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Abstract

The specimen MFM16000 (Fig. 1, MFM: Mizunami Fossil Museum), the block containing at
least twenty-eight individuals of Crenomytilus grayanus (Dunker, 1853) was collected from the

Crenomytilus-bearing lens of the lower Miocene Akeyo Formation at the construction site of the

Mizunami-Kita Junior High School, Toki-cho, Mizunami City, Japan. The three-dimensional

mode of occurrence of the present specimen was reconstructed by using photogrammetric

technique. The reconstructed 3D polygon enabled us to determine at least three colonies of C.

grayanus in the specimen based on their byssus orientations. Additionally, the present paper

introduces the method of applying the technique of photogrammetry to obtain a better

understanding of the occurrence of fossils.
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2016 4E (PR 28 4E) 5 2017 4E (EHK 29 4F) 12H )T,
B B VL i YR T e MY D B R AL P A A M 7 e TR B (BLF
THBYS) (CFH L 725 B IR LB R R R A S
Crenomytilus grayanus (Dunker, 1853) (' A #1) 73,
GIPOBE LIZIRETE I L7z (% - x4, 2018).
FE L 72 BEARDL L EAOBRB DTN ICTRhTwE b0
D, WD HWPORDH L7ZIRETH Y, BrEIcmwy
BEIRZRLTWDEEEZEZLNTWD (L - %Ml 2018).
¥RIZ C. grayanus HMEEHICEE L 72 KT8 TRIS 7R
MFM16000 (MFM : 5 1l fb A 189 £ 0 UK % 7~ 3 W 7
(21, M550 cm, it 35 cm OREEIC 22 RO A RIREL 6
HOBEFIRFE D EA G TN TS (Fig. 1.1). 4 FAHHD
ALARMEZIILDETHE L OMIE, —RIIHETEZR S

HRTHE L THARZIER L TAET S 2 A6 (BlzIE
Beesley et al., 1998; Tsuchiya, 2002), A # A FAH T
WIREECHEMT 25 60% (3% L2 Th 5 5 A Hib
AEEROE LR 5. 728 213, LiEED 7 X 1 Jg (h
Wi it - %9 16 Ma) 25T % Mytilus furanuiensis
Uozumi and Akamatsu, 1988 (75 X4 4 #4) &, HIbA
WY RS HANZEIRTEL L, BILA%HERO R
EEBEARZERE LW ZEEZ N TS (WK - [HIE,
1992). 7z, IREEIRT R E 040§ 2GR it o C.
grayanus BEMT 2 EHEIHEEZECHALABEELEETH D
(Shibata, 1978; Kurihara and Ohta, 2018 72 &), B &
CHER OIS L W L RMPEOREREEZEZ 5N,
L2L%ads, RHEZICL) THHAL»SEN L C.
grayanus \IEFRORETL ¥ RICEE L, HAEMICHEK
ML Tz X ) REIRE RS 25, TR g A
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R HIRMEDFAE L TR 472 5w, F/2, <40
AR ERTHY, REOERN LV RWVIREL S, C.
grayanus B IEIR 7 & OFEE 27 TRIFEHE T X,
ZOBMREBICER SN L ZEZIT . HbETROB
HRBHD oo R Cld v, BB T T
oA A FATHE (R ettt © % 20 Ma) 2 HEH L
72 Mytilus tichanovitchi Makiyama, 1934 (F% /7 4 v
FAAA) L, EFREESHERETICL Y ARICEELTE
N, THBY»SEM L C. grayanus W72 & 9 REIR
ERLTWAD, FEIZA (2005) 1 R EROR
BIZL T2 00, HETOMBRIR 4R L 72 JHKICD
WTIEBRTW 2,

Fig. 1. Crenomytilus grayanus (Dunker, 1853). I, normal
photographic data of MFM16000, upper view; 2, 3D
polygon data of MFM16000. Arrows indicate position
and direction of each photograph in Fig. 2. All scale
bars represent 5.0 cm.

