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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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ORI FTEREBETBIZ60mMR TR L L DI
(Fig. 1A). ZTNZNOEADER L7cEHEL R0 5 (fhib).
oI &5 MFM18128 & MFM18127 1 Al fi & F W <
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Fig. 1. Map showing the fossil locality. MFM 18128 and MFM18127 was recovered from "Loc. 1" and "Loc. 2", respectively.
1. 7 T I FUATREA E B ALK, ERL 11k MFM18128, Ml 2 (& MFM 18127 O 2 1 i mi % 7R 5.
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Fig. 2. Detailed columnar section of the fossil locality.
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WEUIMEEI T DN T WA T2D, SHROUEEEICE 5T
Hr7z e T OB 72 e WAL R S N AW RS D 5.

MFM18128

$@$i%&%ﬁ%ﬁEMEW$E;UE&Lt(Egm
%ﬂ(@ﬁvmﬁ)&U%”&&#B&é BADFERE
Fig. 3I1IRT. 722 LAEAIZERICL Y BHEHLrOTO Y 2
RICHEBOEHE LThlE s RICEREIN. 20720
BAMRIN T LEHEO 7T Yy 712V THETOIEEZ
A DONEAREIIAYTH 5.

AR TIERERET L7208 FEIREI ) SBINT
W, ﬁ%ﬁéﬂé?ﬁ”ﬂiﬁéﬁ@“ﬁ%&vHMNDH’J%?E“C%%
WD R & B IIEA L TB ST, Sl L
W@ﬁm%%ﬂéhfwé.Ltﬁof$@$u%&%@w
ThdLYBrsnsG.

MFM18127 L

M{F‘Z& “Eﬁ TE”‘“‘ Mg (SEME ok, HE*& }QE)
W, Fﬁﬂﬂ, J:F&E”“t,cc‘:#%tc% AERTIIRAFEEINS
HeF oW IR D HER L B IEEE2IEEA LTy, 2
FEHIE DO BAFIRED MR HE & RS OBAIIIBELTW
HTWZ EHRBEND. THE DS AREEARIIIEIHE VIER
DR TH 5 Z EHREENS (Walsh and Berta, 2011;
Tsai, 2017).

¥ (Fig. 4)

%AigﬁfﬁiflﬁﬁﬁgfiiEE ZEHQ}Jﬁﬁézﬁﬁffiif}31i>D A,

e, BT, fE, BERE, BIPPE, BRRE, Ry,

Hﬂﬂ,ﬁfuﬁ% SN, Eﬂﬂﬂ&Uﬁgﬁﬁﬁﬁi
LT SN2, AHREE R OB EWITEEOARE

@Mﬁkﬁﬁéﬂfv

KR L TWawns, A LG o—BANEH % %1 L 72K
TlElUﬁ%’Eéﬂ'ﬂ%ﬁéh“(b\é NS liio:lb
ﬁ#&ﬁﬁfﬁﬁﬁ’i’m<7ﬁ<§{§ (nutrient groove) 3% $iffis
nas.

BHEFIRHED S M ShTBY, KHRIT
U‘Eﬁ@%}f/ @Hﬁﬁ%%’) #MEH (septum of vomer) Liﬁ
HIZELAMY, 2otkinldd e &b BREg opiIkZ
(spiny process) fFIEDAIEIZET 5.

B BE AT (X BHTERR O — 5 Je O MRS 22 A3 8 L CIAF &
T 5 (Figs. 4A, B). A E OB I IEH B eisk (L
B LSV - ) BB B ROk
FEEMRAEE N TV S, HIEHTIE, ZoMRoMEs 2o
#) OFETEE O MICHTEEE AT £ 7 2B X Z 30 mm FLBE
DOIETHENT 2. 7272 LEHEO7-OREOFERIIINLID B
Bl Ez N3, Tz, HERICBWTELOREE O
AT éLT&%T fE®mﬁﬂ®ﬁ5®U%%Wi$
kL IHTHE 5. ﬂE%Lki@f'ﬁn&@%Tﬂiﬂﬁ?t73‘, Hi
FRIE T — 8% B & REBEHHAT 2 72 0 R D IREH D
EREIIANTH 5. HIREGEIZEROADPRIESINTED,
BIT~NORINEEIIANTH 5. SR N

S TE X BE TR 3 O Wi by I OV R B ) O B O THI
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Fig. 3. Fossil mysticeti from the Yamanouchi Member, Mizunami Group (MFM18128).

3. Mysticeti (%7 Y%, ILIENHBEE MFM18128.

T BB CTHEE L 72 QTS O— MR S i Tn
%. BHIEFAHEOWR (Fig. 4B) Tl B2 5 {IFHITH VR
KCTH A7 EAOFEEFISHELTBY, “RICEIE)
MDA % 2V 7oA & L TASR & 1352 2 M i) 2 A& B R
Lo TW5. ZOOHIEG ORI LEREG OMEHT %
MRS N TV LS, A OFETET O E RO E(LIC X -
T, TOMEMEEL IZATZIREL 25T 5.

