Turtles lizords Snckes Crocodiles o]
v" -

o

&

P\

\°§

%
. %
E t h H A Ich'hyou':ur )
a r I S o ry Plesiosaur %,
. % ®
ARCHOSAURIA -
GEL 12: in front of eye;

Lecture 5 Dinoko ' P
Dinosaur SAURIA - behind & above eye;
behind & below eye
+ : ou + 33 . Ances'ry REPTILIA - under eye

o dhad

PR RENIS with Nicole Myers SYNARSIOA
coroara WWW.appreciatingearth.com/olli g - e
L Do you have a connection to Temelec = iy

GNATHOSTOMATA

T House? /f SO, reac h out to me! VERTEBRATA - vertebral column

Pterosaur

A
L)
R
)

Archosauria

AMNIOTA
SAUROPSIDA.

Elasmosaurus

ARCHOSAURIA

ORNITHODIRA
[
DINOSAURIA

AVIALAE




Firsts of the
Cambrian - Ordovician - Silurian - Devonian - Carboniferous - Permian
chordates land plants  _tijaginous  tetrapods ~ Amphibians Seed plants
vertebrates jawed fish  osteichthys  amphibians Amniota
RIS Synapsids
““B™ Sauropsids

538.8Ma  486.9Ma 443.1Ma 419Ma \' 359.3Ma




Triassic
Turtles

Crocodiles
Lepidosaurs
Marine reptiles
Dinosaurs
Pterosaurs

WV EININEIS

251.9Ma

Firsts of the

Jurassic : Cretaceous
Aves/birds “reptile diversification”

Angiosperms/flowers

W s anass (@) marlanaarensis
Shosalinus "8 nsrosten

 143.1Ma
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Sphenacodon
Early Permian

Dimetrodon: 295-272Ma s o

Dimetrodon
P

Permian Synapsida S e 0 2"

* Sailed semi-sprawling carnivore
» 1.7-4.6ft
* 60-5501Ibs

Cotylorhynuchus 279.5-270Ma

e semi-aquatic or terrestrial

herbivore
e 3.6m
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Synapsida 2> Mammalia o i (B

Placerias

Stahleckeria

\\

~315Ma earliest synapsid Asaphestera

Wadiasaurus

TRIASSIC

Kingoria

J )
/ol \\\\\\\ N
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Kannemeyeria

9 high olecranon process, acetabular
articulation caudolaterally orientated

Permian-Triassic synapsid diversification

A 8 gleno-humeral orientation caudolateral
2

7 strongly developed humeral and femoral heads

~225Ma earliest mammal = Brasilodon

6 massive radius, moderste olecranon process

5 cleithrum absent and acetabulum laterally orientated

I

i 4 coracoid plate reduced
~4'Robertia

~160Ma early Placental Mammal =
Juramaia

CLADOGRAM SHOWING EVOLUTION
2 moderately developed humeral head OF DlCYNODONT ANOMODONTS
1 premaxila fused, vomer fused, stapedial foramen absent (Lale Permian - Triassic)

Eodicynodon

Based on §. Ray, Palseontology 40:1278 (2006)




Permian Sauropsida/Reptilia

25

e G B SP e LS %yall ~330-315Ma divergence of Sauropsids &
o A!ves Lepidosauria les.fudm.ez f,/lf.gr;[v‘l.)[:;/[a P/a?ema/ta 0 .
NE S | i { Synapsids (molecular clock date)
8 Jurassic e Wy . h
i Triassic I./Iammﬁ;;fa:mes

g Scutosaurus 259-251Ma
Sauria & S .
|
Permian Rept,/,a ‘ . A n a p S I d a
Trompeits cPROMNGL_ Erect stance
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Amnii Synapsida
Carboniferous Pan-Reptilia mTIOta P an-Mamma/iaT o O St e 0 d e r m S

=2 2.5-3m
2,560lbs



Evolution by Natural Selection

mammals

Inheritance: genetic traits are inherited § =,
-Variation: life forms vary genetically in a populationgg
- . . L reptiles
Selection: survival depends on favorable traits ) mleE
*Time: evolution in ongomg, speciation takes longer T tmema |
The Theory of Evolution by Natural Selection
o Overproduction = P

Every species tends

to produce more ’
individuals than can —A
survive to maturity. ‘ v
= % P A s 4
” = - e m A = ?\\ I\\' g -
L e - - Vi G b a
\ =r é! ! !L’f-z\ X o

o Selection

© variation Some individuals
p™ The individuals of a survive longer and
\ population have many reproduce more
characteristics that than others do.
differ.