1. Crenomytilus grayanus (Dunker, 1853) (V' 1 %1 ).
1, MFM16000 ® 1752 & @ @ #5 ¢ 2, MFM16000
D 3DRY TYF—F. KENIZENZEN Fig. 2 OW{RIC
B3 5. A7 —)Vid 5.0 cm.

HARZ IR L72RED 29 2, BRLZZIRETHIEZOER
2% AT A 72O I IE A AR O BEIREL I L h
X% 5 VAs, BEOBRERKHMEROME LR &0 =T
I 72 IREE I3 AR MFM 16000 D2 & Blg L7272 Tldb
v, HbET, LHOMEE R SIREHN 2 HNE 5 5
TOFMAEBIZIIIT S 2 EMNTET, C. grayanus DFEHEIR

AR - 72F  OBARIE MFM16000 DADIRRUZE & F -
7o, BEARBD A7), EARZBIEL MR o BiZ
W R TH o 72, L7zdso T, RO EWHn 2
T2 V7RO TII# T 2T E R 53, CT A
Fy O LX) BIEBSEN LT E AV 2 LEND 525, R
L7z BEARIEHE 50 cm, #3835 cm OREITH Y, ¥4 AL
B ZZ IR T,

AR, 74 M T AN = &) BT S O EE R
WD KR D ZR TV ARESEDIE AN o TB Y, L
LA D FEIRDFEERR LT DO ZRICTGIROBUFIZB VT,
EW OG5 THOHEH I NIHD TW5 (Falingham, 2012
HE). 7+ MNTTAN =) —FHWIFETIEICT AF Y
YOEHITHRYONEBEBRET L LIETE RV OO0,
BoNEE2Z2RTTALY 7 P TEETAZ &L (1) B
REWIEST 5L R FHIC—H T A KO %=
WIEMICHBITE S, (2) AECTHWS L9 R CT A¥ ¥
TR A ARIZEE L WEEAR R, SRR D B G
ZURTWEARTHFHWETH 2, Lo/ fuidrd s,
KimTlx, 7+ b7 I X MY —%FHL, C. grayanus D
WL AT -7, 74 M7 2 M) —% BAL O RO fFHT
IFH L3 Ro TTH Y, ZRITHER 2 fFAT L 72 #5 48,
AW D C. grayanus DNAKK 5 #HICT 5 2 & W
T& 7z, KTl MFM16000 @ C. grayanus ® =IKICH
oAk _B L L HIZTH T TR M) —OHEE - A
FFEZOWTHRAT 5.

Fik

AR CHATR G & A AL MFM16000 (Fig. 1.1) T3 1),
PEHLRCREAROFEIRIZZTE (2018) B L Uk - M)l (2018)
ThE3NTWE, BEELTOGHETE (%, 2018 @ Fig.
7G) A5, AHFFETIE Fig 1.1 IR Z Bk L7z, AT
i, DT oFE% AvCiced L OGO G2 1T 72,

¥4, MFM16000 % 5D FIC[EHE L CTRHEICAr — V&
& T)V=UNy 2O RTTIVINTEN AT (DMC-
FZ300, Panasonic Co.) ZHWTAEZTH LA SEAR
LW EhHEF 286 Bk L, FEEL TR TS
200 Billiksg L7z, g L72B2E, 74 772 M) —H
V7 b7 =7 (Photoscan Standard Edition, Agisoft LLC)
124 v =P L, MFM16000 ® L & P ZNENITDW0n
T £ MR o AR % % 4T - 72 (Fig. 1.2, Fig. 2,
Appendix 1).

