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1. Introduction

Luminous specis of Gastropoda Pulmonata are very rare, only two being known at
the present: Latia neritoides, a fresh water limpet, first discovered in New Zealand by
Suter® (1890); and Dyakia striata,®¥*9® a land anail, found by us in Singapore in 1942.

Latia neritoides is the only known luminous species among the fresh water organisms.
Among the terrestrial gastropods, a luminous species was not known until our discovery,
in 1942, of Dyakia striata of the the Zonitidae from Singapore.

During my stay at the Raffles Museum in Singapore in 1942, Mr. M. Kumazawa
(an entomologist friend of mine from Macasser Institution, Celebes, attending the Science
Congress in Singapore, September 1942) discovered the Iuminosity of this snail on the
lawn of the Good Wood Park Hotel, Scott Road, Singapore. We were astonished at its
luminosity. I composed a report on it and sent the manuscript to Tokyo fdr printing.
Unfortunately, the manuscript and all copies were destroyed by fire at the end of the
war. After repatriating from Singapore I published a short report entitled “ A luminous
land snail, Dyakia striata found in Malaya ” in “ Seibutsu ” (“Organisum ”), Vol. 1, Nos.
5-6, 1946 and also reported at the Conference of Luminescence™ held at Pacific Grove,
California in 1954.

With aid from the National Science Foundation I visited Singapore again in April 1960
and collected 75 specimens, some of which I brought to Japan and kept alive under
observation for about four months. Again in September, 1961, as a consultant of the
South Asian nature study team of the Japan Broadcasting Corp., I revisited Singapore
and collected fresh specimens. I observed that also the mantle and the foot are lumines-
cent, a fact which I overlooked in my 1946 report.

The purpose of this paper is to report further ohservations on the luminescence of
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this snail, as well as the anatomy and histology of the luminous organ.

2. Material

The snail studied is Dvakia striata (Goopwin and AvustiN). The type specimen,
from Gunung Pulai, Johore, Malaya, is in the Raffles Museum. According to Dr. Masuoki
HorikosHr, the classification of this snail in the Pulmonates is as follows:

Pulmonata
Stylommatophora
Subfamily Ariophantidae
Genus Quantula H.B. Baker 1941
Species Quantula striata (GRAY)
This snail (Fig. 1 a and b) is very common during the rainy season in Singapore,

Fig. 1 a and b. Luminous land snail, Quantula striata. FM, Mucous fold.

and is always found on lawns or in the grass by the roadside or on fences, but never
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on tree trunks or leaves. The shell is usually 20-25 mm in diameter, colored brown and
pale purple. The distribution seems limited to Singapore, Johore, the Southern Malaya
peninsula, and to Kalimun, Kundur and Batam Island of the Rhio archipelago and some
part of Philippines. The first description of the snail in Singapore was under the name
of Ariophanta striata by SEmPer® in 1870, but no one observed its luminosity. In fact
even now most people in Singapore are unaware of its luminosity. But in April 1960,
when I was collecting snails at night on the lawn of the Sea View Hotel, East Coast Road,
Singapore, a Malayan told me that some Malayans do know that certain land snails emit
light like a firefly. They called them ¢ Siput bulan ”. “Siput” is “snail ”. and “ bulan ”

means “ moon ”.

3. Luminous Organs and Luminous Appearance

As shown in Figs. 2, and 3, PHOT, the light appears insids the anterior region of the

Fig. 2. Longitudinal section of the snail, showing luminous organ (PHOT), situates on
the lower wall of mucous fold near the mouth. PHOT, Luminous organ; FM,
Mucous fold; UL, upper lip; LL, Lower lip; JP, Jaw plate; BC, Buccal cavity;
RAD, Radula; OD, Anterior muscle of odontophore; MT, Mucous tissue; F, Foot.

foot, and cannot be seen outside when the snail is withdrawn into its shell. When the snail
is moving about with the foot well extended, the luminescence observed through the
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head or the translucent muscles of the foot, is bluish and flickers like that of a firefly.
The time intervals of the flashing depend on the stage of development of the snail
and on various other conditions, particularly temperature, moisture, light and stimula-
tion. The snails will emit light only under natural conditions. Immediately afterhatch-
ing, young snails of about 1 mm in shell diameter emit a weak, apparently continuous,
luminescence over the surface of the whole foot. Under low power magnification,
however, the diffuse glow is seen to be made up of many small flashes scattered over
the entire foot. In later stages of development the light condenses to the oval luminous
organ just below the mouth. Luminescense is most frequently observed in young stages,
of a shell diameter from 5 to 15 mm. In a specimen of 15 mm shell diameter the
luminous organ near the mouth measured 2 mm in diameter. As the snail grows, the
flicker rate diminishes, and some individuals show no luminescence at all.