© Adaptation The traits
of those individuals that survive
and reproduce will become more
common in a population.




Speciation o |

W Stasis
Speciation: populations evolve to &
become new & distinct species = Rapid change
 Phyletic Gradualism = slow & QS  stasis
steady evolution due to S
Interbreeding population S
 Punctuated Equilibrium = lon S Phyletic Gradualism
term stasis followed by rapid | | A

differentiation due to rare
geologically rapid events

<——— Morphology ———»

Time

Punctuated Equilibrium




Molecular Evolution

Mutagenesis:

» Spontaneous DNA error OR s
environmental exposure
(radiation/chemical/infectious agent)
changes an organism’s genetic as
material = increased genetic variation

Genetic Drift:

* “Change in frequency of an existing

gene variant in the population due to
random chance” (NHGRI)

Molecular Clocks:
« Some genes have more constant rates
of change (mutations) than others

» Neutral mutations do not influence sitwsouu
survival B



https://youtu.be/rMSVwWYXIjg
https://youtu.be/rMSVwWYXIjg
https://youtu.be/rMSVwWYXIjg

Adaptation & Exaptation

All genetic features arise

Geologic time scale, 650 million years ago to the present

as a result of a mutation Capaton Hap tation o [P oo e "]
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Metabolism Hyper-Simplified

Histology: microanatomy of bones reveals temp. control & growth patterns

* Higher metabolic rate correlates with faster growth rate

Power output

Max size = genetics + environment compared to body ¥

temperature

ECtOthermS variation

Mesotherm - .
g Energy Use

Endotherm [includes all living bipeds] e sy

11.8 AVES?_A_',=_ Gallus gallus
Anas platyrhyncho.

T T
0.3 1.0 3.2

Troodon formosus =42

. THEROPODA . . 4
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Fossil Evidence of Metabolism: Histology & Skeletal Articulation

 Living ectotherms (amphibians/reptiles) = less agile, Mot =Rt T

bursts of speed, poor lungs, primitive hearts

 Skeletal evidence: trackways, weight
distribution, bones with low density of large
blood capillaries, seasonal bone growth rings,
poikilothermic oxygen isotopes

e Living endotherms (mammals/birds) = sustained

activity, fast, & agile, large lungs, efficient hearts

 Skeletal evidence: track ways, habitual
bipedalism (balance), long rigid tails, elongate
slender limbs & limb joints, short femur relative
to shin, larger & more complex brain, bones
with high density of small blood capillaries,
decreasing growth ring thickness, rapid growth
rate, homeotherm oxygen isotopes
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Sign up for the
Appreciating Earth
newsletter!

https://www.youtube.com/
watch?v=TaMTLJUa-b4

10min. Break!




estudines Lepidosauria Crurotarsi Saurischia

X ‘ Ornithischia
(turtles - (lizards, (crocodiles, (Theropoda, (Ornithopoda
. -~ o - £
anapsids) shakes, alligators, Sauropoda, Marginocephalia
. . tuataras) etc.) Aves ) '
The Reptile Family Tree
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. - AN Dinosauria
Dinosaurs Squamates
Synapsids

Ornithodira

Archosaurs o Lepidosaurs
Diapsids

OAmniotes

Tetrapods

Archosauria

Vertebrates

*~302Ma Diapsida

*~246Ma Marine reptiles =~ ARCHOSAURIA Iy T
TR~ = VA AATN 7

*~245Ma Archosaurs C T ‘

Diapsida

Apatosaurus Stegosaurus

Reptilia

Pterosauria Silesauridae Dinosauria
, ,
A\ . '%'V"T"" — Dracohors
N Mosasaurus 2 \ lr < \
. ' i « Titanoboa = AR . - _I Lagerpetidae _1__Elongate pubes &
“ AP To lylomorpha
*~240Ma Lepidosaurs oy L)y

ischia; Brevis fossa
Rauisuchidae . Prerosauromorna g —— on ventral surface of
# Cyamodus I Anterior dentary tooth- J posterior ilium
Sonsaurus Loricata I less; metacarpal Il > 34— Lagosuchidae
~ . e X TR 35% of humerus; |
*~237Ma Pseudosuchia i \

