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Osteology of the Japanese Eel,
Anguilla japonica TEMMINCK et SCHLEGEL

By

Isac MaTsur and Toru Tagaz

It has been definitely shown by the contributions of GiLL (1891), Regan (1912),
STARKS (1930), BEEBE (1935~737), BERG (1940) and GoOSLINE (1950~'52) that the
internal morphology of the Anguillida, especially various features of its skeletons are
important in taxonomy including phylogeny, affinity and differentiation. The internal
morphology of Anguillidae was also investigated by GirL (1891), Rrcan (1912) and
TrEWAVAS(1932). The authors have made an investigation on the internal features of
Anguilla japonica, and the results obtained may be summarized as follows. Special
characters in the endoskeleton of A. japonica: 1) Bilateral frontal is articulated by
symphysis. 2) Premaxillary-ethmo-vomer with its smooth lateral is well developed.
3) Cranium is low and elongate. 4) Otic bulla is not well developed. 5) Palati-
strygoid is developed and its posterior margin is articulated by hyomandibular and
quadrate. 6) Maxillary is well developed, extended forward. 7 ) Suspensorium
slants strikingly forward. 8) Urohyal is thick but short. 9). Branchiostegals are
comparatively long and the two at the bottom are”cut half-way, linked with ligament.
10) Actinosts of short bacilliform are seven in number. []) Supracleithrum bifurcates
at its tip. 12) Neural arch is autogenous which belongs to nine centra in anterior
of abdominal vertebrae. 13) Epineurals and epipleurals are nothing but a feeble hairy
bone. 14) Terminal vertebra forms a special bone with several ones articulated.
15) Centra in caudal vertebrae are very numerous.

Judging from what is mentioned above, it is apparent that, compared with
Congridae, Anguilla japonica bears in the ubiquitous feature a close resemblance to

Conger japonicus Bleeker which belongs to Conger stem in its phylogenetical position.
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Bais T szt Gl (1891), Recan (1912), Starxs (1930), TrEwavas (1932),

BEEBE(]935—'37), BERG(1940), GosLINE(1950—'52) ST L - THIS M IicanNizds, 77
PR Anguillidae O NIRRT Tik GILL(1891), REcan(1912), TREWAVAS(1932),
DG TITED & 51TB X 50, Ece (1939) 13 v+ FRHEGHOER, BEEL AL ToO
BURRTLEL TR, MO OB E I SO T BRI 2 T2 o7, HAE
v+ X Anguilla japonica OWIETEEEIC N Tid, D& fEH (1930) OZEFIIH 51T
X500, FOTEZEIIREOLEE » LR U, BAREY 7 FOPMERIC W THIFE LI,

& R

1. EBZ® (Cranium)

VEZS B 2 RERR T A BB  (premaxillo-ethmo-vomerine plate), #H# (frontal),
BETEE (parietal), BEHE (pterotic), HE (epiotic), L#%FHE (supraoccipital), #if&
GAE (exoccipital), ILESIAE (basioccipital), FTH & (prootic), #EH (sphenotic),
BHE (alisphenoid), [B%#E (orbitosphenoid), F#2f (parasphenoid) 75 & DFEEFTH
A (TR,

