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MEMORANDUM OF UNDERSTANDING ON JOINT RESEARCH

This Memorandum of Understanding (hereinafter “Memorandum 2021”) regarding the joint research on the
paleontology and geology of Mongolia (hereinafter “Joint Research”), is concluded between Institute of
Paleontology, Mongolian Academy of Sciences (hereinafter “IP MAS”) and Okayama University of
Science, (hereinafter “OUS”). This Memorandum 2021 is concluded on the basis of Joint Paleontological
Research and Education Agreement concluded between Research Center of Paleontology, Mongolian
Academy of Sciences (hereinafter “RCP”’) and OUS on October 22, 2013. And this Memorandum 2021
succeeds the Memorandum of Understanding on Joint Research concluded between IPG and OUS on
August 22, 2017 (hereinafter “Memorandum 2017”). All terms designating “Institute of Paleontology and
Geology” including its abbreviation “IPG” that appeared in said Agreement and Memorandum 2017 are
replaced with the term of “Institute of Paleontology” or its abbreviation “IP MAS” since the change of its
name.

This Memorandum 2021 is signed on
, 2021.

MONTH DATE
And shall become effective as of April 1, 2021.

WITNESSES;

ARTICLE 1. Joint Research

Both parties shall jointly conduct paleontological and geological surveys (including but not limited to field
work) in Mongolia and jointly research excavated fossil specimens and obtained geological data in
Mongolia.

ARTICLE 2. Obligations

OUS: OUS agrees to pay Two hundred thousand Japanese YEN (200,000JPY) per year to partially cover
the cost of registration, tax and insurance of four vehicles (Land Cruiser, Pajero, White KAMAZ, and
Green KAMAZ) for the Joint Research, and concerning the maintenance of the office room and storage of
the Japanese side of Joint Research in the Paleontological Laboratory of IP MAS, Ulaanbaatar, Mongolia.
OUS also agrees to invite Mongolian researchers to OUS annually for joint research work on Mongolian
specimens, rock samples and/or data, for the period as set forth in Article 7. The cost burden, traveling and
lodging expenses, and per diem for the invited researchers, will be decided after mutual consultation.

IP MAS: IP MAS shall maintain and manage the above-mentioned vehicles, office room, and storage in the
Paleontological Laboratory of IP MAS, Ulaanbaatar, Mongolia. IP MAS agrees that IP MAS shall permit
OUS to use such vehicles, office room, and storage in the Paleontological Laboratory of IP MAS when
OUS researchers visit Mongolia for the purpose of the activities of Joint Research.

ARTICLE 3. Performance of Joint Expedition

The details of joint field work in each year, including decisions whether such Joint Field Work is to be
conducted or not to be conducted each year, shall be decided through mutual discussion and consultation by
the both parties. OUS agrees that all reasonable expenses and costs for said Joint Field Work shall be owed
and payable by OUS. Research of excavated specimens and data obtained by such Joint Field Work shall be
conducted at OUS, IP MAS, or other places suitable for such Research.

ARTICLE 4. Casts and Molds

Both parties hereto shall have a right to make molds and casts of fossil specimens collected by joint field
work, provided that the molding and casting shall be made with prior consent of the other parties. Such
molding and casting shall be conducted at OUS, IP MAS, or other places suitable for them. Both parties
hereto shall own jointly the ownership, copyright and titles of molds produced hereunder. In cases where a
mold is produced hereunder, two sets of casts from the mold shall be produced and each party shall own
one cast. In case where more than two sets of casts from a mold produced hereunder are produced, the
details of such extra casts shall be decided through mutual discussion and consultation by both parties.
Such molds and casts shall only be used for Joint Research, Education, and Exhibition. Such molds and
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casts shall not be transferred or assigned to any third party without prior mutual agreement by the both
parties. In cases where such molds or casts are transferred or assigned to any third party, the details of such
transfer or assignment shall be decided through mutual discussion and consultation between both parties.

ARTICLE 5. Excavated Specimens, Obtained Data, and Results of Analysis

The parties hereto shall own jointly the research right of excavated specimens and obtained data by such
Joint Field Work by OUS and IP MAS and shall own jointly the copyrights concerning obtained data and
research achievements based on such Joint Research by OUS and IP MAS. OUS shall be responsible for
transportation of the excavated specimens as original materials used for analyzing by instruments at OUS
within a period of 1 year mutually agreed. However, the due date may be extended by written consent of
the parties and representatives for one additional year.

ARTICLE 6. Publication of the Results

Publication or announcement of a part or all of the results of such Joint Research shall be presented by joint
authorship of OUS and IP MAS. In cases where either party publishes or announces such Results, the party
shall inform the details of such results to the other party before the publication or announcement.

ARTICLE 7. Terms
This Agreement shall be made effective upon signing of this Agreement, and remain in effect until March
31, 2026.

ARTICLE 8. Force Majeure

If either partly is prevented from or delayed in carrying out any of the provisions of this Memorandum by
reason of any acts of God, war, accident, lack of or failure of transportation, facilities, or by reason of any
other cause whatever beyond the reasonable control of the party, the party prevented or delayed shall be
excused from such performance to the extent and during the period of such prevention or delay.

ARTICLE 9. Assignment
This Memorandum or any right hereunder shall not be assigned or transferred to any third party without a
prior written consent of both parties hereto.

ARTICLE 10. Notice

Any notice or report required or authorized to be given hereunder shall be sent by facsimile and email
transmission subject to the receipt of the formal return reply code of the sender, or by registered air mail,
return receipt requested, addressed to the addressee party at its place of business first above written, or at
such place as may be designated in writing hereinafter by such party for the receipt of such notice or report.
Notice given as herein provided shall be considered to have been given on the date of sending.

ARTICLE 11. Amendment
This Memorandum may not be amended, supplemented or otherwise modified without any instrument in
writing signed by the parties thereto.

