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B. B¥(CHT 2 HERARRLS
NEHIA TV EDOME L OPERENRDOREBIZEEICHE LN TE D EEBERT D R4
IWBEHCRONDDITR LT, MERBHEDOELRTIIREEIEREL L ShTWTHITA
Dhgill, EMOHALZBELCRON, AEOKEE, F0ObONKELBLE>TVEHDT, 20D
£ O BRORBN BT RO ERINIF I FHT B VW TORERRD SN, BEEERTIEZFDOREL
BERETHEDI S,
COBXOENATSIFEFLERKRTRT2HSB7TBOACRONS,

—Berycida——Trachichthyidae— Paratrachichthys prosthemius
FVYAZXAB kUFXAE NY Xy R

—Gazza minuta

. aAved 5¥
%s&e:cﬁk&t?ﬁy e —Carangina—Leiognathidae—
FA 7oA v 45X — Leiognathus ruconius
Vr2Fed ¥
- Teleostomi— |
—L. elongatus
H O LAk FF
—L. rivulatus
FTFed7F
— Percida— i
AXFH

—Pempheridae—Parapriacanthus beryciformes
~ g v AR FvrEFF

— Apogon elliots
—— Percida—|— Apogonidae — Y=/ rA v xF
AXFHEH iyyaﬁ4ﬂi

|—Siphamia, versicolor

—Acropoma japonicum
REANLS Y 2

— Acropomidae —|
REAALY Y a2fl |
i—Acropoma hanedai
NRERENY Y 2

ERXBOBETEEILEZ L 2L TERNICERRETH - T, ROFML VD,

1. Sekm (Fig. 1. LO.): Wby & EHEEUIRMEICEE L, FXBRIEBEILL T 5,

2. K418 (Fig. 1 REEL.): $HEEGE7 =V I 0VE5ET, RBEBEOXZEOEEICH» TR
WEEBERELL, RIS NTVWS,

3. LoxXE (Fig. 1. TM): JiBEEH, W, ETOHRSEEN, Aaticdbl, Xz
I BRI T BERERL, v ABIEABGEROX SHEHZ LTW5,

4. BaeXx® (Fig. 1. CHR): REKOXZTOIDEBEDOLWETH 00 EKE Gt
BT NDF, BIREEO VY XRFTAZ UL EE ORI, £< oMo RO aiiind 5,
BROMHEICX » TEOBE, BUIPECERT5b0LEbNS,

BABREI e A FFFORATREEZ L VELHROIRTH > T, BUAIC2OOMAEZRF> Tk
D, TORXREVL I S VATELHOMET 5 EROAEINS - T, fEOPLEXITEH
BT 5, REAY « 23 2HED - T, BEOHHAIZ VEROFEDOFR A D Acropoma
Japonicum & FEEITRNIFRED NN EH D IETR, M, MitEE HRNICER L Tw5 Acropoma
hanedai k3% 5 EHEANTHMITNIWEEDID - CEEZF IO D, ITFORIHICEIFL
LTW5, BEIEFEEHICER VW, EEO vy ZEGRZETREICH 5 DT, &4, OB



REUC BT 2 MR BFEH 23 0 g 3

Acropoma japonicum Gunther Paratrachichthys prosthemius Jordan et Fowler

Acropoma hanedai Matsubara

Apogon ellioti Day
CHR KM LO
'

v
\ \

Leiognathus equulus (Forsk.)

Siphamia versicolor (Smith et Radcliffe)

Fig. 1] FBRIABFEIB OB (Siphamia versicolor iXHFH{RKIZ X 3)

Diagram of the luminescent organ systems of representative species of fish with
indirect light-emitting systems.
LO, #JW, luminous organ; ALO, ®i%f (M) FI:ME, anterior luminous organ;
PLO, ## (ILF9) FEXAR, posterior luminous organ; TM, %M 7 v v <&k,
translucent muscle; KM, % O 1145, translucent keel muscle; REF,
K543, reflector; CHR, B 3H, chromatophores; AN, fTF9, anus; INT,
P, intestine.

CERT 2L Bbhdds, &EBSMERELYT5 L iElskv, ~V £v v 2 Paratrachi-
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chthys prosthemius TVWEXRXIRIILMIZ 2T A, IIFAORIFICEAL, BON 7w i3 RAEG
EHID 5,

¥ v A% V& Parapriacanthus beryciformes VZIfgific Y FIRO oS teg &, ILMIOFIH IES
BECEBOTHICEEL TV AR EREND 5, MR EIER L EE L0, Mo
BIH /N LTRIALL TV 528, RMEXERIE—OMMEL HELTW5b, REOARIIZRILEIC
TNOTHZHBI TS 2 EEHskR