RS EAILAT PR, BERB L CHESHEAL TR L -7t b 0T, BE T FEE
T2, L HBEHIZNEL, Z20BRMIRMOTEEDEBEICRIBAL, BFEEETYH
ST 5. SPEEIETRTIERCSERTIIN <, BIREOEECHEL TROICHES, 2
DRI EE B O L W HITET 5, #E B L OHSROMERZMHET, 7 ITROITT >
7 T8 Anago o+ 7 5 I8 Alloconger O b D2/ ATV A X 5 el iR LI
#E7e4n (lateral ethmoid process) % E 2% (vomerine process) /51y, % U Cai S
&S OB EITIZIE & A S RIEO/NEEE L, WERERT 5. HIEGIIRISEE,
B EE S, S LRERS I EHEBE ZNENEE 2 b - TBHIT 2, 2 OREE T
BER % R A, ¥ 0B ORE LT, EAOEIEE TR S N7z iR O MENC LHEH
BONREHE CBAVBEET 5, BEBOHEIM <, HEOMEICH - TE L fITIKCER
U, OB Xizs k2 HETEOBICHNT 3, G Y, EHE, LHH, SMEHEE,
MES: Y BT 5, FHEEBREHBRI STEHSNIZ X3 2MEVEL 2D, HER
BEEERICBAT 5, FEBRFEET 205EME 2 BRT 5550000 SRR L (RE
U, HEOPSIZEESTEET & & 5 1cAF, (foramen magnum) 2FERLT %, NEFDNER
Muraenesox 07 + IR0 I 7 v 7 + I8 Anago, /~F 7 J 2§ Alloconger, ¥ 7 F TG
Rhynchocymba, % # 7+ & Rhynchoconger, %7 ) I8 Promyllantor, 74 7
F =@ Uroconger 73 & TN ETEE OBEIC | AFI21EHAD exoccipital brush 2:BAH
LT A 0SARICIZA L 7w, MERET I L A RKFEL, SEEE, fHE, dilELznz
NEEE L, GBI 12 1 THEB OMIR & KT 5, LREE, SEHEE, BHE, BERFEIT
FoTHREINTHEEFTORBEIZITEALBEENTD 305, DI WLITTHERERT 275
BITICH TV A OTHHICRNT VWA, BIEEIR &L HEL, AT, AEEREREE, AEREE,
BEES X OREE & RE BT 2, BB X OREL, BEEE, IRERE, TR
FIE, FRNZEEEEEEBCENFNEET 5, HETOBRTAE T ROMNEEE, %
ERTEE, BTES, BRBICL > TERSN, 350N 0FFICL > THYE (otic bulla)

hoin
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BERINTWEY, 7rIBR0ro7+ T Conger ObDERU L HICHKEL TG

[APS

Fig. 1. Cranium of eel, Anguilla japonica. A, trom side; B, from above; C, from below; D, from
behind. as, alisphenoid; ba, basioccipital; eo, exoccipital; ep, epiotic; fm, Fforamen magnum; fr,
frontal; if, interorbital opening; o3, orbitosphenoid; pa, parietal; pr, prootic: ps, parasphencid; pt,
pterotic; pv, premaxillo-ethmo-vomerine plate; sp, sphenctic.
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MEBRELCRER L, IEHTARES ICHEG L ZNZNEHL b, KFHEEL,
HRET, 70T h T OICHIET T WA, FOBERFFIROTA T FIRE, F
VAT FITBOBDODIHICELL L, LUAZTX7+ & Congriscus O b O EFELT
%o IBEEFR/NI IRECERE FECH > TRIERE, #HEBIOBEEEE Z2hZ BT
e NEBPITLTFIE, TATFIRD S D TEBIFEO—AHBEMILICEHL T
AH35, AFETIRZENRS, FERBEEECRE VAL > IKEBEHL, &5 ICEEPINV - T
DT, ST —MBIRELRG2ERT 5, BIREEL, HEEFOEE ORI 2 Ek
T B, % OBEEIZFRESIEL S, BB 2XT 5,

HIREMFALLIZITEMAE TS 555 FlRRL0HA2ET 5, BERBEETEOBLZ
o5, B3 RBHEEFEDN1~YWgACZNZTNHEMT 5,

2. B #E € (Suspensorium)

SRR B2 ESE (hyomandibular), 5% (quadrate), [HZEZIRE (paratopterygoid) 5k
KA fEDEREE (opercles) 5703 (B2,

v FEO I, BEGORG~OE, v FEHAED > b TEHELWI Lid REGAN
(1912). TrEwavas (1932) DSEHELIEB D THbH, ABMOBEFOHIT~DOEFZT 7
THELD B I HITFELL,

EEEI L FEEL, WETELL, EBREBEKETHEFAGOREE, BEBL L
RIEFICEET 5,

HERIEL, L RBRENEL, SESOREL &b CHREERYERT 5. LRR
EEHE LBIAI L, TIE THHOEE S (articular-angular) &9 5,

DM B NES (palatine) & HIRE (pterygoid) BHBAL T—HEZ 12 DT,
AR EE R/ LT, EEME O SO FIICET 5, MECHRERL, X FE=ET 5,
B EEE S X BT 5, MISEHEE  (preopercle) XTEME L L B OBBITEHE
U> SIFHICIES 3o AROWMSITLPIREL TV M, BEORBTLHE, MEET
(interopercle) RIS HIRE R CEDLN, BFD DI TMET (opercle) DFTTFHFIC
By A, £ABORRIBATTICREH L, BEEOKE TRCHET 5, TS (subopercle)
HEBBEONMTRICHE b, TRIOR - TERTICIED, %3 EMEE OREORITHR
DEALTHE D, FHETIZEERELZET 5, KHIHEHESOEREOIDICHET 5, BRI
RRME T AP, TR ETBIOBRBIVIN S HET, \BEROUNAALDD
BEAFIII, IS EBRCOTEHT A0, 7 IROZLOEBECALNS L DS
BU»E UL EHCE-TTEZ2L/000 T, FRREHEREOTFICY U Tz LT

