and sometimes scalloped protec-
tive membranes that border two rows of
suckers. The suckers gradually decrease
in size distally until at the tip of the arm
they are merely tiny knobs.

The two ventral arms in males are
hectocotylized, that is, specialized to fa-
cilitate the fertilization of the female’s
eggs. With them the male transfers sper-
matophores to the female in mating.

ADULT GIANT SQUID can be as much as 18 meters (60 feet) long and can weigh as much as
450 kilograms (1,000 pounds). This drawing is based on numerous specimens or parts of them
that have been drawn, photographed or preserved over the past century. The squid in the draw-




These arms differ among species in their
length and diameter and in the extent of
their modification for the mating fune-
tion. Distally the arms bear, as continua-
tions of the two rows of suckers, two
rows of rectangular pads separated by a
deep furrow.

The two tentacles, with which the
squid seizes its prey in a motion rather
like the thrusting and closing of a pair of
pliers, are about 25 centimeters in cir-
cumfercnce at the base and can reach a
length of more than 10 meters. The stalk
of a tentacle is barc along the base; alter-
nating small suckers and adhesive knobs
may appear farther along its length. The
suckers and knobs increase in size and
frequency toward the club: the slightly
expanded distal end of the tentacle. The
manus, or palm, of the club has four
rows of finely toothed suckers. The larg-
er medial ones (in two rows) are about
two and a half times the diameter of the
smaller ones in the marginal rows. The
diameter of a tentacular sucker may
reach 5.2 centimeters. The distal end of
the club, the dactylus (finger), is pointed
and attenuated but is covered with hun-
dreds of small suckers.

All the suckers of a giant squid arc
shaped like a suction cup. Each sucker is
set on a muscular pedicle, or short stalk,
that can be moved by the animal. The
perimeter of a sucker is rimmed by a
sharply toothed ring of chitin (the hard
material that forms the outer covering
of many crustaceans and insects) that
adheres to the surface of the prey when
the sucker is applied. No specialized
hooks appear in place of suckers, as they
do in certain other oceanic squids.

Imprints or scars from squid suckers
have been found on the skin of sperm
whales and even in their stomach. The
diameter of these scars has been var-
iously exaggerated, sometimes to as
much as 20 centimeters (eight inches).

ing is depicted seizing a fish by thrusting out its long tentacles as it at-
tacks, propelling itself forward by squirting water through the back-
turned funnel that is visible below the eye. By appropriately turn-

Such reports have led by extrapolation
to a distorted estimate of the maximum
length of giant squids. The most reliable
evidence suggests that the average diam-
eter of the suckers on the arms is about
2.5 centimeters and that the maximum
diameter is 5.2 centimeters, the size
sometimes found on a tentacular club.

he mantle, or body, of the giant

squid is more or less narrowly conc-
shaped. It tapers to a bluntly pointed
tail. In adults a short, stout, taillike pro-
jection extends beyond the fins; juve-
niles do not have it. The fins are flexible
but not strongly muscular, suggesting
that they serve as stabilizing vanes.

As a modification, of the molluscan
foot a large, muscular funnel rises ven-
trally behind the head at the anterior
end of the mantle. With it the squid pro-
pels itself by squirting water out of its
mantle cavity. The funnel is highly mo-
bile, so that the squid can dart forward,
backward, up, down or to the side. In-
side the funnel is a flaplike valve that
prevents the backflow of water between
squirts. Ventrally at the base of the fun-
nel on each side is a groove of cartilage
that interlocks with corresponding carti-
laginous ridges on the inner surface of
the mantle when the squid is expelling
water. This funnel-locking mechanism
prevents water from escaping around
the neck, forcing all the water to go
through the funnel.

The giant squid also has a translucent
internal supportive structure variously
called thc gladius or the pen. It is the
remnant of an archaic internal calcare-
ous shell that is still found in more prim-
itive cephalopods such as the cuttlefish.
The gladius lies in a sac in the muscula-
ture of the mantle, extending posteriorly
from the anterior edge of the mantle to
the taillike posterior extremity. It func-
tions as a skeletal rod for the attachment

of muscles and as a supporting staff for
the elongated body.

