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Cretaceous Plate Tectonics
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Marine Reptiles

Plesiosaur & Ichthyosaur
survivors

92.6
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Tylosaurus proriger

Marine Reptile Miscellany
Worldwide Distribution

Opthalmosaurt Mosasaurus

Dolichorhynchops osborni Malawania anachronus

Archelonischyros
Shastasaurus pacificus

—
Hupehsuchus nanchangensis

e
Mesosaurus tenuidens Placodus gigas

Liopleurodon
Middle Jurassic;
Europe

Kronosaurus
Early Cretaceous;
Australia, South America

Rhomaleosaurus
Early Jurassic;
Europe

uraenosaurus
Middle Jurassic;
Europe

Plesiosaurus
Early Jurassic;
furope

Dolichorhynchops
Late Cretaceous;
North America

Hydrotherosaurus
Late Cretaceous;
Elasmosaurus California
Late Cretaceous;
Worldwide
Attenborosaurus
Early Jurassic;
Europe
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Paleogene |Neogene]
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Crocodylia

Pal.

Cretaceous

Early

Late

Maastrichtian

Campanian

Santonian
Coniacian

Allodaposuchus precedens

s Shamosuchus JW
V47
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Notosuchia

b

Turonian
Cenomanian

Barremian |

Valanginian

Albian

Hylaeochampsidae

Aptian

Hauterivian

Tethysuchia

Bernissartia
Goniopholididae

Berriasian

Tithonian
Kimmeridgian
Oxfordian

Callovian

Bathonian
__Bajocian

Neosuchia

Theriosuchus pusillus

. Terrestrial . Freshwater . Marine

Calsoyasuchus

gensis

Hsisosuchus chunkin:

Hsisosuchus dashanpuensis

Protosuchia

PALEOGENE
1

50

Cretaceous
Crocodylia

* Evolved in Cretaceous
e 82-73Ma Deinosuchus
* Up to 35ft in length
* Ate dinos: coprolites,
tooth | |mpre55|ons
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Angiosperms
Diversify: :
 Magnolia
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Equisetum

60

bryophytes

Cretaceous

cycad-like plants

70 million

selaginellids
ferns related to modern families

pines, spruces, firs, efc.

seed ferns

Jurassic
25 million

Hyellow-green algae

“Middle Life"

MESOZoOIC

Triassic
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scale and seal trees
calamites
Eguisetites
sphenophyllids
ancient ferns

transition
conifers

herbaceous lycopods

Flowering

Permian
25 million

Sassafras
Beach
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Mississippian
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.t
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B @ brown algae

Silurian
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9e——— Leaf vein density rose from
4 to 9 mm per mm?

Floristic turnovers
during the ATR

Climate [l Greenhouse
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Poaceae Tﬁ T
(phytoliths |NESES eI - oag

l 2 )
olution of angiosperms according to molecular and fossil evidence
Fossil and molecular evidence lead to conflicting conclusions about the timing of the origin of flowering plants. Fossil evidence suggests
that flowering plants arose near the beginning of the Cretaceous, but molecular analyses date the origin much earlier, in the Triassic.
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anterior

Family Tree
66 mya
1
|

Late Jurassic Cretaceous Paleogene Neogene

23 mya 3 mya

163 million years ago
1 1
Today

Cretaceous
Snake
Evolution

Lizard ancestor

Conlophls.

Najash rionegrina

Dinilysia patagonica
Stem °
snakes p

Scolecophidia

\___. Sanajeh
Serpentes e

|| Basal Alethinophidia

‘ ‘ Pachyrhachis problematicus
()
\ Pythons, boas

‘; Macrostomata E

* Major serpent family evolved in
the Cretaceous

* 150-100Ma some lineages limbless

* Fossil evidence of snake preying on

Palaeocene Gondwana
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Dino Reproduction & Eggs

e Soft & hard shelled eggs

*Protected eggs or abandoned?

* Oviraptor fossilized on eggs/nest

* Montana Maiasaur group nesting grounds
* Chemical analysis of original shell

* Body T: 32°-38°C (O3 & C45 in sheIIs)

Hard-shelled eggs Soft-shelled eggs

Protoceratops
Chicken

o Madagascan . .
Hummingbird Sauropod elephant bird Mussaurus Antarcticoolithus
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https://www.youtube.com/watch?v=d7bFqkJHcEc

Dinosaur Sex

* Amniotic eggs require
internal fertilization
* Oviraptor pelvis with Video Link:
2 preserved eggs https://www.youtube.com/watch?v=-mv_v4ltSrY
* Footprint evidence of
mating dance?
e T-Rex tiny arms for

tickling?



https://www.youtube.com/watch?v=-mv_v4ltSrY

Dino Sexual Dimorphism

Medullary bone fossilized in: Theropods,
Sauropods, Ornithopoda + Pterosaurs
Length of chevrons?

