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Morphometric Comparison of the Two Species of
Genus Muraenesox Found in the Inland Sea
By
Toru TAKAI - Toshio YOSHIOKA, Kanesuke MAEKAWA and Kenrd YATSUYANAGI

A species belonging to the genus which is very commonly caught together
with Muraenesox cinereus during the rainy seasons along the central part of the
coast of Yamaguchi prefecture in the sea of Sud, was reported as Muraenesox
yamaguchiensis by the joint study of M. KATAYAMA and T. TAKAT (1953). In this
report, a comparison of the shapes of the inner and outer parts of these classes
in the consangunineous of the Muraenesox cinereus and M. yamaguchiensis is
given and their remarkable characteristics are pointed out.

Together with the careful stuay of these facts which M. KATAYAMA and the
other one published the following have aiso been investigated by the writer. The
fish change their shapes, with their growth and their growth rate. The differences
in species of the two kinds and their growth stages héve been made clear and
have contributed to ecological studies of the species concerned
' The results are as follows.

(1). Biometrical interrelation of the external features :

The range of the external features of M. vamaguchiensis is mostly included

within the limits of those of M. ciuereus except number of the ILateral line

pores and intervals of lateral line pores, and number of dorsal and anal fin
rays. Sometimes, however, the range extends beyond the limits, but. very
slightly. The external feature of the two resembles each other when seen
at aglance. But the number of the lateral line pores shows remarkable

differences as shown -in Figs. 2 and 3, and Table 3.

(2). Vertebral counts :

Both species differ as shown in Fig. 3 and Table 4. From this result, the

means and standard deviation for these specimens are obtained and found

significantly different with the danger rate of (.05. The upper and lower

limits of the distribution are estimated to range 143.91~158.59 cm in M.

cinereus, and 127.85~137. 31lcm in M. yamaguchiensis at a 5% level of
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significance.

(3). Vertebrae and subordinate bones :

In respect to the centrum of the vertebrae and the attached bones of two
species, M. yvamaguchiensis is superior to M. cinerewus in its growth rate
and has a stronger construction (Fig. 5, 6), moreover, the differences in
shape can be seen in the profile of the centrum and in the neural spines.

(4). Cranium :

The frontal bones of M. cinereus shows an extreme swelling when 60.0~
80.0 cm in total Jength as shown in Fig. 7, 8 and Table 5, but in
M. yamaguchiensis, it takes common process of growth.

(5). Operculum :

The results of the measurements of each part are shown in Table 7. Especially,
the curved shape of the upper edge part of both species posses their respective
characters as shown in Fig. 10. M. yamaguchiensis, is of a truncate shape.
The swelling band in anterior part of inner side of the operclum is remarkably
developed and has a small hole in the indented part and is invisible in the
aduit of M. cinereus 110.0 cm long.

(6). Otolith :

The upper part of the otolith, of M. yamaguchiensis is dentate but that of
M. cinereus shows a wave-like form (Fig. 12). The ~differénces between
the weight and size are shown in Fig. 13 and Table 8.

(7). Concrement :

Of M. cinereus a large number of specimens have been studied but the forming
of the concrement was not noticed, but in M. yamaguchieusis so fav as our
reseach goes about 17 % were found to have it at the base of the dorsal fin

ray on the left side of the body, its number ranging 8~23 (Fig. 15).

195146 ADUE, PiEE~=E Muraenesox SIROSFEE U A RBERATIR 90 % 25 & 5k
MERFEC R CHBREEIC ~e Muraenesox cinereus »3BCHIBNSG B CBEIN S~
BO—FHEAKCH L, &®H(1953)8 ** © ¥-OC A 7x e Muraenesox yamaguchiensis
& LTHE I, ~ M. cinereus 13 FORSKAL (1775) € X oC Muraenera cinera
ELCREEN LR, S {OonEREEC I OTHHENTONCHEEH,  McCLELLAND

(1843) T X A2BOHESRET Muraenesox cinereus(FORSKf&)L) OHA T T b RESEO ER:
L7z A—IS i X e, ML THRBE U ZOREKSCET % ~2E A5 JORDAN
SNYDER (1901), JORDAN, TANAKA & SNYDER (1913),SCHMIDT (1931), FOWLER
(19310, [H, B (1938), R (1940), ZHOHEMAWMECHAACHELEWL, 1E
lBCHEG 2N C\nDe B, TOBRECHELCEHEEOTH, PR, THEESOME,
MOTAR, EMIEOREC X OTHORBIIRE 2N Crnbd, FILUED (1953) 1=
o~ M. yamaguchiensis O FICHRACIHSBETVE & LCIBILEY R L, BEICHE

*x 198310, BAUKEFSPE, MEREKS GEL) FE
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OEZERBEHROBELIER L= M. cinereus 7058 LCHEE L Lz,

