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“Red muscles” in fishes, I. Comparative anatomy
of the scombroid fishes of Japan

By TAKEICHIRO KAFUKU
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— R AFORE EMY., Rl RaL ., fpkicitr o, Pectoral fin K E
WHEE X b, BHE C—HoREEsR e 2, XFiEE Scombroid fish ©iz, zh&r
2 Bk BRScRBEAHRACHISAON 2, EnBCRZOMBLIRRALTHES
D BMEHD EBCLZEIFATY 3,

A THOREBIIBIERIEA RN F. B EGEAIDD 0RXHD 20HTH 3o
iRz L iR MPoltBicma 2T 212, > eRHa% (F78 Scombroid fish)
RN ZEEOEREAT IR T KBS AR 27 Lateral line portion o %
DY xME&ELHET 20, 2RE2JHCT, FRZEEEFMEEIBL. IR EEME
EBT), oo iR HE Y BECEIILTR B 3 45 2B LR
Analogical 7% , D TH» 2%, iz Homological A 3 D TH amicLTIZ, 45Kk
LTREARW, W& & OfFLI S8 ic AP BIEsEOLAIZ, Scombroid fish p4AfE
PRICHHLBZ b0 BEL, BAHRCET L. MEERICEEOABRCES, M
AR OVWT b ETOBERr ~%o

APRNC B 7e DT IRIARBEHEE T 3 ol THILHRABIEER PHRAN IR R THE HA
THEIBIRCE  BHoSE T 23, 308k, BRI/ L EEEZh b ek
E/KEREERBEBERICEEHRT 3,
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BRICHOZMENZ 3 LT, AEERER UCBRSHNNSIE X VIRIEL 28 & ©,
10 +=r=Y viccEEL, HEHEEOWEL e
MEFHCE LT, Eofikr4Fz 2h L, Myocommata O = 5~ 5 v SiiRE

rH LB, % 209 w1~ vicTHABEZ GO, FERErS2,
BWRL2RAELRKOBED CH 3. (B1HK)
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B B A 55 Teleosrei g 01 #F
B £ #n % B3 £
¥ %t —F} Chanidae ¥ Nk - Chanos chanos (Forskal)
4 v+ #} Clupeidae = ¥y v Clupea harengus Linnaeus
47 ¥ Sardinella melanosticte (Temminck & Schlegel)
a2 7 & v} Dorosomidae NV Clupanodon punctatus (Temmink & Schlegel)
¥ 7 £} Salmonidae A i Oncorhynchus keta (Walbaum)
7 =§} Plecoglossidae A = Plecoglossus altivelis (Temminck & Schlegel)
= y#} Synodontidae ~ = v Saurida argyrophanes (Richardson)
% F 2 7R} Cobitidae [N 4 Misgurnus anguillicandatus (Cantor)
2 e §} Cyprinidae 7 or Carassius auratus (Linnaeus)
a e Cyprinus carpio (Linnaeus)
~NZV YV Hypophthalmichthys moritrix
(Cuvier & Valenciennes)
Y +¥F} Anguillidae v o ¥ Anguilla japonica Temminck & Schlegel
t €Y+ &} Exocoetidae FEY I Cypselurus agoo (Temminck & Schlegel)
¥ v ~F} Scomberesocidae ¥ v o= Cololabis saira (Brevoort)
% 7} Gadidae x 7 Gadus macrocephalus Tilesius
¥ # v e §} Pleuronectidae AvHve Kareius bicoloratus (Basilewski)
# 7§l Mugilidae # 7 Mugilcephalus linnaeus
¥ ~F} Scombridae I P Scomber japonicus Houttuyn _
< 7w} Thunnidae - ¥ w= Thunnus orientalis (Schlegel)
- IS Thunnus germo (Lacepede)
2 R F Parathunnus sibi (Temminck & Schlegel)
* ~ X Neothunnus macropterus(Temminck & Schlegel
A v * Katsuwonus pelamis (Linnaeus)
Y 4 b Euthynnus yaito Kishinouye
vy v X Auxis hira Kishinouye
¥ 4 7%} Coryphaenidae vy A4 7 Coryphaena hippurus Linnaeus
¥~ ZF} Cybiidae ¥ o~ Cybium niphonius Temminck & Schlegel
FEFN~T Cybium chinense Temmink & Schlegel
»~# Y F | Sarda orientalis Temminck & Schlegel
¥ # 77 +F} Trichuridae FFV X Trichuirus japonicus Temminck & Schlegel
vy <5 Y AR} Bramidae |~~~ Y 3| Brama japonica Hilgendorf
7" Y #} Seriolidae 7 Y Seriola ginqueradiata Temminck & Schlegel
7 &} Carangidae AwT T Decapterus muroadsi Temminck & Schlegef
A X FF} Oligolidae A X F Lateolabrax japonicus (Cuvier & Valenciennes)
¥ v b ¥ X efl Priacanthidael » 2 ¥ v v+ *| Priacanthus japonicus C uvier & Valenciennes
% v ¥} Sparidae ¥ X E Taius tumifrons (Temminck & Schlegel)
- X e Pagrosomus major (Temminck & Schlegel)
* # 7§} Girollidae 2 F > Girella punctata Gray
7~ ¥ e §} Branchiostegidae | 7 7= &' Branchiostegus japonicus (Houttuyn)
%5 7 »& e} Aplodactylidae] ¥ 7 »~X v | Goniistius zonatus (Cuvier & Valenciennes)
=¥ x e} Acanthuridae =¥ X e Xesurus scalprum (Cuvier & Valenciennes)
%% =F} Scorpanidae VA B IV % Sebastodes giintheri Jordan & starks
7 4 + »$} Hexagrammidae kY Pleurogrammus monopterygius (Pallas)
2 7§} Platycephalidae a ¥ Platycephalus indicus Linnaeus