FAFICHEZE L T2 H RO =R ICH % 501 2 56T %
12iE, HROREARD 3D RY T RERL, RRICHEB LT
W BEEARIZ Y 3 VT ECEAQE R TR H R,
A T B iEE MW L Lasdts, MFM16000 %
SIZHEADOEAZ TSI EMNTE V. 22T, BT
BITHY, POFERPSEL L FEHW YA XD
Crenomytilus grayanus (BEARZE 5 MFM16002: Z27 - Al
2018 @ Pl 2, fig. 2) 12DV T b EHEHHZ1T\>, Photoscan
EHOTREONMRE LT 72, B, AEFERIZON
TIE, LR OWIRHS L Wik O FHDBNEETD - 72720, 7%



Fig. 2. 3D color polygon data of MFM 16000. All scale bars
represent 5.0 cm.
B 2. MFM16000 ® 3D % 7 —K& 1 I [l A% —)V1d 5.0 cm.

PEEIRGFE SN TV B DO A 140 B L7z, kR
) I UEIZDWTIE, C. grayanus DAL FEREDOIIRITK X
BENI RN LR S, HEFL2G@ORY) T2 &2 =Zkoo
REfNTY 7 b7 =7 (Voxelcon 2014, Quint Co.) # W TK
RSS2 EHR IR CER L, 1 EES ORIk E L 7:
(Fig. 3). Zhbi, K727 AF ¥ %20 215723DK) I
»TdHY, 3DPDFIZFH &9 Z & T Adobe PDF 1 T=KTT
FIC KB 2179 2 & HCT& % (Fig. 1.2, Fig. 2, Fig. 3).
Lo JEciE s/ MFM16000 @ 3D R I 1%, L
MeTHENAICHELZLDTHY, ToFIcranr
® C. grayanus DVMAKGAEBIETHI LI TE RV, £
2T, oz 3D AR T (MFM16000 @ L, TIHB
L PHARDOREAR) & ZWRITTIERNTY 7 M7 =7 (Voxelcon
2014) ETHEL, AAHICHEKE L TW5 C. grayanus @
SRS (KRS EARTED RN, OB LT
WaH) OFBERA. £, MFM16000 @ Lifi & T
D3RI VDA r—NVEaHEbE, V7 727 L THIK
Eiio7z. WIS, AARMIC—EHPELT S C. grayanus
ZNZNOMEEIZOWT, HAEORA MFM16002 2> 54 5
N7eRY) TU%, ME, @R, iR SEsE) &) IHE
LabERAEbE TSz, RPEEZHVLZEIZXY
FAPICH ORI AE L7z C. grayanus D54 & PR3
THLIENTED.
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FAE DI AFH K7z 3D K1) T (Appendix 2) %,
Adobe PDF Tz L T &R DI EARTE 2 = UWITiZ 8l
27z BARFE DS OB CHW L 2R A0S b, M
BN R FRTED TS S 0 R AR I A2 S SOFF%
fI5- L7 (Fig. 1.2). Ry IT»i3, (1) FEmzRIcEe
(2) 94 bEAY FI U 7ICRE, (3) FRbEEREMNE
ATAML—a Y Z&E (4) GRTrVWEEL IO
AEIEFR, LB T-72. £/, BELZHNE Fig
ATRT. ATAFDH L, AL LICHETAHEICONT
1, A A FHEAROIERRA S M7 LR AR D LR D B v
BRI L, BEWICEELD - THIRZESL Z L2015
N CT\w5% (Tsuchiya and Nishihira, 1985; Beesley et al.,
1998 72 &). L72955 T, RV T OBIEH S MR KA
ORI & #H: LT 2 35 3R R L2525 LT
EEZONDBD, WELTHTREDD B EH5 2 HET
RL7: (Figs. 5,6). %P, Fig. 5 & Fig. 6 DEMIZENZ
NOF 7 HEEE LR, BUSAE L w2 AR
IHLTWwa.

Fig. 3. Single specimen of Crenomytilus grayanus
(MFM16002) used for reconstructing 3D distribution
of individuals in the colony (MFM16000). I, normal
photographic data of MFM16002; 2, 3D polygon data of
MFM16002.

