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A considerable amount of literature has been accumulated dealing with the biolum-
inescence of fishes. The majority of those gi;en by earlier investigators have dealt with
the light organs arranged on the body surface of deep-sea fishes. However, the subsequent
progress of research on this problem revealed that bioluminescence occurs not merely in
deep-sea fishes but also in littoral fishes caused by the symbiosis of luminous bacteria.
In his comprehensive review of the luminous organisms, Haxepa (1955) classified the
luminous fishes into three types based on the mechanism of luminescence and structural
evidence of luminous organ. The luminous source of first and second types is the symbiotic
luminous bacteria. The first one, including fishes of the genus Monoceniris and those of
the family Macrouridae for instance, bears the luminous gland on the body surface. On
the other hand, the second one represented by fishes of the genus Acropoma and those
of the family Leiognathidae, conceals the gland within the body. The third type is
represented by fishes bearing non-bacterial luminous organ or skin photophore. Most of
lantern fishes and luminous shark belong to this group. In addition to these groups,
Karo (1947) found another new type of the luminous organ in a cardinal fish, Apogon
marginatus Doveririy.  This is peculiar in the following points: (1) The organ is closely
associated with the intestine, and (2) the luminous source is not bacterial but is photog-
enic cells in the organ.

In a collection of bottom fishes made by one of us (H. A.) at the Gulf of Tongking
during May-August, 1957, 6 specimens of Apogon ellioti Day were found to possess a
distinct accessory organ on the intestine. Upon careful examination it was found that
the structure of the organ is exactly similar to that of Apogon marginatus described by
Karo (1947). Because no additional information on this type of luminous organ has been
published since the date of Karos paper and because little speculation has to date been
done on the luminescence of the apogonids, the present investigation was undertaken in
order to cast further light on the problem. Incidentally an attempt has also been made
to clarify the taxonomic status of these two species, A. ellioti and A. marginatus,
which remained in a state of confusion up to the present day. The present communi-
cation offers the full descriptions of the species and anatomical features of the luminous
organ.

We wish to express our gratitude to Professor K. Marsupara, under whose direction
this investigation was carried out. Thanks are due to Professor R. Isurvama of Shimon-
oscki College of Fisheries and Mr. M. Kawakami of Taiyo Fishery Co. Ltd, for their
kindness cxtended to us in various ways. Dr. Y. Hanepa of Yokosuka City Museum was

kind enough to offer the criticism of the manuscript.
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Material and Method

The material thus far examined consisted of 6 specimens taken from the Gulf of
Tongking (107°2530” E., 19°31' N) by otter trawler at a depth of about 50 meters on
June 5, 1957. All specimens were fixed in 10% formalin. Counts and measurements of
bodily parts were made according to standard practice as outlined by Marsusara (1953).
The viscera for histological observation were sectioned by the usual paraffin method at a
standard thickness of 10u. As a stainining combination, haematoxylin and eosin were
employed.

Description of the species

Apogon ellioti Day (Fig. 1)

Apogon ellioti, Dy, Fishes India; 63, pl. 17, fig. 1, 1878. Day, Fauna Brit. India 1:497, 1889. STEINDACHNER,
Fische Japans, 2;2, 1883. Wgger and de BEaurorT, Fishes Indo-Aust. Arch. 5:329, 1929. LiaNG, Quart.
Jour. Taiwan Mus. 1 (2):6, 1948.

Amia ellioti, McCuLLocH, Biol. Res. Endeavour 3 (3):119, 1915.

Apogonichthys ellioti, FowLir and Bgan, Bull. U. S. Nat. Mus. 100, 10:10, 1930. Fowrer, Fish. Bull. 1
(Singapore):132, 1938, HgrrEe, Copeia 4:217, 1943. Herre, U. S. Fish and Wildlife Serv. Res. Rep.
20:317, 1953. MuUNRO, Marine and Freshwater Fishes Ceylon: 119, pl. 21, fig. 326, 1955.

