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The anatomical arrangement and mode of light production in 18 species
of pony fishes were investigated using fresh and preserved material. The
luminescent systems were found to be similarly arranged in all 18 species.
Basically, the system in each fish consisted of a light organ located at the dis-
tal end of the esophagus and a series of accessory structures positioned in
tandem for controlling light intensity and for directing and dispersing the light
over the abdominal regions of the body. The light was produced by symbiotic
luminous bacteria present in large numbers in the light organ. On the basis
of organ size, a simple classification of the luminescent systems is proposed.

The light organs of Leiognathus rivulatus and L. elongatus showed marked
sexual dimorphism. The luminous bacteria present in the light organs of L.
rivulatus and the other pony fishes were easily culturable, but those from the
light organ of L. elongatus were non-culturable. Electron micrographs of thin
sections of the light organs of L. elongatus and L. rivulatus showed the presence
of numerous rod-shaped bacteria measuring approximately 0.8 um X 2.4 pm and
0.8 um X 7.8 um, respectively. It is concluded that the bacteria from the light
organ of L. elongatus represent another example of a type of non-culturable
luminous bacteria that have been found in the light organs of two species of fish.
Such bacteria appear to require from the host some special factor for growth
and luminescence.
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Table 1.

Place and date of collection of pony fish

Species

Place of Collection

Date

e B A
Leiognathus equulus

(FORSKAL)

Palau, Yap, Ponape, Caroline Islands,
Micronesia

Sandakan, Sabah, Malaysia
Djakarta, Java, Indonesia
Moreton Bay, Brisbane, Australia
Cebu, Philippine Islands

Madang, New Guinea

August, 1937

March, 1938
February, 1960
March, 1965
May, 1967
October, 1969

Tr7Fe4 ¥

L. ruconius (HAMILTON-
BUCHANAN)

(Syn, Secutor ruconius)

Sandakan, Sabah, Malaysia
Singapore

Madras, India

Djakarta, Java, Indonesia
Cebu, Philippine Islands

Near estuary of Ramu River, New
Guinea

March, 1938
July, 1944
January, 1960
February, 1960
May, 1967
October, 1969

Tr7Fed7xo—fR
L, insidiator (BLOCH)
(Syn. Secutor insidiator)

Sandakan, Sabah, Malaysia
Singapore

Madras, India

Djakarta, Java, Indonesia
Cebu, Philippine Islands

Near estuary of Ramu River, New
Guinea

| March, 1938

July, 1944
January, 1960
February, 1960
May, 1967
October, 1969

L. fasciatus (LACEPEDE)

Palau, ponape, Caroline Islands,
Micronesia

Sandakan, Sabah, Malaysia

Truk, Ponape, Caroline Islands,
Micronesia

August, 1937

March, 1938
August, 1940

1 b4 Z7¥
L. lineolatus (CUVIER and
VALENCIENNES)

Palau, Caroline Islands, Micronesia
Sandakan, Sabah, Malaysia

Truk, Ponape, Caroline Islands,
Micronesia

July, 1937
Marech, 1938
August, 1940

L. splendens (CUVIER)

Sandakan, Sabah, Malaysia
Moreton Bay, Brisbane, Australia

Near estuary of Ramu River, New
Guinea

Makasar, Celebes, Indonesia

March, 1940
March, 1965
October, 1969

November, 1969

L. daura (CUVIER and
VALENCIENNES)

Sandakan, Sabah, Malaysia
Cebu, Philippine Islands
Makasar, Celebes, Indonesia

March, 1940
May, 1968
November, 1969

L. bindus (CUVIER and
VALENCIENNES)

Sandakan, Sabah, Malaysia
Cebu, Philippine Islands
Makasar, Celebes, Indonesia

March, 1940
May, 1968
November, 1969

L. moretoniensis (OGILBY)

Moreton Bay, Brisbane, Australia

March, 1965
November, 1969
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Table 1. (Continued)