- ¥ v EVE Triglidae

ATHEHKTY

Lepidotrigla alata (Houttuyn)
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¥~ 5%} Coridae XV Vv Halichoeres poecilopterus
. (Temminck & Schlegel)
7 & e §} Sparisomidae 7 & e Calotomus japanicus Cuvier & Valenciennes

¥ 3 ¥~ 2 ¥f} Uranoscopidae] § &<+ 2% | Uranoscopus japonicus Houttuyn
5~ » ¥F} Monacanthidae H oo~ F Monacanthus cirrhifer Temminck & Schlegel

¥~ 2 7 yf} Ostraciidae | 4 v=%7y | Aracana aculeate (Houituyn)
FaFFarvrHl ¥vwrxe | Coradion modestumm (Temminck & Schlegel)
Chaetodontidae .

F4 Y 7+ Antennariidae NFATE Pterophryne histrio (Linne)

MENE, BRI 2 BICHIRESEIEIRD S i okt BROKE S DT, BD
B5 LBLo M #F Y FIEBES NI O BH LN )

— R RUE D A O R

HMEIcoWwTix 19 fieK3E L b, Gegenbauer (1878) Mc Murrich (1884)
Maurer (1892) Wiedersheim (1909) Knauer (1910) Dietz (1910) Chevrel (1913)
Shann (1914) Greene (1914) &ictk h IR INT/E S, KGR —REMICR 2 25
25, lOEHE, RREBOBRAO X 5 kR RRR (. MEZSOMESEINTH
b0 TNELOWTREIEET 2ETH %,

- & LtShann® ik, —#EFEBEOERMTIT < RickE BicF e
Ofpks (Myocommata) &, RN OBAES ©d 3H5E (Myomere) L hix%o 4
Mgz Bty BRci b I LTcRs &, F 1B EfHRBEEE R T

REN 1 BT TR s BRI Fig. 1

THEEILOUES b OBk D 7 7 DRSIGRIRICH
. 7 % B3 myomere ¥
HERE~ L EEICE S ORI IAG B R
horizontal septum (LI'F & DRERE R To

The variation in from
of the myomeres in
two parts of body, and
cross sections of the
lateral muscle at the
corresponding parts of
body in Carassius
auratus.

