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Preface

With over 100 publications, many of monographic length, Gene Gaffney has brought

research on fossil turtles to the forefront of paleontological study. His work set the stage

for the current explosion of research on fossil turtles, which is showing exceptional

potential for contributing to higher level concepts, such as the nature of evolutionary

processes, paleobiogeography, and paleoecology. Upon Gene’s retirement in 2007, the

consensus among turtle researchers was that his valuable contribution to turtle research

should be recognized. An informal survey of researchers at the 2007 Society of

Vertebrate Paleontology meetings indicated that a dedicated meeting on fossil turtles

and turtle relationships, together with a Festschrift publication, was the most appro-

priate way to honor Gene.

The idea of a stand-alone meeting dedicated to fossil turtles follows a tradition

established by France Lapparent, who organized the first international meeting on fossil

turtles in Paris, France, in 1983. Subsequent fossil turtle symposia were held at: the

American Museum of Natural History, New York, USA, in 1987; the University of

Alberta in Edmonton, Alberta, Canada (in conjunction with the 75th annual meeting of

the American Society of Ichthyologists and Herpetologists), in 1995; and at the

Zoological Institute of the Russian Academy of Sciences in St. Petersburg, Russia, in

2003. At the time of writing, plans are well underway for hosting the next symposium at

the University of Tübingen, Germany, in 2012.

To emphasize that the meeting was being held in Gene’s honor, it was formally

named the ‘‘Gaffney Turtle Symposium’’, and quickly became known simply as

‘‘Gaffneyfest’’. The success of the meeting was proof of the high esteem in which Gene is

valued by his peers. Held at the Royal Tyrrell Museum of Palaeontology in October

2009, the meeting lasted 2 full days, featured 37 talks and 16 posters, and was attended

by approximately 100 people. In keeping with the desire to mark Gene’s latest career

milestone, the meeting was a gathering of several generations of researchers. One end of

the spectrum was represented by 6 of the 13 attendees at the original 1984 Paris meeting

and by 2 of Gene’s classmates from university, all of whom made presentations. The

other end of the generational spectrum was represented by an equal number of pre-

sentations from researchers who were either within the final stages of their graduate

training or had graduated within the past year. And somewhere in the middle were

presenters who had never known a time when some of Gene’s classic papers, such as

‘‘The systematics of the North American Family Baenidae (Reptilia, Cryptodira)’’ (1972)

and ‘‘Comparative cranial morphology of Recent and fossil turtles’’ (1979) were not

available as standard references.

Many of the previous turtle meetings resulted in benchmark publications that have

played a key role in the development of fossil turtle research, and in some cases, continue

to be standard references. The meeting in Paris in 1984 resulted in the first volume of
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Vertebrata Paleochelonica, a series that included, among other topics, reviews of fossil

turtles from central Asia and Mongolia that provided western researchers with the first

easily accessible overview of turtle research being undertaken in the Soviet Union. During

the second meeting at the American Museum of Natural History in 1987, attendees

received a compilation of translated papers on fossil turtles that fostered further devel-

opment of an international perspective by turtle researchers. Thus, it was clear in the

organizers’ minds that to have a long-lasting impact, the Gaffney Turtle Symposiummust

be followed by a Festschrift volume. It was recognized early on by the editorial team that

to be a fitting tribute, the Festschrift ideally should contain a mix of focused papers that

would appeal to specialists along with papers having a broader scope that would appeal to

amore general audience. For the latter, we solicited several review-style papers on subjects

of current interest, such as the origins of turtles and development of the turtle shell.

Although there are some obvious gaps in this volume (e.g., no comprehensive analyses of

turtle relationships or paleobiogeography), this Festschrift contains a broad range of

research and review papers, and we hope it will be a useful resource for years to come.

Don Brinkman got the ball rolling on this Festschrift project. Soon thereafter, Jim

Gardner and Pat Holroyd stepped up to help the volume come to fruition, bringing with

them extensive experience as editors for the Journal of Vertebrate Paleontology. Due to

the enthusiastic response to our invitation to contribute to Gene’s Festschrift, the editors

realized the volume would have to take the form of a book, rather than a special issue of

the Bulletin of the American Museum of Natural History as originally planned. At the

suggestion of Walter Joyce, the editors approached Eric Delson and Eric Sargis with the

idea of including this in Springer’s Vertebrate Paleobiology and Paleoanthropology series.

Pat Holroyd did the key work in drafting the proposal, which was positively received by

Springer. Don Brinkman and Jim Gardner shared the workload in getting the manu-

scripts and other parts of the text ready for publication. Several years later, this volume

is the final result of the editors’ and authors’ collective efforts.

Fig. 2 Traditional Chinese painting presented to Eugene Gaffney during the Gaffney Turtle Symposium in
October 2009

Fig. 1 Logo for the Gaffney Turtle Symposium
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gustavoliveira@gmail.com

Francisco Ortega
Grupo de Biologı́a, Facultad de Ciencias, UNED, C/ Senda del Rey, 9, 28040 Madrid,

Spain

fortega@ccia.uned.es

Rodrigo Pellegrini
New Jersey State Museum, PO Box 530, Trenton, NJ 08625-0530, USA

Rodrigo.Pellegrini@sos.state.nj.us

Adán Pérez-García
Departamento de Paleontologı́a, Facultad de Ciencias Geológicas, Universidad Com-

plutense de Madrid, Ciudad Universitaria, C/ José Antonio Novais, 2, 28040 Madrid,
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8006 Zürich, Switzerland

tscheyer@pim.uzh.ch

Hans-Peter Schultze
Biodiversity Research Center and Natural History Museum, The University of Kansas,

Lawrence, KS 66045, USA

hp1937@ku.edu

Paul C. Sereno
Department of Organismal Biology and Anatomy, University of Chicago, 1027 East

57th Street, Chicago, IL 60637, USA

dinosaur@uchicago.edu

Elizabeth T. Smith
Vertebrate Palaeontology Laboratory, University of New South Wales, PO Box 1,

Kensington, NSW 2052, Australia; Australian Opal Centre, PO Box 229, Lightning

Ridge, NSW 2834, Australia

elizabethtsmith@exemail.com.au

Robert M. Sullivan
Section of Paleontology and Geology, The State Museum of Pennsylvania, 300 North

Street, Harrisburg, PA 17120-0024, USA

rsullivan@state.pa.us

Vladimir B. Sukhanov
Paleontological Institute of the Russian Academy of Sciences, Profsoyuznaya 123,

Moscow, Russia 117997

sukhanovturtle@yandex.ru

Elena V. Syromyatnikova
Department of Herpetology, Zoological Institute of the Russian Academy of Sciences,

Universitetskaya Emb. 1, St. Petersburg, Russia 199034

esyromyatnikova@gmail.com

Haiyan Tong
Division of Paleontology, American Museum of Natural History, Central Park West at

79th Street, New York, NY 10024, USA;, 30 Rue Carnot, 94270 Le Kremlin-Bicêtre,

France

Katsuhisa Uchida
Laboratory for Evolutionary Morphology, RIKEN Center for Developmental Biology,

Kobe 650-0047, Japan;

Present Address: Department of Marine Biology and Environmental Sciences, Faculty of

Agriculture, University of Miyazaki, 1-1 Gakuen Kibanadai-nishi, Miyazaki 889-2192,

Japan

k-uchida@cc.miyazaki-u.ac.jp

Dimitrios E. Velitzelos
Department of Historical Geology and Paleontology, National and Kapodistrian

University of Athens, 15784 Athens, Greece

dvelitzel@geol.uoa.gr

Evangelos Velitzelos
Department of Historical Geology and Paleontology, National and Kapodistrian

University of Athens, 15784 Athens, Greece

velitzel@geol.uoa.gr

xviii Contributors



Natasha S. Vitek
Yale University, PO 202411, New Haven, CT 06520, USA

nsvitek@utexas.edu

Mátyás Vremir
Department of Natural Sciences, Transylvanian Museum Society, 2-4, Strada Napoca,

400009 Cluj-Napoca, Romania

vremirmatyi@yahoo.co.uk

Cyril A. Walker
Department of Palaeontology, The Natural History Museum, Cromwell Road, London

SW7 5BD, UK

Robert E. Weems
Paleo Quest, 14243 Murphy Terrace, Gainesville, VA 20155, USA

rweems@usgs.gov

Ingmar Werneburg
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Part I

Perspectives on the Life and Accomplishments
of Eugene S. Gaffney



Chapter 1

Eugene S. Gaffney: A Professional Biography and Bibliography

Robert L. Carroll

Introduction

Eugene (Gene) Gaffney, long time Curator of Vertebrate
Paleontology at the American Museum of Natural History,
has made the most significant contributions to understand-
ing the fossil record, evolution, and interrelationships of the
Chelonia of any paleontologist. He has studied all the sig-
nificant fossil and living turtles assembled in the major
museums of the world, as well as collected specimens from
localities throughout North America and as far distant as
Lord Howe Island, off the coast of Australia. Gene was also
instrumental in the conception, detailed planning and
implementation of the current vertebrate paleontology gal-
lery at the American Museum of Natural History. Its six
fossil halls constitute the largest vertebrate fossil exhibition
in the world. A significant aspect of this exhibition was the
explicit integration of cladograms in association with the
phylogenetic distribution of the specimens.

Gaffney’s Accomplishments

Gene’s first interest was in dinosaurs and primitive mam-
mals, but through a visit to Princeton University he met Don
Baird who became his advisor on a senior thesis based on a
specimen of the side-necked turtle Taphrosphys. Don also
introduced Gene to the then dean of fossil turtles, Rainer
Zangerl, who became his co-author on the related genus
Bothremys, whose type specimen had just been re-located
by Gene in the Rutgers teaching collection (Gaffney and
Zangerl 1968).

From Rutgers, Gene went on to Columbia University for
his PhD and took advantage of its links with the American
Museum of Natural History, which has been Gene’s pro-
fessional home ever since. Bobb Schaeffer instilled in Gene
the importance of the highest standards in anatomical
description and scientific objectivity. What is most impor-
tant is Gene’s thorough and highly detailed preparation,
illustration and analysis of both fossil and living turtles at
the broadest scale possible. Already in his PhD thesis he
was investigating the highest taxonomic level of chelonian
systematics, the cryptodire-pleurodire dichotomy (Gaffney
1969). Between 1972 and 1977, he published 10 major
papers on the anatomy and systematics of turtles at the
generic and family level including: ‘‘The Systematics of the
North American Family Baenidae (Reptilia, Cryptodira)’’
and ‘‘An Illustrated Glossary of Turtle Skull Nomenclature’’
(both in 1972) and ‘‘A Revision of the Side-necked Turtle
Taphrosphys sulcatus (Leidy) from the Cretaceous of New
Jersey’’, ‘‘A Taxonomic Revision of the Jurassic Turtles
Portlandemys and Plesiochelys’’, ‘‘Solnhofia parsonsi, a
New Cryptodiran Turtle from the Late Jurassic of Europe’’,
‘‘A Phylogeny and Classification of the Higher Categories
of Turtles’’, and ‘‘Phylogeny of the Chelydrid Turtles: a
Study of Shared Derived Characters in the Skull’’ (all in
1975). ‘‘Cranial Morphology of the European Jurassic
Turtles Portlandemys and Plesiochelys’’ was published in
1976 followed in 1977 by ‘‘The Side-necked Turtle Family
Chelidae: a Theory of Relationships Using Shared Derived
Characters’’ and ‘‘An Endocranial Cast of the Side-necked
Turtle, Bothremys, with a New Reconstruction of the Pal-
ate’’. His later papers were closely linked with the devel-
opment of phylogenetic systematics, as seen through the
eyes of Karl Popper and discussed in a trio of papers by
Platnick and Gaffney in 1977 and 1978.

Major integrative contributions in 1979 included ‘‘The
Jurassic Turtles of North American’’ and ‘‘Comparative
Cranial Morphology of Recent and Fossil Turtles.’’ In the
same year, he published his only paper (with McKenna)
discussing a specific genus as a possible sister-taxon of
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turtles, followed in 1980 by a more general investigation,
‘‘Phylogenetic Relationships of the Major Groups of
Amniotes.’’ His paper ‘‘The Cranial Morphology of
the Extinct Horned Turtle, Meiolania platyceps, from the
Pleistocene of Lord Howe Island, Australia’’ (1983) and
other later papers summarized results from his extensive
field work off the coast of Australia (e.g., Gaffney 1996a, b).
Other field work included collecting trips to the Grizzly
Buttes localities in the Bridger Basin, the Lance Formation
of Wyoming, the Cretaceous-Paleocene of Montana, the
San Juan Basin in New Mexico, and the Lower Jurassic
Kayenta beds of Arizona.

An exhaustive phylogeny of all turtles was undertaken
with Peter Meylan in 1988 and in 1990 Gene published a
263 page monograph on the oldest turtle then known: ‘‘The
Comparative Osteology of the Triassic Turtle, Progan-
ochelys’’. Through the 1990s and early years of this century,
Gene published a wide range of descriptive papers based on
turtles from Australia, Africa, China, Europe, the Middle
East, South America, and India.

So far, Gene’s largest publication has been the 698 page
monograph ‘‘Evolution of the Side-Necked Turtles:
The families Bothremydidae, Euraxemydidae, and Ara-
ripemydidae’’, co-authored with Haiyan Tong and Peter
Meylan (2006), with a core data base of 41 taxa.

One of his most recent publications (2010) was entitled
‘‘Kayentachelys, an Early Jurassic Cryptodire, and the Early
History of Turtles’’, with Farish Jenkins as co-author. This
paper discussed the problems of establishing the phyloge-
netic position of this genus, whether as a sister-taxon of all
more advanced cryptodires or as being outside the common
ancestry of cryptodires plus pleurodires. Gaffney and
Jenkins (2010) demonstrated that very different phyloge-
netic positions can be hypothesized, even when dealing with
the same specimen and using comparable means of phylo-
genetic analysis.They compared the results of an earlier
paper on this genus by Gaffney et al. (1987) and ones by
Joyce (2007) and Sterli and Joyce (2007). Gaffney and
Jenkins (2010) pointed out that a general problem, the
absence of adequate knowledge of well preserved skeletal
remains of pre-Late Cretaceous pleurodires, is a major
difficulty in establishing their phylogenetic position.This
applies specifically to the skull. Joyce (2007) and Sterli and
Joyce (2007) had depended heavily on shell characters,
which are known to be much more homoplastic than those
of the skull and primarily involve loss of primitive features.
In contrast, cranial features support close affinities between
Kayentachelys and other cryptodires.

Gaffney and Jenkins (2010, p. 365) wrote: ‘‘The frequent
proliferation of contrary results of analysis of the same taxa
shows that at least a moderate degree of subjectivity is
involved, despite the use of PAUP… An unfortunate

by-product of the computer algorithm is the trend to
assemble large data sets, often containing a high percentage
of unanalyzed and miscoded characters leading to results
that are more phenetic than cladistic.Using large number of
taxa also increased the likelihood of making a mistake in
the homology assessment and distribution.As taxa are
included which are farther and farther removed from each
other, the morphology becomes harder to compare as dif-
ferences increase, and the coding of characters becomes
even more arbitrary.’’ As the pioneer cladist Colin Patterson
and David Johnson (1997, p. 361) said ‘‘This change of
emphasis replaces our pernicious old black box, evolu-
tionary systematics, with a new one, the [data] matrix.’’

All but two or three of Gaffney’s papers (now totaling
more than 100) have been focused on members of the
Chelonia. This has been possible, and remains highly sig-
nificant for understanding evolutionary processes, because
all turtles, fossil and living, can be unquestionably united in
a single taxonomic assemblage based on a long list of
unique synapomorphies (autapomorphies) known only in
this assemblage.The structure and modes of development of
the carapace and plastron are the most striking examples,
but many other aspects of the skeleton and its functions also
support a unique evolutionary history.

Ironically, neither Gene’s studies of all groups of living
turtles and their known fossil record nor his application of
phylogenetic analysis have enabled him to determine their
specific relationships among other lineages of primitive
amniotes. Gene has subsequently avoided active participa-
tion in the current arguments regarding the specific sister-
taxa of chelonians. In the summary of his recent magnum
opus on the evolution of side-necked turtles (2006, p. 570) it
was stated: ‘‘We consider turtles to be the sister group of
diapsids, not within diapsids or within pareiasaurs/procol-
ophonids.’’ Furthermore, ‘‘We do not consider the hypoth-
esis that turtles are within diapsids (e.g., deBraga and
Rieppel 1997) to have merit, but even accepting this would
not alter relationships within turtles as analyzed here.’’

Nevertheless, Gene’s research provides the basis for
understanding not only the anatomy and phylogeny of all
known turtle taxa, but also demonstrates the clear distinc-
tion of even the oldest recognized Late Triassic fossils from
any of the known clades of earlier amniotes that have been
proposed as the sister-group of chelonians over the past 120
years.

Quoting from Gene’s autobiography (Gaffney 2012):
‘‘Although I was an active participant and minor contributor
to the Clade Wars of the 1970s, I’ve never been much of a
systematics theoretician, at least by AMNH standards.My
real love in paleontology has always been the intricacies of
morphology—systematics was simply the obvious thing to
do with it.’’

4 R. L. Carroll



References Not Included in ‘‘ Bibliography
of Eugene S. Gaffney’’

deBraga, M., & Rieppel, O. (1997). Reptile phylogeny and the
interrelationships of turtles. Zoological Journal of the Linnean
Society, 120, 281–354.

Joyce, W. G. (2007). Phylogenetic relationships of Mesozoic turtles.
Bulletin of the Peabody Museum of Natural History, 48, 3–102.

Patterson, C., & Johnson, G. (1997). The data, the matrix, and the
message: comments on Begle’s ‘‘Relationships of the Osmeroid
fishes’’. Systematic Biology, 46, 358–365.

Sterli, J., & Joyce, W. G. (2007). The cranial anatomy of the
Early Jurassic turtle Kayentachelys aprix. Acta Palaeontologica
Polonica, 52, 675–694.

Bibliography of Eugene S. Gaffney

Burke, A. C., Anderson, M., Weld, A., & Gaffney, E. S. (1983). The
reconstruction and casting of a large extinct turtle, Meiolania.
Curator, 26, 5–26.

Burke, A. C., Gaffney, E. S., & Rich, T. H. (1983). Miocene turtles
from Lake Tarkarooloo, South Australia. Alcheringa, 7, 151–154.

Colbert, E. H., & Gaffney, E. S. (1984). Bobb Schaeffer, a biographical
sketch. Journal of Vertebrate Paleontology, 4, 285–291.

Dingus, L., Tedford, R., Gaffney, E. S., McKenna, M., Novacek, M., &
Delson, E. (1994). Mammals and their extinct relatives: A guide to
the Lila Acheson Wallace Wing. New York: American Museum of
Natural History.

Dingus, L., Gaffney, E. S., Norell, M. A., & Sampson, S. D. (1995).
The halls of dinosaurs. A guide to saurischians and ornithischians.
New York: American Museum of Natural History.

Gaffney, E. S. (1967). Early evolution of pleurodires. American
Society of Ichthyologists and Herpetologists, Forty-seventh Annual
Meeting, Abstracts, 7

Gaffney, E. S. (1969). The North American Baenoidea and the
cryptodire-pleurodire dichotomy (Ph.D. Dissertation, Columbia
University)

Gaffney, E. S. (1971a). Chelonia. In McGraw-Hill (Ed.), Yearbook of
Science and Technology (pp. 140–142). New York: McGraw-Hill Inc.

Gaffney, E. S. (1971b). Inadequacy of lower tetrapod fossils for
determination of past continental relationships. Geological Society
of America, 3(7), 576. (Abstracts.)

Gaffney, E. S. (1972a). The systematics of the North American family
Baenidae (Reptilia, Cryptodira). Bulletin of the American Museum
of Natural History, 147, 241–320.

Gaffney, E. S. (1972b). Field trip to the American Museum of Natural
History. New York Paleontological Society, Notes, 3, 4–11.

Gaffney, E. S. (1972c). An illustrated glossary of turtle skull
nomenclature. American Museum Novitates, 2486, 1–33.

Gaffney, E. S. (1974). (Review of) Vertebrate history: Problems
in evolution. Barbara J. Stahl. New York, McGraw-Hill, 594 pp.
Systematic Zoology, 23, 299

Gaffney, E. S. (1975a). A revision of the side-necked turtle Taphros-
phys sulcatus (Leidy) from the Cretaceous of New Jersey.
American Museum Novitates, 2571, 1–24.

Gaffney, E. S. (1975b). A taxonomic revision of the Jurassic turtles
Portlandemys and Plesiochelys. American Museum Novitates,
2574, 1–19.

Gaffney, E. S. (1975c). Solnhofia parsonsi, a new cryptodiran turtle
from the Late Jurassic of Europe. American Museum Novitates,
2576, 1–25.

Gaffney, E. S. (1975d). A phylogeny and classification of the higher
categories of turtles. Bulletin of the American Museum of Natural
History, 155, 389–436.

Gaffney, E. S. (1975e). Phylogeny of the chelydrid turtles: A study of
shared derived characters in the skull. Fieldiana: Geology, 33,
157–178.

Gaffney, E. S. (1976a). Cranial morphology of the European Jurassic
turtles Portlandemys and Plesiochelys. Bulletin of the American
Museum of Natural History, 157, 489–543.

Gaffney, E. S. (1976b). The history of turtles in Australia. 25th
International Geological Congress, 25(1), 325–326. (Abstracts.)

Gaffney, E. S. (1977a). The side-necked turtle family Chelidae: A theory
of relationships using shared derived characters. American Museum
Novitates, 2620, 1–28.

Gaffney, E. S. (1977b). An endocranial cast of the side-necked turtle,
Bothremys, with a new reconstruction of the palate. American
Museum Novitates, 2639, 1–12.

Gaffney, E. S. (1977c). Phylogeny as science, North American
Paleontological Convention II. Journal of Paleontology, 51(suppl 2),
11

Gaffney, E. S. (1979a). The Jurassic turtles of North America. Bulletin
of the American Museum of Natural History, 162, 91–136.

Gaffney, E. S. (1979b). Turtles from the age of dinosaurs. Explorers
Journal, 57, 8–9.

Gaffney, E. S. (1979c). Tetrapod monophyly: A phylogenetic analysis.
In J. H. Schwartz & H. B. Rollins (Eds.), Models and methodol-
ogies in evolutionary theory (pp. 92–105). Bulletin of the Carnegie
Museum of Natural History, 13

Gaffney, E. S. (1979d). An introduction to the logic of phylogeny
reconstruction. In J. Cracraft & N. Eldredge (Eds.), Phylogenetic
analysis and paleontology (pp. 79–111). New York: Columbia
University Press.

Gaffney, E. S. (1979e). Comparative cranial morphology of recent and
fossil turtles. Bulletin of the American Museum of Natural History,
164, 65–375.

Gaffney, E. S. (1979f). Fossil chelid turtles of Australia. American
Museum Novitates, 2681, 1–23.

Gaffney, E. S. (1979g). Description of a large trionychid turtle shell
from the Eocene Bridger Formation of Wyoming. Contributions to
Geology, University of Wyoming, 17, 53–57.

Gaffney, E. S. (1979h). Fossil trionychids of Australia. Journal of
Paleontology, 53, 1354–1360.

Gaffney, E. S. (1980). Phylogenetic relationships of the major groups
of amniotes. In A. L. Panchen (Ed.), The terrestrial environment
and the origin of land vertebrates (pp. 593–610). London:
Academic Press.

Gaffney, E. S. (1981a). A review of fossil turtles of Australia.
American Museum Novitates, 2720, 1–38.

Gaffney, E. S. (1981b). Phylogeny and biogeography of meiolaniid
turtles. In H. F. Recher & W. F. Ponder (Eds.), Lord Howe Island
(pp. 26–29). Occasional Reports, Australian Museum, 1

Gaffney, E. S. (1982a). Cranial morphology of the baenid turtles.
American Museum Novitates, 2737, 1–22.

Gaffney, E. S. (1982b). The lower jaws of baenid turtles. American
Museum Novitates, 2749, 1–10.

Gaffney, E. S. (1982c). On the horns of a dilemma (Letters from the
field). Rotunda, 56(4), 4–5.

Gaffney, E. S. (1982d). (Review of) Kemp, T. S.: Mammal-like
reptiles and the origin of mammals. London: Academic Press.
Systematic Zoology, 31, 526–527.

Gaffney, E. S. (1983a). The basicranial articulation of the Triassic
turtle, Proganochelys. In A. G. J. Rhodin & K. Mayata (Eds.),
Advances in herpetology and evolutionary biology; Essays in
honor of Ernest E. Williams (pp. 190–194). Cambridge: Museum
of Comparative Zoology, Special Publications.

1 Eugene S. Gaffney Biography and Bibliography 5



Gaffney, E. S. (1983b). The cranial morphology of the extinct horned
turtle, Meiolania platyceps, from the Pleistocene of Lord Howe
Island, Australia. Bulletin of the American Museum of Natural
History, 175, 326–479.

Gaffney, E. S. (1984a). Historical analysis of theories of chelonian
relationship. Systematic Zoology, 33, 283–301.

Gaffney, E. S. (1984b). Progress towards a natural hierarchy of turtles.
Studia Geologica Salamanticensia, Vol. especial, 1, 125–131.

Gaffney, E. S. (1985a). The cervical and caudal vertebrae of the
cryptodiran turtle, Meiolania platyceps, from the Pleistocene of Lord
Howe Island, Australia. American Museum Novitates, 2805, 1–22.

Gaffney, E. S. (1985b). The shell morphology of the Triassic turtle,
Proganochelys. Neues Jahrbuch für Geologie und Paläontologie
Abhandlungen, 170, 1–26.

Gaffney, E. S. (1985c). Meiolania platyceps. The Lord Howe Island horned
turtles. In P.V. Rich & G.F. Van Tets (Eds.), Kadimakara: Extinct
vertebrates of Australia (pp. 132–136). Lilydale: Pioneer Design Studio.

Gaffney, E. S. (1986). Triassic and Early Jurassic turtles. In K. Padian
(Ed.), The beginnings of the age of dinosaurs (pp. 183–187). New
York: Cambridge University Press.

Gaffney, E. S. (1988). A cladogram of the pleurodiran turtles. Acta
Zoologica Cracoviensia, 31, 487–492.

Gaffney, E. S. (1990a). The comparative osteology of the Triassic
turtle Proganochelys. Bulletin of the American Museum of Natural
History, 194, 1–263.

Gaffney, E. S. (1990b). Dinosaurs a golden guide. Racine: Western
Publishing Company, Inc.

Gaffney, E. S. (1991a). The fossil turtles of Australia. In P. Vickers-Rich,
J. M. Monaghan, R. F. Baird & T. H. Rich (Eds.), Vertebrate
Palaeontology of Australasia (pp. 704–720). Lilydale: Pioneer
Design Studio.

Gaffney, E. S. (1991b). (Review of) D. B. Weishampel, P. Dodson, &
H. Osmólska (Eds.), The Dinosauria, 1990, Berkeley: University of
California Press, pp. 733). Systematic Zoology, 40, 378–379.

Gaffney, E. S. (1991c). Phylogeny and biogeography of the horned
turtles. Journal of Vertebrate Paleontology, 11(suppl 3), 30A.

Gaffney, E. S. (1992). Ninjemys, a new name for ‘‘Meiolania’’ oweni
(Woodward), a horned turtle from the Pleistocene of Queensland.
American Museum Novitates, 3049, 1–10.

Gaffney, E. S. (1996a). The postcranial morphology of Meiolania
platyceps and a review of the Meiolaniidae. Bulletin of the American
Museum Natural History, 229, 1–165.

Gaffney, E. S. (1996b). Unique among vertebrates. Natural History,
96(6), 38–39.

Gaffney, E. S. (2000). Turtles of the Santana Formation. International
Geological Congress, Rio de Janeiro, Brazil: CD-ROM

Gaffney, E. S. (2001). Phylogeny of turtles as seen in patterns of skull
diversity. ICVM-6. Journal of Morphology, 248, 232–233.

Gaffney, E. S. (2003) Lord Howe Island Australia. Natural History,
112(4A), 44.

Gaffney, E. S. (2012). Autobiography (through May 2009). In
D. B. Brinkman, P. A. Holroyd, & J. D. Gardner (Eds.), Morphology
and evolution of turtles. Dordrecht: Springer.

Gaffney, E. S., Archer, M., & White, A. (1989). Chelid turtles from the
Miocene freshwater limestones of Riversleigh Station, Northwestern
Queensland, Australia. American Museum Novitates, 2959, 1–10.

Gaffney, E. S., Archer, M., & White, A. (1992). Warkalania, a new
meiolaniid turtle from the Tertiary Reversleigh deposits of
Queensland, Australia. The Beagle, Records of the Northern
Territory Museum of Arts and Sciences, 9, 35–48.

Gaffney, E. S., Balouet, J. C., & De Broin, F. (1984). New occurrences
of extinct meiolaniid turtles in New Caledonia. American Museum
Novitates, 2800, 1–6.

Gaffney, E. S., Brinkman, D. B., Hutchison, H., & Meylan, P. A.
(1995). Early history of the Eucryptodira. Seventy-fifth Annual

Meeting of the American Society of Ichthyologists and Herpetol-
ogists, (University of Alberta, Edmonton, Alberta, Canada),
Abstracts, 106.

Gaffney, E. S., Campbell, K. E., & Wood, R. C. (1998). Pelomedusoid
side-necked turtles from late Miocene sediments in southwestern
Amazonia. American Museum Notivates, 3245, 1–11.

Gaffney, E. S., Chatterjee, S., & Rudra, D. K. (2001). Kurmademys, a new
side-necked turtle (Pelomedusoides: Bothremydidae) from the Late
Cretaceous of India. American Museum Novitates, 3321, 1–16.

Gaffney, E. S., de Campos, D. A., & Hirayama, R. (2001).
Cearachelys, a new side-necked turtle (Pelomedusoides: Both-
remydidae) from the Early Cretaceous of Brazil. American
Museum Novitates, 3319, 1–20.

Gaffney, E. S., DeBlieux, D. D., Simons, E. L., Sánchez-Villagra,
M. R., & Meylan, P. A. (2002). Redescription of the skull of
Dacquemys Williams, 1954, a podocnemidid side-necked turtle from
the late Eocene of Egypt. American Museum Novitates, 3372, 1–16.

Gaffney, E. S., Dingus, L., & Smith, M. K. (1995). Why cladistics?
Natural History, 6(95), 33–35.

Gaffney, E. S., & Forster, C. A. (2003). Side-necked turtle lower jaws
(Podocnemididae, Bothremydidae) from the Late Cretaceous
Maevarano Formation of Madagascar. American Museum Novitates,
3397, 1–13.

Gaffney, E. S., & Hiatt, R. (1971). A new baenid turtle from the Upper
Cretaceous of Montana. American Museum Novitates, 2443, 1–9.

Gaffney, E. S., Hooks, G. E. III., & Schneider, V. P. (2009a). New
material of North American side-necked turtles (Pleurodira:
Bothremydidae). American Museum Novitates, 3655, 1–26.

Gaffney, E. S., Hutchison, J. H., Jenkins, F. A., Jr., & Meeker, L. J.
(1987). Modern turtle origins: The oldest known cryptodire.
Science, 237, 289–291.

Gaffney, E. S., & Jenkins, F. A., Jr. (2009). The cranial morphology of
Kayentachelys, an Early Jurassic cryptodire, and the early history
of turtles. Gaffney Turtle Symposium (October 17–18, 2009, Royal
Tyrrell Museum, Drumheller, Canada), Abstract Volume, 59–63

Gaffney, E. S., & Jenkins, F. A., Jr. (2010). The cranial morphology of
Kayentachelys, an Early Jurassic cryptodire, and the early history
of turtles. Acta Zoologica (Stockholm), 91, 335–368.

Gaffney, E. S., & Kitching, J. W. (1994). The most ancient African
turtle. Nature, 369, 55–58.

Gaffney, E. S., & Kitching, J. (1995). The morphology and relation-
ships of Australochelys, an Early Jurassic turtle from South Africa.
American Museum Novitates, 3130, 1–29.

Gaffney, E. S., Kool, L., Brinkman, D. B., Rich, T. H., & Vickers-Rich,
P. (1998). Otwayemys, a new cryptodiran turtle from the Early
Cretaceous of Australia. American Museum Novitates, 3233, 1–28.

Gaffney, E. S., Kool, L., Rich, T., Vickers-Rich, P., Pledge, N.,
Archer, M., et al. (1992). Early history of the cryptodiran turtles in
Australia. The Beagle, Records of the Northern Territory Museum
of Arts and Sciences, 9(1), 261.

Gaffney, E. S., & Krause, D. W. (2011). Sokatra, a new side-necked turtle
(Late Cretaceous, Madagascar) and the diversification of the main
groups of Pelomedusoides. American Museum Novitates 3728, 1–28.

Gaffney, E. S., Krause, D. W., & Zalmout, I. S. (2009b). Kinkony-
chelys, a new side-necked turtle (Pelomedusoides, Bothremydidae)
from the late Cretaceous of Madagascar. American Museum
Novitates, 3662, 1–25.

Gaffney, E. S., & McKenna, M. C. (1979). A Late Permian captorhinid
from Rhodesia. American Museum Novitates, 2688, 1–15.

Gaffney, E. S., & McNamara, G. (1990). A meiolaniid turtle from the
Pleistocene of Northern Queensland. Proceedings of the De Vis
Symposium, memoirs of the Queensland Museum, 28, 107–113.

Gaffney, E. S., & Meeker, L. J. (1983). Skull morphology of the oldest
turtles: A preliminary description of Proganochelys quenstedti.
Journal of Vertebrate Paleontology, 3, 25–28.

6 R. L. Carroll



Gaffney, E. S., & Meylan, P. A. (1988a). A phylogeny of turtles.
In M. J. Benton (Ed.), The Phylogeny and Classification of
Tetrapods (pp. 157–219). Oxford: Clarendon Press.

Gaffney, E. S., & Meylan, P. A. (1988). A new phylogeny of cryptodiran
turtles. Journal of Vertebrate Paleontology, 8(suppl 3), 15A.

Gaffney, E. S., & Meylan, P. A. (1989). The early history of the side necked
turtles. Journal of Vertebrate Paleontology, 9(suppl 3), 21A–22A.

Gaffney, E. S., & Meylan, P. A. (1990). A history of the cranial circulation
in turtles. Journal of Vertebrate Paleontology, 10(suppl 3), 6A.

Gaffney, E. S., & Meylan, P. A. (1991). Primitive pelomedusid turtle.
In J. G. Maisey (Ed.), Santana fossils: An illustrated atlas
(pp. 335–339). Neptune: Tropical Fish Hobbyist Publications.

Gaffney, E. S., & Meylan, P. A. (1992a). The Transylvanian turtle,
Kallokibotion, a primitive cryptodire of Cretaceous age. American
Museum Novitates, 3040, 1–37.

Gaffney, E. S., & Meylan, P. A. (1992b). Sinaspideretes is not the
oldest trionychid turtle. Journal of Vertebrate Paleontology, 12,
257–259.

Gaffney, E. S., & Meylan P. A. (1993). Relationships of primitive
Eucryptodira. Journal of Vertebrate Paleontology 13(suppl 3), 36A.

Gaffney, E. S., Meylan, P. A., & Wood, R. C. (1997). Changing
interpretations of the history of the side-necked turtles. Journal of
Vertebrate Paleontology, 17(suppl 3), 47A–48A.

Gaffney, E. S., Meylan, P. A., Wood, R. C., Simons, E., & Campos, D.
A. (2011). Evolution of the side-necked turtles: The family
Podocnemididae. Bulletin of the American Museum of Natural
History, 350, 1–236.

Gaffney, E. S., Meylan, P. A., & Wyss, A. (1991). A computer assisted
analysis of the relationships of the higher categories of turtles.
Cladistics, 7, 313–335.

Gaffney, E. S., Moody, R. T. J., & Walker, C. A. (2001). Azabbaremys,
a new side-necked turtle (Pelomedusoides: Bothremydidae)
from the Paleocene of Mali. American Museum Novitates, 3320,
1–16.

Gaffney, E. S., Rich, T. H., Vickers-Rich, P., Constantine, A., Vacca, R.,
& Kool, L. (2007). Chubutemys, a new eucryptodiran turtle from the
Early Cretaceous of Argentina, and the relationships of the Meiola-
niidae. American Museum Novitates, 3599, 1–35.

Gaffney, E. S., Roberts, E., Sissoko, F., Bouaré, M. L., Tapanila, L., &
O’Leary, M. A. (2007). Acleistochelys, a new side-necked turtle
(Pelomedusoides: Bothremydidae) from the Paleocene of Mali.
American Museum Novitates, 3549, 1–24.

Gaffney, E. S., Sahni, A., Schleich, H. H., Singh, S. D., & Srivastava, R.
(2003). Sankuchemys, a new side-necked turtle (Pelomedusoides:
Bothremydidae) from the Late Cretaceous of India. American
Museum Novitates, 3405, 1–10.

Gaffney, E. S., Scheyer, T. M., Johnson, K. G., Bocquentin, J., &
Aguilera, O. A. (2008). Two new species of the side necked turtle
genus, Bairdemys (Pleurodira: Podocnemididae) from the Miocene
of Venezuela. Paläontologische Zeitschrift, 82, 209–229.

Gaffney, E. S., & Tong, H. (2003). Phosphatochelys, a new side-necked
turtle (Pelomedusoides: Bothremydidae) from the Paleocene of
Morocco. In L.G. Flynn (Ed.), Vertebrate Fossils and Their Context:
Contributions in Honor of Richard H. Tedford (pp. 644–659).
Bulletin of the American Museum of Natural History, 279.

Gaffney, E. S., & Tong, H. (2008). Redescription of the skull of
Ummulisani rutgersensis Gaffney, Tong, and Meylan, 2006, a
bothremydid side-necked turtle from the Eocene of Morocco.
American Museum Novitates, 3615, 1–20.

Gaffney, E. S., Tong, H., & Buffetaut, E. (1998). Foxemys, a new side-
necked turtle (Bothremydidae: Pelomedusoides) from the Late
Cretaceous of France. American Museum Novitates, 3251, 1–19.

Gaffney, E. S., Tong, H., Chatterjee, S., Moody, R. T. J., & Hirayama, R.
(1998). Evolution of the bothremydid turtles. Journal of Vertebrate
Paleontology, 18(suppl 3), 44A.

Gaffney, E. S., Tong, H., & Meylan, P. A. (2002). Galianemys, a new
side-necked turtle (Pelomedusoides: Bothremydidae) from the Late
Cretaceous of Morocco. American Museum Novitates, 3379, 1–20.

Gaffney, E. S., Tong, H., & Meylan, P. A. (2006). Evolution of the
side-necked turtles: The families Bothremydidae, Euraxemydidae,
and Araripemydidae. Bulletin of the American Museum of Natural
History, 300, 1–698.

Gaffney, E. S., & Wood, R. C. (2002). Bairdemys, a new side-necked
turtle (Pelomedusoides: Podocnemididae) from the Miocene of the
Caribbean. American Museum Novitates, 3359, 1–28.

Gaffney, E. S., Wood, R., & Sanchez-Villagra, M. (1996). Relationships
of the Shweboemys-group of side necked turtles. Journal of
Vertebrate Paleontology, 16(suppl 3), 36A.

Gaffney, E. S., & Ye, X. (1992). Dracochelys, a new cryptodiran turtle from
the Early Cretaceous of China. American Museum Novitates, 3048, 1–13.

Gaffney, E. S., & Ye, X. (1993). A new cryptodiran turtle from the
Early Cretaceous of China. Zigong Dinosaur Museum Newsletter,
1, 5–11. (In Chinese)

Gaffney, E. S., & Zangerl, R. (1968). A revision of the chelonian genus
Bothremys (Pleurodira: Pelomedusidae). Fieldiana: Geology, 16,
193–239.

Lewy, Z., & Gaffney, E. S. (2005). First record of a possible
chelonioid sea turtle from the Upper Campanian of southern Israel.
Israel Journal of Earth Sciences, 54, 55–58.

MacPhee, R. D. E., Iturralde-Vinent, M. A., & Gaffney, E. S. (2003).
Domo de Zaza, an early Miocene vertebrate locality in South-
central Cuba, with notes on the tectonic evolution of Puerto Rico
and the Mona Passage. American Museum Novitates, 3394, 1–42.

Maisey, J. G., Gaffney, E. S., Norell, M. A., Posen, M., & Dingus, L.
(1996). The Hall of Vertebrate Origins. A guide to fishes,
amphibans, turtles, lizards, crocodiles, and pterosaurs. New York:
American Museum of Natural History.

Meylan, P. A., & Gaffney, E. S. (1989). The skeletal morphology of
the Cretaceous cryptodiran turtle, Adocus, and the relationships
of the Trionychoidea. American Museum Novitates, 2941, 1–60.

Meylan, P. A., & Gaffney, E. S. (1991). Araripemys Price, 1973.
In J. G. Maisey (Ed.), Santata fossils: An illustrated atlas
(pp. 326–334). Neptune: Tropical Fish Hobbyist Publications.

Meylan, P. A., Gaffney, E. S., & De Campos, D. A. (2009). Caninemys,
a new side-necked turtle (Pelomedusoides: Podocnemididae) from

the Miocene of Brazil. American Museum Novitates, 3639, 1–26.
Meylan, P. A., Gaffney, E. S., & Wood, R. C. (1995). The case for

recognition of the Podocnemidae. Seventy-Fifth Annual Meeting of
the American Society of Ichthyologists and Herpetologists (University
of Alberta, Edmonton, Alberta, Canada), Abstracts, 143.

Norell, M. A., Gaffney, E. S., & Dingus, L. (1991). Barosaurus on
Central Park West. Natural History, 12, 36–40.

Norell, M. A., Gaffney, E. S., & Dingus, L. (1995). Discovering
dinosaurs in the American Museum of Natural History. New York:
Alfred A. Knopf.

Olsson, R. K., & Gaffney, E. S. (1970). The Cretaceous-Tertiary datum
in New Jersey. Geological Society of America, 2(1), 30. Abstracts.

Platnick, N. I., & Gaffney, E. S. (1977). (Review of) Systematics:
A Popperian perspective. The logic of scientific discovery by Karl
R. Popper. Conjectures and refutations: The growth of scientific
knowledge by Karl R. Popper. Systematic Zoology, 26, 360–365.

Platnick, N. I., & Gaffney, E. S. (1978a). [Review of] Evolutionary
biology: a Popperian perspective. The poverty of historicism by
Karl R. Popper objective knowledge: an evolutionary approach
by Karl R. Popper. Unended quest: An intellectual autobiography
by Karl R. Popper. Systematic Zoology, 27, 137–141.

Platnick, N. I., & Gaffney, E. S. (1978b). (Review of) Systematics and
the Popperian paradigm. The philosophy of Karl R. Popper, Paul A.
Schillp (Eds.), Criticism and the growth of knowledge; Imre
Lakatos, Alan Musgrave (Eds.), the philosophy of Karl R. Popper

1 Eugene S. Gaffney Biography and Bibliography 7



by Robert J. Ackermann. Karl Popper by Bryan Magee. Systematic
Zoology, 27, 381–388.

Rueda, E. A. C., & Gaffney, E. S. (2005). Notoemys zapatocaensis, a
new side-necked turtle (Pleurodira: Platychelyidae) from the Early
Cretaceous of Columbia. American Museum Novitates, 3470, 1–19.

Sánchez-Villagra, M. R., Burnham, R. R. J., Campbell, D. C.,
Feldmann, R. M., Gaffney, E. S., Kay, R. F., et al. (2000). A new
near-shore marine fauna and flora from the early Neogene of
northwestern Venezuela. Journal of Paleontology, 74, 957–968.

Schleich, H. H., & Gaffney, E. S. (1994). New reptile material from
the German Tertiary. 16. On Chelydropsis murchisoni (Bell, 1892)
from the Middle Miocene locality of Unterwohlbach/South
Germany. Courier Forschungsinstitut Senckenberg, 173, 197–213.

Siddall, M. E., & Gaffney, E. S. (2004). Observations on the leech
Placobdella ornata feeding from bony tissues of turtles. Journal of
Parasitology, 90, 1186–1188.

Singh, S. D., Sahni, A., Gaffney, E. S., & Schleich, H. H. (1998).
Reptilia from the Intertrappean Beds of Bombay (India). Veröff-
entlichungen aus dem Fuhlrott-Museum, 4, 307–320.

Tong, H., & Gaffney, E. S. (2000). Description of the skull of
Polysternon provinciale (Matheron, 1869), a side-necked turtle
(Pelomedusoides: Bothremydidae) from the Late Cretaceous of
Villeveyrac, France. Oryctos, 3, 9–18.

Tong, H., & Gaffney, E. S. (2001). Turtle fauna from the Cenomanian
(Late Cretaceous) of Southern Morocco. Bulletin de la Société
d’etude des Sciences Naturelles d’Elbeuf, 2001, 89–90.

Weldon, P. J., & Gaffney, E. S. (1998). An ancient integumentary
gland in turtles. Naturwissenschaften, 85, 556–557.

Wood, R. C., Johnson-Gove, J., Gaffney, E. S., & Maley, K. F. (1996).
Evolution and phylogeny of the leatherback turtles (Dermochelyidae),
with descriptions of new fossil taxa. Chelonian Conservation and
Biology, 2, 266–286.

Woodburne, M. O., Hunt, R. M., Jr., Gould, G. C., Gaffney, E. S., &
Flynn, L .J. (2003). Richard H. Tedford: Field man, systematist,
professor, and mentor. In L.G. Flynn (Ed.), Vertebrate Fossils
and Their Context: Contributions in Honor of Richard H. Tedford
(pp. 1–17). Bulletin of the American Museum of Natural History,
279.

8 R. L. Carroll



Chapter 2

Autobiography (Through May 2009)

Eugene S. Gaffney

My research interests are the morphology and systematics
of turtles, primarily as seen in the fossil record. Turtles are a
good group for phylogenetic problems: they have a long
history with a diverse fossil record and a good sampling of
living taxa that allow for accurate identification of struc-
tures. I became an early proponent of phylogenetic sys-
tematics due to the influence of Gary Nelson and Bobb
Schaeffer in the late 1960s, and I was very fortunate to be
present during the development of cladistics at one of its
primary centers, the American Museum of Natural History
(AMNH). Although most of my publications consist of the
documentation and analysis of morphology, I think that my
main scientific achievement has been the increase of phy-
logenetic knowledge of turtles using cladistic methodology.
I never had an overall plan, but in retrospect my research
reveals an accidentally sensible pattern. After doing a
general treatise on turtle skull morphology (Gaffney 1979),
I concentrated on the earliest turtles (Triassic and Jurassic)
and the largest group of turtles, the cryptodires. I have
devoted the past decade to the other main clade, the
pleurodires.

I was born in Jersey City, New Jersey, on August 12,
1942. We lived only a few miles from the AMNH, where
my parents did take me when I was 5 or 6 years old, but I
don’t remember seeing the dinosaurs. After my father died
in 1949, my mother remarried and we moved to Texas,
where I spent most of my childhood. My stepfather was in
the Air Force and we did a fair amount of traveling. It was
in Texas that I discovered paleontology and collected my
first fossils, invertebrates not vertebrates. When my Dad left
the Air Force we returned to New Jersey and I entered high
school in East Orange. For various reasons, my parents went
from a good life in the military to poverty in a New Jersey

slum. After high school, I attended Rutgers, the State
University of New Jersey, where I received full scholar-
ships. I first majored in biology, as this was the facet of
paleontology I was most interested in. However, the very
large biology department at Rutgers was very oriented to
pre-med and getting as many graduates into medical school
as possible. When I saw that the Department of Geology
actually had a museum with a mastodon skeleton, a mosa-
saur skull, and a hind limb of a sauropod, I left the brand-
new Biology building for the hundred-year old Geological
Museum and never regretted it for a second.

Although Rutgers was and is a large school, the Geology
Department was small at that time, and, with a faculty/
student ratio (for majors) of close to 1:1, the faculty had a
very personal relationship with the students. We did a lot of
field work, possible even in New Jersey (Fig. 2.1), and I
learned a lot. My interests in paleontology at this time were
dinosaurs and primitive mammals. But as a senior, Steven
K. Fox and Richard K. Olsson of the Rutgers Geology
faculty took me to Princeton University where I met Don
Baird. Don, who became my advisor on my senior honors
thesis, persuaded me to do a description of the side-necked
turtle, Taphrosphys, based on new material from New
Jersey that he provided. Don was a great inspiration for me,
and my first real contact with a vertebrate paleontologist. In
1965 he took me to Nova Scotia as his field assistant. We
met and worked with Bob Carroll there, another life-long
friendship I acquired.

While I was working on my senior thesis at Rutgers, Don
told Rainer Zangerl (Chairman of the Dept of Vertebrate
Paleontology and Curator of Fossil Reptiles at the Field
Museum in Chicago) about this kid working on pleurodires.
At this time Rainer was the world turtle expert (although
rapidly changing to fishes), and he offered me a travel grant to
Chicago to do a paper with him on the related pleurodire,
Bothremys. I had just re-located the type skull of Bothremys
cooki Leidy in the Rutgers teaching collection, along with
about a dozen other fossil reptile types dating back to Leidy
from the 1860s, including Taphrosphys sulcatus. So suddenly
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from a lowly undergrad I became a turtle expert going on my
first museum trip to study collections for a genuine paper with
a real honcho. I don’t think I could have gotten this far if I tried
sticking to mammal teeth or dinosaurs. This was heady stuff
and I was on my way. My association with Rainer lasted a
long time; I always valued his friendship.

After graduating from Rutgers in 1965, I was accepted to
the Columbia University Department of Geology cognate
field program in vertebrate paleontology with Edwin H.
Colbert, Curator of Fossil Reptiles at the AMNH, as my
advisor. In that year I moved into office space at the AMNH
and have had an office there ever since. Although my
original intention was to work on dinosaurs, Colbert turned

out to be less than supportive, and I turned to a subject I
knew something about, turtles. I wrote my paper with
Rainer (Gaffney and Zangerl 1968). I also met Sam
McDowell, a Research Associate in Herpetology at the
AMNH. Sam is a gifted anatomist and became a good
friend, filling me with his sometimes disorganized, but
seemingly infinite, knowledge of turtle basicrania. Sam also
inspired me to do dissections of recent turtles, using the
nearly limitless corpses from the Bronx Zoo. But my real
mentor (and close friend in later years) in grad school was
Bobb Schaeffer, Curator of Fossil Fishes and Chair of the
Department of Vertebrate Paleontology at the AMNH.
Bobb gave the best course I’ve ever taken, on fossil fishes,
but it was really a basic vertebrate anatomy course, turning
us on to Edwin Stephen Goodrich and Sir Gavin de Beer. I
was not the only one who Bobb inspired to accept only the
highest standards in anatomical description and scientific
objectivity. But Bobb was the one who helped me through
the thesis, read it with care, and inspired me to do things I
didn’t think I could.

Although I had no particular interest in turtles, they kept
appearing as excellent targets of opportunity. I don’t know
anymore where I first heard the story, but I used it when
people would ask why I was only working on turtles.
I wrote it up in a departmental review we had sometime in
the 1980s and was very enamored of it, even if it’s kind of
silly. A famous geologist gave a public talk on continental
drift and the history of the earth. After the talk an old lady
came up to him and complained that he had it all wrong.
She said the earth was supported on the backs of four giant
turtles. The great man replied that that was impossible, what
were the turtles standing on? The old lady said they were
standing on four even larger turtles. So the professor
thought a second and said, ‘‘Aha, but what are those turtles
standing on?’’ And the old lady looked at him, shook her
head a bit in disappointment and replied, ‘‘It’s no use,
Professor, it’s turtles all the way down.’’

The AMNH has an excellent collection of turtles,
including many turtle skulls, including baenids, supposed
‘‘Amphichelydia’’ or ancestral group turtles. Even before
cladistics, it was apparent to me that using the basicranial
criteria developed from Sam McDowell and my own work,
baenids were cryptodires. My thesis included both a revi-
sion of the baenids as well as a redefinition of cryptodires
and pleurodires, and was called: ‘‘The North American
Baenoidea and the Cryptodire-Pleurodire Dichotomy.’’
Colbert never actually read it, but both Bobb Schaeffer
and Malcolm McKenna made major improvements to it.
Colbert, however, gave me the best possible legacy, his job.
Actually, it was Schaeffer who did that, although I subse-
quently learned that he asked the opinion of a number of
people. There were no search committees in those days.
Malcolm was very supportive, as were other curators in the

Fig. 2.1 Gene in 1964 collecting (mostly mud) in the Cretaceous-
Paleocene Greensands of Sewell, New Jersey, while an undergraduate
at Rutgers University. Photo by J. Cunliffe
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museum. Schaeffer told me to finish up quickly as Colbert
was retiring soon, and I completed my grad career in 4 years
(1965–1969; Fig. 2.2).

Although my thesis as submitted (not the published
version) showed no influence from cladistics, the topic was
a burning controversy during my last years as a grad stu-
dent. Gareth Nelson, the new curator of recent fishes,
brought cladistics to the vertebrate departments (entomol-
ogy had an independent origin), around 1967. I saw a real
opportunity with the turtles. Here was a group with many
living representatives to provide excellent anatomical
information, a relatively good fossil record, systematics
largely uninfluenced by skull morphology, and a good
collection of ‘‘primitive’’ taxa with lots of skulls in my own
basement. My first cladistic paper was the baenids in 1972
when I renovated that part of the thesis. The cryptodire-
pleurodire part I rewrote and published in 1975.

After I got the AMNH job in 1970, I went after anything
called ‘‘Amphichelydia’’ to see if they were cryptodires or
pleurodires. I first toured European museums in 1971 and
started on Jurassic turtles primarily. While I was still
a graduate student I was approached by Carl Gans to do a

chapter on the turtle skull for his ‘‘Biology of the Reptilia’’
series. But it got out of hand, became too long for the series,
and I ended up publishing it as an AMNH bulletin on turtle
cranial morphology in 1979, illustrating and discussing all
the living and extinct genera then known. My life-long
interest in morphology always depended on high quality
illustrations and illustrators. Over the years, first Lorraine
Meeker, then Frank Ippolito supported me with superb
talent and dedication.

Although I was an active participant and minor contrib-
utor to the Clade Wars of the 1970s, I’ve never been much of
a systematics theoretician, at least by AMNH standards. My
real love in paleontology has always been the intricacies of
morphology—systematics was simply the obvious thing to
do with it. In any case, the 1970s was mostly spent working
up the material I could get easily, largely from the Jurassic of
North America and Europe. I did much of my own acid
preparation of European specimens where necessary.

One of the classic ‘‘Amphichelydia’’ was the horned
turtles, the meiolaniids. At the AMNH we had one partial
specimen collected from South America and described by
George Gaylord Simpson in the 1930s, but most of the

Fig. 2.2 After his PhD thesis defense in 1969, Gene celebrated with
his close friends in the joint Columbia University-AMNH graduate
program. From left to right (corresponding AMNH advisor indicated
in parentheses): Gene Gaffney (E. H. Colbert, fossil reptiles), Niles

Eldredge (N. Newell, fossil invertebrates), John Boylan (B. Schaeffer,
fossil fishes), and Bob Hunt (M. McKenna and R. H. Tedford, both
fossil mammals). Photo by H. Osborn
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known specimens were Australian. I was never much of a
field man, but Australia really appealed to me, so in 1976
I went to Australia. I had heard about the place of course,
from Dick Tedford, a fellow AMNH Department of Ver-
tebrate Paleontology curator, who was famous for great
discoveries in the Australian deserts from years of work
there. I was still interested in pleurodires, which were big in
Australia, and hoped to find some fossil chelids, at least in
Australian collections. I loved Australia. Even the 1976 trip
was a great adventure for me. I visited a lot of museums,
saw a lot of people, and went into the Dead Center. I even
slept in a tent, for a couple of days anyway. The roughing-it
life is not mine, I’m more the Hilton-type. I studied mei-
olaniid skulls in the collections in Sydney and decided
I wanted to go to Lord Howe Island where they came from,

collect some more, and resolve the conflicting statements
about the source. Eventually, I managed two ambitious field
seasons on Lord Howe with field parties of up to 12 people,
and a number of supporting trips. I visited Australia eight
times, many of those with my wife, Barbara, and our
daughter, Karen (Fig. 2.3). We also collected in Oligocene
deposits at Lake Palankarinna, another Tedford turtle
locality.

I think most of my contemporaries thought I was crazy
wasting time and effort on the horned turtles, which were an
extreme of evolution no matter what their relationships
were. But they had not visited Lord Howe Island. Lord
Howe was my kind of field work. It is fantastically beautiful,
and no camping allowed. Meiolaniids and other Australian
turtles formed the subjects of a number of my monographs

Fig. 2.3 Gene with his wife
Barbara and daughter Karen in
1980, while collecting
Pleistocene Meiolania on Lord
Howe Island, Australia. As
recounted by his then PhD
student Paul Sereno, ‘‘a tropical
paradise isn’t the usual setting for
paleontological exploration and
can make for family fun. The
expedition was supported by
food, beer and other luxuries,
airlifted by Hercules aircraft to
the short airstrip on Lord Howe
Island courtesy of the Australian
army.’’ Photo by P. Sereno
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and other papers over the following years. In fact, the 1980s
were characterized by work on two topics, the Australian
turtles and the Triassic Proganochelys.

In 1979 I asked for and received permission to work on
the best preserved Triassic turtles known, the collection of
Proganochelys found in Trossingen, Germany, and housed
in Stuttgart. This was possible only through the efforts of
Dr. Rupert Wild, the Curator of Fossil Reptiles and
Amphibians at the Staatliches Museum für Naturkunde.
Proganochelys is the sister taxon to all other turtles and,
thus, provides an important view of turtle evolution and an
outgroup for the systematic analysis of other turtle groups.
I visited the collection in 1979 and quickly saw that the

Fig. 2.4 Gene’s usual habitat
was in the turtle collections of
institutions, in this case searching
out podocnemidids in the depths
of the Departamento Nacional de
Produção Mineral, Rio de
Janeiro, Brazil, in 1995. Photo by
P. Meylan

Fig. 2.5 Gene with a specimen of the rare Late Triassic turtle
Palaeochersis, La Rioja, Argentina, in 1997. Photo by B. Gaffney

Fig. 2.6 Gene and long-time turtle research partner Peter Meylan in
the Jurassic turtle quarry near Solothurn, Switzerland, in 1986. Photo
by C. Meyer
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three skeletons not only belonged to the most primitive
turtle known, but their documentation was going to be a
very big project, if done right. I began the work then, but
decided to seek a National Science Foundation grant so
I could bring scientific illustrators to Stuttgart and Berlin to
figure the material, and for further preparation and casting.
I got the grant and managed to publish my AMNH bulletin
on Proganochelys in 1990. I emphasized the comparative
morphology of Proganochelys by making comparisons of
its entire osteology with cryptodires and pleurodires. During
the 1980s I was also able to work on the oldest African
turtle, Australochelys, and the earliest cryptodire,
Kayentachelys.

Over the years I have done some less ambitious field
work, nothing as extensive or prolonged as Lord Howe
Island. During the 1980s, along with Frank Ippolito, I

collected in the Bridger Basin at the classic Grizzly Buttes
turtle localities of Hay, Granger, and other AMNH parties
of 100 years ago. I’ve also collected in the Lance Formation
of Wyoming, the Cretaceous-Paleocene of eastern Montana,
the San Juan Basin of New Mexico, and the Lower Jurassic
Kayenta Formation of Arizona. Besides the Pleistocene of
Lord Howe, I went into the field in Australia to the Oligo-
Miocene of the Tirari Desert and the Pleistocene of the
Atherton Tableland.

During the 1990s I continued work on the cryptodires,
particularly the extinct groups outside the living forms, the
macrobaenids and sinemydids. Don Brinkman (Royal
Tyrrell Museum) and Howard Hutchison (University of
California Museum of Paleontology) shared their knowl-
edge of these groups with me. When I started work on fossil
turtles, there was almost no one who was devoting their

Fig. 2.7 Gene with colleagues at the Gaffney Turtle Symposium, in
honor of his retirement from the AMNH, held at the Royal Tyrrell
Museum of Palaeontology, Drumheller, Canada, in October 2009.
From left to right: Hans-Peter Schultze, Gene Gaffney, Roger Wood,

and Bob Carroll. The golden bust in the background is of Joseph B.
Tyrrell, namesake of the museum. Photo by the Royal Tyrrell Museum
of Palaeontology
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entire careers to turtles, but by the 1980s, a number of
excellent people had been attracted to the group.

Pleurodires, the other major group of turtles, got me
when I wasn’t looking. My first paper (Gaffney and Zangerl
1968) was on a pleurodire, but I did only a few papers on
the group until the 1990s. Even then I thought I would only
do a couple of short papers, then a couple of longer ones
became necessary, then the thing ballooned into the largest
monograph I’ve ever participated in, with Haiyan Tong and
Peter Meylan as co-conspirators. In 1996, after 10 years
involvement in the exhibition program, I was again able to
devote most of my time to research. It made sense to
intensify work on the pleurodires, as more and more
material was turning up. Pleurodires, living and extinct,
were very poorly known. At the beginning of the project
most extinct taxa were based on undiagnosable rubble, and
there were less than a dozen skull-based taxa. Now there are
over 40, mostly new, skull-based taxa. Much of this mate-
rial has been discovered in recent years, but many speci-
mens were already in collections (Figs. 2.4, 2.5). All of this
newly recognized diversity made its documentation a much
bigger project than I had envisioned when it was begun.

For many years I taught in the Columbia University-
AMNH vertebrate paleontology program (the same program
I graduated from), teaching a graduate course called ‘‘The
History of Reptiles and Amphibians.’’ I have only had three
graduate students, Paul Sereno (the only one who went in
the field with me, if you call Lord Howe Island ‘‘the field’’),
Dan Chure, and Ron Coldiron. My first postdoctoral stu-
dent, Peter Meylan (see Fig. 2.6), also became my closest
scientific associate, coauthoring 10 papers, most of them
substantial, and helping me when the transition to computer
cladism became unavoidable in the late 1980s. By the early
1980s, cladistics was pretty much state-of-the-art for

systematics, and toward the end of the decade, computer
programs were devised that married cladistics and numeri-
cal taxonomy. Today, few students are even aware that
cladistics existed for about 20 years before computerization.

As part of my responsibility for the fossil reptile col-
lection, I have always been involved in exhibitions at the
AMNH. Since 1970, I had strongly advocated renovation of
the dinosaur exhibitions and incorporation of cladistics with
no success. But the museum changed significantly in 1986
and for the following 10 years I was fortunate enough to be
able to participate in a series of exhibitions that culminated
in the complete renovation of the six fossil halls, the
world’s largest vertebrate fossil exhibition. In 1986 we
brought a large collection of Chinese fossils to the AMNH
for an exhibition that featured cladistic methodology, then
in 1989 the administration accepted the proposal from
Lowell Dingus and me for mounting the Barosaurus group
now in the Rotunda. My involvement with the fossil hall
renovation lasted until its completion in 1996. I worked on
all of the halls, particularly in the incorporation of cladistics
as the organizing theme. Thanks largely to the management
skills and friendship of Lowell Dingus, the fossil hall
exhibition program was immensely satisfying for me, and
the highlight of my museum career. It was a great honor to
be able to deal first-hand with that rich legacy of material
collected by so many giants in paleontology.

After 37 years as a curator, I retired in 2007 as a
Curator Emeritus (Fig. 2.7). I’ve written about 100 scien-
tific papers. I continue working as I always have, just
doing less of it.

Note added in proof The references for publications mentioned in
this chapter can be found in the complete bibliography of Chapter 1.
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Chapter 3

Problems of the Ancestry of Turtles

Robert L. Carroll

Abstract The unquestioned unity of the Chelonia provides a
necessary basis for establishing their interrelationships and
determining the evolutionary history within the group. On the
other hand, the host of uniquely derived features of the oldest
known turtles make it extremely difficult to establish their
ancestry among more primitive amniotes. This is illustrated
by the great diversity of taxa that continue to be proposed as
putative sister-taxa of turtles without general acceptance of
any. Nearly every major clade of early amniotes from the late
Paleozoic and early Mesozoic has been proposed as a possible
sister-taxon of turtles, from synapsids to anapsids and
diapsids, including pelycosaurs, captorhinomorphs, procolo-
phonids, pareiasaurs, aquatic placodonts and crocodiles,
but none possess derived characters that could be synapo-
morphic with the unique skeletal structure and patterns of
development of the chelonian skull, carapace or plastron,
which had reached an essentially modern configuration by the
Late Triassic. Numerous molecular biologists have attempted
to establish the closest sister-group of turtles through analyses
of a host of living species, but there is no way for them to
preclude turtles from having evolved from one or another of
the Paleozoic or early Mesozoic clades that have become
extinct without leaving any other living descendants. On the
other hand, recent studies of the genetic and molecular
aspects of the development of the carapace and plastron imply
unique patterns of evolutionary change that cannot be
recognized in any of the other amniote lineages, living or
dead. This, together with the retention of a skull without
temporal fenestration implies a very early divergence from a
lineage that probably retained an anapsid skull configuration.
This problem may be resolved by more detailed study of the
enigmatic genus Eunotosaurus, from the Late Permian of
South Africa.

Keywords Captorhinomorphs�Eunotosaurus�Pareiasaurs�
Procolophonids � Turtle origins

Introduction

Gene Gaffney has provided a thorough understanding of the
skeletal anatomy of all adequately known turtles, fossil and
living. This research has documented their distinction from
all other amniotes, going back to the Late Triassic, dem-
onstrating the difficulty of establishing sister-group rela-
tionships with any other major tetrapod lineage.

The absence of any plausible intermediate forms can be
attributed to gaps in the known fossil record, but might also
be the result of unique and relatively rapid changes in
molecular aspects of their development that led to the
unique position and configuration of their ribs and the for-
mation of first the plastron and later the carapace, as well as
other aspects of their skeletal anatomy.

Investigation of such molecular and developmental
changes can only be carried out through studies of living
turtles. A great deal of such research as been has been
published in leading journals of molecular biology and
development over the past 20 years, for example: Evolution
& Development, Journal of Morphology, and Development
Genes and Evolution. Unfortunately, very few vertebrate
paleontologists have made use of this literature, which is
key to understanding how turtles evolved a complex of
unique structure, not known in any other taxa. However,
before discussion of the molecular and developmental
aspects of chelonian evolution, it is necessary to review
previous attempts to discover their affinities among early
amniotes based on the fossil record.

Unfortunately, the uniqueness of turtles, from their first
appearance in the fossil record makes it difficult, if not
impossible, to recognize synapomorphies with any other
amniote groups, other than features common to many, if not
all, other contemporary anapsids, diapsids, and parapsids.

R. L. Carroll (&)
Redpath Museum, McGill University, Montreal,
QC H3A 2K6, Canada
e-mail: robert.carroll@mcgill.ca

D. B. Brinkman et al. (eds.), Morphology and Evolution of Turtles, Vertebrate Paleobiology and Paleoanthropology,
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Ancestral Amniotes

The Reptilia are considered a monophyletic assemblage, but
two groups have been recognized as sub-units. The Eureptilia
includes the vast majority of species, encompassing the
ancestral lineage and all living forms. The much more restricted
Parareptilia includes fossils from the Late Permian through the
Triassic, and possibly the turtles, but no other living taxa.

Three closely related lineages of early Eureptilia have
long been recognized on the basis of openings in the tem-
poral region of the skull (Figs. 3.1, 3.2). The most primitive
of these are the anapsids, named for the absence of temporal
fenestration—clearly a retention of the primitive state of
their putative sister taxon, the anthracosaur labyrinthodonts.
The oldest known amniote genera, Hylonomus and Paleo-
thyris, are Late Pennsylvanian in age, from deposits ranging
from 314-311 million years old (Carroll 1969). The second
clade to appear in the fossil record is the Synapsida, or
mammal-like reptiles, with a single temporal opening low
in the cheek. The third, appearing close to the end of the
Pennsylvanian, is the Diapsida (Reisz 1977), with both
dorsal and lateral temporal openings. The appearances in
the fossil record of these groups correspond with their
probable sequences of divergence over time.

The terms Synapsida and Diapsida are recognized as
formal taxonomic designations, as, for a long time, was the
Anapsida. However, because the anapsid condition is
actually a primitive character state, common to the putative
antecedent of amniotes, it cannot be considered as an apo-
morphy uniting a particular assemblage of taxa, and so
Anapsida has been dropped as a formal name. Genera
including Hylonomus, Paleothyris, and other early amniotes
grouped as the Captorhinomorpha, are now referred to as
members of the Diapsida, because they share other features
similar to those of other primitive genera, such as Petro-
lacosaurus, which are diapsids in terms of having two pairs
of temporal openings. This makes it possible to state that
the sister group of turtles is the Diapsida, as is common in
recent papers (e.g., deBraga and Rieppel 1997; Li et al.
2008), even though the oldest possible sister taxa among
amniotes are anatomically anapsid. This terminology is
further complicated by the fact that there is no evidence
from either modern turtles or any of their possible ante-
cedents that they ever had temporal openings, either during
their evolutionary history or during their early development.

Parareptilia

Ancestral anapsids, Diapsida, and Synapsida, all known
from the Late Pennsylvanian, are sufficiently similar to one
another that they almost certainly had a single common

ancestor, late in the Carboniferous, forming the basis of the
taxon Eureptilia, as used by deBraga and Rieppel (1997).
This name was coined to distinguish them from a second

Fig. 3.1 Skulls and postcranial skeletons of genera that represent early
members of the three major amniote lineages. a–d The anapsid
Paleothyris, from the Late Pennsylvanian of Florence, Nova Scotia,
Canada: a skeleton in lateral view, skull-trunk length approximately
12 cm; b–d skull in dorsal, palatal, and occipital views (from Carroll
1969). e Occiput of the early pelycosaur Ophiacodon (6 cm in height),
from the Early Permian of Texas, USA (modified from Romer and Price
1940). f, g The early synapsid Archaeothyris, (10 cm in length) from the
Middle Pennsylvanian of Florence, Nova Scotia, skull in dorsal and right
lateral views (from Reisz 1972). h The early synapsid Haptodus,
approximately 140 cm in length, from the Late Pennsylvanian of
Kansas, USA (modified from Currie 1977). Abbreviations used in this
and subsequent illustrations: a angular, art articular, as astragalus; bo
basioccipital, bs basisphenoid, co coronoid, CR carapacial ridge,
d dentary, dep dorsal process of epiplastron, dsc dorsal process of
scapula, ect ectopterygoid, ent entoplastron; eo, ex exoccipital, ep
epiplastron, f frontal, fe femur, fi fibula, fm foramen magnum, gpep gular
projection of epiplastron, hyo hyoplastron, hyp hypoplastron, il ilium, ipt
interpterygoid vacuity, j jugal, ipt interpterygoid vacuity, l lacrimal, ldv
last dorsal vertebra, m maxilla, meso 1 first mesoplastron, meso 2 second
mesoplastron, n nasal, na naris, nc neural canal, nt neural tube, nu nuchal,
opis opisthotic, p parietal, pal palatine, pf postfrontal, phyis posterolat-
eral process of hypoischium, pm premaxilla, po postorbital, pp
postparietal, pre prearticular, prf prefrontal, pro prootic, prp posterior
ramus of pterygoid, ps parasphenoid, pt pterygoid, ptf post-temporal
fenestra, q quadrate, qj quadratojugal, qrp quadrate ramus of pterygoid,
sa surangular, so supraoccipital, sp splenial, sq squamosal, st supratem-
poral, sv1 1st sacral vertebra, t tabular, ti tibia, trpt transverse flange of
pterygoid, ul ulna, v vomer, xi xiphiplastron
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group of primitive amniotes, the Parareptilia, a name ini-
tially coined by Olson (1947) to include a number of dis-
tinct taxa that had presumably achieved the status of
amniotes, but were not closely related to the Eureptilia. The
Parareptilia originally included the Diadectidae, a group
known from the Late Pennsylvanian and Early Permian,
together with several other distinct taxa from the
mid-Permian and Triassic: the terrestrial Millerettidae,
Lanthanosuchidae, Procolophonia, and Pareiasauria and the
aquatic Mesosauria. The Diadectidae are now considered a
remote sister taxon of amniotes. More recently, both the
Procolophonia and the Pareiasauria have been proposed as
sister taxa of turtles (Reisz and Laurin 1991; Lee 1993,
2001).

In 1991, Reisz and Laurin postulated that the procolo-
phonid Owenetta (Fig. 3.3) was a plausible sister taxon of
turtles. This was based on the following derived characters
also recognized in chelonians: cultriform process of the
parasphenoid greatly reduced in length; teeth on transverse
flange of pterygoid lost; distinctly shaped anterodorsal
expansion of the maxilla; prefrontal and palatine massively
buttressed against each other; dorsal process of quadrate
exposed laterally; slender stapes has lost dorsal process and
foramen; anterior edge of splenial excluded from symphysis;
dorsal surface of retroarticular process (formed by articu-
lar, angular and prearticular) is broad and concave;

postparietal is reduced or lost. More notable are the
presence of large post-temporal fenestrae and ventral
emargination of the cheek, as in some turtles, but not in
primitive anapsids or synapsids. In the postcranial skele-
ton, the absence of the entepicondylar foramen is a che-
lonian character, but the presence of 27 presacral vertebrae
is not. Owenetta also lacks any trace of dermal armor,
either dorsally or ventrally.

A much more extensive paper by Laurin and Reisz
(1995) provided data matrices for a host of reptilian groups
in an effort to reevaluate early amniote phylogeny. This
included the erection of a new taxon, Testudinomorpha,
defined as the last common ancestor of the Procolophonidae

Fig. 3.3 Comparison of a procolophonid and a basal turtle. a, b The
procolophonid Owenetta, from the Late Triassic of South Africa: a two
incomplete skeletons in dorsal view; b skull in multiple views
(modified from Reisz and Laurin 1991). c Several views of the skull of
Proganochelys, approximately 12 cm in length, from the Late Triassic
of Germany (modified from Gaffney and Meeker 1983)

Fig. 3.2 Skull and skeleton of the earliest known diapsid, Petrola-
cosaurus, from the Late Permian of Kansas, USA (Modified from
Reisz 1981). Skull and skeleton at different scales
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and Testudines and all its descendants. This new clade was
supported by 17 synapomorphies, 14 of which were listed as
unambiguous. Surprisingly, in a later paper co-authored by
Rieppel and Reisz (1999) this hypothesis was replaced by
one supporting a diapsid origin for turtles.

More lasting support for a chelonian ancestry from
among the Parareptilia was provided by Michael Lee, who
between 1993 and 2001 published a series of papers (Lee
1993, 1994, 1995, 1996, 1997, 2001; Lee et al. 1997)
arguing for pareiasaurs (Fig. 3.4) as the sister taxon of
turtles. His 1995 paper, ‘‘Historical burden in systematics
and the interrelationships of ‘parareptiles’’’, was based on a
complex cladistic analysis that focused on turtles, pareia-
saurs, and procolophonid-like taxa and incorporated 56
characters. This resulted in a single most parsimonious tree
with 80 steps. Pareiasaurs were united with turtles based on
20 unambiguously derived characters absent in basal
amniotes. Only one synapomorphy supported affinities with
procolophonoids. Characters were chosen from throughout
the skeleton: 31 from the skull; three from the mandible and
dentition; five from the axial skeleton; seven from the
shoulder girdle and forelimbs; eight from the pelvic girdle
and hind limbs; and two in reference to dermal ossification.
Evidence from most of the skeleton appeared to provide
strong support for pareiasaur-chelonian affinities, but little
specific attention was paid to the nature of the dermal
ossification. Pareiasaurs do not have a ventral structure that
is comparable to the plastron of turtles, and although the
carapace appears superficially like that of turtles, its mode
of development is highly divergent.

Post-embryonic growth sequences of pareiasaurs
demonstrate that their carapace formed by the growth and
coalescence of large numbers of relatively small ossicles that
form in the dermis, as do those of crocodiles, other archo-
saurs and some lepidosaurs, including lizards (Vickaryous
and Hall 2008). In striking contrast, no turtles, fossil or
living, form their carapace from osteoderms, but rather from
mesodermal tissue induced by its close association with
highly specialized ribs, which, uniquely among vertebrates
extend laterally, toward the carapacial ridge, rather than
ventrally (Gilbert et al. 2001).

Lee (1995, p. 2001) also stated that all Paleozoic out-
groups of pareiasaurs had gastralia, but ‘‘there is little evi-
dence that the plastral plates (of turtles) are homologous
with gastralia’’. In fact, it is certain from embryonic studies
of modern turtles and knowledge of the plastron gained
from the oldest known turtle, Odontochelys (Li et al. 2008),
that much of the turtle plastron is formed from gastralia, in
addition to the dermal bones of the shoulder girdle, the
clavicular blades, and the interclavicle. Among the Parar-
eptilia, neither the procolophonoids nor the pareiasaurs
possess any significant synapomorphies that link them to
turtles. The procolophoids lack any evidence of a carapace

or plastron, and the carapace of pareiasaurs developed in an
entirely different way than does that of chelonians. In con-
trast with the hypothesis regarding the procolophonoid
origin of turtles, which was permissive (no elements of their
skeletal anatomy clearly preclude them from being ancestral
to turtles), that of pareiasaurs would seem to be prohibited,
on the basis of the antithetical nature of the carapace and its
development.

In a later paper, Lee (2001) broadened his approach by
including a large number of molecular characters, giving a
matrix of 176 osteological, 40 soft anatomical, and 2903
molecular characters for 28 amniote taxa. This expanded
analysis yielded a tree in which turtles grouped with anapsid
parareptiles and fell outside a monophyletic Diapsida. This
result corresponded basically with his previous studies.
However a turtle-archosaur clade could not be statistically
rejected. In the concluding remarks, he stated (Lee 2001,
p. 10): … ‘‘the anapsid hypothesis of turtle affinities—and
thus diapsid monophyly—remains not only tenable, but is
the most supported arrangement when the morphological,

Fig. 3.4 Comparison of a pareiasaur and a basal turtle. a The
pareiasaur Anthodon (about a meter in length) from the Late Permian
of eastern and southern Africa and eastern Europe showing dorsal
armor formed by a large number of small oestoderms (modified from
Lee 1995). b Proganochelys, until recently the oldest known turtle, has
extensive dorsal armor made up of a small number of very large plates
extending above the should and pelvic girdle. It is about 1 m in length.
Fossils are known from the Late Triassic of Germany (modified from
Lee 1995). c The advanced pareiasaur Scutosaurus (2 m in length)
from the Late Permian of Russia, in lateral view showing the ventrally
oriented rib cage located medial to the shoulder girdle (redrawn from
Carroll 1988)
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molecular and fossil evidence is considered simulta-
neously’’. More specifically he stated (2001, p. 10): ‘‘Within
parareptiles, the nearest relatives of turtles are pareiasaurs
…’’, also agreeing with conclusions in his previous
publications.

Eureptilia

Other paleontologists have proposed one or another group
of eureptiles as the probable antecedent of turtles. Gardiner
(1982) suggested an ancestry among the synapsids (or
mammal-like reptiles), or more specifically, a sister-group
relationship with an assemblage including the Crocodilia,
which in his analysis were nested within Aves and Mam-
malia, on the basis of the configuration of the epipterygoid,
development of the stapes, presence of a single protrusible
penis, characteristics of the eye, and forward position of the
larynx. However, this hypothesis has not been seriously
discussed since.

On the other hand, early members of the Eureptilia, the
captorhinomorphs and their immediate sister taxa, have
repeatedly been suggested as likely sister taxa of turtles,
primarily because they, like turtles, lack evidence of temporal
openings and are sufficiently primitive to have given rise to
any of the more advanced reptilian lineages (Carroll 1988).
Gaffney and McKenna (1979, p. 1), in a description of
Protocaptorhinus sp. from the Late Permian of Zimbabwe,
stated: ‘‘The Captorhinidae is a monophyletic group (possibly
including turtles) with these derived characters: downturned
premaxilla, ectopterygoid and tabular absent, medial process
of jugal’’. These character states are shared with ancestral
chelonians but also occurred in some other early amniotes,
and so do not provide unique evidence for close affinities.

In contrast, Gaffney’s (1980) contribution to a volume
honoring Alec Panchen, proposed a phylogeny in which
Testudines were the sister taxon of a clade including syn-
apsids and diapsids, based primarily on the absence of a
Jacobson’s organ among all chelonians. Subsequently, in a
book chapter written with Peter Meylan, it was concluded
that ‘‘turtles are considered to be the sister-group to the
Diapsida alone’’ (Gaffney and Meylan 1988, p. 157).
However, it was indicated in the introduction of the same
paper that those authors included the anapsid captorhinids
among the Diapsida. Otherwise, their paper was based
primarily on a very extensive phylogenetic analysis of all
turtles, supporting the sister-taxon relationship of cryptod-
ires and pleurodires, traced back to the Late Triassic.

More detailed investigation of the possible relationships
between turtles and diapsids (as defined by the presence of
dorsal and lateral temporal openings) was carried out by
deBraga and Rieppel (1997), and later by Rieppel and Reisz

(1999), who expanded the search for plausible chelonian
ancestors to a wider diversity of archosauromorphs and
lepidosauromorphs. Among these groups are several lin-
eages that have dorsal armor, which suggests the possibility
of chelonian affinities.

These included several highly derived aquatic taxa,
common in the Mesozoic, notably the Nothosauria, Plesi-
osauria, and Placodontia, collectively termed the Saurop-
terygia. The placodonts encompass several genera with
dermal armor, the most conspicuous being Henodus, which
had an extensive covering of dorsal scutes covered by
epidermal plates, but not at all comparable to the larger
plates of turtles (Fig. 3.5). Interestingly, this genus lacks the
dorsal temporal opening, whereas the related Placodus has a
dorsal opening, but lacks the lateral opening, demonstrating
the possibility of the reduction of the temporal opening to
zero, as in turtles. Henodus has a short trunk, but other

Fig. 3.5 Representatives of the diapsid assemblage Sauropterygia,
specifically members of the Placodontia, alternatively assigned to the
archosauromorphs and lepidosauromorphs. a, b Placodus, from the
Early and Middle Triassic of Europe and Middle Triassic of southwest
Asia: a skeleton, about 150 cm long, in lateral view; b skull in
multiple views. c Dorsal view of skeleton of Helvetiosaurus,
approximately 2 m in length, from the Middle Triassic of Europe.
d Oblique view of ribs and gastralia of Paraplacodus, from the Middle
Triassic of Europe. e Dorsal view of carapace of Henodus (approx-
imately l m in width), from the Late Triassic of Europe. All images
from Carroll (1988)
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placodonts, such as Helveticosaurus, have a very elongate
trunk. All placodonts have well developed gastralia. Sau-
ropterygians are known throughout the Triassic, primarily
from Europe and questionably from southwest Asia.

deBraga and Rieppel (1997) carried out an extensive and
detailed discussion of primarily anatomical characteristics
of the Parareptilia, primitive amniotes, turtles, and selected
diapsids. Their total phylogenetic analysis included 33 taxa
within the Reptilia, distinguished by 168 characters. Six
synapsid taxa, as well as the anamniotes Seymouriidae and
Diadectomorpha, were used as outgroups to determine the
probable polarity of character change. Depending on the
method of rooting, either two or four equally parsimonious
trees were found, but those differed only in the relative
position of archosauromorph taxa and did not alter the
position of turtles. The shorter of two trees (by one step) had
a length of 771 steps and a consistency index of 0.507.
Characters were not differentially weighted and reversals
and convergences were treated as equally likely events.
Forty-three clades were recognized on the basis of nested
autapomorphies, beginning with all of Reptilia, but also
citing individual genera, e.g. Placodus.

Characters indicated as autapomorphies were listed for
each taxon, with all assumed to be homologous throughout
the list, except those that were ambiguous at a particular
node. Most recognized characters were cranial, but good
coverage was provided for the postcranial skeleton.
Surprisingly, very few characters applied to the most
striking features of Testudines, namely the carapace and
plastron, although osteoderms were mentioned in the
autapomorphy list of Testudines (where reference was made
to body osteoderms, and cited in the discussion for Lanth-
anosuchidae) but this character did not appear in that tax-
on’s apomorphy list. Osteoderms were also listed as
autapomorphies for Placodus, but not for Turtles ? Sau-
ropterygia, or for Sauropterygia. Nor was reference made to
the placodont Henodus, which has a very complex carapace,
except that it is formed by osteoderms rather than reflecting
the unique feature of the chelonian shell.

In addition to the 168 morphological characters used by
deBraga and Rieppel (1997) in their phylogenetic analysis,
they also looked at five aspects of development that could
be determined by study of growth stages in extinct taxa:
changes in the configuration of the jugal during ontogeny;
development of the interclavicle and clavicle; ontogeny of
the carpus; development of the tarsale proximale; and
presence of a hooked fifth metatarsal. Of these, the first,
third and fourth support a turtle-lepidosaur sister-group
relationship, but the other two lack sufficient evidence to
support or refute those affinities.

The final conclusions drawn from deBraga and Rieppel’s
(1997) phylogenetic analysis were that Testudines may well
be related to diapsids, indeed they may be nested within

crown-group diapsids rather than within ‘parareptiles’.
More specifically, chelonians were found to be a sister
group of the Sauropterygia, a group that includes the marine
Triassic placodonts and the living Lepidosauriformes,
including lizards and snakes. However, questions arise
when we look at the number of autapomorphies listed by
deBraga and Rieppel (1997) for selected taxa (Table 3.1).

Turtles (Testudines) stand out in having by far the
highest number of autapomorphies, 41, with the next closest
taxon being the Pareiasauria with 26, Eosuchia with 22, and
Placodus with 18. This suggests that turtles show the
greatest phylogenetic distance from all other clades of
reptiles. On the other hand they share only 10 synapomor-
phies with their proposed sister taxon, the Sauropterygia.
It should be noted that none of these characters involve
molecular or developmental factors.

The problems associated with this methodology of
establishing interrelationships were commented on by
deBraga and Rieppel (1997, p. 325): ‘‘The present analysis,
albeit represented by a larger data base than previous
phylogenetic analyses involving Testudines, does not nec-
essarily represent a more accurate de facto representation of
turtle origins when compared to other recent interpretations
(Laurin and Reisz 1995; Lee 1994, 1995, 1996). In fact,
it can be argued that the phylogenetic hypothesis presented
here is yet another indication of how poorly understood the
issue of turtle origins is. The only significant, methodo-
logical advantage between this analysis and previous ones is
in testing for congruence between developmental data and
the morphological data set. The a priori assumption here is
that the present phylogeny is congruent with the evolution
or distribution of developmental data’’.

Table 3.1 Number of autapomorphies of selected taxa from de Braga
and Rieppel (1997)

Taxon Autapomorphies

Parareptilia 6

Procolophoniformes 12

Pareiasauria 26

Anthodon 4

Owenettidae 4

Eureptilia (anapsids ? diapsids) 5

Diapsida 7

Eosuchia 22

Lepidosauromorpha 15

Lepidosauriformes 3

Turtles ? Sauropterygia 10

Testudines 41

Sauropterygia 11

Placodus 18

Archosauromorpha 7
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In addition, deBraga and Rieppel’s (1997) analysis did
not place sufficient attention on individual characters such
as the anatomy and nature of development of the carapace
and plastron of turtles, in contrast with what can be
observed or readily assumed in putative sister taxa such as
the sauropterygians Henodus and Placodus. As was pointed
out in a later paper (Rieppel and Reisz 1999, p. 7).
‘‘As such, neural and costal plates are components of the
turtle carapace and cannot be derived from a hypothetical
ancestral condition by fusion of exoskeletal osteoderms. …
the turtle carapace is unique i. e., autapomorphic for turtles,
and morphologically very distinct even from its closest
counterpart among other amniotes, which is the carapace of
cyamodontoid placodonts’’.

The next paper to investigate a diapsid ancestry of turtles
was that of Rieppel and Reisz (1999). This was written in
response to a paper by Lee (1997) and incorporated changes
in their data matrix in response to Lee’s findings. They also
added data involving the dermal armor, the homology of the
‘‘acromion’’, the astragalo-calcaneal complex, and the
hooked fifth metatarsal, in order to evaluate the problems of
establishing primary homology. Despite these changes, they
still found sauropterygians to be the most probable sister
taxon of turtles. But as noted in their abstract (Rieppel and
Reisz 1999, p. 7) ‘‘The high Homoplasy Index raises con-
cerns about the phylogenetic information content of various
morphological characters in broad-scale phylogenetic
analyses.’’

The most parsimonious tree generated by Rieppel and
Reisz (1999) had a length of 793 steps and resulted in an
unresolved trichotomy of turtles within archosauromorphs.
But rearranging the branches to show a sister-group rela-
tionship with pareiasaurs required only five more steps,
suggesting extremely weak support for either hypothesis,
despite the great phylogenetic distance that deBraga and
Rieppel (1997) had found between pareiasaurs and diapsids.
Allowing PAUP to search for all trees that were five steps
longer than the most parsimonious tree resulted in more
than 1000 trees, with little or no resolution. The Homoplasy
Index suggested rampant convergence.

In addition, further analysis of specific morphological
characters unique to turtles showed the improbability of their
affinities to pareiasaurs. The most significant was that of the
nature of the carapace. Rieppel and Reisz (1999, p. 7) pointed
out that ‘‘As such, the neural and costal plates are endoskel-
etal components of the turtle carapace and cannot be derived
from a hypothetical ancestral condition by fusion of
exoskeletal osteoderms … the turtle carapace is unique, i.e.,
autapomorphic for turtles, and morphologically very distinct
even from its closest counterpart among other amniotes,
which is the carapace of cyamodontoid placodonts.’’

Nevertheless, Rieppel and Reisz (1999) went on to
suggest (page 16) ‘‘Triassic Sauropterygia, sister-group of

Testudines, comprise two major clades, the Placodontia and
the Eosauropterygia’’. They also stated (p. 17) that molec-
ular data further supported diapsid affinities of turtles, and
proposed an age of 207 ± 20.5 million years ago (*Mid-
dle Triassic) for the time of divergence.

Rieppel and Reisz (1999) also spoke of the question of
the ecological setting of turtle origins in association with
respiration and locomotion, the former of which also
required major developmental and structural changes prior
to the level of Odontochelys and Proganochelys. An aquatic
origin would clearly support the relationship of turtles to
sauropterygians. Because turtle ribs are embedded in the
costal plates, respiration depends on volume changes of the
thoraco-peritoneal cavity inside the rigid dermal armor.
Expansion of this space for inhalation results from the
contraction of the testocoracoideus muscle, which is
apparently a homologue of the serratus ventralis muscle of
other reptiles. Because lung ventilation in aquatic turtles is
also supported by hydrostatic pressure and gravity it was
argued that turtles probably evolved in an aquatic envi-
ronment, although the limb proportions of Proganochelys
suggest terrestrial locomotion.

Later, Rieppel (2001) added molecular data to the
investigation of chelonian relationships, stating in his sum-
mary (p. 991): ‘‘Without exception, molecular data place
turtles closer to archosaurs than to lepidosaurs’’. This is also
the case for morphological characters that have been studied
in living reptiles by de Beer (1937), Hofsten (1941), Remane
(1959), Løvtrup (1977, 1985), Ax (1984), and Gardiner
(1993), the last of whom also discussed whether turtles were
more closely to crocodiles or lepidosauromorphs (e.g.,
Sphenodon).

In contrast, Rieppel (2001) emphasized the great dif-
ference in the embryological development of the chelonian
carapace, based on research by Gilbert et al. (2001). He
was specifically struck by the possibility that large scale
changes in adult anatomy might be the result of compar-
atively rapid evolutionary changes in the mode of devel-
opment. Rieppel (2001) documented the clear distinction
between the development and configuration of the bones
that make up the carapace of turtles and the osteoderms of
any of the reptilian groups that had been suggested as their
sister taxa. Instead of having a large number of small
plates of similar size, he recognized that the large thecal
plates make up the bulk of the carapace. Those above the
neural arches were distinguished as neural plates, and
those more lateral, which are closely integrated with the
ribs, as costal plates. In most turtles the costal plates are
succeeded laterally by the marginal plates. In addition, one
can recognize an anterior nuchal plate, and one or two
posterior pygal plates. No homologous elements have ever
been recognized in any of the other groups of reptiles that
have been hypothesized as sister taxa of turtles.
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Not only are osteoderms much smaller and more
numerous than the chelonian plates, but they form inde-
pendently of the ribs and extend medial to the scapular
blade, rather than dorsal to it. Of even greater significance is
the fact that the ribs and the carapacial bone are preformed
in cartilage, rather than directly in the dermis, as are the
osteoderms of various other groups of reptiles. These ele-
ments cannot be homologous, and hence it is extremely
unlikely that the chelonian carapace evolved from any
group of reptiles that had previously evolved a carapace
formed from osteoderms.

Rieppel (2001) also cited studies that identified inductive
interaction triggered by the carapacial ridge as the probable
cause of the deflection of rib growth (Yntema 1970; Burke
1989; Gilbert et al. 2001). Another unique feature of turtles
is the anterior displacement of the neural arches and ribs
relative to the centra by half a segment, as discovered by
Goette in 1899. In summary Rieppel (2001, p. 991) stated:
‘‘The initial segmentation of the paraxial mesoderm is the
same in turtles as in all other tetrapods, but further devel-
opment of the structures derived from the somites (dermis,
vertebrae and ribs) proceeds along a different trajectory in
turtles compared to all other tetrapods’’.

These factors would seem to meet the criteria for the
rejection of the sauropterygian hypothesis that deBraga and
Rieppel (1997) stated on their page 325: ‘‘Therefore, in
order to reject or fail to support the present phylogeny it
would be necessary only to show that lepidosauromorphs
share more developmental characteristics in common with
archosauromorphs than with turtles. Lepidosauromorphs
and archosauromorphs are equivalent in sharing the absence
of the unique factors involved in the development of the
carapace and plastron of turtles. This subject will be dis-
cussed more fully after consideration of molecular means to
analyse the phylogenetic position of turtles.

Rieppel’s later book chapter on this subject (2008) con-
tinued to support a diapsid origin for turtles, but recognized
problems of accounting for the origin of the carapace and
plastron from any known group of early amniotes. He began
by stating that (p. 345): ‘‘The turtle carapace combines
endoskeletal (ribs and vertebral neural arches) and exoskel-
etal (dermal) components in an entirely novel, indeed unique
structure …. The development of the carapace involves a
redirection of sclerotome cell migration to form the ribs in a
more superficial position, i. e., with the dermal carapacial disk
(Burke 1989; Gilbert et al. 2001, 2004). The profound
structural changes that are correlated with the development of
the turtle shell render the skeletal morphology of turtles
difficult to compare with that of other reptiles. There are also
no fossil intermediates known that link turtles with a more
generalized group of reptiles’’.

Figure 3.6 shows the alternative hypotheses of turtle
relationships current at the time of Rieppel’s (2008) review.

Molecular Analyses of Living Amniotes
as a Means of Establishing Chelonian
Relationships

A very different approach to the problem of identifying the
sister taxon of turtles has been taken by molecular biologists
who have concentrated entirely on living taxa. A sample of
their results is listed in Table 3.2. On the basis of molecular
data of a variety of taxa, most authors found turtles to be an out
group of archosaurs and birds, with lepidosaurs (squamates)
the out group of all three. This arrangement fits with the
temporal sequence of first appearances of each group in the
fossil record. One exception was the study by Cao et al. (2000),
which gave equal support to the above-described arrangement
and one in which turtles and crocodiles were sister taxa, with
birds, squamates, and mammals as successively more distant
out groups. None recognized a sister-group relationship
between turtles and primitive amniotes, but this was only
expressly excluded by Zardoya and Meyer (1998).

However, none of these authors acknowledged that it is
impossible to test molecular affinities with ancestral a-
napsids such as procolophonids and pareiasaurs or with
diapsid placodonts, all of which had been proposed by
paleontologists to be closely related to turtles, because no
species are living today that are direct descendants of these
Permian or Triassic amniotes. Hence, neither their DNA nor
other molecules can be sequenced and compared with living
turtles.

Fig. 3.6 Cladogram depicting four of the proposed sister-group
relationships for turtles, all based on cladistic analyses. From left to
right, turtles are shown as the sister taxon of pareiasaurs, procolopho-
nids, lepidosauromorphs, or archosauromorphs (from Rieppel 2008).
Turtles previously had been affiliated with synapsids or cap-
torhinomorphs, providing a choice among six phylogenies
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Another approach was taken by Hugall et al. (2007)
who attempted to establish times of divergence between
the various amniote clades through estimates of the rates
of change over time in the nuclear gene RAG-1. Their
study appeared to support archosauromorphs as the most
likely sister taxon of turtles, with an inferred divergence
date between 265 and 273 million years ago. They then
stated that this relatively late date of turtle divergence
refuted Gaffney and McKenna’s (1979) suggestion that
captorhinids were the nearest relatives of turtles. In fact,
the genus that Gaffney and McKenna (1979) studied was
discovered in Upper Permian beds, now dated as about
255 million years old. This is far later than Hugall et al.
(2007) stated date for the initial appearance of captorhinids
at *300 million years ago. The latter date is approxi-
mately correct, but an earlier time of initial appearance of
this group does not preclude a later time of divergence
between captorhinids and turtles. In fact, the age of the
African specimen described by Gaffney and McKenna
(1979) is only about 35 million years older than the oldest
known turtle, Odontochelys, dated at 220 million year old.
Judging by the changes between Odontochelys and Pro-
ganochelys over their 20 million years of temporal sepa-
ration, this is about the time interval that one might expect
for the divergence of the oldest known turtle from a
primitive, stem amniote. In fact, the age of the youngest
known captorhinid is the same as the oldest known
archosaur, as given by Hugall et al. (2007), suggesting that
both clades are equally plausible as the sister taxon of

turtles, using the criteria of timing of first occurrences.
This, however, is not sufficient to establish the probability
of either group having been the phylogenetic antecedent of
turtles.

Organogenesis of Living Tetrapods
as a Means of Establishing Chelonian
Relationships

Another approach to establishing the ancestry of turtles was
that of a recent study by Werneburg and Sanchez-Villagre
(2009), which considered the relative timing of organogenesis
among the major clades of reptiles (Aves, Crocodylia,
Sphenodontia, and Squamata) based on a standard reference
series of embryological events in amniotes. They used 104
developmental characters of external morphology that
appeared prior to birth among 15 turtles and seven other
amniote species and one salamander species, using Parsimov.
Considering all specimens, this involved total of 1284 char-
acter states, and resulted in 24 topographically different phy-
logenies. All supported a basal position for turtles among the
living clades within the Class Reptilia.

On the other hand, highly informative genetic data
involving the unique mode of development of the carapace
and plastron in living turtles provides a much more effective
means for investigating the origin of the anatomical features
that distinguish them from all other living amniotes.

Table 3.2 Sample of molecular studies that have considered the position of turtles relative to other extant groups

Authors Molecules used Chelonian relationships Divergence time and other details

Hugal et al.
(2007)

Long Nuclear Gene RAG-I Turtles sister taxon of crocodiles ? birds,
with squamates an out group of all three.
Supports diapsid origin

*270 9 106 years, 88 taxa studied

Kumazawa
(2007)

Nearly complete
mitochondrial DNA 9542
alignable sites

Turtles sister taxon of crocodiles ? birds,
with squamates an out group

Mid-Permian

Krenz et al.
(2005)

RAG-1 2793 Nucleotides Turtles sister taxon of crocodiles ? birds.
No further out group

Basically looking at classification of turtles
per se

Iwabe et al.
(2005)

Nuclear DNA-coded
proteins

Turtles sister taxon of crocodiles ? birds.
Squamates an out group

Relationships with basal amniotes rejected

Cao et al.
(2000)

Mitochondrial and nuclear
genes

Turtles sister taxon of crocodiles ? birds,
squamates an out group, or ([(crocodiles,
birds) squamates] turtles)

Study based on 3 turtles, 1 squamate,
1 crocodile, and 8 birds

Hedges and
Poling
(1999)

2 nuclear genes,
mitochondrial DNA and
22 additional nuclear
genes

Turtles sister taxon of crocodiles, squamates
an out group

18 rRNA favors a bird ? mammal grouping.
Turtles diverged from crocodilians
207 ± 20.5 million years ago

Mannen and
Steven
(1999)

cDNA sequences Turtles sister taxon of crocodiles Turtles diverged after divergence of
squamates
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Developmental Aspects of Chelonian
Anatomy

Surprisingly, neither paleontologists who have used cladistic
analyses to search for the sister-taxon of turtles nor the
molecular biologists just cited, have made effective use of a
wealth of new evidence that has become available over the
past 15 years from the fields of molecular and developmental
biology. This combined study has been termed Evolutionary-
Developmental Biology, or EVO-DEVO, recognized by a
distinct new journal, Evolution & Development. Its relevance
to the origin of turtles is demonstrated by the cover of the
May/June 2007 issue of that journal, adapted from Gene
Gaffney’s (1990) paper in the Bulletin of the American
Museum of Natural History. Of specific interest are the
many recent articles discussing the genetic, molecular, and

developmental aspects of their most conspicuous attributes,
the unique nature of the carapace and plastron.

Carapace

Despite the relatively earlier origin of the plastron, this
discussion begins with the carapace because it is the
canonical character of the Chelonia. As we have seen, there
are a variety of amniotes that have evolved dermal armor
that covers the dorsal surface of the body but in most cases,
including pareiasaurs, placodonts, and some archosaurs, it
consists of a mosaic of osteodermal plates superficial to the
ribs and the girdles. None of these taxa had the structural
details or manner of development comparable to those of

Fig. 3.7 Dorsal views of the skeletons of the oldest currently known
turtles. a The oldest known turtle, Odontochelys, from the Late
Triassic of China, lacking a carapace (from Li et al. 2008); see

photograph (Fig. 3.10a) of same specimen. b The oldest known turtle
having a fully developed carapace, Proganochelys, from the Late
Triassic of Germany (from Gaffney 1990). See Fig. 3.10 for scale
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any turtles, fossil or living, in which the carapace is closely
integrated with the ribs, which lie external to the shoulder
girdle (Burke 1989; Gilbert et al. 2001).

Although the extent of ossification of the carapace differs
somewhat among modern turtles, its basic bony constituents
remain constant from the Late Triassic to the present
(Fig. 3.7). Proganochelys has a complete carapace and
plastron essentially identical to those of modern forms
except for the presence of additional supramarginal plates
forming the periphery of the carapace, and an additional
pair of mesoplastra in the plastron. The skeletal similarity of
the carapace and plastron of living turtles is sufficiently
similar to that of their most primitive known antecedents to
support the assumption that their genetics and modes of
development were also comparable. This assumption is
further supported by comparable modes of development in
both the living cryptodires (Kuraku et al. 2005) and pleu-
rodires (Scheyer et al. 2008), whose time of divergence can
be traced to the Late Triassic (Gaffney and Jenkins 2010).

The chelonian carapace is uniquely composed of the
endochondral ribs and vertebrae associated with a special-
ized dermis. The ribs are found in a unique position,
superficial and dorsal to the limb girdles. Beginning with

Proganochelys, the carapace is solidly linked to the plastron
by a bony bridge. Nothing of this nature occurs in other
tetrapod groups.

The exceptional configuration of the carapace, particularly
the position of the ribs, occurs in relationship to patterns of
ontogenetic development that are seen in no other vertebrates.
It is based on a unique embryonic feature, the carapacial ridge
(CR) extending anteroposteriorly above the bases of the
pectoral and pelvic limbs (Fig. 3.8). This ridge is a unique
raised area composed of mesenchyme of the dermis and the
overlying ectoderm that forms dorsal to the boundary
between the somitic (dorsal) and lateral plate mesoderm.
The carapacial ridge is the precursor of the carapace margin,
in which the ribs will eventually terminate.

Lateral growth of the carapacial margin during early
development entraps the distal extremities of the developing
ribs, which extend laterally, rather than ventrally, and
assume a superficial position dorsal to the scapulocoracoid.
The ribs eventually terminate in the lateral margin of the
dermal carapace. As they elongate, the endochondral ribs
influence the surrounding tissue to form the more superficial
bones of the carapace. It is especially important to recog-
nize that the carapace itself develops from endochondral
tissue, in contrast with the dermal tissue in which forms the
isolated osteoderms that contribute to the dorsal armor of
pareiasaurs, placodonts and some archosaurs (Burke 1989;

Fig. 3.8 Configuration of ribs and girdle elements in adult turtles
versus non-turtles and position of carapacial ridge in turtle embryos. a,
b Simplified, cross-sectional diagrams of adult tetrapods: a the derived
turtle condition, in which the ribs extend laterally and dorsally above
the shoulder girdle; b the primitive, non-chelonian condition, in which
the ribs extend ventrally, around the trunk, and medial to the scapula.
c, d Photographs of turtle embryos, showing position of the carapacial
ridge, a developmental feature unique to turtles: c transverse section
through the trunk; d lateral view of an entire turtle embryo, with
carapacial ridge (CR) between the limb bud of the arm above and the
rear limb bud below. First three images are from Burke (1989); last
image is from Moustakas (2008). Images at different scales

Fig. 3.9 Diagram of the cross-section through the trunk of an amniote
other than a turtle on the left, and a turtle on the right showing the
position of the carapacial ridge (CR) in relationship to a limb bud and
the various genes, common to all amniotes (in areas of lighter shading)
and those in darker shading that have been co-opted by the area of the
carpacial ridge in turtles. See Table 3.3 for functions of genes in turtles
versus other amniotes. Illustration from Kuraku et al. (2005)
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Vickaryous and Hall 2008). Removal and labeling of tissue
shows that somitic mesoderm contributes mesenchyme to
the carapacial ridge, in contrast with the mesenchyme of the
adjacent limb buds which is derived from the lateral plate
mesoderm.

Underlying the unique presence of the carapacial ridge
and its influence on the formation of the carapace are a host
of genes and specific tissues that have been co-opted from
those associated with the adjacent limb buds, and whose
position and specific function have been altered from those
of all other tetrapods to influence the orientation of the ribs
and to form the dorsal armor. These factors have been
discussed in a number of papers that examined various
aspects of development.

Kuraku et al. (2005) screened for genes specifically
expressed in the carapacial ridge of the Chinese soft-shelled
turtle (Fig. 3.9, Table 3.3). Four are present in other ver-
tebrate lineages but have acquired unique, de novo
expression in turtles: Sp5; cellular retinoic acid binding
protein-l (CRABP-1); adenomatous polyposis coli down-
regulated 1 (APCDD1); and lymphoid enhancer-binding
factor-l (LEF-1). The presence of b-catenin in the ectoderm
of the carpacial ridge suggests that the canonical Wnt
pathway is activated in the CR ectoderm and controls the
initial phase of carapace development by the abrupt alter-
ation in the expression patterns of multiple downstream
genes. The unique expression of these genes in the cara-
pacial ridge and the ridge itself can each be considered as
apomorphic characters uniting all turtles. These gene
expressions may be absolutely unique to turtles (autapo-
morphies) or potential synapomorphies with some other,
as yet unrecognized, early amniote clade.

Cebra-Thomas et al. (2005) pointed out additional
unique features of carapace development that may explain
the rapid appearance of turtles in the fossil record without
obvious intermediates. Following initiation of the carapacial
ridge in Yntema stage 14, its maintenance and ability to
attract rib precursor cells is dependent on fibroblast growth
factor (FGF) signaling. If secretion of FGF is lost, ribs grow
either anteriorly or posteriorly to attach to other ribs in
which FGF signaling is maintained. Inhibitors of FGF result
in migration of ribs toward the ventral body wall. FGF10
also plays a role in attracting rib rudiments. Co-ordinated
growth of the carapacial plate and the ribs apparently results
from a positive feedback loop caused by the induction of
FGF8 in the distal tips of the ribs by FGF10-secretion from
the mesenchyme of the carpacial ridge. Once in the dermis,
the ribs undergo endochondral ossification. The ribs also act
as a signaling center for the surrounding dermal ossification
that forms the carapace.

Further aspects of the development of the carapacial
ridge were discussed by Moustakas (2008). These involve
support for a dermomyotomal identity of the mesenchyme
of the carapacial ridge and its early expression of Pax3,
Twist1, Dermol, En1, Sim1, and Gremlin genes before overt
ossification expresses Pax1. This supports the hypothesis of
mesenchymal formation of dermal bone in the carapace.
It also emphases the importance of the exaptation of key
genetic networks common to the limbs and vertebral col-
umn of other tetrapods in the development of the turtle
shell. The innovation of the carapace does not involve the
evolution of new tissue types, but rather how the develop-
mental instructions for making certain tissues become used
in new ways and places.

Table 3.3 Summary of expression patterns of genes in the carpacial ridge and limb buds of turtles versus those of other amniotes (from Kuraku
et al. 2005)

Carapacial ridge Limb bud

Gene Ps Domain Ps Gg Mn Domain

Sp5 + Mesenchyme + – + Muscle progenitor cells

CRABP-1 + Ectoderm - + + Mesenchyme

APCDD1 + Mesenchyme, ectoderm + + + Mesenchyme

LEF-1 + Mesenchyme, ectoderm + + + AER, mesenchyme

Msx1 – + + + Mesenchyme

Mgf 10 – + + + Mesenchyme

MGF8 – + + + AER

Shh – + + + ZPA

Bmp2 – + + + AER

Bmp4 – + + + Mesenchyme, AER

Msx2 – + + + Mesenchyme

Abbreviations: Gg chicken, Mn mouse, Ps soft-shelled turtle
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Plastron

The turtle plastron is also a unique structure among verte-
brates, which had reached an essentially modern configu-
ration at the base of the known fossil record of chelonians
(Figs. 3.10, 3.11). Developmentally, it forms before the
carapace, matching its earlier temporal appearance as seen
in Odontochelys, in which it clearly does not show the
bridging structure that could link it with the carapace, as it

does in Proganochelys. Rather, Odontochelys exhibits a
series of laterally extending spikes, inherited from the
gastralia from which it develops. Like the carapace, the
plastron has maintained many aspects of its structure since
its initial appearance in the fossil record. In Proganochelys
the plastron consists of 13 bones, the median entoplastron
and the paired epiplastra, hyoplastra, hypoplastra, mesopl-
astron I, mesoplastron II, and xiphiplastra. These have been
homologized (from front to back) with the median

Fig. 3.10 Skeletons of two basal turtles. a Dorsal view of Odont-
ochelys, from the Late Triassic of China, showing the lateral extension
of the ribs and the rudimentary carapace (limited to small areas of
ossification just above the neural spines of the vertebrae) and the more
fully developed plastron with lateral spikes that presumably represent

its incorporation of the gastralia (from Li et al. 2008); see interpretive
drawing (Fig. 3.7a) of same specimen. b Ventral view of Progan-
ochelys, from the Late Triassic of Germany, showing a fully developed
shell with bridge on either side firmly uniting the plastron and the
margin of the carapace (from Gaffney 1990)
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interclavicle, the paired clavicular blades, and, more pos-
teriorly, numerous gastralia, common to early tetrapods. All
ossify intramembranously, without any cartilaginous pre-
cursors (in contrast with the endochondral ribs that are key
to the formation of the carapace). There is no support for the
earlier suggestion that the plastron incorporates a median,
endochondral sternum.

Until recently, the early developmental processes leading
to the formation of the plastron had not been determined.
The bone cells of amniotes are either of somitic origin
(characterizing the appendicular and axial endoskeleton and
internal elements of the skull) or arise from the neural crest
(characterizing the face and superficial portions of the
skull). In most vertebrates, the development of the super-
ficial bones of the skull and the shoulder girdle are influ-
enced by neural crest cells that migrate from the
dorsolateral margins of the anterior portion of the neural
tube, but are not active in bone formation in the more
posterior part of the body. Turtles are unique in the presence
of a distinct population of neural crest cells that migrates
into the area of the plastron and has re-gained the capacity
to initiate ossification.

Clark et al. (2001) demonstrated that the bones of the
plastron are exoskeletal and are formed by the intramem-
branous ossification of neural crest cells. This was unex-
pected because trunk neural crest cells had not been observed
to form skeletal elements in other vertebrates, and cranial
neural crest cells (which are also skeletogenic) are not
observed to migrate more posteriorly than the collarbone and
shoulder. Clark et al. (2001) established that the nine plastral

bones of modern chelonians are formed by cells that stained
positively for the cell surface sulfated carbohydrate HNK-l
(a standard marker for avian neural crest cells) and for the
protein PDGFRa. They also demonstrated that HNK-l and
PDGFRa are found in a late-emigrating population of neural
crest cells that is delaminated from the neural tube long after
the first wave of neural crest cells has differentiated into
melanocytes, dorsal root ganglia, and enteric ganglia. These
late-emigrating cells were observed migrating ventrally into
the region where the plastron forms and condensing to form
the bones of the plastron.

Concentrating on the late-emerging trunk neural crest
cells, Cebra-Thomas et al. (2007) subsequently recognized
a large population of HNK-l+ cells in the carapacial dermis
of stage 17 turtle embryos. Their identity as late-emerging
trunk neural crest cells was further established by their
expression of FoxD3+ and p75+. The migratory nature of
these cells was demonstrated by injecting Dil into the
carapacial dermis above the neural tube of stage 17 turtle
embryos. After 36–48 h, streams of cells were observed that
had migrated laterally from the injection site, out toward the
edge of the carapace, ventrally around the somite deriva-
tives and down through the lateral bridge region.

In stage 18 turtle embryos (approximately 25 days old)
the plastron bones are beginning to ossify. HNK-1+/p75+

cells aggregate in the ventral mesenchyme of the embryos,
forming nodes of closely packed cells, the centers of which
stain for bone tissue. This late stage population of cells
share characteristics of cranial neural crest cells, including
FoxD3 and PDGFRa, that appear to be unique to turtles.
They also contribute to vertebral and rib cartilages.

In no other terrestrial vertebrates are neural crest cells
known to be capable of forming bone in the trunk region.
This may be related to the expression or lack of expression
of Hox genes. It was postulated by Cebra-Thomas et al.
(2007) that late migrating neural crest cells may have lost
their Hox gene expression, either by emigrating from the
neural tube at a later time, or by remaining in the staging
area for a long time. This, in some way, enables those cells
to function in the same manner as cranial neural crest cells.

Search for Chelonian Ancestors

Based on extrapolation of data from the anatomical and
molecular factors of development of the carapace and
plastron in modern turtles to fossils that are known from the
Later Triassic, it appears extremely unlikely that either
pareiasaurs or genera such as Henodus and Placodus, from
among aquatic sauropterygian diapsids, exhibit plausible
structural or developmental precursors to the turtle cara-
pace. Not only do these parareptiles and diapsids form the

Fig. 3.11 Comparison of plastra in an embryonic extant turtle versus
in a basal turtle. a An early stage in the development of the plastron in
a modern turtle (Trachemys scripta) showing dermal elements of the
shoulder girdle anteriorly and an early stage of the coalescence of the
more posterior elements from the gastralia under the influence of
neural crest cells (from Cebra-Thomas et al. 2007). b The fully ossified
plastron of Odontochelys, from the Late Triassic of China, shows
homologous elements (from Li et al. 2008). Note that the mesoplastra
seen in Odontochelys are lost in most modern turtles. Images at
different scales
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carapace from initially separated osteoderms that lack
association with the ribs, but they lack any trace of a
plastron, which developed and evolved prior to the carapace
within the Chelonia. As pointed out by Vickaryous and Hall
(2008, p. 398) ‘‘Osteoderms demonstrate a delayed onset of
development compared with the rest of the skeleton, not
appearing until well after hatching’’. In contrast, both the

carapace and plastron begin formation early in embryonic
development among turtles.

In any case, the ultimate solution to the question of
chelonian ancestry must reside with the fossil record.
Odontochelys provides not only knowledge of a chelonian
that was at the very beginning stages of developing a car-
apace (ontogenetically or phylogenetically), but also pushes

Fig. 3.12 Skulls of basal turtles
and putative turtle sister taxa.
a The turtle Proganochelys
(12 cm in length), from the Late
Triassic of Germany, in four
views (from Gaffney and Meeker
1983). b The pareiasaur
Scutosaurus (skull about 12 cm
in length), from the Late Permian
of Eastern Europe, in palatal and
occipital views (from Carroll
1988). c The oldest known turtle,
Odontochelys, from the Early
Triassic of China, in palatal view
(from Li et al. 2008). d Occiput
of Captorhinus (about 5 cm in
width), from the Early Permian
of the southwestern United States
(from Carroll 1988)
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the minimal divergence time for turtles back a further
20 million years.

The many, clearly significant chelonian characters that
had already been achieved by the time of appearance of
Odontochelys, 220 million years ago, suggest a consider-
able time interval since turtles diverged from other early

amniotes. This, in itself, precludes their divergence from
any taxa that had not evolved prior to the Late Triassic.

If one goes back to the basal anapsids, synapsids, and
diapsids of the Late Carboniferous and Early Permian, their
skeletons, specifically the skulls, are well known, and sug-
gest close affinities and a fairly short interval of time since
they diverged from one another (Figs. 3.1, 3.2, 3.12).
Several lineages can be traced into the Late Permian and
Triassic that show more advanced character states, several
resembling those of early chelonians, including the evolu-
tion of posttemporal fenestrae, loss of teeth on the trans-
verse flange of the pterygoid, loss of the ectopterygoid and
tabular, development of a palatine fenestra and formation of
a jugular process. But these changes occur convergently in

Fig. 3.13 Trunk regions of Eunotosaurus and Odontochelys. a,
b Eunotosaurus, about 10 cm in length, from the Late Permian of
South Africa: a dorsal view; b ventral view (modified from Keyser and
Gow 1981). c The oldest known turtle, Odontochelys, from the Early
Triassic of China (from Li et al. 2008), in dorsal view

Fig. 3.14 Skulls of Odontochelys and Eunotosaurus. a The oldest
known turtle, Odontochelys, from the Late Triassic of China, in dorsal
and palatal views (from Li et al. 2008). b Eunotosaurus, from the Late
Permian of South Africa, in dorsal, palatal, and right lateral views
(modified from Keyser and Gow 1981)
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several lineages indicating that they are not homologous
with one another. Surprisingly, both ancestral turtles and
some, but not all of the earlier amniotes retain an unfused
basicranial articulation. Despite their acquisition of some
derived characters in common with turtles, the remainder of
their anatomy provides no convincing evidence of sister-
group affinities. It is probable that one or another taxon
might be shown by cladistic analysis to have a more par-
simonious pattern of character change leading toward early
turtles, but none exhibit any definitive characters that are
clearly homologous with the many dramatic autapomor-
phies that distinguish turtles.

There is, however, one genus, Eunotosaurus (Figs. 3.13,
3.14, 3.15), from the Late Permian of South Africa, that
does possesses a number of chelonian apomorphies, notably
a relatively long neck, a short trunk region with approxi-
mately 10 vertebrae, and widened, laterally extending ribs
like those of Odontochelys. Eunotosaurus is not shown to
have posttemporal fenestrae, but neither are these illustrated
in Odontochelys. Many descriptions of Eunotosaurus have
been published (Seeley 1892; Watson 1914; Cox 1969;
Keyser and Gow 1981). Some, but not all, support chelo-
nian affinities, but the discovery of Odontochelys provides a
much closer basis of comparison than has previously been
available, and should be exploited. Eunotosaurus is some
45 million years older than Odontochelys, but appears more
turtle-like in general features than any of the other current
contenders.

The most important factor that paleontologists should
bear in mind when searching for the ancestry of turtles or
other taxa is the necessity for recognizing one or more
unique, emergent characters that may be derived from

individual, contemporary taxa or antecedent clades. In
contrast, the multiplicity of putative relationships that have
been proposed on the basis of increasingly broad surveys of
a vast number of traits and taxa demonstrate the difficulty or
impossibility of using such methods for establishing specific
evolutionary relationships.
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Chapter 4

Origin of the Turtle Body Plan: The Folding Theory to Illustrate
Turtle-Specific Developmental Repatterning

Hiroshi Nagashima, Shigehiro Kuraku, Katsuhisa Uchida, Yoshie Kawashima-Ohya,
Yuichi Narita, and Shigeru Kuratani

Abstract The turtle shell is comprised of a dorsal carapace
and a ventral plastron, and is an autapomorphy of this
group. The carapace consists of the vertebral column and
ribs as well as a specialized dermis. The formation of the
shell is accompanied by a change in the spatial relationship
of the ribs and the pectoral girdle. Because of this

rearrangement, the turtle shell has been regarded as an
example of an evolutionary novelty. Understanding the
changes behind this developmental repatterning will help us
elucidate the evolutionary history of turtles. The change has
been attributed to a deflected pattern of development of
the ribs, which in normal tetrapods grow ventrally into the
lateral body wall. In turtles, they grow laterally toward the
primordium of the carapacial margin, called the carapacial
ridge (CR), while remaining in the axial part of the
embryonic body. Based on a similarity in histological
configuration, the CR has been thought to possess inductive
activity for rib growth, as seen in the apical ectodermal
ridge of the amniote limb bud. The CR does not function as
a guidance cue for rib progenitor cells but rather functions
in the marginal growth of the carapacial primordium,
resulting in fanned-out growth of the ribs. This peripheral
and concentric expansion of the axial domain makes
the lateral body wall fold inward, while the ribs cover the
pectoral girdle. The turtle ribs develop along the muscle
plate as in other amniotes, and do not take a different
trajectory from that in other amniotes, unlike the scenario
hypothesized previously. This folding enables turtles to
change the apparent spatial relationships between the ribs
and the pectoral girdle without altering their topological
alignment and body plan as amniotes. This developmental
sequence of the modern turtles aligns with a stepwise
evolutionary process in the group, which is supported
by the anatomy of a recently discovered fossil species,
Odontochelys.
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Introduction

The turtle shell is the major autapomorphy for the Order
Testudines and is composed of dorsal and ventral moieties
called the carapace and plastron, respectively. The carapace
is basically made up of thoracic vertebrae and laterally
expanded ribs, whereas the plastron is a composite of nine
dermal bones containing elements that are thought to be
homologous to the clavicle, interclavicle and gastralia
(Gegenbaur 1898; Goodrich 1930; Romer 1956). The
scapula of turtles has been thought to be situated inside the
ribcage, in striking contrast to the typical body plan of
tetrapods, in which the scapula is normally found outside
(Ruckes 1929; Burke 1989, 1991; reviewed by Hall 1998;
Rieppel 2001; Gilbert et al. 2001, 2008). Based on this
unique topology, the turtle shell has been regarded as an
evolutionary novelty (Hall 1998; Rieppel 2001; Gilbert
et al. 2001, 2008). Saltatorial evolution has been assumed to
apply to turtles because the scapula can only be situated
outside or inside the ribcage; there are apparently no
topological intermediates (Rieppel 2001; Theißen 2006,
2009). In fact, no fossils possessing an intermediate mor-
phology have been found so far. Even Proganochelys, until
the recent discovery of Odontochelys the oldest well known
fossil turtle, had already developed a fully formed shell,
thus providing few clues on the evolutionary background
for this topological change (Gaffney 1990).

Despite this remarkable body plan, few studies have
addressed the question of scapula position. From the ana-
tomical point of view, Ogushi (1911) assumed that the
scapula entered the ribcage from its rostral end during the
evolution of turtles. Watson (1914) proposed that Eunoto-
saurus africanus from the middle Permian was the ancestor
of turtles and that the scapula shifted backward into the
ribcage through the course of turtle evolution. Ruckes
(1929) compared the development of several species of
turtles and concluded that the scapula does not migrate
backward during development but remains in situ where it
appears; Ruckes also concluded that turtles make a spe-
cialized dorsal dermis that ensnares the developing ribs and
brings them dorsal to the scapula. Based on a histological
observation of shoulder muscle development in the central
painted terrapin Chrysemys picta marginata, Walker (1947)
reported that shoulder development in turtles is similar to
that of Lacerta and that the position of the pectoral girdle
does not change during development. Expanding Ruckes’
observation, Burke (1989, 1991) was the first to propose a
hypothesis based on modern experimental embryology, in
which the carapace was assumed to have a developmental
mechanism similar to that seen in limb outgrowth (see
below). This view is based on a developmental repatterning
of the ribs, which in other animals grow ventrally to enclose

the body cavity and internal organs—in contrast with the
pattern in other tetrapods turtle ribs grow toward a more
lateral and more superficial direction over the scapula
(reviewed by Burke 2009).

In this review we first describe how ribs develop in
model animals such as the chicken and the mouse. Based on
these and our original data, we then evaluate the previous
hypothesis. Finally, we propose a new interpretation, the
‘folding theory’, to explain this unique, turtle-specific body
plan.

Rib Development

Ribs develop from somites, the segments of paraxial
mesoderm that form in a rostral-caudal pattern on either
side of the neural tube (Seno 1961; Pinot 1969; Sweeney
and Watterson 1969; Christ et al. 1974; Christ and Wilting
1992; Huang et al. 1994, 1996, 2000b, c; Kato and Aoyama
1998; Evans 2003). The newly formed epithelial somite is
composed of an epithelial outer layer that lines the somi-
tocoele, in which central mesenchymal cells reside. The
ventromedial part of the somite is later de-epithelialized and
differentiates into a mesenchymal component called the
sclerotome, from which the axial skeletal elements,
including the vertebrae and ribs, develop (Christ and
Wilting 1992; Huang et al. 1994, 1996, 2000b; Evans 2003;
reviewed by Christ et al. 2004). The dorsolateral part of the
somite retains an epithelial nature and is named the
dermomyotome, the source of skeletal muscle, connective
tissue, endothelium and cartilage (Huang et al. 2000a;
reviewed by Scaal and Christ 2004; Christ and Scaal 2008).
Cells in the margins of a dermomyotome de-epithelialize
and translocate under it to differentiate into the myotome,
consisting of primitive muscle fibers spanning the rostro-
caudal extent of one somitic segment (Gros et al. 2004;
reviewed by Christ and Ordahl 1995; Scaal and Christ 2004;
Christ and Scaal 2008). The dorsomedial and ventrolateral
lips of the dermomyotome contribute to the dorsal and
ventral myotome, respectively, and the rostral and caudal
borders intercalate into the intermediate domain of the
myotome (Gros et al. 2004). Most of the dorsal myotome
contributes to the epaxial muscles, whereas the ventral
component forms the hypaxial muscles (Huang and Christ
2000; Olivera-Martinez et al. 2000).

Many studies of rib development have been performed
using chicken embryogenesis. Avian ribs are composed of
three parts, proximal, vertebrodistal and sternodistal ribs
(Aoyama et al. 2005). The proximal rib of a chicken consists
of the costal head, which articulates with two adjacent tho-
racic centra, and the costal neck and tubercle, which
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articulate with the transverse processes of the corresponding
vertebra (Huang et al. 2000b). The proximal rib is likely to be
derived from the medial part of an epithelial somite (Olivera-
Martinez et al. 2000) and, in later development, from the
caudal ventromedial part of a sclerotome (Huang et al. 1994,
1996, 2000b; Aoyama and Asamoto 2000; Evans 2003). The
later domain is marked by the expression of Pax1, the gene
for a paired box-containing transcriptional factor and
Uncx4.1 (Dietrich et al. 1993, 1997; Koseki et al. 1993;
Wallin et al. 1994; Dietrich and Gruss 1995; Peters et al.
1995). Consistent with cell lineage analyses, in mice bearing
mutations either in Pax1 (Koseki et al. 1993; Wallin et al.
1994), Uncx4.1 (Leitges et al. 2000; Mansouri et al. 2000) or
Sonic hedgehog (Shh) emanating from the notochord and
required for differentiation of the sclerotome (Chiang et al.
1996), proximal ribs are either reduced or totally missing,
whereas distal ribs exhibit rather normal morphology.
Chicken embryos with a barrier placed between notochord
and somites showed elimination of the proximal ribs; this
phenotype was rescued by implanting Shh-producing cells
medial to the somites (Aoyama et al. 2005).

Distal ribs are derived from the lateral parts of epithelial
somites (Olivera-Martinez et al. 2000). These elements
appear to be induced by myoblasts in the syndetome, which
comprises intermyotomally positioned parts of the lateral
sclerotome and serves as the common progenitor of ribs and
tendons (Sensenig 1949; Christ and Wilting 1992; Huang
et al. 2000b; Kato and Aoyama 1998; Aoyama and Asamoto
2000; Evans 2003; Brent et al. 2003, 2005; also see below).
Somite-derived cells initially occupy the dorsomedial
region of the embryonic body, called the axial domain. In
the later development, ventrolateral parts of the dermo-
myotome, myotome and syndetome secondarily migrate
ventrolaterally into the somatopleur, which is composed of
lateral plate-derived somatic mesoderm and its overlying
ectoderm. The ventrolateral domain of the embryonic body
is termed the lateral body wall [Fig. 4.1, Gilbert 2010; also
see Nagashima et al. (2007)]. The extending myotome and
syndetome differentiate into the intercostal muscles and
sternodistal ribs, respectively (Verbout 1985; Christ and
Wilting 1992; Huang et al. 2000b, c; Brent et al. 2003;
Evans 2003). Although this penetration process is crucial
for sternodistal rib formation (Sweeney and Watterson
1969; Christ et al. 1983; Sudo et al. 2001; Wang et al.
2005), its mechanism has not been well understood. It has
been suggested that bone morphogenetic proteins (BMPs)
emanating from the somatopleure during penetration are
required for the outgrowth (Sudo et al. 2001). The distri-
bution pattern of progenitor cells of the distal ribs and
myotome completely prefigures the spatial relationships
between the vertebrodistal ribs, sternodistal ribs and inter-
costal muscles in the adult form, suggesting that the

development of these elements is tightly coordinated
(Fig. 4.1, Kato and Aoyama 1998; Huang et al. 2000b, c;
Evans 2003).

An involvement of developing intercostal muscles in rib
formation has been suggested from genetic studies using
mice. In particular, knockout of Myf5 leads to a delay in
myotomal formation as well as severe defects in the distal
ribs (Braun et al. 1992). Myf5 is a member of the group of
myogenic regulatory factors (MRFs), which also includes
MyoD (also called Myod1), Mrf4 (also called Myf6 or
herculin) and myogenin (also called MyoG). Myf5 and
MyoD are upstream factors functioning in the specification
and maintenance of myoblasts, whereas Mrf4 and myogenin
are downstream factors conducting the differentiation of
myoblasts into myocytes and myofibers (Braun et al. 1992;
Rudnicki et al. 1992, 1993; Hasty et al. 1993; Nabeshima
et al. 1993; Braun and Arnold 1995). Although Myf5 and
MyoD are redundant functionally, Myf5 appears to control
the development of intercostal muscles preferentially,
whereas MyoD regulates limb muscle formation (Grass
et al. 1996; Kablar et al. 1997). Consistently, the MyoD-/-

mouse seems to have few defects in the ribs (Rudnicki et al.
1992). A deficiency of Mrf4 also results in rib defects
(Braun and Arnold 1995; Patapoutian et al. 1995; Zhang
et al. 1995; reviewed by Olson et al. 1996), but these phe-
notypes are attributed to an accompanying decrease in the
expression level of Myf5, probably caused by cis-regulatory
interaction between Myf5 and Mrf4, which are adjacent in
their chromosome (Floß et al. 1996; Yoon et al. 1997).
However, Kaul et al. (2000) proposed that it is not Myf5
itself but unidentified genes linked to Myf5 that cause the rib
phenotype, because their Myf5 mutants showed no malfor-
mation in rib morphology. Instead, Vinagre et al. (2010)
have proposed a redundant function of Myf5 and Mrf4 in rib
formation. As the last mutant mice bearing deficiencies in
MRFs, myogenin mutants display moderate truncation of
the ribs (Hasty et al. 1993).

