10 SCIENCE REPORT OF THE YOKOSUKA CITY MUSEUM, NO. 8
March, 1963

Observations on the Luminescence of the Shallo;Water
Squid, Uroteuthis bartschi!
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1. Introduction

In the deep sea, especially among the oegopsids squids, there are many luminous
species. Some have simple photophores, othere highly complex ones. These photophores
occur on every conceivable region of the body—the head, eyeball, around the eye openings,
the mantle, arms, tentacles, fins, and in the intrapallial cavity. The number of photophores
and their distribution varies with the species, and the arrangement also varies, slightly.
These photophores shine with intracellular luminescence, and do not give off any luminous
secretion. In deep water, Heteroteuthis dispar, a mediterranean species, and Sepiolina
nipponensis, a Japanese species, among the myopsids squid have a special luminous organ
which produces light by secretion. The light-emitting secretion of those two species is a
form of mucus which comes from a gland on the ink sack. The gland stores the luminous.
secration, of which there is an abudant supply.

In shallow water, there some luminous species among the myopsids squids.

In the myosid squids except for above two species, there is no doubt that the light
comes from symbiotic luminous bacteria. Pierantont (1914, 1918) and Bucuner (1914, 1921)
have pointed out that the symbiotic luminous bacteria are transmitted from generation
to generation through the egg, and live in the photogenic cells. However, KisHITANI
(1928), Me1ssNer (1926), and Herrurta (1936) found that the symbiotic luminous bacteria
live in the open-type luminous organ, not in the photogenic cells.

Workers on symbiotic luminous bacteria are Zirporo (1917-24), MorTara (1922, 24),
Meissner (1926), Kisurtant (1928), and Gerzen (1934). Many workers have been able to.
cultivate luminous bacteria from the luminous organ of myopsid squids, but the differ in

# Yokosuka City Museum, Yokosuka, Japan, Marine Biological Laboratory, Woods Hole, Mass.
and Biological Department of Princeton University, Princeton, N.J.,U.S. A,
1 This study has been aided by grant number G-6105 from the National Science Foundation to-
the Marine Biological Laboratory, Woods Hole, for a joint project with Prof. Dr. Frank H. JOHNSON
of Princeton University. )

To the following people I must express my sincere gratitude and appreciation: To Dr. S.
Stillman BERRY who identified the specimens; to Dr. Alfredo Y. REYES of Silliman University,
Dumaguete, Philippines, for his assistance in collecting materials during my stay in Dumaguete
Island; to Father Richard C. GORIS, member of the Herpetological Society of Japan, for having
assisted me in the preparation of this manuscript.



Observations on the Luminescence of the Shallow-Water Squid, Uroteuthis bartschi 11

their opinions. Zirroio and MeissNer followed PieranToNI and BUCHNER in believing that
the bacteria are transmitted through the egg, while MorTarRA and Kismrrant believed that
the bacteria entered through the opening of the luminous organ and settled there after
the young squid hatched. According to Harvey (1952), the distribution of luminescence
among the myopsid squids is as follows:

Loliginidae— Doryteuthis and Loligo

Sepiolidae — Heteroteuthis, Nectoteuthis, Iridoteuthis, Stoloteuthis, Euprymna, Sepiola,

Inioteuthis, and Rondeletia

Spirulidae —Spirula.

HarvEY pointed out that forms of luminous bacteria have been isolated from the genus
Loligo, but have not been claimed as symbionts. KisHITaNI cultivated Coccobacillus loligo
1. sp. from the luminous gland of Loligo edulis, but was unable to observe the luminescence
of these squids in life.

During my collecting expedition of luminous organism around the world from 1959
to 1960, I had opportunities to observe luminescence and collect luminous squids of both
the Oegopsida and Myopsida in the straits of Messin, Sicily, and several parts of South
East Asia. In this report I wish to describe the luminescence of the squid Uroteuthis
bartschi Renper, which I collected off Pipi Beach, Dumaguete Island, in the Philippines.
Until now the luminescence of this squid has been entirely unknown.

2. Material

The material was collected in April, 1960, 1000 meters off Pipi beach, Dumaguete
Island, P.I. The squids came floating up from the depths of a coral reef in clear sea
water, attracted by a gas light shone from a native canoe. They were elongate and
transparent. The light from the luminous organ above the ink sac shone out through
the transparent body. After observing the luminescence in living specimens, 20 of them
were fixed in Bouin’s solution and formaldehyde and sent to the laboratory of Yokosuka
City Museum for microscopic study.