FREFICRCTRF—IKBICET 5 CNETE* Ol LBV R LR, BOk
HyBHeT 2 L HICRRE CESZEREE T T LS B ICRD 2 PEE =B &HE0%
RN L BBOS T %,

AFUCTET T BI04 0 ERBRY) 2 S8 8T & IR B % 50 /z HUAI A S 3R R 2 (AR,
TKEERE BRI EAR, 5P B~ RO BEER B 7 RE AR S AR, A At
FOMERCHEINE & o7k ER BT A LR, FiER/KERIEFFAEEREY, Lo
RARBAMEHIE M S HEEARLER, HHREALAGTE N RER, REEHKORHHE
BN B KEBRBTREAXRBRANE—, EABTORRCE LB HEYET %,

¥ R U KF &

AR TP L7254 2195142 6 A DI, RIBASEHE L NIRRT 2 AEBAME E A LB
Frob, SEirsie, TRW BRERCL RSO A7 TR, SRS ok
BE2N72bOT, MEOHRABRKECHREHRIAE 1 CRTMTH b, MY 3 EBMERC
I D, CRCRIESS (BEXN, BEAEDEE R ~=0— L LCabNTnELOT,
FEFORFEOTER U BT/ B AORETIRETS b, s dRRFFRICH AT
BB RHD BT NBSBOTHIC LOTHE Lic\e MEEROEREIZLH &1 ~ U 2L
BT, BRERIZATRE 8 BREOANER, HERE, —HOMRERCONTToRs, B
HER, FHEFACZONERSCEEABOREYROLOT, tNECESY B, SK
SO MR BT DEICHRAT@E T V¥ ) v v Y TRETRAEROEEY ] Lire A
FPUONEEVEORMRZEER 2 CRT, &, PWEEPERAELwyE 7, 10, 12, ©FaK
RlTeo WERES, EEE (O ZEHEHE** OmETRAOREE EE X BAT omE.
LEFORRBRECTE L, HEoOhREESMEOM d ©RT, MCTIR4E 50.0 cm #f
BReEZLEERCRACSINE (cavernous) OBREEO RSN CEFCHBN,

Table 1. Number of specimens and distribution of body length in two sexes of the two
species examined in detail in both internal and external characters.

M. cinereus M. yamaguchiensis
ltems Total length (cm) Total length (cm)
No, No.
Range Mean Range Mean
Male 2 70.10~ 71.40 70.80 5 94.00~116.00 107.80
Female 17 65.20~132.50 84.84 10 78.90~174.30 128.71
Sex unknown 27 28.10~ 89.70 45,28 —_— — —_—

OEREFEROFEORRYBELNME d & Lk, d REEHRIEOME CRCCIRESS
BECHEST DEMLCTFET 28 -CHENTIH OO0 A EEEA OBILAE <N DEELE
OMT, PRCARCTIER OSSO TR S v BEENUFAOLMOREZR 10, 12
T Lz, HICHEED ENBEHIOSMEORNECAEELHE Lz, BHEHIE S

Y HEOBANABEROFEE L e M. cinereus % MC, =% M. yamaguchiensis MY,
DEEFETLOoTERT AL T 5,
O RERE T LR, BE, ZOWE RS LT—5 L b, 2% Premaxillary-ethmo-vomer
ERHITI T Do AR TR 2 EHEFEE L T 5,

’)
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Table 2. Mesured position of morphological characters. Note; Internal characters are showing in

the Fig’s. 7, 10, 12.

External characters

Title Abbrev. Appendix
Head length HL Distance from tip of snout to middle position in gill opening.
Body height BH Vertical depth of body in base of the twentieth ray of dorsal fin.
Body width B C Horizontal distance of body in position of the twentieth ray of dorsal fin.
Eye diameter ED Major axis in eye.
Snout length S L Dist. from tip of snout to position of anterior edge in eye.
Anal length AL Dist. from tip of snout to centrum of anus.
Trunk length TR Dist. from middle part of gill opening to centrum of anus,
Pectoral length P L Length from base to tip of longest pectoral fin.
Position of dorsal fin] D F Dist. from base of Ist; dorsal fin to tip of snout.
Position of anal fin AF Dist. from base of Ist. anal fin to tip of snout.
Interorbital space IS
Total  length TL

Internal characters

Cranium length (h), frontal bone length (f), frontal bone width (d), width in swelling position (d! ), I
premaxillary-ethmo-vomer width (p), dentary length (j), premaxillary-ethmo-vomer length (&), maxillary
length (m), quadrate and hyomandibular length (R), quadrate and hyomandibular slant length . (g),
cranium width = (s), opercle position in hyomandibdlar (n), opercle length .(a), otolith length (a’ ), |
centrum length, interorbital opening (io), ‘ o .