Y=y we{vEs Apogon ellioti CIIFISIAMNIICEE LSt E, EBOMmmIC—N D5
IR DO FHANITIEE LTS, 37 OREEBITWTFNRIHLE & HECEKE LTS, 7
CDREFM UMD Siphamia versicolor VIFIFEIAMICIENCIRD S 203 DIRPIHLE L EDOX
5 IBARRIC S B 2 IXEFIC K » TR T 5,

PLERR D, 17 F8, waroe2f, ~) Y= RATR, BEEOABETILET
LRENGTVTTHEOILELT, $v AE V¥, Y<r/rd YEFTRILORNEYD, VF7
=V, MV 2T —ERDODHEREXMETCH D EpeL BoTWwh, Siphamia versicolor i
DWTEMBRRDIDEMITI RO E32 098, 1960FEFREL, 74V v ¥V 27 BTHELH
BHCOWT A2 7 ) 7 D EHRARBROBRCIIEMTH - O THREYEICL DL BN D,

RIABELZABLEIGADOEREBEL L PO TAREULL S THEH, HIXHBEOHRE
LTWoDide 1 7 ¥RORTH » THRENEHREGITEE, BEREMOKSHR LM ST
Wi 3 X O RIMOXEY O HANITHSFIET D, AEEEBRAOHRIETHE HIC LI THOR
A& TH - T, ROTEMBEXT 5, h 242+ 2 THERISEEHH»HRIRICE 5 KEO R
DEAPABLRLE > TkD, ZOAHOOFAETMOHRE DML r = vOB®RD D, K
BROBEELTWD, ~Y XFY=ERTHENTE VY XIEBTIFIORIS & g el BB
5o TWBH, MMOEA TR OABEDHFANES, FEBTMIRY, HERKG Immar DR
BoTWdDTHERDrD R ELY » 2ORKBOL HTH B, 77 =vOBTEENLL
RERTH->T, KEBFETERESRDMEAZR LTS, FEFICHLRE IERT WS B3HEEIT R
ZNYy 2aDPEHOHBEADOFAEKEATCTD 5,

FYAEFFO VY XBEHETHERTICDE VEROABEDHRTH» Tz d V ik
DOHAOBIT Y FIROREE D D Y OEmBIBERFHICEL ADRAT WS,

Y= ref YEFTE VY SEIIEPITHBEG 22 TH - T, IIMEE, o v
VAMBO X S RAEME LThRVS, ZORIBERIRAG, LOEEHOMRTD S5k
WL D FESBDONE,

Siphamia BD XTI ORIk 2 vy » sICRSNE X S A AL, FERK
BARXDILD vy XEPRELTE VDR E DB 7 = VBOREHBREEL TV L OTH
PRFEXRTD 5B BRREODEMISBOTERITERIEL SR,

C. F> AF K+ Parapriacanthus beryciformes @ %25 & WFIE
ZOfk: 1910 £ Franz® 2 X h AARDOEIE L D f4E I hi-n3, 1958 EFEE k4%
TEREXET D LEELMBRTWIRP oz, TTRES LK S ichlAErs (Fig. 2. TLO)
LHIFSEtE: (Fig. 2. ALO) & X 05, RSB OVWTIRRD X 5 iKITET 5, b,
RO MBI V ZROEFBHHEOME LTHLNL TV S, hE 55mm. DA TIIZ
OV EROFEXBIZFES 1lmm. M1 1.5mm. FMEFTHIAHEEERT, VIEROHEL kT
VY XDOFEEELTWE, BERITEDTHEHEOHERT Y FRTKE 0.4mm. VEROALH

BOHRORBIIEL T T Y FORMAEBWTEFTHOH K AVRAT VB,
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Fig. 2. %v 2= F¥% Parapriacanthus beryciformes DFEFRE XOFOMEO X
A,B,C,D 3xhZh a,b,c, d ofFic CoTER
Diagrams of transverse sections (A, B, C, D) of Parapriacanthus at the positions
along the body axis as indicated (a, b, ¢, d) in the uppermost drawing.

TLO, NifiFE):4%, thoracic luminous organ; ALO, ICF%EYE4%, anal luminous organ;
TL, Ka#iFE4k, thoracic luminous duct; AL, NLFIFE K44, anal luminous duct; REF,
Bt TM, BMFECBoEEHO vy <4i; PG, Beafk; PC, WfE, pyloric
caeca; IsM, Jg&l# &7, translucent isthmus muscle;IN, pfii; ST, B; L. =X,
lens; R, [EJS, rectum.
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Figs. 3, A, B v 2% F+O AR X OFELRIKR
A. Diagram of the luminescent organ system of Parapriacanthus from the left
lateral aspect.