The material was sectioned in Celloidin. HEIDENHAIN'S haematoxylin eosin was
employed for staining, and the material was also observed under the fluorescent micro-
scope. In order to isolate the luminous bacteria from the luminous organ the following
procedure was carried out: the body of the squid was washed carefully in distilled
water; the luminous organ with the ink sac and rectum were then taken out and put
into sterilized water. The organ was cut with a sterilized knife and the luminous
substance inside was put on an agar agar culture medium containing 3% NaCl. This
was kept at room temperature.

3. Luminescence

The body of the squid is slender as shown in Fig. 1. The diameter of an individual
200mm long measured 6mm. Another individual 150mm long was 5mm in diameter.
The light of the luminous organ, which is situated above the ink sac, can be seen through
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Fig.1. Luminous shallow-water squid, Uroteu- Fig.2. Aand B. Diagramatic figure of Uroteuthis

this bartschi. bartschi, showing the position of luminous
organ. PHOT, Pair of lemon colored
lens of the luminous organ; IS, Inc sac;
NG, Nidamental gland; ANG, Accessory
nidamental gland; CT, Ctenidium; VIS,
Visceral sac; FUN, Funnel.

the transparent mantle. If a squid caught in the net was picked up, the light would
alternately appear and disappear. At this time the mantle of a living squid was cut
open and the luminous organ observed. As is Fig. 2, to the right and left of the rectum
above the ink sac were two organs like pale lemon beans. These were surrounded by a
thin film of ink, which, by contraction and expansion, similar to the working of the
pupil of the eye, would allow the light emitted to increase or decrease. If the ink sac
was flushed out with water, then the light shine continuously. Since the source of light
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is not luminous cells, but symbiotically cultivated bacteria, the light shines continuously,
As shown in Fig. 2, the light which passes through the lens is controlled by the expansion
and contraction of a film of ink. Kisuirant described the luminous organ of Euprymna,
in which the light is controlled by a thin film of ink between the lens and the luminous
body. In this squid, however, the ink film envelops both the luminous body and the lens.

KisuiTan: reported the presence of symbiotic luminous bacteria above the ink sac of
Loligo, Euprymna, and Sepiola, but never observed the light in living specimens. HAMABE
and Sumizu (1957) reported detailed observation on living Loligo breekeri, especially during
copulation time. They observed the copulation behavior during March, 1955, in Urago
Bay, Oki Island, Japan Sea. Mating is carried on at the surface at about sunset. When
courting the male squid turns white and glimmers and approaches the female. The
female also turns white and emits light when touched by the male. During copulation
the male emits light continuously, while the female remains dark. Immediately after
copulation, the male ceases to shine, and the female sinks down to the bottom, turning
white and glimmering. I was unable to observe the copulation behaviour of Ufoteuthis
bartschi, but since the structure and light emission of the luminous organ is similar to
that of Loligo, I think that the luminescence behaviour would likewise be similar.

4. Structure of the Luminous Organ

As shown in Fig. 3, the structure of the luminous organ of Uroteuthis bartschi is
similar to that of Euprymna, Sepiola and Loligo.

The organ is a pair of bean-shaped bodies, opaque and lemon yellow in color, which
are situated on either side of the ink sac; each of these consists of a luminous sac and its
opening, a lens, a reflector and an ink layer as a light control mechanism which covers
the outside of the reflector and part of the lens. The length of the lens from a specimen
200 mm in mantle length was 2mm, and that of a specimen 150 mm in mantle length
was 1.8mm. The luminous body is composed of gland tissue which lies in the center of
the organ. In the gland tissue appear numerous bacteria. These bacteria are present
in clusters or else are attached to the surface of the gland cells. The external opening
of the luminous sac of Loligo edulis opens into the accessory nidamental duct through a
long canal, but that of Uroteuthis bartschi opens directly to the lens near the edge of the
ink film, The situation of this opening is similar to that of Euprimna and Sepiola.

As I mentioned before, Bucuner, PieranTONI, MORTARA, OkADA SkKowLON, KISHITANI,
MEIssNER, etc. held varying opinions on the relations of the accessory gland and the
luminous organ. Sarro (1952) attempted an explation of this relation through an anatomical,
histological, and bacteriological study of the nidamental duct, but was unable to do so
satisfactorily. In Utoteuthis bartschi there is apparently no relation between the luminous
organ and the accessory nidamental duct.