&, FARUCMEFTOERAREFREOMNEN T BILIC X OCiiE LA 10 AMORE
tEA L UC bR (BRE1Img) FHEA L. R BEARRCR T IARBIFETS %
OTEFEALBAEI0OWERL EE» bR T 5 2 LIC X OTEREM Lice BHEEH, f
BAKOPEEORE, SHOERS CET HHEASREHE LT kO, f, FETER
@%%ﬁW%kéwﬁﬁﬁ®%%@®&@%m¢Of,%mﬁb%%ﬁ%k%@1ﬁ%b%m
T EFC L

mo® B R

1) SMEPRRE MEOIMENEONERRY —HET 5 L522, OFED TH 2o HIBAIKRIL
¥, ALY, B, TEEEEERCUEINORECRNTY, MY 2 MCOZEEDON
CAEE N BHRIRZ OWE T T b 2 OBRERERTIMIREE ZORE— R LTHRET 5o
Lin Lo NEQERE hh b b S PBOBESHIE 2N, TECHT 28E, BFECHT 2R
R UIEECEEOEHER MY sk a (, ZOMOMETIE MY BSMC CHLTAE \NE
wRT. Bl nEORPECHEEY, N1 ICRTRICRx OWECH ORI E L5
FOREHE CRHT A ENEY DOCLE X OBB Yk, TEOMEBEICHRT 5 E
FHRIOHEBCOCTE SR, BECHT 2RBRURE, TECHT 52EE, 4R
HIRESICEOMERRS b, Hb, EECHT 2EROMUOHEE T~ MY 2sMC
B LT/ g O, ERCYT 2IRBAREROEES L FFIC MY 3 MC el LCkhkx {, T
B smEOCRUOBRKIE MY L« MC sk WEFREOBEY =T . HcsEC
ST AHEECHEE MY (3 MC wls Ltka {, FRAEMCHTHEOERZESHESNE
@%@ﬁ@%ﬂﬁobﬁLZM%@@%&E@W%%%T%%E%%@%L,@Q@%%E&
LTRSS TR . %, O% L OWERTRA FERCERESBOME . BT 5ot
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Fig. 1. Relation between the variable external characters and total length. TL,
total length; AL, anal length; BH, body heigh; HL, head length; TR,
trunk length; IS, interorbital space; PL, pectoral fin length,
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Table 3. Biometric constants in the two species, Muraenesox cincreus and M, yamaguchiensis,
Note; No, number of specimens and so on.

T T Species M. cinereus M. yamaguchiensis

ltems \‘\\\ No. Range Mean |S.D.| C. V. | No. Range Mean |S. D.|C.V.
Pectoral fin rays 57 16~ 17 17 15 17 17
Dorsal fin rays 38| 291~302 [297.75(1.47] 3.26) 14 | 258~829 [263.121.82/4.52
Anal fin rays 38 | 221~228 [223.61)1.32| 4.15 15| 213~216 [215.380.91/1.38
Pores in lateral line 38| 146~154 |148.181.76 1.11] 18| 126~135 [130.77/4.653.58
Pores in lateral line before vent| 41 40~ 47 | 42.981.41) 2.65 14 35~ 38 | 36.57[0.731.99
H L into TL 45 | B.59~ 7.96] 6.87(0.51] 7.76 15 | 5.45~ 7.29| 6.160.425.83
H L into AL 43 | 2.38~ 2.92) 2.880.12| 4.65 15| 2.58~ 2.91] 2.730.093.30
B H into TL 44 11.90~29.09 18.7114.587, 24.41] 15 13.83~19.44| 15.901.509.40
B H into HL 44 | 2.00~ 4.10] 2.68[0.54] 20.14] 15 | 2.10~ 3.09] 2.630.25[9.31;
TR into TL 45 | 3.57~ 4.76] 3.84/0.09] 2.34 15 | 3.06~ 3.87] 3.3200.185.59
AL into T L 45 | 1.21~ 1.84 1.470.18] 1.039 15 | 0.949~ 1.35 1.2200.109.68
S L into H L 453 | 2.90~ 4.00] 3.6300.26] 7.09 14 | 3.30~ 3.90| 3.51[0.1414.10
ED inlo H L 45 | 6.20~ 9.80] 8.030.82] 10.25 15 | 8.00~11.50 10.77(0.81/7.56
'S into HL 46 | 4.48~10.200 7.410.11] 1.B51 15 | 6.76~ 9.32 7.83{0.75[9.52
P L into HL 45 | 2.59~ 4'02f 2.950.290 9.67 15 | 2.72~ 3.56] 2.850.22/7.79

flbaAL A B P AR 13 PR R 1T BE 2 MR 38 o B B FIRRTLECE BLPIE BHATIE, R
URHARE TOLIBCHICHET 2 EM2, BIOMITH He M, LARILER
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Fig. 2. Frequency distribution of lateral line pores. M. cinereus—W8, M. yamaguchiensis—[_].

