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T H E  U N I V E R S I T Y  O F  T O R O N T O
For over one hundred and fifty years, there has been the question:  Where do birds come from?  On the surface, the question is not difficult, as birds have always been regarded as evolving from reptiles.  The problem, however, lies within which taxon of reptiles birds belong.  Since the mid-1800s, three prominent hypotheses have emerged:  the thecodont hypothesis, the crocodilian hypothesis, and the theropod dinosaur hypothesis. (Chiappe 1995, Padian et al 1997, Qiang et al 1998)  Thecodonts were a primitive “wastebasket” group of archosaurs, the ancestor to all reptiles, with no real phylogenetic value. (Padian et al 1997)  For this reason, the theocodont hypothesis has been discounted, as linking birds with a paraphyletic group would not be parsimonius. (Padian et al 1997)  The crocodilian hypothesis centres around comparisons with the braincase, quadrate, and the ear region of early crocodiles. (Chiappe 1995, Padian et al 1997, Qiang et al 1998)  However, these synapomorphies are also found in other groups of archosaurs, including theropods. (Padian et al 1997)  For this reason, the crocodilian hypothesis has also been discounted.  That leaves the theropod hypothesis, which has much evidence to support it as a genuine scientific theory.  Using morphological, phylogenetic, and metabolic evidence, this essay will prove that modern birds evolved from theropod dinosaurs.

The strongest evidence to support the theory of theropod to bird evolution is the over 70 synapomorphies that link the two clades. (Padian et al 1997)  Some of these synapomorphies include the presence of rostral, dorsal, and caudal tympanic recesses; a semilunate carpel; a thin metacarpal; a longer pubic peduncle; a posteroventrally directed pubis with only a foot that projects posteriorly; a shortedned ischium;  the shape of the pectoral girdle; and the structure and shape of the hind limb. (Padian et al 1997)  Following the fossil record, there is a distinct sequence that one may follow between theropods and birds.  This sequence includes 1)  elongated arms to 2)  the first toe rotating backwards behind the metatarsals to 3)  the pubis and ischium of the pelvis becoming longer and shorter respectively. (Padian et al 1997)  Using this phylogenetic evidence, avian palaeobiologists have been able to construct a phylogenetic tree that shows a distinct lineage between theropod dinosaurs and Aves.

A recent discovery leading credence to the theropod-bird theory is the fossil of Rahona ostroni.  This fossil exhibits an amalgam of characters between theropods and birds. (Forster et al 1998)  Several avian features include pneumatic foramina within pneumatic fossae on the doral vertebrae; a large hypopophysis and bilateral pneumatic foramina; large vertebral canals; avain-like synsacrum from completely co-ossified sacral vertebrae; as well as hollow bones. (Forster et al 1998)  Like Archaeopteryx, the sister taxon to modern birds and a genus within Aves, the fossil shows evidence of a long bony tail, and the presence of secondary flight feathers. (Forster et al 1998)  Finally, a common shared theropod feature includes dorsal vertebrae which have accessory hyposphere-hypantra articulations. (Forster et al 1998)  A feature shared between the fossil, Archaeopteryx, and theropods is the main axis of the glenoid fossa is centred on the ventral edge of the scapular blade. (Forster et al 1998)  Therefore, this discovery offers compelling evidence of the theropod-bird link.

The link between theropod dinosaurs and birds is also exemplified through the evolution of feathers.  Recently it was found that feathers are not necessarily a synapomorphy for birds, but are also found on theropod fossils most closely related to birds. (Padian 1998)  On several specimens, the genera Protarchaeopteryx and Caudipteryx left the impression of feathers. (Padian 1998)  Because these animals lacked the necessary bone structure to fly, the purpose of these feathers were most likely for camouflage, display, and/or species recognition. (Padian 1998)  This finding is remarkable because it shows feathers did not evolve in response to selection pressures towards flight, and serves as another proof for the theory of birds evolving from theropods.

Several recent studies have put the theropod-bird evolutionary theory into doubt.  Using embryonic developmental analysis, Burke et al (1997) demonstrated that the digits in the avian hand are II, III, and IV, with digits I and V being lost.  It has long since been established that theropods uniquely within the amniotes retain digits I, II, and III. (Burke et al 1997, Thomas et al 1998, Padian 1997).  This information appears to refute the theropod-bird theory, because the digits in the hand are an important synapomorphy. (Burke et al 1997)  However, Padian et al (1997) explain that this identification is problematic, because of difficulties with bone ossification, chondrification, and condensation.  The above argument is also flawed, because the supposed digits II, III, and IV in birds happen to take up the exact positions of I, II, and III in theropods. (Padian et al 1997)  Additionally, it is unknown how Archaeopteryx or other basal birds developed embryologically. (Padian et al 1997)  Therefore, this new information does not unconditionally disprove the theropod-bird evolutionary theory.