The inner substance of the luminous body stained very well with Ziehl’'s solution
(carbol fuchsin solution), and poorly with Haematoxylin eosin. A rich supply of blood
vessels is found in the gland tissue. ~ :
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Fig. 3.

Transverse section of the luminous organ of Uroteuthis bartschi LG, Luminous gland; CAP,
Capsel of Luminous gland; REFL, Reflector; OP, Opening of luminous gland; LENS, lens;
FI, Film of ink; IS, Ink sac; ISG, Ink sac gland; REC, Rectum.

The lens tissue is transparent and bean-like in shape, situated on either side of the rectum.

Since luminous bacteria are the source, the light is continuous.

However, when
irritated, the squid alternately emits a bright light and extinguishes it. This is caused
by the contraction and expansion of a thin film of ink, which exposes or shuts off the light
source like the pupil of an eye,

Pure culture

The pure culture of the bacteria was easily obtained. All the 20 strains of pure
culture emitted strong bluish light at room temperature after 12 hours, and all showed
the same morphological and cultural characteristics.

Summary
1. The possession of a luminous organ and the manner of light emmission was
observed in the shallow water squid Uroteuthis bartschi Reuper. This was a fact hitherto
unknown,

The observations were carried out in April, 1960, off Pippi Beach, Dumagrete
Island, Philippine Islands.



Observations on the Luminescence of the Shallow-water Squid, Uroteuthis bartschi 15

2. The luminous organ appears as a pearl-like lemon yellow lens situated above the
ink sac to the right and left of the rectum.

3. A thin film of ink envelops the lens, and by its contraction and expansion controls
the emission of light like the pupil of an eye.

4. Luminous bacteria exist symbiotically inside the luminous body. Both the right
and left body has an external opening. In Loligo edulis this opens through a long canal
into the accessory nidamental gland, but in U. bartschi this opening is near the center of
either lens. Many explanations have been given in the past about the relation between
the accessory nidamental gland and the opening of the luminous body, but in this squid
there is apparently no direct relation.
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BREFIE A 7 O Oegopsida BT 5B TIIED THMLKER LR »ORETCHZL
TRXBZEZ B AOREA ABMOLNTHED, WINLZORXIMBEAREXTI »EHD
O HITREMIICE 53D TH S, Myopsida iITBT5RNA 1%, RHED RICREWEE 5 W
T 5% B x 7o HhYE > Heteroteuthis dispar &, EEWY¥ED Sepiolina nipponensis %% T
R TH > TRAERIBHBEO LELG DY, TORERNCKETIRE 2 79 723
B, #BEEER2Z2EC USRIV T 5,

PieraNTONI, BUCHNER X DkEA 27 7Y 732 B L ORARCEETE EEX RIS
DIEFRNA27 7Y 7THHALZEC THMUBERRE L L BEX A NBERTH S, Loligo edulis i
RTHE, FOBIPEVWEELE U T, EIFEIPNE, accessory nidamental gland @ 3FE < izBIFLL
TWBZEnD, XA TV T7TLIOREDBERITHT, B4R I TR,

FE1X7 4+ Y v v, Dumagueti &, pipi ¥RICHRT, ®H, JTKAITHE - Tk~ Myopside
BT 5%REM®RD 1 » Uroteuthis bartschi ODFRIEEEL, FBAROHEE, Mzl 5N, HkiE
RKAZ TV TREFR U, &g T Uroteuthis bartschi ORI TIZE ML TWED »
75

RAEFIBHEO L, HBEOWMAICHD, ToOMMEE A% & Loligo edulis Tl TW523%, 4
REOBAIERSE Y v B2 HEL CBILL TW5, 20 E Euprymna morsei D& L LT
W5, BHERE, BEIMEINRE OBIRICOWT, Rk, MBINTHLE, 01 HCRTIIELE
AR,

ZDA AVER:, FRAEBNT, BEBOKIEWRLAEEZBEL TALNS S, AEEL G
LT, BHEOLORKRELD LERCVE VRDERLV VAL, XDV VIH, TE, D
XOWHRAEEBROKD L 5 CRABITIEA LIV T 2 0»BD LN, Thidftke vy
RADO—% B OB BREATVWEDOTH » T, HAOHHEIIK » TERITOBICEHPHNAL
DZavir—LL, XO[BWLHRER 2D TH 5,

T OB KM K Loligo breekeri O EFEFHTING B REZFHEMCBEEL TV 58, BEL,
DA A SRR LOMBLEI Y LTREEHREZL, BEBIRL-T530LE2LND,
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