X 3. MFM16000 N O &AE kD =I5 DT L 72
Crenomytilus grayanus ® BAKFE AR, 1, MFM16002 @
WHEBGE 2, MEM16002 ® 3D &Y I,

R S

T4 MTITAMN) =L THRLN/ZZ3D KR T E2HW
T Crenomytilus grayanus GIREEDO A 2 BIGE LI L 2 5,
FI M 2 8155 CT B HEE SN B NFBO =TT 72 5345 O BIERIC
BWTh, SEAROIE MRS IR S 1
W EDPH L NI o7z BRI W TEIZ L 22 E,
MFM16000 O H gt ~H [ O N SEHET 5 4F A-K © 11
ko9 5 4 ik (B, C, D, F) 3EIM I LT 40° B
Tau-TEY, Hid—EThsd (Fig. 5.2). /2, hbd
4 TR IEARE O — R ATF NZE ORI TH IS E R L2 IR
BTh2b (Figs. 5, 6.3-6.5). HbET, AL E MBI
IE—ETIE WA, AR5 L BbsHEO—H23 B, C,
D, FLERE LTS (Figs. 5, 6.3-6.5). H DD KIS
X C e LTWAED (Figs. 5.1, 5.2, 5.5), Kl LOFILET
W3R HY Chlamys iwamurensis Itoigawa, 1955 ({7 A F
=UF) ZHEELTWS (Fig. 1.1). F & KOHEETLH5
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1
Fig. 6.4
Fig. 4. Observation direction of the present specimen. Arrows indicate position and direction of each photograph in Figs. 5 and
6. 1, upper view; 2, lower view; 3, right lateral view; 4, left lateral view. The red lines indicate bedding plane. All scale bars
represent 5.0 cm.
X 4. EAZBIZE LM, Zhen iy osiat L7zK% Fig. 5 & Fig. 6 \2Rd. 1, R 2 Fib: 8 AW 4 AW
AL 2 7R 9. A7 —)ViE 5.0 cm.

3 D—EBTH % (Figs. 5.1, 6.4). MFM16000 A4l D1
K (L-S) 9 H M-P D 4 HEITIEH A—ETHY,
O —WAEHE L T\ (Figs. 5.1, 6.1, 6.2, 6.5). T 7z,
Q—S O 3 RIS AT WSS, R OREHEAT S 1285
L7-RETHY, Q & RIEFERIVUET H20ATHS (Figs.
5.4, 6.1,6.2, 64,65). —J}, LM, Pt QxaHELTw»
B0, BT HHSEEROATH S (Figs. 6.1,6.5).

ik

A A4, RO 2 2 IR R A R
LAV AEER RS, MofKkoRICHEL, FoiER
Hefty, HBH 7% &% BRI Y ANRT/Sy FIROBEARE
M $ % (Tsuchiya and Nishihara, 1985; Tsuchiya, 2002 7
). T ORI Lutaenko and Levenets (2015) 2583 & 9
R BB L CH RN TV BEEDSL L, PIF - Mg
(1992) 2VRT L) ITHREZ R L2 FILAIC R 525480
»%. MFM16000 (2% ENHHAD ) A-F, M-P, R &
S o 3 o0, EEOEET IV E . Th SO
ROV TIE, EHETL2I00BBRIBEHRLTBLY, #
RTHBE L EZON5. BHEOREICOWT, KTl
FLWHKGEIZ L2 w2, Fig. 5 & Fig. 6 OFIZ TS
[ U Tz B8 L v b g, SRk e ExkeBEL
H o T BHE, BiEOL5L ESMIofKkE HHEL TV

