Evolution of Birds
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Archaeopteryx,
the first bird. Its
skeleton Is nearly

identical to
Compsognathus.
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3-fingetred hatid

Strap-like zhoulder tlade

Crest ofl upper armbone

Ankletone fused to shinbone

Some fusion of foot bones

Shatp, curmred claws on toes

Four-toed foot, three larce forward
toez and a zmaller toe behitd

Lotz straight toty tad




Yours truly
with : |
Archaeopteryx G S,
in Berlin, June | | wu
1998 3



Archaeopteryx carcass in a
salty lagoon, 160 MY ago




Archaeopteryx
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Dinosaurs show evidence of
behaviors similar to birds,
particularly complex nesting
behavior.



Oviraptor, died
while sitting on eggs

Dinosaur parent
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Recovering the fossil seen in last slide
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Oviraptor sitting on
the nest




Ostrich sitting on
the nest




Evidence for theropod
ancestry of birds

* Morphologic similarities
e Cladistic analysis

e Feathered Fossils from
China

 DIno Chicken:

http://www.chsnews.com/video/watch/?1d=5658225n&tag=chsnewsSidebarArea.0



http://www.cbsnews.com/video/watch/?id=5658225n&tag=cbsnewsSidebarArea.0

The Triassic theropod
Coelophysis and the Jurassic
theropod Allosaurus
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The Cretaceous theropod Velociraptor and the Jurassic
Archaeopteryx. Why is the best candidate for a theropod
ancestor younger than the first bird?
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Dromaeosaurids (within Maniraptorans), including
Velociraptor must have originated in the Jurassic,

but were not preserved

Cretaceous Cenozoic
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Figure 12.8. The family tree of Mesozoic birds, emphasizing some of the recent fossil discoveries. (Based — Rdfeliglel(oRpAVoN
on Chiappe 1995: fig. 1)



Anchiornis (“near bird”), a Late
Jurassic feathered
maniraptoran discovered In
2009. Closes the time gap
between maniraptorans and
Archaeopteryx.

_Anchiornis huxleyi_ Xu et al. (2009) based on the new
specimen (Hu et al., 2009)




Anatomy
of a

living
bird
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Velociraptor

There's a Dinosaur
in Your Backyard

The evidence that birds descended from
dinosaurs—indeed are dinosaurs—has
become conclusive for most paleontolo-
gists and evolutionary biclogists. The the-
ory had fallen out of favor in the early 20th
century because, although theropods and
birds share a great many features, no
dinosaurs appeared to have a furcula, or
wishbonae. But furculae are now known in
many species of theropods, including
Velociraptor, unearthed in Mongaolia in
1991. Its two clavicle bones are joined to
make a V-shaped furcula (below).

A few scientists reject the dinosaur-hird
connection..They see the similarities as
convergent evolution—the development
of like traits in separate species. To them ' COMPARING DINOSAURS AND BIRDS

Wishbone and breastbone

Many theropod dinosaurs have two claviclt
banes fused into a furcula, or wishbone, &s
as a sternum, or breastbone—both seen in
modern birds.

' Shoulder blade
Birds and theropods have long, thin scapula
_orshoulder blades.

rall

Pubis
The pubic bone extends forward in most
dinosaurs but backward in birds and some
fheropods.

i Bone mass
Birds and birdlike dinosaurs have hollow an:
thin-walled bones, thus tess body weight.

dinosaurs and birds share a common

Legs
Birds and theropods are “obligatory bipeds,”
meaning that their muscle and bone structure

ancestor (which has yet to be discovered)
but evolved alona separate paths. 4 Swiveling wrists




Cladistic analysis supports the
evolution of birds from ancestors like
Coelophysis, Allosaurus, and
Velociraptor

THEROPODA Three functional toes; hollow bones
TETANURAE Three-fingered hand

MANIRAPTORA Half-moon-shaped wristbone

SAURISCHIA
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(Dilong paradoxus) (Velociraptor mongoliensis) (Gallus gallus domesticus

TYRANNOSAUROIDS DROMAEOSAURIDS BIRDS
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Morphologic features supporting evolution of birds from
th e ro p O d S THEROPODA TETANURAE MANIRAPTORA AVES (Early) AVES (Living)

Coelophysis Allosaurus Velociraptor Archaeopteryx Columba
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Segisaurus
(Close relative of Coefophysis)

Not fused

CLAVICLES

Mo Coefophysis clavicles
are well preserved




Classification vs. Phylogeny

« Linnean Classification * Phylogenetics or Cladistics —
no categories, but a nested

Class Reptilia . .
| Di . hierarchy shows evolutionary
Class Dinosauria relationships
Clais ':‘VGS Reptilia
rchaeopteryx : :
DI Diapsida
_ Archosauria
Linnean scheme . .
Dinosauria
obscures
evolutionary Theropoda
relationships. Maniraptora
Aves

Archaeopteryx



Classification vs. Phylogeny

Pros cons

e Linnean scheme fails to
show evolutionary
relationships between
groups.

e Cladistics scheme is
cumbersome because of
SO many names. Lack of
ranks is confusing to non-
specialists.

e Linnean scheme is simple
and places major groups
at a high taxonomic level.

e Cladistics scheme shows
evolutionary relationships
In a nested hierarchy.

