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Abstract

Two mysticete fossils were found during construction of Mizunami-Kita Junior High School,
Mizunami, Gifu, Japan in December 2016 and March 2017. This paper is a preliminary report
of the fossils (MFM18127 and 18128). MFM18128 was recovered from the Yamanouchi
Member, Akeyo Formation, Mizunami Group and includes cervical and thoracic vertebrae and
ribs. MFM18127 was recovered from the Togari Member, Akeyo Formation, Mizunami Group
and comprises a fragmentary cranium including left (in situ) and right (isolated) periotics and
tympanic bullae, mandible, cervical, thoracic, lumber and caudal vertebrae, ribs, scapula and
humerus. The geologic age of the Akeyo Formation is estimated to be early Miocene (18.0-17.5
Ma). MFM18127 is similar to Isanacetus laticephalus Kimura and Ozawa, 2002 in having: the
squamosal fossa not extending posterior to the occipital condyle; a slender zygomatic process of
the squamosal directed anterolaterally; an exoccipital extending slightly posterior to the level of
the occipital condyle; a short anterior process of the periotic; a rounded pars cochlearis; and an
indistinct involucral ridge of the tympanic bulla. MFM18127 differs from I. laticephalus
possessing a transversely narrower anterior process of the periotic; a smaller internal acoustic
meatus; a higher transverse crest; a smaller stylomastoid fossa; a less developed main ridge of
the tympanic bulla: a less inflated dorsal posterior prominence of the tympanic bulla; a more
posteriorly located sigmoid process; and a more transversely compressed anterior part of the
mandible. However, most of these differences occur as intraspecific variation in living species of
balaenopterids (e.g., Balaenoptera bonarensis). Therefore, here we tentatively refer MFM18127
to Isanacetus sp. cf. I. laticephalus.
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Fig. 1. Map showing the fossil locality. MFM 18128 and MFM18127 was recovered from "Loc. 1" and "Loc. 2", respectively.
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Fig. 2. Detailed columnar section of the fossil locality.
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(iNGY=g ﬁn"ﬁ%)’"‘ﬁ.éh’cwé l,f_iJ)o“CZM‘“WS TR A
ThbEHMSND.

MFM18127 o
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DK TH 5 Z LR Esb (Walsh and Berta, 2011;
Tsai, 2017).

¥iEE (Fig. 4)
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Fig. 3. Fossil mysticeti from the Yamanouchi Member, Mizunami Group (MFM18128).

X 3. Mysticeti (&7 Y 58), INENLEREE. MFM18128

T HIRECTHEE L 2R OHETAE O—FMRE S hvtn
%. BHIEFHEORIR (Fig. 4B) Tl B2 5 {IFHITH R
KCTHAH72OCEAOEEFISHELTBY, “RIICEIE)
MDA % 2V 7oA & U TAR & 138 7% 2 M i) 2 A& B R
Lo TWh, ZO-OHEIEE ORI FAEE OMEHT 5
HAAEE N T VB A, oA DETET OfE BROZEIZ L -
T, TOBETIZE IZAZZREL 2o Twa.

ﬁﬂﬁﬁ‘tiﬁﬁ?ﬁﬁ“ﬁ SNBEPELALEDIRAFEEINTEY, #
75 TEERE &, ﬁfﬁﬁﬁﬂf"‘ﬂ’kﬁﬁ'é ﬁ«lﬁm@fiﬁ%
(posterior lamina of pterygmd) iffé{ﬁyﬁ”ﬂ'ﬁ (basioccipital
crest) DOFIFREE. ﬁﬁ(’m‘ﬁ IHEMRE W,

B EIIAEA L DI SN TS, B IR K
CERGOEHALET 5. 7272 LS8 L T 5720,
R E S EOF MBI FE L L TV ERHTH 5.

LIRS B ICRAE S LT 528, G 2SR O Rimil %
KA. AERE ESERZE (falciform process of squamosal)
DO—WHIRAFAEINT VS, HEFFGHEL TV D720, Lk
R TIEBIRE TGRS AN LT b, M Cld s
RE A CRRG LEL, O HIITEER AT HME S
%. @R (squamosal fossa) DT NOMILEAE Tl
%L, BEREEOBBIIKBIAIL (foramen magnum) O
BOMBEIZE LTS HEREOHFMME (dorsal crest of
zygomatic process) |3HH T 2SRRI TR RIRIL L %2 5.
JERIAE 2RI L2 E, SIS BV TRAG 2SRRI
WA TRRBEHZML. —F, HEIOEBEMARIL%
BEIZSHE 2 & B ZSRAAE R I IS TR ICHE IO
Bihx 23, WHBICHERIEmA T 2m . Bkt
% (lateral zygomatic concavity) DIEEIIARHKETH % 25,
FIARICHEWEABEOERWIZAZBIET LI LN TE S,
#BEEZHE (postglenoid process) DEIEIZMIAIEICTH T A

W IE D 0T B T R B B 28R o0 JE R IR T AR L .