Besides MRFs themselves, mutations in loci encoding
upstream factors of MRFs also lead to rib malformation (for
Pax3 mutants, see Tremblay et al. 1998; Dickman et al.
1999; Henderson et al. 1999; for Six1-/- and Six4-/-

double-knockout mice, see Grifone et al. 2005), suggesting
that the myotome functions as the source of inductive,
trophic and/or patterning interactions required for proper
formation of the ribs, for which Myf5 and Mrf4 serve as key
factors (Braun et al. 1994; Grass et al. 1996; Olson et al.
1996; Yoon et al. 1997). The nonmyogenic role of Myf5 and
Mrf4 in rib formation appears to be directly regulated by
Hox genes (Vinagre et al. 2010) and Myf5/Mrf4-expressing
cells are suggested to convey their rib-forming information
to the sclerotome through platelet-derived growth factors
(Soriano 1997; Tallquist et al. 2000) and the fibroblast
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growth factor (FGF) signaling pathway (Patapoutian et al.
1995; Vinagre et al. 2010; also see Grass et al. 1996; Huang
et al. 2003).

Under the positive influence of Shh, FGFs are expressed
in the central myotome by direct regulation of Myf5 (Fra-
idenraich et al. 1998, 2000). FGF signals are received by

FGF receptor-expressing myoblasts in the rostral and caudal
edges of myotomes. The myoblasts indirectly repress the
expression of Pax1 in the lateral sclerotome abutting the
myoblasts and instead induce the expression of Scleraxis
(Scx) via an unknown factor (Brent et al. 2003). The Scx-
positive domain is defined as the syndetome and is thought
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to comprise the progenitor cells of distal ribs, as noted
above (Brent et al. 2005).

Taken together, muscle-dependent induction of the distal
rib and precommitment of the adult musculoskeletal pattern
in early somites imply that patterning of the distal ribs in the
embryonic body also largely depends on the myotomes.
This view is consistent with a classical comparative ana-
tomical idea in which ribs were assumed to have evolved in
the myoseptum secondarily as attachments of trunk muscles
(Goodrich 1930; Romer and Parsons 1977).

Analogy Between Limb Formation
and Carapace Development

Burke (1989) examined the similarity of histological con-
figuration between the distal tip of the limb bud and
peripheral edge of the developing carapace, or the carapa-
cial ridge (CR). The distal margin of the limb bud consists
of a thickened epidermis called the apical ectodermal ridge
(AER; Saunders 1948) and the underlying condensed
mesenchyme termed the progress zone (Summerbell et al.
1973). This part of the limb bud plays a pivotal role in the
outgrowth and proximodistal patterning of the limb
(reviewed by Tabin and Wolpert 2007 and references
therein). In fact, elimination of the AER results in trunca-
tion of limb skeletal elements (Saunders 1948), and the
ectopic implantation of prospective limb mesenchyme into
the flank induces an extra limb through formation of an
ectopic AER (Saunders and Reuss 1974). These results
indicate that the distal tip of the limb bud is the site of
epithelio-mesenchymal interactions. In the initial induction
of a limb bud, FGF10 secreted from the mesenchyme
stimulates FGF8 production in the epidermis, which in turn
induces expression of Fgf10 in the mesenchyme (Crossley
et al. 1996; Ohuchi et al. 1997). In these processes, tran-
scriptional factor Msx, BMP growth factors, Shh signaling
and Wnt signaling are also involved (Saunders and

Gasseling 1968; Yokouchi et al. 1991; Ros et al. 1992;
Pizette et al. 2001; Khokha et al. 2003; reviewed by Fer-
nandez-Teran and Ros 2008). These intricate reciprocal
interactions between the epidermis and mesenchyme
maintain the underlying mesenchymal cells in an undiffer-
entiated proliferative state, leading to an outgrowth of the
limb (reviewed by Tabin and Wolpert 2007).

The CR appears as a longitudinal ridge on the flank of
turtle embryos at the late pharyngula stage (Burke 1989). As
an analogy with limb development, the CR has been
assumed to induce specific patterning of rib precursor cells
to place them in a dorsolateral and superficial position,
which normally should migrate more ventrally into the
lateral body wall (Burke 1989, 1991). As a result, the
position of turtle ribs were explained as growing over
the scapula, which has been suggested to develop essen-
tially in the same way as those of other tetrapods (Ruckes
1929; Walker 1947; Burke 1989, 1991). This hypothesis
was supported by the distribution of some molecules com-
monly found in the limb bud (fibronectin and neural cell
adhesion molecule), detection of active cell proliferation in
the mesenchyme and extirpation of the CR that resulted in
redirection of the rib growth trajectory (Burke 1989, 1991;
reviewed by Burke 2009).

This hypothesis triggered investigations of molecules
commonly expressed in the CR and the limb bud. For
example, expressions of Fgf10 in the CR mesenchyme
(Loredo et al. 2001) and Fgf8 in the distal tip of the rib
primordium (Cebra-Thomas et al. 2005) were observed in
the red-eared slider turtle Trachemys scripta. Expression of
Msx was found in the CR mesenchyme and epidermis in the
European pond turtle Emys orbicularis, although these
expressions were restricted to the CR near the limb bud
(Vincent et al. 2003). Expressions of Msx2 and Shh in the
epidermis and of Bmp4 and BMP antagonist Gremlin in the
mesenchyme were reported in the late stage of CR forma-
tion in T. scripta (Moustakas 2008). However, these genes
are not expressed in the CR of the Chinese soft-shelled
turtle Pelodiscus sinensis, at least at Tokita-Kuratani (TK)

Fig. 4.1 Diagrams showing the developmental patterning of the
trunk in chicken and turtle embryos. During early development (a),
the embryonic body of amniotes can be divided into an axial domain
(ax) and a lateral body wall (lbw), delineated by a boundary that
corresponds to the longitudinal indentation appearing on the surface of
the embryo. In the former domain, myoblasts (mb) appearing in the
rostral and caudal edges of myotomes (myo) induce a syndetome (syn)
in the intersomitic region (green). The medial and ventrolateral
syndetomes comprise anlagen of the vertebrodistal rib (vr) and
sternodistal rib (sr), respectively. As a result of these developmental
mechanisms, two adjacent somites contribute to a single distal rib
(reviewed by Evans 2003). At the middle stage of chicken develop-
ment (b), the lateral body wall undergoes an invasion of somitic cells
from which the sternodistal ribs develop. Myocytes form a muscle
plate (mp) between two adjacent rib primordia. By the late

developmental stage of the chicken embryo (c), ribs lie in both the
axial and the lateral body wall. Here the morphological border is no
longer obvious, but can be traced as a distinct cell lineage of the
dermis (reviewed by Kuratani et al. 2011). At the middle stage of
turtle development (d), rib anlagen appear in the intersomitic region,
as in other amniotes, but they are arrested in the axial domain. The
carapacial ridge (cr) develops in the ventrolateral edge of the axial
domain. During late development of turtles (e), the ribs expand
laterally in accordance with the lateral growth of the embryonic body.
The boundary between the axial domain and the lateral body wall
remains as the ventral edge of the carapacial ridge. In the top and
middle panels, dermomyotomes (dm) are removed from the anterior
two segments to show internal structures. Other abbreviations: a dorsal
aorta; im intercostal muscles; mc myocyte: n notochord; na neural
arch anlage; nt neural tube; pr proximal rib; scl sclerotome; v vertebra

b
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stage 13–15 (Tokita and Kuratani 2001; Kuraku et al.
2005), when the CR and cell aggregations of the ribs appear
(Fig. 4.2). Rather, based on comprehensive cDNA screen-
ing, Kuraku et al. (2005) identified four other genes spe-
cifically expressed in the CR, including cellular retinoic
acid-binding protein (Crabp)-I, Sp-5, lymphocyte enhancer
factor (Lef)-1 and Apcdd-1, which, with the exception of
Crabp-I, were also expressed in the turtle limb bud. Most of
the orthologs of these four genes are also expressed in the
limb buds of chicken and mouse embryos (Kuraku et al.
2005 and references therein). Sp-5, Apcdd-1 and Lef-1 are
components of the canonical Wnt pathway (Takahashi et al.
2002, 2005; Weidinger et al. 2005; Shimomura et al. 2010).

Fig. 4.2 Comparison of rib development at three stages of embryonic
development in the chicken Gallus gallus (left) and the turtle
Pelodiscus sinensis (right). Serial transverse sections stained with
hematoxylin/eosin/alcian blue were reconstructed two-dimensionally
to compare rib development in each animal. Arrows indicate the
boundary between the lateral body wall (lbw) and the axial part (ax) of
the embryonic body. A cartilaginous mesenchymal aggregation
appears from HH stage 24 (Hamburger and Hamilton 1951) for the
chicken and TK stage 13 (Tokita and Kuratani 2001) for P. sinensis.
Note that in both animals, ribs (r) grow along the muscle plate (mp)
and that chicken ribs are already penetrating the lateral body wall by
HH stage 24. Other abbreviations: cr carapacial ridge; n notochord; nt
neural tube; v vertebra; wr Wolffian ridge

Fig. 4.3 Schematic, transverse diagrams of generalized amniotes
(left) and turtles (right) showing developmental changes in spatial
relationships among ribs, pectoral girdles, and associated structures.
Both groups develop from nearly identical embryonic morphologies
(upper pair of diagrams), except the ribs (r) of turtle embryos are
arrested in the axial domain (ax) and never invade the lateral body wall
(lbw). Later in the turtle development (bottom right), marginal growth
of axial domain brings the lateral extension of ribs, inward folding of
the dorsal part of the lateral body wall, and covering of the scapula (sc)
by the ribs. This growth does not alter topological relationships
between the ribs, the scapula and the muscle plate (mp). Other
abbreviations: cr carapacial ridge; h humerus; nt neural tube; st
sternum; v vertebra

42 H. Nagashima et al.



And b-catenin is localized in nuclei of the CR epidermis
(Kuraku et al. 2005), implying that the Lef-1/b-catenin
complex functions as a transcriptional activator in CR
development (reviewed by Novak and Dedhar 1999). In
fact, inhibition of Lef-1 activity by overexpression of Lef-1
lacking the b-catenin-binding site leads to arrested devel-
opment of the carapacial margin (Nagashima et al. 2007).

However, no Wnt molecules have been identified
upstream of the above signaling; no Wnt gene family
expressions have been confirmed in the CR or its adjacent
domain (unpublished observations by S. Kuraku and
S. Kuratani), unlike the situation in the limb bud in which
Wnt3/Wnt3a and Wnt7a are expressed (reviewed by
Fernandez-Teran and Ros 2008). Instead, a role for hepa-
tocyte growth factor (HGF) is assumed. In P. sinensis, HGF
was uniquely expressed in the lateral sclerotome and
somatic mesoderm during initiation of the CR but no similar
expression has been confirmed in chicken or mouse
embryos (Kawashima-Ohya et al. 2011). Application of an
HGF antagonist under the ventrolateral dermomyotome
inhibited CR formation, including the CR-specific gene
expressions. In this connection, some studies have unveiled
interactions between canonical Wnt signaling and an HGF
cascade in a carcinogenic context; independently of Wnts,
tyrosine phosphorylation of receptor Met by its ligand HGF
induces accumulation of cytoplasmic b-catenin, leading to
TCF/LEF-mediated gene transcription (Danilkovitch-
Miagkova et al. 2001; Monga et al. 2002; Rasola et al.
2007; reviewed by Nelson and Nusse 2004). Although
Crabp-I does not seem to be a component of the Wnt
signaling cascade, expression of Crabps is reported to
be modulated indirectly by the Wnt/b-catenin pathway
(Collins and Watt 2008). Such secondary effects appear to
play roles in gene induction in the CR as well. In the limb
bud, HGF is also expressed in the mesenchyme but it is
unlikely that HGF is involved in outgrowth of the limb bud,
because a Met-deficient mouse developed limbs with
skeletons: only limb muscle formation was impaired (Bladt
et al. 1995; also see below). These gene expression patterns
and their functions in the CR do not completely overlap
with those in he limb bud (Kuraku et al. 2005; Kawashima-
Ohya et al. 2011).

The CR develops in the most ventrolateral margin of the
axial domain, as shown by histology (Burke 1989) and by
DiI labeling of mesodermal cells (Figs. 4.1, 4.2, Nagashima
et al. 2007), which suggests that turtle ribs are relatively
shorter than those of other amniotes from morphological
viewpoints. Whereas the ribs of other amniotes are pat-
terned in both the axial domain and the lateral body wall,
turtle ribs grow toward the CR, so they never penetrate the
lateral body wall. This indicates that turtle ribs lack the
ventral component, even if they appear to elongate laterally
(reviewed by Kuratani et al. 2011).

Progenitor cells of the distalmost part of the ribs—the
sternodistal regions—are thought to be contained in the
somitic cell stream invading the lateral body wall (Christ
and Ordahl 1995; Müller et al. 1996; Sudo et al. 2001). As
an analogy to limb development, Cebra-Thomas et al.
(2005) proposed a ‘paracrine hypothesis’, in which inter-
action between FGF10 in the CR mesenchyme and FGF8 in
the tip of the rib anlage is assumed to bring about directed
growth of turtle ribs to the CR (reviewed by Gilbert et al.
2008, Gilbert 2010). This hypothesis is based on experi-
ments in which inhibiting the activity of FGFs in turtle
embryos led not only to the degeneration of the CR but also
to relocation of the ribs, which then grew into the lateral
body wall as they do in other amniotes. By contrast,
implantation of FGF10-coated beads between somites and
the somatopleure in Hamburger-Hamilton (HH) stage 26
chick embryos (Hamburger and Hamilton 1951) inhibited
growth of ribs into the somatopleure; instead, ribs were
directed to the beads and stopped there (Cebra-Thomas
et al. 2005). However, somite-derived cells start to migrate
into the lateral body wall from HH stage 22 in the chicken
embryo (Brent et al. 2003; Nagashima et al. 2005) and the
distal rib anlagen can be observed in the lateral body wall of
HH stages 24–26 (Fig. 4.2, Brent et al. 2003). From this
observation, it seems to be too late to prohibit rib precursor
cells from penetrating the somatopleure at HH stage 26 in
chicken embryos. Moreover, when the CR was eliminated
surgically in turtle embryos, only the turtle-specific flabel-
late and rostrocaudal pattern was impaired, and the ribs
were arrested in the axial domain as in normal development,
never invading the lateral body wall (Burke 1991; Naga-
shima et al. 2007). Likewise, the ectopically implanted CR
could self-differentiate into an ectopic process on the tur-
tle’s back with a CR-specific histological configuration and
gene expressions, but the ribs did not grow toward this
structure (Nagashima et al. 2007). These results show that
the CR does not have the ability to attract rib precursor
cells; rather, it functions to form a fanned-out pattern of ribs
through active growth at the margin of the carapacial
primordium (Nagashima et al. 2007).

These results throw doubt on the analogy between limb
formation and carapacial development. In fact, the develop-
mental modes of the ribs and the limb skeleton are quite
different from each other in terms of their dependence on
muscle development. As stated previously, although rib
formation depends entirely on muscle development, the limb
skeleton can develop without muscles. Limbs develop as
outgrowths of the lateral body wall and their skeletal
elements, tendons and connective tissues develop from the
somatic mesoderm (Shellswell and Wolpert 1977; Chevallier
1979; Christ et al. 1979, 1983; Kieny and Chevallier 1979;
reviewed by Burke 2000; Winslow et al. 2007). By contrast,
the limb muscles originate from somites. Muscle-free
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chicken limbs, created by implanting initial limb buds into the
coelomic cavity, can still form limb skeletons (Kardon 1998;
Kardon et al. 2003). Moreover, Pax3 mutant, Met-/-, Six1-/-

and Six4-/- double-knockout mice fail to form limb muscles,
but they do develop limb skeletons (Bladt et al. 1995;
Tremblay et al. 1998; Grifone et al. 2005).

Turtle Ribs and Body Plan

Using somite extirpation experiments, Yntema (1970)
showed that the turtle rib progenitors originate from the
lateral part of somites, like the distal ribs of chicken
(Olivera-Martinez et al. 2000). In addition, as in other
amniotes, the turtle ribs develop between adjacent muscle
plates or intercostal muscles (Nagashima et al. 2009), which
disappear secondarily in later development.

Unique features of the turtle muscle plate appear to be
one of causal factors leading to relatively short ribs. The
turtle muscle plate shows a meager, thin, thread-like mor-
phology, which is especially conspicuous in the lateral body
wall (Nagashima et al. 2005). This implies that loss of rib-
inducing capability in the muscle plate would result in the
axial arrest of turtle rib growth. In P. sinensis, although the
expression patterns of genes related to muscle plate devel-
opment, such as MRFs and their upstream factors Pax3 and
Pax7, are similar to those in chicken (Kawashima-Ohya
et al. 2011), one gene—Myf5—has some unusual charac-
ters. Deletion of 12 sequential nucleotides is found in Myf5
both in the Cryptodira and in the Pleurodira (Ohya et al.
2006). This deletion seems to have occurred in evolution
before the emergence of the Casichelydia (Cryptodira and
Pleurodira), because it is not found in other vertebrates. The
deletion site corresponds to the transactivation domain of
Myf5 (Winter et al. 1992), implying a change in the

myogenic activity of turtle Myf5. Moreover, two kinds of
splicing variants of Myf5 are found in P. sinensis and
T. scripta. The short form lacks 76 base pairs in a contig-
uous sequence, leading to a frameshift in the C-terminal.
Therefore, this region encodes a completely different amino
acid sequence from the long isoform. The short form
appears to have less myogenic activity possibly functioning
as a dominant negative form against the long one. These
peculiar characteristics in turtle Myf5 could explain the poor
development of the muscle plate in turtle embryos (Ohya
et al. 2006; also see Nagashima et al. 2009). Furthermore, it
is probable that the unusual features of Myf5 would cause
truncation of the ribs, because Myf5 has been suggested
to be a key factor in rib development (Braun et al. 1992;
Braun and Arnold 1995; Patapoutian et al. 1995; Zhang
et al. 1995; Grass et al. 1996; Yoon et al. 1997).

Given the strong dependence of rib formation on muscle
development, it is quite natural that in turtles the ribs
develop along the muscle plates as do those in other
amniotes, even though turtle ribs appear to erupt second-
arily on the lateral aspect of the muscle plate in a late phase
of development (Figs. 4.1, 4.2, Nagashima et al. 2009). In
this interpretation, turtle ribs do not take a different route
from that seen in other amniotes, unlike former assumptions
(Ruckes 1929; Burke 1989, 1991; Cebra-Thomas et al.
2007; Gilbert et al. 2008). In other words, the muscle plate
indicates indirectly where the ribs should be patterned,
implying that the muscle plate can be regarded as a ‘pro-
spective ribcage’. Turtles do not have ribs in the lateral
body wall but they do have muscle plates there. Impor-
tantly, the muscle structure is situated inside the pectoral
girdle in turtles as in other amniotes, suggesting that, if
turtles were to develop longer ribs in the lateral body wall,
those ribs would grow along the muscle plate and could be
found inside the girdle. From this perspective, the body plan
and topological relationship between ribs and the girdle are

Fig. 4.4 Development of carapacial and plastral dermis and limb
muscles. a–d Comparison of dermal development in embryos of the
chicken Gallus gallus (a and b) and the turtle Pelodiscus sinensis
(c and d) Transverse sections of the rostral flank are shown for both
animals. In the chicken embryo, the dermis shows little change in its
morphology during development (a and b), whereas in turtles the
dermis between the ribs (r) and epidermis shrinks secondarily and
makes a carapacial dermis (cd) during late development (c and d). At
the same time, the plastral dermis (pd) appears in the ventralmost
lateral body wall (d). Note that the turtle ribs come to lie secondarily
close to the epidermis. This is caused by shrinkage of the dermis
(arrows in c and d), not by any change in the direction of growth of
the ribs. e–h, Higher magnifications of boxes in a–d, respectively,
showing the change in morphology of the dermis during late
development. Alcian-blue-positive fibrous carapacial dermis begins
to form from TK stage 16 onward and makes a clear boundary with
the other dermis (g and h). This type of dermal arrangement cannot be
observed in the chicken embryo (e and f). i–m Schematic drawings of
development of the latissimus dorsi and pectoralis muscles. In the

early embryological development of amniotes (i), migratory muscle
precursors (mmp) migrate from the ventrolateral aspect of the
dermomyotome (dm) into the forelimb bud (fl) to differentiate into
mature myoblasts. In amniotes other than turtles (j and k), primordia
of the latissimus dorsi (ld) and pectoralis (p) muscles grow out of the
limb bud to establish their attachment to the trunk. These anlagen
grow outside the ribs and sternum (arrows in j). In turtles (l and m),
the anlage of the latissimus dorsi is presumed to be prevented from
growing between the ribs and the epidermis because of the formation
of a carapacial dermis (broken arrow in L). As a result, the
primordium attaches to the inside of the nuchal bone (nu) developing
in the carapacial dermis. The pectoralis muscle anlage attaches inside
the plastral dermis, because of the formation of plastral dermis and
absence of sternum in turtles. Scale bars: 500 lm for a–d; 100 lm for
e and h. Other abbreviations: bm back muscles; co coracoid; cr
carapacial ridge; h humerus; im intercostal muscles; mp muscle plate;
myo myotome; n notochord; na neural arch; nt neural tube; pb plastral
bone; sc scapula; sp spinous process; st sternum; v vertebral body

b
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completely conserved even in turtles. The positional change
between the skeletal elements is achieved by folding at a
hinge between the axial part and the lateral body wall
(Fig. 4.3, Nagashima et al. 2009; reviewed by Kuratani
et al. 2011). One cause of the folding is the marginal growth
of the embryonic body caused by the CR. This growth not
only results in the fanned-out arrangement of ribs along the
rostrocaudal axis (Nagashima et al. 2007) but also makes
the ribs overhang the scapula dorsocaudally (Nagashima
et al. 2009). Therefore, one of the true evolutionary nov-
elties in turtles is not topological changes between bony
elements but the folding of the body wall mainly caused by
the CR (reviewed by Kuratani et al. 2011).

There is another kind of evolutionary novelty in turtles.
Muscles in the shoulder/forelimb region can be classified
into two categories. The shoulder muscles that connect the
shoulder girdle to the axial skeleton include the serratus
anterior (AS), levator scapulae-rhomboid muscle complex
(LSR). This group arises as a direct derivative of the muscle
plate (Romer and Parsons 1977; Nagashima et al. 2009;
Valasek et al. 2010). The limb muscles in the second group
bind the arm to the trunk; the latissimus dorsi (LD) and
pectoralis muscle are included in this category. This muscle
group develops through migratory muscle precursors
(MMPs), which delaminate from the ventrolateral part of
the dermomyotome and migrate for a long distance toward
the forelimb bud, where they differentiate into myocytes
(reviewed by Birchmeier and Brohmann 2000; Vasyutina
and Birchmeier 2006; also see Kusakabe and Kuratani
2005, 2007). In fact, in loss-of-function mutant mice for
Met—a gene that is indispensable for delamination of
MMPs from the dermomyotome—limb muscles were lost
completely, whereas the shoulder muscles were preserved
(Valasek et al. 2010). In turtles, limb muscles establish
turtle-specific attachments to the skeleton, whereas the
shoulder muscles tend to conserve the same musculoskel-
etal connections as those in other amniotes (Nagashima
et al. 2009; reviewed by Kuratani et al. 2011).

This difference could be attributed to the timing of the
connection and establishment of the developmental modules
(see a review by Kuratani 2009). For instance, although the
serratus anterior muscle in adult turtles runs between the
scapula and inner face of the second rib, the muscle anlage
connects the skeletal elements rostrocaudally at the begin-
ning of its development as in other amniotes. However, in
later development, the anlage is folded secondarily inside the
ribs because the girdle is covered by the ribs. During this
process, the connectivity and the morphological homology is
completely conserved. The LSR shows the shared musculo-
skeletal connectivity with other amniotes as well. On the
other hand, the LD and the pectoralis muscle never attach to
the outside of the axial skeleton, unlike those in other

amniotes, but to the inside of the dermal bones of carapace
and plastron (Nagashima et al. 2009; reviewed by Kuratani
et al. 2011). In turtles, these muscles begin to develop in the
limb bud in the same way as those in other amniotes, allowing
homologization to their counterparts in other amniotes
(Fig. 4.4i; Walker 1947; Nagashima et al. 2009). Later in
development, the muscle primordia have to grow from the
forelimb bud into the trunk to make their attachments to the
trunk. The muscle anlagen in other amniotes spread over the
axial bones and anchor on the outside of them (Fig. 4.4i–k).
However, in turtles, when these primordia emerge from the
forelimb bud, highly dense dermal regions called the ‘cara-
pacial dermis’ and ‘plastral dermis’ appear specifically in the
trunk. These specialized dermal regions are characterized by
their alcian blue-positive fibrous extracellular matrix
(Fig. 4.4g, h). The carapacial dermis occupies the region
between the ribs and epidermis and appears to prevent the LD
from spreading over the ribs (Fig. 4.4l, m). Likewise, the
pectoralis muscle appears to be unable to penetrate the plas-
tral dermis. As the result, these muscle anlagen appear to be
constrained to occupy its position inside the dermal bones,
which develop in the carapacial and plastral dermis regions
(Fig. 4.4l, m). Therefore, it appears that turtle specific muscle
attachments are established by utilizing the turtle specific
developmental module of the trunk.

As to the developmental origin of the trunk dermal bones
in turtles, a contribution of trunk neural crest cells has been
proposed, based on the expression of ‘marker’ genes and
their proteins (Clark et al. 2001; Cebra-Thomas et al. 2007;
Gilbert et al. 2007; reviewed by Gilbert et al. 2008).
However, Kuratani et al. (2011) draw cautionary attention
to this simplistic conclusion. Gene and protein expression
patterns can only tell us the physiological characteristics of
the cells and can never prove cell lineage. For example,
Cebra-Thomas et al. (2007) reported that neural crest cells
contributed to a part of the vertebrae and ribs of turtles
(reviewed by Gilbert et al. 2008). This was based on
immunohistochemistry for HNK-1, which has been shown
to colocalize with early migrating crest cells in chicken and
rat embryos (Rickmann and Fawcett 1985 and references
therein). However, these structures are derived solely
from the somites in chicken embryos (reviewed by Christ
et al. 2004). In our experiments using P. sinensis, neither
vertebrae, ribs nor plastral bones were immunostained for
HNK-1 but only peripheral nerves, which is the same sit-
uation as in older chicken embryos (Kuratani et al. 2011).
A part of the anterior element of plastral bones—epiplas-
tron—could be derived from cephalic neural crest cells,
because it is homologous to the clavicle in other amniotes
(Gegenbaur 1898; Goodrich 1930; Romer 1956) and the
anterior part of clavicle is comprised of the cephalic neural
crest cells in mice (Matsuoka et al. 2005). However, only
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cell lineage analysis using proper labeling methods can
demonstrate neural crest contribution in turtles.

Conclusions

From the above discussion, the turtle body plan is not as
radical as has been assumed to date, implying that turtle
evolution does not necessarily have to be postulated as
saltatory. Indeed, a recently discovered fossil species,
Odontochelys, shows an intermediate morphology in that it
did not have a complete carapace whereas a plastron had
already been formed (Li et al. 2008). In particular, the
scapula was in a position rostral to the ribs, which were
already arrested axially but did not show a fanned-out
pattern. This morphology is quite similar to that of young
turtle embryos that have not yet undergone body wall
folding (Sánchez-Villagra et al. 2009), suggesting that
Odontochelys had not yet acquired this developmental
process (Nagashima et al. 2009). On the other hand, Pro-
ganochelys had a complete shell with a carapace (Gaffney
1990). Therefore, it is most likely that in the common
ancestor of Odontochelys and Proganochelys, the ribs
ceased penetrating the lateral body wall by unknown causes.
A function for Myf5 might be implicated in this process.
Alternatively, such causes might relate to formation of the
CR because both of these phenomena occur at the boundary
between the axial domain and the lateral body wall. At
least, we can state that after divergence of the ancestor of
Odontochelys from the ancestor of Proganochelys, forma-
tion of the CR was completed with acquisition of an HGF
expression domain in the later lineage. This would have
resulted in marginal growth of the embryonic body leading
to a flabellate pattern of the ribs and encapsulation of the
scapula, which enabled carapace formation.
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Chapter 5

The Evolution of the Turtle Shell

Olivier Rieppel

Abstract This chapter traces the history of the debate on
the evolution of the turtle shell, and carries the analysis of
the origin of the turtle carapace forward from two comple-
mentary perspectives, viz. paleontology and developmental
biology. Two alternative approaches to morphological
analysis—the transformationist and the emergentist—are
identified. The transformationist approach seeks to under-
stand morphological evolution as a consequence of the
gradual, step-wise transformation of the adult phenotype.
The emergentist approach allows for ontogenetic deviation
to result in the development of evolutionary novelties. The
discovery of the so far oldest and most primitive turtle
known, from the early Late Triassic of southwestern China,
provides the basis for a synthesis of paleontological and
developmental data in the understanding of the evolutionary
origin of the turtle shell.

Keywords Carapace � Dermal bone � Dermochelys �
Membrane bone � Odontochelys

Introduction

‘‘However, this developmental specialization does not
provide any hint as to the way in which [the turtle shell]
evolved phylogenetically’’ (Carroll 1988, p. 210).

On the opening page of his ‘Origin’ Darwin (1859, p. 1)
used John Herschel’s phrase (expressed in a letter to Charles
Lyell, Feb. 20, 1836) when he called the origin of species
the ‘‘mystery of mysteries.’’ In vertebrate paleontology, it
might well be the origin of turtles, and the correlated evo-
lution of the turtle shell, that constitute (one of) the mystery
of mysteries. The reason seems to be that the turtle carapace

shows an intimate association of dermal ossifications with
elements of the underlying axial skeleton (dorsal neural
arches and dorsal ribs). Cuvier (1799, 1812) was the first to
propose that the central parts of the turtle carapace, i.e., the
neural and costal plates, develop through a broadening of
the dorsal neural arches and of the dorsal ribs respectively,
to an extent that sutural relations are established between
them. While supported by Geoffroy Saint-Hilaire (1818)
and others, Cuvier’s views were opposed by Wiedeman
(1802), Carus (1834), Rathke (1848), and Owen (1849),
who thought the neural and costal plates to be derived from
dermal ossifications, which secondarily fuse with the
underlying axial skeleton. During the ensuing debate, which
involved numerous illustrious authors such as Johann
Friedrich Meckel the Younger, Thomas H. Huxley, Ernst
Haeckel and Karl Gegenbaur to name just a few, a con-
sensus on the nature of the turtle carapace remained elusive
(the history of the debate was sketched in more detail by
Owen 1849, Goette 1899, and Vallén 1942, amongst
others).

Whereas the early debate on the nature of the carapace
was based on embryological investigations, Cope (1871,
p. 235) introduced a phylogenetic dimension when he sep-
arated the extant sea turtle Dermochelys coriacea and its
fossil relatives as ATHECAE from all remaining turtles, which
he referred to as Cryptodira. Later this division became one
between Athecae and Thecophora (Dollo 1886; Atheca in
Strauch 1890, p. 38), with the implication that Dermochelys
would represent the primitive condition of the turtle dermal
armor. Cope (1871, p. 232) recognized the peculiar position
of the proximal articulation of the dorsal ribs ‘‘at the point
of contact of two centra’’, and accepted the view that much
of the carapace is derived from ‘‘the expansion of the ribs
into an osseous upper shield’’, from where he went on to
conclude: ‘‘The oldest Tortoises have generally the most
incomplete carapace and plastron; among them the
Psephoderma allied to Sphargis [a junior synonym of
Dermochelys (Merrem 1820)]. Without carapace, and thus
the most lizard-like of the order’’ (Cope 1871, p. 244).
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Psephoderma from the Rhaetian (Late Triassic) of the
Bavarian Alps was described by Meyer (1858) on the basis
of a dorsal shield composed of polygonal osteoderms
meeting in sutures. Meyer (1858, p. 250) identified
Psephoderma as a reptile, but rejected a close comparability
of his new taxon with Sphargis; he based his rejection on
differences in details of composition and sculpture of the
dermal armor between Psephoderma and Psephophorus
polygonus, which he had described earlier (Meyer 1847,
p. 579). Psephophorus is a genus of Tertiary sea turtles
close to Dermochelys, whereas Psephoderma later turned
out to be a cyamodontoid placodont (Nosotti and Pinna
1989).

Dermochelys and the Derivation
of the Turtle Carapace from Osteoderms

Dermochelys coriacea is characterized by the absence of a
fully formed carapace, and a remarkable reduction of the
plastron. In the carapace, only the nuchal plate and posterior
peripherals (if correctly homologized) are ossified (Völker
1913). The dorsal ribs articulate in an intervertebral
(intrasegmental) position, i.e., at the point of contact
between two dorsal vertebral centra. Their shaft is somewhat
broadened in the horizontal plane, but they remain widely
separated from one another. The dorsal dermal armor of
Dermochelys is composed of a mosaic of polygonal bony
plates (osteoderms) that meet each other in slightly inter-
digitating sutures, but which do not fuse with underlying
endochondral axial elements (vertebral neural larches and
ribs).

Baur (1886) criticized Cope’s (1871) separation of the
Athecae from all other turtles as an artificial one, since in
his view Dermochelys does not exemplify a primitive stage
in the evolution of the turtle shell, but a reduced state
instead. This he inferred from the strongly reduced plastron,
the reduced claws, and the presence of a nuchal plate. The
dorsal armor of Dermochelys would thus have formed by
the ‘‘delamination of membrane bone from the ribs, and the
dissolution of this into polygonal pieces’’ (Hay 1898,
p. 932). Baur (1886) nevertheless accepted that ancestral
turtles did have a dorsal armor composed of a mosaic of
numerous osteoderms, and that the costal plates would have
formed by coalescence of such osteoderms and their sub-
sequent fusion with the underlying ribs. Such an ancestral
turtle Baur (1887; see also Baur 1888) believed to be rep-
resented by Psephoderma alpinum from the Triassic of the
Bavarian Alps [he later acknowledged the sauropterygian
nature of Pspehoderma (Baur 1889)]. Dermochelys was
thus recognized not as a primitive turtle, but as a model for
the ancestral turtle, covered with a mosaic of polygonal

osteoderms that would coalesce and fuse with the under-
lying axial skeleton in the evolution of the carapace (Baur
1889).

Decoupled from appeals to Dermochelys and Psepho-
derma, of course, the derivation of the turtle carapace from
an ancestral osteoderm covering remains the most popular
account of the origin of the turtle shell today. Lee (1993,
p. 1719) claimed to have bridged a famous morphological
gap with his theory that ‘‘the precursors of the chelonian
carapace and plastron can now be seen in the osteoderms of
pareiasaurs’’. In support of his thesis, Lee (1996, p. 813)
later drew an analogy (not homology) with archosaurs and
placodonts: ‘‘In these groups also, dermal armor first
appears in primitive forms as a series of isolated osteoderms
over the dorsal midline, and later becomes elaborated to
form a rigid covering over the entire back.’’ Scheyer et al.
(2008, p. 1018) likewise presumed ‘‘that a potential [turtle]
ancestor … carried numerous osteoderms …’’. And again
supporting the ‘‘composite model’’, according to which ‘‘the
turtle shell is thought to have derived from a series of
intermediate forms that possessed ever increasing amounts
of dermal armor that eventually fused with the underlying
internal skeleton to form the carapace and plastron’’, Joyce
et al. (2009, p. 511) concluded: ‘‘neontological data alone
do not conclusively identify the process by which the turtle
shell originated.’’

Classically, the plastron of turtles is thought to derive
phylogenetically not from ventral osteoderms, but from
dermal elements of the shoulder girdle (clavicles and
interclavicle) and the gastral rib cage (Owen 1849; Baur
1888; Hay 1898; Versluys 1914; Zangerl 1939, 1969).
Recent developmental data indicate that plastral elements
form by intramembranous ossification (Gilbert et al. 2001),
possibly initiated by contributing trunk neural crest cells
(Clark et al. 2001; Gilbert et al. 2007, 2008); the contri-
bution of neural crest cells to the plastron remains some-
what controversial and requires further testing (A. Burke
and H. Nagashima, personal communication). Except for
the nuchal plate (Cebra-Thomas et al. 2007; Gilbert et al.
2007), there is no neural crest cell contribution to the car-
apace (Moustakas 2008). The following discussion will
concentrate on the evolution of the carapace.

The ‘Duplicity Theory’ of the Turtle Carapace

In his discussion of the shell morphology of Dermochelys,
Baur picked up an observation that was first related by
Gervais (1872): ‘‘According to Gervais, the mosaic-like
dorsal shield of Dermochelys lies above the nuchal plate.
The question is: what is the significance of this condition?’’
(Baur 1886, p. 688). This problem was later taken up by

52 O. Rieppel



Hay (1898), who was the first to recognize the duplex nature
of the turtle shell. Hay (1898, p. 934) distinguished dermal
bones from ‘fascia bones’ citing crocodile osteoderms as
examples of the first, crocodile abdominal ribs as paradigm
for the latter [note that crocodile gastralia are embedded not
in subdermal tissue, but in the erectus abdominis muscle
instead (Vickaryous and Hall 2008)]. Given the topological
relationship of the nuchal plate to the overlying osteoderm
shield, Hay (1898, p. 935) considered the osteoderm shield
to be of dermal origin, the nuchal shield to be composed of
‘fascia bone’ (compare ‘primary’ and ‘secondary’ dermal
bone in Gilbert et al. 2001). Similarly, the neural and costal
plates he considered ‘fascia bones’ that enter into an inti-
mate relation with the underlying axial skeleton: ‘‘… we
may suppose that the earliest ancestors of turtles had a scaly
skin, which contained osteodermal plates. Beneath these
there were developed first, perhaps in the fascia of the
shoulders, a nuchal bone, later other plates which in time
became transformed into neuralia and costalia. As these
deeper-seated fascia bones increased in importance, the
osteodermal plates underwent gradual reduction. Only in
Dermochelys have they retained anything like their early
importance.’’ Although Völker (1913) accepted Hay’s
(1898) distinction of two layers of ossification in the turtle
carapace, he rejected the idea that the inner layer forms
deep to the dermis. Völker (1913) instead distinguished the
theca, composed primarily of elements of the inner dermal
layer of ossification, from epithecal ossifications that
develop more superficially in the dermis. The turtle shell
composed of neural, costal, nuchal [of dual origin (Burke
1989a; Gilbert et al. 2001)], pygal, and marginal plates
accordingly forms the theca. Epithecal ossifications are
osteoderms that are superimposed on these thecal elements.
The latter were known to occur not only in Dermochelys
and its fossil relatives, but also in other fossil marine turtles
with a reduced carapace (the ‘epi-neural’, ‘supra-neural’, or
‘epithecal neural’ ossifications capping neural plates in
Archelon and Toxochelys: Case 1898; Wieland 1896, 1905,
1909; Hay 1905, 1908; see also Versluys 1914), and (as
flake-like ossifications superimposed on thecal elements) in
the pleurodire genus Chelys (= Chelus) (Hay 1928).

The distinction of deeper thecal from more superficial
epithecal ossifications was supported by Zangerl (1939),
and later was dubbed the ‘duplicity theory’ of the turtle
carapace (Kälin 1945). Recognizing the dual nature of the
carapace, the evolutionary development of the latter could
no longer be seen as a mere consequence of coalescence of
superficial osteoderms into larger plates, some of which
secondarily fused with the underlying endoskeleton.
Although some continued to maintain that scenario (e.g.,
Oguschi 1911), others, like Hay (1898, p. 941) envisaged an
early dichotomy within turtles, one lineage (‘‘the athecate
tribe’’) developing an epitheca, the ‘‘second lineage of

terrestrial turtles’’ developing a theca instead. Recognizing
the untenability of the Atheca-Thecophora dichotomy
within turtles, and the cryptodire status of Dermochelys,
Versluys (1914; see also Hay 1922) hypothesized the
ancestral turtle to have had an incomplete theca covered by
osteoderms. In the thecophore turtles the osteoderm cov-
ering was reduced while the theca was perfected, whereas in
forms like Dermochelys, the epitheca would be perfected
whereas the theca became reduced.

The Dual Nature of the Theca

Goette (1899) investigated the ontogeny of Eretmochelys
imbricata, finding that the neural arches of the dorsal region
shift anteriorly by half a segment during development,
carrying the ribs with them. The result is the intervertebral
(intrasegmental) placement of the proximal rib articulations
on the boundary between two vertebral centra, today rec-
ognized as a synapomorphy of turtles (Joyce 2007; Joyce
et al. 2009). Goette further observed that the neural and
costal plates develop from the neural arches and ribs
respectively: ‘‘The ossification of the ribs starts from the
perichondral bone surrounding the ribs, and proceeds within
a distinctly demarcated, but uncharacteristically expanded
periost’’ (Goette 1899, p. 415). He characterized earlier
accounts by Rathke (1848), Hoffmann (1878) and Haycraft
(1891), according to whom the costal plates ossify entirely
within the dermis and extraneous to any periost, as ‘‘entirely
mistaken’’ (Goette 1899, p. 416). Referring to the ossifica-
tion of the dermal elements in the skull roof of the lizard
Lacerta, where the dermal parietal skull table is covered by
encrusting osteoderms, Goette (1899, p. 432) distinguished
in turtles (as Hay 1898 had before him) between deeper
(‘‘thecal’’ sensu Völker 1913) and more superficial
(‘‘epithecal’’ sensu Völker 1913) ossifications. Within the
theca, Goette (1899, p. 419) distinguished the nuchal, pygal
and peripheral plates as true cutaneous ossifications
(‘Hautknochen’) from the neural and costal plates, which
are derived from the endoskeleton. According to Goette
(1899), there are thus to be distinguished in the turtle shell
(using Völker’s 1913 terminology), firstly, the thecal and
epithecal ossifications, as exemplified by the nuchal plate
and overlying osteoderms in Dermochelys. Secondly, within
the theca, there are to be distinguished the true dermal
ossifications (‘Hautknochen’, ossa investiva that do not
form through periosteal osteogenesis) from those ossifica-
tions that derive from the endoskeleton through periosteal
osteogenesis.

Suspecting flaws in Goette’s (1899) investigations,
Newman (1905–1906) repeated them using embryos of
Chelydra serpentina and Graptemys geographica. In the
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course of his studies, he ‘‘satisfied [himself] that the neural
and costal plates actually do originate as outgrowths of a
differentiated tissue that surrounds the neural and rib car-
tilages. Whether this differentiated tissue be true perios-
teum, as Goette affirms, or simply a somewhat denser
portion of the connective tissue that fills the space between
the epidermis and the cartilaginous skeleton, is not certain’’
(Newman 1905–1906, p. 733). He nevertheless sided with
the paradigm first propagated by Cuvier, according to which
‘‘it would seem that the plates of the carapace have a dual
origin—the neural and costals being periosteal ossifications
while the nuchal, procaudals and marginals [peripherals] are
dermal ossifications’’ (Newman 1905–1906, p. 734). The
alternative, first advocated by Wiedeman (1802), Carus
(1834), and Rathke (1848), was soon to be revitalized by
Oguschi (1911), who in his investigations on the embryol-
ogy of Trionyx japanicus (= Pelodiscus sinensis) found that
the neural and costal plates have a separate origin as dermal
ossifications which later secondarily fuse with the under-
lying axial skeleton. Additional evidence adduced by
Oguschi (1911) against Goette’s (1899) interpretation of the
costal plates as broadened ribs is the articulation of the
scapular blade on the inside of the first costal plate in front
of the second dorsal rib. A position of the scapula inside the
rib cage seemed unacceptable to him.

Völker (1913) again emphasized the dermal nature of
the neural and costal plates, as did Versluys (1914), citing
an unpublished Ph.D. thesis by Menger (1922) who cor-
roborated Oguschi’s (1911) findings that neural and costal
plates have an independent ontogenetic origin in triony-
chids, and only secondarily fuse with the underlying
endoskeleton. Studying developmental stages of Testudo
loveridgeii (Malacochersus tornieri), Procter (1922) con-
cluded that the costal plates are of dermal origin, as they
continue to grow while the rib cartilage already starts to
degenerate within the periosteal collar. Zangerl (1939), in
contrast, confirmed Goette’s (1899) observation that there
is no boundary between the perichondral bone of verte-
brae and ribs, and the very first ossifications of the
neural and costal plates. ‘‘This seems to indicate that the
neurals and costals are not true dermal ossifications. But
there is one important fact which seems to have been
neglected: the ribs and proc. spinosi of the vertebrae lie,
in Chelydra, actually within the dermis. The osteoblasts
which form the perichondral bone around the cartilage
ribs are clearly of dermal origin’’ (Zangerl 1939, p. 384).
Zangerl thus highlighted the fact that in turtles, endo-
skeletal elements (the neural arches and ribs of the dorsal
vertebrae) enter the dermis as they develop and grow (see
below for a more detailed discussion). This is the root
cause of the debate whether the turtle carapace is, or is
not, of a dual structure, combining endoskeletal and
exoskeletal elements.

The issue now became one of the proper definition of
dermal bone as opposed to endoskeletal ossification. Two
contrasting viewpoints were articulated by Vallén (1942)
and Kälin (1945). Both authors agreed that initial ossifica-
tion of the neural and costal plates proceeds from the, and in
continuity with the perichondral bone surrounding the
dorsal neural arches and ribs, i.e., that there is no secondary
fusion of dermal ossifications with the underlying axial
skeleton during ontogeny. However, Vallén’s (1942, p. 15)
conclusion was that ‘‘the fact dermal tissue sclerifies during
[the ossification of the neural and costal plates] does not
imply that the respective parts of the carapace have to be
considered as dermal bones (membrane bone, ‘Deckkno-
chen’). Their morphological nature has to be judged pri-
marily on the basis that they grow out from a perichondral
bony collar, which in addition develops subdermally.’’ This
contrasts with Kälin (1945, p. 149), who took issue with
Goette’s (1899) observation that the neural and costal plates
ossify within an uncharacteristically expanded periost.
Instead, Kälin insisted that ossifications can only be truly
labeled dermal bones (ossa investiva) if they develop
directly in the dermal connective tissue [‘‘without the
activity of a periosteum, in the strict sense’’ (Moss 1969,
p. 514)]. Kälin (1945, p. 154f) acknowledged that the
ossification of costal plates starts with the formation of
trabecular bone growing out of the periosteal collar of the
rib, but denied that subsequent stages of expansion relate to
a well-demarcated periosteum, as had been claimed by
Goette (1899). Instead, he found the continuing ossification
of trabecular bone to follow along structures preformed by
the arrangement of collagen fibers and cells within the
dermis (Kälin 1945, p. 156). These are characteristics of
dermal sclerification (Moss 1969) or metaplastic ossifica-
tion (Haines and Mohuiddin 1968; Vickaryous and Hall
2008), typical of true dermal bone (ossa investiva)
according to Kälin (1945).

Kälin’s (1945) observations on the development of the
neural and costal plates correspond closely to the more
recent report offered by Scheyer et al. (2008; see also
Sánchez-Villagra et al. 2009), who again noted the primary
continuity of their ossification with the perichondral bone
surrounding the neural arches and dorsal ribs. The forma-
tion of neural and costal plates starts by the addition of
‘Zuwachsknochen’ [membrane bone outgrowths from
chondral bone (Starck 1955; Patterson 1977)] to the peri-
chondral bone collar of the ribs and neural arches (Scheyer
et al. 2008, p. 1015), but then is completed through meta-
plastic ossification that involves some ‘‘scattered osteocyte
activity’’ (Scheyer et al. 2008, p. 1018): ‘‘the costals and
neurals thus appear as a mixture of endoskeletal and dermal
ossification.’’ This is a compromise solution, appealing to a
dual mode of origin of the neural and costal plates, that
reflects the difficulty of clearly demarcating metaplastic
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ossification from osteoblast induced osteogenesis in the
reptile dermis: ‘‘Within a given species [of reptile], or even
within a single dermal sclerification, it is frequently possible
to observe a number of different skeletal tissue types that
grade inseparably into each other’’ (Moss 1969, p. 510).

Dermal Bone, Membrane Bone,
and the Phylogenetic Fusion of Exoskeleton
and Endoskeleton

From a modern developmental point of view (more fully
discussed below), the issue whether the turtle carapace is
derived from ancestral osteoderms, or forms through intra-
membranous ossification, either independently, or expanding
from the perichondral bone collar of dorsal ribs and neural
arches ‘‘is something of a red herring when it comes to the
origin of turtles’’ (Burke 2009, p. 623). From a paleontolog-
ical perspective, however, the issue remains relevant in the
reconstruction of turtle ancestry (see comments, discussed
above, in Lee 1993; Joyce 2007; Scheyer et al. 2008).

The claim that the turtle shell evolved from an ancestral
osteoderm covering that sunk into deeper layers of the skin,
eventually fusing with the underlying axial skeleton (Lee
1993, 1996; Scheyer et al. 2008; Joyce et al. 2009) implies a
phylogenetic fusion of exoskeletal components with endo-
skeletal components. Discussions involving the concepts of
exoskeleton and endoskeleton, as well as the correlated
terms ‘dermal bone’, ‘membrane bone’, and ‘cartilage bone’
(chondral, endochondral, and perichondral bone) are tradi-
tionally marred by confusion as various authors tend to
define different skeletal components on the basis of different
criteria, e.g., histological, histochemical, topological, onto-
genetic, or phylogenetic ones (Patterson 1977). The situation
in turtles is further complicated by the fact that a thickening
of the dermis in the formation of the embryonic carapacial
disc, together with a deflection of rib growth to a more
superficial level [under the inductive influence of the cara-
pacial ridge (Burke 1989b; and see below)], results in
endoskeletal elements (dorsal neural arches and dorsal ribs)
to become embedded within the dermis. As the dorsal ribs of
a turtle embryo undergo perichondral ossification, it is
endoskeletal elements that initiate ossification, yet this
ossification occurs in the dermis. Zangerl (1939, p. 384)
explained: ‘‘The osteoblasts which form the periosteal bone
around the cartilage ribs are clearly of dermal origin. ... there
is, in Chelydra, no difference between the osteoblasts which
from the periosteal bone around the ribs and those which
develop the nuchal and peripheral plates. Considering this
fact we cannot expect a line of demarcation between the
elements of the chondro-skeleton and the shell plates.’’

To avoid confusion, Patterson (1977), and Starck (1979)
advocated a strictly phylogenetic (rather than develop-
mental) definition of exo- versus endoskeleton: ‘‘The mor-
phological and phylogenetic evaluation of skeletal elements
does not depend on their histogenesis, but exclusively on
phylogenetic criteria’’ (Starck 1979, p. 13). According to
Patterson (1977), an exoskeletal element (primitively
comprising bone, dentine and enamel) arises at the
ectoderm-mesoderm interface in the skin, or it is homolo-
gous to an element that in the ancestral condition developed
in that location. Fish scales and reptile osteoderms are thus
exoskeletal in origin, even if they are no longer covered
with a dentine and/or enamel layer. An endoskeletal
element is primitively preformed in cartilage, or it is
homologous to an element which in the ancestral condition
is preformed in cartilage, while in the descendant condition
it ossifies directly as membrane bone. Patterson (1977) thus
rejected the synonymy of ‘dermal bone’ and ‘membrane
bone’, reserving the latter term for endoskeletal elements in
which the ancestral ontogenetic stage of cartilage prefor-
mation has been deleted (suppressed).

The reasons why Patterson (1977) rejected the traditional
synonymy of ‘dermal’ and ‘membrane’ bone become clear
with his quote (Patterson 1977, p. 82) from Jollie (1962,
p. 55) according to whom ‘‘A chondral bone may also have
dermal extensions.’’ On Patterson’s (1977, p. 82) reading,
this could mean that ‘‘any part of a cartilage bone that is not
preformed in cartilage is held to be dermal. This … has
absurd results: it would lead one to regard the greater part of
the vertebral column of higher teleosts as dermal’’ [the
relation of dermal bone formation to neural crest cells was,
at the time, not yet recognized (Smith and Hall 1990, 1993)].
Patterson (1977) designated extensions of cartilage bones
that are not themselves preformed in cartilage as consisting
of membrane bone. While still accepting the traditional
synonymy of ‘dermal’ (‘desmal’) and ‘membrane’ bone,
Starck (1979, p. 13; see also Starck 1955) called such
expansions of cartilage bones ‘Zuwachsknochen’ instead.
Due to the peculiarities of the development of the turtle
carapace (Burke 1989b), endoskeletal elements (dorsal
neural arches, ribs) become embedded in the thickened
dermis of the carapacial disk. Ossification results in a bony
collar that covers the surface of these cartilage elements.
While topologically located in the dermis, a phylogenetic
perspective leads to the identification of the corresponding
bone as perichondral bone. The bony trabeculae which
subsequently expand from the perichondral bone through the
adjacent dermis are consequently identified as ‘membrane
bone’ sensu Patterson (1977), or ‘Zuwachsknochen’ sensu
Starck (1979). Hence Scheyer et al.’s (2008, p. 1015)
conclusion that during their initial stage of formation, neural
and costal plates are best described as ‘Zuwachsknochen’.
Following Patterson (1977) and Starck (1979) in adopting a
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phylogenetically grounded definition of endo- and exoskel-
eton, the turtle carapace (theca) can thus be understood as a
combination of both (Rieppel and Reisz 1999). This was, in
essence, the conclusion of Vallén (1942), who considered
the neural and costal plates as endoskeletal derivatives, all
other thecal (and epithecal) ossifications as exoskeletal
derivatives.

Advocating a ‘‘composite model’’ of carapace evolution,
Scheyer et al. (2008, p. 1018) found ancestral osteoderms to
contribute to, and complete the formation of neural and costal
plates, because the initial formation of ‘Zuwachsknochen’
changes to ‘‘metaplastic ossification of preformed dermal
structures.’’ Scheyer et al. (2008) grounded their conclusion
in the observation that fully formed costal and neural plates
share the same histology with the nuchal, pygal, and
peripherals plates, which would seem to imply ‘‘that the same
developmental pathways apply to all turtle shell bones, a
feature presumably inherited from an osteoderm bearing
ancestor’’ (Scheyer et al. 2008, p. 1018). According to the
‘composite model’, the evolution of the turtle carapace
involved a phylogenetic fusion of endo- and exoskeletal
elements subsequent to an ‘‘ontogenetic shift of rib and
vertebral anlagen in the osteoderm-bearing ancestor into the
deep dermis to overlap with those of the osteoderms. Suc-
cessive fusion of dermal and endoskeletal anlagen or sub-
stitution of the former anlagen by the latter could then have
been the crucial step in turtle shell development, purportedly
being an example of the ‘phylogenetic fusion between a
dermal bone and a cartilage bone’ (Patterson 1977, p. 93).’’

The phylogenetic fusion of exo- and endoskeletal ele-
ments requires that the superficial dermal and deeper
endoskeletal ossifications centers become directly super-
imposed, subsequent ossification then proceeding from a
‘‘single ossification or growth centre’’ (Patterson 1977,
p. 93). ‘‘In my opinion, three sorts of evidence might be
required before phylogenetic fusion between a dermal
bone and a cartilage bone is postulated’’ (Patterson 1977,
p. 95): ‘‘First, evidence that the primitive condition in the
group is to have a distinct dermal bone and a cartilage
bone at that location. Second, evidence that those bones
fuse in late ontogeny in some, presumably primitive,
members of the group. Third, evidence that the bones
fuse in early ontogeny in some members of the group.’’
Recognizing the distinctiveness of epithecal ossifications
from the theca proper, and the derived nature of epithecal
ossifications in those turtles where they occur (Zangerl
1939, 1969), no such evidence obtains for the neural and
costal plates in any turtle so far investigated, fossil or
extant. More important, perhaps, is the fact that none of
the evidence required by Patterson (1977) in support of a
putative fusion of exo- and endoskeletal elements is pro-
vided by the oldest fossil turtle currently known (Li et al.
2008).

Odontochelys, the Oldest Known Fossil
Turtle: Primitive or Paedomorphic?

The major inspiration for a derivation of the turtle carapace
from an ancestral osteoderm covering was historically
based on the misconception of Dermochelys representing a
primitive (rather than reduced) stage in the evolution of the
turtle shell, and on the misidentification of the cyamodon-
toid placodont Psephoderma as an ancestral turtle. In more
modern times, said inspiration derives primarily from
Proganochelys, a primitive Late Triassic (Norian) turtle
from Germany that documents the occurrence of osteo-
derms on the skull, the neck, the limbs and the tail in
addition to a fully formed carapace and plastron, the two
linked by a lateral bridge (Gaffney 1990). In addition, some
phylogenetic analyses (e.g., Gauthier 1994; Laurin and
Reisz 1995; Lee 1993, 1996; but see Hill 2005) have found
turtles to be related to osteoderm-bearing reptiles. The deep
entrenchment of the ‘composite model’ in the paleonto-
logical literature is reflected in the remarkably similar
depiction of an osteoderm-covered turtle ancestor through
time, as can be gleaned from Versluys (1914, Fig. 10), Hay
(1922, text Figure on p. 440), Lee (1996, Fig. 1) and Joyce
et al. (2009, Fig. 4).

As was noted by Joyce et al. (2009, p. 511), ‘‘testudinate
affinities with armored groups of reptiles … provide phy-
logenetic support for the composite evolution of the turtle
shell, whereas an affiliation with non-armoured amniotes …
favours a de novo mode.’’ But whereas the addition of new,
integumentary characters (including osteoderm character-
istics) to existing phylogenetic analyses did not provide
additional support for turtle affinities with Paleozoic
osteoderm-bearing reptiles such as pareiasaurs (Hill 2005),
analyses of turtle relationships within amniotes overall
remain controversial (see the review of the debate and
references in Rieppel 2008). This renders the optimization
of ancestral character states on the outgroup node of turtles,
and the corresponding derivation of scenarios for the evo-
lution of the turtle shell through outgroup comparison,
equivocal. Less equivocally, however, Proganochelys from
the Norian (Late Triassic) has lost its status as the earliest
and most primitive known turtle (Gaffney 1990; Joyce
2007) to Odontochelys (Li et al. 2008) from the Carnian
(Late Triassic) of Guizhou Province, southwestern China.
Odontochelys is more primitive than Proganochelys and all
other known turtles in a number of features, such as: the
presence of teeth in the upper (premaxilla, maxilla) and
lower (dentary) jaws; a relatively long preorbital skull with
a pointed, rather than truncated snout; a distinct transverse
process on the pterygoid; the absence of an acromial pro-
cess on the scapula; the proximal articulation of the dorsal
ribs located intersegmentally (at the midline of the

56 O. Rieppel



centrum); free sacral ribs that are not fused with the sacral
vertebrae; free caudal transverse processes that are not
fused with the caudal vertebrae; a tail which with minimally
20 caudal vertebrae is longer than in any other turtle; and
the presence of four (rather than only three) phalanges in
digits III and IV of manus and pes. In addition, Odont-
ochelys shares with Proganochelys some primitive features
that are absent in all other known turtles, such as: the
presence of denticles on the dermal palate (vomer and
pterygoid); an open basicranial articulation; the develop-
ment of a dorsal epiplastral process [also present in
Kayentachelys (Joyce 2007)]; a broad and plate-like cora-
coid; an ilium with a short dorsal shaft; the presence of an
hypoischium; and distinct gular projections on epiplastra.
Whatever the relationships of turtles within amniotes may
be (Rieppel 2008), there can be no doubt that amongst all
the known fossil and extant turtles, Odontochelys is the
geologically oldest and most basal one (Li et al. 2008).

However, it is not this conclusion that renders Odont-
ochelys a controversial fossil, but rather the degree of
development of its shell (Reisz and Head 2008). The plas-
tron of Odontochelys is fully developed, comprising the
anterior epiplastra and entoplastron, followed by one pair of
hyoplastra, two pairs of mesoplastra, one pair of hypoplastra
and one pair of xiphiplastra. Hyoplastra, mesoplastra and
hypoplastra each bear laterally projecting frilled spines, a
proper lateral bridge to connect with a carapace therefore
being absent. Along the ventral midline, the mesoplastra are
separated by a narrow, eloangate and irregularly shaped
fontanelle, which exposes the serrated medial margins of
the plastral elements.

The complete formation of a plastron stands in stark
contrast with the incomplete development of the carapace in
Odontochelys. Peripheral plates as well as a pygal are
absent; whether a nuchal plate is present or absent remains
presently unknown. This is unfortunate, for in extant turtles
the nuchal plate is not only the first carapacial element to
initiate ossification in ontogeny (e.g., Scheil 2003; Scheyer
et al. 2008; Gilbert et al. 2008; Sánchez-Villagra et al.
2009). It is also characterized by a peculiar two-phase
ossification (Menger 1922; Zangerl 1939; Burke 1989a;
‘primary’ and ‘secondary’ ossification sensu Gilbert et al.
2001, and Gilbert et al. 2008) that is correlated with the
contribution of neural crest cells to its development, both
features that the nuchal plate shares with the elements in the
plastron (Cebra-Thomas et al. 2007; Gilbert et al. 2007;
Sánchez-Villagra et al. 2009). Costal plates are likewise
absent, but the dorsal ribs are expanded in the horizontal
plane, corresponding to a degree of rib ossification char-
acteristic for embryonic stage 23 of Chelydra serpentina
(Yntema 1968). Neural plates are ossified, but at least
partially ablated from the neural arches and shifted laterally
during fossilization. Osteoderms are absent on the trunk,

neck, tail and on the limbs. The question obviously arises
whether this incomplete degree of carapace formation in
Odontochelys is primitive (Li et al. 2008), or derived
through reduction as an adaptation to aquatic habits (Reisz
and Head 2008).

Odontochelys comes from marine sediments that were
deposited in the Nanpanjian Trough Basin during the early
to middle Carnian marine transgression; the basin remained
surrounded by the Sichuan-Yunnan-Guizhou Old Land on
three sides, opening into the Paleotethys towards the
southwest (Wang et al. 2008). Fossilized remains of drift-
wood as well as other plant remains indicate the relative
proximity of coastal waters (Wang et al. 2008). Limb pro-
portions of Odontochelys indicate aquatic habits, most
closely comparable to those extant turtles that inhabit
stagnant or small bodies of water (Joyce and Gauthier
2003). Odontochelys certainly was not a pelagic animal as
are the sea turtles and their fossil relatives, since it remained
of relatively small body size and shows no sign of even an
initial transformation of limbs into flippers. Odontochelys
may accordingly have inhabited lagoonal settings along the
coastline, or river delta systems. It is particularly in the sea
turtles and their fossil relatives that the carapace and plas-
tron undergo severe reduction, but the shell can also be
reduced in freshwater turtles (e.g., trionychids), as well as in
terrestrial turtles [e.g., Manouria, Malacochersus (Procter
1922; for a review see Pritchard 2008)]. The question thus
arises whether the incomplete development of the carapace
in Odontochelys represents an early stage in carapace evo-
lution (Li et al. 2008), or whether the ‘‘carapace was pres-
ent, but some of its dermal component were not ossified’’
(Reisz and Head 2008, p. 451). The latter hypothesis is
based on the observation that the arrangement of the ribs in
Odontochelys suggests the presence of a carapacial disc and
ridge in the embryonic condition, and that ‘‘sea turtles and
snapping turtles have greatly reduced ossification of the
dermal components of the carapace, a condition similar to
that seen in Odontochelys’’ (Reisz and Head 2008, p. 451).

Heterochrony (paedomorphosis) and associated shell
reduction in living and fossil turtles was extensively studied
by Kordikova (2000, 2002), with results that render
Odontochelys an unlikely candidate for carapace reduction.
All turtles—fossil or extant—that are characterized by a
reduction of carapacial ossifications also show a reduction
of plastral ossifications. Whereas the detailed patterns of
plastral reductions may vary (Kordikova 2000, 2002;
Pritchard 2008), Odontochelys shows a complete plastron
except for a narrow midline fontanelle. It is possible,
however, that the narrow separation of some of the plastral
elements along the ventral midline was caused by post-
mortem dissociation. This is indicated by the serrated nature
of the medial margins of the plastral plates that may have
met in an interdigitating suture in the living animal. Further,
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a medial plastral fontanelle would be expected to be of
rounded contours, and its occurrence is frequently associ-
ated with the formation of anterolateral and posterolateral
fontanelles in the plastron, which are absent in Odont-
ochelys. Although skeletal reductions due to paedomor-
phosis can be localized, it is unusual for such
paedomorphotic reduction to affect only one skeletal com-
ponent and none other. Those turtle lineages with the
highest degree of carapace reduction show additional signs
of paedomorphosis elsewhere in their skeleton. One of them
is the failure of the astragalus and calcaneum to fuse in the
adult, another is the reduction of claws in the digits of the
forelimb (Kordikova 2000). In Odontochelys, claws are well
developed on both manus and pes, and the astragalus and
calcaneum are fused (in the paratype; sutured in the holo-
type), indicating an adult status for the specimen. And
finally, all turtles—fossil or extant—irrespective of the
degree of carapace reduction, show the intervertebral
(intrasegmental) position of the proximal rib articulation.
This is not the case in Odontochelys, where the ribs retain
their primitive intersegmental position, articulating on the
middle of the centrum.

Developmental Biology Illuminates
the Interpretation of Fossils

Turtles are unique amongst tetrapods not only in the for-
mation of a carapace and plastron, but also in the position of
the scapula inside the rib cage (Rieppel 2001). Develop-
mental studies indicate that the position of the scapula
inside the rib cage is not the result of a backward dis-
placement of the shoulder girdle (Ruckes 1929; Burke
1991), but of a deflection of rib growth into the carapacial
ridge, i.e., the marginal zone of the carapacial disc that
marks out the carapace in the turtle embryo through a
thickening of the dermis (Burke 1989a, b).

Based on their developmental studies, Burke (1989a, b,
1991), Gilbert et al. (2001, 2008), Cebra-Thomas et al.
(2005), and Nagashima et al. (2007, 2009) have developed a
model for the de novo evolution of the turtle carapace. One
of the earliest and most important developmental steps in the
differentiation of the turtle body plan is the appearance of the
carapacial ridge between and slightly above the anterior and
posterior limb buds (Burke 1989a, b; Nagashima et al.
2007). Outgrowth of the carapacial ridge (at the ventral edge
of the somatic mesoderm) causes the upper part of the lateral
plate (body wall) to fold inwards, thus restricting rib growth
to the axial domain (Nagashima et al. 2009). Fibroblast
growth factor signaling maintains the carapacial ridge and
allows it to capture the migrating rib precursor cells (Gilbert
et al. 2001, 2008; Cebra-Thomas et al. 2005), which are

primaxial in origin (Nagashima et al. 2007; Shearman and
Burke 2009; Burke 2009). As a result, the ribs do not grow
ventrally into the lateral body wall as in all other amniotes,
but develop in a more superficial position within the thick-
ened dermis of the carapacial disc. Embedded in the dermis,
the cartilaginous ribs act as signaling centers for intra-
membranous ossification through bone morphogenetic pro-
teins (BMPs) that are released from hypertrophic
chondrocytes during endochondral ossification of the ribs
(Cebra-Thomas et al. 2005; Gilbert et al. 2008). In that way,
turtle ribs seem to function similarly to Meckel’s cartilage,
which is known to induce the ossification of the dentary
around itself (Gilbert et al. 2001, p. 56). On that account, the
evolution of the turtle shell does not involve the evolution of
new tissue types, nor even of novel genes; instead, old
developmental instructions for making certain tissue types
are ‘‘used in new places’’ (Cebra-Thomas et al. 2005, p. 558)
under the control of co-opted pre-existing regulatory genes
(Kuraku et al. 2005). From a developmental and histological
(rather than phylogenetic) perspective, the turtle carapace is
interpreted as ‘‘a composite of endochondral axial skeleton
[from the ribs (and neural arches)] plus intramembranous
dermal bone’’ (Gilbert et al. 2008, p. 6).

The carapacial ridge, however, does not merely capture the
rib precursor cells but also directs rib-growth in a fan-shaped
pattern (Nagashima et al. 2007). Unlike in other amniotes, the
fan-shaped arrangement of the dorsal ribs in turtles results in
anterolaterally trending anterior, and posterolaterally trending
posterior dorsal ribs. It is this anterolateral direction of the
anteriormost dorsal rib that results in its position above the
scapula. In the fossil turtle Odontochelys, the dorsal ribs are not
arranged in such a fan-shaped pattern, the scapula conse-
quently located in front of the anteriormost dorsal rib.
Nagashima et al. (2009) hypothesize that the carapacial ridge
was only incompletely developed in this taxon, extending
along the flank of the embryo only and thus directing rib
growth straight laterally. The completion of the carapacial
ridge, encircling a carapacial disk not only laterally, but also
anteriorly and posteriorly, would have occurred during a later
stage of turtle evolution, resulting in the fan-shaped arrange-
ment of the dorsal ribs, the anteriormost one capping the
scapula. Barring post-mortem displacement of the ribs in
Odontochelys, this is indeed a ‘‘fantastic example of the
cross-illumination possible between paleontology and devel-
opmental biology’’ (Burke 2009, p. 623).

Conclusions

Rieppel and Kearney (2007) distinguished the ‘generative’
(here ‘emergentist’) from the ‘transformational’ approach
in morphological analysis. The early appearance of a
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carapacial ridge, which triggers inductive epithelial-
mesenchymal interactions at a new time and in a new place
in the turtle embryo that affect the growth trajectory of the
ribs provides an example for the emergence of an evolu-
tionary novelty (Burke 1989a, b; Gilbert et al. 2001, 2008;
Cebra-Thomas et al. 2005; Nagashima et al. 2007, 2009).
This contrasts with the ‘composite model’ for turtle shell
evolution, which views the carapace as a result of a step-
wise transformation of ancestral structures, i.e., a superficial
osteoderm covering of the hypothetical turtle ancestor.

The discussion above develops a number of arguments
that can be made in support of the interpretation of
Odontochelys as representing an early stage in carapace
evolution—even in the absence of a well-corroborated
phylogenetic hypothesis placing turtles within amniotes
(Rieppel 2008). On this account, the absence of any
osteoderms in Odontochelys conflicts with the ‘composite
model’ of the turtle shell evolution. This model has most
recently been supported with reference to ontogenetic
studies and turtle shell histology (Scheyer et al. 2008), and
with reference to an early turtle from the Upper Triassic
Chinle deposits of New Mexico. The latter taxon, Chinl-
echelys tenertesta (Joyce et al. 2009) is known from very
fragmentary and dissociated material only, identified as
turtle remains predominantly on the basis of a fragment
consisting of two partial dorsal vertebrae, overlying neural
plate ossifications, and proximal rib articulations in an
intervertebral (intrasegmental) position. This latter feature
indicates that Chinlechelys had already achieved a degree of
carapace differentiation that was not yet characteristic of
Odontochelys. Taking Odontochelys to represent an early
and primitive stage of carapace formation thus supports the
emergentist model of the evolution of the turtle shell as a
genuine evolutionary novelty.

The question remains why Odontochelys should have a
complete ventral dermal covering while the carapace
remained incomplete. For an aquatic organism, a ventral
body armor offers protection against predatory attacks from
below (Rieppel and Reisz 1999). Ventral body armor in an
aquatic (marine) and lung-breathing organism would also
perform an important hydrostatic function as ‘bone ballast’
(Taylor 2000, 2002). Three major strategies for buoyancy
control have been identified in aquatic tetrapods: gastroliths,
‘bone ballast’ (in terms of relative size of skeletal elements,
bone density, or pachyostosis), and blubber (Taylor 1993,
1994, 2000, 2002). Blubber is a buoyancy control mecha-
nism restricted to marine mammals (Taylor 2002). Using
gastroliths for buoyancy control would seem more versatile
and would carry a lesser metabolic cost, but the effective-
ness of gastroliths as a buoyancy control mechanism has
been questioned (Henderson 2003, 2006; Wings 2007).
Gastroliths furthermore are ‘‘rare or unknown from marine
turtles’’ (Taylor 1993, p. 169). Developing a dermal armor

for ‘bone ballast’ can thus be seen as an effective buoyancy
control mechanism, while the hydrodynamically most
advantageous position of such ‘bone ballast’ would cer-
tainly be a ventral one.
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Chapter 6

Three Ways to Tackle the Turtle: Integrating Fossils,
Comparative Embryology, and Microanatomy

Torsten M. Scheyer, Ingmar Werneburg, Christian Mitgutsch, Massimo Delfino,
and Marcelo R. Sánchez-Villagra

Abstract Herein we review a series of case studies
covering the evolution and phylogenesis of turtles, and
the ontogenetic development of one of the most peculiar
body plans within the Craniota. Comparative analyses of
skeletal development, ontogenetic timing, and bone micro-
structure in both extant and extinct taxa are used to
document patterns and make inferences about the origin of
turtles, turtle ingroup relationships, and the evolution of
turtle ontogenetic development. The need for a balanced
sampling of both cryptodiran and pleurodiran turtle species
for future comparative studies is highlighted.

Keywords Bone histology � Comparative anatomy �
Odontochelys � Sequence heterochrony � Testudinata �
Testudines � Turtle origins

Introduction

Hypotheses on the position of turtles within the amniote
tree of life are contentious (Carroll 2012; Lyson et al.
2010), despite many efforts over the past century to solve
this major problem in vertebrate evolution (Rieppel
2008). This situation is largely due to the peculiar mor-
phology of the turtle body plan, especially the unique
shell (Nagashima et al. 2009, 2012; Kuratani et al. 2011;
Rieppel 2012) and the anapsid condition of the skull
(Gaffney and Meylan 1988; Lee 1997a), which renders
comparisons to other vertebrates difficult at best. In recent
years, turtles have been treated either as a group of
parareptiles or as diapsids; for the latter, relationships
with Lepidosauromorpha, Archosauromorpha, or Sauria
have been hypothesized.

The past two decades have brought refined techniques in
molecular biology (Shaffer 2009) and evolutionary devel-
opmental biology, as well as in comparative anatomy, all of
which have helped clarify interrelationships among living
turtles (e.g., see summary by Werneburg and Sánchez-
Villagra 2009). For ontogenetic approaches, several methods
have been developed to analyze developmental timing data
within a phylogenetic framework. One of those methods,
Parsimov, has been extensively used to assess information
from organogenesis or ossification patterns, for which an
expanding body of data is being assembled (e.g., Sánchez-
Villagra et al. 2009 and references therein). However,
atomizing heterochronic data as performed in event-pair
based algorithms, as well as the robustness and the value of its
information content, have recently been reassessed and
alternative approaches have been suggested (Ziermann 2008;
Germain and Laurin 2009; Werneburg 2010; Werneburg and
Sánchez-Villagra 2011).

In addition, new fossil discoveries continue to be impor-
tant for documenting the evolution of turtles. Among the most
important of these are fossils and taxa from Upper Triassic
sediments on several continents, such as skeletons of
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Odontochelys semitestacea from China (Li et al. 2008),
which are providing new insights into the early evolution of
turtles.

Lately, there has been an increasing trend to integrate
ontogenetic aspects into paleontology-based studies and to
interpret molecular data in the light of insights yielded from
fossil taxa (Raff 2007; Shubin et al. 2009; Sánchez-Villagra
2010). Fossil developmental data, as is true for neontolog-
ical data, can potentially reveal systematic relationships that
are not apparent from adult morphology (e.g., Hall 2005;
Schoch 2009; Sánchez-Villagra 2010). In a controversial
clade like turtles, it is critical to consider as many devel-
opmental and evolutionary aspects as possible, in order to
have a better understanding of the group’s evolutionary
history. Here we review a series of case studies that inte-
grate evolutionary, developmental, and bone histological
data from fossil and extant turtles (Fig. 6.1).

As discussed below, the existence and mode of reduction
of shell features is a subject of particular relevance in cur-
rent discussions of turtle origins (Lee 1997a, b; Li et al.
2008; Lyson and Gilbert 2009; Reisz and Head 2008; Burke

2009; Nagashima et al. 2009, 2012; Kuratani et al. 2011;
Rieppel 2012). Because the turtle shell is such an enigmatic
and key autapomorphy of turtles, many of the case studies
summarized below focus on that part of the skeleton.

Heterochrony Analyses and Skeletal
Development in Turtles

Several methods are now available to put sequence onto-
genetic data into a phylogenetic context (Hall 2005; see also
review by Maxwell and Harrison 2009; Germain and Laurin
2009), with the most widely used method currently being
Parsimov (Jeffery et al. 2005). Patterns of chondrification
and the onset of ossification were analyzed in several turtle
taxa and a variety of outgroups in two recent studies by
Sánchez-Villagra et al. (2009) and Werneburg et al. (2009).
In the former study, a comprehensive developmental series
of the Chinese soft-shelled turtle Pelodiscus sinensis dem-
onstrated that in both the cranium and postcranium, dermal

Fig. 6.1 Various hypotheses of the position of turtles within the
amniote tree of life and applied methods of investigation. Numbers
indicate proposed relationships between turtles and the following

groups: 1 Synapsida; 2 Parareptilia; 3 Diapsida; 4 Lepidosauromorpha;
5 Archosauromorpha
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elements ossify earlier than endochondral elements. Anal-
ysis of the ossification sequence of autopodial elements in
P. sinensis also revealed high intraspecific variation,
whereas the pattern of chondrification was consistent with
Shubin and Alberch’s (1986) concept of primary axis and
digital arch. Finally, heterochronic shifts in chondrification
patterns of fore- and hind limbs were minimal and there was
no evidence for the anlage of a radiale or a tibiale in this
taxon (Sánchez-Villagra et al. 2009), which confirmed the
lack of those elements in turtles as had been independently
suggested by Fabrezi et al. (2009).

The study by Werneburg et al. (2009) examined the
timing of organogenesis in several turtle species, including
for the first time a pleurodire species (Fig. 6.2). By ana-
lyzing a total of 15 turtle and seven other amniote species,
and using the axolotl Ambystoma mexicanum as an out-
group, the position of turtles as the sister group to the
Archosauria/Lepidosauria clade was supported. That result
was consistent with some previous, morphology-based

analyses of tetrapod relationships (e.g., Gauthier et al. 1988;
Laurin and Reisz 1995), but stands in contrast to most, but
not all, recent molecular studies that favored a turtle-
archosaur relationship (e.g., Rest et al. 2003; Iwabe et al.
2004; Lee et al. 2004) and to some morphology-based
studies that supported a turtle-lepidosaur relationship (e.g.,
Rieppel and deBraga 1996; deBraga and Rieppel 1997;
Müller 2003; Hill 2005). A preliminary analysis of turtle
shell bone microstructure also hinted at a potential turtle-
archosaur relationship (Scheyer 2007).

One of us developed a new referencing system to study
the timing of events in development with the goal of
optimizing the acquisition of embryological data for
vertebrates (Werneburg 2009). This new referencing system
was applied by Werneburg et al. (2009) in a study on the
embryogenesis and ossification patterns in the chelid
Emydura subglobosa, which broadened the data base on the
previously neglected pleurodiran branch of turtles. By
comparing data from E. subglobosa with five other turtle

Fig. 6.2 Developmental series
of three extant turtle species,
demonstrating the systematic
value of embryological data.
Taxa are: the pleurodire Emydura
subglobosa (left) and the
cryptodires Chelonia mydas
(middle) and Graptemys
nigrinoda (right). The selected
specimens [all stored at the
Paläntologisches Institut und
Museum, Universität Zürich,
Switzerland (PIMUZ)] illustrate
major steps in development such
as somitogenesis, limb bud
formation, and development of
the carapace. Specimens not to
scale
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species and a number of other tetrapod taxa from the
literature, Werneburg et al. (2009) showed that late devel-
opment of the neck is autapomorphic for Testudines. Within
turtles, the same study further showed that (1) timing in the
development of the mandibular process differed between
pleurodires and cryptodires and (2) the epiplastron devel-
oped earlier in pleurodires than in cryptodires.

Homology of Peripheral Ossicles
in Soft-Shelled Turtles

Most soft-shelled turtles are characterized by a complete
lack of peripherals. The species of Lissemys, however, are
an exception in having a series of peripheral ossicles pos-
teriorly and a prenuchal anteriorly. Delfino et al. (2010)
reassessed the nature of these ossicles using data generated
from X-ray scans and macerated skeletons of L. punctata
and L. scutata (Fig. 6.3), and by studying the microstructure
of those bones histologically. All of Remane’s (1952)
classic criteria for homology assessment—the criteria of
topology, structural equivalence, and presence of interme-
diate forms—were considered in testing the identity of the
peripheral ossicles in Lissemys. Posterior peripheral ossicles
were found to fulfill all of Remane’s (1952) criteria.

Although Lissemys might not be the sister group of all
remaining trionychids (Joyce and Lyson 2010; but see Head
et al. 2009), their posterior peripheral ossicles can still be
interpreted as homologues to the peripherals of non-
trionychid turtles based on ‘deeply homologous’ (sensu
Shubin et al. 2009) underlying developmental processes,
despite a lack of one-to-one correlation between the ossicles
and the dorsal ribs or costal plates. The prenuchal on the
other hand, in not fulfilling any of Remane’s (1952) criteria,
is interpreted as a neomorphic dermal bone present only in
species of Lissemys and Cyclanorbis.

Ontogeny of the Shell in Side-Necked Turtles

Scheyer et al. (2008) combined histological data from shell
bones of fossil and extant post-hatching turtles with onto-
genetic data of extant turtles to examine development of the
shell in pleurodires. Their data set included a developmental
series for the extant pleurodire Emydura subglobosa and
revealed a bimodal development for the costals and neurals
(see below). No distinct ossification centers were identified
for the costals or neurals. Instead, these elements start as
initial outgrowths of the periosteum of the ribs and vertebral
arches, respectively, before the mode of ossification
switches to metaplastic ossification (i.e., ossification and
incorporation of surrounding preformed and differentiated
dermal tissue into the bone [Scheyer et al. 2008]). Meta-
plastic ossification had already been identified as the main
mode of ossification in trionychid turtle shells, where the
incorporation and transformation of preformed dermal soft
tissue structures into the mineralized bone tissue is most
obvious (Scheyer et al. 2007). In contrast, in a recent review
of integumentary structures by Vickaryous and Sire (2009),
which was based on several other developmental studies
(Gilbert et al. 2001, 2007; Cebra-Thomas et al. 2007;
summarized by Rieppel 2012), intramembraneous ossifica-
tion (i.e., growth of bone spiculae into the surrounding soft
tissue) was proposed to be the main mode of costal and
neural development. Given these conflicting data and
interpretations, here we propose that both metaplastic
and intramembraneous ossification, to various degrees and
at different stages in ontogeny, play a role in costal and
neural formation.

The complete reduction (i.e., loss) of neurals frequently
occurs among extant pleurodires (e.g., in Chelidae) and also
in some fossil pleurodires, such as the pelomedusoid
Bairdemys from the Caribbean Neogene (Wood and Díaz de
Gamero 1971; Sánchez-Villagra and Scheyer 2010). The
ontogenetic data assembled by Scheyer et al. (2008)
revealed a heterochronic shift (i.e., postdisplacement), in
neural arch and neural development in pleurodire species

Fig. 6.3 Radiographs of the posterior portion of the body of extant
Lissemys (Trionychidae), showing the different arrangements of
peripheral ossicles around the posterior margin of the carapace that
are unique to this genus within the family. a Lissemys punctata (MTD
32146) and b Lissemys scutata (MTD 40367). Pictures taken at the
Museum of Zoology (Museum für Tierkunde), Senckenberg Dresden,
Germany (MTD), in collaboration with Uwe Fritz. Abbreviation: SSL,
straight shell length
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that lack neurals. This heterochronic shift, together with a
reduction or lack of interaction between integumentary and
musculoskeletal structures, was proposed to be responsible
for complete neural reduction in Emydura subglobosa.

Implications for the Origin of Turtles

As indicated above, the systematic position of turtles within
amniotes is far from being resolved. Several extinct reptilian
clades have been hypothesized to be close turtle relatives
(Fig. 6.1; Carroll 2012), one of them being the anapsid
pareiasaurs (e.g., Lee 1997a, b), which are large, herbivorous,
parareptiles from the Permian (Tsuji and Müller 2009),
whose bodies were, to varying amounts, usually covered with
dermal armor plates (i.e., postcranial osteoderms). A recent
histological study of osteoderms of three pareiasaur taxa from
South Africa showed that intramembraneous ossification is
likely to be the general mode of skeletogenesis for pareiasaur
postcranial armor (Scheyer and Sander 2009). Those ele-
ments share only a few histological characters with turtle
shell bones and osteoderms (or with other extant eureptilian
osteoderms). That finding indicates that the armor structures
of turtles and pareiasaurs are not homologous, which argues
against a turtle-pareiasaur relationship.

Recently, another classical morphology-based sister
group relationship has been revived. In Lyson et al.’s (2010)
study, turtles were recovered as the sister group to
Eunotosaurus africanus, an un-armored, terrestrial para-
reptile from the Middle Permian of South Africa (Rubidge
et al. 1999), which has extremely broadened ribs.

Prior to the description of the now oldest and basal-most
turtle, Odontochelys semitestacea from Upper Triassic,
marine black shales in China (Li et al. 2008), all stem turtles
of comparable age (i.e., Paleochersis talampayensis,
Proganochelys quenstedti, and Proterochersis robusta) in
recent years had been interpreted as terrestrial forms (Joyce
and Gauthier 2004; Scheyer and Sander 2007; Sterli et al.
2007). At present, Chinlechelys tenertesta from the Upper
Triassic Chinle Group of New Mexico, USA, remains
problematic in this regard, due to its highly fragmentary
nature (Joyce et al. 2009). Odontochelys combines a rudi-
mentary carapace with a fully developed and well-ossified
plastron; in that sense, it can be described as being ‘half-
shelled’. The shell structure and depositional setting of
Odontochelys raised the question whether turtles had an
aquatic or a terrestrial origin (Rieppel and Reisz 1999;
Li et al. 2008; Reisz and Head 2008; Rieppel 2012).
As summarized by Lyson and Gilbert (2009, p. 133), it is
still unclear whether Odontochelys argues for a primary
aquatic origin for turtles, as Li et al. (2008) proposed, or if

Odontochelys belongs to an early radiation of turtles into
the water, as favored by Reisz and Head (2008).

Several years previously, the oldest purported fossil
turtle shell fragment, belonging to Priscochelys hegnab-
runnensis and recovered from deposits of the Germanic
Muschelkalk (Middle Triassic) in southwestern Germany,
had prompted Joyce and Karl (2006) to propose that turtles
might have evolved in an aquatic environment. Using bone
histology observation, Scheyer (2008) subsequently showed
that material of Priscochelys represents a placodont armor
fragment, instead of a turtle shell fragment and, therefore, is
irrelevant to discussions on the origin of turtles.

Recent histological and embryonic studies (e.g., Scheyer
et al. 2008; Sánchez-Villagra et al. 2009 and references
therein) of extant turtles are potentially relevant for assess-
ing the nature of the neurals and costals in Odontochelys.
The broadened or expanded ribs (Li et al. 2008) of Odont-
ochelys look like paedomorphic ribs of extant turtles in
being slightly reduced in length, to the extent that their distal
ends do not reach the lateral extensions of the hyo- and
hypoplastral lateral processes of the plastron. Although the
ribs of Odontochelys resemble turtle costals in shape and
topology, they differ in lacking anterior and posterior sutural
margins. A similar lack of sutures, at least in the distal
part of the costals, occurs in some extant turtles; e.g., in
‘geodesic’ tortoises (sensu Pritchard 2008) Manouria emys
and Malacochersus tornieri (Fig. 6.4). In the former species,
the fontanelles in the carapace (which separate the distal
ends of the costals) and plastron eventually close in adults,
whereas these openings are permanent in the latter (Procter
1922). In all species of Manouria and Malacochersus,
sutural contact of the carapace and the plastron remains via
the bridge peripherals, to maintain the structural integrity of
the shell (Procter 1922; Pritchard 2008).

Li et al. (2008, p. 499) stated that, based on the broad
shape of its dorsal ribs, Odontochelys resembled an
embryonic, extant turtle at the stage ‘‘… before marginal,
nuchal and pygal elements start ossification.’’ However,
whereas peripherals and pygal elements appear relatively
late in comparison to the neurals and costals (e.g., Sheil and
Greenbaum 2005), the nuchal is amongst the first bones to
ossify during postcranial development in extant turtles,
shortly after the onset of ossification of plastral elements
(contra Li et al. 2008). Even in taxa in which the peripheral
shell elements are lost by developmental truncation, such as
in most trionychids (e.g., Sánchez-Villagra et al. 2009) and
in the leatherback Dermochelys coriacea, the nuchal is
always consistently present and a prominent element of the
thecal shell (e.g., Scheyer 2007). Furthermore, the statement
that the ‘‘neural plates are not fused with broadened neural
spines of dorsal vertebrae but were displaced laterally
during fossilization’’ (Li et al. 2008, p. 498) raises the
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possibility that separation of the neural plates from the
corresponding neural arches could be a taphonomic effect.

The question remains whether the lack of a nuchal in the
holotype skeleton of Odontochelys is because that bone was
absent in life (i.e., not developed) or if it was present but
lost postmortem, perhaps due to the same taphonomic
processes that may have been responsible for shifting the
neurals (see also discussion in Rieppel 2012). Based on
the pictures and drawings provided by Li et al. (2008), the
presence or absence of a nuchal bone also remains
ambiguous in the paratype and only other published, rela-
tively complete specimen of Odontochelys. Considering
that in many living turtles the nuchal is an integral part of the
neck muscular system (e.g., Herrel et al. 2008), if the nuchal
was indeed absent in Odontochelys that could have significant
implications for the structure and function of its neck.

Conclusions

In summary, it is essential that in a group with a peculiar
body plan like turtles all sources of data are exploited by
integrating paleontological and neontological data. Detailed
anatomical studies can expose hidden homologies that were
previously not recognized.

The timing of organogenesis as revealed by heterochrony
studies using both cryptodires and pleurodires indicates a pos-
sible turtle-Sauria sister-group relationship. Turtle autopodial

development, as studied for example in the trionychid
Pelodiscus sinensis, is in accordance with the concept of a
primary axis and digital arch. In addition, the posterior
peripheral ossicles in the trionychid Lissemys were found to
fulfill all of Remane’s (1952) criteria of homology and,
thus, were interpreted to be homologous with the periph-
erals in non-trionychid turtles based on ‘deeply homolo-
gous’ underlying developmental processes. The nature of
the neural and costal bones in the turtle shell remains poorly
understood; however, metaplastic and intramembraneous
modes of ossification appear to contribute to their formation
at different stages during ontogeny. A heterochronic shift
involving post-displacement in neural arch and neural
development, together with reduction or lack of interaction
between the integument and underlying musculoskeleton
was presented as a cause for the complete reduction (i.e.,
loss) of neurals in fossil and extant pleurodires. Further-
more, new fossil finds, especially of Mesozoic stem-turtles
such as Odontochelys semitestacea, have revealed new and
exciting aspects of anatomy that shed light on the early
evolution of the group and the development of one of its key
features, the shell.
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Chapter 7

Geometric and Developmental Perspectives on the Evolution
of the Skull and Internal Carotid Circulation in Turtles

Tetsuto Miyashita

Abstract Internal carotid circulation is arguably one of the
most intensively analyzed morphological characters in
turtle systematics and, thus, it is critical for understanding
turtle phylogeny. I used landmark-based geometric mor-
phometrics to facilitate a quantitative analysis of variation
in turtle skull shape and osteological correlates of the
internal carotid circulation. The analysis indicates that the
position of the foramen posterior canalis carotici interni
differs among eucryptodires, paracryptodires, and pleurod-
ires, but remains relatively stable within these lineages. This
supports the hypothesis that the position of the foramen
posterior canalis carotici interni is a reliable character for
identifying higher turtle taxa. Results from the geometric
morphometric analysis are consistent with two of the three
traits recently proposed to affect patterns of internal carotid
circulation. However, these three traits do not fully explain
six different patterns of internal carotid circulation in
turtles. I identify the association between the internal
carotid artery and the palatine branch of the facial nerve
(CN VII) as a developmental constraint in turtles. Using this
association as a reference point, embryological observations
reported in the literature suggest morphogenetic processes
that may govern different patterns of internal carotid
circulation. When mapped on a phylogenetic tree,
some characters transform more than once independently.
The evolution of internal carotid circulation in turtles may
have been even more complex than reconstructed in this
paper, because of uncertain relationships among basal
eucryptodires and because of a mosaic of character states
in that critical part of the tree.

Keywords Cranial arteries � Cranial foramina � Cranial
nerves � Cryptodira � Eucryptodira � Pleurodira

Introduction

Internal carotid circulation has been an important source of
phylogenetic characters in turtles, partly because the vessels
irrigating the skull are associated with osteological corre-
lates, such as foramina and bony canals, and partly because
the pattern of the circulation is relatively conservative
within each purported clade. This is a long-standing view
(McDowell 1961; Albrecht 1967, 1976; Gaffney 1975a) that
has been supported by subsequent morphological-based
phylogenetic studies. In a pair of recent studies, Jamniczky
(2008) and Jamniczky et al. (2006) provided an assessment
of homologies and a comprehensive review of the phylo-
genetic implications of turtle internal carotid circulation.
Given the additional literature entirely devoted to this
character (e.g., Jamniczky and Russell 2004, 2007; Sterli
and de la Fuente 2010; Sterli et al. 2010), internal carotid
circulation arguably is one of the most intensively analyzed
morphological traits in turtle systematics.

The advent of molecular phylogenetics has added a new
facet to discussions regarding the phylogenetic utility of
patterns of internal carotid circulation in turtle systematics.
In a classic example of a conflict between molecular and
morphological data, the phylogenetic signal of these mor-
phological characters is inconsistent with phylogenetic trees
generated from molecular data. The Trionychoidea are a
clade of cryptodires supported by morphological characters,
encompassing carettochelyids (pig-nosed turtles), dermate-
mydids (Mesoamerican river turtles), kinosternids (mud
turtles), and trionychids (soft-shelled turtles) (Gaffney
1975a; Meylan and Gaffney 1989). Support for this clade
partly comes from earlier suggestions (McDowell 1961;
Albrecht 1967) that trionychids and kinosternoids share
similar relative diameters of their cranial arterial foramina
and canals. The relative dimensions of the foramina indicate
a decrease in stapedial circulation and an increase in
internal carotid circulation. In concert with other cranial and
postcranial characters, the Trionychoidea are repeatedly
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recovered as a clade in morphological phylogenetic analy-
ses (Gaffney et al. 1991; Gaffney 1996; Shaffer et al. 1997;
Brinkman and Wu 1999). However, molecular phylogenetic
analyses using mitochondrial, ribosomal, and/or nuclear
DNA have consistently rejected a monophyletic Triony-
choidea (Shaffer et al. 1997; Fujita et al. 2004; Krenz et al.
2005; Near et al. 2005). This molecular versus morpho-
logical conflict does not entirely hinge on the reliability of
the phylogenetic signal furnished by the internal carotid
circulatory characters—Joyce’s (2007) morphological phy-
logenetic analysis still supported, albeit weakly, a mono-
phyletic Trionychoidea, even in the absence of any
synapomorphies based on internal carotid circulatory mor-
phology. Instead, this conflict in tree topologies highlights
the need to reassess evidence supporting either of the
hypotheses. On the morphological side of the conflict, a
reassessment presents a methodological challenge of how to
represent phylogenetic signals expressed in morphological
characters.

Out of concern with the non-independence of internal
carotid circulatory characters, Jamniczky (2008) relied on
overall internal carotid circulatory pattern as the locus of
homology, in contrast to Gaffney (1975a) who compared
sizes of the foramina for the cranial arteries one to one. This
led to an unexpected interpretation that the internal carotid
circulatory pattern of kinosternoids is more similar to that of
testudinoids than to that of trionychians (Jamniczky 2008;
‘‘Trionychia’’ sensu Gaffney 1975a). Jamniczky’s (2008)
analysis concluded that the conditions in kinosternoids and
trionychians were autapomorphic for each clade, not syna-
pomorphic between the two clades. Therefore, the phylo-
genetic signal expressed by the internal carotid circulatory
morphology does not contribute to resolution of the
molecular versus morphological conflict, because the
character is uninformative for defining cryptodire suprafa-
milial relationships. The lesson from Jamniczky’s (2008)
reappraisal, aside from the molecular versus morphological
conflict, is that rigorously tested definition and delimitation
are crucial to the ability of a morphological character to
reflect phylogenetic signal.

Here I look at another aspect of phylogenetic signal in
turtle internal carotid circulation, namely the position of
entry for the internal carotid artery into the skull. Using
geometric morphometrics, I quantified variation in position
of the entry of the internal carotid artery with respect to
variation in positions of other cranial landmarks. Simulta-
neously, the morphometric analysis identified cranial land-
marks that correlate with patterns of internal carotid
circulation. Some of the correlated landmarks were con-
sistent with factors recently proposed to affect patterns of
internal carotid circulation. This information helps support
and revises certain characters that have been widely used in
turtle systematics. I also used embryological evidence to

propose potential factors responsible for the anteroposterior
variation in position of entry of the internal carotid artery. In
this analysis, an association between the internal carotid artery
and the palatine branch of the facial nerve (CN VII) is posited
as a developmental constraint. Lastly, I mapped characters of
the internal carotid circulation onto a turtle phylogeny.

Review of Turtle Internal Carotid Circulation
and Previous Studies

General Morphology

The basic eucryptodire condition for the internal carotid
artery and its main banches are shown in Fig. 7.1. Names for
foramina and canals in the turtle skull follow Gaffney (1972a,
1979b). Before the cranial entry of the internal carotid artery,
the stapedial artery (sa in Fig. 7.1) branches off through the
foramen stapediotemporale; this foramen is vestigial in
kinosternoids and absent in Baptemys and Dermatemys
(McDowell 1961). After entering the skull through the fora-
men posterior canalis carotici interni (fpcci in Fig. 7.1) and
extending along the canalis caroticus internus, the internal
carotid artery (ica in Fig. 7.1) anteriorly bifurcates into the
cerebral carotid artery (cca in Fig. 7.1), which enters into the
foramen anterior canalis carotici interni and the palatine
artery (pa in Fig. 7.1), which passes through the canalis ca-
roticus lateralis entering into the foramen caroticus lateralis.
The mandibular and orbital arteries (ma and oa, respectively,
in Fig. 7.1) represent secondary major branches that originate
either from the stapedial artery (general pattern; Fig. 7.1) or
the palatine artery (kinosternoids; not shown). In triony-
chians, the terms mandibular artery and pseudopalatine artery
apply to the vessels that have the same topographical origins
as the cerebral carotid and palatine arteries, respectively, in
other turtles (Albrecht 1967; Jamniczky 2008). In the tri-
onychian scheme, the mandibular artery (entering into the
canalis caroticus lateralis) and pseudopalatine artery (enter-
ing into the foramen anterior canalis carotici interni) branch
off the internal carotid artery instead, and the orbital arteries
irrigate downstream of the pseudopalatine artery (Jamniczky
and Russell 2007). The trionychian scheme is independently
repeated in chelonioids (Gaffney 1984; Jamniczky 2008).

Variation in Internal Carotid Circulation

Branching patterns and relative sizes of vessels constitute
the primary phylogenetic signal in the internal carotid cir-
culation of turtles. Both branching patterns and arterial
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diameters set different groups of turtles apart from each
other (McDowell 1961; Albrecht 1967, 1976). Gaffney
(1975a) was the first to translate this information for sys-
tematic use in turtles. In addition to differences in the rel-
ative position of the foramen posterior canalis carotici
interni (discussed later in this section), he identified
reduction of the stapedial artery as diagnostic for the

Trionychoidea and enlargement of the stapedial artery as
diagnostic for the Testudinoidea. That condition is reliably
measured by the sizes of the foramina and canals through
which the vessels pass (Jamniczky and Russell 2004). Thus,
the foramen stapediotemporale (the dorsal opening of the
stapedial canal) is smaller relative to the foramen posterior
canalis carotici interni in trionychoids than in other turtles,
and the reverse is true in testudinoids. Furthermore, the
canalis caroticus lateralis increases in size in dermatemyd-
ids and kinosternids, which has been interpreted as a syn-
apomorphy linking the two families within the more
inclusive Kinosternoidea. However, Jamniczky (2008)
showed that sizes of the foramina are correlated with each
other because the cranial arteries diverge from the same
source artery. Therefore, those characters are not indepen-
dent but, instead, represent two conditions in the intercon-
nected internal carotid circulatory pattern. Jamniczky
(2008) argued that both conditions should be treated as
states under a single character. An extensive review by
Jamniczky and Russell (2007) brought the entire internal
carotid circulation within the scope of analysis, and the
internal carotid circulatory character in support of the Tri-
onychoidea was revised into separate states, one autapo-
morphic for trionychians and the other autapomorphic for
kinosternoids. Their revised character assessment neither
supported nor rejected monophyly of the Trionychoidea.

Evolution of the Foramen Posterior
Canalis Carotici Interni

Internal carotid circulation yields another heavily discussed,
clade-specific character in turtle systematics—the location
of the entrance of the internal carotid artery into the skull
via the foramen posterior canalis carotici interni (Fig. 7.2).
This is unexplored territory for quantitative character
analysis. So far, the following four interpretations have
been offered for evolution of this foramen.

(1) Gaffney (1975a) distinguished paracryptodires from
eucryptodires, partly based on the more anterior location of
the foramen posterior canalis carotici interni along the
basisphenoid-pterygoid suture in paracryptodires. In eu-
cryptodires, the foramen opens at or near the posterior end of
the pterygoid (Gaffney 1975a; Gaffney and Meylan 1988).

(2) Revising Gaffney’s (1975a) hypothesis, Evans and
Kemp (1976) and Rieppel (1980) offered an alternative
interpretation for the paracryptodire condition by suggesting
that the more anterior position of the foramen represents
a gradient, possibly a plesiomorphy with respect to the
eucryptodire condition. These authors viewed paracrypto-
dire condition as representing a gradual transition toward

Fig. 7.1 Schematic drawing showing generalized path of the internal
carotid artery and its major branches in a representative eucryptodire
turtle skull (Adocus sp.; modified after Meylan and Gaffney 1989), in
ventral view. The internal carotid artery enters the skull through the
foramen posterior canalis carotici interni and gives rise to major
cranial arteries. The parabasisphenoid complex encloses the bifurca-
tion point between the cerebral and palatine arteries. Homology and
terminology of vessels are based on Jamniczky (2008); terminology
for foramina and canals follows Gaffney (1972a, 1979b). Shading of
arteries in black and in grey indicates, respectively, portions of arteries
outside of and within skull. Abbreviations: bcp bifurcation between the
cerebral carotid and palatine arteries; cca cerebral carotid artery; fpcci
foramen posterior canalis carotici interni; ica internal carotid artery;
ma mandibular artery; oa orbital arteries; pa palatine artery; sa
stapedial artery
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the eucryptodire condition and, hence, not a synapomorphy
that sets paracryptodires apart as a monophyletic group.

(3) Brinkman and Nicholls (1993) postulated independent
derivations for the foramen posterior canalis carotici interni
among clades. In their model, the internal carotid artery
initially was exposed ventrally, then later was covered by

extensions of palatal elements beneath the artery. These
extensions progressed from anterior to posterior in para-
cryptodires (thus the foramen formed anteriorly), but in the
opposite direction, from posterior to anterior, in eucryptod-
ires (thus the foramen formed posteriorly). This model
predicts three transitional stages in cryptodire evolution, all

Fig. 7.2 Variations in skull morphology and in position of the
foramen posterior canalis carotici interni across representative turtles.
Skulls are illustrated in ventral view and are shaded black; white dots
indicate the foramina posterior canalis carotici interni. Skulls and
foramina are not to scale. a, b Basal turtles: a Proganochelys
quenstedti (after Gaffney and Meeker 1983), illustrating the primitive
condition in which the foramen posterior canalis carotici interni is
absent (= pattern VI of Sterli and de la Fuente 2010); b Meiolania
platiceps (Meiolaniidae; after Gaffney 1983). c–f Eucryptodires:
c Adocus sp. (Adocidae; after Meylan and Gaffney 1989); d Chelydra

serpentina (Chelydridae; after Gaffney 1979b); e Solnhofia parsonsi
(Eurysternidae; after Gaffney 1979b); f Lissemys punctata (Triony-
chidae; after Gaffney 1979b). g, h Paracryptodires: g Boremys pulchra
(Baenidae; after Brinkman and Nicholls 1993); h Plesiobaena antiqua
(Baenidae; after Gaffney 1979b). i–l Pleurodires: i Bothremys mag-
hrebiana (Bothremydidae; after Gaffney et al. 2006); j Chelodina
expansa (Chelidae; after Gaffney 1979a); k Pelomedusa subrufa
(Pelomedusidae; after Gaffney 1979b); l Bairdemys venezuelensis
(Podocnemididae; after Gaffney and Wood 2002)
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corroborated by fossil examples: (1) the initial stage in
which the internal carotid artery was exposed ventrally (e.g.,
Kallokibotion bajazidi; Gaffney and Meylan 1992); (2) the
paracryptodire condition in which the artery is underlain by
palatal elements anterior to the foramen posterior canalis
carotici interni, and the foramen shifts posteriorward during
the course of paracryptodire evolution (Evans and Kemp
1976; Rieppel 1980; Brinkman and Nicholls 1993); and (3)
the transitional state into the eucryptodire condition in which
the artery is underlain by bone posteriorly, but the vessels
downstream of the internal carotid artery remain exposed
ventrally. For the last state, basal eucryptodires such as
Sinemys lens (Brinkman and Nicholls 1993) and Xinjiang-
chelys latimarginalis (Brinkman and Wu 1999) have a large
area in which the origin of the palatine artery from the
carotid artery is exposed. The foramen posterior canalis
carotici interni decreases in size in more derived eucryp-
todires (Meylan and Gaffney 1989) and it has disappeared in
many extant forms (Brinkman and Nicholls 1993). This
transition implies that enclosure of the carotid artery in eu-
cryptodires progressed anteriorly, thus supporting indepen-
dent originations for the different positions of the foramen
posterior canalis carotici interni in eucryptodires and para-
cryptodires. The implication of the multiple transitional
states in stem eucryptodires is that the position of this
foramen was acquired independently in pleurodires.

(4) Most recently, Sterli and de la Fuente (2010) rec-
ognized six distinct patterns of the internal carotid circu-
lation based on osteological correlates (patterns I–VI; see
Table 7.1). In a companion paper that provided detailed
studies of the basicrania of Plesiochelys and Pleurosternon,
Sterli et al. (2010) suggested three main factors influenced
variation in internal carotid circulation: (1) closure of the
interpterygoid vacuity, leading to formation of the canalis

caroticus lateralis (patterns I–V); (2) ventral expansion of
the parasphenoid, leading to development of a bony flooring
below the the split between the cerebral carotid and palatine
arteries (patterns I–III); and (3) posterior extension of the
pterygoid, leading to the foramen posterior canalis carotici
interni lying within the pterygoid (patterns I and IV). Sterli
and de la Fuente’s (2010) patterns I–VI largely adopted the
stages previously identified by Brinkman and Nicholls
(1993). Therefore, Sterli and de la Fuente’s (2010) scheme
can be viewed as a phylogenetic reappraisal of Brinkman
and Nicholls’s (1993) model. Sterli and colleagues’ major
conclusions were: (1) basal turtles exhibiting patterns V and
VI lack a foramen posterior canalis carotici interni; (2)
ventral expansion of the parasphenoid trapped the internal
carotid artery within the parabasisphenoid complex and
resulted in the ventral covering of the cerebral carotid-
palatine bifurcation (patterns I–III); and (3) posterior
expansion of the pterygoid characterizes pattern I and dif-
ferentiates pattern IV from pattern V, a reverse scenario
from Brinkman and Nicholls’s (1993) model.

Sterli et al.’s (2010) second conclusion raises an interest-
ing possibility that the postulated expansion of the parasph-
enoid and ventral exposure of the parabasisphenoid complex
may be positively correlated. If such a correlation can be
demonstrated, it would provide a morphometric surrogate to
correlate patterns I-III of the internal carotid circulation with
relative degrees of the ventral parasphenoid expansion.

Sterli et al. (2010) reinforced the hypothesis by Brinkman
and Nicholls (1993) that the foramen posterior canalis car-
otici interni might have been acquired multiple times in the
evolution of turtles, because the presence of the foramen is
variable among basal paracryptodires, basal eucryptodires,
and stem taxa of the crown-group Testudines (Sterli and de
la Fuente 2010; Sterli et al. 2010).

Table 7.1 Six patterns of the internal carotid circulation in turtles, based on Sterli and de la Fuente (2010)

Pattern Systematic distribution Split between verebral and
palatine arteries

Location of foramen posterior canalis
caroticus internus

Path of palatine
artery

I Eucryptodires Covered Pterygoid (posterior end) Canalis caroticus
lateralis

II Paracryptodires Covered Basisphenoid-pterygoid suture
(midway)

Canalis caroticus
lateralis

III Pleurodires Covered Prootic or elements underlying
prootic

Canalis caroticus
lateralis

IV Macrobaenids; Synemyids;
Meiolaniids

Exposed Pterygoid (posterior end; posteriorly
expanded)

Canalis caroticus
lateralis

V Kallokibotion; Mongolochelys;
Pleurosternon; Glyptodus

Exposed Absent Canalis caroticus
lateralis

VI Proganochelys; Kayentachelys;
Condorchelys; and others

Exposed Absent Interpterygoid
vacuity
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The Foramen Posterior Canalis Carotici Interni
in Recent Cladistic Analyses of Turtles

Hirayama et al.’s (2000) cladistic analysis included the
following character (their character 30): foramen posterior
canalis carotici interni formed by: 0, basisphenoid only; 1,
both basisphenoid and pterygoid halfway along the
basisphenoid-pterygoid suture; 2, prootic only; 3, formed
mostly or fully by pterygoid, foramen positioned near the
posterior end of the basisphenoid). Joyce (2007) used the
same character in his comprehensive morphological phy-
logenetics of turtles (his character 56). This character takes
five independent steps from the basal condition to the three
derived conditions (twice for states 2 and 3; Joyce 2007).

Although the evolution hypothesized for the posterior
internal carotid foramen foramen posterior canalis carotici
interni in eucryptodires and paracryptodires is complex, its
position is even more variable within pleurodires. The
carotid artery enters the prootic in chelids, pelomedusids,
and Araripemys, whereas it enters the basisphenoid and
pterygoid in bothremydines, cearachelyinians, euraxemyd-
ids, podocnemidids, Arenila, and Sankuchemys (Gaffney
et al. 2006). Several bothremydids provide exceptions
(Gaffney et al. 2006)—the foramen opens in the medial wall
of the basisphenoid in Kurmademys, in the quadrate in
Labrostochelys, and at the junction of the basisphenoid,
pterygoid, and quadrate in Taphrosphys spp., Bothremys
kellyi, and Zolhafa. As a result, Gaffney et al. (Gaffney et al.
2006, character 74) recognized seven states for this char-
acter. Gaffney et al. (2006) used another character to dis-
tinguish araripemydids, chelids, and pelomedusids from
bothremydids, euraxemydids, and podocnemydids (charac-
ter 75: posterior margin of pterygoid: 0, does not form
anterior margin of foramen posterior canalis carotici interni;
1, forms anterior margin of the foramen). Importantly, the
internal carotid artery passes through the prootic in all
pleurodires, with the possible exception of Kurmademys,
and the variation comes from extension of the underlying
elements that cover this passage (Gaffney et al. 2006).

Phylogenetic Hypotheses on the Position
of the Foramen Posterior Canalis Carotici
Interni

In summary, two levels of phylogenetic hypotheses exist
regarding the position of the foramen posterior canalis
carotici interni. At the higher level, differences in the
position of the foramen have been used to define major
clades of turtles. Gaffney (1975a) differentiated paracryp-
todires and eucryptodires based on position of the foramen.

Brinkman and Nicholls (1993), Sterli and de la Fuente
(2010), and Sterli et al. (2010) implied independent origins
of the foramen among pleurodires, paracryptodires, and
eucryptodires. At the lower level, Gaffney et al. (2006)
posited that differences in the position of the foramen also
comprise a phylogenetic signal among pleurodires.

To define these phylogenetic signals at higher and lower
levels, variation in the position of the foramen should be
quantitatively described and the source of that variation
should be identified. This information is crucial to character
definition and coding strategy in a phylogenetic analysis. A
single character with numerous states could confuse inde-
pendent signals from multiple sources of variation. On the
other hand, multiple characters based on a single source of
the variation could bias the analysis toward one character
state that is prerequisite to code for other characters.

Here I explore the issue of character definition and
coding strategy based on the foramen posterior canalis
carotici interni in turtles. The following four hypotheses are
tested: (1) the foramen posterior canalis carotici interni
varies in position between eucryptodires, paracryptodires
and pleurodires, and therefore provides potential synapo-
morphies that define each clade (Gaffney 1975a; Brinkman
and Nicholls 1993; Sterli and de la Fuente 2010); (2) ventral
exposure of the parabasisphenoid complex is greater in
patterns I-III than in patterns IV-VI (Sterli et al. 2010); (3)
posterior expansion of the pterygoid is associated with the
relatively posterolateral position of the foramen; and (4)
variation in the position of the foramen with respect to other
cranial bones within pleurodires (Gaffney et al. 2006) is due
to shifts in the positions of cranial bones relative to the
foramen.

Materials and Methods

Taxon Sampling

Turtle skulls often are illustrated in ventral view in
descriptions, and the ventral portion of the braincase pro-
vides suitable landmarks that are relatively resistant to
distortion and crushing. Significantly distorted or crushed
skulls of fossil turtles were excluded from the study.
Photographs were chosen over drawings. Reconstructions of
fossil skulls were included if they satisfied any of the fol-
lowing criteria: (1) the skull only lacked fragments along
the edges of bones or sutures, meaning that the original
outlines of elements could be extrapolated with confidence;
(2) missing or distorted parts were reconstructed from
corresponding elements on the other side of the skull, where
those parts were present and undamaged; or (3) the skull

76 T. Miyashita



could be retro-deformed along the direction of crushing. To
cover the diversity of turtles adequately, I included recon-
structed skulls of fossil taxa in the data set, instead of
building a data set solely on osteological specimens of
extant turtles. After a thorough literature search, published
figures of skulls (n = 145) from 132 turtle taxa were col-
lected and scanned (Appendix), the majority of which come
from E. S. Gaffney’s consistent and precise descriptions.

Among the taxa included, intraspecific variation in
skull morphology has been documented for the emydid
Pseudemys texana, the kinosternid Sternotherus odoratus,
and the baenid Palatobaena cohen (Bever 2008, 2009a, b;
Lyson and Joyce 2009a). For those taxa, all illustrated
specimens that document the variants were included. More
than one reconstruction exists for some fossil turtles
(e.g., Mongolochelys). If those reconstructions were based
on different specimens and done by different authors, all of
them were included.

The sample of turtle taxa represents a wide spectrum of
morphological variation and taxonomic diversity. This
paper follows the turtle phylogeny presented by Joyce
(2007) and includes representatives from the three major
radiations of turtles: pleurodires (n = 39), paracryptodires
(n = 21), and eucryptodires (n = 79). Four basal turtle taxa
(Kayentachelys, Meiolania, Mongolochelys, and Progan-
ochelys) also were included in the data set (n = 5); these do
not form a clade. Kayentachelys and Meiolania initially
were placed amongst basal eucryptodires (Gaffney 1983;
Gaffney et al. 1987, 2007b; Gaffney and Jenkins 2010) or as
basal cryptodires (Hirayama et al. 2000), but Joyce’s
analysis (2007) suggests that they represent basal lineages
outside crown clades of turtles. I follow this position for the
purpose of this paper, because Joyce (2007) presented
the most inclusive and up-to-date phylogenetic analysis of
turtles.

Landmark Descriptions

In total, 31 landmarks were assigned to skulls taken from
published figures (Fig. 7.3, Table 7.2) using TpsDig ver.
2.16 (Rohlf 2010). Three landmarks (2, 8, and 17) were
along the sagittal plane, 14 landmarks (1, 3–7, 9–16)
were on the right side, and the other 14 landmarks (18–31)
were on the left side and are counterparts of those on the
right. The landmarks on the left side (18–31) minimized
artificial variation in position of the midline landmarks
created by rotation of skull configurations during Procrustes
superimposition (Zelditch et al. 2004). Beyond Procrustes
superimposition and the following multivariate analysis of
variance (MANOVA) and canonical variate analysis
(CVA), however, the counterpart landmarks from the left
side were not considered. According to Bookstein’s (1991)
classification, seven landmarks (6, 7, 10–14) from the right
side and two landmarks from the sagittal plane (8 and 17)
are Type 2 (local minima and maxima of curvature),
whereas the rest are Type 1 (a juxtaposition of tissues).
These landmarks delineate the right half of an entire skull
from ventral view and also capture relative positions of the
ventral cranial elements. When assigned to a foramen, the

Fig. 7.3 A skull of Adocus sp. in ventral view (modified after
Meylan and Gaffney 1989), showing configurations of the 31
landmarks used in this study. Numbers along the midline and on
the anatomical right side of the skull correspond to landmarks listed
in Table 7.2. Three landmarks (2, 8, and 17) are along the sagittal
plane, 14 landmarks (1, 3–7, 9–16) are on the right side, and the
other 14 landmarks (18–31; not numbered in this figure) are on the
left side and are counterparts of those on the right. Positive and
negative directions of the anteroposterior (x) and lateromedial (y)
axes provide interpretation of the coordinates generated by Procrustes
superimposition (see Figs. 7.6, 7.7)
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landmark was placed at the intersection of the long axis and
the axis of greatest width. Most of the landmarks were
taken from the palatal or braincase floor of the skulls and,
thus, satisfied coplanarity (Zelditch et al. 2004). Only
landmarks 14 and 15 (and their counterpart landmarks from
the left side) and landmark 17 violated the coplanarity
assumption, because they were taken from horizontal
planes intersecting the skull more dorsally. However, these
landmarks were included because they were necessary to
capture the overall shape of the skull from a ventral view.
Because this study was designed to measure horizontal
displacement of landmarks with respect to the foramen
posterior canalis carotici interni, other sources of potential
information along the dorsoventral axis intentionally were
excluded.

Analysis 1: Position of the Foramen Posterior
Canalis Carotici Interni

First, I tested for clade-specific positions of the foramen
posterior canalis carotici interni and variation in the position
of the foramen within clades (hypotheses 1 and 4) using
geometric morphometrics. Therefore, taxa that lack the
foramen posterior canalis carotici interni (i.e., most basal
turtles, Glyptops, and Pleurosternon) were excluded from
this part of the study. The reduced data set (n = 139)

consists of one basal turtle (Meiolania), 80 eucryptodires,
19 paracryptodires, and 39 pleurodires. All sets of digitized
landmarks, or configurations, were scaled and rotated
to minimize distance between configurations using the
Procrustes method of generalized least square superimpo-
sition by CoordGen ver. 6 h (Sheets 2001). The Procrustes
method is explained in more detail in Rohlf (1990),
Bookstein (1991), and Zelditch et al. (2004).

The Procrustes coordinates of landmarks are Euclidian
projections from Kendall’s shape space to the tangent space
and, therefore, are not strictly interchangeable with the
Procrustes distance. However, the correlation between these
two was nearly perfect for this data set (a = 0.994;
r [ 0.999) (tpsSmall ver. 1.20; Rohlf 2003), which indi-
cated that distance in the Kendall tangent space closely
approximated the Procrustes distance. Therefore, the strong
correlation allows the topology of Procrustes coordinates
projected onto the Kendall tangent space to be treated as
variables of the superimposed landmark data.

Using Procrustes coordinates, I performed the following
four analyses to test whether position of the foramen pos-
terior canalis carotici interni varies among eucryptodires,
paracryptodires, and pleurodires: (1) Goodall’s F test for
significant difference in mean skull shapes between the
three major clades (i.e., eucryptodires, paracryptodires, and
pleurodires); (2) MANOVA (multivariate analysis of vari-
ance) of partial warp scores calculated from the Procrustes
coordinates, which was followed by CVA (canonical variate
analysis); (3) CVA of the Procrustes coordinates and

Table 7.2 List of landmarks
used in this study

Landmark number and description Type

1 Foramen posterior canalis carotici interni 1

2 Interpremaxillary suture at ventral margin of skull 1

3 Premaxilla-maxillary contact at ventral margin of skull 1

4 Internal naris (anterior extreme) 1

5 Maxilla-jugal contact at ventral margin of skull 1

6 Pterygoid at subtemporal fenestra (anterolateral extreme) 2

7 Lateral extreme of medial margin of subtemporal fenestra 2

8 Parabasisphenoid (anterior extreme) 2

9 Parabasisphenoid-basioccipital contact (lateral extreme) 1

10 Lateral extreme of quadrate condyle 2

11 Medial extreme of quadrate condyle 2

12 Quadrate (posterolateral corner on ventral side) 2

13 Pterygoid (posterolateral extreme) 2

14 Squamosal (posterior extreme) 2

15 Opisthotic-squamosal contact at posterior margin of skull 1

16 Basioccipital-exoccipital contact (lateral extreme) 1

17 Posterior extreme of occipital condyle 2

Numbers in left column correspond to landmarks labeled on Fig. 7.3. ‘‘Type’’ refers to the classification by
Bookstein (1991)
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analysis of the loadings on canonical variate axes; and (4)
comparison of sample variances of the Procrustes coordi-
nates. Meiolania was used to calculate Procrustes distance
so as not to bias the superimposition, but it was excluded
from all subsequent analyses because it does not belong to
any of the subsets (i.e., eucryptodires, paracryptodires, and
pleurodires) compared here.

Goodall’s F was used to test for significant difference
between mean skull shapes of the eucryptodire, paracryptodire,
and pleurodire clades in a pair-wise comparison performed
by TwoGroup ver. 6 h (Sheets 2005). F score was boot-
strapped (n = 1000, p = 0.001). Similarly, a bootstrap
analysis (n = 4900) provided 95% confidence intervals for
Procrustes distance between mean skull shapes of the
clades. Thin-plate spline deformation also was performed to
visualize divergence of a mean skull shape for each clade
from a mean skull shape of the data set. The area of
deformation suggests landmarks displaced from the global
mean of the data set. This test was followed by MANOVA
of partial warp scores using CVAGen ver. 6 l (Sheets 2004),
the purpose of which was to evaluate whether or not dif-
ference in mean skull shapes of the clades represents mor-
phological divergence. CVA is a graphical representation of
MANOVA of partial warp scores. Turtles show a wide
spectrum of morphology from an anteroposteriorly long and
lateromedially narrow skull to an anteroposteriorly short
and lateromedially wide skull. This variation occurs within
each major clade and results in superficial resemblance in
skull shapes among distantly related turtles. CVA is the
ordination method that maximizes distance between group
means and, therefore, is capable of detecting underlying
morphological differences that separate a clade containing a
diverse array of skull shapes from other clades. Well-sep-
arated clusters in CVA would indicate that at least some
landmarks have distinct topologies that characterize skull
morphology of the clade.

Next, I used CVA of Procrustes coordinates to explore
variances of the landmarks that resulted in distribution of
the specimens in CVA (PAST ver. 3.2; Hammer et al.
2010). Partial warp scores provide an accurate representa-
tion of shapes defined by the landmarks, but CVA based on
partial warp scores cannot answer the question as to which
landmark contributed differences between groups. This is
because partial warp scores describe shape space and,
therefore, only have 2N-4 variables (N = number of
landmarks) (Zelditch et al. 2004). To circumvent this
problem, I compared CVA of Procrustes coordinates (which
are translated into Euclidian space) with CVA of partial
warp scores for the three major clades. The use of Pro-
crustes coordinates is also justified by the nearly perfect
correlation between the coordinates and Procrustes distance
(a = 0.994; r [ 0.999) (tpsSmall ver. 1.20; Rohlf 2003).
The expectation was that the CVAs would produce plots

with nearly identical data distributions. With the two results
deemed to be similar enough based on the ratios of eigen-
values and the distributions of specimens, loadings of each
landmark coordinate on canonical variate axes in CVA of
Procrustes coordinates were interpreted as components of
the difference explained by the canonical variate axis. In
other words, the loadings are the contribution of landmark
coordinates to the difference between mean skull shapes of
the clades.

By this rationale, CVA loadings would show which
landmark coordinates loaded heavily on the axes that best
discriminate skull shapes of the major clades. Instead of
using raw magnitudes of the loadings, contributions of the
landmark coordinates to CVA of partial warp scores were
inferred from relative magnitudes of the loadings. For
example, the hypothesis that position of the foramen pos-
terior canalis carotici interni can be used as a synapo-
morphy for each of the three major clades predicts
relatively higher loading of the coordinates of the foramen
on the first canonical variate axis than coordinates of other
landmarks.

Finally, I divided the data set into eucryptodires, para-
cryptodires, and pleurodires and performed Procrustes
superimposition separately for each clade. The resulting
Procrustes coordinates were generated without the influence
of skull configurations from other clades and, therefore,
were desirable for examining variation in the skull mor-
phology within each clade. Sample variance was calculated
for each Procrustes coordinate. This information is critical
for two reasons. First, landmarks that differ in position
significantly between the mean skull configurations (thin-
plate spline deformation and CVA) do not necessarily lead
to morphological characters that distinguish one clade from
another. This is because positional variation of the landmark
within clades may swamp the difference between the
means. An overlap between the clade-specific variations
would present difficulty when evaluating a character state.
Second, landmarks that are not helpful in distinguishing
clades may either be highly variable or highly conserved in
position within and across the subsets. Therefore, if a
landmark loaded heavily on any of the canonical variate
axes and varied greatly within the clades, it would suggest
that the variation within the clades may be too great to
detect the difference between the clades even though the
mean positions differ significantly. If a landmark that
loaded heavily in CVA varied little within the clades, it
would suggest that the position of the landmark differs
between the clades and remains stable within the clades. In
this case, the difference between the clades may be trans-
lated into discreet character states. A high variation of a
landmark within the clades may also be used to infer
potentially useful characters below the taxonomic level
examined in this study.
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Analysis 2: Cranial Landmarks Correlated
with Internal Carotid Circulation

After testing for the clade-specific positions of the foramen
posterior canalis carotici interni [thereby supporting Sterli
and de la Fuente’s (2010) patterns I–IV], I compared the
overall skull shapes of turtles. I evaluated if any of the other
landmarks vary in correlation with Sterli and de la Fuente’s
patterns I-VI and tested for the morphological characters
correlated with each pattern. This second set of analyses
included all of the taxa from the data set (n = 144), but
excluded the landmark representing the foramen posterior
canalis carotici interni (1 and 18) for two reasons: first, to
include the taxa representing patterns V and VI, which lack
the foramen, and, second, to eliminate false variance
transferred from the foramen to the neighboring landmarks
(see discussion, ‘‘Potential Sources of Error’’).

I next divided the data set into two comparative groups in
the following four combinations: (1) turtles with the foramen
posterior canalis carotici interni (patterns I–IV) and turtles
without the foramen (patterns V and VI); (2) turtles with
the bifurcation of the internal carotid artery enclosed within the
parabasisphenoid complex (patterns I-III) and turtles with the
ventrally exposed bifurcation (patterns IV–VI); (3) turtles in
which the canalis caroticus internus is restricted the pterygoid
and parabasisphenoid (patterns I, II, and IV) and turtles in
which the canalis caroticus internus is absent or associated with
the prootic (patterns III, V, and VI); and (4) turtles with the
foramen posterior canalis carotici interni associated with the
basicranium (patterns II and III) and turtles with the foramen
not associated with the basicranium (patterns I and IV). In each
of the combinations, the morphology characterized by the
alternative patterns represents a plesiomorphic condition with
respect to the morphology that characterizes the initial pat-
terns. Therefore, I performed thin-plate spline deformation of
the latter patterns to the former patterns, not between the mean
skull shape of each of the patterns and the global mean skull
shape of the entire data set as in Analysis 1. For the last com-
bination, turtles with patterns V and VI were excluded because
the foramen is absent in theoe taxa. The analytical procedure
for each combination followed Analysis 1 (steps 1–4).

Patterns V and VI were treated together throughout this
section, because those patterns are correlated with a discrete
morphological character, namely the presence or absence of
the interpterygoid vacuity (Sterli and de la Fuente 2010).

Potential Sources of Error

The data set used in this paper includes only 21 paracryptod-
ires, a number substantially lower than either eucryptodires or
pleurodires. The Paracryptodira (pattern II) consist entirely of

fossil taxa, many of which are known from incomplete skulls
unsuitable for digitization. Patterns IV–VI also are greatly
underrepresented in the data set, because suitable fossil skulls
of macrobaenids, synemyids, and basal turtles are rare. It is
unlikely that the sample size of paracryptodires, macrobae-
nids, synemyids, and basal turtles will dramatically increase in
the near future. The only strategy to deal with unequal sample
sizes is to exercise caution when interpreting variances within
these groups. The most extreme example of this situation in
this paper is that the sample size of turtles with the foramen
posterior canalis carotici interni (n = 139) overwhelms that of
the turtles without the foramen (n = 6). Goodall’s F test is
sensitive to an overlap of the ranges between two groups, if not
too stringent a method for some geometic morphometric
studies (Zelditch et al. 2004). Therefore, a P-value substan-
tially smaller than 0.001 in this test implies that the observed
difference is unlikely to be an artifact of sample size.

The large sample size of eucryptodires with pattern I
(n = 74) is problematic, because a global mean skull shape
of the data set was biased toward pattern I. Therefore, the
mean skull configuration of pattern I would appear less
divergent from the global mean than the means of patterns
II and III, and vice versa. As a result, a thin-plate spline
deformation of the true global mean to the mean of pattern I
would be underrepresented. In Analysis 1, the results of the
thin-plate spline deformation were interpreted with this bias
in mind, and I did not invoke an argument as to which
pattern diverged more from the global mean than others. In
Analysis 2, the large sample size of eucryptodires precluded
comparisons between pattern II and all others and between
pattern III and all others, because the sample sizes of pattern
IV–VI were overwhelmed by that of pattern I. As such,
these comparisons largely would repeat the initial compar-
ison among patterns I ? IV, II, and III in Analysis 1.

To test for error by the observer, twenty specimens were
randomly selected from the data set. I digitized the land-
marks in these specimens twice with a four-month interval
intervening. Using Procrustes coordinates, I compared the
two sets of the digitized specimens in Goodall’s F test
and MANOVA of partial warp scores followed by CVA.
Goodall’s F test cannot reject the null hypothesis that these
two samples were identical with P [ 0.9999 (F = 0.27; df =

58.00, 2204.00; distance between means = 0.0258; SE =

0.0132). CVA of partial warp scores showed that these two
samples overlapped (data not shown). Consequently, obser-
ver error in this study is considered negligible.

Another potential source of error in this study is that I
compared three major clades, but did not take into account
phylogenetic distance among the taxa within each clade.
Phylogenetic distance cannot be calculated consistently,
because no single cladistic data set includes all the turtle taxa
used in this study. Eucryptodires, paracryptodires, and
pleurodires each have been consistently recovered as a
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monophyletic clade (e.g., Gaffney 1975a; Gaffney et al.
2006; Joyce 2007). The purposes of this study are to evaluate
the previously proposed, qualitatively accepted hypothesis
that the position of the foramen posterior canalis carotici
interni differs markedly among these major clades (Gaffney
1975a; Brinkman and Nicholls 1993) and to find osteologi-
cal correlates with the major arterial patterns (Sterli and de la
Fuente 2010; Sterli et al. 2010). Both these clades and the
arterial patterns have been dealt with as discrete categories
in the literature and were incorporated in the design of this
study as such. Instead of estimating phylogenetic distance, I
used comparisons of sample variances within the clades or
the arterial patterns to rule out variation within the clades or
patterns (due to phylogenetic distance) as a possible source
of significant difference between the means.

Finally, superimposition of landmark data may introduce a
‘‘Pinocchio effect’’ in which one highly variable landmark
transfers its variance to other landmarks when fitting the con-
figuration to the reference (Walker 2000). The least squares
principle of the Procrustes method in scaling and rotating is
vulnerable to such distortion when incorporating a landmark
with exceedingly large relative displacement (Chapman 1990).
Resistant-fit superimposition of repeated medians is robust to
this problem, but could not be used in this study because the
method departs from the Procrustes distance metric. Although it
is difficult to quantify landmark variance allocated by the Pi-
nocchio effect in a given data set, often the effect is assumed to
be negligible as long as no extreme local change is observed in
the sample (Zelditch et al. 2004); that is the position followed in
this paper. None of the landmarks used herein marks a mini-
mum or maximum of an extremely variable structure that could
extend longer than the skull itself, which would have warranted
invoking the Pinocchio effect. Nevertheless, deformation was
carefully evaluated if any neighbor landmark markedly shifted.