ﬁﬂﬁ%iiﬁﬁ?ﬁﬁﬁ ONDLPELEBITRAFESINTBY, #%
FHCEHRIRE &, Tl CREEE &ff%ﬁ'é E«U('E’@f&ﬁ%
(posterior lamina of pterygmd) ifﬁ%{fzyﬁ ’m'% (basioccipital
crest) DOHFBZ . %«lﬂ(’m‘ﬁ THEMRE W,

B E I L DITPRF SN TV A, BT I3RS K
CERGOBETINAET . 7272 LHTE 58 L T 720,
HBOP a3 E OB EMBEHIICTEH L TV 22 dAHTH 5.

FEWEIRE S REFICRAE S LT 528, S 2SR O Rl &
KA. AR IZBEIR 2SS (falciform process of squamosal)
D—BREIN TS, BFTHEIGHEL TV D720, 7
R TIEBIRE TR ST 28N LT b, WS Cld 6
KRBT TR LB L, 20T IEEEEIE 20 E 3
%, WEIREH (squamosal fossa) DR ~OMOIIHEE T
%<, HREHOBBIIKETIL (foramen magnum) O]
BoOMEIZE EE 5. HEREOTMHE (dorsal crest of
zygomatic process) |FHHH ZSEIETFHE TR RIRIA L % 5.
BEARAE 2R L7286, SIS By TG 2T R
IO h o 'C'?”?’H’E?':T’E’m <o —7, By seEmids
BIEIZSEE 2 & U 2SR AAE R IG L 2 A TR 2 ICE IO
BHE T %ﬁ@ﬂ'@éﬁ ERS MRS Rkl RGN i = Sy 5N
i (lateral zygomatic concavity) DIEEIIARHKETH % 25,
HIARICHTEWEABEOERWIZAZBILET LI LN TE S,
%EAEIZ9 (postglenoid process) DI BITH T )

ST e T BT B B 2 o0 2 R T 1R ISR W

fgﬁﬁlﬁ?i (foramen pseudovale) (&—#RASHERR S 4L, 1BIIH
LOBEBIIBIRE DA THEIL S NS,

R TH B XSRS LB A . IR SR B R ST S & BLIR
FOBRIERIEDN, BEONEE LS. IKEBEEEBOE
MligE i3 A L SR B, SMREE A5 1'430‘ JETi~D
MOUEA R, SMRIUE ORI D H I IO R & Y
[;{3 Jézkgu A SRR E 0)91»#% ;t ‘ﬁﬁf& W2 JE
SARIRYIIE (Guglar notch) 1\, :fLicﬁ?%‘éi_ (paroccipital
process) DIEMIANDZEWIIA v, BIEBII A & D ICRAF
STV, ELENZNORBEEOIIEIEHRT, HEW
ORI, RILFFLO $14 39.6 mm, IFlL 44.5 mm TH 5.

HE® ROEZER (Fig. 5)

HIR o X WA H G R O S W B L7z,
XYoL CRAIN, —H TEEEE RO ST EE
DOARRDOMEITRGE SN TS 720, DTIFICERP W
BRO GEHE LR EE T OV TR S, s

HE OniZzete (anterior process of periotic) 1312
DOFHRICHKE L THY (Ai26E:24.5 mm, WaiRE:
29.2 mm). AiZERRIZETIMIEE (dorsolateral ridge) 2% <
’"‘91»75’\1'135@‘6 %“FF (pars cochlearis) 13 HAZH 5.
g 2E o N 12 illlfﬁﬁaz% (median promontorial groove) 7%
RSN D, WFRIIHC iﬂ!ﬁqitﬁﬁ%"é?‘f_@ﬁb KRR
%45l (hiatus Fallopii) 25BHI19 5. Ezﬂdcﬁ (stylomastoid
fossa) M OBIENHGE L, #2712 ﬁiU"C{?()ﬁch (posterior
process of periotic) DFEFRIET 5. J:JLE% (suprameatal
fossa) 12i% <, FAMUED S < WA HTNIRT 5720 K E .
IR NI (endocranial opening of facial canal) 1XP4
H & (internal acoustic meatus sensu Bisconti et al.,
2013) OFAIFITALE L, WHOMIZIZNEEOEHKIZE

3 51 (transverse crest of internal acoustic meatus)
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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.
[4 4. Isanacetus sp. cf. I. laticephalus (£ %F X5 A 55 4 €7 7 VAOEWH), FAERERE. MFM18127. IO B,

JERTEUE O 125k (A), BHIEEE (B), Mk (C).