IN WITNESS WHEREOF, the two parties hereto have executed this Memorandum by their duly authorized
representatives. Two copies of this Memorandum shall be drawn up, and each party shall keep each copy.

By: By:

Yasunobu Yanagisawa Khishigjav Tsogtbaatar
President Director

Okayama University of Science Institute of Paleontology

Kake Educational Institution Mongolian Academy of Sciences
Okayama, Japan Ulaanbaatar, Mongolia
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ARFLV—F—T T L —a VFEEAST T XEESITE (LA-1CP-MS) & o 7 EEM 7 /) % A | (401
ToNEA N #9530 Ma) D U-Pb FFEARGHIE 217720y, 15O ER O & HIEIZH W D ARHERE 0@ 1FE O ffe
RBaATIR -T2, SARIOPETIE 2Pb/?U & PPh/2%Pb OIZHEREL & LT, £ Z1 306 7 /3% A k& NIST
612 ' A% F\T=. Hthl% 27Pb/2Ph fi, A% 26Pb/28U fE1Z & 5 7= Terra-Wasserburg (TW) & Ei2 &
— A% 7ay L, WIAENEEZEEETEIFRERDZGEE, 553.6 £ 6.7 Ma LW HEREZ R L (K
1A). —F, #IEMELZEE LERHEEZ RO -BAE1E, 538.0 = 8.2 Ma & WO EMRMEMRE L, HELTEAME
E—FHL7=(XIB). &5IT, 12190 F—ZIZx LT 207 $fiE&24TV. MBEEBHEREZRD L 25,
537.1 = 8.1 Ma DFERMENHEHIL, ZHHHELTENRMBE —HK Lz, D OREF, LA-ICP-MS 7 /3% A k
U-Pb ERMEZEIT OB, 306 735 A b & NIST 612 H T A& 4mUeik k& L M-I 52 & THEDEW U-
Pb EMRERNELNDZ L &2RT. F72, TWKEIZBWTU/Pb L P FLALEDIE S S & B/ S0k
ONTIE, WIAESNECTHIET 2ENHETENED THLZ L bR TEZ. WEICHET 2 Z0MmoFEMIC
DWW TIE, Aoki et al. (2021, Naturalistae, in press) &R EN7- L.

2. ALK IILRDOELREDTINE A b U-Pb ERAIE

WALANRT T NZ A~ U-Pb ERIL, LA EFEOHBERC W FHEEY O KEEN - B TOZERMNE - ik
ik T DB, TOFEMBGMEE LTHEARERICRIAEERSS D, CNERIET 2720, ERBET
EBLOMETLEINTEZE I - IEREICET X VAT UL 2OWbA 2 BEHIPG-OUS 2018.028 &
IPG-OUS 2081.133) (2 A L 7=. LR CITMIERBROMEO LT L, #insx &2 oMoz >\ T, 5l
BFRREBERFWRM LT THERT D,

Jo0e ~ 009
A / intercepts at yd B intercepts at
/ 553.66.7 Ma — 538.0:8.2Ma —
08 (20, MSWD=073)_ ./ 08 1t oo | (2oMSWD=3.8) % N\
g -
0.6 g 06 ! g /[
e} \ o \
4400Ma o '4400Ma L o0
° 8 ° H 8 \_[£560
g g —
s g s —/
o 04 o 04 -
g g
5 5
] ]
004 004
00 os 1z s oo 1 o5 1z s
238 20ppy 228 )200ppy
0.2 0.2
0.0 4 0.0
0 20 40 0 100 120 0 20 40 0 100 120

60 8l 60 8
238( J/206Ppy 238( J /206Ppy

1. 401 apatite FRPERELR. (A WIAEMBELEE LR2WEES B) PIAERELBEE L7ZHE (Aoki et al.,
2021)
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- IPG-OUS 2018.028

FeO O @\ EFTCE 1 0.46 wt%, LT A-B fEIK) & KW EFTCE) 1 0.09 wt%, DL A-W fEIR) SRR S iz,
REE SZ — B LTI, E6H0OHEFTS light REE IEBU/MEM T Y, heavy REE [T TR EH B L<
W77y FRBRERL, RNZ—UHRICRKEREWIZ/ZRV. REE ORBEICEALTYH, CLL0EKLE
L Z 5000~6300 ppm Z/R L, BN THEOARAHHITMR I NV, Y REIZOWTHZENREN 1735~
1935 ppm & 1745~2041 ppm TH Y fHIk = L IZ KX 2258 W T2 0. FREEOREE, A-BHEEND 494+4.6
Ma, A-W fEIk7>5 45.5+9.2 Ma OEMRERHG O, RET—HLZ (M2A&B).

- IPG-OUS 2018.133

IPG-OUS 2018.028 & [FIFEIZ FeO D i WA FTCEY : 0.25 wt%, UL T B-B fHI) & RO FTCEY : 0.10 wt%, LA
T B-W SEIR) R SNz, REE & — L TIE, EBL 5O light REE (ZEAEETH Y, heavy
REE IZNT TR ERA L LT 77 v MBIRZRL, ¥ —rHEERICKEZEWEARV. L)L, REE®
FAYREEICREE L CiE, B-B T 861~1871 ppm Z /3 A%, B-W FHIK CIX 1785~4002 ppm &7~ L, HE N E
WEZER LT, Y REICOWTH S & ISEWV SRS S 41, B-B 81 TiX 338~589 ppm & B-W ##Elk I
819~1226 ppm T ¥V, B-B FHIKDME A FAX IRV, FERPE DR, B-B HHIEN D 66.2 +2.5 Ma, B-W
WD 33.6 £3.4 Ma OFERMENFET DAL, FRZETHEIZ B-BHEEN T WEREEL R LZ(X2C &D)

