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Abstract

It has long been believed that the ocean sunfish of genus Mola occurring around Japanese waters consists
only of one species, Mola mola. However, recent genetic studies have revealed that two species (Mola sp.
A and Mola sp. B) had been confused. Four extremely large specimens (over 2.5 m total length) collected
around Japan and deposited in four Japanese museums were morphologically examined to identify them.
Three specimens captured from Ibaraki (sample codes OI-1, KIMo-1 and OIMo-1 in the present study) were
identified as Mola sp. A, and one specimen collected from Shimane (YS-2) was identified as Mola sp. B,
based on their head profiles (bumped in Mola sp. A, rounded in Mola sp. B), clavus shapes (rounded in Mola
sp. A, wavy in Mola sp. B) and the number of clavus ossicles (8-15 in Mola sp. A, 8-9 in Mola sp. B based
on Yoshita ez al., 2009). We also found a significant difference in the form of scales (rectangular in Mola sp.

A, conical in Mola sp. B), suggesting a possible new key characteristic for identifying Mola species.
Key words: ichthyology, ocean sunfish, Mola, morphology, taxonomy.
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Fraser-Brunner (1951) O3S FMREIC LD, W RBUH AR 4 D O g B E R T2 2 11
PERIZIL  G3A S A Mola mola &, FFERD A5 BEFORE - BRENTWDS (1), vV RYyEK
% M. ramsayi O 2 FEHFRD S 7z (ILE - - E#J ROF Z IS ETERZEMERL, ~ RV E
2012). M. ramsayi \ZALPERICIGHBIL v E 2 5 D FHFENED T EHEICT 5720 0A R 55,
NC&7720, BV, HETFICHBET L~ YRy O S F SF REWFN R FFE T3 5 ETIFIC
JE@ X M. mola 1 fEi &% 2 51T &7 (Hatooka, 2002). HETHLH, FNHA4ERDH B, 2k (TRIRIELRE,
LA»L, EEDI T K1) 7 DNA @ D-loop 15 JEIUHTI L BAREE - BRI, RfsE o~ 7
Al o 72 RARIENT A S, Mola sp. A & Mola sp. B D 2 )V — KN OI-1; BRERE, & < 5 Lo SRR,
FzREAL T2 EPHL 2R -7 FREE A, RWFZED >~ TV a— K YS2) B, 4T R IZ
2005; Yoshita et al., 2009; ILEF 134>, 2010; P - HOX TN Eh oI~y Ry e~V RYICHEES N
I, 2013). COWmMIZIE, FEIEOEEIEIE (K TERERY 7 SR B OAHE St S LT % (Yoshita et al.,
DEMGN D 5 BB H 2 D800 DR L v o 74 2009).

JERE, WMBUER O MR R A ARERL, BN K LA L, FOREELKSCHES KR Y o 2 B4
i &, WESCERBICB D MENSERINT (3 2=V 7 L8 — 7 IR BRI B R, ARBF 5%
W % (Yoshita ef al., 2009; & 31374, 2011). Yoshita DY TNV —FKIMo-1; 77 77— )V F&EHEK
et al. (2009) (XMTEDIZEF A D> & Mola sp. B 1% M. PR EAEUE, AREFFEDH > 7V 2 — F OlMo-1) |2
mola LR L —HT B L ERBL, ZhEx DWTIE, INF THEIRFEN T TERES 5T b
72 I0E EE A (2010) 1 E Mola sp. B2 [ ¥R | AL TR, MK Tk, WE2Te OICHET
LV ) TERDIZIERN S, % 24C, Mola sp. A \ZIXHi7- 7% LT EDHSN TS (Yoshita ef al., 2009). &2 T
RHEG [V~ Ry ] 24T L2aL, DNA AKIFZE T, BEICFEREAD 2EARZ &, ERNOE
FEATIC & > CHERR S 7z 2 1 (Mola sp. A, Mola sp. B) Wi B SRR L 2 U S T B RHUE BUAE AR 4 A 12
L, BIEZRD SN TWD 25 (M. mola, M. ramsayi) DWW, SHRIERE OB L EHIEE oI & FEhE L,
FEUBRFIIRBENLT VR TBOYLEORE FIRBLIE 2 RO E R A7z, T, 4EROIEE
AT T, PUF, RIFE T Mola sp. A & BEEN S, REOHBOTIRD 2 I TRE L R B
Mola sp. B ZNZFN <Ky BIU~v Kk REMEZ B2 ICRIM L 72, KERSC Tl e s OIS 1
MRR$ 5. F = FIOWTHET L.