COWBY z o 4 8 T W
&) Itk b EE (hypaxial
portion) FES (Epiaxial
portion) € 2 $3a3 3.
z @ Septum ¥ rhsick
Iy BRI R IR I, B
FHICi A 2 20K & kB
JERsr (anterior cone) &, X #OBFHREITHOKEREE Ic, AL 2 oo/ 3 aEk
¥ & 7] C BIgiitsr (Posterior cone) & & ##oT/E %, HATHTIZ rib 0BENRIT,
o cone OEELWIT LNEH asymmetry EhoThHzBREMEICES(ICoNT
Symmetry A% 5, EIBEANZ, EEMICEML LeH ok Bhie e ko
ThH2, -
R OB OER BT 2 L, B2 horizontal septum ¥ iBiCEIC
Symmetry OB 54 548, —F horizontal septum 1T AESTIZ. Tt LT
& 2B Y Ric Lie, HITFTOmME L b A 28O 8RR ON 3, T OFHEER. KA
BROHERKOEET 20CEH L, FORIFBOEEL, MRLENIN 3, 22850
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W L OREMEHTH 2, 2OMEEL L3 &, i horizontal seprum I 2
San. VIROBEY R L. &G E 0B EHEEc X oTRIbNTH B, —RKILK
EMAHIE. BEckEbconT V kS diic, Kive » ok kel ¢ B -
FE ST 2 ERSD B, :

Ubk~=7ZrERT 2 EH2EMpn k3,

Mesio Fig. 2
Dorsai ,

Portion

Epiaxial
Latero f Portion

—JRE AR

Gox éter‘nor i myomere ¥, &fil]

Portion 2 e > cross setion oD
Pl I SN B o

1:::;0" Hypaxial h _The relation of a

Portion = pdster or single myomere to the

Ventral A
Portion Cone lf:_it}eiral muscle in teleost
ishes.

Epiaxial Reo
Muscle
Horizontal Septu
Hypaxial Rrep
Muscle

BB D SR 2 FK LA K O TR fLA 95 D 43 T AL E:

Pl kit ~Fe ki, —E T aBIoREME; &2, horizontal septum IC# &, Killl
FEFOFK G0 —EoMI T, KAGEERTIE V IRERL. KAKE OBRR,
WA e ksl C X VB AN T H 2, T OBICEEMESHIZ Musculus Rectus Lateralis

(Maurer) /2 Musculus Superficialis Lateralis (Greene) & X T Hteo FafEIT
Ih, z OBMBOBERBETH 505, —RICEBNOLWIEMQ), BEEEY E 5 b
ob), EHOTREESE (. #EATOIZ2ZaELETHAROTREHED B 505 TAIM
CRESHICHDHEN S DL B2, —HEENIOAK 21BIHEMOD S DOTR. RWITEREL
siiciz horizontal septum T k b HIIC 2 4 AN e EEIMES T O P RRIEOE =43, 5
Eih» & B L CiEfRER anterior cone k& d DO SN 20

—7 Scombroid fish OHEEZ EEHRLTRS & 35, »FY A TIRAEMEBHO
BEIR, B(R2TH %, HinOH, HilikoLTo kel Fil—i e 2z Al
L8k o RzWfipE kLo BEMES] ORVERE LI VF, v/ nith3E2Z
OEHEMABH O ITAM L b RIGCEI2 2 THRAERCIR eSO L, Wi, DikieEsT
CRALEZFIR AW BERRENGEACECR D, —RENLZTRIEN LV, X
horizontal septum L T #Rro HRZETIE, —ROEE& L ISk BBEFTCR 2 T
W2 E TBROMBICE LB RRIBEZE LI VE LB EROTH2EHMBER N %0
(3 [E» v A BARIHR2I o