S A Poposauroidea metatasal V < 50% Dinosauromorpha
5,% # Stupendemys I ) metatarsal Il . On\y thln comact betwee.n
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% Paracrocodylomorpha N j!\j;
N . . process of astragalus
o Aetosauria Ornithodira

) ~y 2 2 5 IVI t d S @rensenh | = > - __1_ Cervicals distinct from dorsals;

a I e S u n I n e S A ] Sauria it Suchia ) I Elongate tibiae & metatarsi;

Tyrannosaurus & » . ™ .
[ ) e Parasagittal stance?; Hinge-like
< ‘a: I ankle joint; ?loss of bony armor
. %

~)30M

a | n 0 S a u r S s Avemetatarsalia

%, g ™ 5
Diplodocus & saurta
$ Pseudosuchia
) » Machimosaurus Enlarged calcaneal tuber ("heel”); —f—
g P ithischta o rows of dorsal osteoderms

oY t S : s f dorsal osteod ARCHOSAURIA

a Pterosaur . | s |

s A ST Quetzalcoatius = g SN 1 Nests wlth vegetation; Pa}ren.tal .oare of young;
P L2 & Euporkeri Extensive vocal communication; Parasagittal
astonta P uparkeria
% Miragata 4’,‘ f

N . ~~1 stance?; Flow-through lung?
- ‘ pS J Archosauriformes
\ g Antorbital & mandibular fenestrae; Dorsal osteoderms;
Air sac system?; Belly-breathing? Skeletons by Scott Hartman (skeletaldrawing.com),
Greg Paul



Pre-Lepidosauria

Owenetta

Squamata cladogram from Ebel et al. 2020
160 120 80 40 0 .fossorial
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Lepidosaurs

Snakes, Lizards, Tuatara, S | | e O
o !—E—- -Tar,enloéic n:guntamca

" | ‘ —1 I racactylus aifcanus
Shape Shifters M 0Sasaurs D 2 { caponsis

ordylus ca
e i @ Chamaesaura anguina

'\ Scincoidea 3

- Q Plestiodon latiscutatus
[—'_“‘@ Plestiodon reynoldsi (C)
15 3= @ Scincus scincus

petiti
7 Saiphos equalis
@ Coeranoscincus reticulatus
Juor
Q) Lerista timida

The evolution of snakes from their lizard
ancestors is one of the most dramatic trans-

Low metabolic rate, s 2t R

formations in the history of vertebrates. e Ct Ot h e r. m i C Dalinghosaurus K,_,‘ 5 Egornia fngy
’ . —— T do.
Recent discoveries have allowed research- é,’(‘,;’,‘,‘,‘;,,s;‘xﬁﬁﬁ, ¢
ers to start to reconstruct how the distinctive lguana @ rachylo
snake body plan, with its extremely long . >) | Q aacm: copil
" . / e
Oldest fossils: 240-238Ma % D, s —— - .
v J lineatu:
g ¢ ¥ Spathorhynchus fossorium
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Hyporhina antigua
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Rhineura hatchen
s
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adea b il

Taytalura 231.4Ma ——
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Amphisbaena alba (E)
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~
)

Cryptolacerta hassiaca
=- Psammodromus algirus
@ Gallotia stehlini

Nucras tessellata
Gastropholis echinata

e0pIoNadeT

Serpentes 167Ma: long
body before limbless
(fossorial=burrow/live
nderground adaption)
=~ Y 7

Phoenicolacerta laevis
Lacerta schreiber

The typical lizard, represented here by a Chinese
skink, has 65 vertebrae and four well-developed
limbs that splay out to the side of the body, support-
ed by the pelvis and other bones of the pelvic girdle.