Apogon marginatus, JorpanN and SNYDER, Proc. U. S. Nat. Mus. 23: 896, fig. 3, 1901. KaMOHARA, Rep.
Kochi Univ. Nat. Sci. 3:36, 1952.

Amia marginatus, SmitH and Popp, Proc. U. S. Nat. Mus. 31:468, 1906.

Amia marginata, JORDAN, Tanaka and SnyDER, Jour. Coll. Sci. Univ. Tokyo, 33:139, fig. 97, 1913.

Apogon arafurae, GUNTHER, Rep. Voy. Challenger 1:38, 1880.

Fig. 1. Lateral aspect of Apogon ellioti Day. Scale bar indicates 20 mm.
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In standard length:
Lenth:of head s suvsmmmsmmvorsmss s sttt vhs s snnsemsnnsnsnsbonmassnd 2
DEDTh: of Body, ++os vt P T v naonne fansosss ssnssisvnsenenssumamsssss :
Width of Dody oeeeeersveeeaiiiiiiiiii i :
Base of 1st dorsal ceeeeeeerereemtenmiriiinniininiananeaninns
LT LT I T 7] (AR ————— :
BASE TOPTATIEI s svsitsainssiis s s s e s e oS A e 11 :

Depth of caudal peduncle

In head length:

SHOUE  coosmsmsmmmmsmess s R VIS0 50 s s smmsnn S s s miem 48-5.92
DIamEter: 6f EF@unnesesvsnnmnennasonmrnssssssmmasmesss e e e 3.7-4.0
INterorbital SPACE «++« vvvneereteriiriiit it et et e e e 4.9.48
Length of upper jaw: «ssvemsieississmismsiiisitiiiiiiiins vansessnsossnssonsnsassnssses 2.0-2.1
Length of longest dorsal spine [ L (T 2.6-3.1
Length of longest dorsal ray (8rd ).« s seevvrimmiiiiiiiiiiiiiieiniiieiniaeennns 1.7-19
Lengehi 6f 29d! ARATLAPIAE wvvvevmsesmmsosensrmmiisyess e aoanes 3.5-4.2
Length of longest anal FAY, E200d )} sessnssnssmnannsmmnpssssnammonassassimemsiass 18959
LEength of pectoral svwssomsmmtogs s ns i o te e S s s Sentinnnn sesnsnassssssss 1.9-2.3
LEnPth OF VENTEaA s cnanesmssnnss s umasis s wawame s s s S TR 2.0-2.3

Body oblong and compressed. Head relatively large. Gape obliquely directed upward
and forward; posterior extremity of maxillary extending immediately before a perpendi-
cular through posterior margin of eye. Snout moderately long 1.2-1.5 in diameter of eye.
Eye rather large; the diameter greater than snout or interorbital width. Interorbital
space flat. Preopercular edge and ridge armed with small uneven serration. Dorsal fins
well separated. First dorsal inserted a vertical through midway between tip of opercle
and upper end of gill-opening. Second dorsal opposed to anal; Ist anal spine set below
base of 3rd dorsal ray. Ventral inserted below base of pectoral. Tip of caudal rounded
or truncated even when the fin is streched. Scales on cheek and body mostly large: pored
scales in lateral line 22-23, 2-3 rows of scales between lateral line and origin of dorsal,
5-6 rows between lateral line and anal opening, 2 rows on cheek, and about 4 rows on
opercle. About 8-10 rows of small scales on caudal base.

Teeth uniformely villiform, in bands on jaws, vomer and palatines. Gill-rakers
lanceolate and moderate in size. Pseudobranchae well developed.

Ground color in formalin pale brown except for belly where the skin whitish and
dotted with melanophores. A prominent round or ocellate black bloch on upper angle
of opercle. Body furnished with 6-8 parallel transverse dark bands, the first one below
Ist dorsal spine and the last one at caudal base; sometimes the bands wider than their
interspaces. First dorsal with apical black band. Second dorsal marked with two long-
itudinal blackish bands; one along the margin and the other on median portion. Caudal
edged with narrow blackish band.

