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Saurischia and Ornithischia

All taxa more closely related to birds than to Triceratops.
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All taxa more closely related to Triceratops than to birds.



The traditional saurischian phylogeny
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Modern saurischian phylogenies
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Saurischian synapomorphies

(a) (d)

Air sacs in saurischian vertebrae Hyposphene-hypantrum articulation



Saurischian synapomorphies

Guaibasaurus Coelophysis Thecodontosaurus

Herrerasaurus Plateosaurus Anchisaurus Riojasaurus



Herrerasaurids

Anterior edge of scapula is straight ,
Scapula not expanded anteroposteriorly

AL s ass it

Mandibular joint posteriorly positioned

Distally expanded pubis

20 cm
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Longer digit 3, plesiomorphic state missing in eusaurischians



Modern saurischian phylogenies
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Basal Sauropodormorph phylogeny

-|-Massopoda

= Plateosauria

== Sauropodomorpha

= Fysaurischia

-|-Saurischia




Basal Sauropodomorpha

Buriolestes, the basalmost sauropodomorph, from the Late Triassic (Carnian) of South America
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Long deltopectoral crest

» |t lacks a small head and enlarged nostrils, which are
typical among more derived sauropodomorphs.
» Like Eoraptor, it was probably carnivorous.

Downturned jaw tip



Basal Sauropodomorpha

Thecodontosaurus, Late Triassic (Rhaetian)

Small head

Lanceolate tooth

i
di(

Serrated tooth (b)

edge
Reduced and
clawless exterior
| —
2 mm

Enlarged nostril



“Prosauropoda”

Orb

it Antorbital fenestra

Longer neck and

: \ Plateosaurus
cervical vertebrae :
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Could not pronate
hands (obligate
bipedalism)

lm

Larger body size

Plateosaurus, Late Triassic



Unaysauridae and Plateosauridae, two groups of prosauropods

a
pra emf

Macrocollum, Unaysauridae

. Plateosaurus, Plateosauridae
presence of promaxillary fenestra



Masso pOd d Every taxa closer to Apatosaurus than to Plateosaurus. Etymology = Massospondylidae + Sauropoda

Massospondylus

Apatosaurus

Juvenile Mussaurus



Massospondylidae

=

upratemporal Fenestra

Lateral Temporal Fenestra

* Smaller and with a slighter build than plateosaurids.

* Longer necks, with foremost cervicals four times longer than wider.

* Juvenile proportions and tracks in nesting sites indicate a quadrupedal
gait, but adults retain ancestral bipedalism.




Juvenile quadrupedalism

Massospondylidae and some basal Sauropodiformes
(such as Mussaurus) appear to transition to a bipedal
gait as adults.

Mussaurus, early Jurassic



Sauro pOd iformesai taxa closer to Saftasaurs than to Massospondylus




Riojasauridae

* Heavier body and bulkier legs than most earlier sauropodomorphs.
e Although usually described as obligate quadrupeds, a 2016 study

concluded that it was a biped.

* Four sacral vertebrae instead of three.

Outdated quadrupedal
depiction of Riojasaurus

Copyright Scott Hartman, 2016.

Riojasaurus, Late Triassic



Aardonyx

e Although a biped, features of the hand and ulna suggest it could walk
quadrupedally as an adult.

* Fourth trochanter of the femur is more distally positioned. Typical

characteristic of large sauropods.




Melanorosaurus

e Earliest truly quadrupedal sauropodomorphs.
* Retained some primitive sauropodomorph characteristics, such as a
premaxilla with four teeth on each side.

* Four sacral vertebrae.

 The genus is probably paraphyletic.
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Melanorosaurus, Late Triassic

Copyright Scott Hartman, 2014.




Melanorosaurus

e Earliest truly quadrupedal sauropodomorphs.

e Retained some primitive sauropodomorph characteristics, such as a
premaxilla with four teeth on each side.

* Four sacral vertebrae.

 The genus is probably paraphyletic.

Melanorosaurus, Late Triassic




Sauro pOd d Sometimes defined as all taxa more closely related to Saltasaurus than to Melanorosaurus

* Massive graviportal, obligate quadrupeds.

