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Conservation rules (energy [work], momentum [impulse]) apply universally so when we want to understand how
animals move it seems natural to use the same analytical techniques that engineers apply to building machines.

In this talk I will show how we can use machine learning to generate control systems that allow anatomically



realistic digital twins to produce spontaneous gait patterns that match those recorded experimentally. This
approach can be used to answer a range of questions about animal locomotion in both living and fossil animals
including human and non-human primates, dinosaurs and plesiosaurs. However, it is also important to ground
truth in silico approaches with physical measurements. These are classically performed with living animals and
modern technology allows us to obtain data much more easily, but there is also a role for building biomimetic
robots to test specific ideas about form and function links, particularly when we are asking questions about extinct

animals where there are no good modern analogues.
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FILEMARFHEYS - FREHRREVF—
EVIMETHT I —HEYERRAR

ERERtEIF— 2025%2HA25H
TEVEFERZHRE U2 — SEXRBER
Ulanbaatar | Okayama | Presentor Title
9:55 EHH HLrED
10:00 L e DRICEFSBEHOAY I VAT
LZ2DNT
10:15 TRE - BEES - BEH HERBLUBHALUTEOLIRREE
R - ZHIRS - REXE TTIZ@A T - B F AR
10:30 SHH - /NMIED ARZAVEHBEYOE S RERA
EDERRRE
10:45 NIFEEFS - S EH - Buuvei EUIIEITERERIBICHMT S
MAINBAYAR - Batsaikhan o % =% Ergilin Dzo B ® ESR it
BUYANTEGSH - Khishigjav LTDER
TSOGTBAATAR - E&EX &
IP-MAS and OUS International Joint Seminar (On-Line)
11:35 12:35 Badamkhatan Opening comment
11:45 12:45 Tomohiko Sato, Kazumasa Aoki | Reconstructing the Devonian pelagic
environment from the deep-sea chert in
the Sergelen area, northern Mongolia
12:00 13:00 B. Mainbayar, Kh. Tsogtbaatar, | Rediscovery of the first reported
S. Ishigaki dinosaur tracksite from the Lower
Cretaceous of Saijrakh mountain, Tob
Aimag, Mongolia.
12:15 13:15 S. Ishigaki, B. Mainbayar, Giant ornithopod trackways from the
Kh.Tsogtbaatar Upper Cretaceous of Western Gobi
Desert, Mongolia
12:30 13:30 Nyamjargal Javzandulam Learning the methods of fieldwork:
OUS and IP-MAS Joint Expedition
2024
12:45 13:45 Break
13:00 14:00 Kenshin Shime, Shoji Hayashi, Ontogenetic Insights into Cranial
Khishigjav Tsogtbaatar Ornamentation of Pinacosaurus
13:15 14:15 Takumi Sakamoto, Tadahiro Comparative morphological,
Ikeda, Mototaka Saneyoshi, taxonomic, and phylogenetic study of
Akio Takahashi, Shinobu Monstersaurians (Reptilia: Squamata)
Ishigaki, Khishigjav Tsogtbaatar | from the Upper Cretaceous Djadokhta
Formation of Central Gobi, Mongolia
13:30 14:30 Yuki Tomita, Shoji Hayashi, Replacement Pattern in Pinacosaurus
Khishigjav Tsogtbaatar from Mongolia: Insights from Z-
Spacing Analysis
13:45 14:45 Break
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14:00 15:00 Rei Nishimura, Kentaro Chiba, Constraining the depositional age of
Kazumasa Aoki, Tetsu Kogiso, Upper Cretaceous strata in the Gobi
Mototaka Saneyoshi, Buuvei Desert, Mongolia: U-Pb dating of
Mainbayar, Khishigjav vertebrate fossils
Tsogtbaatar
14:15 15:15 Kaito Kimura Modeling Musculotendinous Systems
with Branching Structures: A Case
Study with the Auxiliary Tendon of the
Caudofemoralis Longus in Crocodilians
14:30 15:30 Kazuki Ito Development of functional skeletal
models of archosaurs to reconstruct
musculoskeletal systems and motion
14:45 15:45 Break
15:00 16:00 Momoka UCHIDA, Tsukasa Development of an Efficient Cleaning
OKOSHI, Tensei GOTO, Ryoki | Technique for Small Vertebrate Fossils
NAKATA, Buuvei from Bayhshiree Formation, Mongolia
MAINBAYAR, Batsaikhan
BUYANTEGSH, Khishigjav
TSOGTBAATAR, Mototaka
SANEYOSHI
15:15 16:15 Hayato Inaba Paleoproteomic Insights into
Endogenous Collagen from Paleogene
Vertebrate Fossils of the Ergilin Dzo
Formation, Mongolia: Implications for
Molecular Taxonomy
15:30 16:30 Mitsuhiro Kimura Development of lessons about
dinosaurs based on the International
Baccalaureate (2) - from the practice of
'Running with the Dinosaurs'.
15:45 16:45 Saneyoshi Closing Comment
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Preliminary Report of the Ichnological Fieldwork in Nemegt, Bugin

Tsav and Gurilin Tsav Area, Western Gobi Desert, Mongolia

Buuvei MAINBAYAR , Khishigjav TSOGTBAATAR  and Shinobu ISHIGAKI

* Institute of Paleontology, Mongolian Academy of Sciences, Ulaanbaatar 210351, Mongolia

* * Museum of Dinosaur Research, Okayama University of Science, Ridai-cho 1-1, Kita-ku, Okayama, Japan

1. Introduction

The first part of the June expedition of the Institute of
Paleontology, Mongolian Academy of Sciences - Okayama
University of Science Joint Expedition 2024 (hereinafter
referred to as IPMAS-OUS JEX. 2024), focusing on
ichnology, was conducted in the Nemegt, Bugin Tsav and
Gurilin Tsav areas, in Gurvantes Soum, South Gobi Aimag.
Tracksites in Bugin Tsav, Bugin Tsav II and Gurilin Tsav
first 1998 by the

