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This kind of squids seems not rare in the Atlantic and Mediterranean Seas, and it is distri-
buted widely also in the Pacific Ocean.  Onychoteuthis banksii was first described by W.E. Leach
(1817) as early as the beginning of the last century under the name of Loligo banksii, but photo-
genic organs were detected in the mantle cavity ninety years later by W. E. Hoyle (1909).

In the latest monograph on the Mediterranean Cephalopods, A. Naef (1923, p. 320)
pointed out that “ausser diesen, schon Hoyle bekannten Leuchtorganen der Mantelhdhle,
stehen zwei méchtige gelbbraune, kissenartige Organe auf der Ventralseite des Augenbulbus,
medialwérts vor und unter den Fenstern”, and suggested that ‘“‘es kdnnen nach Form und
Lage nur Leuchtorgane sei.” The surface of the ventral hemisphere of the cephalopodian
eye-ball is indeed the region where the organs of this nature occur most frequently, but in this
case at least their photogenic ability is quite doubtful. On the other hand, when the mantle
cavity of this squid is opened, one’s attention is at once attracted by a round body of about
bean size lﬁng in the middle of the visceral mass (Fig. 1). The posterior organ is located in a
hemispherical depression of the ink-sac and the commencement of the rectum forms a semi-
circular loop on its right side, while the anterior organ is found on the median axis of the visceral
mass and the rectum passes over it. In the Japanese specimen, however, the anterior organ
is not covered by the rectum, but the latter passes by its right side as in the posterior organ.
Moreover, the anterior and posterior organs are connected by a median longitudinal com-
missure.

According to Naef (l.c.), in a young specimen, 11 mm in dorsal length of the mantle, of
Onychoteuthis banksii the anterior organ is found on the right? side of the rectum immediately
below the anal papilla and its position becomes axial afterwards. If this is corect, the right-
sided situation of the anterior organ in the Japanese species may indicate a primitive type of
arrangement, from which the axial situation of the corresponding organ of banksii might have
been derived. However, the Japanese species is larger than the average size of banksii, and
histological structure of the light organs is quite different. For these reasons the writer pro-
posed in 1927 a new name borealijaponica for the Japanese species to distinguish it from the
known Onychoteuthid.

To this proposal Sasaki (1929, p. 230) stated ““to my regret I am not able to offer here any
definite opinion upon his view as no specimen from other countries is represented in the collec-
tions at my disposal. But it should not be forgotten that the development of luminous organs
sometimes differs with age as well as with the season of the year and it seems to be risky to
determine the specific relationships merely by the structure of the luminous organs of a small
number of specimens,” apparently setting himself against the new name.

The photogenic organs of Onychoteuthis (Figs. 2-5) show distinctly three or four-fold
differentiations of more or less parallel layers formed in a limited region and arranged on a

1) The original paper writes left side, which means that when the mantle is cut open the anterior organ

is found on the left as viewed from the observer. It is actually on the right side of the squid body, as shown
in Fig. 1.
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proximodistal axis. The mode of differentiation of the layers is practically the same in both
anterior and posterior organs within the species but differs in different species. The photogenic
organ of banksii (Figs. 2-3) consists of 1) median photogenic tissue, 2) reflector, 3) the so-
called intermediate layer of Hoyle and 4) lens, while the same organ of the Japanese species.
(Figs. 4-5) is almost without lens and the intermediate layer is poorly developed. But the
most striking distinction between the two species appears in the central mass of the photogenic
tissue which is, in either case, syncytial without cellular boundaries. After the ordinary
procedure of staining with dyes such as iron haematoxylin we find in the tissue of the Japanese
species a large number of scaly lamellae with a particularly dark blue colour (pl.—figs. S).

Hoyle 1909 did not mention the presence of such lamellae in the photogenic tissue of his
specimen of Onychoteuthis. In fact the structure could not be found in the photogenic tissue
of the Pacific Onychoteuthis obtained from more southern parts of Japan (Fig. 2, 3). In
either cas;:, however, the light organs in the preserved condition are seen as dull white round
bodies surrounded by a black ring. The pigment layer as usual in these organs in the mantle
cavity, is due to the pigment of the ink-sac which forms a hemispheric depression in which they
are located. The pigment naturally functions as a blind to shut up the inward penetration of
light. Therefore no special pigment sheath is necessary to occur in this case.