Shape of stegosaurus plates?

Shape of display features?

Size differences?
Color?
Plumage?

growth lines
in cortex

cortex { ;

medullary bone
tissue




Feathers & Filaments

Insulating features = endothermic animals

* Theropod, Ornithopod, Ceratops, Pterosau
* When did endothermy evolve in animals?
* Chemical studies = feather color evidence:

 could see red, green & blue + UV

e color influences communlcatlon

recognition, & matmg
° can refracthght




10 Minute Break!

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



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

Cretaceous
Pterosaurs

* \arious eating strategies

Display features &
filaments (insulation)

Soft shell eggs

Cretaceous

Masstrichtian
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Samtonan
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Barremisn

Hauterivian
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@ Knyptodrakon
Liaodactylus
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Gallodactyli

Borcopteridae
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ac

Germanod

«— Nemicolopterus
smallest named
pterosaur fossil

|

Thalassodromidae

— Chaoyangopteridae
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filter-feeding
insectivorous
piscivorous
Carmnivorous
herbivorous
durophagous
omnivorous

Lower estimate of Quetzalcoatlus
compared with a 1.8 meter tall
person.
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Tapejarids

Known from large head
crests and sturdy toothless
beaks

Azhdarchids

Largest flying animals on record Anhanguera
and one of last clades to go extinct

in the late Cretaceous -~
< Pteranodon

Ctenochasma

Q PTERODACTYLOIDS
ﬁ\

Anurognathus
Still argued where on
pterosaur family tree
these short-snouted
pterosaurs sit

Darwinopterus
Displays modular evolution—
sharing traits of both
pterodactyloid and non-
pterodactyloid groups

Lagerpetids
A group of tiny
reptiles from the

Rhamphorhync
Known from hundreds of
exceptionally preserved

fossils
NON-PTERODACTYLOIDS

Preondactyl
Represents one of
the oldest pterosaurs
to appear in the fossil
record

Current Biology|




Evolution of Feathers
*Feathers did NOT evolve for flight:

Video Link:

'insulating properties https://www.youtube.com/
*|[dentification/display watch?v=95ypGX5n9fo

* Embryology:
5 stages of feather development
*Feathers are highly modified scales

Hollow shaft,
calamus

=V
x Afterfeather X7/

Downy barbs Tail Flight Semiplume Filoplume Bristle Downy



https://www.youtube.com/watch?v=95ypGX5n9fo

Yi gi
* 160Ma Theropoda - Paravian -
Scansoriopterygid

* Name means “strange wing”

Archaeopteryx

Paraves

The simplified evolutionary position of Yi gi, showing it is a couple of nodes below the appearance of true birds. Artwork
by Brian Choo, _Yi qi_ Dinostar Co Ltd and Archaeopteryx image National Geographic Society and Wikimedia
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Maniraptoriformes
Therizinosauroidea

Maniraptora Deinonychosauria
Plumulaceous

Paraves Avialae

Feathers

Heterondotosauridae @ T
® Ornithischia
B I r An est ry 1— Pachycephalosauria @) ! “
! I— Ceratopsia “ %
: — : : . Dinosauria

EVOLUTION OF A WING : \ P O 3 R bl Sauropoda @)

Ceratosauria @) 7 w )
Saurischia
Megalosauroidea @) f*\
Theropoda
Carnosauria @) *-
Tetanurae
Compsognathidae % k‘
Avetheropoda pseE
3 Tyrannosauroidea % I R
Coelurosauria
THPEs OF b Ornithomimosauria ﬁ
—4
_ ; INTEGUMENTS Tyrannoraptora
A : . R AETTR @) SIS Oviraptorosauria é

\Flnght feathers

\‘ \"true' feathers
Dinosauria _ librous feathers

Archosauria — COCIUrOSauria

Sauria




Sinosauropteryx

e 131-120Ma Early Cretaceous
 ~1m Compsognathidae (basal
Coelurosauria) from China

NN




Early Cretaceous
18 0 0 3 2

' Archaeop!elyx ’k
Jeholornis™

Sapeornis
r Confuciusornis &

Yixianomis &

4 Sauromithoides junior
O el
PARAVES ﬂ
Byronosaurus
Sinornithoides
— EK troodontid !!
Jm!engopreryx a

Lc= Me/ -
S/novenaror

- Mahakala 7%
| 7% == Shanag ™~
DEINONYCHOSAURIA —_— & Buitreraptor _ ”P
Rahonavis

Unenlagia
Microraptor gui ‘P&, ~
M. zhaoianus K 3
Graciliraptor Q&
A Sinornithosaurus g
DROMAEOSAURIDAE
Deinonychs ! ; E !;
Velociraptor