* Straight limb bones, forming “columnar legs”.

* Distal carpals and some distal tarsals not ossified.

derived sauropods)

Massospondylus

Herrerasaurus

-
- -

Vulcanodon

Isanosaurus

Articular surfaces of bones not ossified, forming thick cartilaginous caps.
Tendency to increase the number of sacral vertebrae (from 3-4, to 6 in

Evidence for a thick supraspinous ligament that supports neck and tail.

Pleurocoels

Cervicals

Copyright Scott Hartman, 2013.

Thoracic




Sauro pOd d All taxa more closely related to Saltasaurus than to Melanorosaurus

== Neosauropoda

== Fusauropoda
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“Lessemsauridae’

Yunnanosaurus :
> Jingshanosaurus Sauropodiformes
Riojasaurus
E. fortis
E. entaxonis
Seitaad
Mussaurus
Yizhousaurus
Meroktenos
Sefapanosaurus
Aardonyx
Melanorosaurus (NMQR1551)
Melanorosaurus (NMQR3314)
Blikanasaurus
i ngentia
Camelotia
i Antetonitrus
i Ledumahadi
Lessemsaurus
Leonerasaurus
24 Gongxianosaurus
2 Pulangsaura -
3 sanosaurus \
> Vulcanodon
~ Tazoudasaurus
Patagosaurus d
3 Shunosaurus \
Barapasaurus
Spinophorosaurus
Mamenchisaurus
2 Omeisaurus
2 oy Cetiosaurus =

Neosauropoda -

First giant sauropodomorphs, some reaching masses of up to 12 metric tonnes. Depending on the phylogeny and the
definition of Sauropoda, they can either be basal sauropods, the sister group to Sauropoda, or form a polytomy at the
base of Sauropoda.
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Eusauro pOd d All taxa more closely related to Shunosaurus than to Vulcanodon

el
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Relatively short neck
Fused caudal vertebrae

forming a tail club
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Shunosaurus, Late Jurassic.



Eusauro pOd d All taxa more closely related to Shunosaurus than to Vulcanodon

Mamenchisaurus, Late

Jurassic to Early Cretaceous

gg Omeisaurus, Middle

@ Jurassic
Q
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Mamenchisauridae, possibly paraphyletic group of extremely long-

necked sauropods, some with tail clubs.



Neosauro pOd d Most recent common ancestor of Saltasaurus and Diplodocus, and oll of its descendants.

*Dorsally located nasal openings.

*Vertical metacarpals, in a semilunate configurations.
*Forelimb phalanges reduced.

*Wrist carpal bones reduced.

*Astragalus reduced.
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Neosauro pOd d Most recent common ancestor of Saltasaurus and Diplodocus, and oll of its descendants.

Large ‘window' into
skull, typically interpreted
as entire nasal opening

Typical, unlikely
placement
of nostrils

Actual, expanded
extent of nares

Likely position
of nostrils
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Neosauropod misinterpreted “snorkel”




Neosauro pOd d Most recent common ancestor of Saltasaurus and Diplodocus, and oll of its descendants.

Diplodocoidea Macronaria



Neosauro pOd d Most recent common ancestor of Saltasaurus and Diplodocus, and oll of its descendants.

= Flagellicaudata == Titanosauria

== Somphospondyli

== Diplodocoidea

== [\acronaria

Neosauropoda



Diplodocoidea

e Teeth restricted to anterior portion of mouth.
e Jaw articulation displaced anteriorly.

e Relatively square jaw and rostrum.

e Cylindrically shaped teeth.

e More than 30 distal caudal vertebrae without arches.
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25m (82ft)

4m (13ft)



Diplodocoidea

e Teeth restricted to anterior portion of mouth.
e Jaw articulation displaced anteriorly.
e Relatively square jaw and rostrum.

e Cylindrically shaped teeth.

e More than 30 distal caudal vertebrae without arches.

m Flagellicaudata

Based in Tschopp et al., 2015
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Rebbachisauridae

» Last diplodocoids to disappear (Late gty T&%ﬁl!.ﬂéé{{{ﬁ\!{ggug&
Cretaceous). — K

* Maxillary and dentary tooth rows rotated
90°, to form a straight front tooth row.

e Itis unknown if whip tails characteristic of

mgre derived diplodocoids were present in N/gersaurus Middle Cretaceous
this group.