Inside the pigment comes a thick layer of parallel fibres (r/) which assume from the first
a reddish brown tinge as if they have been stained by the pigment of subjacent ink-sac. The
layer is as a whole concave against the outer luminous center and convex toward the posterior
ink-sac. It constitutes a parabolic mirror to which the term reflector is applied. The layer
is nearly uniformly thick, about 7 mm in banksii and 14 mm in borealijaponica, but strictly
speaking the thickness differs in parts, in the anterior organ of the latter at least thickest is near
the inferior end, gradually thinning towards the opposite end. In the Japanese species more-
over the fibres of the reflector extend into the median longitudinal commissure that connect
the anterior organ to the posterior (Figs. 4, 5 ¢).

The tissue filling up the concavity of the parabolic mirror-like reflector is syncytial. There
are no visible cellular structures except nuclei, but this part receives a rich supply of bolod
capillaries, and a preparation stained with iron haematoxylin is blue perhaps due to impregna-
tion of fine granules, although the presumed granules are so small that they are almost invisible
under the light microscope even with a high power magnification.

As stated already, the central syncytium of borealijaponica contains a large number of
scaly lamellae (Figs. 4, 55). They are placed parallel to one another in layers. Their functions
are doubtful but can be comparable to the ‘central scales’ in the middle part of the luminous
organs of Pterygioteuthis and Pyroteuthis (Hoyle 1902, *04), or to the ‘tige cristalline’ of the
Abralian photophores (Joubin 1895). In any case the lamellae in question occur everywhere
throughout the photogenic tissue, being particularly abundant near the outer surface. In
banksii there are no such scaly lamellae in the central tissue but they appear outside the tissue
in a distinct layer which Hoyle named the intermediate layer (Figs. 2, 3 int). It has a thickness
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of more than 6 mm and is made up of several layers of regular fusiform scales arranged with
their longer axis parallel to that of the organ.

The integument in front of the anterior organ of borealijaponica is slightly thickened and
its texture is somewhat modified (Fig. 4 /), but since this part is almost indistinguishable from
the ordinary integument that covers the visceral mass as whole, it is open to question whether
this slightly modified integument may deserve to be described as a lens. Such a lenticular
thickening is entirely absent in the posterior organ (Fig. 5). In banksii, however, the front of
the photogenic organ presents another view. Here the lens attains a considerable develop-
ment, about 30 mm in thickness (Figs. 2, 37). It rests upon the outer margin of the reflector
and has a plano-convex shape, the convex surface being directed outwards. Its thickness is
made up of delicate fibres having a more or less wavy course from inner side to outer side.

While the scales of the intermediate layer, the scaly lamellae of the central synstium, and
the fibres of the reflector are stained deep blue with haematoxylin, the fibres of the lens only
take the counter stains such as eosin and orange G. The fact suggests that the lens is made up
of fibres of different nature, perhaps same as that of the integument. Blood vessels pass
almost virtically throughout the thickness of the lens and intermediate layer from outer to
inner, and brach out into capillaries in the central photogenic tissue which receives also branches
of the nerve (Figs. 2, 4, 5 b/, nv). The origin of the latter has not been traced, but probably it
comes from the visceral ganglion as a branch or branches of the ink-sac nerve.

Although no actual observation of the light production in this squid has been made yet,
it is almost certain that the organs with such structure as described are photogenic as they are
well designed for this function. To the primary tissue with its invariably abundant blood
and nerve supply, are added an efficiently developed reflactor, a pigment cup (formed by the
lateral expansion of the ink-sac) and a lens. Moreover, existence of photogenic organs in the
mantle cavity is not rare among cephalopods (for example, Chiroteuthis, Corynomma and
nearly all luminous Myopsids with the so-called ink-sac organs). However, the two organs of
Onychoteuthis do not make a pair, they differ in size as well as in position, the smaller organ
being anal and the larger organ at the branchial level. Lycoteuthis, Nematolamps, Lam-
padioteuthis, Pterygioteuthis and Pyroteuthis have unpaired visceral organs besides paired ones,
but they are mostly post-branchial in position. Although we are still in controversy as regards
the affinity of the photogenic organs between Onychoteuthis and other luminous cephalopods,
only the intra-pallial band-like organ of Ornithoteuthis volatilis can be considered here. In
this squid as already described in the previous paper the organ appeared in the shape of a long
narrow band in the middle of the visceral mass from the midrectal level to the posterior end with
two thickennings throughout the length, one near the anterior end between anal openning and
gills and the other at the branchial level (Okada 1968, p. 85, fig. 3 B). Here it may be considered
that the narrow posterior band behind the branchial node has disappeared and the remaining
two thickennings shift to the left side of the rectum or the rectum itself moves to the right side
without chaning the original position of the thickennings. That they come to a close associa-
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tion with the ink-sac is a matter of subsequent consequence.
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