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F20]: AR, AFex=, FF Faveoloolithidae, E|EF A} S-S AF

ABSTRACT: About twenty dinosaur eggs were found as nests in the northwestern part of Jacun Island, Sinan
(Shinan)-gun, Jeollanam-do of South Korea. The dinosaur eggs, consisting at least four clutches, were discovered
at the reddish mudstone intercalated in the Jacundo Tuff. These dinosaur eggs have subspherical shape with about
10 cm long axis, and they were identified as faveoloolithid Propagoolithus oosp., based on a multicanaliculate
pore canal system that gradually decreases in diameter towards the outer surface of the eggshell. The most
well-preserved nest contains ten eggs, displaying a bowl-shaped arrangement. This type of nest suggests that
titanosaurid sauropods likely excavated the ground using their hind feet to make these nests. In addition, the big
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holes in the dinosaur egg’s upper part (interpreted as a hatching window) with the eggshell fragments on the bottom
inside the eggs suggest that these eggs were fossilized after hatching. They are expected to provide information
on the diversity of dinosaurs in Korea during the Cretaceous period and their reproductive behaviors and nesting

habits should be studied in more detail.
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1972\ B sheolA S2uet 229 ¥
Fo] ¥FA%E o|3(Yun and Yang, 1997), Thofst
otz EJAEA] W] oF 15712 SM (3= st
T, AT, AR A, BEA], AebdE BA
2, A A AeE, A71E BPIA), B4k o
YE, HEE ok 9= F)ollA] FEe] Bu
Bk, Shebol A BE BEUL 3 6719 vt
(Dendroolithidae, Dictyoolithidae, Elongatoolithidae,
Faveoloolithidae, Ovaloolithidae, Spheroolithidac)=
B2 7 9t (Yun and Yang, 1997; Lee ef al., 2000,
2007; Huh and Zelenitsky, 2002; Huh et al., 2006;
Kim, 1.Y. et al., 2011b; Kim, N.-H. et al., 2019).
o] % AR Ao T ool of g
QU|FEZASLZAT O EX 8 2AE|= Macroe-
longatoolithus xixiaensis A7} &= 9 A5-H v}
QTHKim et al., 2011a; Huh et al., 2014). Ao+
Ae o] FEY-L Faveoloolithidaeo]] &3h= E&
U= A Aepde BT B8, A% 3HIA
1R, AEEE Bk 9= A FolA HiE A
S ZE FRolth A2 FEYE BA A
EHFE 7R EEE A ZAR A (Choi ef al.,
2016)04 ZEY FHo g AFE oLt ol tf
T AARE 7] E =9 YISk waEbA] o A
oflA= At A2 oA THE 358 £7<t
A BHE SR 4bE = 71sstat gtk

2. A2 7=

shajo] WA Hehd® A AL EE 224
A AEA "wgFe 2 oF 30 km GolA Q= Ao
= Jeze} gaeg Fate] £x\ok A=} At
(2% lab). o] NG9 AL LAY A o
)3t $7) Wby SRR E FHZ Tl duld
ok, ShRERE AL ES BT AR TS F o] 9

A5t ref=abuetat o Ao 23 =
o] 23] TSt Ao 2 W ItKChoi et al., 2016,
3% le). o] T A= U42 S21 4, Sk
S, S5 Hell 2722 S AE AU o] &
FAfeh 4% BHskez olzoly glon dr)
= 84-82 MaZ I 333 A A= 34 (Hwang
et al., 2010), %FAF Ax}= SHA(Park ef al., 2018)
o] Bl AQhE ARG} F ko) ARG =SB}
¥ H=tH(Choi ef al., 2016; Hwang et al., 2019).
AT el FBY2 A2 BAE AlEs| e
o AASh= AR =32 W FASh= 2] -
7 HAdo A TAHJAKH 1d-). FFLol T
As= FHFE oF 2 m FA9 @54 £ A4
A ool AR s Akl £1] g2
YA HlFo] FoMA| AL FHLY 4HE HIEE
Fol=t}, thrro] FEUS Aolgto) A A
Foit 1719 128 =1 9 122 glHo| L3
Ao TYT A AANAE 1k
g 1d).

