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Among marine fishes, the family Apogonidae contains a large number of small, shallow-
water species (numbering approximately sixty) that are widely distributed in the Pacific
and Indian Oceans. In particular, great numbers and variety are found in the Philippines-
Caroline Islands-Samoa region, but they are also indigenous to the coastal waters of Japan,
Hawaii, Northern Australia, and the Comoro Islands. Although the occurrence of lumino-
sity in the family has not been extensively studied, six species are known to be luminous. In
five of these, all belonging to the genus Siphamia'** (S. versicolor, S. majimai, S. elongata, S.
cuneiceps, and S. roseigaster), luminescence appears to be due to symbiotic luminous bacteria
infecting the photogenic organs. The sixth species represents another genus and the blue
luminescence of this form (Apogon ellioti) has been shown to be due not to bacteria, but to
a separate enzymatic reaction. The luminescent organ system of A. ellioti was first described
by Kato.®" Tt consists of an oval-shaped lemon-yellow organ (I-2 mm diameter) which
is connected by a duct to the second loop of the intestine. This organ lies in the translucent
thoracic keel muscle through which the light passes to the exterior. Posteriorly, two small
paired organs are found adjacent to and connected by a pair of ducts to the rectum. The
former organ is called the thoracic or anterior luminous duct and the latter the anal or pos-
terior luminous ducts. Each organ contains its own supply of luciferin (substrate) and lu-
ciferase (enzyme), and light is emitted continuously. A dark cold-water extract and a hot-
water extract of the organ, when mixed, results in the emission of blue light (the “luciferin-
luciferase reaction’).*
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Previous biochemical and morphological studies have revealed the following facts con-
cerning the luminescent system of Apogon ellioti. Both luciferin and luciferase give a light-
emitting cross-reaction with the luciferin and luciferase of a small luminous fish, Parapriacanthus
ransonneti (family Pempheridae), and with the luciferin and luciferase of Cypridina hilgendorfii,
a small marine ostracod crustacean."®" The luciferin and luciferase of P. ransonneti also
give a light-emitting cross-reaction with the luciferin and luciferase of C. hilgendorfii. Thus
there are cross-reactions among all three systems.® The luminescent organ system of Apogon
possesses anatomical features that are similar to those of Parapriacanthus.™® The chemical
properties of Cypridina luciferin are closely related to or identical with those of Apogon luci-
ferin® and Parapriacanthus luciferin.’® All three species live in the same waters off the
southern coast of Japan. Cypridina apparently constitutes a part of the diet of Parapriacanthus
ransonneti, as shown by the finding of dead, but still luminescing organisms in the stomachs
of about a dozen out of 2,300 Parapriacanthus specimens examined.'® Cypridina thus far
has not been found in the stomachs of Apogon ellioti, although more than 1,000 specimens
have been examined. Because there exists a direct connection between the light organs and
the digestive tract in both Apogon and Parapriacanthus (except for the posterior organ in the
latter), there has been speculation that luciferin may actually arise through the ingestion of
Cypriding.®

With respect to Apogon ellioti luciferase, however, it has been shown that the enzyme is not
likely to be ingested (unless one assumes that it is modified after ingestion) since the chroma-
tographic, immunologic, and kinetic properties of Apogon and Cypridina hilgendorfii luciferases
are significantly different.”™® The fact that the luciferin of the shallow-water fish, Porichthys
porosissimus (family Batrachoididae), of the Gulf of Mexico gives a light-emitting cross-reac-
tion with Cypridina luciferase also suggests that the luciferins are produced independently in
each organism,™ since Cypridina is presumably absent or scarce in the Gulf of Mexico and is,
therefore, not ingested by Porichthys. This conclusion can, however, not be considered
unequivocable since the presence of luminous species of Cypridina has been previously reported
in Jamaica. 1

The family Apogonidae is represented in the Philippine Islands by about 40 species.™
Thousands of specimens belonging to 25 species were collected at Cebu during May and
October of 1968 for the purposes of this investigation. All of these were examined for lumin-
osity, but only six species gave positive results. The luminosity of one of these, Apogon ellioti,
had, as noted above, been previously investigated and the specimens of this species were not
used except for limited cross-reaction studies. The other luminous species that were used
are:  Archamia fucata (Cantor), 58 specimesn ; Archamia zosterophora(Bleeker), 18 specimens;
Archamia lineolata Cuvier and Valenciennes, 62 specimesn; Apogon striata (Smith and Radc-
liffe), 23 specimens; Rhabdamia cypselura Weber, 624 specimens. The specimens ranged in
size from approximately 40 to 70 mm in standard length. These five species proved to be
highly interesting because they all possessed the luciferin-luciferase type of reaction system and
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the ability to cross-react with extracts from Cypridina hilgendorfii, a combination of two charac-
teristics hitherto demonstrated in only three species of luminous fishes. It may be noted here
that one additional species of luminous fish, the pempherid Parapriacanthus ransonneti, was
also found at Cebu, but this was not subjected to further examination except in some cross-
reaction tests.