Whsy COETFIRORE, LI In7FIEBOLDEEREL TV,

3. FEEHBLUTER (Maxillary, dentary and articular-angular)
ETFOEFRILFEEL, WINBET 5, LEEEHE T, 7ok iy, §
MU THEHE O LEEEICET 5, £ HERL, RRETEIIEIE AR
BRI B, BEEIZREE T, WE 2N U THEE OB OIAY - 1280 OMMUEICET 5, BE
IEORVITHEEE L, BRI R WCIE O TR S O LE AR OL X H b RRHIGICERH U
TWWh, ¥ E CICBEL, BEHEOREAEN THERITEAL, MmESEE 2757,
FEE R ENFNNEMZIT 3FNEERL TEAL, B2 2L 5,
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Fig. 2. Lateral view of head skeleton with suspensorium, jaws, opercular bones and hyoid arch of
Anguilla japonica. ez, articular-angular; as, alisphencid; bo, basioccipital; bh, hypohyal; ch,
ceratohyal; de, dentary; co, exoccipital; ep, epiotic; fr, frontal; gh, glossohyal; hm, hyoman-
dibular; if, interorbital opening; ma, maxillary; op, opercle; os, orbitosphenoid; pa, parietal;
po, preopercle; pp, palatopterygoid; ps, parasphenoid; pt, pterctic; pv, premaxillo-ethmo-
vomerine plate qu, quadrate; sp, sphenctic; su, subopercle; uh, urohyal.

4, BEEBLUHESREE (Nasal and preorbital)
SEIZEBHE OO LT OMBROMMANCEL THEIZb 5, H L ofiE,,
ATARE B2 & FORT MIOKE TICH » TilFEET %,

L. & Ml (Hyoid arch)
EMLIEES (glossohyal), TE& (hypohyal), #EH (ceratochyal), EFE (urohyal)
35 L O°#R%E (branchiostegals) L b7z 5, HEEIZEIEINT, ﬁhmﬁ@%ﬁﬁ ZHEC LI % R,

T B DA LEED TEEOIELWE L, BIRORIR 22T 2o 685 (basibran-
cma)m@w%éofﬁﬁﬁéo‘Fﬁﬂii<%ﬂb,“bz?b<ma,ﬁ%agﬁJ
BHENT %, M T HIOBEENICIE 2 RKOMEKBOILMMVEET 2, AEBRTEZEL, ZOHlkK
%iTEmL%%b,it&+%iLbC§@b,<®%“ﬁi§£ @Wﬁ%&@}%%
DI - ZNFNEE R > THERT 5, EFEIE LS BEL TRET 208800, FEEIC

B9 A il sl i%ﬁ(f“, v v+ B0 Kaupichthys diodontus® OFNICLl b, & 5 itk
X T EAEOME (cleithrum) OREIMCHELRT 5, WMEAFEEMI~I2RKTER TS
B 24K, MizAEEO FAIEICET 2, B EMOMERIRP0ENEL, #R2EL, T
RERBCR>TIER S, SDIC2EFHOMETIZE U LIERTHSICAWEREED LG
WWETET D, TNIDTREDAH5~6KOMEBHIAL L 2 ICEL 20%HIDNTN 5T
THIHE S, BTAICD 3 2ARDEFFERBRPPUN T, WHTEKEIN TS, LD LS
IR BEWIERICE L, MEERPTETEDEL IOREINLUEELZET S L0, BT LD
2ADEBHTEHN TS CEBMBORO L OTIABNLU,

._.57 —
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B.B % (Shoulder girdle) .
FTROMEEE, BT, mERERE ey, LG (supracleithrum), $#H (cleithrum),