Y x o= vORBGEErRYBLT, TEEMLE] ONMELXYLCT 2L, KEH
ERrEOHAOHS 2 anterior cone ol horizontal septum DO X H
anterior cone D4EHEN & BIPRICHTAG L. ¢ OBS OFFRREFCHE ( I+ AROKRKWFEFA
Tendon X b % 3, KICIAHE ¥k BIfE L+ horizontal septum 1w T~ 2,

(@) RIEDMBHIRNHEEDO S D (b) ~FFa¥ () ==V eaF e nVEY (d) X3

€ AVY « FPEVF e Ty eFNeFVFegle~ (f) V<P~
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Fig. 3 .

hEERYHE ., WIS EOBMED £ % F o RIS T L GHERI S Superficial lateralis
RIEEMME &I D ZOWHE, 2 e Hoho —BEIFHCFRIE = e) TRFEH X 0 & 525,
AYF e =raff (EBIZY4 2D TN & AEROGEMEL bk b0

Arrangment of the superficial muscles to show tho direction of muscle fibres; in Cyprinus
carpio (lower figure) the fibres in red muscle runs parallel to body axis, but in Euthynnus
yaito Cupper) the superficial muscles with horizontal fibres are same as other lateral muscles
in color and structure.

Fig. 4

7Y A DREME EHne
LR O & BURIEIE. HabE
TR E oBRRY R o

The relation between the -
deep-seated red muscle and
the ‘anterior oblique and
posterlor oblique tendons of

Katsuwonus pelamis
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Horizontal septum o ig2H)EsE

BEERRABIC oW T, Biko i BE OWFasH 43, horizontal septum DIPREER
HIEBZEIC OW TR L7z b ORFEA & o MM ICE T4 (1914)3) s Scombroid fish
G O AFIBE:OEEEE 7 horizontal septum B L, Tendon & #EEunsd & OBGR
FRELTh 22 ZEMEE OMRRTHEECOVWTRESICERBRINTHAE N,

horizontal septum &5 & CEEME&Hix Epi &1r hypaxial portion it 53t} 3 8
i EERHAROB R A (. Z0oMSREFAMBREAL T, 2 oA s Tendonic
WOTHEY R INTH 20 MiREFRILINBER OB R ER HOWBEELCHVWE
Tendon OEEENE(HEHICLWHOLBIMMICR BN 20

Typical %AfijE LT=t DHAYTRT 5, thfilfico  Ventral moiety %ZEREL

_horizontal septum OFE ¥ EH X b K2 E myomere MG IC intersegmentary (it
Z L% O myomere OIBICId, FHETH b ARWGIEOMIH T, Thicik Segmentary
Vein, artery %t Nerve psiifET 20mR 56N % cOXWEHEDHZ Tendon &
FAX D b EEHERCE W b O CIHES AT S b oBilc, BTN 2 fo

Sheath & & o%MiER ¥ Foo. EEILE VK TUTR,
2.0 2 4o sheath sz BikicBl &, sheath &imi&
LTEREmMEHZ 8. 2 E2aialtlE (Antero oblique
Tendon) &£ 3, fo—FHikEo Tendon 132 OHIHIE
JEX b 3 o OFMET Y Haemal arch 5 OBiCHbE
Birisb, chk b5k, LhbiEiko Tendon LT
L. BPOANREROMEEBET 50 % LT sliding 7 -
BERRBEL SR LTy B X DRTH~GEE X h EE~ LR 4R
T FrBRCAR L TREEOMAEROS B TR L T
BRcBiE, FEMESrBUMRERECEET 2. thk
#3521 (Posterior oblique Tendon) X £} 2,
JACRMFEERIE —A D, Li
/ b AT G AT WS T iR
Fig. 5 BozboXxbry, FEMED VIR

