83
]
al

H A E F % R o BF 58

1) A#H #h 2~ Raja pulchra L0 © FEBIETORSE,
AW oE e &R OB o2

The Electric Fish of Japan.
1) Some Observations on the Structure of the Electric
Organ of the Skate, Raja pulchra.
By
Reizo ISHIYAMA & Seishi KUWABARA.

The present paper deals largely with the general observation on the structure
of the electric organ of the common skate, Raja pulchra LIU, which inhabits
throughout the coastal waters of Japan.

The investigations were first directed to preliminary consultation of many
papers concerning the organ. of European skates, which has long been known to
exist in the tail. The electric organ of the skates of Japan was classified, from the
structural characters, into two categories of the elements, disc- and cup-form, which
are considered to be essentially of the same construction as those of European skates.
The organ of R. pulchrais regarded as a disc-form one, and is found advanced
in structure from that of other species of the genus Raja.

The number and arrangment of the elements in an organ were estimated
by sections, which were cut in both horizontal and longitudinal directions at seven
positions( 2 to 8 in B of Fig. 1 and Fig. 2). The number of the elements computed
graphically of an organ of the male and famale amounts to 13115 and 11856
respectively, in so far as the present investigation goes.

The electric element was microscopically observed consisting of five functional
components as shown in Fig. 3. Of these, electric\ plate, striated and alveolar
layers were regarded as an electric disc characterizing, and discriminating the
skate organ from those of other electric fishes. The electric plate is made of a
layer of protoplasm, containing numerous nerves which divide dichotomousely as
they pass backwards through a supporting connective tissue framework (Fig. 3,
D). The striated or meandriform layer consists of a compact mass of lamellae,
which, though often represent an extremely sinuous appearance, are seemingly
continuous from one end of disc to the other. The alveolar layer which lies

posterior to the striated layer is smooth and even anteriorly, while the posterior
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portion ends extremely irregular, presenting a number of spaces or alveoles which
somewhat resembles the sacculations in a frog’s lung. In a large space behind
the alveolar layer there is a thick cushion of gelatinous tissue, which fills up the
gap between the alveolar and septum of connective tissue binding the chamber in
which the disc lies. Each disc may hence be said to lie in a cell or chamber,
giving off ‘the numerous nerves in front and fibrous investment involving
blood-vessels which enter the chamber from hbehind. Thus, the electric organ of
R. pulchra was found to have essentially the same construction as that of a

FEuropean skate, R. balis.

HEME L CHELLAONTEALLOWIC, v+ vr X Electrophorus electricus, 53/
& <% Malopterus electrvicus, Mormyrus sp., @ ¥ <+ 7 ¥O—F Astrocopus sp.,
vvv=gf Torpedinidae B 7+ ¥ = A% Rajidae HECET HEOBEELBD %o
ZECRFAR BT IFRIEC X VEOBEY L OREERELHEL, —RCEHED
HERFCISLREBB NI E LCRED, SO NHEE R EMRCRT 2EREHFE L L
THEHIN TR, DEETFRHBAEO N, vovx = A BABETRRHOBATCHERY
MHOC, HENHCERK L RAET HEESKRNECEER TR DET: a6, Bic O
FRFHEIN T DED, AARHEECEFRSKNEOLO L EREABEOKERETLE L,
S BT OREEFECTR D B ABNEESRD NG C EBRAMmbNL  (FI,
1954 , i LA EHOE T 2 BRE 2 RAKOERSEATEL BRHOREL T 27 {F
AL, ZBE0OREC I OTRHI—EBEDCE { LR IBERTOR S PHBEZNLD T
SN X O TCRIROE G BIRAIEICT T BENRIE SN T 5 LR LeCAII.1953)0
R, DROHESERCEE2INHACIABICS {OEREMETITv, SEMAST, B
WETH Ho 2 CTERZERABAFORBHOBE LBERERET OB E M D7
FACTEF Lo