+B%E (scapula), FEY%E (coracoid), WEL L7 HOKHE (actinost) XN ETF

DEEES S OGHE R AT 2B (cartilage plate) & D725, EEIEO LIHHIE P

s, KT ro IR, NPT IR, TP I TFFIBRBIS e ETFITEDLODLE

AU LI 2RT 5, FIHEEIRD L 5 CHEBED LA EBT 5, $80O LIBHISTHS%

B AT A ICER ORI & FHEE O TR EN B & L, FICFERIZER I

Bh U CRITITIED B
FEGE ERART, B FICREABOB%ESL (scapular foramen) »dH 5, TR

HEILEME T, FT82BRMEBHICEE 5, HHBR7 ErEELL, REAMCHS 1THIR

REBTH 5, MIHRT FALO S DI EEWV WD b BRI EEROEBHSHET 2 WIS,

Al E T B E 2B ER T 5,

b4

Fig. 3. Lateral view of pectoral girdle of Anguilla japonica. Cartilage stippled. ac, acti-
nost; cl, cleithrum; co, coracoid; sc, scapula; sl, supracleithrum; ur, upper pectoral ray.

7. BHBBIUOABEE (Vertebras and intermuscular bones)

Hig s L OHBEORELE4, 5, 6KITBITI,

REGAN(1912) 3BT FED 1 > & UTHEA (centrum) 2 (transverse process)
OEMER2RT T, 7Y KRE Muraenidae, 7+ 2Fl Congridae, « v7 F 3§} Echelidae s
ERINEBETAEDE LN, UL UHKEY F TRORBICE N EZET A2 DERSED
EWd B, fladdrrraB, ver SR, 27 IBIRELY, A japonica T
B T NBRRINT N D, F12, FBEE (tarminal vertebra) 3 EHERE (urostyle), T
Bl (hypural), EMiEZ4E (uroneural) X" LEE (epural) HEEE U THRERL
L TWh, %72 Forn(1937) 12 Anguilla anguilla OFFREFEEHESM (neural arch)
BHEA L EHE L TOW N E LTV AW A japonica Tk 9 B ORIEMESM & HEA 74

% FORD, E., 1927 : Jour. Mar. Biol. Assoc., 22 (1) % EESIHLIL, FE (1955), AEOE
BewmBITL 5,
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WIRE LTV,

WL (neural spine) JXERENIOE WV IEHERTIROMEAR T3 TGS, BHEE 1 AP S 9
HEMR S CHUIRT FIISEIRIR 2 BT 5, 45 O MEMR DI IREIC TR L TIEDS, MEATEE O #m 2
B AV TT I » THIRMICEMT 5, 1248 (parapophysis) X MHEATBORIEICZ 5D 5 b
DIFERT, HEED THRC S TRRICHFICEH T, ULrL, BEHET7 #A» 5 RERIT
THEIRIC b BN, 3B & 7 EBI4ANEE F THEARITI U TIRIE KRS ICER U, 7 O Tl Rk
FHiCi] 5o L LIREESHEM D> & B HER % OMEA £ T ORIZHTI MR I U TEAI, 22
SR T - TIEH L, 7o RS R s 1, 2 0uREk s, £12C
B OIS I3 BTE DS 7 75D B, SEASHERR D> & M 2 3# % (EPSF (haemal arch) 23
ZRITiR D, FORIRIER > T (haemal spine) AT 5, ARG & U Tid Lk
#t (epineurals), B & (epipleurals) 35X O°HE (pleurals) @ 3 HWA LML, TN HD
B OBWS L1057 3 HEHGH 2 EXARTRT EETROL 5> Th 5, LR 1A O

Fig. 4. Showing the first to 5th abdominal vertebrae of Anguilla japonica.
A, lateral view; B, ventral view; C, first vertebra from front; D, 5th vertebra
from front. ce, centrum; en, epinaural; na, neural arch; pa, parapophysis.

FERET, 2O THESMOMN TG T 20, LEEL, SRR
PUCHRIES 5o 887 BICRT & 5 188 1 kA % T O Lt i BP0 E TG U,

* N2 fl, 7 aTFHCET ARSI EISER TEET 5 2 0B, AR INLOES—
HICEE U TR E 25 s O e e b, A7 F RO a7 v 7+ TED
3o BEOEVLOTIE, TNbDLAHRMNIC HlEL s 1 AOB LAEEE (sub-epi-
neurals), FTMBPICTEREL 72 BIET LH (sub-epipleural) A3FfEd 5,

— 59 —
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Fig. 5. Last three abdominal vertebrae of Anguilla japonica. A,lateral view:
B, 44th vertebra from frent (intermuscular bones omitted): C, 45th
vertebra from front; D, 46th vertebra from front  (intermuscular benes
omitted). ce, centrum; ep, epipleural; en, epineural; ha, haemal arch; hs,
haemal spine; na, neural arch; ns neural spine; pa, parapophysis.