2 e OXFEMA LFAERE TR TIx, Wik fibrous tissue
B L OB R o Ly, =k LRI ICRIIC

The relation between Sy A e
the superficial red muscle AL 3o HFLEMRRZ 2 e OHELR

-and the anterior oblique By, —ADEAR Tendod X b%A  Fig 6

and posterior oblique - . A DR U R
tendons of Cyprinus carpjo. b A 2 8T OFHMER X b #'%3‘.& b g e LOFHER~D
upper lateral view: lower, FiRlEROEH ¥, slidiug 77 HEHRKEZRT
ventral view. The relationship -

BERARBE CHEAMOMBIEEY BT between the super-

%o L Li#ib2MKIGICI typical 7z = t 0B & L liEmRz I ;ﬁeg;scfbﬁggg
Beah Aoz v, : ’ and posterior oblique
tendons  {Scomber

A = rith B ERIRERRRTRICRP R FHETEIC  jeponicus)
@ 2FVF a7y (h) —BRIEHECD LD
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BBy o= MIBOWT L 072 b, T & O &R RSES A articulation Lix %, 20
articulation OEIMIC Iz +EAD kL FAk fibrous tissus AR v, ZERWREE
JECHBE LT h B, S MIBIRTEIRZ Lk fibrous tissue oI & HicKEME TERGL
#T Tendon ERMIFECHD . BIFICBRICE & Zh £NAKAIN & REMEHIC D7 215
AMDIEEER G e stk FOMREEE 3, BPBERRIERICK (L ¥ WU CRRbERE
Witk & b 8N TS OFFHET b REBRHICHIER L 0, CGHR4BEATPHTRBE) v-&

B2 OMEENE T, SRS LT, Fig. 7 ,
PR ch SR T T ICBHE R ¢ $ s B Y FORIHIR%
EVCﬂ‘ﬁﬁ-n rRSeRTIR JRS ETICWENJE YREOHT RN E 0
DB HEAEE L W HAE v, TRLERBES XBICE| FRHEE ~ DS
ZIEATIC 3 ooRRERE BB L. FRkERBEs " e o

The anatomy
of the posterior .
oblique and ante-
rior oblique ten-
dons and their
attachment to
the vertebrae.
(Katsuwonus pe-
lamis)

HEGEMICRT, ¥ =t & FEECEIEMCE
Wichiss 2T 5, ZEHT <212, to2X L7
BTER SRR AU I 5 U BB VRl R~ & 1
. anterior cone ORHOLEERMEERIC DI,
B> Tendon &AhSOTHAILTHZHT
B B0 AT —RoMFEREY, zoBREMER
DOFfRRAKWEER Tendon Mgk zHrR, MrEsF, Z0MIF 0 HrF 5 Ic A B
NET2ENL VLD CHEZHTD 3, —RICHROEREROFHET & OFFIRAER
HcKks 2L o8z R o 245, AR—2 LBRSRON 2, BIBRIFGERAFHES
PRBIIEES b OWSIC, BEBEMRFHAT P REMEES » OBCHASEi L RD. %
L CHIBHERFEIO b o»vBER {\ BHilo b ok Ligament k¥ ¥, XA ICTW
horizontal septum {7 C12HE « W+A XA/ L T ThoOTHESHISE 02
Tendon X b & zaiRisEEsR 5N 2, 728 Dorsal rib, intermuscular bone, accessory
rib LIS b OIZTH %45, TOHRAWECH L CRERMEOTRDFTRINTH
v, BEERZ—RCAIBEROBEMEE D, WRERBERLUNOH TR, FEEF
e Sliding WHEA#EE Yo, Xz oo kiiksnkowm (&H, HEXcmeH
EEAR L FHodk, REERLHT 52X 2. LA Chiai-Tendon &IEROBRE & B
Ei2nz,