Results

Analysis 1: Position of the Foramen Posterior
Canalis Carotici Interni

A pair-wise comparison using Goodall’s F test finds support
for significant differences in mean skull shapes among
eucryptodires, paracryptodires, and pleurodires (Table 7.3).

Mean skull configurations and their transformation by the
thin-plate spline method (Fig. 7.4) indicate the following
three major differences in position of the foramen posterior
canalis carotici interni: (1) the foramen posterior canalis
carotici interni is more posterior in eucryptodires than in
paracryptodires and pleurodires; (2) the foramen is more
anterior and more medial in paracryptodires than in
eucryptodires and pleurodires; and (3) the foramen is more
lateral in pleurodires than in eucryptodires and paracryp-
todires. In association with these differences, the landmarks
for the parabasisphenoid complex show anterior displace-
ment in paracryptodires (landmarks 8 and 9) and lateral
expansion in pleurodires (9). However, the anteromedial
displacement of landmark 9 in paracryptodires may be due
to variances allocated by the foramen posterior canalis
carotici interni, which also is displaced anteromedially. The
pterygoid (6, 7, 13) shows anteroposterior expansion in
eucryptodires, posterolateral expansion in paracryptodires,
and anteroposterior shortening in pleurodires. In pleurod-
ires, the posterolateral extreme (13) is displaced markedly
anteriorly, and the lateral extreme of the subtemporal
margin of the pterygoid (7) is laterally expanded and more
posterior in position. Overall skull shape (2, 3, 17) is
anteroposteriorly shorter in paracryptodires and pleurodires.
The portion of the skull behind the palate is relatively short
anteroposteriorly and wide lateromedially in paracryptod-
ires compared to the other two clades. These topological
differences between the mean skull configurations are can-
didates for morphological characters to distinguish these
clades. However, these differences may be swamped by
variation within the clades (tested in CVA and plots of
variances).

CVA of partial warp scores results in two significant
canonical variate axes (Fig. 7.5), as follows: Axis 1:
eigenvalue = 11.792; Wilk’s k = 0.0073; df = 116;
P \ 0.001; 55% of total variance; and Axis 2: eigen-
value = 9.7225; Wilk’s k = 0.0932; df = 57; P \ 0.001;
45% of total variance. All of the taxa included in CVA
segregate into well-defined clusters comprised of eucryp-
todires, paracryptodires, and pleurodires. The first canonical
variate axis separates all three clusters. Amongst these, the
most distant are eucryptodires and pleurodires. Paracryp-
todires are closer to eucryptodires than to pleurodires along
the first axis. The second canonical variate axis separates

Table 7.3 Results from Goodall’s F test. Eucryptodires, paracryptodires, and pleurodires were compared pair-wise

Pair-wise Comparisons F df P D Low D High D SE

Eucryptodires Paracryptodires 19.37 58.00, 5568.00 \0.001 0.1572 0.1441 0.179 \0.01

Eucryptodires Pleurodires 21.64 58.00, 6728.00 \0.001 0.132 0.1219 0.1485 \0.01

Paracryptodires Pleurodires 10.4 58.00, 3248.00 \0.001 0.1374 0.1289 0.16 \0.01

Procrustes distance between means of the clades was bootstrapped to determine a 95% confidence interval (Low D and High D). Other
abbreviations for column heaadings: D Procrustes distance between means; df Degree of freedom; F F score; P Probability; SE Standard error
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paracryptodires from the rest of the data set. The test of
grouping based on Mahalanobis distance between the
specimens and the group means indicates that all of the
specimens are grouped correctly within the clades to which
they belong at the highly significant level P \ 0.01 (data
not shown). Despite superficial resemblance in overall
skull shape between turtles from distantly related clades,
Goodall’s F and CVA do suggest divergence in skull
morphology between the major clades. In other words, one
or more landmarks consistently vary between the clades.

To correlate the divergence in skull morphology (CVA
of partial warp scores) and the landmarks that differ in
positions between mean skull configurations (Goodall’s F),
CVA of Procrustes coordinates was undertaken. This results
in two significant canonical variate axes (Axis 1: eigen-
value = 13.01; Wilk’s k = 0.0061; df = 124; P \ 0.001;
Axis 2: eigenvalue = 10.8; Wilk’s k = 0.0052; df = 146;
P \ 0.001) and well-separated clusters in similar topo-
graphical relationships. Furthermore, the ratios of eigen-
values of the first two significant canonical variate axes

Fig. 7.4 Landmark-vector plots
of mean skull configurations,
from Analysis 1, based on
Procrustes coordinates and their
thin-plate spline deformation
from the global mean skull
configuration: a eucryptodires;
b paracryptodires; c pleurodires.
Grey silhouettes represent the
global mean skull configuration.
Small arrows in the landmark-
vector plots of mean skull shapes
(left plot) indicate displacement
of landmarks as inferred by the
corresponding thin-plate spline
deformation (right plot)
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almost coincide with each other between the two CVAs (the
ratio for partial warp scores = 1.21; the ratio for Procrustes
coordinates = 1.2). Thus, in both CVAs, the first canonical
variate axis explains approximately 20% more variance
than explained by the second axis. The almost identical
feature of the two CVAs allows treating loadings on CVA
of Procrustes coordinates as approximated contributions of
these landmark coordinates to CVA of partial warp scores.

A bivariate plot of loadings on the first two canonical
variate axes (Fig. 7.6) indicates outliers that load on one or
both of the axes more heavily than other landmark coordi-
nates. Variances of these outlier coordinates contribute to the
separation of the major clades in CVA (Fig. 7.5). Along the
first canonical variate axis that largely discriminates pleu-
rodires from eucryptodires and paracryptodires, six landmark
coordinates score an absolute value of loading greater than
0.002: anteroposterior coordinates of the foramen posterior
canalis carotici interni (1x), the snout (2x, 3x), and the pos-
terolateral extreme of the pterygoid (13x), and both antero-
posterior and lateromedial coordinates of the lateral extreme
of the subtemporal margin of the pterygoid (7x, y). Along the
second canonical variate axis that discriminates paracryp-
todires from eucryptodires and pleurodires, eight landmark
coordinates score an absolute loading greater than 0.002: both
anteroposterior and lateromedial coordinates of the foramen
posterior canalis carotici interni (1xy), anteroposterior coor-
dinates of the snout tip (2x, 3x), the quadrate (10x, 11x, 12x),
and the occipital condyle (17x). Amongst these coordinates,
three (1x, 7x, 13x) are outside a 95% ellipse. The antero-
posterior coordinates of the foramen posterior canalis carotici

Fig. 7.5 Bivariate plot of CVA
of partial warp scores, from
Analysis 1, showing the two
significant canonical variate axes.
Eucryptodires, paracryptodires,
and pleurodires segregate into
their respective, well-separated
clusters. Mean skull
configurations (from Fig. 7.4) are
depicted beside each cluster.
Symbols: solid circle
eucryptodires; 9 paracryptodires;
star pleurodires

Fig. 7.6 Bivariate plot of loadings of Procrustes coordinates on the
two significant canonical variate axes, from Analysis 1. The farther
away from the origin (0, 0) along either or both of the axes, the higher
the loading on the axis and the more important the landmark
coordinate is for setting apart eucryptodires, paracryptodires, and
pleurodires from each other. Shaded area represents the zone of
relatively small variance (i.e., date points in that zone are less useful
for differentiating clades). Data points outside the shaded area
represent landmarks with relatively high loading on either of the
canonical variate axes (i.e., data points that are more useful for
differentiating clades). Numbers correspond to landmarks (see
Fig. 7.3, Table 7.2); ‘‘x’’ is an anteroposterior coordinate; and ‘‘y’’ is
a lateromedial coordinate. Only outlier landmarks are labeled
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interni (1x) and the occipital condyle (17x) load more heavily
on the second canonical variate axis than on the first axis,
whereas the subtemporal extreme (7xy) and the posterome-
dial extreme (13x) of the pterygoid load more on the first axis
than on the second axis.

Bivariate plots of sample variances for anteroposterior
(x) and lateromedial (y) Procrustes coordinates identify

landmarks that vary little and others that vary greatly within
the clades (Fig. 7.7). In all clades, variances along the
anteroposterior axis (x) tend to be greater than those along
the lateromedial axis (y). In eucryptodires (Fig. 7.7a), the
snout (2, 3), the quadrate (10, 12), and the occipital condyle
(17) show large anteroposterior variances among other
landmarks. The internal naris (4) and the occipital region
(14, 15, 17) are the areas of relatively high anteroposterior
variance, whereas the lateromedial width across the antor-
bital region (5) is variable. In contrast, the foramen pos-
terior canalis carotici interni (1) is the least variable of all
the landmarks. The parabasisphenoid complex (8, 9) shows
minimal lateromedial variances, which is expected because
the landmark 8 is along the midline of the skull. The pter-
ygoid (7, 13) also shows small variances.

In paracryptodires (Fig. 7.7b), the parabasisphenoid
complex (8, 9) shows large anteroposterior variances along
with the internal naris (4). The foramen posterior canalis
carotici interni (1) is one of the least variable landmarks.
The pterygoid (7, 13), the quadrate (10–12), and the occiput
(17) have relatively small variances. Anteroposterior vari-
ances of the snout (2, 3) are intermediate between the less
variable and the more variable.

In pleurodires (Fig. 7.7c), almost all the land-
marks shows both anteroposterior and lateromedial vari-
ances smaller than 0.001, except for anteroposterior
coordinates of the anteror extreme of the parabasisphenoid
complex (8) and the occipital condyle (17). The foramen
posterior canalis carotici interni (1) has relatively small
variances, although it is not amongst the least variable
landmarks. The snout (2, 3) is the area of the least
variances.

Analysis 2: Cranial Landmarks Correlated
with Internal Carotid Circulation

In the second set of analyses, I identified landmarks
contributing to difference in mean skull shapes between the
modes of the internal carotid circulation (Sterli and de la
Fuente 2010) and tested if the landmarks corroborate mor-
phological transitions proposed to correlate with the modes
of the internal carotid circulation (Sterli et al. 2010).

Goodall’s F test supports significant difference in skull
shapes between turtles with the foramen posterior canalis
carotici interni (patterns I–IV) and those without the fora-
men (patterns V and VI), as follows (abbreviations as for
Table 7.3): F = 2.81; df = 54.00, 7614.00; P \ 0.001; D
(95% confidence) = 0.1181 (Low D = 0.1038, High
D = 0.1660); SE = 0.0196. Deformation of the mean skull
shape of patterns V and VI (Fig. 7.8a) shows that the mean

Fig. 7.7 Bivariate plots of sample variances of the landmarks
calculated from Procrustes coordinates, from Analysis 1: a eucryptod-
ires; b paracryptodires; c pleurodires. Only landmarks either discussed
in text or associated with unusually high variances are labeled. Each
number represents a landmark from the right side of a skull
(Table 7.2). As in Fig. 7.3, ‘‘x’’ represents the anteroposterior
component (sample variance of the anteroposterior coordinates); ‘‘y’’
represents the lateromedial axis (sample variance of the lateromedial
coordinates); and shaded area represents the zone of relatively small
variances to exclude outliers. Small variance means that the landmarks
vary little within a clade, whereas large variances suggest significant
variation of the landmarks within the clade
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skull shape of patterns I–VI has the following characteris-
tics: the basicranium is expanded strongly posterolaterally
(landmarks 9 and 16–18) and slightly anteriorly (8); the
internal naris (4) is more posterior in position; and the
antorbital region (5) and the occiput (15) are shortened
anteromedially. In CVA of the Procrustes coordinates that
followed after comparison with CVA of partial warp scores,
eleven landmark coordinates score high loadings (upper and

lower 25% of the range of variation) on the single
significant canonical variate axis: 4x, 5xy, 9y, 14xy, 15xy,
16xy, and 17x. Amongst these coordinates, bivariate plots
of the variances for patterns I–IV and for patterns V and VI
show that 4x, 5y, 15xy, 16x, and 17x have relatively small
variances (smaller than the mean) in both of the compara-
tive groups. The coordinates 5x and 14xy are highly vari-
able and are outliers in both of the plots.

Fig. 7.8 Pair-wise comparison of mean skull configurations between
combinations that represent character states of the internal carotid
circulation, from Analysis 2. For each pair-wise comparison, left
image is superposition of mean skull shapes and right image is
corresponding thin-spline deformation. A mean skull configuration of
the combination that represents the plesiomorphic state is outlined by
grey lines and shaded in light grey. A mean skull configuration of the
combination that represents the apomorphic state is drawn with dark
lines and is not shaded. Thin-plate spline deformation shows the
deformation of the mean skull configuration of the plesiomorphic state
into the mean of the apomorphic state. Roman numerals represent
patterns of the internal carotid circulation (see Table 7.1). Pair-wise

comparisons are: a turtles with the foramen posterior canalis carotici
interni (patterns I–IV) and turtles without the foramen (patterns V and
VI); b turtles with the bifurcation of the internal carotid artery
enclosed within the parabasisphenoid complex (patterns I–III) and
turtles with the ventrally exposed bifurcation (patterns IV–VI); c
turtles with the canalis caroticus internus passing through the
pterygoid and parabasisphenoid only (patterns I, II, and IV) and
turtles with the canalis either absent or associated with the prootic
(patterns III, V, and VI); d turtles with the foramen posterior canalis
carotici interni associated with the basicranium (patterns II and III) and
turtles with the foramen not associated with the basicranium (patterns I
and IV). Not to scale among a, b, c, and d
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Between turtles with the bifurcation of the cerebral
carotid and palatine arteries enclosed within the parab-
asisphenoid complex (patterns I–III) and turtles with the
bifurcation exposed ventrally (patterns IV–VI), Goodall’s
F test returns significant difference in mean skull shapes, as
follows: F = 2.95; df = 54.00, 7614.00; P \ 0.001; D
(95% confidence) = 0.0805 (Low D = 0.0638, High
D = 0.1218); SE = 0.0148. The deformation of mean skull
shape representing the plesiomorphic state of the exposed
bifurcation (Fig. 7.8b) reveals similar trends recovered in
the comparison between patterns I–IV and patterns V and
VI (4, 5, 8, 9, 15–17) with three main differences. First, the
magnitude of deformation is smaller in this comparison than
in the comparison between the taxa with the foramen pos-
terior canalis carotici interni and those without. Second, the
snout (2, 3) is elongate anteriorly in patterns I–III. Third,
the palate (6, 10–13) is lateromedially narrow in these
patterns. In CVA of Procrustes coordinates after compari-
son with CVA of partial warp scores, fourteen landmark
coordinates score high loadings (upper and lower 25% of
the range of variation) on the canonical variate axis (n = 1):
3xy, 4x, 5xy, 6y, 9xy, 10y, 11y, 14y, 15x, and 16xy.
Amongst these coordinates, bivariate plots of the variances
for patterns I–III and for patterns IV–VI shows that the
coordinates 2x, 3x, 9y and 16xy have variances smaller than
the means in both comparative groups. The coordinates 5y,
7y, 8x, 14x, and 17x are outliers in patterns I–III, and the
landmarks 5, 15, and 17 are similarly highly variable both
anteroposteriorly and lateromedially in patterns IV–VI.

In comparison between patterns I, II, and IV (in which
the internal carotid artery passes through the pterygoid
and parabasisphenoid only) and patterns III, V, and VI,
Goodall’s F test supports significant difference between the
mean skull shapes, as follows: F = 15.06; df = 54.00,
7614.00; P \ 0.001; D (95% confidence) = 0.1053 (Low
D = 0.0941, High D = 0.1211); SE = 0.0071. Deforma-
tion of the mean skull shape of patterns III, V, and VI to the
mean skull shape of patterns I, II, and IV (Fig. 7.8c) reveals
the following differences: the snout (2, 3) is elongated
anteriorly; the internal naris (4) is more posterior in posi-
tion; the pterygoid (6, 7) and the antorbital region (5) are
displaced anteromedially; the parabasisphenoid complex
(8, 9) is smaller; the pterygoid (13) is expanded posteriorly;
and the occiput (14–16) is narrower lateromedially with the
occipital condyle (17) displaced more posteriorly. However,
in CVA of Procrustes coordinates following comparison
with CVA of partial warp scores, only two landmark
coordinates load heavily (upper or lower 25% of the range
of variation) on the single significant canonical variate axis:
7y and 13xy. In bivariate plots of the variances, a single
landmark coordinates (13x) have variances smaller than
the means in both of the comparative groups. In contrast,

five landmark coordinates show high variances in both
plots: 5y, 8x, 14xy, and 17x.

Finally, turtles with the foramen posterior canalis caro-
tici interni associated with the basicranium (patterns II and
III) are compared with turtles with the foramen not asso-
ciated with the basicranium (patterns I and IV). Goodall’s
F test returns significant support for difference between the
mean skull shapes, as follows: F = 16.01; df = 54.00,
7344.00; P \ 0.001; D (95% confidence) = 0.1020 (Low
D = 0.0865, High D = 0.1194); SE = 0.0081. The thin-
plate spline deformation from the mean shape of patterns I
and IV to that of patterns II and III (Fig. 7.8d) suggests that
the snout is shorter posteriorly (2, 3), the pterygoid (6, 7)
and the antorbital region (5) are expanded posterolaterally,
the parabasisphenoid complex (8, 9) is expanded anteriorly
and laterally, the quadrate (10–12) is expanded laterally,
and the occiput (14–17) is shortened anteriorly. Amongst
these changes in positions of the landmarks, loadings on the
single significant canonical variate axis are high for 7y, 8x,
9x, 13xy, 14x, and 17x in CVA of Procrustes coordinates
after comparison with CVA of partial warp scores. Despite
the high loadings of several landmark coordinates, only two
of the landmark coordinates (7x and 16y) show variances
smaller than the means in bivariate plots of both compara-
tive groups. The coordinates 5y, 14xy, and 17x are outliers
in both of the plots.

Discussion

Clade-Specific Position of the Foramen
Posterior Canalis Carotici Interni

Analysis 1 quantitatively demonstrated that, despite
superficial resemblances, three major radiations of turtles
(eucryptodires: patterns I ? IV; paracryptodires: pattern II;
pleurodires: pattern III) represent divergence in skull mor-
phology, and that the position of the foramen posterior
canalis carotici interni is one of the important factors in
each shape divergence. The divergence was supported by
two observations. First, mean skull configurations for
eucryptodires, paracryptodires, and pleurodires significantly
differed from each other (Goodall’s F; Table 7.3). Second,
the three clades formed well-separated clusters on the CVA
plot (Fig. 7.5). The position of the foramen posterior canalis
carotici interni as a factor in each of the divergences was
supported by three lines of evidence (Table 7.4): (1) the
thin-plate spline deformations (Fig. 7.4) showed marked
differences in the position of the foramen between the mean
skull configurations; (2) anteroposterior and lateromedial
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coordinates of the foramen loaded heavily on the significant
canonical variate axes (Fig. 7.6); and (3) despite its large
variation between the clades, the foramen was amongst the
least variable of the landmarks within each clade (Fig. 7.7).
Taken together, the position of the foramen posterior canalis
carotici interni is conserved within each clade, but differs
greatly between clades when compared within the set of
landmarks examined in this study. Its high loadings on the
canonical variate axes and small variances within each of
the three clades reject the possibility that difference in its
position between the mean skull configurations were due to
large variation within each clade. Topographically, the
foramen posterior canalis carotici interni is more postero-
lateral in position in eucryptodires than in other clades. In
pleurodires, the foramen is anteromedial relative to that in
eucryptodires and posterior relative to that in paracryptod-
ires. The foramen is anteromedial in position in paracryp-
todiers with respect to eucryptodires and pleurodires.
Osteologically, these different positions can be distin-
guished by the elements that the foramen perforates: the
pterygoid in eucryptodires, the pterygoid and basisphenoid

in paracryptodires, and the prootic in most pleurodires
(Gaffney 1975a; Brinkman and Nicholls 1993; Hirayama
et al. 2000). This topographical variation is consistent with
the results from Analysis 1.

These interpretations, together with the new classifica-
tion of arterial patterns by Sterli and de la Fuente (2010),
warrant reassessment of characters of the foramen posterior
canalis carotici interni used in previous cladistic analyses of
turtle interrelationships. The plesiomorphic state of the
internal carotid circulation in turtles unambiguously is the
absence of the foramen posterior canalis carotici interni in
basal turtles (Sterli and de la Fuente 2010). The clade-
specific positions of the foramen supported by the present
analysis each represents an apomorphy. The identification
of these apomorphies is consistent with Gaffney’s (1975a)
initial observation on difference in the position of the
foramen between eucryptodires and paracryptodires, but not
with Evans and Kemp’s (1976) and Rieppel’s (1980)
hypothesized evolutionary transition from the paracrypto-
dire condition to the eucryptodire condition. It is also
consistent with independent evolutionary origins of the

Table 7.4 Summary of the landmarks correlated with the patterns of the internal carotid circulation

Characters and landmark
numbers

Patterns Analysis 1 Analysis 2

Deformation CVA Test of
Variance

Deformation CVA Test of
variance

Foramen posterior canalis
carotici interni (1)

I + IV Strong High Small – – –

II Strong High Small – – –

III Strong High Small – – –

Snout (2, 3) I ? IV Strong High Equivoval Strong Equivocal Equivocal

Internal naris (4) I + II + III + IV – – – Strong High Small

Maxilla-jugal contact (5) I ? II ? III ? IV – – – Strong High Equivocal

Anterolateral extreme of
pterygoid (6)

I Weak Low Equivocal – – –

II Strong Equivocal Equivocal – – –

III Weak Low Equivocal – – –

II ? III – – – Strong Equivocal Equivocal

Lateral extreme of pterygoid (7) III Strong High Equivoval Strong High Equivocal

Parabasisphenoid complex
(8, 9)

I + II + III – – – Strong High Small

II Strong Low Large – – –

III Weak Low Small – – –

Quadrate (10–12) I ? IV Weak High Equivoval Strong Equivocal Large

Posterolateral extreme of
pterygoid (13)

I + II + IV Strong High Small Strong High Small

Occiput (14–17) I ? II ? III ? IV – – – Strong High Equivocal

Groups of the patterns represent the least inclusive combinations for the landmark based on Analysis 1 and multiple analyses from Analysis 2.
Landmarks were all evaluated relative to each other. In the first column, numbers in parentheses correspond to landmarks in Fig. 7.3 and
Table 7.2. Pattern numbers in the second column follow (Sterli and de la Fuente 2010; see Table 7.1). In the deformation columns, ‘‘strong’’
means deformation greater than the ones exhibited by the lower two-thirds of the landmarks and ‘‘weak’’ means deformation within lower
two-thirds of landmarks. In the CVA columns, ‘‘high’’ refers to loading values that fall into upper and lower 25% of the range of variation and
‘‘low’’ refers to loading values that fall within the middle 50% of the range of variation. In the test of variance column, ‘‘large’’ refers to the
variance larger than the mean of the variances and ‘‘small’’ refers to the variance smaller than the mean of the variances. Bolded entries highlight
characters positively supported by all tests
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foramen in eucryptodires (pattern I ? IV) and
paracryptodires (pattern II) proposed by Brinkman and
Nicholls (1993). Origin of the foramen in paracryptodires
independent of eucryptodires and pleurodires is supported
by the absence of the foramen in the stem paracryptodires
Glyptops and Pleurosternon (Sterli et al. 2010). Because
pleurodires do not form a sister clade to either eucryptodires
or paracryptodires in any contemporary turtle phylogeny
(Gaffney 1975a; Gaffney et al. 2006; Joyce 2007), the
pleurodire condition (pattern III) also may have arisen
independently. The basal position (Hirayama et al. 2000;
Joyce 2007) of Meiolania (pattern IV), posits either an
independent derivation of the foramen for this taxon or a
reversal in its putative sister-taxon Mongolochelys (pattern V).

Independent origins of the foramen posterior canalis
carotici interni challenge the homology of the foramen and
may eventually complicate its terminology. However, the
more important implication is that the position of cranial
entrance of the internal carotid artery provides a quantita-
tively supported morphological character diagnostic for
each major clade. Based on new information provided by
Sterli and de la Fuente (2010) and Sterli et al. (2010),
combined with quantitative support for each state from the
present analysis, I propose the following amendment to
Joyce’s (2007) character 56:

The internal carotid artery passes: 0, ventral to the bas-
icranium and palate before bifurcating into the cerebral
carotid and palatine arteries (no foramen posterior canalis
carotici interni); 1, between the basisphenoid and the pter-
ygoid halfway along the basisphenoid-pterygoid suture; 2,
through the prootic; 3, through the pterygoid near the pos-
terolateral end of the parabasisphenoid. Unordered.
(Remarks: In state 2, passage of the internal carotid artery
may be obscured ventrally by the underlying bones. Mod-
ified from Joyce 2007, character 56.)

Variation of the Foramen Posterior Canalis
Carotici Interni Within Clades

In paracryptodires, anteroposterior variance of the foramen
is small relative to that of other landmarks (Fig. 7.7b). This
small anteroposterior variance rejects the hypothesis (Evans
and Kemp 1976; Rieppel 1980) of an anteroposterior gra-
dient in the position of the foramen within the clade. The
foramen identified as the foramen posterior canalis carotici
interni by Evans and Kemp (1976) actually represents the
foramen for the cerebral carotid artery (Sterli et al. 2010).
Thalassemys, used by Rieppel (1980) in support of the
gradient, is now considered a basal eucryptodire (Joyce
2007), not a paracryptodire. The foramen previously

identified as the foramen posterior canalis carotici interni in
paracryptodires needs further examination.

Pleurodires show a variety of conditions in the position
of the foramen posterior canalis carotici interni (Gaffney
et al. 2006). The anteroposterior and lateromedial variances
of the foramen being smaller than those of almost all other
landmarks within pleurodires (Fig. 7.7c) suggest that the
position of the foramen is stable within the clade, at least
relative to the other landmarks used in this study. The
conservative position of the foramen within the skull is
inconsistent with the osteological observation that the
foramen opens into different elements (Gaffney et al. 2006).
Therefore, it is hypothesized here that this variation depends
on the relative dimensions and position of the elements
within the skull, not a shift in the position of the internal
carotid artery. The present analysis provides no evidence
that the internal carotid artery significantly shifts its position
of the cranial entrance relative to the skull configuration
within pleurodires. For this reason, variation of the elements
surrounding the foramen should not be treated at the same
level as differences in the position of the foramen between
eucryptodires, paracryptodires, and pleurodires.

By setting up two characters describing the position of
the foramen posterior canalis carotici interni, Gaffney et al.
(2006) identified both anteroposterior and lateromedial
changes in the relative dimensions of the elements that
surround the foramen posterior canalis carotici interni in
pleurodires. Their character 74 essentially specifies that the
prootic is covered ventrally by either the lateral expansion
of the parabasisphenoid or the medial expansion of the
quadrate in derived pleurodires. The internal carotid artery
pierces whichever element expanded and underlays the
prootic. This sometimes is coupled with posterior expansion
of the pterygoid, which complicates Gaffney et al.’s (2006)
character definition. Gaffney et al. (2006) defined another
character (75) that describes participation of the pterygoid
in the margin of the foramen posterior canalis carotici
interni due to the posterior expansion of the element. Per-
haps this complex interaction of several elements conspired
against the geometric morphometric methodology used here
from detecting evidence of the interactive changes in rela-
tive dimensions of the elements within pleurodires.

One strategy to code for this complex variation in a
phylogenetic analysis is to formulate two characters that
code for the pleurodire variation, in addition to the character
(modified version of character 56 of Joyce 2007) that dis-
tinguishes position of the foramen between the major
clades. The first two characters can be modified from two
characters originally proposed by Gaffney et al. (2006)—
one of those codes for lateromedial change in the dimen-
sions of the parabasisphenoid complex and the quadrate,
whereas the other codes for anteroposterior change in the
dimensions of the parabasisphenoid complex and the
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pterygoid. These two characters separate the states among
pleurodires and are scored as ‘‘inapplicable’’ for all other
taxa. This approach avoids weighting the analysis in favour
of the plesiomorphy and the eucryptodire and paracrypto-
dire conditions. Seven states in Gaffney et al.’s (2006)
character 74 present difficulties in recovering a strong
phylogenetic signal. That character treats variation within
pleurodires at the same level as it does for the independently
derived states at the level of eucryptodires, paracryptodires,
and pleurodires. For this reason also, multiple characters are
preferred over formulating a single phylogenetic character
that encompasses all the morphological variation in the
position of the foramen posterior canalis carotici interni.
Gaffney et al.’s (2006) characters 74 and 75 may be mod-
ified as in the following:

Foramen posterior canalis carotici interni in pleurodires:
0, surrounded by the prootic; 1, by the parabasisphenoid
complex and/or the pterygoid; 2, entirely or partly by the
quadrate. Unordered. (Remarks: Scored as ‘‘inapplicable’’
in non-pleurodires. Modified from Gaffney et al. 2006,
character 74.)

Posterior margin of the pterygoid in pleurodires: 0, does
not form the anterior margin of the foramen posterior
canalis carotici interni; 1, forms the anterior margin of the
foramen posterior canalis carotici interni. (Remarks: Scored
as ‘‘inapplicable’’ in non-pleurodires. Modified from Gaff-
ney et al. 2006, character 75.)

Correlations with Other Cranial Landmarks

The complex distributions of character states associated
with the internal carotid artery (Table 7.1) strongly suggest
multiple factors independently or interactively affect the
morphology of the internal carotid circulation in turtles. The
results from analyses 1 and 2 (summarized in Table 7.4)
help tease apart correlations between patterns of the internal
carotid circulation and other cranial landmarks and test two
of the three factors proposed by Sterli et al. (2010) that
facilitate patterns.

Sterli et al. (2010) proposed that the expansion of the
parasphenoid ventral to the basisphenoid captured the
internal carotid artery within the parabasisphenoid complex
and the ventral covering of the bifurcation between
the cerebral carotid and palatine arteries (patterns I–III).
Evidence for the expansion of the parasphenoid comes from
the basicrania of the basal eucryptodire Plesiochelys (pat-
tern I) and the basal paracryptodire Pleurosternon (pattern
V) in which the parasphenoid can be distinguished from
the basisphenoid (Sterli et al. 2010). Expansion of the
parasphenoid would lead to increased ventral exposure of
the parabasisphenoid complex. That hypothesis is supported

by Analysis 2. Larger ventral exposure of the parabasisph-
enoid complex was identified in the deformation from pat-
terns IV–VI to patterns I–III. That expansion was an
important factor in distinguishing patterns I–III from pat-
terns IV–VI in CVA, and the variances were small relative
to other landmarks. A similar trend of the expanded pa-
rabasisphenoid complex was detected in the comparison
between patterns V and VI and patterns I–IV. However,
deformation was smaller than in the comparison between
patterns IV–VI and patterns I–III (Fig. 7.8). Posterolateral
expansion of the parabasisphenoid complex was not
explicitly supported by both CVA and the plots of variances
in the comparison between patterns V and VI and patterns
I–IV. All of these observations suggest that increased ven-
tral exposure of the parabasisphenoid complex correlates
with patterns I–III, which are characterized by the ventral
flooring of the cerebral carotid-palatine bifurcation by the
parabasisphenoid complex. The present analysis upholds a
modified version of Hirayama et al.’s (2000) character 31,
which was not adopted by either Gaffney et al. (2006) or
Joyce (2007). The modified character can be described as
follows:

Bifurcation of the internal carotid artery into the palatine
artery and the cerebral carotid artery: 0, not covered ven-
trally; 1, covered ventrally by the parabasisphenoid com-
plex. (Remarks: modified from Hirayama et al. 2000,
character 31.)

Additionally, Sterli et al. (2010) identified posterior
expansion of the pterygoid as a factor facilitating patterns I,
II, and IV. That hypothesis is consistent with the results
from my analyses 1 and 2. However, posterolateral expan-
sion of the pterygoid is not necessarily correlated with the
foramen forming within the pterygoid (patterns I and IV),
because the foramen forms more anteriorly in paracryp-
todires than in any other clades (pattern II). Perhaps the
posterolaterally expanded pterygoid explains the postero-
lateral position of the foramen posterior canalis carotici
interni in eucryptodires, but this is not the case in para-
cryptodires. At any rate, the present analysis is consistent
with the posterior expansion of the pterygoid in eucryp-
todires and paracryptodires, thus warranting establishment
of a character based on this morphology. Joyce’s (2007)
character 41 codes for the presence or absence of the
pterygoid-basioccipital contact. That character may be
modified as in the following to include the new phyloge-
netic information:

Pterygoid, posterior end: 0, anterior to or lateral to the
quadrate condyle; 1, as posterior as the posterior margin of
the parabasisphenoid complex; 2, contacting the basioc-
cipital posteriorly. (Remarks: modified from Joyce 2007,
character 41).

Interestingly, Analysis 1 recovered weak support both
for the anteriorly displaced and expanded basicranium in
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paracryptodires (pattern II) and for the laterally expanded
parabasisphenoid complex in pleurodires (pattern III).
These shifts of the parabasisphenoid complex may be cor-
related with the respective clade-specific positions of the
foramen posterior canalis carotici interni. However, in
pattern II, the anteroposterior component of variances
was larger in the parabasisphenoid complex than other
landmarks (Fig. 7.7b). In pattern III, the lateromedial

component of deformation in the parabasisphenoid complex
was small and did not contribute to the separation of
pleurodires in CVA (Figs. 7.5c, 7.6). These possible trends
within the clades would be worth testing in future.

The relatively posterior position of the internal naris
correlated well with the presence of the foramen posterior
canalis carotici interni (patterns I–IV). It is unlikely that the
position of the internal naris directly affected the capture of the
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internal carotid artery by the base of the skull, partly because
the internal carotid artery does not directly irrigate the snout
region, and partly because it is topologically far from the area
entered by the artery. However, these traits may have been
linked in the timing of their emergence in turtle evolution.

Other cranial landmarks found in correlation with arterial
patterns failed one or more tests (Table 7.4). Typically, the
variances within the clades were large. In other cases, the
landmarks cannot be used to distinguish between the pat-
terns based on CVA. These results indicate that even though
the deformation of the means indicate the area of significant
differences, the variability of the landmark within each
group may swamp the differences. Therefore, multiple tests
of loadings and variances of the landmarks are warranted in
a geometric morphometric analysis. The posterolateral
position of the lateral extreme of the subtemporal margin of
the pterygoid may be characteristic of pleurodires. This is
consistent with the acquisition of the trochlear process
(= ‘‘process trochlearis pterygoidei’’ sensu Gaffney 1972a)
in this clade. However, the variability of this landmark was
high amongst other patterns. The same is also the case for
the anterior elongation of the snout in patterns I and IV.

A New Hypothesis: The Internal Carotid-CN VII
Constraint Hypothesis

So far, morphological correlates of the internal carotid
circulation in turtles have been identified for patterns I, IV,
V, and VI (Sterli and de la Fuente 2010; Sterli et al. 2010;

Table 7.1). On the other hand, it is unclear what morpho-
logical novelty(ies) resulted in patterns II and III. Joyce’s
(2007) phylogeny (see simplified version in Fig. 7.9c)
suggests that patterns II and III were derived independently
from pattern V. Expansion of the parasphenoid separates
patterns II and III from pattern V, but that character also
distinguishes pattern I from pattern IV. The posteriorly
expanded pterygoid may explain patterns I and IV, but it
does not separate patterns II from patterns III, V and VI.
The geometric morphometric analysis recovered weak
support both for the laterally expanded parabasisphenoid
complex in pattern III and for the anteriorly displaced
parabasisphenoid complex in pattern II. However, lateral
expansion of the parabasisphenoid complex in pattern III
seems to be variable (Gaffney et al. 2006). The extent of the
anterior displacement of the parabasisphenoid complex is
variable in pattern II (Fig. 7.7b) and unlikely to explain the
anteromedially displaced foramen posterior canalis carotici
interni. In pattern I, the internal carotid artery enters the
lateral region of the parabasisphenoid complex. In pattern
III, the artery enters the prootic. Therefore, pattern II
deviates from these patterns in that the basicranial entrance
of the internal carotid artery is more anterior in position.
What causes the anterior shift of the basicranial entrance of
the artery in pattern II? In addition, what facilitates the
parabasisphenoidal entrance in pattern I and the prootic
entrance in pattern III?

The pterygoids and parabasisphenoid complexes of tur-
tles showing any of patterns I–III tend to ossify around the
internal carotid artery and its derivatives both proximal and
distal to the cerebral carotid-palatine bifurcation (Sterli
et al. 2010). In this region, the palatine branch of the facial

b Fig. 7.9 The evolution of morphogenetic traits that potentially
facilitated the patterns of the internal carotid circulation in turtles.
a Diagram of the orbitotemporal region of the chondrocranium of
Caretta caretta (stage III embryo of Kuratani 1987), in left lateral
view, showing association between the internal carotid artery and CN
VII. The internal carotid artery bifurcates into the palatine artery and
the cerebral carotid artery, the latter extending dorsally through the
pituitary fenestra. Modified after Kuratani (1987); tissues not associ-
ated with the internal carotid circulation have been omitted for clarity.
b Line drawings of isolated right pterygoids, both in dorsal view and
with palatine artery omitted for clarity, comparing association of the
internal carotid artery with the palatine branch of CN VII between a
representative eucryptodire and paracryptodire: b1 extant Chelydra
serpentina [Eucryptodira, Chelydridae; AMNH (American Museum of
Natural History) 107388], exhibiting pattern I; b2 Cretaceous Baenidae
indet. [Paracryptodira; MCZ (Museum of Comparative Zoology,
Harvard University) 3563], exhibiting pattern II. Note how association
between internal carotid artery and palatine branch of CN VII is
relatively shorter in the paracryptodire than in the eucryptodire (b2 vs.
b1). Both images modified after Gaffney (1975a); drawings not to same
scale. c Morphological and developmental traits that distinguish the
patterns of the internal carotid circulation, mapped under DELTRAN
optimization onto a simplified version of Joyce’s (2007) phylogenetic
tree. Many branches and taxa from Joyce’s (2007) tree have been

omitted for clarity. Solid circles at nodes denote major clades (except
for Pleurodira, which are collapsed into a single branch). Names of the
three major clades considered in this study are in capital letters.
Roman numerals to right of tree represent patterns of internal carotid
circulation proposed by Sterli and de la Fuente (2010), which are
defined by characters discussed in text [modified versions of character
56 from Joyce (2007) and of character 31 from (Hirayama et al.
2000)]. Arabic numbers beside branches correspond to apomorphies
listed in lower left of figure. Apomorphies 1–6 are characters
correlated with patterns of internal carotid circulation [modified
versions of character 95 from Gaffney et al. (2006) and of character 41
from Joyce (2007); two characters originally mapped by Sterli et al.
(2010); and two new characters]. Apomorphy 7 describes variation
within pleurodires [modified version of characters 74 and 75 from
Gaffney et al. (2006)]. See text for further details. Directions of
character state transformations are indicated by arrows on stems: a
crown-ward arrow indicates an acquisition, whereas a stem-ward
arrow indicates a reversal. A diamond indicates a variable character.
Anatomical abbreviations (A and B): cca cerebral carotid artery; cs
crista sellaris (medial to the trabecula; not visible in lateral view); fpcci
foramen posterior canalis carotici interni; fnv foramen pro ramo nervi
vidiani for the palatine branch of CN VII; ica internal carotid artery;
oc otic chamber; pa palatine artery; pia pila antotica; pf pituitary
fenestra; tr trabecula; VII, CN VII (facial nerve)
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nerve (CN VII) is associated with the internal carotid artery
proximal (posterior) to the cerebral carotid-palatine bifur-
cation. In eucryptodires, paracryptodires, and pleurodires,
CN VII exits the prootic laterally; the palatine branch of CN
VII branches off anteroventrally and extends anteriorly via
the canalis cavernosus (= ‘‘cavernous canal’’ of some
authors) and the foramen pro ramo nervi vidian (= ‘‘vidian
foramen’’ of some authors) to parallel the internal carotid
artery; and the branch eventually passes through the pter-
ygoid and dorsal to the palate (Gaffney 1975a, 1979b).
Although there is no osteological evidence of this associa-
tion in turtles of patterns V and VI, the foramen pro
ramo nervi vidian opening ventrally in the pterygoids
in pattern V (Evans and Kemp 1975; Gaffney 1979b;
Sukhanov 2000) and in the ventrally exposed prootic in
pattern VI (Gaffney et al. 1987; Gaffney 1990) indicate that
this association was probably present below the palate in
those turtles as well.

The association between the internal carotid artery and
the palatine branch of CN VII persists from early cranial
development. During the chondrocranial development of
Caretta caretta, the palatine branch of CN VII extends
parallel to the internal carotid artery anterior to the
chondrocranial otic chamber all the way to the cerebral
carotid-palatine bifurcation below the pituitary fenestra
(Kuratani 1987; Fig. 7.9a). A similar association has been
illustrated in the embryonic development of Chelydra ser-
pentina (Rieppel 1990). In fact, this association is universal
among osteichthyans and has been documented in numerous
osteichythian embryos (e.g., Goodrich 1930), including
reptiles (Bellairs and Kamal 1981; Rieppel 1987, 1988).
Therefore, the association between the palatine branch of
CN VII and the internal carotid artery can be considered as
a constraint in the development of the internal carotid artery
and CN VII, perhaps as a factor that constrains the topog-
raphy of the artery throughout ontogeny. Here I call this the
internal carotid-CN VII constraint hypothesis.

During chondrocranial development in turtles, the asso-
ciation of the palatine branch of CN VII with the internal
carotid artery occurs lateroventral to the crista sellaris,
posterior to the posterior end of the trabecula, and antero-
medial to the otic chamber (Kuratani 1987; Rieppel 1990).
At the anterior end of the association is the cerebral carotid-
palatine bifurcation, ventral to the pituitary fenestra
(Fig. 7.9a). The basisphenoid ossifies from paired centers in
the crista sellaris and the posterior end of the trabecula, and
the prootic ossifies from a center in the otic chamber
(Bellairs and Kamal 1981). In addition, the parasphenoid
ossifies anteroventrally or ventrally with respect to the
basisphenoid developing from the crista sellaris and the
cerebral carotid-palatine bifurcation of the internal carotid
artery (Bellairs and Kamal 1981). Although Sterli et al.
(2010) proposed that a ventral expansion of the

parasphenoid trapped the bifurcation point within the pa-
rabasisphenoid complex, the topographical relationships of
the chondrocranium with the parasphenoid and the internal
carotid artery suggests that a posterior expansion of the
parasphenoid, not a ventral expansion, better explains
the trapping of the bifurcation point. Posterior expansion of
the parasphenoid therefore sets patterns I–III apart from
patterns IV–VI.

In eucryptodire embryos (Bellairs and Kamal 1981;
Rieppel 1993; Sheil 2003, 2005; Sheil and Greenbaum
2005; Sánchez-Villagra et al. 2009), the basisphenoid con-
tinues to ossify posterolaterally before the centre of the
prootic is well developed. In Phrynops, the one pleurodire
for which an adequate cranial developmental sequence has
been documented (Bona and Alcade 2009), the timing of the
prootic ossification [Yntema’s (1968) stage 22] is delayed
with respect to that of the basisphenoid (stage 21) as in
eucryptodires. However, at stage 22, the ossifying prootic of
Phrynops is already larger than the basisphenoid. These
embryological observations may explain the key difference
between patterns I and III. The eucryptodire tendency to
enclose the internal carotid canal within the parabasisphe-
noid complex is consistent both with posteromedial growth
of the basisphenoid ossification and with delayed growth of
the prootic ossification (Bellairs and Kamal 1981; Rieppel
1993; Sheil 2003, 2005; Sheil and Greenbaum 2005; Sán-
chez-Villagra et al. 2009). In contrast, the well-developed
prootic reported by Bona and Alcade (2009) in Phrynops at
stage 22 and onward may facilitate the pleurodire condition
of the internal carotid artery passing through the prootic.
Although not documented by Bona and Alcade (2009), a
continued ossification of the prootic in the otic chamber of
Phrynops could be expected to capture the internal carotid
artery in the vicinity, along with the palatine branch of CN
VII. Considering that chondochranial development has yet
to be adequately studied for other pleurodires, it is uncertain
both whether the internal carotid artery is captured in the
above-predicted manner in Phrynops and other pleurodires
and whether the accelerated development of the prootic
documented by Bona and Alcade (2009) in Phrynops is
universal among pleurodires. Both of these ideas could
be tested by future studies of pleurodire embryological
development.

There are no embryonic developmental series available
for patterns II and IV–VI. However, the available osteo-
logical evidence suggests that the spatial association
between the palatine branch of CN VII and the internal
carotid artery was relatively anteroposteriorly short in
paracryptodires. In the isolated pterygoid of a baenid shown
in Fig. 7.9b, the foramen pro ramo nervi vidiani for the
palatine branch of CN VII is adjacent anterolaterally to the
foramen posterior canalis carotici interni (Gaffney 1975a).
The morphology of the pterygoid-parabasisphenoid suture
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indicates that the foramen posterior canalis carotici interni
is at least in the anterior half of the parabasisphenoid
complex. The internal carotid artery turned anteromedially
past the foramen posterior canalis carotici interni, and the
canalis caroticus lateralis is at the point where the internal
carotid artery left the pterygoid-parabasisphenoid suture.
These facts suggest that the internal carotid-CN VII asso-
ciation occurred at most for a distance that equals the
maxmum diameter of the foramen for the trigeminal nerve
in this baenid. If this is a general condition for paracryp-
todires having pattern II, the internal carotid-CN VII asso-
ciation was short and restricted anteriorly relative to those
in eucryptodires and pleurodires. Given the assumption that
the association with CN VII constrained the position of the
internal carotid artery close to the chondrocranium, the
anteriorly restricted association may be hypothesized to
result in pattern II.

In patterns V and VI, CN VII exits the braincase
ventrally, either through the prootic (pattern VI; see also
Gaffney et al. 1987; Gaffney 1990) or through the pterygoid
that underlies the prootic (pattern V; see also Evans and
Kemp 1975; Gaffney 1979b; Sukhanov 2000). The associ-
ation between the palatine branch of CN VII and the
internal carotid artery probably was present below the pal-
ate. The internal carotid-CN VII constraint hypothesis
predicts that this region was never enclosed within bones in
turtles exhibiting either pattern, because the pterygoid
ossified dorsal to the internal carotid artery and ventral to
the prootic. The pterygoid begins to ossify along the lateral
margin and continues to grow medially (Bellairs and Kamal
1981). This medial growth of the pterygoid may be guided
above or below the internal carotid artery. The pterygoid
invariably ossifies early and remains larger than the basi-
sphenoid in all known developmental series of turtles

(Bellairs and Kamal 1981; Rieppel 1993; Sheil 2003, 2005;
Bona and Alcade 2009; Sánchez-Villagra et al. 2009), and
in no turtle does the parabasisphenoid complex extend
ventrally to the pterygoid. Therefore, once the pterygoid
ossified above the internal carotid artery associated with the
palatine branch of CN VII, this region would have been
ventrally exposed as in patterns V and VI (Sterli and de la
Fuente 2010). The palatine branch of CN VII presumably
passed dorsal to the palate to its target through the interp-
terygoid vacuity in pattern VI and through the slit within the
pterygoid along with the palatine artery in pattern V.

The position of the pterygoid relative to the internal
carotid artery also is crucial to distinguish patterns I, III, and
IV from other patterns. In eucryptodire embryos (Bellairs
and Kamal 1981 and references therein; Rieppel 1993; Sheil
2003, 2005; Sheil and Greenbaum 2005), the pterygoid
begins to ossify lateral to the internal carotid artery and
develops medially. During the medial expansion, the ante-
rior two-thirds to three-quarters of the pterygoid extend
below the canalis caroticus internus and the palatine branch
of CN VII, thereby providing an osseous floor. The osseous
floor to the internal carotid artery lateral to the basisphenoid
complex characterizes patterns I, III, and IV. Interestingly,
the synemydid/macrobaenids Chubutemys and Dracochelys
(Gaffney and Ye 1992; Gaffney et al. 2007b) represent an
intermediate stage between pattern V and patterns I and IV.
In these genera, the internal carotid artery is at the same
level with the pterygoid and extends within a sulcus on the
ventral surface of the pterygoid, which may be a conse-
quence of the postnatal growth of the pterygoid. The sulcus
for the internal carotid artery (sulcus caroticus internus) is
partially exposed near the pterygoid-parabasisphenoid
suture in turtles exhibiting pattern IV, including the syne-
mydid/macrobaenids Hangaiemys, Judithemys, Ordosemys,

Table 7.5 Summary of developmental traits that potentially facilitate the patterns of the internal carotid circulation in turtles

Pattern Degree of association
with CN VII

Parasphenoid Position of pterygoid
relative to internal
carotid artery

Embryonic
growth of prootic

Element(s) underlying
prootic

I Extensive Posteriorly
expanded

Ventral b Pterygoid

II Restricted Posteriorly
expanded

Dorsal c Pterygoid

III Extensive Posteriorly
expanded

Ventral Accelerated Pterygoid; parabasisphenoid;
quadrate

IV c Not expanded Ventrala c Pterygoid

V c Not expanded Dorsal c Pterygoid

VI c Not expanded Dorsal c Prootic exposed

See text for details and references. Pattern numbers in the second column follow (Sterli and de la Fuente 2010; see also Table 7.1).
a indicates pterygoid is dorsal with respect to the internal carotid artery in the fossil eurcryptodire Dracochelys (Gaffney and Ye 1992).
Abbreviations: b used as a reference with which the growth of the prootic in pleurodires is compared; c condition unknown
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and Synemys and the xinjiangchelyids Annemys and
Xinjiangchelys (Brinkman et al. 2012). Their basal
eucryptodire affinities make a plausible case for these turtles
filling a gap in the transition from pattern V to pattern I, via
pattern IV.

These embryological and morphological insights aided
by the internal carotid-CN VII constraint hypothesis
(Table 7.5) suggest two new characters and one revised
character useful in turtle systematics. These characters,
however, should be used with caution, because they corre-
late with states in the modified version (see above) of
Joyce’s (2007) character 56. The three characters are as
follows:

Association between the internal carotid artery and the
palatine branch of CN VII: 0, extensive; 1, restricted to
distance shorter than one-quarter of the anteroposterior
parabasisphenoidal length. (Remarks: new character.)

Position of pterygoid with respect to the internal carotid
artery: 0, dorsal, the artery exposed; 1, level, the artery
within the sulcus caroticus internus; 2, ventral, the artery
within the canalis caroticus internus. Ordered. (Remarks:
new character. Ordered because state 1 is intermediate.)

Prootic: 0, ventrally exposed; 1, exposure small, under-
lain ventrally by the pterygoid, the basisphenoid, and/or
quadrate; 2, underlain completely by the pterygoid. Unor-
dered. (Remarks: Correlated with posterior expansion of the
pterygoid. Modified from Gaffney et al. 2006, character 95.)

To conclude this discussion, the characters were ana-
lyzed in a phylogenetic context. In addition to the characters
that define patterns of the internal carotid circulation
(Table 7.1), characters correlated with transition between
patterns (Table 7.5) were each treated as an apomorphic
condition. Together, these characters were mapped onto a
simplified version of Joyce’s (2007) phylogenetic tree to
show the transformations discussed in the text (Fig. 7.9c).
Transition from pattern VI to pattern V accompanied clo-
sure of the interpterygoid vacuity (apomorphy 1 in figure
legend) and posterior expansion of the pterygoid (apomor-
phy 2) (Sterli et al. 2010). Pattern V is the plesiomorphic
condition for the crown-group Testudines from which pat-
terns II–IV derived. Pleurodires (pattern III) accumulated
three apomorphies (3, 5, 6): posterior expansion of the
parasphenoid; the pterygoid ossifying ventral with respect
to the internal carotid artery; and accelerated ossification of
the prootic. Only the last of these apomorphies is unique to
the clade. In the same lineage, apomorphy 2 (posterior
expansion of the pterygoid) reversed (Sterli et al. 2010), and
the prootic through which the internal carotid artery pases
may be ventrally covered by surrounding bones (apomorphy
7) (Gaffney et al. 2006). The bones underlying the prootic

vary among the pterygoid, the quadrate, and the parab-
asisphenoid. This variation is described in two characters in
text (modified versions of characters 74 and 75 from
Gaffney et al. 2006). Pattern II is an apomorphic condition
in paracryptodires. Two characters (apomorphies 3 and 4)
are associated with the transition from pattern V to pattern
II in this clade: posterior expansion of parasphenoid and
anteroposteriorly restricted association between the internal
carotid artery and the palatine branch of the facial nerve.
Leading from the stem of the crown-group Testudines to
eucryptodires, the transition from pattern V to pattern IV is
accompanied one apomorphy (5): pterygoid ossifies ven-
trally with respect to the internal carotid artery. Proceeding
crown-wards towards crown-group cryptodires, the bifur-
cation between the cerebral carotid and palatine arteries
becomes covered ventrally in pattern I. That transition from
pattern IV is associated with posterior expansion of the
parasphenoid (apomorphy 3) (Sterli et al. 2010).

Under the above scenario, posterior expansion of the
parasphenoid (apomorphy 3) occurred at least three times,
once each in pleurodires, paracryptodires, and eucryptod-
ires. DELTRAN optimization of this character seems rea-
sonable, because the presence of the primitive condition in
both basal eucryptodires and basal paracryptodires (Sterli
et al. 2010) suggest that the ossification around the cerebral
carotid-palatine bifurcation was acquired independently in
both clades. Pterygoid ossification ventral to the internal
carotid artery (apomorphy 5) also arose three times, once
each in Meiolania, pleurodires, and eucryptodires. The
factor(s) responsible for ventral ossification of the pterygoid
having appeared multiple times in turtle evolution is (are)
unknown, and will be difficult to identify because all extant
turtles ossify their pterygoids ventral to the internal carotid
artery. Posterior expansion of the pterygoid (apomorphy 2)
developed on the stem leading to crown-group Testudines,
then reversed in pleurodires. Basal eucryptodires show a
mosaic of the characteristics of patterns I and IV. Phylo-
genetic consensus has not been reached in this part of the
tree. For this reason, the character evolution of the internal
carotid circulation in basal eucryptodires likely was far
more complex than depicted here (Sterli et al. 2010).

Conclusions

The foramen posterior canalis carotici interni has been a
feature of long-standing interest in morphological studies of
the turtle skull. The results from geometric morphometric
analysis reported here are consistent with previously noted
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difference in positions of the foramen between three major
clades of turtles—eucryptodires, paracryptodires, and
pleurodires. I re-defined a character describing differences
in the position of the foramen that sets apart each major
clade of turtles and formulated two additional characters
that describe variation in the position of the foramen within
Pleurodira. The trend in the position of the foramen pos-
terior canalis carotici interni is that its position significantly
differs between the three major clades, but remains rela-
tively stable within each clade; that is in an ideal combi-
nation of properties for a synapomorphy.

The results from the geometric morphometric analysis
indicate that some cranial landmarks vary in correlation
with carotid arterial patterns I–VI originally identified by
Sterli and de la Fuente (2010). The skull configurations
distinguished by the relative shift of these landmarks are
also consistent with two of the three factors proposed by
Sterli et al. (2010) to affect patterns of the internal carotid
circulation: (1) ventral covering of the cerebral carotid-
palatine bifurcation by an expanded parasphenoid (patterns
I–III); and (2) a posteriorly expanded pterygoid (patterns I,
II, and IV). I revised two characters that describe each of
those morphological factors.

Even then, it remains unexplained what distinguishes
patterns II and III from each other and from patterns I and
IV–VI. I propose the association of the internal carotid
artery with the palatine branch of CN VII as a develop-
mental constraint on morphogenetic mechanisms to explain
differences among patterns I–VI. In keeping with the
internal carotid-CN VII constraint hypothesis, I identified
the following four developmental characters: (1) posterior
expansion, not ventral expansion, of the parasphenoid as a
factor in trapping the cerebral carotid-palatine bifurcation
within the parabasisphenoid complex; (2) relative growth of
the prootic; (3) spatial extent of the association between the
internal carotid artery and the palatine branch of CN VII;
and (4) the dorsoventral position of the pterygoid with
respect to the internal carotid artery. Mapping these char-
acters on to a simplified version of Joyce’s (2007) phylo-
genetic tree, both the posterior expansion of the
parasphenoid and the pterygoid ossification ventral to the
internal carotid artery were inferred to have occurred at
least three times. Given that basal eucryptodire interrela-
tionship are unstable, character evolution of the internal
carotid circulation complex may have been more complex
than depicted here.

The internal carotid circulation is a complex system.
Variations within the system may not be easily attributed to
a specific source. A quantitative analysis, such as geometric

morphometrics, is useful for visualizing the components of
variation. However, multiple tests (e.g., CVA, plot of
variances) are required to support differences that thin-plate
spline deformations indicate. On the other hand, the com-
plexity of the system implies the presence of constraint(s)
and interaction of tissues during development. A compar-
ative analysis of developmental processes can offer candi-
dates that potentially explain the complex variations.
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Appendix

List of the 132 taxa and sources for the 145 skull images used
for this study. The classification of turtles largely follows
Gaffney et al. (2006) and Joyce (2007). All clades higher than
family level, except for the crown groups, are stem-based.
Within each family, genera and species are listed alphabeti-
cally. For each species, the skull image used for this study can
be found in the publication cited in the corresponding source
section. In some cases (e.g., Gaffney 1979b), those images
were reprinted from an earlier publication. Abbreviations in
column headings: n, number of skull images; p, patterns based
on Sterli and de la Fuente (2010). An asterisk (*) denotes taxa
that Sterli et al. (2010) stated likely exhibited pattern V;
however, until a detailed description is presented that verifies
the lack of the foramen posterior canalis carotici interni in
these taxa, for the purposes of this study they are tentatively
assigned pattern II. The latter is a traditional intepretation for
paracryptodires and is consistent with the placement of those
genera within that major clade.
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Taxon n p Sources

Testudines

Proganochelys
quenstedti

1 VI Gaffney and Meeker
(1983)

Kayentachelys
aprix

1 VI Gaffney et al. (1987)

Meiolania
platyceps

1 IV Gaffney (1983)

Mongolochelys
efremovi

2 V Sukhanov (2000); Suzuki
and Tsogtbaatar (2010)

Crown-group Testudines

Pleurodira

Chelidae

Batrachemys
dahlia

1 III Gaffney (1977)

Chelodina
expansa

1 III Gaffney (1977)

Chelus fimbriata 1 III Gaffney (1977)

Emydura
macquarrii

1 III Gaffney (1977)

Hydromedusa
tecifera

1 III Gaffney (1977)

Mesoclemys
gibba

1 III Gaffney (1977)

Platemys
platycephala

1 III Gaffney (1977)

Pseudemydura
umbrina

1 III Gaffney (1977)

Pelomedusoidea

Pelomedusidae

Erymnochelys
madagascariensis

1 III Gaffney (1979b)

Pelomedusa
subrufa

1 III Gaffney (1979b)

Peltocephalus
dumeriliana

1 III Gaffney (1979b)

Pelusios sp. 1 III Gaffney (1975a)

Pelusios niger 1 III Gaffney (1979b)

Shweboemys
antiqua

1 III Wood (1970)

Araripemydidae

Araripemys
barretoi

2 III Meylan (1996); Gaffney
et al. (2006)

Euraxemydidae

Dirqadim
schaefferi

1 III Gaffney et al. (2006)

Euraxemys
essweini

1 III Gaffney et al. (2006)

(continued)

(continued)

Taxon n p Sources

Podocnemidoidea

Podocnemididae

Bairdemys
venezuelensis

1 III Gaffney and Wood (2002)

Caninemys
tridentata

1 III Meylan et al. (2009)

Dacquemys
paleomorpha

2 III Gaffney (1979b); Gaffney
et al. (2001b)

Podocnemis
expansa

1 III Gaffney (1979b)

Bothremydidae

Acleistochelys
mallensis

1 III Gaffney et al. (2007a)

Araiochelys
hirayamai

1 III Gaffney et al. (2006)

Arenila krebsi 1 III Gaffney et al. (2006)

Azabbaremys
moragjonesi

1 III Gaffney et al. (2001b)

Bothremys kellyi 1 III Gaffney et al. (2006)

Bothremys
maghrebiana

1 III Gaffney et al. (2006)

Cearachelys
placidoi

1 III Gaffney et al. (2001a)

Foxemys
mechinorum

1 III Gaffney et al. (2006)

Kurmademys
kallamedensis

1 III Gaffney et al. (2001c)

Labrostochelys
galkini

1 III Gaffney et al. (2006)

Phosphatochelys
tedfordi

1 III Gaffney and Tong (2003)

Polysternon
provinciale

1 III Gaffney et al. (2006)

Sankuchemys
sethnai

1 III Gaffney et al. (2003)

Taphrosphys
congolensis

1 III Gaffney et al. (2006)

Taphrosphys
ippolitoi

1 III Gaffney et al. (2006)

Zalhafah bella 1 III Gaffney et al. (2006)

Paracryptodira

Dorsetochelys
delairi

1 II* Evans and Kemp (1975)

Pleurosternidae

Pleurosternon
bullocki

1 V Sterli et al. (2010)

Glyptopsidae

(continued)
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(continued)

Taxon n p Sources

Glyptops
plicatulus

1 V Gaffney (1979a)

Mesochelys
durlstonensis

1 II* Gaffney (1979a)

Baenidae

Baena arenosa 1 II Gaffney (1972b)

Boremys pulchra 1 II Brinkman and Nicholls
(1991)

Cedorbaena
putorius

1 II Lyson and Joyce (2009b)

Chisternon
undatum

1 II Gaffney (1972b)

Eubaena
cephalica

1 II Gaffney (1972b)

Palatobaena sp. 1 II Gaffney (1972b)

Palatobaena
cohen

4 II Lyson and Joyce (2009a)

Peckemys
brinkman

2 II Lyson and Joyce (2009b)

Plesiobaena
antiqua

2 II Gaffney (1972b);
Brinkman (2003)

Plesiobaena
putorius

1 II Gaffney (1972b)

Stygiochelys
estesi

1 II Gaffney (1972b)

Trinitichelys
hiatti

1 II Gaffney (1972b)

Eucryptodira

Plesiochelyidae

Plesiochelys
etalloni

1 I Gaffney (1975c)

Portlandemys
mcdowelli

1 I Gaffney (1975c)

Eurysternidae

Angolachelys
mbaxi

1 I Mateus et al. (2009)

Solnhofia
parsonsi

1 I Gaffney (1975d)

Thalassemys
moseri

1 IV Rieppel (1980)

Sinemyidae/
Macrobaenidae

Chubutemys
coppelloi

1 IV Gaffney et al. (2007b)

Dracochelys
bicuspis

1 IV Gaffney and Ye (1992)

Hangaiemys
hoburensis

1 IV Sukhanov (2000)

Judithemys
sukhanovi

1 IV Parham and Hutchison
(2003)

Sinemys gamera 1 IV Sukhanov (2000)

(continued)

(continued)

Taxon n p Sources

Crown-group Cryptodira

Toxochelyidae

Toxochelys
latiremis

1 I Gaffney (1979b)

Cheloniidae

Caretta caretta 1 I Carr (1952)

Chelonia mydas 1 I Carr (1952)

Eochelone
brabantica

1 I Gaffney (1979b)

Eretmochelys
imbricata

1 I Carr (1952)

Euclastes
acutirostris

1 I Jaril et al. (2009)

Lepidochelys
kempi

2 I Hay (1908); Carr (1952)

Dermochelyidae

Dermochelys
coriacea

1 I Gaffney (1979b)

Chelydridae

Chelydra
serpentina

1 I Gaffney (1972a)

Macroclemys
temminckii

1 I Gaffney (1975b)

Platysternon
megacephalum

1 I Gaffney (1975b)

Protochelydra
zangerli

1 I Erickson (1973)

Lindholmemydidae

Mongolemys sp. 1 IV Sukhanov (2000)

Testudinoidea

Emydidae

Chrysemys
alabamensis

1 I Gaffney (1979b)

Chrysemys
concinna

1 I Gaffney (1979b)

Chrysemys
idahoensis

1 I McDowell (1964)

Clemmys
insculpta

1 I Gaffney (1979b)

Deirochelys
reticularia

1 I Gaffney (1979b)

Emys orbicularis 1 I Gaffney (1979b)

Malaclemys
terrapin

1 I Gaffney (1979b)

Malayemys
subtrijuga

1 I Gaffney (1979b)

Pseudemys
texana

3 I Bever (2008, 2009a)

Terrapene ornata 1 I Gaffney (1979b)

(continued)
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Chapter 8

New Material of the Platychelyid Turtle Notoemys
zapatocaensis from the Early Cretaceous of Colombia;
Implications for Understanding Pleurodira Evolution

Edwin A. Cadena, Carlos A. Jaramillo, and Jonathan I. Bloch

Abstract Notoemys zapatocaensis is the youngest
representative of the Platychelyidae, a group of Late
Jurassic-Early Cretaceous pleurodires. Here we describe
two new specimens of this species represented by a partial
carapace and a nearly complete articulated shell. Notoemys
zapatocaensis is different from other platychelyid turtles in
having: (1) two fairly reduced lateral tuberosities on the
margin of the anterior plastral lobe, (2) a shallow notch on
the posterolateral margin of the epiplastra, giving a convex
posterolateral edge to this bone, (3) gular scales that are
rectangular in shape and much wider than long, (4) a long
intergular scale that has a slight medial contact with the
pectorals, resulting in a complete separation of the humeral
scales, (5) a central plastral fontanelle that projects poste-
riorly into the xiphiplastral region, (6) a very small marginal
3, (7) a slightly shorter neural 1 than neural 2, with an
exclusive lateral contact with costal 1, resulting in a
complete separation of neural 2 and costal 1, (8) narrower
vertebral scales, and (9) peripheral 3 lacking a posterome-
dial contact with costal 2. Phylogenetic analysis indicates

that N. zapatocaensis is a sister taxon of N. oxfordiensis,
and that Proterochersis robusta can be resolved in two
different positions in the testudines tree: (1) with Odont-
ochelys semitestacea based on the fact that both taxa share
two mesoplastra meeting at midline, or (2) as the most basal
pleurodire, based on a suture articulation of pelvis to shell.
Anal notch shape and potentially fontanelle size are
indicators of sexual dimorphism in platychelyids.

Keywords Rosablanca Formation � South America �
Valanginian � Zapatoca

Introduction

Turtles diverged in two infraorders (Pleurodira and Cryptodira)
during the Late Triassic or earlier (Gaffney and Jenkins
2010), around 221 Ma, maximum estimated based on
molecular studies (Shaffer 2009). The earliest pleurodire so
far known is Proterochersis robusta Frass (1913) from the
Late Triassic of Germany, however is important to mention
here that new material is being studied from the Early to
Middle Jurassic that would change the current state of
P. robusta (Joyce and Sterli, in press). P. robusta, as with
most other Late Triassic-Early Cretaceous pleurodires, is
known only by shells. The only exception to this is Not-
oemys laticentralis Cattoi and Freiberg (1961), which is
represented by a partial skull recently re-described by de
Lapparent de Broin et al. (2007). Following Gaffney et al.
(2006) below Proterochersis, all pleurodires are included in
the Parvorder Megapleurodira, which is divided into
Nanorders Platychelira and Eupleurodira (Cheloides and
Pelomedusoides). Platychelira is represented by the single
Family Platychelyidae, which includes Platychelys obern-
dorferi from the Late Jurassic (Kimmeridgian) of Germany
(Wagner 1853), and the three species of Notoemys: Notoe-
mys laticentralis from the Late Jurassic (Tithonian) of
Argentina (Cattoi and Freiberg 1961; Fernandez and de la
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Fuente 1988, 1994; de Lapparent de Broin et al. 2007; de la
Fuente 2007), N. zapatocaensis from the Early Cretaceous
(Valanginian) of Colombia (Cadena and Gaffney 2005), and
N. oxfordiensis from the Late Jurassic (Oxfordian) of Cuba,
known by a single poorly preserved shell (de la Fuente and
Iturralde-Vinent 2001; Cadena and Gaffney 2005). None of
the three species of Notoemys has a completely preserved
anterior plastral lobe, which is unfortunate because that
region has morphological features that are key to under-
standing the evolution of the turtle shell.

Two new specimens of Notoemys zapatocaensis are
described here. The first is an almost complete and articu-
lated shell (here designated as the paratype), and the second
other is a partial carapace (here designated as a referred
specimen). Both specimens were collected by the senior
author in 2006 in Zapatoca, Colombia, from the same
locality and stratum as the holotype (Fig. 8.1). The excel-
lent preservation of the anterior plastral and carapace
elements allows us to amend the diagnosis for this species,

and the specimens allow a revised phylogenetic analysis of
pleurodires and the most basal testudines.

Institutional Abbreviations used in this paper are: IPN-
EAC Museo Geológico José Royo y Goméz–Instituto
Colombiano de Geología y Minería-Ingeominas, Bogotá,
Colombia; MACN Museo Argentino de Ciencias Naturales,
Buenos Aires, Argentina; MNHN Muséum national d’his-
toire naturelle, Paris, France; MNHN AC Anatomie Com-
parée collections of MNHN; MNHNCu Museo Nacional de
Historia Natural, La Habana, Cuba; and MOZP Museo
‘‘Prof. Dr. Olsacher’’ Zapala, Argentina.

Systematic Paleontology

Testudines Batsch 1788
Pleurodira Cope 1864
Platychelyidae Bräm 1965
Notoemys Cattoi and Freiberg 1961
Notoemys zapatocaensis Cadena and Gaffney 2005
(Figs. 8.2, 8.3)

Holotype: MGJRG IPN 15-EAC 140120031, nearly
complete shell, missing the anteromedial region of the
carapace and the anteromedial portion of the plastron;
previously described and figured by Cadena and Gaffney
(2005).

Newly designated paratype: MGJRG IPN 15-EAC
150620061, abbreviated as MG61 (Fig. 8.2a–d), articulated
carapace and plastron, missing the right posterolateral
portion of the carapace.

Newly referred specimen: MGJRG IPN 15-EAC
150620062, abbreviated as MG62, a partial central portion
of a carapace including neurals 2–8, the most medial por-
tion of costals 2–7, and an isolated medial portion of the left
costal 8 that preserves an iliac scar (Fig. 8.3a, b).

Locality, horizon, and age: All three specimens are
from the same locality and unit. The El Caucho Farm
locality (6� 500 3500N, 73� 130 5000W) is northeast of
Zapatoca town, Department of Santander, Colombia.
The locality is in a limestone layer belonging to the upper
segment of the shallow marine Rosablanca Formation
(Guzman 1985). The occurrence of the ammonite Saynoceras
verrucosum (F. Etayo 2008, personal communication) indi-
cates that this part of the Rosablanca Formation corresponds
to the base of the late Valanginian stage (Early Cretaceous),
approximately 138 Ma according to the biochronostrati-
graphic framework of Ogg et al. (2008).

Revised diagnosis: Notoemys zapatocaensis is recog-
nized as a pleurodire turtle on the basis of the following
characteristics: (1) sutural articulation of the pelvis with the
shell, (2) well-developed anal notch that is U- or V-shaped.
It is a megapleurodire, based on (1) one pair of mesoplastra,

Fig. 8.1 a Location of the town of Zapatoca, Department of
Santander, Colombia: 6� 500 350 0N, 73� 130 500 0W. b Saynoceras
verrucosum, ammonite indicator of the base of the Late Valanginian,
collected at the same layer as Notoemys zapatocaensis holotype and
paratype (MG61)
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laterally restricted that lack a medial contact, (2) a single
intergular scale. N. zapatocaensis is a platychelyid because
it has (1) a costovertebral tunnel that is very wide through
its entire length, (2) an articulation tubercule on the anterior
face of the first thoracic rib, (3) a carapace with posterior
sides tapering medially, (4) the second neural smaller than

the remainder of the neural series, (5) the thoracic vertebrae
smooth and flat ventrally, hexagonal in shape with a cen-
trolateral notch, and (6) a carapace with dorsal protuber-
ances, located on the posterior region of the pleural and
vertebral scales. It is recognized as a member of the genus
Notoemys and differs from Platychelys oberndorferi in

Fig. 8.2 Notoemys zapatocaensis paratype (MG61), MGJRG IPN
15-EAC 150620061. a, b Carapace in dorsal view: a photograph;
b interpretive drawing. c, d Plastron in ventral view: c photograph;
d interpretive drawing. Abbreviations: abd abdominal; ce cervical; co
costal; ent entoplastron; epi epiplastron; fem femoral; fon fontanelle;

gul gular; hum humeral; hyo hyoplastron; hyp hypoplastron; inm
intermedial; intg intergular; ma marginal; mes mesoplastron; ne
neural; pec pectoral scale; pe peripheral; pl pleural; su suprapygal; ve
vertebral; xip xiphiplastron

8 New material of Notoemys zapatocaensis 107



having (1) a wider and shorter cervical scale, (2) no
supramarginal scales, (3) a smooth and relatively flatter shell
with lower dorsal protuberances lacking radial striation, (4)
a larger suprapygal 1, (5) the neural 3 in posterolateral
contact with costal 4, (6) an iliac scar oval in shape and
restricted to costal 8, and (8) a very reduced medial space
between the first and the second thoracic ribs. Autopo-
morphies of Notoemys zapatocaensis are (1) an anterior
plastral lobe margin with two rather reduced lateral tuber-
osities, almost straight in outline, (2) a shallow notch on the
posterolateral margin of the epiplastra, giving a convex
posterolateral edge to this bone, (3) gular scales rectangular
in shape, much wider than long, (4) a long intergular scale
slightly touching the pectorals medially, and completely
separating the humerals, (5) a central plastral fontanelle
projecting posteriorly into the xiphiplastral region, (6) a
very small marginal 3, (7) a quadrangular neural 1 that is
slightly shorter than neural 2 and exclusively in contact with
costal 1 laterally, and neural 2 exclusively in contact with
costal 2 laterally, (8) vertebral scales that are narrower than
in N. laticentralis, N. oxfordiensis and Platychelys obern-
dorferi, and (9) peripheral 3 lacking posteromedial contact
with costal 2.

Description

Carapace: MG61 has a shell that is cordiform in shape,
with an anterior edge that is straight, its widest point at
peripheral 7, and posterior lateral sides tapering medially as
in the holotype and the other platychelyids. Measurements
are given in Table 8.1. Posterior edges are dentate at the
contact between marginal scales, as in the holotype,
although this is much less pronounced than in Platychelys
oberndorferi and slightly more pronounced than in Notoe-
mys laticentralis MACN 18403. This morphological feature
is unknown for N. oxfordiensis due to the poor preservation
of its edges. Low protuberances in MG61 are located at the

posterior medial region of each vertebral and pleural scales,
as in the holotype and MG62. In N. laticentralis the
protuberances are slightly lower, and they are not preserved
in N. oxfordiensis due to the highly eroded surface of
the carapace. High and very well developed protuberances
are characteristics of Platychelys oberndorferi. The
carapace surface of MG61 is smooth, with a light micro-
vermiculation rather than the granulation seen in the
holotype, similar to the condition in N. latincentralis.
In contrast, Platychelys oberndorferi has a carapace surface
very sculptured with radial striations originating at the
center of the protuberances.

The nuchal bone of MG61 is hexagonal in shape and
wider than long as in all other platychelyids and also the
cryptodires Kayentachelys aprix Gaffney et al. (1987),
Eileanchelys waldami Anquetin et al. (2009), Heckeroche-
lys romani Sukhanov (2006), Indochelys spatulata Datta
et al. (2000), and Chengyuchelys baenoides Young and
Chow (1953). In contrast, all pleurodires have a nuchal
bone relatively equidimensional or longer than wide.

Eight neurals are present in MG61. Neural 1 is slightly
shorter than neural 2, and is the only neural in contact with
costal 1, a condition also present in the holotype, although it
differs from the holotype in that neural 1 is slightly larger.
In contrast, the other two species of Notoemys and Platy-
chelys oberndorferi have a neural 1 that is longer than
neural 2 and in contact with costal 1 and 2 laterally, pre-
venting an anterolateral contact of neural 2 with costal 1.
This is a condition also present in Kayentachelys aprix,
Eileanchelys romani, Heckerochelys romani, Indochelys
spatulata, Chengyuchelys baenoides, and retained in the
extant chelid Chelus fimbriata Schneider (1783). In con-
trast, Brasilemys josai de Lapparent de Broin (2000), Ara-
ripemys barretoi Price (1973), and one of the specimens of
Cearachelys placidoi Gaffney et al. (2001) have a slightly
more derived condition of neural 1 contacting costal 1 and
2, and neural 2 contacting costal 2 and 3. The most frequent
condition for eupleurodires is to have neural 1 only con-
tacting costal 1, and neural 2 contacting costal 1 antero-
laterally. Exceptions to this include many of the chelid

Table 8.1 Measurements for the platychelyids, including the paratype (MG61) of Notoemys zapatocaensis

Taxon CL CW PL PW CLe CWe PLe PWe

Notoemys zapatocaensis MGRG IPN 15 EAC 150620061. This study 20 18 8 15 21 18 18 16

Notoemys zapatocaensis MGRG IPN 15 EAC 140120031. Figured in Cadena
and Gaffney (2005)

22 20 19 14 24 20 19 16

Notoemys laticentralis MOZP 2487. Figured in Fernandez and de la Fuente (1994) 27 25 24 22 27 25 25 22

Notoemys oxfordiensis MNHNCu-P 3209. Figured in de la Fuente
and Iturralde-Vinent (2001)

25 23 20 20 25 23 22 20

Platychelys oberndorferi. Figured in de Lapparent de Broin (2001) 20 17 17 13 20 17 17 13

Measurements in centimeters. Abbreviations: CL carapace length; CW carapace width; PL plastron length; PW plastron width; CLe total carapace
length, estimated; CWe total carapace width, estimated; PLe total plastron length, estimated; PWe total plastron width, estimated

108 E. A. Cadena et al.



genera, the nomen dubium Eusarkia rotundiformis Berg-
ounioux (1952), and the podocnemidid Bairdemys venezu-
elensis Wood and de Gamero (1971), which completely
lack the neural series. Neural 3 in the paratype (MG61) of
N. zapatocaensis, as in N. laticentralis, is large, almost
octagonal in shape, and in contact with costal 4 postero-
laterally. In the holotype of N. zapatocaensis, neural 3 lacks
the right posterolateral contact with costal 4; the same
asymmetrical pattern is present in the Platychelys obern-
dorferi specimen figured in de Lapparent de Broin (2001,
Fig. 1). However the holotype of Platychelys oberndorferi
lacks a posterolateral contact with costal 4 on both sides,
thus exhibiting a more rectangular shape than in the other
platychelyids. Neurals 4–8 exhibit the same shape and
sutural contacts as the holotype, specimen MG62 (Fig. 8.3a,
b), N. laticentralis, and Platychelys oberndorferi, although

this latter taxon exhibits neurals slightly more rectangular in
shape. The neural series is unrecognizable in N. oxfordi-
ensis due to its poor preservation.

Suprapygal 1 is rectangular in shape, slightly longer than
wide as in the holotype, similar to Platychelys oberndorferi,
Condorchelys antiqua Sterli (2008), Indochelys spatulata,
and Kayentachelys aprix. In contrast, the suprapygal 1 in N.
laticentralis is trapezoidal in shape, wider posteriorly than
anteriorly. Suprapygal 1 is absent in most of the eupleu-
rodires. Suprapygal 2 is only preserved in the paratype
(MG61) of N. zapatocaensis, where it exhibits the same
pentagonal shape as the holotype and the other platych-
elyids. The pygal of N. zapatocaensis, missing in the
paratype (MG61) but preserved and previously described in
the holotype, has a medial notch on its posterior edge.
Based on a reexamination of the holotype of N. laticentralis

Fig. 8.3 Notoemys zapatocaensis MGJRG IPN 15-EAC 150620062
(MG62). Central portion of the carapace, including neurals 2–8, the
most medial portion of costals 2–7, and an isolated most? medial

portion of the left costal 8 preserving the iliac scar. See areas
shadowed in light grey in the turtle sketch. a Ventral view. b Dorsal
view
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MACN 18403 by the senior author of this paper, such a
notch is also present, although shallower, in that specimen.
This new interpretation differs from previous studies (de la
Fuente and Iturralde-Vinent 2001), which considered the
posterior pygal notch to be absent in N. laticentralis.

Eight sets of costals are complete in both sides of the
carapace of the paratype (MG61) of Notoemys zapatoca-
ensis, with the sets on the right side slightly broken later-
ally. The shape of the costals is similar to the holotype and
the other platychelyids. MG62 preserves the left costal 8
with the iliac scar slightly oval, rounded and restricted to
this costal, as in N. laticentralis. This seems to be also the
condition in N. oxfordiensis, although this region is badly
preserved in specimens of that taxon. In contrast, Platy-
chelys oberndorferi has an elongated iliac scar extending
onto costal 8, suprapygal, and the medial margin of the
peripherals. Eleven peripheral bones are recognized on the
left side of the paratype (MG61). Peripherals 1–3 are in
medial contact with costal 1. Peripheral 3 lacks a postero-
medial contact with costal 2, differing in this feature from
the other platychelyids and other testudines in which
peripheral 3 contacts costal 2. The presence of a small
peripheral 3 restricted between peripherals 2 and 4 in the
holotype was defined as a potential diagnostic characteristic
of N. zapatocaensis (Cadena and Gaffney 2005), but this
feature is not present in the paratype (MG61) described
here, which shows a well-developed peripheral 3 on both
sides of the carapace. Thus the condition in the holotype is
reinterpreted as a pathology of that specimen, as was ini-
tially done by Cadena and Gaffney (2005). Peripherals 5–7
are longer than wide, whereas peripheral 8 and 10 are
slightly larger than peripheral 9 and 11, as in the holotype
and N. laticentralis.

The cervical scale in the paratype (MG61) of Notoemys
zapatocaensis, as in the holotype and N. laticentralis, is
rectangular in shape, much wider than long. The cervical is
slightly shorter in many of the specimens of Platychelys
oberndorferi. This is the primitive condition also present in
Proterochersis robusta, Kayentachelys aprix, Indochelys
spatulata, Eileanchelys waldami, Heckerochelys romani,
and Chengyuchelys baenoides (at least for its middle cer-
vical). In Dortoka vasconica de Lapparent de Broin and
Murelaga (1996), the cervical is almost equidimensional
and in chelids it is slightly longer than wide, except
in the extant species Hydromedusa tectifera Cope (1870),
which has a large cervical enclosed between marginals 1,
pleurals 1, and vertebral 1. All pelomedusoids turtles lack a
cervical scale. The condition is unknown for euraxemydids.

Five vertebral scales are clearly visible on the dorsal
aspect of the carapace in the paratype (MG61) of Notoemys
zapatocaensis; vertebrals 1–3 are almost rectangular in
shape as in the holotype and Platychelys oberndorferi, and
much narrower than in N. laticentralis, Proganochelys

quenstedti, Proterochersis robusta, Kayentachelys aprix,
Heckerochelys romani, Indochelys spatulata, and Eilean-
chelys waldami. The condition is unknown in N. oxfordi-
ensis. Vertebral 4 is nearly hexagonal in shape as in
Platychelys oberndorferi, and much narrower than in N.
laticentralis, Proganochelys quenstedti, Proterochersis
robusta, Kayentachelys aprix, Heckerochelys romani,
Indochelys spatulata, and Eileanchelys waldami. The sulcus
between vertebrals 3 and 4 is on neural 6 and costal 6, as in
Platychelys oberndorferi and the other two species of
Notoemys, as well as in most of the primitive testudines for
which five neurals are recognized (Character 74, Joyce 2007;
erroneously defined for vertebrals 2 and 3). In eucryptodires
and eupleurodires, the sulcus between vertebrals 3 and 4 is
on costal 5. This characteristic is related to the narrowing
of the vertebral scales. Vertebral 5, although preserved
only anterolaterally in the paratype (MG61) of N. zapatoc-
aensis, seems to be heptagonal, as in the holotype and
N. laticentralis. In contrast it is octagonal in Platychelys
oberndorferi. The pattern of reduction in the width of
vertebral scales described for N. zapatocaensis and Platy-
chelys oberndorferi is also shared by eupleurodires and
eucryptodires.

Four pleural scales are visible on the left portion of the
carapace of MG61, and are the same shape as in the holo-
type, Notoemys laticentralis, and Platychelys oberndorferi.
Pleural 4 is more nearly rectangular than pentagonal as is
the condition in P. oberndorferi. P. oberndorferi also has
straighter medial edges for all pleurals. Twelve marginal
scales are visible on the left side of the carapace of MG61.
Marginal 1 lacks contact with pleural 1, as is also the
condition for the holotype. In contrast, N. laticentralis has a
marginal 1 contacting pleural 1 posteriorly. Marginal 2 has
the same shape and size as the holotype, slightly longer than
in N. laticentralis and P. oberndorferi. In both the paratype
(MG61) and the holotype of N. zapatocaensis, marginal 3 is
smaller compared to other platychelyids and testudines.
Marginals 4–8, marginal 10, and marginal 12 are longer
than wide, rectangular in shape. Based on a reinterpretation
of the elements that Cadena and Gaffney (2005) erroneously
identified as marginals 9 and 11 as marginals 10 and 12,
this is also the case in the holotype. Marginals 10–12 of
N. laticentralis, Kayentachelys aprix, and Condorchelys
antiqua also share the pattern described for N. zapatoca-
ensis. In contrast, in P. oberndorferi these marginal scales
are slightly more pentagonal in shape. Marginals 9 and 11
are pentagonal in shape for the paratype (MG61) of
N. zapatocaensis, the holotype (erroneously identified
as marginals 8 and 10 by Cadena and Gaffney 2005),
N. laticentralis, Kayentachelys aprix, Condorchelys anti-
qua, Heckerochelys romani, and eupleurodires for which
the posterior series of marginals are more equidimensional
due to an increase in the size of the peripherals.
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Plastron: The anterior plastral lobe of the paratype
(MG61) of Notoemys zapatocaensis is shorter than the
posterior lobe, and has a straight anterior edge with very
reduced tuberosities in both lateral corners and a slight
concavity at the medial margin. In Platychelys oberndor-
feri, the anterior edge exhibits a very short tuberosity at the
midline of the plastron, whereas N. oxfordiensis lacks
tuberosities on the anterior edge. Both P. oberndorferi and
N. oxfordiensis have a slightly more convex anterior
plastral edge than N. zapatocaensis. In the case of N. lat-
icentralis the arrangement of bones and scales at the
margin of the anterior plastral lobe remains unknown
because neither the holotype MACN 18403 nor MOZP
2487, figured in de la Fuente (2007), completely preserve
this aspect. The primitive condition exhibited by Odont-
ochelys semitestacea, Proganochelys quenstedti, and Pro-
terochesis robusta is the presence of an anterior plastral
lobe edge highly decorated with large tuberosities, defining
a very dentate anterior margin. Tuberosities persist,
although they are much more reduced in number and size,
in Kayentachelys aprix and Chengyuchelys baenoides.
They have disappeared completely in Indochelys spatulata,
which has a very straight anterior edge. Dortoka vasconica
and most other eupleurodires have a very convex anterior
plastral lobe, although some exceptions are present, for
example the bothremydid Taphrosphys spp., which has a
nearly straight anterior plastral edge, or the short projec-
tions at the intergular–gular scales region of some
pelomedusidids.

The entoplastron of Notoemys zapatocaensis is diamond-
shaped, slightly touching the edge of the anterior plastral
lobe, and completely separating the epiplastra. The most
primitive condition, seen ventrally in Odontochelys semi-
testacea, is an entoplastron with an extensive participation
in the edge of the anterior plastral lobe, and both epiplastra
meeting at midline posteriorly to the entoplastron. Pro-
ganochelys quenstedti, Proterochersis robusta, Paleocher-
sis talampayensis, Rougier et al. (1995), Kayentachelys
aprix, and Indochelys spatulata show a more progressive
condition in which the entoplastron completely separates
the epiplastra. A more advanced condition is present in
N. zapatocaensis where the entoplastron does not participate
in the edge of the anterior plastral lobe. Eileanchelys
waldami, Heckerochelys romani, Chengyuchelys baenoides,
Platychelys oberndorferi, N. oxfordiensis, and N. laticen-
tralis show an entoplastron more withdrawn from the
anterior edge of the plastral lobe, with both epiplastra
having a short midline contact anterior to the entoplastron.
The length of the contact of the epiplastra anterior to the
entoplastron is greater in Dortoka vasconica and eupleu-
rodires. A graphical reconstruction of the entoplastron and
the epiplastra relationships for some testudines is shown in
Fig. 8.4.

The epiplastron in the paratype (MG61) of Notoemys
zapatocaensis is trapezoidal in shape with a convex pos-
terior edge as in Chengyuchelys baenoides and Hecker-
ochelys romani. In N. oxfordiensis, N. laticentralis,
Platychelys oberndorferi, Dortoka vasconica, and eupleu-
rodires, the posterior edge of the epiplastron is straight to
slightly concave, and it is highly concave in Proganochelys
quenstedti and Proterochersis robusta. The hyoplastron and
hypoplastron are similar to other platychelyids in shape, but
are distinctive in that the central fontanelle extends from the
central portion of the hyoplastra to the anteromedial part of
the xiphiplastra, and is completely filled by bone that is
thinner than the rest of the shell. The outline of the central
fontanelle is marked by a sulcus as is also the case in the N.
laticentralis specimen MOZP 2487, which was figured in de
Lapparent de Broin et al. (2007, Fig. 1d). The presence of
the central fontanelle in the holotype of N. zapatocaensis
remains uncertain, because the margins of the hyoplastra
and the xiphiplastra are broken at the midline. However if
the central fontanelle existed in the holotype of N. zapat-
ocaensis, it would have been restricted to the central portion
of the plastron and would not have extended posteriorly into
the xiphiplastral region, since a sulcus is absent and no
differences in bone thickness are present that would indicate
that the fontanelle has been secondarily filled in.
N. oxfordiensis, P. oberndorferi, the stem testudine Sichu-
anchelys sp. indet., and Indochelys spatulata share with the
holotype of N. zapatocaensis the presence of a central
fontanelle restricted to the area between hyoplastra and
hypoplastra and, in the case of P. oberndorferi and the stem
testudine Sichuanchelys sp. indet., a posterior fontanelle
restricted to the area between the hypoplastra and xiphi-
plastra bones. This latter fenestra is unknown for
N. oxfordiensis and absent in I. spatulata and Heckerochelys
romani. In contrast, N. laticentralis and the paratype
(MG61) of N. zapatocaensis share the presence of a large
central fontanelle posteriorly projected toward the xiphipl-
astral region. Stem testudines such as Odontochelys semi-
testacea, Proganochelys quenstedti, Proterochersis robusta,
Paleochersis talampayensis, and Kayentachelys aprix, lack
plastral fontanelles. This is also the case in Dortoka vas-
conica and eupleurodires, with the exception of Araripemys
barretoi which has central and posterior fontanelles.
The fontanelles are characteristic of early ontogenetic stages
in almost all modern turtles, and filled by bone in later stages;
examples of this process are seen in Podocnemis lewyana
MNHN 1994-286, and Chelus fimbriata MNHN AC 5176.

The mesoplastra in the paratype (MG61) of Notoemys
zapatocaensis are triangular in shape and wider than long,
lack a midline contact, and are smaller than in N. latin-
centralis, N. oxfordiensis and Platychelys oberndorferi.
The primitive condition seen in Odontochelys semitestacea
is two pairs of mesoplastra meeting at the midline of the
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Fig. 8.4 Entoplastron and epiplastra relationship in testudines.
Sketches of the plastron were redrawn from previous publications,
indicated after the species name. Entoplastron shadowed in black, and
epiplastra in gray. a Odontochelys semitestacea Li et al. (2008).
b Proterochersis robusta Joyce (2007). c Proganochelys quenstedti
Joyce (2007). d Kayentachelys aprix Gaffney (1990). e Indochelys
spatulata Datta et al. (2000). f Platychelys oberndorferi de Lapparent

de Broin (2000). g Notoemys zapatocaensis this study. h Notoemys
laticentralis de Lapparent de Broin et al. (2007). i Dortoka vasconica
de Lapparent de Broin et al. (2004). j Chelodina oblonga Joyce (2007).
k Bonapartemys bajobarrealis de Lapparent de Broin and De la Fuente
(2001). l Podocnemis sextuberculata Joyce (2007). m Apalone ferox
Joyce (2007). n Eretmochelys imbricata Joyce (2007). o Mauremys
leprosa Claude et al. (2003). p Kinosternon leucostomun Joyce (2007)
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plastron, a condition considered by Li et al. (2008) as a
diagnostic characteristic for this genus. However, this
characteristic is not exclusive to Odontochelys semitestacea
since it is also present in Proterochersis robusta. In con-
trast, Proganochelys quenstedti, Kayentachelys aprix,
Eileanchelys waldami, Heckerochelys romani, and Chen-
gyuchelys baenoides have only one mesoplastral pair,
meeting at midline of the plastron; in the case of Sichuan-
chelys sp. indet. and Indochelys spatulata, the mesoplastra
reach the lateral border of the central fontanelle. Dortoka
vasconica, chelids, and Araripemys barretoi lack mesopla-
stra; all other eupleurodires have one pair of mesoplastra
that are laterally restricted, almost equidimensional, and
lack a midline contact.

The posterior plastral lobe in the paratype (MG61) of
Notoemys zapatocaensis is markedly concave, in contrast to
the flat surface of the holotype. The lateral edges of the lobe
are slightly rounded with two shallow embayments; the
anterior embayment is at the lateral aspect of the sutural
contact between the hypoplastron and xiphiplastron, and the
posterior one at the lateral end of the sulcus between the
femoral and the anal scale. This is also the condition for the
holotype. P. oberndorferi and N. laticentralis have a less
marked embayment on the lateral edges of the posterior plas-
tral lobe. In N. oxfordiensis the condition remains unknown
since the most of the posterior plastral lobe is missing.

The xiphiplastra in the paratype (MG61) of Notoemys
zapatocaensis have a deep U-shaped anal notch with pos-
terior tips, similar to specimen MOZP-2487 of N. laticen-
tralis. In contrast the holotype of N. zapatocaensis and the
specimen of Platychelys oberndorferi figured in de Lapparent
de Broin (2001, Fig. 1b) have a shallow, wide V-shaped anal
notch, lacking well-developed posterior tips. Odontochelys
semitestacea lacks a xiphiplastral anal notch, exhibiting a
narrowly rounded to straight posterior edge. Proterochersis
robusta has an interanal? scale at the most posterior margin
of the plastron, creating a very narrow anal notch. All
eupleurodires have a well-developed anal notch but it is
variable in size, shape and depth in each family or genus.

The intergular scale in the paratype (MG61) of Notoemys
zapatocaensis is pentagonal, elongated in shape, longer than
wide, and reaches the posteromedial corner of the entopl-
astron, as in the bothremydid Ummulisani rutgersensis
figured in Gaffney et al. (2006, Fig. 269). In contrast, N.
laticentralis, N. oxfordiensis, and Platychelys oberndorferi
have an intergular scale that extends to the posteromedial
margin of the entoplastron, a condition much less advanced
than in Dortoka vasconica and most of the eupleurodires,
where the intergular only covers the most anteromedial
corner of the entoplastron; in the case of the podocnemidid
Erymnochelys madagascariensis the very small intergular is
restricted between the gulars. The intergular scale remains
unknown for Odontochelys semitestacea, and for other

primitive testudines such as Progranochelys quenstedti,
Proterochersis robusta, and Heckerochelys romani. Chen-
gyuchelys baenoides differs in having two small intergulars.
The gulars in the paratype (MG61) of N. zapatocaensis are
almost rectangular in shape, much wider than long, a con-
dition not seen elsewhere within the testudines. This con-
dition is intermediate between the short, square, and more
laterally positioned gulars of Proganochelys quenstedti and
Proterochersis robusta and the triangular, more medially
positioned gulars of N. oxfordiensis, P. oberndorferi, Dor-
toka vasconica, and most of the eupleurodires. The humeral
scales of MG61 are completely separated medially by the
intergular, such as in the bothremydid Ummulisani rut-
gersensis; thus they are smaller than in other platychelyids,
Proganochelys quenstedti, Proterochersis robusta, Chen-
gyuchelys baenoides, Heckerochelys romani, D. vasconica,
and the eupleurodires. The humeropectoral sulcus in N.
zapatocaensis is concave, slightly in contact with the pos-
terior corner of the entoplastron as in N. laticentralis, while
it is more posteriorly positioned in N. oxfordiensis, P.
oberndorferi, Odontochelys semitestacea, Proterochersis
robusta, Proganochelys quenstedti, Ch. baenoides, H.
romani, and D. vasconica figured in de Lapparent de Broin
and Murelaga (1999, Fig. 4). In eupleurodires and D. vas-
conica figured in de Lapparent de Broin et al. (2004, pl. III,
4), the humeropectoral sulcus extends further anteriorly
over the posterior region of the entoplastron. The pectoro-
abdominal, the abdominofemoral, and the femoroanal sulci
in the paratype (MG61) of N. zapatocaensis, as well as in N.
laticentralis, are interrupted at the midline of the plastron
by the large central fontanelle.

Phylogenetic Analysis

In order to perform a cladistic analysis, we included Not-
oemys zapatocaensis and 19 other taxa (principally pleu-
rodires) in a matrix of 84 characters in total; 61 of them are
skull/lower jaw characters (60 taken from Joyce 2007, and
one taken from Cadena et al. 2010), 23 are shell characters.
There are 19 in-group taxa and 1 out-group taxon (Odont-
ochelys semitestacea). See Appendix 1 for the list of char-
acters and Appendix 2 for the character-taxon matrix. The
shell characters were taken and in some cases modified
from previously published character matrices and detailed
systematic studies, including de Lapparent de Broin and de
la Fuente (2001), de la Fuente and Iturralde-Vinent (2001),
de la Fuente (2003), Cadena and Gaffney (2005), Joyce
(2007), and Li et al. (2008). A few of these characters
are new to this study and were defined based on direct
examination of extant or fossil specimens. We constructed
the character-taxon matrix using Mesquite Version 2.72
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(Maddison and Maddison 2009). For the phylogenetic
analysis we used the parsimony algorithm of PAUP 4.0b10
(Swofford 2002). All characters were equally weighted and
unordered in a first run. A second run was performed with
all characters remaining unordered, but with weighting
character 81 with a value of 4 using the set weight character

option in PAUP; the remaining characters retained an equal
weight of 1. The reason to weight character 81 is that it is an
undisputably consistent character in the evolution of the
pleurodires, with no homoplasy known; see discussion in
Gaffney et al. (2006, Character 133, p. 620). Multistate
characters were treated as polymorphic. Finally, we

Fig. 8.5 Two alternative
phylogenetic relationships among
pleurodires and basal testudines
recovered by this study. a Single
most parsimonious cladogram,
based on analysis in which all
characters were unordered and
equally weighted, using
heuristics search (10,000
replicates) parsimony algorithm.
b Strict consensus (our preferred
phylogenetic hypothesis) of two
most parsimonious cladograms,
based on analysis in which all
characters were unordered,
character 81 was weighted four,
and rest of characters had a
weight of one. Extant taxa are
indicated with an asterisk.
Bootstrap values percentages
(upper numbers) were obtained
using 1000 replicates. Bremer
decay indices (lower numbers)
were obtained using TreeRot
version 3 (Sorenson and Franzosa
2007)

114 E. A. Cadena et al.



performed a heuristics search (10,000 replicates), obtaining
boostrap percentages for 1000 replicates, and Bremer decay
support indices using TreeRot Version 3 (Sorenson and
Franzosa 2007).

Discussion

Phylogenetic Results

The phylogenetic analysis resulted in a single most parsi-
monious tree (Fig. 8.5a), with a tree length of 104, con-
sistency index (CI) = 0.85, retention index (RI) = 0.90,
and homoplasy index (HC) = 0.15. Proterochersis robusta
is resolved at the base of the cladogram below Odont-
ochelys semitestacea, a position mainly influenced by the
presence of two pairs of mesoplastra meeting at the midline
of the plastron (Character 78), which is a condition lost
independently in derived pleurodires and cryptodires. A
second run weighting the most unique pleurodire character,

the sutural articulation of pelvis to shell (Character 81),
with a minimum value of four resulted in two most parsi-
monious trees. The consensus tree (Fig. 8.5b) has a con-
sistency index (CI) = 0.84, a retention index (RI) = 0.89, a
homoplasy index (HC) = 0.16, and tree length of 109.
P. robusta is placed in this tree as the most basal pleurodire,
the same result as obtained by Gaffney et al. (2006,
Fig. 292) it is the hypothesis that we favor here.

The Platychelyidae (Platychelys and Notoemys spp.) are
a monophyletic clade, the same result obtained by Gaffney
et al. (2006, Fig. 292). In contrast, the phylogenetic
hypothesis presented by Joyce (2007, Fig. 18) shows that
N. latincetralis is a sister taxon to the Pleurodira, and not just
to the Platychelyidae. Notoemys zapatocaensis and N. oxfordiensis
are sister taxa based on the fact that both share an intergular
scale covering most of the entoplastron posteriorly
(Character 76). However this relationship is not strongly
supported by Bremer indices values (see Fig. 8.5b), with
only one extra step required to collapse the N. zapatoca-
ensis–N. oxfordiensis branch, creating a polytomy? between
the three species of Notoemys. Cadena and Gaffney (2005)
hypothesized that N. zapatocaensis is more closely related

Fig. 8.6 Differences in the xiphiplastra and fontanelles within
platychelyids, potentially related to sexual dimorphism. Males (circle
with arrow symbol) are characterized by a concave posterior plastral
lobe, long and narrow posterior xiphiplastral tips, a well-developed
anal notch in a U shape, and a large central fontanelle. Females (circle
with cross down symbol) are characterized by a flat posterior plastral

lobe, short and wide posterior xiphiplastral tips, a V-shaped anal notch,
and two interrupted fontanelles. a Notoemys laticentralis figured in de
Lapparent de Broin et al. (2007). b Platychelys oberndorferi redrawn
from de Lapparent de Broin (2000). c N. zapatocaensis this study. d N.
zapatocaensis figured in Cadena and Gaffney (2005)
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to N. laticentralis than to N. oxfordiensis. This hypothesis is
based on the presence of more derived characteristics in
common in these two taxa (see description) than in the other
two possible combinations of taxa (N. zapatocaensis–N.
oxfordiensis or N. laticentralis–N. oxfordiensis). At this
point we favor the result obtained by our phylogenetic
analysis (N. oxfordiensis–N. zapatocaensis), pointing out
that the phylogenetic relationships among platychelyids will
be clearly resolved only with the discovery of skull-shell
associated material.

Continuing with the analysis of the phylogenetic
hypothesis presented here (Fig. 8.5b), Araripemys barretoi
and Dortoka vasconica are resolved as the most basal
pelomedusoids, differing from the others in that both lack
mesoplastra bones (Character 78). A. barretoi has been
considered to be the sister taxon of Pelomedusidae based on
the shared presence of an extreme temporal emargination
(Gaffney et al. 2006, Fig. 292; Meylan et al. 2009). In
contrast, Joyce (2007) defined the temporal emargination
character in terms of squamosal-postorbital contact (Char-
acter 18, Appendix 1), a definition that we adopted here.
The condition in A. barretoi and Pelomedusidae is the lack
of a squamosal-postorbital contact due to upper temporal
emargination. However, our phylogenetic hypothesis shows
that even though both A. barretoi and Pelomedusidae share
the same squamosal-postorbital contact condition, this sin-
gle character is not enough to support a closer relationship.
In the case of D. vasconica, our phylogenetic hypothesis
places this taxon within the Pelomedusoides clade, as was
also suggested by de Lapparent de Broin and Murelaga
(1999). In contrast, the hypothesis put forward by Gaffney
et al. (2006, Fig. 292) placed this taxon below the clade
including the Chelidae and Pelomedusoides. The placement
of D. vasconica and Teneremys lapparenti obtained here
must wait for the discovery of more complete shells and
skulls in order to be strongly supported.

Finally, in our preferred phylogenetic hypothesis Pelo-
medusa subrufa (representing Pelomedusidae) is the sister
taxon of the most diverse group of middle Cretaceous-
Cenozoic eupleurodires-denominated Panpodocnemidae
(following França and Langer 2006). Within Panpodocne-
midae, Brasilemys josai and Cearachelys placidoi (the most
basal and better preserved bothremydid) are more closely
related, sharing a neural 1 that contacts costals 1 and 2, and
a neural 2 that only contacts costal 2. This is in contrast to
Bauremys elegans, Podocnemis expansa and the rest of
podocnemidids which have the neural 1 only contacting
costal 1 and neural 2 contacting costal 1 anterolaterally
(except for Bardemys venezuelensis which lacks the com-
plete neural series). Previous phylogenetic hypotheses have
placed Br. josai with Hamadachelys escuilliei and Porte-
zueloemys patagonica as the closer relatives to Podocne-
midae (Cadena et al. 2010). We attribute the closer

relationship between Br. josai and C. placidoi advocated
here to the way that we built our character-taxon matrix,
which uses only single taxon rather than composite taxa or
the whole family or genus as previous studies did. In other
words, the closer relationship between Br. josai and
C. placidoi does not necessarily imply that Br. josai is the
closer relative to the Family Bothremydidae.

Sexual Dimorphism

Sexual dimorphism in turtles is expressed in several ways
such as a difference in size between adult males and
females, and the presence of a concave plastron in males of
terrestrial species (Pritchard 2008). The new specimen of
Notoemys zapatocaensis (MG61) shares with N. laticen-
tralis MOZP 2487 the presence of a concave posterior
plastral lobe, long and narrow posterior xiphiplastral tips,
and an anal notch that has a well-developed U shape. These
characters indicate that they represent males for each one of
these two species. Thus, the large central fontanelle present
in both specimens is a potential morphological character
associated with sexual dimorphism, in this case representing
males. In contrast, the holotype of N. zapatocaensis Cadena
and Gaffney (2005) and the specimen of Platychelys
oberndorferi figured in de Lapparent de Broin (2001,
Fig. 1b) share a posterior plastral lobe that is flat and has a
narrow V-shaped anal notch, as well as smaller central and
posterior fontanelles, indicating that they represent females
for each one of these two species. This could be also the
case for the holotype of N. oxfordiensis figured in de la
Fuente and Iturralde-Vinent (2001, Fig. 3). A graphic
reconstruction of the xiphiplastron for platychelyids, as well
as their differences potentially associated to sexual dimor-
phism, is shown in Fig. 8.6.

The identification of morphological variations associated
with sexual dimorphism in fossil turtles has important
implications in phylogenetic analysis. For example,
de Lapparent de Broin et al. (2007) noted that Notoemys
laticentralis differs from the rest of platychelyids in the
wider and longer central fontanelle, a condition that was
interpreted above as representing a potential male mor-
phological condition for N. laticentralis and N. zapatoca-
ensis, and possibly for all males of this clade, making this
characteristic useless for phylogenetic or systematic pur-
poses at least at the species or genus taxomomic level.
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Appendices

Appendix 1

Description of the characters used in the phylogenetic
analysis. Characters 60–83 represent carapace and plastron
characters and are described here, whereas characters 1–59
were taken directly from Joyce (2007). Characters were
polarized with respect to Odontochelys semitestacea, the
source of the character, and if the character was modified or
new is also indicated at the end of the description. Character
84 represents the only skull character, added from Cadena
et al. (2010).

(A) Carapace

60. Ossification in the dermal component of the carapace:
absent (0); present (1). Modified from Burke (2009).

61. Cervical scale(s): middle cervical wider than long (0);
middle cervical as long as wide (1), cervical absent (2).
Character modified from de Lapparent de Broin and
Murelaga (1999) and Joyce (2007, Character 70).

62. Lateral arrangement between neural 1 and 2, and cos-
tals 1 and 2: neural 1 contacts costals 1 and 2, neural 2
only contacts costal 2 (0); neural 1 and costal 1
exclusively in contact with each other, neural 2 only
contacts costal 2 (1); neural 1 contacts costals 1 and 2,
neural 2 contacts costals 2 and 3 (2); neural 1 only
contacts costal 1, neural 2 contacts costal 1 anterolat-
erally (3); neural series absent (4). New character.

63. Carapace posteriorly notched: present (0); absent (1).
Pygal notch character from Cadena and Gaffney (2005).

64. Supramarginal scales: full series of twelve, on both
sides of the carapace (0); incomplete series, restricted
to the anterior margin on both sides of the carapace (1);
absent (2). Character modified from Cadena and Gaff-
ney (2005).

65. Posterior lobe of the carapace: same width as the anterior
lobe or slightly wider (0); tapering medially (1). Char-
acter modified from Cadena and Gaffney (2005).

66. Articulation tubercule on the anterior face of the first
thoracic rib: absent, smooth anterior face (0); present (1).
Character modified from Cadena and Gaffney (2005).

67. Thoracic vertebrae: cylindrical, longer than wide,
keeled ventrally (0); smooth and flat ventrally, hexag-
onal in shape with central lateral notch (1). Character
modified from Cadena and Gaffney (2005).

68. Axillary process: contacts peripherals only (0); contacts
costal 1 or the sutural contact between costals 1 and 2
(1). Character modified from Cadena and Gaffney
(2005).

69. Suprapygal 1: parallel-sided (0); tapers anteriorly (1);
absent (2). Character modified from Cadena and Gaff-
ney (2005).

70. Vertebral scales 2 and 3: hexagonal in shape, much
wider than long (0); rectangular in shape, slightly wider
than long (1); hexagonal or rectangular, as long as wide
or longer than wide (2). Character modified from
Cadena and Gaffney (2005).

71. Medial contact of the posterior costals: absent (0);
present (1); present due to complete absence of neural
series (2). Character modified from Joyce (2007,
Character 68).

72. Lateral position of the sulcus between vertebrals 3 and
4 in taxa with five vertebrals: sulcus positioned on
costal 6 (0); sulcus positioned on costal 5 (1). Character
modified from Joyce (2007, Character 74).

(B) Plastron

73. Posterior epiplastral process: present (0); absent (1).
Character from Cadena and Gaffney (2005).

74. Posterior entoplastral process: present (0); absent (1).
Character from Cadena and Gaffney (2005).

75. Entoplastron participation in the anterior margin of the
plastron in ventral view: wide participation (0); short
participation (1); lacking participation (2). Character
modified from Cadena and Gaffney (2005).

76. Intergular scale(s): covering slightly the anterior
portion of the entoplastron (0); covering most of the en-
toplastron posteriorly (1); not covering the entoplastron
(2). Character modified from Cadena and Gaffney
(2005).

77. Anterior plastral lobe margin: defined by tuberosities,
dentate margin (0); very reduced tuberosities, straight
to slightly dentate margin (1); lacking tuberosities,
smooth, highly convex margin (2). New character.

78. Mesoplastra: two pairs meeting at the midline of the
plastron (0); one pair of mesoplastra, with midline
contact or reaching the central fontanelle margin (1);
one pair of mesoplastra, wider than long, without
midline contact, (2); one pair of mesoplastra, as long as
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wide, without midline contact, (3); mesoplastra absent
(4). Character modified from Cadena and Gaffney (2005).

79. Central plastral fontanelle: absent (0); present (1).
Character modified from Cadena and Gaffney (2005).

80. Anal notch: absent,with straight to slightly concave
posterior edge of the xiphiplastra (0); present, well-
developed in open U- or V-shape (1). Character mod-
ified from Joyce (2007, Character 87).

81. Sutural articulation of pelvis to shell: absent (0); present
(1). Character modified from Joyce (2007, Character 125).

82. Iliac scar: absent (0); extends from costals onto the
peripherals (1); restricted to costal 8 (2); positioned on
costal 8 and pygal, sometimes reaching costal 7 (3).
Character modified from Joyce (2007, Character 127).

83. Shape of ilium articular site: narrow and pointed pos-
teriorly (0); oval (1). Character from de la Fuente and
Iturralde-Vinent (2001).

(C) Skull
84. Pterygoid, cavum pterygoidei = fossa podocnemidoid

of de Lapparent de Broin (2000): absent (0); shallow
and slightly hidden anteromedially by the underlapping
basisphenoid medially and laterally by the pterygoid
(1); deep and partially to totally covered by the ptery-
goid flange (posterolateral wings of the pterygoid) (2).
Character taken from Cadena et al. (2010).

Appendix 2

Character matrix (20 taxa and 84 characters) used for
phylogenetic analysis (Nexus file as Supplementary Data 1).
Multistate 0 or 1 is represented by ‘‘a’’, and ‘not applicable’
by ‘‘–’’.

Odontochelys semitestacea
000???????0???0?????????????????0?0??00????0?00??

??????????0?????????????0000 000–??0
Proganochelys quenstedti
000000000000–00000000000000000000000?00000000

0000000000000010?000000?0??0010010000?0
Proterochersis robusta
???????????????????????????????????????????????????

????????10?010000?0??00100001110?
Australochelys africanus
???????10?0???00?0???0??00?0??001001??10000000??

1?0?100?0???????????????????????????
Palaeochersis talampayensis
00000?01000???00000000??00001?0?1001?010000000

0?1?0?100????1??0?0???????001?1??00??0
Kayentachelys aprix
00001011110??10000001100001010011011?01000000

000100?10100001001200?000001010110000?0

Platychelys oberndorferi
??????????????????????????????????????????????????

?????????100111111010011201211110?
Notoemys laticentralis
??????????????????????????????2110???11?0??????01?

0?1010???100121111100011???211121?
Notoemys zapatocaensis
???????????????????????????????????????????????????

????????101121111010011211211121?
Notoemys oxfordiensis
???????????????????????????????????????????????????

????????1001211?1????1?212211121?
Araripemys barretoi
1––101011111110003011100002110211123111101000

1 001001101?0011?2120?0?22011022241a11310
Dortoka vasconica
???????????????????????????????????????????????????

????????112120001221111202401131?
Brasilemys josai
1––1010111111100010111???????02111231111010001

001001 101????1201200012211???????????1
Cearachelys placidoi
1––101011111110101011100002110211123111101000

100100110100?11201200?12201112023011??0
Bauremys elegans
1––1010111111100010?110000211021?1231111010001

00?001?0?0001123?200012211112023011?12
Podocnemis expansa
1––10101111111000101110000211021112311110100a

100100 110100011231200012211112023011312
Pelomedusa subrufa
1––101011111110003011100002110211123111101000

100100110120011231200012211112023011310
Phrynops geoffroanus
0110011111011101–2011100001010211023111101000

00110011012010114120 0012221112024011310
Chelus fimbriata
1––00111100111010201110 000101021102311110100

00001001101?0101101200012211112024011310
Teneremys lapparenti
???????????????????????????????????????????????????

????????11212 0??12211112023??1???
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Chapter 9

Spoochelys ormondea gen. et sp. nov., an Archaic
Meiolaniid-Like Turtle from the Early Cretaceous
of Lightning Ridge, Australia

Elizabeth T. Smith and Benjamin P. Kear

Abstract The Lower Cretaceous (lower to middle Albian)
Griman Creek Formation deposits of Lightning Ridge in
central-eastern Australia are famous for producing opalised
fossils. Much of this material is poorly documented but
recent assessments suggest a diverse assemblage of mainly
non-marine vertebrates, invertebrates and plants. This biota
is associated with a Gondwanan high-latitude zone that
would have been subject to cool-temperate conditions.
Turtle remains are particularly common at Lightning Ridge,
comprising several distinct lineages including aquatic
chelids and peculiar meiolaniid-like taxa—meiolaniids
were spectacular horned turtles known from the Australian
region and South America. Spoochelys ormondea gen. et sp.
nov. shares some distinctive skeletal traits with this group
(e.g., cranial scute pattern, incisura columellae auris
confluent with the Eustachian tube) but also retains
remarkably plesiomorphic cranial structures (e.g., an in-
terpterygoid vacuity and short inferior parietal process) that
are otherwise characteristic of Triassic and Jurassic stem
turtles. The placement of meiolaniids and their sister
lineages within Testudines is controversial in recent phy-
logenies. To test the relationships of Spoochelys, we used
the two most comprehensive published data sets of fossil
Testudinata and rescored a number of characters. Separate
Maximum Parsimony and Bayesian analyses of both
matrices supported recognition of Spoochelys as a primitive
testudinatan but could not confirm its relationships with

the meiolaniid clade. Nevertheless, the persistence of
surprisingly archaic taxa such as Spoochelys into the Early
Cretaceous of Australia implies survival of an ancient
Pangean lineage, and brings into question long-held
assumptions of Laurasian affinities for the meiolaniid-like
turtles of Gondwana.

Keywords Albian � Gondwana � High-paleolatitude �
Meiolaniidae � Terrestrial � Relict taxon

Introduction

Until very recently, the Australian Mesozoic (Early Creta-
ceous, Albian) turtle record consisted of only five named
taxa—three marine protostegids (Molnar 1991; Kear and
Lee 2006; Kear 2006a), and two non-marine turtles:
Otwayemys cunicularis Gaffney et al. 1998, based on shell
remains, cranial fragments and vertebrae from the Eumer-
alla Formation of Cape Otway, Victoria; and Chel-
ycarapookus arcuatus Warren 1969, from the Merino
Group of Casterton, Victoria, which is represented by a
solitary steinkern. Smith (2009, 2010) also provided
accounts of new non-marine turtle fossils from the Lower
Cretaceous (middle Albian) opal fields of Lightning Ridge
in New South Wales, Australia (Fig. 9.1), including inde-
terminate chelid pleurodires and several undescribed taxa
that shared features in common with meiolaniids—extinct
terrestrial horned turtles known from the Cretaceous-
Paleogene of Argentina and Neogene-Holocene of Austra-
lia/Southwest Pacific islands (White et al. 2010; see also
Gaffney 1996 for a species summary).

The Lightning Ridge vertebrate assemblage is dominated
by turtle bones, which are usually recovered as a biproduct
of opal mining and sufficiently robust to survive mechanical
excavation and processing. The individual elements are
occasionally articulated but mostly occur as associated or
isolated fragments. Among the most spectacular turtle fos-
sils found at Lightning Ridge are the articulated skull and a
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second partial braincase of a new taxon described herein,
Spoochelys ormondea gen. et sp. nov. These were discov-
ered by opal miner Ormie Molyneux in the mid-1990s on
the Coocoran Opal Fields, about 35 km due west of the
Lightning Ridge township. Such specimens, together with a
third fragmentary skeleton comprising associated cranial/
postcranial bones, are intriguing because they display
morphological similarities to meiolaniids and prompt a
re-evaluation of this enigmatic lineage.

The phylogenetic relationships of meiolaniids are con-
tentious, and two conflicting hypotheses have been advo-
cated: meiolaniids are stem testudinatans related to basal
taxa such as Mongolochelys efremovi Khosatzky 1997
(Joyce 2007; Sterli 2008); or meiolaniids, together with
Otwayemys and Chubutemys copelloi Gaffney et al. 2007
from the Lower Cretaceous of Patagonia are sister taxa of
Laurasian Jurassic—Paleocene ‘‘sinemydids-macrobae-
nids’’ (see Brinkman and Wu 1999; Parham and Hutchinson
2003) and thus represent primitive eucryptodires (Gaffney
et al. 1998; Hirayama et al. 2000; de Lapparent de Broin
and Molnar 2001; Brinkman et al. 2012).

Eugene Gaffney’s seminal works on Meiolaniidae
(Gaffney 1983, 1985, 1992, 1996; Gaffney and McNamara
1990; Gaffney et al. 1984, 1992) are a legacy of outstanding
observational, descriptive and analytical skill, yet he was
first to acknowledge that his diagnosis of relationships
relied primarily on the highly derived Meiolania platyceps
Owen 1886, from Pleistocene deposits of Lord Howe
Island, Southwest Pacific (Gaffney 1996, p. 72). It must be
emphasized that parts of the skeleton of Meiolania are still

poorly understood and that stratigraphically older meiola-
niid remains are scrappy and often difficult to interpret.

The discovery of abundant meiolaniid-like turtle fossils
in the Lower Cretaceous deposits at Lightning Ridge is
therefore significant because it provides not only the best
preserved Mesozoic potential exemplars of this lineage but
also facilitates a critical evaluation of the phylogenetic
inconsistencies surrounding Meiolaniidae.

Institutional abbreviations: AM, Australian Museum,
Sydney; LRF, Australian Opal Centre, Lightning Ridge;
MPEF, Museo Paleontológico Egidio Feruglio, Trelew;
NHMUK, The Natural History Museum, London; NMV,
National Museum of Victoria, Melbourne.

Systematic Paleontology

Testudinata sensu Joyce 2007
Spoochelys gen. nov.

Type species: Spoochelys ormondea sp. nov.
Etomology: ‘Spook’ referring to the locality at Spook’s

Field that yielded the most complete remains; and ‘-chelys’
for turtle.

Diagnosis: Medium-sized (snout-tail length approxi-
mately 400–500 mm) primitive testudinatan differentiated
from basal taxa such as Proganochelys Baur 1887, Palae-
ochersis Rougier, de la Fuente, and Arcucci 1995, and Aus-
tralochelys Gaffney and Kitching 1994 by the presence of an
incipient antrum postoticum, development of a thin columella
auris with a distinct footplate, loss of the wide occipital plate,

Fig. 9.1 Locality map showing
Griman Creek Formation and
Lightning Ridge opal fields,
indicating some of the many sites
that have produced opalised turtle
specimens
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fusion of the basipterygoid articulation, and formed cervical
articulations. Spoochelys can be excluded from crown-Te-
studinata (Testudines sensu Joyce 2007) by maintenance of a
both prefrontal-postorbital and parietal-squamosal contact,
poorly developed processus inferior parietalis, incipient
antrum postoticum, absence of a distinct processus trochlearis
oticum, retention of an interpterygoid vacuity, poorly devel-
oped crista supraoccipitalis, flat rostrum basisphenoidale,
paired ventral basisphenoid-basioccipital tubercles, trans-
verse processes of the cervical vertebrae positioned towards
the midline of the centrum, and the presence of an acromial
ridge on the scapula. Distinction from potential testudine
sister taxa including Mongolochelys, Chubutemys, Otwaye-
mys, meiolaniids, and Kallokibotion bajazidi Nopsca 1923
can be made by the absence of a distinct processus trochlearis
oticum, retention of an interpterygoid vacuity, and poorly
developed crista supraoccipitalis; Spoochelys differs from

Patagoniaemys gasparinae Sterli and de la Fuente 2011 in
transverse processes of the cervical vertebrae being posi-
tioned towards the midline of the centrum, and presence of
supramarginal scutes on the anterior carapace.

Spoochelys ormondea sp. nov.
(Figs. 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8)

Holotype: Associated cranial-postcranial elements:
quadrate, AM F121643; supraoccipital, AM F121646; ante-
rior peripherals, AM F121579, AM F121580, AM F121581;
anterior costal fragments, AM F121686, AM F121687; cau-
dal vertebra, AM F121641; scapula AM F121587; ulna AM
F121621; pedal phalanges, AM F121613.

Holotype unit, locality, and age: The holotype speci-
mens were discovered in a mineral claim at ‘T-Bone
Extension’, a designated mining locality within the Cooc-
oran Opal Fields, about 35 kms west of Lightning Ridge,

Fig. 9.2 Referred skull of Spoochelys ormondea gen. et sp. nov., original specimen LRF-TH450 from Spook’s Field (Coocoran), Lightning
Ridge, NSW, Australia. Photographs in a dorsal, b ventral, c posterior, and d lateral views. Scale bar = 20 mm
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northwestern New South Wales, Australia (Fig. 9.1).
Remains referable to Spoochelys have also been found in
other mine sites throughout the Coocoran and adjacent
areas. The Lightning Ridge opalized fossils derive from the
‘‘Finch clay facies’’ within the Wallangulla Sandstone
Member of the Griman Creek Formation (Holmes and
Senior 1976; Watkins 1984). The ‘‘Finch clay facies’’ or
‘‘opal dirt’’ is considered to be either early to middle Albian
(Coptospora paradoxa spore-pollen Zone; Burger 1980), or
middle Albian in age (Dettmann et al. 1992), and at
Lightning Ridge, is a subsurface unit (\30 m deep)
unconformably overlain by Neogene silcritic sediments of
the Cumborah Gravel (Senior and Chadderton 2007). The
‘‘Finch clay facies’’ comprises fine-grained, deeply weath-
ered volcanogenic clays (60–65% silica-rich kaolinite,
*20% smectite with low alumina content, and 5% illite:
Watkins 1984) that occur in discontinuous lenses up to 5
meters thick. Precise stratigraphic correlation and dating of
these layers has not been undertaken and thus the chrono-
logical relationships of their constituent fossil assemblages
are unclear. Nevertheless, the ‘‘Finch clay facies’’ sequen-
ces have yielded a rich record of plants (Smith and Smith
1999), non-marine mollusks (Hocknull 2000; Hamilton-
Bruce and Kear 2010), fish (Smith and Smith 1999), aquatic

reptiles (Molnar and Willis 2001; Kear 2006b; Smith 2010),
dinosaurs (see recent summary in Agnolin et al. 2010),
pterosaurs (Smith and Smith 1999; Kear et al. 2010), birds
(Molnar 1999), and mammals (Archer et al. 1985, Flannery
et al. 1995; Clemens et al. 2003; Musser 2005) that represent
elements of an Early Cretaceous Gondwanan high latitude
(60–70oS) biota (Dettmann et al. 1992). Invertebrate fossils,
vertebrate taphonomy and sedimentary evidence has been
used to infer a freshwater deltaic to estuarine depositional
setting, and plant/isotopic data indicates a seasonal, cool-
temperate climate (Dettmann et al. 1992).

Etomology: The species epithet ‘ormondea’ is in honor
of Ormie Molyneux who discovered the most complete
cranial specimens.

Referred specimens: Skull LRF-TH 450/LRF 450
(cast); braincase LRF-TH 451/LRF 451 (cast); carapace and
plastron sections, LRF 341, LRF 343, LRF 344, LRF 462;
LRF 738, LRF 738a, LRF 738b, LRF 1650, AM F121592;
third cervical vertebrae, AM F127984, AM F127990; fourth
cervical vertebrae, AM F68254, AM F112750; fifth cervical
vertebrae, LRF 464; sixth cervical vertebra, LRF 944;
seventh cervical vertebrae, AM F127972, AM F127996;
eighth cervical vertebrae, AM F72276; sacral and caudal
vertebrae, LRF 016, LRF 019, LRF 407, LRF 735, AM

Fig. 9.3 Skull material of
Spoochelys ormondea gen. et sp.
nov. Skull reconstruction in
a dorsal and b ventral views.
c Photograph (left) and
interpretive drawing (right) of the
lower temporal fossa
anterolateral oblique view
showing epipterygoid and
associated structures (original
specimen LRF-TH450). Scale
bar = 10 mm. Abbreviations
defined in Appendix 4
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F66772, AM F121603, AM F121638, AM F127978; pectoral
girdle, LRF 081, AM F66776, AM F66777, AM F127942,
AM F127954; humeri, LRF 078, AM F68310, AM F68321,
AM F127940, AM F127956; ulnae, LRF 079, AM F121621,
AM F127944; pelvic girdle elements, AM F66779, AM
F121614, AM F121615, AM F121622, AM F127948, AM
F127949; femur, LRF 420, LRF 1216, AM F121617, AM
F127943; tibia, AM F127958; tarsus and pes, AM F121964.

Remarks: The holotype specimens were excavated from
a single ‘paleochannel’ by opal miners Rob and Debbie
Brogan and constitute an associated series based on prox-
imity (the quadrate, supraoccipital, anterior peripherals, and
scapula-acromion were within immediate contact), taphon-
omy (minimal evidence of breakage or edge-rounding
indicative of transport), and ontogeny (all elements
including the additional costal fragments, caudal vertebra,
ulna, and pedal phalanges are from an osteologically mature

animal). The lack of multiple identical elements also implies
derivation from a single individual. Opalised fossils recov-
ered from within the bounds of registered opal mining
claims are classed as Schedule 1 Minerals under the Mining
Act NSW of 1992 and are thus estranged from Crown
property rights. We have elected to designate AM F121643,
AM F121646, AM F121579, AM F121580, AM F121581,
AM F121686, AM F121687, AM F121641, AM F121587,
AM F121621, and AM F121613 as the holotype because
these specimens have been formally donated to a public
collection at the Australian Museum, Sydney. Title of the
other articulated cranial remains described herein has been
retained by the private claim holder. However, high defini-
tion hydrostone casts (LRF R450, LRF R451) have been
accessioned by the Australian Opal Centre, Lightning Ridge,
Australia, and the original opalized specimens are presently
held on loan under the temporary numbers LRF-TH 450 and

Fig. 9.4 Comparison of scute patterns in Proganochelys, Spoochelys and selected meiolaniid taxa. Positional terminology follows Gaffney
(1983, 1996) but is not used to imply homology
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LRF-TH 451 respectively. The Australian Opal Centre is an
accredited Australian Federal Government repository for
significant natural history and cultural artifacts.

Description and Comparisons

Skull and scute pattern: The skull of Spoochelys ormon-
dea is 48 mm in maximum anteroposterior length (based on
LRF R450/LRF-TH 450: Figs 9.2, 9.3). The general cranial
structure is very robust and lacks both the dorsoventral

flattening and deep emargination of the temporal region
evident in many more derived turtles. The dermal roof of
LRF-TH 450 is coarsely ornamented and bears deeply
incised scute sulci that recall the patterning of Progan-
ochelys quenstedti Baur 1887 (see Gaffney 1990, p. 29,
Fig. 17) but more closely resemble Meiolania (Gaffney
1983); we therefore employ the interpretive nomenclature
developed for this taxon by Gaffney (1983; 1996: see
Fig. 9.4). The central, diamond-shaped scute X would have
covered the parietal and bordered the G scutes on the
frontals. The D scutes apparently met on the midline behind
scute X but were separated posteriorly by a triangular
projection of scute A which covered the posterior midline of

Fig. 9.5 Referred braincase of Spoochelys ormondea gen. et sp. nov.,
original specimen LRF-TH451 from Emu’s Field (Coocoran), Light-
ning Ridge, NSW, Australia. a Dorsal view: photograph (left) and

interpretive drawing (right). b Ventral view: photograph (left) and
interpretive drawing (right). Scale bar = 10 mm. Abbreviations
defined in Appendix 4
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the parietals. In Mongolochelys, additional scutes have been
reconstructed along the posterior margin of the skull but
these are more uniform in size (Sukhanov 2000, p. 347,
Fig. 17.28). Scute F adjoined scute G anterolaterally along
the orbital margin, and scute Y overlapped the posterior part
of the frontal. Scutes H and C were oriented over the
postorbital with B and K in the squamosal region. There is
no evidence of a prominent cranial ‘horn’ formed by scute
B (Gaffney 1983, p. 398). However, this area of the skull is
strongly delineated and could have supported a low ‘boss-
like’ structure. The J2 scute on the jugal would have been
large, contacting J1 over the quadratojugal and I over the
maxilla respectively.

The anterior nasal region of Spoochelys is poorly pre-
served in LRF-TH 450 and it is impossible to determine if
nasal bones were present (Fig. 9.2a). The prefrontal forms
the anterodorsal margin of the orbit, contacting the post-
orbital; it is unclear if prefrontals met on the midline or
extended ventrally to contact the palatal elements.

The maxilla in LRF R450/LRF-TH 450 contributes to
the ventral orbital margin and extends into the floor of the
orbital cavity (Fig. 9.2a, d). Its contact with the jugal is
horizontally oriented such that external exposure of the
maxilla is acuminate as in Meiolania (Gaffney 1983).
The maxilla separates the anterior section of the jugal from

the ventral border of the cheek, comparable to the condition
in the basal testudinatan Palaeochersis talampayensis
Rougier, de la Fuente, and Arcucci 1995 (Sterli et al. 2007).