The multilayered integument that en-
velops the body, the head and the arms
is a dark purplish red to maroon dorsal-
ly and slightly lighter ventrally. The col-
or of the dorsal and ventral surfaces of
the arms is less intense than that of the
lateral ones. The color arises not only
from a background pigmentation but
also from a layer of chromatophores:
pigment-bearing cells that can change
the coloration of the integument by ex-
panding or contracting. In the squid
the chromatophores probably serve to
modify the color of the integument ac-
cording to behavioral requirements or
changes in the amount of light in the
water. The internal surface of the man-
tle and some of the viscera also have
dark reddish pigmentation, an uncom-
mon feature in oceanic squids. Photo-
phores, or bioluminescent organs, are
not known in Architeuthis.

The giant squid’s eyes are enormous,
larger than the headlights of an auto-
mobile. With a diameter approaching
25 centimeters (10 inches), they are
the largest eyes in the animal kingdom.
They are positioned laterally on the
head and are circular in outline. Each
eye has an adjustable lens and a dark iris
but no cornea.

The mouth is at the center of the cir-
cular crown of arms. Powerful chitinous
jaws, encased in a muscular mass and
capable of rotation and protrusion, are
utilized to bite prey into chunks of a size
suitable for swallowing. These parrot-
like beaks, which can be more than 15
centimeters in length, consist of upper
and lower mandibles. The strong upper
mandible bears a pointed and acute-an-
gled rostrum that forms a cutting edge
with the lower mandible, which char-
acteristically has a short, blunt rostrum
and rounded winglike extensions. By

ing the funnel the squid is able to move in any direction. In the class
of cephalopods the giant squid is placed in the genus Architeuthis;
the number of species in the genus has yet to be firmly established.
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careful examination the isolated jaws
of individual squid species can be dis-
tinguished from those of other species.
Hence it is possible to identify the other-
wise unrecognizable digested contents
of whale stomachs and the inclusions
in ambergris, the waxy substance made
by the sperm whale to enable it to

purge itself of indigestible squid beaks.

The radula, or rasping tongue, is a
characteristic feature of moliusks and
usually consists of a long cuticular rib-
bon bearing transverse rows of chitin-
ized teeth with cusps of various shapes.
In Architeuthis the radula is small for an
animal of such huge proportions. It is
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MOUTH AND EYE of the giant squid are among the animal’s note-
worthy features. The powerful heak consists of chitin, the hard ma-
terial that forms the external covering of many crustaceans and in-
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nonetheless impressive compared with
the radulas of other mollusks, being
about 100 millimeters long and a little
more than 10 millimeters wide. Each
row has a three-cusp central tooth and
three smaller teeth on each side. Food
bitten into chunks by the jaws is forced
into the buccal cavity by the bolting
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pen, is a fairly stiff structure that serves as a supporting rod for the
animal’s long bhody aud also as a point of attachment for muscles.
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sects. With its heak the squid cuts its prey into pieces it can swallow.
The eyes of the giant squid are the largest in the animal kingdom,
each one heing approximately 25 centimeters (10 inches) in diameter.

CLUB END OF A TENTACLE of the giant squid is distinguished
hy a manus, or palm, where the tentacle hecomes slightly wider, The
manus has four rows of finely toothed suckers, the larger ones heing
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ahout five centimeters in diameter and the smaller ones ahout two
centimeters. Each sucker can be moved. One sucker and its toothed
chitinous ring are shown abhove the end of the tentacle at the left.
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movement of the radula. In addition
many minute backward-sloping den-
ticulations (the pharyngeal teeth) in
the cuticle lining the pharynx facilitate
swallowing and ensure that food moves
inward to the alimentary canal.

The alimentary canal continues into a
muscular esophagus that forces food by
peristaltic contractions into the thick-
walled stomach and the associated ce-
cum. Digestive enzymes are secreted by
the massive salivary glands and by the
single medial “liver,” or digestive gland,
and the anterior pancreas. Assimila-
tion is further advanced in the cecum.
Wastes pass through the short intes-
tine and out through a flapped rectum,
which discharges near the internal open-
ing of the funnel. The wastes are flushed
out through the funnel with the water
expelled for propulsion.