HAE, AARENICE Y RYEOEE25m U ED

F 1. HARENOBDFEIZIUE - R STV 245 2.5m DLEO~ VR 8 O KRR A,
Table 1. Biological data for extremely large Mola specimens in Japanese museum collections.
Conditions at the time of capture Clavus features
Sample code Total Head S th Body scale
* . Mmool S .
(collection number) Date Location Catch length Sex bump Ossicle Edge band at form Species
methods (cm) no. shape base
Specimens already identified by DNA analysis (Yoshita ez al. 2009)
OI-1 8 Aug Off Ohse, Ibaraki - Rectangular
(KMNH VR 100, 123) 1999 (36°34N, 140°39'F) Set net 325 Female Yes 12 Round Yes type Mola sp. A
YS-2 18 Nov Off Yunotsu, Shimane Encircling Conical
(No collection number) 2004 (35°05'N, 132°22'E) net 275 Female  No 0 Wavy  Yes type Mola sp. B
Specimens newly identified morphologically in the present study
KIMo-1 16 June Off Hirakata, Ibaraki Rectangular
(INM-1-000568) 1994 (36°SI'N, 140°48'E) Set net 280 No data Yes 12 Round Yes type Mola sp. A
OIMo-1 16 July Off Ohse, Ibaraki Rectangular
(No collection number) 1999 (36°34N, 140°39'F) Set net 300 No data Yes 13 Round Yes type Mola sp. A

BHWEEOBAR, KiMo-1 1 32— 7 A/8— 27 KWL BRI AE, KW, OMo-1: 72 77 — )b FRMIL R, KW, o1 :db
JUMNT L B AR - BRSO e, MR, YS-2 Dl <5 LoEE, BIUR.

* RSO 2 RIIH ST AL X OSCEkiEHR (1 11342, 2005; Yoshita et al., 2009; #8)I1> — 7 —)L F, 2010) (2#5<.

o [ AL A A BESLITSE A 2 OI-1 AR DPRIERARDMRE ST % (NSMT-P 75072).

Museums at which each specimen is deposited, KIMo-1: Ibaraki Nature Museum, Ibaraki, OIMo-1: Ibaraki Prefectural Oarai Aquarium, Ibaraki, OI-1:
Kitakyushu Museum of Natural History and Human History, Fukuoka, and YS-2: Sea and Life Museum, Tottori.

*Total length (fresh) was estimated from interviews and literature search (Kawakami ef al., 2005; Yoshita ef al., 2009; Kamogawa Sea World, 2010).

**The ovary sample of OI-1 is deposited in National Museum of Nature and Science, Tsukuba (NSMT-P 75072).
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1. EEROER

DIFIC, BIEHC) AR SCHERIC L 2~ v R 8
4 IERORER ORI B X OBAEO YL - K
FICBUITBPGRRIICOWTERT (F1)., &£EEAD
ZHilE Yoshita et al.  (2009) O ¥ 73— FOFER
JigE v, S TR SN TV A ERE S D
AL CRERL L 72,