08| | T pa—. ] _e A) 08| | T Qe ®)
° -8 tpoge o .
06 lower intercept: 0.6 lower intercept:
45.5+9.2 Ma 49.4 £ 4.6 Ma
- (MSWD =7.0) - (MSWD = 2.5)
g I3
& 04 & 04
o -]
3 3
02 02
400 Ma 400 Ma
0.0 0.0
0 4 8 12 16 20 0 4 8 12 16 20
ZIBU IZOGP b ZJBUIZOGP b
o [Ty © L T ()
——. O oo g
06 lower intercept: 0.6 lower intercept:
33.6+3.4Ma 66.2+2.5 Ma
R (MSWD = 1.5) a (MSWD = 0.68)
g g
S 04 5 04
3 3
02 02
400 Ma 400 Ma
0.0
00 0 4 8 12 16 20 0 4 8 12 16 20
ZIBU IZOGPb ZIBU IZOGP b

B 2. AEACHIERSR. (A A-WEEEL. (B) A-B MG (C) B-W . (D) B-B #HML.
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set] | L1 B O 2 A 0 i B S 0 A BR A B o A W 2R T 98 R 20204 JEE AR A
storif] 11 B R S A2 0 M B 25 A A Mt B

200EEZa0F 9L ABBIZTHESAND T4 —ILET—0 OFHICHE LBEIZREBLET—420%
B 74— ILETD—YIC&BT—20#HWVERDE L TUTICBF32=ZH0HITEIZMMAET EHEL -

1. DIAAEOELSHBIFEGR VI T ADOSHEE (FX - AE)
BAYI T AFEO KT a®—2 g 3% OWFERH 53,

B ETOBBEITIE L A EFFES TR, ARSI, BIEY S I l
A A DY ECO BRI, (THOREORREIT, = 0N
FRRORERZED 2 & 20BN, £, Sk & KRB BRI
SVTHRA L, SR A A Ol LEREEEET S 2 L2 H 0 @iiz> 1

BRI L L ORI A HERE L 7.

gk LR E T R OV S R E A i IcBW T 4 — AV R — 7
ZEBL, THYITASK, 747 IH A 1 KOHKE THEIFIR
OB WTHRO 3D L —F— 2% v i (FARO 2 ) LK
BE, TNETROHIBMEEORET —Z L BICIG L. £z
%2 OFEOHITENE & BG L7z,

INLOTF—HZESL ua®t— g VRN EITo iR, @
F R R O BT 24T 5 7 A4 0 I H A BRI S BT KD [ ]
FIEZ T TR A~OREA W 2RI S LD & R A~

LA E]TZ L, BIOT AT I H A THEDOEIT 1. kBRI () & YR [ AR
MR TR <, BEBRTHLZ b, TAYIA
A ONEFEFRERBITIZREN 2T ZNH DO TR, K&k
REIZHIGETDHTZODOHLDEHETE I NS, L7zh - T, Archelon
REDOERAREHENRT I A AR ESHEFNERGER CH 72T
bAHYLEEEIND.

2. WAEBREEMTH L Shar TsavB B ERTEHT— 2 BRAT

(B - HiE)

HEHE AV Y T a—DEHFBF— 5 &, Fo—r &
ST BN OIRFE L, T A H AT TG LITENENT 21T - i bR
. ZORME, V=¥, KEEETOMETHEICH LT  H2 THY IHATHO Agisoft I X 5
4% 50 ORI S EEIC A B IE. TG RAEO Ry 20K ) FARO L Bk 3D v

ThV, £, HEOPRLEE T dk$ﬁﬁ®ﬁ4=1%f“7ﬁ) W
aa%Lfé LifESND. A

% 7-Shar Tsavod 3k B X BRI [LA

e "
‘—"".“‘v\, ,

R A T — X EBRGER NS
A AL ER O 7 T, N AL
IS FATL R A O B A3 0 B oD 3 HUODEEART (AW-MEI. hEREBFE)
HLRBENEMNT STz,

WLl T vt
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3. ZRSHSITBREOE=BLIAKT 2RADOER (X%F)I - HiE)

R BB W TR ABAT 2R T O FIBRE Y 1 XEIEE & — O SHEO A TH % (e.g. Lockley
1989). 25 " RBATRE OFTHRE, BRI & B TR & < B2 BRIEE <X, 1Tk U C R E
WRIRIE AT, T Mo A EICERE (LT T4 E] & 35) LTWa. Zhicxt U, 5 RISE IR ENHEsh 23 A
WCRELERE (LT THE] &%) LTWw5 (e.g. Thulborn 1991). LML IHBDHBEOFERRIZHON
TORARENTAIITITE A ER . ARBFSETIL, B O O WNIE & OB O 2 = BEKE#iE O WiED R
FIZ2WT, OZFNZENOITHRLER O, QB A B OITIR LN, OfE T OB AL RO LS « HikD
BEO3HIEC L > THATHZ L HHIEE LT,

S EE O 5017 W5 & AT L 72 4 8, 182 & FIH 16T R FI SN HE L Tz, 8 BRI EEE D A (o ) IX
157° = RHe iR e D A (B° ) IZTE166° T, B =RHEiE EHEDIE 5 19° KXo,

F 7o, BB OS0THR & fRHT L7251, 1632 FNHHB9 - IE L Cie. Bft o 11670 , EREB° 1T
EHI1T0° &8 SRR AR ME DT D) 3% KRE Doz FRREIEE S &, 1T A /N - R - KRBT Ay 1T
THRNT AT o T2 f5 31, KA O BRIEE IS, /L - RN e~ CR VIS NE T 2 M 2 /R L, & S8 =R
BRARET ARG RAICARZIFELL RN,

BUE SHESIMEOBTHE (VR ITHR) 2 fEMT L7-iER, 39 CARRBITOMR TE 7= (K3). £72, Zhbo
TR D159 IR 129/ FIANAE L, Eit o (XFH152° , BER B° 13 F1165° & 55 =oAL M o
1E9M13° K&EhoT-.