Species Place of Collection Date
L. novaehollandiae Madang, New Guinea October, 1969
(STEINDACHNER)
L. rapsoni MUNRO Madang, New Guinea October, 1969
| Kochi, Japan August, 1939

L. nuchalis (TEMMINCK

and SCHLEGEL) Yokosuka, Japan October, 1974
E‘:? b4 Sx - Kochi, Japan August, 1938
. rivulatus (TEMMINCK s .

and SCHLEGEL) Misaki, Japan July, 1970
Manazuru, Japan August, 1974

Il:l)‘ lt 1% S q Manazuru, Japan July, 1970

. elongatus SMITH an
POPE July, 1972
August, 1974

L. hataii ABE and HANEDA| Ambon, Indonesia November, 1969

L. aureus ABE and Ambon, Indonesia November, 1969

HANEDA

IRV, THE Palau, Caroline Islands, Micronesia July, 1937

Gazza minute (BLOCH) Sandakan, Sabah, Malaysia March, 1938
Truk, Ponape, Caroline Islands, August, 1940
Micronesia
Bombay, India January, 1960
Djakarta, Java, Indonesia February, 1960
Cebu, Philippine Islands May, 1967
Madang, New Guinea October, 1969
Near estuary of Ramu River, New Guinea October, 1969

IRk F7FO—F Near estuary of Ramu River, New Guinea October, 1969

G. achlamys JORDAN and

STARKS

FROANFENEE - TWB 2 &id, T TEEHLS BB TV 1= (HARMS, 1928)
B, RAFBIIEMEOKAEIZL B HOT, ALV BMEOREIC L - THEY
E X vIiEHXRTY-7: (HANEDA, 1938, ’40),

Lo L ZORDFREREIFERIZIFE N T WERAR (HANEDA, 1950) D H¥H
THanE, BRAETLERETHISEOVBRATHYBE7 © 70RO AT ITELY
BUTHCEEELSKBETER, THELTLEZZTLELBASCIhhbLTY, B
AL LTI—zil b Tnia\iZ 20 4, BRI b ARBOTRRIZ OV TOHE
WIEICED T, BLAYECRETH -7, 1969 £DH Y 7 4 L= 7k%¥D Alpha
Helix iz 2 =2 —¥=T7HBROWE, ZOROADOREXHHEERINEL, =, =Z0#H
4 (BOISVERT et al. 1967, LAVELLE 1970, HASTINGS 1971, HASTINGS and MITCHELL
1971, BASSOT 1975) Zifcxhito,

AT 18 HOABABEHO R0 IR L, Bkl 0 ORI o ER R
DWTDRELDTHDIH, ELITROZEIZIDVTHERLZZLDTHS,



82 Yata HANEDA and Frederick I. TsuJI

a. ARORITEANCIZA EEORBLE,TWEA, A X 17X L. rivu-
latus ¥t Av 47 % L. elongatus OATHEEIC L - T, BAEOEMR, KESITRE
25, B, sexual dimorphism AFHOHNDRENHETH D,

b. 18 MOAD AL  HAEFHMB OB RITI L, £ A 47Xk 1T
FiA I 3% NaCl gl RELIC A SR TE T, B LARAETREME X & <
W Limt, kA4 T EOIEENTER -T2, € AL 4 7 FOREENEFEDOME
22, HALZHIREOREE, ARIMETHD Z 2 2RE L), MR, BRATEE
MR EID 7D STRD R 7RI X - THIRERL T 7

2. REBEHLFE

TN 220 MR & RO MR DOTFRIZIE, 13 & A X TR 2 V7o, —87
LT VA F Fr, FEIGHNEH O BERITIX T N THER AN X o 2ot SRR M,
siadE A1 Table 1 A Th b,