Paleontological Center, Mongolian Academy of Sciences -

were discovered in Mongolian

Hayashibra Museum of Natural Sciences Joint
Paleontological Expedition (Ishigaki et al. 2009., Watabe et
al. 2010), and the detailed study was carried out by IPMAS-
OUS JEX in 2018. The urpose of the visit to Bugin Tsav and
Gurilin Tsav area was to conduct ichnological prospection
and to take 3D scan data together with photographs and
sketches in dinosaur tracksites. The main purpose of the
visit to Nemegt was to compare the state of occurrence of
dinosaur tracks in the Nemegt area with those in the Bugin
Tsav and Gurilin Tsav area. In order to avoid illegal
this
geographical data such as coordinates. These data will be

kept in the agenda of IPMAS and OUS.

excavations, report does mnot include precise

2. Expedition members and vehicles
The members of the joint expedition team are as follows.
Buuvei MAINBAYAR (Researcher IP),
Khishigjav TSOGTBAATAR (Researcher IP),
Enkhbat OCHIRJANTSAN (Preparator IP)
Shinobu ISHIGAKI (Researcher OUS).

One Land Cruiser is used for the expedition.

3. Narrative Itinerary of the Fieldwork
01 June :
Mandal Gobi, and Dalanzadgad, (camp at the classic

Travel from Ulaanbaatar to Nemegt via

USSR expedition campsite at the gate of the Central
Sayr in Nemegt. (884km drive from Ulaanbaatar).
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Fig.1 : Geographical location map of visited sites

Fig.2 : Outcrop in Eastern Part of the Nemegt Fossil site, where
3 well-preserved natural casts of hadrosaurid dinosaur were

discovered

02 June : Ichnological prospection in Central Sayr .



03 June: AM: Ichnological reconnaissance visit in
Central Sayr area. PM: Checking the well preserved
hadorosaurid natural casts at the top of the hill in East-
ern Sayr.

04 June: AM: Taking 3D data, photographs and
sketches of various tracks in Central Sayr and 3 very
well preserved hadorosaurid tracks in Eastern Sayr.
PM: Drive to the town of Gurvantes. Visit the town
hall, meet with the Mayor of Gurvantes (Mr Aldar-
munkh), buy necessary items. Drive to Bugin Tsav via
Naran Bulag and Altan Ula II. Arrival at Bugin Tsav

in late evening. Set up the camp. Strong wind and rain

during night. Fig.6: Natural cast of hadrosaurid track before exposing work
05 June: AM: Reconnaissance walk to the

Fig.7 : Overview of the outcrop of “Projecting Hadrosaurid

Tracksite”. Circled area show the “Projectiong Hadro-

saurid Track” in footprint preserving stratum. Arrows

show fallen natural cast blocks as rolling stones

Fig.4: Excavation and sketch work of ohadrosaurid trackway

in Trampled Tracksite 1

Fig.8: Projecting Hadrosaurid Track

quadrupedal dinosaur trackways and giant hadrosaurid
tracks. Naming of Trampled Tracksite No.1, 2 and Pro-
jecting Hadrosaurid Tracksite. PM: Excavation of
Trampled Tracksite No.1 & 2.

06 June : All day: Excavation of Trampled Tracksite

No.l & 2 and Projecting Hadrosaurid Tracksite.
07 June : All day: Taking 3D data, photographs and

Fig.5: Excavation of natural casts in Trampled Site 2
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Fig.9 : Very large trackway of hadrosaurid close to the “Pro-

jecting Hadrosaurid Tracksite”

Fig.10 : 3D scanning at very large trackway of hadrosaurid

close to the “Projecting Hadrosaurid Tracksite”

sketches at Trampled Tracksite No.1 & 2, including
theropod trackway , 2 quadrupedal dinosaur trackways
and 6 hadrosaurid trackways.

08 June : AM: Taking 3D data, photographs and
sketches around the Projecting Hadrosaurid Tracksite,
including a giant trackway of hadrosaurid. Take geo-
logical section at Trampled Tracksite No.1 & 2 and
Projecting Hadrosaurid Tracksite.

PM: Exploration at Bugin Tsav II. Naming of
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Fig.12 : Natural cast of laboring track of hadrosaurid at La-

boring Hadrosaurid Tracksite. It is imprinted very deeply

Laboring Hadrosaurid Tracksite, Hadrosaurid Natural
Cast Tracksite and Turning Sauropod Tracksite. Tak-
ing 3D data, photographs and sketches at Laboring
Hadrosaurid Natural Cast

Tracksite and Turning Sauropod Trackway site.

Hadrosaurid Tracksite,

Move to Gurilin Tsav and set up the camp. Recon-
naissance walk to natural casts of Hadrosaurus track-
site and sauropod trackway on the cliff tracksite.

Naming of the 3 Hadrosaurid Natural Casts Track-
site, Cliffside Sauropod Trackway Site and Broken
Natural Casts Tracksite. Attempted to take 3D data,
photographs and sketches at the Cliffside Sauropod
Trackway Site.

However, 3D scanning failed because the work was
disturbed by many insects (flies). Decided to postpone



Fig.13 : Basecamp at Gurilin Tsav Fossil Site

Fig.14 : The current state of the Cliffside Sauropod

Trackway Site, firstly discovered in 2018 by the IP-

MAS-OUS JEX team
o :

Fig.15 : Newly discovered tracksite with many natural casts

the work to the next day.

