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Study of luminous Cephalopoda I
Luminous Squids belonging to the Ommastrephidae

Y0 K. OKADA*

Dibranchiate cephalopods include a large number of photogenic species, though their
distribution among the different groups is by no means uniform. ‘‘From time to time
lists of luminous cephalopods have been published. Hoyle (1908) recorded 33, species,
of which 30 are oegopsids and 3 are myopsids. Chun (1910) ennumerated 39 luminous
oegopsid squids. The best list is by Berry (1920), a detailed and valuable compilation of
the known species at that time. According to this list, of 173 species of oegopsid, 99
species or 57% are photogenic, while of 224 myopsids 27 species or 119 are photogenic.
Only one or two of the 195 species of octopod are luminous.”” (quoted from E.N. Harvey’s
Bioluminescence. 1952, p 269).

For the past several years I have investigated luminous cephalopods with special in-
terest, but have not published the results except for some preliminary notes. I had an
intention, if occasion comes, to make a comprehensive review of this subject, but being
aware that it would be difficult to complete such a voluminous work within a limited
span of time owing to the pressure of daily business and the handicap from old age,
I decided to confine the scope of this report to the least-known luminous oegopsid family,
the Ommastrephidae.

Ommastrephids are a large family in the oegopsid section of the dibranchiate cepha-
lopods, comprising about 10 genera and 20 species, among which the following 3 species
have been confirmed as luminous or at least to possess the organs for light production.

1. Hyaloteuthis pelagicus (BOSC)

This squid is widely distributed north and south of the equator in the Atlantic as
well as in the Pacific. In the area around Japan, however, it is held to be a rather rare
species, having only been captured off Satsuma at the southern end of Kyushu, off the
Bonin Islands, and in Tanabe Bay of the Kii Peninsula. This observation is based on
the specimen obtained at the last mentioned locality, which is about 7cm in the dorsal
length of mantle. Although no luminescence of this squid was recorded, the ventral
surface of its mantle shows 19 characteristic maculae, which are generally considered as
photogenic organs. Fig. 1 shows the arrangement of those organs, four at the mantle
edge, the others in regular sequence up to the posterior end of the mantle. In the head
region a pair of similar structures are found; one for each of the ventral arms at the
base. According to the recent report by W. Adam (1957), another photogenic macula
lies about 1/3 upward from the base of ventral arm on the right side, which escaped
the author’s observation probably because of carelessness. However, taking into con-
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sideration the arrangement of photogenic organs in the head region as well as on the
mid-ventral surface of ventral arms of Eucleoteuthis, to be mentioned in the next sec-
tion, it is no wonder that Hyaloteuthis has a photogenic organ in the middle of the
ventral arms, except for the fact that it lies on the right-hand side arm only.
Individual photogenic maculae are spherules, about 2mm in diameter, of the same
quality and shape, and each has a central whitish core of 0.5 mm, which, on histological
examination consists of two parts: the central part, finely granulated and deeply stainable
by haematoxylin, and the nuclei-rich and non-stainable peripheral zone which surrounds
the former. Existence of numberless blood vessels suggests a photogenic nature of this
part, and moreover, muscle fibers in its proximal region are arranged in a layer form-
ing a light-reflecting device, and connective tissues covering the distal surface are
transformed into a fan-shaped light-dispersing apparatus. One will see more clearly
the structure of the photogenic organs in the accompanying figures (Pl. XV Figs. 1-3).
Though each organ has slight differences in detailed structure according to its location,
the photogenic organs of Hyaloteuthis are of similar construction throughout the whole
body, and one of the most characteristic features is lack of pigment layer in them. This
applies not only to Hyaloteuthis, but also to Eucleoteuthis mentioned below, and it seems
to be one of the general characteristics of light organs of this group of squids. Deve-
lopment of photogenic tissue quite deep in the subcutaneous muscle may be one of the
reasons for the absence of pigment layer in the photogenic organs of the Ommastrephidae.

2. Eucleoteuthis luminosa (SASAKI)

In June 1906, at the regular meeting of the Tokyo Zoological Society, Prof. Shozaburd
Watase gave a lecture titled “On the squids provided with photogenic ability’’, in
which he mentioned the following 7 species as those captured in Japan among ten
genera of photogenic squids which had been known to the world by that time: 1) Abralia
andamanica (Odawara, Gumi-ika, A. armata), 2) Watasenia scintillans (Namerikawa,
Hotaru-ika, Abraliopsis joubini), 3) Stigmatoteuthis dofleini (Bohzu-or Kurage-dako, Cal-
liteuthis reversa), 4) Meleagroteuthis separata (Misaki, no Japanese name, Meleagroteuthis
hoylei), 5) Chiroteuthis imperator (Odawara and Misaki, Yirei-ika, C. picteti), 6) Pyrgopsis
pacificus (Misaki, Shumoku-ika, Zygaenopsis zygaena) and 7) Eucleoteuthis luminosa (Misaki,
Suji-ika, Symplectoteuthis oulaniensis), luminescence of the last-named species, having
been specially emphasized by him.*