A I 2T A Raja pulchra Liu FABEWEO W X = A (HA~) FOHF TS LW
HELEREBRETLEL, MIAHEOKBCELLCEBLOT, BT OB, EiRE
OHIRNBIZ YT\, BOMNEOBEDBEORE & OB YR ARERO T < VICRE
T 5o fE A TE LCalIssdbimED b HEIEE CORKBELMTHELLZLOTD %,
AIEREEOHEEIC E & 1~ v 10 % KEERY ERL, MEESEATRAHELAE»D
SFHEEO—E D, &~ KLY Gilson K ETEERH, vz=oa4FrHRF AL
Haematoxylin-eosin, van Gieson, Weigert® Eisen-haematoxylin &L 17O CHEE
Lo

& S

BHROBEMAR: A 7+ 7 AORBRIERWAOTRA ELBCEOTHEEL TN,
Bil'b, RE#FITSC TR RAERED Bt & RAOWABICHE T 280/ 5(Fig. 1, A,
FER LR ER CRE =, BRI L LR B THETE S, &K 1052
MmO AOFGOE = @ 371mmT, HHEEOR b K ML OEREH 9mm T
H Do BERFIAORKEX (Fig. 1, B) Wi T, B LEROK a~Y% & d&d, HE
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B {ERELCnD. COMPORMBEAKAFE L AL, SF5CRDEs 135 (Bl LT
A, BRCERE L TCASFCR M TRTESFRICREN CARICEAELHR AT 2 L
RO C Do T LTI ' A 8

BT OTARIZ FI R T R AT
BICIXOCHRVEEL, BT
TR FE LR { B8,
BB T BEARR TS e
DFRBICRDO TR T HESH
IS EDOTCHT kD, BEO
Wi ke sd T A EERO S5 D
LEIGHAREL ADTCED. B
OB FATc M~ THER L, 3
TR & B R R UM & OBETR
w AT LR (Fig 1, B;
1-:8), BEE S TIRBA
BEEL RS OERSE &
v, BHFCRENCHEERES
E& LU CEHOKMEREERL
T\nho DEOEERLHARAD
BT 1O T E U 3ERRE D
BHOBHFOHSEZET & L
THENCERLTCwS EE B
NBo KRICHBEM Y HEICHE <
P9 5 & EHONBEVREKICE
BLTEHILTEIORRLN
5(Fig.3)o ZO/NNERBIKRT 2
BT DT, FEOEMREA
T, Z#kO s (Fig. 1,B:
3,5) T/X.0.08X0.16mm
TH Do HEBITFOEOR
By kL, HiEormrEED
EEEARE WD, BEETL
O T\nB, BRIERTAD BT
HeESFcEINL, mEOR

[=i
y=a)

Fig. 1. Sketches showing the electric organ of R. prichra Liu,

FIcRBEESEIECHAEL S Black in A, dorsal aspect; B, transverse sections at 1,

< S 4 N : 3, 5, 7 and B. All the numbers asigned other than
WA T\ BAS LA RO EEEC 1 correspond with those positions, where it were cut
AT AEINEFREITH Bo £ in sections., See also Fig. 2.

BRI FREE TR b (Fig. 3, A ts) , #EET DEAED L [AOER T KA THEE
DCIR Do FEOTERCZ, HFEMGRNOER S ERBRICHROCHETS 2B T HED
HENEEL, *OBRCEAOIMIEIIL b, Figl, B; 1t CRT i, BEOME
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Fig. 2. Showing the pressumptive distribution of the electric elements in an organ of two
sexes of R. puchra Liu. Average number of the elements in cross sections (vertical
axis); the number in a series through n organ (horizonta laxis), so that, respective
area enclosed by the curve represents magnitude of assumptive number of the
elements involved in an organ; the numbers (2—8) at cross signs on the line
corresponding thosa positions where cut in sections in the organ of male, and also
the number are indicated in Fig. 1, A; circles on the brocken line subject to that
of female; arrow of respective curve shows the insertion of first dorsal fin.