09 June: AM: Taking
3D data, photographs
and sketches at Cliff side
Sauropod Trackway site
Broken  Natural
Casts Tracksite. At 9:00

leave Gurilin Tsav and

and

north. Arrive at
Tartzin Gol at 15:00.
Arrive at Arvaiheer at
18:00.

drive

Fig.16 : Theropod Natural cast

in Newly discovered tracksite
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Fig.17 : Sauropod Natural casts in newly discovered track-

site. a: manus track, b: front view photograph of left pes

track with clear claw impressions

4. Results of the fieldwork
Nemegt (Gurvantes soum, South Gobi Aimag)

The first discovery of dinosaur tracks in Nemegt was in
2001, and was reported in 2003 by P. Currie et al. (2003).
They reported large theropod, hadrosaurid and sauropod
tracks.

We conducted reconnaissance walk tto the site which
were informed in Currie et al. 2003 and Nakajima et al 2018.
Prospection for new ichnological remains was also carried
out and we found following tracks. The results in detail in
each tracksites are as follows. All of them are photographed
and 3D scanned.

1: 3 consecutive hadrosaurid tracks (natural casts) form-
ing a trackway from a lateral section were newly discovered
showing laboring behavior in the mud of the trackmaker.

2: 3 fairly well preserved hadrosaurid tracks(natural
casts) were rediscovered in Eastern Sayr after the infor-
mation of IPMAS-OUS joint expedition in 2018. The basic
information of the site was provided by one of authors (BM).
The preservation quality of soft part morphology, such as
digital pads were excellent. However, the skin impression
was not recognized.

Bugin Tsav (Gurvantes soum, South Gobi Aimag)

The first discovery of tracks in this area was made in 1998
by IPG-HMNS JPEXP. In 2018, the [IPMAS-OUS JEX. team



conducted an ichnological study in this area, and found large
hadorosaurid (possibly Saurolophus), large theropod(possi-
bly Tarbosaurus) and sauropod tracks and trackways as well
as smaller tracks of each group. The purpose of the June
expedition of IPMAS-OUS JEX. 2024 was to continue the
excavation of the dinoturbated stratigraphic horizon and to
obtain 3D data of the finds. During this expedition, we have
carried out these works as planned, with the following re-
sults

1: At the "Projecting Hadrosaurid Tracksite" we took 3D
data and photographs of the giant hadrosaurid track, and a
theropod track on the cliff. At the foot of the cliff of the site,
we exposed a giant hadrosaurid trackway consisting of 3 ex-
tremely large footprints and took 3D data and photographs.

2: At Trampled Tracksite No.l & 2 we exposed and took
3D data and photographs of 2 quadrupedal tracks, 1 large
theropod track and 6 hadrosaurid tracks. One of the hadro-
saurid trackways consists of 13 tracks.

3: We took geological section at Trampled Tracksite No.1
& 2 and Projecting Hadrosaurid Tracksite.

Bugin Tsav II (Gurvantes soum, South Gobi Aimag)

The historical background and the purpose of the work are
the same as Bugin Tsav . We visited tracksites which were
discovered in 2018 by IPMAS-OUS JEX. And we took 3D
data and photographs of tracks (natural casts), and laboring
tracks of hadrosaurid with sliding marks in west area. In
southern area, we took 3D data and photographs of turning
trackway of sauropod.

Gurilin Tsav (Gurvantes soum, South Gobi Aimag)

The historical background and the purpose of the work are
the same as Bugin Tsav. We visited the sauropod trackway
site which was discovered in 2018 by IP-MAS-OUS JEX.
And we took 3D data and photographs of tracks (natural
casts), and trackway. New tracksite yielding many natural
casts was discovered. However, due to a lack of time to
conduct a precise study this year, a detailed survey will be

a future issue.

5. Summary of the expedition and future prospects

Nemegt (Gurvantes soum, South Gobi Aimag)

Excellent track of hadorosaurid from eastern sayr will be a
good specimen to understand the morphology of sole. Also
it will become an attracting specimen of the museum.

Bugin Tsav (Gurvantes soum, South Gobi Aimag)

Trampled Tracksite 2 needs more careful excavation to get
all image of the site. The size of large hadrosaurid tracks
must be investigated with careful investigation. The size

might be exaggerated caused widely open when the foot

46

sunk into mud deeply, or double printing.

Bugin Tsav II (Gurvantes soum, South Gobi Aimag)
Well-preserved prints and laboring tracks of hadrosaurid
provide important kinematic information of the animal.
Turning trackway of sauropod is very rare. The possibility
of double-printing of the manus needs to be considered.

Gurilin Tsav (Gurvantes soum, South Gobi Aimag)

The southeastern area of Gurilin Tsav is very rich in ichno-
logical remains. Continuous prospection in this area will
provide good specimens for research on the soft part anat-

omy of trackmakers.
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Dinosaur Tracksite of Saijrakh Mountain, Tob Aimag, Mongolia.
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1. Introduction

The second part of the June expedition of the Institute of
Paleontology, Mongolian Academy of Sciences - Okayama
University of Science Joint Expedition 2024 (hereafter re-
ferred to as IPMAS-OUS JE. 2024), focusing on ichnology
and geology, was conducted in the Saijrakh Mountain,
Erdenesant Soum, Tov Aimag, northern Mongolia.

Historically, the first discovery of fossil footprints in this
area was made by Namnandorj in July 1950. He reported the
discovery in Namnandorj (1957). This was the first report
of dinosaur footprints in Mongolia. However, the report was
almost neglected and the site was neither investigated nor
relocated for a long time. In 2023, one of the authors (BM)
tried to find more information and obtained the narrative
records, photographs and hand sketches of the excavation
work. Most of the information was included in the book of
Namnandorj, published in 2009. However, the lack of suffi-
cient geographical information made it difficult to relocate
the site on the basis of this information.

The purpose of the [IPMAS-OUS JEX 2024 June Expedi-
tion is to rediscover the tracksite and carry out more detailed
ichnological work on the site. First, we visited the office of
Erdenesant Soum. With the kind cooperation of the mayor
of the town (Mrs Munkhzorig), we carried out the work as
planned and have the following results.