The sketches and descriptions of luminescence of this squid by Prof. Watase require
no correction even after 60 years, except for the scientific name. He assumed it to be
a kind of Symplectoteuthis oulaniensis of Pfeffer, but later it was recognized as a new
species and named Symplectoteuthis luminosa by one of his pupils, Dr. Nozomu Sasaki
(1915). This generic name was soon altered to Eucleoteuthis by S.S. Berry 1916. The
present author (1927) adopted Berry’s generic name in the list of Japanese cephalopods
compiled at the Museum national d’Histoire naturelle, Paris as well as in a preliminary

* In parentheses are shown localities of capture, Japanese narﬁes; Wandgaentrigrnames a}ibpted
by Prof. Watase.
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report on the luminous squids published in the Bulletin du Muséum océanographique a
Monaco, while Sasaki maintained the old generic name, refusing to adopt the new one
to the last of his life (see his “Monograph of Japanese Dibranchiate Cephalopoda’ in
1929). According to Sasaki's description (1929, p. 295), the preserved specimen of this
squid shows the following characteristics: ‘‘Colour in preserved state, reddish brown, de-
eper above. Two longitudinal paler stripes found on belly, two oval paler patches on
the corresponding surface of head and an oblong patch on the ventral surface of the
fourth arms; all are regarded as luminous organs. The stripes of the belly are situated
so as to divide the ventral half of the whole mantle surface into three nearly equal
longitudinal areas: their anterior ends expanded and bent outwards. When the belly is
flayed, the stripes reveal themselves as long, narrow but distinct white zones with a
brown streak along their whole length. The zone is not continuous throughout but cut
at three points into four quite separate parts. Of these the two anteriormost are quite
short, patch-like and arranged nearly transversely along the mantle margin. The adjacent
part, i.e. the third from the anterior is by far the longest, its posterior end reaching
about the level half of the entire fin. The hindermost part is a little shorter than half the
length of the preceding part, disappearing at a distance from the posterior end of the
mantle. Under the paler patches the white zone of the stripes is not zonal but transvers-
oblong.”*

According to Prof. Watase’s observation on a living specimen, Eucleoteuthis has, in
addition to those described by Sasaki, extra luminous structures such as: 1) dorsal sur-
face of the fin and the back of mantle, especially in the posterior part; 2) dorsal surface
of the head and around the eyes; and 3) the interior of arms and tentacles. ‘It seems,”’
he wrote, ‘“as though luminous organs exist inside the arm substance, and light shines
forth through the whole suckers.” As for other visible photogenic organs, he describes:
“The structure is highly opulent to the tapetum and the faintest light such as of
lamp or of moon makes them luminous in the highest organ; but when examine
them in absolute darkness, one cannot see it at all. Hence it is possible that the
organ utilizes the faintest amount of diffused light around and reflect it; superabundant
development of silvery connective tissue in the entire ventral surface of the animal
makes it highly probable that the whole surface is made luminous in this way.” Fur-
thermore he correctly pointed out localization of photogenic tissue in the subcutaneous
muscles: ‘“ At the same time strip the skin one will see what looks like the luminous
organ imbedded in the muscle. This striate may be self-luminous, and the tapetum re-
flects it and intensifies it.”” The drawing of luminescence in FEucleoteuthis luminosa
reproduced here (Pl. XVIII, Fig. 1) was prepared by an artist based upon Prof. Watase’s
observation cited in the above, and had been left unpublished for a long time in the
corner of library in Tokyo University.

Comparing the photogenic apparatus of FEucleoteuthis luminosa with those of the
above-mentioned Hyaloteuthis pelagicus, the latter is uniform, nearly spherical, cutaneous
maculae regardless of their localization, while the former in the head region or the

* [talics show modification by the writer.
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mantle edge is more or less expanded transversely, and those on the ventral surface of
mantle are composed of a pair of long stripes. In either type the photogenic organs of
Eucleoteuthis are formed by transverse or longitudinal linear connection of luminous
spherules of Hyaloteuthis (Pl. XVI, Figs. 2, 3, 5). Accordingly, the cross-section vertical
to the long axis of either of them shows characteristic structure peculiar to the Om-
mastephids; i.e. in the center a mass of finely granulated photogenic tissue, in the
proximal region reflecting apparatus composed of muscle fibers, and in the distal region
fan-shaped ‘‘ superabundant development of silvery connective tissue fibrils’’ as Prof.
Watase described it (Pl. XV, Fig. 3~6). Besides, as in the case of Hyaloteuthis, the photo-
genic organs of Eucleoteuthis are housed deeply in the cavities formed in the subcutan-
eous muscle layers. The only difference is that the central arrangement of distal fan-
shaped structure is not always in accordance with the direction of light rays seemingly
diverging from the subjacent photogenic tissue (see again the figures on Pl. XV). It
seems probable that this structure serves not only for dispersing light rays emitted from
the photogenic tissue but also for reflecting concurrently ambient light, as pointed out
by Prof. Watase.