CINNCRBEHEBEO 50 235O0 wOid, MEADHMNEEON, EEBCEH L7250\
THAICHECETS Ho HAICEL TER MO BRI 7 503 Eiik L B3 543, BEic
ApeE T B TIRAEE S HHEOED S kD BRCEBEOBR Y @ E—~OMEH#E L HOTHEDOT
B, ft0C, BEMOSES L #&ET 5L, EROERS (Fig. 1,8 1) TRERY BE
T ARl b MEEOEBICHY T 2 03 —ETH b, ZO/MICEKRAHOHARMESKEE
@O{w%oﬁt%—“%EﬁWL®%%fr@@ZlBs)EQDﬁ@4E&ﬁD h P
AT b DR 1SR4 B BN e ZOMS X ) ECETE (Fig. 1,B; 7, 8) BUX
B Z L ) BIROMETIEZ—BOBRTHDO BN DHITE D,

1 EOREBRORMERZOMBN T EENCELIBERIA D LR~ E AT X b, FitHRE
TR, mIEECRNTCE AT ST D, = T TFig. 1, ACxRT 7 7t (2—8) O#4ic
AT BRI B FOC, BHSOFK 2Ok CRLNDEBROTER T2 C1EENIC
S ENDBEBROSMREL ERIC DTS 7 (Fig. 2), Bl'h, REOCBBMOSMME &M E L
CHEEH LTRED, BB WIS T { D TR S TORHIEOHE T Ak

.Fig., 3. Sections of the electric tissue of R. pulchra

A, cross section of the anterior portion under low-power,
X 3.3. B, longitudinal section of the middle part, X 3.3,
of which the electric disc is magnified in C, X 65, and in
D, X 400, al, alveolar layer; bv, blood vessels; ec, electric
caisson; ed, electric disc; ls, longitudinal septum; m,
muscle bundle of tail; nl, nucleated laver; rs, ramification
of nerves; sl, striated layer; ts, transverse septum.
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RS Do 2 LTHICRTERBROERCANTENCE (OBERY A T WAL
WD BND, TR TORARILZHEA S AIKERERCAT 2BRE-HRCHHBLTE
BHo —H1HETIE TR (Fig. 20 TR T) HOBFNHEL D LRSS T L RLTE S,
ZEEOBROSTHHHROE TSR K 2 ORI 5—DOREIC & TPBBROBE T = LT
BEaite, Z%% ﬂWEL/ﬂﬁll856ﬁ] HE1311SHOEBRNF « O|RELER L CER &=

Z %o o

AR EIC 2 2R BORERT IR D R~ ; 1) BESOHBA ERED
WHEICH DT, B {3EL ; 2) iy LRS8O B8 EEFH
TRED ; 3) BRAFBROPFRTESEC, MEL TRERBCES Lo ER
L 4) D CTHEMDICHRT 5EEO TR PRI % ML { TERICHE
FETEBRT 2EEOBEE, HERHED D LS EERD bk,

WIS « BT LB T 2B HE & HEOE NEFEEBOBEETHEECEESNT
JED, TOMREBEZRAT HERICH %@mmﬁﬁwﬁﬁ%ﬁﬁbfméo%lﬁ@% 1S/ BN
DOERMLHECED, . ’

El%, Nervous lamina, Nucleated layer, Striated layer, Alveolar layer M7 Blood
vessel T, Z&EOH, I EAEMR (electric plate) & LC&IL, HBEHARACEERLE
ERBRTET 20 LB ONTCE D, BRE —EOBERREZ Tz 2, 20hic—{H
OB D -DOCTHIEEIC K « Nervous lamina & Blood vessel #8437 LC\w»% (Fig.3,C) ,

Nucleated layer : electric plate & L =i, BEONE Y BLHAEHEERE T, &
WREEL, 7o Y vORBRTHNAEBICRE S, TORBICIE Y A7 v b EKgh~~ b
) o TREINDT A D AEEMOTRODSEET 5 A TKRICA~<S Striated layer &
BOTE B, AFEO Nucleated layer [ZE 2D 14 4, MOERIE 0.6 4 TH D%, TR
ORFNCH T 25 { DHBEEREEAT 2 0B &%ﬁﬁbf%% (Fig. 3,D; nl)s

