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the lapillus and asteriscus are species-specific in Ostariophysi. Therefore, fossil lapilli can 
be identified only at the genus level, with a few exceptions, e.g. in Tinca and †Tarsichthys. 
Nevertheless, studies of fossil lapilli have greatly contributed to first appearance data, faunal 
turnovers and provincialism of Ostariophysi in the Oligocene and Neogene of Europe. Fossil 
lapilli have also been used for oxygen and carbon isotopic measurements for deciphering the 
fish’s environmental parameters such as temperature and salinity. Future studies will provide 
such data also for other regions of the world.

 
Technical Session XI, Friday 9:15 
THE ANATOMY AND RELATIONSHIPS OF THE ENIGMATIC DIAPSID 
REPTILE LANTHANOLANIA IVAKHNENKOI FROM THE MIDDLE PERMIAN OF 
NORTHERN RUSSIA 
REISZ, Robert, Department of Biology, University of Toronto at Mississauga, Mississauga, 
ON, Canada; MODESTO, Sean, Department of Biology, Cape Breton University, Sydney, 
NS, Canada 
 
Diapsid reptiles were the most common terrestrial vertebrates of the Mesozoic. However, 
they were exceedingly rare in the Paleozoic. The oldest known diapsids are araeoscelidians, 
which ?rst appeared during the Late Carboniferous, but did not last beyond the Early 
Permian. Other Permian diapsids, referred to as either ‘neodiapsids’ or ‘eosuchians,’ 
include the younginiforms, most of which are known from the uppermost Permian of 
Madagascar and Africa. Other Paleozoic taxa, formerly considered to be diapsids, have 
now been reidentified as small varanopid synapsids. The recent description Lanthanolania 
ivakhnenkoi, a small reptile from the Middle Permian of Russia, introduced a significant 
new element into this problematic period of diapsid evolution. Based on the incomplete 
data provided by the holotype and only known specimen (a single, fragmentary skull), we 
suggested that this small reptile may be the oldest known crown diapsid. The discovery of a 
nearly complete skeleton of this rare and enigmatic reptile allows us to test this controversial 
hypothesis. The skull confirms anatomical details that were only hinted at by the original 
specimen, including the absence of the quadratojugal, a poorly developed subtemporal bar of 
the jugal, the absence of the tabular and the postparietal. The morphology of the postcranial 
skeleton also supports the interpretation that Lanthanolania is the oldest known crown 
diapsid reptile, indicating that archosauromorph/lepidosauromorph split occurred well before 
the end of the Permian.

 
Technical Session XVI, Saturday 11:00 
FUNCTIONAL ADAPTATIONS IN THE FORELIMB OF MAMENCHISAURID 
SAUROPODS 
REMES, Kristian, University of Bonn, Steinmann Institute, Division of Paleontology, Bonn, 
Germany 
 
Mamenchisauridae is a unique group of probably endemic East Asian Jurassic sauropods 
that are characterized by their exceptionally long neck. A detailed examination of the 
forelimb osteology of this group, in combination with muscle reconstructions based on the 
Extant Phylogenetic Bracket approach, revealed that also their pectoral extremity exhibits 
unique adaptations that are not found in other sauropod groups. These include a dorsolateral 
extension of the glenoid joint, specialized attachment sites of the shoulder musculature, 
asymmetric accessory condyles of the humerus, and elongate proximal processes of the ulna. 
All these modifications are functionally linked. The form of the glenoid allowed the humerus 
to rotate craniolaterally around the coracoid, which enforced adaptations in the musculature 
to maintain the ability to effectively retract the humerus. Moreover, transformations in the 
elbow region were necessary to keep the manus pronated, in spite of changing orientations 
of the distal end of the humerus during retraction. Due to the configuration of the sauropod 
shoulder girdle with a cranially placed coracoid, other sauropods that lack these adaptations 
were significantly limited in their forelimb step length, and in theory consequently could 
reach only a distinctly lower maximum velocity. However, the adaptations observed in 
mamenchisaurids might also correlate to the exceptionally elongate neck, because the forces 
exerted on the torso during movement of this long cantilever need to be compensated by 
specialized props that support the body laterally. Nevertheless, it remains unexplained why 
other sauropod groups with strongly elongate necks lack comparable modifications.

 
Poster Session II (Thursday) 
ALTERATION OF BONE MICROSTRUCTURE RELATED TO GROWTH RATE IN 
THE GIANT RATITE DINORNIS 
RENSBERGER, John, University of Washington, Seattle, WA, USA 
 
Lamellar bone tissue functions as a fracture-resisting mechanism in which fiber directions 
change across lamellae and individual lamellae extend with uniform thicknesses over 
considerable distances, like layers of finely crafted plywood. In mature bone of taxa with 
this type of tissue, osteocyte processes (canaliculi) run in parallel in the direction of growth. 
In  rapidly growing tissues, such as woven bone, this regularity is absent and fibrillar 
organization is irregular and canaliculi are randomly directed. In birds, lamellar bone is 
irregular and osteocyte processes branch profusely in random directions, prompting the 
hypothesis that this irregularity represents a tradeoff of tissue strength in favor of more rapid 
development. Isolation from predation over a long period of time would test this hypothesis 
which, under those conditions, predicts reduced selection for rapid bone growth, loss of 

these distinctive microstructural organizations and restoration of the primitive vertebrate 
structures supporting stronger tissues. Observations and measurements of microstructural 
features of bone tissue in Dinornis, the extinct moa of New Zealand, reveal changes from the 
specialized tissue structures characteristic of birds to those more characteristic of mammals 
and other vertebrates. This, the moa’s history of isolation from predation, its loss of wings 
and exceptionally slow growth, together with evidence that growth rates in modern birds 
scale positively with mortality rates, indicates that the derived microstructure in birds and 
extinct theropods has been sustained by selection for elevated rates of osteogenesis to allow 
early attainment of efficient locomotion. 