Conclusion: Classification and Phylogenetics serve
different purposes.



Linnean Classification

Mammalia ”Rt—:‘ptilia”

LIANS

+ SNAKES
NON-AVIAN
DINOSAURS

CROCO-

TURTLES
LIZARDS
D

B

Archosauria
| Sauria Cladistics
| Reptilia

‘ Amniota

Prothero, 2007




Sue on display in Chicago
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Peter Larson showing the clavicles attached

to the shoulder blades of T. rex.
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Healed broken



Perching

toe of

birds




A feathered theropod
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http://www.luisrey.ndtilda.co.uk/html/chin1to4.htm
http://www.luisrey.ndtilda.co.uk/html/chin1to4.htm

Cladogram showing evolution of
Improved flight capabillities in birds

EVOLVING CAPABILITIES _ For most, nest-
More powerful H|§_,h[ Enhanced flight t sssentially modern ing in trees and
: forelimb stroke —2 Flapping flight —» li bili light abilities ™ migrati
’rey-seizing forelimb stroke apping flight stroke; arboreality ™ maneuverability thght abilities migration

7%/ ’% :
(s @
Ichthyornithiformes Living birds

Enantiornithes

Velociraptor Archaeoprer}-‘x .fberomesom.-s
Flight feathers; Strutlike bones that More skeletal Shortlerkba‘lzk;gd tail;
Long, grasping arms; lengthened arms;  Prace shoulder to chest; fusion; alula beep o pa oa—
swivel wrist hortened tail ' pygostyle (tail stump); (“thumb wing") one (sternumy; maye
shortened tai perching feet compact back and hip
|
S ———
AVES

boreal (able to live in trees) relatively early in their history, how-
ever. Some of the skeletal innovations that supported their
emerging capabilities are listed at the bottom.

CLADOGRAM OF BIRD EVOLUTION indicates that birds
(Aves) perfected their flight stroke gradually after they first ap-
peared approximately 150 million years ago. They became ar-



EVOLUTION OF A WING

.Sinosauropteryx Velociraptor Unenlagia - Archaeopteryx Eoalulavis Corvus (Crow)
Typical theropod Flexible wrist Flapping ability Flight feathers First alula Modern wing

dinosaur arm

DINOSAURS ' ' |

/ 5 3 B ( 3 :
Sinosauropteryx Velociraptor A Unenlagia Caudipteryx pryX Archaeopteryx Eoalulavis Corvus
Crvusrad with filal This nredatory the- Found in Patagonia,  Straddling the Another discovery: Thr: feather's of this Found in Spain, * . At the zenith of




Cretaceous toothed bird with wing claws

Eoalulavis




Cretaceous toothed bird with wing claws

[beromesornis




No toothed
birds survived
the K/T
extinction
event




&Y

T
g

;“"\A

Where did
birds come
from? They
evolved from

theropod
dinosaurs.
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eathered
Inosaur
from China,
2002

Pace (left), i
and Sinorni




from Neil Shubin's

Your Inner Fish
A Journey into the 3.5-Billion-Year History of the Human Body

Teeth, breasts, feathers, and hair all
develop from the interactions between
layers of skin.

Text © Neil Shubin “Ihwww vourinnerfish.com llustration © Kalliopi Monovios



Another feathered dinosaur from Laioning, China




Birds
evolved
from

eathere
heropods




-sized reconstruction)

urus millenii (life
‘Chinese pird lizard’

oeanounced: slNE-or-nith-oh-SAWR-us
. - st~+ nrobably

sinornithosa

Name derived from: Greek







Feathered
theropods




Feathered
heropod

Inosaur
rom China,
1998

With surgical prec
cian Kevin Aulenbach
a newfound fossil from'
called Caudipteryx zoui (dfé
gram at left), a curious creatt
that has further blurred the li

between dinosaurs and birds.

-



Reconstruction of feathered dinosaur




Fossilized gastroliths In
feathered dinosaur




FEATHERED PREDATOR

Chinese
dromaeosaur
theropod, 1999

We can now say that

BIRDS ARE THEROPODS

just as confidently as we say that
humans are mammals.



Chinese dromaeosaur theropod
skeleton with preserved feathers
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Closeup of feathers on Chinese
dromaeosaur theropod
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Complete
skeleton of
Chinese
romaeosaur
heropod with
eathers, tail at
the bottom.




Tall of Chinese dromaeosaur showing
bundles of bony ligaments for stiffening

the tail, typical of theropods.
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Forearm bone of a therizinosaur
theropod with preserved feathers
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A simplified cladogram showing the systematic
position of Yutyrannus huali among the Tyrannosauroidea.
|

Tyrannosauridae
Dryptosaurus
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X Xu et al. Nature 484, 92-95 (2012) doi:10.1038/nature 10906 m! -
] |



Selected elements of Yutyrannus huali

RS o ; 7 AR ey
X Xu et al. Nature 484, 92-95 (2012) doi:10.1038/nature10906




Actual fossil birds from China that are
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fferent from feathered di
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Hesperornis, a Cretaceous
aguatic, toothed bird




How the ‘terror bird' tore Its prey: South
American Cenozoic predator, 60Ma-2Ma

http://cosmiclog.msnbc.msn.com/_news/2010/08/18/4918252-how-the-terror-bird-tore-its-prey
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