Striated layer : Nucleated layer OFEFICH Z;ﬁéfz}:;\/\f%f, )»é)‘c@?wf\;i (s£r1ae) YY)
@,%m%@@%m@@L?@%%&ﬁﬁﬁ%mﬁhf%%oZ®@m@&@ﬁ<,@®gé
ER 3 o T, SEOMBIRK 0.2 4 ThOR (Fig.3,D; sl

Alueolar layer : BHOBEEHICHOC, IEHICH MO L M LT3R & SHOIEFT 4
THERVEB»OHETED, FriBlEloR (alveolar) TEL, £K459 v ¥ — Y L TH
BICHE D, TOBCXEHOESD b, M EBCITEFROSEE LR EMZ:) (Fig. 3,D;
al)o

Nervous lamina : RO FIS L L CE 5 BHEREFRKC S  OE#EE LcrthiL, 2
ORERRITETHRHROBEARE LCR LY, BRAUEERYIEE L CE2REY/F
BIEREE IR O TR LE %iL D, BEBRCHTT B, BRANCHAT HEMERBIZFEC
A filamentiC 28T 5 L, MALEKT BT HEEWEE L 2O CEMRO Nucleated
layer R LTREL T & /b>u,u\5?>bﬂ/bfz (Fig. 3,C;18)0 MLC o OESO—BELM 7 H 2
F 45 BROMIITE BT e

Blood vessel : MO EH C T 2 HBAR WS T 2 EMMERET, ZORRT
Alveolar layer /L w5 (Fig. 3,C:bv) , i L/EE’*KODHUK@Li Z Ok 7 Bl AE
RED b E DV DENEBEBRLZ K L CEL 3 20EABERICH NCOBEZBRETDH 5,

Bl o B0 RERE & O S « Ewalt &%) 3N EAR REO B O 2 fs
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BB Y T O SBRE YT 2BROMR I X -OCR (disc-form) & Hfk (cup-form)
O 2R BT, AMEOEHAOET LERE bRABICHE 2N, BREIESR RajagEc,
PR LT - LIk 5% Breviraja, Rhinoraja Bt @& 2 2BICEBN5 T & 3RO
T B (R, 195400, :

AB RS ASDIERE R CBERECE LWL, EENY (RELEREBICD 5, 2T
CRRMEOBOSRE & BT 5 & Raja batis LH7Z 2 {—HLTEIOHRLT, IHH
b WERFBESECE LA DR

B, AEORAOREX R. batis OZNOH Y CET 2ICEE 2\, WEORERE
OEIOAKECET EIGAK AL L {, AEO 0.3 LCRETR 0.314F (Ewalt,
1892; p.403)TH %o WICEREOBMEOIRTE, AETEFHRCHATEBICE NS,
HBETEE AT { (Sanderson and Gotch; 1888; p.141, Ewart, 1892; pl. 26,
fig. 5), AEORBETOBHOZNCHL L2 TH b COEMDLEZ B L, BEORSBE
BABOZEN D DESRELRERECS 2RICEONS. BEC 1 HOEREIERLCESE
BOBIT T NCHRT B &, FETIEEI®ROW {11,000 (£), 13,000(8) THOR,
R. batis T3 10,000 (Ewalt,1892: p. 397) T& Dfzc BERXEIAOIARE X b #EM T
FWCEL, MHhbZRFERELZREBCD 2L BN 54T, BROMTEAREO
BREO TS S AT L1, TKEICRT 2B RBOERTORELBEORTENHEEC X B
LOPERARIESBEOERENC I OTEL L ONFREFHTD 2 ERmATE T AT &
TH Bo .