B. Diagram from the right lateral aspect of the luminescent organ system of
Parapriacanthus dissected from the body.

TL, JaifS&yetk, thoracic luminous duct; TM, FIfFEIERONEBHO v v < HER;

KM. $BHO vV XOERE o3 il 545, keel or isthmus muscle; PCl1, #5—

H4F7HE, first pair of pyloric caeca; PC, M4[fiE, pyloric caeca; SM, §; D, 5;

SBD, w7 7=m,swim bladder; R, #f%; AL, ILf9%):k; OP, E7L, opening

of the anal luminous duct; AN, JTf4.

ZCTRIBELT AR RIET Y FRORBNMAELZT TR L Figs. 3, 4, iTRT X
S YFOEAICE VT, MAEO - LEEBEE LTV ZETHD, TOMITIE5 XFOFIE
BB, TD5NOWTENE Fig. 4B XUt Plate 1, B @R T X 5 W& EDO T TELVWH K
BORKEZH O ETH T, ZOZLEFMIIERICEZEDOLF7 2 ) VEEATVWSZETH D,
BEEO - QRFIENRDALF 7 = VY ORBREEL TSI LIS, M, VF7 = ) VDART
ERELBEVOT, BHTAZRATD ZOMMEHRIEFELELL VS, MAIENRLF 7 = ) VORlf
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WATE e b, ﬁATQWTO@»7$,)vﬂY FIRDIEIARITR D, XN OLF 7 .5 — %
—HHTTR D REBERYIT e D FEL T B ILTWELbIFTHsb,

I D Seii 23 15 E.IVJOD”"’Ji:

(g

ﬁwamgw&%#ﬁbL W 1710 3 6 PR O R & 7

Ta
TOVBHI RN DT, RODIEREEI—D DL < FHF L VEEE RIS - /2 Reyeam Ly A b,
BT IS LT VW B DT, SR F o 7

big i L Ccv 5 LDEEZD N5,
JEFZEIE R D AMEVEILI O b o I mm. X 6mm. O i TV 5 Hs,

Fig. 4. @'m (PC) XlFExisk (TL) X oRiR%E 79,
7"& 2Tl (RX) 3 SUHIMRO T2 T (TR, 80MHEIC X o T
B X OTILIFRO L 77 = Y VAR mi&mowfcnd.
Dissection showing the pyloric caeca (PC) and thoracic luminous
duct (TL), and the communication between the two organs via the
first pair of pyloric caeca (PCl), photographed by daylight (above) and

by ultraviolet light (below),

A
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A CHEIEO TR E T Lz B D EH AR
BT, TORNKRIEBEERBICESLTWT
NF7 2V VITEIEB X Uﬁé%@c‘:,u%héo

D. WMEADLFT7 =V A&, EzL
TEIHLELDDTHDM

KA DRI LGt Cypridina hilgen-
dorfii DI DRIIZIE Luciferin, Lucife-
rase A X UGEMTH 5, To3k, Luciferin
Luciferase J&IZEME, BI@d CikEsTE
KPS VWTDHRERDE DL INT VI,
FHEWRIIXEIL, VY= e veF Apogon

Fig. 5. Plate 1, A, B |z 33033 a5
JM & NIk, WO BIRE IR,

Diagram of the structures apparent in

plate 1' A and B. elllotl C‘.’. fU"J-\& @IJLJ iz / R ) }1(_4\7) LY) %: 7&"1’(
H L7y, ROLWY, vy~rmgveso-
LOMIZ DR IERHH b ol, Lhd, RUOALF7 = ) vV EfHROLF7 2 )

Y ORI T 5B AERND D PRBLUT VWS ZEbhsT, LrbF 0RO %

N ETENE DD HMPTEOHRIZ A F 7 = U VI I T Y, ZOMED
#m&,%t%uﬁMQ%a_&hb#é&%%%m®w¢7Iuvmmm% X EhTuws
X 3icBbhs,

¥ 2300 RDFV 2 E FFDFOABRZTICF, 407 I OFTH - 7o, Wil HE L
Tl 10 B AR 58D i,

COXSBWHEENLHFZ S &, RADFENMYEIIFNITER L 2BHOEXYE L B I THmL,
NF7 2V VERMITECRL, BERCAF7 2 7 -2 HELTHMMEL WP EFor+7 o
Vv T 2D TRIE»S 50, ZOX SAHAS TR E IR &L L, TH,
b TFRRINY v 2, NV XY= EARMESE L RBEENBECIT L hb b TR 7
VT REEL, TOXEHMDDLID, RHE, vV ABRERZAX LR, RADWHOREY
BHEZFMLTWLDOTRE V) EDEMTH 5,