 
Technical Session XVIII, Saturday 2:30 
CTENACANTHID SHARK REMAINS (CHONDRICHTHYES) FROM THE 
LOWER PERMIAN PEDRA DO FOGO FORMATION, STATE OF TOCANTINS, 
BRAZIL 
RICHTER, Martha, Natural History Museum, London, United Kingdom  
 
Abundant surface-laying remains of sharks, among which are large fin spines, isolated 
teeth and segments of calcified cartilage, were collected in Guaraí, north Brazil. The 
Pedra do Fogo Formation, where these fossils come from, represents marginal deposits 
of an epicontinental sea in the Parnaíba Basin. The rock matrix contains hard cement 
with diagenetic, ferrigenous ooliths, probably formed in arid climate conditions. The 
specimens described herein have been recovered after long acid and mechanical preparation. 
Most teeth are indistinguishable from those of Glikmanius occidentalis, which occur 
in the Pennsylvanian-Lower Permian of USA, the Late Carboniferous of England and 
Carboniferous of Russia. Dorsal and posterior fin spines have been identified and are 
identical to Ctenacanthus amblyxiphias from the Lower Permian of Kansas. The concurrence 
in Brazil of abundant ‘cladodont’ teeth together with ctenacanth spines gives support to the 
growing evidence that Glikmanius occidentalis (= Cladodus occidentalis) and the Brazilian 
teeth material, as well as other dentitions and fin spines from elsewhere do indeed belong to 
ctenacanthid sharks. Unfortunately, the Brazilian ctenacanthid fin spines and all the available 
Ctenacanthus amblyxiphias spines are known only from isolated remains. It is suggested 
that C. amphyxiphias is probably a junior synonym of Glikmanius occidentalis, given recent 
discoveries of associated teeth and fin spines in the USA. Glikmanius sharks survived for 
about 30 million years and, having initially been reported from fully marine rocks, they seem 
to have been able to adapt to more restrictive environments of epeiric seas during the Lower 
Permian, when they apparently became extinct. The palaeogeography and palaeoclimate of 
the Parnaíba Basin and other regions of occurrence of similar Late Carbonifeous and Lower 
Permian shark faunas is discussed.

 
New Directions in the Study of Fossil Endocasts: a Symposium in Honor of Harry J. Jerison, 
Thursday 9:15 
GROSS ANATOMICAL BRAIN REGION APPROXIMATION (GABRA): A NEW 
TECHNIQUE FOR ASSESSING BRAIN STRUCTURE IN DINOSAURS AND 
OTHER FOSSIL ARCHOSAURS 
RIDGELY, Ryan, Ohio University, Athens, OH, USA; WITMER, Lawrence, Ohio 
University, Athens, OH, USA 
 
Tracking brain evolution through the fossil record has proven difficult, because a cast of 
the bony endocranial cavity is the only proxy available for study. A cranial endocast is a 
fair representation of brain size and form for some groups (mammals, birds), but for many 
reptile groups the brain does not completely fill the cranial cavity, and an endocast is a 
poor proxy. Thus, quantitative studies of relative brain size or qualitative studies of brain 
region evolution often require untested assumptions. We present a new technique called 
Gross Anatomical Brain Region Approximation (GABRA) which addresses these problems 
by using 3D digital analysis to estimate brain size and morphology in fossil taxa based on 
a variety of comparative anatomical criteria. Based on hundreds of virtual endocasts of 
extant and extinct archosaurs generated from our CT data, we have identified a large suite 
of homologous endocast features (neurovascular canals, dural sinuses, fossae produced 
by the brain itself, etc.) that have highly conserved relationships to the regions of the 
brain. These criteria provide limits on the location and size of major brain regions (e.g., 
cerebral hemispheres, cerebellum, optic lobes, olfactory bulbs) in fossil taxa, and allow 
the production of a 3D model of the inferred brain morphology. As examples, the digital 
endocasts of Euoplocephalus, Pachyrhinosaurus, Camarasaurus, and Majungasaurus were 
imported into modeling software (Maya). Virtual models of the underlying brain regions 
were produced within the endocast using 3D ellipsoids constrained by the anatomical criteria 
noted above. The reconstructed brains are credible and testable hypotheses, revealing, 
among many other things, that the sauropod had much more extensive venous sinuses than 
did either ornithischian, with the theropod being intermediate. GABRA allows moving 
beyond studying the endocast as a singular entity to studying the evolution of the brain and 
its different parts, allowing hypotheses of neurological mosaic evolution to be better tested. 
Moreover, revised estimates of brain (and brain region) size will put quantitative analyses on 
a better footing.

 