WEOE T HERNEOMMESCH AT HERT 2 &, ZNEOEBRIF LT (HRO BEHRKT
BEENTES ATIEE XKL TwD, MZEOKBEROH, FRLCEEBOTR
[C4 LOMERR BN AH, CORABBEIZAAECEMCHR VTS B LN HMICLE
OB NET LAEBREORERFEOENHETD 2 L3B2 005 ETD %o

DlbE-<pefnd, A# 37 A<OFEBRETIEIRANED R. batis OFIEOTWBLTCZO
PSS - OHBIC R CEREO SRS FEE L REBICH 5 & LTh, WEEEL, BUL
FEBREY BT AN, BECOWTTONLEEFEHOOWRE O \EIFE O LT
ATz, MEORAFPEMCHRACLFEHBOT EBEZL N5

£ 3

AE SO BERICF IR R T ok RER BOE SOTF EE D TR R L Stark
(184512 ZERER &« EETHY bNEERR ¥ 7 7 v H Thz 2 k)2 (compart-
ment)CHECELNARBEROE CHE RS L5E L, Robin (1846)100 € XX
BE RS B L BETHY O NE OB TEA N, ZOoRIc 2 AT O (disc)
BB b, ZANBIROREET IXEI =N, [17. 9] CWATES & Lk, EiC Sanderson
L Gotch (1888)1D R EHmEMEMATCHEBFCATELCSNTEEL, x4 1 HOE
(disc) ¥ BT 5L hOFEROETH 5 LHPLT/E S, Ballowitz (1897)% #E%L
RS 2R3k O 3ER

‘ 1. die vordere (glatte) Rindenschicht.

2. die (lamellare order maandrische) Innensubstanz.

3. die (anregelmassig netzformige) Rindenschicht.
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THETES & Lz —F Ewart (1888—'92)5%) RHAETOWENCICHEEIRESED
HEFL LRI IT 0, HRRIC AT % 8T ORI 9T IC —SOKIEF 2, RO
O ERE OEHEEE CE D%, BB du BoisReymond (1881)% > OfditoxnE
FEOZRE B LR A0 # L “pseudo-electrical” =3 “imcomplete organ”
ERITHEC LY TELCE S, FOEET Torpedo ® Gymnotus M1) Z OO REEDE
WMEEE T F = AFHOZN L HET 5L 0 1) BEekEHoRcE ]l HOBR Y ET 23 ;
2) MREREIMEREBBERERATCRELSCHDELCED LED 2008 TABHELE—FH LT
WD HE, v = AHOBEBRCIZICRERGCR N 2EBMESBET L END b, MbHE
BHRIFECHANEESEH T ETH00TH 5, AL, ¥BABER T CRAFEREED
BREBELHT 05, ZN 6RO b AR bOERIC XOTELRZLOTH D, F v X =
AR TR EWartOm R TR O D Ain { BEOERRS»H 6B DOTHE R OTH b M d 2 O
CREEAMELE T 2MEBNRELCED C L U CHRREH TN TREL O X b ED
I EE L ERE Y ETIENERXRINCES Z L5053 2 ¢, duBois Reimond
FERTORBRAMORBABORET L ABAEOCZN L ORJERET, hoRBAHI R
AGHRBEORBRE L BT 5 L ABRCABABEVEL LBy B Oorinm & LTRE
ERFCREOTE A& BN D, R OB T 2 EfER B EZEOREME
ubkﬁmtémimm%miOfﬁmm&ﬂ%ﬁ®b60zxmﬁ%bﬁxﬁ%ﬁxd@%
EIRERERMED R. balis DXL L LFAA L —H LCRELHIC, RNECEICDO\WTE
HEZTibhzed OMFORRE BAREZEOSUE T LT EAER 2057k b FARHE
CEOHICIIIIVNC R T~ ORERE Y FTZRErE T 0BRANL T 2 Ehb 2
SERFEOREBICINT DT OWMR R EYEEMICEBERD 2057 5F, BHINCA~AE
RHEOREREOLBNESEYPNCT 522 OBNARRES 22 550 L A5,

AR E T CE0E L OBRERLBOBE ¥ 7 S e fh B AL BREEE (L EftE -aEo
CAHNMERICT LR L # R 5,
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