In order to avoid illegal excavation of the site, this report
does not include precise geographical data such as coordi-
nates. These data will be kept in the agenda of IPMAS and
Oous.

2. Expedition members and vehicles
The members of the June expedition team are as follows.
Buuvei MAINBAYAR (Researcher IP),
Khishigjav TSOGTBAATAR (Researcher IP),
Enkhbat OCHIRJANTSAN (Preparator IP)
Shinobu ISHIGAKI (Researcher OUS).

One Land Cruiser was used for the expedition.
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Fig.1: Geographical location map of Saijrakh Mountain, about

200km WSW from Ulaanbaatar

Fig.2 : Overview of Saijrakh Mountain

3. Narrative Itinerary of the Fieldwork

09 June: Arrive at Erdenesant Soum at 22:30. Set up the
camp at 1km east of the town.

10 June: AM: 9:00; Meeting with the Mayor of Erdenesant
Soum (Ms. Munkhzorig) and other delegates of the town.
Drive to Saijrakh Mountain under the guidance of Mr.
Enkhbat, the Cultural and Natural Heritage manager of
Erdenesant. Exploration at the foot of Saijrakh Mountain
and found the classical footprint site which was discovered
by Namnandorj in 1950 (Fig.land 2). Set up camp.

11 June: All day: Ichnological prospection in Saijrakh
Mountain. Prospection of microfossils (ostracods, bivalves,
etc.) in black paper shale deposits. Heavy wind and rain at
night.

12 and June: All day: Excavation, photography, sketching
and 3D scanning at tracksites.

13 June: Excavation and recording works at tracksites.



Site'No.3 Site No.4

Fig.5: Black paper shale deposits

Fig.6: Fossil bivalves from black paper shale deposits
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Geological work around Sites 1 and 2. In the late afternoon,
the mayor, the manager of the natural heritage, the director
of education, science teacher and other delegates of the town
of Erdenesant visited the Tracksite. Meeting with delegates
of Erdenesant in the ger of Mr. Ariunbold.

14 June: AM: Precise hand sketch of the sites. PM: Cover-
ing the site with earth. Work for the protection of the site
with 7 volunteers of local nomad people.

15 June: Departure from the site. Meeting with the mayor

of the town at 12:00. Drive from Erdenesant to Ulaanbaatar.

4. Results of the fieldwork

The ichnological and geological fieldwork yielded
the following results:
1: 4 tracksites were discovered at northwestern foot of
Saijrakh Mountain (Fig.3). A total of about 40 tracks
were excavated from these 4 tracksites. They are pre-
served on the surface of the bedding plain of yellow
medium sandstone beds. These beds are intercalated
between thick black paper shale deposits (Fig.4). In-
vertebrate fossils (ostracods, gastropods, bivalves and
plant fossils) were recovered from the black paper
shale beds (Fig.6).
2: Site 1: 24 tracks were recorded. (Fig.7) A well pre-
served mid-sized sauropod trackway consisting from 5
manus-pes sets and 3 large theropod trackways were
discovered (Fig.7 and 8). Each of the 3 trackways of
theropod consists of two consecutive footprints. Since
there are no more than three prints, detailed gait anal-
ysis of the trackmakers is not possible.
3: Site 2. 13 tracks were discovered. There is one

trackway of theropod. There are enigmatic five toed

footprints that had never been observed in other Mon-
golian tracksites (Ishigaki et al., 2009, Watabe et al.,

- S LR
Fig.7 : Outcrop photograph of Site 1




[
LA

iy
Fig.8: Typical footprint fossils in Site 1. a: Tridactyle foot-
print of large theropod, b:Sauropod manus print, c:Sauro-

pod pes print

Fig.9 : Overall photograph of Site 2. Many enigmatic

footprints are preserved. Further excavation to the east-

bound will help to reveal the trackmakers
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2010). Further excavation removing black paper shale
deposits is necessary to identify the trackmaker of the
footprints.

3: Site No.3. One large theropod track was discovered
(Fig.6).

4: Site No.4. One mid-sized theropod track was dis-

covered.

5. Summary and future perspectives

Continuous excavation to expose the track-bearing
bedding plane will provide more detailed information
about the trackways. According to the former geolog-
ical study, the site is regarded as Lower Cretaceous
(Max6anmap, L., 2012., Erdenetsogt et al., 2022). As most
of the productive dinosaur fossil sites in Mongolia are
Upper Cretaceous, Saijrakh Mountain tracksite is an
important site to reconstruct the evolutional history of
paleoenvironment and paleoecosystem of Mongolia.
For that purpose, a research team consisting of re-
searchers from several disciplines (micropaleontology,
paleobotany, palynology, vertebrate paleontology, ge-
ology and geochronology) should be organized. Fur-
thermore, there is no doubt that this site is the birth-
place of Mongolian Paleoichnology. The fact that it
was discovered by a Mongolian scholar is very signif-
icant, and it could be said to be a source of pride for
Mongolians. It is very important to make the Mongo-
lian people aware of the historical significance of this

site and to protect it appropriately.
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Fig.10 : One of authors (BM) explained the historical back-