AEET H. W /NE O (aperture for cochlear
aqueduct) M OVHIEE K4 4410 (aperture for vestibular
aqueduct) FWIFNLNHEORITICAEL, WHIZITIT
MUK STHIT 2. WEOBREIIEENE (fenestra
rotunda) 2RO L, IEME & MAP/NEN D5 EEST 5. #
eI L, B R L.

ERWIETBICHIEEAOND S ODRERIFCTH L. B
FUOHIAEIL 66.9 mm, SIKZE (sigmoid process) (28
VF51EE 485 mm TH 5. % (mainridge) BIFLEWUDHE

R ORI TR HET 5%, ZNX D R TIEA
I CTHh 5. JMEEBITORENOIVEIE T B FHET 572
OERABZLIINAZH IS, ERLOBTMEHITRL R
T5. TD=D, V‘Jﬁfﬁfﬁ%@ﬁ@ﬂﬁ%@ﬂ%ﬂibfﬁ‘L:S
TIRTH 5. BB THRE (involucrum) (ZHIFIZIA - T
BRPICH Z 2T 5. WEOTHNIIZHNI T IRV SR
OREERA BN L. SIRERIFEELOIZIIPHAIE L,
BEGOREMIZITELL T 2 HF NS, FIHEZEE (conical
process) (X4 Vy, #MHIE (lateral furrow) %% < < (3T,
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FERWOHEMIRD 5 < S AIFHR.

T#HE (Fig. 6)

THEE 4 DO LB AR SN TS, ZRE
NOF B IR O 2 71 BIfR & P> TR S 7z
P, HVOFRR OBIEKEARSH 5 Z L HEk L zwvy. 2
CTIHEAMICRAES NS W O 9 i b LD L ) 5
1~4Wh & LRtz rs.

85 1 IR I TS o NTE T EBICHER: (longitudinal creases)

DR INDL Z LS, FTHEDIIITAMHETH S Z &AM
EEND. WIEBBHRFHTH 203 LT, W 5
%@gg%&t,%ﬁum#of&um<&é.%Mﬁﬁﬁu
ISR S D, RAERNG O 213 56.83 mm, NAMEIE
31.3mm Th ), HABEITHETOL 1B HREONETH 5.

85 2 Wi H PRAF R E O S 2% 54.8+ mm, TE2S 32.9 mm
T, RABBEOMEILTHTO L USBEONETHLD. K
HHXIZIFFHTH L —T7, FHEm < MmE %3, B 1l &
AR AR L B AR S L 5.

anterior process sigmoid process

lateral furrow

conical process

endocranial opening of facial canal
median promontorial groove transverse crest

suprameatal fossa

pars cochlearis

internal acoustic meatus

aperture for vestibular
aqueduct
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main riage aqueduct
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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. L. laticephalus (A% FX ¥ A+ 55 4 €7 7 VAOEMH), FAiFiEE. MFM18127. GHEE KU
S, A ROYB, IS, C, WIS, D, Wii#L. B-C I3EAD 3D A ¥ v VWifR. 7 BEARD 3D AF x & 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.
[4 6. Isanacetus sp. cf. I. laticephalus (A% F X5 A - 5547 7 VAOEWH), FAFikE. MFM18127. /£ F5E Ot
B N RENOALE L B A F 584 WX,

8 3 W XTI B W CTEMEE (dorsal ridge) &kl
bizo THET A, WHBIENATTICEC, ZoNHZb
FTHICLITE. OO WRIORTHIZRIZE TS 13—
75 CREMER AR R 2SI & 223, AME OB RIE R Y
WA %L, RABBEOMBEIZRA S NS FRAE Tl T e
D USTEDNETH B 05, %D > T KERE DM,
BN RE L, RAEEmA LTI T 35S O ER Ao
BB, JEMRRIEE T h - THE G IC2EHT 5 X ) 12
b, FRTHEGIEOFTMIRTIE FHLIERSINL.
FHIGAHE COTHE OF 213 85.8 mm, PIAHIEIX 35.2 mm
ThHs.

AW IR SO THERRTH L. HISILEL
ZRRE RIFICRAESINTBY, HERICBIT2 FTHToES
1% 140.5 mm TH 5. HHZSkE L Y w7 ICIROFNFEIRO M
B s, HgsRidBELhEZnE, %Ed 50N~
finidsgv. TEEOSEA SIS TS L. BIEIEZEIZ
BWsET L7720, BMESESANTH L. Z0—)THE
FIEFEAAZHFRTBY, mHMOIMBHSIEANL L.
Wi CIE S 2 MRS 52 L TE 5.

ES e
wly

MFM18127 & MFM18128 CTIISMi DTLER K& S 3B B
CREPLTEY, WA Z X 2R IE 728742
V. 7272 L MFM18128 (3505 il 2 479 LTt
WAL D IIBRAE SN LD %, HHFNRBE %179
CLIWEETH Y, B TIROEAFEL LTBL. 2T’
I MFM18127 12DV T PRIV AN B 2179 .

