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Department of the Geophysical Sciences, University of Chicago

GSA Connects, October 9, 2022, Denver, CO

With artwork by Moritz Dukatz



Theropoda



Sauropodomorpha



Ornithischia



S
au

ris
ch

ia

Ornithischia

Sauropodomorpha

Theropoda

O
rn

ith
is

ch
ifo

rm
es

Ornithischia

Sauropodomorpha

Theropoda

O
rn

ith
os

ce
lid

a

Ornithischia

Sauropodomorpha

Theropoda



Theropoda

Sauropodomorpha

Ornithischia

HPlePliMioOlEoPalLCECLJMJEJLTETLpGCPnMsLDMDEDPrLdWLlLOMOEOFMlS2T

M
g

N
rt

G
rn

LP
M

P
C

lb
G

l
P

cZ
M

ss
Trt
S

rr
Ln
B

rd
A

q
C

ht
R

p
P

rb
B

rt

YD
n

M
st

C
m

C
nm

A
lb

A
pV
l

B
rrs
T

t
K

mO
x

Trc

P
l

S
nm

R
ht

N
rn

C
r

Ldn
A

nO
lI

C
hn

W
c

C
p

W
r

R
d

K
n

A
rt

S
k

A
s

G
zhl

K
s

M
sc

B
s

S
rp

V
s

Trns

F
m

F
rs

G
v

E
f

E
m

P
rg

Lc
P

rd
Ldf
G

rs
H

mS
hT
l

A
rn

R
hd

H
r

K
t

S
nd

D
rr

D
pF
l

Trm
S

10
JP
b

G
zhn

D
rm

W
l

S
4

S
3

S
2

F
rt



O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

O
rn

ith
is

ch
ia

Sa
tu

rn
al

iid
ae

D
er

iv
ed

  s
au

ro
po

do
m

or
ph

s
Ea

rly
 th

er
op

od
s

C
oe

lo
ph

ys
oi

de
a

Ea
rly

 n
eo

th
er

op
od

s

C
er

at
os

au
ria

Te
ta

nu
ra

e

Sau
Of1

Of2

Os1a

Os1b

Os2 Os3a

Os3b

H
ol

oc
en

e
P

le
is

to
ce

ne
P

lio
ce

ne
M

io
ce

ne
O

lig
oc

en
e

E
oc

en
e

P
al

eo
ce

ne
La

te
 C

re
ta

ce
ou

s
E

ar
ly

 C
re

ta
ce

ou
s

La
te

 J
ur

as
si

c
M

id
dl

e 
Ju

ra
ss

ic
La

te
 T

ria
ss

ic
Lo

pi
ng

ia
n

G
ua

da
lu

pi
an

C
is

ur
al

ia
n

P
en

ns
yl

va
ni

an
M

is
si

ss
ip

pi
an

La
te

 D
ev

on
ia

n
M

id
dl

e 
D

ev
on

ia
n

E
ar

ly
 D

ev
on

ia
n

P
rid

ol
i

Lu
dl

ow
W

en
lo

ck
Ll

an
do

ve
ry

La
te

 O
rd

ov
ic

ia
n

M
id

dl
e 

O
rd

ov
ic

ia
n

E
ar

ly
 O

rd
ov

ic
ia

n
F

ur
on

gi
an

M
ia

ol
in

gi
an

S
er

ie
s 

2
Te

rr
en

eu
vi

an

MeghalayanNorthgrippianGreenlandianLate PleistoceneMiddle PleistoceneCalabrian
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Ornithischia

Saurischia

Silesauridae
'Silesauridae'