T TRV T, 2= FOMED S OMMEEEABITFIREA 1938-1945 4 O [ iZ
vy, 4 v FREOHENZOWTIEITIHRE 4 1959-1960 £z ToF ¥y a7 A48 f ¥
2T U VF—Y 2 vOEWNTE - T, Frank H. JOHNSON iz OWpEPgEE LT
v, =23 0V7, =a—¥=7, 74V ¥, A¥FRITOHRNIOWTIL,
Bzt 1967-1970 422013 T B KRR AIZE L LT, 1969 4= Alpha Helix =
2 — X TEROBICIT - b DTH D, WA LcH#EET 3% NaCl jnd 7t k5
Nutrient agar #{F/H L7

EAEA S FIEMOERERRRCAERE
b Ak 45 ¥OEREERRIZEKD A B C D, E F, GoTH#EAY

McELROY and FARGHALY (1948), FARGHALY (1950) DM AFDOWEIZ & -7z 2%, #HAE

k73 #13, NaCl 30 gm; Na,HPO, 5.8 gm; KH,PO, 2.1gm; (NH,) HPO, 0.5gm;
MgS80, 0.1 gm; Glycerol 30cc; CaCO; 3 gm; Trace element solution 0.5ce; 7K
1000 cc; pH 7.1-7.3.

Trace element solution (CaCl; 2.7 gm; FeCl;-6H.0 0.96 gm; MnS0,-4H,0, 36 mgm;
CuS0Q,-5H:0 39 mgm; 7k 1000cc).

Vitamin mixture (Thiamine 100 mgm; Riboflavin 50 mgm; Pyridoxine 50 mgm;
Panthothenie acid 200 mgm; Inositol 200 mgm; P-Aminobenzoic acid 50 mgm;
Nicotinic acid 200 mgm; Choline 200 mgm; sk 1000 cc).

sl pge g (A3 1000 ce; Vitamin mixture 5ce; L-Methionine 8 mgm; L—
Histidine 8 mgm).

BegEd A i35E4iE#Est 1000 ce, Nutrient agar 23 gm.

gzt B (3 Vitamin mixture 2[&\ 7oi53 5 A 12 Vitamin Bp, 15 mgm; d-Biotin
15mgm; Folic acid 15mgm; Thiotic acid 15 mgm; jnKk43f# L 7= Casein 100
mgm, £ — A iR 250 mgm.

#3838 C 13 30 gm NaCl; 23 gm Nutrient agar (Difco) % 1000cc. pH 6.8 & L7=,

Rt D O 3ipEs A CIEnERE L A A 7 FRAEBRHBME A,
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Fig. 1. Diagram of the luminescent system of Leiognathus equulus.
A. Left lateral view, with body cavity exposed.
B. Luminous organ, dorsal view. phot, luminous organ; refl, reflector
(swimbladder) ; st, stomach; in, intestinal area; tm, translucent muscles;
es, esophagus; m, mouth; w, window; om, opaque membrane; vis, viscera.

Wik B gl At 2 4 SXRGERHEE ML B maEE» L,
s F oarsss A e A 4 ¥ EMBREGRBHER ML,
BEE Gt A 4 S XHRSHEE Iz s mstadmsg L,

HRIFVF LT 25—EOHH

E AL 4 SEREBREDAZFNT « LY 7 2 7 —¥DOEHAD D REAARDFH
W R O TE % cell free extract |2 FMN (Flavin mononucleotide) i~ n-Dodecyl
aldehyde #finz CHEXDOAEE FA~:, ABROERIHRFHETHIT -7

BT AR

LA X EFxe 47 XFORUTFEHBSEURBIAIHE L AOBEORIEY AE L
VeIV ELY, 2.5% Glutaraldehyde iz —FEIEE L, Kk, I RIZ8 - T 1% Osmium
tetroxide |z 1.2~2 R]E% L727%, Acetone =T LUFT (1961) O FHIZHE-» THK
L, Epon 812 = TH#E L7, ¥IK1Z JUM Type 7 Ultramicrotome (2% v, & F &
#sEm s JEM Type T8 WFEMBICL - THEHN,

73, %%ﬁ&k &m @E@ﬁ"‘z%ﬂétﬁb, X B EEBEAD Softex « E3 B L 7=,

. E BB R

18 FBORERI[OHEAEE
18 ORHOBMEIEENNZIRA—T, AEZ LV I {FEROBEXME (Figs. 1, 2,
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vis sb be
Fig. 2. Diagram of the luminescent system of Leiognathus elongatus, left
lateral view with body cavity exposed. A. male, B. female. phot, luminous
organ; vis, viscera; refl, reflector; be, body cavity; sb, swimbladder; tm,
translucent muscles.