3. 47

oj¥l Al 8L Choi et al. (2016)°]
A “zpgie] olgt Yol FEY T S0l B
22 g v ook ol % ks =T
AN WA 24} F ARk FEL SRz
W, LT FeS 021 Y TEY FAS o
Qlshten] Agkage] Wxslol] A2 24 A
F7H A sl iR Ee) FEe Aol 9133t
2 glon), Ao WolA Q= B8 1UKDRC-
SJ-DE01) =53t Addishal gh=5-5A-7AlE
o] 53 FoIcf. o} A4l weE 382 0
H Ay E e 478 it TR T
o 728 SIS ER31] Hstel % 4] ut
& A28FATHKDRC-SI-DE-101-104). Aj2ve 28
o uhme AoshL A8k o) wakn)
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(Leica DM750P)& E3f =2st9tt. Shell unito]]
A JeER = Zu| AR (ultrastructure) 2} 5 2L 9
3 ERE BASY| Y8 WEnE F |zt
AT HAlEe] ZAFAARAv] A (Hitachi SU-70)
2 ol g5, FAAAEUAL 150 kve] 74
Z (accelerating voltage)of| A Secondary Electron
(SE) 2=z &FsIlth 21 919 35 71Ao &
3l 8-0]= Mikhailov (1991, 1997)& w2t}

4.7] 2

PHE Y2 BT U FRE Holy, =

FollA 2179) o] 479 FAIE o] R Yal(in
situ) ZF2HS] SA= 3 - 10749 &2 FA o] Aok
(29 2a-e). 3719 ZE SX|(ECO1-EC03)= 2
73 ¢F 10 m 0| ] T FEA HAEeH F
A& Z+HzF oF 1 m (ECO1 - EC02)2} 5 m (ECO2 -
EC03) 7tA o2 HojA A Wrddct. 54 ECO4=
o]t} oF 60 cm Y] F<EolA HAE JATHTH 2A).
3 =79 HEZ oA 1709] F-8(KDRC-SJ-
DE01)E 2Z33kaL Sl A4S ERIsHe) E3L,
A = Holle A% £e9 35Y gHE|

o= B3E5tL Qlth 38Y SAE olF L Y= E
At FHE o] R e EHY WollA FHT

a

Legend
:l Quaternary
I oike
Rhyolite

479 saokdo Tuft

{87744 Jaeundo Tuff

Amtaedo Granite Porphyry

Fig. 1. Location and Geological map of Jaeun Island dinosaur egg fossil site. (a) The geographical location of Sinan
(Shinan)-gun in Korea. (b) The geographical location of Jaeun Island, Amtae Island, and Aphae Island in Sinan
(Shinan)-gun area. (c) Geological map of Jaeun Island. The yellow asterisk indicates the egg fossil site. (d) Columnar
section of the dinosaur egg-bearing deposits intercalated in Jaeundo Tuff in Jaeun Island. (e¢) Aerial view of the
Jaeun Island dinosaur egg-bearing deposits. (f) Aerial view of the Jaeun Island dinosaur egg fossil site with Dinosaur
egg clutch locations. The white and yellow dots show the areas of egg clutches and fragment assemblage, respectively.
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86 cm, Z©] 41 cmo|t}. EC019] ¢ A2 th& uj
2L 7L 2ol 2Rlo® Ty glout, ¢ 5t
o] A% BE, BEUC| HE ko] Yk,
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At E2 725 ehlitks Fg vigoz g 5
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Fig. 2. Photographs of dinosaur egg fossils from Jaeun Island dinosaur egg fossil site. (a) Overall view of the egg
site outcrop with clutch locations. (b) Photograph of the clutch ECO1 with the drawing of dinosaur eggs. The yellow
dotted line indicates the bowl-shaped nest. (¢) Photograph of the clutch EC02 with the drawing of dinosaur eggs.
(d) Photograph of the clutch EC03 with the drawing of dinosaur eggs. (e) Photograph of the clutch EC04 with the