Although damaged anteriorly, the frontals are visible in
LRF R450/LRF-TH 450 where they are excluded from the
orbital rim by the prefrontal-postorbital suture. The parietals
of LRF R450/LRF-TH 450 contact the frontals and post-
orbitals, and extend to the squamosal posterolaterally
(although precise bone edges are unclear: Figs. 9.2a, 9.3a).
The processus inferior parietalis is short, reaching the
epipterygoid and prootic. Spoochelys closely resembles
both Meiolania and Kayentachelys aprix Gaffney, Hutch-
inson, Jenkins, and Meeker 1987 (Sterli and Joyce 2007) in
lacking the bony cavum epiptericum, weak development of
the processus inferior parietalis, and exclusion of the pari-
etal from the trigeminal foramen (Fig. 9.3c).

The postorbital of LRF R450/LRF-TH 450 is narrow
along the posterodorsal margin of the orbital fossa but
extends far back on the skull roof, articulating with the
quadratojugal and jugal along its posteroventral edge; its
posterior suture with the squamosal is indeterminate but can
be inferred on the basis of positioning. A postorbital-
quadratojugal contact is widely manifest in primitive turtles,
including Proganochelys (Kordikova 2002), Palaeochersis
(Sterli et al. 2007), Kayentachelys (Gaffney et al. 1987),

Fig. 9.6 Shell material of Spoochelys ormondea gen. et sp. nov.
a Photograph of anterior right section of the carapace (AMF121579,
AMF121580, AMF121581). b Photograph of lateral view of peripheral
(AMF121579). c Interpretive diagram of AMF121579, AMF121580,

AMF121581. d Reconstruction of anterior part of carapace. e, f anterior
plastral lobe (LRF1650) in e ventral and f dorsal views. Scale
bars = 20 mm. Abbreviations defined in Appendix 4

9 Early Cretaceous Turtle from Australia 127



128 E. T. Smith and B. P. Kear



Meiolania (Gaffney 1983) and Asian Jurassic-Cretaceous
eucryptodires such as Annemys levensis Sukhanov and
Narmandakh 2006, and Mongolochelys (Sukhanov 2000).

The jugal constitutes about one-third of the orbital rim
and extends to the postorbital together with the quadrato-
jugal posteriorly in the cheek region (visible in LRF R450/
LRF-TH 450: Fig. 9.2d). The jugal’s ventral margin is
shallowly emarginated. The quadratojugal of LRF R450/
LRF-TH 450 encircles most of the cavum tympani and
projects below the incisura columellae auris (Fig. 9.2d); it
contacts the squamosal dorsally (reminiscent of the
arrangement in Proganochelys: see Gaffney 1990). A small
opening occurs between the quadratojugal, jugal and post-
orbital as in Proganochelys (Gaffney 1990, p. 50);
Kordikova (2002, p. 238) suggested that this might be
ontogenetic.

The squamosal sutures to the parietal medially in
LRF450/LRF-TH450, and also the quadratojugal, partici-
pating in the rim of the cavum tympani and forming most of
the incipient antrum postoticum (Fig. 9.2a, c, d). Posteriorly
the squamosal descends as a bony buttress behind the
incisura columellae auris; its relationship to the opisthotic
on the dorsal surface of the otic chamber is unknown.

Palatal complex: The anterior component of the otic
chamber in Spoochelys (see LRF-TH 451) is narrow and
there is no evidence of a typical cryptodiran processus
trochlearis oticum (Fig. 9.5). The mandibular condyle is
positioned in front of the basisphenoid-basioccipital suture
similar to primitive pleurodires (Gaffney et al. 2006: see
Fig. 9.2b). The quadrate-quadratojugal contact forms the
periphery of the well-developed cavum tympani. The inci-
sura columellae auris is primitively positioned dorsal to the
mandibular condyle, and opens posteroventrally, incorpo-
rating both the stapes and Eustachian tube (Figs. 9.2d, 9.3b,
9.5b). Medially, the sutural surface for the prootic (well
preserved in the holotype AM F121643) is extensive, sep-
arating the canalis stapedio-temporale (stapedial artery) and
canalis cavernosus (lateral head vein).

The epipterygoid contacts the prootic above the foramen
nervi trigemini (see LRF-TH 451 in Fig. 9.3). The vertical
epipterygoid-prootic suture excludes the parietal from the
trigeminal foramen similar to the condition in Meiolania
(Gaffney 1983, p. 419, Fig. 47; Gaffney and Jenkins 2010,
p. 18; Fig. 9.6). Ventrally, the epipterygoid meets the
pterygoid and dips below the level of the basisphenoid
rostrum. It also contributes to the posteromedial margin of

the infraorbital fossa and the anterior and ventral edges of
the foramen nervi trigemini. A pronounced semicircular
flange extends anterolaterally and invades the subtemporal
fossa beyond the processus inferior parietalis (see also
Kayentachelys: Sterli and Joyce 2007; Gaffney and Jenkins
2010).

The pterygoids in LRF R450/LRF-TH 450 (Figs. 9.2c,
9.3b, 9.5b) meet along the midline but are separated
posteriorly by a V-shaped space consistent in shape and
position with the interpterygoid vacuity of Proganochelys
(Gaffney 1990, p. 36, Fig. 25). They abut the basisphenoid
close to the foramen carotici cerebralis posterior (sensu Sterli
et al. 2010; and see Brinkman et al. 2012) and extend pos-
terolaterally across the medial surfaces of the quadrate to just
above the mandibular articulation (there is no quadrate ramus
concavity sensu Gaffney et al. 2007). The pterygoids are
widely separated from the rear section of the basisphenoid-
basioccipital complex, leaving the cavum labyrinthicum,
posterior section of the canalis cavernosus (which opens at the
level of the fenestra ovalis), and prootic exposed ventrally
(consistent with the plesiomorphic condition in Progan-
ochelys: see Gaffney et al. 2006, pp. 610–611).

Basicranium: The holotype supraoccipital (AM F121646)
is morphologically identical to those preserved in the referred
skulls (LRF R450/LRF-TH 450, LRF R451/LRF-TH 451).
Posterior continuation of the parietal suture in LRF-TH 451
suggests that the supraoccipital did not have extensive dorsal
exposure (Fig. 9.5a), although definitive bone contacts are not
visible in LRF-TH 450 and this part of the skull might have
been fused (Fig. 9.2a). Indeed, the dorsal crest in AM
F121646 is gracile and finishes well short of the dermal roof.
The crista supraoccipitalis is very short and the supraoccipi-
tal’s ventral component expands broadly across the roof of the
otic chamber. There is a clear contact with the posterior edge
of the foramen stapedio temporalis—a distinctive feature of
paracryptodires (Gaffney 1979a, b).

The exoccipitals represent the lateral walls of the fora-
men magnum and are separated from the occipital condyle
and basioccipital tubercles. Their posterior edges are deeply
indented and the foramina nervi hypoglossi pierce the
exoccipital-basioccipital suture and enter the exoccipital in
LRF-TH 451 (see Fig. 9.5a).

The basioccipital contributes to the posteromedial mar-
gin of the cavum labyrinthicum. The widely divergent
basioccipital tubercles delineate a median groove and are
joined posteriorly by a bony flange in both LRF R450/

Fig. 9.7 Vertebrae of Spoochelys ormondea gen. et sp. nov. a–k,
Cervical vertebrae: a–c fourth cervical (AMF68254) in a anterior,
b lateral, and c dorsal views; d, e fifth cervical (LRF464) in d lateral
and e anterior views; f sixth cervical (LRF944) in anterolateral view;
g–i, seventh cervical (AMF127996) in g anterior, h posterior, and

i ventral views; j, k eighth cervical (AMF72276) in (j) anterior and
(k) lateral views. l Sacral vertebra (AMF121603) in ventral view.
m Fused sacral complex (LRF019) in ventral view. n Posterior caudal
(LRF735) in lateral view. Scale bars = 10 mm

b
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Fig. 9.8 Limb material of Spoochelys ormondea gen. et sp. nov.
a Left scapula and acromion (AMF121587) in lateral view. b Proximal
section of left ulna (AMF127944) in dorsal view. c, d left humerus
(AMF127940) in c anterodorsal and d ventral views. e, f Right tibia

(AMF127958) in e dorsal and f ventral views. g Articulated metatar-
sals I–III (AMF127961). h Isolated metatarsal II (AMF127964)
showing heavy overlap tubercle. Scale bars = 10 mm in a–f, 5 mm
in g, h

LRF-TH 450 and LRF R451/LRF-TH 451 (Figs. 9.2c, 9.3b,
9.5b). The condylar neck is short and supports a subtrian-
gular condyle composed entirely of the basioccipital [Kay-
entachelys and more derived turtles alternatively
incorporate a substantial contribution from the exoccipital
(Gaffney and Jenkins 2010, p. 19)].

The prootic of LRF R450/LRF-TH 450 and LRF R451/
LRF-TH 451 forms the entire posterior border of the fora-
men nervi trigemini (similar to Meiolania: see Gaffney
1983, p. 431, Fig. 47). It contacts the epipterygoid and
parietal dorsally and participates in the thin anterior wall of
the otic chamber, foramen stapedio temporale, cavum

labyrinthicum, and cavum acustico-jugulare (Figs. 9.2c,
9.5a). Articulation with the processus interfenestralis of the
opisthotic is weak and the fenestra ovalis is not floored.

The opisthotic (visible in LRF R450/LRF-TH 450 and
LRF R451/LRF-TH 451: Figs. 9.2c, 9.3b, 9.5a, b) forms the
posterolateral section of the otic chamber and contacts the
exoccipital towards the dorsal edge of the foramen mag-
num. The opisthotic-supraoccipital suture runs anterolater-
ally across the roof of the otic chamber and reaches the
foramen stapedio-temporale. Spoochelys lacks a bony floor
to the cavum labyrinthicum. The opisthotic-quadrate suture
of Spoochelys crosses the roof of the cavum acustico-jugulare
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anteromedially, potentially permitting contribution of the
opisthotic to the aditus canalis stapedio temporalis (see also
Meiolania: Gaffney 1983, p. 443).

The basisphenoid of LRF R451/LRF-TH 451 (Fig. 9.5b)
is massive with the paired foramen caroticum basispenoi-
dale positioned level with the front of the otic chamber
(shallow grooves mark the path of the external carotid
arteries). The basisphenoid-basioccipital contact is under-
lapped by twin triangular tubercles (see Fig. 9.3). Adjoining
processes contribute to the medial margin of the cavum
labyrinthicum. The dorsum sellae is subdivided by a mid-
line crest extending ventrally to the rostrum
basisphenoidale.

Hyolaryngeal skeleton: A component of the right stapes
is preserved in LRF-TH 451 (Fig. 9.5b). The footplate is
expanded but there is no bone below the columella auris,
suggesting a cartilaginous termination.

The complete right cornu branchiale I of LRF R450/
LRF-TH 450 is slender and mediolaterally curved
(Fig. 9.2b) similar to the cornu branchiale I of Testudo
graeca Thomson 1932 (Schumacher 1973, p.159, Fig. 38)
and cornu branchiale II of Meiolania (Gaffney 1983, p. 424,
Fig. 42).

Mandible: The mandible of LRF R450/LRF-TH 450 is
exposed in lateral and ventromedial views (Fig. 9.2b). The
dentary symphysis appears to be well fused and there is no
trace of a suture. The splenial extends along the lower rim
of the mandibular ramus as in Proganochelys (Gaffney
1990, p. 99, Fig. 61B) and Kayentachelys (Sterli and Joyce
2007, p. 690, Fig. 9B2), and there is an oblique splenial-
prearticular suture. The short dentary-splenial contact
bridges the Meckelian sulcus and forms a medial wall to the
foramen intermandibularis medius [a state also evident in
Meiolania (see Gaffney 1983, p. 450, Fig. 61C)].

Carapace and plastron: The carapace of Spoochelys
(Fig. 9.6a–c) is represented by anterior peripherals (AM
F121579, AM F121580, AM F121581), costals (AM
F121686, AM F121687) and other fragments (LRF 407,
LRF 738, LRF 738a, LRF 738b, AM F121592) that are
referred to this taxon based on morphological compatability
with the holotype. As a composite these suggest a vaulted
carapace roof with projected anterior margin. The first
pleural sulcus is shallowly incised on the second peripheral,
and the first peripheral seems to have projected lateral to the
cervical scute as in Notoemys zapatocaensis Rueda and
Gaffney 2005. The posterior sulcus of the first vertebral
scute follows the rear margin of the first costals and is
oriented perpendicular to the first pleural sulcus (based on
LRF 343, LRF 344, and AM F121686). The position of the
cervical scute adjoins a row of at least two elliptical
supramarginal scutes (AM F121579, AM F121580, AM
F121581), which are intersected by small marginals ante-
riorly. The medial supramarginal scute sulci are heavily

incised and the supramarginals straddle the peripheral
sutures.

A partial articulated plastron (LRF 1650, which is
missing the anterior extremity: Fig. 9.8d) and other isolated
elements (LRF 341, LRF 343, LRF 344, LRF 462) have
been assigned to Spoochelys based on association with some
peripherals and vertebrae. The external surfaces of all of
these lack obvious scute sulci [a defining feature of
Meiolania (see Gaffney 1996)] and are ornamented only by
fine incisions and small fossae. The hyoplastron has weakly
inflected axillary buttresses. The plastron-carapace con-
nections appear to have been ligamentous but were sup-
plemented by plastral ‘‘pegs’’ anteriorly. Part of the rear
section of the entoplastron is preserved in LRF 1650 but it is
not clear whether lateral mesoplastra were present.

Vertebrae: Examples of cervical vertebrae three through
eight (LRF 464, LRF 944, AM F68254, AM F72276, AM
F112750, AM F127972, AM F127984, AM F127990, AM
F127996) are associated with other postcranial elements
(see Fig. 9.7a–l). The centra are ventrally pinched and the
transverse processes are positioned along the midline.
The cervical articulation pattern is 2((3((4))5))6))7((8), with
the fourth centrum being biconvex and keeled ventrally.
The accompanying neural arch manifests a near-continuous
postzygapophyseal surface and a prominent cavity incises
the posterior face of the neural spine. The fifth and sixth
cervical centra are also keeled but bear procoelous articular
surfaces with small parapophyses on the lower edge of the
cotyle. The seventh cervical is biconcave and the anteriorly
projecting parapophyses are buttressed by robust laminae.
The eighth cervical is biconvex and of subequal length to
the preceding vertebrae. It has large parapophyses and a
prominent neural pedicle for articulation with the nuchal
[also present in Otwayemys (Gaffney et al. 1998; Hirayama
et al. 2000)].

Some sacral vertebrae (LRF 019, AM F121603) are
ascribed to Spoochelys because they articulate with proxi-
mal caudals. The sacral series comprises two primary ver-
tebra fused to the ?tenth thoracic and first caudal centrum
(although sacro-caudal ossification is not clear in AM
F121603; Fig. 9.7m). The presence of an amalgamated
sacro-caudal complex is shared with Meiolania (Gaffney
1996, p. 31) and some primitive testudinatans (Hoffstetter
and Gasc 1969) including Proterochersis robusta Fraas
1913, p. 24, Fig. 5) and Platychelys orbendorferi Wagner
1853. The transverse processes of the first caudal in Spo-
ochelys (LRF 735) are positioned high on the front of the
centrum, and its posterior articular face forms a deep cir-
cular cotyle [see also Meiolania (Gaffney 1985, p. 18,
Fig. 14)].

A number of opisthocoelous testudinatan caudals (LRF
016, LRF 407, AM F66772, AM F121638, AM F127978)
have been found at Lightning Ridge (procoelous and
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biconvex examples are comparatively very rare) and are
clearly compatable with the holotype (AM F121641). They
manifest prominent haemal facets for the chevron bones,
and in more distal vertebrae, the keels are variably fused to
the centrum and extend posteroventrally behind the post-
zygapophyses (Fig. 9.7n).

Pectoral girdle and forelimb: The scapulocoracoid
complex of Spoochelys is triradiate; the holotype scapula
(AMF121587: Fig. 9.8a) has a distinct spur on the elongate
acromial process, which is also observable in Meiolania
[AM F6110 (Gaffney 1996, p. 22, Fig. 17)]. The prominent
acromial ridge imparts a triangular acromial cross-section
similar to that reported in Proganochelys, Kayentachelys,
Mongolochelys, and Meiolania (Joyce 2007). The scapular
process is rod-like and medioventrally flexed as in Pro-
ganochelys and Palaeochersis (Lee 1996; Sterli et al. 2007).
The glenoid neck is short and the scapular spine is separated
from the acromial process by an angle of *120o (consistent
with a domed carapace [Walker 1973]). The coracoid shaft
is very short and the coracoid flares broadly (LRF 081).

Some extremely robust humeri (LRF 078, AM F68310,
AM F68321, AM F127940, AM F127956) are compatible
with the holotype ulna (AM F121587). These exhibit a
shallow intertubercular fossa and rounded head bordered by
a proximally extensive lateral process (Fig. 9.8c, d). The
distal extremity bears subspherical articular condyles that
are ventrally directed. The ectepicondylar canal is closed
and the ectepicondylar foramen opens just lateral to the
capitellum.

The holotype (AM F121587) and referred (LRF 079, AM
F121621, AM F127944) ulnae have a deep notch in the
olecranon process (See Fig. 9.8b) and an accompanying
dorsomedial trench on the shaft, implying tight cohesion
with the radius and possible adaptation towards terrestrial
locomotion (see Gaffney 1996, pp. 44–45).

Pelvic girdle and hindlimb: Fragmentary pelvic ele-
ments include ventral sections of several ilia (AM F66779,
AM F121614, AM F121615, AM F121622, AM F127948,
AM F127949), some pieces of femora (LRF 420, LRF 1216,
AM F121617, AM F127943) and other distal hindlimb
elements (AM F127958, AM F127961) have been attributed
to Spoochelys because of association with shell material.
Little is discernable about the pelvic structure, although a
section of the femoral shaft indicates robustness.

The stout tibia (AM F127958: Fig. 9.8e, f) has a pro-
nounced proximal expansion and adjacent dorsomedial
protuberance on the shaft similar to Notoemys laticentralis
and ‘‘pleurodires’’ (sensu Fernandez and Fuente 1994,
p. 100). A medial prominence on the distal articulation
suggests tight cohesion with the astragalus. The tarsals
comprise a fused, block-like astragalocalcaneum with con-
joined tibial and fibular articulation surfaces (AM
F127961). The astragalar component is ventromedially

expanded and hemispherical inferring a plantigrade stance
(Gaffney 1996, pp. 253–254). The associated squat meta-
tarsals (II–V) have heavy overlapping tubercles (as in
Meiolania; Gaffney 1996, p. 63, Fig. 52) and cylindrical,
non-divided distal articular ends (Fig. 9.8g, h). The distal
phalanges (AM F121613) are very short with deeply con-
cave proximal articulations.

Phylogenetic Relationships of Spoochelys
ormondea

To investigate the relationships of Spoochelys, a series of
phylogenetic analyses were conducted using revised ver-
sions of the two most comprehensive published Testudi-
natan data sets that incorporate a substantial number of
meiolaniid taxa—Sterli and de la Fuente (2011) and
Gaffney et al. (2007). Because these phylogenies use con-
trasting character interpretations and advocate markedly
different topologies, each was tested separately using both
Maximum Parsimony and Bayesian multivariate methods.
Maximum Parsimony trees (MPTs) and bootstrap frequen-
cies (1000 replicates with maxtrees set at 10 9 105 and
[70% considered the cut-off measure for strong clade
support [see Felsenstein 2004]) were tested using heuristic
searches in PAUP*ver. 4.0b10 (Swofford 2002) with TBR
(tree-bisection-reconnection) branch swapping and 100
random-addition replicates (maximum number of saved
trees = 10 9 105). DELTRAN character state optimization
was preferentially employed because it assumes character
state asymmetry; this is pertinent when dealing with mor-
phological data where a constant rate of change between
states is unlikely (Angnarsson and Miller 2008). However,
unequivocal synapomorphies were deemed to be those
shared by both DELTRAN and ACCTRAN outputs. To
assess the improvement in resolution if highly fragmentary
taxa are not considered, ‘‘pruned’’ analyses excluding taxa
with [50% missing data (see taxon lists in Appendix 3)
were also undertaken using each data matrix. Branch
(Bremer) support values were calculated with the aid of
TreeRot.ver3 (Sorenson and Franzosa 2007), although,
decay indices for the large data set of Sterli and de la Fuente
(2011) were also sought by retaining trees with additional
steps under enforced backbone conditions (see discussion in
Worthy and Lee 2008).

Bayesian analyses were performed using MrBayes ver.
3.1 (Ronquist and Huelsenbeck 2003) with the obligate
standard discrete model [MK-V (Lewis 2001)] for mor-
phology, which assumes equal change between all character
states. Characters were treated as unordered (default) fol-
lowing the parameters of the original analyses. In all cases the
rates variation parameter was set to ‘‘gamma’’ (permitting
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hetrogeneity between characters) and coding to ‘‘variable’’
(Clarke and Middleton 2008). Two simultaneous runs and
four Markov Chains (one cold and three heated using default
heating values) were applied for 5 9 106 generations, with
sampling every 1000th generation. The first 500 sampled
trees were discarded from each run as burn-in. The remainder
were used to construct a majority-rule consensus with Pos-
terior Probability (PP) [0.95 deemed as strong, and
PP = 0.90–0.95 as moderate clade support respectively (see
Kolaczkowski and Thornton 2006). In order to test
improvements of tree resolution, subsequent runs were also
conducted with taxa incorporating [50% missing data
excluded.

Parsimony Analysis of the Sterli and de la
Fuente (2011) Data Matrix

The data set of Sterli and de la Fuente (2011) was modified
from Joyce (2007) and incorporates taxon/character addi-
tions from Sterli (2008). Gaffney and Jenkins (2010, p. 359)
also suggested that a number of undisclosed state changes
could affect results from the original Joyce (2007) matrix
and accordingly alter the relationships of meiolaniids vis-à-
vis Meiolania in Joyce (2007), Sterli (2008), and other
derivative studies such as Anquetin et al. (2009). However,
only four characters (three scored by Joyce 2007) were
discussed in detail and we found that none of these required
recoding in Sterli and de la Fuente (2011). Nevertheless, we
added Spoochelys and rescored a number of states for
Meiolania, Otwayemys, and Chubutemys (characters 8, 13,
38, 41, 81, 82, 99, 104, 108, 110, 114, 119, 125, 128, 148,
151; see supplementary NEXUS file in Appendix 1)
because the code lines of Sterli and de la Fuente (2011)
conflicted with our observations from the original speci-
mens and the literature (see Appendix 2 for a discussion of
the individual characters).

Analysis of the revised 152 character matrix incorpo-
rating all taxa (rooted using ‘‘Sphenodon_punctatus’’ as the
user-specified outgroup) and with all characters designated
as unordered following Sterli and de la Fuente (2011),
yielded trees ([10 9 105 MPTs of Length [L] = 493;
Consistency Index [CI] = 0.3996, Rescaled Consistency
Index [RCI] = 0.3135; see strict consensus tree in
Fig. 9.9a) with weak bootstrap/Bremer support (\50/1) for
all named high-level clades other than Testudinata (65/4),
Pleurodira ? Platychelys Wagner 1853 ? Caribemys de la
Fuente and Iturralde-Vinent 2001 ? Notoemys Rueda and
Gaffney 2005 (83/7), Meiolaniidae (83/1), Baenidae (91/4),

Chelonioidea excluding Santanachelys Hirayama 1998 (97/
4), Testudinoidea (67/4), and Trionychia (100/5). Deletion
of taxa with[50% missing data improved some confidence
intervals and resulted in a paraphyletic arrangement of basal
taxa around Spoochelys (72826 MPTs; L = 452;
CI = 0.4314, RCI = 0.3399; Fig. 9.9b): bootstrap/Bremer
analayses returned Testudinata excluding Proganochelys
(74/3), Pleurodira (100/26), Paracryptodira (57/3), Baenidae
(52/3), Chelonioidea excluding Santanachelys (100/5),
Kinosternoidea (86/3), and Trionychia (100/25).

Our topologies consistently placed Spoochelys as a
primitive testudinatan, excluded from crown Testudinata
(Testudines sensu Joyce 2007; the following subscript
numbers equate to characters listed in Appendix 1) plus all
other higher taxa on the basis of its incipient antrum pos-
toticum38, absence of a distinct processus trochlearis oti-
cum40, presence of an interpterygoid vacuity44, poorly
developed crista supraoccipitalis52, and flat rostrum basi-
sphenoidale71. Close affinity between Spoochelys and Mei-
olania was not advocated by our phylogenies. Rather,
meiolaniids formed a sister lineage to Testudines (sensu
Joyce 2007) united by a procoelous articulation between
cervicals VII and VIII125 (‘‘?’’ in Niolamia Ameghino
1899); this state is secondarily modified in many pleurod-
ires and eucryptodires (Joyce 2007; Sterli and de la Fuente
2011). Monophyly of Meiolania ? Niolamia was resolved
on the symplesiomorphic presence of a heavily sculptured
prefrontal region with prominences and bosses8 and the
presence of a tail club125, together with the derived devel-
opment of an interpterygoid slit. Notably, these taxa failed
to nest with Mongolochelys, Otwayemys, and Patagoniae-
mys (sensu Sterli and de la Fuente 2011). Nevertheless,
Otwayemys ? Patagoniaemys did form as sister taxa in
80% of the returned MPTs based on their derived contact of
the first dorsal rib with the well developed anterior bridge
buttresses127 (although this state is unknown in Chubute-
mys, Niolamia, and Spoochelys). Further sampling from the
first 33583 MPTs collapsed during initial runs of the full
Sterli and de la Fuente (2011) data set showed that Mon-
golochelys ? Otwayemys ? Patagoniaemys ? Meiolaniidae,
or Chubutemys ? Mongolochelys ? Otwayemys ? Spo-
ochelys ? Patagoniaemys ? Meiolaniidae could alterna-
tively be monophyletic with only three additional steps
(L = 496; CI = 0.3972, RCI = 0.3107 under constraint
conditions). The character states supporting these clades
were somewhat ambiguous: Mongolochelys ? Otwaye-
mys ? Patagoniaemys ? Meiolaniidae united by the
presence of a squamosal-supraoccipital contact22, exposure
of the supraoccipital on the dorsal skull roof53, elongate
epiplastra extensively contacting the hyoplastra posterome-
dially97 (all known only in Mongolochelys and Meiolania),
and retention of the central plastral fontanelle into
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adulthood90 (‘‘?’’ in Niolamia but widely manifest in
Eucryptodires); incorporation of Spoochelys and Chubutemys
was resolvable on the basis of a primitive frontal contribution
to the orbit10 (‘‘?’’ in Otwayemys ? Patagoniaemys ?

Niolamia), and an apomorphic procoelous articulation
between cervicals II and III119 (‘‘?’’ in Niolamia but present
throughout Testudines) respectively.

Forcing these taxa within Eucryptodira (recreating the
higher-level topology of Gaffney et al. 2007) required trees
to be 40 steps longer (non-parametric test in PAUP

p \ 0.0001) and relied solely upon derived traits (elongate
epiplastra extensively contacting the hyoplastra poster-
omedially97, procoelous articulation between cervicals II
and III119), which have been independently acquired
numerous times throughout Testudinata (Joyce 2007; Sterli
and de la Fuente 2011). Close homology between Spo-
ochelys ? meiolaniids, or affinity with eucryptodires was
therefore not supported by our version of the Sterli and de la
Fuente (2011) data set, even when constraint conditions
were implemented.

Fig. 9.9 Maximum Parsimony phylogenies of turtles incorporating
Spoochelys ormondea gen. et sp. nov. and rescored data for Meiolania
and some other taxa (see Appendices 1 and 2). Strict consensus
trees were derived using the Joyce (2007) matrix/parameters as
modified by Sterli and de la Fuente (2011: a, b), or alternatively, that

of Gaffney et al. (2007: c, d). Results from analyses that excluded taxa
with [50% missing data are depicted in b and d. Boxed numbers
represent character states at selected nodes (•); *state code 2; �
plesiomorphic. Bootstrap/Bremer support values for major clades are
given in the text
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Parsimony Analysis of the Gaffney et al.
(2007) Data Matrix

Spoochelys was included in this 111 character matrix to
further examine its potential relationships with meiolaniids
and Eucryptodira. Code lines for Otwayemys, Chubutemys,
Meiolania, Niolamia and Ninjemys Gaffney 1992 had to be
rescored for this analysis (specifically characters 3,10, 20,
26–31, 33, 34, 36–38, 45–51, 53, 56, 74, 92, 106–109; see
supplementary NEXUS file in Appendix 1) because of
conflict with our interpretations of anatomy and state dis-
tributions (see specific comments in Appendix 2). Succes-
sive runs of the data with all characters unordered and the
combined higher-taxon ‘‘Synapsida/Diapsida’’ designated
as the user-defined out-group (sensu Gaffney et al. [2007]; 4
MPTs of L = 241; CI = 0.5212, RCI = 0.3829) resolved
Spoochelys outside of Testudines (sensu Joyce 2007) as a
stem turtle (see strict consensus tree in Fig. 9.9c) but
otherwise yielded a comparable ingroup topology to that of
Gaffney et al. (2007). ‘‘Pruning’’of taxa with[50% missing
data (3 MPTs; L = 233; CI = 0.5494, RCI = 0.3826)
destabilised the ingroup structure but retained Spoochelys
interopolated between basal Testudinata (Proganochelys
and Palaeochersis, sensu Joyce et al. 2004) and Kayen-
tachelys ? all more derived turtles (Fig. 9.9d). Conversely,
constraining Spoochelys ? Mongolochelys ? Otwaye-
mys ? Chubutemys ? Meiolaniidae to form a monophy-
letic group outside of Eucryptodira (sensu Sterli and de la
Fuente 2011) yielded trees that were only three steps longer
and had no significant difference (4 MPTs; L = 244;
CI = 0.5246, RCI = 0.3743, non-parametric test in PAUP
p [ 0.5127). Bootstrap/Bremer support values were accord-
ingly low (\50/1) at nodes other than Australoche-
lys ? other Testudinata (95/4); Palaeochersis ? other
Testudinata (82/2); Palaeochersis ? Spoochelys ? Kayen-
tachelys ? Mongolochelys ? Kallokibotion ? Testudines
(85/2); Proterochersis ? Megapleurodira (63/1); Pleuros-
ternidae ? Baenidae (54/2); Meiolaniidae (96/2); Meiola-
nia ? Ninjemys (74/1); Cryptodira (55/1); and
Trionychoidea ? Testudinoidea (88/4). These results
showed some refinement once highly fragmentary taxa
(missing [50% data) were removed: Palaeochersis ?

other Testudinata (100/10); Spoochelys ? other Testudinata
(87/2); Kayentachelys ? Mongolochelys ? Kallokibotion
? Testudines (74/2); Xinjiangchelys Yeh 1986 ? Sinemys
Wiman 1930 ? Hangaiemys Sukhanov and Narmandankh
1974 + Dracochelys Gaffney and Ye 1992 ? Ordosemys
Brinkman and Peng 1993 ? Judithemys Parham and
Hutchinson 2003 ? Cryptodira (51/1); Sinemys ?

Hangaiemys ? Dracochelys ? Ordosemys ? Judithemys ?

Cryptodira (71/3); Cryptodira (56/2); and Trionychoi-
dea ? Testudinoidea (89/3).

Our analyses differentiated Spoochelys from basal
testudinatans including Proganochelys and Palaeochersis
(the following bold subscript numbers refer to characters
used in Gaffney et al. 2007) by the presence of an antrum
postoticum45, loss of the wide occipital plate53, and devel-
opment of a thin columella auris with a distinct footplate62.
Exclusion of Spoochelys from Testudines (sensu Joyce
2007) was advocated by its plesiomorphic prefrontal-
postorbital contact8, a poorly developed processus inferior
parietalis10, and the presence of paired ventral basisphe-
noid-basioccipital tubercles61. Interestingly, this topology
implies independent acquisition of traits that represented
synapomorphies for Spoochelys ? Otwayemys ? Chubute-
mys ? Meiolaniidae (incisura columellae auris confluent
with the Eustachian tube44, central articulations fully
formed65, biconvex fourth cervical centrum70, and the
possession of a ligamentous attachment between the cara-
pace and plastron96) or Spoochelys ? Otwayemys (ventral
process present on the posterior cervical centra74) when
constraint conditions were enforced. Chubutemys ?

Otwayemys ? Meiolaniidae were alternatively united by a
single symplesiomorphy (presence of a prefrontal-postor-
bital contact8) in the tree structure envisaged by Gaffney
(1983, 1996), Gaffney et al. (1998), (2007). Placement of
these taxa within Eucryptodira was resolved on the basis of
partial coverage of the canalis caroticus internus by the
basisphenoid-pterygoid contact (unknown in Otwayemys
and Ninjemys)30, formation of the canalis caroticus internus
by the pterygoid distal to the foramen basisphenoidale
(unknown in Otwayemys and Ninjemys)31, foramen basi-
sphenoidale formed by both the basisphenoid and pterygoid
with its positioning anterior to the foramen posterius canalis
carotici interni (unknown in Otwayemys and Ninjemys)89,
and the absence of mesoplastra (recorded only in Otwaye-
mys and Meiolania)103. In light of these results, we cannot
unequivocally establish a direct relationship between Spo-
ochelys and Meiolaniidae using parsimony analyses of the
Gaffney et al. (2007) data matrix, nor can we advocate defin-
itive assignment of Chubutemys ? Otwayemys ? Meiola-
niidae to Eucryptodira given our character state rescorings.

Bayesian Analyses of Both Data Matrices

Topologies produced by the Bayesian analyses were
broadly comparable to those of the Maximum Parsimony
trees for both revised data sets (see Fig. 9.10). However,
resolution at most nodes was weak and only a few high-
level clades returned significant support. Sterli and de la
Fuente (2011) robustly derived Testudinata (PP = 1.00),
Palaeochersis ? all higher Testudinata (PP = 0.99),
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Indochelys Datta et al. 2000 ? all higher Testudi-
nata (PP = 0.98), Platychelys ? Notoemys ? Caribe-
mys ? Pleurodira (PP = 1.00), Baenidae (PP = 0.90),
Chelonioidea excluding Santanachelys (PP = 1.00), and
Trionychia (PP = 0.99); whereas Gaffney et al. (2007) yiel-
ded Palaeochersis ? all higher Testudinata (PP = 1.00),
Spoochelys ? all higher Testudinata (PP = 0.92), Kayen-
tachelys ? all higher Testudinata (PP = 0.98), Proter-
ochersis ? Megapleurodira (PP = 0.94), Paracryptodira
(PP = 0.97), Meiolaniidae (PP = 1.00), Eucryptodira

excluding Plesiochelyidae ? Solnhofia ? Xinjiangchelys
(PP = 0.91), Judithemys ? Chelonioidea ? Chelydridae ?

Chelomacryptodira (PP = 0.94), Chelonioidea ? Chelydri-
dae ? Chelomacryptodira (PP = 0.99), Chelydridae ?

Chelomacryptodira (PP = 0.95), and Chelomacryptodira
(PP = 1.00). Pruning of taxa with [50% missing data
did not substantially improve resolution at these nodes: Sterli
and de la Fuente (2011) supporting Testudinata (PP = 1.00),
Palaeochersis ? all higher Testudinata (PP = 1.00), Kayen-
tachelys ? all higher Testudinata (PP = 1.00),

Fig. 9.10 Bayesian phylogenies of turtles incorporating Spoochelys
ormondea gen. et sp. nov. and rescored data for Meiolania and some
other taxa (see Appendices 1 and 2). Trees were derived using the
Joyce (2007) matrix/parameters as modified by Sterli and de la Fuente

(2011: a, b), or alternatively, that of Gaffney et al. (2007: c, d). Results
from analyses that excluded taxa with[50% missing data are depicted
in b and d. Boxed numbers represent posterior probabilities at selected
nodes (•)
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Mongolochelys ? all higher Testudinata (PP = 1.00),
Testudines (PP = 1.00), Pleurodira (PP = 1.00), Paracryp-
todira (PP = 0.92), Baenidae (PP = 0.90), Chelonioidea
excluding Santanachelys (PP = 1.00), and Trionychia
(PP = 1.00); and Gaffney et al. (2007) providing Palaeocher-
sis ? all higher Testudinata (PP = 1.00), Spoochelys ? all
higher Testudinata (PP = 0.97), Kayentachelys ? all higher
Testudinata (PP = 0.99), Mongolochelys ? all higher
Testudinata (PP = 0.92), Paracryptodira (PP = 0.90), Eu-
cryptodira excluding Plesiochelyidae ? Solnhofia ? Mei-
olania ? Xinjiangchelys (PP = 0.99), Chelonioidea ?

Chelydridae ? Chelomacryptodira (PP = 0.98), Chelydri-
dae ? Chelomacryptodira (PP = 0.94), and Chelomacryp-
todira (PP = 1.00). However, slight alterations in topology
did occur (e.g., deletion of Proterochersis prompted Mega-
pleurodira to shift within Kallokibotion ? other Testudines
when using the Gaffney et al. (2007) data set; PP = 0.75),
indicating that uncertainty within the tree structure could be
influenced by the exclusion of fragmentary taxa.

Our Bayesian analyses universally placed Spoochelys as
a basal testudinatan (more derived than Proganoche-
lys ? Austrochelys ? Palaeochersis: PP = 0.92–1.00), but
excluded it from Mongolochelys ? Meiolania ? Testu-
dines (PP = 0.92, taxa missing 50% data deleted) or
inconclusively from higher turtles (PP = 0.75, all taxa
included) with Sterli and de la Fuente (2011). Gaffney et al.
(2007) alternatively returned Spoochelys outside of Testu-
dines (PP = 0.98, all taxa included) or Kayentache-
lys ? Mongolochelys ? Kallokibotion ? Testudines
(PP = 0.99, taxa missing 50% data deleted). Monophyly of
Chubutemys ? Otwayemys ? Meiolaniidae was not sub-
stantiated, the lineage either being paraphyletic in runs of
Sterli and de la Fuente (2011) or garnering no support
(PP C 0.50) from the original taxon suite of Gaffney et al.
(2007). Conversely, Meiolaniidae showed strong sup-
port (PP = 1.00). Interpolation of Meiolaniidae within
Eucryptodira was not advocated by our analyses; although,
resolution amongst basal testudines/eucryptodires was
weak (PP B 0.50–0.83) and thus we cannot unanimously
reject this topology when using the Gaffney et al. (2007)
data set.

Conclusions

Spoochelys ormondea gen. et sp. nov, was a small-bodied
(ca. 400–500 mm total length), surprisingly archaic turtle
that is represented by skull remains and attributed postcra-
nial elements from the Lower Cretaceous (Albian) Griman
Creek Formation of Lightning Ridge in southeastern Aus-
tralia. Phylogenetic analyses of these specimens using
rescored versions of the most comprehensive published data

sets of fossil Testudinata infer that Spoochelys forms part of
the primitive stem turtle radiation, but otherwise the taxon
cannot be unequivocally placed within a discrete clade.
Nonetheless, Spoochelys shares some key derived features
with meiolaniids (cranial scute patterning and confluence
of the incisura columellae auris with the Eustachian tube),
a controversial group of Gondwanan non-marine turtles
that have been classified as either basal testudinatans
(Joyce 2007) or eucryptodires (Gaffney 1996; Gaffney
et al. 1998, 2007; Hirayama et al. 2000; Lapparent de
Broin and Molnar 2001). Paradoxically, our results dem-
onstrate that neither hypothesis is robustly supported by
revisions of the competing data sets. In accordance we
defer definitive placement of Spoochelys with a recom-
mendation that the taxon be regarded as Testudinata in-
certae sedis, pending discovery of more complete material
and/or the re-evaluation of existing specimens using
revised character matrices.

Spoochelys was probably a terrestrial turtle as suggested
by its apparently vaulted carapace, closely articulating
radius and ulna, plantar expansion of the astragalocalcane-
um [inferring a plantigrade stance (Gaffney 1990)], and
short metacarpals/metatarsals (see definition for the ‘‘ter-
restrial field’’ in Joyce and Gauthier 2004). The attributed
opisthocoelous caudal vertebrae with their angled centrum
articulations and massive transverse processes also imply
substantial dorsolateralis muscle mass and a propensity for
powerful tail movements. Whether this imparted some
swimming ability is unknown, although it is tempting to
speculate (based on the progressive enlargement of the
haemal keels) that a ‘club-like’ caudal ossification might
have been present [vis-à-vis Meiolania (see Gaffney 1985)].
Lateral retraction of the neck also appears to have been
feasible as indicated by the dorsoventrally tall, concavo-
convex cervical articulations and chelid-like neural arch
specializations. The large size, shape and position of the
transverse processes may be associated with enlargement of
the longissimus musculature, particularly the m. testo-
cervicalis lateralis. This is comparable to modern pleu-
rodires (Hoffstetter and Gasc 1969), and might reflect a
predatory lateral ‘‘strike’’ capacity (see Hoffstetter and Gasc
1969; Pritchard 1984), adaptation for cropping vegetation
(if Spoochelys was herbivorous), or defensive mechanism
for lateral neck retraction (perhaps implied by the rounded
anterior extension of the carapace).

The high-latitude, cool temperate (mean sea surface
temperature *16�C [Stevens and Clayton 1971; Dettmann
et al. 1992]) palaeoenvironment envisaged for southern
Australia during the middle-late Albian is atypical for tur-
tles, whose distribution is climatically restricted particularly
in relation to egg incubation and hatchling survival
(Mrosovsky 1980). Indeed, the occurrence of fossil chelids
at Lightning Ridge, a group that today occupies seasonally
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low temperature habitats (see Smith 2010 and references
therein), could infer an analogous specialization in
Spoochelys. Irrespectively, ectothermic reptiles are gener-
ally excluded from polar regions (Tarduno et al. 1998), and
accordingly the Australian Early Cretaceous biota is
thought to have been thermally isolated with limited faunal/
floral interchange from Antarctica/South America prior to
climatic warming in the Cenomanian-Turonian (Archer
et al. 1985; Dettmann et al. 1992; Flannery et al. 1995;
Molnar 1999; Henderson et al. 2000; Clemens et al. 2003;
Thulborn and Turner 2003; Rich and Vickers-Rich 2003;
Musser 2005; Kear et al. 2006a, 2006b; Rowe et al. 2008;
Rich et al. 2009). Given its remarkably primitive skeletal
anatomy, Spoochelys might therefore represent a relic taxon
whose Pangean ancestry probably extended well back into
the Jurassic or even earlier.
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Appendices

Appendix 1

Revised character scores (Nexus format) used for phylo-
genetic analyses. State codes for Spoochelys ormondea gen.
et sp. nov. were based on specimens described herein.
Modifications made for other taxa were drawn from pub-
lished descriptions and direct examination of the following
specimens: Chubutemys copelloi, MPEF-PV1236; Gaffney
et al. (2007); Otwayemys cunicularius, NMV P186116;
Gaffney et al. (1998); Meiolania platyceps, AM F208a, AM
F208b, AM F401, AM F43183, AM F49141, AM F57984,
AM F61110, AM F18314, AM F18364, AM F18668, AM
F18775, AM F81940, AM F81949, AM F81965, AM
F82180; Gaffney (1983, 1996); Joyce (2007); Ninjemys
oweni, NHMUK R391 (cast); Gaffney (1992, 1996);

Niolamia argentina, AMF L1418 (cast); Gaffney (1996);
Sterli and de la Fuente (2011).

(A) Revised Matrix from Sterli and de la Fuente (2011)

Spoochelys_ormondea
???????1?0010001000000?1?????????012013011200??

0??00001101?00?10?0??0011(01)010???????01???1??????
0?0?????????????????01000011101????0?111?100???????
?????0

Chubutemys_copelloi
???100011001100?000?00?1?????1110?120211?121000

00001??1101200?????????110?1?????0?????????????????
???????????????????1?????01???0???11?1?11??????????
??

Otwayemys_cunicularius
???????????????????????????????????2?2?1??????????

?????????????????0???001?0???0?0?2?0?1101???0??2000
0000010001?1?00?1????? 011??00?1?1?????????????????

Meiolania_platyceps
00000000100100010001 0101(02)000010100220031112

11000(01)011102102200110(01)2?0001100100?10??00210
?110101001020000?00000?????0000100111110(01)?0001
111100101–01?10010

(B) Revised matrix from Gaffney et al. (2007)

Spoochelys_ormondea
???????0?00010000010??0?????000?000000111111111

1?00010?1?000110012?001000102???00??0??????1????10
??????????????

Chubutemys_copelloi
?0??11?0??0010000???0001110?111101?01011111?11

11???11011?21021?012?1????0??2???????????0?????2???
??????????????

Otwayemys_cunicularius
???????????????00????0??????????????????1???1?????

?????????????012?00?0?0102???00???0?00?????21?01200
010001??00

Meiolania_platyceps
0101110010001101110001011100111?0110011111110

1110111111102202?00110001000001110001100000110??
2110110001000?????

Ninjemys_oweni
??0111?????01?0111??01011?????????????111111?111

???1?1?1????????????????????11??????????????????????
???????????

Niolamia_argentina
010?1100??001?0111??000111??111001?001111111??

???1111111?2102???????????????1?????????????????????
?????????????
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Appendix 2

Notes on descriptions and scores for select characters used
in phylogenetic analyses.

(A) Characters from Sterli and de la Fuente (2011)

Character 8. [Prefrontal E] Prefrontals heavily sculptured
with prominences and bosses (Rougier et al. 1995):
(0) = present; (1) = absent. Some specimens of Meiolania
(AM F18668) display a pronounced boss in the prefrontal
region (Gaffney 1983, p. 405) and a similar structure is
observable in Ninjemys (see Gaffney 1996, p. 79, Fig. 66).
The scoring for Meiolania is therefore changed to ‘‘0’’.

Character 12. [Parietal B] Parietal contact with the
pterygoid, epipterygoid, or palatine: (0) absent, trigeminal
foramen only developed as a notch; (1) present, trigeminal
foramen clearly formed by the descending process of the
parietal. Note that the parietal contacts the epipterygoid in
Spoochelys (see Fig. 9.6b) and Meiolania (Gaffney 1983,
p. 419) but is excluded form the trigeminal foramen by an
epipterygoid-prootic contact.

Character 13. [Parietal C] Length of anterior extension of
the lateral braincase wall: (0) short, inferior parietal process
only produces a narrow strut anterior to trigeminal foramen,
palatine contact absent; (1) elongate, inferior parietal pro-
cess produces an extended process anterior to trigeminal
foramen, palatine contact commonly present. Recoded from
‘‘-’’ to ‘‘0’’ for Meiolania following Joyce (2007).

Character 36. [Quadrate B ? C of Joyce (2007)].
Development of the cavum tympani: (0) shallow but not
developed anteroposteriorly; (1) shallow but anteroposteri-
orly developed; (2) deep and anteroposteriorly developed.
Gaffney et al. (1998, p. 16) describe the cavum tympani of
Otwayemys as ‘‘elongate, deep and smoothly continuous’’;
score changed to ‘‘2’’.

Character 38. [Quadrate E] Antrum postoticum: (0)
absent; (1) incipient; (2) fully developed. The antrum pos-
toticum is commonly scored as present in Meiolania (Joyce
2007; Gaffney et al. 2007; Anquetin et al. 2009; Sterli 2008;
Sterli and de la Fuente 2011); however (Gaffney 1983,
pp. 416–417) reported that there was no discrete chamber
corresponding to the antrum postoticum in this taxon (score
changed to ‘‘0’’), and indeed the squamosal and opisthotic
are exposed posteriorly within the cavum tympani (see
Gaffney 1983, pp. 408 and 443 respectively).

Character 41. [Epipterygoid A] Epipterygoid: (0) pres-
ent, rod-like; (1) present, laminar; (2) absent. The epip-
terygoid of Meiolania lacks the free rod-like dorsal portion
evident in Kayentachelys (see Sterli and Joyce 2007) and
alternatively forms a broad sutural contact with the pro-
cessus parietalis inferior (Gaffney 1983, Sterli and Joyce

2007). Because of this difference we advocate recoding of
Meiolania from ‘‘0’’ to ‘‘1’’.

Character 44. [Pterygoid C] Interpterygoid vacuity: (0)
present; (1) absent. See discussion in Appendix 2, part B,
character 29.

Character 51. [Pterygoid J] Intrapterygoid slit: (0)
absent; (1) present. Gaffney (1983, 1996) and Gaffney et al.
(2007) hypothesised that the ‘intrapterygoid slit’ is sec-
ondarily developed from the closed basicranial condition of
eucryptodires. Sterli et al. (2010, 1344) alternatively sug-
gested that this opening could be a modified interpterygoid
vacuity. This interpretation requires confirmation via com-
prehensive revision of all meiolaniid taxa but would create
interdependence with character 44 (presence of the interp-
terygoid vacuity).

Character 66. [Canalis caroticum B] Foramen caroticum
laterale: (0) the arteria palatina enters the skull through the
interpterygoid vacuity; (1) foramen caroticum laterale
located between the basisphenoid and the pterygoid with
the foramen posterius canalis carotici interni formed by the
basisphenoid; (2) the canalis carotici interni is not com-
pletely floored allowing to see the foramen caroticum
laterale and the foramen basisphenoidale in ventral view,
foramen posterius canalis carotici interni is formed by the
pterygoid or the pterygoid and the basisphenoid; (3) the
arteria palatina branches from the arteria carotici interna
inside the skull, so the foramen caroticum laterale is formed
by the pterygoid as the foramen posterius canalis carotici
interni; (4) the arteria palatina branches from the arteria
carotici interna inside the skull, foramen posterius canalis
carotici interni is formed by the pterygoid and the prootic;
(5) foramen caroticum laterale absent; (6) foramen caroti-
cum laterale formed within the pterygoid, posterior canalis
carotici interni formed midway between pterygoid and
basisphenoid. Gaffney and Jenkins (2010, pp. 335–336)
specified terminology for the various basipterygoid foram-
ina, indicating that the foramen caroticum basisphenoidale
are those openings that pierce the body of the basisphenoid.
In contrast, Joyce (2007) and the later character sets of
Sterli (2008) and Sterli and de la Fuente (2011) use the term
foramen posterius canalis carotici interni (which should be
in part formed by the pterygoid: sensu Gaffney and Jenkins
2010, p. 336) to define the entry point of the internal carotid
artery. We follow Gaffney and Jenkins (2010) in describing
the paired foramina in the basisphenoid of Spoochelys as the
caroticum basisphenoidale, and note that the presence of an
interpterygoid vacuity together with the lack of any acces-
sory foramina along the basisphenoid-pterygoid suture
implies state ‘‘0’’—entry of the arteria palatina into the skull
via the interpterygoid vacuity.

Character 73. [Carapace A] Carapacial scutes: (0) pres-
ent; (1) partially present; (2) absent. The carapace of Spo-
ochelys is fragmentary but scute sulci are present on all of
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the preserved sections. Because the full extent of
the scute coverage is unknown we have scored this taxon as
‘‘0/1’’.

Character 81. [Costal A] Medial contact of costal I: (0)
absent; (1) present. Disposition of the intercostal sutures is
unknown in Meiolania (Gaffney 1996, p. 24) thus scoring is
changed from ‘‘0’’ to ‘‘?’’.

Character 82. [Costal B] Medial contact of posterior
costals: (0) absent; (1) medial contact of up to three pos-
terior costals present; (2) medial contact of all costals
present. Disposition of the intercostal sutures is unknown in
Meiolania (Gaffney 1996, p. 24) thus scoring is changed
from ‘‘0’’ to ‘‘?’’.

Character 99. [Mesoplastron A] Number and size of
mesoplastra: (0) one or two pairs of mesoplastra present that
fully hinder any contact between hyoplastra and hypopla-
stra; (1) one reduced pair of mesoplastra present that allows
partial contact between the hyoplastra and hypoplastra; (2)
mesoplastra absent. Mesoplastra are generally thought to be
absent in Meiolania (recoded ‘‘2’’), which has a wide
transverse contact between the hypo- and hyoplastra
(Megirian 1992, p. 102; Gaffney 1996, p. 38).

Character 104. [Plastral scutes B] Midline sulcus: (0)
straight; (1) distinctly sinuous. Meiolania is recoded from
‘‘0’’ to ‘‘?’’ because scute margins are unclear (Gaffney
et al. 1996, p. 33).

Character 108. [Extragular C] Anterior plastral tuberos-
ities: (0) present; (1) absent. Gaffney (1996, p. 33) described
a pair of gular projections on the anterior lobe of the plas-
tron in Meiolania and noted their smaller size but overall
similarity to those of Proganochelys (score changed to
‘‘0’’). Coding is altered from ‘‘0’’ to ‘‘1’’ for Otwayemys,
which possesses extragular scales but apparently not plastral
tuberosities (Gaffney et al. 1998, p. 14, Fig. 10).

Character 110. [Humeral A] Plastral scale set 3—humer-
als: (0) one pair present; (1) two pairs present, subdivided by
plastral hinge. Meiolania is recoded from ‘‘0’’ to ‘‘?’’ because
scute margins are unclear (Gaffney et al. 1996, p. 33).

Character 114. [Inframarginal A] Inframarginal scutes:
(0) more than two pairs present, plastral scutes do not
contact marginals; (1) two pairs present (axillaries and
inguinals), limited contact between plastral scutes and
marginals present; (2) absent, unrestricted contact between
plastral scutes and marginals present. Gaffney et al. (1998,
p. 15, Fig. 11) reconstructed a series of axillary, inguinal,
and one set of inframarginals scutes in Otwayemys (score
changed from ‘‘?’’ to ‘‘1’’).

Character 119. [Cervical articulation A] Cervical artic-
ulation: (0) articulations not formed; (1) articulations
formed. Gaffney et al. (2007, p. 21) reported that at least
cervical eight in Chubutemys has fully formed articulations
(score changed to ‘‘1’’).

Character 125. [Cervical articulation G] Cervical artic-
ulation between VII and VIII: (0) 7(8; (1) 7)8. Gaffney et al.
(2007, p. 21) stated that cervical eight in Chubutemys has
biconvex articulations (score changed to ‘‘0’’).

Character 128. [Dorsal rib B] Contact of dorsal ribs IX
and X with costals: (0) present; (1) absent. Gaffney (1996,
pp. 25–26) considered it likely that the tenth dorsal rib did
not articulate with a costal plate in Meiolania. We have
therefore recoded this taxon as ‘‘0/1’’ to acknowledge
manifestation of an intermediary condition.

Character 148. [Manus A] Phalangeal formula of manus
and pes: (0) most digits with three elongate phalanges; (1)
most digits with two shortened phalanges. Meiolania has
only two short phalanges in the manus and pes (see Gaffney
1996, p. 50, Figs. 39 and 60); character recoded ‘‘1’’.

Character 151. [Pes A] Claw of fifth digit: (0) present;
(1) absent. Gaffney (1996, p. 60) suggested that the fifth
pedal digit was absent in Meiolania because metatarsal V
lacks a distal articular surface (recoded ‘‘1’’).

(B) Characters from Gaffney et al. (2007)

Character 3. [NA] Nares divided: (0) yes; (1) no. Nares are
divided by the premaxilla in Niolamia following Sterli and
de la Fuente (2011) thus the score is changed from ‘‘1’’ to
‘‘0’’. Structure of the narial aperture is indeterminate in
Chubutemys, which is recoded ‘‘?’’. The nares are clearly
divided in Meiolania, although not completely in all spec-
imens (Gaffney 1983, p. 401), scores are altered from ‘‘0/1’’
to ‘‘0’’.

Character 4. [NA] Nasomaxillary sinus: (0) absent; (1)
present. Proganochelys and meiolaniids share a trough-like
cavity in the anterodorsal surface of the maxilla. In Pro-
ganochelys this extends through the lacrimal bone as the
lacrimal duct, which is floored by the maxilla (Gaffney
1990, p. 49, Fig. 40). Conversely in Meiolania, the maxil-
lary trough is called the ‘‘nasomaxillary sinus’’ and leads
into a blind canal roofed by the nasal (Gaffney 1983, p. 429,
Fig. 45). The anterior section of the ‘‘nasomaxillary sinus’’
in Meiolania and Ninjemys could represent a component of
the primitive lacrimal duct. However, we have not changed
the state coding because homology is unclear.

Character 10. [PA] Processus inferior parietalis: (0)
small to absent; (1) large. The processus inferior parietalis is
weakly developed and the epipterygoid extends further into
the lower temporal fossa than the relatively small
descending process of the parietal in Spoochelys and Mei-
olania (see Gaffney 1983, pp. 419 and 431, Fig. 47). The
processus inferior parietalis is also described as ‘‘small’’ in
Kayentachelys (Gaffney and Jenkins 2010, p. 339). Score
changed from ‘‘1’’ to ‘‘0’’ for Meiolania.
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Character 18. [SQ] Broad sq-qj contact: (0) absent,
narrow; (1) broad contact below cavum tympani. Gaffney
et al. (2007) assigned Niolamia state ‘‘1’’ despite much of
this part of the skull being morphologically inconclusive
(Woodward 1901; Gaffney 1996). The sq-qj contact below
the cavum tympani is only definitively known in Meiolania
and is inferred for Ninjemys and Warkalania on the basis of
a ‘bony sheet’ below the cavum tympani (Gaffney 1996).

Character 20. [PO] PO-SQ contact: (0) present; (1)
absent. Scoring for Chubutemys is modified from ‘‘0’’ to
‘‘?’’ because this contact is not clearly preserved (Gaffney
et al. 2007, p. 15).

Character 26. [PAL] Teeth: (0) present; (1) absent.
Ninjemys is recoded from ‘‘1’’ to ‘‘?’’ because the palate is
incomplete (Gaffney 1992, p. 3, Fig. 1).

Character 27. [PAL] Foramen palatinum posterius large:
(0) small to moderate; (1) very large. Ninjemys is recoded
from ‘‘1’’ to ‘‘?’’ because the palate is incomplete (Gaffney
1992, p. 3, Fig. 1).

Character 28. [PT] Vertical flange on processus ptery-
goideus externus: (0) absent; (1) present. Joyce (2007) and
Sterli and Joyce (2007) interpreted this feature as highly
variable and of limited phylogenetic significance. In con-
trast, Gaffney (1979, 1996), Gaffney and Meylan (1988),
Gaffney et al. (1987, 1991), and Gaffney and Jenkins (2010)
advocate its use as a cryptodiran synapomorphy. In Meiol-
ania ‘‘the vertical flange on the lateral margin of the pro-
cessus … is absent’’ but a ‘‘swelling’’ of the bone is
hypothesised to mark its original position (Gaffney 1983,
p. 427). Because this does not strictly constitute a ‘‘vertical
flange’’ we have changed the score from ‘‘1’’ to ‘‘0’’ for
Meiolania and ‘‘1’’ to ‘‘?’’ for both Ninjemys and Niolamia
since this part of the skull is not adequately preserved in
either taxon (see Gaffney 1983, p. 431; Gaffney 1996, p. 77;
Gaffney 1992, p. 3, Fig. 1).

Character 29. [PT] Interpterygoid vacuity: (0) widely,
slightly open; (1) completely closed by medial extension of
PT. Gaffney (1983, 1996) and Gaffney et al. (2007) argued
that the ‘‘intrapterygoid slit’’ of meiolaniids developed as a
neomorph from the primitive eucryptodiran condition in
which the interpterygoid vacuity had completely closed.
Dracochelys bicuspis Gaffney and Ye 1992 was forwarded
as evidence of a intermediary state (Gaffney 1996, p. 119)
where the basipterygoid-pterygoid suture is separated lat-
erally to create paired slit-like openings for the palatine
arteries (Gaffney and Ye 1992, p. 9). However, maintenance
of at least a transverse midline contact between the ptery-
goid lamellae and rostrum basisphenoidale is a fundamental
feature of the eucryptodiran basicranium (Gaffney 1996;
Gaffney et al. 2007). Modification of the eucryptodiran state
into the ‘‘intrapterygoid slit’’ arrangement of meiolaniids
requires retraction of the pterygoid lamellae from the
basisphenoid rostrum, and ventral displacement of the

posterior pterygoids and canalis cavernosus, creating a
condition similar to basal turtles (e.g., Proganochelys,
Palaeochersis and Kayentachelys: Sterli et al. 2010,
p. 1341). A different interpretation based on Sterli et al.
(2010, p. 1344) and the palatal morphology of Spoochelys
could involve formation of the ‘‘intrapterygoid slit’’ via
progressive posterior closure of the pterygoid midline
suture. Gaffney et al. (2007) described the pterygoid-
basisphenoid contact in Chubutemys as being ‘‘damaged by
crushing’’ but apparently manifesting lateral expansions of
the suture to form paired foramina. Ninjemys is altered from
‘‘1’’ to ‘‘?’’ because the palate is incomplete (Gaffney 1992,
p. 3, Fig. 1).

Character 30. [PT] Canalis caroticus internus: posterior
to foramen basisphenoidale: (0) absent; (1) at least partially
covered by BS-PT; (2) covered by prootic. Ninjemys is
recoded from ‘‘1’’ to ‘‘?’’ because the palate is incomplete
(Gaffney 1992, p. 3, Fig. 1).

Character 31. [PT] Canalis caroticus internus at least
partially formed by PT: (0) no; (1) yes, distal to foramen
basisphenoidale (= foramen carotici cerebralis posterius
sensu Sterli et al. 2010). Ninjemys is recoded from ‘‘1’’ to
‘‘?’’ because the palate is incomplete (Gaffney 1992, p. 3,
Fig. 1).

Character 32. [PT] Canalis caroticus lateralis vs canalis
caroticus internus: (0) lateralis equal to or larger than
internus; (1) lateralis smaller than internus. Coding for
Meiolania should be ‘‘1’’ because the ‘‘intrapterygoid slit’’
(= foramen caroticus laterale with terminology sensu Sterli
et al. 2010) is considerably larger than the canalis caroticus
internus (see discussion in Gaffney 1983, pp. 447–449, and
436, Fig. 53). However, Gaffney et al. (2007) recorded
Meiolania as ‘‘?’’, presumably because of uncertainty sur-
rounding the identification and ancestral dimensions of the
canalis caroticus lateralis. Indeed, homology between these
structures is unclear. For example, the slit-like foramen
caroticus laterale of primitive eucryptodires pierce the
transverse pterygoid-rostrum basisphenoidale suture and the
paired arteria palatina are recessed (Brinkman and Nicholls
1993; Sukhanov 2000; Sterli et al. 2010; Brinkman et al.
2012). In contrast, the rostrum basisphenoidale does not
suture to the pterygoids in Meiolania and the passages for
the palatine arteries were presumably walled medially by
the sagittal ridge from the basisphenoid (see Gaffney 1983,
p. 430).

Character 33. [PT] Foramen posterius canalis carotici
interni: (0) not formed by basisphenoid and pterygoid; (1)
formed by basisphenoid and pterygoid, located midway
along basisphenoid. Ninjemys is recoded from ‘‘1’’ to ‘‘?’’
because the basicranium is incomplete (Gaffney 1992, p. 3,
Fig. 1).

Character 34. [PT] Middle ear with ossified floor formed
by posteromedial pterygoid process: (0) process absent; (1)
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present. Ninjemys is recoded from ‘‘1’’ to ‘‘?’’ because the
basicranium is incomplete (Gaffney 1992, p. 3, Fig. 1).

Character 36. [PT] Deep cavity on quadrate ramus: (0)
absent; (1) present. Ninjemys is recoded from ‘‘1’’ to ‘‘?’’
because the palate is incomplete (Gaffney 1992, p. 3,
Fig. 1).

Character 37. [PT] BS-PT space: (0) interpterygoid
vacuity widely open; (1) distinct space, perhaps a foramen
caroticus laterale (fcl), present; (2) closed, pt-bs suture,
foramen posterius canalis carotici internus (fpcci) possibly
present. Ninjemys is recoded from ‘‘1’’ to ‘‘?’’ because the
palate is incomplete (Gaffney 1992, p. 3, Fig. 1). Niolamia
and Meiolania changed from from ‘‘1’’ to ‘‘0’’ (see dis-
cussion for characters 29 and 32).

Character 38. [PT] Intrapterygoid slit: (0) absent, small;
(1) extensive, covering foramen carotici cerebralis posterior
(fccp). See discussion for characters 29 and 32. Ninjemys is
recoded from ‘‘1’’ to ‘‘?’’ because the palate is incomplete
(Gaffney 1992, p. 3, Fig. 1).

Character 45. [QU] Antrum postoticum: (0) absent; (1)
present. Ninjemys is recoded from ‘‘1’’ to ‘‘?’’ because the
cavum tympani is incomplete (Gaffney 1992, p. 3, Fig. 1).
Meiolania is changed ‘‘1’’ to ‘‘0’’ because the antrum pos-
toticum is not developed (Gaffney 1983, pp. 416–417);
Niolamia ‘‘1’’ to ‘‘?’’ following Sterli and de la Fuente
(2011).

Character 46. [QU] Covers opisthotic laterally: (0) no;
(1) yes. Ninjemys is recoded from ‘‘1’’ to ‘‘?’’ because the
otic chamber is incomplete (Gaffney 1992, p. 3, Fig. 1).

Character 47. [QU] Cranioquadrate space: (0) relatively
open; (1) a well-defined canal. Ninjemys is recoded from
‘‘1’’ to ‘‘?’’ because the basicranium is incomplete (Gaffney
1992, p. 3, Fig. 1).

Character 48 [OP] Processus paroccipitalis: (0) loosely
articulated; (1) tightly fused. Ninjemys is recoded from ‘‘1’’
to ‘‘?’’ because the otic chamber is incomplete (Gaffney
1992, p. 3, Fig. 1).

Character 49. [OP] Fenestra perilymphatica: (0) rela-
tively large; (1) relatively small. Ninjemys is recoded from
‘‘0’’ to ‘‘?’’ because the otic chamber is incomplete (Gaffney
1992, p. 3, Fig. 1).

Character 50. [PR] Anterior surface otic chamber: (0)
faces more anterodorsally; (1) faces more anteriorly, ante-
roventrally (processus trochlearis oticum). Ninjemys is
recoded from ‘‘1’’ to ‘‘?’’ because the otic chamber is
incomplete (Gaffney 1992, p. 3, Fig. 1).

Character 51. [PR] Otic chamber thickness: (0) anterior
wall thin; (1) anterior wall thick. Ninjemys is recoded from
‘‘1’’ to ‘‘?’’ because the otic chamber is incomplete (Gaffney
1992, p. 3, Fig. 1).

Character 53. [SO] Wide occipital plate: (0) wide
occipital plate with depressions; (1) absent. Ninjemys is

recoded from ‘‘1’’ to ‘‘?’’ because the otic chamber is
incomplete (Gaffney 1992, p. 3, Fig. 1).

Character 56. [BS] Basipterygoid articulation: (0) open
articulation; (1) sutured joint. Ninjemys is recoded from ‘‘1’’
to ‘‘?’’ because the braincase is incomplete (Gaffney 1992,
p. 3, Fig. 1).

Character 70. [CE] 4th cervical articulation: (0) amphi-
coelous; (1) biconvex; (2) opisthocoelous. Gaffney et al.
(1998) suggested that the fourth cervical articulation of
Otwayemys was probably procoelous based on tentative
identification of a biconcave fifth (?) cervical centrum. This
has been altered to ‘‘?’’ because of ambiguity.

Character 74. [CE] Strong ventral process: (0) absent on
all centra; (1) present on posterior centra. Otwayemys is
recoded from ‘‘0’’ to ‘‘1’’ because the eighth cervical ver-
tebra (NMVP187261) is keeled (Gaffney et al. 1998, p. 20).

Character 92. [CAR] 9th costal bone: (0) present; (1)
absent. The exact number of costals bones is unknown in
Meiolania (Gaffney 1996, p. 24) thus scoring is changed to
‘‘?’’.

Character 106. [PLA] Gular scales: (0) 2 pairs; (1) 1 pair.
Otwayemys is recoded from ‘‘?’’ to ‘‘0’’ based on Gaffney
et al. (1998, p. 12).

Character 107. [PL] Inframarginals: (0) 3–4 pairs; (1) 0–
2 pairs (axillary, inguinal). Otwayemys is recoded from ‘‘?’’
to ‘‘1’’ based on Gaffney et al. (1998, p. 13).

Character 108. [PLA] Abdominal scute relative to mid-
line: (0) meets on midline; (1) withdrawn from midline.
Medial contact between the abdominal scutes cannot be
reconstructed in Meiolania (Gaffney 1996, p. 33) or Ot-
wayemys Gaffney et al. (1998, p. 13) thus states for both
taxa are scored ‘‘?’’.

Character 109. [PLA] Pectoral scute: (0) not on epipl-
astron; (1) on epiplastron. Meiolania is recoded from ‘‘0’’ to
‘‘?’’ because scute margins are unclear (Gaffney et al. 1996,
p. 33).

Character 111. [PLA] Midline sulcus sinuous: (0) no; (1)
yes. Meiolania is recoded from ‘‘0’’ to ‘‘?’’ because scute
margins are unclear (Gaffney et al. 1996, p. 33).

Appendix 3

Inventory of ‘‘Pruned’’ taxa and their missing data
(percentage).

(A) Taxa from Sterli and de la Fuente (2011)

Proterochersis robusta 73%
Australochelys africanus 75%
Condorchelys antiqua 65.8%
Indochelys spatulata 86.2%
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Siamochelys peninsularis 73.7%
Platychelys oberndorferi 63.2%
Caribemys oxfordiensis 74.3%
Notoemys laticentralis 53.3
Dorsetochelys delairi 60.5%
Portlandemys mcdowelli 59.9%
Mesodermochelys undulatus 62.5%
Hoplochelys crassa 65.8%
Peltochelys durlstonensis 71.7%
Sandownia harrisi 53.9%
Chubutemys copelloi 60.5%
Otwayemys cunicularis 72%
Patagoniaemys gasparinae 73%
Niolamia argentina 79.6%

(B) Taxa from Gaffney et al. (2007)

Australochelys africanus 59.5%
Proterochersis robusta 79.3%
Otwayemys cunicularis 68.5%
Chubutemys copelloi 51.4%
Ninjemys oweni 72.9%
Niolamia argentina 57.7%

Appendix 4

Anatomical abbreviations

ast Aditus canalis stapedio-temporalis
bo Basioccipital
bs Basisphenoid
c Costal
ca Columella auris
caj Cavum acustico jugulare
cav Lab cavum labyrinthicum
cc Canalis cavernosus
ce Cervical scute
epi Epipterygoid
ex Exoccipital
fb Foramen basisphenoidale
fio Foramen interorbitale
fr Frontal
fst Foramen stapedio-temporale
ivac Interpterygoid vacuity
j Jugal
m Marginal scute
max Maxilla
n Neural
nu Nuchal
op Opisthotic
or Orbit

pa Parietal
pe Peripheral
pf Prefrontal
pio Processus interfenestralis
pip Processus inferior parietalis
pl Pleural scute
po Postorbital
pr Prootic
pt Pterygoid
qu Quadrate
rst Recessus scalae tympani
sm Supramarginal scute
so Supraoccipital
sq Squamosal
v Vertebral scute
V Foramen nervi trigemini
VII? Foramen nervi facialis?
XII Foramen nervi hypoglossi
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Chapter 10

Turtles from the Jurassic Shishugou Formation of the Junggar
Basin, People’s Republic of China, with Comments
on the Basicranial Region of Basal Eucryptodires

Donald B. Brinkman, David A. Eberth, Xing Xu, James M. Clark,
and Xiao-Chun Wu

Abstract Five fossil turtle species (?Sichuanchelys sp., three
species of Xinjiangchelys, and an indeterminate species of
Annemys) are present in the Shishugou Formation (late
Middle to early Late Jurassic) of the Junggar Basin,
northwestern China. Two of these, X. radiplicatoides sp.
nov. and Annemys sp., are each represented by an associated
skull and shell. These demonstrate that the Xinjiangchelyi-
dae, as currently defined, encompasses different grades of
evolution. X. radiplicatoides is primitive in features of the
basicranial region, lack of emargination of the skull roof, and
presence of an inflated postorbital region. Annemys sp., which
has a low skull with deeply emarginated temporal and cheek
regions and large foramina palatinum posterius, is similar to
basal eucryptodires from the Early Cretaceous of Asia,
particularly Hangaiemys. Early stages in the evolution of the
basicranial region in eucryptodires are documented by the
well-preserved basicranial region of X. radiplicatoides and
Annemys sp. The slit-like structure of the foramen palatinum
posterius in X. radiplicatoides is consistent with the

interpretation that this opening developed by closure of the
interpterygoid vacuity around the palatine artery. Processes
of the basisphenoid that extend laterally into the pterygoid,
identified here as basipterygoid processes, are well developed
in Xinjiangchelys and most Early Cretaceous sinemydids/
macrobaenids. Although a high taxonomic diversity of turtles
is present in the Shishugou Formation, diversity at individual
localities is low, often with a single taxon being present or
overwhelmingly dominant, and most localities differ in the
kinds of turtles that are dominant at that locality. This pattern
of high alpha diversity (total diversity within a unit), low
diversity within individual localities, and high beta diversity
(between-locality diversity within a unit) is unusual in turtle
assemblages, and suggests that the paleoecology of the
Shishugou Formation has unusual aspects compared to
similarly diverse turtle assemblages, where diversity at a
locality typically reflects total diversity within the unit.

Keywords Annemys � China � Junggar Basin � Jurassic �
Sichuanchelys�ShishugouFormation�Xinjiangchelyidae�
Xinjiangchelys

Introduction

Fossil turtles from Asia are important to our understanding of
the rise of modern turtle clades and assemblages, because
many extant groups of eucryptodires are thought to have
originated there (Hutchison 2000; Hirayama et al. 2000;
Sukhanov 2000). These include testudinoids, which first
occurred in Asia in the Early Cretaceous (Brinkman et al.
2008), and trionychians, which were present in Asia in the
Jurassic (Gaffney and Meylan 1992a; Danilov and Parham
2006). In addition, fossil turtles from Asia have shown that a
diverse assemblage of eucryptodires existed there during the
Middle-Late Jurassic (Danilov and Parham 2008; Rabi et al.
2010). Thus, the Jurassic of Asia is key for understanding the
initial stages of eucryptodire evolution.
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Jurassic turtles were first reported from Asia by Young
and Chow (1953), who described six taxa on the basis
of seven specimens recovered in 1951 during construction
of the Chengdu–Chungking Railway in the Province of
Sichuan, southern China. Three of these species were
placed in monospecific genera: Chengyuchelys baenoides
Young and Chow 1953; Tienfuchelys tzuyangensis Young
and Chow 1953; and Sinaspideretes wimani Young and
Chow 1953. The remaining three were included in the genus
Plesiochelys Rütimeyer 1873, a basal eucryptodire largely
based on plesiomorphic features of the shell and otherwise
known from the Jurassic of Europe. The species referred to
Plesiochelys were P. latimarginalis Young and Chow 1953,
P. radiplicatus Young and Chow 1953, and P. chungking-
ensis Young and Chow 1953. The ages of the specimens
described by Young and Chow (1953) are uncertain,
because the Chengdu–Chungking Railway cuts through
both Middle and Upper Jurassic sediments and detailed
locality information was not recorded for any of the spec-
imens. Subsequent papers further documented the diversity
and distribution of turtles in the Jurassic of Sichuan
(Ye 1963, 1973; Ye and Fang 1982; Fang 1987; Ye and Pi
1997). Four additional taxa were recognized from the Late
Jurassic: Plesiochelys tatsuensis Ye 1963; P. kwanganensis
Ye 1963; P. oshanensis Ye 1973; and P. jingyanensis
Ye and Fang 1982. Documentation of Middle Jurassic tur-
tles in China was greatly increased by the discovery of a
rich vertebrate assemblage in Zigong, Sichuan, from which
three new turtle taxa were described on the basis of shells:
Chengyuchelys zigongensis Ye 1982; C. dashanpuensis
Fang 1987; and Sichuanchelys chowi Ye and Pi 1997. The
Zigong taxa are distinctly more primitive compared with the
Late Jurassic forms in their retention of a mesoplastron, and
this feature was used to place them in a separate family, the
Chengyuchelyidae Ye 1990.

The first Chinese Jurassic turtle recognized from outside
of Sichuan, Xinjiangchelys junggarensis Ye 1986a, was
described on the basis of a complete carapace from a
locality near Jiangjunmiao, in the northern part of the
Junggar Basin, Xinjiang Uygur Autonomous Region, in the
northwestern part of the country. This specimen was
regarded as Middle Jurassic in age because of the associated
fauna, particularly the presence of tritylodonts (Zhao 1980);
that age estimate has been corroborated by later geological
studies (Eberth et al. 2001).

The description of Xinjiangchelys junggarensis in
northwestern China and subsequent discoveries of Middle
Jurassic turtle material from elsewhere in central Asia
(Kaznyshkin 1988), led to the recognition that the Jurassic
eucryptodires from Asia were part of a distinct radiation of
primitive eucryptodires not directly related to the European
Plesiochelys. Kaznyshkin (1988) accordingly transferred all
Asian material previously included in Plesiochelys to the

genus Xinjiangchelys. In a later paper, Xinjiangchelys was
also placed in its own family, the Xinjiangchelyidae Nessov
1990 (in Kaznyshkin et al. 1990).

Explorations by the Canada–China Dinosaur Project, an
international expedition that worked in the Junggar Basin of
Xinjiang from 1987 to 1990, led to discoveries in the northern
part of the basin, north of Qitai, of additional Jurassic turtle-
bearing localities clustered in two areas about 90 km apart. Here
we refer these as the ‘‘Jiangjunmiao field area’’ and the
‘‘Wucaiwan field area’’, the former near the abandoned
settlement of Jiangjunmiao and the latter near Huoshaoshan
(see Fig. 10.1a–c). The Jiangjunmiao field area includes the
holotype locality of Xinjiangchelys junggarensis. No additional
material was collected from that quarry but two additional
localities of comparable age were identified. The first yielded a
non-diagnostic carapace found during explosive excavation of a
large sauropod. The second comprised a rich bone bed (herein
called the ‘‘Jiangjunmiao turtle bonebed’’) dominated by disar-
ticulated and partially articulated turtle elements in a small
channel setting. Variation in surface texture of shell elements
indicates that at least two kinds of turtles are present, although
most belong to a turtle with distinctive plications on the carapace.
In addition to shell elements, significant cranial remains were
recovered. In the Wucaiwan field area, remains of at least 14
individuals were collected from a single stratigraphic interval
near Pingfengshan (see locality map and detailed description in
Peng and Brinkman 1993, Fig. 1, p. 2016). Exposures in this area
originally were referred to the Qigu Formation by Peng and
Brinkman (1993); subsequently it was recognized that the Qigu
Formation is restricted to the southern margin of the Junggar
Basin and the temporally equivalent sediments from the northern
margin of the basin instead belong to the Shishugou Formation
(Fig. 10.1d). Two turtle taxa were recognized by Peng and
Brinkman (1993) from Pingfengshan: X. latimarginalis, repre-
sented by 12 specimens, including a nearly complete carapace
and some associated postcrania, and an indeterminate eucryp-
todire, provisionally identified as ‘‘Xinjiangchelys sp.’’, repre-
sented by a single plastron.

Peng and Brinkman (1993) followed Kaznyshkin (1988)
in placing Xinjiangchelys junggarensis, the type specimen
of ‘‘Plesiochelys’’ latimarginalis, and an incomplete shell
and series of isolated elements from a Middle Jurassic
locality in Kirgizstan within the species X. latimarginalis.
Subsequent studies concluded that the range of variation in
X. latimarginalis, as defined by Peng and Brinkman (1993),
exceeded that expected for a single turtle species (Matzke
et al. 2004, 2005; Nessov 1995). Consequently, Nessov
(1995) erected the species X. tianshanensis for material
from Kirgizstan and Matzke et al. (2004) partitioned the
Junggar material into two species: X. junggarensis, which
they restricted to the holotype specimen, and an unnamed
congener for the Pingfengshan specimens originally
assigned to X. latimarginalis by Peng and Brinkman (1993).
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Fig. 10.1 Locality, stratigraphic, and depositional information for
Jurassic turtle-bearing localities in Junggar Basin. a–c locality maps:
a location of Xinjiang Uygur Autonomous Region in northwestern
People’s Republic of China; b location of Junggar Basin within
Xinjiang; c locations of Wucaiwan and Jiangjunmiao field areas in
northern part of Junggar Basin. d Stratigraphic chart showing Jurassic

formations in northern and southern parts of the Junggar Basin; note
that the Middle-Late Jurassic boundary lies within the Shishugou
Formation. e Paleoenvironmental reconstruction of the Junggar Basin
during the time of deposition of the upper part of the Shishugou
Formation, showing approximate positions of present-day Wucaiwan
and Jiangjunmiao field areas
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Brinkman et al. (2008) partially supported Matzke et al.
(2004) approach by recognizing X. latimarginalis as a dis-
tinct taxon, but felt that that the Pingfengshan specimens
could not be distinguished from X. junggarensis and, con-
trary to Matzke et al. (2004), included them in the latter
species.

Matzke et al. (2004, 2005) documented the presence of
three additional Xinjiangchelys species from the southern
Junggar Basin, in the Qigu Formation: X. cf. radiplicatus;
X. qiguensis Matzke et al. 2004; and X. chowi Matzke et al.
2005. X. cf. radiplicatus shared with X. radiplicatus from the
Late Jurassic of Sichuan the presence of strong plications on
the carapace. X. qiguensis and X. chowi were distinguished on
the basis of features of the shell. As a result, Brinkman et al.
(2008) concluded that five species of Xinjiangchelys are
present in the Jurassic formations of the Junggar Basin:
X. junggarensis; X. cf. radiplicatus; X. qiguensis; X. chowi;
and X. sp. A slightly greater diversity was reported by Rabi
et al. (2010), who recognized another two additional genera,
Sichuanchelys and Annemys.

Expeditions to the Junggar Basin co-led by two of
us (JC and XX) from 2000 to 2007 collected a series of
turtle specimens, including two incomplete skeletons from
the Shishugou Formation in the Wucaiwan field area. Those
specimens, along with the previously undescribed fragmen-
tary remains from the turtle-dominated bone bed at
Jiangjunmiao, provide significant new information on the
anatomy, diversity, and relationships of turtles from the
Junggar Basin and allow a reevaluation of the patterns of
diversification of early eucryptodires in Asia.

Osteological Terminology

Aside from two exceptions, here we follow the anatomical
terminology for turtle skulls developed by Gaffney (1972,
1979b). The first exception is the term ‘‘foramen caroticum
laterale’’. That term has been used to refer both to a foramen
opening into the braincase and to a more posterior foramen
opening through the roof of the palate, although in recent
papers (e.g., Gaffney et al. 2007) the former definition has
been adopted. Because this term has been used to apply to
non-homologous structures, Sterli et al. (2010) proposed a
new term, the ‘‘foramen caroticum cerebralis posterior’’, for
the posterior opening. We follow Sterli et al. (2010),
although for consistency we adhere to Gaffney (1972,
1979b) in using Latin terms for anatomical structures in the
turtle skull and, thus, prefer the modified term ‘‘foramen
posterius canalis carotici cerebralis (fpccc)’’.

The second exception concerns the ‘‘basipterygoid
process’’. A basipterygoid process was not recognized in
turtles by Gaffney (1972, 1979b), but a laterally projecting

triangular process of the basisphenoid in the Early
Cretaceous paracryptodire Pleurosternon bullockii was
identified as a basipterygoid process by Evans and Kemp
(1975). Gaffney (1979a) questioned that identification,
arguing that the structure was unlikely to be homologous to
the basipterygoid process of primitive reptiles because of its
position relative to the dorsum sellae and foramen anterius
canalis carotici interni—in primitive reptiles, the basip-
terygoid process is anterior to these structures, whereas the
process identified by Evans and Kemp (1975) as a ‘‘basip-
terygoid process’’ is more posterior. Subsequently, it has
been recognized that a basipterygoid process is widespread
among early turtles, being present in, for example, Pro-
ganochelys and Kayentachelys among others (Gaffney
1990; Sterli and Joyce 2007). Because of the widespread
presence of a basipterygoid process in those basal turtles,
we feel that the triangular process present in Pleurosternon
and other basal turtles is correctly identified as the basip-
terygoid process and refer to it by that term, although to
recognize that this identification remains to be confirmed,
here we enclose that term in quotes.

Institutional abbreviations used in this paper are: IVPP,
Institute of Vertebrate Paleontology and Paleoanthropology,
Beijing, China; WCW, Wucaiwan (used as part of the field
number for specimens collected from the Wucaiwan field
area).

Geology

The Shishugou Formation consists of a 450 m thick
sequence dominated by fluvial-lacustrine beds. Fossil turtle
remains described here are from exposures of the Shishugou
Formation in the Jiangjunmiao and Wucaiwan field areas
(Fig. 10.1a–c). In both field areas, the formation is domi-
nated by alluvial facies (Eberth et al. 2001). The Jiangjun-
miao Formation is considered to span the Middle-Late
Jurassic boundary (Eberth et al. 2001), and unpublished
radiometric dates from the middle and top of the formation
indicate the upper Jurassic section is restricted to the
Oxfordian (Clark et al. 2006) Although turtle material was
found below and above the boundary, most of the identifi-
able specimens that could be placed in stratigraphic position
are from the upper portion of the formation and, thus, are
Oxfordian in age (Fig. 10.1d).

During the Jurassic, the highlands bordering the Junggar
Basin (Kalamaili Shan Mountains in the north and Tian
Shan Mountains in the south) drained into the central part of
the basin. The Shishugou Formation was deposited in
wetlands between the Kalimeili Mountains in the north and
a central lake, whereas the Qigu Formation was deposited
farther to the south along the margins of the Tian Shan
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Mountains (Fig. 10.1e). The climate was seasonally dry
(Eberth et al. 2001).

Systematic Paleontology

Order Testudines Batsch 1788
Megaorder Cryptodira Cope 1868
?Sichuanchelys sp.
(Fig. 10.2)

Unit, locality and age: Shishugou Formation, Wucaiwan
field area, northern Junggar Basin, Xinjiang Uygur Auton-
omous Region. The stratigraphic position of the holotype

relative to the Middle-Late Jurassic boundary is not known,
so it may be either late Middle (Callovian) or early Late
(Oxfordian) Jurassic in age.

Referred specimens: Three incomplete carapaces, both
with their dorsal surfaces exposed: IVPP V18101 (field
number WCW-04-57), incomplete carapace missing por-
tions of margins and with dorsal surface exposed
(Fig. 10.2a); IVPP V18102 (field number WCW-01-5),
missing about the lateral half of its right side (Fig. 10.2b);
and IVPP V18103 (field number WCW-03-33), missing
much of its margins (Fig. 10.2c). Both specimens are from
exposures of the Shishugou Formation in the Wucaiwan
field area.

Fig. 10.2 Carapaces of
?Sichuanchelys sp., Wucaiwan
field area, northern Junggar
Basin, Xinjiang, China; upper
part of Shishugou Formation;
Middle (Callovian) and/or Late
(Oxfordian) Jurassic.
a–c Photographs of original
specimens, all in dorsal view:
a holotype (IVPP V18101);
b referred specimen (IVPP
V18102); c referred specimen
(IVPP V18103).
d Reconstruction of carapace in
dorsal view, based on all three of
the figured specimens. Images at
different scales
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Occurrence: Known only from the Shishugou Forma-
tion in the Wucaiwan field area, northern Junggar Basin,
Xinjiang. Stratigraphic positions for all three specimens
within the Shishugou Formation relative to the Middle-
Upper Jurassic boundary are uncertain; consequently, the
temporal range of this species can only be listed as Callo-
vian and/or Oxfordian.

Description: ?Sichuanchelys sp. is represented by three
carapaces of moderate size, ranging from 22.5 to 36 cm
long (Fig. 10.2a–c). Although none is complete, together
they allow for the major carapacial features to be recon-
structed (Fig. 10.2d).

The carapace is sub-rectangular in shape, with the width
being about 80% of its length. A nuchal emargination is
weakly developed (Fig. 10.2a) or absent (Fig. 10.2b).
Peripherals one and two are expanded to form a flange
along the anterolateral edge of the carapace, giving the
anterior end of the carapace a truncated appearance. These
peripherals lack the thickened, upturned edge present in
many species of Xinjiangchelys. The posterior end of the
carapace is rounded.

A prominent feature of the carapace is the presence of
extremely wide vertebral scutes (Fig. 10.2a–c). In the case
of the third vertebral scute, the maximum width is nearly
three times the length. The presence of greatly expanded
vertebral scutes is associated with correspondingly reduced
(i.e., narrow) pleural scutes. In the holotype, the maximum
width of the third pleural scute is less than a third the width
of the third vertebral scute (Fig. 10.2a). The remaining
scutes are incompletely documented by the available
material. The cervical scute is not preserved in any of the
specimens. The marginal series is most completely pre-
served in IVPP V18102 (Fig. 10.2b). The anterior and
posterior marginal scutes are both restricted to the periph-
erals and are broadly exposed dorsally.

Sutures are largely obscured but those on the anterior
portion of the shell are distinct on IVPP V18103
(Fig. 10.2c). As well, sutures between most of the costals
and the anterolateral peripherals can be identified on either
the holotype or IVPP V18103, allowing the reconstruction
shown in Fig. 10.2d.

Remarks: ?Sichuanchelys sp. is distinctive in the pres-
ence of unusually wide vertebral scutes. In the proportions of
the vertebral and pleural scutes, ?Sichuanchelys sp. is similar
to Sichuanchelys chowi from the Middle Jurassic of Sichuan:
both taxa have exceptionally broad vertebral scutes and
narrow pleural scutes. They differ in that Sichuanchelys
chowi has a deep nuchal emargination, whereas that feature
is reduced or absent in ?Sichuanchelys sp. As well, the shape
of the vertebral scutes differs and the pleural scutes are rel-
atively larger in ?Sichuanchelys sp. The morphology of the
plastron, which currently is unknown in ?Sichuanchelys sp.,
will provide a test of the inclusion of this species in

Sichuanchelys rather than Xinjiangchelys, because the for-
mer primitively retains a mesoplastron, indicating that it is
basal relative to Xinjiangchelys and other Jurassic turtles
from Xinjiang, all of which have lost the mesoplastron.
Capaxorder Eucryptodira Gaffney 1975
Family Xinjiangchelyidae Nessov in Kaznyshkin et al. 1990

Remarks: Xinjiangchelyidae are basal eucryptodires
from the Middle Jurassic-Early Cretaceous of Asia that have a
plastron that articulates with the peripherals via a series of
peg- and socket-joints. They are derived relative to Cheng-
yuchelyidae in the absence of mesoplastra. They can be dif-
ferentiated from members of the Plesiochelyidae, a group of
basal eucryptodires from the Jurassic of Europe, on the basis
of a series of features of the plastron and carapace (Peng and
Brinkman 1993). These include the presence of a plastron in
which the inguinal and axillary buttresses are in the same plane
as the bridge and do not, or only slightly, contact the costals,
the presence of a weak connection between the carapace and
plastron via a series of peg and socket joints, the extension of
the pleural-marginal sulcus onto the antero-lateral peripheral,
the presence of a significant dorsal thickening of the lateral
edge of peripherals two to seven, and highly expanded seventh
to eleventh peripherals. In these features xinjiangchelyids are
similar to Early Cretaceous sinemydids/macrobaenids such
as Dracochelys Gaffney and Ye 1992 and Hangaiemys
Sukhanov and Narmadakh 1974. Xinjiangchelyids are prim-
itive relative to sinemydids/macrobaenids, in the presence of
amphicoelous cervical vertebrae, a more robust plastron with
large anterior and posterior lobes, and epiplastra that are large
and bear distinct dorsal epiplastral processes. Thus the
Xinjiangchelyidae are best interpreted as a paraphyletic group
that includes basal members of a radiation of eucryptodires,
with the Sinemydidae and Macrobaenidae as successively
more derived grades (Rabi et al. 2010).

Genus Xinjiangchelys Ye 1986a

Type species: Xinjiangchelys junggarensis Ye 1986a.
Referred species: Xinjiangchelys chowi Matzke et al.

2005; X. chungkingensis (Young and Chow 1953); X. ji-
nyanensis (Ye and Fang 1982); X. latimarginalis (Young and
Chow 1953); X. oshanensis (Ye 1973); X. qiguensis Matzke
et al. 2004; X. radiplicatus (Young and Chow 1953); X. rad-
iplicatoides sp. nov.; and X. tianshanensis Nessov 1995.

Occurrence: Middle Jurassic-Early Cretaceous of Asia:
Xinjiang (Middle Jurassic-Early Cretaceous) and Sichuan
(Middle and Late Jurassic), People’s Republic of China;
Fergana Basin (Middle Jurassic), Kirgizstan; and Krasno-
yarski Kria, Siberia (Middle Jurassic), Russia (see Rabi
et al. 2010, Tables 1, 2 and references therein).

Revised diagnosis: Genus of Xinjiangchelyidae charac-
terized by the following unique combination of shell fea-
tures: carapace thick; vertebral scutes subequal in width and
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length or wider than long; and epiplastra form a trans-
versely-oriented bar across anterior lobe of plastron.

Remarks: Annemys was included in Xinjiangchelys by
Matzke et al. (2004), but is excluded here because it has a
relatively thin shell and narrow vertebral scutes. Xinjiangchelys
is similar to Shartagemys Sukhanov and Narmandakh 2006 in
the pattern of scutes on the carapace, but we also recognize
the latter as a distinct genus because the orientation of its epi-
plastra differs.

Xinjiangchelys junggarensis Ye 1973
(Fig. 10.3)

Synonymies: Xinjiangchelys latimarginalis (in part):
Kaznyshkin 1988, p. 28; Peng and Brinkman 1993, p. 2016,
Figs. 3–12; Sukhanov 2000, pp. 313–314, Fig. 17.1; Rabi
et al. 2010, p. 262, Fig. 1, Table 1. Xinjiangchelys jung-
garensis: Matzke et al. 2004, p. 1295, Figs. 12, 14; Brink-
man et al. 2008, pp. 42–43, Fig. 42.

Referred specimens: Thirteen specimens: IVPP V18100
(field number WCW-04-36): fragmentary carapace consist-
ing offirst three left peripherals in articulation, an incomplete
costal, and second suprapygal (Fig. 10.3a–f); and a dozen
IVPP specimens (IVPP V9537-1 to -9 and -11 to -13), shell

and postcranial material, originally described and assigned to
Xinjiangchelys latimarginalis (Peng and Brinkman 2003,
pp. 2016–2022, Figs. 3–11). All referred specimens are from
the Pingfengshan locality, Wucaiwan field area, northern
Junggar Basin, Xinjiang Uygur Autonomous Region; upper
part of Shishugou Formation; Late Jurassic (Oxfordian).

Occurrence: Known from two localities in the upper part
(Oxfordian) of the Shishugou Formation, in the northern
Junggar Basin, Xinjiang: holotype locality in the Jiangjun-
miao field area (Ye 1973); and Pingfengshan locality (for the
above-listed, referred specimens) in the Wucaiwan field area.

Revised diagnosis: Species of Xinjiangchelys different
from X. latimarginalis, X. tianshanensis, X. qiguensis,
X. chowi, and X. jinyanensis in having a carapace that is an
elongate oval, rather than round, in outline. Different from
X. tianshanensis and X. qiguensis in having strongly expan-
ded anterolateral peripherals and the first peripheral having a
contact with the first costal. Different from X. chungkingensis,
X. radiplicatus, and X. radiplicatoides in having carapace
with unornamented, smooth external surface; also differs
from last two species in having vertebral scutes that are wider
than long. Different from X. oshanensis in having a larger
entoplastron that is located largely posterior to the epiplastra.

Fig. 10.3 Carapaces of Xinjiangchelys junggarensis Ye 1973
(Xinjiangchelyidae); northern Junggar Basin, Xinjiang, China; upper part
of Shishugou Formation; Late Jurassic (Oxfordian). a–f Referred and
fragmentary carapace (IVPP V18100), from the Pingfengshan locality,
Wucaiwan field area: a–d first to third left peripherals: a photograph and

b interpretive drawing, both in dorsal view; c photograph and d interpre-
tive drawing, both in ventral view; e, f suprapygal 2: e photograph and
f interpretive drawing, both in dorsal view. g Holotype and nearly
complete carapace, (IVPP V7648), from the Jiangjunmiao field area, in
dorsal view. Images at different scales
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Description: IVPP V18100 is a fragmentary, disarticu-
lated carapace (Fig. 10.3a–f). Individual elements are well
preserved. The first three left peripherals (Fig. 10.3a–d) are
preserved in articulation. Their proportions match those in
the holotype carapace of Xinjiangchelys junggarensis
(Fig. 10.3g) and the other referred specimens from the
Pingfengshan locality originally described as X. latimargi-
nalis by Peng and Brinkman (1993, Figs. 3a, 4a, 5a, 6). The
first peripheral is mediolaterally expanded and, therefore, is
longer than wide. The suture for the nuchal is curved and its
articular surface for the first costal is short. The second
peripheral is more nearly equi-dimensional and its articular
surface for the first costal is longer than that on the first
peripheral. Ventrally, the articular surface for the axillary
buttress of the hyoplastron is represented by a distinct
groove that extends well onto the second peripheral. This
groove just meets the medial edge of the peripheral, indi-
cating that the axillary buttress would have contacted the
first costal. Costal fragments are present, but cannot be
accurately positioned and are not figured here. The second
suprapygal (Fig. 10.3e–f) is nearly complete. Distinct
sutural surfaces for the pygal and eleventh peripherals are
present. The sulci show that the twelfth marginal scute
extended onto the posterior edge of the element and the
eleventh marginal scute overlapped the lateral corner.

Remarks: IVPP V18100 is interpreted as an additional
specimen of the taxon that Peng and Brinkman (1993)
included in the species Xinjiangchelys latimarginalis.
Matzke et al. (2004, 2005) argued that the Pingfengshan
population was incorrectly identified as X. latimarginalis
and, instead, provisionally referred those specimens to
X. ‘latimarginalis’ sensu Peng and Brinkman (1993). The
Pingfengshan taxon differs from unequivocal specimens of
X. latimarginalis most distinctly in the proportions and
outline of the carapace, which is elongate and oval in the
Pingfengshan taxon versus more rounded in the holotype of
X. latimarginalis (cf., Peng and Brinkman 1993, Figs. 3a,
4a vs. Young and Chow 1953, plates 2–3). The carapace of
the Pingfengshan taxon is most similar to the holotype
carapace of X. junggarensis (cf., Peng and Brinkman 1993,
Figs. 3a, 4a vs. Fig. 10.3g), which prompted Brinkman
et al. (2008) to transfer the Pingfengshan specimens to that
species. In addition, the Pingfengshan carapaces and holo-
type of X. junggarensis differ from X. latimarginalis and
X. tianshanensis in having a subrectangular first peripheral
with a distinct contact with the first costal. In X. latimargi-
nalis and X. tianshanensis, the first peripheral is more
triangular in shape and has, at most, a point contact with the
first costal. The most nearly carapace from Pingfengshan
(IVPP V9537-1; Peng and Brinkman 1993, Fig. 3a, b, 4a, b)
differs from the holotype of X. junggarensis in having
greatly expanded anterolateral peripherals giving a trun-
cated anterior edge; the possibility that this difference is

taxonomically significant was considered by Peng and
Brinkman (1993). As noted by Rabi et al. (2010), variation
of characters within a species must be considered in eval-
uating their taxonomic significance. Variation in the shape
of the anterior end of the carapace is documented by six
specimens from Pingfengshan: IVPP V9537-1, -13, -9, -5,
and -3 (Peng and Brinkman 1993, Figs. 4a, 5a, 6a, b, d,
respectively) and IVPP V18100 (Fig. 10.3a–d). These all
have an elongate first peripheral that only barely contacts
the first costal. The greatly expanded anterolateral periph-
erals are present in only one specimen (IVPP V9537-1), so
rather than being a taxonomically significant feature as
Peng and Brinkman (1993) initially considered, that feature
more likely is just an individual variant. Both IVPP V9537-
13 and IVPP V18100 show a more rounded anterior end,
like the holotype of X. junggarensis. Thus, we follow
Brinkman et al. (2008) in including the 12 Pingfengshan
specimens previously referred to X. latimarginalis by Peng
and Brinkman (1993) and the newly reported specimen
IVPP V18100 in X. junggarensis.

Xinjiangchelys radiplicatoides sp. nov.
(Figs. 10.4, 10.5, 10.6, 10.7, 10.8, 10.9, 10.10)

Holotype: IVPP V18104 (field number WCW-01-19):
incomplete skeleton consisting of the shell and skull in asso-
ciation and incomplete left shoulder girdle, femur, and tibia
preserved in place within the body cavity (Figs. 10.4, 10.5).
Surfaces of the shell have been cleaned of matrix, so the dorsal
surface of the carapace and the ventral surface of the plastron
are visible. The carapace and plastron are largely complete,
although the carapace has been distorted post-mortem. The
skull is relatively complete, but distorted, and many of its
sutures are obscured by poor preservation of the bone surfaces.

Holotype unit, locality, and age: Upper part of Shi-
shugou Formation; Wucaiwan field area, northern Junggar
Basin, Xinjiang Uygur Autonomous Region; Late Jurassic
(Oxfordian).

Etymology: Species name refers to the morphological
similarity to Xinjiangchelys radiplicatus.

Referred specimens: Less nearly complete specimens
(isolated shell plates, girdle and skull bones, and fragmen-
tary skulls) of Xinjiangchelys radiplicatoides sp. nov. are
abundant in the Jiangjunmiao turtle bonebed. Costal plates
with the diagnostic plicate ornament dominate the locality.
Other elements from the locality are identified through
comparisons with the holotype skeleton. Referred
specimens from the Jiangjunmiao turtle bonebed are
included in the catalogue number IVPP V9539, with indi-
vidual specimens being designated by a unique suffix,
as follows: IVPP V9539-1, braincase (Fig. 10.6); IVPP
V9539-2, isolated parietal (Fig. 10.7a, b); IVPP V9539-3,
isolated postorbital (Fig. 10.7e, f); IVPP V9539-4, isolated
quadrate (Fig. 10.7c, d); IVPP V9539-5, isolated dentary
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(Fig. 10.7g, i); IVPP V9539-6, nuchal (Fig. 10.8a); IVPP
V9539-7, first peripheral (Fig. 10.8b); IVPP V9539-8,
second peripheral (Fig. 10.8c); IVPP V9539-9, first costal
(Fig. 10.8d, e); IVPP V9539-10, first and second costals in
articulation (Fig. 10.8f, g); IVPP V9539-11, isolated third
costal (Fig. 10.8h); IVPP V9539-12, isolated third costal
(Fig. 10.8i); IVPP V9539-13, pygal, second suprapygal, and
eleventh peripheral in articulation (Fig. 10.8j, k); IVPP
V9539-14, right and left epiplastra (Fig. 10.9a, b and c, d,
respectively); IVPP V9539-15, hyoplastron (Fig. 10.9e);
IVPP V9539-16, humerus (Fig. 10.10a–c); IVPP V9539-17,
scapula (Fig. 10.10d, e). CT scans of the referred braincase,
IVPP V9539-1, are available on the Digimorph Web site at:
http://digimorph.org/specimens/
Xinjiangchelys_radiplicatoides/.

Occurrence: Known from two localities in the Shishu-
gou Formation, northern Junggar Basin, Xinjiang: holotype
locality (Oxfordian) in Wucaiwan field area; and Jiangjun-
miao turtle bonebed (Callovian or Oxfordian) in Jiangjun-
miao field area.

Diagnosis: Species of Xinjiangchelys similar to X. radi-
plicatus and different from other congeners in having
carapace ornamented with plications extending forward

Fig. 10.4 Holotype skeleton (IVPP V18104) of Xinjiangchelys
radiplicatoides sp. nov. (Xinjiangchelyidae); Wucaiwan field area,
northern Junggar Basin, Xinjiang, China; upper part of Shishugou

Formation; Late Jurassic (Oxfordian). a Dorsal view; and b ventral
view. Images at same scale

Fig. 10.5 Skull and lower jaws of holotype (IVPP V18104) of
Xinjiangchelys radiplicatoides sp. nov. (Xinjiangchelyidae); Wucai-
wan field area, northern Junggar Basin, Xinjiang, China; upper part of
Shishugou Formation; Late Jurassic (Oxfordian). a Dorsal view;
b ventral view; c occipital view; and d left lateral view. Abbreviations:
bo basioccipital; bs basisphenoid; fr frontal; na nasal; pa parietal;
po postorbital; prf prefrontal; pt pterygoid; qu quadrate; so supraoc-
cipital. Images at same scale
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from growth centers on the posterior of the vertebral and
pleural scutes and the presence of vertebral scutes in adults
that are subequal in width and length. Differs from X. rad-
iplicatus in that plications forming the carapace ornament
are more numerous and less distinct, radiate outwards from
a smooth area on the posterior portions of the vertebral and
pleural scutes, and are crossed by ridges that parallel the
margins of the scutes.

Description

Skull: The skull is triangular in dorsal view and nearly as wide
as it is long (Figs. 10.5, 10.6). The orbits are located far
forward and are well exposed dorsally. The skull roof slopes
upwards from the orbit, so that in lateral profile the skull
appears wedge-shaped. As well, in dorsal view, the lateral edge

Fig. 10.6 Incomplete, referred skull (IVPP V9539-1) of Xinjiangchelys
radiplicatoides sp. nov. (Xinjiangchelyidae); Jiangjunmiao turtle bonebed,
Jiangjunmiao field area, northern Junggar Basin, Xinjiang, China; upper
part of Shishugou Formation; Middle (Callovian) or Late (Oxfordian)
Jurassic. a, b Dorsal view: a photograph and b interpretive drawing; c,
d ventral view: c photograph and d interpretive drawing; e, f left lateral
view: e photograph and f interpretive drawing; g, h posterior view:
g photograph and h interpretive drawing. Note that the size of the foramen

palatinum posterius is inferred from the portion of the border for the
foramen preserved on the pterygoid. Abbreviations: bo basioccipital;
bo t basioccipital tubercula; bs basisphenoid; bt pr basipterygoid process;
fpccc foramen posterior canalis caroticus cerebralis; fr frontal; fpccl
foramen posterius canalis caroticus lateralis; fpcci foramen posterius
canalis caroticus internus; fpp foramen palatinum posterius; pa parietal;
pt pterygoid; sci sulcus caroticus internus; so supraoccipital; st medial edge
of canalis stapedio-temporalis; tr trigeminal foramen. Images at same scale
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of the skull slopes outwards so that the posterior end of the skull
is wider than the orbital region. As a result, the height and width
of the posterior end of the skull are both approximately double
the equivalent dimensions in the region of the orbits.

The skull roof is incompletely preserved, meaning the
degree of emargination of the temporal and cheek regions is
uncertain. However, at their greatest extent, the emargina-
tion of these regions is less than in Annemys (see below,
Annemys sp. account).

Nasals, visible in IVPP V18104, are triangular bones
wedged between the frontals and prefrontals. A small contact
is present between opposite nasals anterior to the frontals.

Frontals are large elements that contact the nasals anteri-
orly, the maxilla and prefrontal anterolaterally, the parietal

posteriorly, and the postorbital posterolaterally. A lateral
lappet extends between the prefrontal and postorbital to form
a portion of the orbital border. Narrow anterior processes of
the frontals separate the prefrontals, as is typical for basal
eucryptodires.

The parietal is the largest element in the skull roof. The fron-
tal–parietal suture extends transversely across the skull roof well
posterior to theorbits. Laterally theparietalhasa long contactwith
the postorbital. An isolated parietal, IVPP V9539-2 (Fig. 10.7a,
b), preserves a long lateral end that extended past the deepest point
of the temporal emargination. Thus, a contact with the squamosal
is likely, although the presence of a contact between these bones
cannot be directly confirmed. The descending branch of the
parietal, fully preserved in IVPP V9539-2 and visible in lateral

Fig. 10.7 Isolated, referred skull elements of Xinjiangchelys radipli-
catoides sp. nov. (Xinjiangchelyidae); Jiangjunmiao turtle bonebed,
Jiangjunmiao field area, northern Junggar Basin, Xinjiang, China;
upper part of Shishugou Formation; Middle (Callovian) or Late
(Oxfordian) Jurassic. a, b Right parietal (IVPP V9539-2) in a dorsal

view and b ventral view; c, d left quadrate (IVPP V9539-4) in c lateral
view and d medial view; e, f right postorbital (IVPP V9539-3) in
e dorsal view and f ventral view; g–i left dentary (IVPP V9539-5) in
g occlusal view, h medial view, and i external view. Images at
different scales
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view in IVPP 9539-1, is well developed (Fig. 10.6e, f). This
contacted the pterygoid and epipterygoid, contributing to a fully
enclosed trigeminal foramen.

The postorbital is poorly preserved in IVPP V18104 and
missing in IVPP V9539-1, but IVPP V9539-3, an isolated
postorbital from the Jiangjunmiao turtle bonebed, shows
that this is an elongate, rectangular element with a thick-
ened area bordering the orbit (Fig. 10.7e, f).

The portions of the skull formed by the jugal, maxilla,
premaxilla, and prefrontal are present in IVPP V18104, but
because the sutures delineating these bones could not be
identified the exact contacts of these bones are unknown.
The squamosal and quadratojugal are not preserved.

The anterior end of the palate is not preserved in any of
the available specimens. The posterior portion is preserved
in both IVPP V18104 and IVPP V9539-1 (Figs. 10.5, 10.6).
In IVPP V9539-1 the palatines form a triangular area
anterior to the basisphenoid and pterygoid (Fig. 10.6c, d).
The palatines barely contact the basisphenoid, preventing a

midline contact between the pterygoids. The posterior edge
of the foramen palatinum posterius is present on the anterior
edge of the pterygoid and that foramen is of moderate size.

The pterygoids are nearly completely preserved in IVPP
9539-1, missing only the processus pterygoideus externus
and their posterolateral tips (Fig. 10.6c, d). The pterygoids
extend posteriorly along the basisphenoid, just contacting
the anterolateral corner of the basioccipital.

The basisphenoid is an elongate element that separates
the pterygoids and has a broad contact with the basioccipital
(Fig. 10.6c, d). The V-shaped anterior end of the basi-
sphenoid separates the pterygoids at the midline. Ventrally
an elongate, rounded ridge extends posteriorly from this
process to the posterior edge of the basisphenoid. A
prominent feature of the basisphenoid is the ‘‘basipterygoid
process,’’ a triangular lateral processes that underlies the
pterygoid, extending laterally to a ridge that runs posteriorly
from the lateral tip of the processus pterygoideus externus.
The ventral surface of the basisphenoid lacks the distinct

Fig. 10.8 Referred carapace elements of Xinjiangchelys radiplicatoides
sp. nov. (Xinjiangchelyidae); Jiangjunmiao turtle bonebed, Jiangjunmiao
field area, northern Junggar Basin, Xinjiang, China; upper part of
Shishugou Formation; Middle (Callovian) or Late (Oxfordian) Jurassic.
a Nuchal (IVPP V9539-6) in dorsal view; b first peripheral (IVPP V9539-
7) in dorsal view; c second peripheral (IVPP V9539-8) in dorsal view;
d, e first right costal (IVPP V9539-9) in d visceral view and e dorsal view;

f, g first and second right costals in articulation (IVPP V9539-10) in
f visceral view and g dorsal view; h third right costal (IVPP V9539-11) in
dorsal view; i third right costal (IVPP V9539-12) in dorsal view; j, k pygal,
second suprapygal, and eleventh peripheral in articulation (IVPP V9539-
13): j photograph and k interpretive drawing, both in dorsal view. Images
at different scales
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pits like those present in Ordosemys leios Brinkman and
Peng 1993b (Brinkman and Wu 1999).

The foramina and canals of the basicranial region are dis-
tinct in IVPP V9539-1. CT scans of this specimen allow the
relative size and position of the common carotid artery and its
major branches to be identified (Fig. 10.6d). The foramen
posterius canalis caroticus internus is located at the posterior
end of the contact between the pterygoid and basisphenoid.
The canalis caroticus internus runs forward between the basi-
sphenoid and pterygoid to open into groove in the basisphe-
noid, referred to as the sulcus caroticus internus by Sukhanov
(2000). This groove extends forward to the foramen posterius
canalis carotici cerebralis (fpccc in Fig. 10.6d). Because the
foramen posterius canalis carotici cerebralis is the opening in
the basisphenoid through which the cerebral branch of the
internal carotid artery would have entered the sella turcica, this
groove would have been occupied by the internal carotid
artery. Slit-like openings between the basisphenoid and the

pterygoid anterior to the ‘‘basipterygoid processes’’ are iden-
tified as the foramen posterius canalis caroticus lateralis, the
opening through which the palatine artery enters the skull.
Thus the palatine artery would have branched off from the
internal carotid artery in the area of the sulcus caroticus
internus and passed ventral to the basisphenoid to reach the
foramen palatinum posterius. A shallow groove leads from the
anterior end of the sulcus caroticus internus to the foramen
posterius canalis caroticus lateralis. This likely marks the path
of the palatine artery in this region.

The braincase and otic capsule are visible in dorsal view
in IVPP V18104 (Fig. 10.5a). The external surface of the
braincase is fully exposed in IVPP V9539-1 (Fig. 10.6),
although sutures are difficult to identify and the elements
lateral to the stapedial foramina are missing. Reflecting the
inflated posterior region of the skull, the supraoccipital crest
is tall (Figs. 10.5c, 10.6g, h). Although the posterior end is
not preserved, it would have extended at most only a short
distance past the occipital condyle. The presence of a short
supraoccipital crest is a widespread feature of basal cryp-
todires, also being present for example in Kayentachelys
Gaffney et al. 1987, Kallokibotion Nopcsa 1923, and
Chubutemys Gaffney et al. 2007. In IVPP V9539-1 the
medial edge of the left stapedial foramen is present,
showing that this foramen was large in diameter compared

Fig. 10.9 Isolated, referred plastral elements of Xinjiangchelys
radiplicatoides sp. nov. (Xinjiangchelyidae); Jiangjunmiao turtle
bonebed, Jiangjunmiao field area, northern Junggar Basin, Xinjiang,
China; upper part of Shishugou Formation; Middle (Callovian) or Late
(Oxfordian) Jurassic. a–d Epiplastra (IVPP V9539-14): a, b right
epiplastron in a anterior view and b ventral view; c, d left epiplastra in
c anterior and d ventral view; e left hyoplastron (IVPP V9539-15) in
ventral view. Images at different scales

Fig. 10.10 Isolated, referred humerus and scapula of Xinjiangchelys
radiplicatoides sp. nov. (Xinjiangchelyidae); Jiangjunmiao turtle
bonebed, Jiangjunmiao field area, northern Junggar Basin, Xinjiang,
China; upper part of Shishugou Formation; Middle (Callovian) or Late
(Oxfordian) Jurassic. a–c right humerus (IVPP V9539-16) in a poster-
ior view, b dorsal view, and c ventral view; d, e left scapula (IVPP
V9539-17) in d anterior view and e posterior view. Images at different
scales
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to the foramen posterius canalis carotici interni. The tri-
geminal opening is an elongate, narrow opening bordered
by the pterygoid, epipterygoid, and parietal.

The basioccipital and exoccipitals are fused. Ventrally
this element has a broad, area that is shallowly concave. The
anterior edge of the concave area is marked by a distinct
ridge that lies just posterior to the basioccipital-basisphe-
noid suture. The lateral edges of the concave area are
identified as the basioccipital tubercula, although these
are little differentiated relative to the more medial surface.
The basioccipital tubercula floor a space into which a pair of
foramina nervi hypoglossi open. The occipital condyle is
located dorsal to the ventral surface of the basioccipital.

The prootic forms the anterior margin of the foramen
stapedio-temporale and the anterior edge of the otic capsule.
However, the sutures delineating this element cannot be
distinguished from fractures so its full extent cannot be
determined.

The opisthotic, as seen in ventral view, is largely situated
posterior to the pterygoid and slopes posteriorly so that its
lateral tip is posterior to the occipital condyle. The fenestra
postotica, which is bordered by the opisthotic, exoccipital,
pterygoid, and quadrate, is a circular opening that faces
primarily ventrally.

The quadrate is best represented by an isolated element
from the Jiangjunmiao turtle bonebed (IVPP V9539-4;
Fig. 10.7c, d). This is rather tall, with a shallow incisura
columellae auris. The cavum tympani has a gently curved
anterior edge. The anterior surface of the quadrate bears a
pitted area indicating that it contributed to the processus
trochlearis oticum. Features on the internal surface of the
quadrate can be identified through comparison with
Chelydra as illustrated by Gaffney (Gaffney 1972, Fig. 18).
A dorsal groove leading from the insisura columellae auris
is identified as the canalis stapedio-temporalis, and a ven-
trally oriented groove is identified as the canalis cavernosus.
Below the canalis cavernosus a sutural surface for the
pterygoid is present.

An isolated dentary (IVPP V9539-5; Fig. 10.7g, i) is
long and slender, and has a narrow triturating surface.
Sutural surfaces show that the splenial extended about
halfway along the medial surface of the dentary. The cor-
onoid did not contribute to the formation of the triturating
surface. The anterior end of the dentary is expanded, so the
ventral surface of the element is concave in lateral view.

Vertebrae: The vertebral column is poorly represented
in the available material. Although the skull was preserved
in association with the shell in IVPP V18104, no cervical or
caudal vertebrae are apparent in that specimen. Isolated
cervical centra of two distinct morphologies are present in
the Jiangjunmiao turtle bonebed, but there is no way of
associating either of those cervical morphs with Xinjiang-
chelys radiplicatoides.

Carapace: The carapace of IVPP V18104 is complete, but
distorted, with the left posterolateral edge expanded relative
to the right (Fig. 10.4a, b). Based on this specimen numerous
isolated shell elements from the Jiangjunmiao turtle bonebed
are referred to Xinjiangchelys radiplicatoides (Figs. 10.8,
10.9). The undistorted right side of the carapace indicates that
the shell is subcircular in outline and is approximately as wide
as it is long. In its strongly rounded profile, the carapace
of X. radiplicatoides is similar to X. chowi, X. qiguensis,
X. tianshanensis, and X. latimarginalis. The carapace of
X. junggarensis differs in being more rectangular. Plications
on the external surface of the carapace extend forward and
outward from a hexagonal smooth area near the posterior
edge of each of the vertebral and pleural scutes. The plications
are crossed by ridges paralleling the smooth hexagonal area.
As demonstrated by isolated costal elements from the
Jiangjunmiao turtle bonebed, both the plications and ridges
are most strongly developed in juvenile individuals and
become subdued with age (Fig. 10.8).

The nuchal is best documented by IVPP V9539-6, from the
Jiangjunmiao turtle bonebed (Fig. 10.8a). This short and
wide element bears a distinct nuchal emargination anteriorly
and a concave notch on its posterior edge for the first neural.

Eight neurals are present. The first is hexagonal with
short posterolateral edges, the second is rectangular, the
third to seventh are hexagonal and have short anterolateral
edges, and the eighth is rectangular. The lengths of the
neurals decrease posteriorly, with the sixth neural being
only slightly longer than wide.

The first costal is subrectangular in shape and bears a
sharp ridge ventrally that extends along the length of the
element (Fig. 10.8d–g). The sutural surface on the anterior
face of this ridge shows that the first thoracic rib was
elongate and reached the lateral edge of the bone. No evi-
dence for a contact of the costal with the hyoplastron is
present. Costals two to six extend relatively straight later-
ally and show little expansion of their lateral ends
(Fig. 10.8h, i). Costals eight differ in that they curve pos-
teriorly and have an expanded lateral edge. The shape of
costals seven is intermediate between costals six and eight.

Peripherals one to three and nine to eleven are preserved
in IVPP V18104; additionally, an isolated first peripheral
(IVPP V9539-7; Fig. 10.8b) and an isolated second
peripheral (IVPP V9539-8; Fig. 10.8c) are available from
the Jiangjunmiao turtle bonebed. The anterior peripherals
have thickened lateral edges, like those of Xinjiangchelys
junggarensis. This extends at least to the fourth peripheral
and likely farther. The first peripheral has a broad area of
contact with the first costal. The axillary buttress extends
onto the second peripheral. Posterolateral peripherals are
thin elements that are nearly square in dorsal view. The
anterior extend of the bridge is unclear, however, posteri-
orly it extends to the eighth peripheral.
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The posterior end of the carapace is best documented by
an articulated second suprapygal, pygal, and eleventh
peripheral (Fig. 10.8j, k). Two suprapygals are present. The
first is narrow relative to the second and does not contact the
peripherals. The second suprapygal extends to the tenth
peripheral and has a short area of contact with the eighth
costal. The pygal is nearly square.

The pattern of scutes on the carapace is documented by
IVPP V18104 (Fig. 10.4a). The cervical scute is wide.
Vertebral scutes are approximately square and are much
narrower than the pleural scutes. The lateral edges of the
second and third vertebral scutes are nearly straight. The
fourth vertebral scute has a more distinctly angled lateral
edge. The fifth vertebral scute is only slightly wider than the
fourth. For the fifth vertebral scute, its posterior edge crosses
the second suprapygal, whereas its anterior edge crosses the
first suprapygal. The first pleural extends onto peripherals one
and two. The lateral margin of the pleural scutes posterior to
this could not be followed on IVPP V18104, but isolated
posterolateral peripherals from the Jiangjunmiao turtle
bonebed show that the lateral tip of the pleural scutes exten-
ded onto the peripherals in the posterior region of the shell.
Both the eleventh and twelfth marginal scutes extend onto the
second suprapygal. The pygal is subdivided by the sulcus
separating the twelfth marginal scutes.

Plastron: The plastron of Xinjiangchelys radiplicatoides
is documented by the holotype skeleton (Fig. 10.4b) and by
the isolated elements from the Jiangjunmiao turtle bonebed
(Fig. 10.9). The anterior lobe, posterior lobe, and bridge are
subequal in length. Both the anterior and posterior lobes
have truncated ends. Plastral fenestrae are absent in adults,
although these were well developed in juveniles.

As in other species of Xinjiangchelys, the epiplastra are
short and wide, so together they form a transversely-oriented
bar that extends across the anterior lobe of the plastron.
Isolated epiplastra (Fig. 10.9a–d) from the Jiangjunmiao
turtle bonebed show that distinct dorsal epiplastral processes
are present. The entoplastron is a large, shield-shaped ele-
ment. Its anterior end is continuous with the anterior edge of
the hyoplastron, so together the entoplastron and hyoplastron
form a nearly straight sutural surface for the epiplastra.

The hyoplastron has a rectangular ventral surface and a
bridge area that is weakly angled relative to this surface.
The inguinal buttress and the bridge are differentiated by the
texture of the bone: the bridge area, like the ventral surface,
has weakly developed texture but the inguinal buttress is
smooth, likely because this area is not covered by scutes.
These two areas are in approximately the same plane. The
lateral edge of the hyoplastron bears a series of pegs that fit
in sockets in the bridge peripherals. These are best devel-
oped anteriorly, but extend along the full length of the
lateral edge of the hyoplastron. The buttress does not extend
onto the costals.

The hypoplastron largely mirrors the hyoplastron in
general shape, although the bridge portion of the hypopl-
astron is narrower than the bridge portion of the hyoplas-
tron. The axillary buttress, which is differentiated from
the bridge area by the smooth surface, is in about the same
plane as the bridge region. The buttress extends to the
eighth peripheral, but does not extend onto the costals.

Xiphiplastra are present in IVPP V18104, and these form
the posterior half of the posterior lobe of the plastron.

Sulci are generally distinct. The gular and intergular
scutes are located entirely on the epiplastra and are trans-
versely oriented. The mid-line sulcus is weakly sinusoidal
anteriorly and nearly straight posteriorly. The humeral-
pectoral sulcus extends transversely across the base of the
anterior lobe. The pectoral-abdominal sulcus is located near
the posterior edge of the hyoplastron. The abdominal-fem-
oral sulcus crosses the base of the posterior lobe; this sulcus
is gently convex and curves forward. The femoral-anal
sulcus has a blunt anterior end located just anterior to the
hypoplastron–xiphiplastron suture. Four inframarginals are
present, each extending about halfway up the bridge region.

Pectoral girdle: The acromion process of the scapula is
preserved in specimen IVPP V18104; based on that speci-
men, an isolated scapula from the Jiangjunmiao turtle
bonebed is referred to Xinjiangchelys radiplicatoides
(Fig. 10.10d, e). The acromion and scapular processes are
rod-like and between them form an obtuse angle. The
acromion process is slightly shorter than the humerus.

Fore limb: The humerus is visible in ventral view in
IVPP V18104; based on that skeleton, isolated humeri from
the Jiangjunmiao turtle bonebed are referred to Xinjiang-
chelys radiplicatoides (Fig. 10.10a–c). The humerus is a
stout bone, with a slightly upturned head. In end view, the
two trochanters form nearly a 90� angle with one another.
The ectepicondylar foramen is fully enclosed.

Hind limb: The hind limb is represented by a left femur
and tibia of IVPP V18104, preserved in articulation
(Fig. 10.4b). The femur is longer than the humerus and has
a less distinctly upturned head. The tibia is shorter than the
femur.

Remarks: Xinjiangchelys radiplicatoides sp. nov. is one
of the most osteologically fully documented basal eucryp-
todires and it provides the best evidence for a close affili-
ation between Xinjiangchelys species from Xinjiang and
Sichuan. X. radiplicatus was erected by Young and Chow
(1953) on the basis of the central part of a carapace from the
Late Jurassic of Sichuan. Later, a complete shell was
described by Ye (1986b). The latter specimen is here
interpreted as a juvenile, because of its relatively small size
and well developed costal-peripheral fenestrae. X. radiplic-
atus was diagnosed largely on the basis of a distinctive
ornamentation on the carapace. This consists of ridges
extending forwards from the middle of the posterior edges
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of the scutes. The presence of a closely related taxon in the
southern part of the Junggar Basin was reported by Maisch
et al. (2003), who referred fragmentary carapace elements
from the Toutunhe and Qigu formations with a similar
distinctive plicated surface texture to X. cf. radiplicatus.
Specimen IVPP V18104 and the isolated elements from the
Jiangjunmiao turtle bonebed confirm that the Xinjiang
species is similar to X. radiplicatus, but specifically distinct.

Xinjiangchelys radiplicatoides differs from X. radiplica-
tus in the pattern of ornament on the carapace. In X. radi-
plicatoides the plications are more numerous and less
distinct and extend outward from a smooth rectangular area
near the posterior end of the carapace. In X. radiplicatus the
plications are coarser and converge on a point near the
posterior edge of the carapace. As well, these species differ
in that X. radiplicatoides has ridges paralleling the margin
of the scutes crossing the plications. These differences are
interpreted here as specifically significant, rather than a
result of variation within a species, because the range of
variation present in specimens from the Jiangjunmiao turtle
bonebed does not include any examples of the ornament
pattern seen in X. radiplicatus.

As well as being similar in their development of plications
on the surface of the carapace, adults of Xinjiangchelys rad-
iplicatus and X. radiplicatoides are similar to one another and
different from other species of Xinjiangchelys in having
vertebral scutes that are subequal in width and length and
smaller than the pleural scutes. In other species of Xinjiang-
chelys, the vertebral scutes generally are twice as wide as they
are long and are larger than the pleural scutes.

As indicated by the undistorted left half of the holotype,
the carapace in Xinjiangchelys radiplicatoides was distinctly
round in outline. The presence of a round carapace is wide-
spread in Xinjiangchelys, also being present in X. chowi,
X. tianshanensis, X. qiguensis, and X. latimarginalis. This
shape differs from that of X. junggarensis which has a more
elongate, oval carapace. However, the carapace in the juve-
nile specimen of X. radiplicatus described by Ye (1986b) is
oval and longer than wide, indicating that the proportions of
the shell in that species changes during growth.

Two specimens, IVPP V18104 and IVPP V9636-1, provide
the first evidence of a relatively complete skull for a species of
Xinjiangchelys. The skull differs in its proportions from that of
Annemys levensis, described by Sukhanov (2000) and Anne-
mys sp. described below, which are the only other Asian
Jurassic cryptodires represented by relatively complete cra-
nial material. In Annemys the height and width of the postor-
bital portion of the skull does not expand posteriorly, so that
the post-orbital region is more parallel sided. The presence of
an inflated post-temporal region can be interpreted as a
primitive feature, because that is widespread in basal cryp-
todires, being present for example in Kallokibotion (Gaffney
and Meylan 1992b) and Chubutemys (Gaffney et al. 2007).

Expansion of the temporal region likely was a strategy for
increasing the mass of the adductor musculature in the absence
of an elongate supraoccipital crest.

The skull of Xinjiangchelys radiplicatoides is notably
primitive in its basicranial region. The pointed anterior end
of the basisphenoid is reminiscent of the cultriform process
of primitive reptiles and the slit-like shape of the foramen
caroticum laterale is suggestive of a reduced interpterygoid
vacuity. The latter identification is consistent with the
interpretation presented by Sterli et al. (2010) that in basal
turtles, such as Proganochelys, the palatine artery would
have entered the skull through the interpterygoid vacuity
and that the canalis caroticus lateralis formed as a result of
closure of the interpterygoid vacuity around that artery.

The basicranial region of Xinjiangchelys radiplicatoides
is similar to that of Chubutemys in the shape and propor-
tions of the basisphenoid, presence of a slit-like opening
between the basisphenoid and the pterygoid, and presence
of a distinct sulcus carotici leading to the canalis caroticus
cerebralis. They differ in that the ‘‘basipterygoid process’’
of Chubutemys is relatively smaller and the posterior por-
tion of the canalis caroticus cerebralis is less fully covered.
The similarities between these two taxa are consistent with
the interpretation that Chubutemys is a eucryptodire at about
the same grade of evolution as X. radiplicatoides, but may
also be because they are both plesiomorphic (Smith and
Kear 2012).

The quadrate is different from that of Annemys and
similar to Kayentachelys in having a shallow incisura col-
umellae (Sterli and Joyce 2007; Gaffney and Jenkins 2010).
Thus, in this feature as well, Xinjiangchelys radiplicatoides
is primitive relative to Annemys. Although the anterior edge
of the otic capsule of X. radiplicatoides is not completely
visible on either specimen, the rugose anterior surface on
the quadrate demonstrates that a processus trochlearis
oticum was present, as would be expected in a basal
eucryptodire.

Xinjiangchelys chowi Matzke, Maisch, Sun, Pfretzschner,
and Stöhr 2005

(Fig. 10.11)

Referred specimen: IVPP V18105 (field number WCW-
02-61): incomplete carapace, preserving the left half and much
of the median area, exposed in dorsal view (Fig. 10.11a, b),
plus associated postcranial elements, including an incomplete
cervical vertebra (Fig. 10.11c, d). From ‘‘Pingfen Shan J23’’
locality, Wucaiwan field area, northern Junggar Basin, Xinji-
ang Uygur Autonomous Region; upper part of Shishugou
Formation; Late Jurassic (Oxfordian). This is the only referred
specimen known for the species.

Occurrence: Known from two localities in the Junggar
Basin, Xinjiang: holotype locality near Urumqui, southern
part of basin, in the Middle Jurassic (Callovian) Toutunhe
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Formation (Matzke et al. 2005); and ‘‘Pingfen Shan J23’’
locality (for above-listed referred specimen), Wucaiwan
field area, northern part of basin, in the Upper Jurassic
(Oxfordian) upper part of the Shishugou Formation.

Diagnosis: See Matzke et al. (2005)
Description: The carapace of the referred specimen,

IVPP V18105, is of moderate size, low domed, and round in
outline, with a weakly developed nuchal emargination
(Fig. 10.11a, b). The external surface of the carapace is
smooth and sulci on the carapace are generally distinct.