Schematic drawings of the luminescent organ systems of Archamia lineolata and Rhab-
damia cypselura are presented in Figures 1 and 2. The diagrams illustrate the positions of
the luminous body or duct, the translucent muscle that acts like a lens to diffuse the light, and
the related anatomical structures. In Archamia lineolata the luminous body, containing the
Iuciferin and luciferase, is formed by the second loop of the intestine and the pyloric caeca
(Fig. 1, PHOT, IN and PC). The light emitted by the second loop of the intestine, (PHOT)
however, is brighter than that of the pyloric caeca. No luminous organ is present at the anus.
The translucent keel muscle, acting like a lens, serves to transmit the light ventrally (TM).
The luminous organs are similarly constructed and arranged in Archamia fucata and A. zostero-
phora. The luminous organ of Rhabdamia cypselura possesses substantially different features:
the distal ends of a pair of pyloric caeca are transformed into luminous bodies or ducts (Fig. 2c,
PHOT). A pair of transparent lens-like organs, encircled with black pigments, are situated
in the ventral-lateral wall of the body cavity (Figs. 2b and 3d, L). The luminous ducts are
attached to the lens-like organs and light is transmitted to the outside through them. These

ST

Fig. 1. Diagram of Archamia lineolata from the Fig. 2. Diagram of Rhabdamia cypselura from
left lateral (a) and ventral (b) aspect showing the left lateral and ventral abdominal
the luminescent organ system. PHOT, strog aspects, showing the luminescent organ
luminous area of intestine IN, intestine; PC, system. PHOT, luminous duct; PC,
pyloric caeca; TM, translucent muscle; R, pyloric caeca; L, lens-like organ; IN,
rectum; AN, anus; ST, stomach. Liver, intestine; R, rectum; ST, stomach; HT,
reproductive organ, and swim bladder, not heart. Liver, reproductive organ, and
shown. The luminous material is contained swim bladder, not shown. Only the ends
in the intestine and pyloric caeca, and light of the pyloric caeca are luminous and the
is transmitted through the translucent muscle intestine and rest of the pyloric caeca are

(TM). non-luminous.
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two distinct types of luminous organs each differ markedly from that found in Apogon ellioti,
and to an even greater degree from the system of Siphamia which involves symbiotic luminous
bacteria. The luminous organ of Apogon striata is similar to that of Apogo ellioti, but lack
of anal luminous ducts. It thus appears that the luminescent organ systems of apogonids
may be roughly divided into four types: (1) Siphamia type, (2) Apogon ellioti type, (3)
Archamia lineolata type (including A. fucata, and A. zosterophora), and (4) Rhabdamia
cypselura type.