drawing of dinosaur eggs.
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Fig. 2 (continued). (f-i) The dinosaur eggs from the clutch ECO1. (j) The dinosaur egg from the clutch EC02. The
White dotted line indicates the hatching window. (k) The dinosaur egg from the clutch EC03. The fragments were
reported by Choi et al. (2016). (1) The dinosaur egg from the clutch EC04. The fragments are superimposed in the

egg. (m) The dinosaur egg in ex-situ (KDRC-SJ-DEO1). The yellow arrows indicate the eggshell fragments in the
egg. The white arrows indicate eggshell fragments.
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A EC02= #3709 F8Y=E A5 A
=4 @Ho] mie & Uehts 243 I 3
& 174} mpEo] moZ] P2 ez 2719 &
2 o]FoA JtHZH 2¢). EC02 TA|= HE
2t =2 ol YA|SHL glo] @ do] A4
Aoz "ol ECO20A gho] & et 38
9] A A2 upHEo] WRY shiof Boilar, 4
Hol A-E vehtA] g2 AS RISt 1™
2j).

A EC03-& 24 47]9] &2 A= o] glom,
243 Fel= UEhA] g BE go] ghEo] 1
o7 g2 wA=cH 28 2d). T4 Choi et al. (2016)
oA g g ol oo st 1d 2k).
EC039] Bt oF I m 8] th=9] F5Y nhH o]
AR 9] et A9 FHE wHetstr )= of
Hoh

npR|Ete 2 FX] ECO4= tHE TA R 495
o YX|3taL Qlom, thZ FA o= thEA 71A Y
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H 9| v &o] o] Frt 243 G2 LA g 5
2o} BaYsh ko 2 FES ol hEAf o 2 e
U= 2 719 SBYE o|Fo)A UTHH 2e).
ECO4= ohE TR Blsto] 2] Wke 2 Qr&d
FHZ TAET 5ol HEH EHYME F
27} vl a2 et P = et 1| 21).

A4 o2 ¥rA%E KDRC-SI-DE012] 7% 1742
e JHES E2FSHL Stk A o] WHE 9
A= EC02¢9t Aol qlof Ho|R|qt Peslz] o
th Y Wil EfRA e s wgd A2 o
Eo] the ERIFTHIH 2m).

2713t FHY] T 271= A5 85-117 mm (B
o 98 mm), T 53-68 mm (B 58 mm) .2 9
ol 2 =Y HAet o} 3 9 FHIE Btk A
719 FA= Bt 1.64 mmo|t}h. FEYE FHL
A2AE wu gl o3 ThEold A2 TS
o] Irdiith FFYY] Wi 5ot Y% HA
B2 FEo] Jlon, YR Al & 7% 7

I} 7 o) 2he 7] LA Y7| FHSo|

Fig. 3. Thin section images of Faveoloolithidae dinosaur eggs from Jaeun Island. (a) The radial thin section of the
eggshell is composed of a single layer (KDRC-SJ-DE-t01). (b) Enlargement image of the lower part of the shell
unit under polarized light. (c) Enlargement image of the pore canals. The yellow arrows indicate the pore canals
extended vertically and developed in the shell units, characterized by the filispherulitic morphotype. (d) Tangential
thin section of the middle part of the eggshell (KDRC-SJ-DE-t03). The cross-section of the pore canals is round
and oval. (e) Tangential thin section of the lower part of the eggshell (KDRC-SJ-DE-t04). Some shell units are ob-
served separately as round shapes (white arrows), while others are connected (yellow arrows).
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ZHETHH 2g, 2h, 2j, 2m). °]23F VHHSS 3-8
mm Zo| &2 F2 & £9] 50| 9|5kl et

TEY] $A A (radial section)S E3f S¢15t
oAt Z(microstructure) ol A= 7H=Thek shell unit
o FRE A= EUI5HH YA S we F2E
HOItH( 1Y 3a). 3142 mammilla layere} A2
column layer7} H&3}A JLEE R o= 3} &
S 2 FAE o] ¢l om, shell unite] M= mammilla
oF FARSE 5 Y& (rounded cone) FEO|TH 1Y
3b).