Table 2. Measurements of luminous bodies

Fish Luminous body

Species Standard Depth Weight| Height Width Thickness| Type of Organ

length (Length)
(mm) (mm) (gm) | (mm) (mm) (mm)
Leiognathus 170 w2 | 197 | 10 | 85 5.2 | Common
equulus S o ' .
Gazza 100 40 | 26 7.5 | 6.5 4.1 | Common

minuta & |

Leiognathus {
ruconius & 60 33 8.5 3.2 2.8 2.6 Common

. hataii N
. aureus 5

8.0 5.0 4.0 1.8 Enlarged organ
8.3 6.5 5.0 2.3 Enlarged organ
16.2 4.0 3.8 (6.5) |Sexually dimorphic

19
23
. rivulatus 5 24
24 16.3 1.2 0.7 (1.4) |Sexually dimorphic
23
23

. rivulatus @
. elongatus 5
. elongatus QP

15.2 4.0 4.0 (10.0) |Sexually dimorphie
15.0 1.0 1.0 (1.5) |Sexually dimorphic

SESESES RS
geaa2as

phot) & K53 (BEOAEE L HEDOREN 7 7 = LV a5 8At L7, Twb (Figs. 1,
2. refl), CEHELEIE THABOT RS, ALKMEEL L BN BEOMRLILEE
PFEH LY R FES, BT DLy AREEOHA (Figs. 1, 2. tm) b8, Ty
BOENCHFEBRIREEE TIRAEORICHRET 2 BAMBE MBI EEI R TS, FBHHE
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phot sp

Fig. 3. X-Ray photo of male (above) and female (below) of Leiognathus
elongatus. phot, luminous body; sb, swimbladder.

OWEE RS &, ENIZ 2O, TW20400%, ¥XED Ak x X (Table
2) ;b 18 MEOREROIBIIGETES,

1B EEAMORMELWINELOT, TORFIZT 0 {55 Gazza minuta, +
{ % 1 4 % Lelognathus equulus |24 50, v 4 ZXRTRAERNZORTH .,
<, L. fasciatus, L. lineolatus, L. splendens, L. daura, L. bindus, L. moretone-
sis, L. novaehollandiae, L. rapsoni, L. nuchalis, L. klunzingeri (275415,

ORI EANER L 72 (Fig. 1-B, om) (2 Txisbh i, BEOFE
DB, RO TFEICHEMEDIROBELD & 5 I1IZM#ET 2 0 & v 5 AT (Fig. 1-B.
W) 23D, BXEORFIRAETLIRAMATHL2:56, KHEKMTHE 120, —0
HDBEOMEZIL - THhATY bo—ALEhb, LEOBIEDNH FEHIZECTWA0
T, BLOYIEOANBRDORAEDOKY B L BREAR L IZ L - T LGIZEE, B
DLy ZRRHEAIZEBE SRS, BIRREAEO T HOBIZERE, W0 L TR &
LT\ %, B TIOMITBEDTEEIUTALY LD A, MbDohdr b h, L fEg
RHZ5ESBIZHBT 5, SROBFHLUN T2 Lo Ty Ut il Bz 4
Do M- T, ZORDIAMIMBLEICE T, ZOXRDOBEDIH LML ILDOLE
AbNBD, LA LKRIZHE~ND 28 E 3R T, BAFIZZ0L S0 @Eaiie<, ¥k
DH7T LD EIERALENDY, ZORICBAEERSITEL, Hich b BalE (Figs.
4, 7, bm) O L 31Z& 2575, Fig. 4-B 2R/ 4 kL 3512, XOETHRIZ L K0E
DX 3nMHECRAHaEHRDLILVIHADHY, THIBREAEEROIGHEL I IKETH S,
INLOROEAIHMICHMEE T 58OV T, BT END D,