Flagelicaudata

*Nares fused into one opening.

*Long skulls.

*Short limbs.

*Long whip-like tails, with more tan 80 caudal vertebrae in some
cases.

*Bifurcated neural spines.

4m (13ft)

25m (82ft)




Dicraeosauridae

* Relatively small body size.
* Long neural spines.

* Short necks.

e

Brachytrachelopan, f et
Late Jurassic

elastic ligament

supramedullary diverticulum

lateral epaxial musculature

L e ==

Copyright Scoft Hartman, 2014, \

Amargasaurus, Early Cretaceous



Diplodocidae

* Extremely long bodies. some, like Supersaurus, could reach lengths of up to 34m.

* Longest tails of any sauropod.

' 25m (82ft)

Diplodocus, Late Jurassic

4m (13ft)



Macronaria

* Huge nares, equaling or exceeding size of orbit.
* Elongated metacarpals.
e Crests formed by protruding nasals.

* Forelimbs usually longer tan hindlimbs.



Macronaria

Somphospondyli

Euhelopodidae Qiaowanlong kangxii

Dreadnoughtus
Titanosauria L [—_Malawisaurus dixeyi

e Saltasaurus lonicatus
Eutitanosauria uquensaurus australis

m Titanosauria
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Lithostrotia _| Irus sanjuanensis
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MPTs: 52.800 Tapulessurss macedol
Length: 1.395 — Rinconsaurus caudamirus
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= Somphospondyli

Rinconsauria

Bonitasaura salgadoi
Notocolossus gonzalezparejasi
Mendozasaurus neguy%
Lognk: i l_ Futalongkosau duk ]
nkosauna s el
b Drusilasaura deseadensis
Puertasaurus reuili
Argentinosaurus hunculensis
Patagotitan mayorum

Carballido et al., 2020



Brachiosauridae

* Nares higher in the head.
* Forelimb and hindlimb size different more pronounced.
* Broad, spoon-shaped teeth, that allowed precise shearing

of vegetation.

* Brachiosaurs were some of the taller sauropods.




Euhelopodidae

e Relatively slender limbs.

* Cervical neural spines reduced in height and
length.

* Cervical pleurocoels reduced to foramina.

e Cervical rib shafts strongly positioned below
the vertebral body.

* Presacral pneumaticity extends into the ilium,
thus having pneumatic hips.
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Titanosauria

Procoelic caudal vertebrae

Flat backs Skulls convergently similar to the skulls of
diplodocoides

e

Wide pelves

Robust radius and ulna



Lognkosauria

* Wide and robust cervical ribs.
* Extremely robust neural arches and massive neural spines.

* Wide rib cages.

A \(‘!“ an

A

Patagotitan, Late Cretaceous.

Argentinosaurus, Late Cretaceous.



Lognkosauria

FUTALOGNKOSAURUS
DUKEI

Calvo, et. al., 2007

Holotype: MUCPYv - 323
Late Cretaceous (Turonian-Coniacian epochs)

Portezuelo formation, Neuguen group,
Neuquen province, Argentina

RIGOROUS SKELETAL

Composite of holotype + two referred juvenile specimens

Portezuelo formation, Neuquen group,
Neuquen province, Argentina
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TAXONOMY:

Saurischia; Sauropodomorpha;
Sauropoda; Macronaria,

/ @ Tranosauria, Lognkosauria
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2018 Estimated total length: 28.5m (84 ft)
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© Nima Sassani 2012



Lithostrotia

e Osteoderms typical in this group.
* Derived taxa, such as saltasaurids, lose
all phalanges in the manus.

* Quadrangular coracoids.

Saltasaurus, Late Cretaceous.

Forelimbs Hindlimbs