OrS



Hypothesis Ornithischia sister to: Includes silesaurids

Sau (Theropoda + Sauropodomorpha) No

Sau OrS (Theropoda + Sauropodomorpha) Yes

Of1 All sauropodomorphs No

Of1 OrS All sauropodomorphs Yes

Of2 Non-saturnaliid sauropodomorphs No

Of2 OrS Non-saturnaliid sauropodomorphs Yes

Os1 Most or all theropods No

Os1 OrS Most or all theropods Yes

Os1a All theropods No

Os1a OrS All theropods Yes

Os1b Neotheropoda No

Os1b OrS Neotheropoda Yes

Os2 Coelophysoidea No

Os2 OrS Coelophysoidea Yes

Os3 Most or all non-coelophysoid neotheropods No

Os3 OrS Most or all non-coelophysoid neotheropods Yes

Os3a All non-coelophysoid neotheropods No

Os3a OrS All non-coelophysoid neotheropods Yes

Os3b Averostra No

Os3b OrS Averostra Yes



Hypothesis Constraint Datasets

Sau (Si,((H,L),((E,P),(Co,D)))) B&W, LEA, M&G

Sau OrS ((Si,(H,L)),((E,P),(Co,D))) B&W, LEA, M&G

Of1 (Si,((Co,D),((H,L),(Sa,(E,P))))) B&W, LEA, M&G

Of1 OrS ((Co,D),((Si,(H,L)),(Sa,(E,P)))) B&W, LEA, M&G

Of2 (Si,((Co,D),(Sa,((H,L),(E,P))))) B&W, LEA, M&G

Of2 OrS ((Co,D),(Sa,((Si,(H,L)),(E,P)))) B&W, LEA, M&G

Os1 (Si,((E,P),((H,L),(Co,D)))) M&G

Os1 OrS ((E,P),((Si,(H,L)),(Co,D))) M&G

Os1a (Si,((E,P),((H,L),(Ta,(Co,D))))) B&W, LEA

Os1a OrS ((E,P),((Si,(H,L)),(Ta,(Co,D)))) B&W, LEA

Os1b (Si,((E,P),(Ta,((H,L),(Co,D))))) B&W, LEA

Os1b OrS ((E,P),(Ta,((Si,(H,L)),(Co,D)))) B&W, LEA

Os2 (Si,((E,P),(D,(Co,(H,L))))) B&W, LEA, M&G

Os2 OrS ((E,P),(D,(Co,(Si,(H,L))))) B&W, LEA, M&G

Os3 (Si,((E,P),(Co,(D,(H,L))))) B&W, M&G

Os3 OrS ((E,P),(Co,(D,(Si,(H,L))))) B&W, M&G

Os3a (Si,((E,P),(Co,((H,L),(D,(Ce,A)))))) LEA

Os3a OrS ((E,P),(Co,((Si,(H,L)),(D,(Ce,A))))) LEA

Os3b (Si,((E,P),(Co,(D,((H,L),(Ce,A)))))) LEA

Os3b OrS ((E,P),(Co,(D,((Si,(H,L)),(Ce,A))))) LEA

B&W =
Baron & Williams 2018

LEA =
Langer et al. 2017

M&G =
Müller & Garcia 2020
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Hypothesis Baron & Williams Langer et al. Müller & Garcia

Sau −12.36 −7.92 −7.37

Sau OrS −28.44 −13.71 0

Of1 −9.68 −8.52 −10.07

Of1 OrS −41.81 −29.16 −20.22

Of2 −7.61 0 −6.42

Of2 OrS −52.18 −36.01 −21.71

Os1 13.24

Os1 OrS 23.93

Os1a −5.78 −9.12

Os1a OrS −41.38 −30.79

Os1b 0 −0.89

Os1b OrS −60.99 −39.90

Os2 −4.72 −7.03 −17.11

Os2 OrS −71.89 −61.60 −43.16

Os3 −6.31 −17.06

Os3 OrS −74.20 −42.50

Os3a −1.98

Os3a OrS −56.39

Os3b −1.46

Os3b OrS −60.84

Best

Barely worse

Positively rejected

Strongly rejected

Decisively rejected



Next steps: tip dating in RevBayes



Thank you!
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