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Best practices for digitally constructing endocranial casts: examples from birds
and their dinosaurian relatives

AUTHORS VIEWS INFO
m Daniel Field+6 6 more ~ 4 " ¥ DOWNLOAD

Journal of AnatOmy

J. Anat. (2015) doi: 10.1111/joa.12378

Best practices for digitally constructing endocranial
casts: examples from birds and their dinosaurian

relatives

Amy M. Balanoff,"* G. S. Bever,”* Matthew W. Colbert,” Julia A. Clarke,” Daniel J. Field,” Paul M.
Gignac,” Daniel T. Ksepka,® Ryan C. Ridgely,” N. Adam Smith,® Christopher R. Torres,? Stig Walsh'®
and Lawrence M. Witmer’
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Abstract

The rapidly expanding interest in, and availability of, digital tomography data to visualize casts of the vertebrate
endocranial cavity housing the brain (endocasts) presents new opportunities and challenges to the field of
comparative neuroanatomy. The opportunities are many, ranging from the relatively rapid acquisition of data to
the unprecedented ability to integrate critically important fossil taxa. The challenges consist of navigating the
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A new saurolophine hadrosaurid (Dinosauria: Ornithopoda) from the
Campanian of Utah, North America
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A new saurolophine hadrosaurid (Dinosauria: Ornithopoda) from the Campanian
of Utah, North America

Terry A. Gates™™ and Rodney Scheets

“David Clark Labs, North Carolina State University, Raleigh, NC 27695, USA: "North Caroling Museum of Natural Science, 1 W Jones
St., Raleigh, NC 27601 BYU Museum of Paleontology, 1683 N Canven Rd., Prove, UT 84602, US4

(Received 21 February 2013; accepted 17 June 2014)

A new hadrosaurid is described from the Upper Cretaceous Neslen Formation of central Utah. Rhinorex condrupus gen. et
sp. nov. is diagnosed on the basis of two unigue traits, a hook-shaped projection of the nasal anteroventral process and

dorsal projection of the posteroventral process of the premaxilla, and is further differentiated from other hadmosauwrid
species based on the morphology of the nasal (large nasal boss on the posterodorsal corner of the circumnarial fossa, small

protuberences on the anterior process, absence of nasal arch), jugal (vertical postorbital process), postorbital (high degree
of flexion present on posterior process), and squamosal (inclined anterolateral processes). This new taxon was discovered
in estuarine sediments dated at approximately 75 Ma and just 250 km north of the prolific dinosaur-bearing strata of the

Kaiparowits Formation, possibly ovedapping in time with Gryposaurus monumentensis. Phylogenetic parsimony and
Bayesian analyses associate this new taxon with the Gryposaurus clade, even though the type specimen does not possess
the diagnostic nasal hump of the latter genus. Comparisons with phylogenetic analvses from other studies show that a

current consensus exists between the general structure of the hadrosaurid evolutionary tree, but on closer examination there

is little agreement among species relationships.

http:/zoobank. org/umelsid:zoobank.org: pub:OFDDOFE6-6C20-4838-BDAA-092 1611 79095

Keywords: Hadrosauridae: ornithopod: Cretaceous: Utah; Book Cliffs: Neslen Formation: biogeography: phylogenetics

Introduction underappreciated for their fossil potential. Early in the
twentieth century, coal mines in the Book Chfls were rec-
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Nuclear g-catenin localization supports homology of feathers, avian
scutate scales, and alligator scales in early development

Jacob M. Musser,™”* Gunter P. Wagner,™” and Richard O. Prum®
* Department of Ecology and Evolutionary Biology, and Peabody Museum of Natural History, Yale University,

21 Sachem St, New Haven, CT 06511, USA

® Systems Biology Institute, Yale University, 840 West Campus Drive, West Haven, CT 06516, USA

*Author for comespondence (2-mail: jacob. musser@yale.cdu)

SUMMARY Feathers are an evolutionary novelty found in
all extant birds. Despite recent progress investigating feather
development and a revolution in dinosaur paleontology, the
relationship of feathers to other amniote skin appendages,
particularly reptile scales, remains unclear, Disagreement
arises primarily from the observation that feathers and avian
scutate scales exhibit an anatomical placode—defined as an
epidermal thickening—in early development. whereas alli-
gator and other avian scales do not. To investigate the
homology of feathers and archosaur scales we examined
patterns of nuclear B-catenin localization during early
development of feathers and different bird and alligator
scales, In birds, nuclear p-catenin is first localized 1o the
feather placode, and then exhibits a dynamic pattern of
localization in both epidermis and dermis of the feather bud.