The squid obtains oxygen through a
pair of long gills, which have many
(sometimes more than 100) of the lamel-
lae, or leaflets, that are the basic struc-
tures for the exchange of oxygen and
carbon dioxide. Another feature is the
ink sac characteristic of most squids. In
the giant squid the sac is large and elon-
gated, with a long duct that empties into
the rectum. The black, mucous ink is
thought to serve the giant squid as the
ink of other squids does when it is ex-
truded through the funnel in an escape
reaction, that is, it maintains a cohe-
sive shape resembling that of the squid,
presumably confusing a predator as the
squid jets away.

Afemale squid produces enormous
numbers of whitish eggs. The eggs
are relatively small, being from .5 milli-
meter to 1.4 millimeters long and .3 to .7
millimeter across. One specimen carried
more than 5,000 grams (11 pounds), or
perhaps a million eggs.

The female reproductive apparatus
consists of (1) a single median ovary,
lying posteriorly in the visceral mass;
(2) paired, convoluted oviducts through
which the mature eggs pass out into the
mantle cavity, and (3) large nidamental
glands, which manufacture a gelatinous
mass that envelops the eggs in the man-
tle cavity. The site and method of fertil-
ization are not known, but presumably it
takes place as the mature eggs leave the
oviducts. Whether the eggs float in the
ocean or are attached to the ocean bot-
tom is also not known, but it seems like-
ly that they float in huge gelatinous mas-
ses because this mode is characteristic of
all other known oceanic squids. The
females of many shallow-water squid
species have a receptacle for spermato-
phores below the mouth, but no such
structure is found in Architeuthis fe-
males. Morcover, no spermatophores
have been found implanted in female
giant squids, although such implanta-
tion (in the mantle cavity or at the open-
ing of the mantle near the neek) is com-
mon in other oceanic squids.

SPECIALIZED ARM of the malc squid serves for transferring spermatophores to the female.
Two of the male giant squid’s eight arms are specialized in this way; they are called hecto-
cotylized arms. They are distinguished by two rows of rectangular pads (in place of suckers).

RADULA, or tongue, of the giant squid is shown at an enlargement of 22 diameters in this
scanning electron micrograph. The teeth slope toward the back of the squid’s mouth and as-
sist the movement of food into the esophagus. The entire radula is about 10 centimeters long.

LT £

SUCKER SCARS of a giant squid appear on the skin of a sperm whale, the chief predator of
Architeuthis. Such scars, made when a squid fought to escape from the whale, have often been
cited as evidence for squids of monstrous size. Sincc a scar grows as the wbale grows, how-
ever, scars are unreliable evidence for the size of thc squid unless they are known to be recent.
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The males are externally differentiat-
ed from the females by their two hec-
tocotylized arms. The testis consists of
a white filamentous mass embedded
posteriorly in the visceral mass. The
spermatophores, long tubes filled with
sperm, are manufactured in the com-
plex spermatophoral apparatus, which
1s on the left side anterior to the testis.

The long, thin-walled spermatophoral
sac (often called Needham’s sac because
it was first discovered and described
by John Turberville Ncedham) with its
basal seminal vesicle is attached to the
visceral mass along the left side of the
intestine in the mantle cavity. As such
structures go it is enormous, reaching
a length of a meter and serving as a
storage chamber for hundreds (perhaps
thousands) of spermatophores packed
parallel to one another.

The distal extension of Needham’s
sac is often termed the penis, but that is
probably a misnomer because the struc-
ture seems not to be an intromittent or-
gan. Even in a small mature male it may
be some 80 centimeters long and may
protrude as much as 5.5 centimeters be-
yond the free edge of the mantle. The tip
of the “penis” is mushroom-shaped and
has in it a ventral slit about 15 millime-
ters long.

The spermatophores range between
10 and 20 centimeters in length, appar-
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ently varying in total length and in the
size of the constituent parts depending
on the species and the stage of develop-
ment. As in other squids, the spermato-
phore of Architeuthis has a proximal
thread and cap, a springlike ejaculatory
cell, a cement body and a distal sperm
mass enveloped by a tunic. An external
coating of jelly that envelops the sper-
matophore is peculiar to Architeuthis.