SR PP T LoD G ERMTREZ AT LD MMMEET L TRELEL Ao fo T
%, ZON, TS TIOREEEZIRE TS 2L 2D 5 2 LR —RBRRTHDH,
DFERTE BT,

Rl DREHGBOWE LRAMTE L SFAPL TV E Y = s e g v 52 P AT 1960 45 &
196L4ED 2 E, A Y FD= F I AMMBICTREL, £OIER L E DLTKISE T - 7277,
BMOBEERT &R M- 7, BA Y FIIREBHIZ VAW & 107 - T b RO VT T
thicy =7 e v 25 ORKELMHE OEITEVWER ISR H D LE, Y~rafvEsD
RAXMEPEYTHHMHP ORI DD TRV EOTIITR B EDHFELONDE, F/1 v
FOWICH P ORLEFREI VT, ThEHRELIDELFELLNS,

WTFNICLTAF VY AEFF LY /A v 2 FOREMEE, QHETE-7-30», BEL
TR HED DR EE & > THRA L O»med THEYD 2METH 5,

L, ROOREABEZARAFTHEIHTIO LTI, FOFREYE LR O L iz
BOZXRISTECTIHEFITHRRD L L THD, T, RODORIARBEE L bikes &
T, (LFOTHTIRERIIE K52, EWFITITIOEMEIES R i@ clmkd 51
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Summary

The morphology of the luminescent organ system of Parapriacanthus beryciformes
Franz is described with special reference to the anatomy and function of 5 pairs of py-
loric caeca, the most anterior pair of which are found to communicate directly with the
Y-shaped, thoracic luminous body embedded in translucent, ventral musculature that
serves as a lens. No structural communication could be found between internal organs
and the the linear, mid-ventral, posterior luminous body which is attached to the rectum
and opens to the outside through a small pore adjacent to the anus.

Quantitative data indicate that the pyloric caeca dissected from over 2,300 specimens
average 25 milligrams in wet weight, and contain an average of 0.017 mg luciferin although
they vary greatly in size and luciferin content among different individuals. The function
of the caeca appears to be that of storing luciferin, the substrate whose oxidation is ca-
talyzed by the enzyme luciferase, accompanied by the emission of visible light. Histo-
logically the caeca are almost the same as the intestine. The origin of the luciferin
cannot be stated with certainty, inasmuch as dead but still luminous specimens of the
small, ostracod crustacean, Cypridina, were found in the stomachs of a few individuals
among the several thousand dissected, and the fish luciferin appears to be chemically
identical to that of Cypridina. The fish luciferase, which cross-reacts with Cypridina
luciferin, is confined to the thoracic and anal luminous bodies proper.

The taxonomic relationships among 2 orders, 5 families and 7 genera of teleosts,
together with the anatomy of the luminescent organ systems of other fish with indirect
light emission from luminous bodies within the coelomic cavity are briefly summarized.

Symbiotic luminous bacteria live in the species belonging to the genera Paratra-
chichthys, Gazza, Leiognathus and Acropoma. No luminous bacteria live in the glands
of the fishes of the genera Parapriacanthus, Apogon and Siphamia. In general, these
organ systems include 4 components, viz., one or more luminous bodies, a cloudy, trans-
lucent muscle serving as a lens, an opaque, white reflector, and chromatophores which
function to control the brightness of emitted light; Parapricanthus is the only known
example wherein pyloric caecae constitute a 5th, integral part of the organ system.
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Science Report of the Yokosuka City Museum, No. 7, Plate [

B

AV A e VA ORI & NI & O R B OGI TY. Dissection of
Parapriacanthus beryciformes showing the pyloric caeca and
portions of the visceral organs, photographed by daylight.

A LT U b o & SIS TR Y, BTl KOS RO 57 = ) vt
SEMENT X o TG R 2D & 5 The same as A but photo-
graphed by ultraviolet light, showing the strong fluorescence due

to large amounts of luciferin in the caeca and first portion of
the intestine.
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chichthys prosthemius®, ~ % v %l Pempheridae ®* v 2% F% Parapriacanthus beryci-
formes®, 7 v 7 ¥4 % Apogonidae ®v ~ s u A v x5 Apogon ellioti®, Siphamia versi-
color® L HRLNDHZENbH»D, 1959 £8 A= . — 2 — 7BV CTIFbh XA Tk
WTEEFRIREE L,

196042 2 v v VIZFHREERA U, HpHHEREHEMIE, YIUTFESICOEY, Fv e s
DNVF7 =V VEFFELID, tihimﬁi®%Mﬂﬁ,Em%ﬁﬁ%®THﬁWi B F D7
RS vV 2 = FHORNEREZE VR > TV BHEE, SRR R L, RBERORE ST,
4F3aE (Pyloric caeca) d4AMGIC X > THLVENXZ K2 LMD, MMIEHTIIZEOLF
72V VEGATVWHZLRHR, BREREZSERMIIROLPOLF 7 = Y v OIEREER,