The carapace is partially disarticulated, allowing many
of the sutures to be identified with confidence. The nuchal is
broad and relatively short. Seven neurals can be identified,
of which the posterior six are strongly hexagonal. The
sutures delineating the eighth costal and suprapygals cannot
be differentiated, so it is uncertain if an eighth neural was
present and if the neural series contacted the suprapygals.
The first nine peripherals can be differentiated. The first
peripheral has only a very narrow area of contact with the
first costal. A striking feature of the carapace is the presence
of wide bridge peripherals that are approximately as wide as
long and are broadly exposed in dorsal view. This is in
contrast to the typical xinjiangchelyid condition, in which
the bridge peripherals are narrower than they are long and
are poorly exposed in dorsal view.

Sulci generally are distinct. The cervical scute is short
and wide. The vertebral scutes are wider than long and have
strongly angled lateral edges. Unlike ?Sichuanchelys sp.,
which also has wide vertebral scutes, the pleural scutes are
also wide, their maximum width being about a half the

maximum width of the vertebral scutes. The pleural scutes
extend onto the peripheral series and the fourth, seventh,
and ninth marginal scutes extend onto the costals.

A single cervical vertebra (Fig. 10.11c, d) was found in
association with the carapace. The centrum is amphicoelous
and elongate. The transverse process is a short, flange-like
structure that extends from about the middle of the centrum
to its anterior end. A sharp mid-ventral ridge is present.
Both in its proportions and development of the transverse
process, the cervical vertebrae are similar to those of
Xinjiangchelys junggarensis as described by Peng and
Brinkman (1993, Figs. 3e–g, 8).

Remarks: Xinjiangchelys chowi was described by
Matzke et al. (2005) on the basis of a shell from the Middle
Jurassic (Callovian) Toutunhe Formation on the southern
margin of the Junggar Basin. It was diagnosed largely on
the basis of the presence of large plastral fenestrae. Matzke
et al. (2005) considered this to be a diagnostic feature of
the species, rather than a developmental feature, because the
carapace was of large size. However subsequent studies
have questioned the diagnostic reliability of that feature
(Rabi et al. 2010), because in turtles the size of plastral
fenestrae typically changes during development. Despite
uncertainty about the taxonomic significance of the pres-
ence of large plastral fenestrae in the holotype, X. chowi is
here considered a valid species because of the presence of
mediolaterally expanded bridge peripherals that are broadly
exposed in dorsal view. This is most strongly expressed by
the fifth and sixth peripherals, which are wider than they are
long. These proportions contrast with the typical condition

Fig. 10.11 Associated carapace and cervical vertebra (IVPP V18105)
of Xinjiangchelys chowi Matzke et al. 2005 (Xinjiangchelyidae);
‘‘Pingfen Shan J23’’ locality, Wucaiwan field area, northern Junggar
Basin, Xinjiang, China; upper part of Shishugou Formation; Late

Jurassic (Oxfordian). a Carapace in dorsal view; b reconstruction of
carapace, based on figured specimen, in dorsal view; c, d cervical
vertebra in left lateral view: c photograph and d interpretive drawing.
Images at different scales
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in basal cryptodires, in which the bridge peripherals are
narrower than long and poorly exposed in dorsal view. In
having wide peripherals, X. chowi is most similar to
X. qiguensis. However X. qiguensis has distinct plications
extending posteriorly from the vertebral and pleural sulci.
Specimen IVPP V18105 is included in X. chowi, because no
such plications are present.

The occurrence of Xinjiangchelys chowi in both the upper
beds of the Shishugou Formation of the Wucaiwan area,
which are Late Jurassic (Oxfordian) in age, and the Middle
Jurassic (Callovian) Toutunhe Formation suggests there was
no major change in turtle assemblages across the Middle-Late
Jurassic boundary in the present-day Junggar Basin region.

Genus Annemys Sukhanov and Narmandakh 2006
Annemys sp.
(Figs. 10.12, 10.13, 10.14, 10.15)

Synonymy: Annemys sp.: Rabi et al. 2010, p. 263,
Fig. 1g, h, Table 1.

Referred specimens: IVPP V18106 (field number WCW-
04-10), incomplete skeleton consisting of a moderately com-
plete skull (Figs. 10.12, 10.13, 10.14), four cervical vertebrae
in articulation (Fig. 10.15), and an incomplete carapace (not
figured) in two parts, the first part including four disarticulated
anterior costals and a series of anterolateral peripherals in
articulation and the second part including a series of postero-
lateral peripherals in articulation. CT scans of the skull from
this specimen are available on the Digimorph Web site at:
http://digimorph.org/specimens/Annemys_sp/. IVPP V18107
(field number WCW05A-30), fragmentary carapace consisting
of the nuchal and first peripheral in articulation and two dis-
articulated costals (not figured). Both specimens are from the

Wucaiwan field area, northern Junggar Basin, Xinjiang Uygur
Autonomous Region, and their positions within the Shishugou
Formation relative to the Middle-Upper Jurassic boundary are
uncertain.

Occurrence: Annemys sp. (sensu this study) is known
only from the Middle (Callovian) and/or Upper (Oxfordian)
Jurassic Shishugou Formation, in the Wucaiwan field area,
northern Junggar Basin. Outside of the Jungarr Basin, the
genus is known from the Late Jurassic both in the nearby
Turpan Basin, Xinjiang, and in Mongolia (Rabi et al. 2010,
Table 1 and references therein).

Description

Skull: The skull of IVPP V18106 is nearly complete and
little crushed (Figs. 10.12, 10.13, 10.14). It has an elongate,
subtriangular shape in dorsal view (Figs. 10.12a, 10.13a).
Its width across the quadrates is about two-thirds of its
length to the end of the supraoccipital crest. In lateral view
(Figs. 10.12c, 10.14), the skull is low, its height being about
a quarter of its width across the quadrates. The orbits are
large, located far forward, and face primarily anterolater-
ally. Both the temporal and cheek regions are deeply
emarginated: the temporal emargination extends just ante-
rior to the otic capsule and the cheek emargination extends
to about midway along the height of the orbit. The supra-
occipital crest is an elongate, thin, vertical flange of bone
that extends posteriorly beyond the squamosals. The dorsal
surface of the skull bears well-defined sulci that show that a
complex arrangement of scutes was present on the skull.

Fig. 10.12 Illustration of skull (part of skeleton IVPP V18106) of
Annemys sp. (Xinjiangchelyidae); Wucaiwan field area, northern
Junggar Basin, Xinjiang, China; upper part of Shishugou Formation;

Middle (Callovian) or Late (Oxfordian) Jurassic. a Dorsal view;
b ventral view; c right lateral view. Matrix adhering to skull is not
fully illustrated. Images at same scale
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Fig. 10.13 CT volume renderings and interpretive drawings, in
dorsal and ventral views, of skull (part of skeleton IVPP V18106) of
Annemys sp. (Xinjiangchelyidae); Wucaiwan field area, northern
Junggar Basin, Xinjiang, China; upper part of Shishugou Formation;
Middle (Callovian) or Late (Oxfordian) Jurassic. a, b Surface CT scans
in a dorsal view and b ventral view; c, d interpretive drawings in
c dorsal view and d ventral view. Abbreviations: bo t basioccipital
tubercula; bs basisphenoid; bt pr basipterygoid process; fpccc foramen

posterius canalis caroticus cerebralis; fpcci foramen posterius canalis
caroticus internus; fpccl foramen posterius canalis caroticus lateralis;
fpp foramen palatinum posterius; fr frontal; mx maxilla; na nasal; pa
parietal; pal palatine; pmx premaxilla; po postorbital; prf prefrontal; pt
pterygoid; qu quadrate; sci sulcus caroticus internus; so supraoccipital;
sq squamosal; st stapes; st f stapedial foramen; vo vomer. Images at
same scale
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The nasals are subtriangular elements wedged between
the prefrontals and maxilla, where they form the anterior
edge of the external narial opening. The nasals barely meet
one another at the midline, excluding the frontal and pre-
frontal from the margins of the external narial openings.

The prefrontals are of moderate size, forming about two-
thirds the dorsal surface of the skull anterior to the orbits. In
addition to their contact with the nasals anteriorly, they
contact the frontals medially and posteriorly, the maxilla
laterally, and the vomer and palatine ventrally.

The frontals form the dorsal portion of the skull roof
between the orbits. They contact the prefrontals and nasals
anteriorly, the parietals posteriorly, and the postorbitals
posterolaterally. The frontal has a rectangular posterior
portion, and an elongate anterior projection extending
between the prefrontals to reach the nasals. A lateral lappet
forms the dorsal margin of the orbit, separating the pre-
frontal from the postorbital. The posterior end of the fron-
tals is located posterior to the orbits.

The parietals are the largest bones in the skull roof. They
contact the frontal anteriorly, postorbital laterally, squamosal
posterolaterally, and the supraoccipital posteriorly. Although
the temporal region is deeply emarginated, the parietal has a
lateral process that barely touches the squamosal, excluding
the postorbital from the upper temporal emargination.

The postorbital is a large rectangular element that forms
a portion of the border of the orbit anteriorly and contacts the

parietal medially, the quadratojugal and squamosal posteriorly,
and the jugal anteroventrally. The postorbital forms a portion of
the margin of the border of the ventral margin of the skull,
where it separates the jugal and quadratojugal.

The jugal is a triangular element in lateral view that
contacts the maxilla anteroventrally and the postorbital
dorsally. It forms a portion of the orbital margin, where it
separates the maxilla and postorbital. The posterior border
of the jugal forms the anterior margin of the lower temporal
emargination.

The quadratojugal is a small, crescent-shaped element that
borders the anterior margin of the quadrate and contacts the
postorbital anteriorly and dorsally. It minimally contacts the
squamosal posteriorly. Ventral to its contact with the postor-
bital, it forms the posterior margin of the cheek emargination.

The squamosal forms the posterolateral corner of the
skull, capping the quadrates and anteriorly contacting the
parietal, postorbital, and quadratojugal. The posterior tip of
the squamosal extends posterior to the level of the occipital
condyle. Thus the antrum postoticum would have been
large. Medially the squamosal forms the lateral edge of the
temporal emargination and it contacts the opisthotic and
quadrate.

The premaxilla forms the ventral edge of the external
narial opening and the anterior edge of the labial ridge.
Ventrally, the premaxilla forms the anterior edge of the
palate, contacting the vomer posteriorly and the maxilla
laterally. The premaxilla forms a small portion of the
margin of the internal narial opening between the vomer
and the maxilla. Prepalatine foramina are located within the
ventral surface of the premaxilla.

The maxilla forms most of the anterolateral surface of
the skull. In external view, the maxilla contacts the jugal

Fig. 10.14 CT volume renderings and interpretive drawings, in right
lateral view, of skull (part of skeleton IVPP V18106) of Annemys sp.
(Xinjiangchelyidae); Wucaiwan field area, northern Junggar Basin,
Xinjiang, China; upper part of Shishugou Formation; Middle (Callo-
vian) or Late (Oxfordian) Jurassic. a Surface CT scan; b interpretive
drawing. Abbreviations: ax axis; bo t basioccipital tubercula; ju jugal;
mx maxilla; pmx premaxilla; po postorbital; qj quadratojugal; qu
quadrate; so supraoccipital; pr pt processus pterygoideus externus.
Images at same scale

Fig. 10.15 Photograph of four articulated cervical vertebrae (part of
skeleton IVPP V18106) of Annemys sp. (Xinjiangchelyidae); Wucai-
wan field area, northern Junggar Basin, Xinjiang, China; upper part
of Shishugou Formation; Middle (Callovian) or Late (Oxfordian)
Jurassic. Vertebrae are partly embedded in rock slab; for clarity,
outlines and major structures for each vertebra are traced in black.
Abbreviations: keel mid-ventral keel; pre zy prezygapophysis; t pr
transverse process
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posteriorly, the prefrontal dorsally, the nasal anterodorsally,
and the premaxilla anteroventrally. Between the jugal and
prefrontal, the maxilla forms the ventral margin of the orbit.
The suborbital portion of the maxilla is narrow and has a
nearly straight ventral edge. In palatal view, the maxilla
forms most of the triturating surface. This is a narrow, flat
surface without a distinct lingual ridge. The contacts with
the palatine and pterygoids are short and widely separated
by the large foramen palatinum posterius.

The palate is completely exposed ventrally and the
sutures between individual bones are clear (Figs. 10.12b,
10.13b). The internal narial openings are oval in shape, with
their long axis oriented anteroposteriorly. The vomer forms
a narrow, flat-topped bar of bone that separates the internal
narial openings. The foramen palatinum posterius is large,
exceeding the internal narial opening in size. The foramen
palatinum posterius is bordered by the pterygoid, palatine,
and maxilla. The proportion of the border of the foramen
formed by the pterygoid is about half that formed by the
palatine. A rugose area is present on the ventral surface of
the palate between the foramen palatinum posterius and
basisphenoid. This rugose area is largely located on the
pterygoid, but also extends onto the palatine and the pos-
terior tip of the vomer.

In ventral view the palatine is a triangular element, wide
posteromedially and tapering to a narrow bar that separates
the internal narial opening from the foramen palatinum
posterius. The palatines contact one another at the midline
between the pterygoid and vomer.

The pterygoids form the ventral surface of the palate
posterior to the palatines. The pterygoids are very thin at the
midline and a small unossified area between the pterygoids
is present anterior to the basisphenoid. A midline contact
between the pterygoids is present between the basisphenoid
and the palatines. The pterygoid extends to the posterior
edge of the basisphenoid, but does not contact the basioc-
cipital. The processus pterygoideus externus is well devel-
oped and bears a large, flat lateral surface. A ridge extends
from the lateral tip of the process to the posterior edge of
the pterygoid, presumably marking the medial extent of
insertion of the pterygoideus muscle. The posterolateral
wing of the pterygoid slopes strongly laterally, so the pos-
terior edge of the pterygoid is located at the level of the
posterior edge of the basisphenoid and the jaw joint is
located at about the same level as the posterior end of the
basisphenoid. A deep fossa is present posterior to the
quadrate ramus of the pterygoid.

The basisphenoid is a rectangular element, having a broad
contact with the basioccipital. In ventral view the two bones
are barely distinguished, but the contact between them can be
recognized as following a groove that extends across these
elements. The short, V-shaped, anterior end of the basisphe-
noid separates the pterygoids at the midline. A prominent

feature of the basisphenoid is the ‘‘basipterygoid processes.’’
These are triangular processes that extend laterally to barely
contact the C-shaped ridge that runs posteriorly from the
lateral tip of the processus pterygoideus externus. The ventral
surface of the basisphenoid lacks a distinct pair of pits like
those present in Ordosemys leios, although a small, rugose
area is present at about the same position.

The canals and foramina in the basicranial region are
distinct. As described above for Xinjiangchelys radiplica-
toides, the foramen posterius canalis carotici interni is
located at the posterior end of the contact between the
pterygoid and basisphenoid. The canalis caroticus internus
runs forward between the basisphenoid and pterygoid to
open at the posterior edge of the ‘‘basipterygoid process.’’ A
deep groove, the sulcus caroticus internus, extends forward
from this canal to the foramen posterius canalis caroticus
cerebralis. A separate opening for the palatine artery, the
foramen posterius canalis caroticus lateralis, is located
farther anteriorly between the basisphenoid and the ptery-
goid. Rather than being a slit-like opening like that of
X. radiplicatoides, this is a distinct foramen that leads into a
well-defined canal. The canalis caroticus cerebralis and the
canalis caroticus lateralis are subequal in diameter.

The basioccipital is subrectangular in ventral view, with
the basioccipital tubercula oriented anteroposteriorly along
the lateral edges of the bone. The basisphenoid–basioccip-
ital suture is located at about the level of the posterior end
of the pterygoid, so the basioccipital is located almost
entirely posterior to the pterygoid. Also extending well
posterior to the pterygoid is the opisthotic, which means the
latter bone is largely visible in ventral view.

The quadrate has a complex structure. In lateral view, the
quadrate forms the anteroposteriorly elongate and sub-tri-
angular cavum tympani (Fig. 10.14). The incisura colu-
mellae auris is open posteriorly and is very narrow. Thus,
the Eustachian tube must have been posterior to the quad-
rate. In ventral view, the quadrate forms the condylus
mandibularis, which has the saddle-shaped joint surface
typical of turtles.

The otic capsule is fully exposed in dorsal view
(Figs. 10.12a, 10.13a). This is elongate and has a flat dorsal
surface. A large stapedial foramen is present. The anterior
edge of the otic capsule is not exposed, which means the
size of the processus trochlearis oticum is uncertain. Sutures
between the prootic, opisthotic, and quadrate cannot be
identified.

Cervical vertebrae: IVPP V18106 includes a cervical
series containing four vertebrae preserved in articulation
(Fig. 10.15). These vertebrae are amphicoelous and elon-
gate. The transverse processes are short, flange-like struc-
tures located near the anterior end of the centrum. A sharp
midventral ridge is present. In proportions, the cervical
vertebrae are similar to the one described above for

10 Jurassic Turtles from the Junggar Basin 167



Xinjiangchelys radiplicatoides in that the flange-like trans-
verse processes are located near the anterior end of the
centrum.

Carapace: Carapace elements (not figured) preserved in
IVPP V18106 include four disarticulated anterior costals,
five anterolateral peripherals in articulation, and the pos-
terior edge of the carapace. A second specimen, IVPP
V18107 (also not figured) includes four disarticulated
costals, three in exposed in dorsal view and one exposed in
ventral view. As in the holotype specimen of Annemys
latiens Sukhanov and Narmandakh 2006 described by
Sukhanov (2000), the carapace is thin and smooth. In dorsal
view the carapace is longer than wide and has a rounded
posterior end. The anterolateral peripherals are narrow and
have an upturned lateral edge.

Also, the pattern of scutes is like that of A. latiens in that
vertebral scutes two and three are narrow and show little
angulation of their lateral edges. In IVPP V18107 low pli-
cations extend posteriorly from the anterior edge of the
vertebral scutes.

Remarks: Annemys was erected by Sukhanov and
Narmandakh (2006) on the basis of specimens from the Late
Jurassic of Mongolia. It was differentiated from Xinjiang-
chelys on the basis of features of the carapace, particularly the
presence of a relative thin shell with narrow vertebral scutes
two and three. In these features it is similar to sinemydids/
macrobaenids, but differs from them in having a broader
anterior lobe of the plastron. IVPP V18106 is included in the
genus Annemys, because it is has a relatively thin carapace
with narrow vertebral scutes and is Jurassic in age.

Inclusion of IVPP V18106 in Annemys also is supported
by similarities in the general proportions of the skull with
that of Annemys levensis as described by Sukhanov (2000).
Both are relatively low, have deep temporal and cheek
emarginations, and a long supraoccipital crest. In these
features, the skull of Annemys is different from that of
Xinjiangchelys radiplicatoides, which has an expanded
temporal region, weakly emarginated temporal and cheek
region, and a short supraoccipital crest.

Two species of Annemys have been named, A. latiens and
A. levensis. These differ primarily in features of the carapace,
particularly the presence of a relatively thin shell in A. latiens
compared to A. levensis. The shell of IVPP V18106 is not
sufficiently well preserved to be assigned to either species.
The skull of IVPP V18106 differs from that of A. levensis in
that the prefrontals do not contact one another at the midline
anterior to the frontals. In A. levensis the prefrontals meet at
the midline between the frontals and nasals (Sukhanov 2000,
Fig. 17.2). Also, in A. levensis the postorbital forms a portion
of the posterior margin of the skull, thereby separating the
parietal and squamosal, whereas in IVPP V18106 the parietal
has a long lateral process that contacts the squamosal.
As reconstructed, A. levensis differs from IVPP V18106

in the presence of a relatively small foramen palatinum pos-
terius. However, as noted by Rabi et al. (2010) the skull of
A. levensis appears to be rather poorly preserved, so a larger
opening is possible. In the basicranial region, IVPP V18106
differs from A. levensis in that the carotid canals are closed
posteriorly instead of being open as in A. levensis. Because
the skull of A. latiens is not known, it is not possible to resolve
whether IVPP V18106 is attributable to that species. Thus,
we consider IVPP V18106 to be specifically indeterminate
within Annemys.

In features of its skull and shell, Annemys is at a more
derived grade of evolution than Xinjiangchelys radiplicato-
ides. Derived skull features of Annemys include the presence
of a low temporal region, the deeply emarginate skull, the
long and blade-like supraoccipital crest, the long incisura
columella, circular shape of the foramen caroticum laterale,
and a relatively short basisphenoid that is truncated anteri-
orly. The carapace of Annemys is derived relative to X. radi-
plicatoides in being thin and in having narrow vertebral
scutes. In all these features, Annemys both is derived relative
to X. radiplicatoides and is similar to Early Cretaceous
eucryptodires from Asia, such as Ordosemys Brinkman and
Peng 1993a, Sinemys Brinkman and Peng 1993b, Hangaie-
mys Sukhanov and Narmandakh 1974, and Dracochelys
Gaffney and Ye 1992. In addition, as noted by Rabi et al.
(2010) Annemys shows particularly strong similarities to the
Early Cretaceous sinemydid Hangaiemys in the proportions
of the skull, development of the supraoccipital crest, and
presence of a greatly enlarged foramen palatinum posterius;
this combination of features suggests a close relationship
between the two genera. Whether similarities in the skulls of
Annemys and Hangaiemys compared to X. radiplicatoides
reflect true relationships must await the discovery of addi-
tional cranial material from Jurassic eucryptodires from Asia.
At present, however, the substantial similarities between
Annemys and Hangaiemys appear to support a recent sug-
gestion that the Xinjiangchelyidae are a paraphyletic
assemblage of basal cryptodires (Rabi et al. 2010).

Discussion

The Shishugou Formation Turtle Assemblage

Although taxonomic uncertainty remains, a high level of
diversity is present among Jurassic turtles in the northern
part of the Junggar Basin. At least five species are now
known from the Shishugou Formation: ?Sichuanchelys sp.;
X. junggarensis; X. radiplicatoides; X. chowi; and Annemys
sp. The plastron described by Peng and Brinkman (1993,
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pp. 2023–2025, Figs. 13, 14) as Xinjiangchelys sp. may be
an additional taxon. One additional taxon has been reported
from the Qigu Formation, X. qiguensis, although the taxo-
nomic significance of the differences between this and
X. chowi has been questioned (Rabi et al. 2010). This level
of diversity is similar to that of other well-documented
Jurassic turtle assemblages. For example, in the Late
Jurassic of Sichuan eight named turtle taxa are present.
Significantly, in both the Junggar and Sichuan assemblages
many of the taxa are represented by single specimens,
suggesting that the diversity of these assemblages is not yet
fully documented by available samples.

Despite a high level of diversity of turtles in the Shishugou
Formation, diversity at individual localities is low. Typically,
when multiple individuals are found together, no more than
two taxa are present and one of those is overwhelmingly
dominant. For example, in the Jiangjunmiao turtle bonebed
two taxa are present, but most of the identifiable elements are
from Xinjiangchelys radiplicatoides. At the Pingfengshan
locality Peng and Brinkman (1993) recognized the presence
of two taxa based on 14 specimens, with all but one of these
being X. junggarensis. This pattern appears to be typical for
the Late Jurassic of Central Asia. Similarly, in the adjacent
Turpan Basin, a locality containing multiple thousand indi-
viduals of Annemys has been reported (Wings and Joyce
2009). This pattern of high alpha diversity (total diversity
within a unit), low diversity within individual localities, and
high beta diversity (between-locality diversity within a unit)
is unusual when compared with most turtle assemblages of
the Cretaceous. The paleoecological significance of this
pattern is uncertain. Given the paleoenvironmental and pa-
leoclimatic setting, it is likely that short-term environmental
conditions, such as wet intervals following periods of
drought, leading to explosive expansion of low diversity
communities played a factor. Additional taphonomic and
paleoecological studies are necessary to resolve this.

Implications for Evolution of the Basicranial
Region in Basal Eucryptodires

The basicranial region has long been recognized as an
important source of information for interpreting the inter-
relationships of turtles (Gaffney 1979b). Most recently, the
evolution of the braincase in turtles was reviewed by Sterli
et al. (2010), who placed each of six patterns of carotid
circulation described by Sterli and de la Fuente (2010) into
a phylogenetic framework. In the most basal pattern, rep-
resented by Proganochelys, the carotid artery splits into
cerebral and palatine branches ventral to the skull, the
cerebral branch enters the braincase through a foramen (the

foramen posterius canalis caroticus cerebralis) in the basi-
sphenoid, and the palatine branch extends forward through
the interpterygoid vacuity. In a slightly more derived pat-
tern, represented by Kallokibotion, the interpterygoid
vacuity has closed around the palatine artery so that the
artery enters the skull through a distinct canal, called the
canalis caroticus lateralis. In pleurodires, the internal car-
otid and its cerebral and palatine branches are fully encased
in bone and a single foramen is present posteriorly. Sterli
et al. (2010) interpreted this as a result of expansion of the
parasphenoid portion of the basisphenoid, trapping the
internal carotid between the basisphenoid and the pterygoid.

In the most basal paracryptodires, such as Pleurosternon
and Glyptops, the carotid artery branches into the cerebral
and palatine arteries in a shallow concavity along the side of
the basisphenoid and, slightly more anteriorly, the two
branches enter canals though separate openings. In baenids,
a single opening is present along the side of the basisphe-
noid. Sterli et al. (2010) hypothesize that the paracryptodire
condition also formed by expansion of the parasphenoid
portion of the basisphenoid to trap the internal carotid and
its bifurcation between the basisphenoid and the pterygoid.

Sterli et al. (2010) did not incorporate the eucryptodire
pattern into this evolutionary sequence because the early
stages of the evolution of the eucryptodire basicranial region
were too poorly documented. The skulls of Xinjiangchelys
radiplicatoides and Annemys sp. described here provide
additional data that document the early stages of evolution of
the basicranial region in eucryptodires (Fig. 10.16). Specifi-
cally, these new skulls show that in the most primitive eu-
cryptodires there is still a recognizable interpterygoid vacuity
and the foramen posterius canalis caroticus lateralis is located
a long distance from the foramen posterior canalis caroticus
cerebralis. Also, as discussed in the next section, the ‘‘bas-
ipterygoid process’’ is still well developed.

In eucryptodires, the carotid artery enters the skull through
a single foramen, called the foramen posterior canalis carot-
icus internus, located either between the pterygoid and basi-
sphenoid or within the pterygoid. In basal eucryptodires, such
as Chubutemys (Fig. 10.16a), xinjiangchelyids (Fig. 10.16b,
d), and Early Cretaceous sinemydids/macrobaenids from
Asia (Fig. 10.16c, e, f), the canalis caroticus internus does not
completely enclose the carotid artery and its branches.
Instead, the carotid artery exits ventral to the basisphenoid
prior to the point at which the carotid artery branches into the
cerebral and palatine arteries. Thus, these arteries are not fully
encased in bone. In these turtles, the cerebral artery would
have continued forward in the sulcus caroticus internus, a
well-defined groove that leads to the foramen posterius
canalis caroticus cerebralis. There is no distinct groove for the
palatine artery, so the exact course of this artery is unknown.
However, it would have branched off from the carotid artery
somewhere between the anterior opening of the carotid canal
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and the foramen posterior canalis carotici cerebralis, and
passed below the basisphenoid to enter the cranial cavity
through the foramen posterior canalis caroticus lateralis,
which is located between the pterygoid and basisphenoid. In
Cubutemys (Fig. 10.16a) and Xinjiangchelys radiplicatoides
(Fig. 10.16b) the foramen posterior canalis caroticus lateralis
is a slit-like space that can be interpreted as a reduced in-
terpterygoid vacuity. This also appears to be the case in
Dracochelys (Gaffney and Ye 1992, Fig. 5) and Annemys
(Fig. 10.16d). In contrast, Ordosemys (Fig. 10.16f), and
Sinemys (Fig. 10.16c) are more derived in that the interp-
terygoid vacuity is more fully constricted to form the canalis
caroticus lateralis. Also, these taxa are more derived in that
the foramen posterius canalis caroticus lateralis is located
closer to the foramen posterius canalis caroticus cerebralis.

A more derived eucryptodire condition is seen in Adocus
Cope1868 and Judithemys Parham and Hutchison 2003, in
which the area of exposure of the internal carotid and its
branches is restricted to a small foramen-like opening in the
area just above the point at which the artery branches
(Meylan and Gaffney 1989; Parham and Hutchison 2003).
The foramen posterius canalis caroticus lateralis and the
foramen posterius canalis cerebralis are visible in this

opening. In the fully derived condition, the carotid artery
enters the skull through a foramen on the posterior edge of
the skull and the more anterior portion of the artery, and its
branches are fully encased in bone. Because the exposed
portion of the carotid artery and its branches lie ventral to
the basisphenoid, it is likely that restriction of the space
between the foramen anterior canalis caroticus internus and
the foramen canalis caroticus lateralis was a result of
expansion of the pterygoid, rather than the parasphenoid
portion of the basisphenoid (Sterli et al. 2010).

The ‘‘Basipterygoid Process’’ in Basal
Eucryptodires

A separate question of significance for interpreting the early
evolution of the basicranial region in eucryptodires is the
development of the ‘‘basipterygoid process.’’ This structure
was first documented in Pleurosternon by Evans and Kemp
(1975) and subsequently recognized in Glyptops by Gaffney
(1979a). It can also be recognized in Chubutemys (Gaffney
et al. 2007, Fig. 4). In eucryptodires from Asia, this structure

Fig. 10.16 Palatal views of skulls of reprersentative basal cryptodires
to show differences in structure of the basicranial region. a Chubute-
mys, redrawn from Gaffney et al. (2007); b Xinjiangchelys radiplica-
toides sp. nov., drawn from IVPP V9539-1 (see Fig. 10.6c, d); c,
reconstruction of Sinemys gamera, based on IVPP V9532-11; d Anne-
mys sp, drawn from IVPP V18106 (see Fig. 10.13d); e Hangaiemys,

redrawn from Sukhanov (2000); f reconstruction of Ordosemys sp.,
based on IVPP V12092. Abbreviations: bt pr basipterygoid process;
cci canalis caroticus internus, fpccc foramen posterior canalis carotis
cerebralis; fpcci foramen posterior canalis caroticus internus; fpccl
foramen posterior canalis caroticus lateralis; fpp foramen palatinum
posterior; sci sulcus caroticus internus. Images at different scales
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is present in Sinemys (Fig. 10.16c) and Ordosemys
(Fig. 10.16f), as well as Xinjiangchelys radiplicatoides
(Fig. 10.16b) and Annemys sp. (Fig. 10.16d) as described
above. In these xinjiangchelyids and sinemydids/macrobae-
nids from Asia, the ‘‘basipterygoid process’’ is a large and
obvious feature of the basisphenoid. The position of this
process relative to the reduced interpterygoid vacuities in
X. radiplicatoides and Chubutemys is consistent with this
structure being correctly identified as the basipterygoid
process. Gaffney (1979a) noted that its position relative to the
dorsum sellae and foramen anterius canalis carotici interni
differs from that in primitive reptiles. In primitive reptiles, the
basipterygoid process is anterior to these structures, whereas
the process that Evans and Kemp (1975) identified as the
basipterygoid process is posterior to the same structures.
However, it was subsequently recognized that an undoubted
basipterygoid process is present in the primitive turtle
Proganochelys (Gaffney 1990). In Proganochelys the bas-
ipterygoid process is located posterior to the dorsum sellae
(see Gaffney 1990, Fig. 45). Thus, the unusual position of the
basipterygoid process in Proganochelys can be interpreted as
a feature of turtles that is retained in basal cryptodires and the
‘‘basipterygoid process’’ is correctly interpreted as homolo-
gous with the basipterygoid process of more basal reptiles.
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Chapter 11

Rediscovery of the Carapace of the Lost Holotype
of the Purbeck Turtle Chelone obovata Owen 1842

Andrew R. Milner

Abstract Chelone obovata was named and described but
not figured by Owen (1842) on the basis of a specimen (or
specimens) from the Purbeck Limestone Group in the
J. Chaning Pearce Collection. This material was subse-
quently lost to the scientific community and C. obovata has
been treated as a nomen dubium in the few later works that
mention it. One part—the carapace—has been relocated in
the collections of the National Museum of Wales in Cardiff.
It is preserved in ventral aspect and is a carapace of the
Purbeck Limestone Group turtle taxon now widely referred
to as Hylaeochelys latiscutata (Owen) Lydekker 1889a.
Although the species-name obovata is senior to latiscutata,
it has the status of nomen oblitum and should not replace
the widely used term, but should be listed in future
synonymies.

Keywords Cretaceous�Morphology�Purbecklimestone�
Systematics � Testudines

Introduction

Although fossil turtles had been recognised in the Lower
Cretaceous Purbeck Limestone (now the Purbeck Lime-
stone Group) early in the Nineteenth Century, the first
specimens were not described and named until 1842. In his
report to the British Association meeting of 1841, Sir
Richard Owen described four turtle specimens from the
Purbeck Limestone as representing three new taxa (Owen
1842). One of these, Platemys bullockii, was based on a
single plastron from the Bullock Collection then recently
purchased by the British Museum. It was incorrectly

attributed to the Eocene London Clay from Sheppey, Kent
(Owen 1850), and was later renamed Pleurosternon
bullockii. It was correctly assigned to the Purbeck Lime-
stone by Lydekker and Boulenger (1887) and has subse-
quently remained the holotype of the commonest Purbeck
turtle.

The history of Owen’s (1842) other three original spec-
imens, which were held in private collections, has been far
less clear or satisfactory. These comprised two specimens,
one from Sir Philip Egerton’s collection and one from
the J. S. Bowerbank Collection that formed the types of
Tretosternon punctatum, together with a single specimen
from the J. Chaning Pearce Collection that formed the
holotype of Chelone obovata. All three were described but
not figured by Owen (1842, pp. 165–172). When Owen
(1853) later named, described, and figured the Purbeck
turtles in detail, he used a completely new suite of speci-
mens and taxa, and no mention was made of the 1842
material or taxa. All three 1842 specimens then effectively
vanished for 150 years.

Lydekker and Boulenger (1887) and Lydekker (1889b)
noted the non-availability of the Egerton and Bowerbank
specimens, but the binomen Tretosternon punctatum
became widely used on the basis of substitute specimens
suggested but not formalised by Lydekker (e.g., Delair
1958). Milner (2004, pp. 1444–1445) located the Bower-
bank plastron in the collections of The Natural History
Museum, London, and determined it as attributable to
Hylaeochelys latiscutata (Owen) Lydekker 1889a. The
Egerton specimen is still lost and Milner (2004, p. 1445)
proposed it as the lectotype of Tretosternon punctatum, now
a nomen dubium unless the specimen is relocated.

Chelone obovata was briefly mentioned by Woodward
(1909), Delair (1958) and Milner (2004), but the original
material remained unlocated. Delair (1958, p. 49) suggested
that the taxon be provisionally reassigned to Pleurosternum
as a distinct species, P. obovata, but it was treated as a
nomen dubium by Milner (2004) pending rediscovery of the
only specimen.
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Institutional abbreviations used in the paper are as fol-
lows: NHMUK, The Natural History Museum, London,
England; NMW, National Museum of Wales, Cardiff,
Wales.

The Holotype of Chelone obovata

The original specimen of Chelone obovata was described
by Owen (1842, p. 170) as ‘‘the most complete and beau-
tiful specimen of a fossil turtle that I have yet seen … from
… Purbeck, in the collection of Channing [sic] Pearce esq.
of Bradford, Wiltshire.’’ It comprised a complete carapace
in ventral aspect about 27 cm long, a separate and largely
complete plastron in ventral aspect with some damage in its
central region, and hind limb elements including at least
one recognisable femur and a tibia. Owen did not explicitly
state that all the material was on a single slab, and it may
have been on more than one slab although believed to be a
single specimen. Although the relative positions of these
elements were not described, a single slab bearing such a
specimen would be unusual and should be readily identifiable
from Owen’s description. Clearly, no subsequent worker up
to and including myself (Milner 2004) had seen any speci-
men, even one without a history, corresponding to this.

The J. Chaning Pearce Collection

The early history of Chelone obovata is part of the history
of the J. Chaning Pearce Collection, which merits a short
summary. Joseph Chaning Pearce (born July 1811) pursued
a career as a doctor in the south-west of England in the
1830s and 1840s. He also built up one of the largest private
collections of British fossils outside London. In 1845,
he moved to Montague House, Langridge, north of Bath,
Somerset, and set aside part of the house as a private
museum for his collection (De la Beche 1848, pp. xxi–xxii).
A large, detailed written catalogue was also produced
(Pearce 1847). Unfortunately, shortly after setting up his
museum, he died in May 1847 of kidney stones at the age of
35 (De la Beche 1848, pp. xxi–xxii) leaving a widow,
Amelia, and three children, Mary Ann, Samuel, and Joseph
(junior). Amelia later remarried a Mr Bush and the family
remained near Bath until at least 1858 (later census data
records at least two daughters of the second marriage born
at Bath: Agnes in 1852 and Rosella in 1858 [1871 and 1901
census data in Graham 2010]). Census data for 1871 also
records that Joseph’s younger son Joseph Chaning Pearce
(junior) qualified as a General Practitioner and moved to the
London area where he married in 1867 and that his first

child was born at Dulwich (1871 census data in Graham
2010). However later children are recorded as born at The
Manor House, Brixton, Surrey, and it thus appears that the
family moved to Brixton (then a village outside London) in
about 1870, possibly when Joseph junior set up a medical
practice (1881 census data in Graham 2010). Throughout
this period of 23 years following Joseph senior’s death, the
fossil collection had remained in the family and they set up
a new private museum at the Manor House. This museum
was visited by the Geological Association in 1885, a visit
subsequently described by Woodward (1885) and it appears
that the collection was still intact then. The family moved in
1886 to Ramsgate in Kent, where their residence was also
named Montague House (1891 census data in Graham
2010). Joseph junior died in 1925 (Times obituary in
Graham 2010). I have found no record of the fate of the
collection for the 29 years between 1886 and 1915, so have
been unable to determine whether it was retained by the
family in exhibition or storage or whether it passed to a
third party when they moved to Ramsgate.

The collection resurfaces in 1915 when much of it was
purchased by the Bristol Museum and Art Gallery (Eberle
and Bolton 1916). There is no record of the vendor, but
in the same year, the Geological Survey purchased a
J. Chaning Pearce ichthyosaur from the collection of the
Royal Geological Society of Cornwall (M. Howe, personal
communication). It is unclear whether the ichthyosaur was
still part of the original collection or had parted company
with it some years before in one of the house moves, it
being a large specimen. When Bristol acquired the main
collection, they also acquired Pearce’s original hand-
written catalogue which is still in their archives (Pearce
1847). Perusal of the relevant Bristol catalogues covering
1915–1935 suggests that no systematic attempt was made to
reregister the collection in the next 20 years and much of it
has only gradually been reregistered since 1945.

The Fate of the Holotype of Chelone obovata

No specimen corresponding to Owen’s original description
of Chelone obovata is present in the collections at the
Bristol City Museum and Art Gallery today. In my review
of Purbeck turtles (Milner 2004), I had assumed that the
specimen was destroyed on 24 November 1940 when the
exhibition area of the museum was demolished by incen-
diary and high-explosive bombs. The stored fossil material
and archives were undamaged in the raid, but there is no
surviving turtle specimen with a carapace and plastron on
one slab. However on a visit to Bristol in 2008, I was able to
examine Chaning Pearce’s (1847) original catalogue. This
catalogue is a book with hand-ruled pages, each made up of

174 A. R. Milner



three columns with the entries spaced down each page. The
pages and collection are ordered stratigraphically. In the
Purbeck section of the catalogue, on page 32, is the fol-
lowing relevant entry in Pearce’s handwriting (personal
observation): ‘‘Fossil No.12’’ (in column 1), ‘‘Chelone
obovata’’ (in column 2), ‘‘Perfect carapace 10� inches long
and 9� inches wide, also the plastron with femur and tibiae
of both hinder [sic] legs. An exceedingly fine and perfect
specimen.’’ (in column 3).

Next to this record in the catalogue is a pencil anno-
tation: ‘‘Sent to Cardiff Museum 3.3.33 see Ex.Reg.
p. 125’’. It thus appeared that the specimen, unrecognised
as a holotype, had been exchanged with Cardiff Museum
(now the National Museum of Wales) in March 1933.
‘‘Ex.Reg’’ presumably represents an Exchange Register for
the 1930s, but this could not be located. However, it
became clear that the specimen was not in the Bristol City
Museum and Art Gallery when it was bombed and, thus, it
might still survive.

Correspondence and discussion with Mr Tom Sharpe at
the National Museum of Wales, Cardiff, established that a
batch of specimens from Bristol, including one listed as
Chelone obovata, was accessioned in October 1933. It
appears that little information about the specimen had been
forwarded and it transpired that the Museum now has in its
possession a single turtle specimen of unknown provenance
in an exhibit representing Mesozoic faunas. Mr Sharpe
kindly provided a photograph of this specimen and it was
immediately clear that this was the carapace and tibia of the
lost holotype of Chelone obovata. However, no other fossil
turtle material is present in the collections at the National
Museum of Wales.

The Cardiff Specimen (NMW 33.401.G1)

The rediscovered carapace-bearing slab (Figs. 11.1, 11.2) is
now catalogued as NMW 33.401.G1. The specimen com-
prises a carapace in internal (i.e., ventral or visceral) aspect
with several of the posterior elements missing, but those are
represented by natural moulds of their dorsal surfaces.
A single, small, elongate bone at the posterior margin of the
carapace may be a distal long bone, perhaps the possible
tibia reported by Owen (1842). The horizon of collection is
unknown, but the appearance of the limestone is typical of
many specimens collected from the middle part of the Stair
Hole Member of the Durlston Formation (Westhead and
Mather 1996), as found in the quarries west of Swanage.
In older terminology, these beds were referred to as the
Intermarine Member (‘‘DB112-145’’ of Clements 1993).
The slab appears to have been chiselled with a small narrow
chisel to fit the shape of the carapace as a single exercise,

rather than to be a slab cut from a larger block. The
significance of this will be discussed later.

Much of Owen’s (1842) description is comparative in
relation to turtles from the Late Cretaceous and Early
Palaeogene, and only parts of it are relevant to the problem
of recognising the individual specimen. Owen (1842,
p. 171) described the carapace as 10� inches long and 9�
inches wide; the dimensions of NMW 33.401.G1 corre-
spond to those values. Three sections from Owen’s (1842)
description are reproduced here with annotations for com-
parison with the specimen as illustrated in Figs. 11.1 and
11.2. Owen (1842, p. 170) wrote that the carapace ‘‘…
although obtusely pointed behind, begins to contract to that
extremity only at its posterior third part; it gradually widens
though the two anterior thirds of its extent and is broadest at
the junction of the fifth and sixth ribs; the contour being
obversely ovate, or with the broader end turned downwards.
This modification of form arises, not from the superior length
of the fifth and sixth pairs of ribs, but from the breadth of their
sternal appendages, called marginal plates.’’ The widest point
two-thirds of the way from the front at the level of the fifth and
sixth ribs, together with the wide peripheral bones in this
region can be seen in Figs. 11.1 and 11.2.

Of the suprapygals and pygal, Owen (1842, pp. 170–171)
wrote ‘‘The eleventh six-sided plate [suprapygal 1], which
resembles a triangle, with truncated angles, and is wedged
between the last pair of ribs, is here divided by a transverse
suture into two nearly equal parts. The twelfth plate
[suprapygal 2] is nearly twice as broad as long, and has
convex lateral margins: the thirteenth vertebral plate
[pygal], or the last of the marginal plates, is relatively
broader than in existing turtles, and has its posterior margin
more feebly emarginate.’’ In NMW 33.401.G1 suprapygal 1
is preserved largely as bone, whereas suprapygal 2 and the
pygal are preserved as imprints of the dorsal surface
(Figs. 11.1, 11.2), but the shapes of all three match Owen’s
(1842) description.

The most specific feature of Owen’s (1842) description
that is matched in NMW 33.401.G1 concerns the apparent
asymmetry of the costal outgrowths of the first pair of ribs.
Owen (1842, p. 170) wrote ‘‘The first rib …. very gradually
contracts into its dentiform extremity, which on the
[morphological] left side appears to have been separated by
a narrow membranous space from the anterior marginal
plates, but not on the right side.’’ This asymmetry is in fact
due to local crushing on the morphological right side, but
the differential in the size of the spaces in the dermal
armour is clear (Figs. 11.1, 11.2) and unusual.

In conclusion, not only does the provenance and deter-
minable history suggest that NMW 33.401.G1 is the lost
holotype carapace of Chelone obovata, but it matches
Owen’s (1842) description in all respects including slight
asymmetry due to crushing.
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Taxonomic Identity of NMW 33.401.G1

Identification of NMW 33.401.G1with one of the Purbeck
shell-taxa recognised by Milner’s (2004) revision is not
problematic, although the external (i.e., dorsal) surface of
the carapace is not directly visible. Milner (2004)
recognised four shell-taxa, namely the solemydid He-
lochelydra anglica (widely referred to as Tretosternum
punctatum in the literature), the pleurosternids Pleuro-
sternum bullockii and ‘Glyptops’ typocardium, and the
plesiochelyid Hylaeochelys latiscutata. Of these, Pleuro-
sternum bullockii is the most common form, comprising
over 80% of specimens seen by Milner (2004, p. 1465);
the other taxa make up the other 16%. The general shape
of NMW 33.401.G1 is most similar to that of Hylae-
ochelys latiscutata, being relatively rounded with a shal-
low anterior emargination. The incomplete growth of the
costal plates over the ribs at such a large size is also
characteristic of the Purbeck Hylaeochelys and can be

seen in specimens such as NHMUK R1640 (Milner 2004,
text-fig. 12). That feature does not occur in large speci-
mens of the other shell-taxa from Purbeck.

Of the other Purbeck taxa, the carapace of Pleuro-
sternon generally is slightly more elongate and oval in
outline, with no anterior emargination at all, and it does
not have the wide posterolateral marginals found in
NMW 33.401.G1 and Hylaeochelys. The carapace of
‘Glyptops’ typocardium is more similar to NMW
33.401.G1, but the anterior emargination is deeper with
more rounded shell margins on either side of it. The
carapace shape of Helochelydra (‘Tretosternon’) from
Purbeck is unknown, but dorsal surface impressions of
NMW 33.401.G1 show that its dermal surface was not
pustulate as in Helochelydra.

In conclusion the rediscovered holotype carapace of
Chelone obovata is entirely consistent with attribution to
the Purbeck shell-taxon that Milner (2004, p. 1462) referred
to as Hylaeochelys latiscutata.

Fig. 11.1 Hylaeochelys
latiscutata (Owen). Photograph
of carapace in internal (visceral)
aspect and possible tibia.
Specimen NMW 33.401.G1,
rediscovered part of the holotype
of Chelone obovata Owen 1842
nomen oblitum. See Fig. 11.2 for
interpretive drawing

176 A. R. Milner



The Nomenclature Problem

The rediscovery of part of the holotype of Chelone obovata
Owen 1842 requires resolution of the nomenclatoral
implications, this being one of the most senior names
applied to Purbeck turtle material. The use of Chelone is
unproblematic—this name was first used by Brongniart
(1805) for the living Green Turtle and was used by Owen
(1842) at a time when it was a ‘catch-all’ taxon for assorted
fossil and living turtles. However, that generic name is no
longer applicable to any Mesozoic turtle. In contrast,
obovata Owen 1842 is clearly senior to latiscutata Owen
1853 (original spelling latiscutatum). However, its sub-
sequent history permits it to be defined as a nomen oblitum.
Since Owen’s description in 1842, the only references to
obovata are in a catalogue by Woodward (1909), in the
review of Purbeck reptiles by Delair (1958), and as a nomen

dubium in the review by Milner (2004). It has not been used
as a defined valid taxon since Owen’s first paper. In
accordance with the International Code of Zoological
Nomenclature (ICZN 1999) the name should therefore be
treated as a nomen oblitum and latiscutata should continue
to be the senior valid name (the nomen protectum) for
the Purbeck Hylaeochelys material. In future of course,
Chelone obovata should be listed in synonymies of
Hylaeochelys latiscutata as a senior nomen oblitum
preceding the valid nomenclature.

The Missing Plastron and Femur

The uniform chiselling around the carapace of NMW
33.401.G1 suggests a single coherent exercise in prepa-
ration rather than a break-up of a larger slab and the

Fig. 11.2 Hylaeochelys
latiscutata (Owen). Interpretive
drawing of carapace in internal
(visceral) aspect and possible
tibia. Specimen NMW
33.401.G1, rediscovered part of
the holotype of Chelone obovata
Owen 1842 nomen oblitum. See
Fig. 11.1 for photograph.
Abbreviations: C1–C8 costals
1–8, Nu nuchal, Py pygal, Spy1
suprapygal 1, Spy2 suprapygal 2,
Tib? possible tibia, 1–11
peripherals 1–11
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possibility must be considered that Chelone obovata was
never a single specimen on a single large slab, but two
specimens on separate slabs—a carapace and a plastron
that were merely assumed to be associated by Chaning
Pearce and Owen. In fact, in his catalogue Chaning
Pearce (1847, p. 32) described the specimen as ‘‘Perfect
carapace 10� inches long and 9� inches wide, also the
plastron with femur and tibiae of both hinder legs’’ (my
underlining added for emphasis). The ‘‘also’’ might imply
that the other components were added to the carapace
specimen, rather than being an integral part of the same
specimen.

For several years, I had been searching for a large slab
bearing both carapace and plastron, but it is now clear that
the plastron must be sought separately. It is certainly not in
the collections at Cardiff and must have parted company
with the carapace at an earlier stage in its history. I initially
assumed that I should now search for an isolated plastron of
Hylaeochelys latiscutata. However, considering the level of
knowledge in 1842, the association of a carapace and
plastron on separate slabs from Purbeck may have been
undertaken with more confidence than was justified. In
Owen’s description of the plastron (1842, p. 171), he noted
that ‘‘… the xiphisternals…are separated by an angular
fissure of the extent of an inch at their posterior inter-
space….’’ This is a characteristic feature of Pleurosternon
bullockii (Milner 2004, Figs. 3, 7A), not Hylaeochelys lat-
iscutata (Milner 2004, Fig. 7B), and raises the possibility
that the plastron might belong to Pleurosternon instead. In
contrast, it must be noted that Owen (1842) made no
mention of mesoplastral elements, and if these were absent,
that strongly suggests a Hylaeochelys plastron. For the
moment, this issue must remain open pending re-examina-
tion of further specimens at Bristol and elsewhere to
determine if any can be interpreted as matching Owen’s
(1842) description.
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Chapter 12

Kappachelys okurai gen. et sp. nov., a New Stem Soft-Shelled
Turtle from the Early Cretaceous of Japan

Ren Hirayama, Shinji Isaji, and Tsuyoshi Hibino

Abstract Kappachelys okurai gen. et sp. nov. is named and
described based on two isolated carapacial elements (right
seventh costal and left seventh peripheral) from the Lower
Cretaceous (?upper Neocomian) Akaiwa Formation of
west-central Honshu, Japan. Kappachelys is a small turtle
(shell length *10 cm) that exhibits a unique combination
of three features: coarse and deep vermiculate sculpture on
carpace; no scute sulci; and well-developed peripherals. The
form of the sculpture and lack of scute sulci both suggest
affinities with the Trionychidae (soft-shelled turtles),
whereas the plesiomorphic retention of well-developed
peripherals indicates Kappachelys lies outside the Triony-
chidae. Given this combination of primitive and derived
features, we interpret Kappechelys as a stem trionychid. In
the same region of Japan, the overlying Lower Cretaceous
(Aptian) Kitadani Formation contains some of the oldest
known, unequivocal trionychid fossils. Based on its slightly
older age, similar geographical distribution, and more
primitive shell morphology, Kappachelys could be ancestral
to the trionychids of the Kitadani Formation.

Keywords Early Cretaceous � Japan � Kappachelys �
Trionychidae � Trionychoidea

Introduction

Soft-shelled turtles (Trionychidae) have perhaps the most
bizarre morphology among all turtles. Their earliest records
can be traced back to the Early Cretaceous (Albian or
Aptian) of Asia (e.g., Nessov 1995; Hirayama et al. 2000;
Hirayama 2002; Danilov and Vitek 2009, 2012; Vitek and
Danilov 2010, Fig. 1). The earliest known trionychids are
characterized by a unique shell morphology (e.g., distinct
external sculpture of ridges, pits, and grooves; scutes and
scute sucli absent; peripheral bones absent; plastron
reduced; no bony bridge between carapace and plastron)
that is maintained in later members of the clade. No obvious
transitional form between trionychids and other turtles has
been ever described.

Lower Cretaceous, non-marine sediments of the Tetori
Group distributed around Mt. Hakusan on west-central
Honshu, Japan, have yielded abundant specimens of non-
marine turtles, including trionychids (Hirayama et al.
2000; Hirayama 2000, 2005, 2006, 2008; Isaji et al. 2005,
2006). Here we report a presumed stem trionychid of
probable late Neocomian age from the Akaiwa Formation
(Tetori Group), based on two diagnostic carapace bones
collected from the Oarashidani locality in the Shiramine
area, Hakusan City, southeastern Ishikawa Prefecture
(Fig. 12.1).

Geological Setting

In the Shiramine area of Ishikawa Prefecture, the Tetori
Group is divided into four formations: the Gomijima,
Kuwajima, Akaiwa, and Kitadani formations in ascending
order (Maeda 1961). These non-marine formations are
conformable, but they have proven difficult to date because
none of their rocks are interbedded with marine strata
containing index fossils.
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About 30 km southeast of the Oarashidani locality,
ammonites of earliest Cretaceous age (Sato et al. 2008)
have been recovered from the Mitarai Formation in the
Shokawa area, Gifu Prefecture. Although the Mitarai For-
mation does not crop out in the Shiramine area, regional
stratigraphic correlations place it below exposures of the
Gomijima Formation (Maeda 1961). Based on this corre-
lation, the age of the base of the Tetori Group as exposed in
the Shiramine area is constrained to the earliest Cretaceous.
The Gomijima Formation is a basal conglomerate contain-
ing brackish molluscs. The overlying Kuwajima Formation
records a transition from brackish to fluvial depositional
environments.

The Akaiwa Formation, which is the source for the turtle
fossils reported here, is a fluvial unit that has been divided
into two members (Ishikawa Prefecture Board of Education
1978, Fig. 12.2). The lower or ‘‘alternation member’’ con-
sists of alternating beds of mudstones, fine sandstones, and
coarse sandstones interbedded with conglomerates; this
member was deposited in a meandering river system. The
upper or ‘‘sandstone member’’ consists of massive sand-
stones deposited in a braided river system.

The overlying Kitadani Formation is important for con-
straining the minimum age of the Tetori Group in the
Shiramine area. Non-marine mollusks from the formation
suggest an age of late Hauterivian to late Aptian (Isaji
1993), whereas charophytes suggest a slightly older

Barremian age (Kubota 2005). Based on the maximum and
minimum age estimates reported above, we estimate the
Akaiwa Formation in the Shiramine area as being late
Neocomian in age.

Stratigraphically, the Oarashidani locality occurs in the
lower or ‘‘alternation member’’ of the Akaiwa Formation
(Fig. 12.2, section 10), in fine-grained sandstones that lie
about 10 m below the first conglomerate bed, which is a
distinct marker bed in that region (Ishikawa Prefecture
Board of Education 1978; M. Okura, pers. comm.). Blocks
of sandstone excavated from the locality have yielded turtle
bones, fish scales, and isolated teeth of small ornithopods
and crocodiles (M. Okura, pers. comm.). Geographically,
the Oarashidani locality occurs in an outcrop along a
woodland path in the Shiramine area, Hakusan City. It is
only about 2 km east of the more richly fossiliferous
Kuwajima Kaseki-kabe or ‘‘Fossil Cliff’’ locality, which
occurs stratigraphically lower in the uppermost part of the
Kuwajima Formation (Fig. 12.2, section 7); for details
about the latter locality and its vertebrate fossils, see
Kusuhashi (2008 and references therein).

Specimens included in this paper are housed in the
following collections: FPDM, Fukui Prefectural Dinosaur
Museum, Katsuyama City, Fukui Prefecture, Japan; RH,
Ren Hirayama private collection, Tokyo, Japan; SBEI,
Shiramine Board of Education, Hakusan City, Ishikawa
Prefecture, Japan.

Fig. 12.1 Map depicting
location of the Oarashidani fossil
locality (star), holotype locality
for Kappachelys okurai gen. et
sp. nov. in exposures of the
Lower Cretaceous (?late
Neocomian in age) Akaiwa
Formation, located in the
Shiramine area, Hakusan City,
southeastern Ishikawa Prefecture,
west-central Honshu, Japan
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Systematic Paleontology

Testudines Batsch 1788
Cryptodira Cope 1868
Trionychia Hummel 1929

Diagnosis: Anterior medial process of frontals absent;
processus trochlearis oticum includes a substantial contribu-
tion from the parietal; dentary pocket present; high coronoid
process located near middle of mandible; large processus ret-
roarticularis on mandible; second to seventh cervicals

Fig. 12.2 Stratigraphic sections and occurrences of turtle fossils
through the Tetori Group, in the Shiramine area, Hakusan City,
southeastern Ishikawa Prefecture, west-central Honshu, Japan. Arrows
indicate turtle fossil-bearing layers; star denotes holotype locality for

Kappachelys okurai gen. et sp. nov. Geological data after the Ishikawa
Prefecture Board of Education (1978). Inset map shows geographic
locations of sections in the Shiramine area
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opisthocoelous; last cervical opisthocoelous; prominent pitted
or vermiculate shell sculpture (Hirayama 2000, 2005).

Kappachelys gen. nov.

Type species: Kappachelys okurai sp. nov.
Etymology: From ‘‘kappa’’, a ghost in Japanese folklore,

largely inspired by the native, extant soft-shelled turtle
(Pelodiscus sinensis), plus ‘‘chelys’’, Greek for turtle, a
common suffix for turtle generic names.

Distribution: Early Cretaceous (probably late Neoco-
mian), Japan.

Diagnosis: Small-bodied turtle with estimated carapace
length of 10 cm. Differs from all other known turtles in the
following unique combination of carapace characters:
retains well-developed peripherals with a prominent pit in
visceral surface for receipt of distal end of rib; scute sulci
absent; and external surface bears extremely coarse and
deep vermiculate sculpture.

Kappachelys Okurai gen. et sp. nov.
(Figs. 12.3, 12.4b, 12.5b, 12.6b)

Holotype: SBEI 1728, an isolated, seventh left periph-
eral (Figs. 12.3a–c, 12.4b).

Holotype unit, locality, and age: Lower or alternation
member, Akaiwa Formation, Tetori Group; Oarashidani
locality, Shiramine area, Hakusan City, southeastern
Ishikawa Prefecture, Honshu, Japan; Early Cretaceous,
probably late Neocomian.

Etymology: Specific epithet honors Mr. Masatoshi
Okura who collected the only known specimens on 02
December 1994.

Referred specimen: SBEI 1729, an isolated, right sev-
enth costal (Figs. 12.3d, e, 12.5b, 12.6b), from the holotype
locality and horizon.

Distribution: Known only from the holotype locality
and horizon.

Diagnosis: As for genus.
Description: Both specimens are isolated, nearly com-

plete, and three-dimensionally preserved carapacial bones.
The exterior surfaces of both specimens (e.g., Fig. 12.3a, b,
d) are covered with coarse, vermiculate sculpture consisting
of irregular ridges and deep depressions. No traces of scute
sulci are present on either specimen.

The holotype, SBEI 1728 (Fig. 12.3a–c), is left seventh
peripheral that measures about 12 mm long and wide. Its
visceral surface (Fig. 12.3c) bears a pronounced pit that, in
life, received the distal end of a thoracic rib. The form of
this pit is typical of turtles in which the peripherals and
costals are in ligamentous contact. The dorsomedial margin
of the peripheral is damaged, so it is uncertain whether it
could have been sutured with the adjacent costal. However,
the form of the distal end of the referred costal (see below)
argues against a sutured peripheral-costal contact. The
ventral margin of the peripheral anteriorly bears a facet for
ligamentous articulation with the hypoplastron. No trace of
a plastral buttress is developed.

The referred specimen, SBEI 1729 (Fig. 12.3d, e), is a
right seventh costal that measures 28 mm wide (i.e., along the
long axis), 5 mm along its medial border, and 10 mm along
its lateral margin. Its distal portion bears a pronounced free,
thoracic rib end that projects beyond the lateral (distal)
margin of the overlying costal plate. In transverse profile, the
distal margin of the costal ends in a thin blade as in

Fig. 12.3 Kappachelys okurai
gen. et sp. nov., from the Lower
Cretaceous (?upper Neocomian)
Akaiwa Formation, Oarashidani
fossil locality, Ishikawa
Prefecture, Japan. a–c SBEI 1728
(holotype), left seventh
peripheral: a lateral view, with
anterior to left; b dorsal view,
with anterior to left; and
c visceral view, with anterior to
right. d, e SBEI 1729, right
seventh costal: d dorsal view of
entire specimen; e ventral view of
proximal portion. Images at same
magnification; scale bar = 1 cm
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carettochelyids, which suggests a ligamentous contact with
the peripheral, rather than a cartilaginous connection with the
rim of soft tissue that extends beyond the bony carapacial disc
as in trionychids. Ventrally, the thoracic rib head is pro-
nounced (Fig. 12.3e) as in most other trionychoids, except for
adocids. The ventral surface of the costal lacks a distinct rib
thickening as in trionychids.

Differences in the relative sizes of the two specimens
indicate that the peripheral came from a larger individual than
the costal. Nevertheless, in absolute terms both specimens are
small and we estimate that the carapace of Kappachelys was
only about 10 cm long.

Fig. 12.4 Peripherals of representative trionychian turtles (dorsal views).
a Trionychia fam., gen., et. sp. indet. (SBEI 529), right third peripheral, from
the Lower Cretaceous Kuwajima Formation, Ishikawa Prefecture, Japan.
b Kappachelys okurai get. et sp. nov. (SBEI 1728, holotype), left seventh

peripheral, from the Lower Cretaceous Akaiwa Formation, Ishikawa
Prefecture, Japan. c Extant Carettochelys insculpta (RH 917), left seventh
peripheral. Images at different magnifications; scale bars = 1 cm

Fig. 12.5 Right seventh costals of representative trionychian turtles
(dorsal views). a Extant Carettochelys insculpta (RH 917). b Early
Cretaceous Kappachelys okurai gen. et sp. nov. (SBEI 1729). c Extant
Pelodiscus sinensis (RH 976). Images at different magnifications; scale
bars = 1 cm

Fig. 12.6 Comparison of costals and stratigraphic succession of
trionychian turtles during the Early Cretaceous, through the upper part
of the Tetori Group in west-central Japan. a Trionychidae gen. et sp.
indet. (FPDM-V 127), from the Kitadani Formation, Katsuyama,
Fukui Prefecture. b Kappachelys okurai gen. et sp. nov. (SBEI 1729),
from the Akaiwa Formation, Hakusan, Ishikawa Prefecture. c Triony-
chia fam., gen., et sp. indet. (SBEI 1708), from the Kuwajima
Formation, Kaseki-kabe locality, Hakusan, Ishikawa Prefecture.
Images at different magnifications; scale bars = 1 cm
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Discussion

Loss of scutes (and corresponding loss of sucli on the
underlying shell plates) is widely regarded as a derived
condition that has occurred independently in trionychids,
advanced carettochelyids (Carettochelyidae), and derived sea
turtles such as dermochelyids and protostegids (e.g., Meylan
1988; Hirayama and Chitoku 1996). Among previously
known turtles, the combination of scute loss and distinct shell
sculpture is limited to trionychids and some carettochelyines.
The coarse, vermiculate sculpture of Kappachelys is more
reminiscent of trionychids than carettochelyines. Shell
sculpture in carettochelyids (Figs. 12.4c, 12.5a) tends to be
dominated by small tubercles often arranged in rows, rather
than the ridge-and-groove style of ornament typical for tri-
onychids (Fig. 12.5c) and seen in Kappachelys. Although the
absence of scute sulci and the form of the sculpture argue for
affinities with trionychids, the primitive retention of well-
develop peripherals in Kappachelys indicates that it lies
outside the Trionychidae. Based on that trio of primitive and
derived features, we provisionally interpret Kappachelys as a
stem trionychid (Fig. 12.7). It is worth acknowledging that
although no known fossil and most extant trionychids lack
peripherals, extant species of Lissemys have a series of small,
irregular-shaped bony ossifications called ‘‘peripheral ossi-
fications’’ around the posterior margin of their carapace (e.g.,
Scheyer et al. 2012, Fig. 6.3). Although these peripheral
ossifications have been interpreted as being homologous with
peripheral bones of non-trionychids (e.g., Meylan 1987;
Scheyer et al. 2012), they could be secondarily acquired
neomorphs. Regardless of their homologies, the peripheral
ossifications of Lissemys are much simpler than the peripheral
described here for Kappachelys and do not preclude the latter
genus from being a stem trionychid.

Elsewhere in west-central Japan, fossils of even more
primitive trionychian turtles with scale sulci are quite abundant
in the Kuwajima Formation, which is dated as Neocomian and
underlies the Akaiwa Formation (Hirayama 2005). All known
trionychian specimens from the Kuwajima Formation retain
scute sulci (Figs. 12.4a, 12.6c) and, thus, are more primitive
than Kappachelys and trionychids. The first occurrence of
unequivocal trionychid fossils is in the Kitadani Formation
(Fig. 12.6a), which is dated as Aptian and overlies the Akaiwa
Formation (Hirayama 2002). In other words, fossils currently
known from the upper part of the Tetori Group in west-central
Japan appear to document a transition from non-trionychid
trionychians in the Kuwajima Formation, through stem
trionychids (Kappachelys) in the Akaiwa Formation, and
culminating with trionychids in the Kitadani Formation
(Fig. 12.6). This sequence suggests that trionychids might
have evolved in Asia from a small-bodied, Kappachelys-like
ancestral form during a rather short geologic time span around
the Barremian stage.

Trionychids are also unique among turtles in having a
plywood-like internal structure to their shell (Scheyer et al.
2007). Microscopic observations of Kappachelys and other
early trionychid shells will be published elsewhere by
Y. Nakajima of Tokyo University.

Conclusions

A new genus and species, Kappachelys okurai, is described
based on two isolated carapacial bones (a left seventh peripheral
and a right seventh costal), from the Lower Cretaceous (probably
late Neocomian in age) Akaiwa Formation in Ishikawa Prefec-
ture, west-central Japan. Even though Kappachelys is known by
limited shell material, those specimens exhibit a trio of characters
(derived pattern of shell ornament and derived absence of scute
sulci; primitive retention of well-developed peripherals) that
allow Kappachelys to be interpreted as a stem trionychid. The
oldest known unequivocal trionychids are slightly younger than
Kappachelys and some of those occur in the same region of
Japan. Consequently, Kappachelys could be close to the ancestry
of trionychids. The fossils and interpretations presented herein
demonstrate that the Tetori Group is important for tracing the
early evolutionary history of trionychian turtles.
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Chapter 13

Morphology and Relationships of Brachyopsemys tingitana
gen. et sp. nov. from the Early Paleocene of Morocco and
Recognition of the New Eucryptodiran Turtle Family:
Sandownidae

Haiyan Tong and Peter Meylan

Abstract The first cryptodiran turtle with a pitted palate,
Brachyopsemys tingitana gen. et sp. nov., is described on
the basis of skulls and a lower jaw from the early Paleocene
(Danian) of the Ouled Abdoun Basin, Morocco. The new
taxon shares a number of apomorphic features with
Sandownia harrisi from the Aptian of the Isle of White,
England, Angolachelys mbaxi from the Turonian of Angola,
and an unnamed turtle from the Albian Glen Rose
Formation in Texas. A phylogenetic analysis provides
evidence that they form a monophyletic clade which we
name the Sandownidae fam. nov. The phylogenetic rela-
tionships of Sandownidae are problematic. Their affinities
among the Eucryptodira remain uncertain; a well-preserved
shell of a member of the family may be useful in
determining relationships. The family appears to be a
bottom-dwelling group that occurred in near-shore marine
environments along the coast of the Atlantic across the
Cretaceous-Tertiary boundary. Its evolutionary history is
connected to the development of the Atlantic Ocean.

Keywords Brachyopsemys�Cryptodira�EarlyPaleocene�
Morocco � Sandownidae � Phylogeny

Introduction

Among recently described or discovered Cretaceous and early
Tertiary turtles are four cryptodire skulls that all exhibit a
remarkable suite of characters including an extensive skull roof,
an extensive secondary palate with a large contribution by the
jugal, and a reduced or absent ventral exposure of the basi-
sphenoid. This paper is an attempt to determine if these highly
functional characters (broad palate and complete skull roof)
result from shared common ancestry or if they might be the
result of convergent evolution. The four taxa that show these
characters are Sandownia harrisi from the Aptian of the Isle of
Wight, England (Meylan et al. 2000), Angolachelys mbaxi from
the Turonian of Angola (Mateus et al. 2009), an unnamed turtle
(‘‘the Glen Rose turtle’’) from the Albian Glen Rose Formation
of Texas (Barck 1992; Vineyard and Jacobs 2009), and the
turtle described as a new genus and species in this paper.

Sandownia harrisi is a remarkably well preserved skull
and partial lower jaw that has been described in detail
(Meylan et al. 2000). Its phylogenetic position was pro-
posed on the basis of a set of analyses that were relatively
limited in scope and it was considered to be a member of
the Trionychoidea.

Angolachelys mbaxi is known from a single, poorly
preserved skull that is badly broken dorsally. The type
description includes a brief treatment of the morphology of
the skull, a dentary, two procoelous cervicals, and an ungual
phalanx (Mateus et al. 2009). There is no data set in the type
description (a data set was made available to us by the
authors). A single tree selected by the authors from among
60 MPT was used to argue for recognition of the ‘‘Angol-
achelonia’’ including A. mbexi, S. harrisi, Solnhofia par-
sonsi, and the Glen Rose turtle.

The Glen Rose turtle is yet to be named and fully described
but it has been presented at several conferences (Vineyard
1999; Vineyard and Jacobs 2009) and is highly relevant to the
problem at hand. Derived characters were listed by Vineyard
and Jacobs (2009) and several of these are shared with the other
three taxa of interest here.
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The fourth taxon is named below. It is known from two
complete skulls, and a third skull that is missing the skull
roof but has associated lower jaws. These specimens were
collected by local people in the Ouled Abdoun Phosphate
Basin, Morocco. During the last decade, abundant fossil
turtles have been discovered in the Maastrichtian (Late
Cretaceous) to Ypresian (Early Eocene) phosphate deposits
of the Ouled Abdoun Basin. They include pleurodiran
bothremydids and cryptodiran chelonioid sea turtles (Karl
et al. 1998; Tong and Hirayama 2002, 2004, 2008; Gaffney
and Tong 2003; Hirayama and Tong 2003; Gaffney et al.
2006; Nour-Eddine et al. 2009; Tong et al. in press).
According to the local collectors, one of the skulls described
here, American Musuem of Natural History (AMNH) 30001,
was collected in the ‘dalle couche 2’ (Slab of layer 2) of the
‘Recette 4’ (Quarry 4), in the Ouled Abdoun Basin. Shark
teeth found in the matrix surrounding the specimens during
preparation included Palaeogaleus brivesi, Lamniformes
indet., Ixobatis mucronata, Plicatosyllium sp., Dasiatis
hexagonalis, Danogaleus gueriri, Rhinobatoid indet.,
Youssoubatis ganntourensis, Ctenopristis nougareti and
Squalus sp. This composition of Danian selachians mixed
with some Maastrichtian elements indicates a Danian age
(Cappetta, pers. com. 2001). These turtles were mentioned
as a ‘pitted cryptodire’ in Gaffney et al. (2006). Two of three
skulls and the lower jaw have been fully prepared and are
described herein. The specimens are housed in the American
Museum of Natural History (AMNH). It is certain that this
material represents an undescribed form and the occasion of
its description provides an opportunity to reconsider this
bizarre group of turtles. Thus, this paper has three purposes:
(1) to describe a remarkable new cryptodire from the
Paleocene of Morocco; (2) to examine the question of
monophyly of a set of possibly related Cretaceous and early
Tertiary cryptodires with extensive secondary palates and
extensive skull roofs; and (3) to determine the best
hypothesis of relationship among these turtles and other
cryptodires.

Systematic Palaeontology

Order Testudines Linnaeus 1758
Suborder Cryptodira Cope 1868
Parvorder Eucryptodira Gaffney 1975
Superfamily Incertae Sedis
Family Sandownidae nov.

Type genus: Sandownia Meylan, Moody, Walker and
Chapman 2000

Included genera: Sandownia Meylan, Moody, Walker
and Chapman 2000; Angolachelys Mateus, Jacobs, Polcyn,
Schulp, Vineyard, Neto and Antunes 2009; Brachyopsemys
gen. nov.

Diagnosis: Centrocryptodiran turtles (otic trochlea pres-
ent and internal carotid artery located deep within pterygoid)
with the jugal making a significant contribution to the tritu-
rating surface; pterygoids partly or completely cover basi-
sphenoid; premaxillae partly or completely fused and slightly
protuberant anteriorly; prefrontal L-shaped, with a posterio-
lateral process along the ventral margin of the orbit; external
process of the pterygoid absent and occipital condyle with
anterior location in between the articular surfaces of the
quadrate. Long symphysis of dentary; broad triangular lower
triturating surface that slopes ventrally from the coronoid
process and lacks labial and lingual ridges (known in San-
downia harrisi and the taxon described below).

Remarks: Mateus et al. (2009) named the unranked taxon
‘‘Angolachelonia’’ and defined it as the clade originating from
the most recent common ancestor of Angolachelys mbaxi and
Solnhofia parsonsi. Our phylogenetic studies (see below)
suggest that, as defined, Angolachelonia is a junior synonym of
Parvorder Eucryptodira (sensu Gaffney and Meylan 1988). We
have found strong support for monophyly of the clade con-
sisting of Angolachelys mbexi, Sandownia harrisi and the
taxon described below and chose to recognize this relationship
through the use of the family group name, Sandownidae, with
the well-preserved type genus Sandownia. Given that the name
‘‘Angolachelonia’’ is non-Linnaean, it cannot be construed as a
family-group name and as defined may be a synonym of an
ordinal group name. We find it more useful to construct this
new family-group name based on character diagnoses rather
than on a name based on a phylogeny that was selected from
among 60 MPT (Mateus et al. 2009). It is clear that the Glen
Rose turtle is a member of the family Sandownidae.

Brachyopsemys gen. nov.

Type species: Brachyopsemys tingitana sp. nov.
Etymology: Brachyops: Greek, short face; emys: Greek,

turtle.
Diagnosis: Skull broad and low, wider than long, rounded

anteriorly in dorsal view, with a very extensive skull roof
(more extensive than other sandownids), very shallow tem-
poral emargination with parietal-squamosal contact; orbits
facing anterolaterally, placed forward and closely spaced;
large triturating surface with a pair of deep pits in the jugal
(unique among cryptodires, seen also in the pleurodire family
Bothremydidae); unique among turtles in having prefrontal-
jugal contact present below orbit excluding maxilla from orbit
margin and a medial process of the jugal that forms a large,
flat, horizontal, plate-like flange within the fossa temporalis
inferior; unique among described members of the family
Sandownidae in having the incisura columellae auris open.

Brachyopsemys tingitana sp. nov.
(Figs. 13.1, 13.2, 13.3, 13.4).

Holotype: A complete skull (AMNH 30001).
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Holotype locality: Recette 4, Ouled Abdoun Basin,
Morocco.

Holotype unit and age: Dalle Couche 2, early Paleocene
(Danian).

Etymology: From Moretania Tingitana, an ancient
Roman province corresponding to northern Morocco.

Referred specimens: An incomplete skull, lacking the
skull roof, with associated lower jaw (AMNH 30558); a
complete skull (AMNH 30554).

Occurrence: Early Paleocene (Danian) of Morocco.
Diagnosis: Same as for genus.
Measurements: see Table 13.1.

Description

Preservation: AMNH 30001 is a well preserved complete
skull without deformation. Some areas within the fossa
temporalis remain filled with matrix. AMNH 30558 is a
nearly complete skull, lacking only the skull roof, with an
associated nearly complete lower jaw. This specimen has
been prepared to reveal much of the braincase, orbit floor
and otic region. AMNH 30554 is a complete skull that
remains to be prepared.

General aspect: The skull is low and broad, with a
rough external surface and scute sulci on the skull roof but
without obvious ornamentation. It has a nearly rounded
shape as seen from above but the lateral margins are par-
allel. The skull roof is complete, with very shallow temporal
emargination, which is even shallower than that of San-
downia harrisi (Meylan et al. 2000), but comparable to that
of Erquelinnesia gosseleti (Zangerl 1971). The crista su-
praoccipitalis does not extend beyond the posterior margin
of the skull roof so is not visible dorsally, but it does extend
significantly beyond the condylus occipitalis. The apertura
narium externa is oval-shaped and wider than high; facing
forward. The orbits are oval and quite small when compared
to those of extant chelonioids. They are placed very ante-
riorly, facing mainly forward and are very close to each
other. The interorbital bar is very narrow as in S. harrisi. In
lateral view, the skull roof slopes gently from the interor-
bital bar posteriorly. The cheek region, below the orbit, is
convex laterally to form a rounded swelling, giving the skull
a ‘chubby-cheeked’ aspect. The cheek emargination is very
shallow, shallower than in Sandownia, and is much lower
than the lower rim of the orbit. In ventral view, the tritu-
rating surface is very large and wide, with a pair of deep pits
located laterally. The condylus occipitalis lies anteriorly, in
line between the condylus mandibularis of the two
quadrates.

Skull roof scales: Some weak sulci are visible in AMNH
30001. On the midline, there is a pair of frontal scales
between the orbits, followed by a pair of frontoparietals and
a single parietal scale. The supraorbital scale lies posterior
to the orbit and lateral to the frontoparietal scale. Posterior
to it and lateral to the parietal scale is a temporal scale. One
suborbital scale can be distinguished on each side under the
orbit. Below it lies the maxillary scale (Figs. 13.1, 13.2).
Skull scale terminology follows Tong and Hirayama (2002).

Prefrontal: Both prefrontals are complete in AMNH
30001. The prefrontal is L-shaped with the vertical part
contributing to the narrow interorbital bar and a horizontal
part that forms a significant portion of the anterior and ventral
orbit margin. This condition is as in Sandownia harrisi, in
contrast to cheloniids, trionychids and most other turtles in
which the prefrontal has no laterally directed horizontal
branch. The vertical ramus contacts the frontal dorsally
between the orbits; ventrally, it forms the upper rim of the
apertura narium externa. The surface between the orbits and
the apertura narium externa is flat and nearly vertical. The
horizontal process extends from the vertical portion laterally
to form the anteroventral margin of the orbit and the anterior
margin of the foramen orbito-nasale. It is divided into two
branches by the foramen orbito-nasale: a smaller medial
branch turns posteriorly to contact the vomer medially and the
palatine posteriorly, and a larger lateral branch that forms the
ventral orbit margin and contacts the jugal laterally, palatine
posteriorly, and maxilla anteroventrally on the skull surface.
In addition, there is a very short prefrontal-maxilla contact
posterolaterally on the anterior edge of the orbital floor
between the palatine and jugal. The prefrontal of S. harrisi
differs in the longer dorsal branch, the smaller contribution to
the external nares and the absence of prefrontal-jugal contact.
The foramen orbito-nasale in Brachyopsemys is a large oval-
shaped opening (6.5 9 4 mm) lying on the anteromedial
corner of the orbit floor as in Chelonia mydas. In trionychids
such as Amyda cartilaginea and Lissemys punctata, this
foramen is much larger and more posteriorly placed.

Nasal: The nasal is clearly absent.
Frontal: Both frontals are complete in AMNH 30001. It

is a rather small and trapezoidal-shaped bone forming the
dorsal rim of the orbit. On the skull roof, the frontal contacts
the prefrontal anteriorly, the parietal posteriorly with a long
and transversal suture, and the postorbital posteriolaterally
by a short suture. The ventral surface of the frontal bears a
thick, blunt parasagittal ridge which separates the fossa
orbitalis laterally from the sulcus olfactorius medially. The
sulcus olfactorius is narrow anteriorly and widens posteri-
orly. The morphology of the frontal in AMNH 30001 is
similar to Sandownia harrisi. Trionychids also have a very
small frontal that contributes to the dorsal rim of the orbit,
while in cheloniids the frontal is larger.
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Parietal: The parietals are complete in AMNH 30001 but
are not fully prepared ventrally. Only small ventral portions of
the processus inferior parietalis are preserved in AMNH
30558. The parietal is a large and anteroposteriorly elongated
bone as seen from above, producing a large part of the skull
roof. On the skull roof, it forms the medial portion of the very
shallow temporal emargination and contacts the frontal

anteriorly, the postorbital anterolaterally, the squamosal pos-
terolaterally and the supraoccipital posteromedially. Contact
with the squamosal is extensive. The very complete skull roof
with parietal-squamosal contact is similar to Sandownia har-
risi, but the temporal emargination in the latter is deeper. A
parietal-squamosal contact is also present in cheloniids and
other turtles with an extensive skull roof (see Discussion).

Fig. 13.1 Brachyopsemys tingitana gen. et sp. nov., from the Danian (early Palaeocene) of Morocco. AMNH 30001, holotype skull,
photographs in: a dorsal, b ventral, c anterior, d left lateral, e posterior, and f right lateral views. Scale bar = 50 mm
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Fig. 13.2 Brachyopsemys tingitana gen. et sp. nov., from the Danian
(early Palaeocene) of Morocco. AMNH 30001, holotype skull,
interpretive drawings in: a dorsal, b ventral, c anterior, d left lateral,
e posterior, and f right lateral views. Scale bar = 50 mm. Abbrevi-
ations: bo basioccipital; ex exoccipital; FRPA frontoparietal scale; fr

frontal; FR frontal scale; ju jugal; mx maxilla; MX maxillary scale; op
opisthotic; pa parietal; PA parietal scale; pal palatine; pf prefrontal; pm
premaxilla; po postorbital; pr prootic; pt pterygoid; qj quadratojugal;
qu quadrate; so supraoccipital; sq squamosal; TE temporal scale; vo
vomer
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The anterior part of processus inferior parietalis in
AMNH 30001 is free of matrix; it is low and contacts the
palatine ventrally. The small pieces of the processus
inferior parietalis preserved in AMNH 30558 show the
contact with the palatine anteroventrally by a rather long
suture, the pterygoid ventrally, and the prootic postero-
ventrally. Ventrally, between the pterygoid and the proo-
tic, the parietal forms the upper margin of the foramen
nervi trigemini.

Postorbital: Both postorbitals are slightly damaged on
the skull roof of AMNH 30001, but the outline can be easily

made out. Only a very small portion of the postorbital is
preserved on the left side of AMNH 30558. The postorbital
is a large anteroposteriorly elongate sheet of bone forming
the posterior margin of the orbit. The postorbital has typical
contacts with the frontal anteromedially, the parietal pos-
teromedially, the jugal anterolaterally, the quadratojugal
laterally and the squamosal posteriorly. In addition, there is
a short postorbital-quadrate contact between the quadrato-
jugal and the squamosal only on the left side of AMNH
30001. This is considered as an anomaly, since there is
usually a quadratojugal-squamosal contact preventing

Fig. 13.3 Brachyopsemys tingitana gen. et sp. nov., from the Danian (early Palaeocene) of Morocco. AMNH 30554, referred skull, photographs
(left) and interpretive drawings (right) in: a–b dorsal, and c–d ventral views. Abbreviations see Fig. 13.2
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postorbital-quadrate contact among turtles. The fossa orbi-
talis is completely open posteriorly.

Jugal: The right jugal is complete in AMNH 30001,
while the left one is slightly damaged on its surface. In
AMNH 30558, both jugals are nearly complete, with the
dorsal part damaged on both sides.

The jugal is unusually large and strongly convex
dorsolaterally; it makes a large contribution to the lateral
skull surface as in Sandownia harrisi (Meylan et al. 2000).
But where the jugal and the maxilla have an equal contri-
bution to the lateral skull surface in S. harrisi, the jugal of
Brachyopsemys is much larger than the maxilla due to its
anterior enlargement. The jugal has the usual contacts with
the postorbital posterodorsally, the quadratojugal posteri-
orly, and the maxilla anteroventrally. A remarkable contact
occurs medially, along the lower orbit margin, where the
jugal meets the lateral process of the prefrontal excluding
the maxilla from the orbit. This condition is unique among
turtles. The jugal makes a small contribution to the anter-
olateral part of the orbit floor, where it contacts the maxilla
medially and the pterygoid posteriorly. Laterally in the
fossa temporalis inferior, there is a small foramen on the
lateral wall of the triturating surface lateral to the palatal pit.
This foramen is visible on both sides in AMNH 30558.

Ventrolaterally the jugal makes a large contribution to the
lower cheek margin where it turns medially to form a large
process, which is a flat, horizontal plate-like flange within the
fossa temporalis inferior. Posterior to the flange, there is a
well-developed lateral knob on the lower margin of the jugal
above the anterior part of the very shallow cheek emargina-
tion. This knob is well preserved on both sides of AMNH
30558. In AMNH 30001, the knob is clearly visible on the
right side, but less well-developed than in AMNH 30558;
while it is damaged on the left side. A similar structure
appears to be present in the Glen Rose turtle (Barck 1992).
This structure may be unique among turtles, however, a
similar knob is developed in some species of Palatobaena
(Lyson and Joyce 2009). This structure may be associated
with an M. zygomaticomandibularis, a muscle that has only
been identified in trionychids (Schumacher 1973). This

muscle extends from the medial surface of the jugal, qua-
dratojugal and quadrate to the lateral surface of the dentary
and surangular. The lower jaw of Brachyopsemys has a very
large area for muscle insertion ventral to and posterior to the
coronoid process that seems a very likely candidate for
insertion of this muscle. The medial process of the jugal de-
cribed above would provide additional area for origin of a
large M. zygomaticomandibularis. Small knobs in a smilar
location on the jugal of Apalone ferox have been illustrated by
Dalrymple (1977, Fig. 5).

The ventral surface of the jugal forms the posterolateral
portion of the triturating surface lateral to the maxilla and
pterygoid. Within the ventral surface of the jugal is a deep
palatal pit. This conical and dorsolaterally directed pit is
deep; it makes the jugal convex dorsolaterally on the skull
roof surface to give the skull a ‘chubby-cheeked’ aspect.
Laterally the pit is bordered by a vertical, thin ridge with a
sharp margin. On the ventral surface, the jugal contacts the
maxilla anteromedially and the pterygoid posteromedially.
A jugal-palatine contact is absent as in S. harrisi and tri-
onychids, in contrast to most cheloniids in which this con-
tact is present. The morphology and contacts of the jugal,
maxilla, palatine and pterygoid on the triturating surface in
Brachyopsemys are closely comparable to S. harrisi, how-
ever, the palatal pit is absent in the latter. Similar palatal
pits are known in some bothremydids (Gaffney et al. 2006),
but have never been reported in the Cryptodira.

Quadratojugal: Both quadratojugals are complete in
AMNH 30001. In AMNH 30558, the left quadratojugal is
nearly complete, but the right one is damaged.

The quadratojugal is a vertical, flat bone covering the
lateral side of the skull between the jugal and quadrate. It is
large as in Sandownia harrisi and cheloniids, in contrast to
the small quadratojugal of trionychids. Ventrally, it forms
the posterior portion of the very shallow cheek emargina-
tion. It contacts the jugal anteriorly, the postorbital dorsally
and the quadrate posteriorly. It contacts the squamosal on
the right side of AMNH 30001, but this contact is absent on
the left side of AMNH 30001.

Squamosal: Both squamosals are complete in AMNH
30001. In AMNH 30558, a small portion of squamosal is
preserved on the left side, the right one is missing.

The squamosal is a roughly rectangular flat bone, longer
than wide, covering the posterolateral corner of the skull
roof and contributing to the lateral portion of the temporal
margin. It contacts the postorbital anteriorly, the parietal
medially by a long suture and the quadrate ventrally. In
addition, the squamosal contacts the quadratojugal on the

Table 13.1 Measurements of Brachyopsemys tingitana gen. et sp.
nov., from the Danian (early Palaeocene) of Morocco (in mm.)

Length Width Height

Skull AMNH 30001 115 116 45

AMNH 30558 122 123 –

Lower jaw AMNH 30558 90 98 30

Fig. 13.4 Brachyopsemys tingitana gen. et sp. nov., from the Danian
(early Palaeocene) of Morocco. AMNH 30558, lower jaw, photo-
graphs (left) and interpretive drawings (right) in: a–b dorsal, c–d
ventral, e–f right lateral, and g–h lingual views. Scale bar = 50 mm.

Abbreviations: ang angular; art articular; cor coronoid; den dentary;
fdm foramen dentofaciale majus; pra prearticular; spl splenial; sur
surangular

b
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right side of AMNH 30001. The squamosal forms the roof
of the antrum postoticum, but the sutures on the ventral
surface, posterior to the cavum tympani are somewhat
confusing, the antrum postoticum seems to be formed
ventrally by the quadrate. If this interpretation is correct,
there is no squamosal-opisthotic contact. The large size and
the contact of the squamosal on the skull roof are compa-
rable to Sandownia and cheloniids, and other turtles with an
extensive skull roof; but different from the cone-shaped
squamosal of trionychids.

Premaxilla: The premaxilla is complete in AMNH
30001. AMNH 30558 has nearly complete premaxillae,
with the dorsal surface only slightly damaged.

In both AMNH 30001 and AMNH 30558, the right and
left premaxillae are completely fused as in Trionychia
(Meylan and Gaffney 1989) and Erquelinnesia (Zangerl
1971); there is no midline suture visible on dorsal nor on
ventral surface. The premaxillae are partially fused in
Sandownia (Meylan et al. 2000). Dorsally the premaxilla
forms the lower rim of the aperture narium externa and
contributes to the floor of the fossa nasalis where it contacts
the maxilla posterolaterally. The dorsal exposure of the
premaxilla is wide anteriorly and sends a median posterior
process between the maxillae. The dorsal surface of the
premaxilla bears a low and blunt parasagittal ridge. The
ridges of the right and left premaxillae together produce a
midline grove. This structure is clearly visible in AMNH
30001, in the prepared part of the fossa nasalis, but its
extent cannot be determined at the present state of prepa-
ration. This surface is damaged in AMNH 30558.

In ventral view, the premaxilla contributes to the anter-
omedial portion of the triturating surface and its labial
ridge. It contacts the maxilla posterolaterally. There is no
premaxilla-vomer contact on either the dorsal or ventral
surface. A premaxilla-vomer contact is present in most
cryptodiran turtles including Sandownia harrisi, but tri-
onychids usually have no vomer-premaxilla contact due to
the reduction of the ventral portion of the vomer and/or the
development of the foramen intermaxillaris. Cheloniids
may not have a vomer-premaxilla contact in ventral view
due to medial expansion of the palatine process of the
maxillae, but it may be retained dorsally in the floor of the
fossa nasalis (Gaffney 1979, p. 87). Thus the condition in
our specimens is more similar to that of trionychids.

Maxilla: Both maxillae are complete in AMNH 30001.
In AMNH 30558, they are nearly complete, but the dorsal
process is broken off on both sides.

Dorsally, the maxilla makes up the lateral margin of the
apertura narium externa and most of the fossa nasalis floor, but
it does not reach the orbital margin in contrast to all other
turtles. The maxilla has a reduced exposure on the skull surface,
where it contacts the premaxilla medially, the prefrontal
dorsomedially and the jugal posterolaterally. The lateral and

ventral surfaces of the maxilla and the premaxilla bear
numerous nutritive foramina, suggesting that they were cov-
ered by a large, thick rhamphotheca. However, the nutritive
foramina are larger, but sparser on the triturating surface than
on the lateral surface, which suggests that the rhamphotheca
was thicker on the feeding surface than on the lateral surface.
The extension of this epidermal jaw covering on the skull
surface is marked by a wide and shallow sulcus on the lateral
surface of the maxilla, along the maxilla-jugal suture. Such a
sulcus is also present in Sandownia harrisi (Meylan et al. 2000).

In the fossa nasalis, the maxilla contacts the premaxilla
anteromedially, the vomer posteromedially and the palatine
posterolaterally. The maxillae share a common midline
contact between the premaxilla and vomer on the fossa
nasalis floor. Although the maxilla does not contribute to
the orbit margin, it is exposed on the orbit floor as in other
turtles, but posterior to the jugal-prefrontal contact. The
exposure is triangular, narrowed posteriorly. There are two
foramina lying on its anterior end: the large lateral one
(about 2 mm in diameter) is the foramen supramaxillare,
whereas the very small medial one is interpreted here as the
foramen supraorbitale. The maxilla does not reach the
foramen orbito-nasale, in contrast to Chelonia mydas.
Maxillary contacts on the orbit floor include the jugal an-
terolaterally and laterally, the prefrontal anteromedially, the
palatine medially and the pterygoid posteriorly.

In ventral view, the maxilla, premaxilla, vomer, palatine,
jugal and pterygoid, all contribute to the very large, concave
triturating surface. This surface is bordered by a very thick
labial ridge. The labial ridge made by the premaxilla in the
middle is very low; it increases in height posterolaterally in
the maxilla. The triturating surface has no medial ridge and
no obvious posterior limit. Laterally, the maxilla slopes into
a very deep pit on the triturating surface. The pit lies near
the lateral border of the triturating surface and is formed
mainly by the jugal. The maxilla contributes to its medial
portion. On the triturating surface, the maxilla contacts the
premaxilla anteromedially, the vomer posteromedially, the
palatine and the pterygoid posteriorly, and the jugal later-
ally. In addition, the maxillae share a long common midline
contact between the premaxilla and the vomer. It has a very
small contribution to the apertura narium interna margin
between the vomer and the palatine. A maxillary midline
contact is commonly seen in trionychids because of the
reduction of the vomer. It may also occur in some living
cheloniids (Caretta caretta) or as an individual variation
(Gaffney 1979). This contact is absent in Sandownia harrisi.

Vomer: The vomer is complete in AMNH 30001. In
AMNH 30558, the dorsal surface of the vomer is damaged;
the remaining part is totally free of matrix.

The vomer is a small hourglass-shaped element. Ven-
trally, it has a very small exposure on the triturating surface
behind the long maxilla midline suture. It forms the
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anteromedial margin of the apertura narium interna. It
contacts the maxilla anteriorly and laterally on the tritu-
rating surface and on the floor of the fossa nasalis, but
apparently a vomer-palatine contact is prevented by the
maxilla. A reduced vomer with a long midline suture
between the maxillae is found in trionychids and carett-
ochelyids, whereas ventral exposure of the vomer is large in
cheloniids, and also in Sandownia harrisi. Dorsally, the
vomer sends a sagital process (vomerine pillar) to meet the
dorsal portion of the vomer between the palatines. The
vomerine pillar is short, its posterior end being anterior to
the anterior edge of the apertura narium interna. This
structure is visible in AMNH 30558, as well as in AMNH
30001 by CT scan.

Dorsally, on the orbit floor, the vomer contacts the pre-
frontal anterolaterally and the palatine laterally. Posteriorly,
there is a short vomer-pterygoid contact preventing palatine
midline contact.

Palatine: Both palatines are complete in both AMNH
30001 and AMNH 30558. In AMNH 30001, the ventral
surface is fully visible; but the posterior end of the dorsal
side is still covered by matrix. The palatine is free of matrix
on both dorsal and ventral sides in AMNH 30558.

The palatine is a C-shaped bone in cross section. The
ventral exposure of the palatine, on the triturating surface is
roughly diamond-shaped, lying posteromedial to the max-
illa. It contributes to the posteromedial portion of the trit-
urating surface and most of the apertura narium interna
margin. The apertura narium interna is located at about the
middle of the palatal surface of the skull, the position being
comparable to that of Sandownia harrisi. On the palatal
surface, the palatine contacts the maxilla anteriorly and the
pterygoid posteriorly. There is no palatine-jugal contact on
the palatal surface as in S. harrisi and trionychids. The
palatines lie very closely together on the triturating surface;
however, the vomer and maxilla prevent a palatine midline
contact. On the floor of the fossa nasalis, the palatines are
separated from one another by the vomer anteriorly and by
the pterygoid posteriorly.

The dorsal shelf of the palatine contributes to the medial
portion of the orbit floor, where it contacts the prefrontal
anteriorly, both medial and lateral to the foramen orbito-na-
sale. It meets the vomer medially, the maxilla anterolaterally,
and the pterygoid posteriorly. It seems that there is no palatine
midline contact on the dorsal surface. Anteriorly, the palatine
makes up the posterior margin of the foramen orbito-nasale;
and posteriorly, the medial rim of the foramen palatinum
posterius. The foramen palatinum posterius is a large and
anteroposteriorly elongate opening lying on the posterior end
of the palatine, on the palatine-pterygoid suture as in San-
downia harrisi. This foramen is usually located on the pala-
tine-maxilla or palatine-pterygoid suture in trionychids, but
lateral to the palatine; it is absent in cheloniids.

The dorsal process of the palatine appears to be a thin
sheet that covers the anterior part of the lateral wall of the
braincase. However, the pterygoid contacts the vomer dor-
sally and ventrally and appears to make up most of the
thickness of the side wall in AMNH 30558. The palatine
appears only to contribute to the thickness of the anterior
part of the side wall. A pterygoid-vomer contact excludes
palatine contact of the descending process of the parietal.

Epipterygoid: In AMNH 30558, there is a fragment of
bone on the left side wall of the braincase between the
foramen palatinum posterius and the foramen nervi trige-
mini that is located in the approximate position of the
epipterygoid. However, this could be a fragment of the
descending process of the parietal. Thus, at this time it is not
possible to say if the epipterygoid was present or absent.

Pterygoid: Both pterygoids are complete in AMNH
30001, but only the ventral side is free of matrix. They are
very slightly damaged in AMNH 30558 and prepared on
both ventral and dorsal sides.

In ventral view, the pterygoid is anteroposteriorly elon-
gate, forming the posterior part of the secondary palate
between the jugal and palatine where it has a short contact
with the maxilla anteriorly, as in Sandownia harrisi.
Medially the pterygoid forms the roof of the apertura na-
rium interna where they share a long, common, midline
suture between the vomer and the basioccipital. The pter-
ygoid completely covers the basisphenoid ventrally, so the
latter is not visible in palatal view. Anteriorly, in the
apertura narium interna, the pterygoid contacts the vomer
anteromedially and the palatine anterolaterally in AMNH
30558. These contacts are covered by matrix in AMNH
30001. The processus pterygoideus externus seen in most
cryptodires is absent. The lateral margin of the pterygoid is
a high and thin vertical ridge extending from the jugal
anteriorly to the quadrate posteriorly. Just anterior to the
processus articularis of the quadrate along this ridge is a
small protuberance. This structure is well preserved in
AMNH 30001, but slightly damaged in AMNH 30558.
Medial to this protuberance is a deep anteromedially-pos-
terolaterally directed groove, probably for pterygoideus
musculature. It is bordered laterally by a ridge that forms
the lateral margin of the pterygoid, which is continuous with
the processus articularis of the quadrate. Posteromedially
the groove is bordered by a low and thin ridge formed by
the quadrate and pterygoid. This groove extends postero-
laterally to the posterior surface of the processus articularis.
The pterygoid contacts the basioccipital posteromedially,
the exoccipital posteriorly and the quadrate posterolaterally.
A small foramen posterius canalis carotici interni lies under
the posteromedial ridge of the pterygoid-quadrate groove,
on the pterygoid-exoccipital suture. The foramen is well
preserved and visible in AMNH 30558, but remains covered
by matrix in AMNH 30001. It is formed mainly by the
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pterygoid; the exoccipital forms the dorsomedial margin. A
foramen carotico-pharyngeale as seen in Sandownia harrisi
is absent.

On the dorsal surface, the pterygoid contributes to the
posteriolateral portion of the orbital floor where it contacts
the jugal anterolaterally, the maxilla anteriorly, and the
palatine anteromedially. The foramen palatinum posterius is
visible dorsally in AMNH 30558, lying on the posterio-
medial corner of the orbit floor, on the pterygoid-palatine
suture. On both sides a clear, round depression is visible
posteriolateral to the foramen palatinum posterius. A mid-
line contact of the pterygoids is visible on the dorsal sur-
face, between the vomer and the basisphenoid. Dorsally, the
pterygoid contacts the parietal, and posterodorsally it con-
tacts the prootic and quadrate. The crista pterygoidea is very
thick and seems to form the entire lower portion of the
sidewall of the braincase. The foramen cavernosum is a
small slit-like opening. The sulcus cavernosus is narrow.

Quadrate: The quadrates are complete in AMNH
30001; they are damaged on both sides in AMNH 30558.

Laterally, the quadrate forms the C-shaped cavum tym-
pani. The cavum is small and deep, with deep dorsal and
anterior walls. The incisura columellae auris is widely open
posteroventrally as in cheloniids such as Chelonia mydas, in
contrast to the closed incisura of Sandownia harrisi and
trionychids. A small tubercle is present on the lower margin
of the incisura columellae auris, which is more developed in
AMNH 30558 than in AMNH 30001. A rounded and
shallow depression is present anterior to the incisura colu-
mellae auris. The antrum postoticum is preserved in both
sides of AMNH 30001, but it is full of matrix; it is also
partly preserved on the left side of AMNH 30558. It is
moderate in size. In lateral view, in addition to the usual
contacts with the quadratojugal anteriorly and the squa-
mosal dorsally, the quadrate contacts the postorbital anter-
odorsally by a short suture on the left side of AMNH 30001.

Dorsally, the quadrate forms the lateral portion of the very
large processus trochlearis oticum and contributes to the lat-
eral margin of the foramen stapedio-temporale (see prootic).
Ventrally, the quadrate forms the low processus articularis.
The posteromedial surface of the processus contains a con-
cavity that is continuous with the anteromedial-posterolater-
ally directed groove of the pterygoid. A small foramen chorda
tympani inferius lies within the posterior end of this groove,
posterodorsal to the condylus mandibularis. The condylus
mandibularis is roughly triangular; being wider than long; it is
divided by a parasagittal furrow into two facets: a larger lateral
one and a smaller medial one. In AMNH 30558, both facets are
slightly convex. In AMNH 30001, the lateral facet is convex
while the medial facet is flat. The quadrate contacts the pter-
ygoid anteromedially, the prootic anterodorsomedially, and
the opisthotic posteromedially. The fenestra postotica is a
relatively small and oval opening formed by the pterygoid

ventromedially, the quadrate laterally, the exoccipital medi-
ally and the opisthotic dorsally. It is closed medially and
separated from the foramen jugulare posterius.

Basisphenoid: The basisphenoid is not visible in AMNH
30001; it is nearly complete in AMNH 30558 and exposed
only on the dorsal surface. In ventral view, in both speci-
mens it is completely covered by the pterygoid and basi-
occipital, apparently due to the shortening of the posterior
part of the skull and extreme anterior location of the
occipital condyle. Sandownia also has reduced ventral
exposure of the basisphenoid, but a small basisphenoid
exposure is visible in ventral view, surrounded by the
pterygoid. The basisphenoid completely covered by ptery-
goid ventrally is also present in a solemydid referred to
Helochelydra nopcsai by Joyce et al. (2011).

In dorsal view, the basisphenoid is anteroposteriorly
elongate, forming the floor of the cavum cranii. The tra-
beculae meet in the midline to form the rostrum basisphe-
noidale. The sella turcica is a rather deep and
anteroposteriorly elongate depression which is open ante-
riorly between converging lateral margins. Some bone is
missing at the anterior end of the rostrum. The foramen
anterius canalis carotici internae lie at the posterior end of
the sella turcica. They are small and more widely spaced
than in cheloniids [C. mydas, Euclastes wielandi (AMNH
30022) from the Danian of Morocco phosphates, Hirayama
and Tong 2003]. The rostrum basisphenoidale is slightly
damaged at its anterior end; it is relatively long, although
not as rod-like as seen in cheloniids. The general mor-
phology of the rostrum and sella turcica is comparable to
that of Platysternon megacephalum (Gaffney 1979,
Fig. 63), but different from the short and widely separated
trabeculae of Sandownia harrisi, Ferganemys verzilini
(Nessov 1977), and trionychids. The rostrum is slightly
raised from the pterygoids allowing the passage of a rather
large canal between the basisphenoid and pterygoids. These
canals converge on the midline from each side. The anterior
opening of the canals, which lies under the rostrum, is
interpreted as the foramen anterius canalis caroticus late-
rale. The anterior location of this foramen is similar to the
condition in S. harrisi, and to some extent to Kallokibotion
bajazidi (Gaffney and Meylan 1992); but different from
Ferganemys, Amyda cartilagineus and Dermatemys mawii
in which this foramen is located more posteriorly and lateral
to the dorsum sellae (Gaffney 1979, Figs. 58, 59). The
foramen anterius canalis caroticus laterale is larger than the
foramen anterius canalis carotici interni, as in S. harrisi.

The dorsum sellae is high and does not conceal the sella
turcica, similar to Moroccan Euclastes wielandi (AMNH
30022). The processus clinoideus is broken off on both
sides, but the remaining base indicates their position at the
dorsolateral edge of the dorsum sellae. The posterior fora-
men nervi abducentis lies posterior to the processus
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clinoideus; the anterior foramen nervi abducentis is visible
on the lateral surface of the basisphenoid, under the pro-
cesssus clinoideus. The basis tuberculi basalis is a small
tubercule lying on the basisphenoid/basioccipital suture.
The basisphenoid contacts the pterygoid ventrally, the
prootic dorsolaterally and the basioccipital posteriorly.

Basioccipital: The basioccipital is complete in both
specimens, but only in AMNH 30558 are both the dorsal
and ventral surfaces prepared. The basioccipital is an arrow-
shaped bone in ventral view. There are some differences
between AMNH 30001 and AMNH 30558. In 30001, the
ventral surface of the basioccipital is shorter and concave
with a rounded depression in the middle. While in AMNH
30558, the basioccipital is longer anteroposteriorly; a slight
transverse crest divides the basioccipital into an anterior
triangular and flat part, and a slightly concave posterior
part; there is no rounded depression on it. Posteriorly, the
basioccipital forms the ventral portion of condylus occipi-
talis. The condylus is well ossified, differing from the car-
tilaginous condyle seen in the holotype of Sandownia
harrisi. The tuberculum basioccipitale is absent. The con-
dylus occipitalis lies in line with the condylus mandibularis
of the quadrate, as in S. harrisi. On the ventral surface, the
basioccipital contacts the pterygoid anteriorly by an inverse
V-shaped suture and the exoccipital laterally.

The dorsal exposure of the basioccipital on the floor of
the cavum cranii is a small triangle. It bears most of the
basis tuberculi basalis which is an anteroposteriorly elon-
gated tubercle on the basioccipital-basisphenoid suture. In
dorsal view, the basioccipital contacts the basisphenoid
anteriorly, the opisthotic anterolaterally and the exoccipital
posterolaterally.

Exoccipital: Both exoccipitals are complete in AMNH
30001, but damaged in AMNH 30558. The exoccipital
forms the dorsal portion of the condylus occipitalis, the
lateral margin of the foramen magnum and extends laterally
to the medial margin of the fenestra postotica. It contacts
the pterygoid ventrolaterally, the basioccipital ventromedi-
ally, the opisthotic dorsolaterally and the supraoccipital
dorsally. The foramen jugulare posterius is a small oval
opening on the exoccipital/opisthotic suture but is mostly
formed by exoccipital. It is completely enclosed and sepa-
rated from the fenestra postotica by exoccipital and opis-
thotic as in Chelydra serpentina (Gaffney 1979, Fig. 95),
but differs from the condition in Sandownia harrisi. Two
foramina nervi hypoglossi of equal size, lie on the posterior
surface of the exoccipital. They are also visible on the
dorsal surface of exoccipital in the floor of the cavum cranii
of AMNH 30558.

Supraoccipital: The supraoccipital is complete but not
fully prepared in AMNH 30001; the anteromedial part is
still covered by matrix. In AMNH 30558, only a small
portion of the supraoccipital is preserved on the left side. As

in Sandownia harrisi, the dorsal exposure of the supraoc-
cipital on the skull roof is very small. It is diamond-shaped
and posterior to the parietals. The crista supraoccipitalis is
complete on AMNH 30001. It is long but completely cov-
ered by parietals dorsally, as in Erquelinnesia gosseleti. The
supraoccipital forms the upper rim of the foramen magnum
and contacts the parietal anterodorsally, the prootic and
opisthotic laterally and the exoccipital ventrally.

Prootic: Both prootics are complete in AMNH 30001,
but due to the very complete skull roof, its dorsal surface is
not prepared. Only the ventral side of the right prootic is
visible. In AMNH 30558, both prootics are prepared on
ventral and dorsal sides; the left prootic is nearly complete;
the right one is damaged.

The prootic forms the medial part of an obvious pro-
cessus trochlearis oticum. The processus is very large and
curved. It is convex dorsally and concave ventrally with a
sharp anteroventral edge. The processus is formed by the
prootic medially and the quadrate laterally, the prootic
contribution to the process being less than that of the
quadrate. The size of the process is comparable to that of
Euclastes wielandi from Morocco, but smaller than that of
Tasbacka ouledabdounensis (Tong and Hirayama 2002) and
Erquelinnesia gosseleti (Zangerl 1971). In E. wielandi the
processus has a nearly flat ventral surface and it is formed
equally by prootic and quadrate. In this new taxon, the
ventral surface of the processus is more concave and mostly
formed by the quadrate. In the Trionychoidae, there is
‘‘large portion of processus trochlearis oticum made up by
parietal’’ (Meylan and Gaffney 1989, p. 46). Adocus sp. also
has an unusually large and developed processus trochlearis
oticum (Meylan and Gaffney 1989) that is formed by the
parietal, prootic and quadrate, as in trionychids, and it is
dorsally concave, unlike the case in our specimens in which
the process is dorsally convex.

The foramen stapedio-temporale is complete on the left
side of AMNH 30558, and damaged on the right side. This
area is not prepared in AMNH 30001. The foramen lies on
the prootic-opisthotic-quadrate suture. It is a large opening
(3 mm in diameter anteroposteriorly) and extending medi-
ally from it is a large and deep groove. It is much larger than
the foramen anterius canalis carotici interni. The difference
in size between these two foramina seems to be comparable
to Plesiochelys spp. and Portlandemys mcdowelli (Gaffney
1976). The foramen and the groove are formed mainly in
the prootic. The quadrate contribution is limited to the
anterolateral margin of the foramen and the opisthotic
contributes to the posterolateral margin. On the dorsal
surface of the otic chamber, the prootic contacts the su-
praoccipital posteromedially, the opisthotic posteriorly and
the quadrate laterally. A prootic-parietal contact is not
preserved in AMNH 30558, and not visible in AMNH
30001. In AMNH 30558, the supraoccipital and the medial
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part of the prootic are missing on the right side, exposing
the cavum labyrinthicum. The fenestra ovalis and the
recessus labyrinthicus prooticus are visible within.

Anteroventrally, the prootic forms the dorsal margin of
the foramen nervi trigemini, which is well preserved on the
left side of AMNH 30558. This foramen is a small rounded
opening. The prootic contacts the pterygoid ventromedially.

Opisthotic: Both opisthotics are complete in AMNH
30001 and on the left side of AMNH 30558. The right
opisthotic is damaged in AMNH 30558. Only the posterior
surface is exposed between the exoccipital and quadrate in
AMNH 30001, it is fully prepared in AMNH 30558.

The opisthotic is a blade-like bone, forming the dorsal
margin of the fenestra postotica, part of the dorsal roof of
the cavum acustico-jugulare, and dorsolateral margin of the
foramen jugulare posterius. On the dorsal surface, it con-
tributes also to the posterolateral margin of the foramen
stapedio-temporale. The opisthotic contacts the prootic
anteriorly, the quadrate laterally, the supraoccipital dorso-
medially and the exoccipital ventromedially.

In the right cavum labyrinthicum of AMNH 30558, the
processus interfenestralis, the recessus labyrinthicus op-
isthoticus, and the canalis semicircularis posterius are
exposed. The hiatus acousticus and the foramen jugulare
anterius are visible on both sides.

Lower jaw (Fig. 13.4): The lower jaw of AMNH 30558
is nearly complete; with the left ramus slightly damaged.

Dentary: The right dentary is complete; the left one is
slightly damaged. The left and right dentaries are fused as in
most turtles. The dentary forms a large triturating surface
and most of lateral surface of the ramus. It contacts the
coronoid dorsally, the surangular posteriodorsolaterally and
the angular posteroventrally. The triturating surface is large,
wide and almost flat. The labial margin forms an obtuse
angle; the lingual margin is parallel to the anterior portion
of the labial margin. The symphysis is long and forms the
highest point of the triturating surface. The surface slopes
downward from the back to the front and from the sym-
physis laterally. There is neither lingual nor labial ridge on
the lower triturating surface, but a median notch is present
at the anterior margin. However, the posterolateral border of
the triturating surface bears a small ridge which delimits a
small depression posteromedial to it, anterolateral to the
processus coronoideus. This small depression faces the deep
pit in the jugal on the upper triturating surface when the
lower jaw is attached to the skull. Very large nutrient
foramina on the anterior part of the lower triturating surface
suggest that the rhamphotheca was thicker anteriorly than
posteriorly. The morphology of the triturating surface is
very different from cheloniids which have an extensive
secondary palate such as Erquelinnesia gosseleti. (Zangerl
1971), Euclastes spp. (Zangerl 1953; Hirayama and Tong
2003), Tasbacka spp. (Nessov 1987) and pitted pleurodires

such as Bothremys spp. (Gaffney and Zangerl 1968; Gaffney
et al. 2006). The lower jaw is quite comparable to that of
Sandownia harrisi in that (1) the symphysis of the dentary
is long, (2) the lower triturating surface is broad and tri-
angular and slopes ventrally from the coronoid process, (3)
labial and lingual ridges are absent, and (4) there is a clear
constriction anterior to the coronoid. However, Sandownia
differs in that is has a longer symphysis and stronger
constriction.

The ventral surface of the lower jaw is perfectly flat and
horizontal with a midline groove under the triturating sur-
face. The groove is narrow posteriorly and widens anteri-
orly resulting in a median notch that is seen in dorsal view.
The lingual surface of the dentary bears a deep sulcus
cartilaginis Meckelii. The foramen alveolare inferius is a
small oval opening lying on the bottom of the sulcus. At the
posterior end of the sulcus, there is a small sutural area
along the lower margin just opposite of another larger
sutural area on the coronoid. These suture surfaces are
presumably for contact with the splenial which appears to
have been lost on both sides.

The lateral surface of the lower jaw posterior to the
triturating surface bears a deep longitudinal groove along its
lower margin, which is bordered by a sharp horizontal ridge
inferiorly. The lateral surface of the dentary above the
groove is generally convex laterally, with a shallow
depression just below the small lateral ridge of the lower
triturating surface mentioned above. In this depression
is a small, rounded foramen dentofaciale majus. A blunt
and very low anterodorsally–posteroventrally directed
swelling lies under the coronoid process. A more developed
ridge is present along the dentary-surangular suture (see
surangular).

The lateral depression of the dentary extends onto the
surangular and all the way to the posterior end of the ret-
roarticular process. It would appear to form an enlarged area
for insertion of a very well developed zygomaticomandib-
ularis muscle as in trionychids. In particular, the sharp
horizontal ridge along the ventral margin of the dentary is in
the same location as a ridge that marks the ventral limit of
insertion of this muscle in a jaw of Apalone ferox.

Coronoid: The left coronoid is complete, while the right
one is slightly damaged. The coronoid alone forms the
rather tall processus coronoideus which lies at about mid-
length of the ramus. The anterior surface of the process
bears a deep pit in the posterior part of the lower triturating
surface. There is a small foramen on the bottom of the pit on
the left side, while three foramina are present in the right
pit. The tall coronoid process lying at the midpoint of the
jaw ramus length is present in trionychids, Adocus sp.
(Meylan and Gaffney 1989) and carettochelyids [Carett-
ochelys insculpta (Gaffney 1979), Anosteira maomingensis
(Tong et al. 2010)]. The process of AMNH 30558 is more
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developed than that of cheloniids, such as Chelonia mydas
and Lepidochelys kempii, but not as tall as in members of
the Trionychoidae, such as Adocus sp., Amyda cartilaginea,
and carettochelyids. The coronoid process is formed by the
coronoid only in AMNH 30558, like that in carettochelyids,
but unlike in Adocus sp. and A. cartilaginea (Meylan and
Gaffney 1989, Fig. 9) and Lissemys punctata, in which the
dentary makes up part of the process. Sandownia harrisi
also has a tall coronoid process formed only by the coro-
noid, which is similar to AMNH 30558.

Posteriorly, the coronoid contributes to the margin of the
fossa Meckelii; ventromedially it forms part of the upper
margin of the sulcus cartilaginis Meckelii. On the lateral
margin of the fossa Meckelii, the coronoid forms, together
with the surangular posteriorly, a dorsal process. The cor-
onoid contacts the dentary anteriorly and ventrolaterally,
the surangular posterolaterally and the prearticular pos-
teromedially. A sutural surface can be seen on the lower
margin of the medial surface of the coronoid, which is
presumably for the splenial contact.

Surangular: Both surangulars are complete. The sur-
angular forms the posterolateral part of the jaw ramus. A
well developed ridge along the dentary-surangular suture
extends posteriorly onto the surangular and roughly parallel
to the lateral margin of the area articularis mandibularis.
There is a small, apparently unnamed foramen under the
ridge, and above the dentary-surangular suture. Anterodor-
sally, the surangular contributes to the posterolateral rim of
the fossa Meckelii and the small process on the lateral
margin of the fossa (see coronoid). The surangular contacts
the coronoid anterodorsally, the dentary anteroventrally, the
articular posterodorsally and the angular posteroventrally.
The foramen nervi articulotemporalis is a small, anterior-
facing opening that lies under the anterolateral part of the
area articularis mandibularis.

Prearticular: The right prearticular is complete; the left
is a little damaged. The prearticular is a sheet of bone
contributing to the medial rim of the fossa Meckelii. It
contacts the coronoid anteriorly, the articular posteriodor-
sally and the angular ventrally. There is a suture surface on
the anteroventral margin of the prearticular, which is a
continuation of a similar surface on the coronoid and is
opposite to a sutured surface on the dentary. These suture
surfaces are presumably for the splenial contact, although
the splenial is not preserved.

Articular: Both articulars are slightly damaged at their
posteromedial surface. The articular forms the large area
articularis mandibularis which is made up by two facets: the
larger lateral facet and smaller median one. Both medial and
lateral facets are slightly concave and separated by an an-
teroposteriorly elongated swelling. Posterior to the articular
area, the processus retroarticularis is damaged, so the whole
shape and length cannot be determined. The articular

contacts the surangular ventrolaterally, the prearticular
ventromedially. The foramen posterius chorda tympani is
not preserved on either side.

Angular: Both angulars are almost complete. The
angular makes up the posteroventral part of the lower jaw. It
contacts the dentary anteriorly, the prearticular dorsomedi-
ally and the surangular dorsolaterally. Ventrolaterally, the
angular makes up, with the dentary, a sharp and horizontal
ridge at the lower margin of the ramus, above and along this
ridge lies a long and deep groove.

Splenial: The splenial itself is not preserved on either
side, but sutured surfaces on the coronoid, prearticular and
dentary posterior to the sulcus cartilaginis Meckelii indicate
its presence. These sutured surfaces can be seen on both
sides of the lower jaw, but are better preserved on the right
side. The presence of the splenial is primitive since it is
absent in most recent turtles but it occurs commonly in
Mesozoic forms (Gaffney 1979).

Discussion

Morphology of Brachyopsemys

This is the first report of palatal pits in a member of the
Cryptodira. Palatal pits were previously known only in one
group of pleurodires; they characterize the subtribe Bothr-
emydina in the family Bothremydidae (Gaffney et al. 2006).
This subtribe includes five genera and nine species, and has
a wide geographic distribution (North America, North
Africa, Southern Europe and Middle East) and a long
geological range (Late Cretaceous to Eocene). Within the
Bothremydina is one genus (two species) that lack palatal
pits, and they are considered to be secondarily lost. Both
Brachyopsemys and members of the Bothremydini have a
low, broad skull and extensive secondary palate. The gen-
eral morphology and position of the palatal pits in
Brachyopsemys is comparable to those of Bothremydina,
such as Bothremys maghrebiana (Fig. 13.5b). However,
when compared in detail, some differences can be noted in
the morphology and composition of the secondary palate.
Brachyopsemys has a complete secondary palate without
midline separation. A similar condition is also known in
cheloniids (Erquelinnesia, Tasbacka, Euclastes, Puppige-
rus) and the eurysternid, Solnhofia parsonsi. The secondary
palate of Bothremydina is divided by a midline groove. In
addition, the palate of Brachyopsemys has a significant
contribution by the pterygoid, in contrast to Bothremydini.
The exact composition of the pits also differs. In Bothre-
mydina the palatal pits are formed by the maxilla, jugal and
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palatine; while in Brachyopsemys, the pits are formed by the
maxilla and jugal only, without a contribution from the
palatine. The jugal contributes to the palatal pit laterally in
Brachyopsemys rather than posteriorly or only on the bot-
tom of the pit, as seen in Bothremydina.

Among turtles with pitted palates, the shape and the
depth of the pit varies, from a wide and relatively shallow
depression to a well-defined and deep rounded pit. The
appearance of a secondary palate in turtles appears to be a
trophic modification with the development of the triturating
area into a broad crushing surface (Meylan et al. 2000).
Turtles with enlarged triturating surface usually have
durophagous diet. The function of such a pit is likely to help
to hold slippery shells (brachiopods, mollusks) to facilitate
crushing. Variation in the shape and size of the pits prob-
ably limits the size range of the prey.

Phylogenetic Analysis

In an attempt to understand the phylogenetic position of
this new taxon, we scored it for the data set developed by
Gaffney et al. (1991) and expanded by Shaffer et al.
(1997) and Near et al. (2005). This data set is further
expanded here to include additional taxa and new char-
acters. Characters 1–41 are those of Gaffney et al. (1991)
and are described in that paper. Characters 42–115 are
described in Shaffer et al. (1997). Characters 116–142
were used in analyses to place fossils in Near et al. (2005)
but were not described in that paper. They are included
here (Appendices 13.1 and 13.2) along with descrip-
tions and scores of seven additional characters that were
added to help resolve the position of Brachyopsemys.
Thus, scores for a total of 149 characters are given in

Fig. 13.5 Comparison of a pitted palate cryptodire (Brachyopsemys) and pleurodire (Bothremys). a Reconstruction of palate of Brachyopsemys.
b Reconstruction of palate of Bothremys maghrebiana (after Gaffney et al. 2006). Not to scale
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Appendix 13.2. During the course of this study, it was
noted that character 23 of Gaffney et al. (1991) is the same
as character 109 of Shaffer et al. (1997). The description
of character 109 is more complete so character 23 was
effectively deleted from the data set by scoring all taxa as
‘‘?’’. This method for eliminating character 23 means that
characters were not renumbered which we expect will
facilitate comparisons among studies.

In order to examine the possiblity that Brachyopsemys
might be related to Sandownia and Angolachelys and to
test the hypothesis that these taxa may be more closely
related to Solnhofia than to other cryptodires [i.e., mem-
bers of the ‘‘Angolachelonia’’ of Mateus et al. (2009)], we
have included Solnhofia on the basis of Gaffney (1975)
and Joyce (2000), Thalassemys moseri on the basis of
Rieppel (1980), Erquelinnesia on the basis of Zangerl
(1971), Angolachelys on the basis of Mateus et al. (2009),
Euclastes on the basis of Hirayama and Tong (2003);
Tasbacka on the basis of Tong and Hirayama (2002) and
Nessov (1987), and Brachyopsemys based on the current
study. The ‘Glen Rose turtle’ is not included in our cla-
distic analysis.

Danilov and Parham (2005) have noted that a skull
previously interpreted as Lindholmemys (Nessov 1986;
Shaffer et al. 1997) is an adocid, necessitating removal of
this genus from the data set.

Fig. 13.6 Majority-rule consensus tree of 65 trees of 366 steps each,
resulting from a heuristic search of the data set given in Appendix 2
(excluding the shell taxa Peltochelys, Aspideretes maortuensis,
Hadrianus, Hoplochelys, and Pelusios rusingae), showing inferred

relationships of the new genus Brachyopsemys (bolded) and the new
family Sandownidae. Majority-rule values are given to left of each
branch; bootstrap values greater than 50 (for 100 replicates) are given
to right of each branch

Results of Phylogenetic Analysis

We are able to code 58 of 149 characters for Brachyopsemys.
For this analysis five shell taxa that seemed to be of little
relevance to this study (Peltochelys, Aspideretes maortuen-
sis, Hadrianus, Hoplochelys and Pelusios rusingae) were
excluded. A heuristic search using PAUP* 4.0b of the data set
given in Appendix 13.2 produced 65 equally parsimonious
trees of 366 steps each. A majority-rule consensus tree is
given in Fig. 13.6. The percent of 366 trees supporting each
node is given above the preceding stem, values for 100
bootstrap replicates is indicated below each stem.

Monophyly of Sandownidae

The monophyly of Sandownidae is supported by a series of
characters including the significant contribution made by
the jugal to the upper triturating surface, the posterior
extension of the pterygoids to partly or completely cover the
basisphenoid, the partial or complete fusion of the prem-
axillae that are slightly protuberant anteriorly, the absence
of the external process of the pterygoid, the absence of the
foramen praepalatinum, and the L-shaped prefrontal that
sends a posteriolateral process along the ventral margin
of the orbit (this reaches the jugal in Brachyopsemys).
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In addition, all three taxa show a complete skull roof in
which parietal-squamosal contact excludes the postorbital
from temporal exposure (Table 13.2).

The Phylogenetic Position of Sandownidae

Brachyopsemys and the other members of the Sandownidae
can be referred to the Cryptodira on the basis of a very well-
developed processus trochlearis oticum for the main adduc-
tor tendon of the jaw adductor musculature (Gaffney and
Meylan 1988). The morphology of the pterygoid and in
particular the condition of the palatine artery and internal
carotid artery suggest referral to the Polycryptodira (Gaffney

1996). Although monophyly of the family seems firmly
supported, the position of the Sandownidae among the
Polycryptodira is problematic. Meylan et al. (2000) focused
on the trionychoid-like features of Sandownia harrisi and
employed an analysis of limited scope to suggest that this
form was a trionychoid related to Carettochelys and the
Trionychidae. However, those authors acknowledged that
Sandownia has features of the Chelonioidea. Joyce (2007)
included Sandownia in his cladistic analysis of Mesozoic
turtles, and suggested that Sandownia has ‘‘no firm affinities
with any group of Cryptodires’’. He also stated that ‘‘place-
ment of Sandownia harrisi as sister to ‘Talassemys marina’
within Clade 20 only requires one step more than its place-
ment as a basal representative of Trionychoidea’’ (Joyce
2007, p. 66). His choice among alternative options for

Table 13.2 Characters shared by Brachyopsemys, Sandownia, Angolachelys, and the unnamed Glen Rose turtle

Characters Brachyopsemys Sandownia Angolachelys Glen Rose
turtle

Very short face with orbits facing forward Yes Yes Yes Yes

Extensive skull roof with shallow temporal emargination Yes Yes Yes Yes

Skull roof extensively scaled Yes Yes ? ?

Squamosal-parietal contact Present Present Present Present

Long postorbital contacting squamosal Yes Yes Yes Yes

Lateral process of prefrontal extends to middle of ventral margin of orbit Yes Yes Yes ?

Prefrontal-jugal contact excluding maxilla from orbit margin Present Absent Absent ?

Extensive secondary palate with internal nares located at midlength of skull Yes Yes Yes Yes

Thick, rounded labial ridge of upper triturating extending across premaxilla
and maxilla

Yes Yes Yes Yes

Fused premaxillae Completely Partially Completely ? ?

Vomer on palate Very small Large Large ? ?

Vomer-premaxilla contact Absent Present ? Present

Palatines excluded from midline contact on palate Yes Yes ? Yes

Jugal contribution of lateral part of palate Yes Yes Yes Yes

Maxilla-pterygoid contact excludes palatine-jugal contact Yes Yes Yes Yes

Palatal pit Present Absent Absent Absent

Processus externus pterygoidei Absent Absent Absent Absent

Foramen palatinum posterius Present Present Absent ? Present

Pterygoids cover basisphenoid ventrally Completely Partially Completely Completely

Occipital condyle in line with condylus madibularis of quadrate Yes Yes Yes Yes

Incisura columellae auris Open Closed Closed ?

Foramen jugulare posterius and fenestra postotica Separated by
bone

Confluent ? ?

Long canalis caroticus lateralis with foramen anterior canalis caroticus
lateralis located anteriorly

Yes Yes ? ?

Long symphysis of dentary Yes Yes Yes ?

Broad triangular lower triturating surface that slopes ventrally from the
coronoid process and lacks labial and lingual ridges

Yes Yes ? ?

Tall, posteriorly hooked coronoid process Yes Yes ? ?
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placement of Sandownia was based in part on stratigraphic
considerations. In spite of the fact that three species of san-
downid are now known from skulls, we have to agree with
the conclusion of Joyce (2007) stated above. Although the
phylogenetic utility of the skull of turtles has been firmly
established over the last four decades, the observation that no
firm conclusion can yet be made about the phylogenetic
position of the Sandownidae suggests that there may be
occasions in which it will be availability of well preserved
shells that will result in resolution of turtle phylogeny. The
trionychoid and chelonioid features of the Sandownidae are
discussed below.

Two important characters bearing on the phylogenetic
position of the Sandownidae merit further discussion. Our
assessment of the material described by Mateus et al. (2009)
suggests that nasals are probably absent from Angolachelys
mbexi. However, the authors interpreted the material to
include nasals. Nasals are also reported as present in the
Glen Rose turtle and ‘‘not expanded laterally and displaced
anteriorly by the prefrontals’’ (Barck 1992, p. 18). If the
Sandownidae were derived from a primitive chelonioid
stem, one might expect nasals to be present basally. Simi-
larly, Mateus et al. (2009) have interpreted the foramen
palatinum posterius to be absent in Angolachelys as in
chelonioids (they are present in Sandownia and Brachy-
opsemys). We consider the preservation in this area of the
palate of Angolachelys to be questionable. Absence of the
foramen palatinum posterius would be a chelonioid feature
but presence in Sandownia and Brachyopsemys would
require a reversal of this character.

Trionychian Features of Sandownidae

Although Brachyopsemys has some contribution by the
palatine to the sidewall of the braincase, an important
character of Trionychoidae and Kinosternidae, the contri-
bution cannot be considered to be as significant as in
Adocus sp. (Meylan and Gaffney 1989) or other taxa that
have been referred to these two groups. Rather the dorsal
plate of the palatine overlaps the lateral surface of the
anterior part of a greatly thickened crista pterygoidea
forming a thin veneer on the lateral surface. There is no
contact to the descending process of the parietal as is seen in
Trionychia and kinosternids. This condition differs from
both chelonioids and trionychoids, but is somewhat closer
to trionychoids. In fact, the contribution of the palatine to
the sidewall of the braincase is related to the length of the
sidewall itself and the position of the palatine. In trion-
ychoids, the sidewall of the braincase is long, the ventral
portion being made by the palatine anteriorly and pterygoid
posteriorly. While the chelonioids have a very short and tall

sidewall of the braincase, in which the ventral portion is
made up entirely by pterygoid. The relative position of the
palatine to the braincase in Brachyopsemys specimens thus
more closely resembles the condition in trionychoids. The
fact that the palatine does not contribute to the whole
thickness of the sidewall of the braincase is due to the
anterior position of the pterygoids. The palatine midline
contact can be thus considered as secondarily lost, probably
due to the forward shift of the basicranium. The type
description of Angolachelys indicates that the palatine does
not reach the sidewall of the braincase.