A

ground and scientific contents of the tracksite to the people of
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Fig.11 : Work to protect the site 1 from natural erosion.
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FEUINEEBAST LV OBBEOF Yy — ML AETAREEREE T

efg Kz* - AR —W* - Jargalsaikhan Batsukh**

- Khishigjav Tsogtbaatar**

LB R K% BEHERE KR HET R ¥ —
xxp U AR ET T I — AW ERT

TEYIAAEFPREPOILEBICHAT DT T -FR—Y 7 EAEEIX, XU 7 Bl
BROEEPEME, ZLTEZALICHRENLETBEOE AN -FH—Y 7 HITE W THK
FELEHAEARL2LOHPAERIEIIPTICOBELUHR THLD, ZO—FE2RTUT A= ML
X, AREMANETH D Gorkhi @R HEM L, WA, A, Ty — b, RAENLL R DHEIF
Vv —hrERF %27 5 (e.g. Kurihara et al., 2009; Savinskiy et al., 2022),
Gorkhi BoOoF v — Mg, YA rfEHOo= ) R bR, TRUREH O KBBR % EDL
(Kurihara et al., 2009) , 27 < & b4 5,000 542 b7 b5 ¥ 51O AR & & (R
FLTWS, 7Ry EHBEHICIE, ERARIEB (Viluy Traps) , P& A 2¢ (Siljan
Impact) , ¥ ¥ M £ FMH B8 L OKEMBFMN (Kellwasser and Hangenberg
Events) DY TR ITICEZ s Z XA b TW5S (e.g. Carmichael et al., 2019),
LA LBRs, b0 Xy MEnTFbEMEBEBR CHEEINLEFLICESNTE
D, ZTNOPEFERBRICKITLEZER DL, REFDECHRT S TR,

Bxix, 7o "= b A0 50 km M AFICNMNETDHEALSY L HEICEIT 5555
HICHKSZ, Gorkhi BF v — bOBEE - HHMICX DV AR~T RO EFERERENR
BEHETZRATND, TO—HL L T, NaOH i X 2ot (Onoue et al.,
2024) AT o R, BMABEHB L= Ry MeAa (REAE) ©OEFn, A7 = b—
(BRI B +) i sz, B LAZ A7 2 b — L I EAEKN 100 pm OERRK K+ T, @
HBHmETIRLARY, BITMETHREINTWVWILIEBHEBED T A 7 2 Lb— L0
JWE LT, /M EA (micrometeorites) , FH B (cosmic spherules) , BB f f# 22 X
7 = )b — b (impact spherules) 2 XA LD, bLRKBIEZERLTENIEE, 27 =
N—= N EBURTOWRBHEME LA RBERS D, 4%, LVEZDOAT 2L — L O
HERA, (bFEHEHESOTICE ST ZToEBFEOEEEZR A D,

5| A Xk
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Ty U BORIHEH KA X ORRE D A OREMERL &

Z DAY MBI ER

%k sk * koK

ﬁ’r’ﬁﬂf& - Wi AL+ Erick Setiyabudi * Iwan Kurniawan

*if] LI ERR K A My M ER 2250 A i U BR 2 R
L E ST R - B - BREEBIERIIEET, S RNT A & B AR OIEWEE
wRE A L RN T U AT

I

VU EIEA Y X OMEBICAIE T 5 RS TH Y, BRI b2 BRAA L TRk, K& oREk &
ML ZH Y IR LBEICED LEZX LN TS (e.g., van den Bergh et al., 2001; de Vos 2004: de Bruyn et al., 2013).
Z O BOREEFHEBYIL, AT IO hREAE LB ML b 02 G A DERICH E D& K
BiEAs & AINZ L 72 BREE TR BT L 0 b 72 b &, - BEIHE S 138 & ) b 70 2 REERER Dba
DPEHIT S & DGR LV B S 7z & —RITHEE S 41TV % (van den Bergh et al., 2001; de Vos 2004:
de Vos2007). Z 9 L7=EMHIBRIZBE S 2GR D 5 B, RO O RIEIT, i EEe 23 mue &
ZRONDALAPEWMAI L TDOT N T U ARFEERIC S EOF, —fRICT T Y 7 MRk bt TE .
LU, AT HICET 2 2 OG0B L 72 AL, ROCHEMICHZ LWe®d, YOy
MZEEICEMRET 572010, SORDIEROTEENRDONTEZ., ZOLIREROLE, AFETIIV ¥
T S HRERC AT D B R OB AR D SR L S e AR AICE R L, ZORBOYIHOBHEIZ S
WTOHMRDOFEFEEZ R

FkbE D5k

AT, N RUOHERMEE, X7 AW, ¥ o — il L0k A PSR S ey
U B EEORT D A FULA IOV TR AT o 72, N2 B U HUE AR O NUBAEAITIE, 2022 FEEICHER
Ty UM T T AT S FEERE I U 27 8 (89 1.5Ma @ Leinders etal., 1985) % %5212 Fhiti S
TRIEAETHEONERALEEIN TV, T X7 UEWERB L O 2 — o a L 7 v a Y idPiHy v
T AT =5 BOEYEEFTAER —H TRESNTELOTHY, £ A FEMEOa L7 v a ViET HNVEO®
A FHUE TREINTZ DO TH D, Wit R & Lo AFbalE, SIUSHEBEOFF T 215729 2 TRIZL, &
FIE 2R LRI - AEEITo7z. HlHRE LT, AV RRXUTEELHRET V7 — o mT
DB LN OO E RN A LN AATEE W, FHIICIET VZ VAT A FEx U N—%EH
U, Bfifid/ o 2 A0 F OB L7k, /MEGE T AL A Lz b D &2 FHIME & L7z,