FHEZRBUT BV DR O RN 20 R 2 MBI 5 L 301, oy 22 Fd
DIt & I - OB L CICHIEEDBIRIC D W T BE Lz, nds, ZO#H4EE Journal of
Morphology Vol. 110, No. 2, pp. 187~198, 1962. %I+ LIz r O—HOHLETH 5,

jll
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B. B¥(CHT 2 HERARRLS
NEHIA TV EDOME L OPERENRDOREBIZEEICHE LN TE D EEBERT D R4
IWBEHCRONDDITR LT, MERBHEDOELRTIIREEIEREL L ShTWTHITA
Dhgill, EMOHALZBELCRON, AEOKEE, F0ObONKELBLE>TVEHDT, 20D
£ O BRORBN BT RO ERINIF I FHT B VW TORERRD SN, BEEERTIEZFDOREL
BERETHEDI S,
COBXOENATSIFEFLERKRTRT2HSB7TBOACRONS,

—Berycida——Trachichthyidae— Paratrachichthys prosthemius
FVYAZXAB kUFXAE NY Xy R

—Gazza minuta

. aAved 5¥
%s&e:cﬁk&t?ﬁy e —Carangina—Leiognathidae—
FA 7oA v 45X — Leiognathus ruconius
Vr2Fed ¥
- Teleostomi— |
—L. elongatus
H O LAk FF
—L. rivulatus
FTFed7F
— Percida— i
AXFH

—Pempheridae—Parapriacanthus beryciformes
~ g v AR FvrEFF

— Apogon elliots
—— Percida—|— Apogonidae — Y=/ rA v xF
AXFHEH iyyaﬁ4ﬂi

|—Siphamia, versicolor

—Acropoma japonicum
REANLS Y 2

— Acropomidae —|
REAALY Y a2fl |
i—Acropoma hanedai
NRERENY Y 2

ERXBOBETEEILEZ L 2L TERNICERRETH - T, ROFML VD,

1. Sekm (Fig. 1. LO.): Wby & EHEEUIRMEICEE L, FXBRIEBEILL T 5,

2. K418 (Fig. 1 REEL.): $HEEGE7 =V I 0VE5ET, RBEBEOXZEOEEICH» TR
WEEBERELL, RIS NTVWS,

3. LoxXE (Fig. 1. TM): JiBEEH, W, ETOHRSEEN, Aaticdbl, Xz
I BRI T BERERL, v ABIEABGEROX SHEHZ LTW5,

4. BaeXx® (Fig. 1. CHR): REKOXZTOIDEBEDOLWETH 00 EKE Gt
BT NDF, BIREEO VY XRFTAZ UL EE ORI, £< oMo RO aiiind 5,
BROMHEICX » TEOBE, BUIPECERT5b0LEbNS,

BABREI e A FFFORATREEZ L VELHROIRTH > T, BUAIC2OOMAEZRF> Tk
D, TORXREVL I S VATELHOMET 5 EROAEINS - T, fEOPLEXITEH
BT 5, REAY « 23 2HED - T, BEOHHAIZ VEROFEDOFR A D Acropoma
Japonicum & FEEITRNIFRED NN EH D IETR, M, MitEE HRNICER L Tw5 Acropoma
hanedai k3% 5 EHEANTHMITNIWEEDID - CEEZF IO D, ITFORIHICEIFL
LTW5, BEIEFEEHICER VW, EEO vy ZEGRZETREICH 5 DT, &4, OB



REUC BT 2 MR BFEH 23 0 g 3

Acropoma japonicum Gunther Paratrachichthys prosthemius Jordan et Fowler

Acropoma hanedai Matsubara

Apogon ellioti Day
CHR KM LO
'

v
\ \

Leiognathus equulus (Forsk.)

Siphamia versicolor (Smith et Radcliffe)

Fig. 1] FBRIABFEIB OB (Siphamia versicolor iXHFH{RKIZ X 3)

Diagram of the luminescent organ systems of representative species of fish with
indirect light-emitting systems.
LO, #JW, luminous organ; ALO, ®i%f (M) FI:ME, anterior luminous organ;
PLO, ## (ILF9) FEXAR, posterior luminous organ; TM, %M 7 v v <&k,
translucent muscle; KM, % O 1145, translucent keel muscle; REF,
K543, reflector; CHR, B 3H, chromatophores; AN, fTF9, anus; INT,
P, intestine.