) Darevskia mixta
Anniella puichra (F}

(F)
) Diploglossus fasciatus
=J1 5 Celestus
Ophiodes striatus

Dopasia gracilis
=2 é gphrsm;r%s koellikeri
QU nguis fragilis
a1 Abronia spec.

Varanus griseus
Varanus

@ Furcifer minor
Ty ryptis lineata

I
L 2 Draco volans
iguania P ¢ superciliosus
3L carinatus
= l—il Phrynosoma
cristatus
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Ibirost

schiegelii (G|
S Schieg )

—

@fransanin | v1.11

Anolis i Lepidosauria

A Aniliiss s
yponhe — n(nbanaﬂ
@ Candoia carinata
Eryx conicus
Anomochilus leonardi

Uropeltis ceylanicus
Python bivittatus
16— spinalis
Cerastes vipera
) Bothrops lanceolatus
) Micrelaps vaillanti

) Psammophis crucifer
) Xenocalamus mechowii

Mosasaurus ¢

extant lifestyle

Advanced snakes, such as this Halys pit viper, have

@ non-fossorial ;ycodryns
3 Xl |
more than 300 vertebrae, almost all of which bear 2 ,s:l:'y",a‘f:;::: é{:nnthoﬁhvs nn{;arclrcus
- - ‘lermicella annulata
ribs, These snakes lack all the bones of the limb 7) reconstructed evolution @ Geagras redimitus
and pelvic girdle. of a fully fossorial lifestyle Ve ;-@_ y




Marine Reptiles ol
~246Ma Marine reptiles = Euryapsids+Diapsids [ P
* Sauropterygians “lizard flippers” (Diapsids): [ ———— B
Plesiosauria, Pachypleurosaurs, Placodonts, HSFRESEEEES
Nothosaurs -

° . . ? Basal Sauropterygia P i
Icthyosaur (Diapsids?) — e
o | = - ~ i Poikilotherm?
* Mosasaurus (Lepidosaurs)
Drag Thrust Buoyancy Control of Raised metabolism
reduction optimisation control stability /thermoregulation

4
YRWETEL
Flexible trunk "< Low aspect ratio limbs -~ Kacledbciles)
(manoeuvrabilty) (manoeuvrability)
High aspect ratio hydrofoikike
) propellers Sisiined bort peoti)

Kronosaurus Liopleurodon

Early Cretaceous; . S < i & Rhomaleosaurus
Australia, South America ope 2 A ) Early Jurassic;
Europe

Dorsal fin
(stabilty)

Smooth surface (R

B (stabilt
raenosaurus lubber ( y)

Middle Jurassic;
Europe

Plesiosaurus

Early Jurassic;
Europe )” -
Large vascular
v =ty (E Pachyostotic bones (F) Large sclerotic ring aperture (G) canals in long bones

Increased bone density Submerged swimming, diving Elevated metabolic rate Reduced bone density

Dolichorhynchops
Late Crefaceous;
North America

}

Highly vascularised
(H) fibrolameiar bone

e

%

Hydrotherosaurus
y Late Cretaceous;
Elasmosaurus % “ California
Late Cretaceous; ;
Worldwide

Attenborosaurus

Early Jurassic;
furope

©Udo M. Savalli




Testudines

Molecular clock: turtles e SERINE
& archosaurs diverged — M "

~225Ma Q V‘

Low metabolic rate, | | o | LA
ectothermic

Oldest fossil: 220M ' ‘
Anapsida or Diapsid?

Most recent ancestor e BT
of living turtles AT :
~157Ma -

80-74Ma Archelon

Macrochelys o

Pappo-
chelys

https://www.sciencephoto.com/media/1240826/vie «
w/evolution-of-turtle-shell-animation e s W = I 222 =

Carapace

;—y:&' B
y > ae+R\b5
Shoulder

ic
e girde

girdle

Cryptodira L
(Hidden-necked turtles) Kinosternidae|

Triassic

Podocnemididae

Pleurodira
(Side-necked turtles)

Chelidae

Carettochelyidae

Softshell Turtles

Trionychidae

Sea Turtles _Dermochelyidae =
“Cheloniidas —f=— ¢
Chelydridae P
Dermatemydidae

Durocryptodira

Fig. 2
Jurassic Cretaceous Paleogene Neogene

fomon hitpes