% (pore canal)2 3RO A ARR7EA] AL 0
2 dgstgon] Wi gaid oz A Uk o
23t 57 9] P = shell unit Yol A= 422 F 0
2 UEUAY A2 QdH e F25 o| 1 W’
tH2¥ 3c). % Td(tangential section)of|A= &
T8 FEiet 27 9] Mo} SRIET2E 3d-e). st
o)X= shell unitd} w7 o] E+F215HA UEh
™ shell unit> 4% AZ= ] = Fejet 544
A FH EBF YEPdTHIH 3e). AH=E ST
£ shell unitE A2 AusHA A2 1YL
YA FH= Igth 57 9% Ex B
¥ 02 Yehs "2 (honey-comb)E o] &T}
(29 3d). 579 AAL shiolA die 24
5 gasi Y BeEs S EUAH

Outer Surface (c-d)

3c).

ZAPAAFE U] Z(Scanning Electron Microscope;
SEM)Z £3]| shell unit 3} @kt BRARSH= 1
NARTZE ERIeHA B (Y 4a-b), | T
23t 5743} shell unit®] A 9@ oAt E7)
(node) = T THBFHATHLE 4e-d). EZF FFY
o] Y& FHo|| A& F7]8(organic core)o] TS

A 4= UTHTH 4de-D).

5.E9|

51225 38Y 25

A2 FF LY shell unit> HA A 0= ALY
< T 3150 organic core”} EA|5H= dinosauroid-
spherulitic basic type (Mikhailov, 1991, 1997)2.2
53 5 Utk AR FEUNA Uik &7
He 9 B Y e Bojan Az 2
3ol FE2 YEldtheE FHoflA multicanaliculate
<A (pore canal system)Z EFETH Y 3a,
3d). AR Yehte e s 02 3 ugd
sTEo gHe R g o R et 9 &
o] A2 AZE AL 2713 1) Lk Feje)
GHo 2 FAHETHIY 3d). E3L <7Ho] shell

Fig. 4. Scanning Electron Microscope (SEM) images of Faveoloolithidae dinosaur eggs from Jaeun Island. (a) The
radial section of the eggshell. (b) The lower part of the shell units resembles the mammilla. (c-d) The outer surface
of the eggs. Note that there are developed pore apertures on the surface. (e-f) The inner surface of the eggs. Note

that there are developed hollows left by the organic core.
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unit®] WP ot ofye}t RN 2208
dhsh= A3}, multicanaliculate S H A9 E4
< 2= A& B3N shell unite] 23 Fe= fili-
spherulitic morphotype (Mikhailov, 1991, 1997)<.
2 BE535i%th o]k 22 shell unite] F29} &7+
YAE 3t o LA 2= F-FY2 Faveo-
loolithidaeo]| &3}= AL 2131yt

A& of| A 2EAE faveoloolithid Z5¢-2 <t
Aol B31E Propagoolithus widoensis (Kim et
al.,2019)e} G771 9] shRo A R 2 des 5
Td(pore canal)®] Z)730] HZ O = 7445131 shell
unito] F7|3ch= FHolA vl FARBIHLE 3d-e).
SHA|RE P, widoensis= EHONA w89 E8E &
st ofelul Aow FRULS ERG G
FE7F HEE L nARE E7]50] EEshe HollAl
Aol & HRATHLH 4c-d). Thk o] 2|3t 29
Zol7t 7)o BN 7|83t R, g
SpgolLt 3 ol Ot E8ke] Fapo 2 Lieht
SR tsie F o AAE Blart Bast
o} wabA] o] Ao A= AR 3 F LS Propa-
goolithus oosp. 2 53} T}