- ZRICAR U5 7 7 0 4T S B o JERAE O I U AR IC O W Tt = B0

AR R 8 G BB B X LA 55 D L BEHELAR

TR e TN enFYF e BVF(YA L) e = v CRUGEHOHKY{TLE, 2T
BR— R AR RN 2B CREANSHSOABFEG L DR Bd8, F-5e ATV A -
Itz & VkEELEH X b horizontal septum o#4ric Vertebrae CEEICHKEL
BAYVRATHHLTRTH 20 ZOBEECHEKE~NLG L 2BV F e~ althzE
(R E R B OLE R OB k 220 R oh 228) —RiICERME R B
TRAENGE—FHLFBRELET 243, MM CTRREMESREMNGEERACHE R L, K
By THIDENOBEEMNSESHLTLE 5 IWHTRBEBUIERMES & BIEMES &
. OECHRSNEESR LN, TORSGCREFMEOEESRFABEALY L L. B
" TRANGER—-EEET 3,
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C. W Greene,® g5 IR & FMEIME K 0 IT A& G 0 HRHIERBINBIEIC X 3 &
s, b, EEACEEMSHCR. KRGS R LT SRR Lo
compact T, WO BE/MIIFL (M, BiERARMNGOZh L HILTH 20ICEHL,
HEER R EkE B 2ZALTH Y. Ho salcoplasm CEHHMSTINTH 3, Uk
MDA, HiIcHk GHAHMS L RABHEEZORMRILECH > T, KA 3R
%tt_lifa‘\n'c RELINTHAEV,

&\\(!/A Mﬁ"a

vag

Fig. 8

A.ae eB. ¥ XeCongVid oD wywoE Y4, b ESEHORUGEEEY KT o
Dott (3 FREMAEALY . SR UTR GBI EIR T :

Cross section of the lateral muscle of various teleosts showing the gradual differentiation
of superficial red muscle (in non-scombroids) and inner muscle (red in scombroids).
A. Cyprinus carpio, B. Scomber japonics, C. Sarda orientalis, D. Thunnus orientalis,
E. Katsuwonus pelamis, Position of each lateral muscle indicated by the corresponding
vertebra. Doted area shows red muscle, and the oblique-lined area non-red muscle.

FEREIY - ~yyFi b s horizontal septum FoOFKOFEAEE . »
Y A o = 7 v CARAITRE GTREE IS 0 BB E T oMo ¥oY e ~HT Y ADE
ATRITGERKORIT E —B LRy B7%ss, 7Y F « <7 v OKNGRMIRERIME
ek, koS W 5 (. BiE EARARNDREHEE RERcEL SR (H22/4
BoBiEL 2L, Salcoplasm OF b4 <, MHHENEE (15522 Fissi Wi R & 87,

Z £

BHETR, MERCHNE XV ARFREZOHEAEE S, (xRl b TH
KIEEC, OB OWTODERRE VW, HALbAKEOE TR, —RICHTZEM D
T ERNRIR T A 25kl e ¥ 2 L. ABGRERESECcAES SRV LR h
THRTH %, Kiihne (1865) i GEHRUME R T 3 & w0, Ray Lan Kaster
(1870) € chiefferdeckert)(1927), Watzka?>(1935), ZJF8)(1943) 12 & { (B & EHLERAT
EBCT ~ 3 IC O BECEET 2Hri~TH 2, Pankul (1904) BiBEZHREIC
FETH 25 HREHLF LBEGR S FL, i Fletscher (1914), 4%2r6) (1928)
12 Lactacidogen, 4EHEBERR DML L b KGO REREEIESHEEE LT H 3,

HEHIRE O X b 13 EitHoffman10) (1938), Watzka?) (1934),7E3£3) (1943a 1943b)
FAZEID(1943), BAID(1M42) L wfticik s & . —#ic B CGEEN T 2"HELEMI TR, )