CERT 2L Bbhdds, &EBSMERELYT5 L iElskv, ~V £v v 2 Paratrachi-
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chthys prosthemius TVWEXRXIRIILMIZ 2T A, IIFAORIFICEAL, BON 7w i3 RAEG
EHID 5,

¥ v A% V& Parapriacanthus beryciformes VZIfgific Y FIRO oS teg &, ILMIOFIH IES
BECEBOTHICEEL TV AR EREND 5, MR EIER L EE L0, Mo
BIH /N LTRIALL TV 528, RMEXERIE—OMMEL HELTW5b, REOARIIZRILEIC
TNOTHZHBI TS 2 EEHskR

Y=y we{vEs Apogon ellioti CIIFISIAMNIICEE LSt E, EBOMmmIC—N D5
IR DO FHANITIEE LTS, 37 OREEBITWTFNRIHLE & HECEKE LTS, 7
CDREFM UMD Siphamia versicolor VIFIFEIAMICIENCIRD S 203 DIRPIHLE L EDOX
5 IBARRIC S B 2 IXEFIC K » TR T 5,

PLERR D, 17 F8, waroe2f, ~) Y= RATR, BEEOABETILET
LRENGTVTTHEOILELT, $v AE V¥, Y<r/rd YEFTRILORNEYD, VF7
=V, MV 2T —ERDODHEREXMETCH D EpeL BoTWwh, Siphamia versicolor i
DWTEMBRRDIDEMITI RO E32 098, 1960FEFREL, 74V v ¥V 27 BTHELH
BHCOWT A2 7 ) 7 D EHRARBROBRCIIEMTH - O THREYEICL DL BN D,

RIABELZABLEIGADOEREBEL L PO TAREULL S THEH, HIXHBEOHRE
LTWoDide 1 7 ¥RORTH » THRENEHREGITEE, BEREMOKSHR LM ST
Wi 3 X O RIMOXEY O HANITHSFIET D, AEEEBRAOHRIETHE HIC LI THOR
A& TH - T, ROTEMBEXT 5, h 242+ 2 THERISEEHH»HRIRICE 5 KEO R
DEAPABLRLE > TkD, ZOAHOOFAETMOHRE DML r = vOB®RD D, K
BROBEELTWD, ~Y XFY=ERTHENTE VY XIEBTIFIORIS & g el BB
5o TWBH, MMOEA TR OABEDHFANES, FEBTMIRY, HERKG Immar DR
BoTWdDTHERDrD R ELY » 2ORKBOL HTH B, 77 =vOBTEENLL
RERTH->T, KEBFETERESRDMEAZR LTS, FEFICHLRE IERT WS B3HEEIT R
ZNYy 2aDPEHOHBEADOFAEKEATCTD 5,

FYAEFFO VY XBEHETHERTICDE VEROABEDHRTH» Tz d V ik
DOHAOBIT Y FIROREE D D Y OEmBIBERFHICEL ADRAT WS,

Y= ref YEFTE VY SEIIEPITHBEG 22 TH - T, IIMEE, o v
VAMBO X S RAEME LThRVS, ZORIBERIRAG, LOEEHOMRTD S5k
WL D FESBDONE,

Siphamia BD XTI ORIk 2 vy » sICRSNE X S A AL, FERK
BARXDILD vy XEPRELTE VDR E DB 7 = VBOREHBREEL TV L OTH
PRFEXRTD 5B BRREODEMISBOTERITERIEL SR,

C. F> AF K+ Parapriacanthus beryciformes @ %25 & WFIE
ZOfk: 1910 £ Franz® 2 X h AARDOEIE L D f4E I hi-n3, 1958 EFEE k4%
TEREXET D LEELMBRTWIRP oz, TTRES LK S ichlAErs (Fig. 2. TLO)
LHIFSEtE: (Fig. 2. ALO) & X 05, RSB OVWTIRRD X 5 iKITET 5, b,
RO MBI V ZROEFBHHEOME LTHLNL TV S, hE 55mm. DA TIIZ
OV EROFEXBIZFES 1lmm. M1 1.5mm. FMEFTHIAHEEERT, VIEROHEL kT
VY XDOFEEELTWE, BERITEDTHEHEOHERT Y FRTKE 0.4mm. VEROALH

BOHRORBIIEL T T Y FORMAEBWTEFTHOH K AVRAT VB,



TR 31 2 BRI TR AR o0 i i)

Fig. 2. %v 2= F¥% Parapriacanthus beryciformes DFEFRE XOFOMEO X
A,B,C,D 3xhZh a,b,c, d ofFic CoTER
Diagrams of transverse sections (A, B, C, D) of Parapriacanthus at the positions
along the body axis as indicated (a, b, ¢, d) in the uppermost drawing.

TLO, NifiFE):4%, thoracic luminous organ; ALO, ICF%EYE4%, anal luminous organ;
TL, Ka#iFE4k, thoracic luminous duct; AL, NLFIFE K44, anal luminous duct; REF,
Bt TM, BMFECBoEEHO vy <4i; PG, Beafk; PC, WfE, pyloric
caeca; IsM, Jg&l# &7, translucent isthmus muscle;IN, pfii; ST, B; L. =X,
lens; R, [EJS, rectum.
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Figs. 3, A, B v 2% F+O AR X OFELRIKR
A. Diagram of the luminescent organ system of Parapriacanthus from the left
lateral aspect.