It is likely that the giant squid, like
other squids, has a mechanism whereby
the cap and thread are pulled, much like
the pin of a hand grenade, triggering the
release of the tightly coilcd ejaculatory
apparatus and cjecting the sperm-con-
taining capsule and the cement body.
The cement body functions as an ad-
hesive mechanism to attach the sperm
mass in or near the mantle cavity of the
female. Males apparently become sexu-
ally mature quite early; specimens with
a mantle length of less than a meter have
been found to have completely formed
spermatophores.

Even though a giant squid is notably
large and heavy out of the water, it
is quite buoyant in the water. The buoy-
ancy is due to the relatively high con-
centration of ammonium ions (NH,*)
in the musclcs of the mantle, head and
arms. The concentration of ammonium

ions probably explains why dead or dy-
ing squids rise to the surface and are
often washed ashore. Ammonium ions
have a specific gravity of 1.01, which is
lower than that of seawater (1,022 at a
depth of 50 meters and a temperature
of 28 degrees Celsius). Without the am-
monium ions the tissues of the squid
are heavier than seawater, their average
spccific gravity being 1.046, but with
them the animal can maintain its level in
the water without having to expend en-
ergy by constant swimming.

A side effect of this characteristic is
that a freshly stranded giant squid is
made unpalatable by the strong, bitter
taste of ammonia. In fact, the first ob-
servation that Adrchiteuthis concentrates
ammonium ions in certain muscles was
made by three tcuthologists, including
one of us (Roper), who cooked a piece
of giant squid for a party celebrating the
completion of a doctoral examination.
Subsequent analysis of the tissue con-
firmed the observation.

Although certain scholars have de-
scribed Architeuthis as a strong swim-
mer, that is probably not the case. It is
true that some oceanic squids are spec-
tacular swimmers, but compared with
them Architeuthis has a poorly devel-
opcd musculature, In addition its fins
are relatively small and weak, and the
locking apparatus of the funnel is con-
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sightings are less reliable, since at a distance an observer might mis-

DATA ON THE GIANT SQUID have come mainly from strand-
take another kind of large squid for a giant squid. In addition to these

ings and from specimens found in the stomach of sperm whales, The
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STRANDED GIANT SQUID was washed ashore on Plum Island in
Massachusetts in 1980, It was an adult of medium size, about 10 me-
ters in total length. Most of the skin was worn off by the sand, and the

siderably less complex and powerful
than the one in the strong swimmers.
Little is known about what the giant
squid eats. Most of the specimens col-
lected have an empty stomach; if the
squid were not sick and “off its feed,” it

data there are 148 other records, mostly from
near Japan and the southern tip of Africa.

would have been unlikely to come to the
surface or to be stranded. Even when
something is found in a squid’s stomach,
the chances of identifying it are slim be-
cause the beak and the radula reduce the
prey to small pieces and the digestive
enzymes work fast.

Nevertheless, various workers have
guessed or apparently observed that Ar-
chireuthis feeds on small fish and large
invertebrates such as other cephalo-
pods. The few published accounts based
on remnants of food found in the stom-
ach of giant squids indicate that the ani-
mals do indeed feed on fish and other
squids. Since Architeuthis appears to be a
relatively poor swimmer, it presumably
is a somewhat passive and sluggish pred-
ator, unable to chase and capture large,
active prey.

As for the predators of the giant
squid, the principal one is the sperm, or
cachalot, whale, Physeter catodon. Im-
mature giant squids are eaten by certain
mid-water fishes. Notwithstanding the
limitations of Architeuthis as a swimmer,
it is formidable in size and dexterity and
has arms that are heavy, suckered and
highly motile. The large eyes, represent-
ing an efficient detection system, and the
ink sac are among the giant squid’s pro-
tective mechanisms.

In the literature of giant squids one
occasionally finds an account of a bat-
tle between a giant squid and a sperm
whale at the surface of the sea. We must
surmise that such a struggle is an at-
tempt by the squid to escape from the
whale rather than an attack on the whale
by thc squid. The scars of giant-squid
suckers on the skin around the mouth
and head of sperm whales attest to the
reality of these battles.