BUE B OBEE L RO RO EBIE 0 O, [IFEMA 2307 12TV S O, 7213 4ME L TV 2 BB IER 25
B <, WIE LTV 2 SEEIEIES 28 RV MEMIC S D Z E R T & 12
PLEDfERN S, SO 5o N iE, BRIIEEIC B 50 5 5 ZBERETE O WHEE, & HRE, B DRI 5 b Ao
DD Sl S A, R OREEIC W T HBER R D ATEMIMZ T D 2 Ik LR B2 b b.
AL, CTXLRETELDCEWVMETEEXZ, NFNA ML AEZRBESE, KBE2RESELZDOTHD
EHESIND.

0
¥
L
b

T —

i b BRI

A, IV O P O B3 B O = AR 5. SO B (- < ) LD
B SN 1) < BRAEIEE 0 SR G 72 451 (s ROWRE (L =3 2 —) 0B 6 (4
B 2018 AEE A RAKT — . B EEEWE £ W) B AR KN =
$H : Ishigaki 2011) Bk S 1 & R
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FILEHNXPEEFIVEORT - BFICEIT SHRHSE
(20204 %)

%k 3k

PRIERE - AR - EAES - EEHE - LA - mHE

s ] | LB DR 2 A A M BR 0 A M R SR o AR A ST S8 28 20204F BE A% A
stk o] | L1 BB R AR ) M ER 50 A ) M R R

2020FEIFUTORGEICOVNTIEMEEMHAEET o2,

1. IS DIE=ZSHRBEEILA MRV ADOETE LB ROGHE (FE - TiE)

HWE O BB BB RICONWT, KRELAYEMEE TR EICREL T8, It Ex 2y
B THo THOBEDEMRBNENZ ERHSNI R, BIZIET 4T ) Y INL RO ERE AL VB
RE LTERRIBIZBNTTE X, b U EEKEZRET 2 NTRED 23%ICBE eV ENBEO/KREI S
brotz., ZORKNE LT “BREAZTTOVIRHOELERMERONRNEY, REBRKEMER T2V, “F
BPLAEEZTWIEROREMET 2 7DICLEHSRIFERPELNZN LW ZERT 7 — MNRAND
ol ZOWERE LT, REEOTEREZRTEROWENSLETHS.

BUZE, [WILBER KRZE I =8RG 7 L A F 27 X (Prestosuchus) O'FIERDRBRBZITHOIL TN S.
URTRITEREAR L HHERAFROLTHY, REHEOTEREZETIRERNREN TV LIS VY. £/
IS RYE I G E MK, ARSI MRESLETHD.

Dbz baliEx, AU, BHEHROMEZE K Lol 2 Bk LIEMIEDO B ROFRIE & HENR
D EICEBRT A EZHWE LTz,

FE L, X 37z Prestosuchus Db OFCHESCHRFHA, i E CIZ B9 2 SCRRFR AL, WMk A2 B9 2 SCkii 2,

BB & BRI 5 I, WEREE - iR - AR BE D U A AT VR ST 2 IE L 7.

1. 7LVANRZ ZOETLHEH

2. NEEHELIT)NEBROERELEA LT (KM, &S, FHiE)

[ IUBERL Rt B 2P JE R T, KPP OB ERICE W T, OfBICH 2Bk z < A LT EKE»
BIMVAFTZENTELLICTHI L (REFTHDEREZ FICW THRTL2ILBTEDLIICTD
72®)  @QMLETEMERELRZE (TU N —FREOEEEHIFAT5720) @HEOLT I
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DEBRL, B ETFE-00XFEOHIEICY - T
%, BHICEETED L9, FICADRLTVHIKROE
MEES 2L LW =005 MaE T F o
B ¥ & 1T » T & 7= . Tarbosaurus (2018 4F i)
Prestosuchus (20194EF) O A LT %2475 9T, AT
ORI S NZ. 1) BEORFES(LB L OMmAM
OBRFEN AR+ CTH D, 2) FENVAL 2 ¥ fekic dh
DONKNEETH D . RBFFEIL Dromaeosaurus (KF) & (£
) g, RELSIED R UitAME 2w LS %
EHELZRET D LI, 7L —2 DB A2 L
THEHRICEHTON2 X 2T 8ick-C, koA
HEE DS WVEREBOE TR, BRGICEDLEILEED
EHEARICTDZIEEFHBNLE L.

BIEIZOWTIE, 727 VB E R 56T, 18I2H
FDEREY EITH LTI EDITENE & EKE
T LRI LIz, BmAIO2BIET 7 U viao BE K& M
AL CTEREY 21To7-. SBENLTBEIIKZHENET
B E T o7, BB S5 FMAL LTAT L
ATVAY—LTAITALAY—%HAL, TNbE2MAED
Ve 2HEO7 L —LZER L UL ZEEEb
BT VAR T L—A4] LIESR) | EAOEEICIEEE
oy Ny REMER Lz, B 5MAMOm E, RES
{EOB IR 7TBOERBEVICE > THEE M L. 78H
RRFEIIARABETH D 23,
X HEE L CEOMELEY B THLENS H-DE
KRR END. @3 FALBAKEZET L TRz Dil
T2 L BERPCBIENHPIND TREENDH DH. LW
IZEBBITEND.

UAY—RICLBaEtE7 L —Ax EFEAET TR
2OV OE), ERHES ThoTo. EMLEEIC
FVFSREEEFEOZ L TEL 2, MEEGETE
FILH D LHESIND.