KIMo-1 (Z @ WU i 7% 12 38 1) % AR F 5 INM-1-
000568): 1994 4F 6 H 16 H 12 FIR IR AL 3 v SP3BT of
DEBWCHES N, I 2—T 7 25— 7 KIEHK
HIFEN (Ibaraki Nature Museum) (ZBE/RE N TV 5.
A fRF D4 R1d 280 cm, AEIE 1.5t GEFF, 1999) &
i SN T B0, ERRIIEHE SN0 0 RBINE T,
PEFNIARTH 5. BFE 2 DNAFEITIZATH LTV,

OIMo-1 (Z O IE ik 12 B 2 AT S % L):
1999 4% 7 J 16 HIZHIRIL H 3211 R v 0 52 i #8 T
MRS, 77 77— ) FRBIEAPEKIESEN (Ibaraki
Prefectural Oarai Aquarium) (ZHE/R SN T 5. Aff
D4R 300 cm, (REIZ2.03¢ (B> —T7— L F
2010; /MEE—R, FAME), MEINIARHITH L. DNA
MrfFrbih T,

Ol-1 (Z OUE I BT 5 A FE 5 KMNH VR
100, 123): 1999 4F 8 F 8 H (2 FHk IR H 7 77 <% i ] i
OEERTHEME S, JLIUINT I RS - B Y
£ (Kitakyushu Museum of Natural History and Human
History) (ZE/REN TS, EEHFOLREIZ 325 om,
FEIZ2t U EdozE ENDD, BEOEEFTIX
7)) ENTEMLREEIIAHTH S (Roach, 2003; T8
NN =17 =)V F, 2010). AIEARILDNA RIS
M, HEIE2 (2005) B X Yoshita et al. (2009) O
OI-1 L [A—fMEAETH 5. AL Yamanoue ef al.
(2004) @ ORIUT-910 Td 5. F 7z, D-loop FHIH DML
51 @ DDBJ/EMBL/GenBank @ % §% % 75 1%, AP006238
(Yamanoue ef al. 2004) B X U°NC005836 (Bass et al.
2005) TdhbH. Molasp. A & &1, TOEMERNLYLTH
2R YR OERERRESIN TS (11T
FZ A, 2010). EATHIZE CIREEBIA & STwiz
A% (Yoshita e al., 2009), AHF5ETE LR AE
W W 72 i 7% (National Museum of Nature and Science,
Tsukuba) ICAREARDOIIEDZIEE SN TS Z LS
RS (2 QDU C BT 5 AT 5 NSMT-P

75072), AALHALZ. AW TIE, HRELFRHA
L, W~ ryRy EMETLHOMEL L7

YS-2 (Z OUUE MR BT 2 BAE 57 L): 2004
11 A 18 HAZ BRI E B AR S T (3 - KT
Mol CES N, BIESEETOWmE {5 LoR
FHEN (Sea and Life Museum) (ZBE/RENTWS, A4
SERF O AR 275 em, KEIZ 115t TH S (LI
2, 2005). PERIE A AT, #9536 kg DIIE%E - T
W7z (I8 k- #JF 2012). DNARIT T~ v R
Mola sp. B £ #5341, Yoshita er al. (2009) @ YS-2
(D-loop #EIK D L5 > DDBJ/EMBL/GenBank O 5§57
5 AB439087) L E—MEATH L. KL TIX, TEE
EHIRAELC vy RTIFEET S0 0kl L7,

2. WERAES LUVERE

fEDFEL, Yoshita er al. (2009) B X OP ] -
I (2013) (2EO X, BHEOEREOH I & fTlE Kin
oW (01) OFED 2 HOMEREE S X OFeiE
OFMR (1) OFHFIC LY FERL 7z Wi ERWY
LIRENERIID IO LB THDE. T ~v KRy .

1. 73 v Uk (A) L URY (B) OftlE v
YR (OI) WEMO 2 WILCEE RS, < R
7 (YS-2) 3B D BAEhEE R0, WITIRANE %0
i, KHNIEWRZRT.