Members of Sandownidae also resemble the Trionychia
in the absence of the external process of the pterygoid
(character 77), the reduced vomer (not reduced in San-
downia harrisi), the maxillae meeting on the midline
between the premaxilla and the vomer, and partial or
complete fusion of the premaxillae (character 81). Fused
premaxillae are also present in the cheloniid Erquelinnesia
gosseleti (Zangerl 1971). The completely fused premaxillae
in Brachyopsemys and Angolachelys are more derived than
partially fused premaxilla in Sandownia (Meylan et al.
2000). The tall coronoid process located near the middle of
the mandibular ramus is also present in Trionychoidae, such
as the adocid Adocus (Meylan and Gaffney 1989), the
nanhsiungchelyid Zangerlia neimongolensis (Brinkman and
Peng 1996) and the carettochelyid Anosteira maomingensis
(Tong et al. 2010). There is vomer to pterygoid contact
(character 75) in Sandownia, Angolachelys and Brachy-
opsemys as in Trionychia.

The zygomaticomandibularis muscle is only reported
from the Trionychidae (Schumacher 1973). However, sur-
veys of the jaw musculature of living turtles are still
incomplete and careful study of the homology of this
muscle and the identification of criteria for its detection in
fossil skulls remain to be established. However, the possi-
bility that further study of this muscle might help to eluci-
date relationships of the Sandownidae should not be
overlooked. Sandownia harrisi would appear to have the
same depressed area below the coronoid on the lateral
surface of the jaw (Meylan et al. 2000, Fig. 4c).

Other important characteristics of the Trionychia are
clearly absent from members of Sandownidae including
parietal contribution to the processus trochlearis oticum
(character 74) and the enlarged basisphenoid (character 79).
In fact the basisphenoid is reduced (at least in ventral
exposure) in sandownids. Furthermore, Brachyopsemys has
a large foramen stapedio-temporale which is much larger
than the foramen anterius canalis carotici interni. This
suggests that it lacks ‘decrease of stapedial circulation and
increase of carotid circulation’, a feature previously con-
sidered a synapomorphy of Trionychoidea (Meylan and
Gaffney 1989). Recent studies on the cranial circulation of
turtles do not support the monophyly of Trionychoidea
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(Trionychoidae plus Kinosternoidae) (Jamniczky and Rus-
sell 2007; Jamniczky 2008), as is also the case for recent
molecular phylogenies (Shaffer et al. 1997; Fujita et al.
2004). The enlarged foramen stapedio-temporale in
Brachyopsemys may represent a primitive condition
as seen in Testudinoidea, primitive cheloniids and also
plesiochelyids.

Chelonioid Features of Sandownidae

The most apparent suite of chelonioid characters of San-
downidae is a set of correlated characters of the skull roof.
Because of strong parietal-squamosal contact (character
15), temporal exposure of the postorbital (character 111) is
absent as is the presence of a short postorbital exposed by
temporal emargination (character 142). Although contact of
the parietal and squamosal is present in Proganochelys
quenstedti (Gaffney 1990) and primitive cryptodires such as
Dorsetochelys delairi (Evans and Kemp 1976), Mesochelys
durlstonensis (Evans and Kemp 1975), and some baenids
(Gaffney 1979), posterior exposure of a long postorbital in
chelydrids and some potentially basal chelonioids (i.e.,
Toxochelys latiremis) suggests that the extensive skull roof,
that includes parietal-squamosal contact in some members
of the Chelonioidea, may be a reversal to the primitive
condition.

The antrum postoticum (character 140) is small in all
members of the Sandownidae for which it is known as is the
case in chelonioids. Similarly the foramen praepalatinum is
absent from the palate (character 145) in both groups. This
foramen is also absent in Trionychia but in this case absence
is due to the presence of a large intermaxillary foramen.

The fortuitous preservation of Brachyopsemys specimen
AMNH 30558 allows study of the floor of the braincase and
reveals what may be the most important chelonioid-like
characters. The trabeculae of the basisphenoid clearly
converge and join anterior to a small sella turcica. Although
not as close as in Chelonia mydas, the foramen anterius
canalis carotici interni are relatively close together (char-
acter 64) and furthermore the dorsum sellae does not
overhang or conceal the sella turcica (character 65) either in
Sandownia harrisi or in Brachyopsemys. However, it is also
clear from this specimen that the foramen caroticum laterale
in Brachyopsemys is not enlarged as it is in chelonioids
(character 91); see also Hirayama (1994, character 29).

Brachyopsemys and Sandownia harrisi are also chelo-
nioid-like in have clearly defined scale areas on the skull
roof. The presence-absence of skull roof scales was not
included in the data matrix, but it should be noted that
within the Trionychia scales are absent from the skull roof

and some clades have a distinctive sculpture pattern (ca-
rettochelyids) that is not seen in members of the San-
downidae. Some nanhsiungchelyids [Nanhsiungchelys
wuchingensis (Ye 1966)] have both skull roof scales and a
sculptured skull roofing surface.

The chelonioid affinity of sandownids is further sup-
ported by the lack of shell ornamentation. Although no shell
material has been associated with Brachyopsemys, and
Sandownia (Meylan et al. 2000), shell fragments collected
along with Angolachelys (Mateus et al. 2009) and the Glen
Rose turtle (Barck 1992) have no ornamentation on the
surface. All Trionychoidae have a sculptured shell surface.

Relationships Within Sandownidae

Within the Sandownidae, Sandownia and Angolachelys
appear more closely related to each other than to Brachy-
opsemys. Sandownia and Angolachelys share the derived
feature, closure of the incisura columellae auris. Meylan
et al. (2000) suggested that this feature in Sandownia harrisi
supported its referal to the Trionychia. The presence of an
open incisura in Brachyopsemys suggests that closure has
occurred within the Sandownidae.

Barck (1992) reported an undetermined eucryptodiran tur-
tle (the Glen Rose turtle) from the Early Cretaceous of Texas.
The wide and low skull, extensive skull roof, forward position
and closely spaced orbits, large triturating surface and con-
dylus occipitalis located between the condylus mandibularis of
the quadrate resemble Brachyopsemys and other members of
the Sandownidae. The skull from Texas is not described in
detail, however, it was included in the Mateus et al. (2009) data
set and was resolved as the sister group of Sandownia plus
Angolachelys. In a separate study, it is resolved as the sister
taxon of (Euclastes [Sandownia (Angolachelys+Erquelinne-
sia)]) (Vineyard and Jacobs 2009). When this species is fully
described, inclusion in a phylogenetic analysis will almost
certainly place it within Sandownidae.

Distribution of Sandownidae

The four members of the family (Sandownia, the Glen Rose
turtle, Angolachelys and Brachyopsemys) have a known
geological range from the Aptian to Paleocene. The oldest
representative, Sandownia is from the early Aptian Lower
Lobster beds within the Lower Greensand Formation, Isle
of Wight, England. The rich microflora dominated by non-
marine taxa and low diversity of marine components
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indicates a restricted, near-shore marine environment, with
reduced salinity (Meylan et al. 2000). The second taxon, the
Glen Rose turtle, comes from the Glen Rose Formation of
Hood County, in central Texas. The Glen Rose Formation
consists of limestones and marls deposited in marginal
marine environments. It is of early Albian age and has
yielded abundant invertebrates, vertebrates and plant
remains (Barck 1992; Vineyard and Jacobs 2009). Angol-
achelys is the only member of the group from the south
Atlantic. It is from the Turonian of Iembe, in the Kawanza
Basin, Angola. The shallow marine sediments of the Tadi
Beds of the Itombe Formation at the Iembe site and nearby
localities have yielded ammonites, sharks, bony fishes,
mosasaurs, plesiosaurs and sauropod dinosaurs (Jacobs
et al. 2006; Mateus et al. 2009). Brachyopsemys is the
youngest member of the group. The phosphate sediments of
the Ouled Abdoun Basin were deposited in the long, narrow
gulf opening to the Atlantic margin during the latest Cre-
taceous and early Tertiary. Abundant vertebrate remains,
consisting mostly of marine taxa, have been collected from
that basin (Gaffney et al. 2006). From a paleogeographical
and paleoecological point of view, this family appears to be
a bottom-dwelling group that occurred in near-shore,

shallow marine environments along the coast of the Atlantic
(Fig. 13.7). Its evolutionary history is likely to be connected
to the development of the Atlantic Ocean. The addition of
the Paleocene Brachopsemys to the group indicates that this
is another family of turtles that survived the Cretaceous-
Tertiary boundary.

Acknowledgments We thank F. Escuillié (Gannat) and B. Segaoui
(Erfoud) for providing the specimens,; O. Mateus (Lisbon) for the data
set of Angolachelys; E. S. Gaffney (New York), W. Joyce (Tübingen)
and R. Hirayama (Tokyo) for reviewing the manuscript; J. Pfaller
(Gainesville) for discussions of the zygomaticomandibularis, and the
Singer-Polygnac Fondation and Eckerd College for financial support.
AMNH 30001 was prepared by J. Klausen, J. Shumsky and J. Kelly
(New York). The reconstruction of the palate was produced by F.
Ippolito after A. Montalvo (New York). Special thanks to Gene
Gaffney for providing opportunities to forward our careers.

Appendices

Appendix 13.1

Description of Characters: the matrix used in the study is a
further amended matrix based on those of Gaffney et al.
(1991) (characters 1–39) and Shaffer et al. (1997) (characters
40–115). Characters 116–142 were used to place fossils in
Near et al. (2005), but were not described in that paper. The
remainder have been added for the purposes of this study.

116. Number of bony dermal callosities in the plastron
reduced. Absent = 0, present = 1. Primitively the turtle
plastron is composed of one midline element (entoplastron)
and at least five pairs of bones (epi-, hyo-, meso-, hypo- and
xiphiplastra) although some forms may have more than one
pair of mesoplastra (Odontochelys semitestacea and Pro-
terochersis robusta). In some clades, only a deep dermal
ossification represents these elements and an overlying
superficial dermal callosity is absent (Meylan 1987, char-
acter 9). Three or fewer pairs of dermal callosities in the
plastron, as seen in members of the Trionychinae, is con-
sidered derived.

117. Suprascapular fontanelles. Absent = 0, pres-
ent = 1. Primitively the adult turtle carapace is closed at the
junction of the nuchal, first costal and first neural bones. An
opening in this region, as seen in certain members of the
Trionychinae is considered derived.

118. Shape of epiplastron. Triangular = 0, I-shaped =

1, J-shaped = 2. Primitively the epiplastron of turtles is a
more or less triangular element with a variable exterior
margin. In certain trionychids it is reduced to an I-shaped
(1) or J-shaped (2) deep dermal ossification.

119. Bridge length. Long bridge = 0, short bridge = 1.
In most turtles, including most primitive forms, the bridge is
long, about one-third of the total plastron length. In those

Fig. 13.7 Paleogeographical reconstruction of Maastrichtian stage
(Smith et al. 1994), showing the position of the members of the family
Sandownidae. 1 Glen Rose turtle; 2 Sandownia; 3 Brachyopsemys; 4
Angolachelys
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forms in which it is shorter, one-quarter or less of plastron
length as in Chelydra serpentina, Staurotypus or Apalone,
this is considered a derived condition.

120. Medial process of jugal. Present = 0, absent = 1.
Most turtles have a medially directed process of the jugal that
articulates with the pterygoid or pterygoid and palatine (Gaff-
ney 1979, p. 79). Where this medial process is absent, as in
Dermochelys coriacea, this is considered a derived condition.

121. Coracoid length. Dorsal process of scapula longer
than coracoids = 0, coracoids longer than dorsal process of
scapula = 1. Turtles have a triradiate pectoral girdle in
which the dorsal process of the scapula is normally the
longest of the three processes. Those forms in which the
coracoid is longer than the dorsal process of the scapula, as
in Dermochelys, Lepidochelys kempi or Podocnemis, are
considered to have a derived condition.

122. Wide angle between dorsal process and acromion
process of scapula. About right angle = 0,
angle [ 105 = 1. The dorsal process of the scapula forms
an approximate right angle in Proganochelys and most
turtles. Where this wider ([105o as in most testudinids) this
can be considered a derived condition.

123. Pectineal process of pubis expanded. No = 0,
yes = 1. In most turtles, including Proganochelys, the
pectineal process (lateral pubic process of Gaffney 1990,
Fig. 144) is narrower than the inter-pubic contact. Those
forms in which this process is as wide or wider than the
interpubic contact, as in Lissemys, Apalone, and Derm-
ochelys, can be considered to have a derived condition.

124. Humerus length. Femur longer than humerus = 0,
femur shorter than humerus = 1. In most turtles including
Proganochelys (Gaffney 1990, Fig. 151) the femur is longer
than the humerus. In certain marine species (i.e., Derm-
ochelys, Lepidochelys) and land tortoises (Geochelone,
Gopherus) the femur is shorter than the humerus. The latter
is considered as a derived condition.

125. Simple, flat carpals and tarsals. Multifaceted car-
pals and tarsals = 0, simple flat carpals and tarsals = 1. In
most turtles including Proganochelys (Gaffney 1990,
Figs. 161, 174) the carpals and tarsals are multifaceted,
complex elements. In forms with paddle-like limbs, these
elements are simple, thin discs of bone.

126. Epiplastral lip. Absent = 0, present = 1. Only the
most primitive turtles possess a dorsal process of the
epiplastron (see character 112). Where this process is
absent, the epiplastra are normally only slightly thickened at
the shell margin. Where the epiplastron is greatly thickened
along its anterior margin, as in many members of the
Testudinidae, this is considered as a derived condition.

127. Pleuro-marginal scute sulcus coincident with
costoperipheral suture. No = 0, yes or on costals = 1. In
most turtles including Proganochelys (Gaffney 1990,
Fig. 86) there are scute sulci on the peripheral bones

marking the medial limits of the marginal scutes. Where
supramarginal scutes are absent, these are pleuro-marginal
scute sulci. When these sulci lie on the costoperipheral
suture (as in some members of the Testudinidae) or on the
costals (posteriorly in Adocus), this can be considered a
derived condition.

128. Bridge peripheral height. Bridge peripherals the
same size as remaining peripherals = 0, bridge peripherals
twice as tall as the remaining peripherals = 1. Although the
bridge of Proganochelys is not well known (Gaffney 1990,
p. 127), in most turtles, including primitive forms, the
bridge peripherals are approximately the same size as the
more anterior and posterior peripherals. Those forms in
which the bridge peripherals are approximately twice as tall
as the remaining peripherals (as in Gopherus and Geoche-
lone), can be considered to have a derived condition.

129. Coracoid fan-shaped. No = 0, yes = 1. The cora-
coid of most turtles is longer than wide and in the Casich-
elyida is somewhat wider distally than proximally. Those
forms that have a very short but distally very wide (i.e., fan-
shaped) coracoid (as in Gopherus or Kinixys), can be con-
sidered to have a derived condition.

130. Palatine contributes to triturating surface of upper
jaw. Absent = 0, present = 1. In most turtles including
Proganochelys the palatine does not appear on the tritu-
rating surface. Those forms in which it makes a significant
contribution to the triturating surface (as in Graptemys or
Podocnemis) can be considered to have a derived condition.

131. Foramen caroticopharyngeale. Small = 0,
large = 1. The foramen caroticopharyngeale is a small
opening in the pterygoid through which the arteria carotico-
pharyngeale exits the skull. In most turtles in is very small
[i.e., Chelydra (Gaffney 1979, Fig. 9)] or not identifiable
(Proganochelys). Those forms that have an enlarged fora-
men caroticopharyngeale [as in Adocus (Meylan and Gaff-
ney 1989, Fig. 5, labeled as ‘‘foramen basisphenoidale’’)
and Clemmys (Gaffney 1979, Fig. 47)] can be considered to
have a derived condition.

132. Carapacial contacts of inguinal buttress. Not
reaching costals = 0, reaching costals = 1. In primitive
turtles including Proganochelys the plastral buttresses do not
reach the overlying costal bones of the carapace. When they
do, there are two sets of contacts visible for the inguinal
buttress. It may contact only the fifth costal (as in Podocnemis
or Deirochelys) or it may contact both the fifth and sixth
costals (as in Hardella). These are derived conditions.

133. Musk duct absent from axillary region. Absent = 0,
present = 1. Musk ducts absent in Progaonchelys but are
present in a variety of turtles and in many forms are visible
in the shell as foramina (Podocnemis) or grooves (kino-
sternids) in the vicinity of the bridge. Since there are forms
with only axillary or only inguinal musk ducts present,
the occurrence of musk ducts is treated as two characters.
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This character will be problematic for fossils of those clades
in which the living members have musk ducts that do not
leave any trace in the skeleton (i.e., Trionychidae). Presence
of axillary musk ducts can be considered derived.

134. Musk duct absent from inguinal region. See char-
acter 133. Absent = 0, present = 1. Presence of inguinal
musk ducts can be considered derived.

135. Hinge at hyo-hypoplastral suture. Absent = 0,
present = 1. Primitively the hyo- and hypoplastra are
sutured along their contact. Forms in which this contact is
kinetic (as in Terrapene) can be considered to have a
derived condition.

136. Pectoral scales (set 4) reach entoplastron. No = 0,
yes = 1. Primitively the turtle plastron is covered by seven
sets of scales (Hutchison and Bramble 1981) as is the case
in Proganochelys (Gaffney 1990, Fig. 92). The fourth pair,
the pectorals, in Proganochelys and most turtles is located
well posterior to the entoplastron. Those forms in which it
reaches the entoplastron (as in Emys and Podocnemis) can
be considered to have a derived condition.

137. Last pair of marginal scutes contacts suprapygal.
No = 0, yes = 1. In most turtles the last pair of marginal
scales remain unfused and in contact with only the
peripheral elements. Those forms that have the last mar-
ginals (either paired or fused) that contact the suprapygal
(as in Hardella) can be considered to have a derived
condition.

138. Quadrate-basioccipital contact. No = 0, yes = 1.
In Proganochelys and other primitive turtles, the quadrate is
located well lateral to the basicranium, lacks a medial
process, and is not in contact with the basioccipital. Those
forms with a large medial process of the quadrate that
contacts the basioccipital (as in Podocnemis) can be con-
sidered to have a derived condition (See also Gaffney et al.
2006, p. 600).

139. Jugal contributes to triturating surface of upper
jaw. No = 0, yes = 1. In most turtles including Progan-
ochelys the jugal does not appear on the triturating surface.
Those forms in which it makes a significant contribution to
the triturating surface (as in Bothremys or Sandownia) can
be considered to have a derived condition.

140. Antrum postoticum. Absent = 0, small = 1,
large = 2. The antrum postoticum is absent from Progan-
ochelys because the incisura columellae auris is widely open.
The presence of a small antrum postoticum (as in Podocnemis
expansa or Chelonia) is considered derived and a moderate to
large antrum (as in Pelusios or Gopherus) is considered fur-
ther derived. (See also Gaffney et al. 2006, p. 592).

141. Quadrate contacts basisphenoid but not basioc-
cipital. No = 0, yes = 1. In Proganochelys and other
primitive turtles, the quadrate is located well lateral to the
basicranium, lacks a medial process, and is not in contact

with the basisphenoid or basioccipital. Those forms with a
large medial process of the quadrate that contacts the
basisphenoid but not the basioccipital (as in Pelusios) can
be considered to have a derived condition that differs from
that described in character 138 above.

142. Short postorbital exposed by temporal emargina-
tion. No = 0, yes = 1. Primitively the skull roof of turtles
is not emarginate and the postorbital is not exposed by
emargination. Those forms in which a small postorbital is
exposed by temporal emargination (as in Pelusios or Tra-
chemys) can be considered to have a derived condition.

143. Prefrontal-palatine contact. Present = 0,
absent = 1. In Proganochelys the prefrontal apparently
contacts the palatine medial to the foramen orbito-nasale
(Gaffney 1990, Fig. 42b) as is the case in most cryptodires.
Those forms in which this contact is absent can be con-
sidered to have a derived condition.

144. Jugal exposed on temporal margin. No = 0,
yes = 1. Primitively the jugal is not exposed by temporal
emargination, those forms in which it is exposed can be
considered to have a derived condition.

145. Foramen praepalatinum. Present = 0, absent = 1,
foramen intermaxillaris = 2. The presence of the F. prae-
palatinum in Proganochelys remains uncertain, however, as
they are common to most Casichelydia their presence can
be considered primitive. Two derived conditions are rec-
ognized. One in which the premaxilla is well-ossified and
there is no foramen intermaxillaris and one in which a
foramen intermaxillaris is well developed.

146. Crista supraoccipitalis projecting well posterior to
occipital condyle. No = 0, yes = 1. In Proganochelys, the
supraoccipital is very short and there is no posterior pro-
jection. In casichelyidians (Chelus, Pelusios) the supraoc-
cipital is very short and does not extend well posterior to the
occipital condyle. In others (Apalone, Chelydra, Chelonia),
it extends well posterior to the occipital condyle.

147. Maxillae meet on the midline. No = 0, yes = 1. In
Proganochelys and most turtles the premaxillae and vomers
separate the maxilla on the midline of the palate. Where the
maxillae do meet on them midline as in Caretta or Phryn-
ops, this can be considered a derived condition.

148. Basisphenoid with reduced ventral exposure.
No = 0, yes = 1. Primitively turtles have a broad and long
basisphenoid. Those forms in which this exposure is much
reduced or absent can be considered to have a derived
condition.

149. L-shaped prefrontal as seen from anterior. No = 0,
yes = 1. Absent primitive, present derived. The prefrontal
normally forms the anteriomedial margin of the orbit. Those
forms in which it has an L-shape and contributes to the
ventromedial margin of the orbit are considered to have a
derived condition.

208 H. Tong and P. Meylan



Appendix 13.2

Data set used to estimate phylogenetic positions of
Brachyopsemys and Sandownidae.

Proganochelys: 00000 00000 00000 00000 00?00 00000
00000 00000 00?00 00000 00000 0000? 00000 00000
?0000 00000 00000 00?00 00000 00000 00000 ?0000
00000 00000 00000 0??00 00000 0?000 0000? 0000

Elseya: 11111 00001 10010 01001 11?10 11111 11101
11110 00400 11110 00001 0000? 00000 00000 ?0000
01000 00000 00000 00000 01000 11000 00010 011?1
00000 ?00?0 00011 01110 1000? 01001 0100

Phrynops: 11111 00001 10010 01001 11?10 11111
11101 11110 00400 11111 11001 0001? 00000 00000
?0000 01000 00000 00000 00000 01000 11000 00010
011?1 00000 000?0 00010 01??0 ??00? 01101 0100

Chelus: 11111 00001 10010 01101 11?10 11111 11101
11110 00400 11111 11111 0001? 00000 00000 ?0000
01000 00000 00000 00000 01000 11000 00010 011?1
00000 ?00?0 00011 03??0 1000? 01000 0000

Chelodina: 11111 00001 10011 01001 11?10 11111
11101 11110 00600 11111 11111 0000? 00000 00000
?0001 10000 ?0000 01000 00000 00000 00000 01000
11000 00010 111?1 00000 ?00?0 00010 01000 1000?
11101 0000

Podocnemis: 11?11 00001 10011 01111 11?10 11111
01101 11111 11100 00000 00001 0001? 00000 00000
?0000 01000 00000 00000 00000 01000 10000 00010
01101 00000 100?0 00011 01110 10101 00101 1001

Pelusios: 11?11 00001 10011 01111 11?10 11110 01101
11111 11211 00000 00001 0001? 00000 00000 ?0000
01000 00000 00000 00000 01000 10000 00010 11101
00000 ?00?0 00011 01010 00002 11100 0000

Pelomedusa: 11?11 00001 10011 01111 11?10 11111
01101 11111 11311 00000 00001 0001? 00000 00000
?0000 01000 00000 00000 00000 01000 10000 00010
11101 00000 ?00?0 00011 02110 00000 11100 0000

Platysternon: 11111 11111 11101 10110 00?11 00111
10111 00101 00600 00000 00000 11111 00000 00000
00000 01000 00000 00000 00000 00100 01100 01100
11101 00000 00000 00011 00??0 ??00? 00000 1010

Chelydra: 11111 11111 11101 10110 00?11 00111
10111 00101 00500 00000 00000 11111 00000 00010
00000 01000 00000 00000 00000 00000 00100 01100
11101 00010 00000 00010 00??0 ??002 00000 1000

Chelonia: 11111 11111 11100 10110 00?11 00111
10111 11101 00700 00000 00000 0010? 11110 00000
00000 00000 10000 01000 00100 01101 01100 00000
11011 01011 00??0 ??001 00001 1020

Dermochleys: 11111 11111 11100 10110 00?11 00111
10111 11101 00?00 00000 00000 0010? 11111 10000

?0000 00000 0?000 000?? 100?? 0000? 00100 01101 01100
?0?01 11011 0?010 00??0 ??000 00101 0000

Dermatemys: 11111 11111 11101 10110 00?11 01111
10111 11101 00700 00000 00000 00000 00000 01111
10100 01000 00000 00011 11000 01000 00110 01101
11101 00000 00000 00010 00??0 ?0000 01000 1000

Kinosternon: 11111 11111 11101 10110 00?11 01111
10111 11101 00700 00000 00000 00000 00000 01111
10000 01000 00000 00011 11111 10111 00110 01101
11101 00010 00000 00011 001?1 ?0000 01101 1000

Staurotypus: 11111 11111 11101 10110 00?11 01111
10111 11101 00600 00000 00000 10000 00000 01111
10000 01000 00000 00011 11111 10111 00110 01101
11101 00010 00000 00011 001?1 ?0000 01011 1000

Carettochelys: 11111 11111 11101 10110 00?11 01111
10111 11101 10900 00000 00000 0011? 02000 01111
?1011 10111 1?000 000?? 000?1 01100 ?11?0 01101 11101
00000 100?0 00010 00??1 ??001 01002 1000

Lissemys: 11111 11111 11101 10110 00?11 01111
10111 11101 10800 00000 00000 00110 00000 01110
11011 10111 1?111 111?? 000?0 01000 ?01?0 01101 11101
00100 101?0 0?010 00??1 ??000 01112 1100

Apalone 11111 11111 11101 10110 00?11 01111 10111
11101 10800 00000 00100 00110 00000 01110 11011
10111 1?111 111?? 000?0 01000 ?01?0 01101 11101 11210
101?0 0?010 00??1 ??000 01112 1000

Clemmys 11111 11111 11101 10110 00?11 01111 10111
11101 00400 00000 00002 00000 00000 00000 00000
01000 00000 00010 00000 01000 11000 01101 11111
00000 00000 00010 12101 100?? 01000 1000

Graptemys 11111 11111 11101 10110 00?11 01111
10111 11101 00400 00000 00002 0000? 00000 00000
?0000 01000 00000 00010 00000 01000 11101 11101
11111 00000 00000 00011 02000 000?? 01001 1000

Trachemys 11111 11111 11101 10110 00?11 01111
10111 11101 00400 00000 00002 00000 00000 00000
00000 01000 00000 00010 00000 01000 11001 11101
11111 00000 00000 00011 02000 000?? 01000 1000

Heosemys 11111 11111 11101 10110 00?11 01111
10111 11102 00500 00000 00001 0000? 00000 00000
?0000 01000 00000 00010 00000 01000 11100 01101
11111 00000 00000 00010 ?1110 110?? 01??? ????

Chinemys 11111 11111 11101 10110 00?11 01111
10111 11102 00500 00000 00001 0000? 00000 00000
?0000 01000 00000 00010 00000 01000 11100 01101
11111 00000 00000 00011 01110 1100? 0100? 1000

Geochelone 11111 11111 11101 10110 00?11 01111
10111 11102 00500 00000 00001 00010 00000 00000
00000 00000 00000 00010 00000 01000 11100 01101
11111 00001 01010 11120 01000 110?? 01000 1000

Adocus 11111 11111 11101 10110 00?11 01111 1011?
?1101 00?00 00000 00000 0000? 00000 0?101 ?1110 0100?
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01000 00000 00000 00000 00100 ?1101 11111 00000
100?0 00011 10??0 11000 01000 1000

Emarginachelys 11111 11?11 11101 1?110 0??1? ?1111
1011? ??1?? ?0?00 0000? 00000 ??00? 00000 0?111 ?0100
0100? 00000 00?10 ?0000 0100? 00110 ?110? 11111 00000
00000 01000 00??0 ?0000 00000 1000

Meiolania 11111 11111 11100 10000 01?10 ?0111
10100 00000 00?00 00000 00000 ?000? 0?000 000?0 ?0000
0100? 00000 00?0? 00000 00000 ?0100 00000 0111? 00000
00000 00020 00??0 ??0?? 00000 0010

Sinemys 11?11 11111 11101 1?000 0??1? ?1111 10110
000?? 1??01 0??01 00000 ?111? ????0 00??? ?100? ?10??
?0000 0???? 00000 ?10?? 0110? ?1000 111?? ????0 ?0?00
000?0 ?0110 000?? 0110? 0?00

Peltochelys ????? ????? ????? ????? ????? ??111 1????
????? ????? ????? ????? ??0?? ?2??? ????? ????? ??0??
?1000 ???00 ??001 ????? 00?0? ????? ??1?? 0000? ?????
0?0?? ???0? ????? ????? ????

Mongolemys 11111 11?11 11101 11110 0??1? ??111
101?? ????0 0???? 00?00 ?0001 0?00? 00??? 000?? ??000
0100? 00000 ?0?10 ?0000 ??0?0 0?10? 0??0? 111?? ?????
????? 0001? 11110 00001 01000 ?000\

Sandownia 11111 1?111 11100 11110 0??11 00???
????? ????0 ???00 00?00 00?0? ???1? ??001 001?? ??001
00?0? 0???? ?0??? 10??? ?10?? ??1?? 0??0? 0???? ????0
????? ????1 1???? ??01? 00001 0011

A. maortuensis ????? ????? ????? ????? ????? ??111
10111 ??1?? 1???? ????? ????0 0?1?? 0???? ????? ?1???
??1?? ??111 ???1? ??010 ????? ????? ????? ??1?? 1121?
1?1?? 0??0? ?0??0 ????? ????? ????

Santanachelys 11111 1?111 11100 11110 0??11 00???
????? ????1 ???00 00?00 00?0? ???0? 1?111 1?0?? ??001
01?0? 0???? ?0??? 1???? ?10?? ??1?? 0??0? 0???? 00001
11111 0?000 001?? ??0?? 00?0? 1?00

Hadrianus ????? ????? ????? ????? ????? ??111 10???
????? 0???? ????? ????0 ??0?? ????? ????? ????? ??0??
?0000 ???10 ??00? ???0? 2??0? ????? ?11?1 0000? ?10??
1102? ?0??0 00??? ????? ????

Ptychogaster ?1111 11?11 1110? ????0 0???? ??111
10??? ????? 0???? ????? ????1 ??0?? ????? ????? ??0??
?100? ?0000 ???10 ??00? ????0 2?00? ????? ?11?? 0000?
????? 000?? ???11 100?? 0???? ????

Baltemys ????? ????? ????? ????? ????? ??111 10???
????? ????? ????? ????0 0?0?? ?0??? ????? ????? ??0??
?0000 ???11 ??121 ????1 2??1? ????? ?11?? 0001? ?????
000?? ?01?0 00??? ????? ????

Hoplochelys ????? ????? ????? ????? ????? ??111 10???
????? ????? ????? ????0 0?0?? ?0??? ????? ????? ??0??
?0000 ???10 ??110 ????0 0??1? ????? ?11?? 0001? ?????
000?? ?01?0 10??? ????? ????

Araripemys 11111 00?01 10011 01111 0??10 ?0111
11101 10111 11?00 00000 00100 0010? 00000 00000

?0000 01010 00001 00?10 00000 0100? 10000 00010
111?0 00000 ?0010 0?0?0 00??0 000?0 0011? ?000

P. rusingae ????? ????? ????? ????? ????? ??110 0????
????? 11??? ????? ????? ??0?? ????? ????? ????? ??0??
?0000 ????? ??0?0 ????? 1???? ????? ????? ?0??? ?????
??0?? ????0 ????? ????? ????

Cearachelys 11111 00001 1001? ?1111 11?10 ?1111
01101 ??1?? 1??10 00000 00000 0?01? 00110 000?? ??000
0100? 00000 ???00 00000 ?01?? 10000 00?10 111?? 00000
????? 000?1 0?110 001?1 0010? 0000

Brachyopsemys 11111 11111 11100 10110 0??1? 00???
????? ????0 ???00 00?00 00?0? ???0? ??000 001?? ??000
00?0? 1???? ?0??? 00??? ?10?? ??1?? 0??0? 0???? ????0
????? ????1 0???? ??011 00101 1111

Erquilinnesia 11111 11111 11100 1?110 0??1? 00111
10??? ????? 0??00 00?00 0??00 0?10? ??1?1 1?0?0 ??00?
0000? 10000 ?0??? 10000 ?1000 ??10? ????? 0110? 0?000
??0?1 01011 00??0 ?0001 00?01 1020

Thalassemys 11111 11111 11100 00000 00?1? 00?11
1?000 ????? ???00 00?00 00?00 0??0? ?000? 0?0?? ?00?1
0100? 000?0 00??0 0000? ?10?? ??10? 0110? 0??01 00?0?
????? ?0??? 0???0 0?001 00100 1000

Solnhofia 11111 11111 11101 10010 00?1? 0?111 1?0??
?01?0 10?00 00000 00?00 0??0? ??01? 000?? ?0000 0100?
00000 00??0 00000 ?10?? ?0100 01100 0??0? 00000 00??0
?00?1 00110 0?001 00100 1000

Tasbacka 11111 11111 11100 10110 00?1? 00111 101??
??1?? ???00 00?00 00?00 ??10? ??11? 100?? ??000 0100?
0?000 ?0??? 00??? ?10?? ??1?0 0??0? 0?11? 00000 ??01?
?10?0 00??0 ??001 00101 1020

Euclastes 11111 11111 11100 10110 00?1? 00??? ?????
????? ????? 00?00 00?0? ???0? ??11? 1?0?? ??000 01?0?
0???? ?0??? 0???? ?10?? ??1?? 0??0? 0???? 0???0 ?????
????0 0???? ??001 00101 1020

Angolachelys 11111 11111 11100 10?10 0??1? ?0???
??1?? ????? ????? 00?00 00?0? ???1? ????? ?00?? ??0?1
00?0? 1???? ?0??? ?0??? ?10?? ??1?? ???0? 0???? ????0
????? ????1 0???? ??010 00100 ??11
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Chapter 14

A New Long-Necked Turtle, Laganemys tenerensis (Pleurodira:
Araripemydidae), from the Elrhaz Formation (Aptian–Albian)
of Niger

Paul C. Sereno and Sara J. ElShafie

Abstract An articulated skull and postcranial skeleton of a
pelomedusoid turtle, Laganemys tenerensis gen. et sp. nov.,
is described from the Lower Cretaceous (Aptian–Albian)
Elrhaz Formation in Niger. Laganemys has a proportion-
ately long skull, which increases in depth anteriorly, from
the occiput to the snout. The thin flat carapace and plastron
are covered with fine sulcus-and-ridge texture. The carapace
has a deep nuchal embayment anteriorly, a small mesopl-
astron laterally, and three median fenestrae. The cervical
series is nearly as long as the carapace with specialized
joints to enhance lateral flexion between cervicals 2 and 3
and cervicals 6 and 7. The relatively long tail is composed
of at least 26 vertebrae. Forelimbs and hind limbs have long
and relatively straight unguals. Discovered in a fluvial
setting, Laganemys would have been an adept long-necked
aquatic predator in still waters. A suite of derived features
unites Laganemys tenerensis with Araripemys barretoi, a
pelomedusoid from northeastern Brazil of similar form,
habits and geologic age. These genera provide additional
evidence of faunal exchange between South America and
Africa in the mid Cretaceous (ca. 110 Mya) prior to the
advent of deep waters in the central Atlantic Ocean.

Keywords Araripemys � Aquatic predation � Pelome-
dusidae � Pelomedusoides � Pleurodira

Introduction

Pleurodires are less speciose than cryptodires among living
turtles and are restricted in geographic range to freshwater
habitats in the southern hemisphere. Pleurodiran diversity,
habitats, and geographic range, however, were considerably
greater in the past and appear to have peaked from the
Late Cretaceous (ca. 100 Mya) through the Paleocene (ca.
55 Mya) (Gaffney et al. 2006). Preceding this rich record of
pleurodiran diversity, however, is the first half of pleurodiran
history. About 200 million years ago, pleurodires and cryp-
todires diverged from a common casichelydian ancestor, and
for the ensuing 100 Mya the pleurodire fossil record is
comparatively thin (Gaffney et al. 2006). The most complete
pleurodire predating the Late Cretaceous is Araripemys
barretoi, a small, flat-bodied, thin-shelled freshwater turtle
(Fig. 14.1) known from several skeletons from the Araripe
Basin of northeastern Brazil (Price 1973; Maisey 1991;
Meylan 1996). Mid Cretaceous in age (Aptian–Albian),
Araripemys barretoi is a pivotal species within Pleurodira and
slightly older (ca. 110 Mya) than most other pleurodires.
Extant pleurodires are divided into Chelidae and Pelome-
dusoides, and phylogenetic analysis has placed Araripemys as
the outgroup to other pelomedusoids (Meylan 1996; Gaffney
et al. 2006). Initially described on the basis of a partial shell
(Price 1973), Araripemys is now known from several acid-
prepared specimens that have allowed for a fairly complete
cranial and postcranial osteological description (Meylan and
Gaffney 1991; Meylan 1996; Gaffney et al. 2006).

Thin shell pieces with low, textured ornamentation and
lightly impressed scute grooves similar to those in Araripe-
mys were discovered in the mid Cretaceous (Aptian–Albian)
Elrhaz Formation in Niger. On these fragmentary remains,
Broin (1980) erected a new genus and species, Taquetochelys
decorata, and mentioned the possible existence of a second
species that might be referable to Araripemys. More recently,
Fuente and Broin (1997) tentatively referred to Araripemys
the anterior portion of a carapace and a fragmentary costal
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with similar pitted ornamentation from Paleocene deposits in
northwestern Argentina. To date, these are the only reports on
Araripemys-like turtles from outside the Araripe Basin since
A. barretoi was described.

In 2000 a nearly complete turtle skeleton was recovered
in the Elrhaz Formation (Aptian–Albian) of Niger (Sereno
and ElShafie 2009). It was found 15–20 cm below the mid
section of a skeleton of the large spinosaurid dinosaur,
Suchomimus tenerensis (Sereno et al. 1998). At the time of
its discovery, a portion of the left side of the shell and
possibly the left hind limb broke away and disintegrated.
The cross-section of the shell was exposed on the trench
wall under the dinosaur skeleton, and the turtle and central
portion of the dinosaur skeleton were collected in the same
field jacket.

Preparation of the specimen revealed a remarkably complete
articulated skeleton, including a skull and bones rarely pre-
served intact, such as the hyoids, carpus, manus and pes
(Figs. 14.2, 14.3b, 14.4, 14.5, 14.6, 14.7, 14.8, 14.9, 14.10,
14.11, 14.12, 14.13, 14.14a, 14.15, 14.16, 14.17, 14.18, 14.20,
14.21, 14.22, 14.23). We describe this specimen below as the
holotype of Laganemys tenerensis gen. et sp. nov, the first
reasonably complete remains of a basal pelomedusoid discov-
ered since description of Araripemys barretoi by Price in 1973.

The Elrhaz Formation is composed almost exclusively of
medium-grained fluvial sandstone and is known for exquisite
preservation of vertebrate material. Even by this preserva-
tional standard, the new thin-shelled turtle is exceptional. The
much larger dinosaur immediately above the turtle is well
preserved but only partially articulated; some of its bones

Fig. 14.1 Skeletal
reconstruction of Araripemys
barretoi Price 1973 in dorsal
view (modified from Meylan and
Gaffney 1991). Abbreviations: I,
IV, V digits I, IV, V; ax axis; C5,
8 cervical vertebra 5, 8; CA15
caudal vertebra 15; co1, 5, 8
costal 1, 5, 8; ne1, 9 neural 1, 9;
nu nuchal; p1, 7, 11 peripheral 1,
7, 11; py pygal; ra radius; spy
suprapygal; ul ulna; un ungual
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were transported postmortem. The turtle, on the other hand, is
preserved with a high degree of natural articulation, including
the skull, hyoids, cervical series, fore- and hind-limbs. It must

have been buried quickly with only minor displacement,
perhaps during transport and final burial of the overlying
dinosaur skeleton.

Fig. 14.2 Skeletal
reconstruction of Laganemys
tenerensis gen. et sp. nov. in
dorsal view based on the
holotypic skeleton (MNN
GAD28). Visible scute margins
indicated. Abbreviations: ax axis;
C3, 6, 7 cervical vertebra 3, 6, 7;
CA6, 26 caudal vertebra 6, 26;
co1, 5, 8 costal 1, 5, 8; eppl
epiplastron; fi fibula; mc1, 5
metacarpal 1, 5; mt1, 5 metatarsal
1, 5; ne1, 8 neural 1, 8; nu
nuchal; p1, 7, 11 peripheral 1, 7,
11; py pygal; r rib; ra radius; spy
suprapygal; ti tibia; ul ulna
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The shell is only slightly compressed dorsoventrally, the
ends of the acromial processes projecting through the
anterior plastral fenestra and the margins of the carapace
pulled away from the plastral bridge (Fig. 14.13). Portions
of the carapace are slightly ajar; the nuchal and anteriormost
peripherals on the right side are shifted anteriorly and the
costals are slightly telescoped in mid and posterior sections
of the carapace (Fig. 14.11). Right and left sides of the
plastron is slightly spread in anterior and mid sections
(Fig. 14.13). The delicate neck, skull and tail are preserved
largely in articulation. Of the extremities, only a portion of
the right forelimb appears to be missing; the left hind leg
was lost during collection.

Discovery of Laganemys provides additional evidence
linking contemporary South American and African faunas
prior to the opening of the central Atlantic Ocean around
100 Mya (Maisey 1993; Sereno et al. 2004). The vertebrate
fauna from the Santana Formation in the Araripe Basin of
Brazil and from the Elrhaz Formation in the Illumeden
Basin of Niger are regarded as roughly comparable in age
(Aptian–Albian, ca. 110 Mya). Their depositional settings,
however, differ, the former predominantly lacustrine and
the latter strictly fluvial. The remains of fish and thin-shelled
turtles like Araripemys, as a result, are much more common
in Araripe sediments than in the fluvial sandstones from

Niger. The extraordinary preservation of the turtle we
describe here thus adds an important taxon to this faunal
comparison.

Institutional abbreviations used in this paper are:
AMNH, American Museum of Natural History, New York,
USA; MNHN, Musée National d’Histoire Naturelle, Paris,
France; MNN, Museum National du Niger, Niamey,
République du Niger; and UCRC, University of Chicago
Research Collection, Chicago, Illinois, USA.

Systematic Paleontology

Testudines Linnaeus 1758
Pleurodira Cope 1865
Pelomedusoides de Broin 1988
Family Araripemydidae Price 1973 (= Araripemyidae Broin

1980)

Type genus and species: Araripemys barretoi Price
1973 (Figs. 14.1, 14.3a).

Distribution: Mid Cretaceous (Aptian–Albian) rocks
in the Araripe Basin (Santana Formation) of Brazil and
Illumeden Basin (Elrhaz Formation) of Niger.

Fig. 14.3 Shell reconstruction in ventral view of Araripemys barretoi
Price 1973 and Laganemys tenerensis gen. et sp. nov. a Araripemys
barretoi Price 1973 based on several specimens (modified from
Meylan and Gaffney 1991). b Laganemys tenerensis based on the
holotypic skeleton (MNN GAD28). Visible scute margins indicated.

Abbreviations: co1, 5, 8 costal 1, 5, 8; enpl entoplastron; eppl
epiplastron; fen fenestra; hyopl hyoplastron; hyppl hypoplastron; mepl
mesoplastron; nu nuchal; p1, 5, 11 peripheral 1, 5, 11; py pygal; spy
suprapygal; xipl xiphiplastron
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Diagnosis: Basal pleurodires of modest body size (adult
carapace length 10–30 cm) characterized by an elongate basi-
sphenoid (50% of cranial length in the midline); carapace very
thin (approximately 1 mm) with very low profile; fine-grained
pit and ridge-and-sulcus texture on the external surface of the
carapace, ventral aspect of the peripherals, and the external
surface of the plastron; broad nuchal embayment; neural 3 with
only four sutural contacts (neurals 2, 4; right and left costal 3);
rib tips exposed on carapace with their distal tips projecting
between adjacent peripherals (costals 1–4) or toward the central
body of a single peripheral (costals 5–8); epiplastron strap-
shaped; three median plastral fenestrae; scute margins lightly
incised or absent on the carapace and plastron; cervical series
(C1–8) elongate (90% of the length of the carapace); mid cer-
vical transverse processes broad-based and subtriangular;
postatlantal postzygapophyses partially or completely joined in

the midline; cervical epipophyses wedge-shaped with a trans-
verse distal margin and positioned adjacent to one another near
the midline; and metacarpal 2 with a flange-like lateral buttress
for metacarpal 3 along the proximal two-thirds of the shaft.

Remarks: Unable to refer Araripemys to any existing
family, Price (1973) erected a monotypic Family Ara-
ripemydidae, which at that time was redundant with the genus
and therefore carried no particular phylogenetic information.
Subsequently, de Broin (1980) referred a second genus Ta-
quetochelys to the Araripemydidae, although neither she nor
later authors who described similar shell fragments from
Argentina (Fuente and de Broin 1997) provided a familial
diagnosis. Meylan (1996) also listed the family without diag-
nosis, referring to it an unnamed taxon from the Santana fauna
(Gaffney and Meylan 1991). Fielding et al. (2005) erected a
second species, Araripemys arturi, based on fragmentary and

Fig. 14.4 Skull of Laganemys tenerensis gen. et sp. nov. (MNN
GAD28) in left lateral view (reversed). a Photograph. b Line drawing.
Scale bar = 1 cm. Abbreviations: a angular; bt basal tuber; c coronoid;
d dentary; en external naris; eo exoccipital; f frontal; fo foramen; ica
incisure of the columella auris; j jugal; m maxilla; oc occipital

condyle; or orbit; p parietal; pm premaxilla; po postorbital; pp
posterior process; prf prefrontal; pt pterygoid; q quadrate; qj
quadratojugal; sa surangular; sc supraoccipital crest; so supraoccipital;
sq squamosal; te temporal emargination; tfo tympanic fossa; trp
trochlear process
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immature material. Subsequent review regarded this poorly
established taxon as a nomen dubium (Gaffney et al. 2006).
As far as we are aware, we are the first to diagnose
Araripemydidae as a nonredundant taxon. At present it con-
tains the type genus Araripemys from Brazil and a second
genus from Niger described below. We include only derived
characters shared by both genera in the diagnosis given above.

Broin (1980) introduced ‘‘Araripemyidae,’’ a variant
spelling of the familial name Araripemydidae (Gaffney
et al. 2006). Although Broin’s variant is one of two
spelling options recognized by the Code of Zoological
Nomenclature for generating a familial name based on a
genus, it was not the option chosen by the original author
(Price 1973).

Fig. 14.5 Computed-tomographic reconstruction of the cranium of
Laganemys tenerensis gen. et sp. nov. (MNN GAD28) in parasagittal
cutaway view. Cross section is to the left of the midline in left lateral
view. Scale bar = 1 cm. Abbreviations: bsr basisphenoid rostrum; ds
dorsum sellae; en external naris; eo exoccipital; f frontal; icc internal

carotid canal; in internal naris; lcc lateral carotid canal; m maxilla; oc
occipital condyle; op opisthotic; p parietal; pl palatine; pm premaxilla;
prf prefrontal; pt pterygoid; sc supraoccipital crest; so supraoccipital;
te temporal emargination

Fig. 14.6 Cranium of
Laganemys tenerensis gen. et sp.
nov. (MNN GAD28) in dorsal
view. a Photograph. b Line
drawing. Scale bar = 1 cm.
Abbreviations: ce cheek
emargination; en external naris;
eo exoccipital; f frontal; j jugal;
m maxilla; op opisthotic; or orbit;
p parietal; po postorbital; prf
prefrontal; q quadrate; qj
quadratojugal; so supraoccipital;
sq squamosal; te temporal
emargination
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Araripemys Price 1973
Araripemys barretoi Price 1973
(Figs. 14.1, 14.3a).

Holotype locality, unit, and age: 2 kms northeast of
Santana do Cariri, Ceará State, Brazil; Romualdo Member,
Santana Formation, Araripe Basin; Aptian–Albian (Price 1973).

Revised diagnosis: Basal pleurodire of small size (adult
carapace length 20–30 cm) with semicircular nuchal; costal 1
contributing to the anterior margin of the carapace (separating
the nuchal and peripheral 1); peripheral 1 small, subtriangu-
lar; posterior margin of the carapace extended, with rectan-
gular peripherals (long axis radial) that cover all but the distal
shank, ankle and pes of an extended hind limb; mesoplastron

Fig. 14.7 Cranium of
Laganemys tenerensis gen. et sp.
nov. (MNN GAD28) in ventral
view. a Photograph. b Line
drawing. Scale bar = 1 cm.
Abbreviations: bo basioccipital;
bs basisphenoid; eo exoccipital;
in internal naris; m maxilla; oc
occipital condyle; op opisthotic;
pl palatine; pm premaxilla; ppf
posterior palatine foramen; pr
prootic; pt pterygoid; q quadrate;
so supraoccipital; trp trochlear
process; v vomer

Fig. 14.8 Basicranium of
Laganemys tenerensis gen. et sp.
nov. (MNN GAD28) in ventral
view. Scale bar = 5 mm.
Abbreviations: bo basioccipital;
bs basisphenoid; bt basal tuber; hf
hypoglossal foramina; iccpf
internal carotid canal, posterior
foramen; oc occipital condyle; op
opisthotic; pjf posterior jugular
foramen; pr prootic; q quadrate;
qc quadrate condyle; so
supraoccipital
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absent; deeply interdigitating suture between the hypo- and
xiphi-plastron; dorsal 1 firmly sutured to nuchal; arrowhead-
shaped ungual phalanges on manus and pes.

Remarks: Meylan (1996, p. 20) and Gaffney et al.
(2006, p. 35) provided diagnoses for this genus and species.
The revised diagnosis restricts cited features to those that
are, or could potentially be, autapomorphic.

Laganemys gen. nov.

Type species: Laganemys tenerensis sp. nov.
Etymology: Lagano (Greek), pancake; emys (Greek),

turtle.
Diagnosis: Same as for type species.

Laganemys tenerensis sp. nov.
(Figs. 14.2, 14.3a, 14.4, 14.5, 14.6, 14.7, 14.8, 14.9, 14.10,

14.11, 14.12, 14.13, 14.14a, 14.15, 14.16, 14.17, 14.18,
14.20, 14.21, 14.22, 14.23).

Holotype: MNN GAD28, a nearly complete articulated
skull and postcranial skeleton lacking the left posterolateral
corner of the carapace and plastron, a few anterior caudal
vertebrae, the right forelimb distal to the humerus, and the
left hind limb.

Holotype locality, unit, and age: 16� 260 16.3 N, 9� 70

3.6 E (field locality 94, 2000 Expedition to Niger), Gado-
ufaoua, approximately 125 kms east of Agadez, Niger
Republic; GAD 5 level in the Elrhaz Formation, Illumeden
Basin; Aptian–Albian (Taquet 1976). Discovered in close
association with the spinosaurid Suchomimus tenerensis
(Sereno et al. 1998).

Etymology: Tenere, from Ténéré Desert; ensis (Latin),
from.

Diagnosis: Basal pleurodire of small size (adult carapace
length approximately 15 cm), skull very elongate (length
more than five times maximum width) with snout increasing
in depth anteriorly; maxilla with long posterior process
ventral to the cheek emargination; postorbital excluded
from the temporal emargination by quadratojugal-parietal
contact; parietal-squamosal contact along the temporal
emargination; parietal with posterolateral process; dentary
ramus gently arched ventrally with squared distal end (chin)
in lateral view; nuchal V-shaped; neural 3 small and rect-
angular with long axis oriented transversely, neural 8 small
and rectangular (long axis sagittal), and neural 9 absent;
epiplastron J-shaped; mesoplastron present and pentagonal;
main forelimb bones (radius, metacarpal 2–4) considerably
shorter (45–60%) than comparable hind limb bones (tibia,
metatarsal 2–4); and metacarpal 2 with medially divergent
distal condyles.

Remarks: de Broin (1980) erected a new taxon,
Taquetochelys decorata, from the Elrhaz Formation
(Aptian–Albian) of Niger. The material consists of 10 shell
fragments (MNHN GDF838-848). The right hypoplastron
(MNHN GDF847; Fig. 14.14b) was selected as the holotype
(de Broin 1980, pl. III, Fig. 10); the other shell fragments
were designated as paratypes (de Broin 1980, pl. III,
Figs. 2–9, 11a, 11b).

The hypoplastron and other shell fragments were col-
lected in isolation in the late 1960s and early 1970s during
French expeditions to an area in the Ténéré Desert known as

Fig. 14.9 Lower jaw of Laganemys tenerensis gen. et sp. nov. (MNN
GAD28) in dorsal view. Scale bar = 1 cm. Abbreviations: ar artic-
ular; c coronoid; d dentary; mas mandibular articular surface; Mc
Meckel’s canal; pra prearticular; sa surangular; sym symphysis; ts
triturating surface

Fig. 14.10 Ceratohyals of Laganemys tenerensis gen. et sp. nov.
(MNN GAD28) in ventral view. Scale bar = 1 cm
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Gadoufaoua (Taquet 1976). Unlike the other turtle remains
described from Gadoufaoua by de Broin (1980), no locality
information is given for the shell fragments referred to
T. decorata, which may not pertain to a single individual
given the abundance of disarticulated vertebrate remains in
most exposures of the Elrhaz Formation. The new taxon,
Laganemys tenerensis, was discovered at a new locality a
number of kilometers away from previous localities (Taquet
1976, Figs. 7, 8). Nonetheless, as the holotype and only
known specimen of was discovered in the same formation
and region as the hypodigm of T. decorata, their taxonomic
status as valid genera and species must be carefully
considered.

Shape and textural differences are apparent between the
holotypic hypoplastron of T. decorata and that in L. tener-
ensis, although both are thin, covered with a fine-grained
ornamentation, and lie adjacent to a small mesoplastron
(Fig. 14.14). Laterally the sutural margin for peripherals 5
and 6 in L. tenerensis is divided discretely into two parts,
the suture for peripheral 6 angling posteromedially at
approximately 30�; in T. decorata the margin is gently
convex (Fig. 14.14). Anteriorly the sutural margin for the
mesoplastron is different. In L. tenerensis the suture has a
discrete angle of approximately 50�, giving the

mesoplastron a distinctive pentagonal shape; in T. decorata
this margin is more irregular (Fig. 14.14). The ramus of the
hypoplastron between the mesoplastron and posterior
embayment, as a result, is proportionately narrower in
L. tenerensis than in T. decorata.

Posteriorly the margin of the embayment for the hind
limb also shows differences. The contour of the embayment
is more deeply arched in L. tenerensis, with a smooth
margin approximately twice the width of that in T. decorata
(Fig. 14.14). In Araripemys barretoi, the smooth margin is
weakly developed or absent and the embayment has a broad
contour as in T. decorata. The smooth margin, in addition,
tapers to a point farther medially in L. tenerensis, medial to
the apex of the embayment (Fig. 14.14).

A low texture is present across the surface of the plastron
in both taxa, but it differs in the size and prominence of the
pattern of dimples and pits and their organization into
radiating ridges and sulci. We confine our comments to the
hypoplastron, which de Broin (1980) designated as the
holotype of T. decorata. The texture on the hypoplastron of
L. tenerensis is dominated by ridge-and-sulcus texture,
which covers most of the plate except for a transverse band
in the posteromedial portion of the plate, where it merges
into small subspherical pits less than 0.5 mm in diameter

Fig. 14.11 Carapace of Laganemys tenerensis gen. et sp. nov. (MNN
GAD28) in dorsal view. a Photograph. b Line drawing. Scale
bar = 3 cm. Abbreviations: co1, 5, 8 costal 1, 5, 8; ne1, 5, 8 neural

1, 5, 8; nu nuchal; nue nuchal emargination; p1, 5, 9 peripheral 1, 5, 9;
r rib; spy suprapygal
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(Fig. 14.14a). The ridge-and-sulcus texture is organized
into parallel ridges and grooves in the dorsal and postero-
medial portions of the plate, and the ridges in general seem
to emanate from what may constitute an ossification center
near the apex of the embayment. In T. decorata, in contrast,
the texture is dominated by subspherical dimples that merge
into a ridge-and-sulcus texture only near the anterior and
lateral margins of the hypoplastron (Fig. 14.14b). This
dimpled texture, similar to the surface texture of a basket-
ball, extends without diminution to the edge of the smooth
inset margin of the posterior embayment. In L. tenerensis, in
contrast, the ornamentation is noticeably reduced near the
edge of the inset margin (Fig. 14.14a). Orientation of ridge-
and-sulcus texture around a center is much less pronounced
in T. decorata.

The shape and textural differences outlined above are
noticeable and seem more substantial than variation attrib-
utable to age differences, individual variation, or sexual
dimorphism. Although the material referred to T. decorata
looks different than the holotype of L. tenerensis, we agree
with Gaffney et al. (2006, p. 111) that the dimpled surface
texture and other features of the holotypic hypoplastron of
T. decorata are difficult to establish as autapomorphies
justifying taxonomic distinction. Were the holotype closer
in form to that of L. tenerensis, we may have been able to

refer the new material to T. decorata, despite the very
limited range of potentially diagnostic features in the
holotypic hypoplastron. The range of differences does not
allow that option. Furthermore, as additional araripemydids
on Africa and elsewhere come to light, poorly established
taxa such as T. decorata will only invite future taxonomic
problems. We therefore regard the genus Taquetochelys and
species T. decorata as nomina dubia.

Description

The skull and postcranial skeleton of Laganemys are well
exposed and form the basis for this description. Computed-
tomographic (CT) imaging of the cranium has revealed
internal structure (Fig. 14.5). Future work on the cranium
will include details of its neurovascular passages and
endocranial volume. Future imaging of the postcrania will
reveal structures currently obscured by matrix including the
internal form of the shell, girdles and proximal limb bones.

We use ‘‘Romerian’’ rather than veterinarian terminol-
ogy for orientation (e.g., ‘‘anterior’’ vs. ‘‘cranial’’) and refer
to a trunk vertebra as a ‘‘dorsal’’ rather than a ‘‘thoracic’’

Fig. 14.12 Anterior portion of the carapace of Laganemys tenerensis gen. et sp. nov. (MNN GAD28) in dorsal view. Scale bar = 2 cm.
Abbreviations: C5, 6, 8 cervical vertebra 5, 6, 8; co1 costal 1; enpl entoplastron; ne1 neural 1; nu nuchal; p1 peripheral 1
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(Romer 1956; Wilson 2006). In the skull, we follow the
anatomical terminology summarized by Gaffney (1972) but
express all terms in English. For the subset of specialized
cranial structures sometimes expressed in Latin (Gaffney
1972), the Latin equivalents are given in parentheses on first
usage. Neither standardized veterinarian terminology nor
Latin have been shown to enhance accuracy in anatomical
communication over Romerian equivalents (Wilson 2006).

Skull: The skull of Laganemys is proportionately longer
than in Araripemys, due largely to the extension in the
middle portion of the skull. In lateral view of the skull of
Laganemys (Fig. 14.3), the orbit and cheek emargination
are separated by a long sheet of bone. In Araripemys, in
contrast, the posterior margin of the orbit and anterior
margin of the cheek emargination are near one another
(Meylan 1996). Likewise, in lateral view in Laganemys the
cheek emargination is situated entirely anterior to the
temporal emargination (Fig. 14.4), whereas in Araripemys
they broadly overlap. As a result the trochlear process of the
pterygoid (processus trochlearis pterygoidei) is situated
anterior to the temporal fossa (fossa temporalis superior) in
Laganemys (Fig. 14.4), whereas in Araripemys it is exposed

in dorsal view of the skull through the temporal fossa
(Meylan 1996).

The depth of the anterior end of the cranium in Lag-
anemys is very distinctive as well. The cranium is deepest
at the orbits (Fig. 14.2; Table 14.1) and increases
approximately by 20% at its anterior end (Fig. 14.4); this
is not the case in Araripemys (Meylan 1996). The cheek
emargination is dorsoventrally deep in both Laganemys
and Araripemys, but in the former the embayment
extends farther anteriorly, resulting in a longer pointed
posterior process on the maxilla (Fig. 14.4). The cheek
emargination is also visible as an embayment along the
lateral side of the skull in dorsal view (Fig. 14.6). The
temporal emargination is proportionately narrower in
Laganemys (Fig. 14.6), whereas in Araripemys the fossa
is roughly as long as wide in dorsal view of the skull
(Meylan 1996).

The subcircular orbits are slightly longer anteroposteri-
orly than deep and are directed laterally as much as dorsally
as in Araripemys (Figs. 14.4, 14.6). The aspect of the orbits
that sets Laganemys apart is the gentle telescoping, or
eversion, of the posterior half of the orbital margin.

Fig. 14.13 Plastron of Laganemys tenerensis gen. et sp. nov. (MNN
GAD28) in ventral view. a Photograph. b Line drawing. Scale
bar = 3 cm. Abbreviations: ac acromion of the scapula; D4 dorsal

vertebra 4; enpl entoplastron; eppl epiplastron; fen fenestra; hyopl
hyoplastron; hyppl hypoplastron; mepl mesoplastron; p1, 5, 11
peripheral 1, 5, 11; py pygal; xipl xiphiplastron
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The skull roof is composed of the usual set of paired
roofing elements; nasals are absent as in other pelomedusoids
(Meylan 1996; Gaffney et al. 2006). The supraoccipital crest
(crista supraoccipitalis) extends as far posteriorly as the
posterolateral process, the latter formed by the squamosal and
opisthotic (Fig. 14.6). In both Laganemys and Araripemys,
the supraoccipital crest and posterolateral processes extend
far posterior to the occipital condyle.

In ventral view the labial ridge formed by the premaxilla
and maxillae is narrower than in Araripemys (Fig. 14.7).
The labial ridges of upper and lower jaws (Fig. 14.9), thus,
are more V-shaped than U-shaped. The basisphenoid con-
tribution to the palate equals or exceeds that of other palatal
bones, none of which bear teeth. The ramus of the lower jaw
(Figs. 14.4, 14.9) is considerably longer and more slender in
Laganemys as compared to Araripemys (Meylan 1996;
Gaffney et al. 2006).

Dorsal skull roof: The premaxilla is fused with its
opposite medially and to the maxilla posteriorly, obliterating
most of its external sutures. A portion of the premaxilla–
maxilla suture appears to be preserved on the right side,
marking the edge of a transversely narrow, deep bone in
external view. Its palatal sutures and surface are recessed
above and anterior to the labial ridge and are obscured by
matrix (Figs. 14.5, 14.7). Exposed sutural contacts, thus, are
limited to the maxilla. In anterior view the premaxillae join
along the ventral margin of the external naris (apertura nari-
um externa) and form a subtriangular dorsomedian process
that partially divides the opening. The external surface of the
bone is pitted. The labial ridge curves dorsally near the
midline, forming with its opposite a V-shaped notch to
receive the pointed anterior end of the mandible (Fig. 14.9).
Araripemys does not appear to have a similar premaxillary
notch (Meylan 1996).

The maxilla contacts the premaxilla and prefrontal
anteriorly and the jugal posteriorly, forming the lateral
margin of the external naris and the ventral margin of the
orbit. The anterior end of the maxilla extends dorsally along
the anterior margin of the orbit as a slightly raised, tapering
prong. In Araripemys, the maxilla extends dorsally adjacent
to the external naris, not the orbit (Meylan 1996). On the
posterior side of the orbit, the maxilla-jugal suture steps
ventrally before passing posteriorly (Fig. 14.4). The pos-
terior position of the maxilla-jugal suture on the orbital
margin in Laganemys differs from the ventral position of the
suture in Araripemys (Meylan 1996). The maxilla forms
most of the posterior process under the cheek emargination.
The external surface is pitted above the labial ridge, with
some of the pits forming shallow concavities under the orbit
(Fig. 14.4). The posterior process is marked by low pos-
teroventrally inclined ridges and some small foramina.

Fig. 14.14 Hypoplastron of Laganemys tenerensis gen. et sp. nov.
(MNN GAD28) and Taquetochelys decorata (MNHN GDF847) in
ventral view. a Right hypoplastron of Laganemys tenerensis. b Right
hypoplastron of Taquetochelys decorata. c Magnified view of posterior
margin of the right hypoplastron of Taquetochelys decorata. Scale
bar = 2 cm in a and 1 cm in b and c. Abbreviations: hyppl
hypoplastron; mepl mesoplastron; xipl xiphiplastron
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In ventral view, a portion of the maxilla-palatine suture
is exposed on the left side of the palate. The maxilla shares
the triturating surface along its length with the palatine. In
Araripemys, in contrast, the narrower triturating surface is
limited to the maxilla (Meylan 1996). The internal nares
together form a subtriangular opening with a broad, trans-
verse posterior margin. The maxilla forms the lateral side of
each internal naris and is separated from the footplate of the
vomer by the palatine.

The jugal is a strap-shaped bone that extends from the
posterior margin of the orbit to the deepest notch of the
cheek emargination (Fig. 14.4). Its contacts include the
postorbital dorsally, the maxilla ventrally and the qua-
dratojugal posteriorly. Unlike Araripemys, the jugal margin
of the orbit is distinctly everted. The jugal contacts the base
of the trochlear process of the pterygoid but does extend
onto the palate as in Araripemys (Meylan 1996; Gaffney
et al. 2006).

Fig. 14.15 Atlas and axis of
Laganemys tenerensis gen. et sp.
nov. (MNN GAD28) in left
lateral view. Scale bar = 5 mm.
Abbreviations: at atlas; ax axis;
ce centrum; ep epipophysis;
k keel; na neural arch; ns neural
spine; poz postzygapophyses; prz
prezygapophysis; tp transverse
process

Fig. 14.16 Anterior and mid
cervical vertebrae of Laganemys
tenerensis gen. et sp. nov. (MNN
GAD28) in lateral and dorsal
view. Scale bar = 1 cm.
Abbreviations: C1–6 cervical
vertebrae 1–6
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The postorbital, like the jugal, is strap-shaped, extending
from the orbit to the cheek emargination. The postorbital
contacts the frontal and parietal dorsomedially and the jugal
ventrally. The posterior tip of the postorbital contacts the
anterior tip on the quadratojugal along the cheek emargi-
nation. The orbital margin formed by the postorbital is
telescoped like that of the adjacent jugal. Unlike Araripe-
mys and most pelomedusoids, the postorbital does not reach
the superior temporal fossa (Fig. 14.6).

The quadratojugal, which is best preserved on the right
side, is a diamond-shaped bone contacting the parietal
dorsally and the squamosal and quadrate posteriorly. Ven-
trally the quadratojugal borders the posterior half of the
cheek emargination. Dorsally it fails to separate the parietal
and squamosal, which meet along the temporal emargina-
tion, an unusual sutural configuration among pleurodires.

The squamosal contacts the quadratojugal and a slender
process of the parietal anteriorly and the quadrate ventrally
and the exoccipital (Fig. 14.4). It forms the majority of the
lateral rim of the temporal emargination and extends pos-
teriorly along the posterolateral side of the skull. In this

region it joins the opisthotic to form a prominent posteriorly
projecting process, as in Araripemys and other pelomedu-
soids such as Euraxemys (Meylan 1996; Gaffney et al.
2006).

The prefrontal, a subtriangular plate that is thin in cross-
section (Fig. 14.5), forms the posterior margin of the
external naris and the anteromedial margin of the orbit
(Fig. 14.6). The prefrontal is gently transversely arched
along the narial opening, where it contacts the maxilla. It
extends posterodorsally as a tapering plate, its distal tip
overlapping the frontal and terminating in a V-shaped
posterior suture. Comparatively, Araripemys has been
shown with both a V-shaped (Meylan 1996) and interdigi-
tating (Gaffney et al. 2006) prefrontal–frontal suture. The
orbital margin of the prefrontal, which is not telescoped, is
restricted to the anteromedial margin by an ascending pro-
cess of the maxilla. This differs from the condition in
Araripemys, where the prefrontal borders the ventral orbital
margin (Meylan 1996; Gaffney et al. 2006). The contacts of
the prefrontal within the orbit are visible only in the CT
scan.

Fig. 14.17 Cervical vertebrae 4
and 5 of Laganemys tenerensis
gen. et sp. nov. (MNN GAD28)
in dorsal view. Scale
bar = 1 cm. Abbreviations: C4,
5 cervical vertebra 4, 5; ep
epipophysis; fo foramen; ns
neural spine; poz
postzygapophyses; tp transverse
process
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The frontal is overlapped anteriorly by the prefrontal,
abutts laterally against the postorbital, and meets the pari-
etal posteriorly along an interdigitating suture (Fig. 14.6).
The frontoparietal suture is near the posterior margin of the
orbit in Araripemys, whereas in Laganemys it is located
approximately one-third of the distance along the dorsal
skull roof between the orbit and temporal emargination. The
orbital rim formed by the frontal is gently everted.

The parietal extends across the posterior two-thirds of
the skull roof from its interdigitating contact with the frontal
anteriorly to the sides of the supraoccipital on the supra-
occipital crest posteriorly (Fig. 14.6). In parasagittal sec-
tion, both the frontal and parietal are relatively thick
(Fig. 14.5). The parietal meets the postorbital and qua-
dratojugal laterally along a nearly straight suture, with its
distal tip contacting the squamosal. The posterior margin
of the parietal is deeply embayed by the temporal emargi-
nation, forming a distinctive posterolateral process. In
Araripemys there is no parietal-quadratojugal or parietal-
squamosal contact and no development of a posterolateral
process (Meylan 1996; Gaffney et al. 2006).

Palate: The outer margin of the palate, including nearly
the entire triturating surface for the mandible, is formed by
the premaxilla and maxilla. The remainder of the palate is
composed of the quadrate, pterygoid, palatine and vomer
(Fig. 14.7) and slopes posteroventrally at approximately 15�
from the internal naris (apertura narium interna) to the
ventral surface of the occiput (Fig. 14.5).

The internal narial opening is at least partially divided
posteriorly by the vomer, a bone that was not preserved in
the acid-prepared crania of Araripemys (Meylan 1996;
Gaffney et al. 2006). The vomer is absent in many extant
pelomedusids (Gaffney 1979; Gaffney et al. 2006), but this
does not appear to be the case among araripemydids. In
Laganemys the posterior portion of the bone is preserved as
a tongue-shaped median element, presumably the posterior
ends of fused right and left vomers (Fig. 14.7). The foot-
plate appears to overlap right and left palatines, although
their contact is developed as an interdigitating suture.

The palatine forms the posterior margin of the internal
naris, which is depressed centrally where the palatine and
footplate of the vomer meet (Fig. 14.7). The palatine

Fig. 14.18 Cervical vertebrae 6
and 7 of Laganemys tenerensis
gen. et sp. nov. (MNN GAD28)
in ventral view. Scale
bar = 1 cm. Abbreviations: C6,
7 cervical vertebra 6, 7; k keel; tp
transverse process
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Table 14.1 Measurements (mm) of the holotypic skeleton (MNN GAD28) of the mid Cretaceous pelomedusoid turtle Laganemys tenerensis
gen. et sp. nov.

Measurement Code

Cranium

Length, premaxilla to distal tip of supraoccipital crest 40 I

Length, premaxilla to occipital condyle 37 A

Width, maxillary flange to opposite 20 B

Width, across quadrate condyles 20 –

Preorbital length 3 –

Postorbital length, orbital margin to tip of supraoccipital crest 31 –

Depth, orbital roof to maxillary labial ridge 10 –

Depth, parietal roof to maxillary labial ridge 8 –

Depth, supraoccipital crest to quadrate condyle 13 G

Depth, supraoccipital crest to occipital condyle 10 K

Orbit, anteroposterior diameter 6 D

Orbit, dorsoventral diameter 5 J

Interorbital width 3 C

External nares, width 4 E

Posterior palate, width between inferior temporal fossae 9 N

Internal nares, width 6 F

Premaxilla–maxilla labial ridge, length 21 –

Lower Jaws

Midline length 28 A

Symphysis to coronoid process, length 20 B

Mid length, depth 3 –

Ramus at coronoid process, width 2 C

Hyoid Ossification

Ceratohyal length (26)

Axial Skeleton

Carapace, maximum length 144

Carapace, midline length 137

Carapace, maximum width 140

Plastron, maximum length 130

Plastron, maximum width 101

Plastral bridge, minimum anteroposterior length 38

Cervical 1, intercentrum length 5

Cervical 2, centrum length (without odontoid) 16

Cervical 4, centrum length 17

Cervical 6, centrum length 17

Cervical 7, centrum length 17

Dorsal 2, centrum length 15

Dorsal 3, centrum length 13

Dorsal 4, centrum length 13

Caudal 4, centrum length 5

Caudal 6, centrum length 4

Caudal 12, centrum length 2

Caudal 19, centrum length 2

Caudal 21, centrum length 1

(continued)
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descends laterally to meet the maxilla along the margin of
the palate. At their junction, the palatine sends a prong-
shaped process anteriorly over the maxilla along the lateral
side of the internal naris. The palatine is overlapped by
a very short triangular process of the maxilla, before
the suture turns posteriorly along the triturating surface.
In Araripemys the palatine does not contribute to the tritu-
rating surface, which is composed solely of the maxilla
(Meylan 1996; Gaffney et al. 2006). In Laganemys the
medial one-half of the triturating surface is formed by the
palatine, a subtle lingual ridge apparent on the palatine
indicating the medial margin of the keratinous sheath.

The palatines meet along an interdigitating median
suture, which extends posteriorly to meet the apex of the
basisphenoid and the anteromedial corners of the pterygoids
at a single point (Fig. 14.7). A posterior palatine foramen
(foramen palatinum posterius) is located to each side of the

midline within the palatine near the palatine-pterygoid
suture. The left foramen is positioned slightly more ante-
riorly than the right foramen, which lies on the anterior side
of the interdigitating palatine-pterygoid suture. This fora-
men is larger and situated farther laterally on the palate
in Araripemys (Meylan 1996; Gaffney et al. 2006). The
palatine extends posteriorly in the mid palate, forming a
V-shaped suture with the pterygoid before reaching the
lateral side of the palate. Contact in this region with the
jugal is obscured by matrix.

The pterygoid contacts the palatine anteriorly along a
suture, most of which is interdigitated. The long medial
suture with the basisphenoid appears to be fused (Fig. 14.7).
Other contacts near the basisphenoid include the prootic and
quadrate. Lateral contact with the jugal is partially exposed
at the base of the trochlear process within the cheek
emargination (Fig. 14.4). The trochlear process angles

Table 14.1 (continued)

Measurement Code

Appendicular Skeleton

Radius length 16

Ulna length 16

Metacarpal 1 length (5)

Metacarpal 2 length 6

Metacarpal 4 length 8

Metacarpal 5 length 7

Manual digit I, phalanx 1 length 4

Manual digit II, phalanx 2 length 3

Manual digit II, ungual length 6

Manual digit III, phalanx 2 length 4

Manual digit III, ungual length 7

Manual digit IV, phalanx 1 length 3

Manual digit IV, phalanx 2 length 4

Manual digit IV, ungual length 6

Manual digit V, ungual length 4

Tibia length 27

Metatarsal 1 length 13

Metatarsal 2 length 15

Metatarsal 3 length 17

Metatarsal 4 length 15

Pedal digit I, phalanx 1 length 5

Pedal digit I, ungual length 7

Pedal digit II, phalanx 1 length 4

Pedal digit II, ungual length 6

Pedal digit III, phalanx 1 length 4

Pedal digit III, ungual length 5

Measurements of paired structures are from the right side, except those from the forelimb. In right column, letter code after cranial measurements
corresponds to measurement diagrams for the cranium and lower jaws in Gaffney et al. (2006, Appendices 4, 8); in same column, symbol ‘‘–’’
indicates no corresponding letter code
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posteroventrally from the jugal-pterygoid suture, extending
posteroventrally as a hatchet-shaped, pendant flange below
the cheek emargination. The lateral surface is lightly tex-
tured and separated from the palatal surface by a distinct
edge. The expanded distal end of the trochlear process is
dorsoventrally convex.

A crescentic, flange of the pterygoid is elevated slightly
from the palatal surface, lying between the basisphenoid
and inferior temporal fossa (Fig. 14.7). The arcuate medial
margin of this flange extends from the edge of the trochlear
process and curves along the lateral margin of the basi-
sphenoid and prootic, and then forms an interdigitating
suture with the quadrate near the mandibular condyles
(condylus mandibularis). This crescentic palatal surface is
more clearly demarcated than in other pleurodires, with the
medial edge invaginated into the basisphenoid.

The quadrate in lateral view forms the smooth curved
wall of the tympanic fossa (cavum tympani) and contacts in
this region the quadratojugal and squamosal (Fig. 14.2). In
ventral view, quadrate forms the mandibular condyles and
extends medially to contacts the prootic and opisthotic. A
fissure, the incisure columella auris, is present on the ventral
wall of the tympanic fossa. The fossa extends posterome-
dially into the braincase as the postotic antrum, an internal
space hidden in lateral view by the posterior rim of the
tympanic fossa.

The relatively flat mandibular condyles are deeply cleft,
with the medial condyle facing ventrolaterally at approxi-
mately 45� to the sagittal plane (Figs. 14.7, 14.8). The lat-
eral condyle is flat and faces anteroventrally at
approximately 45� to a transverse plane. The condition is
similar to that in Araripemys (Meylan 1996; Gaffney et al.
2006). Contact with the pterygoid is initiated just above the
condyles and extends medially until reaching the prootic.

Braincase: The prootic contacts the quadrate laterally,
the opisthotic posteriorly, and a small margin of the su-
praoccipital posteromedially and the basisphenoid medially
(Figs. 14.6, 14.7, 14.8). The prootic, exposed as a crescent
between the quadrate and basisphenoid in ventral view, is
marked by the posterior opening of the internal carotid
artery (foramen posterior canalis carotici interni), the prin-
cipal arterial supply to the brain. Although the prootic is
fused to adjacent elements, the fused sutures are still
discernible.

In dorsal view, the opisthotic contacts the supraoccipital
medially, the prootic anteriorly, and the quadrate laterally.
The opisthotic forms the core of a prominent paroccipital
process (processus paroccipitalis) that extends posteriorly as
far as the supraoccipital crest (Figs. 14.5, 14.6). In ventral
view, the opisthotic is bordered laterally by the quadrate
and medially by the exoccipital.

The supraoccipital forms the narrow apex of the rela-
tively large, teardrop-shaped foramen magnum. The

supraoccipital extends from this point on the foramen
magnum posteriorly, forming the base and posterior tip of
the supraoccipital crest. In sagittal view, the supraoccipital
crest does not extend posteriorly as far as the paroccipital
process and posterior extremity of the squamosal
(Fig. 14.5). The very thin central portion of the crest
thickens toward its ventral margin, which is concave and
confluent with the dorsal border of the foramen magnum.

The exoccipitals form the prominent, thin sidewalls of
the foramen magnum, joining the supraoccipital dorsally
and the basioccipital ventrally. Between these contacts, the
exoccipital extends posterolaterally along the proximal one-
half of the paroccipital process. Gaffney et al. (2006)
describe a small foramen opening on the exoccipital-opis-
thotic suture on the paroccipital process. This foramen is not
present in Laganemys. In the body of the bone, however, are
three foramina, a large posterior jugular foramen (foramen
jugulare posterius) and two smaller foramina for the
hypoglossal nerve (foramina nervi hypoglossi; Fig. 14.8).
The exoccipital contacts the basisphenoid just anterior to
these foramina. The exoccipital extends posteriorly to form
a rounded occipital condyle (condylus occipitalis) that is
crescentic in posterior view. Between opposing crescentic
condyles, lies a central fossa. As in Pelomedusidae, the
occipital condyles are composed exclusively of the exoc-
cipitals. In Araripemys, in contrast, the basisphenoid forms
a small median ventral condyle. The differing structure of
the occipital condyles between Laganemys and Araripemys
is one of the few features which would link one of these
genera with another pelomedusoid and thus is indicative of
homoplasy.

The basioccipital is exposed ventrally as a transversely
broad and convex, diamond-shaped bone. Anteriorly near
its contact with the basisphenoid, there is a shallow median
keel. The keel dissipates posteriorly, with a pair of low
wedge-shaped basal tubera (tuberculum basioccipitale)
developed in conjunction with the exoccipitals. The basi-
occipital has a small triangular median process extending
between the tubera, but it stops short of the occipital con-
dyles (Fig. 14.8). In Araripemys, in contrast, the basioc-
cipital has been shown to contribute the ventral one-third of
the occipital condyle (Gaffney et al. 2006). This portion of
the skull is well preserved and highlights a significant
structural difference.

The basisphenoid forms a long, narrow-shaped ramus
that extends along the midline for over half the skull length
in ventral view, dividing the pterygoids to each side and
establishing a point contact with the palatines (Fig. 14.7).
The basisphenoid is relatively long in Laganemys and
Araripemys compared to other pleurodires.

Lower jaw: A complete mandible was present and
consists of six articulated bones, the dentary, coronoid,
surangular, angular, prearticular, and articular (Figs. 14.4b,
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14.9). The splenial is not present, a condition common to all
pelomedusoids. The conjoined lower jaws have the form of
a slightly bowed, pointed arch in dorsal or ventral view
(Fig. 14.9). The articular surface for the quadrate condyles
(area articularis mandibularis) is set slightly medial to the
lateralmost arc of the dentary ramus. The dentary ramus is
proportionately long to match the proportionately long
cranium. The coronoid region, for example, is positioned in
the posterior 25% of the lower jaw, and the depth of the
dentary ramus at mid length is only 3 mm (Table 14.1). The
lower jaw differs from that of Araripemys by its much
longer proportions and ventral curvature, pointed anterior
end, and absence or reduction of internal and external
foramina.

The dentary ramus is slender with a very thin triturating
edge forming its dorsal margin. In lateral view the axis of
the ramus curves ventrally toward the symphysis, its ante-
rior end squared and slightly expanded to form a ‘‘chin’’
ventrally and a pointed apex dorsally. The dorsal apex fits
into a notch in the upper jaws between the premaxillae. A
suture separates the dentaries at the symphysis as in Ara-
ripemys and some pelomedusids (Meylan 1996). As in
Araripemys, the dentary extends far posteriorly, terminating
in a pair of tongue-shaped processes, one at the root of the
coronoid rise and a second longer one lateral to the adductor
fossa (Fig. 14.4b). Sutural contacts of the dentary include
the coronoid, surangular and angular. In medial view, the
triturating surface is well developed along the entire upper
margin of the dentary and is broadest at mid length, angling
approximately 45� ventromedially. Anteriorly and posteri-
orly, the triturating surface narrows in width and is more
strongly inclined. Meckel’s groove (sulcus cartilaginis
meckelii) first appears near the symphysis and deepens
posteriorly.

A subtriangular coronoid is exposed laterally and, to a
greater extent, medially. It forms the top of the coronoid rise
and encloses Meckel’s canal medially. The posterior margin
of the coronoid joins the prearticular on the anterior rim of
the adductor fossa. Sutural contacts of the coronoid include
the dentary, surangular and prearticular.

The surangular is best exposed in lateral view, where
it contacts the dentary, coronoid, angular and articular.
The auriculotemporal foramen (foramen nervi auriculo-
temporalis), if correctly identified as such, is very small
and located near the dorsal margin of the surangular
(Fig. 14.4b, fo). In most basal pelomedusoids and
Araripemys (Meylan 1996), in contrast, the auriculotem-
poral foramen is considerably larger and located on the
lateral aspect of the surangular, serving as an exit from the
adductor fossa for a branch of the chorda tympani nerve
(Gaffney 1972, Fig. 17). Foxemys and all later pelomedu-
soids, however, lack this foramen (Gaffney et al. 2006), and
so there remains some doubt regarding the identity of the

small, dorsally positioned foramen in Laganemys. At the
base of the coronoid process, a horizontal groove leads
anteriorly to the sutural triple-junction between the suran-
gular, dentary and coronoid (Fig. 14.4b). A gap at this
sutural junction may have served as another opening in the
sidewall of the mandible in Laganemys.

The angular is a strap-shaped bone best exposed in
medial view along the ventral margin of the jaw. The
angular tapers to a slender process anteriorly at mid length
along the dentary ramus, enclosing Meckel’s canal (fossa
meckelii) posteriorly and tapering to a point along the
ventral margin of Meckel’s groove anteriorly. Posteriorly
the angular maintains its width as it extends under the
articular at the jaw articulation. Sutural contacts include the
dentary, surangular, prearticular and articular. Along the
angular–prearticular suture on both sides, a small internal
mandibular foramen (foramen intermandibularis caudalis) is
visible.

The prearticular is another strap-shaped postdentary
bone exposed only in medial view of the lower jaw. Its
contacts include the dentary, angular, coronoid and articu-
lar. The prearticular forms the medial wall of the adductor
fossa and extends to the end of the lower jaw under the
articular.

The articular is a small wedge-shaped bone that contacts
the angular, surangular and prearticular (Fig. 14.9). The
angular and surangular overlap the articular laterally and
remain as a distinctive flange at the end of the lower jaw,
separated from the articular by a suture filled with matrix.
This angular–surangular flange appears to contact the lateral
quadrate condyle. The articular, which is positioned medial
to this flange, has an articular surface that is angled pos-
teroventrally at approximately 45� from the horizontal, as
seen in medial or lateral view of the lower jaw. The articular
surface is ovate, a little deeper than broad and divided into
two transversely concave facets by a rounded median keel.
The keel articulates with the groove between the flat
quadrate condyles. Below the articular surface, the posterior
foramen for the chorda tympani nerve (foramen posterius
chorda tympani) enters the articular to access the adductor
chamber (Gaffney 1972).

Hyoid: A pair of curved, rod-shaped bones is preserved
in association ventral to the cervical series (Fig. 14.10). We
identify these as ceratohyals (= cornua), which in turtles
and other reptiles are often curved, rod-shaped bones that
broaden and flatten slightly toward their proximal articular
ends (Romer 1956). The distal end of the ceratohyal is rod-
shaped and more slender than the flattened proximal end,
the articular head of which appears to have broken away.

The ceratohyal measures 23 mm in length and may have
been 26 mm long as a complete element, or approximately
65% of skull length (Table 14.1). The ceratohyal in Ara-
ripemys has a more robust shaft and is proportionately
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shorter, measuring approximately 50% of skull length
(Gaffney et al. 2006, Fig. 31B).

Shell ornamentation: A radiating ridge-and-sulcus tex-
ture is present on most of the external surfaces of the car-
apace and plastron. Each ridge or sulcus is spaced
approximately 0.5 mm apart and typically radiates from a
central locus on each plate (Figs. 14.11, 14.12, 14.13a,
14.21). The ridge-and-sulcus texture also occurs on the
ventral surface of the peripherals. On some of the periph-
erals, the texture is limited to the outer margin; adjacent to
the bridge of the plastron, the texture covers the entire
ventral surface (Figs. 14.14a, 14.23). The ventral surface of
costal and neural plates on the interior aspect of the shell is
smooth. The ridge-and-sulcus texture, thus, is present on
surfaces with external exposure, and a similar texture is
present on the external surfaces of the skull. In Araripemys
the external texture on the shell is pitted to a greater degree,
although we regard fine-grained pit and ridge-and-sulcus
texture as a synapomorphy of the Araripemydidae. The
more subdued shell textures among trionychids are easily
distinguished from that in araripemydids. Nonetheless,
araripemydids and trionychids share similarities in shell
ornamentation, reduction or loss of scutes, and a relatively
flat shell profile, all of which may constitute adaptations to
an aquatic lifestyle.

Carapace: The carapace is complete except for a left
portion of the posterior half that was broken away and lost
upon discovery of the specimen. The carapace and plastron
are in natural articulation with only minor disarticulation
and dorsoventral crushing. Minor anteroposterior shortening
has occurred with some imbrication of costals 3 and 4 and 7
and 8 (Fig. 14.11). Minor transverse flattening has occurred,
creating gaps laterally at the plastral bridge and in the
midline between the right and left hypo- and hyo-plastron
(Fig. 14.13). When these postmortem distortions are
removed, the carapace has a distinctly oval shape with two
low convexities along the margin of peripherals 1–3 and
greatest breadth at peripheral 7 (Fig. 14.2). The carapace in
Araripemys differs from Laganemys with its more circular
profile, deeper nuchal embayment, greater posterior exten-
sion relative to the hind limbs, presence of a series of
fenestrae, and retention of a small ninth neural (Fig. 14.1).

In Laganemys the length of the carapace (144 mm)
slightly exceeds its width (140 mm) as preserved
(Table 14.1), and the vertical height within the shell appears
to have been approximately 20 mm. The carapace, which
has a thickness of approximately 1 mm, is composed of 1
nuchal, 11 paired peripherals, 8 neurals, 8 paired costals, 1
suprapygal, and 1 pygal (Figs. 14.2, 14.11).

The broad nuchal plate has a deep anterior embayment
(Fig. 14.12). This feature is also present in Araripemys
(Fig. 14.1) and is included among synapomorphies of
Araripemydidae. The condition of Laganemys differs from

Araripemys by retention of the primitive nuchal-peripheral
1 contact on the periphery of the carapace, which excludes
costal 1 from the margin of the carapace. In Araripemys
costal 1 forms a short section of the anterior margin of the
carapace, separating the nuchal and peripheral 1. We regard
the condition in Araripemys as an autapomorphy for the
genus. The nuchal in Laganemys has a unique boomerang
shape, with a transverse span equal to one-fourth the width
of the carapace (Figs. 14.2, 14.11, 14.12). The broader
nuchal embayment in Araripemys incorporates all of the
margin of peripheral 1, the nuchal retaining a subtrapezoi-
dal shape (Fig. 14.1). Gaffney et al. (2006) regarded nuchal
shape in Araripemys as distinctive, along with its well
developed sutural contact with the first dorsal vertebra. That
contact is not currently exposed in Laganemys.

The neural series is limited to eight plates with a neural
formula of 6 [ 6 [ 4 \ 6 \ 6 \ 6 \ 6 [ 5. Neural 7 is
hexagonal with 6 sutural contacts. Neural 8 is very small
and probably has 5 contacts (neural 7, costals 7, 8)
(Fig. 14.2). Araripemys has a neural formula of
6 [ 6 [ 4 \ 6 \ 6 \ 6 [ 6 [ 3 and shows less reduction
of the posterior neural series than Laganemys. All speci-
mens of Araripemys have nine neurals, with neural 8
hexagonal and neural 9 small and triangular (Fig. 14.1). A
comparison of neural formulae among basal pleurodires
suggests that Laganemys has lost neural 9 and reduced
the size of neural 8. Neural 3 in both Laganemys and
Araripemys only has one costal contact (costal 3), although
it retains a hexagonal shape (Figs. 14.1, 14.2). The hexag-
onal neural 3 in pelomedusoids, in contrast, maintains
two costal contacts that subdivide its lateral margin
(4 \ 6 \ 6 \ 6 \ 6 \ 6 \ 6 \ 6). Neural 3 in Laganemys
is noteworthy as well for its shape; its long axis is oriented
transversely (Fig. 14.2). The neural and pygal series in
Laganemys are separated by a substantial median contact
between opposing costal 8 plates (Figs. 14.2, 14.11). In
Araripemys intercostal contact at the posterior end of the
neural series is variable. Some specimens show substantial
median contact between opposing costal 8 plates equivalent
to that in Laganemys, whereas in other specimens such
contact is limited to the convergence of sutures to a point
junction (Fig. 14.1; Meylan 1996). Intercostal contact sep-
arating the posteriormost neural and suprapygal is absent in
Euraxemys but present in some pelomedusids, podocne-
midids and bothremydids (Gaffney et al. 2006).

The pygal series consists of a single suprapygal
and pygal. The single suprapygal plate in Laganemys and
Araripemys (Figs. 14.1, 14.2, 14.11, 14.20) may represent
a derived condition, as two suprapygals are present in
the basal pleurodire Notoemys (Meylan 1996; Rueda and
Gaffney 2005).

The costal series consists of eight plates, the first of
which is much broader than the others as in Araripemys
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(Fig. 14.1). The added breadth gives costal 1 a subtriangular
shape, whereas costals 2–8 have subparallel anterior and
posterior margins (Figs. 14.11, 14.12). Costal 8 meets its
opposite in the midline as described above. The distal end
of a dorsal rib projects from the distal margin of each costal
plate, as seen in dorsal and ventral views of the carapace
(Figs. 14.2, 14.3, 14.11). The distal ends of the ribs
extending from costals 1–4 insert between peripherals,
whereas the rib ends on costals 5–8 insert into a notch in the
middle of the adjacent peripheral. Unlike the carapace of
Araripemys, which has a series of small fenestrae between
costal and peripheral plates (Fig. 14.1), the rib ends in
Laganemys insert into the peripheral series closing all such
gaps. The presence of fenestrae in the carapace in Ara-
ripemys cannot be attributed to immaturity, given their
uniform presence in many specimens. Likewise, we regard
the holotypic and only known specimen of Laganemys as a
mature individual, given the fusion of all sutures in the
vertebral column and the coossification or tight articulation
of cranial sutures. The presence of fenestrae in the carapace
in Araripemys and the broad extension of the posterior
margin of the carapace may represent derived conditions
and constitute additional specialization related to an aquatic
lifestyle.

The first plate in the peripheral series is crescentic
(Fig. 14.12). The other peripherals vary in shape: they are
rectangular along the anterior margin (peripherals 2, 3),
triangular where they are separated by a rib end (peripherals
3–5), subquadrate with a medial notch to accommodate a
rib end (peripherals 7–10), and subquadrate (peripheral 11).
The anterior margin of the carapace is scalloped with a
convex edge formed by peripheral 1 and a second convexity
at the junction of peripherals 2 and 3 (Fig. 14.2).

A lightly incised scute pattern is visible on the carapace,
indicating the presence of 5 vertebral, 4 pleural and prob-
ably 12 marginal scutes, a common condition among turtles.
The scutes, like the underlying peripherals, are reduced
along the anterior margin of the carapace; there is no evi-
dence for nuchal or supramarginal scutes anterior to the
vertebral series in either Araripemys or Laganemys
(Figs. 14.1, 14.2).

Dorsal vertebra 3 and 4 are exposed through the second
plastral fenestra in ventral view of the shell (Fig. 14.13).
These centra, approximately 14 mm in length, have a
rounded ventral keel and tab-shaped processes extending
from each side of the posterior end of the centrum.

Plastron: The plastron preserves all elements on one
side or the other except for the distal tip of the xiphiplas-
tron. Measuring 130 mm in length, the plastron nearly
equals the length of the carapace (Table 14.1). The 11
bones of the plastron include an entoplastron and paired
epi-, hyo-, hypo-, meso-, and xiphi-plastra. There are three
median plastral fenestrae, the anterior two much larger than

the posteriormost. The fenestrae are separated by plastral
plates, which join along deeply interdigitating sutures
(Figs. 14.3b, 14.13). The plastral bridge to the carapace
spans nearly one-third the length of the plastron. Post-
mortem compression of the shell has disarticulated both
axillary and inguinal buttresses (Fig. 14.13).

The epiplastron is a narrow strap-shaped plate, the
posterior two-thirds of which lies at a 45� angle from the
midline forming the lateral plastral margin alongside the
ento- and hyo-plastron (Figs. 14.3b, 14.13). The posterior
tip inserts into a notch in the hyoplastron. The anterior one-
third of the element curves anteriorly to meets its opposite
at the midline. The conjoined epiplastra project approxi-
mately 1 cm anterior to the entoplastron and approximately
2 cm anterior to the nuchal embayment on the carapace. In
width (6 mm) and length (2 cm), the conjoined epiplastral
projection roughly corresponds to that of a cervical centrum
(Table 14.1). The broad nuchal embayment and opposing
epiplastral process were probably involved in enhancing
support or mobility of the long cervical series. A strap-
shaped epiplastron is a synapomorphy of Araripemydidae.
A J-shaped epiplastron is an autapomorphy of Laganemys.

The entoplastron is pointed anteriorly and posteriorly in
the midline and has gently convex lateral margins, and a
pointed posteromedian process extending into the anterior
plastral fenestra. The bone thus is shaped like an arrowhead
(Figs. 14.3b, 14.13). The entoplastron contacts the hypopl-
astron laterally along an interdigitating suture, the last notch
of which accommodates a slender entoplastral prong. In
Araripemys there is only a single broader prong inserting
into a notch in the hyoplastron (Meylan 1996).

The hyoplastron forms most of the anterior one-half of
the plastron, expanding anteriorly to meet the ento- and epi-
plastron and contributing to the lateral border of the anterior
and middle plastral fenestrae (Figs. 14.3b, 14.13). The
anterior edge of the hyoplastron has a concave embayment
to accommodate the forelimb that extends posteriorly nearly
as far as the posterior rim of the anterior plastral fenestra.
The thickened lateral (axillary) buttress extends anteriorly
along the lateral margin of the carapace as far as costal 1
and attaches to the middle of peripheral 3. The anterior
margin of the buttress is smooth. The hyoplastra meet in the
midline along a deeply interdigitating suture, separating
anterior and middle plastral fenestrae. This suture is short
(approximately 1 cm) with four triangular prongs of similar
length (5 mm) on each side. Posteriorly the hyoplastron
meets the hypo- and meso-plastron along an interdigitating
suture.

The mesoplastron is a pentagonal plate located on the
lateral margin of the plastral bridge between the hyo- and
hypo-plastron (Fig. 14.3b). Its lateral margin contacts
peripherals 5 and 6, and its medial apex is located between
the hyo- and hypo-plastron. In Laganemys the mesoplastron
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is retained as a significant element of the plastron, forming
approximately 30% of the plastral bridge (Fig. 14.3b). In
Araripemys, in contrast, the mesoplastron is absent
(Fig. 14.3a), although it is retained in many pelomedusoids.

The hypoplastron contacts the hyo- and meso-plastron
anteriorly and xiphiplastron posteriorly along interdigitating
sutures (Figs. 14.3b, 14.13, 14.14a, 14.23). The suture
between the hypo- and xiphi-plastron runs from the pos-
terior embayment to the posterior plastral fenestra. Except
for an anterior marginal prong on the xiphiplastron, the
suture between the hypo-, and xiphi-plastron is finely
interdigitating, in contrast to the much longer interdigitating
processes present in Araripemys (Fig. 14.3a). Like the hyo-,
the hypo-plastron joins its opposite with six or seven tri-
angular prongs of similar length (5 mm), separating middle
and posterior plastral fenestrae. The posterior edge of the
hypoplastron has a deeply concave embayment to accom-
modate the hind limb that extends anteriorly as far as the
anterior edge of the posterior plastral fenestra. The posterior
edge of the hypoplastron has a smooth margin that broadens
as it approaches the lateral (inguinal) buttress, which
extends as far posteriorly as peripheral 7 (Figs. 14.3b,
14.14a, 14.23).

The xiphiplastron forms the posterior one-fourth of the
plastron, tapering in width posteriorly (Figs. 14.3b, 14.13,
14.23). The posterior palatal fenestra forms a narrow
median fissure, separating the anterior one-third of the
xiphiplastron from its opposite. More posteriorly, the xip-
hiplastron joins its opposite along a finely interdigitating
median suture (Figs. 14.3b, 14.23). The posterior margin of
the plastron follows a broad concave arc between prominent
posterolateral corners of the xiphiplastra.

A lightly incised scute pattern is visible on the plastron
that reveals the presence of scutes that once covered the
plastron. In Araripemys a pair of anterior (humeral) scutes
were reported on the anterior ends of the epiplastra
(Fig. 14.3a; Meylan 1996), although later it was scored as a
median intergular scute (Gaffney et al. 2006) as in extant
turtles (Pritchard 1979). The most anterior scute on the
plastron in Laganemys appears to be a median intergular
scute (Fig. 14.3b.

Five pairs of scutes (humeral, pectoral, abdominal,
femoral, anal; Pritchard 1979) cover the remainder of the
plastron in both Laganemys and Araripemys (Fig. 14.3),
although in some areas in Laganemys the scute margin is so
faintly incised that it cannot be followed.

Fig. 14.19 Cervical vertebrae of the extant South American fringed
turtle, Chelus fimbriatus (UCRC RV4), in lateral view. Asterisk
indicates vertebrae with biconvex centra (C5, C8). Scale bar = 2 cm.

Abbreviations: C1–8 cervical vertebrae 1–8; k keel; ns neural spine;
poz postzygapophyses; tp transverse process
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Cervical vertebrae: The cervical vertebrae are pre-
served largely in articulation between the skull (removed
during preparation) and the anterior hiatus of the shell.
Cervical vertebrae 1, 2 and 4–7 are exposed in ventral view,
whereas cervical vertebrae 3–6 and 8 are exposed in dorsal
view.

The cervical vertebrae are joined along an S-shaped
curve with greatest intervertebral angles between vertebrae
with articular ends adapted for bending (Figs. 14.11, 14.13).
The partially retracted position of the cervical series, thus, is
a reflection of relative intervertebral mobility in life during
retraction and extension of the head. The two vertebral
joints with a high angle of excursion (approximately 90�
cervicals 2 and 3; approximately 80�, cervicals 6 and 7) lie
in transverse planes parallel to that of the shell as expected
in a ‘‘side-necked’’ pleurodire. As in Araripemys, postat-
lantal cervical centra are elongate, roughly the same length,
and approximately 25% longer than mid dorsal centra
(Table 14.1). The cervical column in both Araripemys and
Laganemys is approximately 90% of the midline length of
the carapace, as measured from the nuchal embayment to
the distal edge of the pygal (Figs. 14.1, 14.2).

The atlas has a short centrum approximately one-third
the length of more posterior cervical centra. It has tab-
shaped prezygapophyses, broad-based subtriangular post-
zygapophyses, and blunt transverse processes that rise from

the base of the neural arch (Fig. 14.15). A low ridge is
present on the dorsal edge of the prezygapophyseal process.
The dorsal edge of the postzygapophysis is rugose for
ligament attachment. The ventral aspect of the atlantal
centrum is pinched anteriorly to form a low ventral keel.
The form of the posterior centrum face is not well exposed
but appears to be concave. The morphology of the atlas
does not depart markedly from that in Chelus (Fig. 14.19).

The centrum of the axis is V-shaped in cross-section at
mid length. A strong ventral keel arises at mid length along
the centrum and gains in depth anteriorly, extending as a
median prong under the atlantal centrum. The posterior
portion of the axial centrum arches ventrally. The anterior
face of the axial centrum is not well exposed but is probably
convex and fitted to the concave posterior face of the
atlantal centrum. The posterior face of the axial centrum is
strongly convex. The axial centrum in Laganemys, thus, is
biconvex, which also appears to be the case in Araripemys
(Meylan 1996) and other pelomedusoids.

Broad-based, thin transverse processes projects from the
anterior two-thirds of the axial centrum (Fig. 14.15). In
dorsal view, the transverse process is subtriangular and
broadest posteriorly. In lateral view, the transverse process
is canted posteroventrally at its attachment to the neural
arch and is deflected just below the horizontal as it extends
laterally. The axial neural spine, like the ventral keel, arises

Fig. 14.20 Caudal vertebrae of Laganemys tenerensis gen. et sp. nov. (MNN GAD28) in dorsal view. Scale bar = 1 cm. Abbreviations: CA6,
12, 25 caudal vertebra 6, 12, 25; co7 8 costal 7, 8; spy suprapygal
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at mid length along the centrum and gains in depth anteri-
orly, extending as a median prong over the atlantal neural
arch (Fig. 14.15). The prezygapophyses are flattened, lat-
erally facing facets to each side of the prominent spine, the
dorsal margin of which is slightly swollen.

The axial postzygapophyses are fused in the midline,
forming a broad, horizontal fan-shaped process that enclo-
ses a subquadrate opening. This opening is largest in the
axis. In postaxial cervicals 3–7, the opening is present as a
smaller rounded foramen. Despite fusion of the post-
zygapophyses in cervical vertebrae 2–8, the articular facets
themselves on the underside of the united process may
remain separate; most of the articular facets are not fully
exposed. The articular facet on the underside of the left
axial postzygapophysis is exposed; it is flat, oval and sep-
arated from its opposite in the midline. The epipophyseal
process originates as a low ridge on the dorsolateral aspect
of the neural arch at mid length. The ridge gains in depth
and width posteriorly, terminating as a posteriorly facing,
wedge-shaped process, separated from its opposite by a
median trough.

The centra of postaxial cervical vertebrae are procoe-
lous, with the transverse concavity being stronger than the
dorsoventral concavity (Figs. 14.15, 14.17). The anterior
centrum face of cervical 7 is broader and more deeply

concave from side to side than in other postaxial cervical
vertebrae, enhancing the potential for transverse rotation
of cervical 6. Cervical 6 as preserved is flexed at an angle
of approximately 80� relative to cervical 7 (Fig. 14.18).
The transverse diameter of the anterior face of cervical 7
(6 mm) is one-third greater than that of cervical 6 (4 mm),
and its deeply concave articular surface is bounded to each
side by a swollen articular rim. The posterior centrum face
is convex but does not form a smooth ball in finished bone.
In this regard, ossification seems less complete that in many
other turtles. A ventral keel rises at mid length along the
centra of the postaxial cervicals and increases in depth
toward the anterior centrum face, which as a result has a
subtriangular rather than circular shape. The ventral keel
splits posteriorly into two rounded ridges that pass to the
posteroventral corners of the posterior centrum face,
resulting in an inverted subtriangular shape as in Araripe-
mys (Meylan 1996). Cervical 7 has a well developed ventral
keel that extends along the entire length of the centrum and
is pendant anteriorly. A circular pit is present on the left
side of the keel (Fig. 14.18).

In mid cervical vertebrae, a subtriangular transverse
process extends horizontally from the base of the neural
arch, projecting more prominently and extending farther
posteriorly along the side of the centrum. In cervical 6, the

Fig. 14.21 Left forelimb of
Laganemys tenerensis gen. et sp.
nov. (MNN GAD28) in dorsal
view. Scale bar = 1 cm.
Abbreviations: II, III digit II, III;
dc distal carpal; int intermedium;
mc1, 3–5 metacarpals 1, 3–5; ra
radius; ul ulna; un ungual
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transverse process extends as a long subtriangular flange. In
cervical 7 the anterior portion of the flange is reduced
whereas the tip projects farther laterally (Fig. 14.18).

In mid cervical vertebrae, the neural spine is developed
along the neural arch as a low crest that is strongest at mid
length. The spine splits to each side of the midline poste-
riorly, forming the medial edge of wedge-shaped epipo-
physeal processes that are separated in the midline by a
narrow groove. In postaxial cervicals, the epipophyseal
process begins as a low ridge on the lateral aspect of the
neural arch at mid length. The ridge forms the lateral
margin of a broad, low epipophyseal process and joins the
edge of the postzygapophysis. The flat, horizontal prezy-
gapophyses of cervical 5 are exposed in articulation against
the flat, conjoined postzygapophyses of cervical 4. Unlike
the subdivided axial postzygapophyses, the articular surface
of postaxial postzygapophyses extends without break across
the underside of the subcircular, conjoined process.

The postzygapophyses on cervical 8 are separated distally
by a median notch (Fig. 14.12). The epipophyses on cervical
8 are narrower and spaced farther from the midline than in
other postaxial cervical vertebrae. In Araripemys, in contrast,
the postzygapophyses of cervical 8 have been reconstructed

as fully fused with broad, adjacent epipophyses and a small
median foramen (Meylan 1996). In Laganemys postzygap-
ophyses of this form are limited to cervical vertebrae 3–7.
Fusion of the postzygapophyses characterizes Euraxemys,
whereas the condition of the postzygapophyses in cervical 8 is
variable in chelids and podocnemidids (Gaffney et al. 2006).
The postzygapophyses are separate in pelomedusids and are
widely spaced in the basal pleurodire Notoemys (Meylan
1996; Gaffney et al. 2006).

Dorsal vertebrae: The mid dorsal vertebrae are partially
exposed through the plastral fenestrae (Fig. 14.13).
Dorsal 4, which has been displaced ventrally through the
middle fenestra, is the most visible. Centrum length
decreases in the anterior portion of the dorsal series. The
centrum of dorsal 2 is nearly as long as the postatlantal
cervical centra, whereas the length of dorsal 4 is only
approximately 75% the length of the cervical 7. The
centrum of dorsal 4 is V-shaped in cross-section with a
prominent, but rounded, ventral keel. It appears to be
amphicoelous, although neither end is fully exposed. A
dorsoventrally compressed parapophyseal process is present
near the anterior end of the centrum and attaches to the head
of the dorsal rib (Fig. 14.13). The anterior margin of the rib

Fig. 14.22 Left carpus and
manus of Laganemys tenerensis
gen. et sp. nov. (MNN GAD28)
in ventral view. Scale
bar = 1 cm. Abbreviations: IV,
V digit IV, V; dc distal carpal; int
intermedium; mc1–5 metacarpals
1–5; ph phalanx; ra radius; ule
ulnare; un ungual
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extends across the intervertebral joint to attach to a lateral
flange projecting from the side of dorsal 3. The centra and
keel of more anterior dorsal vertebrae are approximately one-
half the depth of that in dorsal 4. The intervertebral attach-
ment of the dorsal rib can also be seen in these vertebrae.

The dorsal vertebrae in Laganemys are proportionately
longer than in Araripemys (Meylan 1996) and have pro-
jecting processes for attachment to the ribs. In Araripemys
dorsal vertebrae 2–9 and their associated ribs are more fully
incorporated into the carapace.

Caudal vertebrae: Most of the caudal series is pre-
served and exposed. The anterior caudal vertebrae are close
to their natural position posterodorsal to the posterior
embayment of the xiphiplastra (Fig. 14.13). Two anterior
caudal vertebrae are exposed in ventral view; there may be
a few additional caudal vertebrae embedded in the matrix
closer to the sacrum. One of the exposed pair of anterior
caudal vertebrae, tentatively identified as caudal 4, has a
centrum length of 5 mm and a posterior diameter of 2 mm.
This centrum is more elongate than comparable centra at the
base of the tail in Araripemys, and the subtriangular trans-
verse process is better developed (Meylan 1996). The
articular faces of the centra are flat or slightly convex. The
anterior caudal vertebrae, like those in mid and distal

regions of the tail, are not procoelous as in pelomedusids.
The transversely compressed centrum has a shallow median
groove that diverges toward the posterior sides of the distal
end, terminating in a pair of parasagittal prominences.
Although these prominences are well positioned as articu-
lations for haemal arches, no ossified chevrons are present
as is also the case in Araripemys (Meylan 1996).

The remainder of the tail comprises an articulated series
of 21 vertebrae that measure approximately 45 mm in
length (Fig. 14.20). This portion of the tail has been dis-
placed anterodorsally, so its proximal end lies dorsal to the
pygal plate. The first caudal in this section of the tail is
estimate to be caudal 6; the series tapers in diameter, ter-
minating in a tiny nubbin of bone representing caudal 26.
Caudal 20 is missing, a gap of appropriate length in its place
in the otherwise articulated series.

The tail is longer in Laganemys than Araripemys
(Figs. 14.1, 14.2). It extends well beyond the posterior mar-
gin of the carapace. Tail length has been augmented in Lag-
anemys by increasing the number and length of caudal
vertebrae (Table 14.1). In Araripemys there are less than 20
caudal vertebrae, whereas in Laganemys there are at least 26
caudal vertebrae. In mid and distal caudal vertebrae in Lag-
anemys, the centra have lengths between two and three times

Fig. 14.23 Right distal hind limb of Laganemys tenerensis gen. et sp. nov. (MNN GAD28) with pes in ventral and lateral view. Scale
bar = 1 cm. Abbreviations: I–III, V digits I–III, V; fe femur; fi fibula; mt1–4 metatarsals 1–4; ph phalanx; ti tibia; un ungual
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centrum diameter, whereas they appear to have subequal
dimensions in Araripemys (Meylan 1996). Zygapophyseal
articulations angle ventromedially at approximately 45–60�
in Laganemys and are present in posterior caudal vertebrae
back to approximately caudal 20, after which the centra are
little more than cylinders. There are no neural spines in mid
and distal caudal vertebrae.

Forelimb: The left radius and ulna, carpus and manus
are preserved extending from the plastral embayment for
the forelimb (Figs. 14.21, 14.22). The humerus is not
present, and the edge of peripheral 2 is inserted between the
proximal ends of the radius and ulna. This portion of the
forelimb, thus, is partially disarticulated with some distal
displacement of the radius, carpus and manus relative to the
ulna. The preserved orientation of the forearm and manus,
nevertheless, is typical of extant aquatic turtles. The fore-
arm and manus in most turtles is capable of a palm-down
orientation with the pollex on the medial side of the
manus (Figs. 14.1, 14.2). In many aquatic turtles, however,

supination at the elbow reverses the position of the forearm
and manus to a posterior and palm-up position, respectively.
This is the case in the holotypic specimen of Laganemys.
The left manus is in ventral view (palm-up) with the pollex
on its lateral side when looking down on the carapace
(Figs. 14.11a, 14.20).

The radius is fully exposed in ventral (anterior) view
(Figs. 14.13, 14.22). Like the ulna, its proximal end is
considerably narrower than the paddle-shaped distal end,
which is relatively more expanded than in Araripemys
(Meylan 1996). The distal end expands to a width of
6 mm, or approximately 40% of radial length (Table 14.1).
The proximal end appears to have a shallow saddle-shaped
articular surface for the medial humeral condyle, and the
shaft narrows slightly in mid section. In Araripemys, in
contrast, the radial shaft does not narrow appreciably in mid
section, and a prominent ridge is developed along the
medial side of the shaft and distal end (Meylan 1996).
In Laganemys the ventral (posterior) aspect of the distal end

Fig. 14.24 a Suggested node-
stem triplet of phylogenetic
definitions to stabilize the
meaning of higher taxa as had
long been effected in
classifications by Gaffney (from
Sereno 2005). b Cladogram
showing the phylogenetic
relationships of araripemydid
turtles within Pleurodira, based
on reanalysis of data in Gaffney
et al. (2006). Dashed line in
b indicates a slightly less
parsimonious position for
Araripemydidae. Dots indicate
node-based definitions; arrows
indicate stem-based definitions;
daggers indicate extinct taxa;
tone indicates crown pleurodires
and crown cryptodires (see
Table 14.2 for phylogenetic
definitions)
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is marked by a shallow subtriangular fossa (Fig. 14.22). The
distal end is beveled mediodistally at a greater angle
(approximately 60�) to the long axis of the radius than in
Araripemys (Meylan 1996). The distal end contacts the in-
termedium, two distal carpals, and the base of metacarpal 1,
although some postmortem shifting among carpals may
have occurred (Figs. 14.21, 14.22).

The proximal end of the ulna is more expanded than that
of the radius and has a fossa on its dorsal (posterior) side
(Fig. 14.21). The distal end expands to a width of 7 mm, or
approximately 45% of ulnar length (Table 14.1). The distal
end is more symmetrical than that of the radius. A shallow
fossa is present above the distal end, which is gently bev-
eled laterodistally at an angle of approximately 85� to the
long axis of the ulna.

The carpus is composed of a large wedge-shaped inter-
medium, an ellipsoidal ulnare, and six flattened or ovoid
carpals, as best seen in ventral view (Fig. 14.22). The
intermedium has a concave medial facet fitted to the lateral
distal corner of the radius and thus appears to be in place.
The ventral aspect of both the intermedium and ulnare are
concave with a finished nonarticular surface of periosteum
facing ventrally. A similar set of carpal elements were
described in Araripemys, but only five carpals were shown
in reconstruction, these being interpreted as distal carpals
1–5 (Meylan 1996). The specific identity of the distal six
carpals in Laganemys is uncertain, as they are not posi-
tioned in sequence in direct association with individual
metacarpals (Figs. 14.21, 14.22).

The metacarpals are the longest bones in each of the five
manual digits, and digit IV and metacarpal 4 are the longest
digit and metacarpal in the manus, respectively, as in Ara-
ripemys (Figs. 14.1, 14.2, 14.21, 14.22, Table 14.1). In
Laganemys as in Araripemys, the forearm and manus have
similar proportions relative to one another; the radius is 76
versus 73% of the length of digit IV in Laganemys and
Araripemys, respectively. The phalanges, however, com-
prise a greater proportion of manual length in Laganemys
than in Araripemys; metacarpal 4 is 50 versus 66% of radial
length, respectively, whereas metacarpal 4 is 62 versus 91%
of the length of the phalanges in digit IV, respectively
(Table 14.1). Individual phalanges, likewise, have more
elongate proportions in Laganemys (Fig. 14.22). The first
phalanx in manual digits I–IV is considerably longer than
broad in Laganemys, whereas these proximal phalanges
have subquadrate proportions in Araripemys (Meylan
1996). The unguals in Laganemys, likewise, taper from a
subcylindrical proximal articular surface to flattened distal
apices, whereas in Araripemys the unguals are shaped like
arrowheads with distinctive prongs on each side for the
ungual sheath. Thus, the nonterminal and ungual phalanges
in Laganemys comprise a greater proportion of manual
length and are relatively more slender than in Araripemys.

Mid-shaft diameter decreases from metacarpal 1 to 5, the
former stout and dorsoventrally compressed and the latter
slender and rod-shaped (Fig. 14.22). Although Araripemys
shows this lateral decrease in metacarpal diameter, it is
more striking in Laganemys. Metacarpal 1, for example, has
very stout proportions, its mid-shaft width (4 mm) 60% of
its length (6 mm). In Araripemys the mid-shaft width of
metacarpal 1 is only approximately 40% of its length. The
base of metacarpal 1 in Laganemys is V-shaped in dorsal
view, and the broad shaft is transversely concave
(Fig. 14.22). Portions of the distal condyles were lost during
preparation.

Metacarpal 2 has a characteristic shape, similar to, but
more strongly expressed, than in Araripemys (Meylan
1996). There is a distinctive lateral buttress along the
proximal two-thirds of the metacarpal, distal to which the
divided metacarpal condyles are deflected medially
(Fig. 14.22). We regard the flange-like lateral buttress on
metacarpal 2 as a synapomorphy uniting araripemydids.
We regard the strong medial deflection of the distal con-
dyles as an autapomorphy of Laganemys. As far as we are
aware, the condition of metacarpal 2 in araripemydids is
unique among turtles (Gaffney 1990). Proximal to the
lateral buttress, there is a subtriangular overlap facet for
the base of metacarpal 3. When metacarpal bases overlap
en echelon in turtles, this occurs from medial to the lateral
side of the metacarpus as seen in dorsal view (Gaffney
1990). Thus, the base of metacarpal 2 should overlap that
of metacarpal 3 in natural articulation, not the reverse as
shown in the reconstruction of the manus in Araripemys
(Meylan 1996, Fig. 10A).

The proximal end of metacarpal 3 is dorsoventrally
compressed. Its distal end is broader than deep and has
divided condyles with a saddle-shaped articular surface for
the proximal phalanx (Fig. 14.22). Metacarpal 4 also has a
dorsoventrally compressed base, but its distal end is sub-
quadrate and only weakly divided into condyles for artic-
ulation with the proximal phalanx. Metacarpal 5 appears to
have a subquadrate base but flattens dorsoventrally toward
its single distal articular condyle.

The phalanges in the manus compose a formula of 2-3-
3-3-3 as is common among subaquatic turtles. In manual
digit I, the medial one-half of the first phalanx and most of
the ungual was lost during preparation. In each manual
digit, the proximal phalanx is shorter than the second
phalanx. All nonterminal manual phalanges have articular
ends that are broader than deep, divided condyles, and
well formed collateral ligament pits. All manual digits
terminate with slender, gently arched unguals with dor-
soventrally flattened tips that would have borne horny
ungual sheaths (Figs. 14.21, 14.22). Although Meylan
(1996) suggested the terminal phalanx of manual digit V
was not covered with an ungual sheath in Araripemys
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(Fig. 14.1), in Laganemys its form is similar to that of the
other terminal phalanges (Fig. 14.2). We suspect that in
both genera it was clawed in life in a fashion similar to
manual digits I–IV.

Hind limb: The right hind limb is preserved largely in
articulation extending from the plastral embayment. The
proximal end of the femur is exposed under the lateral edge
of the xiphiplastron and extends anteriorly within the shell.
The bones of the crus are exposed within the plastral
embayment in ventral (posterior) view, with the fibula
medial to the tibia. The pes is pressed against peripherals 8
and 9 and exposed in ventral and medial views (Fig. 14.23).
The tarsus and metatarsal 5 are poorly preserved, and the
phalanges of digit IV and all but part of the proximal
phalanx of digit V are missing. Pedal digits I and II are
flexed and preserved in articulation. The distal two pha-
langes of pedal digit III are displaced approximately 1 cm
from the proximal phalanx, and a portion of the proximal
phalanx of digit V is displaced approximately 2 cm to the
edge of the carapace.

The tibia is not bowed as in Araripemys (Meylan 1996)
but rather tapers in width from lateral and medial sides
toward the mid-shaft (Fig. 14.23). The medial margin of the
shaft of tibia in Laganemys is slightly concave rather than
convex as in Araripemys. An elongate subtriangular fossa is
present on the ventral (posterior) aspect of the proximal end
of the tibia. The distal end is rounded with a deep articular
surface for the astragalus. The fibula is more slender relative
to the tibia and more constricted at mid-shaft than in Ara-
ripemys (Meylan 1996). Its maximum mid-shaft diameter
(2 mm) is one-half that of the maximum width of either the
proximal or distal ends.

The metatarsals are the longest bones in pedal digits I–
IV, and digit III and metatarsal 3 are the longest digit and
metatarsal in the pes as in Araripemys (Figs. 14.1, 14.2,
14.23, Table 14.1). The metatarsals are flattened dorso-
ventrally with en echelon overlap of their proximal ends.
Metatarsal 1 has rotated so that the narrow lateral side of its
shaft is facing dorsally (Fig. 14.21). Metatarsals 1–3 have
transversely broad, divided distal condyles, whereas meta-
tarsal 4 has a narrower single distal condyle. Metatarsals 2
and 4 are subequal in length.

The phalanges in the pes compose a formula of 2-3-3-?-?,
a count for the inner digits that is widespread among turtles
(Gaffney 1990). The pedal unguals are broader and more
dorsoventrally compressed than those in the manus but
similar in form, lacking well formed lateral processes for
attachment of the ungual sheath. In Araripemys the pedal
unguals are shown as increasing in length from digits I to IV
(Meylan 1996). In Laganemys, in contrast, the longest ungual
is on pedal digit I, with progressively shorter unguals on pedal
digits II and III (Figs. 14.2, 14.23).

Phylogenetic Position

Higher Level Taxonomy Within Pleurodira

The meaning of suprageneric taxon names at the base of
Pleurodira is important, given an increasing number of
extinct genera and hypotheses of relationship. Classifica-
tions of pleurodiran turtles using Linnaean categorical ranks
have been around for more than a century and have survived
recent revolution in systematic methods (Gaffney 1984;
Broin 1988; Gaffney et al. 2006). Phylogenetic systematists
(e.g., Hennig 1966), nonetheless, long have questioned
the utility of ranks and redundant taxa, and a school of
‘‘phylogenetic taxonomy’’ has emerged that defines taxa on
the basis of phylogenetic relationships (de Queiroz and
Gauthier 1990, 1992). Additional conventions have been
proposed, such as allying ‘‘commonly used’’ higher taxa
with crown clades, and these conventions have been applied
to turtle taxonomy (Joyce et al. 2004).

Both traditional and phylogenetic approaches, ironically,
have generated turtle taxonomies that seem to dwell as
much on excess as utility. Gaffney et al. (2006) erected a
taxonomy for pleurodires rife with new ranked suprageneric
taxa of questionable use, such as ‘‘Parvorder Minipleurod-
ira’’ and ‘‘Subtribe Nigeremydina,’’ many of which label
poorly supported nodes. In their best-case phylogenetic
scenario (with eight ‘‘shell-based’’ genera eliminated),
many of the new or resurrected suprageneric taxa have no
home on a consensus tree summarizing 590 equally parsi-
monious trees—just two steps beyond their preferred 382-
step minimum-length cladogram. ‘‘Magnafamily Pelome-
dusera’’, in addition, contains taxa (Araripemydidae,
Pelomedusidae) that are not sister taxa on their preferred
cladogram.

The rank-free phylogenetic scheme erected by Joyce
et al. (2004; Joyce 2007), on the other hand, restricts
Pleurodira to crown members (the largest clade bounded by
extant taxa), with ‘‘Panpleurodira’’ erected as an unwel-
come replacement for Pleurodira in classifications such as
Gaffney et al. (2006). Pelomedusoides is also recognized as
a crown group (for Pelomedusidae ? Podocnemidae) by
excluding stem taxa. These stem taxa, however, were
included when this taxon was coined (Broin 1988) and in
subsequent usage (Meylan 1996; Gaffney et al. 2006). As
before, a new taxon ‘‘Panpelomedusoides’’ was coined as a
replacement to accommodate the ousted stem taxa. In this
way, the traditional use of higher taxa that include extinct
species is sacrificed to define taxa on present-day survivors.

Many turtle taxonomists have taken a ‘‘wait-and-see’’
approach in response to these conflicting taxonomic
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schemes (Bickham et al. 2007). An alternative way forward
has advocated the use of phylogenetic definitions to reflect
and stabilize, rather than reorganize, the phylogenetic
content in traditional classificatory schemes (Sereno 2005).
If, for example, Pleurodira and Cryptodira long have been
recognized as subclades of Casichelydia (Gaffney et al.
1987), complementary phylogenetic definitions can stabi-
lize that relationship. A heuristic phylogenetic taxonomy
can reduce present and future ambiguity regarding the
taxonomic content of traditional suprageneric taxa, such as
Araripemydidae.

For our subsequent discussion of relationships, we provide
phylogenetic definitions for a higher taxonomy of Pleurodira
(Fig. 14.24b, Table 14.2), building on the definition of Pleu-
rodira initially proposed in Sereno (2005) (Fig. 14.24a). This
taxonomy stabilizes three widely recognized dichotomies with
phylogenetic definitions formulated as node-stem triplets: Cas-
ichelydia = Pleurodira ? Cryptodira; Eupleurodira = Chelo-
ides ? Pelomedusoides; Podocnemidoidea = Pelomedusi-
dae ? Podocnemidinura. We do not recommend the use of
Pelomedusoidea or Podocnemoidae as in Meylan (1996); the
former taxon may engender confusion with Pelomedusoides in
the vernacular (‘‘pelomedusoids’’), and the latter is redundant
with Podocnemidinura as used in Gaffney et al. (2006). Contrary
to Joyce et al. (2004), we recognize a stem-based Pelome-
dusoides to reflect its consistent use in the literature. Likewise,
we recommend use of the vernacular ‘‘pelomedusoids’’ for

Pelomedusoides, as is common in the literature and as used in the
present paper. The proposed definitions also respect the hierar-
chy of suffixes recommended in traditional taxonomy (ICZN
1999).

Relationships Among Basal Pleurodires

Once the morphology of Araripemys barretoi became better
known, its status as a basal pleurodire has not been ques-
tioned (de Broin 1980, 1988; Meylan and Gaffney 1991;
Hirayama 1991). Among extant pleurodires, Araripemys
has always been considered to be closer to Podocnemidoi-
dea than Chelidae. The basic question is where Araripe-
mys—or now the Araripemydidae—is positioned relative to
podocnemidoid pleurodires (Fig. 14.24b). Does Ara-
ripemydidae lie outside all podocnemidoids, or is it more
closely related to pelomedusids?

Meylan (1996) and Gaffney et al. (2006) considered the
position of Araripemys barretoi among basal pleurodires.
Both analyses placed Araripemys outside Podocnemidoidea
as the basal sister taxon within Pelomedusoides
(Fig. 14.24b). Meylan’s (1996) analysis was based on 35
characters in Araripemys and 14 other pleurodire taxa (6
extant taxa, 8 extinct), for which he reported 5 minimum-

Table 14.2 Phylogenetic definitions for Casichelydia (crown turtles) and principal higher level taxa within Pleurodira utilizing node-stem
triplets for nomenclatorial stability (Fig. 14.24b)

Taxon Definitional type Phylogenetic definition

Casichelydia Gaffney 1975 Node (crown clade) The least inclusive clade containing Pelomedusa subrufa (Bonnaterre 1789) and Testudo
graeca Linnaeus 1758

Cryptodira Cope 1868 Stem The most inclusive clade containing Testudo graeca Linnaeus 1758 but not Pelomedusa
subrufa (Bonnaterre 1789)

Pleurodira Cope 1865 Stem The most inclusive clade containing Pelomedusa subrufa (Bonnaterre 1789) but not
Testudo graeca Linnaeus 1758

Eupleurodira Gaffney
and Meylan 1988

Node (crown clade) The least inclusive clade containing Chelus fimbriatus (Schneider 1783), Pelomedusa
subrufa (Bonnaterre 1789), Podocnemis expansa (Schweigger 1812)

Cheloides Gray 1825 Stem The most inclusive clade containing Chelus fimbriatus (Schneider 1783) but not
Pelomedusa subrufa (Bonnaterre 1789), Podocnemis expansa (Schweigger 1812)

Pelomedusoides
Broin 1988

Stem The most inclusive clade containing Pelomedusa subrufa (Bonnaterre 1789), Podocnemis
expansa (Schweigger 1812) but not Chelus fimbriatus (Schneider 1783)

Araripemydidae
Price 1973

Stem The most inclusive clade containing Araripemys barretoi Price 1973 but not Chelus
fimbriatus (Schneider 1783), Pelomedusa subrufa (Bonnaterre 1789), Podocnemis
expansa (Schweigger 1812)

Podocnemidoidea
Cope 1868

Node (crown clade) The least inclusive clade containing Pelomedusa subrufa (Bonnaterre 1789), Podocnemis
expansa (Schweigger 1812)

Pelomedusidae
Cope 1868

Stem (crown clade) The most inclusive clade containing Pelomedusa subrufa (Bonnaterre 1789) but not
Podocnemis expansa (Schweigger 1812)

Podocnemidinura
Cope 1868

Stem The most inclusive clade containing Podocnemis expansa (Schweigger 1812) but not
Pelomedusa subrufa (Bonnaterre 1789)

Dagger marks higher taxa without extant representatives. Commas between author and year are omitted in phylogenetic definitions to avoid
confusion (Sereno 2005)
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length trees of 56 steps. He cited three synapomorphies that
unite Podocnemidoidea to the exclusion of Araripemys: (1)
neural-suprapygal contact eliminated by median intercostal
contact; (2) closure of the incisure of the columella auris;
and (3) frontal interorbital suture transverse rather than
anteriorly pointing.

Rerunning the data matrix shows that only 32 of the 35
characters are parsimony-informative (27, 32 and 34 are
uninformative) and that there are 8 rather than 5 minimum-
length trees of 56 steps. The topology near Araripemys,
nonetheless, is as reported by Meylan (1996). However,
only the first two of the three characters he cited as syna-
pomorphies supporting this topology are in the character list
and matrix. Indeed, the basal position of Araripemys within
Pelomedusoides is based entirely on these two synapo-
morphies (characters 22, 35); two additional steps are
required to collapse this node.

In the data matrix of Meylan (1996), several characters
are scored incorrectly for Araripemys. These include jugal–
quadratojugal contact (character 2; present rather than
absent), the presence of a vomer (character 3; unknown
rather than present), and presence/size of the mesoplastron
(character 27; absent rather than unknown). In addition, we
added Laganemys to this matrix to determine its affect, as it
differs from Araripemys in character state scores in four
characters (characters 2, 14, 27, 33). Rerunning the matrix
with adjusted data for Araripemys and/or including Lag-
anemys does not alter the key results of the analysis by
Meylan (1996); two synapomorphies that are absent in
Araripemys (and now also Laganemys) support the basal
position of Araripemydidae within Pelomedusoides.