3. /\—/\'JWA**THE’EFHL\T—%ﬁmi@ﬁi#‘ﬂiﬂiﬁz%&@ﬁﬁ% (EEEH

K[ETZREOF SRR REE THD.
FH 3 T i O JR R CIIARNAN 22 B 3 7R ST

WABD, EPEARL L TOREIT - RWIZIITF
ELRW. ZOHHBE, KEEFFRIZEDLET

FENZLT DERAOZERT, FHE L TERT
YA AL D J7 LR 72 <, SRR A Rk 1
HECTHIERHL SN TWRNDLLTHD.
ARFZED B NI SR EOSHFRRE AR Z R L
HEBEBRT 5L THD. SHUEROERICZH
7o CEDFIENES T, Fplitliz nE &
L7pWHEa B8 Lic. 57 FiEa B s+
LZHEIZEY, BEROEREZINDTEOTHD.
BHIE DR EFEANIZLL T OFIEICAI > 72, O
=Y T AR AR (FR) 2 @ BiR (8E1{k

X
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#) 1OEETRES. QFBOHGLZUMAL TRELBHIES. OB I ELKEN L EHNE LM~ THIE
EHOLTOWMLIAT. DAVIZK K RoTELLFRAZENTHTICWEDELED QLOEMHYIET.
OMFICEE L THIEZEI 2 (F2H) . @EHEFERH T 26 LR CRICR T & &FRA &L L 72 #HIE
DEYH L.

ZDJET, AA Y aEmberiza cioides 2w/ A Gallus gallus = X =— Dromaius novaehollandiae
FNEN—KT DOV TR

WP BB OIEAIZR T L7, [RE SN AH LCEET 2 (KRAYRr) , BemfncsEion
(TaylrA), BIENRREY TEOLEDAHIZAY AL (= 2—) , i LIATDIZFERIA 22022 72 & ORI
ETT.

BUR CIIRIBICKEZBOSRMDAH U FIRIRMELTHDEIN, 77 v 7 ARV Y 3 R TEAT HEOM
FEid/haL, FRICEDZZENTE D, SBRUBTIILICLS TRV RVWFENRLTEDL L EERD
nb.

4. BILEBEMXEZEENOHMBEZELEVMERAVZEHESFARTOEE (LA - 5iE)

TR B KL TIERFENICRET 2 BAO AR - Z &R
TaIa—VTLANBRFARRENTEY, TKRZEEFLZILHE
MR L LTS L, MMREBEICHIRE L Tnwd. —F, |
WERR RPN, W = RESRE (LpflE) , Z8R@EMt
WA R A E, WMILEGREDOIEZ 5 &, MERROBEFRET
boREY (oY, £ Fav, AR T, 7R )F, BaA
TARX, AZEafTil) %, REFHEYEOHIIERL
U CHMAHEER B AEM N EET D, AT, BES
[P AE & D7 W R B A RSB O BEED A HIE & LT
ARFIEZ AT o Tz SR VALI AN & ERBEDO 2 & DIEDIL,
FIRHE OE R, WFREOMERICH U CRREHROFEFRN LT
WV EERRL, SR OFRMITHRES (CEReBHRE
L OEY S, RGOSR L) CHEEIC AT RRER A B
ZfEo TERIL 7=,

peFEtE, HiEFE, AMIFEE CRLIIOMS (—fEICS
TEBEHEDHY) ITFXAVDOLH LR DI TFECHDERAA T
Vo T hEoi= "% (EYO@IZET) Z25%E Lz, &RiEL
TR TIASH DR F LI AV, QR — REFIH L7=F
FAA RERT DV AT LEBHOTIZEDI : o v

BT K DIREED T2, FERICBE 2 A TOR A 6. [ LR E N A2 AR
T2 TR, Y7734 MEBREZEDSDHIELEEDETERN 0V X XIcoF bt
FHER R R 2 S 5 2 L3R E F Y AE OMuseum Fatigueli
CBREIERORNICERT 2 Z B3 fiEINn D

7. AETniibn (BEME) ELTOAF a o TiFaL
FEFRERELTND Y27 A MEBENA~Y— N7+ %T
CTORI—=FZHDPILICIVTIEBRATES
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EVOIL-EHIEDNA VP LUE R EL) KUYRRINT-
7 REIORABAABERDORKEDEFZHHE

i

e

] | Ly B} O 2 A g LR 7

7 K27 AF} Adocidae 1%, 77 LKk AR
MOEB ZRXVMOENDRKERH D AFHD —

BT, ZhETIt 6 B (Adocus [Adocinae],
Ferganemys, Shachemys, Protoshachemys
[Shachemydinae], VYehguia [FMER97T N7 A¥E],

Isanemys [ R FRIMEASHFTIZAA]) b T
% (Tong et al., 2006; Syromyatnikova, 2011;
Tong et al., 2019). 77 OHIERAMNBIZZING
TRTOBRFEINTWDHLOD, FFZERZR
OHFLMNIFRT T THY, T IANEOREKIT
NRAVVIBEDT F7 A2 (T A MHA &N
AT TED A amtgai E VT AT Ry
BED A planus) \[Z& EFEDH, EbLOTRENRD
D T b o = 2011;
Syromyatnikova et al., 2013).

LT AWM 2016 FERB L2019 FEDT L ANFET
T X — i AW SR ET & R LR AR R o S R R
BERRIZLD, HRIE <R F Y 77 (Khongil Tsav
locality) IZBWTT FKZ ZAROHED—H L& %
ONAWER AR I (K1), ZofkfpER
EANA U VB THEREIN TSR, ZihvE CTHlE
REMT — X2 BT N RAEOLAE, BRI
T2y (Danilov et al., 2011). & Z CTAAFIET
%, ZofbaosEFHRBEEHONI T L%
BRIE LT, TEMICTHBBRTTZRATL.