Remarks: 1In spite of the efforts of previous investigators, Apogon ellioti appear to
has been splitted into two distinct species, Apogonichthys ellioti (Day) and Apogon
mar ginatus DoperLein. Jornan and Snyper (1901) distinguished A. marginatus from A.
ellioti by the fact that the latter has grayish lateral bands. However, they described
and figured four or five dark cross shades for A. marginatus, though very faint. Fowrer
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and Bgax (1930) also separated A. ellioti from A. marginatus and indicated the distri-
bution of the former species as follows: India, East Indies, Philippines and Queensland.
Conversely, Weprr and pe Beavrorr (1929) amalgamated both species under the name
of Apogon ellioti. Liaxg (1948) pointed out that A. marginatus is probably a synonym
of A. ellioli.

On the basis of results of careful examination presented above we reach to the
conclusion that A. marginatus is identical with and predated by Apogon ellioti. The
following features may serve this conclusion, (1) Both the former and latter bear pec-
uliar Juminous organs as discussed below in detail. (2) No significant feature which
would enable us to separate these species is recognized. In almost all of the features,
our 6 specimens agree in description with A. ellioti presented by previous authors. In
our material, however, the band on anal fin is obscure as compared with that fairly
well figured and described in previous literature.

A few more points may be discussed on the generic characters of Apogon and
Apogonichthys. According to Jorpan and Sxyper (1901) Apogon is characterized by
having a serrated preopercular margin versus characterized by lacking serration in
Apogonichthys. Swirrn (1949) indicated the difference between these two genera as
follows: the caudal fin is forked in Apogon and is rounded in Apogonichthys. Certainly,
both characters are of much value in some cases. But some fish referred to the genus
Apogonichthys bear a weak serration along the preopercular margin. Conversely, the
fish, bearing strongly serrated preopercular margin, has rounded caudal fin as is seen in
Apogon niger Doperiein. The species examined in this study is referable either to
Apogon in the preopercular feature or to Apogonichthys in the caudal feature. It
would seem that these features are insufficient to separate these two genera. Therefore,
the fishes belonging to the family Apogonidae stand in need of an extensive revision.
We are of opinion that such peculiar feature as luminrus organ is important as a generic
diagnosis.  Accordingly, further investigation may demand a new generic name for the

present species.

Fig. 2. ventral aspect of alimentary canal and its appendages. alo.
anterior luminous organ. an. anus. g. gonad. i. intestine. o.
oesophagus. pc. pyloric caeca. plo. posterior luminous organ.
s. stomach.

Gross anatomy of alimentary canal

Since the luminous organs of this species are closely
associated with the digestive system, we make first a brief
description on the structure of alimentary canal. The
general appearance of the alimentary canal of this species
is similar to that of the other apogonids. The oesophagus
is a short but thick tube opening abruptly into a large
stomach.  Externally, there is no apparent dimarcation
between the oesophagus and stomach. The stomach is Y-
shaped and composed of three parts; short cardiac and
pyloric portions and large blind sac. The wall is thick and
lined with longitudinal mucous folds. It is well known that the stomach showing such a
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peculiar structure, is capable of taking large amounts of prey. Coloration of the oesop-
hagus and stomach is uniformly black. ’

Four well developed pyloric caeca, blackish brown in coloration, are attached to the
pyloric region. It is relatively large; the length being about as long as the stomach.

The intestine arises from the left antero-ventral end of the stomach, and extends
latero-posteriorly along the right border of the stomach to the level of the end of the
stomach where it turns anteriorly. Then it reaches to below the origin of stomach where
it again inverses posteriorly. From the origin to this second bend, the intestine is rather
narrow and jet black in color. From the anterior end of the secoud bend a small protu-
berance is projected anteriorly. This is the anterior luminous organ (Fig. 2, alo.). In the
740 mm. specimen, it is approximately 2.5 mm. in length, and is 20 by 2.2 mm. in cross
section. Since few chromatophore is present on its surface layer, it is light yellow in
coloration.