B. Diagram from the right lateral aspect of the luminescent organ system of
Parapriacanthus dissected from the body.

TL, JaifS&yetk, thoracic luminous duct; TM, FIfFEIERONEBHO v v < HER;

KM. $BHO vV XOERE o3 il 545, keel or isthmus muscle; PCl1, #5—

H4F7HE, first pair of pyloric caeca; PC, M4[fiE, pyloric caeca; SM, §; D, 5;

SBD, w7 7=m,swim bladder; R, #f%; AL, ILf9%):k; OP, E7L, opening

of the anal luminous duct; AN, JTf4.

ZCTRIBELT AR RIET Y FRORBNMAELZT TR L Figs. 3, 4, iTRT X
S YFOEAICE VT, MAEO - LEEBEE LTV ZETHD, TOMITIE5 XFOFIE
BB, TD5NOWTENE Fig. 4B XUt Plate 1, B @R T X 5 W& EDO T TELVWH K
BORKEZH O ETH T, ZOZLEFMIIERICEZEDOLF7 2 ) VEEATVWSZETH D,
BEEO - QRFIENRDALF 7 = VY ORBREEL TSI LIS, M, VF7 = ) VDART
ERELBEVOT, BHTAZRATD ZOMMEHRIEFELELL VS, MAIENRLF 7 = ) VORlf




T s 2 I BRI WIS 4 oD He S 51

WATE e b, ﬁATQWTO@»7$,)vﬂY FIRDIEIARITR D, XN OLF 7 .5 — %
—HHTTR D REBERYIT e D FEL T B ILTWELbIFTHsb,

I D Seii 23 15 E.IVJOD”"’Ji:

(g

ﬁwamgw&%#ﬁbL W 1710 3 6 PR O R & 7

Ta
TOVBHI RN DT, RODIEREEI—D DL < FHF L VEEE RIS - /2 Reyeam Ly A b,
BT IS LT VW B DT, SR F o 7

big i L Ccv 5 LDEEZD N5,
JEFZEIE R D AMEVEILI O b o I mm. X 6mm. O i TV 5 Hs,

Fig. 4. @'m (PC) XlFExisk (TL) X oRiR%E 79,
7"& 2Tl (RX) 3 SUHIMRO T2 T (TR, 80MHEIC X o T
B X OTILIFRO L 77 = Y VAR mi&mowfcnd.
Dissection showing the pyloric caeca (PC) and thoracic luminous
duct (TL), and the communication between the two organs via the
first pair of pyloric caeca (PCl), photographed by daylight (above) and

by ultraviolet light (below),

A




8 Y. HANEDA and F.H. JOHNSON

A CHEIEO TR E T Lz B D EH AR
BT, TORNKRIEBEERBICESLTWT
NF7 2V VITEIEB X Uﬁé%@c‘:,u%héo

D. WMEADLFT7 =V A&, EzL
TEIHLELDDTHDM

KA DRI LGt Cypridina hilgen-
dorfii DI DRIIZIE Luciferin, Lucife-
rase A X UGEMTH 5, To3k, Luciferin
Luciferase J&IZEME, BI@d CikEsTE
KPS VWTDHRERDE DL INT VI,
FHEWRIIXEIL, VY= e veF Apogon

Fig. 5. Plate 1, A, B |z 33033 a5
JM & NIk, WO BIRE IR,

Diagram of the structures apparent in

plate 1' A and B. elllotl C‘.’. fU"J-\& @IJLJ iz / R ) }1(_4\7) LY) %: 7&"1’(
H L7y, ROLWY, vy~rmgveso-
LOMIZ DR IERHH b ol, Lhd, RUOALF7 = ) vV EfHROLF7 2 )

Y ORI T 5B AERND D PRBLUT VWS ZEbhsT, LrbF 0RO %

N ETENE DD HMPTEOHRIZ A F 7 = U VI I T Y, ZOMED
#m&,%t%uﬁMQ%a_&hb#é&%%%m®w¢7Iuvmmm% X EhTuws
X 3icBbhs,

¥ 2300 RDFV 2 E FFDFOABRZTICF, 407 I OFTH - 7o, Wil HE L
Tl 10 B AR 58D i,

COXSBWHEENLHFZ S &, RADFENMYEIIFNITER L 2BHOEXYE L B I THmL,
NF7 2V VERMITECRL, BERCAF7 2 7 -2 HELTHMMEL WP EFor+7 o
Vv T 2D TRIE»S 50, ZOX SAHAS TR E IR &L L, TH,
b TFRRINY v 2, NV XY= EARMESE L RBEENBECIT L hb b TR 7
VT REEL, TOXEHMDDLID, RHE, vV ABRERZAX LR, RADWHOREY
BHEZFMLTWLDOTRE V) EDEMTH 5,