The normal duration of a flash at 25°C and high humidity in the dark is two to
three seconds. The snail flashes two to four times, and then pauses for 30-40 seconds
before beginning another period of flashing. Each flash is of about the same intensity,
and can be observed from a distance under the light of a 30 watt bulb if the snail is
simply shaded with the hand. The luminescense of this snail is intracellular, and comes
from luminous cells, not from luminous bacteria. No luminous slime is secreted from
any of the luminous cells.

The luminous organ is situated below the mucous fold at the head. It is oval in
shape and cannot be seen from outside. Even if the animal has been preserved in formalin
or for a long time in alcohol, the oval shaped luminous organ is visible as a pale yellow
spot. Under a fluorescent microscope, it is possible to see the beautiful golden floures-
cence which the luminous organ emits.

In 1946 I reported only on this luminous organ, but in 1960 I discovered two more
luminous parts, namely the whole mantle and the entire foot. The light of these two
parts differs from that of the luminous organ, being continuous and very dim, almost
invisible. It is recognizable only in absolute darkness, by an eye used to the dark.

Its intensity depends on the individual. The light of the mantle is visible only when
the snail has withdrawn into its shell. It is stronger than that of the foot. Fig. 4 is a
photographic record of the light of the mantle, made by pressing a photographic film
directly against several snails for about 3 minutes in the dark.

4. Histology

Since the luminescence of this snail is not only localized in the luminous organ,
but also spread over all the foot and the mantle, the whole body was preserved in alcohol
after being killed in water. For microscopic examination, the material was sectioned
in Celloidin and stained with haematoxylin eosin, As shown in Figs. 2 and 3 in the
longitudinal and transverse sections, the luminous organ appeared as several large cells
situated under the large mucous fold. The mucous fold runs on both side of the body
from the head to the end of foot, and it is buried deep at the head, The wupper wall
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Fig. 3. Transverse section of the snail near the mouth.

PHOT, Luminous organ which situates on the
lower wall of mucous fold; FM, Mucous fold;
FM, Mucous fold; MC, Mucous cell; F, Foot;
JP, Jaw plate; BC, Buccal Cavity.

Fig. 4. Photographic image of the light of the mantle,
made by pressing a photographic film directly
against 4 snails for abaut 3 minutes in the dark.

Fig. 5. Luminous granules in the luminous cell which
situates on the lower wall of Mucous fold,

[37]
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of the mucous fold at the head is covered with mucous tissues which secrete mucous
secretion. The mucous tissue stain with haematoxylin and are dark violet in color.
The luminous organ stain poorly with haemotoxylin and are a pale violet in color.
Under an ordinary microscope these cells are not very distinguishable because they have
the same stain as the surrounding cells. However, under a fluorescent microscope, the
unstained luminous organ cells, and only these, emit a golden autofluorescent light.

In younger stage of development, numerous granules appeared in the large luminous
cells as shown in Fig. 5 The luminous cells of the mantle and foot are very similar to
those of the luminous marine snail Planxis."® In the luminous area of the mantle and
foot, under the thin epithelium, there appear many cellular masses which probably contain
the luminous substances. Each of these masses consists of small, closely packed cells.
These cells are scattered throughout the whole mantle and the entire foot. The intensity
of the light of the mantle and foot depends on the individual. The character of these
cells indicates that the luminescence must be intracellular.

5. Biochemistry

A number of the snails were removed from their shells and thoroughly dried. They
were then ground in a mortar and moistened with water in the dark, luminescence did
not appear. A negative luciferin luciferase reaction was obtained by mixing hot water
and cold water extracts of the crushed body.

Summary

1. My manuscript concerning the discovery of a luminous land snail in Singapore in
1942 was destroyed by fire at the end of the war. Eighteen years later I had another
chance to study this snail. This paper is a report on the luminescence, anatomy and
histology of its luminous organ.

2. In a previous paper (1946) I reported the existance of an oval luminous organ under
the mouth in contact with the mucoustmold. The luminescence is bluish and flickers like
that of a firefly. When the organ is stained with haemotoxylin and examined under an
ordinary microscope, it appears as a mass of large cells. If an unstained section is obser-
ved under a fluorescent microscope, the luminous cells emit a beautiful golden light by
autofluorescence, and are thus distiguishable from ordinary cells. Since the luminescence
flickers, it can be supposed that there are blood vessel and nerve connections to the
luminous cells, but I was unable to verify this.

3. In the specimens collected in 1960 the luminescence of the foot and mantle was
also observed. This was overlooked in the 1946 paper. This light is continuous and very
weak. The intensity of the light of these parts is supposed to be proportionate to the
density of the luminous cells.

4. The character of these cells indicates that the luminescence must be intracellular.
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