MEtORER, (bAIZITWbd b7 K7 Ao EmE
FEZ & B < W iE D FER K OEREE IS T
DR OWEO KIS, 7 K7 2R ZRET 52
EBRHOMME RS-, ZFITT R AR &G E L
To b 72 LEd O FE R, (LA I EIR B IC I AL
Ui DFEZENRFINT & MO E I Y s
LR Z &, B 1B L OE 2 IRE 2Nk &
DB ERLS 2L, SHICHEIZHAM THWER
ANBDOONDZ L7 FORERBO LN, =
S LBEZ b L IR 2 TEMIZR AT &
A, RUYXNLY 7 TEOLAITFALFRAZ DT
~HET AT R (TR AHRR L) Kb

( Syromyatnikova,
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B 1. ALY 7 7T 2016 EICERINET K2
AROLEMEREOBEBRTE () LM (5).

N5 Ferganemys verzilini \ZITWRILHMETH D
TENREBINTZ. ZOMBRIE, N U LR
WoOITEWME—HICB T 57 RZARD AHOS
BRERBZ LN TWDH LD bEWnWE L, 7R
SABVNHRT T T TR, KT VTIZETA
<ML TN LERLTND.

BE XM
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& {110} D HBEIA TR MR O~ 7~ OIREICBELR U, #m {101} & {211} o HBLEIA I3 b I BB L T
% &9 Pupin (1980) OFKET AN H D, ZOFFTANELWETHIE, VrarofidBErsZznsg
B ESE 72~ < ORBNZILOBREZBRY B3 Z RN TEX D008 LR, AHFFEE T Pupin & 1EEK
ML LT, SHOBERTRKAEEROEREDO 7 4 — IV RT— X ZINEL T D, 2020 FL T, (1) MLERE
PR O W T &R O 5 & 2 Wik L OB PRE R, BIOEOFBICRET S AEEE L, (2)
] L AL o AT & 2 O BEHUR O (LR HERA O UL a Uik R RS A 1T o 7.
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ZOHIENS 5 S TEARBEREL, DLar o ARBROY Y 7T v FE{To, L, fEH
HEIZBRO VL a UK R0 BWOD DS LVIRILTE 572, Lo, TERPIEEER T
2L O AUPHLNTZ, FOVNL A UFERERREAEREZX 12 PY-PR X (FB3€ - RIE. 2011) THRY,
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ZOHIENS 5 T TEAREERELEZ, WThoRENLLEL OV LVa N ELNT, 2 |2 PY-
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AKHFZE THET 21T 9 AR (IPG-0US1908-165) 1%, o Z/V[E I R EH HEBayn Shirell 43453 % Bayn
Shire/@2> HLFEH LA O LM T HOMAEARTH S5 .

3. A&
AIEARDOB LIS = H 21TV, Archibald and Averianov (2012) OF—&~< F U 7 2% AW TRHRMRE
#HrY 7 RPAUPIC & BT 21T o 72.

4. #R

AEARL, THOHBmERS bOD, /JNEEO —HEERRRAN 3 RKEZRAFEL TS, KREAWOH M
b, HEBE CThILEEZ NS, KA#WOYe hamy RRAXa=y ROFBIVERETHL I, =
Yhazmy RengRa=a )y RREET D EVIREERENG, FEARITZhelestidae IZET D H D&
EZb, RN CHLZORMAXRESNT.
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LD AT TIE, ZRWEHE OBFECRREICL S ER TE Y 00 IEZhelestidaeNER L TR o
7B 2 5Tz (Averianov and Sue, 2012) 2%, ARIFFRIZL VD7 &ALz AER L
TWEEZERHLNE ST,
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Taxonomic examination of a mammal specimen from the Late

Cretaceous Bayn Shire Formation in Mongolia

Tsukasa Okoshi, Kentaro Chiba, Mototaka Saneyoshi

and Akio Takahashi

Department of Biosphere-Geosphere Science, Faculty of Biosphere-Geosphere Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

We described the mammal specimen that was found from the Bayn Shire Formation, Bayn Shir
e, Mongolia, during the Institute of Paleontology, Mongolian Academy of Sciences and Okayama U
niversity of Science Joint Expedition in 2019. The specimen is composed of a mandibular body lac
king the anterior and posterior portion with partial p5 and complete ml1-3. Based on the number o
f molars, this specimen appears to belong to Eutheria. Phylogenetic analysis based on the data mat
rix focused on Cretaceous eutherians revealed that this specimen is included in the clade of Zheles
tinae, Zhelestidae. The members of Zhelestidae widely distributed in Eurasia and North America, b
ut have never been reported from Mongolian strata. Previous studies suggested that the lack of Zhe
lestidae in Mongolian strata could be caused by the paleoenvironmental differences between Mongol
ian strata and the contemporaneous ones in Eurasia and North America, or competitions with multit
uberculates. However, this study indicates that zhelestids lived in the Late Cretaceous Mongolia.

Keywords: Cretaceous; Bayn Shire Formation; Eutheria.
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VEUNRTEON RLHERREI N o Tz, TRy
T 850 kDabl FICBlZ s n s 250> R, b
DI AN BEFRHRD X R EN R LT
WchsdtEZLNE (Figl) ., RYT 72> b
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150 kDa MICHEE D N RO3MERTE 72, &S h
7B URTEE, TN TENL I T =700
FEEMENE X DT, FoHEREW EEH LRI,
(LFRHETROONTZZ NI BEONR Y RLER
Snhot, UboZ b bR Enzs v
N7 BZRECATHETH D TREMEDNE WV E & X
bz, A%, BAwibanbGbni-Z Ry B8N
VRICE LT, BESHICE 2T 21T TETH
5.
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ReR etk % RO o SRR H T, DRI AR RS
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MHEHEF AR T2 BB 7 7 =20,
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ZEERLTEY., LAERICK L THREROME
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LN -T2 D n, BEHIE U RO (ER
B AR B SOE MR O BRI L D et oW e
E. SRR ETOLERDDL EEZ DN,
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JH.2009. #HEF225E5. 65 1 453-461.