52225 BEY S22 £

Faveolooithid 2] 382 vfjo} 3443} Zro] ¢4-&
e $50) 28] AH o2 Yo 712 e gt
(Kim ef al., 2019). th7t Kundrat and Cruickshank
(2022)+= faveolooithid 35 5o T3t HFE
@529 (computed tomography; CT) o|0|R| & F
8 ElEReAk- 2 wole] BTt SARE Hefel
FEE B3t gk 1 el A Q1] A
S} 715, EEReAR R AR Hiobr L I E meg-
aloolithid®} faveolooithid 2] SX] He]Q] SAMA, &
9] 37|, 18] 11 buried nestE AA|5H= WL 4=9]
7o) Faveoloolithidae2} -82}52] HHALS ]
AlgFcK(Mikhailov, 1991, 1997; Faccio, 1994; Deeming,
2006; Grellet-Tinner and Fiorelli, 2010; Grellet-Tinner
et al., 2012; Kim et al., 2019). A-2=-3-3]9] 3
Foh= 84-82 Ma A7l 84572 £/ F H
EFe A2 A2 (Titanosauria)JHo] Aokl o]
2 A tiFof §A AAlstd A o= HlcWilson,
2002; Upchurch et al., 2004; Rogers, 2005; Upchurch
and Barrett, 2005; Cerda et al., 2012). 3HIE=9] &

re
4N
0z
o2
o
ra

P

248 Ashae TE owk Bhajz B o
BTE B} gck oM Bpe] AS SHAE T A
ZolA F 779 olEo] HuEG=tl(Lee et al.,
1997; Park et al., 2000; Lim et al., 2001; Yun et
al., 2007), Choi and Lee (2017)= o] X5 ElE}
= ARS-E A G E(Titanosauriformes) 2] o]y A o]
ohm Zsteich. 27 ko] A9 A o2
(nomen dubium)? 82rF9] AF “Ultrasaurus
tabriensis (Kim, 1983)°} “Pukyongosaurus milleniumi
(Dong et al., 2001)°7} B 115 v} QIck. “Ultrasau-
rus tabriensis” 2] 739 )z HZ(ulna)Z 7| A=
A9k, Zof AlZ(humerus)Z ERIEAtHLee et
al., 1997). =3, 273 9X&E EZ8E U= 3
H5ty ul Rasstel 1 ERskA 947 Beral
39K Upchurch et al., 2004; Wilson and Upchurch,
2009), “Pukyongosaurus milleniumi2] 73-5-0ll= basal
titanosauriform@l Z 22 HoltiUpchurch et al.,
2004; Mannion ef al., 2013; Park, 2016). ]2t &
250 nA et B 0 ghe o] 4712 L T
Ho o, 2o A WAH faveoloolitid= F7] 9
ob7lof FhukEs] MABHHE EleheAt ARl
RN AL E HITh