(RS
N RUHEEEEDUBIEA SN T DN Y 7T HIFEO D AMEAIZE, V7 ATAR 2 (A s g
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O—HE Megalochelys sp.3 LU KV 27 H A JEDO—HE Indotestudo sp.), A ¥ H A} 4 i (= L— a3 A Cuora
amboinensis, 7 = RA ¥ I A Duboisemys isoclina, NIVIA T T H A JBO—HE Orlitia sp., A > H A FKFUFE
Geoemydidaesp.), AR F 1 FE . 2 v R UBRBIFE Trionychidaesp.) DILANEEZN TN, Yo X7 48
PEICUE S IV TV D TR Y Ty v W VB a2 L7 v a vinbix, a BT A v iR Chitra chitra
(A RUR) L~ 7 a—T 75975 A Batagur affinis (A > AF) BB ETz. & o — A OIURAE A
Wik, BT =BT E 0 ERSNIIEFIREORWRAXA T T H A RO —FE Orlitiasp. (A 7 AR A3
RENTZ. A REPEO= LI v arnbld, BT —BEZO MIOTF v o T B FHROBERCHTHE
#e (T LRy 8”0 0.9Ma~0.74Ma; Widianto et al., 2023) 2> BIE R S 724 > H A B OMEIRFE D. isoclina
AT Y AFo—EPRH ST,

B

T UVBIITBIE, PO T AR 6 FEE Ay ARUB 3R MLTNDEN, VI AARLAAE 7=
AJB Batagur © X D 72 KD A > HARHIA SN TRV, ZhbDZ Exnn, midiEFiE i) 7 7 28
QREE A VHARKEREN ¥ U BIIHM LT b0, RIEHIDBICHERLI-EEx6Nn5. 737
USRS DIV T HENO ATy U ARFET 2 Z LT BTV A (Setiyabudi 2009), ¥ V5
BV T I LV EH LWVERDBYEN D ORI, 207, & A FHURORT « P08 RS
bl=dfEle (LN TE) inbD AT ) ZABOAE, Yr VEICKITSAREO 2 #iSH O
ERDIZT TR, WERIV BFHLWVERORERE D, T T oMo T Ty oV EMr bR S =
WY TAyR b= 7a—=7RUHA00AIE, ZhbOBIAD ARDRIRIMA TV THIT « HHTE
FOBERMNTETHMD Z L 2RBT 5. S~/ a—T B YA ATHE, ~L—FE, A~ T, &
NAFBIEDAT2H00, VX TENPBITHMBLN TR, 2O Enb, YA, ARFERHD>TY
¥ UBIZH O LTS, PRI BETRICHIE L 72 Z 2R LTS, A > R 77 A Robn
i, BRI L IR R DIWENER SN LD, SHROFEMRILBPLEND. VT —FEDRVIF N
UAABO—HEIZ, A~ bT8, RARARE, v U—$EICHERMT DRV RA DT T A LIFHROTEREIC
BWTHERL-TEBY, EBWRAV I ITHEEOY L— A TAFAY NI, Yy U, WAV ZHIBIZB/E
BHTHTXINTTALY BEFAZRKRENZEDRHONE R 0T, 5%, ZTNOOHFRAE S LI, Al
BB 361 T 2 KA KON AHOFERZ B SN2 L, ZOfRE S LTV v U BT 51EkD
W HERGR OMAEN EEND .
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Avimimus DB BICR N 35K EXMEIZDOINT
—aRy 22 A2 ¢ TCEDFEMREMZBIET S —
RS D, AT D, FIEHERER 2, KillE] 2,

MEARD, HHEEE Y, Khishigjav Tsogtbaatar

1) i [HBRR K22 T2 AR & 2 7 & T2}
2) [ [ BB O 27 AR W Ml B 7 0 A A BR 7 R

3) Mongolian Academy of Sciences

1. %8
FFauRxIa—2Gied AL, KECH EMHEOSERE S A, IR L-RER, FFICEBEO L
MNFRFROET VEERZ DN TWD 1S3, WHEO AWM FERRHE O —> & UTRBHBEE (&
BIET D —2) IR 532 $58k 72 ##% engage-disengage mechanism* (EDM) 232817 5312 . EDM I &R
i d HREERM L7RBICB T 2 /AT R AR ER R 45N & L, RfEREL EEdRED 2 2D )F
TR & S A~ IR T 5B 2 OSBRI TH 5. ZOMBIIEMER O —>ThH 5 I RO EH
ML > TEIAINTEY S, HHEAR I EZSHTIEALTWDIEEZLND.

Fig. 1 Left: life reconstruction of Avimimus (courtesy of Byambatsogt Batbayar at Institute of Paleontology,
Mongolian Academy of Science). Right: reconstructed skeleton of Avimimus (cast) at the Museum of Dinosaur

Research, Okayama University of Science.

NUERSE T H B Avimimus (Fig. 1) 34T 4 77 hud 7L 2O~ THY, BRI EEFIHEALT
AR &, B e RIBRENES L CRIBRTREETMT 572 L, &SN B4 S IEO AR F B
WCEELT 2 & W D B Ao 6. Lo T, Avimimus 1 ZBE BB O BARMBEESICR S 0 5 2@ 2
= ALPBRERTOEBRATENEZMAET 5 ECREARSBEHOOES2EEZEXOND. AR TIE, 2LEH
O EBEICI T D EDM OFEAREMEZ Avimimus ERIZE S PHET N EHERT 52 & THRIET 5.

2. MEETIL

WELE T VT Avimimus OFEAR (MPC-D 100/120) %M L7z, ZOEREIEEMT LA CBEI LW
7Dt & LTREFINTEHEZIZEZZOEEFHAT LI ENAETH D, 2L, RERE NGO B
X720 LR B HE R T 27207 2 Y T2 Mz BRE Lz,
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Lateral side N8

Fig. 2 Physical model of the right leg of Avimimus (specimen MPC-D 100/120). Left: Surface of the joint.
Right: Lateral and cranial views of the model.