3) C. Barreto, et al. Evidence of the Growth Plate and
the Growth of Long Bones in Juvenile Dinosaurs.
1993. Science. 262 : 2020—2023.

4) A. Riqlés, Cyclical growth in the long limb bones of a
sauropod dinosaur. 1983. Acta Palaeontologica
Polonica. 28 : 225-232.
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AR X, EHIZAEEO v U B EORAIO
KEDAEO—FET, 4 HifE (TR AFNakR
C. a. amboinensis [E)V > Wik, A7 BB
FOANVERBZRS 74 VB0 fi] ; v U
A C a couro [A=FNTE, V¥ UE, /MR
VEBNBIZHAR] DA H A C a. kamaroma
(AR, NI IFTF4va, AV RUF3E, <
V=¥l = a VRO M] BT g A C
a. liniata [ v ~—IZ5%]) DRDLEN TS
(Schoppe and Das, 2011). Z O45EIZ A%
FTANLLNTNEHEDOD, Yy Unahitlei~
NI AZOWTI, O & ERERMRF R LV i
T 22U MIZOVWTHEEN AT LD D
(Ernst et al., 2016). & <y Loz A,
TERDT RA Fonai Al WisHbd LA
BBENCHEK LIy v Aoz A Lol o]
ML T ORGP REINT W, LALERD,
DFNE AR5y T EARE & R ) 2 gt 22 v LB
TERRAT OFRERIZE S b DO THh o7z, RIEHR
EENTX.

THOLEEROL L, VY UERIYy IMOU Y
Y v 7 BHNCB T 2 RMAEICENT, 4 VT AR
1 AOE TP EAE (W15/F122; /N R HUE
M) AR A IR (K1), ZOBEBOF
1%, PEROMETITBM TS L < 1THHsH
HEEBEE o TRy, HEDT T 2 RIFR
HEORERIZL Y, BETIIRMESHRRTS
EEZ 5 TS (Storm et al., 2013).

AR NTA » RRU T OFEMNR IV IS
DK AHE L FEM 72 LR 2 T o T2 S R, %5
{bEE~ L —aH ACRE SN, KOG &
FRIIY XY VBN ZNE THRES TV AR
Slelz®, ZOERIIRBIZET DRANOIAT
P& 2D. ZORBOFEHMO NFEEB A 61T RP
FABEPRMEINTWDIN, YT v 7 @hn
LIXFEEOBAFRIIRE LI TR (Storm,
1995; Storm et al., 2013). Z DO & L4 EOD
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. V% v 77BN LREAINTZ~ L —
a B ADOH FEREIAE (Setiyabudi et al.,
2021 LV 5IH). A, HiE#l B, BEim#l;c, A
AR T 8.

X 2. Uy v Z#EMMILREALENTZ<L—
aFAOLETFTHEPEMA (A FHE) ILRBDH
NHHEE B). a—r BFTEEOKmZ R
(Setiyabudi et al., 2021 XV 5[/H).

FKEMND, Py UEBOvL—ahA (HfECr U
NTHA) IZHBARIT O NEIZ L DB AICHET
b0 TIEARL, D &b B AR kA
LCWeZ &N R I Tz,

fbAEOHF ML, Vel &b 4 BFTICHBER A%
WCHXT 2B N DITBENER I (M 2).
UV BB, BITHEMTHDL DD AR
mELVELNTZAZEN 2 A, BRI TW5D (Storm,



1992) . KWL TIEH LB DOD, Z 9 LI AdDFE
Hebbts b, (LRICEDONTFTBEIIV Uy
I ANDABREANTHOF o EnHfETEsns. B
WEEBZZ IR ONARNWT Enb, SEFER SR
7B BTN T8 & 13#& 212 < v (Claude et al.,
2019). ThH6DZ s, YVrv v 7 NiZ~w L —n
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A A O BFFE R S 1%, JSPSEMIFE 15K072028 L O
20K06802DBhk & 5T, A v KRR 7 OWF5EH L O
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THDHENIRIITONTORIEMBHIE LN
Mol 5%, Px U nafA0RKEE X OSES
BIZL4EDORIEDT-D, LA ZEEICETLIZORE
O - FEEHRE D OARFEA OR RS E L BE
n5g.
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1. ITL®IZ

EWHER BT CII KRB AR AL I N AUE 3 2 7200 T <L TR, B, UM, EIE R
MNEALTAHZ EBHMENTWA (e.g., Kohler & Moya—Sola 2009), Z 9 L7=Z4kiX. HiBEEZEOREICLY &
BEAL, FIARMEREERESHIRINAELEEZEX DN TWDEA, BWBREEICART 5k E R AL IH
FTRTIZ BB LR Z 501 TiE2< (Kolb et al. 2015), TN 6DOEALOFHEE 43 1F 2 EKIZHOW
TIEHA L TIERY, WILEO BWHELZ A O35 BT, mECERE, REFERPR2 28O B4
B2 X0 R —fOREE T 5 2 ENTENE, BB LD FICH D BEENLAREMIEEITS
WCHRBAT 22 ERARETH S, FFICHAD VTS ETIETAAKREES - REORKICERL VWS, D
B, INHEMEE L, REFEXSCANDZNFEE BEARANOHAT A Z N TE T, KEMALIED AR
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JECTIT HARDEE 2 7effadll - LAY DEOERE KT 52 & T MEILEO B L O BITIXV D72 5 A RS
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2. BAREKR - Fi&
AR TIEU T OV IR L VAR VI RER TR EITo 72, F 3R Z RT,