MC T2 146~154, MY T/F 126~135, OIL#E L rL, T 6OFHEEDE MC 558
1834 ¢, ®, ITFIZETcOAHTE MC 45 40~47, MY 2 35~38 T, ZNhbLOFHIE
O=FMC 2517 1 {BAL LR [T AT %o 2OMBILKOMER OZZ T REDT
TR~ ZNEHETVEOBEERFE Y MES R~ B2 5 L C LD E R RS BEE s
12 FOEMATTE & UCEREE D &AFLEICHE W TRETANCIRERT 2 L HEOZERIC

DONCIKDOBERBIE DN D Bih, X2, 4, RUEIIC I OTHEET S EWEGIALMCK
A TEHOTEE RT CEBEEINIOT, #OT TN E 2 DOOEAEBEOEOREL RS 5
c,ﬁ@@%ﬁﬁMC(@lnﬂ,MYf@O57(,%%%&2(ﬂf®é030%%%

s 5 & Fij (0.058) =2.34 THEHE/NS BRI D S \ne FEDT
COIBEORRDE (W2) Zw2=1.14"T

_wWox—y MN> 1 - -
Fo-" () L, M=41, N=14

Y HOBEFo=376.17, &% b, FEOFL; (0.01) = 7.12 OHEFHEL 0okE L, &
ETEECHESR D BN, Fl—OERRER» M L b0 & E~ b FEROMEESE
EXnb ,

Wﬁﬁ?c#mf%ﬁﬁﬂﬁ&ﬁ%m@%t@@mwégm o MREOBEIME 1 LA U BHR
RIFEALIC BT BERILA B Wi b BgE, TrEBiAER N U R B RIS ORISR D B OFEEE
CABESTR O DT 2 FMBELCD o  OHIERKERL B AIILEOERE 7 ERC XDl
B BE OB LS OME LS E b C R o B AT T B O RS OB TLIEIRG
AR EOESCHIN LA 5. IIFIE RBAORIRAL OB B HIH 10 & ORIBAH O
FTOEEFYRE LT, *O0VPHECIOTLEELOBERERSDE, K3, OFOITMY
K OMC OFI#FLHEIE 7??:/% y, v &7 5 L HEIE4ERNTEIN, MYT2y=0.13TL
—0.97, MC TiZy' =0.08TL—0.50 OE/FRRNHE SN, HFCERER0.01 LR THEILT

Do

* 1 15) p, 39.
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Fig. 3. Relation between the total length and average space of lateral line pores
in part of vent, )

male; MC— &, MY—A : female; MC—&, MY~ : sex unknown; MC— x .

SPACE BETWEEN LATERAL LINE PORES

m m & B

1. BHBERUKEBE FHEOERCHE W CLTHERF UMM E T RaflE LT
R4, 24 %8Bk, HEEIRKAHELCEFEECRACIEERZEY ~T. BI'b, FEEDZEL
FHEEFTEMC2150.90+1.79, MY (X 132.53+0.87, 9% TOEHEHIT MCas
43.856+0.71, MY /2 36.50+£0.55, THiE G 188, HBECHRNTTEHOZERD %o
=4, ORIEERND, 2FHERICEH VT, TNEOERICET A REOESEECEEER
B UOEBIEREY RS, BHREO.05 THMOLE, THRI#EETHE, MCT[E143.91~
158.59, MY =3 127.85~137.31, T® %o K& (1953)* OWMFmERCcr»&, K
FHPFEOC MC TR BHEEHDOS ML 145~1887T, ZO¥HEMEE 151.58 (5#4.17)
T, SRR A ERS L ARAL, BECAEECOMC T 180.92 (4 6.12) T,
EREORIEIER IO THL L, MC : MY OO E R UFEEOEFE < HETDH b,
GUNTHER (1870) AAHEOCLEAY MCLRELT, > OBHER Y1544 Lo
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Fig. 4. Frequency distribution of number of vertebrae in two species. M., cinereus

— B8, M. yamaguchiensis—[_].
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Table. 4. Frequency cistribution of vertebrae in two species.

M. cinerveus M. yamaguchiensis
ltems -
No. Range Mean |S. D.| C. V. | No. ’ Range Mean S. D.IC.V.
Vertebrae 57 145~158 [150.9012.658| 1.75/ 15 | 130~135 [132.53[1.310.99
Vertebrae before vent 41 41~ 46 | 43.56/1.06| 2.43| 14 35~ 37 | 36.500.822.26

FICHESBHEEHEEREOHEEC I OCH LA XD CEEERK S BT, B, mEH
TAT A HERMNBECEERD b, 2O R CT 2, X, ARE (intermuscular bone) O
T Lt (epimeral)™ #&fk /& (epicentral) , fhb®& (epipleuraD**, R UBIE
(haemal rib) ©O#, HEEKLOMECHIT 2ELE~OCBHES, BEEFICACWETOETO
HEHRIC 5 B4 5 EETARORES O, BECOE 1| MhEMOFET DR ELOMESC
TEESH DL D THETIE MY T35 51 ~53 MR 2 THSEME LA L, MC T3 68~
74 HERT, 851 MEWER 2 2 OKEBCRATED TR E S 5o R LB EH &
FERIB OEBREND, JCEBGRBNIC D OCTERAE S CR)» S BEHEOHSM T eTE L (#
Bl L, #ERAECROCEBELCRU %, BHEBHES OREKIEEECE WET OHRK
CHRWTHEREZEL, #EREECES L w2 LTEE Lk ve X, ZNEOMEPILE
B2~3 LBEC N EEFHEET, ZOMEEFROS cilEd MC T3 L (#v, O
TS 7 ORI MC T3S EE 1 HERh D LAERI B, MY T8 1 R BELL
~12HEERETY, NEOBES T & A TREEFEE T OMES 13 8Tl T b BRI IEF
ITRETE Lot B $5 0 3 575,  ZOmEE bid MC ClRss 1 #WR b SR U385 9
Mtk 2T, MY 358 1 RN DB 6K E TCOMRBICH OTC, BLCHRBCEET b B
EOR 1 MMFMIHEEL /)2 (BT, IMERCEEL, ZOEmRIH« 5 ICHED
5o TOH 1 BEHOMBE Y HERME TR &, MC TREES 45 #K, MY T2 35
W TCH b BICHBELFTHEEOHENUHEROR: S, BRCACWTLERYRL, &
BOSFED BB,