Lateral view

Fig. 3 The right ankle joint of the physical model

WEET X, (LAEARL T I OL%E%Z X # CT (Latheta, LCT-200) T 3D 7 —#{kL, L ¥ M58

(RESIONE) % HI\\ CHEAR & (% T 3D 7V » % Photon monoX6K (ANY-CUBIC) (2 &Y #ff L
T2 (Fig.2). WEET MITEERE & 2R P RE%Z, REESELICHEET 2 4 o0 & W CHM s S
7= (Fig. 3). HROEEZXFYFa voffd +enkRy MIXAHEER S THORZHA, BIOERK®
LOHEFEIZE SN TND. EWHTH D muscle fibularis brevis (MFB) 35 L O¥HF ligamentum collaterale
mediale longum (LCML) 1E5| o9& Y A L3 (BRI GERAERT, HP040-015-0.5) & A m it (V¥ &
ke 25) ZHOWTHB LE., —F, BWEIRF TH D ligamentum col-laterale mediale (LCM) 3 L}
ligamentum collaterale laterale (LCL) (ZUIBF L7251 o8BV 2 A A N R & LA - S ILALEICHEE L7 M2 12
CIZHERF T HZ ETHBELTWD.

3. EE

Avimimus EBEFHIZI1T 5 EDM 2RI 5729, MHEET LV E AW TEREZITo 2. BRI, Bfiox

FEHRICL - TELLEHESOMEHZFHBT L5720, FTOFAFER (2 THEIE, 70109) ML=
(Fig. 4). FFiT LCML OfhEH HIEAL ST 60mm OALEIZH 5 BB E g o PRICEE Lz M3 %22

FAm U EN L TERY T, BEREICH L TERT 2R ICRE L. ZoBREEZMRF LN, B

OFEHRNT 5° 7L WCRET D NE 3 BIFOFE Lz, BISMAEL, SRS ISR+ 25 RRFRE O

fAEL LTS,

Fig. 4 Experimental setup.

4. @R
B o347 (Fig. 5) (XBMiIAEN 75°0°5 100°O#iE CTE (A) FaoE s hZ22/ L, 70T E
THBHMOLEFERETAFT Yy I Ny 735, £, 105°MFICH B AREEFH S LA, 11005
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140° TR (IE) Fao@EmmANIEEL, 145°05 155 FET DB O ZELHEETAT v IN
I THI LN TE D, I0IT, 160°%2 B2 5 LiEMEEZMEIT 5 &2 2mih (A) FroExhnigk
C, BOMBAOLZETFHE~AT Y TNy 7T 2ZFEHPRAOND. ZNOORRITZ T a vDEK 42y
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Fig. 4 Generated force of the intertarsal joint. The blue line represents the average joint force, while the dotted
lines indicate results from three individual trials.
5. #&8
AT, Avimimus O R BEIZH T 5 EDM (HHEHO R MBI 6N 2 #iE) OfFETRENEZ, b
FERERNTEERET NV TCRIEZIT o7, TO/RR, MEHEZERTLIHRAOZHHEENITLY,
Avimimus O¥FLE T LT EDM OBERENFEI S5 Z L a8 L7z, 4#%I1%, EDM 2RI T 2 KR D%
He, BEIEREON ABRIZOVWTELICHEREZED D & LI, HITLEDOBRICOVWTHEHALNICT ST
ETHD.

Eiifs

ARAFFED—E81X, JSPS BHaF#E (JP23K03765) B LI OMILEA KZETn Y =7 MFEHEESREZE (No. 23-3)
O EZ T =D THD. Avimimus HEAR DR IERE ILEE K 2EAE 2 EHEOHIEMKRICH AL Tn
TmEWiz, ZZICEHoEERLET.
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Modeling Musculotendinous Systems

with Branching Structures:

— A Case Study with the Auxiliary Tendon of the Caudofemoralis Longus

in Crocodilians —

Kaito Kimura!), Takahiro Goto!, Kazuki Ito !, Tetsuya Kinugasa®), Kentaro Chiba®

Keisuke Naniwa®), Daisuke Nakanishi®), Koichi Osuka'), Yasuhiro Sugimoto"
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2) Dept. of Mechanical Systems Eng., Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan,
3) Dept. of Biosphere-Geosphere Sci., Okayama Univ. of Science,
4) Dept. of Mechanical Eng., Hokkaido University of Science,
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Recently, there has been a continuous advancement in applying animal anatomical structures to
robotics and nonlinear system control. Many studies have simulated the mechanical functions of
vertebrate musculoskeletal systems, but few have considered the branching structures in
musculotendinous systems that significantly influence their locomotion. This study proposes a
method for modeling musculotendinous systems with branching structures. By connecting branching
muscles with mass points and implementing geometric constraints in the direction of mutual traction,
we model the interactions of these structures. The simulation of crocodilian hindlimb musculoskeletal
systems showed results consistent with previous robotic and anatomical studies, highlighting
significant differences in muscle and tendon tensions based on the presence of branching structures.
These findings validate our modeling method and underscore the importance of branching structures
in vertebrate locomotion, potentially impacting previous studies that did not consider such structures.

Keywords: Biomechanics; Musculotendinous system; Dynamical systems modeling; Crocodilians,
Branching structures.
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1. IC®IC

HAEB XA AREZRERT DM L7 WEEEFLIED 1| BT, I Paleoparadoxiidae & Desmostylidae @ 2 FHZ
KBlE s, AL E IR T 5o P otk E  (15.9~14.9 Ma) 225X, Paleoparadoxiidae (287 5
Paleoparadoxia DALANEFET BH. AR TIE, 05 BRFICRIFIREN BRI 3 SOHEBIEARIZER L
7. D ORI EEM LA RGN 7R S (2000 + 2002) 12T Paleoparadoxia sp. & fed# ST
%. ZDtk, Barnes(2013) (XY Paleoparadoxia Dtk & L C Neoparadoxia & Archaeoparadoxia @ 2 J&
SHAFICFHE SN, FEHODEERIIKREER L., Zh o ONBEERORMB Z 1 E 2, AF%ET
VXB[FEPE Paleoparadoxia D5y ARG 517 - 72,

2. fERER

ARFGETIIRTHED D PEH L7z 3 SOFHZEIEAR (AMP AK960241 + AMP AK970253 « AMP AK000247) %5
BAHRT 21T o7z, D ORI TN CHREECRE OFR —f@¥r b U, BT EFEbn
HEE (AMP) ICFTER STV 5.