We found that asymmetric avian scutate scales and alligator
scales share similar pamerns of nuclear p-catenin localization
with feathers. This supports the hypothesis that feathers,
scutate scales, and alligator scales are homologous during
early developmental stages, and are derived from early
developmental stages of an asymmetric scale present in the
archosaur ancestor. Furthermora, given that the earliest stage
of f-catenin localization in feathers and archosaur scales is
also found in placodes of several mammalian skin appen-
dages, including hair and mammary glands, we hypothesize
that a common skin appendage placode orginated in the
common ancestor of all amniotes. We suggest a skin placode
should not be defined by anatomical fealures, but as a local,
organized molecular signaling center from which an epider-

mal appendage develops.

Introduction

Understanding the ongin of novelty s a central focus of
developmental evolutionary biology (“devo-evo™; Miiller and

exhibiting feathers of varying complexaty (5 et al. 2000; Xu
etal. 20001, 2009). Simultaneously, theories of feather evolution
shifled attention to developmental evidence (Prum 1999; Brush
2006k, Chuong el al. 2000; Sawyer and Knapp 2003). Prum

H
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Best practices for digitally constructing endocranial
casts: examples from birds and their dinosaurian

relatives

Amy M. Balanoff,'* G. 5. Bever,?* Matthew W. Colbert,* Julia A. Clarke,® Daniel J. Field,* Paul M.
Gignac,® Daniel T. Ksepka,® Ryan C. Ridgely,” N. Adam Smith,® Christopher R. Torres,? Stig Walsh'®
and Lawrence M. Witmer”

'Department of Anatomical Sciences, Stony Brook University, Stony Brook, NY, USA

2pepartment of Anatomy, New York institute of Technology, College of Osteopathic Medicine, Old Westbury, NY, USA
*pepartment of Geological Sciences, The University of Texas at Austin, Austin, TX, USA

*pepartment of Geology and Geophysics, Yale University, New Haven, CT, USA

*pepartment of Anatomy and Cell Biology, Oklahoma State University Center for Health Sciences, Tulsa, OK, USA
SBruce Museum, Greenwich, CT, USA

"pepartment of Blomedical Sclences, Heritage College of Osteopathic Medicine, Ohio University, Athens, OH, USA
2pepartment of Earth Sciences, The Field Museum of Natural History, Chicaga, IL, USA

*Department of Integrative Biology, University of Texas at Austin, Austin, TX, USA

"“Department of Natural Sciences, National Museums Scotland,, Edinburgh, UK

Abstract

The rapidly expanding interest in, and availability of, digital tomography data te visualize casts of the vertebrate
endocranial cavity housing the brain (endocasts) presents new opportunities and challenges to the field of
comparative neurcanatomy. The opportunities are many, ranging from the relatively rapid acquisition of data to
the unprecedented ability to integrate critically important fossil taxa. The challenges consist of navigating the
logistical barriers that often separate a researcher from high-quality data and minimizing the amount of non-
biological variation expressed in endocasts — variation that may confound meaningful and synthetic results. Qur
purpose here is to outline preferred approaches for acquiring digital tomographic data, converting those data to
an endocast, and making those endocasts as meaningful as possible when considered in a comparative context.
This review is intended to benefit those just getting started in the field but also serves to initiate further
discussion between active endocast researchers regarding the best practices for advancing the discipline.
Congruent with the theme of this volume, we draw our examples from birds and the highly encephalized non-
avian dinosaurs that comprise closely related outgroups along their phylogenetic stem lineage.

Key words: Aves; brain; comparative neuroanatomy; computed tomography; endocast.

Introduction

The last 25 years of evolutionary morphology have been
witness to an explosion of digital technigues for observing,
analyzing, and interpreting anatomical information. The
impact of these innovations has been transformative in the
field of comparative neuroanatomy where the various

forms of computed tomography (CT) [i.e. viewing a three-
dimensional (3D) structure based on a parallel series of digi-
tally acquired twe-dimensional (2D) images known as tomo-
grams] are now widely used across vertebrate clades to
visualize the endocranial space and to assess morphological
details of this space as a proxy for brain morphology
through the construction of digital endocasts (Fig. 1) (e.g.
Maisey, 2004; Colbert et al. 2005; Zollikofer et al. 2005;
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