VAW (Cervini) : Y _"AFY ) OH* « 2RV (Z VN R a0 IV T
)V avXa U EMNENSGE LT, T~ U (400 FERIICEAN) - ¥ U (1 THEETIZIL
IMNBERAN) < Varxav Pl (100 HEU LRERE) OfE - £FMREIESR L. AN - deiiE o -
L LR T D2 LT, BEEHIMICHE S R EEETIZED X 5 BN H D E T LT,

ATV HHE Muntiacini) : Fa v - Vauxau i xar *ZHN, a3 0% 1970 4812 Kk
MO NGB BIAENTAKRETH DL, —FH, VauFa U Fadd 100 THEU Lo, fHk
MNHRHESNTWEETH D,

3. MIERAE

WFEELLFOFIE « FiETIT-o72 (K1) : OREMOERHZ U OWRICHRTFEINTNDEE A v MERE
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AR CURCE (KBRS - I$5) o2 ER L, BT OREEIER (LAG) OAREMN@ TRD L N-Fi
T—H BT DR LT, REICHED BEDOILR T LAG O —EABEL L TV {E{AIX Cooper et al.
(2008) DO FIEIZHS X LAC ORAI ZE T Uiz, OMIEFEDO U T O 2 1Ek L, LAG OEMNHQ LR L
FIECTHEBRET 2T, OLAG IZZ O R TOB ORI —H L TWD 70, LAGIZE T 2B 0%
iE, BREFEOBBRR S LAG BAFES COREZHETTE 5, HAMRBETRODLONTWDIBOR—IK
FEOBEYFR (Scott 1990) /b, HH AR L 72 B EAIZOWT, LAG TOREAHETE LT-, OFE & HECKE
NHREMREER L, ZNENOSEREORERENXEE T L L7z, ©Caughley (1977) D FIEIZHKSE |
HET — 2 BB A ER L, BB DEOAETELR 2 EE LTz, ORKBICAEBMBRESAET —4 -
FATZED S, ® L@ DGR E B A, fifE, MBEAREEEOWIE ., MaE, RFEO COHEK I ICHm BEELZ
T TWanEELEL, B DEO/NEOERE - )5S E{LOfER 21T - 7=,
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4, WERLEEE
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< 1. EHLf#ko N>

AN« ABUEE D > A I KRR & 2 53 (Calderon et al. 2019) ., HMNE® LAG B OBMREAEL . KE
NIEWILE OB TR SN A/ (Fibro-lamellar bone) NEIZE Sz, — . MHBOMEFEY =2 v % =2
TV e BT a L SR TH o TH, NED LAC OFEAH . TR & OF O R HE B BV
FW Ik S 1D parallel-fibered bone ML STz, b RE MR TIX, REICHES ., BEEOHLKE
VET IV U7 EoT, ENLOFMBERT A TRESNTOARWIHEELLT, VarvFavIhics
WTIEA < EH 12 Kb D LAC DFBENBO LTz, 2O LACOFEZEIXY 20 F a0 Ph - AT Fa
UREFThHoTLZ LERE L, HOBEFEIZE S A EOLITH (Kubo et al. 2011) & A TH
L, XTI UH - T~V AICEL TR, AN - AHEEICART DT 0 L B O M S DO T MR R D
N5 E %< L, fibro-lamellar bone & parallel-fibered bone 23VEAE L. LAG OGS AM -
HEEDO BV GBI TRETIHAICH 72 (W2), ZNODOENLSFEEDL L < IXITHEED
VI THHOTHAEB L TVDIREICLE S TEREOEEIZEN - ZHRAEBEZDZEBRHALNERoT,
< 2. [RBEMR - ABHOmMEIZE S REEX DL/ >

AR - B OR ALV T ORERRNOE T - kAT o 7, ZOER. RN - LB OE KR
AT, BOmEN/NE K KECAN - JbiEE & OREEHIB AR WS DI OIE O 53 a5 3 0B 1) 53
BELRoTWDLZENHAGNIRoT, FRZY 2aUXa T « A UF a JTIBRICET, Ik
FEHEENES . B GO WHEIZH R TES R TV AARERE W LR RBENT, O EIT
HHBBEOBE L LEEMNTH D, EFWMREER LZEZA, Frvau Tl - = UhHEFMHIET R
BEWVREMEI QLGB EZRTOIK LT, VayFa vl - 20T Fa VFEMERE THRTENK
TLZRWKEIET O AT~ EZ L TV, UEORERLD, MBFEOWZRWEBEREE FICAR L TV
VavXxaglh - AhvrFa i, REBEBWDE, HEERHENTZDICEHMEZER L TV Al gEER
HD, TOHEFITIF, HEEISHHT 20 ABICKEILTIHLERR2N LR, HDOWIIEFE F TR
BERNHIRIN TR EOBERN L7200 LARW, Elr I~ oY 7 o idkE - AR e
BAZIIAIN - ALMFE DO ALV 20 F 20D « 2O Fa VOFMBEME R L, /62T, Z0b DM
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X2. YHEOBMEGE €F) criavPh (A0, Y7 vh O-F., VavdxavPhG-1), Bk
A, D, G, KEBOBEMBEEEA—7" B, B, I, Z7ax=a,L(C, F, D), JKEAaf - KX LAC 2R
j‘o

RIS R IS T AT OBVWERERRKA~L B L TV ARKFTHAAEERNEZ NS, FTI~<Uh
K4 0 O4ERTIZIUIN DD AABASHTZ=R L P HTOMEBHTHI L2 E 2D L, BEEBEETICBITS
R R BT T RN OB CEZ 2 EEREm W EE X DN D,
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1) Calderon T, DeMiguel D, Arnold W, Stalder G, & Kohler M (2019) Calibration of life history traits with epiphyseal closure,
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2) Caughley G (1977) Analysis of Vertebrate Populations (John Wiley & Sons Inc., New York).
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