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The Broadhurst Lectures 

The ‘Avian Dinosaurs’: Latest research on some early fossil birds 
 

13.30 – 14.15 Fossil Evidence for the Evolution of Dinosaur Flight 

Dr Gareth Dyke, University of Southampton 

 

14.15 – 15.00 What does it take to fly? The physics of early feathered flight 

Dr Colin Palmer, University of Bristol 

 

15.00 – 15.30 Coffee Break 

 

15.30 – 16.15 Secrets of Archaeopteryx revealed by Synchrotron Analysis 

Dr John Nudds, University of Manchester 

 

16.15 – 17.00 Synchrotron Rapid Scanning in Palaeontology: A “Bird’s Eye” View 

Professor Roy Wogelius, University of Manchester 

 

Darwin’s “Bulldog,” Thomas Huxley, noted the similarity between birds and a group of 

dinosaurs, the theropods (theropods = beast-footed, a reference to the three-toed ‘devil’s’ 

footprints of these carnivorous dinosaurs). Evidence from dinosaurs supporting this link 

appeared in subsequent years: hollowed bones, large breastbones, egg-shape, microscopic 

structure of the egg-shell, pattern of egg-laying, brooding of eggs - all were comparable to 

birds. More recently it has been discovered that a variety of theropods possessed true bird-like 

feathers. In the Broadhurst Lectures for 2013/4 we will take a look at the evolution of early 

birds. 



Fossil Evidence for the Evolution of Dinosaur Flight 

Dr Gareth Dyke, University of Southampton 

 

A series of exceptionally well-preserved non-

avian theropods have been unearthed in recent 

years that demonstrate key anatomical ‘stages’ in 

the appearance and refinement of parachuting, 

gliding and – maybe – flapping flight. Not just 

from China, these new maniraptoriforms can be 

discussed both from an anatomical and an 

engineering framework. 

 

In this presentation, I will review new key 

discoveries and highlight anatomical features and 

controversies thought key to the evolution of 

dinosaur flight. 
 

Gareth at work 

 

 

What does it take to fly? The physics of early feathered flight 

Dr Colin Palmer, University of Bristol 

 

What does it take to fly? When we look at living birds we are looking at derived creatures that 

are the result of 150 million years of evolution. They are highly adapted, sophisticated and 

capable fliers, so actually tell us little about the minimum requirements for useful flight. We 

also know that birds are direct descendants of the dinosaurs and that dinosaurs had feathers 

long before any of them could fly. How was it then that these early feathers could be 

harnessed to provide useful flight surfaces? 

 

The basic requirement for flight is surfaces that are capable of generating an aerodynamic 

force that is out of the plane of the surface – in other words one that can generate lift as well 

as drag. Aerodynamic theory and experience shows that this does not require sophisticated 

aerofoil sections or complex morphologies, which has important implications for the earliest 

acquisition of flight capability. 

 

The fossil record shows that the earliest fliers had five flight surfaces – on their forelimbs, 

hind-limbs and tail, and recent experimental work on models of these flying dinosaurs has 

confirmed that they were successful gliders in their cluttered arboreal environment. Our 

understanding of their musculature and joint morphologies suggest that they were incapable 

of flapping flight, so in this case, at least, flight was a “trees down” behaviour. 

 

 

Coffee Break 



Secrets of Archaeopteryx revealed by Synchrotron Analysis 

Dr John Nudds, University of Manchester 

 

Of the 12 known specimens of Archaeopteryx the least well-known is the 8
th

 specimen, 

sometimes nicknamed the ‘Phantom’, since it had never been seen since its discovery in 1990 

until 2009 when Bavarian palaeontologist Raimund Albersdoerfer bought the specimen from 

a private collector. 

Analysis of this specimen in 2011 at the European Synchrotron Radiation Facility (ESRF) in 

Grenoble has revealed some extraordinary morphological details about this specimen which, 

considering its stratigraphic position, have important bearing on the specimen’s identity and 

on the evolution of Archaeopteryx. 

Experiments in Grenoble are on-going, but some preliminary results can now be revealed.  

 
 

 
 



Synchrotron Rapid Scanning in Palaeontology: A “Bird’s Eye” View 

Professor Roy Wogelius, University of Manchester 

 

The use of modern physics techniques for the analysis of exceptionally preserved fossils is 

now providing a wealth of information on a range of organisms with breath-taking chemical 

fidelity. This talk will present recent results produced in an on-going collaboration between 

the University of Manchester, the Stanford Synchrotron Radiation Lightsource (USA), and the 

Diamond Light Source (UK) for a number of fossil specimens that are pivotal in the 

evolutionary history of birds. Specimens discussed will include Archaeopteryx (Thermopolis 

and Berlin specimens), Confuciusornis sanctus, Gansus yumenensis, and single feathers from 

the Green River Formation. Insights into what the trace metal and organic compound 

inventories tell us about both the geochemistry of preservation as well as the original 

biochemistry of the organism will be discussed. 

 

 

 

 
 
Left: False colour synchrotron rapid scanning- X-ray fluorescence image of Confuciusornis sanctus. (Red = 

copper, blue = calcium, green = zinc). 

 

Right, top: Artist’s reconstruction of eumelanin pigment density in C. sanctus based on the distribution and 

coordination chemistry of copper in fossil specimens. 

 

Right, bottom: Copper coordination within the feather residue of C. sanctus, consistent with metal chelation 

within the eumelanin structure. (See ref. #6 below for further details.) 
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