%QEH?L (foramen pseudovale) (&—#RASFERR S, 1BI0H
LOFHIIBIRE OATEHRINS.

R TH B XSRS LB A . R R B R I TS & BUIR
FoBEERICEDLN, AEONEE LT, KEHEEEOM
HiRE L3 AL S s, SMREE 34451 1'130‘ WE~D
MO, SMRITE ORI DT H RO £ Y
»}{3 Jéﬁ};u B 5 SRS 2 ﬂ n‘%?igﬁ BICE
S IRYIIR Guglar notch) (X, :fLicﬁ?%;'éi_ (paroccipital
process) DJEMANOZERIIA . HEEIIAAA & b ITRAF
STV, ELENZTNORBEEOIVIEIZART, HEH
AL . KIEFALOF S 13 39.6 mm, IFlL 44.5 mm TH 5.

HE®ROEZER (Fig. 5)
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Fig. 4. Isanacetus sp. cf. I. laticephalus from the Togari Member, Akeyo Formation, Mizunami Group (MFM18127).
Cranium, fragments of supraorbital process of left frontal (A), vertex (B), and braincase (C) in dorsal views.
X 4. Isanacetus sp. cf. I. laticephalus (£ ¥%F € ¥ A5 5 4 €7 7 VAOEMH), FiEEE. MFM18127. HHZFEOTSHE,

EWBEEOIRE RS (A), HIEEE (B), ik (C).

BEET H. W /NE A O (aperture for cochlear
aqueduct) K OHIBEKEHLE (aperture for vestibular
aqueduct) (FWFAHNHBEORIIMEL, WH T
MUK STHOT 5. W2AEOBTIIZENE (fenestra
rotunda) 2SI L, 1IEME &M/ NSV 5ES 5. %
ZeiRIEF L, BV R L.

FERUITIBICHIEEAOND S ODORERIFTH L. ¥
FWORHHEKEIL 66.9 mm, SIRZGE (sigmoid process) 125
\F 5L 48.5 mm TH A, £ (main ridge) (IFEWLDOH

R OB IEMER CHAIBRICFE3E T 545, TN LD HHTH TIEA
HIETH 5. AHERBITOEBROIIEIE EEIFEET 572
OEBURIPIINAZH S, FEULOZRTHE IR RN
Th ED0, I"Jﬁf&fﬁ%@ﬁﬁﬂ@@5’1~7f’ﬁbi2‘0@:75%:S
FIRTH 5. FHBITHEE (involucrum) 1XHIH WA T
BRPICHE2WT 5. BEOTHIIIAA T NI R W BUIR
OREEDRADLN S, SIRERIFHZELOIZIFTHMIAEL,
WEOWORMIIZITEZT 5 G5, FHEZEE (conical
process) (X% Vy, #MHIE (lateral furrow) 1E%°%25E < < (3¢,
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DHERSIND Z EA D, THEOIZITMNWMAETH S 2 &A%k
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%2{5;&5::%% L, BFICHD > TMEML 25, HHERMATIC
AR AERR S NG, PPN O S 1 56.3 mm, PNAMIEIX
31.3mm TH Y, BRI THEO L USHEDHETH 5.

B, HOOFHROBIIKRERD L L b#kLzwv. 2
CTIRHEREWIRAESNIM RO bl b OO L )
1~4 W e LTtz .

551 WA T 3EE O T ERCHES: (ongitudinal creases)

55 2 Wi (ZPRAF T O S 2% 54.8+ mm, 1A 32.9 mm
T, WAMBEOMEBEII THTO L 13REOMETHL. N
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lateral furrow

posterior process
conical process

endocranial opening of facial canal
transverse crest

suprameatal fossa

internal acoustic meatus

aperture for vestibular
aqueduct

aperture for cochlear
aqueduet

Fig. 5. Isanacetus sp. cf. I. laticephalus from the Togari Member, Mizunami Group (MFM18127). Photograph (A) and 3D
scan images (B-D) of right periotic and tympanic bulla. A and B, ventral view; C, medial view; D, dorsal view. The surface
mesh was created by capturing surface details using an Artec Spider handleld 3D scanner (Artec Group, Luxembourg).