Therefrom, the intestine runs posteriorly along the midline of the abdominal cavity
to the vent without any convolution. This portion is dark gray in color and considerably
broad as compared with the anterior half of the intestine. But it gradually decreases in
diameter from its broadest region near the level of posterior end of stomach toward the
vent. To immediately befor the vent the intestine is accompanied with a pair of the
posterior luminous organs (Fig.2, plo.). They are bean-like in shape, and are black dorsally
and silvery white ventrally. The organs are visible without dissection through the tran-
slucent muscle. The measurement of the posterior luminous organ in 74.0 mm. specimen

is 28 mm. in length and 0.5 by 1.5 mm. in cross section.

Structure of luminous organs

The histological features to be described below are based on cross sections of each
luminous organ or intestine. The anterior luminous organ, shaped roughly like a pocket,
arises from the anterior end of the second bend of the intestine (Fig. 2, alo.), and forms
a blind pouch at the anterior extremity. Posteriorly, it opens into the left side of the
intestine. The organ is glandular in structure. Internally the lining of the gland is
similar to that of the intestine, that is, it is elevated in narrow folds or ridges. However,
the epithelial cells are somewhat differ from those of the intestine. In the luminous
gland the epithelium is ccomposed of a single layer of tall columnar cells with nucleus
at the base, whereas intestinal epithelium consists of goblet cells and columnar cells with
a striated border. The epithelial cell in the gland is deeply stained with eosin, and
is about twice as thick as the goblet cell in the intestine (Fig. 4 A). Karo (1947) called
this cell as “Photogenic cell”. These cells are supported by the tunica propria. At the
posterior juncture of the organ with the intestine, the right half of the surface of intestine
is lined with the typical intestinal epithelium, and the other half is lined with a distinct
columnar epithelium found in the lumiuous gland (Fig. 4 A). Successive layers forming
the anterior luminous organ are the muscularis and serosa as is the case with the

intestine.
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Fig. 3. Anterior aspect of cross sections of
luminous organs at levels indicated
in figure 2. alg. anterior luminous
gland. bv. blood vessel. i. intestine.
le. lens. m. muscularis. mc. mucosa.
plg. posterior luminous gland. r.

rectum. rf. reflector. s. serosa.

Within the muscular wall lying
between the intestine and the posterior
portion of the luminous gland there
extends an opaque collagenous mem-
brane in lengthwise direction (Fig. 3
B, rf.). It separates the muscularis
of the organ from the wall of the

intstine. This structure, therefore,

apparently serves as a reflector.

The posterior luminous organs,
shaped roughly bean-like, lie on each
side of the rectum (Fig. 2, plo.). It
opens into the rectum at the antero-
proximal side (Fig. 3 C). The epithe-‘

lial coat of the inside of the organ is
virtually the same as that of the anterior luminous organ (Fig. 4 B). Near the opening
the epithelial cells are abruptly replaced from the peculiar eosinophil columnar cells of
the gland to the goblet cells or columnar cells of the mucosa of the rectum. The gland
is covered with a thick layer of circular muscularis.

Within this circular muscle layer and just above the gland, an opaque membrane
which is considered to be a reflector lies longitudinally as is seen in the anterior luminous
organ (Fig. 3 C, D, rf.). On the other hand, in the ventral side of the gland, there is
a distinct longitudinal bundle of muscles (Fig. 3, C, D, le.). These muscles are translu-
cent and enable us to observe the posterior luminous organs from the outside of the body
without dissection. The cross seetion of this bundle is lenticular. So that it may probably
be able to transmit the light from the gland. These structures well agree with the re-
flector and lens described by Hanepa (1950) on Acropoma japonicum.