For the in vitro studies, dried light organs were used. Soon after collecting the specimens,
the organs were removed by dissection, air-dried, and stored over CaCl,. After returning from
the Philippines, the organs were thoroughly dried under vacuum. Because in the case of
some species a limited number of organs was obtained, those of Archamia fucata, A. lineolata,
and Rhabdamia cypselura were studied primarily. Luciferase was prepared by grinding
1 to 3 organs in 3.5 ml of 0.1 M sodium phosphate buffer, pH 6.8, in an all-glass homogenizer
chilled in an ice-bath. The homogenate was dialyzed overnight against 0.1 M sodium phos-
phate buffer, pH 6.8, at 4°C.  After centrifuging at 15,000 x g for 1 hour at 5°C, the super-
natant was used directly. Luciferin was prepared by homogenizing three light organs in
3.5 ml of boiling distilled water for 1 minute, then rapidly cooling in an ice-bath, centrifuging
at 15,000 x g for 5 minutes, and using the supernatant immediately. When the organs were
first ground in phosphate buffer, the extract exhibited a blue luminescence that was readily
visible in the dark. The luminescence lasted from several minutes to 4 hours, with the extracts
showing the longest luminescence presumably containing the greatest amount of luciferin.
Dark extracts again became luminous when fresh luciferin (hot-water extract) was added.
The luminescence of all three systems was found to be oxygen dependent. Bubbling 99.99 %,
argon through the extract contained in a closed system extinguished the luminescence in about
10 minutes (as observed with the 30-minute dark-adapted eye). Blowing air into the extract
immediately restored luminescence to approximately its original intensity. The procedure
was repeated several times with the same result. The luciferin-luciferase test was carried out
using the crude preparations of luciferin and luciferase. In the case of all three species, lumi-
nescence appeared immediately when the extracts were mixed. The three systems, therefore,
resemble those of Apogon, Parapriacanthus, and Cypridina in giving a positive luciferin-luci-
ferase reaction. The crude preparations of luciferin and luciferase were further used for
cross-reaction studies, which also included luciferins and luciferases of Apogon ellioti (Kochi,
Japan) and Parapriacanthus ransonneti (Izu, Japan), in both instances prepared from the
dried thoracic light organs as described above, and of Cypridina hilgendorfii (Tateyama, Japan),
prepared from dried organisms as previously described."®' The luciferins and luciferases
of Archamia fucata, A. lineolata, Rhabdamia cypselura, Apogon ellioti, Parapriacanthus ran-
sonneti, and Cypridina hilgendorfii all cross-reacted with light-emission. In addition, hot and
cold-water extracts were prepared from freshly dissected organs of Archamia zosterophora, A.

lineolata, Apogon striata, Rhabdamia cypselura, Apogon ellioti, and Parapriacanthus ransonneti
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Table 1. Luminescence Cross-reaction of Hot- and Cold-water
Extracts of Luminous Organs of Philippine Apogonids

Luciferin-luciferase

Hot-water extract Cold-water extract

reaction

Archamia zosterophora Cypridina hilgendorfii -+
C. hilgendorfii A. zosterophora +
Apogon striata C. hilgendorfii +
C. hilgendorfii Apogon striata +
A. zosterophora Rhabdamia cypselura +
Rhabdamia cypselura A. zosterophora +
Apogon striata Rhabdamia cypselura +
R. cypselura A. striata +
Apogon ellioti (Cebu) Apogon ellioti (Cebu) +

2 2 2 22 »  (Japan) +

2 e (Japan) 2 »”  (Cebu) -+

” ” (Cebu) Archamia lineolata +
Archamia lineolata Apogon ellioti (Cebu) +
A. ellioti (Cebu) Rhabdamia cypselura +
Rhabdamia cypselura Apogon ellioti (Cebu) +
Parapriacanthus ransonneti (Cebu)  Archamia lineolata +
A. lineolata P. ransonneti (Cebu) +
R. cypselura P. ransonneti (Cebu) +

Fresh organs were used, except for Cypridina hilgendorfii and Apogon ellioti (Japan).

and tested at Cebu. The results are shown in Table I and indicate a reciprocal cross-reaction
between the luciferins and luciferases of these organisms.

Compounds known to stimulate light emission from tissue extracts of other luminescent
systems were also examined. These tests were carried out using organ extracts of Rhabdamia
cypselura, ground as before and centrifuged at 15,000 x g for 5 minutes. The most striking
effect was obtained with extracts undergoing a slow decay in light intensity. The addition of
either reduced nicotinamide-adenine dinucleotide (NAD) or reduced nicotinamide-adenine
dinucleotide phosphate (NADP) caused an immediate and prolonged stimulation of light
emission. The stimulation in the case of some extracts was very marked and lasted for many
minutes, after which the luminescence decayed very slowly. The stimulating effect of reduced
NADP appeared to be slightly greater than that of reduced NAD of equal concentration but
the difference was not marked. The addition of NAD and NADP alone had no effect on light
intensity. Extracts of the thoracic light organ (either dried or fresh) of Apogon ellioti (Kochi,
Japan), prepared by the same procedure, were either only slightly stimulated or not stimulated
at all by reduced NAD and reduced NADP. A slight stimulation of Parapriacanthus extract
by reduced NAD has been previously reported™. The stimulating effect of reduced NAD
and reduced NADP on light emission appears to be a new and characteristic property of the
Rhabdamia cypselura luminescent system. Slowly decaying luminescnet extracts of Cypridina
hilgendorfii were not affected by these compounds. Adenosine triphosphate and reduced
flavin mononucleotide also had no effect on any of the above extracts. No conclusions could
be drawn on the effect of these cofactors on the luminescent systems of Archamia fucata and
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A. lineolata due to the low level of light-intensity of the extracts. Studies of the Archamia
fucata, A. lineolata and Rhabdamia cypselura luminescent systems are presently in progress.