2R I L TREEPEBEICIRELS - T\v5d 4D T L. hataii, L. aureus
(HANEDA and TsuJI, 1972) (2 A BN 5, W4 7 F& { 5% L. ruconius, L. insidiator
D2/L 1R e 2ROFHR L 3F2 Sh, MECHLTRELEOREICEETHD,

3B RAMOERE, KREIHAMEEIL - TAEDHBHT, + %k 17 % Leiog-
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Fig. 4. Diagram of the luminescent system of Leiogna-
thus elongatus, male luminous body. A, B. Left
lateral view. (A: melanophore expanded, B: melano-
phore contracted). C. dorsal view. D. ventral view.
phot, luminous body; bm, black membrane; st,
stomach; w, window; es, esophagus; pg, pigment
granules.

nrathus rivulatus, v A v { 5%, L. elongatus (24505, Fig. 2 ik A {550
MEHEIZ & 2 80tk FE 2 i L7z D THh o,

FTHRe A XL A4 ZXOMOBERORIRO LEIZFHIIEAL, FTHEERL,
BREVSL VDL LA, —~MOKELREEAED RIZR, 200, EORA,
THLYOERIZEL LTS, 202 ki X 55 (Fig. 8) 125 - THHLATH
B, HEDREFARDREN H & WiFH (Figs. 5, 6) # 45k, BERNC2SOMILEHE T
WA ZEGHEAEFELE ThD,

B AL A ZX¥O0REE (Fig. T) (3EEO ETIRO0HEIZIZ T4, FOREX
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Fig. 5. Diagram of longitudinal section of luminous organ of male Leiogna-
thus elongatus. eso, esophagus; cap, capsule of luminous body; phot,
luminous body; refl, reflector (inner wall of anterior part of swimbladder) ;
op, opening to esophagus; st, stomach; be, body cavity. See Figure 6 for
explanation of A and B.

-

0

Fig. 6. Diagram of cross-section of male luminous organ of Leiognathus
elongatus, taken at positions A and B in Figure 5. phot, luminous body;
cav, cavity of luminous body; mem, black membrane; cap, capsule of
luminous body; eso, esophagus; op, opening to esophagus; st, stomach. sb,
swimbladder.
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phot
b

A ! d

Fig. 7. Diagram of the luminescent system of female
Letognathus elongatus. A. left lateral view. B. dor-
sal view. C. ventral view. phot, luminous body; es,
esophagus; st, stomach.

iz AERBHY, LA 4 SEDOA—BEOHBORAOEIDOHITHELETIX 25:1 T
BT
HOREEITEHTH A2/ 28h, REAMOBROZBZRIZLEDTND,
TEe A X LMMREC L AREEBOBE I A A X LRETH I, MBIz A
A 7LD HRRNIE 0y

BEEATOBRBE

18 BO RO BIEOHEEEAK, 3LV EAKD Emulsion dFtizHK Emulsion o
LEDLFRHL, HEKTIZRIELICHL2Y, K Emulsion ##E1 2 L ERIZLHN
HZEMITHT D, ERIWET I, ThEesd L 2Rk +T2, Z© Emulsion
BEEIC LV 0BmIIE(LL, 28~26°C 25 < 50°C TH#XL, b 4Lk 50°C
AR L SH LT Lsy, Emulsion # 0°C 1242 & #1545, BEY E
5 EBUL D, BABLERLABAEML TH R L2, &t FMN
T, BETDZ LML RA/EY THD,