Gaffney et al. (2006, Fig. 288) obtained a similar
topology with Araripemys as the basal taxon within Pelo-
medusoides based on a larger matrix of 175 characters in
Araripemys and 40 other taxa, for which they reported a
single minimum-length tree of 382 steps. One additional
step collapses the basal position of Araripemys within Pe-
lomedusoides. There was no discussion of the character
evidence, however weak, for the basal position of Ara-
ripemys within Pelomedusoides. Rather Gaffney et al.
(2006, p. 653) highlighted a synapomorphy of Podocne-
midinura absent in both Araripemys and Pelomedusidae—
the partial or complete covering of the prootic by adjacent
cranial bones (character 94). This character, however, is not
a synapomorphy supporting Podocnemidinura in their
analysis as they noted elsewhere. This overlapping three-
state character was left unordered, and as a result the two
derived states optimize at nodes other than Podocnemidin-
ura on either of their preferred cladograms (Gaffney et al.
2006, Figs. 288, 292). A second shortest tree was obtained
after addition of eight ‘‘shell-based’’ taxa with character
data largely limited to the shell; Araripemys now joins
Pelomedusidae as the sister clade to Podocnemidinura

within Podocnemidoidea (Fig. 14.24b, dashed lines). The
character evidence supporting this relationship also was not
discussed.

Araripemydidae as Basal Pelomedusoids

From the above it is clear that the precise position of Ara-
ripemys and the Araripemydidae among basal pleurodires is
poorly established. The following questions remain:
(1) Which characters unite Podocnemidoidea to the exclu-

sion of Araripemydidae in the analysis of Gaffney et al.
(2006)?

(2) What happened to the pair of synapomorphies that
functioned in this manner in the earlier analysis of
Meylan (1996)?

(3) What is the character evidence that links Araripemys
and Pelomedusidae, when ‘‘shell-based’’ taxa are added
to the analysis?

(4) What effect, if any, does a second well preserved ara-
ripemydid, Laganemys, have on phylogenetic
resolution?

Question 1. In the analysis of Gaffney et al. (2006), three
homoplastic characters weakly unite Podocnemidoidea to
the exclusion of Araripemys: procoelous caudal vertebrae
(character 129); carapace with nuchal embayment (charac-
ter 154); and a small, laterally positioned mesoplastron
(character 158). Laganemys confirms the absence of pro-
coelous caudal vertebrae in araripemydids. The evolution of
procoelous caudal vertebrae, however, has an ambiguous
distribution on the shortest tree (Chelidae, Pelomedusi-
dae ? Podocnemoidae). Procoelous caudal vertebrae thus
might have evolved earlier within Pleurodira only to have
been lost in araripemydids. Indeed, this is the optimization
of this character when ‘‘shell-based’’ taxa are added to the
analysis. A third poorly defined character state (‘‘formed
centra, but articulations vary’’) was also listed for character
129; perhaps fortunately, no taxa were scored with this
condition.

The nuchal embayment (character 154) evolved or has
been lost half a dozen times in the analysis (Gaffney et al.
2006); in the shortest tree, it is optimized as an unambig-
uous reversal uniting Podocnemidoidea. When additional
‘‘shell-based’’ taxa are added to the analysis, the supporting
reversal no longer exists. This character does not provide
convincing support.

The coding and optimization of states regarding the
mesoplastron (character 158) are problematic. This four-
state character is a coding chimera (Sereno 2007). ‘‘Absent’’
is mixed with two shape states (rectangular, equidimen-
sional) and one based on topology (median contact). The
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supporting transformation for Podocnemidoidea in the
shortest tree is a partial reversal, the reappearance of a small
mesoplastron. To make matters more homoplastic, Lag-
anemys has a small mesoplastron (absent in Araripemys).
When ‘‘shell-based’’ taxa are added to the analysis, me-
soplastron transformations do not lend any support for Po-
docnemidoidea, so this character does not maintain a basal
position for Araripemydidae within Pelomedusoides.

Question 2. The pair of podocnemidoid synapomorphies
cited by Meylan (1996) is listed as characters 52 and 141 in
Gaffney et al. (2006). Closure of the incisure of the columella
auris now has three states (character 52). The condition is
open in Araripemydidae, as confirmed in Laganemys
(Fig. 14.4). The main difference in this connection is that
Meylan (1996) scored chelids as having an open incisure,
whereas Gaffney et al. (2006) described a closed incisure for
chelids, eliminating the possibility this character could
function as a podocnemidoid synapomorphy.

Meylan (1996) highlighted the loss of neural–suprapygal
contact as a podocnemidoid synapomorphy absent in Ara-
ripemys, and Gaffney et al. (2006) scored Araripemys as
primitive in this regard (character 141). Meylan (1996),
nonetheless, described the condition in Araripemys as var-
iable, some specimens showing broad costal contact
between the last neural and suprapygal as in Laganemys
(Figs. 14.2, 14.11). Gaffney et al. (2006) scored Araripemys
as primitive (neural–suprapygal contact present) and parsed
the character into four overlapping states of increasing
costal contact. Despite the possibly erroneous character
state score for Araripemys (Fig. 14.1), no transformation of
this character, whether ordered or not, unites podocnemid-
oids over Araripemys on their preferred tree.

Question 3. With ‘‘shell-based’’ taxa added to the matrix,
two unambiguous synapomorphies support Araripe-
mys ? Pelomedusidae (Gaffney et al. (2006, Fig. 292),
namely, extreme temporal emargination (character 14) and
hypoplastron–costal 1 contact (character 148). Derived
temporal emargination is homoplasious, appearing four
times independently in pleurodires as noted by Gaffney
et al. (2006). Laganemys (Fig. 14.4), like Araripemys, has
deep temporal emargination, but it would not be scored as
such by their criterion (narrow orbit-to-temporal distance).
Contact between the hyoplastron and costal 1 is a three-state
coding chimera (Sereno 2007). The absence of contact is
mixed with the two states describing where contact occurs
in some taxa. The supporting synapomorphy is a reversal
from one of these states of contact to absence of contact in
Araripemys, although the condition in pelomedusids is
scored as variable. This character cannot be observed in
Laganemys and is missing in more than half of the taxa in
the analysis. In sum, it is not surprising that the link
between Araripemys and Pelomedusidae collapses with one
additional step in tree length.

Question 4. Adding Laganemys to the analysis of Gaff-
ney et al. (2006), either with or without ‘‘shell-based’’ taxa,
results in a slight decrease in resolution regarding the
position of Araripemydidae (see Appendix for character
state scores). When reanalyzed without ‘‘shell-based’’ taxa,
two polytomies (six minimum-length trees) are present, one
of which involves Araripemydidae, Pelomedusidae and
Podocnemidoidea. When ‘‘shell-based’’ taxa are added,
there is similarly no resolution between these same three
taxa. While Laganemys tenerensis has increased our
knowledge of Araripemydidae, it has not helped to resolve
the relationship of the family in the context of available
phylogenetic studies.

Phylogenetic Resolution

The description of Laganemys tenerensis has brought to
light considerable new evidence regarding the unique
morphology of an unusual transAtlantic clade of aquatic
pleurodires. The relationship between Laganemys and
Araripemys is strong, even before the many new syna-
pomorphies listed in the above diagnoses are added to the
analysis. While the family rests comfortably within Pe-
lomedusoides among basal pleurodires (Fig. 14.24b), res-
olution of its relationship with two other major clades
within Pelomedusoides (Pelomedusidae, Podocnemidoi-
dea) is not possible based on available data. This cir-
cumstance may persist, given the completeness of
araripemydid material, until other basal pleurodires come
to light.

Biogeographic Significance

Intercontinental vicariant events during the Cretaceous have
been proposed to account for the transAtlantic distribution
of well known extant pelomedusoid pleurodires, namely the
pairs of closely related genera Pelusios and Pelomedusa on
Africa and the genera Peltocephalus and Podocnemis on
South American (Baur 1993). The fifth and last extant pe-
lomedusoid genus, Erymnochelys, resides on Madagascar
and is most closely related to the South American pelo-
medusoids (Gaffney and Meylan 1988; Noonan 2000).
Although this Madagascar-South America connection has
been cited as evidence against large-scale transAtlantic
vicariance (Noonan 2000), one potential paleogeographic
scenario for the break-up sequence of Gondwana envisions
the early geographic isolation of Africa from other southern
land areas, including South America and Madagascar
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(‘‘Africa-first’’ hypothesis; Sereno et al. 2004; Sereno and
Brusatte 2008).

Much more problematic for a vicariant explanation for
extant pelomedusoid distribution is the widely distributed
clade of extinct bothremydids, which lie outside Podocne-
midinura, the clade including the South American genera
Peltocephalus and Podocnemis (Fig. 14.24b; Noonan 2000;
Gaffney et al. 2006). Bothremydids are known not only
from Africa, South America, and Madagascar, but also from
North America and Eurasia (Gaffney et al. 2006). The
Pangaeic distribution of bothremydids in the Late Creta-
ceous strongly suggests that the pair of surviving genera on
African constitute a relict distribution (Maisey 1993). At
least four pelomedusoid lineages are already recorded
before the close of the Early Cretaceous (Gaffney et al.
2006).

Laganemys provides one of the closest links to date
between the similar age mid Cretaceous faunas (ca.
110 Mya; Aptian–Albian) recovered in the Araripe Basin in
Brazil and the Illumeden Basin in Niger, just prior to the
advent of deep waters in the central Atlantic Ocean (ca.
100 Mya). In the Araripe Basin, the best known vertebrate
fauna comes from concretions in the Romualdo Member of
the Santana Formation, which consists of an alternating
sequence of lacustrine and fluvial sediments that show
occasional marine incursions (Maisey 1993). Numerous
specimens of Araripemys barretoi have been recovered
from the Romualdo Member (Meylan 1996). The diverse
Lagertätten from this member includes many soft-bodied
invertebrates, although dinosaurs are rare and fragmentary
(Naisch et al. 2004).

The rarity of dinosaurs in the Araripe Basin inhibits
comparison to the dinosaur and crocodylomorph-rich fauna
from the Illumeden Basin of Niger (Taquet 1976; Sereno
et al. 1998, 2007; Sereno and Larsson 2009). The compa-
rable strata in the Illumeden Basin are freshwater fluvial
sediments of the Elrhaz Formation. Recent finds in Niger
include well preserved specimens of the notosuchian croc-
odylomorph Araripesuchus wegeneri (Sereno and Larsson
2009), which is very close in morphology to Araripesuchus
gomesii (Price 1959) from the Romualdo Member of the
Santana Formation. Although differing in only minor ways,
these two species of Araripesuchus may not be sister taxa;
the genus Araripesuchus is speciose and broadly distributed
across South America, Africa and Madagascar (Sereno and
Larson 2009).

Laganemys tenerensis and Araripemys barretoi, in con-
trast, are clearly closest relatives among known pleurodires.
Their distribution on each side of the encroaching waters of
the mid Atlantic suggests that there was active faunal
exchange between these landmasses immediately prior to
the Late Cretaceous.

Function

Cervical Reach and Aquatic Feeding

The cervical column in both Araripemys and Laganemys is
approximately 90% of the midline length of the carapace
and composed of elongate vertebrae of similar length
(Figs. 14.1, 14.2). The marked nuchal embayment at the
anterior end of the carapace suggests that this long neck was
capable of near vertical excursion.

Considerable lateral mobility with the series is suggested
by the form and orientation of the zygapophyseal joints. The
fused horizontal postzygapophyseal articular surface is very
broad, allowing considerable excursion by the opposing
narrower prezygapophyses (Fig. 14.17). The cervical series
is preserved along an S-shaped curve, with hyperflexion
occurring largely in a horizontal plane between cervical
vertebrae 2 and 3 and 6 and 7 (Figs. 14.2, 14.16, 14.18).

Among pleurodires, chelids may provide an extant analog
for understanding the function of the proportionately long and
flexible cervical series for prey capture in araripemydids.
Chelus fimbriatus, the matamata or fringed turtle, is a spe-
cialized suction feeder that uses fast neck extension and
marked bucco-pharyngo-esophageal expansion (‘‘gape and
suck’’) for capture of elusive aquatic prey (Wise et al. 1989;
Lemell et al. 2002). Chelodina longicollis, the common snake-
necked turtle, is less specialized but also uses fast neck
extension and bucco-pharyngeal expansion for elusive aquatic
prey capture (Van Damme and Aerts 1997). Expansion of the
oropharyngeal spaces creates inertial suction that draws prey
toward and into the mouth. In both of these chelids, however,
the hypoid apparatus is hypertrophied to handle rapid oro-
pharyngeal expansion; there are two sets of ossified cerato-
branchials that are enlarged and joined into a rigid basket under
the pharynx (Aerts et al. 2001; Lemell et al. 2002). Araripe-
mydids clearly do not have a hypertrophied hyoid apparatus
and thus are unlikely to be such specialized aquatic feeders.

Rapid strike neck extension and bucco-pharyngeal
expansion, however, also characterizes less specialized,
shorter-necked aquatic feeders such as Chelydra serpentina,
the American snapping turtle (Bramble 1978; Lauder and
Prendergast 1992), and Terrapene nelsoni, the spotted box
turtle (Summers et al. 1998). These cryptodires use less
exaggerated bucco-pharyngeal expansion to offset the
motion of the head toward the prey, so as not to induce any
water flow in the vicinity of the prey. These species, in
effect, are underwater ‘‘ram-feeders’’ (Lauder and Pren-
dergast 1992), a feeding function they perform with a pair
of ossified rod-shaped ceratobranchials in the floor of the
buccal cavity.
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These extant analogs, in sum, suggest that araripemydids
were long-necked aquatic feeders with rapid strike capa-
bility for capture of fish and other elusive prey. Like their
extant snake- and shorter-necked analogs, however, they
were probably opportunistic feeders with a diet that also
included carrion and a range of planktonic and benthic
invertebrates (Chessman 1984; Ernst and Barbour 1989).
The delicate structure and low profile of their shell and its
reduced scutation suggests that araripemydids were fully
aquatic and occupied still or slow-moving freshwater hab-
itats similar to those occupied by trionychids, or soft-shelled
turtles (Ernst and Barbour 1989).

Limb Proportions

The relative size of the forelimb and hind limb differ
markedly between Laganemys and Araripemys. Araripe-
mys exhibits what is likely the primitive and common
condition among turtles, in which forelimb bones are
slightly shorter than comparable hind limb bones. This
comparison is necessarily excludes the humerus and
femur, because the length of these bones is not yet known
in Laganemys.

As shown in reconstruction (Fig. 14.1; Meylan 1996),
the radius is approximately 81% of tibial length, and the
longest metacarpal (metacarpal 4) is approximately 82% of
the longest metatarsal (metatarsal 3) in Araripemys. In
Laganemys the forelimb is considerably shorter than the
hind limb. The radius is approximately 59% of tibial length,
and the longest metacarpal (metacarpal 4) is approximately
47% of the longest metatarsal (metatarsal 3). In sum,
principal forelimb bones in Laganemys are 20–30% shorter
than in Araripemys when measured against comparable hind
limb bones (Fig. 14.2).

To determine if these differing limb proportions are due
to forelimb reduction or hind limb enlargement, we com-
pare available limb bone lengths to maximum carapace
length in these two closely related genera. In Araripemys
the radius and tibia are approximately 13 and 16% of car-
apace length, respectively. In Laganemys the radius and
tibia are approximately 11 and 19% of carapace length,
respectively. By this comparison, the radius seems slightly
shorter and the tibia slightly longer relative to carapace
length in Laganemys. Thus it appears from these measure-
ments that both factors, forelimb reduction and hind limb
enlargement, may have generated the limb disparity
observed in Laganemys as compared to Araripemys.
Enhanced limb disparity, the functional meaning of which is
unknown, is regarded here as an autapomorphy for
Laganemys.

Conclusions

We describe a new long-necked turtle from mid Cretaceous
rocks in Niger, Laganemys tenerensis, which is closely
related to a turtle of similar age from the Araripe Basin in
Brazil, Araripemys barretoi. These genera provide addi-
tional evidence for faunal exchange between South America
and Africa in the mid Cretaceous (ca. 110 Mya) prior to the
advent of deep waters in the central Atlantic Ocean (Maisey
1993; Sereno and Brusatte 2008).

Their mutual affinity is apparent in the many features they
share, not least an extremely long neck and a flat, uniquely
textured shell. The position of Araripemydidae among pleu-
rodires remains unresolved. Character data clearly establishes
the family as a member of Pelomedusoides. The broad expo-
sure of the prootic on the ventral surface of the braincase in
both Laganemys and Araripemys is one the more convincing
plesiomorphies shared with pelomedusids. Podocnemidoid
pleurodires, in contrast, cover this bone with others.

Outstanding features of Laganemys compared to Ara-
ripemys involve the elongate skull and the relatively short
forelimb. Araripemydids likely lived in slow-moving fluvial
and lacustrine habitats as opportunistic feeders capable of
fast strike pursuit of elusive prey.
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Appendix

Character scores used in this analysis for Laganemys ten-
erensis gen. et sp. nov. and Araripemys barretoi.

(A) Character scores for Laganemys tenerensis gen. et
sp. nov. for 175 characters in the analysis of Gaffney et al.
(2006), all scored from the holotypic skeleton (MNN
GAD28).

1111000010001210101000000001110100000033000??
1?1013000020101111111100110030011011111?00?0110
00001100000?13?1102110001000001111210???1???1142
1?022111212111?2?2011110001?10120?5
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(B) Character states for Araripemys barretoi altered from
those given in Gaffney et al. (2006).
Character 30: state 0 changed to state 1.
Character 40: state 0 to state 3.
Character 147: state 3 to ?.
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Chapter 15

Two Synchronic and Sympatric Bothremydidae Taxa
(Chelonii, Pleurodira) in the Late Cretaceous Site
of ‘‘Lo Hueco’’ (Cuenca, Spain)

Adán Pérez-Garcı́a, Francisco Ortega, and Xabier Murelaga

Abstract Although the Bothremydidae are very abundant in
the Cretaceous fossil sites of Spain, they are mainly
represented by disarticulated and fragmentary remains that
are difficult to assign to genus or species. A complete plastron
from the fossil site of ‘‘Lo Hueco’’ (Fuentes, Cuenca) is
analyzed here. This specimen is assigned to Foxemydina, but
its characters indicate that it does not belong to Elochelys, the
genus previously identified in this site. This suggests the
synchronic and sympatric presence of two Bothremydidae
genera in this European Late Cretaceous fossil site.

Keywords Bothremydidae � Foxemydina � Late Creta-
ceous � Lo Hueco � Turtle

Introduction

Several Campanian–Maastrichtian fossil sites have been
identified in the Late Cretaceous of Spain. Representatives of
four groups of turtles have been recognized, two of them
assigned to Pleurodira (Dortokidae and Bothremydidae) and
two to Cryptodira (Solemydidae and an indeterminated taxon
from the fossil site of ‘‘Lo Hueco’’, in Fuentes, Cuenca) (de
Lapparent de Broin 2001; Pérez García 2009; Pérez García

et al. 2009a). Bothremydidae have been cited in numerous
Spanish localities: Armuña in Segovia (Jiménez et al. 1990;
Jiménez Fuentes 1992), Laño and ‘‘Sierra de la Tesla’’ in
Burgos (de Lapparent de Broin and Murelaga 1996, 1999;
Murelaga et al. 2005; Berreteaga Escudero 2008), Fontllonga
and Biscarri in Lleida (Murelaga et al. 1998), Korres in Alava
(Pereda-Suberbiola et al. 1999), Chera in Valencia (Company
2004), Arén and Serraduy in Huesca (Murelaga and Canudo
2005) and ‘‘Lo Hueco’’ in Cuenca (Pérez García et al. 2008,
2009b, 2010). However, the fossil site of ‘‘Lo Hueco’’, dis-
covered in 2007, is the only one in which articulated remains
of individuals of this group of turtles have been found.
In this site, shells of the hitherto poorly recorded European
taxon Elochelys have been identified. Specifically these are
Elochelys convenarum (Pérez García et al. 2010), of which
only one specimen, from Haute-Garonne (southern France),
was previously known (Laurent et al. 2002).

Bothremydidae are one of the most abundant groups of
turtles in the Campanian–Maastrichtian fossil sites of
Western Europe (de Lapparent de Broin and Murelaga 1999).
One of their best-known representatives is Polysternon, not
only because it was the first to be identified, but also because it
has been recognized in Spain and in France by relatively
abundant material. Two species of this genus has been
described, Polysternon provinciale (Matheron 1869), iden-
tified in France (Nopcsa 1931; de Broin 1977; Buffetaut et al.
1996; de Lapparent de Broin and Werner 1998; Tong and
Gaffney 2000; Gaffney et al. 2006) and Polysternon atlanti-
cum (de Lapparent de Broin and Murelaga 1996), until now
exclusively identified in Spain (de Lapparent de Broin and
Murelaga 1996, 1999). This genus has been assigned to
Foxemydina (Gaffney et al. 2006), taxon that also includes the
European bothremydids Foxemys mechinorum (Tong et al.
1998), Elochelys perfecta (Nopcsa 1931), and Elochelys
convenarum, (Laurent et al. 2002), being the known record of
the first two species exclusive of France. The Bothremydina
Rosasia soutoi (Carrington da Costa 1940), from Portugal, is
the other bothremydid genera present in the Late Cretaceous
of Western Europe (Carrington da Costa 1940; Antunes and
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de Broin 1988; de Lapparent de Broin 2001; Gaffney et al.
2006).

Due to their fragmentary state, little of the Spanish remains
can be identified at a generic or specific level. However,
Polysternon atlanticum has been described on the basis of
plates and isolated bones from the late Campanian site of Laño
(Condado de Treviño, Burgos) (de Lapparent de Broin and
Murelaga 1996, 1999) and this taxon was later cited, with
doubts, in the Maastrichtian site of Chera (Valencia)
(Company 2004). Polysternon sp. has been cited in the Late
Cretaceous of Korres (Alava) (Pereda-Suberbiola et al. 1999)
and in the Maastrichtian of Fontllonga and Biscarri (Lleida)
(Murelaga et al. 1998). Except some vague allusions to the
possible presence of Elochelys or Rosasia in the Campanian–
Maastrichtian fossil site of Armuña (Segovia) and Laño
(Burgos) (Jiménez et al. 1990; Jiménez Fuentes 1992), the only
confirmed record of another taxon in Spain is that of Elochelys
convenarum in the Campanian–Maastrichtian fossil site of ‘‘Lo
Hueco’’ (Cuenca) (Pérez García et al. 2008, 2010).

Little is known about the limits of the morphological
variability of some of these taxa, because they are, so far,
mainly known by disarticulated and fragmentary remains.
The identification of Elochelys convenarum in ‘‘Lo Hueco’’
(Pérez García et al. 2010) has revealed that some of the
characters previously considered diagnostic for this taxon
(Laurent et al. 2002), and also used in the diagnosis of other
representatives of Bothremydini, are highly dependent on
intraspecific variation. The turtle remains from this site
(see Pérez García et al. 2009b, Fig. 2, 2010, Fig. 2) provide
relevant information on variability, systematics and paleo-
biogeographical relationships between the European bothr-
emydids. Previously only Elochelys has been recognized in
‘‘Lo Hueco’’, we present here a new specimen from this site

which could be a non-Elochelys member of Foxemydina. For
its study, we perform a comparative analysis with the other
taxa of Bothremydidae from Western Europe, and this
specimen is incorporated in the phylogenetic hypothesis
proposed by Gaffney et al. (2006).The unequivocal presence
of two taxa of Bothremydidae in the same fossil site had not
been previously documented in the Late Cretaceous of
Europe. This possibility complicates the generic identification
of incomplete Bothremydidae remains in European fossil sites.

Institutional abbreviations used in this text are: HUE, Col-
lection ‘‘Lo Hueco’’, deposited at the Museo de las Ciencias de
Castilla-La Mancha, Cuenca, Spain; MDE, Musée des Din-
osaures, Espéraza, Aude, France; MHNM, Muséum d’Histoire
Naturelle de Marseille, Marseille, France.

Geographical and Geological Context

‘‘Lo Hueco’’ site is located in the eastern flank of the Arcas-
Fuentes Syncline, in the south-western branch of the Iberian
Ranges (Ramírez del Pozo et al. 1975), in Fuentes (Province of
Cuenca, Spain). This fossil site is located in the upper part
of the ‘‘Margas, Arcillas y Yesos de Villalba de la Sierra’’
Formation, in the ‘‘Garumn’’ facies (Ortega et al. 2008a, b, c;
Barroso-Barcenilla et al. 2009; Fig. 15.1a). This stratigraphic
position and its palaeontological content indicate that it was
deposited in the late Campanian-lower Maastrichtian interval
(Ortega et al. 2008a, b, c; Barroso-Barcenilla et al. 2009).
A succession of versicolor marly mudstone levels, with an
extremely rich and diverse autochthonous fossil concentration,
partially modified by a sandy channel structure, also with
abundance of fossil remains, can be observed in this outcrop
(Fig. 15.1b) (see more data related to geology and taphonomy

Fig. 15.1 Geographical and
geological context of the
Campanian–Maastrichtian fossil
site of ‘‘Lo Hueco’’ (Cuenca,
Spain). a Simplified geological
map. b Simplified stratigraphical
column of the fossil site area
showing the three levels in which
turtle fossils have been found.
1 green marly mudstones; 2 and
4, grey marly mudstones; 3 and 5
red marly mudstones; 6, brown
marly mudstones; 7, channel-
shaped structure; 8, dolomitized
area. Modified from Ortega et al.
(2008a, b, c)

252 A. Pérez-Garcı́a et al.



of the fossil site in Barroso-Barcenilla et al. 2009). Besides
the discovery of many remains attributed to ‘‘fishes’’,
amphibians, squamate lizards, crocodiles, and dinosaurs
(Ortega et al. 2008a, b, c; Barroso-Barcenilla et al. 2009;
Escaso et al. 2009), turtles are one of the groups of verte-
brates best represented, and are both abundant and well
preserved. Members of two different groups of turtles have
been identified. The presence of a large cryptodiran turtle is
represented by few fragmentary elements, differing from the
representatives of Solemydidae (Pérez García et al. 2009a),
hitherto the only representative of this major group known in
the Iberian Campanian–Maastrichtian record. The record of
Bothremydidae is very abundant (Pérez García et al. 2008,
2009b, 2010). It is represented by hundreds of specimens
from three levels: a channel-shaped structure and two levels
of grey marly mudstones (Fig. 15.1b). The turtle elements
commonly appear disarticulated; with very different patterns
of preservation, ranging from plates in which its ‘‘pelome-
dusoid’’ ornamentation is perfectly preserved to others in
with the abrasion has eliminated the surface texture. Some
turtle remains are partially or totally covered by a ferruginous
scab, while others are free of it. Some specimens preserve
partial skeletons or complete shells, disarticulated and scat-
tered in some individuals but articulated in others, as in a
carapace attributed to Elochelys convenarum found in the
upper level of grey marly mudstones, which is the most
complete shell of Elochelys known (Pérez García et al. 2010).
The presence of Elochelys is also recognized in the lower
level of grey marly mudstones, but another articulated
specimen of Foxemydina which is not assignable to this
taxon has been also found in this level. This specimen is
studied in this paper.

The palaeoenvironmental interpretation of the site sug-
gests a near coast muddy flood plain crossed by distributary
sandy channels environment, exposed to brackish to fresh
water aquatic influences (Barroso-Barcenilla et al. 2009).
This interpretation is consistent with the environment in
which these turtle taxa are thought to have lived because it
has been suggested that some genera of Bothremydidae
were inhabitants of freshwater, often near the coast (de
Broin 1988).

Systematic Paleontology

Chelonii Brongniart (1800) (Latreille 1800)
Pleurodira (sensu Gaffney et al. 2006)
Pelomedusoides (Cope 1868)
Bothremydidae Baur (1891)
Bothremydodda Baur (1891) (sensu Gaffney et al. 2006)
Bothremydini (Gaffney et al. 2006)
Foxemydina (Gaffney et al. 2006)

Genus Indet.
(Fig. 15.2)

Referred specimen: HUE-1220 is an almost complete
plastron, little deformed, that lacks the right mesoplastron
(Fig. 15.2).

Description: The plastron is elongated, with a length of
395 mm. Although the ornamentation on the whole ventral
surface is not available, this has been preserved in some
regions. The ornamentation is the typical pelomedusoid
ornamentation (de Broin 1977; Gaffney et al. 2006): smooth,
with small dichotomous discontinuous grooves, which can
anastomise, forming polygons millimeters in size. The speci-
men is completely ossified, lacking fontanelles (Fig. 15.2a, b).

The width of the anterior lobe is slightly larger than that
of the posterior lobe, while the length of the anterior lobe is
smaller than that of the posterior lobe. Both lobes are wider
than long, the width/length ratio in the anterior one being
2.21 and in the posterior lobe being 1.28. The morphology
of the anterior lobe is rounded, its anterior margin being
nearly straight. In the posterior region of the plastron an
anal notch is present, 3.82 times wider than long. The length
of the bridge is greater than that of each of the two lobes.

A pair of epiplastra, the entoplastron, a pair of hyoplastra,
the left mesoplastra, a pair of hypoplastra and a pair of xiphi-
plastra can be recognized. The length of the epiplastral sym-
physis is shorter than the length of the entoplastron. In ventral
view (Fig. 15.2b, d), the entoplastron is rhombic, with convex
edges, wider than long. Despite the deformation, it appears that
the rear edge of the entoplastron reaches approximately at the
same level that the anterior part of the bridge. The craniocaudal
length of the hyoplastra is similar to that of the hypoplastra.
Between these plates, a pair of mesoplastra would be laterally
placed, but only the left is preserved. The mesoplastra are
semicircular, longer than wide. The xiphiplastra are shorter
than the hyoplastra or the hypoplastra.

In ventral view, the sulci allow the limits of the scutes to be
recognized. The sagittal sulcus is situated on the sagittal suture
along almost its entire length, not overlapping with this suture
when it has deviations. This sulcus follows a straight line
between the posterior margin of the intergular scute and the
anal notch. The only odd scute is the intergular, which is longer
than wide, having its maximum width in the anterior region.
This scute enters in the anterior part of the entoplastron. All
other scutes are pairs. The gulars, small and triangular in shape,
cover only a part of the epiplastra. They are separated from
each other by the intergular scute. The humerals cover much of
the anterior half of the entoplastron, contacting each other in
the sagittal plane. The humero-pectoral sulcus crosses the en-
toplastron, the epiplastra, and enters in the latero-anterior edge
of the hyoplastra. The pectoral scutes cover the rear region of
the entoplastron and are posteriorly extended to the contact
with the mesoplastra, but do not overlap these plates. The
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Fig. 15.2 Specimen HUE-1220.
Plastron assigned to Foxemydina
indet. from the Campanian–
Maastrichtian fossil site of ‘‘Lo
Hueco’’ (Cuenca, Spain). a,
c Dorsal view: a photograph and
c interpretive drawing. b, d,
Ventral view: b photograph and
d interpretive drawing. In
interpretive drawings, thick lines
represent sutures between plates
and narrow lines represent
borders of scutes. Abbreviations:
Ab abdominal scute, An anal
scute, En entoplastron, Ep
epiplastron, Fe femoral scute, Gu
gular scute, Hp hypoplastron, Hu
humeral scute, Hy hyoplastron,
Igu intergular scute, Isq ischium
scar, Ms mesoplastron, Pb pubis
scar, Pc pectoral scute, Xi
xiphiplastron. Scale bar equals
100 mm

abdominal scutes cover the posterior third of the hyoplastra,
mesoplastra and the anterior half of the hypoplastra. The rear
half of these plates and the anterior of the xiphiplastra are
covered by the femoral scutes. The anal scutes are placed over
the rear half of the xiphiplastra.

In dorsal view (Fig. 15.2a, c), the epiplastra have a slight
epiplastral thickening, restricted to the posterior region of the
symphysis. In the central part of the posterior border of the
epiplastra a small extension that is directed toward the pos-
terior region is developed. In the posterior edge of the en-
toplastron a narrow extension that generates a slightly
elongated morphology is also developed. This is a little longer
than wide, unlike the shape of the entoplastron as observed in
ventral view. The lateral buttresses of the hyoplastra and of

the hypoplastra are well developed. The scar of the pubis has
an elongated morphology and is anteromedially oriented,
with an acute anterior tip. The scar of the ischia, which has a
subtriangular morphology, is tangential to the axial plane.
The posterior tip of this scar is anterior to the anal notch.

Discussion

HUE-1220 shares with Megapleurodira the union of the
epiplastra in the sagittal plane, the presence of a single in-
tergular scute, the presence of a pair of mesoplastra laterally
located, and the absence of axillary and inguinal scutes
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(Gaffney et al. 2006). This specimen shares with Podocne-
midoidea the presence of pectoral scutes that overlap the
entoplastron (Gaffney et al. 2006) and with Bothremydidae
the wide and short morphology of the anterior lobe of the
plastron (Antunes and de Broin 1988; de Lapparent de Broin
and Murelaga 1996, 1999). Thus a phylogenetic analysis
focused on the resolution of the members of Bothremydidae
and incorporating the plastron from ‘‘Lo Hueco’’ was per-
formed. For this analysis, the matrix of characters proposed
by Gaffney et al. (2006) was used. All the characters present in
the original analysis and all the representatives of this tribe
that are, a priori, the ingroup of the analysis are retained (see
Appendix). The resolution of conflicts outside Bothremydi-
dae is beyond the objectives of this work. Therefore, we have
simplified the data matrix by eliminating some taxa external
to the Bothremydini that introduce a high instability in the
final outcome of the analysis (see Gaffney et al. 2006). It
should be noted that one of the taxa closely related to the
specimen analyzed here, the representative of Foxemydina
Polysternon atlanticum, was not considered in the original
matrix (Gaffney et al. 2006) because it is represented by
isolated plates. It is also not included here because it can not
be confirmed that all the isolated plates previously assigned to
this species (de Lapparent de Broin and Murelaga 1996,
1999) belong unequivocally to a single taxon. The matrix has
been processed using the software of cladistic analysis TNT
(Goloboff et al. 2008). For the phylogenetic analysis, all
characters were considered unordered and equally weighted.

The parsimony analysis produces a set of 86 maximum
parsimony trees in which HUE-1220 always belong to Fox-
emydina (Fig. 15.3) and the distribution of the taxa included
in Bothremydini is completely stable. Also, in all the trees
obtained, the two subtribes proposed by Gaffney et al. (2006),
Foxemydina and Bothremydina, are recognized.

HUE-1220 is grouped with the members of the tribe
Bothremydini (Foxemydina ? Bothremydina sensu Gaffney
et al. 2006). The members of this clade share many synapo-
morphies, although none of them are features of the plastron
so cannot be observed on the specimen from ‘‘Lo Hueco’’.

The Foxemydina (sensu Gaffney et al. 2006) is represented
in Europe by Foxemys, Polysternon, and Elochelys, and the
Bothremydina (sensu Gaffney et al. 2006) is represented in
Europe by Rosasia. In the cladistic analysis, HUE-1220 is
placed in the Foxemydina. The placement of HUE-1220 within
the Foxemydina is supported by three features of the plastron.
One of these is the degree of overlap of the entoplastron by the
pectoral scutes. In Rosasia the sulcus is located in a posterior
position so the pectoral scute does not overlap the entoplastron
(Antunes and de Broin 1988; Gaffney et al. 2006). The repre-
sentatives of the Foxemydina and HUE-1220 differ from
Rosasia in that the pectoral scutes overlap the entoplastron.
However, the position of this sulcus in the representatives of
Foxemydina varies. In Polysternon atlanticum, although the
humero-pectoral sulcus crosses the entoplastron it is posterior
to the epi-hyoplastral suture (de Lapparent de Broin and
Murelaga 1999). In Polysternon provinciale the humero-pec-
toral sulcus not only can be situated on the epiplastra, or on the
epiplastron-hyoplastron suture, it may even be slightly down
on this suture (de Broin 1977). In HUE-1220 and Elochelys the
humeral-pectoral sulcus lies anterior to the epi-hyoplastral
suture, except the lateral end, where it enters in the hyoplastra
(de Lapparent de Broin and Murelaga 1999; Gaffney et al.
2006). This feature has been considered diagnostic of
Elochelys, suggesting that HUE-1220 should be included in
that genus. However, this condition can also be observed in
other representatives of Foxemydina. Foxemys was originally
described as having a humero-pectoral sulcus that crosses the
entoplastron posteriorly and then cuts the epi-hyoplastral
suture at about half the length of that suture (Tong et al. 1998).
This condition differs little from that generally observed in
Polysternon provinciale. However in some specimens of
Foxemys, including the holotype, the humero-pectoral sulcus is
entirely anterior to the epi-hyoplastral suture (Gaffney et al.
2006) except the lateral end, where it extends onto the hyo-
plastra (see Tong et al. 1998, Fig. 2; Gaffney et al. 2006,
Fig. 259). This position is similar to that observed in the
plastron from ‘‘Lo Hueco’’. A second feature that supports
placement of HUE-1220 in the Foxemydina rather than with
Rosasia in the Bothremydina is the position of the pectoral-
abdominal sulcus relative to the mesoplastra. As was described
above, the pectoro-abdominal sulcus of HUE-1220 differs

Fig. 15.3 Strict consensus of the 86 most parsimonious trees of 299 steps
performed using TNT (Goloboff et al. 2008). Nodes: A, Chelonii; B,
Pleurodira; C, Pelomedusoides; D, Podocnemidera; E, Bothremydidae; F,
Bothremydodda; G, Bothremydini; H, Foxemydina; I, Bothremydina.
Retention index (RI) = 0.699 and Consistency index (CI) = 0.764
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from that of Rosasia: in Rosasia this sulcus overlaps the
mesoplastra while in HUE-1220 the sulcus barely reaches the
mesoplastra. In this feature HUE-1220 is similar to Polyster-
non provinciale, and Foxemys (Gaffney et al. 2006). A third
feature is the posterior extent of the entoplastron. HUE-1220 is
similar to Polysternon and Foxemys in that the posterior edge
of the entoplastron reaches approximately the same level as the
anterior part of the bridge. This condition differs from that
present in Rosasia, in which the entoplastron is more cranially
placed (Gaffney et al. 2006).

Within the Foxemydina HUE-1220 forms an unresolved
polycotomy with Foxemys, Polysternon and Elochelys. All
members of Foxemydina share two synapomorphies: the
presence of pectoral scutes on epiplastra or on the epiplastron-
hyoplastron suture (condition of character that differs from that
observed in Polysternon atlanticum), and the location of the
pectoro-abdominal sulcus anterior to mesoplastra.

Elochelys is represented by two species, Elochelys con-
venarum and Elochelys perfecta. These are grouped toge-
ther because of the presence of a large intergular scute
separating the gulars and the humerals, a character-state
shared with no other members of Foxemydina. Since the
size of the intergular scute in HUE-1220 is similar to that of
Foxemys and Polysternon rather than Elochelys, It is
excluded from Elochelys.

In this analysis, the comparison with Foxemys is limited
because that genus is only diagnosed by two cranial auta-
pomorphies: the ventral rim of the orbit is absent; and the
exposure of the prootic is small and is surrounded by
pterygoid, basisphenoid, and quadrate, with the foramen
nervi facialis exposed.

Polysternon is defined by five autapomorphies: the tritu-
rating surfaces of the maxilla are triangular, wider posteriorly
than anteriorly; a nuchal embayment of the carapace is
present; the condylus mandibularis is distinctly anterior to the
plane of the basioccipital-basisphenoid suture; the surface
texture of the shell has fine, striated ridges; and the anterior
lobe of the plastron is short, wide at base, and semicircular in
outline, with a width/length ratio of 2.0 or less. Only one of
the features diagnostic for Polysternon in this cladistic anal-
ysis, the width/length ratio of the anterior lobe of the plastron,
can be compared with those of HUE-1220. The character state
of HUE-1220 differs from that of Polysternon. Thus HUE-
1220 it is excluded from Polysternon.

A plastral character that has traditionally been consid-
ered diagnostic of Foxemys is a relatively large intergular
scute, greater than that observed in Polysternon (Gaffney
et al. 2006; Tong et al. 1998). In most of the specimens of
Foxemys this scute extends for half the length of the en-
toplastron, although in the holotype, MDEt 10, and in the
MHNM uncataloged specimen cited and attributed to
Foxemys by Gaffney et al. (2006) the intergular scute is
smaller and reaches only the anterior third of the

entoplastron (Gaffney et al. 2006). In HUE-1220 the inter-
gular covers a small portion of the surface of the entopl-
astron. In this feature HUE-1220 is different from Foxemys
and similar to Polysternon provinciale (de Broin 1977).

In other features, HUE-1220 shows a combination of
features that are similar to either Foxemys or Polysternon.
HUE-1220 is similar to Foxemys and Polysternon atlanti-
cum and different from Polysternon provinciale in the shape
of the lateral borders of the posterior plastral lobe and in the
shape of the anal notch. Polysternon provinciale is diag-
nosed by the presence of rounded lateral borders of the
posterior plastral lobe while in Foxemys and Polysternon
atlanticum these borders are straight (Gaffney et al. 2006).
The condition observed in HUE-1220 is similar to that of
Foxemys and Polysternon atlanticum (de Lapparent de
Broin and Murelaga 1999; de Lapparent de Broin 2001;
Gaffney et al. 2006). The anal notch of HUE-1220 is like
that of Foxemys (Tong et al. 1998; Gaffney et al. 2006) and
Polysternon atlanticum (de Lapparent de Broin and
Murelaga 1999) in being large, short, and wide. Polysternon
provinciale differs in that the anal notice is relativley nar-
row and deep (de Broin 1977; Gaffney et al. 2006).

Comparison with Polysternon atlanticum is limited
because of inadequate understanding of the morphology of
that species. In fact, a comprehensive diagnosis of this
species has not been formulated because it is only known
through disarticulated material. The only diagnostic char-
acter of Polysternon atlanticum that can be compared with
HUE-1220 is size. The maximum length estimated for the
shells of Polysternon atlanticum is 32 cm (de Lapparent de
Broin and Murelaga 1999), similar to that observed in
the representatives of the genus Elochelys (20–25 cm for
Elochelys perfecta and 34–35 cm for Elochelys convena-
rum) (Laurent et al. 2002; Pérez García et al. 2010) but
significantly lower than that of HUE-1220, Polysternon
provinciale, and Foxemys (de Broin 1977; Tong et al. 1998;
Gaffney et al. 2006). Thus in this feature, HUE-1220 differs
from Polysternon atlanticum and is similar to Foxemys and
Polysternon provinciale.

A series of features shared by HUE-1220 and Polysternon
provinciale and Foxemys are also present. The entoplastron of
HUE-1220 is as large as in Polysternon provinciale and
Foxemys. In Polysternon provinciale and in HUE-1220
the entoplastron is slightly wider than long. In most
specimens of Foxemys it is wider than long but in others
it is as wide as long (Gaffney et al. 2006). The pubic and
ischiatic scars are similar to those observed in Foxemys
and in Polysternon, both in morphology as in disposition.
The length of the epiplastral symphysis is more than half
of that of the entoplastron, as in Polysternon provinciale,
differing slightly from the known condition to Foxemys, in
which is about one-third to one-half (Tong et al. 1998;
Gaffney et al. 2006). In the plastron from ‘‘Lo Hueco’’ the
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gular scutes do not reach the entoplastron. In most of the
specimens of Polysternon provinciale this condition is sim-
ilar, but some specimens in which the gulars reach this plate
are known. In Foxemys the gulars are in contact with the
entoplastron but in none of them do the gulars enter onto this
plate (de Broin 1977; Gaffney et al. 2006). In HUE-1220
the entoplastron is slightly larger than the mesoplastra.
In Polysternon the mesoplastra are also slightly smaller than
the entoplastron (Gaffney et al. 2006). In some specimens of
Foxemys the mesoplastra are smaller than the entoplastron
but in others the size of these plates is the same (Tong et al.
1998; Gaffney et al. 2006).

Although HUE-1220 shares some features with members of
the Foxemydina, particularly Polysternon provinciale and
Foxemys, the limited information available on a plastron does
not allow an assignment to generic or specific level. As well,
taxonomic resolution of this specimen is prevented by a poor
understanding of the range of variation within species of
Foxemydina. The available information on the specific vari-
ability of other taxa, such as of Elochelys perfecta, is very
limited. The problem affects even questions about the validity
of Foxemys. Although it is thought that Polysternon provinci-
ale and Foxemys mechinorum belong to two different genera
(Tong et al. 1998; Gaffney et al. 2006), it has been proposed that
these could actually be two species of the genus Polysternon
(de Lapparent de Broin 2000, 2001; Murelaga and Canudo
2005). There is no doubt that Foxemys mechinorum and
Polysternon provinciale are sister taxa (see Gaffney et al.
2006), regardless of the attribution to the same genus or to two
different genera. It has been argued that the separation into two
genera is more consistent with the present separation between
other pleurodiran genera (Gaffney et al. 2006). It has even been
argued that Polysternon atlanticum seems to be more similar to
Foxemys than to Polysternon (Tong et al. 1998; Gaffney et al.
2006). Therefore, the discovery of more bothremydid material
is necessary to formulate a more comprehensive diagnosis of
some of these taxa and provide a greater knowledge of their
interspecific and intraspecific variability and their relation-
ships. In this sense, the material attributed to Elochelys in ‘‘Lo
Hueco’’, shows that the intraspecific variability of Elochelys
convenarum is higher than previously thought (Pérez García
et al. 2010), affecting even characters considered diagnostic not
only for Elochelys convenarum, but also characters previously
employed to diagnose other representatives of Foxemydina. It
has also been observed in specimens of Elochelys convenarum
that the variability in the morphology and dimensions of the
intergular scute varies considerably. This region of the plastron
is where the autapomorphy of this taxon in the phylogenetic
analysis performed here have been recognized. In the holotype,
this scute is very wide in the rear part (Laurent et al. 2002). In
others specimens, as in HUE-4913, the width of its intergular
scute is constant along its entire length (Pérez García et al.
2010). In others, as in HUE-994, this scute is much narrow in

the posterior region than in the anterior region, separating the
humeral scutes on the entoplastron. However, the observed
variability is, so far, different from that described for some
pleurodiran taxa such as the podocnemidid Neochelys
arenarum (de Broin 1977), in which in some specimens the
intergular scute separates the humerals and in others these are
in contact. Therefore, with the current knowledge, it is con-
cluded the plastron from ‘‘Lo Hueco’’ is an undetermined
member of Foxemydina, that differs from Elochelys.

This is the first robust demonstration of the synchronic and
sympatric coexistence of two different genera of Both-
remydidae in the same European Late Cretaceous ecosystem.
The recognition of the synchronic and sympatric coexistence
of two bothremydid taxa indicates that more caution should
be taken in the taxonomic assignment of fragmentary bothr-
emydid samples. Usually, the recognition of a bothremydid
taxon in a locality has involved the attribution of isolated
material to this taxon. For example, the identification of the
only known skull of Polysternon provinciale, from Ville-
veyrac (France), was only based on the prior recognition of
this taxon, by postcranial material, in the same Formation and
geographic region (Buffetaut et al. 1996). de Lapparent de
Broin and Werner (1998) and Tong and Gaffney (2000)
supported this attribution, but Gaffney et al. (2006) have
argued that it is possible to modify this identification with
further discoveries. In the case of the only known skull of
Rosasia soutoi, their identification was based on an associa-
tion with a bothremydid peripheral plate (Antunes and de
Broin 1988), that is not diagnostic on specific or generic level,
and in the fact that this bothremydid skull was found in a
locality where only Rosasia had been recognized (Antunes
and de Broin 1988; Gaffney et al. 2006). Polysternon at-
lanticum has been described by abundant disarticulated
material found in the same locality (de Lapparent de Broin
and Murelaga 1996, 1999). However, many of the elements
assigned to this species are indistinguishable from those of
Rosasia, Foxemys or Elochelys.

Conclusions

Bothremydidae are one of the most abundant groups
of turtles in the Campanian–Maastrichtian record from
Western Europe. Although several members have been
recognized, so far, the unequivocal presence of more than
one bothremydid taxa in the same level of a European fossil
site has not been demonstrated.

In Spain, although abundant bothremydid material has
been recognized in several localities, the fossil site of ‘‘Lo
Hueco’’ (Fuentes, Cuenca) is the only site where articulated
specimens have been found. The presence of representatives
of the genus Elochelys was recognized there previously.
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An articulated plastron, found in a level that includes El-
ochelys, is here described. This specimen does not share the
autapomorphic character that diagnoses the plastron of El-
ochelys: the presence of a large intergular scute that separates
the humeral scutes. It does show a feature of the humero-
pectoral scute that has been described in the Foxemydina only
for the genus Elochelys, the location of this scute mainly
anterior to the epi-hyoplastral suture except the lateral end,
but this feature is considered variable in some representatives
of this group of turtles. Therefore this plastron is assigned to
an undetermined Foxemydina different to Elochelys.

This taxonomic conclusion demonstrates that two repre-
sentatives of Bothremydidae are present in the ‘‘Lo Hueco’’
locality. The possible presence of more than one taxon of
Bothremydidae in European Late Cretaceous fossil sites
should be taken into account in the taxonomic assignment of
fragmentary material belonging to this group of turtles.
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Appendix

Characters coded for HUE-1220, added to the data matrix of
Gaffney et al. (2006).

Mesoplastra, 2; Trapezoidal entoplastron, 1; Epiplastra
meet on midline, 1; Dorsal epiplastral process, 1; Intergular
scales, 1; Gular projections, 1; Anterior lobe of plastron
short, wide at base, and semicircular in outline, 1; Pectoral
scales on entoplastron, 1; Pectoral scales on epiplastron, 1;
Pectoral-abdominal scale sulcus crosses mesoplastron, 1;
Size and shape of ischial suture, 1; Posterior lobe wider than
pelvis, 1; Intergular scale, 0; Axillary/inguinal scales, 1;
Abdominal scale narrow, 0; Anal notch, 1.
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Chapter 16

New Information about Pelomedusoides
(Testudines: Pleurodira) from the Cretaceous of Brazil

Pedro S. R. Romano, Gustavo R. Oliveira, Sergio A. K. Azevedo, Alexander W. A. Kellner,
and Diogenes de Almeida Campos

Abstract Brazilian turtle remains date from the Cretaceous
and have been recovered from in 11 different basins. Two of
these are of particular importance because of the richness of
species and specimens: Araripe (Early Cretaceous) and
Bauru (Late Cretaceous). Here we present information
based on new material that adds to our understanding of the
diversity of turtles from Araripe Basin and provides a basis
for discussion of the taxonomic status of some species from
Bauru Basin. A new specimen from the Araripe Basin that
is from the Crato Formation, although generically indeter-
minate is proposed to be the oldest representative of the
clade Podocnemidera. This allocation would extend the
stratigraphic range of the Podocnemidera to the Aptian/
Albian, matching that of its sister group, the Pelomedusera.
New specimens from the Bauru Basin allow a better
understanding of the morphology of the shell in Roxochelys
and an assessment and interpretation of diagnostic features
used to distinguish Bauru Basin endemic forms. Our
preliminary examination of this material leads us to
conclude that the diversity described in this basin is

overestimated. As consequence, we argue that Bauru Basin
includes only two well diagnosed species of turtles:
Roxochelys wanderleyi and Bauruemys elegans.

Keywords Alpha-taxonomy � Araripe Basin � Bauru
Basin � Shell morphology � Side-necked turtles

Introduction

The record of side-necked turtle from the Cretaceous of
Brazil includes almost all families of Pelomedusoides; the
single exception is the African Pelomedusidae. The oldest
records of species with associated shell-skull specimens of
Araripemydidae, Euraxemydidae, and Bothremydidae are
from the Early Cretaceous (Aptian/Albian) of the Araripe
Basin (Fielding et al. 2005; Oliveira and Kellner 2005;
Oliveira and Romano 2007; Oliveira et al. 2009). The
Podocnemididae from the Late Cretaceous of Bauru Basin
include some of the earliest species of this family (Kischlat
1994; Kischlat et al. 1994; França and Langer 2005, 2006;
Gaffney et al. 2006; Oliveira and Romano 2007; Romano
et al. 2009). In addition, one of the oldest members of
the crown-group Eucryptodira, Santanachelys gaffneyi,
is from Aptian/Albian of Araripe Basin and one of the
oldest Eupleurodira (sensu Gaffney et al. 2006) that was
recently collected from the Sergipe-Alagoas Basin was dated
as Barremian (Gallo et al. 2009). As a consequence, the
Brazilian Cretaceous record constitutes an important source
of knowledge for understanding the evolution of turtles as a
whole. However, the lack of alpha level taxonomic studies,
with some species being poorly defined, leads to a confusing
scenario. Fortunately, recently described materials increases
the number of fossil pelomedusoid turtle species that are well
known (e.g., Gaffney et al. 2006; Meylan et al. 2009) and the
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phylogenetic relationships, biogeographical context, and
morphological variation of some of the species have become
better understood due to recent studies (e.g., Gaffney et al.
2001, 2006; de la Fuente 2003; Romano and Azevedo 2006,
2007; França and Langer 2006; Meylan et al. 2009; Oliveira
et al. 2009; Romano et al. 2009; Riff et al. 2010; Cadena et al.
2010; Romano et al. 2012). As a result, the diagnostic char-
acters are better defined and, finally, our understanding of
Brazilian turtles can be more adequately established.

The Lower Cretaceous Santana Group (Crato and
Romualdo formations), Araripe Basin, and the Upper
Cretaceous Adamantina and Serra da Galga formations, Bauru
Basin (sensu Bertini et al. 2006), have both produced important
specimens for the study of turtle evolution (Fig. 16.1). Turtles
have also been collected from the Cretaceous basins of
Sergipe-Alagoas, Potiguar, Parnaíba, and São Luís; and the
Cenozoic basins of Paraná, Pernambuco-Paraíba, São José de
Itaboraí, and Acre. Twenty-three species have been recognized
in Brazilian fossil record, only four of which are represented
by living species. Eleven species from Cretaceous of Brazil
that have been formally described include: Apodichelys
lucianoi, Araripemys barretoi, Bauruemys brasiliensis,
Bauruemys elegans, Brasilemys josai, Cambaremys langer-
toni, Cearachelys placidoi, Euraxemys essweini, Roxochelys
harrisi, Roxochelys wanderleyi, and Santanachelys gaffneyi.

Objectives and Organization

Here we present new material collected in the Araripe and
Bauru basins. The material from the Araripe Basin comes
from the Crato Formation and includes the first occurrence
of a Podocnemidera. New specimens from the Bauru Basin

increases our knowledge of morphological variation in
shells of species from this basin allowing for a discussion of
the validity of diagnostic features used to distinguish shell-
only materials. We also argue that some poorly represented
species should be synonymized. We follow the phyloge-
netic taxonomy of Gaffney et al. (2006) as it is the most
comprehensive nomenclature proposed for Pelomedusoides
to date, and because it is consistent with the established
classical taxonomic nomenclature.

The MSc Dissertation work by Campos (1977) and
subsequent brief communication (Campos and de Broin
1981) provided the foundation for this study. Generally, the
published literature on Brazilian fossil turtles is of little
practical value (see a complete list in Oliveira and Romano
2007). Research on the diversity of turtles of Brazil includes:
a list of vertebrate species in South America (Mones 1986);
a catalog of specimens deposited in the Museu de Ciências da
Terra of the Departamento Nacional de Produção Mineral,
Rio de Janeiro, Brazil (Melo and Schwanke 2006); a histor-
ical study of the discovery of turtles in Brazil (Oliveira and
Romano 2007); a preliminary discussion of the taxonomic
status of Bauru Basin turtles (Romano et al. 2009); and the
first announcement of Podocnemidera remains from Crato
Formation (Oliveira et al. 2009).

Eugene Gaffney and collaborators are undertaking a
study of the evolution of the Podocnemididae and are
describing several new species (Gaffney, 2009, personal
communication). To complement their study, we focus
our discussion on questions of alpha-taxonomy and post-
cranium morphology. As consequence, we do not provide a
phylogeny because half of the species do not have enough
information to document their phylogenetic relationships, as
shown in the phylogeny of França and Langer (2006).
However, in order to test our previous conclusions on the
interpretation of diagnostic characters, some of which are
based on proportions and relative positions of structures, we
present a preliminary morphometric analyses of some of the
species discussed here.

Institutional abbreviations used in this paper are: AMNH
(Americam Museum of Natural History, New York, USA),
BSP (Bayerische Staatssammlung für Paläeontologie und
Historische-Geologie, Munich, Germany), CPP (Centro de
Pesquisas Paleontológicas ‘‘Llewellyn Ivor Price’’, Uberaba,
Brazil), DGM (Divisão de Geologia e Mineralogia,
Departamento Nacional de Produção Mineral, Rio de Janeiro,
Brazil), FR (Forschungsinstitut Senckenberg, Frankfurt,
Germany), MCT (Museu de Ciências da Terra, Departamento
Nacional de Produção Mineral, Rio de Janeiro, Brazil), MCZ
(Museum of Comparative Zoology of Harvard University,
Cambridge, USA), MN (Museu Nacional, Universidade
Federal do Rio de Janeiro, Rio de Janeiro, Brazil), MPSC
(Museu Paleontológico de Santana do Cariri, Santana do
Cariri, Brazil), PCHP (Peter C. H. Pritchard personal

Fig. 16.1 Map of Brazil showing locations of the Araripe (upper
right) and Bauru (lower right) basins. Abbreviations: CE Ceará State,
GO Goiás State, MG Minas Gerais State, MS Mato Grosso do Sul
State, PB Paraíba State, PE Pernambuco State, PI Piauí State, PR
Paraná State, RN Rio Grande do Norte State, SP São Paulo State
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collection), SMNK-PAL (Staatliches Museum für
Naturkunde, Karlsruhe, Germany), THUg (Teikyo Heisei
University, Chiba, Japan), UFRGS (Universidade Federal do
Rio Grande do Sul, Porto Alegre, Brazil).

New Material From Araripe Basin

The presence of Podocnemidera in the Crato Formation is
documented by specimen AMNH 30652 (Fig. 16.2). For
comparison the following specimens were examined: Ara-
ripemys barretoi DGM 756-R (holotype), DGM 364-LE,
MPSC 137 R, MN 6637-V, MN 6949-V, MN 6743-V, MN
6745-V; Cearachelys placidoi MN 6760-V, MPSC-R 2120
(holotype); Euraxemys essweini MN 6919-V (= Caririemys
violetae; see discussion in this subchapter); Bauruemys elegans
MCT 1492-R (holotype), MN 6674-V, MN 6762-V, MN 6772-
V, MN 6796-V; Roxochelys wanderleyi DGM 216-R (holo-
type), MCT 1722-R, MCT 1787-R (see details in the next
subchapter); ‘‘Bauruemys brasiliensis’’ DGM 214-R (holotype;
see discussion in the next subchapter); plus some specimens
described in the literature: Araripemys barretoi SMNK-PAL

3979; Cearachelys placidoi THUg 1798, BSP 1976 I 160;
Euraxemys essweini FR 4922 (holotype); Santanachelys gaff-
neyi THUg 1386 (holotype); ‘‘Cambaremys langertoni’’ CPP
0252 (holotype; see discussion in the next subchapter); Chelus
fimbriata PCHP 1337; Phrynops geoffroanus MCZ 146145;
Pelomedusa subrufa unumbered; Peltocephalus dumerilianus
PCHP 1351; and Podocnemis unifilis PCHP 1051.

Systematic Paleontology

Order Testudines Linnaeus 1758
Suborder Pleurodira Cope 1864
Hyperfamily Pelomedusoides Cope 1868
cf. Podocnemidera Cope 1868
Genus Indet.
(Fig. 16.2)

Referred specimen: AMNH 30652; a nearly complete
plastron, lacking the lateral portions, anterior portion of
epiplastra and both mesoplastra, preserved in a laminated
limestone, visible in visceral view (Fig. 16.2).

Fig. 16.2 Visceral view of AMNH 30652, plastron of an indetermi-
nate Podocnemidera. a Photograph. b Interpretive drawing. Abbrevi-
ations: epi epiplastron, ento entoplastron, hyo hyoplastron, hypo

hypoplastron, meso mesoplastron, xiphi xiphiplastron. Light gray
represents impression of bones and dark gray represents sedimentary
matrix. Scale bars equal 20 mm
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Locality: probably Santana do Cariri, Ceará State,
northeastern Brazil.

Horizon and age: Crato Formation. Aptian/Albian (Pons
et al. 1990; Neumann and Cabrera 1999).

Description: Specimen AMNH 30652 is a well preserved
nearly complete plastron that is exposed in visceral view.
It measures 125 mm in total length. Although most speci-
mens found in the Crato lagerstätte are crushed and distorted,
AMNH 30652 is three-dimensionally preserved. The bone
surface is also well preserved, showing a brownish color.
Except for the anterior portion of the left epi- and hyoplastron,
the lateral portion of the right hyo- and hypoplastron and the
posterior part of the xiphiplastron, there is no evidence of
breakage at the edges of the elements.

AMNH 30652 is clearly a pleurodire turtle as indicated by
the articulation scars for the pubis and ischium on the
xiphiplastron, a classic synapomorphy of this clade (Gaffney
and Meylan 1988). AMNH 30652 is probably made up of 11
bones as in most Pelomedusoides, but no mesoplastra are
preserved in this specimen. There are no fontanelles in the
midline of plastron as in Araripemys, Pelomedusa, and some
chelids. Probably the midline contact of the epiplastra is short,
like that of most Pelomedusoides. As seen in internal view, the
entoplastron is slightly longer than wide, as in Euraxemys and
in contrast to most Pelomedusoides and chelids, where it is
slightly wider than long. However, this feature can appear
differently ventral view. The hyoplastron forms the axillary
notch and the hypoplastron forms the inguinal notch.
The xiphiplastron forms most of the posterior lobe, which
tapers posteriorly. The articulation of pubis is elongated as in
Bauruemys elegans (Suárez 1969) and ‘‘Bauruemys brasili-
ensis’’ (Staesche 1937) (Kischlat 1994; França and Langer
2005). The articulation of ischium is subtriangular, resembling
the condition in chelids. It is not possible to see the scales on the
plastron, since this specimen is exposed in ventral view.

Remarks: Overall the taxonomy of turtles from the Araripe
Basin is well resolved. The unique exception is Caririemys
violetae Oliveira and Kellner 2007a, b, which was described on
the basis of a single specimen (MN 6919-V) consisting of an
incomplete carapace, right pelvis and right femur. According
to Oliveira and Kellner (2007a), Caririemys violetae could
represent the same taxon as FR 4922. Since then FR 4922 was
described and named Euraxemys essweini Gaffney et al.
(2006). The only differences between Caririemys and
Euraxemys are that neural 1 contacts costal 1 and costal 2
contacts neural 3. Those features, however, could be
interpreted as ontogenetical differences or even as individual
variations since they are reported in living Pelusios (Pritchard
1988). Based on the fact that the holotype of Caririemys
violetae represents a young individual that does not show
enough features to distinguish it from FR 4922 at the species
level we here consider this species as a junior synonym of
Euraxemys essweini.

In comparison with other pleurodiran turtles (Fig. 16.3;
Table 16.1), AMNH 30652 can be seen to lack plastron
fontanelles as is also the case in most Pelomedusoides.
This is in contrast to Araripemys and Pelomedusa, which
have three and one fontanelles respectively (Kischlat and
Campos 1990; Meylan 1996; Oliveira and Kellner 2005;
Gaffney et al. 2006). There is a relatively short midline
contact of the epiplastra, as in Euraxemys, but in contrast to
Cearachelys, which does have a long midline contact
(Gaffney et al. 2006). The anterior lobe in AMNH 30652 is
rounded and very similar to Euraxemys, Cearachelys and
most pleurodires and differing strongly from the pointed
anterior notch of Araripemys. In visceral view, the entopl-
astron of AMNH 30652 is slightly longer than wide, in
contrast to Cearachelys where it is slightly wider than long.
The entoplastron in AMNH 30652 is similar to Euraxemys,
and different from the trapezoidal shaped entoplastron
of Cearachelys, and the V-shaped element of Araripemys.
The hyo- and hypoplastra are rectangular bones with a
shallow articulation. The hyoplastron has a shallow anteri-
orly contact with epi- and entoplstron, and the hypoplastron
has a shallow articulation with xiphiplastron, in contrast to
the deeper condition found in Araripemys.

Morphometric analysis: It is difficult to identify turtles
based only on the bones of the plastron. The turtle shell only
presents a limited number of characters and shows great
deal of individual variation (e.g., Williams 1954; Pritchard
1988; Romano 2008). A recent example of the lack of
accuracy in the establishment of new species based only on
fragmentary shell material is Araripemys ‘‘arturi’’, which is
a junior synonym of A. barretoi, as pointed out indepen-
dently by Gaffney et al. (2006) and Oliveira and Kellner
(2007b). Therefore in order to more objectively observe
differences between AMNH 30652 and other well-known
species of Pleurodira we applied the thin-plate spline
method using 11 landmarks of the plastron in nine
species (Chelus fimbriata, Phrynops geoffroanus, Pelome-
dusa subrufa, Araripemys barretoi, Euraxemys essweini,
Cearachelys placidoi, Baurumeys elegans, Peltocephalus
dumerilianus, and Podocnemis unifilis) (Fig. 16.4;
Table 16.2). The thin-plate spline is a simple procedure
used to visualize all displacements of all landmarks relative
to all others as a deformation grid (Zelditch et al. 2004).
The landmarks were digitalized using TPS Dig 2.12 (Rohlf
2008) and then superimposed using Procrustes standardi-
zation (the generalized least square method). All landmarks
were collected in ventral view of the specimens and we
estimated (by mirroring) the ventral view of AMNH 30652
based on the sutures observed in visceral view. This pro-
cedure could introduce error on the landmarks coordinates
digitalized, especially on landmark 5 (anterior contact
between hyoplastra meeting the entoplastron), but this error
does not compromise the analysis because it is the same if
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compared to all specimens. We also performed a Principal
Component Analysis (PCA) over the Procrustes residuals
matrix in order to determine if there is structure in the
data without considering the phylogenetic signal in it.

The superimposition of the landmarks used to generate the
Procrustes residuals matrix, the thin-plate spline deforma-
tion grid, and the PCA were all performed using PAST
(Hammer et al. 2001).

Fig. 16.3 Plastrons of some side-necked turtle species. All in ventral
view and not too scale. a Chelus fimbriata PCHP 1337 (modified from
Pritchard and Trebbau 1984, p. 101). b Phrynops geoffroanus MCZ
146145 (modified from Pritchard and Trebbau 1984, p. 112). c Pelo-
medusa subrufa unumbered (modified from Williams 1954, p. 3).
d Araripemys barretoi reconstruction based on AMNH 22550, 22556,
and 24453 (modified from Meylan 1996, p. 23). e Euraxemys essweini
FR 4922 (modified from Gaffney et al. 2006, p. 540). f Cearachelys

placidoi THUg 1798 (modified from Gaffney et al. 2006, p. 544).
g Baurumeys elegans reconstruction based on MN 6674-V, 6762-V,
and 6772-V (modified from Romano and Azevedo 2007). h Pelto-
cephalus dumerilianus PCHP 1351 (modified from Pritchard and
Trebbau 1984, p. 84). i Podocnemis unifilis PCHP 1051 (modified
from Pritchard and Trebbau 1984, p. 66). j Indeterminate Podocne-
midera AMNH 30652 (estimated from visceral view)

Table 16.1 Characteristics of the plastron of AMNH 30652 compared with described side-necked turtles from the Araripe Basin and
Pelomedusidae and Podocnemididae

Mesoplastron Fontanelles Ento-
hyoplastron
contact

Hypo-
xiphiplastron
contact

Anterior lobe Entoplastron

Chelidae Absent Absent Shallow Moderate Rounded Slightly wider
than long

Pelomedusidae Present Absent in Pelusios,
one present in Pelomedusa

Shallow Moderate Moderately
rounded

Slightly wider
than long

Araripemys Absent Three Deep Deep Pointed V-shaped

Euraxemys Present Absent Shallow Shallow Rounded Slightly
longer
than wide

Cearachelys Present Absent Shallow Shallow Rounded Slightly wider
than long

Podocnemididae Present Absent Shallow Moderate Rounded Slightly wider
than long

AMNH 30652 Not
preserved

Absent Shallow Shallow Rounded Slightly
longer
than wide
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The results of thin-plate spline (Fig. 16.5) clearly shows four
patterns of distortion in the grid of AMNH 30652 in relation to
the species mentioned above: (1) expansion between landmarks
3 and 4 and 8 and 10, and contraction between 7 and 9 compared
to the chelid species (more evident in Chelus than Phrynops);
(2) a great expansion between landmarks 3 and 7 with little

contraction on the other landmarks compared to Pelomedusa;
(3) a great expansion of the landmark 3, 4, and 6, and moderate
expansion between 10 and 11, and overall lateral contraction if
compared to Araripemys; and (4) contraction between land-
marks 2, 4, and 5 and 6, 7, 8, and 9 with little or none expansion
between other landmarks when compared to the Podocnemi-
dera turtles (less deformed in Cearachelys and Peltocephalus
than the others). These results indicate that the overall shape of
AMNH 30652 is similar to that of the Podocnemidera, which is
showed in the PCA (Fig. 16.6). It is interesting to stress that the
2-dimension plot over the first and second PCs indicates that the
overall shape patterns in the bones of the plastron can be linked
to differentiation of groups inside Pleurodira, with Podocne-
midera well separated from Araripemydidae, Pelomedusidae
and Chelidae.

Fig. 16.4 The landmarks of the plastron used in morphometric
analyses, as shown in Cearachelys placidoi THUg 1798 in ventral
view (left) with its representation of the shape (right). See landmark
descriptions in Table 16.2

Table 16.2 Description of landmarks of the bones of the plastron
used in this study

Landmark Description Type

1 Medial anterior contact between both
epiplastra

2

2 Medial posterior contact between both
epiplastra

1

3 External lateral contact between epi- and
hyoplastron

2

4 Internal lateral contact between epi- and
hyoplastron

1

5 Anterior contact between hyoplastra and the
entoplastron

1

6 Medial contact between hyo- and hypoplastra 1

7 Lateral contact between hyo- and hypoplastra
and the mesoplastron

1

8 Medial contact between hypo- and xiphiplastra 1

9 Lateral contact between hypo- and xiphiplastra 2

10 Medial posterior contact between xiphiplastra 2

11 Most posterior point of xiphiplastron 3

Fig. 16.5 Thin-plate spline deformation grids of AMNH 30652 in
comparison to other Pleurodiran turtles

266 P. S. R. Romano et al.



New Materials from Bauru Basin

The new specimens from the Bauru Basin, MCT 1722-R and
MCT 1787-R (Figs. 16.7, 16.8), are examples of Roxochelys
wanderleyi. The specimens examined for comparison are listed
above. In addition comparison was made with all Bauruemys
elegans specimens mentioned in Romano and Azevedo (2007)
and also the illustrated Brazilian Cretaceous specimens
available in the literature (see Oliveira and Romano 2007 and
Romano et al. 2009 for a complete list of references).

Systematic Paleontology

Order Testudines Linnaeus 1758
Suborder Pleurodira Cope 1864
Hyperfamily Pelomedusoides Cope 1868
Family Podocnemididae Cope 1868
Genus Roxochelys Price 1953
Roxochelys wanderleyi Price 1953
(Figs. 16.7, 16.8)

Specimens: MCT 1722-R and MCT 1787-R, two nearly
complete shell with carapace and plastron separated from
each other with visceral and dorsal views visible
(Figs. 16.7, 16.8).

Locality: Presidente Prudente, São Paulo State, south-
eastern Brazil (Mezzalira 1959, 1989, 2000; Suárez 1973;
Romano et al. 2009).

Horizon and age: Presidente Prudente Formation, Ma-
astrichtian (Fernandes and Coimbra 1996, 2000; Fernandes
2004).

Description: MCT 1722-R is represented by a nearly
complete shell prepared in both visceral and dorsal views
with separated carapace and plastron and measuring
315 mm in total length. The carapace is composed of the
nuchal bone, seven neural bones, eight costal bones, pygal,
suprapygal, and eleven peripheral bones. The shape of
carapace is nearly circular as in Bauruemys elegans and
Lapparentemys vilavilensis. The nuchal is fragmented but it
is possible to observe that it is wider than long, as in
R. wanderleyi holotype (DGM 216-R), differing from
B. elegans, which has a slightly wider nuchal, and from
Cambaremys langertoni, which has a longer nuchal
(Fig. 16.9). The neural series is incomplete with costal
bones 7 and 8 preventing a contact with suprapygal. This
condition is the same in Bauruemys, whereas in smaller
specimens of this species the pair of 6th costal bone also
prevents the contact with suprapygal (Fig. 16.9). The first
four neural bones show the same morphology as the R.
wanderleyi holotype (DGM 216-R), although the fourth
neural bone is relatively bigger in MCT 1722-R than in
DGM 216-R. The first neural bone is rectangular, neural
bones 2–6 are hexagonal. The posterior portion of the 7th
neural bone is broken but this bone is probably also pen-
tagonal. The first costal bone contacts neurals 1 and 2, as in
DGM 216-R and C. langertoni, differing from B. elegans
where it contacts only the first neural (Fig. 16.9). The
peripheral bones and the dermal scutes do not show any
distinguishing features and are similar to the morphology of
DGM 216-R. The plastron is well preserved and shows the
generalized organization seen in most Podocnemidera. There
is no mesoplastron preserved and it is not possible to deter-
minate if there is reduced and laterally positioned mesopla-
stra (as in most Pelomedusoides) in this specimen. The
humeral-pectoral scute overlies the entoplastron and the
hyoplastron as in DGM 216-R and differing from Bauruemys
which overlies the entoplastron, the epiplastron, and the
suture between epi and hyoplastron (Fig. 16.10). The fem-
oral scute is shorter than the abdominal scute differing from
Bauruemys which is exactly the opposite (Fig. 16.10).

MCT 1787-R is better preserved than MCT 1722-R and
is also represented by a complete shell prepared in both
visceral and dorsal views with separated carapace and
plastron. It is slightly distorted at the left side. The shell
measures 375 mm in total length. All distinguishing fea-
tures described above for MCT 1722-R can be seen in MCT
1787-R in addition the mesoplastra is preserved and shows
the general morphology observed in most Pelomedusoides
(Fig. 16.10).

Remarks: The first collections of fossil turtle remains
from the Bauru Basin were made during the last decade of
the Nineteenth Century and the beginning of the Twentieth
Century. These are fragmentary shells found in Mato
Grosso do Sul State (Derby 1896) and São Paulo State

Fig. 16.6 Plot of the first 2 principal components of the covariance
matrix calculated over the Procrustes residuals matrix. Symbols:
AMNH 30652 (crossed square), Podocnemididae (black square),
Bothremydidae (gray square), Euraxemydidae (white squares),
Araripemydidae (black hexagon), Pelomedusidae (black triangle),
Chelidae (black circle)
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Fig. 16.7 Roxochelys wanderleyi, MCT 1722-R, photographs and interpretive drawings of carapace (above) in dorsal view and plastron (below)
in ventral view. Scale bars equal 50 mm
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(von Ihering 1911). Several specimens have been reported
subsequently from other localities (see Mezzalira 1989,
2000; Oliveira and Romano 2007; Romano et al. 2009), but,
in most cases, are fragmentary postcranial elements that
cannot be accurately identified. Although a large number of
articulated turtles have also been collected, most consist
only of shell material (Romano et al. 2009). Five podoc-
nemidid species have been recognized: Roxochelys harrisi
(Pacheco 1913), Bauruemys brasiliensis (Staesche 1937), R.
wanderleyi Price 1953, B. elegans (Suárez 1969), and
Cambaremys langertoni França and Langer 2005.

Pacheco (1913) provided the first formal description of
a fossil turtle from the Bauru Basin based on a right
xiphiplastron and two fragments of the ‘‘marginal portion of
the carapace’’, which he named Podocnemis harrisi. This
author identified this material as a pleudodiran and attributed
the species to Podocnemis given the lack of diagnostic
features that would allow the recognition of a new genus.
However, Schmidt (1931) indicated that the reference
of this species to Podocnemis was unjustifiable. The generic
assignment of this species has varied. It has been
included in Naiadochelys (von Huene 1927; Staesche 1929),
Taphrosphrys (von Huene and 1929), Podocnemis (Staesche
1937) and cf. Roxochelys (Price 1953). In addition, Moraes
Rego (1935) reported that two species are present in Bauru
Basin (Podocnemis harrisi and Naiadochelys sp.), ignoring
the fact that both reports were based on the same specimen
(the holotype of P. harrisi) (Price 1953). Moreover, Candeiro
et al. (2006, p. 927) reported that the holotype of P. harrisi is
DGM 287, but it is known that Pacheco (1913) did not indicate
a collection number for the type specimen and that the type
specimen is lost (Price 1953).

Wanderley (1936) reported on turtle remains from west of
São Paulo State. Photographs of these were sent to Karl von
Staesche to identify. On the basis of two photographs of the
single carapace, two photographs of a fragment of the plastron
and one photograph of three associated costals, Staesche (1937)

described a new species named Podocnemis brasiliensis.
This author assumed the specimens were from the same species
and that the carapace and plastron would probably be the same
specimen, given the coincidence of proportions. Simpson
(1943) considered P. brasiliensis as a synonym junior of
P. harrisi and after a carefully inspection on the specimens
housed on DNPM collections Price (1953) concluded that the
photographs used by Staesche (1937) consisted of at least two
different species. Thus, Price (1953) erected a new genus and
species, Roxochelys wanderleyi, based on the portion of the
carapace (holotype: DGM 216-R) and retained the name
Podocnemis brasiliensis for the plastron (lectotype: DGM
214-R). In the same work, Price indicated that the type-material
of P. harrisi could not be found nor directly compared to
Roxochelys because the xiphiplastron of the holotype of
R. wanderleyi is not preserved. However, he emphasized that,
due to the large thickness of the plastron, P. harrisi would be
more closely related to Roxochelys, which disagreed with
Staesche (1937) who indicated that P. harrisi would be a spe-
cies of Podocnemis based on the position of the ischium scar.

The first cranium-based species was erected by Suárez
(1969a, b) and named Podocnemis elegans. Suárez (1969b)
illustrated but did not indicate the number of the holotype
(a nearly complete shell and crushed skull) and the paratype
(a skull). Candeiro et al. (2006) mistakenly indicated that
UFRGS 148 and MN 4487-V would be the type materials of
this species. The former specimen is not a turtle specimen
as P. Romano found while visiting UFRGS vertebrate
fossils collection (in fact, this acronym has not been used in
this collection for a long time and the number 148 is
reserved for a dicynodont; Schultz 2010, personal commu-
nication). The second specimen correspond to cervical
vertebra (probably of Bauruemys elegans) referred to in
Kischlat (1994). In our examination of the DNPM collec-
tion we found one carapace (specimen MCT 1492-R) that
matches with holotype description. The paratype is
currently on loan to Americam Museum of Natural History,
New York. The type-locality of this species, informally
called ‘‘Tartaruguito’’ (literally ‘‘turtle in the rock’’) site is
the richest turtle locality in Brazil and several complete or
nearly complete specimens with associated cranium and
post cranium have been collected from this locality (Suárez
2002; Oliveira and Romano 2007; Romano and Azevedo
2007). Although this species is represented by several
specimens, a complete description of the taxon has not been
published. However, its phylogenetic relationships have
been accessed via cladistic analysis in recent studies
(Romano and Azevedo 2006; França and Langer 2006;
Meylan et al. 2009; Cadena et al. 2010). Moreover, Romano
and Azevedo (2007) conducted a statistical analysis of
several topotype specimens of this species and concluded
that they are from a single population. A redescription of
this species (and two new species from Peirópolis, Minas

Fig. 16.8 Roxochelys wanderleyi, MCT 1787-R, reconstruction of
carapace (left) in dorsal view and plastron (right) in ventral view.
Scale bars equal 50 mm

16 Cretaceous Pelomedusoides from Brazil 269



Gerais State, Brazil) is being undertaken by Gaffney’s
pleurodiran working group (Gaffney 2009, personal
communication).

Recently, a new species, named Cambaremys langertoni,
has been proposed (França and Langer 2005). The authors,
however, indicate that ‘‘both features that putatively
distinguish Cambaremys from ‘‘Podocnemis’’ brasiliensis
[anal notch shallower and pelvic sutures of plastron less
transversely expanded in Cambaremys] could be explained
if the former was considered a younger individual’’ (França
and Langer 2005, p. 408). As emphasized by França
and Langer (2005), Wood and Diaz de Gamero (1971)
demonstrated (in Bairdemys venezuelensis) that older
individuals would be expected to have a more deeply
incised anal notch. Moreover, ‘‘no autapomorphic feature
was recognized for Cambaremys’’ (França and Langer
2005, p. 408) and the differences observed can be explained

as a result of ontogenetic change. So, the erection of a new
taxon is probably unnecessary.

Although the taxonomy of turtle species from the Bauru
Basin has been discussed a consensus has not been reached.
Wood and Diaz de Gamero (1971) concluded that Podocn-
emis harrisi cannot be distinguished as a chelid or a
pelomedusoid and conclude that this species should be treated
as a nomen vanum. They also indicate that P. brasiliensis is
clearly a pelomedusoid incertae sedis that should be treated
as Pelomedusoides gen. et. sp. indet. (the same circumstance
applies to ‘‘Podocnemis argentinensis’’ Cattoi and Freinberg
1958). More recently, Kischlat (1994) and Kischlat et al.
(1994) undertook a major taxonomic revision of Bauru
species, erecting a new genus (Bauruemys) and bringing to
an end the discussion of the presence of Podocnemis in
Cretaceous sediments. Kischlat et al. (1994) also indicated
the probable existence of a new species of Roxochelys, but did

Fig. 16.9 Reconstruction of the
carapace of three species of
Bauru Basin side-necked turtles.
a Roxochelys wanderleyi (based
on DGM 216-R). b Roxochelys
wanderleyi (based on MCT 1787-
R). c Bauruemys elegans (based
on MN 6674-V). d Cambaremys
langertoni (based on CPP-0252;
modified from França and Langer
2005). Missing parts depicted in
gray. Scale bars equal 50 mm

270 P. S. R. Romano et al.



not illustrate or mentioned the specimens that this was based
on. Kischlat (1994) confirmed Price’s (1953) attribution of
R. harrisi and R. wanderleyi to Roxochelys and included the
species B. elegans and, doubtfully, B. brasiliensis in his new
genus Bauruemys.

As noted by Romano (2008) in a report of some phe-
notypic plasticity in Bauruemys elegans, the fragility of
some characters used to diagnose the three genera described
from the Bauru Basin should be carefully evaluated. The
examination of the new specimens of Roxochelys wander-
leyi MCT 1722-R and MCT 1787-R allow the refinement
of character distributions in the five proposed species
(Table 16.3).

The diagnoses of Roxochelys harrisi, Bauruemys bra-
siliensis, and Cambaremys langertoni are currently unsat-
isfactory. The description of these species is a result of
taxonomic splitting and the lack of cladistic criteria (the
case of R. harrisi and B. brasiliensis) or has been neglected
(the case of C. langertoni). As consequence, such species
lack autapomorphies and are based on a conjunct of shell
characteristics that show a large amount of plasticity in
living species. However, species should be regarded as a
hypothesis about the evolutionary relationships and the
ability to distinguish a group of individual organisms; and
such species do not attend to this aim. Thus, the lack of
resolution of the phylogenetic placement of C. langertoni

Fig. 16.10 Reconstruction of
the plastron of three species of
Bauru Basin side-necked turtles.
a Bauruemys brasiliensis (based
on DGM 214-R). b Bauruemys
elegans (based on MN 6674-V,
with missing parts (depicted in
gray) based on MN 6772-V).
c Roxochelys wanderleyi (based
on MCT 1787-R). d Roxochelys
wanderleyi (based on DGM
216-R). Missing parts depicted in
gray. Scale bars equal 50 mm
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(França and Langer 2006) and the exclusion of R. harrisi
and B. brasiliensis from all analyses of relationships may be
due to this neglect.

The generic distinctness of Roxochelys and Bauruemys
proposed originally by Kischlat (1994) and Kischlat et al.
(1994) is corroborated by later phylogenetic studies (França
and Langer 2006; Meylan et al. 2009). As predicted puta-
tively by Kischlat et al. (1994), Roxochelys seams to be more
closely related to living podocnemidid than Bauruemys.

The thickness of the plastron and carapace, which is
noticeably larger in Roxochelys, has being used as a key
character to identify and separate these two genera in all
studies referred to above. However, we observed that in
some specimens housed on DNPM and MN the thickness is
correlated to the length of the specimens and not to a
species-level distinctiveness (Table 16.4; Fig. 16.11).
An allometric growth relationship between the length of the
suture between epi- and hyoplastron and its thickness may
be present and it seems to be unreasonable to use the

Table 16.3 Comparison of some species of side-necked turtles from Bauru Basin

Roxochelys
harrisi

Roxochelys
wanderleyi

Baurumeys
brasiliensis

Bauruemys elegans Cambaremys
langertoni

Bone thickness Thick Thick Thick Thin Thin

Number of neural bones ? 7 ? 6a 7

Vertebral sulci II-III and III-IV ? Straight ? Cranially convex Straight

Nuchal ? Wider than long ? Slight wider than long Longer than
wide

Form of neural 2 ? Hexagonal ? Squared Hexagonal

Contact of costal 1 ? Neurals 1 and 2 ? Only neural 1 Neurals 1 and 2

Femoral scute ? Short than
abdominal

Longer than
abdominal

Longer than
abdominal

?

Position of humeral-pectoral sulci ? Over hyoplastron Over the suture
between
epi- and hyoplastron

Over the suture
between
epi- and hyoplastron

?

Specimens analyzed: Roxochelys wanderleyi (DGM 216-R [holotype], MCT 1722-R, MCT 1787-R); Baurumeys brasiliensis (DGM 214-R
[lectotype]); Baurumeys elegans (MCT 1492-R [holotype], MN 6674-V, 6761-V, 6762-V, 6772-V, 6782-V, 6789-V, 6795-V, 6796-V, 6797-V,
6800-V, 6807-V, 7017-V)
a One specimen of Bauruemys elegans has a 7th neural bone: MN 7017-V (see Romano 2008)
Missing data recorded as ‘‘?’’

Table 16.4 Measurements of
the thickness of epiplastron and
the lenght of the suture between
epi- and hyoplastron in some
Bauru Basin specimens

Specimen Thickness of epiplastron Length of the suture
between epi- and
hyoplastron

DGM 216-R (Roxochelys wanderleyi holotype) 15.3 35.6

MCT 1722-R (Roxochelys wanderleyi) 7.9 34.8

MCT 1787-R Roxochelys wanderleyi 14.2 39.5

DGM 214-R (Bauruemys brasiliensis lectotype) 12.2 35.5

DGM unnumbered cf. Bauruemys elegans 11.7 38.6

MN 6772-V (Bauruemys elegans) 8.2 32.2

MN 6761-V (Bauruemys elegans) 7.9 32.2

All measures are in mm and were taken using Mitutoyo digital micrometer (Stainness-Hordened) of
150 mm by Romano

Fig. 16.11 Linear regression of the log-transformed (base 10)
measurements of the thickness of epiplastron (absciss) versus the
length of the suture between epi- and hyoplastron (ordinate). See
measurements in Table 16.4
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thickness of shell bones as a diagnostic feature to segregate
Roxochelys and Bauruemys. It is more liable to assume the
thickness of shell is due to distinct ontogenetic stages or
even taphonomic process.

The turtle shell, in general, is characterized by a con-
servative morphology and shows a great deal of individual
variation as well. As a consequence, it is difficult to look for
susceptible homology tests through phylogenetic approach
based on shell characters. Thus, it is a risky idea to establish
new taxa based only on fragmentary and little known shell
specimens. This is the case of four of the five proposed
species from the Bauru Basin and, based on the current
knowledge, we believe that the best approach is to lump the
poor-known species that cannot be satisfactory differenti-
ated. Of course, this decision will lead us to the proposition
of synonymies or to continue considering some species as
nomina dubia or nomina vanum.

Conclusions

AMNH 30562 shares more characteristics with Euraxemys
essweini: the absence of fontanels in the midline of the
plastron, short midline contact of the epiplastra, entoplas-
tron slightly longer than wide, and the xiphiplastron form-
ing most of the posterior lobe. However, no apomorphic
feature could be determinate in AMNH 30562 that supports
attribution of this specimen to that species or the proposi-
tion of a new species. Moreover, the morphometrical
analyses indicate Podocnemidera affinities of AMNH
30652, particularly with Cearachelys and Peltocephalus.
Therefore, we can conclude that AMNH 30652 is probably
the most ancient Podocnemidera identified so far, extending
the chronological distribution of this clade to Aptian/Albian
and as old as its sister group Pelomedusera.

MCT 1722-R and MCT 1787-R are new specimens of
Roxochelys wanderleyi and extend the chronological and
biogeographic distribution of this species (to the Coniacian-
Maastricthian and to more localities in the Bauru Basin).
Previously (Romano et al. 2009) we argued that (1)
Bauruemys brasiliensis and Bauruemys elegans might rep-
resent the same species; (2) that since Cambaremys
langertoni was based on a young individual it is probably a
junior synonym of Roxochelys wanderleyi (and not B.
brasiliensis as presumed by França and Langer 2005) and
the differences observed in the single known individual of
this species is due to ontogeny; and (3) that it is impossible
to distinguish adequately Roxochelys harrisi from the other
Bauru Basin species and, due to the Principle of Priority,
this species is potentially the senior synonym of Roxochelys
wanderleyi and Bauruemys brasiliensis. So, as it is almost

impossible to establish a neotype for this species, we agree
with Wood and Diaz de Gamero (1971) that R. harrisi is
a nomen vanum (contra de Broin’s 1991 opinion that
R. harrisi is a senior synonym of R. wanderleyi). However,
the idea of lumping species names is not in agreement with
all taxonomists working on the group. Even so, it is clear
that R. harrisi and B. brasiliensis are problematic name
bearing entities that should be considered nomina dubia due
to the lack of good diagnostic characteristics. Although we
conclude that C. langertoni does not present enough char-
acters to support a different genus and species and that it
should be considered a junior synonym of R. wanderleyi,
the single specimen that represents this species shows some
differences that allow the interpretation that this species is
incertae sedis instead (a preferable choice for some col-
leagues). Nevertheless, with the better understandings of
Roxochelys diagnostic characters it is possible to conclude
that only R. wanderleyi and Bauruemys elegans are well
defined species. Thus, with five species the diversity of the
Bauru Basin has been probably overestimated and with an
improved ability to distinguish known species the taxo-
nomic diversity of Bauru Basin turtles is becoming better
resolved.

Finally, the material reported on in this paper allows a
refinement of the minimum age estimation of the Pleurodira
phylogenetic tree. The minimum time of divergence of the
node between the Podocnemidera and Pelomedusera is
proposed as Aptian/Albian. Also, one of the oldest undis-
puted Podocnemididae (Roxochelys) is Coniacian-Maa-
stricthian. This is an important source of information to the
current enterprise of calibration of time of divergence of
taxonomic groups for studies undertaken by molecular
systematic researchers.
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Chapter 17

Nostimochelone lampra gen. et sp. nov., an Enigmatic
New Podocnemidoidean Turtle from the Early Miocene
of Northern Greece

Georgios L. Georgalis, Evangelos Velitzelos, Dimitrios E. Velitzelos, and Benjamin P. Kear

Abstract A new podocnemidoidean turtle, Nostimochelone
lampra gen. et sp. nov., was recently recovered from
littoral marine-estuarine sediments of the lower Miocene
Zeugostasion Formation, near the village of Nostimo in
northwestern Macedonia, Greece. This new taxon is char-
acterized by a mosaic of primitive and derived features most
notably the presence of a broad embayment on the anterior
carapace margin, which involves both the nuchal (whose
width [ length) and first pair of peripherals, a continuous
series of six markedly elongate and very narrowed hexag-
onal neural bones, extension of the axillary buttress onto the
midline of the anteroposteriorly elongate costal I (leaving
a concave scar) and also laterally across the peripheral
II-peripheral III suture, medial contact of the humeral scutes
(implying a small intergular), and extensive overlap of the
pectoral scutes on the entoplastron, probably extending to
the epiplastral-hyoplastral suture. Conclusive phylogenetic
placement of Nostimochelone is difficult to establish
because the remains are incompletely preserved. Neverthe-
less, its discovery is significant because it represents both
the first record of a pleurodiran turtle from Greece and also
one of only a handful of fossil podocnemidoidean occur-
rences thus far documented from the Neogene of Europe.

Keywords Burdigalian � Littoral marine � Mediterranean
Europe � Neogene � Podocnemidoidea

Introduction

Podocnemidoideans (= Podocnemidoidea sensu Gaffney et al.
2006) represent one of the most diverse and geographically
widespread clades of pleurodiran turtles with a fossil record
extending back to the Early Cretaceous (Albian) of South
America (see de Lapparent de Broin 2000a). Gaffney et al. (2006)
provided a comprehensive overview of comparative morphology
between the recognized lineages, and reinforced affinity of the
constituent family-level clades—Bothremydidae (Albian-
Eocene of Africa/Madagascar, the Middle East, India, South
America, North America and Europe) and Podocnemididae
(Cenomanian-Holocene of Africa/Madagascar, India, South
America, and Europe). Bothremydidae ? Podocnemididae
monophyly was also demonstrated by the cladistic analyses of
[Broin in] Antunes and de Broin (1988), Meylan (1996),
de Lapparent de Broin and Murelaga (1999), de Lapparent
de Broin (2000a), and França and Langer (2006). Since then,
further studies have expanded our understanding of bothremydid
diversity (e.g., Gaffney et al. 2007, 2009a, b) and attempted to
clarify phylogenetic relationships amongst podocnemidids
(e.g., Vargas-Ramirez et al. 2008; Meylan et al. 2009; Cadena
et al. 2010).

In Europe, the documented record of podocnemidoideans
has focused on the extensive radiation of bothremydids from
the Late Cretaceous to Paleogene (see Gaffney et al. 2006 for
summary); however, a relatively short-lived migration of
podocnemidids also entered southern Europe during the
Eocene and there are isolated reports of pelomedusoids from
the Oligocene (de Lapparent de Broin 2001 and references
therein). In contrast, European Neogene podocnemidoidean
remains are very rare with only a partial carapace (which
cannot be located at present), described as ‘‘Podocnemis’’
lata Ristori 1895, from the Miocene of Malta. de Lapparent de
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Broin and Werner (1998) and de Lapparent de Broin (2000b,
2001) referred this specimen to Bothremydidae, an assign-
ment that conflicts with the hypothesized lower Eocene
(Ypresian) stratigraphical limit of the group (see Gaffney
et al. 2006). In accordance, Gaffney et al. (2006) designated
‘‘P.’’ lata a nomen dubium because the holotype possessed no
uniquely distinguishing features, and also regarded other
reports of Miocene bothremydids from North America
(Collins and Lynn 1936; Gaffney and Zangerl 1968; for an
alternative reinterpretation see Weems and Knight 2012) and

Oman (Roger et al. 1994) to be inconclusive. The recent
recovery of an articulated carapace and plastron belonging to
a podocnemidoidean turtle from lower Miocene (Burdigalian)
littoral marine sediments of the Zeugostasion Formation
(or ‘‘Zeugostasion Series’’ sensu Wielandt-Schuster et al.
2004) near the village of Nostimo in the Mesohellenic Basin
of northwestern Macedonia (Fig. 17.1), is therefore signifi-
cant. It constitutes both the first pleurodiran turtle from
Greece and also one of only a handful of Neogene podocne-
midoidean occurrences thus far documented from Europe.

Fig. 17.1 Locality map showing the distribution of fossil sites and
identifiable macrofossils (see symbols along left side of larger map for
plant, shark, reptile, and mammals fossils), including the holotype of
Nostimochelone lampra gen et sp. nov. (NMP V1) found near the

village of Nostimo, Greece. Enlargement at bottom right indicates
position of the type locality (star) relative to outcrops of the
Zeugostasion (MiZe), Omorfokklissia (MiOm), and Orlia (MiOr)
formations (geological mapping based on Savoyat et al. 1971)
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The pre-Messinian (latest Miocene, ca. 7 million years
ago) record of fossil turtles from the Aegean rim of Greece
and western Turkey is very poorly known (see de Lapparent
de Broin 2001). The stratigraphically oldest remains were
tentatively attributed to primitive freshwater testudinoids
(cf. Palaeochelys von Meyer 1847) and recovered from
undifferentiated middle Oligocene to middle Miocene sed-
iments near the Sea of Marmara in Turkey (Schleich 1994).
Conversely, a rich chronicle of terrestrial testudinids has
been found in Greece but ranges in age from the late
Miocene in Macedonia, Attica and Samos through to
Pliocene–Pleistocene in the Eastern Aegean islands [e.g.,
Lesvos; diagnostic material is often referred to the genera
Testudo Linnaeus 1758 and Cheirogaster Bergounioux
1935 (see de Lapparent de Broin 2002 for summary)]. The
early Miocene pleurodiran turtle described in this chapter
therefore constitutes one of the most ancient testudine
fossils presently known from the Aegean region.

Institutional Abbreviations: AMNH, American Museum
of Natural History, New York, USA; NMP, Nostimo
Museum of Palaeontology, Nostimo Kastorias, Macedonia,
Greece; TUB, Technischen Universität Berlin, Berlin,
Germany. The Nostimo Museum of Palaeontology is for-
mally affiliated with and has a shared specimen catalogue
with the Geological and Palaeontological Museum at the
National and Kapodistrian University of Athens.

Geological Setting

The only known specimen of Nostimochelone (NMP V1)
was uncovered by heavy machinery during excavations for
a road cutting just outside of Nostimo (east towards the
village of Skalochori), approximately 30 km (by road)
southwest of Kastoria in northwestern Macedonia, Greece.
Characteristic fine-grained silcrete-conglomerate matrix
encasing the bones, together with the occurrence of coeval
marine molluscs [Crassostrea gryphoides (Schlotheim
1813)], shark teeth [Carcharocles megalodon (Agassiz
1833)], and large quantities of silicified wood [including the
palm fossil ‘‘Palmoxylon’’ sp. (see Velitzelos and Velitzelos
1999)] are consistent with derivation from the Zeugostasion
Formation (phonetically translated as ‘‘Zevgostation’’ by
Savoyat et al. 1971). Wielandt-Schuster et al. (2004)
alternatively termed this unit the ‘‘Zeugostasion Series’’ and
considered it part of a geographically more widespread,
unnamed formation capping the marine sequences within
the Mesohellenic Basin. The Zeugostasion Formation is the
primary rock unit cropping out around Nostimo and com-
prises mainly sandy marls with intervening thin clastic
sandstone and fossiliferous conglomerate layers; the latter

are about 1–2 m thick and contain numerous bivalves and
gastropods (see Savoyat et al. 1971; Georgiades-Dikeoulia
et al. 2000). The Zeugostasion Formation forms part
of an extensive lower-middle Miocene transgressive series
that locally incorporates the underlying Omorfokklissia
Formation (sic ‘‘Omorfokklissia Series’’ sensu Wielandt-
Schuster et al. 2004) and terminates with the uppermost
Orlia Formation (see Savoyat et al. 1971). Paleoenviron-
mental interpretations suggest a subtropical coastal (littoral)
setting associated with one or more high-energy fluvial
outflows (Georgiades-Dikeoulia et al. 2000; Wielandt-
Schuster et al. 2004). Although detailed geological mapping
of the Neogene deposits immediately surrounding Nostimo
has yet to be undertaken, a late Burdigalian age is inferred
for the Zeugostasion Formation on the basis of foraminiferal
assemblage (Savoyat et al. 1971) and Sr isotope data from
adjacent sections (see Wielandt-Schuster et al. 2004).

Systematic Paleontology

Testudines Batsch 1788
Pleurodira Cope 1864
Podocnemidoidea Cope 1868 (sensu Gaffney et al. 2006)
Nostimochelone gen. nov.

Type species: Nostimochelone lampra sp. nov., type
species by monotypy.

Etymology: Nostimo—(Mórsilo), refers to the type
locality for the taxon; and—chelone (Vekx9mg; Greek),
‘‘turtle’’.

Diagnosis: Nostimochelone is assigned to Podocnemi-
doidea because it possesses a sutural articulation of the
pelvis to the shell, an osseous connection between the
carapace and plastron with well-developed axillary and
inguinal processes contacting the costal bones, laterally
placed, rounded mesoplastra, and an extensive overlap of
the pectoral scutes on the entoplastron. Among podocne-
midoideans Nostimochelone can be diagnosed by the fol-
lowing combination of character states: nuchal wider than
long (width = 1.25 9 length) with a broadly embayed
anterior edge (concavity extending laterally to the medial
parts of the first pair of peripherals); a continuous series of
six markedly elongate and very narrow neurals with regular,
hexagonal outline and short anterolateral sides; anteropos-
teriorly elongate costal I (midline length = 2.3 9 that of
costal II) with a concave internal axillary process scar
extending to the midline of the plate and laterally crossing
the juncture between peripheral II and peripheral III;
inguinal buttress contacts costal V but does not extend
beyond its lateral extremity; humeral scutes with a midline
contact over the entoplastron; pectoral-abdominal sulcus
extending well anterior to the mesoplastron.
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Fig. 17.2 Holotype specimen (NMP V1) of Nostimochelone lampra
gen. et sp. nov. a Underside (visceral surface) of carapace in matrix
block, in oblique ventral, posterior, and slightly left lateral view;
anterior end of carapace is to top and slightly to right of figure.

b Natural internal cast of carapace with broken portions of the neural
arches embedded in the matrix; in dorsal view, with anterior end to top
of figure. Scale bars equal 100 mm in (a) and 50 mm in (b)

Nostimochelone lampra sp. nov.
(Figs. 17.2, 17.3)

Holotype: NMP V1, partial carapace (lacking posterior
margin) and plastron, the latter is adhered to a natural
matrix endocast of the carapace, which incorporates
embedded fragments of the vertebrae and other bones.

Horizon, unit, locality, and age: Undifferentiated sed-
iments of the Zeugostasion Formation; Mesohellenic Basin,
immediately outside of Nostimo village (N 21� 110 16.200 E
40� 220 4900), southwest of Kastoria, northwestern Mace-
donia, Greece; late Miocene (late Burdigalian) in age.

Etymology: The species designation, lampra (Kalpqó1;
Greek), English translation ‘‘bright’’, alludes to this dis-
covery helping illuminate the fossil turtle record of Greece
and also honours Lampros Georgalis (Thessaloniki) who
facilitated initial examination of the holotype specimen.

Diagnosis: As for the genus.

Description

Nostimochelone lampra was a mid-sized podocnemidoidean
turtle, with estimated carapace length exceeding 350 mm
(maximum preserved length/width = 323.7/277 mm); con-
sistent with currently extant podocnemidoideans including
Erymnochelys Baur 1888 and Podocnemis Wagler 1830
(sensu Gaffney 1988), both of which range from around 300

to over 400 mm long (see Wood 1976, 2003; de Lapparent
de Broin and Negri 1993; Carvalho and Bocquentin 2002).
The holotype (NMP V1) comprises an undistorted carapace
and plastron encased in a block of hard, fine-grained
silcrete-conglomerate. The specimen was broken into two
pieces during initial excavation revealing the carapace in
internal aspect (Fig. 17.2a), and producing a counterpart
internal mould (Fig. 17.2b) with embedded vertebrae,
peripherals, and the plastron exposed on the opposing sur-
face (Fig. 17.3e). The carapace (Fig. 17.3a) is complete
anteriorly but lacks most of its posterior margin. Its dorsal
aspect is totally covered in matrix making examination of
the external sutures, scute sulci, and ornamentation impos-
sible. In addition, the lateral rows of peripherals were
irregularly sheared into fragments when the shell was split
open making their morphology (e.g., including positioning
of the musk ducts) and intervening sutures difficult to
interpret. Nevertheless, remnants of at least peripherals
I–VII (and up to XI as impressions) are recognizeable on
the right hand side (when oriented in life position) of the
carapace and counterpart whilst peripherials I and II are
present on the left. Observation of the carapace block in
oblique view (Fig. 17.2a) suggests that the shell was shal-
lowly domed and probably quite flat dorsally with a maxi-
mum bone thickness of around 6 mm. The plastron is
broken along its anterior margin with only the posterior part
of the entoplastron, the hyoplastra, hypoplastra, right
mesoplastron, and right xiphiplastron remaining as identi-
fiable elements. The entire left posterolateral segment of the
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plastron is missing and most of the external bony surface
posterior to the entoplastron is heavily weathered, perhaps
indicating that the shell had come to rest upon its back with
subsequent exposure and erosion on the surface.

Carapace: The carapace of NMP V1 is incomplete but
appears to have been rounded in outline and narrow at
peripheral I, becoming wider around costals V–VII where
the peripherals seem to have increased in width
(Fig. 17.3a). Its bones are all strongly sutured and there are
no fontanelles. The well-preserved nuchal is roughly trap-
ezoidal in shape and slightly wider than long (66.1 mm
wide, 52.7 mm midline length to suture), thus conforming
to the common condition within Eupleurodira (see de
Lapparent de Broin 2000a; Gaffney et al. 2006). Its pos-
terior margin is evenly rounded and its anterior edge forms
a transversely broad nuchal embayment, which is enhanced
by medial inflexion of the adjacent peripherals (Fig. 17.3b).
The internal surface of the nuchal is smooth and there is no
evidence of an articulation with the cervical or thoracic
neural spines as occurs in Araripemys Price 1973 (Meylan
1996), some primitive turtles including meiolaniids, and
advanced marine chelonioids (Joyce 2007). There is a series
of six well-defined neurals (Fig. 17.3c), the first five of
which are elongate and extremely narrow (length *50%
greater than width; length/width measurements based on the
clearly visible internal sutures of neurals I–V = 34.2/18.9,
28.3/16.5, 29.4/12.8, 28.7/16.8, 27.2/16.3 mm); neural VI is
only slightly longer than wide (length/width = 25/21.7 mm).
All of the neurals are regularly hexagonal in shape and have
short anterolateral sides (neural formula = 4 \ 6 \ 6 \ 6
\ 6 \ 5). However, neural I contacts only four other bones
(nuchal, left and right costal I, and neural II) thus con-
forming to the ‘‘quadrangular’’ position (sensu de Lapparent
de Broin and Murelaga 1999; Gaffney et al. 2006). The
posterior section of the carapace is badly damaged and there
has been some infilling of both fractures and broken bone
with epoxy resin for conservation and display purposes.
Nevertheless, most of the anterior and left lateral sutural
edges of the suprapygal can be delineated allowing for a
tentative reconstruction of its shape (Fig. 17.3a).

There are eight pairs of costals (Fig. 17.3a). Costal I is
lobate in outline and anteroposteriorly elongate with a
midline length (65 mm on both the left and right sides)

more than double (9 2.3) that of costal II (28 mm); this
derived state is manifest elsewhere in bothremydids, some
Podocnemis spp., and various chelids (see Gaffney et al.
2006). The broken sutural contact of the anterior axillary
process extends medially as a curving scar (rounded at its
apex) to a point approximately halfway across the internal
surface of costal I, close to its midline (Fig. 17.3a).
Laterally the axillary process scar crosses the border of the
carapace at the contact between peripherals II and III.
Costals II–VII are strap-like and have sub-parallel anterior
and posterior suture lines; the shape of costal VIII cannot be
accurately discerned but the presence of an intervening
suture (and position of neural VI) indicates that the
posterior costal bones probably met along the midline.
A short contact for the inguinal process is present on the
incomplete lateral extremities of the left and right costal V.
All of the costal rib articulations have been broken off. An
elongate iliac sutural scar extends across both costal VII and
VIII but does not make any obvious contact with the
suprapygal [absence of contact between the iliac scar and
suprapygal has been considered derived amongst Pelome-
dusoides (Antunes and de Broin 1988; de Lapparent de Broin
and Werner 1998; de Lapparent de Broin and Murelaga
1999)].

The first, second, third, and probably fourth peripherals
are in contact with costal I (Fig. 17.3a); however, the
remaining peripheral series is badly damaged making all of
the subsequent sutures difficult to discriminate. Peripheral I is
narrow and trapezoidal in outline. Peripherals III–VII are
more rectangular with the length of each bone exceeding its
breadth. The lateral, free borders of the peripherals are
smoothly rounded and a portion of the anterior pleural-mar-
ginal sulcus is visible on the counterpart, situated just below
the costal-peripheral suture (Fig. 17.3d). Little else can be
discerned of the dorsal part of the shell and it is difficult to
determine if there was any ornamentation on the carapace.

Plastron: The plastron is visible only in external (ven-
tral) view (Fig. 17.3e). From what is preserved it appears to
have been concave along the midline and longer than wide
(maximum preserved length/width = 291.9/67.51 mm)
with a broad anterior, and tapering posterior lobe. Both the
left and right lateral extremities have been lost. The anterior
components of both the entoplastron and hyoplastra are also

Fig. 17.3 Holotype (NMP V1) carapace and plastron of Nostimoche-
lone lampra gen. et sp. nov. (a–d) Underside (visceral surface) of
carapace in ventral view: (a) entire preserved portion of carapace, with
enlargements of the (b) nuchal, (c) neurals I–III, and (d) right peripheral
V from the counterpart internal cast. (e, f) External surface of plastron in
ventral view: (e) entire preserved portion of plastron, with enlargement
of the (f) entoplastron. Scale bars equal 50 mm in (a, e); 30 mm in (b, f);
20 mm in (c); and 10 mm in (d). Unbroken lines = finished bone edge
or suture; dashed line = attachment scar or scute sulcus; stippled

line = edge of preserved bone. Abbreviations: axp anterior axillary
process scar, axn axillary notch, co1-co8 costals one through eight, ent
entoplastron, fas femoral-anal sulcus, hpo hypoplastron, hps humero-
pectoral sulcus, hum humerals, hyo hyoplastron, ils iliac sutural scar,
mes mesoplastron, neu1-neu3 neurals one through three, nuc nuchal,
pan position of anal notch, pas pectoral-abdominal sulcus, pec
pectorals, per peripherals, per5 peripheral five, pes lateral peripheral
suture, pip posterior inguinal process scar, pms pleural-marginal sulcus,
sup suprapygal, xip xiphiplastron

b
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broken off and there are no recognizable remnants of the
epiplastra. The remaining portion of the entoplastron
(Fig. 17.3f) is wider than long (maximum width/length =

67.5/37.8 mm as preserved in external view) and has a
smoothly convex posterior margin that extends well behind
the level of the axillary notches. The anteromedial surface
of the entoplastron would have been covered by the
humerals with the pectorals broadly underlying most of the
central and posterior areas of the bone (the latter state is a
potential synapomorphy for Podocnemidoidea although the
amount of pectoral overlap is variable (Gaffney et al. 2006).
The humeropectoral sulcus is v-shaped (angled at *1408),
and intersects the entoplastron far in front of its posterior
margin and probably close to the midline—implying both
that the intergular scute was small and did not extend
posteriorly to separate the humerals, and also that the pec-
toral scutes probably extended laterally to the epiplastral-
hyoplastral suture. Weathering has obliterated the lateral
ends of the humeropectoral sulcus and most of the axillary
notches. However, the hyoplastra were clearly wider than
long (maximum width/length measured between the sutures
and axillary notch on the better preserved right side =

99/86.7 mm) and firmly sutured to both the mesoplastra and
hypoplastra indicating an akinetic shell [amongst pleurod-
ires kinetic plastral hinges are found only in the extant
pelomedusid Pelusios Wagler 1830 (see Bramble and
Hutchison 1981 for discussion)]. A section of the pectoral-
abdominal sulcus is visible in the caudal half of both hyo-
plastra and situated well anterior of the mesoplastron.
It therefore probably did not cross the mesoplastral plate,
although, where it reached the bridge cannot be discerned
from the present specimen [intersection of the mesoplastra
by the pectoral-abdominal sulcus is considered primitive
within Pleurodira (Gaffney et al. 2006, p. 641)]. The
mesoplastron itself is incomplete but was clearly quite small
(maximum width 42.3 mm), medially rounded and laterally
placed (see Gaffney et al. 2006. pp. 628–629 for distribution
of mesoplastral character states); its lateral suture to the
peripheral series is preserved along the right anterolateral
margin on the plastron. The hypoplastra are slightly shorter
than the hyoplastra in length (maximum dimension mea-
sured between the outer edge of hyoplastral-xiphiplastral
sutures on the right side = 70 mm) and were presumably
covered by parts of both the abdominal and femoral scutes
in life. Poor preservation has rendered most of the abdom-
inal-femoral junction indistinct and the inguinal regions are
missing. The oblique hypoplastral-xiphiplastral suture is
clearly exposed on the right hand side and a component of
the femoral-anal sulcus is evident indicating a near per-
pendicular orientation relative to the lateral edge of the
bone. The sharply tapered distal extremity of the xiphipl-
astron (angled at *50�) is laterally deflected implying a

deep, triangular anal notch; this is a derived trait amongst
pleurodires (Gaffney et al. 2006).

Phylogenetic Affinities of Nostimochelone
lampra

The lack of adequate cranial or appendicular remains,
together with the obscured carapace scute sulci of the
holotype, precludes examination of Nostimochelone lampra
using existing phylogenetic data sets—de Lapparent de
Broin and Murelaga (1999) [LBM] and Gaffney et al.
(2006) [GTM] are employed here because they focused on
the broader relationships of podocnemidoideans and incor-
porated a substantial number of shell characters (numbering
cited below refers to the relevant character[s] in these
phylogenies). Nevertheless, it is possible to infer the
placement of our new taxon based on established character
definitions and the holotype specimen as preserved. For
example, N. lampra clearly pertains to Pleurodira as indi-
cated by its possession of a sutural articulation of the pelvis
to the shell (LBM, 23; GTM, 133), which is a classic
defining trait of pleurodiran turtles (see Gaffney and Meylan
1988; de Lapparent de Broin 2000a; de la Fuente and
Iturralde-Vinet 2001; Joyce 2007), and the presence of lat-
erally positioned, apparently ‘‘equidimensional’’ mesoplastra
(LBM, 17; GTM, 158), which is considered a synapomor-
phy for ‘‘Panpleurodira’’ by Joyce (2007) or the magna-
family Podocnemidera by Gaffney et al. (2006). Placement
within Podocnemidoidea is supported by the extensive
overlap of the pectoral scutes on the entoplastron (LBM, 20;
GTM, 165). Gaffney et al. (2006) suggested that this trait
might be synapomorphic for podocnemidoideans, although,
Meylan et al. (2009) listed it as diagnostic feature for
podocnemidids because bothremydids tend to retain a more
primitive condition (see Gaffney et al. 2006, p. 630); a
conclusion that we support.

Proportions of the nuchal (width/length ratio = 1.25) in
N. lampra are consistent with attribution to Eupleurodira
[LBM, 0; GTM, 139 (see Gaffney et al. 2006)], and together
with the presence of a broad nuchal-peripheral I embayment
[GTM, 154; note that Gaffney et al. (2006) defined the
character for the nuchal only], serve to distinguish this new
taxon from some Afro-Eurasian podocnemidids such
Neochelys Bergounioux 1954 from the Eocene of Europe
(de Broin 1977; de Lapparent de Broin 2003), and remains
attributed to Shweboemys Swinton 1939 from the late
Eocene of Egypt (Andrews 1903; von Reinach 1903; Dacqué
1912; de Lapparent de Broin 2000b) and Miocene of Saudi
Arabia (de Broin 1982). Both Neochelys and Shweboemys
lack a nuchal embayment (sensu stricto), but Andrews’
(1903, pl. VIII, Fig. 2A) reproduction of the nuchal in
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‘‘Shweboemys’’ antiqua (Andrews 1903) also depicts a
more primitive width/length ratio of greater than 2 (see
Gaffney and Wood 2002 for comments on the questionable
monophyly of Shweboemys spp.). Paradoxically, a shallow
nuchal embayment is present in ‘‘Podocnemis’’ stromeri
von Reinach 1903 (see von Reinach 1903, pl. I; Dacqué
1912, p. 288, text-Fig. 6), which was synonymised with
‘‘Shweboemys’’ antiqua by de Lapparent de Broin (2000b).

The regular, hexagonal neurals (LBM, 8; GTM, 145) of
N. lampra are typically eupleurodiran, with limitation of
neural I to only four lateral contacts against the nuchal, first
costals and neural II (= ‘‘quadrangular’’ sensu de Lapparent
de Broin and Murelaga 1999) potentially derived for Pelo-
medusoides (LBM, 9 [Lapparent de Broin and Murelaga
1999]; however, Gaffney et al. (2006) thought that this
feature was plesiomorphic amongst pleurodires (GTM,
144). Conversely, reduction of the neural series to only six
continuous bones (LBM, 10; GTM, 146)—this condition
also can be defined in terms of the terminal neural con-
tacting the sixth pair of costals (see GTM, 141)—is a
derived state variably manifest within Podocnemidoidea (de
la Fuente 2003; França and Langer 2005; Gaffney et al.
2006). For example, six neurals are present in the Eurasian
Late Cretaceous (Campanian–Maastrichtian) bothremydids
Kurmademys Gaffney et al. 2001 (Gaffney et al. 2006) and
Elochelys convenarum Laurent, Tong and Claude 2002
(Laurent et al. 2002); although, seven are evident in the type
species Elochelys perfecta Nopcsa 1931 (see Gaffney et al.
2006, p. 562, Fig. 270C), six in Chupacabrachelys Lehman
and Wick 2010 and six or seven in shells referred to
‘‘Podocnemis’’ barberi Schmidt 1940/‘‘Podocnemis’’ ala-
bamae Zangerl 1948, all from the Late Cretaceous
(Campanian) of North America (see Gaffney et al. 2006,
pp. 553–554; taxonomic assessment in Gaffney et al. 2009a),
and ‘‘Podocnemis’’ parva Haas 1978a/‘‘Podocnemis’’ judea
Haas 1978b from the Late Cretaceous (Cenomanian) of
Israel (see Gaffney et al. 2006, p. 110). Gaffney et al. (2006,
pp. 563, 566–567, Figs. 273A, 274A) also reported an
indeterminate pelomedusoid shell (AMNH 30550), possibly
attributable to the bothremydid Galianemys Gaffney et al.
2002, from the Late Cretaceous (Cenomanian) of Morocco
that displays six neurals but with the terminal bone con-
tacting the seventh costal pair. Similarly, de Lapparent de
Broin and Werner (1998) recorded an incomplete bothre-
mydid carapace (TUB Vb-648; ?Arenila krebsi de Lappar-
ent de Broin and Werner 1998 or Pelomedusoides indet. in
Gaffney et al. 2006, p. 108) with six neurals from the Late
Cretaceous (Maastrichtian) of Egypt. França and Langer
(2005, and references therein) noted that either six or seven
neurals can occur in fossil and living podocnemidid taxa. In
addition, other morphotypes exist in which the neural series
is either discontinuous (e.g., loosing anterior contact with
the nuchal and permitting a median suture between the first

costals as in Stereogenys Andrews 1901; see Andrews 1903,
p. 116, pl. VII, A) or absent (e.g., Bairdemys Gaffney and
Wood 2002; see Wood and Diaz de Gamero 1971, p. 4,
Figs. 1, 6; Weems 2009, p. 192 alternatively figured six
neurals in Bairdemys remains from the U.S.A.). Portezu-
eloemys de la Fuente 2003 and Bauremys Kischlat 1994
from the Late Cretaceous (Maastrichtian) of South America
both exhibit six neurals but typically with only the 7th and
8th costals in contact (de la Fuente 2003; França and Langer
2005). In contrast, the extant Erymnochelys from Madagascar,
together with the African Miocene-Pliocene podocnemidids
Turkanemys Wood 2003 and Kenyemys Wood 1983, all
manifest six neurals variably articulating with the 6th–8th
costal pairs (see Zangerl 1948; Wood 2003). Andrews
(1903) described comparable neural structures in ‘‘Shweb-
oemys’’ antiqua (see also ‘‘Podocnemis’’ stromeri in von
Reinach 1903, plates I, V, VIII), and Jain (1986) hypothe-
sized that six neurals were present in the Late Cretaceous
(Maastrichtian) ‘‘S.’’ pisdurensis (Jain 1977) from India.
Some specimens of Neochelys arenarum de Broin 1977
from the early Eocene (Ypresian) of France are also known
to have six neurals (de Broin 1977) while other species have
seven (de Broin 1977; Jiménez Fuentes 1993). Ristori
(1895, pl. I, Fig. 1) reconstructed the posterior-most neural
in the fragmentary holotype of ‘‘Podocnemis’’ lata as being
in contact with the sixth pair of costals (see also Gaffney
et al. 2006, p. 115); however, poor preservation of this
material (all but one of the proceeding neurals are missing)
prevents more informative comparisons.

Nostimochelone lampra displays a uniquely elongate and
transversely compressed neural outline (neurals I–V length/
width ratios = 1.8, 1.7, 2.3, 1.7 and 1.7 respectively; see
Fig. 17.3a, c). Similar shapes have been figured in European
Cretaceous-Paleogene dortokids (in which long and short
neurals alternate, e.g., Ronella Lapparent de Broin 1999 in
Gheerbrant et al. 1999; see carapace photographs in de
Lapparent de Broin et al. 2004, p. 214, pl. II, Figs. 1, 4),
some bothremydids including Kurmademys (in which neu-
ral length/width ratios appear to range up to 2 based on the
carapace reconstruction of Gaffney et al. 2006, p. 543,
Fig. 257), and extant Australian chelids (e.g., Elseya Gray
1867) where extremely narrow, reduced neurals may be
exposed along the midline of the shell (see Thomson and
Georges 1996, p. 83, Fig. 1a–d).

The prominent suture scars extending from the internal
midline of the first costals in N. lampra represent contact
points for the axillary processes from the hyoplastra (LBM, 12;
GTM, 148), which is a common trait amongst pleurodires
(see de Lapparent de Broin and Werner 1998) and indicates
a well-sutured articulation between the carapace and plas-
tron (LBM, 2). Conversely, N. lampra differs from the
typical eupleurodiran condition in the continuation of these
sutures laterally across the juncture between peripheral II
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and III (LBM, 13; GTM, 149). de Lapparent de Broin and
Werner (1998) reported that the axillary buttress scars
usually only cross peripheral III in podocnemidoideans, but
may pass close to the anterior edge of the bone in taxa such
as Podocnemis. Gaffney et al. (2006) alternatively stated
that the axillary process can reach the peripherals II-III
suture in some chelids and podocnemidids, citing Tronc and
Vuillemin (1974) for an example in Erymnochelys (see also
character scorings for this taxon in the matrix of Meylan
et al. 2009). de Lapparent de Broin and Werner (1998,
p. 168) inferred that positioning of the axillary process scar
at the ‘‘limit of peripherals 2 and 3’’ was primitive for
pleurodires because it occurs in the Jurassic taxon Platy-
chelys Wagner 1853. Gaffney et al. (2006) also stated that
anterior continuation of the axillary process contact over
peripheral II is found in Proganochelys Baur 1887 and thus
appears to be primitive for turtles.

Although the entoplastron of Nostimochelon lampra is
incomplete, the clearly defined intersection of the humero-
pectoral sulcus is positioned well anteriorly and indicates a
broad overlap by the pectoral scutes potentially as a far as the
epiplastral-hyoplastral suture (LBM, 20; GTM, 165). This
accords with the derived condition indicative of Podocne-
midoidea and more concisely Podocnemididae—thus
excluding pelomedusids in which the humeropectoral sulcus
passes along the posterior edge or well behind the entoplas-
tron (see Zangerl 1948; de Lapparent de Broin and Werner
1998; de Lapparent de Broin 2008, p. 116, pl. III, Fig. 3).
Confluence of the humeral scutes suggests that the intergular
was probably small, as in most podocnemidids (GTM, 170);
although overlap of the anterior entoplastron by the intergular
has been shown to be variable at genus-level (see Zangerl
1948, p. 43; Wood 2003, pp. 123 and 121, Fig. 4.10), and in
some cases, the contact between the humerals can be much
reduced [e.g., ‘‘Podocnemis’’ stromeri (Zangerl 1948)] or lost
altogether [e.g., Stereogenys and ‘‘Shweboemys’’ pisdurensis
(Andrews 1903; Zangerl 1948; Jain 1986)].

Conclusions

Nostimochelone lampra gen. et sp. nov. is a new pleurodi-
ran turtle from the early Miocene (Burdigalian) of Greece, a
region where the pre-Messinian (prior to latest
Miocene * 7 million years ago) fossil record of Testudines
is virtually unknown (see de Lapparent de Broin 2001). The
holotype and only recovered specimen displays a combi-
nation of primitive and derived traits reminiscent of
podocnemidoideans, and especially African podocnemidids
such as Erymnochelys and other closely related forms.
However, N. lampra does not conform to any current genus-
level definition, especially in its uniquely narrow neural

outline, and we therefore propose generic distinction for this
taxon but retain it as Podocnemidoidea incertae sedis
pending discovery of more diagnostic material. The dis-
covery of N. lampra is particularly significant because it
represents the first report of a pleurodire from Greece and
also one of the youngest stratigraphical occurrences of
Podocnemidoidea from within Europe. Association of its
remains with a littoral marine to tidal estuarine depositional
setting (if autochthonous) also suggests an analogous life-
style to that envisaged for bothremydids (see summary in
Gaffney et al. 2006) and some podocnemidid taxa (e.g.,
Bairdemys from the Oligocene–Miocene of the U.S.A.,
Puerto Rico and Venezuela; MacPhee and Wyss 1990;
Gaffney and Wood 2002; Weems 2009), which are often
associated with brackish water and near-shore marine set-
tings. Such habitats are consistent with the predominantly
warm, humid coastal palaeoenvironments reconstructed for
eastern Mediterranean Europe in the early-middle Miocene
(Suc et al. 1999; Kovar-Eder et al. 2008), and support the
possibility of a Neogene Tethyan dispersal (rather than
post-Gondwanan vicariance; Romano and Azevado 2006
and references therein) for podocnemidoidean turtles from
Africa into Europe and Asia (sensu Meylan et al. 2009).
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Chapter 18

A New Species of Bairdemys (Pelomedusoides:
Podocnemididae) from the Oligocene (Early Chattian)
Chandler Bridge Formation of South Carolina, USA,
and Its Paleobiogeographic Implications for the Genus

Robert E. Weems and James L. Knight

Abstract A new species of podocnemidid pleurodire turtle,
Bairdemys healeyorum, is described from the upper
Oligocene Chandler Bridge Formation of South Carolina,
USA, on the basis of a nearly complete shell found with
associated skull fragments, lower jaw, girdle elements, and
limb elements. This is the first record of an Oligocene
pleurodire turtle from North America. The shell and lower
jaw are unique in detail but similar in overall morphology to
equivalent parts of Bairdemys venezuelensis and B. sanchezi.
The plastron of this new species also shares many features
with the previously described Maryland Miocene species of
podocnemidid, ‘‘Taphrosphys’’ miocenica, so the Miocene
taxon is here referred to Bairdemys. In the Oligocene and
Miocene, North and South America were separated by
broad expanses of salt water, so Bairdemys probably was
salt-water tolerant and reached North America by ‘‘island
hopping’’ from South America across the Caribbean Sea.

Keywords Calvert Formation � Pungo River Formation �
Shell � Skull � Venezuela

Introduction

A largely complete shell and other skeletal elements of
a side-neck turtle were discovered in 1989 by Craig and
Alice Healey, two experienced museum volunteers, during

development of the Crowfield Plantation neighborhood near
Ladson in Dorchester County, South Carolina, northwest
of the city of Charleston (Fig. 18.1). The specimen was
recovered from the upper Oligocene (lower Chattian)
Chandler Bridge Formation (Fig. 18.2). The Chandler
Bridge Formation, although typically only 2–4 feet thick, is
widespread in the Ladson-Summerville region. It long went
unrecognized for lack of outcrops, but major suburban
expansion along the Interstate 26 corridor from Charleston
northwest through Ladson and Summerville, South Carolina
created many new excavations throughout that area, espe-
cially in the 1970s and 1980s. It was during this building
boom that the Chandler Bridge Formation was recognized
as a new and paleontologically important stratigraphic unit
(Sanders et al. 1982). Based primarily on its cetacean fauna,
the Chandler Bridge Formation can be assigned to the early
part of the late Oligocene (early Chattian), which places its
age at about 27–28 Ma.

The Chandler Bridge Formation was deposited in a
coastal marine setting, with estuarine, lagoonal, beach, and
shallow marine environments being represented (Sanders
et al. 1982; Weems and Sanders 1986; Katuna et al. 1997;
Cicimurri and Knight 2009). There apparently was little
fluvial input into this depositional environment (contra
Katuna et al. 1997) because the preserved vertebrate
fauna overwhelmingly consists of marine sharks and rays
(Cicimurri and Knight 2009), marine bony fishes (e.g.,
Fierstine and Weems 2009), cetaceans, dugongs, sea turtles,
and sea birds (Sanders 1980). Other animal remains are
encountered only rarely, such as land birds, land mammals,
and salt-water tolerant crocodilians (Erickson and Sawyer
1996). Equally rare are the remains of gopher tortoises (one
specimen; Franz and Franz 2004), soft-shelled turtles (one
specimen; ChM PV4882, unpublished), and the side-neck
turtle described here (two specimens). No remains have
been found that are referable to typical freshwater fish (such
as sturgeons, gars, ictalurid catfishes, etc.), amphibians,
most kinds of freshwater turtles (emydids, kinosternids,
chelydrids), alligators, or aquatic freshwater mammals.
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Systematic Paleontology

Order Testudines Linnaeus 1758
Suborder Pleurodira Cope 1864
Hyperfamily Pelomedusoides Cope 1868a
Family Podocnemididae Cope 1868b
‘‘Shweboemys Group’’ sensu Meylan 1996
Bairdemys Gaffney and Wood 2002

Type species: Bairdemys hartsteini Gaffney and Wood
2002

Referred species: Bairdemys venezuelensis (Wood and
DÍaz de Gamero 1971), Bairdemys hartsteini Gaffney and
Wood 2002, Bairdemys sanchezi Gaffney et al. 2008,
Bairdemys winklerae Gaffney et al. 2008, Bairdemys
miocenica (Collins and Lynn 1936; new combination),
Bairdemys healeyorum, sp. nov. (this study).

Occurrence: Oligocene of South Carolina; Miocene of
Venezuela, Puerto Rico, and the United States (Maryland
and North Carolina).

Revised diagnosis (expanded from Gaffney and Wood
2002): A ‘‘Shweboemys Group’’ Pelomedusoides turtle
(sensu Meylan 1996) known from skull, jaw, shell, and
some girdle and limb elements; secondary palate shorter
than in all ‘‘Shweboemys Group’’ except ‘‘Shweboemys’’
gaffneyi (per Gaffney and Wood 2002); medial edges of
palatal cleft curved as in ‘‘Shweboemys’’ gaffneyi; ventral
convexity on triturating surface larger than in all other
‘‘Shweboemys Group’’; eustachian tube separated by bone
from rest of fenestra postotica in contrast to all other known
Podocnemididae; antrum postoticum extremely small and
slit-like in contrast to all other ‘‘Shweboemys Group’’;
frontal and prefrontal strongly convex on dorsal surface in
contrast to all other ‘‘Shweboemys Group’’; basisphenoid
separated from palatines by medially meeting pterygoids as
in ‘‘Shweboemys’’ antiqua (per Gaffney and Wood 2002)
and S. pilgrimi; basioccipital longer than in Shweboemys
pilgrimi; jugal-pterygoid contact prevents palatine-parietal
contact. Intergular, gular, and humeral scutes greatly
reduced and restricted to the far anterior plastron, pectoral

Fig. 18.1 Map of the Charleston
region in the southeastern part of
South Carolina, USA, showing
the distribution of the Chandler
Bridge Formation (shaded in
medium gray), and the locations
where the holotype (white star)
and referred specimen (black
star) of Bairdemys healeyorum
were found. City of Charleston
shown by diagonal hachure.
Geology adapted from Weems
and Lewis (2002)
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scutes compensatorially greatly expanded forward. Caput of
humerus strongly elongated into an elliptical shape, its long
axis close to parallel with the humerus shaft.