MR OBREEY HET Dredic, JEHEEE 10 HO#KRICRCT, ZOhEOEROES L
Hiel, ZOFHEYROSLESOCERYRFTHEN B, Oml{Th%b, EH, MC LU
MYO#eHE Y £ xC, C' 23 5% &, HfEIHRAx, C=0.01TL-0.20, C"=0.15TL—0.23,
OCEBATEOLINAN SBHBRE 0. 01 THITT %o T Ok RARAIRERE ORI IM~TE»
CHBEER S BUOBATr ™, HACKET 5% (ORI TS MY 3 MC ik L
TREVEREEL AL, O, HERAZeE, &R, IR, exoccipital brush,
bassioccipital brush, *** &3 ~Fn s L (FEL, K&, MLBRETH 5, TOEEE
IO FES OBMARFIC X DOCECHEERZERSD 5 & BET 2, #HERAEOESZ MC
VCHB LT MY M REEY m TSR RIS R CHEFCTHE DB 5, “

2. EBRUVEOMIEE a, BEOREWERCESPRBLOY, MOEEZICEL
<R MC b\, A. Giinther (1870)2) (€ X DT 2T\ A 00 O C B8 x50k
CIEDT\nh, COBEEMBEFRBRBECEEOPIRTCZETRES, MLT, mEZIO

* JHHE L BEE epimerals T epineurals, ¥ IH - jepipleurals A% hypomerals & )33 ¢
Wh o RRE AT EEEE OB O RERTEE K USMETRE I AE R A R AIRErTIC A S HE
VB h Bo Tk exoccipital brush, bassioccipital brush X ZFrT %5
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.. Fig. 5. Relation between total length and average length of vertebral centrums in

the part of vent.
male ; MC— 4, MY — A : female; MC— @, MY — O : sex unknown; MC— x .

BIE ORBRERICRT DEERAORBCEEESRO BN D, BB, MC TE{ERKC#
WTHLOBEREONED HH54E 60~80cmORELRIC A NTE L WERRAY A F 5,00
B 3 IS B T E OFEY B b A, © ORI ROl S CEE RERE (Positive
allometry) ¥ 7R¥o BCCORRHSOBERTAYRELHURERELEL, MRS
WEHT, EEOMONS R UEEE T RRT 2hOBROBH LR, ¢ OSILIEEE O
EFEEC BT R B IC &5 40~80cm © $ DICRWT, EEERFEHOEFRHFOH
BHEAL O AN 2 54, BT OERIGREERT 5 (B8, —F, MY € AT idDlk
B~ MCOXoREFBLOAEREMNREVEBIAKERYECCHONTF, 28 110cmP EO
SO {ENCERRTF Y BT ABRECHEERIESEEOCMHOEHRTE K L
THBRWEENREOBEY YN ), MC It L Ce&ERECH LTE {HIBBREY HEET o,
HERSIRER AT OB, Blh, AISBEOMd, d < Xo<C, OREEN Yk 5 L¥8,
5, OI{TH %, d—d' OELHEEEE (h) & OBfFRE MC TR ST EE AT E
BBE~HN, HEEEGS.0~8.0cmic A\ nCd—d" OBFC&BE B IS 5o MY TiX 10.0
~12.0cm OEHBFEELHEHCACCTENCEMORA YR OELPE L ERE LB
CCERKT, EEFECHLTEEME (negative allometry) WKEBERSE~BN B,
d LR L OBERICHRNTY, HEFGRICYT 5 d—d OBRECHIELCHESHE DN
BRI RREC KA BE R FASRIEEE2, BB MC 12 S FHIMRARERR Y = L,
HER 3.0~4.0cm OFXESIC AT ERIE BB O b5 MY alEE8EYE T
WA EARIIT® Ho MY O HECEEY BURITREE d=0.37{-0.28, (EEX
0.01 IFTHIL) TEREES, MCZd<10, B, %E5E3.5cm & COHFE TR
d=0.06—0.30f, (BKE0.0LLFTHIL), d>14, E'b, MEEE4.5cm DEDOL O
T, d=1.16+0.15f, (FKBFE0.05 T THIL) OCEMGATHAEEINS, Bicd U
d—d OEREFEHE & LCBBLAESEE MESELVAE L OBRANE CH VT MC
TF £=0.14+0.37h, MY Ti& f=1.56+2.10h, CANLEKE 0.01 IFTEbS
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Fig. B. Lateral views of left side vertebrae of the two species, especially showing the
forms of neural sp ines and structures on lateral of the 4, 5, 6 th vertebrae,
Note ; neural spines of right side; ce, centrum; ns, neural spine; ns, neural
arch; tp, en.epimeral; transverse process; 1, M. cinereus (10 3.8em); 2, M.

