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What does the fossil record tell us about the early evolution of feathers?
Archaeopteryx
· Fossil  feathers known since 1861 BUT archaeopteryx feathers are essentially already as developed as modern birds 
· Did feathers evolve before flight or after flight?
· What did the first feathers and feathered animals look like?
· Less than 20 years ago, no feathered dinosaurs known 

Late 1990’s the discovery of feathered dinosaurs! 
· Most feathered dinosaurs are known from the Early cretaceous Jehol group of Liaoning Province, northeastern China 
· More recently , the middle Jurassic rocks in this region have also produced feathered dinosaurs 

Sinosauropteryx – discovered in 1996- first non-avian dinosaur with feathers preserved 
Yixian formation early cretaceous 124 million years 
Short downy feathers in the neck 
Protarchaeiopteryx - first non-avialan dinosaur with retrices (tail fan feathers); symmetrical vaned feathered not capable of flight , Yixian Formation Early Cretaceous 124 million years , actually lived later than Archaeopteryx, probably related to oviraptorosaurs 
Caudipteryx – 1998 fist non dinosaur with half a wing of symmetrical feathers on the hand, tail fan also present, Y formation, oviraptorosaur with long hindlimbs, teeth in premaxilla only 

Beipiaosaurus – feathered therizinosauroid over 2 meters long, elongated broad filamentous feathers may have had a display role 

Epidexipteryx – 2008 from the Daohugou Beds (middle to late Jurassic) , member of Scansoriopterygidae recently discovered group of tree climbing coelurosaurs , very small with extremely short tail and long ribbon-like feathers 

What was the function of these feathers? 
-the most primitive known feathered dinosaurs had simple down-like feathers, likely function  was insulation , answers our question that feathers evolved first and then evolved for flight 
- Oviraptorosaurs had specialized flexible tails with short vertebrae and fused pygostyle- courtship displays likely involved wagging tail back and forth 
Wing feathers could also help flightless oviraptorosaur shield its eggs and young 
Broad, elongated feathers may have also has an important role in visual displays 
Feathered Dromaeosaurids 
Important group for establishing dinosaur bird link (recall Ostrom’s work on Deinonychus) 
Feathers predicted by artists since the 1970’s and 80’s, depictions without feathers still common in pop culture but scientifically obsolete 
1999- first feathered dromaeosaurid fossil, 
2000 Microraptor 120million years old 
2002- first dromaeosaur with “modern” pennaceous feathers 
Named “Cryptovolans” by Czerkas et al. but may be the same as Microraptor 
2003- Microraptor with 4 wings! 

The first reconstructing had all 4 wings extending out in almost the same plane 
Model favoured by aerodynamic tests of Alexander et al. 2010 
Other researchers doubt if this pose was possible without dislocating the legs 
Alternative model by Chatterjee and Templin of Microraptor as a dinosaur “biplane” 
Anchiornis- 2009 from the Tiaojishan Formation middle Jurassic, 4 wings as in Microraptor but wing feathers are shorter and not as aerodynamic, a troodontid??
Feathered dinosaurs beyond China 
Juravenator 
2006- from the Solnohofen area of Germany (late Jurassic) 
Scaly skin on tail initially suggested that this was a featherless theropod, further study using UV light revealed that feathers were present, but faintly preserved 
Other Fossil Evidence 
· Quill knobs (ulnar papillae) on arm bones of Velociraptor 
· Dinosaur feathers preserved in amber (2011)
· Protein immunohistochemistry of fibres associated with the alvarezsaurid   Shuvuuia 

The dark organic imprints in many fossil feathers were found  to be fossilized melanosomes, organelles responsible for a feather’s melanin pigment 
Different shapes of melanosomes correspond to different colours in modern feathers 

In which group of dinosaurs did feathers first evolve?
All of the dinosaurs discussed so far have been coelurosaurian theropods: are feathers a coelurosaurian trait? 
Only simple body feathers are present in basal coelurosaurs (compsognathids, tyrannosaurids) 
Vaned wing and tail fans are present in derived manipraptoran coelurosaurs (oviraptorosaurs, dromaeosaurids) 

Feathered ornithischians? – one specimen of the ceratopsian has filaments along the tail 

New Discoveries 2012 

March – microraptor , dark iridescent feathers like some modern birds earliest examples of iridescent feathers 

April – Yutyrannus , two skeletons of tyrannosaurs facing away from one another
New Chinese tyrannosaurid known from three skeletons with filamentous  feathers 15-20 cm long – adult 9m long, 40 times more massive than any other previously known feathered dinosaurs 

July 2012, Sciurumimus 
From the late Jurassic of Germany, only known specimen is a juvenile 0.7 m long, filaments on the tail, most basal theropod known with feather like filaments, first non-coelurosaur theropod – bushy squirrel tail 

[bookmark: _GoBack]October 2012 – feathered skeletons of Ornithomimus 
Three skeletons from the late cretaceous of Alberta, first in Canada with feathers, first feathers preserved with iron-rich residue in a fluvial sandstone (coarser-grained) evidence of wing-like feathers on adult only 