LR & 72 A 08, BB S MEARD b EESOHEIR T D & DI T THIHS 2 /) L T IR H A = P &
ET 5o

M B BEB8HE R S IAE D, EE8HEETK B, I EE Y 1 ADBR T, MBS T
(2SO AL < 1T, EHEE T i = P o dismnr o A i BB 5

BN 7 HEMR D SEE3THER & TR 2 72b b, W S [AIZHID 0 T TE DS A D & 155
DR T2 FHITIER, 20T 5, 515, THEBUZTISE, BEHEE148E, BHe
HRL67 & TREIT BT A HINAEE L,

— 60 —
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np na ns in ra
) |

Fig. 6. Last seven vertebrae plus endoskeletal and bases of exoskeletal elements
of fin rays. ar, anal fin ray; ce, centrum; dr, dorsal fin ray; ee, endoskel-
etal elements of fin rays; hp, haemal pipe; hs, haemal spine; ih, inter-
hsemal spine; in, interneural spine; na, neural arch; np, neural pipe; ns,
neural spine; ra, fin-radial; tv, terminal vertebra.

: _
—7 38 47 ———— 115
7 , . . 86
hs an la ep 30
mm

Fig. 7. Diagrammatic representation of localization of the intermuscular bones of Anguilla japonica,
connected with its vertebral column., Abbreviations: an. anal position on vertebrae; en, epineurals;
ep, epipleurals; hs, haemal rib, la, last abdominal vertebra.

(S v

PLEOBEMEREICS EDOWTHAEY > FOFRKRICEIT ARBESTFEE UTRDH#EEZ D
Faz oKL, Tabb, 1) EHOEBVHEER b -~ THEEITAC L, 2) BEWHPE R
EFEEL, MEHZB»LTHA T E, 3) FEEHFRKL, ENCE, 4) BEEFEEL TY
VW &, 5) BEEEMNE L, BB ITHIIREOR TRE2ERT AL, 6) AHERE
BT I STEL, BRBRIEHEEHFBICEETACE, 7) THERILIFEEL, BIEIAT
JICHEDR, Seif i3 FRER M E ORI BB OLH L b bRl AR 5 C &, 3) BEBDH
BH~OHEFBBZE LN E, 9) BEBFIEEL, @2 s, 10) lEEPFELLIENT E,
B X VB FRID 2 RIGRES N TEGE SN Twa &, 1) HEBRERINTT e 2
AACE, 12) EHBOLIZ 2T AT &, 13) BEHERTEED O B OHERIC 2 25 b 2 #ilES
Fg%s autogenus TH5H T &, 14) FHBHBS IO ERIZ I KOBRETEHTHA &,
15) BEEOEENBETHALC L, 16) BHEEDPELLZ WL LR ETH S,

REGAN (1912) BHB2EERL, WHET A v F FEAEOELOBRREE LHOHEEL HE
HoTHHTAHIBAL T BL L3200 T2RER, T4bbY FFREME T F
TRFEEZRY, 7FFRBIOT FITROAENZNENOERITCENTE - & & TN

— 6] —



182 : woH - Bed FHF & BKEED 8 (2)

{ITHnEEBELUIZ, TOREIXZDH, TrREwWAvAas(1932), BEerc (1940), GosLINE (1952)
REREL o THRIRSN, FME955) b HAED Y FFEB L7 F TROREZ K U,
MR ORI S, B ESDOMENG 2D, MEBPBRES 2O IENL, 202X
FHROPELBNTEZNZENDHFEEA» SRVBEI Do TN & RIFL T LT

CORICDNT Y FFERLET + TRIOBHE HBEBEL Ta 5 L e —HLtHEmeE
Bo EVDLUITFITRIODSHTE 7 v 7+ Tk (conger-stem) OIEIICHBET AEALND
7m7FIBEE, ENETNORHRBECEZDOMEOBEOHRE & 0%, L OHELIULT
EEEEZZ A ThY, MERELERSLCTILOBRIGERT NSRS 218 % 5 > T
%o
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