yamaguchiensis (158.6cm)

N5 HSTHIEOHES BRI E e MC 8k & WRETH 5435, &3 MC T3 h=0.13TL
—1.07, MY T/ h=0.11TL—0.80, T&ECHT HEEFOMEBMC s3k& {, B
ECEBMET R LT\ W, BIESOWEY MC ORECHS BRBOELBEL FEilc L
~ (d—d') 10=VOfErEs®, B V>0.99 Ol BT, V=0.99~0 OHiH
TEBEEE, V<O OB MR ERE LT, EVEBLCET 2HRRDLESN, ZOYY
ERUETEBROXRERECHWTH N2, 2SR ZOFEBECH\NTIEES ITRT,

Table B. Showing the relation of total length and width of lateral swell in frontal bone during the
each stage. Note; I, young stage form; II, transitional stage form; III, adult stage form.

ltems Male
Range of Mean of |Mean of
~dt . g
SP. | St.| (d~dt) 10=V [No. TL TL v
I V<O 1 66.20 66.20 | —0.20
MC| IT| V=0~0.9 21 47.70~ 56.60| 52.15 0
Ir| v>0.9 6| 52.80~ 71.40 1 67.09 3.67
I VO 21 94.00~100.00| 97.00 | —0.35
MY | 1T | V=0.99 1 116.00 116.00 0.30
I v>0.99 21 112.20~119.00 | 114.60 1.25
Female Sex unknown
No Range of Mean of | Mean o No Range of Mean of | Mean of
i TL TL Vo : TL TL A
1 73.00 73.00 | —0.20 |17 | 28.10~62.50 40.84 | —-0.34

6| 656.20~ 85.80| 74.63 0.30 | 21 | 2B.20~73.60 40.34 0.12]
11| 61.20~118.70 | 86.55 4.68 | — — — —

21 128.80~141.20 | 135.00 | —1.80 | — — —
5| 78.90~116.€0 | 102.56 0.24 | —
3| 125.00~174.20 | 148.07 1.47 | — - —

l
l
|
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HG, WRER A M 1 OT, R RCET 2284 ECEEND 545, MC O
/% 67.09cm, T3 86.65cm TH b, MY OffTi: 114.60cm, MT2148.07cm T
MC ZMY it U/ BO AR C e ORI BBIc T 5 2 2030 b, T OREEROLY
OMEIHEEVEL: LRI EBICET 2E4LABOB#EY =T, Lrl, WEIAN
SHECHE LCERSTE 2/ 2 AR TRV 5 2 L0558 Z 3 EORE F 0%
RCLDVOTH Do BICHHAHERIT EERORERE L FEABRSP 22 L850 bN D,
B, SV NUSTEEL ARGV RCS 5 BRCEET 282N 388 EE, L
LOEBIFICRACHET 5o

UEREICEECET 2 REFRBOBILCH T8, K9 R sSSP0 RE
CONWTh 2, 3 ORECHCEM D DB R 2 MR b b, BVEREORE
HETHEETELRENEHE L LCkoRER, M9, %5 18k, Hb, BEOHECRN
TR LB ELR E, SEHEON L THEEORELHAIHEOHEIERENS, L
L, MOEPVE CTREEES® L, FUHETHE LESETOEZX (k) L TESEOKE

M cinereus

. Lateral and dorsal side views of the cranium in two species. Especially showing the swelling
shapes of the frontal bone in the process of growth, and the measurement region in head
skeleton, fr, frontal; pv, premaxillary-ethmo-vomer; if, interorbital opening; so’
supraoccipital ; sp, sphenotic; ep, epiotic; eo, exoccipital; bo, basioccipital ; pa, parietal ;
pt, pterotic; ps, parasphencid; pr, prootic; ob, otic bulla; as, alisphenoid ; os,
orbitosphenoid ; pv, vomerine band ; mp, mesethmoid process; pp, palatopterygoid.

&, HEBRCAHT 2 THEE, LUHEEHETONORESR G 3% ATHRER T, LEE « S5%
£ (isometry) WA EREOCHEESRO BN 5,
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Table 6. Comparison of proportionate measuremen

Meaurement parts are showing in Fig. 7.

CED I AR BE - N M) f& AR

BKEETE 3(3)

ts of parts of head skeleton between two species. -

\ species M. cinereus M. yameguchiensis
I Ratio Ratio
ltems No Fange Mean | S.D. | N Range | Mean | S.D.