Sperm whales prey on numerous
kinds of fish, crustaceans, octopuses and

tentacles (along with the tips of some of the arms) were missing. An
indication of the size of the animal is given by the human footprints
in the foreground and the sceashells on the smooth part of the beach.

squids, but much of their diet consists
of Architeurhis. Although only a few
giant-squid beaks may be found in a
sperm whale’s stomach along with hun-
dreds of beaks from other squid species,
the sheer size of a single giant squid
may take up a third of the volume of a
whale’s stomach. The fact that a sperm
whale’s gut is usually found to con-
tain large numbers of other prey but
only one Architeuthis suggests that gi-
ant squids may be solitary animals, ex-
cept possibly during the mating period.

Much has been written about the
maximum size attained by Archi-
teuthis, with assertions of total lengths
exceeding 75 meters. There is no firm
evidence for such assertions. The usual
basis for them is the size of sucker scars
on whales, but since a scar grows as a
whale grows, it is unreliable evidence
for the size of a squid unless it is demon-
strably recent.

The largest specimen recorded in the
scientific literature measured approxi-
mately 20 meters in total length. (It was
stranded on a beach in New Zealand in
1880.) A significant part of this length,
probably from 10 to 12 meters, consist-
ed of the tentacles, which in a dead squid
are notably elastic and easily stretched.
In all other squid species the length
of tentacles is always regarded as an
imprecise component of measurement.
The largest giant-squid mantle lengths
known to us are in the range from five
to six meters, the largest head lengths
about one meter.

Even with the fairly large number of
records of Architeuthis now available, it
is still impossible to identify the precise
habitat of this elusive animal. Most of
the records come from strandings and
from the stomach contents of sperm
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whales, neithcr of which givc direct in-
formation about habitat, Sperm whales
are known to feed in the depth range
from 10 to 1,000 meters, and there is
strong evidence that they go as deep as
2,000 meters. It isclear from their stom-
ach contents that they feed partly along
the bottom. Hence the Architeurhis indi-
viduals in sperm-whale stomachs could
havc been captured in mid-watcr or on
the bottom. An cducated guess, support-
cd by the rccord of Architeuthis tissue
recovercd from the stomach of a dcep-
sca shark captured on the boitom at
1,246 meters near the Azores, is that as
adults giant squids live near or on the
bottom at a depth of about 1,000 me-
ters. Even this evidence is indircct, how-
ever, because some specics of bottom-
living fishes and sharks often come off
the bottom to fccd.

It is remarkablc that few giant squids
have been caught in fishing nets. A few
captures have been madc in nets being
trawlcd along the bottom at depths of
from 200 to 375 meters. Since the spec-

imens were reported to be alive at the
time of capture, wc must assume that
they werc in or near their natural habi-
tat, probably on the bottom but possibly
in mid-water when the net was being
hauled in.

On the other hand, a fresh 12-foot
scction of a giant squid’s tentacle was
brought up 150 miles off thc coast of
California by a mid-water trawl at a
depth of 600 meters over a bottom
dcpth of 4,000 meters. Sightings of giant
squids swimming at the surface havc
been reported from off Newfoundland
ncar the Grand Banks, where the water
is less than 100 meters deep. and from
the central Pacific over depths exceed-
ing 4,000 meters. In recent years spec-
imens of Architeuthis have been found
in the vicinity of the Hawaiian Islands,
whcre thcre is virtnally no continental
shelf and the bottom drops off sharply
to scveral thousand meters.

Then there are the strandings. Many
of the specimens arc washed ashore
dead, but enough are so fresh (or cven

barely alive) as to indicate that they
were alive not too long before or too
far from where they came ashore, Still,
large squids, like large whales, may be
alive when they are stranded but may
also be far from their normal habitat
because they are sick.

The fact that so few giant squids are
captured in nets is intriguing, particular-
ly now that huge mid-water and bottom
trawls are deployed by commercial fish-
ermen and by research vessels. Do the
squids detect the approach of a net and
avoid capture, as so many other oceanic
cephalopods do? Or do they live in habi-
tats not normally entered by commer-
cial fishermen or exploratory biologists
because they are known to be unproduc-
tive, like the middle depths of the open
ocean, or because they are too rocky and
craggy and therefore dangerous to nets,
like the deep canyons and edges of con-
tinental slopes? The fact that such qucs-
tions still have to be asked about giant
squids indicates how much remains to
be learncd about them.
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