The luminescent cross-reactions observed among the Philippine apogonids, Apogon
ellioti, Parapriacanthus ransonneti, and the ostracod Cypridina hilgendorfii appear to offer
further support for the theory that luciferin and luciferase have an independent origin in each
of these organisms. Apogon ellioti is distributed from Japan through Southeast Asia and
Australia, whereas Parapriacanthus ransonnetiis known from Japan to the Ryiikyii and Marshall
Islands. While C. hilgendorfii is found in the coastal waters of Japan, extending from Chiba
to Kyushi, the organism is absent from the Philippine Archipelago. No report appears to
exist in the literature conconcerning the presence of C. hilgendorfii in the Philippine Islands
and attempts to collect it there have been unsuccessful. A luminous ostracod crustacean
that is indigenous to the Philippines, however, is Cypridina noctiluca, which has wide distribu-
tion in the coastal waters of Southeast Asia, the Indian Ocean, and northern regions of Australia.
Cypridina noctiluca is a small (2.0 mm long) free-swimming, pelagic organism, whereas C.
hilgendorfii (3.0 mm long) is a bottom-dweller that lives in the sand. The Japanese A. ellioti
lives at a depth of about 55-75 meters, but the normal depth ranges of the Philippine apogonids
have not been determined, nor is it known whether or not they feed on pelagic organisms such
as C. noctiluca to obtain their light-emitting components. Such a mechanism, however,
would explain the cross-reactions between the Philippine apogonids and C. hilgendorfii since
the luciferins and luciferases of C. noctiluca and C. hilgendorfii have been previously shown to
cross-react.”®  The present observations suggest that luciferin may be more widely distributed
as a common substrate than heretofore believed and point to the need for carrying out a more
thorough investigation of these systems.

1 %7 # Apogonidae AT 60 FMUZ LMBI TV B 235ET 5 DIXHINEIT, T
CIREE (19472 X » T ¥ < 7 v £ & 5 Apogon marginatus O e 4 5 h, E=iF, ERE(1958)
% Apogon ellioti D FEIETN D\ THE L7z, Apogon marginatus ¥ A. ellioti © synonym T3 -
e, AROFCEIPIBITAPNCEER L, MLE 8RO 2 WHFLER L, B EEROS 5
—HORLFIFEEIRD LRI %0 FLRRPAIZA1% Luciferin Luciferase Reaction 734 b, %
Jefa v 2 & ¥ Parapriacanthus ransonneti, 7 3 X % ) Cypridina hilgendorfii ©33eiE & D
=1 Luciferin Luciferase Crose Reaction D% 2L ETH 5 CHEH, Jonson, SiE 1959),

—77, Siphamia JED v % Y A ~ = 5 Siphamia versicolor (=3 1958), S. majinai (&3 1959)
BORRENR DD 2 = LG Shicdy, BEEAC L D2METH - 1otcd, BELEEI LTI
WL, EXBABTCOCTOREI R IR T eh o T, 1960EFRMIET 4V » ©vD £ 7 AT
%5C Siphamia versicolor %34 L, FENABE LI, HETED -0, EXABOWRE TIZE
biehrole, 1964 ST T, 7 v ¥+ Diadema setosum @ B\ ORI + % Siphamia
versicolor D% 1T, FEIHEL Apogon ellioti X 5 1oL B Tl < 3o 2 34 CF
HRE 1965) TH D LuWE Lico ZOBA~A TV TDT Y ASN—VIEL DE— } vIBD Sic
Dphamia cunicups, S. roseigaster % [REEDREEDIIEBTH S = EHFER Lz CHBH 1967),

Siphamia FORIIEEAENET 5 X 5 Th B4, BfE, BEBAKER ST\ 5L, Siphamia
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versicolor, S. majimai, S. elongata, S. cuneicups T 0" S. roseigaster (Adenapogon roseigaster) @ 5
HHETH B,

