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Report on the thesis submitted by Mr Dennis VOETEN : Innovative adaptations of Mesozoic diapsids revealed through synchrotron microtomography

Mr Voeten's thesis deals with two rather different groups of Mesozoic vertebrates, namely nothosaurs and archaeopterygiform birds. The underlying link is the technique used to investigate  particular features of these animals that otherwise have little in common in terms of biological adaptations, viz. synchrotron microtomography. This does not mean that the thesis is merely an illustration of the now widedly accepted fact that synchrotron microtomography is a remarkably powerful tool for palaeontologists, because beyond the technical prowess, there are remarkable scientific results. 


The first chapter in an introduction to both the techniques used, with a useful account of X-ray radiography, tomography and synchrotron radiation, and the fossil groups that have been studied (including their evolutionary significance and the questions to be addressed, viz. the paleoecology of Nothosaurus and its implications for sauropterygian diversification, and the flight of Archaeopteryx). This introductory part provides a considerable amount of information (some of it only marginally relevant to the main topics of the thesis), revealing a good command of the literature on both sauropterygians and Mesozoic birds and their forerunners.


The second chapter, entitled « general discussion » actually summarizes the main results of the research undertaken in the course of the thesis. A first section is devoted to technical issues linked to the application of synchrotron tomography to differentely preserved fossils, including Archaeopteryx remains, that like all fossils on slabs of rock, pose special problems. Then the results concerning the sauropterygian Nothosaurus are presented : a reconstruction of the internal cranial anatomy provides new evidence concerning the probable ecological adaptations of this marine reptile. The final section of this chapter deals with the old question of the flight of Archaeopteryx, an animal that had not yet acquired all the anatomical prerequisites for a type of powered flight similar to that of modern birds. The conclusion based on tomographic studies of wing bones in three specimens of Archaeopteryx is that it was a volant bird with a flight style different from that of modern avians. This in itself is not a new idea, but it is now based on previously unavailable solid evidence and makes it possible to reconsider the origins of powered flight under a new light.


The third chapter is a brief general conclusion recapitulating the main results obtained in the course of the thesis and offering insights into new research directions, notably through the study of vascularisation of the long bones of Archaeopteryx.


The following chapters 4 and 5 are in fact two papers, one published (on Nothosaurus) and one submitted (on Archaeopteryx), which contain the main solid results of the research performed by Dennis Voeten. Placing these research articles after the discussion and conclusions is somewhat awkward, because they should actually be read before these sections. Nevertheless, these results are  of considerable importance and should be considered as significant advances in their fields. Obviously the new results concerning the flight of Archaeopteryx will attract more attention than those about the brain and sensory organs of Nothosaurus, but the latter are an important contribution to our knowledge of a relatively neglected group.


Chapter 6 is basically the description of a project that has not yet be completed, concerning the vascularisation of the limb bones of Archaeopteryx and other archosaurs. The aim of this project, based on comparative tomographic studies, is to investigate the possible functional implications of vascularisation and the results that have already been achieved are promising.


The thesis ends with a long list of references and several appendices containing supplementary data.

The thesis is well written, in very good English. My only criticism in this respect is that it tends to be too encyclopedic at times, providing a mass of details that are sometimes a bit off topic. Some parts would have gained in clarity from being more focussed. 

More importantly, the scientific results are definitely of considerable significance. The thesis deals with two rather widely different groups of diapsids and with thoroughly different questions of functional adaptation. Nevertheless, Dennis Voeten in this work demonstrates a thorough knowledge of all these various aspects, combined with considerable technical skills in the use of synchrotron tomography for purposes of paleontological investigations. This thesis is clearly the result of a lot of hard work, resulting in scientifically important discoveries, for which Dennis Voeten must be congratulated. 


I therefore strongly recommend that Dennis Voeten should be awarded a doctoral degree.
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