The posterior portion of intestine between the anterior and posterior lumiuou sorgans
is composed of three major layers: the mucosa, muscularis, and serosa. Of particular
interest is the fact that peculiar columnar cells which are representative of the epithelium
of the luminous gland, are sporadically found in the mucosa, though most of cells con-
stituting this layer are the columnar cells with a striated border and goblet cells. But
whether these peculiar cells have any relation to the luminescence of this portion, we

cannot say at present.
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Fig. 4. Cross sections of juncture of anterior luminous organ with intestine (A) and epithelium of
posterior luminous organ (B) (Anterior aspect). ce. columnar epithelial cell of intestine. ec.
eosinophil columnar cell in luminous gland. gc. goblet cell. m. musculais. ml. melanophore. n.

nucleus. s. serosa. tp. tunica propria.

Discussion

There is no doubt of the luminescence of glandular structures associated with the
intestine of Apogon ellioti. Evidences suggesting that these structures arc luminous
organ are as follows: (1) The luminescence is obviously observed when the living fish
is mechanically stimulated; (2) The organ is provided with a structure like a lens
and reflector; (3) No other structure which thought to be a luminous organ is recog-
nized. However, whether the light comes from the symbiotic bacteria or from the
photogenic cell, we cannot give a definite decision, because we did not test the organ
from a viewpoint of bacteriology and because we were unable to have a chance to
examine the luciferin-luciferase reaction of the gland.

Karo (1947), working with the Japanese specimens, presumed that distinct columnar
cells lying in the epithelium of the luminous glands are photogenic. These are filled
with an eosinophil secretion but are not holocrine type, so that the photogenesis is
intracellular. Thus he concluded that Apogon marginatus (elliot:) is the first instance
of self-luminous fish having the luminous organ in the intestine.

Harvey (1957) has not confirmed this interpretation, but has surmise: that the light
is bacterial. In almost cases for which literature is available, it is shown that luminous
organs bearing the openings to exterior or to the digestive tract are capable of lighting
by the symbiotic bacteria. For example, the luminous organs of Monocentris (Y asaxi,
1928), Coelorhynchus (Haxepa, 1951), Acropoma (Hanepa, 1950), Leiognaihus (Hanepa,
1950), and Paratrachichihys (Hanepa, 1957) are all belonging to this type. Therefore,
Harvry’s empirical conjecture is, in fact, not unreasonable.

Recently, Hanepa and Jounson (1958), studying with Parapriacanthus beryciformes
Franz, discovered unique self-luminous organs which bear the opening to the outside.
This finding may suggest that the luminous organ of open-type is not always bacterial
luminescence. Accordingly, it is not unlikely that the luminous organ of Apogon ellioti
might be a non-bacterial type as has been described by Karo (1947).

The structures of the posterior part of intestine possess problem that seems to be
worth to discussing. Kato (1947) considered that posterior portion of intestine lying
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between the anterior and posterior luminous organs acts also as a luminous organ, and
named this area as “Intestinal luminous organ”. His conclusion is based on the obser-
vation that this portion of the intestinal epithelium is lined with photogenic columnar
cells filled with eosinophil secretion. But so far as our examination is concerned, it is
lined with typical goblet cells and columnar cells usually found in the intestinal epithe-
lium of many teleostean fishes, though several peculiar cells forming the luminous gland
arc studded on the epithelium. Furthermore, no reflector-like structure is recognized in
this area. These evidences lead the authors to doubt of the conjecture regarding
the direct luminescsnce of this portion.

Summary

(1) Results of careful examination revealed that Apogon marginatus DoperLeiN
should be a synonym of Apogon ellioti Day.

(2) A ellioti is provided with three peculiar luminous organs: one, shaped like a
small pocket, is attached to the second bend of the intestine and the other two, shaped
bean-like, lie on either side of the rectum. All of these bear the opening to the intestine.

(3) Each luminous organ is glandular in structure and equipped with a structure
like a reflector and a lens.
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