TL / h 4] 7.76~12.47 10.43 1.24 15 ¥9.17~10.%4 10,14 0.50
h/ m 40| 1.33~1.94 | 1.65| 0.09 |13| 1.80~1.85 | 1.70| 0.08
h/s 40| 1.15~ 1488 | 1.21| 0.05 |13 | -1.15~ 1.24 | 1.19| 0.03
h /o 40 3.11~ 5.40 4.058 1 0.82 15 2.75~ 3,93 3.12 0.35
h/F 63 2.25~ 2.93 2.50 | 0.15 s} 2.23~ 2.93 2.42 0.16
hiop 41| 0.26~12.40 | 10.26| 0.74 |12 | 8.59~10.28 | 9.45| 0.50
hife 66 }.63~ 2.20 1.93} 0.11 15 1.85~ 2.26 2.02 0.10
h/Q 40| 2.18~396 | 2.75| 0.23 |13, 2.43~ 3.49 | 2.90| 0.25

b, @EE sMomzTamEs @ e
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XTSI CERE CIER b IC = Fig. B. Relation between total length and cranium length ;

&

OELS - REREF (Swelling band)
MET %,

— @6

cranium length and frontal length ; and showing the
swelling growth of frontal bone against frontal and
cranium length., Measurement regions are shown in
Fig. 7, male; MC— &, MY—A : female ; MC—
&, MY—O: sex unknown; MC— x,
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Fig. 8. Showing internal morphological characteristics by relation of cranium length
to the length in each parts of head skeleton. Measurement parts are shown in

Fié. 7. male; MC— 4, MY —A : female; MC—&, MY—0 : sex unknown;
MC— x . .

B 10, wiRT SRMPELREELC, WEMOIMBBOZERY ko (38 T a/ bRU
a/c, DBFEITFHECH AT MCHEMY L ke WBY R, COHEIREELE
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BUOOSHTE, JIUERCHTIBEIORROERY AT, a/d, a /hTaMCikL
TMY K&\, BCMEFAERORMEN T RD 2 &, K11, OEDTH %o D, &R
T AEEE ES O EREKE MY Tl LT MCERTS %o

Table 7. Comparison of length and proportionate measurements of parts of opercle between two

species. Measurement parts are showing in Fig. 10, and number in prenthesis in the
items being mean values,

‘Np'. M. cinereus
N Sex Male Female Sex unknown
\\‘ R | R R
I ange ange ange -
tems | No Il tio TC C(em) | MO [ Ratio T (em) | N Ratio L (em)
b/a 9 0.17~0.25] 70.10~71.40 13 0.16~0.36 66.20~118.70 5 0.18~0.34] 28.10~89.70
(0.21) (70.€0) (0.22) (82.70) (0.22) (45.16)
o/ 9 0.58~0.81 70.10~71.40 13 0.51~-0.80 65.20~118.70 ) 0.48~0.80| 28.10~89.70
a (0.70) (70.€0) | (0.84) (82.70) (0.65) (45.16)
d/a 1 0.10 71.40 13 0.05~0.21] 65.20~118.70 12 0.04~0.22| 31.30~33.70
(0.10) (71.40) | (0.14) (82.70) (0.13) (46.69)
/h 2 0.19~0.24! 70.10~71.40 13 10.22~-0.35| 86.20~118.70 B 0.19~0.32] 28.10~89.70
a (0.22) (70.80) \ (0.28) (82.70) (0.25) (45.16)
Range Range Range
ltems :No.| Length TL No.| Length TL No.| Length TL
(em) (em) (em) = {em) (em) (cm)
9 1-40~3.03] 70.10~71.40 13 1-72~-3.03| 66.20~118.70 % 0.54~2.30 28.10~89.70
@ (1.60) (70.80) (2.12) (82.70) (1.03) (45.16)
M. yamaguchiensis
Male Female
N Range N Range
%" Ratio TL (ecm) | 2" Ratio TC (cm)
5 0.11~0.16| 94.00~116.00 10 0.09~0.24 8.2~174.30
(0.13) (107.80) (0.16) (122.71)
5 0.46~0.56| 94.00~116.00 10 0.50~0.86| 78.20~174.30
(0.850) (107.80) (0.59) (122.71)
5 0.10~0.18 94.00~118.00, 10 0.10~0.22| 78.90~174.30
(0.14) (107.80) (0.18) (133.71)
5 0.31~0.35] 94.00~118.00 10 0.25~0.36| 78.90~174.30,
(0.33) (107.80) (0.32) (122.71)
Range Range
No.| Length TL No.| Length TL
(em) (em) (em) (em)
5 3.00~4.10| 94.00~116.00 10 2.23~6.37| 78.90~174.60
(3.54) (107.80) (3.81L) (122.71)