Fig. 1. The clavus of Mola sunfishes: (A) rounded in Mola
sp. A (sample code OI-1); (B) wavy in Mola sp. B (YS-
2). Double-headed arrows indicate a smooth band. Arrows

indicate ossicles.
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Wk 9 2 B, WAL 2 ESE, BAREs-15 18 CF
B1Ls)., <R R L % W, WO & % fthE,
W89 (CFH8.6). /o BEEHTOHOTYEY
JE DI 70 B E B3 A Wiln Gk & S
Fraser-Brunner (1951) ZfEVy, M. mola & M. ramsayi
DFIAHERE SN TND, BEISEEIIPTTO
SEFLARHTIZ A H N2 P X 0 BEASEME L 72720 557
WEE (K1) OFRICIOWTLRNS. Ths0l
HIEEISMZ, 7o~y Ry e~y Ry 2XKE3 58
72 R IERERI R B DIRER b A7z

B R
1. RENSESLCERE

2. HARImECHEINEE 25 m U Eo~ YRy )E
DORBFIBIEAR, A: KIMo-1 (32— F T £78— 27 KR
WL EZREIEE), B: OIMo-1 (727 77 — )b FIIRIEAHE
AJEAE), C:OI-1 (ALJUMTisZ FAAReE - EESE i), D:
YS-2(fEE < 6 LotBE) . FEfliER 1 220 27—
V= 1m.

Fig. 2. Extremely large specimens of Mola sunfishes captured
around Japanese waters deposited in four museums. Mola sp.
A: (A), sample code in the present study KIMo-1, deposited
in Ibaraki Nature Museum, collection number INM-1-000568;
(B) OIMo-1 in the Ibaraki Prefectural Oarai Aquarium;
(C) OI-1 in the Kitakyushu Museum of Natural History and
Human History, collection number KMNH VR 100, 123.
Mola sp. B: (D) YS-2 in the Sea and Life Museum. Details
are shown in Table 1. Scale bar = 1 m.

ZRAME - $HF—

KIMo-1 (&, &5 2 B & WMo 2 Wit~ H
L (K24A), BREUZ 2CTHo7 (1), T/
OIMo-1 &, FElie§ 2 HEL & P o e fiefig a2 A L (1M
2B), BMEZ 13 THo/ (1), b 2fER
DEF#E, v Y~ v R QIR OL-1 OTEREMFE
WTHL [T 5], [ERO R VAEiE] & —3
L (1A, 2C), OI-1 @ [HHE 12 ] (2L 7z
=05, = YR (YS-2) DT 5 [FaEke L B, [0k
Bk LHEHE], B ] &) FE e (35 B
mCwz (K1B, 2D, ¥1). THh b L), KiMo-l
L OIMo-1 lZ& bIcw v~ v Ry LHE SN

2. AR EOBEORIR

IR YR OEEIEARTH D OI-1 =&, Fff
TICFEE SN 3 EEICILE L T, BRARO#ME RS
5 ZEpERR SN (K3A, F1). BHIEEDILH
P72 TR LR E A LTz, —J, < v
R (YS-2) 1, ZNo L3RR LMROM A
LTw/z (M3B, #£1).

E T

EWNIZBRAR SN TS 4 ko~ > R g MAE
DORIIFIBIEARD 9+, BEIZ Yoshita er al. (2009) 12
S DR E ST~ v R Y LER & B 72 3R AR S
WIENb Y IR TH LI EDER SN (F
. BARTHECHBET Y Y~y R id4eE 1.8 m bl
TOMED Ao TB T, RUFFEOERIL AT
e LRI o~ R IEY YR L) b AR

NE_@

X3 ELEOBOBIRICBILZY Y<Ky (A) &<
YRy (B) OER 7YY YREYIZOW T OMo-1
k%, <y R7IZonTR YS2 BB RE Z 12
WRY. A7 =)= 1mm.