3. F

AIFFETITRIGR & 7 DRIIEREA 3 JUTHOWTIRESIEE, FHA, o JOWTHRTE & o Bl oo i 4 92 L 7-.
F 72 PAUP ver. 4.0a 2 T, R ICES < 0FEFHIBMET 217 o 7. AT Ti3 Matsui and Tsuihiji
(2019) ZEEITH/2IC 4 TRHEZIBM UGN 1R EE» B2 5% Y T 7 2 —~ MY 7 A% /B L, Heuristic
search option (-3 < B & BT DERL & Bootstrap fi#HTIZ 25 < 50% majority-rule consensus tree D FK %
1To7=. A ORFFHZIEIZIEL R ver. 4.4.1 O paleotree /N v 7 — I FEEE I LTV D GeoscalePhylo function
A L7z

4. FER

LB FE OFE R, FISEEANL Paleoparadoxia tabatai & 4 SOIFIRAEEEHT 25—, BEOWEIC
BWTERPRBO LN, F7E&E TH D Neoparadoxia & DIEE D EENHERL STz, RN CIX,
A BRI W CRIFEIEARIX P tabatai 2 Y Neoparadoxia & % %%t % TR L, 50% majority-rule consensus
tree TlX P, tabatai & & b ITRRLRMAINLE 2R LT,
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FIFEARAINL P tabatai DRFAZ A THEREL 4 DOEIZBWTERANRD D Z & D25, Paleoparadoxia
BORNFETH 2 FIREMEN TR D . £72 P tabatai & Neoparadoxia DFCEZHINEFA VREETDHZ
EMD, MBOBEICOWTHBRFABLETHS. MAT, FEERITHMATIND P abatai &I13HR72
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Development of an Efficient Cleaning Technique for

Small Vertebrate Fossils from Bayhshiree Formation,

Mongolia
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1. Introduction

In 2019, an international
excavation team from Okayama
University of Science and the
Institute of Paleontology of the
Mongolian Academy of Sciences
discovered deposits containing
numerous small vertebrate fossils at
Bayn Shiree, the Bayn Shiree
Formation type locality!) (Figure 1).
In 2022 and 2023, samples were
collected from these deposits and
screen-washed on-site, yielding

numerous fossil specimens. However,
the of

water at the fossil

due to limited availability

excavation site,

extraction proved challenging, and

some specimens were transported to
Ulaanbaatar along with the
surrounding sediment. This study

aims to explore an efficient method
for extracting fossil specimens from

these sedimentary materials.

2. Result & Discussion
The

classified into two categories: sand-

clastic materials were

sized or smaller clastic and gravel-
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sized or larger clastic that exhibited
This

focuses on developing an extraction

concretions. report primarily

method for clastic materials smaller

than sand size. Experiment A
involved direct screen washing?) of
fossils along with the clastic
materials using an agricultural net
with a mesh size of 0.75 mm.
Experiment B involved dry

separation using an agricultural net
with the size (0.75 mm)

before washing with water.

same mesh
Screen

conducted

washing

was following

Figure 1. Outcrop of the Bayn
Shire Formation from which
material was sampled.



steps @ to ® outlined below.
©

Place a sieve with a 2 mm mesh

over an agricultural net with a 1

mm mesh inside a container,
ensuring the sieve is positioned
on top of the mnet and fully

immersed in water.
Distribute the
the

separate sand and mud.

samples evenly on

sieve and gently shake to

Once all samples have been sieved

remove plant fragments floating

on the water surface.

@ After rinsing with water, gently
shake the net to eliminate fine-
grained detritus.

® Transfer the water to another
container and remove any

remaining detritus and mud from

the fossils.

Table 1 presents the results of the

comparison between Experiment A

and Experiment B. In Experiment A,
a single backpack was processed per
whereas allowed
the of

two or more backpacks. Additionally,

run, Experiment B

for simultaneous processing
the processing time was
No

specimens

reduced by
approximately 70%.
the fossil

significant
damage to was
observed during the procedure.

The

fossil-bearing sediments

examined in this study encompass
multiple locations. Consequently, it
is essential to assess the

applicability of this method to each
type of detrital
While no
was observed during the processing,
the

weathered fossil specimens cannot be

material present.

evident damage to fossils

potential for damage to

entirely excluded. Therefore,

alternative evaluation criteria
beyond those used in this study will
be necessary to refine the technique
the of

screen washing.

and ensure safe execution
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EXperimentA  EXperiment B

Number of sacks 7.0 5.0
Proceeing count 7.0 2.0
Total pracessing volume (kg) 123.7 779
Total weight after drying (kg) 231 15.3
Reducation rate of matrix (AV.) 80.76% 80.80%
Total time in warter (min.) 608 305

Table 1. Result of experiment

A & B
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Development of Dinosaur Lessons
Based on the International Baccalaureate (2)
—The Lesson Practice of ‘Running with the Dinosaurs’ —

Mitsuhiro KIMURA

Okayama University of Science Global Center
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

This study has been increasingly introduced in Japan. The International Baccalaureate
methodology was used to develop teaching materials for science education. In particular, cross-
enforcement thinking is required. The theme of dinosaur learning has been emphasised in science
education in recent years, and we developed the teaching materials in this study in the belief that it
would lead to an exploration of NOS. The dinosaur teaching materials were also effective in the third
year of high school, and the question of how to set up questions for future NOS-oriented exploration
was raised as an issue. Generally, students were interested and engaged in the lessons.

Keywords: International Baccalaureate; Dinasour Lesson Practice; Nature of Science;
Interdisciplinary learning
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