C, BR WHEOREBRICHI LMEHELCEZOMMER LB -HEOMIC T 2=
BroncEs LekEE, RABFOEETZRO . MC OFGIEIRBAOE (/3 Ak
CHLNHEOTEPAEVOEILEDL, MREET 2, RFACAYEHE, NERLEL, ¥
HOER, BIHERCH LT, B0 o BCHAOMUR U PRIEE £ VEIROD 55O
BB B LCHIBTS %o THEUOHSEMECEHL, BOELNT, RLTIUNAHAKC
I HEWREREY R LCva e L LEBUIOEM T TEAOI L TR {, HHEMEOY]
LAAC DT, BRERY AT MY TR A, mifafild MUK AR CERT £
UCHEBTR N, COMMARENEELCEINT, FoARiERRSTOEE R ETE
BEOEME RL T, TEDEMCERERE, MEAAALLOCEHEL, HEBTS 5.
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PIEEE -~ B E o YRR RIS
M .cinereus
1
M .yamaguchiensis
L%
Fig. 10. Shape of opercle in each stage. Bones, righht side; upper row, lateral view of
inside ; lower row, dorsal view; 1, 73.8em(?); 2, 89.7cm(?); 3, 100.1em( Q) ;
I, 78.0cm(2); I, 107.2cm( 2); 11, 144.8em( 3 ).
Table 8. Comparison between the measurements of otolith and cranium length. ltems are showing
in Fig. 12, and number in parensethesis in the items being mean values,
‘Q M. cinereus
Sex Male Female Sex unknown
Range Range Range
Items | No. Ratio h (cm) No. Ratio h (cm) No.. Ratio h (em)
0.11~0.12 0.08~0.10 0.07~0.12
/
o [ h 270,11 L2170.09) 1 0,11
b /ol | 2 0.45~0.50( 7.36~7.42 13 0.47~0.61/( 7.03~13.55 11 0.41~0.63|{ 3.14~10.24
a (0.48) (7.39) (0:54) ; (8.78) (0.52) (5.46)
0.22~0.23 0.15-~0.24 0.13~0.25
N ) 13 70.19) 11 70,21
M. yamaguchiensis
Male Female
N Range N Range
- Ratio h (em) 0. Ratio h (em)
4 0.08~0.09 9 7.718~17.50
(0.09) (0.08)
4 [0-86~-0.60 { 9.45~11.60 9 0.87~0.67|{ 7.78~17.50
(0.58) (10.28) (0.64) (12.28)
4 0.18~-0.20 9 0.16~0.23
(0.19) (0.17)
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EHITA O REEE IR E O 5 R BT L2~ 5 0o
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Bl 12 CRTEESMLC A CHEROE S, & 20 60 160 140 130(mM
2Rk, EEGELOERRUNVEMRLOEE Y TOTAL LENGTH

75 E, X 14, =80 (f) Th bo Blih, JHE Fig. 11. Relation between total length and
opercle weight. male; MC— A,

x

BRECHT HE X OMERERBT MC LT MY A female; MC—@, MY
MY OFEMHKz , B LESR CD%U%[/;“I MC ke L —( : sex unknown ; MC— x .
MY 45\,

3, #HHE MY R ThREED HEciER (concrement) & EE 2N SHEEBP

ﬁ@@WkﬁbMao%%%@ﬁoﬁﬁﬂ@%@ﬁ&ﬂﬁ%ﬂ% , ORI Do
CO3ROEEIX 117.0 (8), 128.8 (¢), 174.3 (¢) com©T, £x8, 23, 148
CERTR T Dl TOEAOEECT AHRME L, BHOHD M CH AT S 2%, B
ChH B, BELEERCFRENICHIRT 5HTH 2, Linl, SEEELEHBETE, B
w=b% BB, HD, TﬂJr&LMﬂHU@@% FOFEHT, EEIE (fin radial) BET 5850
B EbBEHT 5535, BRLTEIHEICRAT W v, X, ARIOHEFCHERE(, CORHIC
x0T, %@EE#ﬁAfzwkmw@m Blh, MU CEBE PR SN Do F—
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Fig. 12. Lateral view of the otolith (left side) in two
species. Upper row, MC; lower, MY,
1, 77.0; 2, 100.1; 3, 132.5cm; h 78.9;
1, 100.0; 11, 111~174.3cm.
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Fig. 13. Relation between total length and otolith weight.

male; MC— A, MY—~A, female; MC—gp,
MY -, sex unknown; MC— x.,
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Fig. 14. Relation between cranium length and depth, length of the otolith.
Measurement parts are shown in Fig, 12.
male MC— A, MY—A, female MC—@, My—(Q ; sex unknown,
MC—x.

Lzhs, M\ HOAKREOERSWC X H2BEEOVRERDE N TOFRARZEROMI L,
MY OA&HCEREINEEOTECWOT, B2 EOWE : TRt kh vy, REWAEE
e LTHEEZNS,

Fig. 15. Shape of concrement in the base of dorsal fin ray.
a, lateral view; b, frontal view,

faR  DLLOW e R, b WE AR, WRILMEE CEiES, B, BEESOW
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