Fig. 3. Difference in the body scale form: (A) rectangular type

in Mola sp. A (sample code OIMo-1); (B) conical type in
Mola sp. B (YS-2). Scale bar = 1 mm.
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EWEANCH D, L) EESMIN/IbDEF R
X9 (HEZD, 2005 FHIEA, 2005; Yoshita et al.
2009; EH:13 A, 2011). F72, 3O~ YRy
ERFZOTNOFKREETH D (E 1), KIREINE
T E R HARREEARITE, 7o~ v Ry S F
Lo THBIT2EPEARHDOTY) 7THY (Yoshita

et al., 2009), %@&ﬂ*ﬁ@%%%ﬁ%t%ﬁﬁﬁ
BRENTWALZ LI, AEBICHDOLZ VT YT Ry
DFEREHE DY ;bwf%ﬁﬁf%ém

~ ¥R EO/NFRER OB R EE AL, FIZH

BTV E I ERBINTBY, AETEEKD S
G, MBI OREAZ RS A L XD RS HE S
% (Yoshita et al., 2009; I & - &I, 2012). L»
L, AWFECIR- 72~ v ROBRO 4 BRI, #heh
BT < AT (KIMo-1, OI-1, OIMo-1) &~ ¥ 3K
7 (YS-2) OWMMEOEREFFRER 2 WHmEIZELL, 5
BPOEZITHHTELHTHETH S, 2 0I-1
L YS21%, BUEHAREH CHRRE SN TV IIRAER
FiEk (7~ AR 332em, ¥ KW 277 cm) (2L
M3 AKREEST, 2223 3 F1) 7 DNA @ D-loop
IR A RO EAM T 2B ) (Yoshita et al.,
2009), PR HIBH L T % 72 0S40 B fiE 2548 & C
BV Ak, Y YR E OGRS ED S
PR THELEH R -TERICZZ2bDEEDbN
5.

Fraser-Brunner (1951) &, BEIEEET O 20 5 7
ORI, < Ky BOMEZH T 5 ETOHERZ
JEEE L7z (M mola l21EH V), Mmmsayi (MESIRIR
—7J7, Yoshita et al. (2009) (ZTEEEZ H 72T XTD
7&7y£ﬁ(4@%)t7z$ﬁ(%@%>uow
T, WA oM AR S N LS L (EEERO
YS-2 & &te). ARWFGETHZIZFE L - KR &
Y YRY2ERTY, FEEAMRICHRE L2 2E
RTHZOWMPHEREINL (F1). LoT, 7=
YERYER YR T ORI BWTE, BB O 20
%#&miﬁw&‘%fﬁfi&wk%x% L2l
HIEUL R OEADN L, AL D PR LIS R
OTWém%%th.pﬂiﬂ£%@7katﬁ
K3 5bDHL LN\, Fraser-Brunner (1951) 2%
T L 72 Mo ramsayi D5 A TERDHETH o722
END, WP LI o2 fetkb EZ D A, F

, BWEOHEDOTEII BT 5 2 FHOEEIZOWTIE
ARIFFETIX LOTRIEENZDS, DWW Tid~ >

DRBVFIBEAIZEE T 2 FREFARIHILIZ DN T 69

R OMEGEEZECT LN D L. GBI O O
P L LIS, hEOBD 2’%0)/\* FEHEELTOH
MEZ DN THEROBE VIR SN S,

i

KW ZAT)ICHZ), KRR FEOFHAER T,
e <5 LoSBEEO R R — R & AR, b
JUNTSZ AZRAE - EESR A O B SEF L, BIUR
SISO sl —& EL BRI
UEEEV IS B ORI — 1, 77 7T — v R

BB O/ N — IR E & H TR, 32 —-U7
L= 7 KRS IR EE DT R T H T H DT

BIREMBIEREIR, £70, SHEWERREONT 4121
THHIEE B L TR OB SR v 7z72wiz A
B RFR AL W B 1T 78 FE O Lawrence Manzano
Liao 1+ 38 X OEH D 2 X OFFHE 1T AR 2 L
FETLIIH), BELITERE VW 208
A TR CHFLH L BT 5.
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