1968525 A, PREIXBO7 4V » €vOL IR b A% HE, KO SEED A v = FFC
B 2ROFBENEHR L, FEBROMELH~D LT, FBENEMNTIME I/, Apogon
ellioti D X 5 IefL¥WETH B 2 &, SHEORKMWEMES LV, Y=< a1 v x5 Apogon ellioti,
¥ v X € ¥ Parapriacanthus ransonneti, 7 3 + % ) Cypridina hilgendorfii )iz {, Luciferin
Luciferase Crose Reaction O3 % = & % FEDd -,

SEORDEXIREYID L b, B L LTELFEOWERE LTHLR -7, = DEEHE
X BEFOPRIXEL LT Tsuji, ILUATTE - oo

AEHT L BEA MR LABRIRD SEThH b, Thbb

Archamia fucata (CANTOR)

A. zosterophora (BLEEKER)

A . lineolata CUVIER et VALENCIENNES
Apogon striata (SMITH et RADCLIFFE)
Rhabcamia cypselura WEBER

RAEFEOEE

SR DG IHEAMITIL Y = 7 m 1 > F Apogon ellioti & FIHETHLA & kT 5 T &,
iR A5, BaEt, MEEOAREEBFHOMGE L D fcn T2 75, Archamia fucata, A. zosterophora,
A. lineolata 13, [FBROHGE CTHEE D b OROWMIBZ W ENE T WL 2L EE T,
REERHVEIET 5o BICIMBACET 2B OBENR LD, WHMHA LI EEGETH
%o Apogon ellioti D J 51, WESFHPAPICIELIRIILRST 5 = Licl, BE & WMIED L1 s,
R OFAA B L THBIS, (Fig. 1. a. b.)

Apogon striata DFENeEL Apogon ellioti L1z T\~%75%, VE vEDFIRIEIER G CILFIZE
WERNT D,

Rhobdamia cypselura (3{k& 40 mm. §§ 10mm DO/NE DA >~ 25T, AMORKEIIFE R
189, —XOMFIFED SLhRER 0.6 mm (LD IEE D EH D Z R EFERI O KA T, B —xt B
FMIPORE 1mm OFRev v XRBEE2S D, WMIEOERORBRRE 20 v v ABBEOR
P57, KIZD200BEYBLTABND, VY ABREEORATCIIREEEENED %
EXMAMBIZ bR L 517 T B,

GAVEFHBEOREB LT OMELLY, T, REAB LY HET S LD 4o0R 5
hd,

1. EhV A L FF Siphamia versicolor £

W & RS T 25682, B AP U, BB EEERORERT, Els o8

ST T D Acropoma <o Paratrachichthys 1c EieH b5 L 5 BB EBROBHAE LT

Abhde FRRPNTIIFEACENE L, HETHREMED 5,

2. Y=v4H0O4 LFEF Apogon ellioti T

W &R 2 IR VIR P T B2 L @A 5 0, AL B E OB, EHoOMA

ZBELTHbh5, FERPAL Luciferin Luciferase KIG0O®H 2 RHALEMECH B, Apogon

striata |3 ZDTH B,

3. Archamia fucata T)
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B, MMEZO LD BEMENE TR RNT 50, WRHEC #5280 BEIERL
B Kb, B BE, MMECEFEEWEY &%, FEMEEEE LTty Luci-
ferin Luciferase XG0 5 FIGLFWEIC L » T b, A. zosterophora, A. lineolata 3= DT
TH b,

4. Rhabdamia cypselusa )

R —ROMPIEDORMCH D, ZOFWDHRRNK D, BIHT—xD 1 mm DREMAFO v
VABBERS DL OBE LD A bR b, FIEHAA L Luciferin Luciferase KIG0 H 5%
HALEWETH %,

RAMEDENSE

740y ¥V I EBRS REEELIRIE LCHREZE L. FEMBOMAETERICHW:
DIy Acchamia fucata, A. lineolata 35 X (% Rhabdamia cypselura ® 3 @ TH - f=o 3.5ml O
0.1M v VEEEER (PH 6.8) ¥ AT, THKBTHHL TEWo# 7 ARG 27 71 ¥ —IT,
125 3 DR E Ah, BELL, ZORERIRBTCErRBD bhEXRIE G L, Bk
X3 ARFRI L EE . MRS 99.99% D 7L = vERE U TEGOEME RO L, # 10 5L
MW Lizo DMK LIHHRCBRELED LBORELT 502 RD I, —RHCoWT, EfFED
L ERWERREE LT, =D 2 L R EBESNE LTSI s» 7, Luciferin, Luciferase
Reaction 28 5 IWIRITKRD XL 5 T LTHREL Lz, T7bb, LEOBREKAY 4°C T 0.1 M ) vER
SR A TEIT Lictg, 5°C T 15,000g o058 L, E@B¥K% Luciferase ¥k & L, fihy
Luciferin %% 3 OFKREE 3.5m/ © 100°C OZKEAST 1 SHEBEL, EZHITKAL,
5°C ¢ 15,000 g DOELHHE L7 EBETH 5,

