Ji5[H] : Moreno-Azanza, M., Gasca, J.M., Canudo, J.I., Lazaro, B.B. and Mateus, O., 2016. The evolution of the ornithischian eggshell:

State of the art and perspectives. Abstracts with Programs, the 2016 Annual Meeting, the Palaeontological Society of Japan, p. 6.

The)evolutionjof;thejornithischianjeggshelljState)ofithe)artiand]perspectives)

Miguel Moreno-Azanza (Nueva de Lisbon University)
José M. Gasca (Museo Olsacher)

Jose |. Canudo (Zaragoza University)

Blanca BaulGz Lazaro (Zaragoza University)
Octavio Mateus (zaragoza University)

Ornithischian dinosaurs were an important component of
the Mesozoic fauna. Their bones and tracks are commonly
found in Jurassic and Cretaceous outcrops, and more rarely
in the Upper Triassic. They are particularly ubiquitous in
certain temporal ranges and geographical areas, such as
the Early Cretaceous of Europe and the Late Cretaceous
of North America and Asia. In contrast, the paleoological
record of ornithischian dinosaurs is almost unknown, and iz
ovo embryos are currently known of only a single clade of
these dinosaurs, the hadrosaurs.

Reports of non hadrosaurian ornithischian eggshells have
been made and subsequently refuted. The first and most
famous case is the revision of the Orodromeus makelai em-
bryos, which were described as the first well-preserved in
ovo dinosaur embryos of the fossil record, and were subse-
quently reinterpreted as embryos of the theropod dinosaur
Troodon formosus. Another putative ornithischian i ovo em-
bryo, formerly attributed to a neoceratopsian dinosaur, was
recently reassigned to an enantiornithine bird.

Curiously, egg or eggshells of stegosaurs and ankylosau-
rids are unknown. For non-ankylosaurid ankylosaurs, Caira-
noolithus has been recently suggested to be laid by the nodo-
saurid Struthiosaurus, but the evidence is circumstantial and
based on the combined presence of ootaxa and taxa in the
same stratigraphic levels. Most robust is the claim that Pro-
toceratopsidovum eggs where laid by Protoceratops has been
accepted since the 1990s, although it has been challenged by
several authors. It is interesting to note that this association
between Protoceratopsidovum and Protoceratops may be the
origin of previous misinterpretations: Protoceratopsidovum
eggshells display prismatic morphotype —multilayered egg-
shells with smooth transitions between the mammillary and
prismatic layers— as do both Troodon formosus eggshells and
the above mentioned enantiornithine egg.

Despite of this lack of direct evidence, several eggshells

putatively attributed to hadrosaurs— commonly classified
in the parataxonomic oofamily Spheroolithidae— have being
reported from the Early Cretaceous and even Jurassic of
Laurasia, pre-dating the rise of true hadrosaurs and sug-
gesting that the hadrosaur eggshell architecture was shared,
at least, by hadrosauriformes, expanding considerably the
taxonomic affinities of Spheroolithidae. Detailed study of
the crystallography of Spheroolithidae eggshells reveals a
conservative architecture, that remained almost invariant at
least since the beginning of the Cretaceous.

Mapping of egg characters in a skeletal based phylogeny
of dinosaurs allows stablishing the phylogenetic bracket of
non hadrosauriform ornithisquians eggshells, allowing pre-
dicting the most parsimonious egg morphology for basal or-
nithisquians. Both basal sauropodomorph eggshells and the
most basal theropod eggshells are single layered, suggesting
single layered eggs for basal saurischians. The presence of
single layered eggshell in derived ornithischians suggests
that is the primitive condition for the dinosaurian eggshell.
Nevertheless, recent evidence of double zoned/layered
eggshells of ornithopod dinosaurs suggest a more complex
scenario, where primitive double layered eggshell for basal
ornithischians independently evolved into the single layered
eggshell of hadrosaurs. The evolution of egg shape follows a
similar scenario. Both basal theropods and saurpodomorphs
laid nearly spherical eggs, therefore the elongated and
asymmetrical eggs were acquired later during the theropod
and possibly ceratopsian evolution.

These preliminary results show that although the discov-
ery of new specimens surely will provide new valuable in-
formation in the evolution of ornithischian eggshell, detailed
analysis of the currently available specimens form a phylo-
genetic perspective can still improve our knowledge of this

key episode of dinosaur evolution.