In addition to these organs, Eucleoteuthis has two more kinds of so-called invisible
light organs, which are hidden form the surface view. Especially those developed inside
the tentacular stalk form several discrete luminous bodies along the axial nerve (Pl. XVIII,
Fig. 3). These invisible light organs had been already recognized by Prof. Watase’s ob-
servation on a living specimen, and later were confirmed histologically by Hino (1918)
and Okada (1927). Interestingly enough, similar subcutaneous photogenic tissues were
reported to be present in a related species, Symplectoteuthis ouaniensis (LESSON), in
Sasaki’s monograph (1929, p. 296): ‘‘ According to fishermen of Loochoo (where this
species of squid is caught abundantly)”’, so he states, ‘‘ the belly discharges light, but I
have not yet met with an opportunity to actually observe it. In sections the integument
of the belly and its underlining tissue differ in structure from those of the back, and a
diffused glandular tissue resembling the Okada’s ‘‘ organs photogenes invisibles’’ of S.
luminosa (he is still sticking to the old gemeric name) is developed there very extensively
so that it may be connected with luminosity, if ever this actually occurs.” However,
so far as my investigation of this squid is concerned, such glandular tissue was found
neither in the head region nor in the mantle. I hesitate, therefore, to include Sym:-
Dlectoteuthis ouaniensis within the group of luminous cephalopods.

Finally, the most characteristic luminous organs of Eucleoteuthis are a pair of photo-
genic maculae on the mid-ventral surface of the ventral pair of arms, the external
appearance of which is the same as that of cephalic photogenic maculae at the base of
these arms. But as for the internal structure (Pl. XVII, Fig. 1), the photogenic tissue of
the former, just like that of the above-mentioned intra-tentacular invisible light organs,
develops at one side or both sides of the axial nerve of arm, sometimes hypertrophy as
a gigantic structure surrounding the axial nerve (Pl. XVII, Figs. 2, 3). Corresponding to
this, fibers of arm muscle in its proximal region are altered to become reflecting ap-
paratus, while in the distal region subcutaneous connective tissue makes a fan-shaped
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structure serving for light dispersion. Differing from other cutaneous maculae, the
distal radiating apparatus and the ceatral photogenic tissue are not directly coupled,
but there are interposed between them muscle layers of considerable thickness (see PI.
XVII, Figs. 1, 2). Accordingly, the brachial luminous organ has, so to speak, intermediate
structure between the intratentacular and the cephalic cutaneous organs, with photo-
genic part of the former and the accessory device of the latter.

3. Ornithoteuthis volatilis (SASAKI)

This squid was captured in Sagami Bay in June 1906, and reported by Sasaki (1915)
as Ommastrephes volatilis nov. sp.

I heard about the photogenic ability of this squid from Mr. Kumakichi Aoki, a
famous collector at the Misaki Marine Biological Laboratory. On immediate examina-
tion of the specimen preserved in the University of Tokyo I found a special structure
running longitudinally along the median line of the visceral mass from near the base
of rectum to the posterior end. In the preserved state, this structure is reddish brown
in color, and slightly widens at the base of rectum near the anterior end and a little
backward from the middle of the left and right gills, with a blood vessel of considerable
size running through the center of the posterior expansion (Fig. 3B). The author re-
cognized this structure as a luminous organ based on the histological observation of
structure. Later, taking into consideration the photogenic ability and other character-
istics of this squid, the author proposed to create a new genus, Ornithoteuthis (1927, p.
285). But Dr. Sasaki, the godfather of the species, refused to alter the generic name
on the ground that ‘“1”’) the luminous organs appear very frequently not to be con-
nected with the generic relationship, and 2) other characteristics given by Okada do
not seem to be weighty enough to separate the species from other Owmmastrephes, in
comparison with generic differences hitherto.”” (1929, p. 285) Recently, however, W.
Adam (1957) of Belgium adopted the generic name proposed by the author, in describ-
ing a new type of Ornithoteuthis volatilis antillarum Adam on the specimens preserved
at the Muséum national d’Histoire naturelle, Paris, the Institut royal d’Histoire naturelle,
Belgium, and the Institut francais d’Afrique noire, Dakar. He wrote, ‘“ Y.K. Okada a
énuméré les differeces entre ‘ Ommastrephes volatilis’ et les autres Ommastrephidae, qui,
a son avis, justifient la création du genre Ornithoteuthis.”’