Ao mABHIC 2T —97 —

ERLAW b oI~ TRk B OB L, M HmoRfoBELE (. BTolitl
RIITH 50 2 LTHAEDOK 2 2 OBERE, WHEHNOBMEIC MBS 2 LRI
NThH3, WHLUEOHIHEIC X 2R, BREEYrBERCARLEESRWHETD 3
s B &b S H OB ENOIIEN ST 3. MELUMICES T2 R EEZ4HM
R4 2 h R~ OBES R BN 3 LR AHERE~BNEWETH S 5, fFTR C,
W, Greene, FIFDORIMOEEIMES, FH: 1943) &Ml o R MF AR o 2
25, MBI E AR ERSRINTH 2. UL, s AHoMEY bER & B &
OHR—EE~LNZHTD 30 ,

Mazic C, W, Greened pit <3k, HFHTRIKNGHOMRMERBEETRRR 7DD
RN & KEIME & 5345 4 BoOIGER & T 2BA G LD b b o Bic, MEH
PERICEROD 2HRBEINTHZDOTD 3, :

2 THTICEEHR L7e ARk ic D) g & i T 20tk & 2 Limr SR Em A B oA &
BOTHZEBREER. RT3 HOK 2 3 FHG MmN AMRER ¥ HoH, ADRRERR
KEIMEHERMOBRASGERwT R, §iRlERE oMicEEEx  Hiilkc Sliding O
BeAEBEREEME HsERC R L 85 AR & RIBTIC A« BoRER X T8 2 W
Bty —EE~ 2 BN %o MARMAYE A ICER B LT 3FEICOWT
. ZOWROERRES S b FiHET 2 FHHR S, BIB&HIFHEO anterior cone DF%E
RES, REDREREF . inboikclkLTH b, cone 0EI X5 . K
I ICER N 5 circulation 3 RERL A OTH 2. Cone OFEFEREPLIEEL EH)D
R oA Ao 2@ b Ch (v A—iR0EE& I L FkoHSTZ~ %, AL
cone DFHEZ LR L b, EROHE LW BRIcER o TH (EEL, cone O
ERELENNE OMCEROD 2EsEHIN 2, U LoFEMLL b~ f TS T
FHIMA2s horizontal septum IKHEXHHT 2430 T KEF»LRIBILTERR
/N E anterior cone ¥ {F 5 HiM i — KB E LB CRIGICED It oL, ko myo.
commata & KHIM&» myccommata & BMRASKYIIC Y v EFFOEMN D b —ERGS
NBHEHTD 20 -

RICKEMEAE BEMEORREE 40X W BEL TR 2, =2 L 2k EEmEIRL
Bids ¥ « ~F Y 412 horizontal septum OESFICHEA L, FiT active = rn™v
By FCI % &, ERMETMOKEHGEE~EBEI L. BokGipR Rkmm &5
AT, ZoMBsENGEZLRUECEBELTH2HE RUEFERE KRG E O
FRs, HEELEHMADOSELMLRERZHORWHE, 2XxWF R AT O RHM O
vibration gk Xk b . FBERELAFICH 35 v AWAKIO R O beating JEikE~&
ERORTRN 2R, BRIBCEELTEMSTRNZZIDEE~BNS, ZOHKH
BBITORBRNIHE LOBE~DL—H T 2HRBEYD 2FETD 3,

2 DfMEHIT owTi, EEE OBRUMcEx oRZsE oz C, W, Greene
(1914 kcfes &\ MEMHRMIEICET 2Kk L b~ x 7 2 (Oncorhynchus tsha-
wytscha) T2 FEIPIMIERFICIT R Tl 7z b O, SBRO hESHREERCRbn., =
HSERMT TR AR LS 243, REMAT CRIFEERNSCIL N 2 2R3, X
Fnw R ArCRINFETR Wet weight 0 309 Ll EOiEHRHSEE o