AIZOWTIIRAZE L THAGE LD o TW RN D 5
bOLLTHmT 5. BB THAEEGEZT L4 74
X, BBEOKNMIDHSLEDOD, ZNENOREEIEREZE L
Ty FIROMBEARZ KT % (Tsuchiya and Nishihara,
1985). M5 ORRTIE, MR LM IR LR 2
b DOOMEHKEHEELTWD X HICH X, MFM16000 O
W XA ERERT O ONEENS (Fig. 7). Lzho
T, MFM16000 251054 7% < &b 3 DDEFIHKE
L7 KEEZ R T2 eE 265 (Fig. 7). HbET,
Septifer agiensis Itoigawa, 1955 X° Chlamys iwamurensis 7
DR A HBED C. grayanus D EET 50 S L,
Crepidula jimboana Yokoyama, 1931 X° 7 ¥ vV RS C.
grayanus DTG L CHEMNT 2IKE» S (k- Rl
2018; B4}, 2018), Tsuchiya and Nishihara (1985) 2%/~
L7z “Mytilus island” O X 9 e #EARD TV A A4 BEFHIZ
BB EIN TV EZ N5,

A - G (1992) &, BALAT D RERA & HERTH Rl B
EOMEEHER L TWA. HHIE, BALAAR%E & THER
L7-¥é, Hil3EiRICwEL, —E0HmIERdT 2 LiF
ML LaLzadss, THEBEY2O/H 5N C grayanus
OB S IR B A B A R oz v (Figs. 5, 6).
L7228 T, MFM16000 H® C. grayanus {347 < & b
W ETHEES» S SMEARIN TN T IS NIk, ERHL
THZRLZRETIEAVWEEZONS.
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Fig. 5. Reconstruction of 3D distribution of Crenomytilus grayanus in MFM16000. Red lines show the outline of the matrix.
Yellow shaded areas show attaching parts of each specimens. All scale bars represent 5.0 cm.
5. MFM 16000 NI B1) 2 ZEEARD ZRITH A O T S EAOIIEZ R T, Sk, SEAPERT 2 H0E2RT. A7 —

ViE 5.0 cm.

THEBRYH»HEM L7 C. grayanus DFFELEICOWTIE,
FOFMAFFETE WA, A H A HHIE, AHEDANI DA
RMHEZEIAE L THREZIER T2 2PN TYS
(#2)5, 1984; Tsuchiya, 2002; B i), 2010 72 &), M-
W (2010) &, WACEREZ IR L TR L7 A 74 Fis
R 2 e U, ARSI IR D 4 7 A4 BUiA
WA L7 SRR OIREZ MR L CORR LT 5 2 L 2R
L CTw5b. F72, Tsuchiya (2002) A A A FHANHHEE %
BHICLTAHBEICHN AT 2012\ LTwD. ZORETIE,
EHED O A A FHEEIN T HIHIC X o TR DOIREZ 15
FEFFEL, REMLERIARLTV. 20X RiffgEx

I & L7BRDRAE S 7z C. grayanus OEFE B O O
AR TR 5N, Lutaenko and Levenets (2015) @ Fig.
7G % Fig. 8G OFEIRI, Aiw® Figs. 5-7 TR LZZFEIRICE
CBTw2, Zhb0RAEZEIITE, TR 5%
M L7 C. grayanus 3AM % ERIRER S 3L, 22D
B S & LTS ik L ChHRZ I L,
ZOBRMNEW L & HITHERER SN EENEZ 5N
. BHAHVIE, WEHEE LD ITEMEISHE L THERL W
EO—EANEIR % & OB TEMED SHEN, WEEIC X o THE
ROWRELZMRF Lo F TR 2Rl L, HRICERShC
HFE L 72D D 5.
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Fig. 6. Reconstruction of 3D distribution of Crenomytilus grayanus in MFM16000. Red lines show the outline of the matrix.
Yellow shaded areas show attaching parts of each specimens. All scale bars represent 5.0 cm.

B 6. MFM16000 PNFBIZ 351F 5 KAEARD =R OB, RIS EADOIVEZRT. HEE, FEAY»EE T L0 2RT. 27—

Vi 5.0 cm.