5. Isanacetus sp. cf. I. laticephalus (A% FEF A + 55 47 7 VADNEWRE), SRR MFM18127. AEH S KO
BER. AROB, IS, C, NI D, Fifi#l. B-CI13EAD 3D A% v Vg, 74 BEAD 3D A F v ¥ id Artec Spider (Artec
Group, Luxembourg) % fv 7z
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Fig. 6. Isanacetus sp. cf. I. laticephalus from the Togari Member, Mizunami Group (MFM18127). Left mandible in lateral
view with cross sections.
6. Isanacetus sp. cf. I. laticephalus (A % FEF A+ F5 47 7 )VAOLMHE), FrAElEE. MFM18127. /£ F3HE 04t
LR O RENOAE BT 5 F 5 WX,

85 3 Wr XIS B VT (dorsal ridge) Y& RIS
brzoTRET 5. BN LIICHEL, ZoNmEEb
FhZLIF. ZFO2OWNHORIRIERIZE A (Tt —
75 CREARIZ AR R 2 & 229 AME O W AR L Y
W% 7% L, RAMBEOMBE LA S NS FIRAE Tl T3S
DL USHEDAETH 2, HBF D> TRAMEDN
EIIEANCRE L, RAEERmAE T T 5E O ER o
B %, JEMIEET > TR ICHT 5 X ) 12
b, FTVHEENEOTME T FHEILSHER SIS, #
FHRIGAHE TOTHE OE 313 85.8 mm, PIAMEIE 35.2 mm
Th5.

BAWTIIMEEE SO THERETH D, HoIZHS
EBRERFICBAEINTBY, HBERICBIZ THEFOES
13 140.5 mm TH 5. ke L Y R ICIEO BRI
B s, HisiEEhENE, %Hd20ENI~0R
fidggsv. THEE OAEHIINFT TN TH 5. BRI TN
BATET H720, TS IHANTHSL. Z0O—FHTH
HEHHEHAZFETBY, RO MOIMHSIIEAN L %2 L.
WM CIE THEEZMRT LI L TES.

ES &Y
nly

MFM18127 & MFM18128 TIISHMEDLESL KX K138 B
CREDLTED, BIHECEAL XB$ 2 IL 72874
V. 72721 MFM18128 (350 AW ki 2179 LT %1
WED RSN LD %, PHFN B %17
CLIWEETH Y, BRI TIROEAFHLE L THEL. T’
FEIZ MFM 18127 12D W T PRI AN G 2179

MFM18127 D TIZBIRE DB EEH ORI~ DMHEIX
BEEY, BIREEoOBRBIIRBELIBOMEICY E 5.
F @R oS ZSRITMEC, A, S 5I1ThME
A OBBIBFEOBRZ L D e B FINET . /2
I JEE T2 I3 i LT <, LAz i o
5. SEMTIEERIEIHEUOBIT L OBIMIEE O A THEZE
WCHSEL, SAEBIIIEL V. 20 X9 2T Isanacetus

laticephalus Kimura and Ozawa, 2002 (f %+ &% A - 5
T4 2T 7IVR) ML Tw5. I laticephalus DZERR
A (MFM28501) =EIRGE T (IHRILEF) okt
Frk@iEL D EH LCTwa, TR EA (MFM18004)
A BIHRET 5 2 AR & ChnR R RE 2 5 B LT
% (Kimura and Ozawa, 2002).

MFM18127 & I. laticephalus 5EMEEEA K OV RIB A AR
EORERFT) &, WTOX) TR EENBONS.
HEE CIIEIFEAR (MFM18004) X MFM18127 (2 kb
L CHiZSER DN RO S A% (Figs. 7A, D). 72
MNH#E X MFM18127 12 Jkik L CRlERIEA (MFM18004)
DR E L, ESHITHIBEIE MFM18127 TN H B 0k
FTETHOIIH LT, BIFEAEA (MFM18004) Tidflw
iz &% 5 (Figs. 7C, F). F72EIALBHOKRE 1
MFM18127 (2 i U CRIBE R A (MFM18004) Tl
ICREV, SHICHBEROKE S S MFM18127 13580
A (MFM28501) &t OVRIBLUEEA (MFM18004) (ZH#EL
THAFIZ2Ev (Figs. 7B, E).

PR T BB O R E X MFM18127 T & & 5 30 AR
(MFM18004) (28 L CH v, § % b b al B K AR A
(MFM18004) TIXBEWUOR ML F THfE L TV 575
MFM18127 TI3#50 f MR IEMIES & 0 #i 5 Tld £ BE
TlE R\, F72 MFM18127 TREEWOBTMELLH 3 D
W22 %720, WS THE T WZEONMEIEHLTH,ICS
FIRTHBDIT LT, BIFASA (MFM18004) TiEZ D
X9 REMIIISET T, OO TEMRFILITITERN
Thb. &52MFM18127 Tl SIRZERIIBE Lo Z (T
PIChiE S 225, EIFEAEAR (MFM18004) Tid S RZeiix
& D Db EDICETHIAE L Tw5.