Opponents of the theropod-bird theory also put forth a timing problem.   Fossils of the most bird-like theropods do not appear in the fossil record until 70 million years after Archaeopteryx. (Thomas et all 1998)  Therefore, if birds evolved from theropods, they had to have done so before their ancestors even existed.  Since this is a paradox, the theory must be untrue. (Thomas, et al 1998).  The reasoning behind this argument, however, was refuted by Padian et al (1997).  They argue that the absence of theropod ancestors before Archaeopteryx appears is not problematic, because the Mesozoic fossil record is often disjunct. (Padian et al 1997)  They also agrue that phylogeny is based on synapomorphic characters, and not on the fossil record. (Padian et al 1997)  Consequently, there is a very real problem with timing that hopefully will be resolved in the future with further fossil discoveries.  In the meantime, the theropod-bird theory should not be discounted on this basis.


A large part of the counter evidence to the theropod-bird evolutionary theory comes from a physical constraint of theropod dinosaurs.  There is much evidence to prove that theropods had bellowslike septate lungs, as do modern crocodiles. (Ruben et al 1997)  These lungs are not highly vascularised, and hence are unable to provide sufficient amounts of oxygen during high levels of activity. (Ruben et al 1997)  Because of this, it is thought that theropods were ectothermic. (Ruben et al 1997, Thomas et al 1998)  Birds have evolved a mechanism that modifies the reptilian lung to be able to do a high amount of activity. (Ruben et al 1997)  In order for birds to have evolved from theropods, an intermediate step would have necessitated selection for a debilitating diaphragmatic hernia. (Ruben et al 1997, Thomas et al 1998)   Therefore, these points seem to invalidate the theropod-bird theory.  Schwitzer et al (2001) seem to have a different view, however.  They postulate that a genetic change, leading to an enhanced oxygen delivery system, could have bridged the gap between ectothermic theropods and endothermic birds, without the problematic hernia. (Schwitzer et al 2001)  The morphological and physiological changes would have then followed this genetic change. (Schwitzer et al 2001, Nassar 1998)  Hicks et al (1998) also disagree with Ruben et al (1997) by stating that some reptiles are capable of high oxygen-carbon dioxide exchange rates in their septate lung, and with slight modifications that did dot preserve in the fossil record, theropods may have been endothermic.  Because of these two reasons, the supposed ectothermy of theropods may not have disallowed for the theropod-bird evolutionary link.


The above arguments offer compelling evidence for the fact that birds evolved from theropod dinosaurs.  The over 70 synapomporhies show phylogenetic evidence, fossils including Rahona ostroni, Protarchaeopteryx, and Caudipteryx show morphologic links, and the fact that theropods may have been endothermic is metabolic support for the theropod-bird evolutionary link.  There are still several key pieces of evidence needed, however, for the theory to be sounder.  Using genetic data, it needs to be proven that birds have retained hand digits I, II, and III.  Likewise, theropod ancestors of birds need to be found before Archaeopteryx appears in the fossil record.  Finally, it needs to be proven that theropods were either capable of endothermy, or that birds could have evolved endothermy without any detrimental intermediate steps.  Therefore, it is clear from the phylogenetic, morphological, and metabolic evidence put forth above that birds have indeed evolved from theropods.  Hopefully there will be future scientific discoveries that help substantiate this theory even further.

References
Burke, A.C. and A. Feduccia.  1997.  Developmental patterns and the identification of homologies in the Avian hand.  Science 278: 660-668.

Chiappe, L.M.  1995.  The first 85 million years of avian evolution.  Nature 378: 349-355.

Forster, C.A., S.D. Sampson, L.M. Chiappe, and D.W. Krouse.  1998.  The theropod ancestry of birds:  New evidence from the Late Cretaceous of Madagascar.  Science 279: 1915-1919.

Hicks, J.W. and C.G. Farmer.  1998.  Lung ventilation and gass exchange in theropod dinosaurs – response.  Science 281: 47-48.

Nasser, P.N.  1998.  Lung ventilation and gass exchange in theropod dinosaurs – response.  Science 281: 47-48.

Padian, K. and L.M. Chiappe.  1997.  Biological Reviews of the Cambridge Philosophical Society 73: 1-42.

Padian, K.  1998.  When is a bird not a bird?  Nature 393: 729-730.

Qiang, J., P.J. Currie, M.A. Norell, and J. Shu-An.  1998.  Two feathered dinosaurs from northeastern China.  Nature 393: 753-761.
Ruben, J.A., T.D. Jones, N.R. Geist, and W.J. Hillenius.  1997.  Lung structure and ventilation in theropod dinosaurs and early birds.  Science 278: 1267-1270.

Schwitzer, M.H. and C.L. Marshall.  2001.  A molecular model for the evolution of endothermy in the theropod-bird lineage.  Journal of Experimental Zoology 291: 317-338.

Thomas, A.L.R. and J.P. Garner.  1998.  Are birds dinosaurs?  Trends in Ecology and Evolution 13: 129-130.

PAGE  
2