SDX TR INI L3 EOADL W Ehd Luciferin ¥ & Luciferase %A RAT % &
ZYLte S bDFNIL Apogon ellioti i Parapriacanthus ransonneti % Cypridina DT
CTWbe AARBFED Apogon ellioti, Parapriacanthus ransonneti @ Luciferin 3%, Luciferase 7
WL RO HECHREL L, Cypridina 13 Tsuji (1955) Tsuji, Sowinskr (1961) O THEL L1z,

AE, HILLREDOFEREINI7 4 Vo EvDSTED A vEFH &, Apogon ellioti, Parapria-
canthus ransonneti, Cypridina hilgendorfii » D[] Luciferin, Luciferase Crose Reaction |¥ 7 5 =&
THH I FEE LI

HEMFERR OB DORICEEE B L THWEHAOMRY LiL 3 EMORKA S T, R
EAERICER L, 54 15,000 g T8 Ute Rhabdamia cypselura o V&R D 53613 e
NEVEEYE - T\ 5, OMHBRCETL=25vE7 I F-75=v, 2227 v+5 F (NAD),
FLRIBL=2F V7 IF-7TF=v, YRIVFFF, V) vEE NADP) iz 5 &, ORI
R e Loy SRS el 50, MO, ZFEA LRERTH 5 NADP 0Fneek
XX 5 Thotco Apogon ellioti DFIEIEOBMTH LTUL, “hOLDORFEIRFEAL, H5
Wi, &L 8RR Ish o o, Parapriacanthus ransonneti D FEYER DY 33 5% 5C NAD
EBEERR I LRI TN Z LT TG LB D TH %,

Rhabdamia cypselura DFIGIEHEYDOFIGTR LCEIE NAD % L O%&IC NADP 23, ok
5 BRI I H R T ERREIH LWERS 55RATH 5, v 3 & v Cypridina Jii) O Pt 7s
BUREKE, ZhbOREIH NIl T, UEDIED7 4V » ¥vDS vE2FHT
73>, Archamia fucata, A. lineolata, Rhabdamia cypselura ¥ X O° Apogon ellioti, Parapriacanthus
ransonneti DFFNEFHER ORISR L, ATP 2, 75 v E /7 X 7 VI F NI NN - T,
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% v * % F% Parapriacanthus ransonneti > Luciferin 23, ¥ 3 K & Cypridina hilgendorfii ©
Luciferin S #EM, @GEAER—THBHIE, 7 IFRZARFV2EFFOFANLIER SR
Sk, FVAEFERORKEBOMEFE ORI LF v 22 FFABEYHAELANICY T HEZAH
BIETWBEOTIIW I EDFE L CHBHE, Ya vy v, TR 1966) R fiunjon, Fv2E Ff
DEEIBE, FHHPED LT B Y =7 v vEF Apogon ellioti (L7 3 K2 LDERTHEE
IOECFICE D, FEBRALLY I XZARRR IR TV L, Y= rgveFD Luci-
ferase 23 ¢ £ £ 4@ Luciferase SR/ b &, T I RZLOHRE Lichx £ > aB0RN
8 Porichthys porosissimus & 7 3 A 1 & @ R Luciferin Luciferase Crose reaction (CORMIER,
CRANE, and NAKANO 1967) O} 5 = L1 & T, w 3 A2 1@ Luciferin & [B—ME OIS E
WEDREEEHOPCIIREOMC LILBCH LN DD TRV A LB T ey, SEH LL
FEXNIeT7 4V v EVOELL ~EFO—F Rhabdamia cypselura O & 7 3 A 2L D
i3 28T AD &5 NADP O#ROHREL, thb74 Y v ¥V  vEFHAORER
BT LEbDT, 7 i REAEBRORVLEDTHEZ EETTLDOEF LD S,
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Archamia fucata (CANTOR)
A.zosterophora (BLEEKER)
A.lineolata CUVIER et VALENCIENNES
Apogon striata (SMITH ¢t RADCLIFFE)
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