TNtiEAK Emulsion 2k Ak 4 ¥ EHT 18 BT ~T, AKOBEELE.

kb AE A FFORAMBIEERER
FRTEOEEEL WG A4 7 XORERCHEOEREIAF LI FXL Ty
fo—i& L“Cﬁ'—;fco
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REFL, FF e 47 XTE, BRFARLEME 20~25°C 12X\T, 10~15 K<
EEE AXD G ETO THIZTNTELMEO I o =—3BEH L, L<REL, b
A 47X TEEEE D L F OZTHERE, 4~5 RIETRELZO L, 10 Bk
ik Ade L (@3°0), 7o 10 REHIBICHENE L7 kS akiz e A £ SXDH L v 5%
JBAELHERE L I2e 25, 4~5 RHHRICTE IRzt 10 BERIZITIZ 4 < W% L
foo TOHEBT 8°C THERVIE Lo, itk b~6 HEMHT, V-t e o, 10 Bl
ke R L

BT IR R

Fig. 8 iz 7Ll A 4 7X¥BIVAF L A ZXDREROMEL R 2 &, S
DEEROMENEDH BN, € A 4 I FTIHEE 0.8 m, £X 24mm, Fxv 45 ¥
TILEE 0.8 um, FE\WH T 7.8m Tho i,

LEDEBOBENDAT, At 4 Z7X¥OMERNIME T A 1 5 X0 &
o, BROENBGZBELZ N2 EELETHL D & F IZOLBEEB A~ TR
BHBND, O LIIEMNIREF LI EEELNRS, LA L, 10 BEE#IZIE 4 < 3y
Y B Z LIZIERCMEORE PR T A2 OO LB TOFRE LTS 720 & B
i, ZOREMEL, A4 TXORNE, BRHRICEETR TS B RER WS &
Bbhd, FOLEMBEIAE NS Z 2L, SHEOHETIIRETDIZES LA -7,

B AL A4 ZXLSD 1T HiD e 41 7 FBOFICHE L 0 B3 LRt otz v S
Yk#7e<, Coccobacillus equule (HANEDA, 1940) » [d—Z &0 R & % 2 2 45,
Photobacterium leiognathi (LAVELLE, 1970) * DEGRIZ-DWTY, ok 2L 4 5
FO e & OBRIZ 2V TSRO/ IORFETH S,

ZOk S ORZIHEIL, v A 4 S EOERN, 2L BOWEETHD 0,
FrEEEOFEERBERCL s TH—RMETH Zo L shREnttRio bk LEe
L0 NELSHOMBEF LT THD,

—fZ AR, A L ORETRO RIS TES Th 7o I3 H
BT o 125y, Anomalops katoptron, Photobrepharon palpeblatus (HANEDA and
TsulL, 1971) O 2FEO MM HIIHAECME THL Z L @RI LT b hhb b,
ATLEFIRII L TWIRWDT, ZOX5HERBRTHIOICIE, £ A {45 %x L.
elongatus (IHHIMEMB L LV BLILDOEE LD,

ABFFED —FRILHETT 48 EESCHARIENI R E e, B LU EERENEREL T 2 )
ADFY a P YA ZYART7 7Y TF—¥ 3 OB 5 TiT 5 72, ek —Hit ) 7
# VST REDINY EETLT 7+ 72y 7222 —X = THRBEOMEIZIT- 72

B, Mg WiiwiF ) v Aty REDT7S 7 cH S vyt =4~
FoTHEBEBETH- P s - Bty 7WEBICH LERRIMUE L ET D, PN
BT HEVERNT DWW TT B AT TS0 BIZT1E, mHkkdl, Softex mr 2 X i
BEBBICIEAET A EMAR O ER T 2B THD,

2 £ x &K

AHRENS, G. 1965. Untersuchugen am Leuchtorgan von Leiognathus Kklunzingeri



90 Yata HANEDA and Frederick I. TsuJ1

(STEINDACHNER). Z. Wiss. Zool., 173: 90-113.