74 F7FA M) —ORES & A

TH M7 T A M) =R RWGEIIEH L72RE R, sealTik
LTWAEEOEBIZTE W DD, —HIHBRTE LM
HROGHPIIBIT 5 =R RGAORINITE. IhE
T, HALAOMBRE 2 BB 256108, PN - Bl (1992)
D& % RTINS ETH o 7205, 5H#H%IE3D R T
YEMMULAZRITEMNRBISZT) 2 LI2X), LML
MEREZHHCTX LIS, 3D KR T LD IO
WCIE, FUVINIRATERH VLD, L—F—ZXFx &
0 B A HRDOAARFEENSTED (L—HF—AF ¥ &Y

W B A O 1710 LT offitg) Lwo flEad 5. 7z, B
TR 70 IRTE C S SRR AR OB 2 17 3 ISR
DX HHBIRBOBLGEEITH) T LATE L. KL THAA
e WAROBARZ R L CRE L7228 T 2 w788 bk
2, CTAF v VIFETRRZVLOD, AATICEBITBHEAR
DL TF R ZRICH A OB R .

—7, BB XS RMPREE BH T 513G, Sk
T 15 % BG4 2 128 R0 AR AR % LD A &t R D RE AR £ X
WEDEBVFENDLETH S, S OMEEIIHMETTED
%<, FFROBRMIEINMEZET L. 72, RO ) —
SV TORBEICEASN, AR L T A HEICDONT
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Fig. 7. Reconstrubted 3D distribution of Crenomytilus grayanus individuals within the block of MFM16000. The presumed
colonies of C. grayanus are outlined in yellow. The possible distributions of byssus connecting the individuals with each
other in the colony were shown in red striped areas. Blue areas show the matrix. Scale bars represent 5.0 cm.

[ 7. MFM16000 H1® Crenomytilus grayanus #AROTH. Ffitid, #EINnb C. grayanus FEEROHIEZ RS, R, H
VIR LAWEE Ld o 2RO H k2 RS, Fid, sa%2Rd. A7 —id, 5.0cm

BHBEAT) CEIETER. HDET, WHO=RITH A
A 2 RN N RO JEADPLETH 5.
TEEMBEDOBMES 2 EORIMD H D0, G HRRITH O
Bl 5 REEAR, REOBEIZ L - TELH S 21 2HEE
TEAEAOHEBRR 2 BT 52— T EL LT+ b
FAMY—IZEHTE S, HbET, KR TER LR
IV HHRISARTE R & o 72 ROR DR & % B 2 & AYHIRE
Ihs.

B

M OSEWE GG HERD 1213 A MFM16000 $RELOES
WZIhwieiwe, THIETEETH A0 - S Hle

A LHEILEREERDOTT 2 I EBH COREIMEEZ K> Tn
Tefinie. BB RFERFRERE AR oMK SRS
FCHRA TS LT T 7272w 72, Michael T. Coutu kK
(AR IR 2B L Twiz22wiz E R
fEOFEMEELIE, B AR L Cniz2&, HbeT
AHAFOMBIZOVTHELRIHE 2 2w L b
R AR L Tz vz JREBYALA YA O F A R
KICIE, BRZAEH L T2 EARRmITREICSE SN
VEoF 218 LR L RIFET.

51 HISCHR

LEMiAr. 2018, FiRAL A ObE K THBI CRigt S h
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Appendix 1

3D polygon of MFM16000 (3D PDF).

URL: http://www.city.mizunami.lg.jp/docs/2018011300017/
6k 1

MFM16000 ® 3D &) > (3D PDF TRIEEHE).

URL: http://www.city.mizunami.lg.jp/docs/2018011300017/

Appendix 2

3D distribution data of Crenomytilus grayanus (3D PDF).
URL: http://www.city.mizunami.lg.jp/docs/2018011300017/
fiH % 2

IV A A D=ZRIeH i (3D PDF TR HE).

URL: http://www.city.mizunami.lg.jp/docs/2018011300017/