SR PP T LoD G ERMTREZ AT LD MMMEET L TRELEL Ao fo T
%, ZON, TS TIOREEEZIRE TS 2L 2D 5 2 LR —RBRRTHDH,
DFERTE BT,

Rl DREHGBOWE LRAMTE L SFAPL TV E Y = s e g v 52 P AT 1960 45 &
196L4ED 2 E, A Y FD= F I AMMBICTREL, £OIER L E DLTKISE T - 7277,
BMOBEERT &R M- 7, BA Y FIIREBHIZ VAW & 107 - T b RO VT T
thicy =7 e v 25 ORKELMHE OEITEVWER ISR H D LE, Y~rafvEsD
RAXMEPEYTHHMHP ORI DD TRV EOTIITR B EDHFELONDE, F/1 v
FOWICH P ORLEFREI VT, ThEHRELIDELFELLNS,

WTFNICLTAF VY AEFF LY /A v 2 FOREMEE, QHETE-7-30», BEL
TR HED DR EE & > THRA L O»med THEYD 2METH 5,

L, ROOREABEZARAFTHEIHTIO LTI, FOFREYE LR O L iz
BOZXRISTECTIHEFITHRRD L L THD, T, RODORIARBEE L bikes &
T, (LFOTHTIRERIIE K52, EWFITITIOEMEIES R i@ clmkd 51
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COMECHBNE TS - LREEFARFELILEEE, 7)) VA MW ARFEYFEETHERD
THREFLIECCHERES L TERHROEEZRT 5, ik, ZOHED Plate 1 ©n 7 —EEHIX
Mr. James REaM O JfIZ X - C, Journ. of Morphology Vol. 110 No. 2 ® =2 v v — %, NiXF
o Editor Tk % Dr. A. W. PoLLISTER DFFA] 23 CTHA TS LMk, T TiemERIEL T
B#HTHIRETH S,

Summary

The morphology of the luminescent organ system of Parapriacanthus beryciformes
Franz is described with special reference to the anatomy and function of 5 pairs of py-
loric caeca, the most anterior pair of which are found to communicate directly with the
Y-shaped, thoracic luminous body embedded in translucent, ventral musculature that
serves as a lens. No structural communication could be found between internal organs
and the the linear, mid-ventral, posterior luminous body which is attached to the rectum
and opens to the outside through a small pore adjacent to the anus.

Quantitative data indicate that the pyloric caeca dissected from over 2,300 specimens
average 25 milligrams in wet weight, and contain an average of 0.017 mg luciferin although
they vary greatly in size and luciferin content among different individuals. The function
of the caeca appears to be that of storing luciferin, the substrate whose oxidation is ca-
talyzed by the enzyme luciferase, accompanied by the emission of visible light. Histo-
logically the caeca are almost the same as the intestine. The origin of the luciferin
cannot be stated with certainty, inasmuch as dead but still luminous specimens of the
small, ostracod crustacean, Cypridina, were found in the stomachs of a few individuals
among the several thousand dissected, and the fish luciferin appears to be chemically
identical to that of Cypridina. The fish luciferase, which cross-reacts with Cypridina
luciferin, is confined to the thoracic and anal luminous bodies proper.

The taxonomic relationships among 2 orders, 5 families and 7 genera of teleosts,
together with the anatomy of the luminescent organ systems of other fish with indirect
light emission from luminous bodies within the coelomic cavity are briefly summarized.

Symbiotic luminous bacteria live in the species belonging to the genera Paratra-
chichthys, Gazza, Leiognathus and Acropoma. No luminous bacteria live in the glands
of the fishes of the genera Parapriacanthus, Apogon and Siphamia. In general, these
organ systems include 4 components, viz., one or more luminous bodies, a cloudy, trans-
lucent muscle serving as a lens, an opaque, white reflector, and chromatophores which
function to control the brightness of emitted light; Parapricanthus is the only known
example wherein pyloric caecae constitute a 5th, integral part of the organ system.
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B

AV A e VA ORI & NI & O R B OGI TY. Dissection of
Parapriacanthus beryciformes showing the pyloric caeca and
portions of the visceral organs, photographed by daylight.

A LT U b o & SIS TR Y, BTl KOS RO 57 = ) vt
SEMENT X o TG R 2D & 5 The same as A but photo-
graphed by ultraviolet light, showing the strong fluorescence due

to large amounts of luciferin in the caeca and first portion of
the intestine.
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