FEDETRAFCYRS BT B B3RS T B (. BEIBDICESE vy -y
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VYA AT BRI MBI, RIUE AKRFACERER L, =—72r&/]HN =77
L BBRLERCA N, AEREORE, RAMMTED, KFRE7 v 7 F v BICR
TRBCE 2 2R 3o LEN, BH, BIRSRMA & IEEH E OBED 240 (i<, AL
CHARKZEMETIR YV EL FREBB K27V e e~ v rnsBY,
WOT 25— YRINE X bSO AR 2HEy, BABERKILIODe 2757 %
B IF U TAX=vcZLaHB DT TH2. AIADHES L 7 ) 2~ 5 v Eik
fipcl L ZRicA o, L bBEFEMESHTCREEDOHBIFEC AR 2FE,rbMAD
kB O Reservor c LTHiZLEMOITI & BILlO £MBMEELFHFO b OTRAEW
MEZERNTH 30 BEOEAI I 1933,1934) OBFEICHEK 3 & Mz = L 27 Y
YHBFEENGHO 2 (FOEERL, BHE, veoFrRiZcHfILTlEZRECHEO Y
232C, prFv, FUYy, IArFFUvBOBRER, EXEOsAF Y, PRTA
Yy Frru— A 4 VA=) - ARREEER, =5 T R T B BASMEE, R
BEHEOZEFISMEER FhEHcsRICE 2N, —FHr 757 V8, 757 v HR
7o %7 & A7 T ¥ yRBAEMTICS B & R4 HMER Om &R OEnEH, BR
2D oié &4 s DR EEOEWE, BRELOMEAZEE ODFR. 172D o &P EEKE
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Abbreviations

ANT Anterior

AC

Anterior cone

AOT Anterior oblique tendon
CBV Cutenious blood vessel
DSRM Deep seated red muscle

HS Horizontal septum

LN Lateral nerve

PC Posterior cone

POT Posterior oblique tendon
POST Posterior

SA Segmentaly artery

SN Segmentaly nerve

SRM  Superficial_red muscle

Vertebrae
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Résumé

In 52 species of Japanese bony fishes (Table 1), the horizontal sepfum was
found to be separated into two tendons, and these tendons were here called
anterior oblique tendon and posterior oblique tendon respectively. The dista! end
of each tendon, in the form of connective tissue attaches to the superficial red
muscles in the teleosts other than the scombers and tunas. (Fig. 1 and 5).
However, in the scombro’d fishes examined here, the end of the tendon reaches .
the deep seated red muscles with a simiiar patern as in other bony fishes. The
two tendons are running (Figs. 4, 5, 6, 7) with a loose mechanism so as to make
the two tendons slide with each other. This is especialy significant in scomboroid
fishes.

The Superficial red muscles runs horizontally along the horizontal septum in
non-scombroid teleosts, on the other hand, the same muscles of scmbroids, though
homologus with those in the former referring to the position and the direction, was
found to be light in color as other non-red-muscles. It has been known that the
red-muscle fibres are thinner than those of ordinary muscles in bony fishes. The
writer’s histlogical examination, however, showed that the superficial muscles
noted above in scombroids are consisted of thick fibres same as those of ordinary
muscles.

This change found in the scombroids, however, do not take place in the same
degree in this particular group of fish. The differentiation occurs gradually
(Fig. 8) in the order of Scomber-Sarda-Thunnus-Katsuwonus

The three facts clarified here (1. structure of tendons, 2. histology of the
superficial muscles, and 3. sliding mechanism of two tendons) convinced the
writer to believe that the deep seated red muscles in scombroid fishes derived
from the superficial red muscles in ordinary bony fishes, and the former red
muscles sunk from the body surface to the inner part of body accompanied also
by function as red-muscle. Such anatomical deformation in scombroid teleosts
tested here seems to have developed adapting to their speedy moving by beating
of the tail.

(Freshwater Fisheries Station, Tsukishima Kyobashi, Tokyo)