MFM18127 O TILBHRE OBEREE ORI~ DO MEIE
FEET, BRSO BBII R BEILIREOMEICH F 5.
F @R oS SRR, st S HI1ThME
VG OBRBIBEFOBHEL D RRBAIMET L. T2
TS Tl Zse ZmA b LCmd, md Az o
5. SEMTIZEBIIHEWOBI L OBIMIEE D A T
WIEL, BARBIIISEL V. 20 &) RIEE Isanacetus

laticephalus Kimura and Ozawa, 2002 (f %+t % A - 5
FA4ETZ7IVA) B TS, I laticephalus D5
A (MFM28501) (& =FEAE W (IHRILEM) o
B lEfE L D M LCwa, F2EIBEAR (MFM18004)
FAHE S 5 2 AL Ulni g et g 2 S I L Tw
% (Kimura and Ozawa, 2002).

MFM18127 & I. laticephalus 5eREaARA K OV EIBL AL AR
EORIERIT) L, WTOL) TR LEENBIONS.
HEE CI3mEsEA (MFM18004) (& MFM18127 |2 Hbig
L CHRIZSR O NI O S A%\ (Figs. 7A, D). $72
W (& MFM18127 12 Mg L TR A (MFM18004)
DT HKREL, S 5ICHBEIE MFM18127 TIXNHE O &%
FTETLHOIIH LT, BIFAEA (MFM18004) Tidflw
ek &% (Figs. 71C, F). FEXAEHmOKE S
MFM18127 [ i U CRIBUAE A (MFM18004) Tl
WCRE W, SHICHBEROKE S H MFM18127 1358
A (MFM28501) &t OVRIELUEEA (MFM18004) (ZH#k L
T IZE Y (Figs. 7B, E).

PR W T EE o 3 E I MFM18127 T i &l A 2 AR
(MFM18004) (T L T v, § 4 b b @B
(MFM18004) TII#FEWOMETME F THEL TV 252
MFM18127 T3 #E0 MR EMES X 0§ 5 ClE ER I BH
TiE v, 72 MFM18127 TSR BB S M b3 70
22T 5720, NHBICHEUWENHRONIZIE DT 2T S
FIRTH LD LT, RIBEAEAR (MFM18004) TlEZ o
X9 ZEHIESER Y, TO0WE T HBIZITIFERRWY
THhb. 5|2 MFM18127 Tl S IRZERIZGHEADIFITh
REAIE S 575, FBGUEA (MFM18004) Tl S kZekIZ
HFAL & D Db TSI E L TWw 2.

%72 I laticephalus DREAEA (MFM18004) Tid T3
FORAMRITAFESINTBY, ZOWNEIZIZHERHTEE L T
W3, MFM18127 O F T b #0356 1# 3 2 M3 A AT &
NTBY, EMHRVIEOREIZTE RV, RIS oRRE
WZOWTIH Z IS 5 &, MFM18127 I3 EIEAEEAL g
L C B AROTE O SIS LT OIEDE W
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LWV EWYDH L (MFM18127 : &% 56 mm, IE 30 mm ;
AR B8 80 mm, M8 30 mm). F7-WiiiHED
MFM18127 TIXWNH AN IZFITH % D125 L CHMENIL I
Y5 O MOTEIRTH 275, RIS CIE N L O &

BIZHTNITNOEIRTH S, 20 LS ICHRTEEOE W
HWETH .

MFM18127 & I. laticephalus D THA LIS LD X 9
LI BN IO WCHEm T 5720, BAF A VIH
DE—RNOBEEREKICOVWT LR ORELZ RN T2 L, T
R ROEREICALNZ VT NOBE S BB EROR
JEICIIH 5 OO TOERIR SN L. BRI
Balaenoptera bonarensis Burmeister, 1867 (703 v 27 7 ¥
) OBEMEA (USNM504951, 504953, 504954, 504955)
IZBWCHIZE O MFM18127 & I. laticephalus DEIZA Sl
LIENRMEE LTERLABEICDWTHKRT 2L, H
FEHIRO S A, EARHOKRESE, HEUWOHRT MR
DS I, SRIGRDOME IOV TN L ZE RO
ZH2500HBLERNIRONS. T 72 B. musculus
(Linnaeus, 1758) (¥ @+ # A 7 ¥ 5 ) (USNM268001,
269540, 239280) THFBOER P EENE Z LTz, T
FRNEE - BEOBE, SELOFHOBEREICONT
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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.
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Isanacetus sp. cf. I laticephalus (4f % FE€F X - 5 47 7 VADONEWM) (MFM18127). E-H, L. laticephalus (£
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