Saurornitholestes
Tsaagan

Adasaurus
Dromaeosaurus

Achillobator
Utahraptor

Video Link:
https://www.youtube.com/watch?v=8-
ipuywablg&list=PL50KW6aT4UgwyxBDgijhjvZ
xsIXRM71d5&index=11

Microraptor

e Early Cretaceous (~¥120Ma)
Dromaeosaurid
(Coelurosauria) from NE China
* Most likely a glider



https://www.youtube.com/watch?v=8-jpuywa6lg&list=PL50KW6aT4UgwyxBDgijhjvZxsIxRM71d5&index=11

Confuciusornis
130Ma Early Cretaceous

Parave Coelurosauia (not Ornithoraces)

Fossilized in lake deposits preserving beta-
keratins & melanosomes indicating grey,
red/brown & black




Acrocanthosaurus atokensis

Endocast of Dino Brains

Struthiomimus

oelurosauria S ———————— ShUVUUia deserti

*Brain Stem: basic life function
(involuntary)

*Cerebellum: fine motor control,
coordination, balance

Incisivosaurus gauthieri

Oviraptorosauria [
= Conchoraptor gracilis

Maniraptora

Paraves

*Cerebrum: voluntary actions of the
body, emotions, hearing, intellect |
*Optic lobes: vision

Procellariformes

*Olfactory lobes: smell

Aves

Gaviiformes
Psittaciformes
Columbiformes
Caprimulgiformes
Coraciiformes

Piciformes

75-71Ma Oviraptor 70Ma Zanabazar Junior (Troodontid)




Time (million years ago)

1455 655

175 150 125 100 75 50 25 0

Jurassic Cretaceous Cenozoic |
Earliest known Volgavis

Neornithes

Neornithes

- Avian
Diversification

Ornithurae « Ichthyomithiformes  (j)

| | Hesperornithiformes (1)
(?)

Ornithuromorpha ?
. E Apsaravis
—l Archaeorhynchus #

—E Hongshanornithidae

—D Yanornis-Yixianormis-Songlingornis §  (h)

—B Jianchangornis
Ornitholhorace\s - - ——{] Averatiodontus :
— —D Shanweiniao D @
_D Rapaxavis () i
Longirostravis
—{] tongioteryx  (e). () >
L] Boluochia (d)

s —D Largirostrornis
Pygostyﬂal —D Cuspirostrisornis  (€) U

J Govioteryx # ‘ S5 G ¥“’§'g1

Enanti-
rnith —D Protopteryx

—B Dalingheornis

Alethoalaomis }

AVES\ Other Cathayornithiformes ) G%Z‘) o .
— ] ’ Archaeopterygidae ~w~ Enantiornithomorpha ¢ Late Jurassic

—..[: Other Enantiornithes :
G, :
4- Confuciusornithidae, X&\ " Alvarezsauridae 3 Ornithuromorpha Early Cretaceous

t—DSapeormthuuae (b) 1% \ Key: ‘ﬂ“‘* Confuciusornithidae * Late Cretaceous

L - - :—. Zhongjianornis ==~ : S 5 * D Complete dentition
I :—l Zhongornis e )
—B? Dalianraptor

D Jeholornithidae (a) ‘ . Edentulism

—D Archaeopterygidae
E. ............. E. = -H More or less isolated avian teeth indet.

TRENDS in Ecology & Evolution

D Partial reduction of dentition




Bird Fossilization

Fucheng Zhang and Znooghe Zhou




Enantiornithes
* 99Ma hatchling

e Burmese amber




Pedopenna

Microraptor Archaeopteryx Enantiornithes Neognathae

DROMAEOSAURIA TORNITHOTHORACES
TAVES

EUMANIRAPTORA

Modern ornithurinas

‘Ratites’
ang — —»
namous

leocena ’ Lithomithids X Non-passerines
65 my + .
‘x
retaceous — Transitional
shorabirds’,
paleognaths, eic.
Hasparornithilorms
Gobipteryx,
] 97 my 2 Avisawrus, ate,  ehthyarnithdorms
retaceous
o Ambiiovius, Gansus ‘ *
rly 146 my + Sinormnis, beromasomis, atc
retaceous
Archasopfaryx, other urngeis
ate 157 my + oplevy ﬁ
Urassic
- Divarsification -




Hesperornithes

100-66Ma

Ornithurae Avalian

Only True Mesozoic Marine
Dinosaur




Next Week

* Which dinosaurs lived at the end
of the Cretaceous?

* What other reptiles were alive?

* What caused the K-T extinction?

* Why did birds survive?

* What other reptilian lineages
survived, & which went extinct?

* Which reptiles did well after the
extinction?

Middle Jurassic
170 mya

Pacific Ocean

Lower Cretaceous 7 =SESArtc e
105 mya - "“"TQ%&§\ Siberia

Pacific Ocean

Antarctica

\Jp"