BZA:E

I#i
Yl
&

BRELEDNROEBISHOMTERS

W

EHEN-EBL)=THF Y Ran-7 urkoxs
Ft - M HAD @smansFigne)
-l HAXRK #sa9x%)

TZ0Hh INIIAR - FHO $5a9x8)
FURTaF - T IR B539%%)

B AR CEI AN B B EE MR T
Holzo BBEHOFREHOIAIZY 2 T AHLD
WE2S RS2 ), TR =BLoBEL»S b
Wond, BEFObAEmPAELOI —a v 3, B
JUOBBABLOIT AV AL TV T E Vo212,
HELRREHIBIZE W DIFEP LTS, ThE T
iz, BREOIMEADOREIIZLEA LR, oo
LA IZOWTIE, BFEOE AN FaS YV AT
LR SN TV,

NtV ZHDAO BBEEOD O L S B IEAL
AN FTICOMEDRDH LA, TOCIIGEEENT
Eloo WOTLOROALRINE, BIEIRAES N2
O LA E LTHISNAF T FO AT X - 7 54 DIk
LATHE25 THIZBICEHBEREDO Y at V-7 %
VEAADKTH % EFHHER SN T 7o Bl T,
VHiE A4+, 7 b 728 (RO V—T) ObD L%
AN TWIMLADS, REOWHIFZETHREOLF T4
FNVZZAFOLDE NI,

FIREWZ L2, fIER T Y F a7V ARORET
. INEBA IR S AR IN TRV, 7Tr¥u
VAR LS OBEOLDE L TIE, / KL AF
DAMNVTATHINAD D EEINT=HA T T—)
y 2 (B)g) B AHH, ZTNITHEOE Ugidkr SPp L
FBOAADFEHL72E ) IRPFAER D A I T
5o mOBMINIIERSNAZFIL, IWET 0 M r I M T Y
FT2E7a b7 b TR (A7 P TAH) b
72V AT, BEOWRE D D BHEHONTH B L R
HEAMEZ 5N T WD DD, 1990 EEACLIRL F - T b,
BIRZEWZ &I, Zo7a by b 7Py Fyas7atb
77 T AOBRD, MO 7RO & 7% 5 720
2rd s, 7ubsr 7 b 7Y T AONRIE. Fuadt
FY e T3 NVERAARLF VT AFNVZAHEDL D LH
C &)z, MEERIET 2. HEOE» S % 2 ik
ThY., B GE—-RE) LAafRE GERE) o
A

EEOGE VWL OO, 27 zav—Y AR5
SRSV 2O b O LHEE S D IRALA A,
U—7 7 REORMAERL, 512 Y2 IiklolE
POMEENTVE, TNLOHRIE N Fad )L 25
OHBEIVIFTHLI DS, NFadvL s A
T O EE. P Eb XV ERBZE N Fa v
AR HIELBLTEY, A7 0y —1 ZAIIRHIAN
DEYIECSHEIICHINT 5 2 EARBEN L, F 72,
A7 x a7 —") AR ORKG EkEE SIS ATE Lo e 2
A, HEAMEDEIZIZE A LR LT, R
WS TH D Db ol

FHEAZHD BRBORHM LI, IOPE Z X &
5T, BN B O OIE 2 50T X B
KRR TETHET A2 LD TE S, NI L
AT LAL O FIGEE) 72 B RBAR L. BN %
HWRHRBE LN PO L ZAEOMICHARTNE 25
TdHbo FIHM 2 EHIEHE & i b UG 72 BIMEE O i
FHICH—0E2L 42D, Mo EFHIIH—BoIE%
FEATEL D7, —HTIRENZ BB OIS H—Fgoyp
BTHAHTO, THAEREOIIRE O TIIR D EEN
BIREETH D EBbhi, L LEETIE. BHEICY
TR DI RO o 72 2 e S, AR 7 B
AR EMEOINR RS, N NS r ZHA~O#
LR CH—FNEHAICEL L2 vy R )
FHRRBENT, OBIRSF L XD iz -85 72
£ 9 720 SRR 2 BRI & IR BRI\ W IE &
ATEH, B TIENHLREZ L0, BEEE, 2L
TERLLABOHEALICBVLTHIICESR SN X ) TH
%o

INOHDOFLENBAERIRIET 52 Lid. Hr LR
DFE DS BB O IR O AEALIZ D W TH 22 T & $2 it
T 5 )Ty T TICNE SN TV DR Z R F LT
TR AT UL, Rmodibic B 5 EE 2 ok H
DOMEIHEL ENH L TH B,