Bassor, J. M. 1966. On the comparative morphology of some luminous organs. In:
Bioluminescence in Progress, F. H. JOHNsSON and Y. HANEDA, eds. Princeton Univ.
Press, Princeton: 557-610.

1975. Less organes lumineux & bactéries symbiotiques de quelques Téléostéens
Léiognathides, Archs Zool. Exp. Gén., 116: 359-373.

BoisvERT, H., CHATELAIN, R., and Bassor, J. M. 1967. Etude d'un Photobacterium
isolé de lorgane lumineux de poissons Leiognathidae. Annls Inst. Pasteur, 112:
520-524.

CorMIER, M. J. and STREHLER, B. L. 1953. The identification of KCF: requirement of
long-chain aldehyde for bacterial extract luminescence. Jour. Amer. Chem. Soc.,
75: 4864.

FARGHALY, A. H. 1950, Factors influencing the growth and light production of lumi-
nous bacteria. Jour. Cell. Comp. Physiol., 36: 165-183.

HANEDA, Y. 1938. On a luminous fish of South Sea (in Japanese). Kagaku Nanyeo
(Science South Sea), 1(2): 21-27. ‘
1940. On the luminescence of the fishes belonging to the family Leiognathidae

of the tropical Pacific. Palaw Trop. Biol. Sta. Stud., 2: 29-39.

1950. Luminous organs of fish which emit light indirectly. Pacif. Sci., 4: 214~

227.

and TsuJ1, F. L. 1971. Light production in the luminous fishes Photobrepharon

and Anomalops from the Banda Islands. Secience, 173: 143-145.

1972, Description of two new species of the ponyfish Genus Leiogna-
thus from Indonesia. Sci. Rep. Yokosuka City Mus., (19): 1-6.

HArMs, J. W. 1928. Bau und Entwicklung eines eigenartigen Leuchtorgans bei Equula
Spee. Z. wiss. Zool.,, 131: 157-179.

Hastings, J. W. 1971. Light to hide by: ventral luminescence to camouflage the sil-
houette. Science, 173: 1016-1017.

and MITCHELL, G. 1971. Endosymbiotic bicluminescent bacteria from the light
organ of pony fish. Biol. Bull., 141: 261-268.

HENRY, J. P. and MICHELSON, A. M. 1970. Etudes de bioluminescence. Régulation de
la bioluminescence bactérienne. C. R. Acad. Sei. Paris, 270: 1947-1949.

JERZMANSKA, A. 1960. The structure and the biological significance of light organs in
Teleostei. Przegl. Zool,, 2: 112-118.

LAvELLE, F., HENRY, J. P. and MICHELSON, A. M. 1970. Etude en milieu fluide et a
basse température de la réaction d’emission de bioluminescence de Photobacterium
Leiognathi. C. R. Acad. Sci. Paris, 270: 2126-2129.

Lurt, J. H. 1961. Improvements in epoxy resin embedding methods. Jour. Biophys.
Biochem. Cytol., 9: 409-414,

MCcALLISTER, D. E. 1967. The significance of ventral bioluminescence in fishes. Jour.
Fish. Res. Bd. Canada, 24: 537-554.

McELRrOY, W. D., and FARGHALY, A, H. 1948. Biochemical mutants affecting the growth
and light production in luminous bacteria. Awvch Biochem., 17: 379-390.

- HASTING, J. W., SoNNENFELD, V. and CouLoMmerE, J. 1953. The requirement
of riboflavin phosphate for bacterial luminescence. Science, 118: 385.

MITcHELL, G. W., and HASTINGS, J. W. 1971. A stable, inexpensive, solid-state photo-
multiplier phntometer Analyt. Biochem., 39: 243-250.

MuUNRo, I. S. R. 1967. The Fishes of New Guinea. Department of Agriculture, Stock
and Fisheries, Port Moresby, New Guinea: 237-241.

Fig. 8. Electron micrograph sections through the luminous body showing
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