ElEReAby R ARE SR S 34 28 P
At SAS 7R Ao g s A Eth(Sahni, 1994;
Mohabey, 2001; Vila et al., 2010b; Hechenleitner
etal.,2015). B oh= P52 4L &2 Fgo| &
& 3123 (bowl-shaped)?] A& FAsHH, 35
oo Aol A] SRR AYA 02 rehLie) ok
oAM= gol A Zole FEHZE BEE ol
gt Fej o] FA= A% ECO1 A= & et
Ut} ECO1 $A] E3F sho] 5712] o] A= HX
FEHE Yehtar 5749 go] Aoz et A
B2 Q] 223 (bowl-shaped)d] T4 GHS HoE
THE 2b). A2=oA Wad 35 A= 1
Ao Apo|et ol A AR F-gdo] YA|st=
TR 1 FRHE glo] oIt EjA A2 Zpo]
He THEA =t} ©]= buried nestg: WE=
|50l EF TAE= S0l Vila ef al., 2010a,
2010b). ZH7ef Zo] SA7L YR 2 =5H H¢-
TAIE o] R = 71- A AR EFF Aol of|A]
83t el Zpol 7| A B gtK(Horner, 1987;
Varricchio et al., 1999; Hogan and Varricchio, 2023).
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ohit, oA F delut EAA e Mt FA19
A= A 7] YA thx2]2 524 A
ATt 7Hs8E7] Hol eEE FAA F2 EE
THChiappe et al., 2004). o|¢} t|2F o7 4 ¢
1 ¥lE Hoj¥E]&= buried nest®] F-$- 7|23}t 1
ANE G HAE AbololA tir| = ddolu EF
25 I3} oJHtH(Vila et al., 2010a, 2010b).

5L A & 72 F3M(hatching window)
© 2 A= mj(Horner, 1982, 1984; Cousin et al.,
1994; Fiorelli et al., 2022; Dhiman et al., 2023),
o Yiof| £k 22 27|19 AUV e §2
Ao oJs) FAE Aoz Bk o|zg ¢
7150 BEL kg BHOR st mARe AR
SN & UelS 715AE QltkFiorelli ef al., 2022).
SR o] 2|7t EARL] Ao oFt 9= Yol
eEH E0NA UEh] wiZel & Qhgtof 2
AT 71 7F AR &= EAo] JAtk(Fiorelli ef al.,
2022). BHA A& FHEE 2 Yol 22 1t
HEo] YAt (2™ 2g, 2h, 2j, 2m)T} A2
T 9] =] 7} buried nestS Btk HL 117
SehA, T4 oA 717t Fakshar U2 o 74
A7) FHEO] WRE SOl AY Fol =91 5
AEgo] YRZ 5019 I FXE Z2eg Helr
weha] FEY Aol Uehs 2 i Wi
22 4 EES IR g9 HIE AAsh= AL
2 = 7Fs7d0] )l

6.2 E

Aehd = AQt: A2 Zof| A FEEol TAE °l
$3 e A2 WA BAH FEAL ok
% (subspherical) e}, 2 A8 5799 2
7ZJo] Zro}R]= multicanaliculate <+ 7, shell unit
WollM = s7-go] 218 ez 2 st filispher-
ulitic®] EAL v} & Faveoloolithidaeo]] £3H=
Propagoolithus oosp.2 S5}t o= 344 Azt
B Holt o\ WA Propagoolithus widoensis
o wre] ErolH Eaat 710) BAEE Holt
ARG, o]t @AFo| gl B4 gt AR &
off Bk oj3i 371491 lo] Waslth Aew
Y SA $21R7H B2 54 15 (bowl-shap-
ed)d] A& Te & &S YAt s HoiF

o, 57 W] Sl M ASHYE B AR
2E2(Titanosauria) @] TX|Ql Ao 2 Rl Tk A
H FFLNA ERlE= F3H(hatching window)
I & Y Fof ARfshe Aol Fge 2719 gEE
< 73 ol oo FAEHUS AR A,
YR o] Aoz Hilrh dofid Fof 3}A3}
e A2 AR Y4dn) FF gbzoA
AE e 35 Ao tisiM e 35L&
Fh, A1 FHl, 38 HHe EEZSY 5ol o
S AAA ] HE Foho] b=l A 45 H
Y 7 2 o|=9 4kt Aol gk =714
HE ES 5 IS AL 2 7|t

=T M

i)

v

ro
oxl of

gael =

AT Tgol A BRNFA ATH BARFE]
A FA=Yuth @Y 2ol =28 & Aot
¥ BEAUAABIANIG ATURET A2

oF. ok WY ofulx) FPo| £ F A
dehetm ARBRAE AFARSAA el T
2 EYULL BAOR =R AAE B A
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