% 72 I laticephalus DREREAR (MFM18004) Tid T3
FOWAIIPREINTBY, TONIIIIIHEEDFEZ L T
W%, MFM18127 @ F3iE CHHERDIIET 2 A RAE S
NTBY, EHEVECHEIITE RV, HEERTORE
WZOWTIE Z g 5 &, MFM18127 I3RS A I Hifg
L CTHEBAROBE L IMOE SISk L TNV I OIEANE W
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L) EWDHH (MFM18127 : X 56 mm, i 30 mm ;
BIBAREA D W& 80 mm, I 30 mm). F-WHBED
MFM18127 TIENTHASIZIZTITH 5 DI L THHRIIE I
BRI HOTIRT D 5 4%, FIBGEEAR TN KL 044 R &

DBICHTPIMOEIRTH S, 20 L) ICHEEDEWIX
WETHD.

MFM18127 & I. laticephalus DETHA LN S LALD L 9
BB ZRENIIOWTHEm T 5720, BUEF TR VI
OR—FENOEEERICOWT LRROBEEZ R T, F
FlE R OEECIIASN LT NOE b RN L RO
JEIZ#EDH 5 D ODOMEM TOERPASNE. BARMICIE
Balaenoptera bonarensis Burmeister, 1867 (703 v 27 7 ¥
) OBEFMEAE (USNM504951, 504953, 504954, 504955)
2BV CHiR O MFM18127 & I laticephalus PHIZA LI
LN HEE LTER LRI O WTHETSE, H
FEHIRROE S A, EARHOKRESE, HEUWOHRTMIR
DS H, SIKREROMBEIZDOWTIEREMN 2 Z RO 22
EHAHLOOWKBELRERNALSNS. F 72 B. musculus
(Linnaeus, 1758) (Y @+ # 2 7 ¥V 5 ) (USNM268001,
269540, 239280) THEDERIEOENL I LITMZ, T
JEENEE - fiBOE, SEUOFEBOIEREICONT
H MFM18127 & I laticephalus DRICA SN D & 9 R ERE

W BERPTEEN L EROBEIIEIH D D OO —FEHNT
BlgEsns. FBEROKRESIIOVWTHE—-FEHNTOE
RIIFEETH S, THBICAONABEBIZOWTOERIIH
BTS2 L TE LRV DEMmTE RV
M, EROLICARLSELHEAE HELICBITA
MFM18127 & I laticehalus \ZH HNA BN HERIZONV
TRBAEFHRA 7 V7HOF—HENITB W COEBN LR %
BT HIENTEL. LD >TZ I Tid MFM18127 I2
DWW Isanacetus sp. cf. I laticephalus (A %+t ¥ A - F
TA LT 7 VAORPAE) &L THET 5.

TR RE A O 1P B S THROBRICE B 7 ¥ FFIbA
WRHENZ R L, ThETEL 07 Y FHILA DA
SNTw5 (Bl - [, 1974; Okazaki, 1976; [, 1977;
Kimura, 2002; Kimura and Ozawa, 2002; Kimura et al.,
2009 7% &), LA Lad»besr sy YV IHEA T, L
laticephalus BIBEIEAR (MFM18004) % BJIXE L~ T
FlE S NZAEARIZ R L, o sy 7 VS HEWHOEIC
DWTIEWEZIAAL EAE . Lilo X 5 124 E#HE L
TREARIZ L laticephalus \(CEM L 7ELZRIFLTEBD. &
NS OERDZF R ALE IOV THM R #wm 21T 2
&T, WFERFEICBIT 2 L0 7 7 V5 HEWHIZ O W
THEELREREHL Z LD TELWRELH 5.

Fig. 7. Comparison of the periotic and tympanic bulla. A-D, Isanacetus sp. cf. I. laticephalus (MFM18127) in anterior (A),
ventrolateral (B), dorsomedial (C) and medial (D) views. E-H, Isanacetus laticephalus (MFM18004, paratype) in anterior (E),
ventrolateral (F), dorsomedial (G) and medial (H) views. Not to scale.

7. MFM18127 (LB EAEA) & MFM18004 (Isanacetus laticephalus D RIFAEAR) OFHH G L OFHEROLE. A-D,
Isanacetus sp. cf. I laticephalus (A ¥ FE€F X - 5 4 €7 7 VAOEWM) (MFM18127). E-H, L. laticephalus (4
PrEFA-FT4 €7 7NVA) , (MFM18004, RIBXEA). A E, wili#l: B, F, JMEmES; C, G, &bl D, H, Wil
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