Stopping investigation of the generic name at this point, we shall return to the
anatomy of luminous organ in Ornithoteuthis volatilis. As shown in Pl. XIX, Figs. 2 and
3, this is a transversely-elodgated, centrally-thickened, lens-shaped photogenic body,
surrounded by considerably thick layers of connective tissue fibers, deeply stained by
haematoxylin, at the anterior enlargement. No differentiation of light-converging lens
nor reflective structure is recognized in the distal and proximal fiber layers; nevertheless,
in the posterior region, following the former after a certain distance and concurrently
with central contraction of photogenic tissue, the surrounding connective tissue layers
distinctly differentiate into lenticular and reflective structures.

The second type of luminous organ is of an intratentacular nature, and develops
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along the axial nerve inside the tentacle. In this respect, it is similar to the intraten-
tacular photogenic organ of FEucleoteuthis in the general arrangement, but is far more
complicated than the latter in its structural detail, being provided with a complete lens
and a reflecting device to present a highly-evolved light organ (Pl. XIX, Fig. 4). In this
case, however, both lens and reflective device are derived from connective tissue sur-
rounding the axial nerve of the tentacle, and not from muscle fibers as in other om-
mastrephid squids. Besides, the direction of fibers in the front lentoid structure is not
parallel to that of light radiation, but rather vertical to it.

Explanation of plates
Plate XV

1. Transverse section of the head organ of Hyaloteuthis pelagica. %20

2. Transverse section of the mantle organ in mid-ventral surface of Hyaloteuthis pelagica. x34

3. Transverse section of the organ at mantle tip of Hyaloteuthis pelagica. X34

4. Transverse section of the ventral luminous striation of Eucleoteuthis luminosa in the middle
of anterior segment. x20

5. Section of the posterior part of the same segment as above. x20

6. Section of the posterior segment of ventral strialtion. x20

Plate XVI
1. Section cut through two photogenic maculae together at the mantle opening of Eucleoteuthis
luminosa. x12.5
2. Enlargement of preximal photogenic tissue at the mantle opening of Fucleoteuthis luminosa X34
3. Horizontal section of the ventral luminous striation in mantle to show the zig-zag course of
photogenic tissue. Xxca. 34
4, Head organ of FEucleoteuthis cut tranversely to the longer axis. x20
5. Longitudinal section of the same organ as above. x20

Plate XVII
1. Transverse section of photogenic macula in the middle of ventral arm of Eucleoteuthis luminosa.
x ca. 20
2-3.  Aspect of development of the photogenic tissue in brachial organ of FEucleoteuthis luminosa.
% 30

2) Symmetrical, bearing mass of photogenic tissue on each side of the axial nerve.
3) Horse-shoe shaped, with left and right masses of photogenic tissue united under the axial
nerve.
4, Histological figure of the photogenic tissue of brachial organ developed in close association with
axial nerve. X300

Plate XVIII

1. A diagramatic representation of the distribution of FEucleoteuthis luminescence according to
Watase’s observation on living specimen.

2. Spot-like mass of photogenic tissue in subcutaneous muscle.

3. Longitudinal section of the tentaclar stalk of Eucleoteuthis to show a serial development of
photogenic tissue along the axial nerve. x20

4. Transverse section of the tentacle of the same squid having inside invisible photogenic tissue
on each side of the axial nerve. x20

Plate XIX
1. Fine structure of the tentacular photogenic tissue of Fucleoteuthis luminosa. %300
Transverse section of the visceral photogenic organ of Ornithoteuthis volatilis at the level of
anterior enlargement. x30
3. Similar section cut in the posterior enlargement. x30
4. Intra tentacular photogenic organ of Ornithoteuthis in transverse section. Xxca. 65

+
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bl blood vessel
bl-a arterial vessel
bl-v  venous vessel

chr chromatophore

cp capillaries

ert  cartilage

ct cutis or cutaneous layer
ep epitheliar layer.

f fin

gl gladius

! lens or lentoid structure
4 liver

ms muscle
ms-¢ circular muscle

Y56 K. OrADA

Abbreviation

ms-l longitudinal muscle
N axial nerve
n nerve
nd nidamental gland
ph  photogenic center or tissue
ph-¢ central mass
ph-p peripheral part
rd fan-shaped light-disperse structure
rf reflector or reflective layer
sh sheath
sh-¢ connective tissue sheath
sh-m muscular sheath
sk sucker
st stomach
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