Bairdemys healeyorum sp. nov.
(Figs. 18.3, 18.4, 18.5, 18.6, 18.7, 18.8, 18.9, 18.10, 18.11, 18.12)

Holotype: South Carolina State Museum specimen SC
90.16, a largely complete skeleton, but lacking most of the
skull and the distal limbs (Figs. 18.3a–d, 18.4, 18.6, 18.9,
18.10).

Holotype unit, locality, and age: Chandler Bridge
Formation; northeastern shore of Crowfield Lake (now
submerged), northeast of Ladson, Dorchester County, South
Carolina, USA (Fig. 18.1); late Oligocene, early Chattian
(Fig. 18.2).

Referred specimen: Charleston Museum specimen ChM
PV4794, a partial anterior carapace from Bed 2 of the
Chandler Bridge Formation. Found by Albert E. Sanders
and Peter S. Coleman, 07 July 1979, north side of Ladson
Road (County Road 230) about 0.12 mile (0.2 km) east of
Chandler Bridge Creek, Dorchester County, South Carolina,
USA.

Diagnosis: A species of Bairdemys differing from
Bairdemys hartsteini and Bairdemys sanchezi in its rela-
tively narrower lower jaw, from Bairdemys venezuelensis
and Bairdemys sanchezi in the absence of a raised ridge
along the midline of the fused dentaries, from Bairdemys
winklerae in its relatively narrow quadrate articular surfaces
and in the short length of the quadrate shaft above the
articular surface which produces a very stocky appearance
in lateral view, and from Bairdemys miocenica in its rela-
tively wider and shorter anterior plastral lobe, relatively
wider nuchal, and less robust humeral shaft.

Description

Skull: Fragments of a right maxilla and both quadrates were
found, which suggest that the skull was preserved with the
rest of the skeleton but was destroyed at the time the
specimen was unearthed. The preserved piece of the right
maxilla is very imperfect (Fig. 18.3b) but clearly lay below
the posterior margin of the orbit and had a palatal shelf
component that formed the edge of a secondary palate. The
depth of this bone is less than found in Bairdemys hart-
steini, B. venezuelensis, or in B. sanchezi, but is similar to
the rearmost portion of the maxilla of B. winklerae. This
suggests that the maxilla extended well up along the lower
posterior edge of the orbit as in B. winklerae, presumably
reducing the degree of contribution of the jugal to the
orbital rim. Only the distal ends of the quadrates are pre-
served; the left is more complete than the right (Fig. 18.3c,
d). The articular surface is relatively narrow side-to-side as
in B. hartsteini. Also as in B. hartsteini, the length of the
quadrate shaft above its articular surface is relatively short
and therefore stouter in lateral appearance than in B. vene-
zuelensis, B. winklerae, or B. sanchezi.

Lower jaw: The lower jaw is nearly complete
(Fig. 18.4a) and shows an extensive fusion and rearward
expansion of the triturating portion of the dentaries, which
is typical of turtles that have a matching secondary palate
on the roof of the mouth. This particular lower jaw mor-
phology is very similar to the jaw morphology of Bairdemys
venezuelensis and B. sanchezi, and all three species repre-
sent an intermediate stage in what appears to be a mor-
phocline between the less specialized lower jaw of
podocnemidids such as ?Roxochelys and the highly spe-
cialized jaw of shweboemines such as Stereogenys
(Fig. 18.5). The bothremydid Bothremys cooki also has an
expanded secondary palate and triturating surface on the
lower jaws (Fig. 18.5), but its lower jaw specializations
(including a very high and broad lingual ridge and rising
labial ridges that form large, deep, cone-shaped pits) are quite

Fig. 18.2 Chart showing the position and age of the Chandler Bridge
Formation within the Oligocene stratigraphic column of the Charleston
region in the southeastern part of South Carolina, USA (after Weems
et al. 2006). Most of the fossil vertebrate material in this area has come
from the Chandler Bridge Formation (deposited in near-shore to
lagoonal environments) and the Ashley Formation (deposited in a mid-
shelf environment)
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Fig. 18.3 Skeletal elements of Bairdemys healeyorum, from the
Chandler Bridge Formation (late Oligocene), South Carolina, USA.
a1–d3 Non-shell elements from holotype skeleton (SC 90.16): a
humerus in a1 internal, a2 antero-lateral, and a3 posterolateral views; b
right maxilla in b1 external and b2 ventral views, both with anterior

end to right; c left quadrate in c1 posterior, c2 ventral, and c3 anterior
views; d right quadrate in d1 posterior, d2 ventral, and d3 anterior
views. e Anterior portion of referred carapace (ChM PV4794) in e1

external and e2 visceral views
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Fig. 18.4 Skeletal elements of Bairdemys healeyorum, part of
holotype skeleton (SC 90.16), from the Chandler Bridge Formation
(late Oligocene), South Carolina, USA. a Fused lower jaws in (a1)
occlusal (internal), a2 left lateral, and a3 ventral views. b Left femur in

dorsal b1 and posterior b2 views. c Left pelvic girdle in external view.
d Cervical vertebrae: eighth cervical d1 in ventral view and sixth(?)
cervical d2 in lateral view, both with anterior end towards top of figure.
e Right scapula in posterior view
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different from the specializations found in members of the
‘‘Shweboemys group.’’ It is difficult to envision how the
Bothremys pattern could have evolved into the ‘‘Shweboemys
group’’ pattern, so almost certainly these two lineages inde-
pendently evolved analogous feeding mechanisms and are
not intimately related. The anterior angle formed by the jaw of
B. healeyorum is somewhat more acute than the angle of
B. venezuelensis and B. sanchezi, and B. healeyorum also has
a shallower posterior emargination at the back of the tritu-
rating surface. Additionally, B. healeyorum has only a very
low and very broad medial swelling along the midline of the

triturating surface, and the depressions to either side of it are
extremely shallow and restricted to the posterior parts of the
triturating surface. The triturating surface extends backward
onto the coronoids as far as the base of the pronounced and
rounded coronoid processes. The jaw ramus formed by the
prearticular and surangular is short and stout, comparable to
B. venezuelensis and B. sanchezi but much less stout than in
Stereogenys cromeri. The joint surface on the articular is
relatively short anteroposteriorly, oval-shaped, and directed
more obliquely rearward than the joint surface in B. venezu-
elensis and B. sanchezi.

Fig. 18.5 Comparison of lower jaws in different species of Bairde-
mys and other podocnemidid turtles. For each species, jaws are shown
in occlusal (top) and right lateral (bottom) views. Bairdemys healeyo-
rum based on material reported here; Bairdemys venezuelensis from

Sánchez-Villagra and Winkler (2006); Bairdemys sanchezi from
Gaffney et al. (2008); Podocnemis expansa from Hay (1908);
Bothremys cooki from Gaffney et al. (2006); and Stereogenys cromeri
from Andrews (1906)
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Vertebrae: The centra and parts of the transverse pro-
cesses of two procoelous cervical vertebrae are preserved.
One, by comparison with the cervicals of Podocnemis, is
probably the sixth. It is rather elongate and has a ventral
keel at the anterior end of the centrum that tapers away
posteriorly (Fig. 18.4d2). In posterior view, its posterior
convex articular surface is rather heart-shaped in outline.
The other vertebra, with a broken but obviously pronounced
and basally elongated ventral keel, is almost certainly the
eighth (Fig. 18.4d1). Its posterior convex articular surface is
broadly U-shaped and much shallower dorsoventrally than
the posterior articular surface on the sixth(?) cervical
vertebra.

Carapace: The fourth left costal, most of the first right
costal, the first, second, and third right peripherals, and
about half of the nuchal were not found. Otherwise the
carapace is essentially complete (Fig. 18.6) and allows a
complete restoration of its appearance in life (Fig. 18.7).
The carapace as preserved is slightly too wide to attach
snugly to the plastron ventrally, indicating that it became
somewhat flattened and spread during burial. This flattening
has been taken into account in the restoration of the shell in
dorsal and ventral views. The sulcal grooves are easily seen
on most parts of the carapace, allowing accurate placement
of the dorsal scute boundaries.

For the most part, the carapace is that of a typical gen-
eralized podocnemidid turtle like Bauruemys and ?Rox-
ochelys, and it also shows much similarity to the shell of
bothremydids like Foxemys (Fig. 18.8). The scute pattern,
however, is unusual in that the first vertebral scute extends
far forward, almost but not quite separating the anteriormost
marginal scutes. This condition approaches that found in
Shweboemys pisdurensis (Fig. 18.8), in which the anterior
vertebral scute extends fully to the front of the shell and
completely separates the anteriormost marginal scutes (Jain
1986). There is no indication that a cervical scute was
present.

One slight tendency toward skeletal specialization in
Bairdemys healeyorum is that only the six anteriormost
neurals are present; the seventh and eighth are not devel-
oped. This represents an early stage in an evolutionary trend
in this genus that culminated in B. venezuelensis (Fig. 18.8),
in which all neurals are lost from the carapace and the
costals all meet each other directly along the midline of the
shell (Wood and Díaz de Gamero 1971). The nuchal is large
and wider than long. On the ventral side of the carapace
(Fig. 18.9), the sutural scar for attachment of the anterior
plastral buttress extends far medially toward the midline
along the first costal to about the middle of that element. In

Fig. 18.6 External (dorsal) view of carapace of Bairdemys healeyo-
rum, part of holotype skeleton (SC 90.16), from the Chandler Bridge
Formation (late Oligocene), South Carolina, USA Fig. 18.7 Reconstruction of carapace of Bairdemys healeyorum in

external (dorsal) view, based on the holotype (SC 90.16) and referred
(ChM PV4794) specimens
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contrast, the posterior plastral buttress is less strongly
developed, extending medially along the fifth costal for only
about a fourth of its length. The sutural scar for attachment
of the distal end of the ilium to the carapace is located on
the posterior part of the seventh costal and on the anterior

part of the eighth costal, about one-fourth of their lengths
from the midline.

The partial anterior carapace in the Charleston Museum
collection (CM-PV4794) mostly represents the part of the
carapace not present in the type specimen (Fig. 18.3e).

Fig. 18.8 Comparison of carapaces in Bairdemys and other podocne-
mid turtles, all in external (dorsal) view. Bairdemys healeyorum based
on material reported here; Bairdemys venezuelensis from Wood and

Díaz de Gamero (1971); ?Roxochelys vilavilensis from de Broin (1971);
Bauruemys elegans from Suarez (1969); Shweboemys pisdurensis from
Jain (1986); and Foxemys mechinorum from Tong et al. (1998)
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It represents a somewhat smaller individual, however, and
was recovered from a different locality, so it clearly is not a
part of the individual represented by the type specimen. Its
surface is somewhat better preserved than that of the type,
and shows a faintly developed nodular surface texture that
is largely worn away on the type.

Plastron: The plastron is virtually complete except for
some distal parts of the plastral bridges that were broken
away (Fig. 18.10); its ventral surface is poorly preserved. In
most areas the sulcal grooves are readily discernable, and
this allows an essentially complete restoration of the plas-
tron in ventral view (Fig. 18.11). The mesoplastra are
subround in shape, relatively small, and located far from the
midline. The plastron is broadly attached to the carapace by
a plastral bridge that extends from the front edge of the
fourth peripheral to as far back as the anterior portion of the
eighth peripheral. The ratios of the anterior lobe, plastral
bridge, and posterior lobe are roughly 1:2:2. The midline of
the plastron is sutured along its entire length. The xiphi-
plastra are wide, flattened, elongated, and rounded at their
posterior ends with a fairly large and rounded anal notch
between them. The sutural scars where the ischium and
pubis attach to the plastron are both on the xiphiplastra; the
anterior ischial suture being about twice as large as the
posterior pubic suture.

The abdominal, femoral, and anal scutes on the central
and posterior part of the plastron are unexceptional, but the
anterior scutes are much reduced and compressed toward

the anterior midline region. The intergular scute is pentag-
onal in shape, largely confined to the anterior border region
of the epiplastra, and extends backward onto the entoplas-
tron only slightly. The gulars likewise are greatly reduced to
small, triangular-shaped scales that occupy less than half the
anteroposterior length of the epiplastra. The humeral scutes
also are much compressed anteroposteriorly, mostly occu-
pying the central region of the epiplastra, the anterior one-
third of the entoplastron, and extending back barely onto the
anteriormost edges of the hyoplastra. This forward com-
pression of the anterior scutes is balanced by a pronounced
forward expansion of the pectoral scutes, which occupy
most of the anterior half of the hyoplastra, the rear two-
thirds of the entoplastron, and the posterior portions of the
epiplastra. This combination of traits is a distinctive feature
of Bairdemys (Fig. 18.12). ?Roxochelys, Dacquemys and
some bothremydids show a strong tendency in this direc-
tion, but no other pleurodire is known to have taken this
trend to such an extreme. Stereogenys and Shweboemys do
not show any pronounced forward compression of the
intergular and gular scutes, but they do show a comparably
strong forward expansion of the pectoral scutes that is
made possible because the humeral scutes are very greatly

Fig. 18.9 Visceral (ventral or internal) view of carapace of Bairde-
mys healeyorum, part of holotype skeleton (SC 90.16), from the
Chandler Bridge Formation (late Oligocene), South Carolina, USA

Fig. 18.10 External (ventral) view of plastron of Bairdemys hea-
leyorum, part of holotype skeleton (SC 90.16), from the Chandler
Bridge Formation (late Oligocene), South Carolina, USA
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reduced, so much so that they become separated along the
midline by the intergular scutes (Fig. 18.12). This unusual
condition is found elsewhere among podocnemidoid turtles
only in the Taphrosphyini.

Pectoral girdle: Most of the right scapula was recov-
ered, but the distal ends of its long and slender dorsal
and acromial processes were broken away (Fig. 18.4e).
The dorsal process is fairly rounded distally in cross-sec-
tion, but the shorter acromial process is distinctly flattened
and slightly curved into a C-shape toward its internal side.
These processes form an angle of about 100o. Neither cor-
acoid was recovered.

Front limb: The only part of the front limb recovered was
the right humerus. Its distal end is somewhat eroded, but
otherwise it is fairly complete and provides a good idea of its
appearance. The distal end of the humerus is distinctly down-
turned. The entepicondyle and ectepicondyle are inconspic-
uously developed, but the ectepicondylar groove is deep and
well developed along the external margin. At its proximal
end, the lateral and medial processes are connected to the
head of the humerus by relatively thin but rounded bony
bridges. The head of the humerus (humeral caput) is elon-
gated into a flattened ellipse with its long axis nearly parallel
to the axis of the humeral shaft (Fig. 18.3a). Extreme

elongation of the caput serves to channel most movement on
the caput into the plane of the long axis, which in this case
would have resulted in an up and down rowing motion.
Turtles adapted to walking or to a wide range of motions in the
forelimbs while swimming tend to have a rounded humeral
caput (e.g., Chelydra, Terrapene, Actinemys, Chrysemys,
Gopherus, Testudo, and some trionychid turtles) (Hay 1908,
Fig. 595; Olsen 1968), whereas turtles with an elongated
humeral caput generally show strong aquatic adaptation and a
tendency to use the forelimbs as rowing organs (e.g., Kino-
sternon, Pseudemys, and some trionychids) (Hay 1908,
Fig. 661, pl. 3; Olsen 1968). The marine cheloniid sea turtles,
all of which are highly specialized for rowing, also show
pronounced elongation of the caput (e.g., Lepidochelys; Hay
1908, pl. 2). Therefore, the extreme elongation of the humeral
caput in B. healeyorum almost certainly was a specialization
for swimming or even for rowing and not for walking.

Pelvic girdle: Both the left and right sides of the pelvic
girdle were recovered (Fig. 18.4c). The ischium and pubis
were sutured at their distal ends to the plastron, and the distal
end of the ilium was similarly sutured along a broad attach-
ment surface to the carapace. All three bones contribute to the
acetabulum, with the ischium and pubis each contributing
about one-fifth of its area and the ilium about three-fifths.

Hind limb: The only part of the hind limb recovered was
the left femur (Fig. 18.4b), which is damaged and thus
provides only limited information about this bone. How-
ever, enough is preserved to show that it is distinctly larger
than the humerus, as is typical for freshwater turtles. The
caput is partly eroded away; it is somewhat elongated, but
not so elongated as the head of the humerus. Relative to the
base of the trochanter major, the base of the trochanter
minor diverges from the shaft much farther down and at a
greater angle. The overall proportions of the proximal femur
are rather reminiscent of the proportions of the femora of
soft-shelled turtles, suggesting strong aquatic specialization.
The femur is strongly down-turned at its distal end.

Bairdemys miocenica (Collins and Lynn 1936) new
combination

Synonymy: Taphrosphys miocenica,, (Collins and Lynn
1936).

Holotype: United States National Museum specimen
USNM 13784, anterior plastron (epiplastra, entoplastron,
and hyoplastra) of a single individual.

Holotype locality, unit, and age: One-quarter mile
(0.4 km) south of Camp Roosevelt along the Calvert Cliffs,
Calvert County, Maryland, USA; ‘‘Zone 10’’ of Shattuck
(1904), Calvert Formation; early middle Miocene (early
Langhian, ca. 15–16 Ma; Weems and Edwards 2007).

Referred material: Nuchal and humerus described and
figured in Zug (2001).

Fig. 18.11 Reconstruction of plastron of Bairdemys healeyorum in
external (ventral) view, based on the holotype (SC 90.16)
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Diagnosis: Anterior lobe of plastron short, broad and
rounded with well developed but rather thin axillary but-
tresses, maximum length of hyoplastron about equal to its

breadth, mesoplastral contact with hyoplastron indicates
that mesoplastra were relatively small, located far from the
midline, and rather polygonal in shape. Intergular scute

Fig. 18.12 Comparison of the plastron in different species of
Bairdemys and other podocnemidid turtles, all in external (ventral)
view. Bairdemys healeyorum based on material reported here;
Bairdemys miocenica from Collins and Lynn (1936); Bairdemys
venezuelensis from Gaffney et al. (2006); ?Roxochelys vilavilensis

from de Broin (1971); Dacquemys fajumensis from Andrews (1906);
Foxemys mechinorum from Tong et al. (1998) Stereogenys libyca from
Andrews (1906); Shweboemys pisdurensis from Jain (1986); and
Taphrosphys congolensis from Gaffney et al. (2006)
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small, pentagonal, mostly located on the epiplastra and only
slightly projecting backward onto the entoplastron; gular
scutes small, triangular, and located far forward and entirely
on only a small part of the epiplastra; humeral scutes also
relatively small and forwardly located, meeting along the
midline beneath the intergular; pectoral scutes large, cov-
ering the anterior two-thirds of the hyoplastra, the posterior
two-thirds of the entoplastron, and extending forward onto
the posterior part of the epiplastra. Nuchal much wider at
rear than at front, being anteriorly constricted by
encroachment of the first peripherals; cervical scute not
present. Caput of humerus elongated roughly along the axis
of the humeral shaft, which is rather thick and stout.

Remarks: The proportions of the gular and intergular
scutes on the anterior plastron of Bairdemys miocenica are
quite similar to, though not exactly identical with, the
proportions of the gulars and intergular of Bairdemys
healeyorum (Fig. 18.12). This strongly suggests that the
anterior pleurodire plastron from the Calvert Formation of
Maryland, described by Collins and Lynn (1936) as
‘‘Taphrosphys’’ miocenica, was derived from the Oligocene
species Bairdemys healeyorum and should be referred to
that genus.

Since the discovery and description of this species, no
new material has been forthcoming from the Calvert Cliffs
of Maryland. However, pleurodire carapace and plastron
fragments have been collected in the Lee Creek Mine near
Aurora, North Carolina from the Pungo River Formation
(Zug 2001); this unit is age-equivalent to much of the
Calvert Formation. As the North Carolina material is from
at or near the same stratigraphic horizon as the type plastron
from Maryland, in all likelihood it pertains to Bairdemys
miocenica and helps to better characterize this species.
Notable is the nuchal element (Zug 2001) which shows that
B. miocenica did not have a cervical scute and therefore can
be firmly placed among the pelomedusoid pleurodires
(Gaffney and Meylan 1988). Also, although the relationship
of the posterior border of the nuchal with the first neural and
first costals is very similar to that seen in B. healeyorum, the
anterior constriction of the nuchal between the first
peripherals clearly shows that the nuchal of B. miocenica is
not specifically referable to B. healeyorum. The humerus is
close to that of B. healeyorum and like it has a very elongate
caput (Zug 2001), but it differs in that the shaft is relatively
thicker and stouter in its construction.

Discussion

Only the femur and humerus of Bairdemys healeyorum are
known, so the more distal parts of the limbs cannot be
evaluated. These two proximal limb elements, however,

strongly suggest that Bairdemys had legs that were spe-
cialized for aquatic locomotion. Because the head of the
humerus was elongated into an extreme ellipse with its long
axis nearly parallel to the shaft as in cheloniid sea turtles,
this bone obviously was designed to accommodate motion
almost exclusively in a vertical plane. This implies that the
forelimb functionally was a flipper. The strong similarities
between the proximal end of the femur of Bairdemys and
the proximal femora of trionychid soft-shelled turtles also
suggest strong aquatic adaptation in the rear limbs. Indeed,
this combination of front and rear limb traits is strikingly
similar to the combination of limb functions found in the
living pig-nosed turtle, Carettochelys insculptata, which
lives in rivers, lagoons, and estuaries of southern New
Guinea and northern Australia. Interestingly, Carettochelys
also is found occasionally in brackish water (Georges and
Rose 1993; Visser and Zwartepoorte 2005).

No occurrences of Eocene pleurodire turtles have been
reported from anywhere in North America, and this strongly
suggests that the last of the North American bothremydid
turtles (Taphrosphys and Bothremys?) survived through the
Paleocene in southeastern North America (Hutchison and
Weems 1998; Gaffney et al. 2006) but then died out by the
end of that epoch. The distinctive lower jaw and anterior
plastron of Bairdemys bear little similarity to any of the
better known members of the family Bothremydidae (i.e.,
Bothremys, Chedighaii, Taphrosphys) (Gaffney et al. 2006,
2009), and this greatly weakens any argument that Bair-
demys might have evolved from some unknown North
American bothremydid ancestor. Similarly, although some
bothremydids survived in the northern African region until
the Miocene (Roger et al. 1994), derivation is equally
unlikely from any of the late surviving Old World members
of this group.

The greatest plastral similarity to Bairdemys is found
among podocnemidid turtles, such as the South American
podocnemidine ?Roxochelys vilavilensis (de Broin 1971)
and the African erymnochelyine Dacquemys fajumensis
(Andrews 1906) (Fig. 18.12). Although Bairdemys shares
distinctive derived cranial characteristics with Stereogenys
and Shweboemys (Gaffney and Wood 2002), in its plastron
Bairdemys is more similar to other podocnemid turtles in
that its humeral scutes meet along the midline and are not
separated by the intergular (Fig. 18.12). This trait, along
with the less strongly expanded secondary palate and less
robust lower jaw found in Bairdemys, indicates that the
Bairdemys lineage diverged from the Shweboemys-Ste-
reogenys lineage well before the mutual ancestor of the
latter two genera developed the distinctive plastral scute
arrangement present in both of them. The oldest well doc-
umented member of the Shweboemys-Stereogenys lineage is
Shweboemys pisdurensis from the Maastrichtian of India
(Jain 1986), so the Bairdemys lineage therefore must have
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split from the Shweboemys-Stereogenys lineage well before
the end of the Cretaceous.

Bairdemys healeyorum from the upper Oligocene
Chandler Bridge Formation is the oldest known species
within the Bairdemys lineage. This is not what would have
been anticipated, because the anatomical similarities
between the Bairdemys lineage and the Afro-Asian Shw-
eboemys-Stereogenys lineage, as well as mutual similarities
with the Old World Erymnochelyinae, indicate that all of
these genera were derived from a common ancestor that
lived in Africa and/or southern Asia (de Lapparent de Broin
2000). Thus, given the Late Cretaceous and Paleogene
paleogeography of the Atlantic basin, the ancestor of the
Bairdemys lineage must have come to the Americas either
by making a daunting ‘‘sweepstakes’’ crossing of the
Atlantic Ocean directly from Africa to North America in
Oligocene time or else by making an Oligocene or earlier
crossing of the Atlantic from Africa to South America,
followed by an ‘‘island-hopping’’ crossing of the Caribbean
from South America to North America. The sweepstakes

model seems very unlikely because the North Atlantic is
dominated by a strong clockwise current flow, induced by
the Coriolis effect, that would have been present even well
before the Oligocene (Fig. 18.13). Therefore, any direct
‘‘sweepstakes’’ crossing of the Atlantic from Africa (or
Europe) to North America in the Oligocene would have had
to occur against a strong prevailing oceanic current going in
the opposite direction. In contrast, a crossing from Africa to
South America not only would have been much shorter, it
also would have been made easier by going with the
direction of the prevailing current. Thus, even though there
is no fossil evidence so far to support a dispersal route first
from Africa to South America, and then from South
America to North America, this by far seems the more
plausible possibility.

Once established in the southeastern United States, col-
onization by Bairdemys apparently was successful for about
17 million years, from the late Oligocene through the
middle Miocene. Probably Neogene climatic deterioration
in the southeastern United States, which began in earnest at

Fig. 18.13 Oligocene (circle) and Miocene (triangle) occurrences of
Bairdemys shown on an Oligocene paleogeographic map of the
Caribbean and adjacent regions. Along the Atlantic seaboard of North
America, shallow seas in the middle Miocene transgressed westward
across the modern landscape about 50 miles (80 km) farther inland
than they did in the late Oligocene. From south to north, localities are
in present day Venezuela, Puerto Rico, South Carolina, North
Carolina, and Maryland. Paleogeographic land–sea relationships are
adapted from Global Paleogeographic Views of Earth History—Late
Precambrian to Recent http://jan.ucc.nau.edu/*rcb7/35moll.jpg. The

anatomical similarities between the Bairdemys lineage and the Afro-
Asian Shweboemys-Stereogenys lineage strongly suggest that all of
these genera were derived from ancestors that originated in Africa and/
or India. There is little chance that the ancestors of the Bairdemys
lineage crossed the Atlantic directly from Africa to North America,
because the strongly clockwise current pattern in the North Atlantic
(green arrows) would have precluded dispersal in that direction. It is
far more likely that the Bairdemys ancestors crossed the Atlantic
Ocean from Africa to South America and then ‘‘island hopped’’ from
South America to North America
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the beginning of the late Miocene, heralded the demise of
these tropically adapted turtles in North America. In tropi-
cal Venezuela, however, Bairdemys continued to thrive
throughout most or all of the late Miocene (Gaffney et al.
2008), and the related genus Shweboemys even survived in
tropical Burma until the Pliocene or Pleistocene (Jain 1986).

Modern side-neck turtles primarily occupy fresh water
habitats, but prolonged tolerance of salt water has been
documented in at least some chelids (e.g., Hydromedusa,
Pelusios, Chelodina; Frazier 1986). Salt-water tolerance has
been suggested for the extinct podocnemidid Stupendemys
(Wood 1976) and for a number of species within three
clades of the Pelomedusoides (Bothremydini, Taphrosphy-
rini, and the Shweboemys Group) (Meylan et al. 2009). The
scarcity of remains of Bothremys in the shallow marine to
estuarine strata of Maryland, North Carolina, and South
Carolina, and its absence so far in deposits of the same age
in Virginia, strongly suggests that the preferred habitat of
this turtle was fresh water. Even so, such a preference in
habitat by no means precluded a tolerance to prolonged
immersion in salt-water and the potential for wide dispersal
that this trait would have presented. A strong tolerance for
salt water, coupled with its exceptional specialization for
swimming, may well explain how Bairdemys, uniquely
among Paleogene podocnemidids, was able to spread across
the salt waters of the Atlantic to South America and from
there across the Caribbean region to Puerto Rico and the
southeastern United States (Fig. 18.13).

There is another possible factor that may have con-
tributed to the successful spread of Bairdemys across the
Caribbean. There may have existed, around the beginning
of the Oligocene, a land-bridge that connected the Greater
Antilles islands with South America along the course of
the present-day submerged Aves Ridge (GAARlandia of
Iturralde-Vinent and MacPhee 1999). If this land bridge
(or a chain of closely spaced islands in the same location)
did exist then, it would have greatly reduced the distances
that Bairdemys needed to navigate across salt water to
reach North America from South America during the
Oligocene.

Acknowledgments Special thanks go to Craig and Alice Healey of
West Columbia, South Carolina, who for so many years conscien-
tiously collected for, donated to, and volunteered at the South Carolina
State Museum. The description of this fossil turtle is but small pay-
ment for their many contributions. Vance McCollum and Curtis
Bentley also are acknowledged for their many assistances at the
Crowfield site. The authors gratefully acknowledge the help of Eugene
S. Gaffney (American Museum of Natural History) in determining the
taxonomic placement of this turtle and Albert E. Sanders (Charleston
Museum) for his discussions on the stratigraphic setting of the
Chandler Bridge Formation and for making the Charleston Museum
specimen of Bairdemys healeyorum available for study. We also thank
France de Lapparent de Broin, Eugene S. Gaffney, and Takuya
Konishi for thorough and very helpful reviews of the manuscript of
this paper.

References

Andrews, C. W. (1906). Order Chelonia. In Trustees of the British
Museum (Eds.), A descriptive catalogue of the Tertiary vertebrata
of the Fayûm, Egypt (pp. 275–306). London: British Museum of
Natural History.

Cicimurri, D. J., & Knight, J. L. (2009). Late Oligocene sharks and rays
from the Chandler Bridge formation, Dorchester County, South
Carolina, USA. Acta Palaeontologica Polonica, 54, 627–647.

Collins, R. L., & Lynn, W. G. (1936). Fossil turtles from Maryland.
Proceedings of the American Philosophical Society, 76, 151–174.

de Broin, F. (1971). Une espèce nouvelle de Tortue pleurodire (?Rox-
ochelys vilavilensis n.sp.sp.) dans les Crétacé superieur de Bolivie.
Bulletin de la Societe Géologique de France (7ème), 12, 445–452.

de Lapparent de Broin, F. (2000). African chelonians from the Jurassic
to the present: Phases of development and preliminary catalogue of
the fossil record. Palaeontologica Africana, 36, 43–82.

Erickson, B. R., & Sawyer, G. T. (1996). The estuarine crocodile
Gavialosuchus carolinensis n. sp (Crocodilia: Eusuchia) from the
late Oligocene of South Carolina, North America. Monographs of
the Science Museum of Minnesota, 3, 1–47.

Fierstine, H. L., & Weems, R. E. (2009). Paleontology of the
Oligocene Ashley and Chandler Bridge formations of South
Carolina, 4: Analysis and new records of billfishes (Perciformes:
Xiphioidei). Palaeo Ichthyologica, 11, 43–88.

Franz, R., & Franz, F. E. (2004). Gopher tortoise evolution: East vs. west,
a possible paradigm shift. Abstracts of the 29th Annual Meeting
and Symposium of the Desert Tortoise Council (February 20–23,
2004), http://www.deserttortoise.org/abstract/abstracts2004/2004
abs14.html.

Frazier, J. G. (1986). Epizoic barnacles on pleurodiran turtles: Is the
relationship rare? Proceedings of the Biological Society of
Washington, 99, 472–477.

Gaffney, E. S., & Meylan, P. A. (1988). A phylogeny of turtles. In M.
J. Benton (Ed.), The phylogeny and classification of the tetrapods.
Vol. 1. Amphibians, reptiles, birds. Systematics association special
volume N35A (pp. 157–219). Oxford: Clarendon Press.

Gaffney, E. S., & Wood, R. C. (2002). Bairdemys, a new side-necked
turtle (Pelomedusoides: Podocnemididae) from the Miocene of the
Caribbean. American Museum Novitates, 3359, 1–28.

Gaffney, E. S., Tong, H., & Meylan, P. A. (2006). Evolution of the
side-necked turtles: The families Bothremydidae, Euraxemydidae,
and Araripemydidae. Bulletin of the American Museum of Natural
History, 300, 1–698.

Gaffney, E. S., Scheyer, T. M., Johnson, K. G., Bocquentin, J., &
Aguilera, O. A. (2008). Two new species of the side necked turtle
genus, Bairdemys (Pleurodira, Podocnemididae) from the Miocene
of Venezuela. Palaeontologische Zeitschrift, 82, 209–229.

Gaffney, E. S., Hooks, G. E. III, & Schneider, V. P. (2009). New
material of North America side-necked turtles (Pleurodira: Both-
remydidae). American Museum Novitates, 3655, 1–26.

Georges, A., & Rose, M. (1993). Conservation biology of the pig-
nosed turtle, Carettochelys insculpta. Chelonian Conservation and
Biology, 1, 3–12.

Hay, O. P. (1908). Fossil turtles of North America. Carnegie Institute
of Washington, Publication (Vol. 75, pp. 1–568).

Hutchison, J. H., & Weems, R. E. (1998). Paleocene turtle remains
from South Carolina. In A. E. Sanders (Ed.), Paleobiology of the
Williamsburg Formation (Black Mingo Group; Paleocene) of
South Carolina. Transactions of the American Philosophical
Society, 88, 165–195.

Iturralde-Vinent, M. A., & MacPhee, R. D. E. (1999). Paleogeography
of the Caribbean region: Implications for Cenozoic biogeography.
Bulletin of the American Museum of Natural History, 238, 1–95.

302 R. E. Weems and J. L. Knight

http://www.deserttortoise.org/abstract/abstracts2004/2004abs14.html
http://www.deserttortoise.org/abstract/abstracts2004/2004abs14.html


Jain, S. L. (1986). New pelomedusid turtle (Pleurodira: Chelonia)
remains from Lameta Formation (Maastrichtian) at Dongargaon,
central India, and a review of pelomedusids from India. Journal of
the Palaeontolical Society of India, 31, 63–75.

Katuna, M. P., Geisler, J. H., & Colquhoun, D. J. (1997). Stratigraphic
correlation of Oligocene marginal marine and fluvial deposits
across the middle and lower coastal plain, South Carolina.
Sedimentary Geology, 108, 181–194.

Meylan, P. A. (1996). Skeletal morphology and relationships of the
Early Cretaceous side-necked turtle, Araripemys barretoibarretoi
(Testudines: Pelomedusoides: Araripemydidae), from the Santana
Formation of Brazil. Journal of Vertebrate Paleontology, 16,
20–33.

Meylan, P. A., Gaffney, E. S., & de Almeida Campos, D. (2009).
Caninemys, a new side-necked turtle (Pelomedusoides: Podocne-
mididae) from the Miocene of Brazil. American Museum Novitates,
3639, 1–26.

Olsen, S. J. (1968). Fish, amphibian and reptile remains from
archaeological sites. Papers of the Peabody Museum of American
Archaeology and Ethnology, 56, 1–156.

Sánchez-Villagra, M. R., & Winkler, J. D. (2006). Cranial variation in
Bairdemys turtles (Podocnemididae: Miocene of the Caribbean
region) and description of new material from Urumaco, Venezuela.
Journal of Systematic Palaeontology, 4, 241–253.

Sanders, A. E. (1980). Excavation of Oligocene marine fossil beds
near Charleston, South Carolina. National Geographic Research,
12, 601–621.

Sanders, A. E., Weems, R. E., & Lemon, E. M. Jr. (1982). The
Chandler Bridge Formation; a new Oligocene stratigraphic unit
in the lower Coastal Plain of South Carolina. In Contributions
to Stratigraphy. U.S. Geological Survey Bulletin, 1529-H,
105–124.

Shattuck, G. B. (1904). Geological and paleontological relations, with
a review of earlier investigations. In W. B. Clark, G. B. Shattuck,
& W. H. Dall (Eds.), The Miocene deposits of Maryland. Maryland
Geological Survey, Miocene (Vol. 1, pp. xxxiii–cxxxvii).

Suarez, J. M. (1969). Um quelônio da Formação Bauru. Departamento
de Geografia da Faculdade de Filosofia, Ciências e Letras de
Presidente PrudentePresidente Prudente, no. 2, 23, 168–176.

Tong, H., Gaffney, E. S., & Buffetaut, E. (1998). Foxemys, a new side-
necked turtle (Bothremydidae: Pelomedusoides) from the Late
Cretaceous of France. American Museum Novitates, 3251, 1–19.

Visser, G., & Zwartepoorte, H. (2005). Reproduction of the pig-nosed
turtle Carettochelys insculpta (Ramsay, 1886) at the Rotterdam
Zoo. Radiata, 14, 3–12.

Weems, R. E., & Edwards, L. E. (2007). The age and provenance of
‘‘Eschrichtius’’ cephalus Cope (Mammalia: Cetacea). Journal of
Vertebrate Paleontology, 27, 752–756.

Weems, R. E., & Lewis, W. C. (2002). Structural and tectonic setting
of the Charleston, South Carolina region: Evidence from the
Tertiary stratigraphic record. Bulletin of the Geological Society of
America, 114, 24–42.

Weems, R. E., & Sanders, A. E. (1986). The Chandler Bridge
Formation (upper Oligocene) in the Charleston region, South
Carolina. Geological Society of America, Centennial Field Guide
(Southeast. Sect.), 6, 323–326.

Weems, R. E., Harris, W. B., Sanders, A. E., & Edwards, L. E. (2006).
Correlation of Oligocene sea level cycles between Western Europe
and the southeastern United States. In G. Camoin, A. Droxler, C.
Fulthorpe, & K. Miller (Eds.), Sea level changes: Records, processes,
and modeling—SEALAIX’06, Giens, 25-29/09/06. Abstract Book
Association Sedimentology France (Vol. 55, pp. 205–206).

Wood, R. C. (1976). Stupendemys geographicus, the world’s largest
turtle. Breviora, 436, 1–31.

Wood, R. C., & Díaz de Gamero, M. L. (1971). Podocnemis
venezuelensis, a new fossil pelomedusid (Testudines, Pleurodira)
from the Pliocene of Venezuela and a review of the history of
Podocnemis in South America. Breviora, 376, 1–23.

Zug, G. R. (2001). Turtles of the Lee Creek Mine (Pliocene: North
Carolina). In C. E. Ray & D. J. Bohaska (Eds.), Geology and
paleontology of the Lee Creek Mine, North Carolina, III.
Smithsonian Contributions to Paleobiology (Vol. 90, pp. 203–218).

18 Oligocene Bairdemys from South Carolina 303



Part V

Diversity, Biogeography, and Paleobiology of Late
Cretaceous and Tertiary Turtles



Chapter 19

Preliminary Overview of Late Cretaceous Turtle Diversity
in Eastern Central Europe (Austria, Hungary, and Romania)

Márton Rabi, Mátyás Vremir, and Haiyan Tong

Abstract A preliminary overview of the relatively poorly
known Late Cretaceous turtle faunas from eastern Central
Europe is given, including brief descriptions both of
historically significant and of more recently collected taxa
and specimens from the Santonian-Campanian of Hungary,
the Campanian of Austria, and the Maastrichtian of
Romania. Eastern Central European Late Cretaceous turtle
faunas are similar to contemporaneous Western European
faunas in their low taxonomic diversity and in being
composed almost exclusively of continental forms that are
considered endemic to Europe. The eastern Central Euro-
pean fauna includes two pleurodire lineages: the primitive
Dortokidae, represented by a separate regional lineage that
includes Dortokidae gen. et sp. nov. from the Maastrichtian
of Transylvania (Romania) and other indeterminate dortok-
ids from the Santonian of Hungary and Campanian of
Austria; and the Bothremydidae, represented by Foxemys
sp., a member of the Foxemydina that otherwise is known
only from Western Europe. Cryptodires are represented by a
conservative turtle, Kallokibotion bajazidi (Nopcsa, Quar-
terly Journal of the Geological Society of London 79:100–
116, 1923a), from the Maastrichtian of Transylvania and by
other previously unknown or unrecognised, closely related
taxa from the Santonian of Hungary and the Campanian of
Austria. The absence of Kallokibotion in Western Europe,

coupled with the presence in both regions of the bothre-
mydid Foxemys and of separate dortokid lineages, indicate
that turtle faunas in Western and eastern Central Europe
were partially separated from one another during the Late
Cretaceous. ‘‘Senonemys suemegensis’’ (Bohn, Földtani
Közlöny 96:111–118, 1966) is the only turtle known from
Upper Cretaceous marine rocks in eastern Central Europe,
but because the material was not adequately described and it
now appears to be lost, the identity and relationships of this
taxon remain unknown. Many of the turtle-bearing localities
in eastern Central Europe show differences in the relative
abundances of specimens and faunal compositions that
likely are due to a combination of ecological and biogeo-
graphical factors and regional extinctions.

Keywords Austria � Bothremydidae � Cryptodira �
Dortokidae�Europe�Foxemys�Fossil turtles�Hungary�
Kallokibotion � Late Cretaceous � Pleurodira � Romania

Introduction

A solid understanding of turtle diversity in the Late Creta-
ceous is important for understanding the selectivity of the
K–Pg extinction event among major continental and marine
vertebrate groups. Turtles are especially relevant in this
regard, because many turtle lineages survived into the
Paleogene, their skeletal elements usually can be identified
to at least family level, and, thanks to their robust shells and
skulls, they have a considerably better fossil record com-
pared both to other K–Pg tetrapod survivors, such as
amphibians, squamates, crocodiles, birds, and mammals,
and to groups that went extinct, such as marine reptiles,
non-avian dinosaurs, and pterosaurs. Compared to other
Late Cretaceous turtle faunas in the Northern Hemisphere,
those of Europe have been relatively less intensively studied
than those of North America or Asia, although they
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certainly warrant similar attention. Turtle faunas of this age
in the eastern part of Central Europe—specifically Austria,
Hungary, and Romania—have attracted even fewer
researchers, in part, because after the death of the famous
vertebrate paleontologist Baron Ferenc Nopcsa in 1933, no
local specialist replaced him for many decades and, in part,
because many localities have only been (re)discovered in
the last two decades. Our contribution here helps fill this
gap by providing a preliminary overview of the Santonian-
Maastrichtian turtle faunas of Austria, Hungary, and
Romania. Following brief summaries of previous work and
the relevant geology, in this paper we (1) present brief
systematic and descriptive accounts for all known taxa and
then (2) discuss the paleobiogeography, relative abun-
dances, and palaeoecology of those turtles.

Institutional abbreviations used in this paper are as fol-
lows: BMNH, British Museum of Natural History (now the
Natural History Museum), London, United Kingdom; EME,
Transylvanian Museum Society, Cluj-Napoca, Romania;
LPB (FGGUB), Laboratory of Paleontology, Bucharest,
Faculty of Geology and Geophysics, University of Bucha-
rest, Romania; GBA, Geological Survey of Austria, Wien,
Austria; IPUW, Institute of Paleontology, University of
Wien, Austria; MÁFI, Hungarian Geological Survey,
Budapest, Hungary; MCDRD, Daco-Roman Civilisation
Museum, Deva, Romania; MTCO, Crisurilor Country
Museum, Natural History Department, Oradea, Romania;
MTM, Hungarian Natural History Museum, Budapest,
Hungary; UBB, Biology–Geology Faculty of Babes�-Bolyai
University, Cluj-Napoca, Romania.

Historical Summary of Late Cretaceous
Turtle Studies in Eastern Central Europe

The first mention of Late Cretaceous turtles from the region
belongs to Bunzel (1871) who, besides other reptilian
remains, reported indeterminate and isolated turtle shell
plates that were recovered during underground mining in
the lower Campanian coal-bearing complex [now called the
Grünbach Formation (Herman and Kvaček 2007)] of the
Gosau Group, at Muthmannsdorf, near Wiener Neustadt,
Lower Austria (Fig. 19.1). Seeley (1881) revised the Gosau
vertebrate fauna, including the turtles. He erected the new
species Emys neumayri; no holotype was designated, but in
the same paper both a costal 1 (Seeley 1881, Fig. 13, pl.
XXXI, Fig. 27, pl. XXVII) and a hyoplastron (Seeley 1881,
Fig. 16, pl. XXX) were referred to the species. A second
species, Pleuropletus suessi, was named on the basis of
specimens that Seeley (1881) identified as a skull element,
two costal plates, and a scapula (Bunzel 1871, Figs. 4 and 5,
pl. VI; Seeley 1881, Fig. 15, pl. XXX). The skull element

and the costals turned out to be a skull roof fragment and
two ilia, respectively, of the nodosaurid dinosaur Strutio-
saurus austricus (Pereda-Suberbiola and Galton 2001),
whereas Seeley’s huge ‘‘chelonian scapula’’ is unidentifi-
able. Finally, Seeley (1881) also reported other, smaller-
bodied species of Emys, but none of those were named and
no specimens were figured.

The most important work on Late Cretaceous turtles
from the former area of the Austrian-Hungarian Monarchy
was done by the legendary Hungarian paleontologist Baron
Ferenc Nopcsa. In his first scientific paper, Nopcsa (1897)
reported turtle remains from the Transylvanian Hat�eg Basin
(now part of Romania). Koch (1900) referred turtle material
from Szentpéterfalva (now Sinpetru), Hat�eg Basin, to Emys
sp. Several turtle specimens, including incomplete shells of
juveniles and carapace fragments, girdles, limb bones, and
vertebrae of adults, were collected by Ottokár Kadic in
1915, from around Valiora in the Hat�eg Basin; these are
housed in the Geological Institute of Hungary and, although
Nopcsa planned to study them, he never published on the
material (Kadic 1916). Later, on the basis of skulls, jaws,
and postcranial elements that he had collected, Nopcsa
(1923a) erected the new genus and species Kallokibotion
bajazidi. A detailed description of that species and the
naming of a second species, K. magnificum, were presented
later in the same year (Nopcsa 1923b). Nopcsa also studied
the Muthmannsdorf reptile fauna of Lower Austria, and he
briefly mentioned that Emys neumayri likely was a synonym
of Kallokibotion (Nopcsa 1926). The Baron’s death in 1933
was followed by a long pause in Late Cretaceous chelonian
research in eastern Central Europe. Over the next six dec-
ades, the only notable publications were the report of
questionable Kallokibotion remains from Grünbach am
Schneeberg in Lower Austria (Thenius 1962), the pre-
liminary study of specimens housed in the Geological
Institute of Hungary that had been collected by Kadic in
1915 from the Hat�eg Basin (Młynarski 1966), and a revi-
sion of the Kallokibotion specimens housed in the Natural
History Museum in London (Gaffney and Meylan 1992).
Beginning in the second half of the 1990s, collection of
new material from old localities and discoveries of new
fossiliferous localities in both Romania and Hungary has
resulted in a surge of publications (Codrea and Vremir
1997; Vremir 2004; Vremir and Codrea 2009; Rabi and
Botfalvai 2006; Rabi and Tong 2007; Rabi 2009). Even
though this new phase of research is at a preliminary
stage, it is apparent that the distribution (both temporal
and geographical) and taxonomic diversity of Late Creta-
ceous turtles in eastern Central Europe is greater than
previously recognized. As currently understood, turtle
faunas from the region comprise of both pleurodires
(dortokids and bothremydids) and cryptodires (Kallokibo-
tion and related forms).
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Geological Setting

Four different areas in Austria, Hungary, and Romania
contain Upper Cretaceous sedimentary formations that have
yielded turtle remains (Fig. 19.1, Tables 19.1, 19.2, 19.3,
19.4). These formations range in age from Santonian to
Maastrichtian and represent different paleoenvironments.
The vertebrate faunas in each formation contain a number
of endemic elements at the generic or specific level.

Csehbánya Formation (Santonian) in Hungary

The oldest known Late Cretaceous turtles in eastern Central
Europe come from the Santonian Csehbánya Formation of
Hungary. Vertebrate fossils were discovered in 2000 in out-
crops of the Csehbánya Formation at the Iharkút open pit
bauxite mine, in the Bakony Mountains (Transdanubian
Range), north-central Hungary (Fig. 19.1b, d). Most of the
vertebrate fossils, including the turtles, come from an

approximately 3 m thick, lenticular body of coarse sand,
sandstone, organic-rich silt, clay, and a breccia containing
rip-up clay clasts and dolomite pebbles. The Csehbánya
Formation in general consists of channel and alluvial plain
deposits, including sandstone bodies and paleosoil horizons,
and the bone beds probably were deposited in a shallow
channel or pond that was episodically filled by debris flows

(}Osi and Mindszenty 2009). A Santonian age for the forma-
tion is supported by palynological (Knauer and Siegl-Farkas
1992) and paleomagnetic (Szalai 2005) data. The Iharkút
vertebrate fauna includes fishes, amphibians, turtles, lizards,
crocodiles, dinosaurs, pterosaurs, and birds (e.g., Makádi

et al. 2006; }Osi and Rabi 2006; }Osi and Mindszenty 2009).

Ugod Limestone Formation (Campanian)
in Hungary

The Campanian Ugod Limestone Formation is the only
other formation in Hungary that has yielded a Late

Fig. 19.1 Geographic locations of Late Cretaceous fossil turtle
localities in eastern Central Europe (Austria, Hungary, and Romania)
and distributions of the fossiliferous formations. Stars correspond to
turtle localities mentioned in text and Tables 19.1, 19.2, 19.3, 19.4.
a Map of eastern Central Europe with Austria, Hungary, and Romania

shaded grey; b close-up of the study area with the main turtle localities
and areas indicated; c close-up of the Muthmannsdorf region in Lower
Austria; d close-up of the Iharkút region in Hungary; e close-up of the
Transylvanian Basin in Romania; f close-up of the Hat�eg Basin in
Romania. Maps at different scales
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ăr
ba

t
V

al
le

y,
(P

uj
,

B
or

bá
tv

iz
)

ea
st

er
n

H
at�

eg
B

as
in

,
R

om
an

ia

D
or

to
ki

da
e

ge
n.

et
sp

.
no

v.
C

ar
ap

ac
e

w
it

h
ar

ti
cu

la
te

d
pl

as
tr

on
;

va
ri

ou
s

ex
o

an
d

en
do

sk
el

et
al

el
em

en
ts

?S
in

pe
tr

u
F

or
m

at
io

n
(?

ea
rl

y
M

aa
st

ri
ch

ti
an

)

R
ed

cl
ay

st
on

e,
m

ud
st

on
e,

si
lt

st
on

e;
te

rr
es

tr
ia

l
m

ai
nl

y
ca

lc
ar

eo
us

pa
le

os
ol

an
d

fl
uv

ia
l

F
is

h,
am

ph
ib

ia
ns

li
za

rd
s,

cr
oc

od
yl

if
or

m
s

pt
er

os
ur

s,
di

no
sa

ur
s

(Z
al

m
ox

es
,

T
el

m
at

os
au

ru
s,

M
ag

ya
ro

sa
ur

us
,

ve
lo

ci
ra

pt
or

in
ae

,
tr

oo
do

nt
id

ae
?)

,
m

ul
ti

tu
be

rc
ul

at
es

K
al

lo
ki

bo
ti

on
m

or
e

co
m

m
on

th
an

do
rt

ok
id

s

It
te

rb
ee

ck
et

al
.

(2
00

4)
;

V
re

m
ir

(2
00

4)
;

T
he

rr
ie

n
(2

00
5)

;
V

re
m

ir
an

d
C

od
re

a
(2

00
9)

K
al

lo
ki

bo
ti

on
ba

ja
zi

di

K
al

lo
ki

bo
ti

on
sp

.

T
es

tu
di

ne
s

in
de

t.

S
in

pe
tr

u
(S

ze
nt

pé
te

r
fa

lv
a)

,
S

ib
is�

el
V

al
le

y,
ce

nt
ra

l
H

at�
eg

B
as

in
,

R
om

an
ia

.

D
or

to
ki

da
e

ge
n.

et
sp

.
no

v.
A

lm
os

t
co

m
pl

et
e

an
d

pa
rt

ia
l

ar
ti

cu
la

te
d

sk
el

et
on

s;
is

ol
at

ed
ca

ra
pa

ci
al

an
d

pl
as

tr
al

re
m

ai
ns

;
nu

m
er

ou
s

en
do

sk
el

et
al

el
em

en
ts

S
in

pe
tr

u
F

or
m

at
io

n
(e

ar
ly

la
te

M
aa

st
ri

ch
ti

an
)

T
er

re
st

ri
al

;
va

ri
ou

s
pa

le
os

ol
an

d
ch

an
ne

l
fi

ll
s;

fl
oo

dp
la

in
de

pr
es

si
on

of
br

ai
de

d
ri

ve
r

A
m

ph
ib

ia
ns

,
la

ce
rt

il
ia

ns
,

cr
oc

od
yl

if
or

m
s,

pt
er

os
au

rs
(O

rn
it

ho
ch

ei
ri

da
e,

P
te

ra
no

do
nt

id
ae

),
di

no
sa

ur
s

(Z
al

m
ox

es
,

T
el

m
at

os
au

ru
s,

M
ag

ya
ro

sa
ur

us
,

St
ru

th
io

sa
ur

us
,

sm
al

l
th

er
op

od
s)

,
bi

rd
s,

m
ul

ti
tu

be
rc

ul
at

es

H
ol

ot
yp

es
of

K
al

lo
ki

bo
ti

on
ba

ja
zi

di
an

d
K

.‘‘
m

ag
ni

fic
um

’’
;

m
ai

nl
y

ar
ti

cu
la

te
d

ca
ra

pa
ce

an
d

pl
as

tr
on

,
ra

re
ly

as
so

ci
at

ed
w

it
h

ot
he

r
el

em
en

ts
;

in
ch

an
ne

l
an

d
ov

er
ba

nk
en

vi
ro

nm
en

ts
;

D
or

to
ki

ds
in

ch
an

ne
l

fa
ci

es

N
op

cs
a

(1
89

7,
19

23
a,

b)
;

K
oc

h
(1

90
0)

;
S

za
la

i
(1

93
4)

;
M

ły
na

rs
ki

(1
96

6)
;

G
ri

go
re

sc
u

(1
98

3)
;

G
ro

za
(1

98
3)

;
V

re
m

ir
(2

00
4)

;
T

he
rr

ie
n

(2
00

5)
;

V
re

m
ir

an
d

C
od

re
a

(2
00

9)

K
al

lo
ki

bo
ti

on
ba

ja
zi

di
(i

nc
lu

di
ng

K
.‘‘

m
ag

ni
fic

um
’’

)

K
al

lo
ki

bo
ti

on
sp

.

T
es

tu
di

ne
s

in
de

t.

U
nc

iu
c,

T
ot

es�
ti

,
an

d
V

ad
u

(N
ăl
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Cretaceous turtle specimen. This rudistid limestone unit is
exposed in the Sümeg area of the Bakony Mountains, about
70 km east of the Iharkút site (Fig. 19.1b). Shortly after
fluvial deposition in the Santonian (represented by the
Csehbánya Formation), a transgressive event began that
initially laid down coal-bearing sequences, followed by
shallow water deposits and pelagic marls in the Campanian.
The gradual transgression of these marine waters over a
Triassic dolomite plateau led to the creation of an extensive
rudist platform, which became the Ugod Limestone
Formation (Haas 1979). The formation mostly contains
calcareous algae, corals, echinoderms, and rudists; however,
an internal mold of a turtle carapace was found in the
Kecskevár quarry, east of the town of Sümeg. Bohn (1966)
erected the new genus and species Senonemys suemegensis
on the basis of this material, but unfortunately the specimen
currently is lost.

Coal-bearing Complex of the Gosau Group
(Early Campanian) in Austria

The Gosau Group is a pericontinental to shallow marine
succession of Late Cretaceous and Paleocene age that fills
several basins along the northern margin of the Eastern
Alpine zone. A rich reptile fauna is known from the coal-
bearing complex (also called the Grünbach Formation) of
the Gosau Group. This vertebrate-bearing unit is made up of
interbedded coal seams, coaly siltstones, sandstones, and
conglomerates that were deposited under freshwater to
nearshore marine conditions (Kvaček and Herman 2004;
Sachs and Hornung 2006). The age of the Grünbach For-
mation is early Campanian, based on foraminifers and
palynomorphs (Summesberger et al. 2007). Nearly all ver-
tebrate remains (including all but one of the turtle speci-
mens) were recovered during the latter half of the 19th
Century from coaly siltstones in the underground mine of
Muthmannsdorf, 15 km east of Wiener Neustadt, Lower
Austria (Fig. 19.1c). Additionally, Thenuis (1962) men-
tioned the presence of questionable Kallokibotion remains
from Grünbach am Schneeberg, but we have not studied
that material. Besides turtles, the Grünbach Formation
fauna includes choristoderes, lizards, crocodiles, dinosaurs,
and pterosaurs (Bunzel 1871; Seeley 1881; Nopcsa 1926;
Buffetaut 1979; Wellnhofer 1980; Pereda-Suberbiola and
Galton 2001; Sachs and Hornung 2006). Plant fossils indi-
cate a subtropical climate with seasonal aridity and a
paleoenvironment of coastal freshwater ponds and oxbow
lakes surrounded by swampy lowlands (Kvaček and
Herman 2004; Herman and Kvaček 2007). About 200 km

west of Muthmannsdorf, an internal mold of a turtle cara-
pace was recovered from probably coeval, coaly siltstone
beds at Wuhrberg Mountain, near Spital am Pyhrn, south of
Windischgarsten, Upper Austria (Fig. 19.1b).

Various Formations (Latest Campanian
and Maastrichtian) in Romania

Fossiliferous Upper Cretaceous continental deposits have
been known in Romania since Nopcsa’s (1905, 1923a)
initial descriptions of the classic dinosaur fauna from the
Hat�eg Basin. Recent explorations have determined that
these fossil-bearing deposits are widely distributed spa-
tially, across the western margin of the Transylvanian Basin
and also within several small, intermontane basins (for a
recent review see Codrea et al. 2010). These units were
deposited following the latest Cretaceous (Laramidian or
late Getian) orogenetic phase that produced the early
structures of the Carpathian Mountains, and they represent
the oldest molasse deposits created by erosion of sediments
from those newly-emerged mountains (Săndulescu 1984;
Willingshofer et al. 2001; Krézsek and Bally 2006).
A single carapace fragment has been reported (Vremir
2004; Table 19.2) from the uppermost Campanian Top
Bozes� Formation, but it is too fragmentary to be identified
beyond Testudines indet. All other Late Cretaceous turtle-
bearing localities in Romania are Maastrichtian in age and
occur in several foramations exposed along the southwest-
ern edge of the Transylvanian Basin and in the smaller
Hat�eg and Rusca Montană basins (e.g., Codrea et al. 2010;
Grigorescu 2010; Fig. 19.1, Tables 19.2, 19.3, 19.4).

The continental ‘‘red beds’’ exposed in the Alba Iulia-
Sebes� area (southwestern Transylvanian Basin), have been
interpreted as belonging to several distinct lithostratigraphic
units and their age has been reported as either Oligo-
Miocene or Late Cretaceous [for an overview see Codrea
and Dica (2005)]. Until recently, few studies had attempted
to solve these stratigraphical problems. Two recent studies
(Codrea and Dica 2005; Codrea et al. 2010), proposed a
new lithostratigraphical scheme that recognized two
uppermost Cretaceous (Maastrichtian) continental forma-
tions, both of which yield vertebrate remains. The lower,
spatially restricted unit is the Vurpăr Formation (VPF)
and is early Maastrichtian in age. The overlying S�ard
Formation (SDF) is Maastrichtian and, possibly, up to
Priabonian in age. In addition, two other continental ‘‘red
bed’’ units were redefined in the Alba Iulia-Sebes� area: the
Bărăbant� Formation (BTF), regarded as Oligocene in age
and exposed north-northwest of Alba Iulia; and the Sebes�
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Formation (SBF), regarded as late Oligocene to middle
Miocene in age (Grigorescu 1992; Codrea and Dica 2005;
Codrea et al. 2008) and well developed between the Teleac
and Sebes� localities along the east side of the Mures Valley
(Codrea et al. 2010).

In the light of the most recent field investigations and
acquisition of new data, the above stratigraphic model
requires revision, particularly regarding the relationship
between the Maastrichtian VPF–SDF complex and the
so-called ‘‘Oligo-Miocene’’ SBF. Investigations of new
outcrops that yielded well-preserved and age-diagnostic
vertebrate fossils (e.g., pertosaurs) indicates, in contrast to
previous opinions, a Maastrichtian age for the Sebes� For-
mation as well (Vremir et al. 2009; Csiki et al. 2010).
According to these data, a sole lower Maastrichtian-lower
Paleogene continental unit must be considered, comprising
the recently defined and basically coeval ‘‘Vurpăr’’, ‘‘S�ard’’
and ‘‘Sebes�’’ formations, which were all developed in the
same depositional setting, but from different source areas.
Vertebrate fossils are distributed in certain levels within
the ‘‘Vurpăr’’, ‘‘S�ard’’, and ‘‘Sebes�’’ formations. Most of
the fossil turtle specimens have been recovered from the
Vurpăr, Oarda de Jos, Sebes�-Glod, and Râpa Ros�ie locali-
ties (Vremir 2004; Fig. 19.1e).

The Hat�eg Basin represents a Late Cretaceous syn-
orogenic, extensional basin formed during the Laramidian/
Getian phase, located on top of the Getic basement. Nopcsa
(1905) identified two different facies that are now recog-
nized as formal lithostratigraphic units of early Maastrich-
tian-?Paleocene age (Grigorescu 1992, 2010). The Sinpetru
Formation (south-central part of Hat�eg Basin) consists
predominantly of green and red argillaceous sandstones,
siltstones, mudstones, and conglomerates, but it is com-
pletely devoid of volcanoclastic components. In the Densus�-
Ciula Formation (western and northern parts of Hat�eg
Basin), which is characterized by the additional presence of
volcanoclastic components, three lithostratigraphic
sequences (members) are recognized. Vertebrate fossils are
distributed throughout the Sinpetru Formation, whereas
they are restricted to the middle member of the Densus�-
Ciula Formation (Grigorescu 2010). Most of the turtle
fossils originate from localities around Pui, Sinpetru,
Totesti, Vadu, Valioara, and Tust�ea (Fig. 19.1f).

Upper Cretaceous continental deposits in the Rusca
Montană Basin (an intermontane basin west of the Hat�eg
Basin), were formed in a similar manner as those in the
Hat�eg Basin and are underlain by upper Campanian-
lowermost Maastrichtian flyschoid marine deposits. The
Rusca Montană Formation is a conglomeratic unit that
ranges from several hundred up to 2000 m in thickness. The
lower part of the formation consists of interbedded sand-
stones and claystones, whereas the upper part contains
several pyhroclastic and detrital units interbedded with

coal (Grigorescu 1992). The scarce vertebrate fossils are
confined to the upper part of the formation, in reddish clay-
and siltstones or, less commonly, in coal-rich fluvio-lacus-
trine facies that also contain a rich paleofloral assemblage.
The only turtle fossil from the Rusca Montană Formation is
a peripheral plate of Kallokibotion sp. that was collected
from the Negoiu locality (Vremir 2004; Table 19.3).

Systematic Paleontology by Rock Unit

Turtles from the Csehbánya Formation
(Santonian) in Hungary

Testudines Linnaeus 1758
Pleurodira Cope 1864
Megapleurodira Gaffney et al. 2006
Dortokidae de Lapparent de Broin and Murelaga 1996
Dortokidae indet.
(Fig. 19.2)

Referred specimens: MTM V 2010. 200.1., left costal 1;
MTM V 2010.196.1., left costal 5; MTM V 2010.197.1.,
indeterminate costal; MTM V 2010.245.1., indeterminate
neural; MTM V 2010.246.1., indeterminate peripheral; MTM
V 2010.222.1., left hyoplastron; MTM V 2010.203.1., right
xiphiplastron; MTM V 2010.160.1. and MTM V 2010.162.1.,
ilia. All found isolated from one another.

Occurrence: Csehbánya Formation (Santonian); Iharkút
bauxite pit, Bakony Mountains, western Hungary.

Description and comparison: The most distinctive
feature of the shell elements is their micro-reticulate orna-
ment. As in other dortokids, this ornament consists of fine,
longitudinal ridges oriented latero-medially or radially on
the costals and peripherals, and antero-posteriorly on the
plastron (Fig. 19.2j). The ridges often surround minute pits.
The neurals and the medial third of the costals additionally
are decorated with sharp crests that extend antero-posteriorly
(Fig. 19.2a, c, e). These crests are reminiscent of those
found in the Late Cretaceous Dortokidae gen. et sp. nov.
from Romania (see account, below) and Dortoka vasconica
(de Lapparent de Broin and Murelaga 1996) from Spain, but
unlike those in the Paleocene Ronella botanica (Gheerbrant
et al. 1999–2000) from Romania (de Lapparent de Broin
and Murelaga 1996, 1999; de Lapparent de Broin et al.
2004; Vremir and Codrea 2009). Scars preserved on vis-
ceral surfaces of several costals indicate that the axillary
process contacted costal 1 slightly lateral to the head of the
second thoracic rib and that the inguinal process was
attached to the carapace via costal 5 as in other dortokids
(Fig. 19.2d, b, respectively). However, MTM V 2010.196.1.
(Fig. 19.2b) shows that the inguinal suture was confined to
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Fig. 19.2 Examples of Dortokidae indet. (Pleurodira) postcranial
elements from Iharkút, Hungary, Csehbánya Formation, Santonian. a,
b Left costal 5 (MTM V 2010.196.1.) in a dorsal view and b visceral
view; c, d left costal 1 (MTM V 2010. 200.1.) in c dorsal view and
d visceral view; e, f neural (MTM V 2010.245.1.) in e dorsal view and
f visceral view; g right xiphiplastron (MTM V 2010.203.1.) in visceral
view; h right ilium (MTM V 2010.162.1.) in medial view; i, j left

hyoplastron (MTM V 2010.222.1.) in i visceral view and j ventral
view, with magnified image showing characteristic micro-reticulated
external ornament of Dortokidae. Scute sulci (c) indicated by dotted,
white lines; attachment scars (b, d, and g) outlined by thin, solid, white
lines. Abbreviations: axsc axillary scar, insc inguinal scar, isc ischiac
scar, pl1 pleural 1, psc pubic scar, v1 vertebral 1, v2 vertebral 2.
Images at different magnifications; all scale bars equal 1 cm
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costal 5 and not prolonged onto costal 4, as in Dortoka. The
sulci generally are sharp and elevated from the plane of the
plates. The figured costal 1(MTM V 2010.200.1) shows that
the pleural scute 1 did not overlap onto costal 2 (Fig. 19.2c)
as in Dortokidae gen. et sp. nov. and Ronella, but unlike in
Dortoka. The pubic scar lies entirely on the xiphiplastron
(Fig. 19.2g) and, similarly to Dortokidae gen. et sp. nov.
and Ronella, it does not overlap onto the hypoplastron.
Based on our preliminary investigations, the Iharkút
dortokid is more closely related to Dortokidae gen. et sp.
nov. than to Dortoka, but more detailed comparisons are
needed to clarify its relationship with Ronella.

Remarks: The family Dortokidae is a primitive group of
freshwater pleurodires that is endemic to Europe and is known
only by shell material. de Lapparent de Broin and Murelaga
(1999) considered Pelomedusoides as the sister taxon of the
Dortokidae. Later both de Lapparent de Broin et al. (2004) and
Gaffney et al. (2006) suggested a more basal position for
Dortokidae relative to Eupleurodira, but more derived than
Platychelys and Notoemys. The family was first described from
the late Campanian-early Maastrichtian of Spain and France,
and originally contained a single genus and species, Dortoka
vasconica (de Lapparent de Broin and Murelaga 1996, 1999).
Later the family was reported from the late Barremian of Spain,
the Cenomanian of France, and the latest Paleocene of
Romania; the last occurrence yielded a new taxon, named as
Ronella botanica (de Lapparent de Broin and Murelaga 1999;
de Lapparent de Broin et al. 2004, Vullo et al. 2010). Recently,
Vremir and Codrea (2009) identified a new dortokid, infor-
mally referred to here as Dortokidae gen. et sp. nov., based on
shell material from the Maastrichtian of Romania. Although
further work is needed, at present it appears that the eastern
Central European dortokids represent a separate lineage from
the dortokids in Western Europe.
Eupleurodira Gaffney and Meylan 1988 (sensu Gaffney
et al. 2006)

Pelomedusoides Cope 1868
Bothremydidae Baur 1891
Foxemys Tong et al. 1998
Foxemys sp.
(Figs. 19.3, 19.4)

Referred specimens: MTM V 2010.86.1., MTM V
2010.87.1., MTM V 2010.215.1., MTM V 2010.216.1.,
fragmentary and nearly complete skulls; MTM V
2010.221.1., right otic region consisting of quadrate, squa-
mosal, ophistotic, and prootic; MTM V 2010.219.1., lower
jaw; MTM V 2010.89.1., left incomplete lower jaw; MTM V
2010.212.1., anterior part of carapace; MTM V 2010.211.1.,
posterior part of carapace; MTM V 2010.214.1., posterior
fragment of carapace consisting of left costals 7 and 8;
MTM V 2010.207.1., anterior lobe of plastron; MTM V

2010.206.1., xiphiplastron; MTM V 2010.166.1, ilium; MTM
V 2010.177.1., scapula; MTM V 2010.169.1., pubis; MTM V
2010.187.1.,left humerus; MTM V 2010.190.1., femur. All
found isolated from one another.

Occurrence: Csehbánya Formation (Santonian); Iharkút
bauxite pit, Bakony Mountains, western Hungary.

Description and comparison: Thanks to an abundance
of well-preserved specimens, this pleurodire has the best
known skeletal anatomy for any of the turtles from the
Csehbánya Formation. Apart from a few skull bones, distal
limb elements, and caudal vertebrae, most of the skeleton of
this taxon can be reconstructed; thus, it also represents one
of the most completely known bothremydids described so
far. The skull of this turtle (Fig. 19.3) is characterized by
the following features: wide triturating surfaces on the
upper and lower jaws, but without any jugal contribution to
the upper triturating surfaces; wide prefrontals meeting
along the midline; large and dorsolaterally placed orbits;
slight temporal emargination; a pentagonal basisphenoid
that contacts the quadrate; a narrow, posteriorly open, and
slit-like incisura columella auris; and a long supraoccipital
process extending much farther posteriorly than the pos-
terior tip of the squamosals (only seen in MTM V
2010.87.1.; not figured here). This combination of charac-
ters is present only in members of the subtribe Foxemydina,
a freshwater group of the pleurodiran family Bothremydi-
dae that is restricted to the Late Cretaceous of Europe
(Gaffney et al. 2006). The skulls from Iharkút are most
similar to those of Foxemys mechinorum Tong et al. 1998
from the Late Cretaceous of southern France in having an
anteriorly shifted condylus mandibularis, a basioccipital
shorter than the basisphenoid (Fig. 19.3b), and a low ventral
orbital rim; this trio of characters differs from Polysternon
provinciale Matheron 1869, which is the only other foxe-
mydine for which the skull has been described (Buffetaut
et al. 1996; Tong et al. 1998; Tong and Gaffney 2000;
Gaffney et al. 2006). The shell also shares more traits with
F. mechinorum; for example, it lacks the typical ornament
(parallel striations) of Polysternon and the lateral borders of
the posterior plastral lobe are straight (Fig. 19.4a). Several
other postcranial specimens, including shell elements, limb
bones, and girdle elements, are also referred to this taxon
(Fig. 19.4b–e). Some characters, including a basioccipital
concavity that barely extends onto the basisphenoid
(Fig. 19.3b), a dentary with a considerably wider symphysis
and more rounded anterior tip (Fig. 19.3f), and the presence
of a nuchal notch, indicate that the Iharkút Foxemys rep-
resents a new species. This will be formally named and
described in detail elsewhere (Rabi et al., in review).

Remarks: The Bothremydidae are a diverse family of
pleurodiran turtles that were widely distributed during the
Early Cretaceous-Eocene in Gondwana (except Australia)
and Euramerica. In Europe they were previously known
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only from France, Spain, and Portugal, where they are
represented by two closely related groups: the subtribe
Foxemydina (including the genera Foxemys, Polysternon,
and Elochelys) and the subtribe Bothremydina (including
Rosasia) (de Lapparent de Broin and Murelaga 1996, 1999;

Gaffney et al. 2006). As shown by the posteriorly open inci-
sura columellae auris of the quadrate, the bothremydid from
Iharkút is closer to Foxemydina than to Bothremydina. The
Foxemydina inhabited freshwater environments and have
been considered to be endemic to Western Europe. The new

Fig. 19.4 Examples of Foxemys sp. (Pleurodira; Bothremydidae)
postcranial remains from Iharkút, Hungary, Csehbánya Formation,
Santonian. a Anterior lobe of plastron (MTM V 2010.207.1.) in ventral
view, with scute sulci indicated by dotted, white lines and sutures
indicated by thick, solid, white lines; b left xiphiplastron (MTM V
2010.206.1.) in visceral view, with attachment scars outlined by thin,

solid, white lines; c right ilium (MTM V 2010.166.1.) in medial view;
d incomplete right scapula (MTM V 2010.177.1.) in posterior view;
e left humerus (MTM V 2010. 187.1.) in ventral view. Abbreviations:
isc ischiac scar, psc pubic scar. Images at different magnifications; all
scale bars equal 1 cm

Fig. 19.3 Examples of Foxemys sp. (Pleurodira; Bothremydidae)
cranial remains from Iharkút, Hungary, Csehbánya Formation, San-
tonian. a, b Skull (MTM V 2010.215.1.) in a dorsal view and b ventral
view, both with some sutures indicated by black lines; c, d skull
(MTM V 2010.216.1.) in c dorsal view and d ventral view; e right otic
chamber region (MTM V 2010. 221.1) consisting of quadrate,
squamosal, ophistotic, and prootic, in lateral view and showing the

posteriorly open, slit-like incisura columella auris characteristic of
Foxemydina; f nearly complete mandibles (MTM V 2010.219.1.) in
dorsal view. Abbreviations: cm condylus mandibularis of the quadrate,
ct cavum tympani, fpt fossa pterygoidea, ica incisura columellae auris,
ptp processus trochlearis pterygoidei, qu quadrate, sq squamosal.
Images at different magnifications; all scale bars equal 1 cm

b
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Iharkút specimens indicate that foxemydines were present
outside of Western Europe, at least during the Santonian in
the central part of the western Tethyan archipelago.

Cryptodira Cope 1868
cf. Kallokibotioninae Nopcsa 1923b
cf. Kallokibotioninae indet.
(Fig. 19.5)

Referred specimens: MTM V 2010.195.1., associated
right costals 2 and 3 and neural 2; MTM V 2010.194.1., left
hypoplastron. Both found isolated from one another.

Occurrence: Csehbánya Formation (Santonian); Iharkút
bauxite pit, Bakony Mountains, western Hungary.

Description and comparison: The carapace fragment
MTM V 2010. 195.1. consists of right costals 2 and 3 and
neural 2 (Fig. 19.5a). Its dorsal surface bears a distinctive
ornament of fine, but macroscopically visible vermicula-
tions and tubercles. This ornament is somewhat reminiscent
of that in solemydids from the Late Cretaceous of France
and Spain, except that the vermiculations are much finer
and smaller. In many other features, the shell bones are
most similar to Kallokibotion bajazidi from the Maastrich-
tian of Romania. Although the suboval neural 2 in MTM V
2010.195.1. contrasts with the more usual coffin-shaped
neural 2 in Kallokibotion, assessing the significance of that

difference must await the findings of a study (Vremir and
Rabi, in preparation) on neural variation in a large sample
of undescribed Kallokibotion material from Romania. The
costals are domed and, as reconstructed, the vertebral scutes
were wide as in Kallokibotion. Besides preserving sucli for
vertebrals 2 and 3, MTM V 2010. 195.1. also preserves sulci
for the posterior third of pleural 2 and the anterior half of
pleural 3. As far as can be determined, the postions of these
scutes are similar to Kallokibotion. The hypoplastron
(MTM V 2010.194.1.; Fig. 19.5b) is similar to that of
Kallokibotion in the following features: bone is short;
inframarginal scute present; anterior process of the
xiphiplastral suture markedly overlaps the hypoplastron on
the inner side; and vermiculate external ornament.

Remarks: Although these two specimens are too
incomplete to unequivocally refer them to Kallokibotion,
based on their preserved morphology and on the geo-
graphical and temporal proximity between the Hungarian
and Romanian localities, it seems likely that the Ihakút
specimens belong to a Kallokibotion-like turtle.

Turtles from the Ugod Limestone
Formation (Campanian) in Hungary

Testudines Linnaeus 1758
‘‘Senonemys suemegensis’’ Bohn 1966

Holotype: No holotype was formally designated by
Bohn (1966), but the only turtle specimen reported in his
description of ‘‘Senonemys suemegensis’’ was the internal
mold of a carapace that preserved some original bone
(peripherals and distal ends of costals) around the lateral
margins (Bohn 1966, pl. VIII). As detailed below (see
Remarks), this specimen reportedly was deposited in the
collection of the MÁFI, but it has since been lost.

Holotype unit, locality and age: Ugod Limestone For-
mation; Kecskevár quarry, Sümeg, Hungary; Campanian.

Remarks: The holotype and only known specimen of
‘‘Senonemys suemegensis’’ was found in 1963 by a private
collector in shallow marine, Gosau-type limestone deposists
of the Campanian Ugod Limestone Formation, in the
Kecskevár limestone quarry, east of the town of Sümeg,
Hungary. It was then transported to the Geological Institute of
Hungary (MÁFI) and, shortly thereafter, it was described by
Bohn (1966). Unfortunately, because Bohn (1966) did not
provide an inventory number for the specimen it has been
difficult to trace its history within the collection. To further
complicate matters, at some later point in time, the specimen
appears to have been accidentally mixed with a trionychoid
shell. Not surprisingly, we have not been able to re-locate the
specimen and, for the time being, it must be considered lost.

Fig. 19.5 Examples of cf. Kallokibotioninae indet. (Cryptodira) shell
elements from Iharkút, Hungary, Csehbánya Formation, Santonian.
a Associated right costals 2 and 3 and neural 2 (MTM V 2010.195.1.)
in dorsal view; b incomplete left hypoplastron (MTM V 2010.194.1.)
in ventral view. Images at same magnification; scale bar equals 1 cm
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The only published account of the specimen is Bohn’s
(1966) publication, which is unsatisfactory in that the
description is inconsistent with the photos and it contains
many erronous interpretations about the morphology of the
specimen. Furthermore, he included ‘‘Senonemys’’ in the
‘‘Emydae’’ as a close relative of the Late Jurassic sea turtle
Thalassemys. Based on the photo (pl. VIII) and the
description published by Bohn (1966) the outline of the
shell appears to be complete, with a total length of 34 cm
and a total width of 31 cm. The peripherals on the left side,
the lateral peripherals on the right side, and the lateral ends
of the costals are preserved as bone. It also appears that
‘‘Senonemys’’ had an unreduced shell that was low and
wide, a nuchal emargination was present, the costals were
relatively short antero-posteriorly with the exception of
costal 1, and the plastron contacted the carapace via costal 1
and 5. A potentially significant feature is the presence of a
pair of well-developed triangular scars at the level of costals
7 and 8 that tentatively could be interpreted as sutures for
the ilia. If the pelvis was indeed sutured to the shell, that
argues for ‘‘Senonemys’’ being a pleurodire. Other charac-
ters, although needing detailed verification, are consistent
with bothremydid affinities for ‘‘Senonemys’’, as is the
temporal and geographical proximity of the locality to the
Santonian Iharkút fauna. The lost specimen of ‘‘Senonemys
suemegensis’’ clearly is from a turtle, but considering the
many problems with Bohn’s (1966) description (e.g., no
holotype was explicitely designated, no diagnostic charac-
ters were listed, and inconsistencies between his description
and figures) and that the holotype is both poorly preserved
and lost, we propose that ‘‘Senonemys suemegensis’’ be
considered a nomen dubium within Testudines incertae
sedis until such time as the material can be re-located and
properly studied. Even though its taxonomic identity is
uncertain, ‘‘Senonemys’’ is interesting because it documents
the only known occurrence of a turtle from marine lime-
stone deposits in eastern Central Europe.

Turtles from the Gosau Group (Early
Campanian) in Austria

Pleurodira Cope 1864
Megapleurodira Gaffney et al. 2006
Dortokidae de Lapparent de Broin and Murelaga 1996
Dortokidae indet.
(Fig. 19.6)

Referred specimens: IPUW 4750/64, left costal 1;
IPUW 4750/65, incomplete right costals ?6 ? 7.

Occurrence: Coal-bearing beds of the Grünbach For-
mation, Gosau Group, (early Campanian); Muthmannsdorf
underground coalmine (now covered in), Lower Austria.

Description and comparison: Ornament on external sur-
faces of the plates from Muthmannsdorf (Fig. 19.6b, c) is
identical to that of the Iharkút dortokid in being micro-reticu-
lated or gently pitted and in that these structures are arranged in
a latero-medial direction. On the medial third of costal 1
(Fig. 19.6b), antero-posteriorly oriented crests also are present,
as in the Iharkút dortokid and Dortokidae gen. et sp. nov. On
that same specimen, pleural 1 does not reach costal 2, unlike in
Dortoka, but similar to the condition in the Hungarian and
Romanian dortokids (including Ronella). The axillary buttress
was sutured to costal 1 (Fig. 19.6a) in the same position as in
Dortokidae gen. et sp. nov. and the Iharkút dortokid. As seen on
the right probable costals 6 ? 7 (Fig. 19.6c), costal 6 is ante-
roposteriorly short as in Dortoka, but unlike in Ronella. To sum
up, the dortokid from Austria seems to share more characters
with the Iharkút dortokid and Dortokidae gen. et sp. nov., than
with the Western European Dortoka.

Remarks: A few other specimens from Muthmannsdorf
housed in the collections of the University of Vienna also
belong to Dortokidae and will be described elswhere
(Vremir and Rabi, in preparation).

Cryptodira Cope 1868
cf. Kallokibotioninae Nopcsa 1923b
cf. Kallokibotioninae indet.
(Fig. 19.7)

Fig. 19.6 Examples of Dortokidae indet. (Pleurodira) shell elements
from Muthmannsdorf, Lower Austria, coal-bearing complex of Grünbach
Formation, Gosau Group, early Campanian. a, b Left costal 1 (IPUW
4750/64) in a visceral view, showing scar for sutural contact with the
axillary buttress and b dorsal view, showing micro-reticulated external
ornament and pleural 1 not extending onto costal 2; c right costals ?6 ? 7
(IPUW 4750/65) in dorsal view. Thin, solid, white lines indicate both
attachment scar (a) and suture (c); scute sulci (b and c) indicated by
dotted, white lines. Abbreviations: axsc axillary scar, pl1 pleural 1, v1
vertebral 1. Images at same magnification; scale bar equals 1 cm
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Fig. 19.7 Examples of cf. Kallokibotioninae indet. (Cryptodira) shell
material from Muthmannsdorf, Lower Austria (a–d) and Spytal am
Phyrn, Wuhrberg Mountain, Upper Austria (e and f), both in coal-
bearing complex of the Gosau Group, early Campanian. a–c Left
costal 1 (IPUW 76/XXI/40): a photograph in dorsal view, with
magnified image showing characteristic tuberculate external ornament
of Kallokibotion; b photograph in visceral view; c reproduction of

original illustration (as ‘‘Emys neumayri’’) in dorsal view (from Seeley
1881, Fig. 13, pl. XXXI); d right hyoplastron (IPUW 4750/47) in
ventral view; e, f internal mold of carapace with original anterior
peripherals (GBA 2010/068/0001) in e dorsal view and f left lateral
view. Abbreviations: axsc axillary scar, spe1 suture for peripheral 1,
v1, vertebral 1. Images at different magnifications; scale bars equal
1 cm for a–d and for e and f
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Synonym: Emys neumayri (Seeley 1881, p. 698, Fig. 13,
pl. XXXI, Fig. 27, pl. XXVII, Fig. 16, pl. XXX).

Referred specimens: IPUW 76/XXI/40, left costal 1
(Seeley 1881 [as Emys neumayri], Fig. 13, pl. XXXI,
Fig. 27, pl. XXVII); IPUW 4750/21, right costal 4; IPUW
4750/7, left costal 8; IPUW 2349/106, left hyoplastron
(Seeley 1881 [as E. neumayri], Fig. 16, pl. XXX); IPUW
4750/47, right hyoplastron; GBA 2010/068/0001, internal
mold of carapace with original anterior peripherals.

Occurrence: Coal-bearing beds of the Gosau Group
(early Campanian): Grünbach Formation at Muthmannsdorf
underground coalmine (now covered in) and, questionably,
at Grünbach am Schneeberg (Thenius 1962), Lower Aus-
tria, and in unspecified beds at Wuhrberg Mountain, near
Spytal am Phyrn, Upper Austria.

Description and comparison: All isolated plates
from Muthmannsdorf externally bear tiny vermiculate or
tuberculate ornamentation or are indented with minute pits
(Fig. 19.7a), as in Kallokibotion bajazidi from the Maats-
richtian of Romania or the Kallokibotion-like form reported
above from the Santonian of Hungary. The left costal 1,
IPUW 76/XXI/40 (Seeley 1881, Fig. 27, pl. XXVII,
Fig. 13, pl. XXXI; Fig. 19.7a–c), is further similar to that of
Kallokibotion in showing a sutured axillary process ante-
rolaterally and wide vertebral scutes. Based on the pre-
served sutural surface forming the leading edge of costal 1,
the nuchal was larger and more trapezoidal than the
unusually small and square nuchal previously reported for
Kallokibotion bajazidi. However, the nuchal of K. bajazidi
has been described only from a single specimen (BMNH
R4919; Gaffney and Meylan 1992, Figs. 21, 22) and new
material from Romania (see below) indicates that the nuchal
was more variable in this species and could have been more
similar to the general trapezoidal shape found in most other
turtles. The costal 1 from Muthmannsdorf also strongly
resembles MAFI Ob3142 (not figured), a Kallokibotion
costal 1 from the Maastrichtian of Romania, and differs only
in being less domed and in having the nuchal suture slightly
shorter. The other isolated plates from Muthmannsdorf,
including the left hyoplastron figured by Seeley (1881,
Fig. 16, pl. XXX) and the right hyoplastron figured here
(Fig. 19.7d) are identified as cf. Kallokibotioninae indet.
based on their particular ornament. An undescribed speci-
men (GBA 2010/068/0001; Fig. 19.7e, f) housed in the
Geological Survey of Austria and collected in 1905 from
the Gosau beds at Wuhrberg Mountain, near Spytal am
Phyrn, south of Windischgarsten, Upper Austria, preserves
the internal mold of the carapace and the original anterior
peripherals. This specimen is also preliminarily referred to
cf. Kallokibotioninae indet. on the basis of the high-domed
shape of the shell and the vermiculate ornament on the
external bony surfaces. All of these Austrian specimens will
be described in detail elsewhere (Rabi, in preparation).

Remarks: The first turtle elements from the Campanian
coal-bearing Gosau beds of Austria, found in an under-
ground coal mine near Muthmannsdorf, were briefly men-
tioned and figured by Bunzel (1871) and referred to
Chelonia indet. Later Seeley (1881) studied the Gosau
reptilian fauna and erected Emys neumayri on the basis of a
costal 1 (Seeley 1881, Fig. 13, pl. XXXI, Fig. 27, pl.
XXVII) and a left hyoplastron (Seeley 1881, Fig. 16, pl.
XXX), but he did not designate a holotype. Nopcsa (1926)
noted that the material of E. neumayri may belong to Kal-
lokibotion, but did not provide any explanation for that
assignment. We largely confirm Nopcsa’s suggestion in that
most of the turtle plates from Muthmannsdorf belong to a
Kallokibotion-like taxon, including the ones figured by
Seeley (1881), and we consider E. neumayri an invalid
name. Seeley (1881) differentiated other species of Emys
mainly on the basis of their smaller size. Although we have
not been able to locate those specimens, based on our
current understanding of the Gosau Group turtle fauna it is
likely that most of Seeley’s (1881) small ‘‘Emys’’ specimens
were small-sized, presumably subadult, Kallokibotion-like
individuals and that the remainder belonged to Dortokidae.
Thenius (1962) also reported questionable Kallokibotion
remains from Grünbach am Schneeberg but we have not
been able to study these specimens.

Turtles from Various Formations
(Maastrichtian) in Romania

Pleurodira Cope 1864
Megapleurodira Gaffney et al. 2006
Dortokidae de Lapparent de Broin and Murelaga 1996
Dortokidae gen. et sp. nov.
(Fig. 19.8)

Synonym: Muehlbachia nopcsai nomen invalidum:
Vremir and Codrea (2009, pp. 122–124); Vremir (2010,
pp. 648–649), Figs. 12, 13.

Referred specimens: EME VP-102/a, incomplete plas-
tron (left hyo-hypoplastron and incomplete right xiphipl-
astron) and associated carapace fragments; EME VP-102/b,
left hyoplastron and incomplete right hyoplastron; EME
VP-103, left costal 1; EME VP-104, right costal 8; EME
OdA-51, left costal 1; EME OdA-52, right hyoplastron;
EME OdA-53, neural 5; UBB ODA N-2, right costals
1 ? 2; UBB ODA N-6, right hyoplastron; UBB OdA-63,
incomplete left xiphiplastron of a juvenile; UBB OdA-64,
left epiplastron; OdA-65, entoplastron; UBB OdA-66, right
peripheral 11; UBB Oda-73, right peripheral 2; UBB OdA-
75, right costal 3 or 4; EME P-7, left costal 6; EME VP-108,
incomplete left costal 1; EME VP-109, plastral fragment;
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EME VP-110, posterolateral peripheral; EME VP-111 and
112, disarticulated plastral fragments; EME OdA-54,
peripheral; EME Tc-5, incomplete entoplastron with
sutured hyoplastral fragment; EME Tc-6, costal fragment;
EME P-8, right hyoplastron of a subadult; UBB ODA N-10,
11, and 58-61, peripherals; UBB ODA N-16, pygal; UBB
OdA-57, 70-72, and 74, costal fragments; UBB OdA-76,
left hyoplastron of a large morphotype; UBB OdA-56,
?phalange; LPB (FGGUB) R.2230, left hyoplastron; LPB
(FGGUB) R.1960/a, b, d, left hypoplastron, peripheral, and
indeterminate plastral fragment; LPB (FGGUB) unnum-
bered, articulated carapace, plastron, scapulae, and pelvis;
LPB (FGGUB) field no. 3/1998/1-3, peripheral, fused
peripherals, and left xiphiplastron; LPB (FGGUB) field no.
08/2/1-2, left hyoplastron and left xiphiplastron; LPB
(FGGUB) R.1440, pubis and ischium; LPB (FGGUB)
R.1476, ilium; LPB (FGGUB) R.1749, ilium; LPB
(FGGUB) R.1470, humerus; LPB (FGGUB) R.1477, cer-
vical vertebrae.

Occurrence: Limited to Maastrichtian deposits in the
Transylvanian and Hat�eg basins of Romania (Tables 19.2,
19.4). Transylvanian Basin, Alba District: Vurpăr, bluish-
spotted and red calcareous paleosol (overbank facies) in
lower part of ‘‘S�ard’’ Formation, late early Maastrichtian;
Oarda de Jos, brownish grey and silty claystones (fluvial
and paludal facies) in lower part of ‘‘Sebes�’’ Formation,
early? Maastrichtian; Cuptorului Hill, red calcareous
paleosol in lower part of ‘‘S�ard’’ Formation, late early
Maastrichtian; and Teleac, cross-laminated and reddish grey
sandstones in middle part of ‘‘Sebes�’’ Formation, late?
Maastrichtian. Hat�eg Basin, Hunedoara District: Pui, dark
red paleosoils (overbank facies) in ?Sinpetru Formation,
Maastrichtian; Sinpetru, sandy and micro-conglomeratic
channel fill in Sinpetru Formation, early Maastrichtian; and
Tust�ea, red silty claystone (paleosoil) in middle member of
Densus�-Ciula Formation, Maastrichtian.

Description and comparison: The basic shell ornament
in Dortokidae gen. et sp. nov. is micro-reticulate, consisting
of the fine and longitudinal ridges typical for Dortokidae
(de Lapparent de Broin and Murelaga 1999). However,
the ornament in Dortokidae gen. et sp. nov. (Fig. 19.8l)
is better developed and more closely resembles that of
Dortoka than Ronella. Also, as in Dortoka, sharp, closely

spaced, and more or less parallel crests complete the
ornament on the neurals and costals, spanning the proximal
third (anteriorly) or half (posteriorly) of those plates.
Minute pits, possibly related to fungal infections (see
Rothschild et al. 2012) are sometimes present on plastral
elements and costals.

Pleural 1 (Fig. 19.8b) has the same length as or is
shorter than the corresponding element in Dortoka, but it
is longer than in Ronella. Pleural 1 further resembles
Dotoka in that it does not reach or only slightly overlaps
costal 2 proximally. Pleural 2 is enlarged posterolaterally,
like in Dortoka, and reaches the anterolateral border of
costal 5. Dortokidae gen. et sp. nov. has a strong axillary
process, like in Dortoka, and it covers between one-third
(Fig. 19.8a) to one-half of costal 1. This variability prob-
ably is due to sexual dimorphism; in many extant turtles,
the extent of the axillary process is related to the degree of
shell elevation, with males having a concave plastron and
more convex and, consequently, higher carapace, versus
females having a flatter plastron and a lower carapace. As
in Ronella, the axillary process clearly did not reach the
second thoracic rib (Fig. 19.8a). The nuchal plate is wider
and slightly shorter than in Dortoka, but similar to that of
Ronella. Vertebral 1 is Dortoka-like, being narrow poste-
riorly and not overlapping the lateroposterior corners of
the nuchal. As in Ronella, neurals 1 and 2 are elongate and
rectangular or oval in outline, whereas the mid-neurals
(particularly neural 5; Fig. 19.8c, d) are elongate, hexag-
onal, and posteriorly tapered, with long posterolateral
sides. The wide and triangular iliac scar on the underside
of costal 8 is anteriorly enlarged, extends close to or
contacts costal 7 (as in Ronella), is excluded from the
peripheral (as in Dortoka), but is slightly prolonged onto
the suprapygal. The pygal is small and ranges in outline
from rectangular to square; it is similar to the pygal of
Ronella, but is much shorter than the elongate, trapezoidal
pygal typical of Dortoka.

Dortokidae gen. et sp. nov. has a long and narrow
plastron. The anterior plastral lobe resembles that of
Dortoka in being longer than in Ronella (Fig. 19.8h, i). The
pectorals medially overlap the entoplastron and may extend
even farther to reach the entoplastral point (Fig. 19.8j); as in
Ronella, the pectorals also expand anterolaterally onto the

Fig. 19.8 Examples of Dortokidae gen. et sp. nov. (Pleurodira) shell
elements from two localities and formations in the Transylvanian
Basin, Romania: Oarda de Jos (a–j) in the ‘‘Sebes�’’ Formation, early?
Maastrichtian, and Vurpăr (k and l) in the ‘‘S�ard’’ Formation, late early
Maastrichtian. a, b Fused right costals 1 ? 2 (UBB ODA N-2) in
a visceral view with thin, solid, white lines indicating both attachment
scar and suture between first and second costals, and b dorsal view
showing pleural 1 extending slightly extending onto costal 2 and with
scute sulci indicated by dotted, white lines; c, d neural 5 (EME OdA-
53) in c visceral view and d dorsal view; e, f right costal 3 or 4 (UBB

OdA-75) in e dorsal view and f visceral view; g left hyoplastron of a
large morphotype (UBB OdA-76) in visceral view; h, i right
hyoplastron (UBB ODA N-6) in h ventral view and i visceral view;
j entoplastron (OdA-65) in visceral view; k incomplete plastron (part
of EME VP-102/a), consisting of left hyo-hypoplastron and incom-
plete right xiphiplastron, in visceral view; l magnified view showing
micro-reticulate ornament on external shell surface. Abbreviations:
axsc axillary scar, cos1 costal 1, cos2 costal 2, pl1 pleural 1, pl2
pleural 2, v1 vertebral 1. Images at different magnifications; all scale
bars equal 1 cm

b

19 Late Cretaceous Turtles of Eastern Europe 325



hyoplastron. The outline of the entoplastron (Fig. 19.8j) is
similar to Dortoka in being more elongate and rhomboidal
than in Ronella. Compared to Ronella, however, the loca-
tion of the humero-pectoral suture is slightly more derived
in being situated in the mid-section of the plate. A short and
oval pubic scar lies exclusively on the xiphiplastron; this
differs from the condition in Dortoka, in which the pubic
scar extends anteriorly onto the hypoplastron. The femoro-
anal suture lies across the anterior half of the xiphiplastron,
as in Ronella. The xiphiplastron is narrow, with parallel
margins in its posterior half and has a wide anal notch.

Remarks: Although the name ‘‘Muehlbachia nopcsai’’
has been proposed (Vremir and Codrea 2009) for this new
dortokid genus and species, that name cannot be used
because it appeared in a conference abstract volume that
does not satisfy the ICZN requirements. The same name
also appeared in a paper by Vremir (2010). This new taxon
will be properly named and described elsewhere.

The presence of a dortokid-like taxon in Transylvania
(Romania) was first recorded from the lower Maastrichtian
vertebrate locality of Vurpăr (Vremir 2004). Rare, but better
preserved specimens subsequently were recognized from
several other lower Maastrichtian localities in the Alba Iulia
and Sebes� regions (e.g., Oarda de Jos and Teleac) of the
Transylvanian Basin and from Pui, Sinpetru, and Tustea
localities in the Hat�eg Basin. This small-sized pleurodire
clearely pertains to a new dortokid taxon characterized by a
mixture of endo and exoskeletal features that are reminis-
cent of both the Late Cretaceous (Campanian–Maastrichtian)
southwestern European genus Dortoka and the latest
Paleocene (Thanetian) Romanian genus Ronella, but differs
from these genera and from older dortokid material reported
above from the Santonian of Hungary and the early
Campanian of Austria.

The phylogenetic position of Dortokidae gen. et sp. nov.
is unclear at the moment, because it shows a transitional
morphology between Dortoka and Ronella. It seems that in
the Late Cretaceous of Romania, Hungary, and Austria a
separate dortokid lineage was present compared to Western
Europe. Whether Ronella is directly descended from this
eastern Central European lineage is ambiguous at the
moment. According to de Lapparent de Broin et al. (2004),
and based on certain more primitive characters observed in
Ronella compared to Dortoka, they appear to represent two
different lineages that may have separated as early as the
latest Jurassic or Early Cretaceous. Dortokidae gen. et sp.
nov. shows a mosaic of primitive and more derived char-
acters found in both Dortoka and Ronella, pointing to a
more complex evolutionary history for the family. A series
of characters observed in the Santonian Dortokidae speci-
mens from Iharkút also suggest a mosaic evolution and
raises the possibility that certain features that have been
considered diagnostic at the generic level for dortokids

might instead be expressions of individual or intraspecific
variation. Further study and comparison with other Euro-
pean dortokids is needed to help answer to these questions.

Cryptodira Cope 1868
Kallokibotioninae Nopcsa 1923b
Kallokibotion Nopcsa 1923a

Type species: Kallokibotion bajazidi (Nopcsa 1923a).
Occurrence: Within Romania, limited to Maastrichtian

deposits in the Hat�eg, Rusca Montană, and Transylvanian
basins (Tables 19.2, 19.3, 19.4). Hat�eg Basin, Hunedoara
District: Pui, red and occasional calcareous paleosols (overbank
facies) in the ?Sinpetru Formation, Maastrichtian; Unciuc,
Totesti, and Vadu, all in Sinpetru Formation, late early Maas-
trichtian; Ciula Mare and Ciula Mică, both in middle member of
Dens�us-Ciula Formation, early Maastrichtian; Vălioara, allu-
vial silty claystone and reddish paleosol in middle member of
Dens�us-Ciula Formation, early-?late Maastrichtian; and Boit�a,
Tus�tea, and Livezile, all in middle member of Dens�us-Ciula
Formation, Maastrichtian. Rusca Montană Basin, Caras�-Sev-
erin County: Negoiu, Lunca Cernii de Jos, in Rusca Montană
Formation, Maastrichtian. Transylvanian Basin, Alba District:
Vurpăr, Stăuini, and Cuptorului Hill, all in red calcareous pa-
leosols in lower part of ‘‘S�ard’’ Formation, early-?late Maas-
trichtian; Oarda de Jos, Lancrăm, and Secas� Valley, mix of
alluvial siltstones, sandstones, and micro-conglomerates in
lower part of ‘‘Sebes�’’ Formation, early-?late Maastrichtian;
Sebes� Glod, Sebes� area, red and occasional calcareous
paleosoils in lower section of ‘‘Sebes�’’ Formation, late early
Maastrichtian; Teleac, Fet�ei Hill, Râpa Lancrăm, and Râpa
Ros�ie, all in Sebes� area, mostly cross-laminated, reddish grey
sandstones and micro-conglomerates, occasional brownish red
claystones, middle and upper parts of ‘‘Sebes�’’ Formation, late
(probably including latest) Maastrichtian.

Diagnosis: See Gaffney and Meylan (1992, p. 3).

Kallokibotion bajazidi (Nopcsa 1923a)
(Fig. 19.9)

Synonymies: Kallokibotion bajazidi: Nopcsa 1923b, p. 104;
Grigorescu 1983, p. 41; Groza 1983, p. 55, pl. 6, Figs. 4, 5;
Gaffney and Meylan 1992, pp. 3–5, Table 1, Figs. 1–32; Codrea
and Vremir 1997, pp. 233, 236, Fig. 2 a–c, pl. I, Figs. 1–3;
Vremir 2004, p. 148. Kallokibotium bajazidi: Nopcsa 1923b,
p. 12, Figs. 1, 2, pl. I, Figs. 1–30, pl. II, Figs. 1–6, pl. III,
Figs. 1–3, 5–7, 9, 10, 12, pl. IV, Fig. 1; Szalai 1934, p. 103;
Jianu et al. 1997, p. 222. Kallokibotium magnificum: Nopcsa
1923b, p. 14, Figs. 3, 4, pl. IV, Fig. 2. Pleurosternon sp.:
Młynarski 1966, p. 242, pl. XV, Fig. 2. Kallokibotion aff.
bajazidi: Młynarski 1966, p. 243, pl. XV, Fig. 3.

Lectotype: Nopcsa (1923a, b) did not designate a
holotype. A lectotype was designated by Gaffney and
Meylan (1992, p. 3): BMNH R4916, consisting of most of
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the carapace, the posterior lobe of the plastron, pelvis, and a
caudal vertebra (Gaffney and Meylan 1992, Figs. 23, 24).

Holotype unit, locality and age: Sinpetru Formation;
Sinpetru, Sibisel Valley, Hat�eg Basin, Hunedora District,
Romania; early Maastrichtian in age.

Referred specimens: Over 300 specimens, ranging from
isolated bones to more or less complete and articulated
skeletons, from 22 Maastrichtian localities in Romania,
housed in collections of the BMNH (includes type and
referred specimens published by Nopcsa (1923b) and
Gaffney and Meylan (1992), EME, LPB (FGGUB), MÁFI,
MCDRD, MTCO, and UBB. Most of the specimens have
not been published or studied in detail; a comprehensive
inventory and evaluation of those specimens is in progress
(Rabi and Vremir, in preparation). Characters discussed in
our preliminary account here are based on the following
subset of specimens: UBB-V437, carapace (Fig. 19.9a, b);
UBB-V16 (RR36), right hypoplastron; UBB-TOT 1/1,
plastron (Fig. 19.9c, d); EME OdA-50, costals; UBB-TOT
1/8-10, anterior costals (Fig. 19.9e); EME-1232, posterior
part of carapace and plastron with articulated hindlimbs
(Fig. 19.9h, i); LPB (FGGUB) R.2086, associated carapace
and plastron; LPB (FGGUB) R.1081, incomplete carapace;
LPB (FGGUB) R.1079, incomplete carapace; LPB
(FGGUB) R.1465, articulated carapace and plastron, cra-
nium, vertebrae, forelimbs, and an incomplete hindlimb;
LPB (FGGUB) unnumbered, articulated carapace, plastron,
and limbs; and BMNH type specimens published by Nopcsa
(1923b) and Gaffney and Meylan (1992).

Occurrence: Same as for genus (see generic account,
above).

Diagnosis: Same as for genus (see Gaffney and Meylan
1992, p. 3).

Description and comparison: Kallokibotion bajazidi is
characterised by a large, rather wide, and rounded carapace.
It has a wide and well-developed pentagonal nuchal, which
narrows through its anterior third (Fig. 19.9a, b). By con-
trast, the nuchal in BMNH R4919 was depicted by Gaffney
and Meylan (1992 ) (Figs. 21, 22) as small and rectangular.
Our observations based on LPB (FGGUB) specimens
R.1465 and R.2086, however, indicate that the nuchal was a
wide plate and that it lies immediately behind a small,
rectangular plate virtually identical to what Gaffney and
Meylan (1992) identified as the ‘‘nuchal’’; we interpret this
smaller plate as a subdivided neural. K. bajazidi has eight

variably elongated neurals (neurals 5–7 are wide and hex-
agonal, whereas neural 8 is pentagonal), two suprapygals, a
widened hexagonal pygal, eight pairs of costals, and eleven
pairs of peripherals that are slightly overlapped by pleural
scutes. The hexagonal vertebral scutes are relatively wide
and cover up to the medial two-thirds of the underlying
costals. The pleurals are progressively reduced in size
posteriorly along the carapace (Fig. 19.9a, b, e). The basic
shell ornament consists of fine (less than 1 mm across)
vermiculate and tuberculate protrusions that are evenly
distributed across the surface (Fig. 19.9f, g). Plastral ele-
ments are usually decorated with closely-spaced, minute
pits. The scute sulci usually are wide and deep, particularly
on the peripherals, and become more pronounced with
increased body size.

The plastron usually is elongate and oval in outline, with
strong and widened articular buttresses. The mesoplastra
have a widened and triangular shape, contact the lateral
two-thirds of the hyo- and hypoplastral sutures, but are not
connected to one another across the midline. The anterior
lobe of the plastron is half the length of the posterior lobe,
and consists of short epiplastra and a relatively small,
rounded entoplastron. The posterior lobe of the plastron is
elongate, slightly tapered posteriorly, and has relatively
long xiphiplastra (Fig. 19.9c, d, h, i). The plastron of K.
‘‘magnificum’’ (e.g., BMNH R4930) resembles the above-
described plastral morphology in being elongate, in having
a short anterior lobe and a relatively longer posterior lobe,
and in having sharply narrowed xiphiplastra, but it differs in
having mesoplastra that are rectangular in outline and
contact one another axially, even in large specimens.

We recognize a third plastral morphotype for Kallo-
kibotion that differs substantially from both K. bajazidi and
K. ‘‘magnificum’’ in having a rounded and extremely wide
plastron, the anterior and posterior lobes approximately
equal in length, and sharply narrowed xiphiplastra. The
mesoplastra may be rectangular or trapezoidal, but always
contact one another axially. Based on some recently col-
lected specimens, it is obvious that such morphological
differences (particularly on the plastron) cannot be
explained by sexual dimorphism or by ontogenetic change.
Most of the medium-sized, elongate specimens belonging to
the K. bajazidi and K. ‘‘magnificum’’ morphs originate from
alluvial channel fills and, especially, overbank sediments.
The large-sized, wider, and rounded plastral morph,

Fig. 19.9 Examples of Kallokibotion bajazidi (Nopcsa 1923a)
(Cryptodira) postcranial remains from the Sinpetru Formation, Hat�eg
Basin, Romania. a, b Carapace (UBB-V437) from Sinpetru, early
Maastrichitian: a photograph and b interpretative drawing, both in
dorsal view; c, d plastron (UBB-TOT 1/1) from Totesti, late early
Maastrichtian: c ventral view and d visceral view; e left costals 1–3
and right costal 1 (UBB-TOT 1/8-10) from Totesti, late early

Maastrichtian, in dorsal view; f, g magnified views of shell showing
tuberculate external ornament characteristic for Kallokibotion; h,
i posterior part of shell with associated hind limbs (EME-1232) from
Sinpetru, late early Maastrichtian: h photograph and i interpretative
drawing, both in ventral view. Images at different magnifications; scale
bars equal 5 cm for a–e, h and i and 1 cm for f and g

b
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however, is more common in fluvial and paludal sediments.
The possibility that these may be ecomorphotypes is
intriguing, but this cannot be answered until a comprehen-
sive re-evaluation of all available fossil material is done.

Remarks: Kallokibotion was a medium to large sized
(shell length up to 60 cm), semi-aquatic to terrestrial turtle.
It is the most widespread and best documented turtle in the
Maastrichtian of Romania, because it is known by abundant
specimens from numerous localities and stratigraphic units
in the Hat�eg, Rusca Montană, and Transylvanian basins.
Outside of Romania, Kallokibotion or Kallokibotion-like
taxa are reliably known only from the Santonian Csehbánya
Formation in Hungary and the Campanian Gosau Group in
Austria (Nopcsa 1926; Thenius 1962; Gemel and Rauscher
2000; Sachs and Hornung 2006; this study). Based on this
regionally-limited distribution, Kallokibotion can be con-
sidered an endemic component of Late Cretaceous terres-
trial vertebrate faunas in eastern Central Europe.

In his second contribution on Kallokibotion, Nopcsa
(1923b) distinguished two species: K. bajazidi and K.
magnificum. According to Nopcsa (1923b), the latter differs
from the type species by its smaller and narrower nuchal,
narrower vertebral scutes, rather short intergulars, and
mesoplastra contacting across the midline. Gaffney and
Meylan (1992) argued that such differences (if they even
really exist) are better considered as intraspecific variations
and, for that reason, they considered K. magnificum to be a
junior synonym of K. bajazidi. Their intepretations, how-
ever, were based only on specimens at the BMNH.
Although those specimens included most of the ones that
Nopcsa (1923a, b) used in his papers, the specimens are
dissociated and most of them are poorly preserved (or not
properly prepared)—particularly the exoskeletal parts—
therefore important features remained hidden. In such cir-
cumstances, it is difficult to observe the supposed differ-
ences between the two species, even on the type material.
For those reasons, we suggest that the status of K. ‘‘mag-
nificum’’ deserves further consideration. Fortunately, artic-
ulated and well-preserved specimens have recently been
collected from the Hat�eg Basin (Totes�ti, Nălat�-Vad,
Sinpetru, and Pui). These new specimens show additional
morphologic details that will be critical for reassessing the
specific status of K. ‘‘magnificum’’ and the possibility that
several ecomorphs were present in the Maastrichtian of
Romania.

Kallokibotion has long been regarded as a primitive
turtle, but its precise relationships remain contentious. In
the original descriptions, Nopcsa (1923a, b) classified
Kallokibotion within the ‘‘Amphichelydia’’, which was a
name used by earlier workers for primitive turtles. More
recent studies have regarded Kallokibotion as the sister-
taxon of all other Selmacryptodira (Gaffney and Meylan
1992; Gaffney et al. 2007 and references therein), placed it

in a clade with Tretosternon as the sister taxon of Para-
cryptodira ? Eucryptodira (Hirayama et al. 2000), or
placed it on the stem leading to the Cryptodira-Pleurodira
dichotomy [Joyce (2007); this arrangement influenced Sterli
(2008) and Anquetin et al. (2009)]. Kallokibotion shares
only plesiomorphic characters with other primitive taxa,
such as Mongolochelys, Meiolaniidae, Pleurosternidae, and
Solemydidae—consequently, its relationships with those
taxa and with more derived turtles are challenging to
resolve. The only real agreement among contemporary
workers is that Kallokibotion is a Late Cretaceous relic and
the last surviving member of a lineage that likely dates back
to the Jurassic. Preparation and detailed study of the above-
mentioned new Kallokibotion specimens may help shed
new light on the relationships and evolutionary history of
the genus.

Discussion

Paleobiogeography of Eastern Central
European Turtle Faunas

Turtle faunas of eastern Central Europe and Western Eur-
ope during the Late Cretaceous are partly similar, but some
degree of biogeographical separation is apparent between
them (Fig. 19.10). Noteworthy is that solemydids and the
‘‘chelydroid-like’’ forms (sensu de Lapparent de Broin
2001) are absent from eastern Central Europe (de Lapparent
de Broin and Murelaga 1999). The composition of the Late
Cretaceous turtle faunas of Austria, Hungary, and Romania
is a mixture of Gondwanan descendants (Bothremydidae: de
Lapparent de Broin 2000; Rabi et al. in preparation) and
survivors from the Early Cretaceous of Europe (Dortokidae:
de Lapparent de Broin et al. 2004). The geographic origin
for the other main taxon, Kallokibotion, is uncertain due to
its disputed phylogenetical relationships (e.g., Gaffney and
Meylan 1992; Hirayama et al. 2000; Joyce 2007).

Bothremydidae are considered to be the most diverse
turtle family in the Late Cretaceous of Europe. They are
best known from the early Campanian to late Maastrichtrian
of Portugal, Spain, and France, where the family is repre-
sented by the subtribe Foxemydina (including Polysternon
provinciale, P. atlanticum, Foxemys mechinorum, Elochelys
perfecta, and E. convenarum) and the Bothremydina
(including Rosasia soutoi) (Nopcsa 1931; Antunes and
Broin 1988; de Lapparent de Broin and Murelaga 1996,
1999; Tong et al. 1998; Tong and Gaffney 2000; Laurent
et al. 2002; Company 2004; Gaffney et al. 2006; Pérez-
García et al. 2010). The only bothremydid currently known
from eastern Central Europe is an inderterminate species of
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Foxemys, which is represented by skeletal remains from
the Csehbánya Formation of Hungary. The presence of this
genus in the Santonian of Hungary indicates a Late
Cretaceous radiation of Gondwanan tetrapods into eastern
Central Europe, similar to the event demonstrated in
Western Europe on the basis of hybodont sharks, simo-
liophid snakes, charcharodontosaurid theropod dinosaurs
and, possibly, ziphodont crocodiles during the Cenomanian
in France (Vullo et al. 2005, 2007). The Foxemydina are
endemic to Europe (Gaffney et al. 2006) and they probably
evolved from more primitive, as yet undiscovered,
European ancestors that had an African origin. The time of
dispersal from Africa into Europe cannot be precisely given,
but it could have occurred between the Cenomanian and the
Santonian based on an unpublished cladogram by two of us
(MR and HT). Related to the recognition of these ghost
lineages is that dispersal routes for European bothremydids
also remain unclear. The presence of Foxemys during the

Santonian in Hungary implies that migration from Africa
was not only possible via Ibero-Armorica, but also via the
more eastern Apulian micro-continent. An east to west
dispersal of Foxemys within Europe, from Hungary to
France and Spain, is most consistent with currently known
occurrences. The Hungarian occurrence (Santonian)
pre-dates the oldest Western European occurrences
(late Campanian–early Maastrichtian) for Foxemys and
the oldest Late Cretaceous (Cenomanian) turtle fauna of
Ibero-Armorica lacks bothremydids (Vullo et al. 2010).
However, we caution that this hypothesis cannot be
confirmed because nothing is known of non-marine turtle
faunas in Western Europe between the Cenomanian and
Campanian.

The primitive pleurodiran family Dortokidae was first
identified from the late Campanian–early Maastrichtian of
Spain and France, where it is represented by Dortoka vas-
conica (de Lapparent de Broin and Murelaga 1996, 1999);

Fig. 19.10 Paleobiogeographic distribution of Late Cretaceous non-
marine turtle families in Europe and North Africa. For symbols, shape
denotes family and color denotes geological age (see explanatory
legend below map) and Arabic numeral corresponds to locality(ies), as
follows: 1 Iharkút, Hungary (this paper); 2 Muthmannsdorf, Austria
(this paper); 3 multiple localities in Hat�eg and Transylvanian basins,
Romania (this paper); 4 Aix-en Provence, Fox-Amphoux, Fuveau,
Villeveyrac, and Massecaps in southern France (Buffetaut et al. 1996;
de Lapparent de Broin and Murelaga 1999; Buffetaut 2005; Gaffney

et al. 2006); 5 Cassagnou, France (Laurent et al. 2002); 6 Charentes,
France (Vullo et al. 2010); 7 Laño, Spain (de Lapparent de Broin and
Murelaga 1999); 8 Lo Hueco, Spain (Garcia et al. 2009, 2010); 9
Chera, Spain (Company 2004); 10 Aveiro, Portugal (Gaffney et al.
2006); 11 Erfoud, Morocco (Gaffney et al. 2006); 12 Ammonite Hills,
Egypt (de Lapparent de Broin and Werner 1998); 13 Ein Yarburd and
Jerusalem, Israel (Gaffney et al. 2006); 14 El-Huseiniyah, Jordan
(Zalmout et al. 2005)
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since then, the family also has been reported from the
Barremian of Spain and the Maastrichtian-Paleocene of
Romania (de Lapparent de Broin et al. 2004; Vremir and
Codrea 2009). Indeterminate dortokid specimens reported
here from the Santonian Csehbánya Formation and the
Campanian Grünbach Formation apparently are closely
related to the Romanian Maastrichtian Dortokidae gen. et
sp. nov. and, collectively, they represent a separate lineage
compared to dortokids from Western Europe. Clarification
of the relationships of this lineage with the Romanian
Paleocene Ronella and an exploration of the paleobiogeo-
graphical implications will be presented elsewhere (Vremir
and Rabi, in preparation).

Kallokibotion originally was considered endemic to the
Maastrichtian of Transylvania but further study and mate-
rial from the Csehbánya Formation (Santonian) of Hungary
and the Gosau Group (Campanian) of Austria indicate that
the genus was somewhat more widely distributed in the
region (see also Nopcsa 1926; Thenius 1962). However,
other records of possibly related forms from the Paleocene
of France (Gaffney and Meylan 1992) and the Maastrichtian
of Russia (Averianov and Yarkov 2004) cannot be assigned
to Kallokibotion. Primitive cryptodires are also known from
France and Spain, where they are represented by Solemys
vermiculata and S. gaudryi (de Lapparent de Broin and
Murelaga 1996, 1999; Company 2004; Buffetaut 2005;
Marmi et al. 2009; Tortosa et al. 2009). However, Solemys
(based on its shell) is not closely related to Kallokibotion,
because no derived characters unite the two genera. Their
only shared features are plesimorphic at the level of Para-
cryptodira; e.g., presence of a mesoplastron, presence of
inframarginals, paired intergulars, and loss of dorsal process
of epiplastron (de Lapparent de Broin and Murelaga 1999).

Presence/Absence and Relative Abundances
of Turtle Taxa

Interesting patterns can be observed in the presence/absence
and relative abundances of turtle taxa in the Upper Creta-
ceous formations of central Eastern Europe. In the Iharkút
outcrop of the Hungarian Csehbánya Formation, bothre-
mydid (Foxemys sp.) fossils are among the most
abundant vertebrate fossils and this taxon is by far the most
abundant among turtles. The skeletal elements of Foxemys
sp. also are well preserved, whereas dortokid specimens are
rarer and are only represented by shell or girdle elements.
Kallokibotion-like turtles are even rarer, being known by
only a few shell elements. For the Muthmannsdorf material
from Austria (Grünbach Formation), the Kallokibotion-like

form is dominant, dortokids are much less common, and
bothremydids are absent. In the Hat�eg Basin of Romania
most of the specimens belong to Kallokibotion, whereas
dotokids are the dominant turtle in the Sebes�-Alba region;
bothremydids seem to be completely absent from both areas.

The reasons for the differences in the presence/absence
and relative abundances of the three turtle taxa may be at
least partially due to paleoecological factors, however,
paleobiogeography also needs has to be taken into account.
One paleoecological factor that can be expected to have
exerted a major influence on turtles in the region is the
variety of depositional environments. These varied from the
complex fluvial system of the Csehbánya Formation
(Hungary), to oxbow lakes, coastal ponds, and swampy
lowlands of the Grünbach Formation (Austria), to flood-
plain, fluvial, and marshy habitats of the various Romanian
formations (Kvaček and Herman 2004; Therrien 2005;

Herman and Kvaček 2007; }Osi and Mindszenty 2009).
Facies-dependent distributions of fossil turtles are not
unique to the Late Cretaceous of Europe; it has been
demonstrated elsewhere, for example, in the Maastrichtian
of North Dakota (Lyson and Joyce 2009). The two turtle
taxa known from the Maastrichtian of Romania never co-
occur in the same layer, even when they are both present at
the same outcrop: Kallokibotion is linked to seasonally
terrestrial paleoenvironments (overbank facies and paleosoil
horizons), whereas Dortokidae gen. et sp. nov. is linked to
lacustrine and paludal facies. Bothremydids are considered
to be more aquatic (de Lapparent de Broin and Murelaga
1999; Gaffney et al. 2006); consequently, their dominance
in the channel deposits of the Csehbánya Formation is not
surprising.

Although the facies-dependence of turtle taxa in Late
Cretaceous localities in eastern Central Europe is poorly
understood and not always consistent, roughly contempo-
raneous localities in Western Europe also indicate the
influence of paleoenvironment on the changing relative
abundances of turtle families. At Laño (Spain) the relative
abundance of turtle taxa varies among different beds, which,
in turn, correspond to certain paleoenvironments within the
same site and formation (de Lapparent de Broin and
Murelaga 1999). In floodplain deposits cropping out at
Massecaps (Cruzy, Hérault, France), Foxemys is by far the
most common turtle and the most abundant vertebrate,
whereas Solemys is less common (Buffetaut et al. 1999; de
Lapparent de Broin and Murelaga 1999; Buffetaut 2005;
Gaffney et al. 2006). In the dark clays formed in estuarine to
lagoonal environments at Villeveyrac (Hérault, France)
Polysternon provinciale has a much better preservation,
including complete shells and skulls, compared to the
sympatric Solemys, which is represented by shell elements
only (Buffetaut et al. 1996). Company (2004) has shown
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that in two stratigraphically equivalent horizons at Chera
(Valencia, Spain) the paludal beds contain large numbers of
bothremydids, few dortokids and even fewer solemydids,
whereas in the more terrestrial beds solemydids are the most
common turtle (though turtles generally are rare in the latter
beds). In eastern Central Europe, the dominance of Kallo-
kibotion-like turtles in the swampy and lacustrine facies of
the Campanian Grünbach Formation and their co-occur-
rence there with dortokids contrasts with the pattern in the
Maastrichtian of Romania where the two taxa occur in
different facies; thus, at least for those two groups, the
picture appears more complex.

The potential role of biogeographical factors and time in
the distribution of turtles during the Late Cretaceous in
eastern Central Europe cannot be dismissed. For example,
the absence of post-Santonian bothremydids in the region is
puzzling, considering that they were present there during
the Santonian and were present in Western Europe during
the Campanian and Maastrichtian. Bothremydids may never
have colonized the areas of present day Romania and
Austria or they may have gone extinct in those areas before
the Campanian.

Paleoecology

Differences summarized above in the relative abundances of
turtle taxa found in localities representing different paleo-
environments indicate that the taxa filled three separate
ecological roles. The dominance of Foxemys in channel
deposits indicates that it was able to inhabit deep and
strongly flowing rivers, in addition to other aquatic envi-
ronments. This is consistent with its large size, flat shell,
and limb bones, features that are similar to extant
Podocnemis which are also good swimmers. Dortokids are
more common in deposits accumulated under lower
hydrodynamic conditions, such as ponds, slow-flowing
creeks, swamps, and oxbow lakes on the floodplain area.
Such preferred habitats are consistent with their smaller
size, because among extant aquatic turtles those with
smaller bodies tend to prefer quieter water bodies. Kallo-
kibotion is most common in paleosoils and its articulated
skeletons also occur in those rocks; those occurrences
suggest it could have led a more terrestrial lifestyle,
although that does not necessarily mean that it was not
partly aquatic. Apparently it lived alongside rivers and on
more elevated ground, but it could have also found habitats
in shallow pools and ponds, probably on the bottom because
it could not have been a strong swimmer. That Kallokibo-
tion was better adapted for a semi-terrestrial lifestyle is
indicated by its high and domed shell, dorosoventrally

expanded skull, the wide angle formed by the scapular and
acromial processes (Depecker et al. 2006), and the strongly
bent diaphysis of the femur. Undescribed material from the
Hat�eg Basin reveals that Kallokibotion had more slender
and elongate unguals than primitive terrestrial taxa such as
Meiolania and Proganochelys (Gaffney 1990; Joyce and
Gauthier 2004; Scheyer and Sander 2007; Rabi and Vremir,
in preparation); at presence, the significance of this differ-
ence for interpreting the lifestyle of Kallokibotion is
unclear. de Lapparent de Borin and Murelaga (1999)
inferred a similar ecological separation for the Laño turtle
fauna (and consequently for other western European faunas)
where the role of Kallokibotion could have been occupied
by Solemys. A semi-terrestrial lifestyle for Solemys also is
supported by taphonomical data (e.g., Marmi et al. 2009;
although those authors used the term ‘semi-aquatic’, in our
opinion that means the same as semi-terrestrial).

Concerning their feeding strategies, Foxemys with its
very wide triturating surface, could have led a durophagous
lifestyle, similar to other closely related bothremyidids
(Gaffney et al. 2006). Dortokids are as yet unknown in this
respect, because their skulls have not been discovered. The
narrow triturating surface of Kallokibotion (Gaffney and
Meylan 1992, Rabi and Vremir, in preparation) suggests an
omnivorous or herbivorous diet, which would be consistent
with its inferred semi-terrestrial lifestyle.

Predation on turtles has not been unequivocally dem-
onstrated in any of the localities, but based on overall faunal
composition (i.e., presence of both turtles and their potential
predators), Iharkút and some Transylvanian localities (e.g.,
Sinpetru, Vurpâr, and Oarda de Jos) seem the most likely
sites where evidence of predation could be expected. In
such assembleges Foxemys (Iharkút only) and/or dortokids
could have been potential prey for generalist aquatic croc-
odiles (e.g., Allodaposuchus; Nopcsa 1928; Delfino et al.
2008) or even for the large-bodied, freshwater, riverine
mosasaurs of Iharkút (Makádi 2005).

Summary

Since Nopcsa’s time, our knowledge of the historically less
intensively studied Late Cretaceous turtle faunas of eastern
Central Europe has increased over the past 15 years thanks
to recent discoveries and revision of older collections. As
for Western European faunas, the diversity appears to be
low at the family level and the faunas consist of groups
endemic to Europe. Future work may be able to demonstrate
higher diversity at lower taxonomic levels (i.e., genus and
species) in the study areas. Compared to France and Spain,
the eastern Central European localities cover a relatively
longer time interval ranging from the Santonian to the late
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Maastrichtian; nevertheless no significant changes can be
detected in their composition. With its Santonian age, the
Hungarian Csehbánya Formation provides an exceptional
insight into a virtually unknown interval of turtle diversity
in Europe.

In the Late Cretaceous of eastern Central Europe, pleu-
rodires are represented by two extinct groups: (1) the more
primitive Dortokidae, represented by the Maastrichtian
Dortokidae gen. et sp. nov. and two indeterminate, but
presumably closely related taxa (one Santonian and the
second Campanian) and (2) the Bothremydidae, represented
by an interterminate Santonian species of Foxemys sp. that
is closely related to the younger type species F. mechinorum
from France. Cryptodires are represented by the primitive
relict form Kallokibotion bajazidi (Mastrichtian) and other
Kallokibotion-like turtles of Santonian and Campanian age.
We have shown that dortokids and, probably, kallokibo-
tionines had a considerably greater geographical and
temporal range than previously thought. Eastern Central
European faunas were partly similar to Western European
ones, but the endemic nature of the kallokibotionines and
the presence of a different dortokid lineage indicate some
degree of biogeographical separation between the two
areas; these could represent distinct faunal provinces.
Despite the fact that the Hungarian, Austrian, and Roma-
nian assemblages correspond to different time intervals, as
well as paleogeographical units and paleoenvironments, the
taxonomic composition is generally uniform, but with sig-
nificant differences in the relative abundance of taxa. Dor-
tokids were present in the whole region and their remains
are most abundant in the paludal and lacustrine facies of
Romania. The single bothremydid taxon is only known
from the Csehbánya Formation of Hungary, where it is very
common. Kallokibotionines appear to be most frequent in
the overbank facies of the Hat�eg Basin, Romania, but they
are also relatively well represented in the swampy facies of
the Austrian Gosau Group (but the sample sizes of the
two areas are highly unequal). Despite the archipelago-
like paleogeography reconstructed for the area (Pereda-
Suberbiola 2009 and references therein), differences in the
relative abundances of Late Cretaceous turtles are not
necessarily indicative exclusively of a biogeographical
pattern, but also reflect differences among the turtle taxa in
their preferred habitats.

Eastern Central European Late Cretaceous turtle faunas
indicate at least two different influences: dortokids likely
descended from European Early Cretaceous ancestors
(de Lapparent de Broin et al. 2004), whereas the Foxemydina
had a more recent African origin in the Late Cretaceous.
Kallokibotion is either a relict of Early Cretaceous pleuro-
sternids or a late survivor of a conservative Jurassic lineage.
Its survival up to the end of the Late Cretaceous presumably
was favored by isolation on the archipelago.
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Săndulescu, M. (1984). Geotectonica României. Bucures�ti: Editura
Tehnică.
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Chapter 20

Re-Assessment of Late Campanian (Kirtlandian) Turtles from
the Upper Cretaceous Fruitland and Kirtland Formations, San
Juan Basin, New Mexico, USA

Robert M. Sullivan, Steven E. Jasinski, and Spencer G. Lucas

Abstract The fossil turtles from the Upper Cretaceous
Fruitland and Kirtland formations (late Campanian;
Kirtlandian) have been known for more than 100 years.
We re-assess and revise these Late Cretaceous testudine
taxa from the San Juan Basin, New Mexico, USA, and
discuss their biostratigraphic distribution. We recognize the
following valid taxa as present: the bothremydid Chedighaii
hutchisoni; the pleurosternid Compsemys sp.; the baenodds
Denazinemys nodosa and Scabremys gen. nov., established
for the distinct species S. ornata, previously included in
Denazinemys; and Boremys grandis, though it is a rare
taxon. The non-baenodd baenid Neurankylus baueri is
recognized as a valid species. Two additional non-baenodd
baenid taxa, Thescelus hemispherica and T. rapiens, are
retained as distinct species and are not considered synon-
ymous with T. insiliens. We also recognize a small
indeterminate kinosternoid similar to that reported from
the Campanian of Mexico. The two adocids Adocus bossi
and A. kirtlandius are retained as distinct species. The
nanhsiungchelyid Basilemys gaffneyi sp. nov. is established,
whereas Basilemys nobilis is considered a nomen dubium
because it lacks the diagnostic features that would allow
referral to any known valid species. We recognize three
trionychids: Aspideretoides austerus and A. robustus (new
combination), and an unnamed plastominine. We synomize
Aspideretoides fontanus and A. vorax with A. austerus.
Aspideretoides ovatus is considered a subadult of

A. robustus. The unnamed plastominine may represent a
new genus and species. Turtles of the Fruitland-Kirtland
formations resemble other late Campanian turtle assemblages
from western North America, and are part of the characteristic
vertebrate fauna of the Kirtlandian land-vertebrate age. The
upper Fruitland and lower Kirtland formations (Hunter Wash
local fauna) have greater turtle taxonomic diversity than the
upper Kirtland Formation (Willow Wash local fauna). This
apparent decrease in taxonomic diversity is interpreted as
being real and reflects a shift in depositional (channel)
environments to a more terrestrial one, a pattern which is seen
in other North American Late Cretaceous settings.

Keywords Fruitland Formation � Kirkland Formation �
Late Cretaceous� Late Campanian� San Juan Basin�New
Mexico

Introduction

Fossil turtles have been known from the Fruitland and Kirt-
land formations, San Juan Basin, New Mexico, USA, for
more than 100 years. Oliver Perry Hay was the first to name
testudine taxa from these Upper Cretaceous strata (Hay 1908,
1910), and Charles W. Gilmore was the first to critically
assess the species of fossil turtles from the Fruitland and
Kirtland formations in a subsequent series of papers (Gilmore
1916, 1919, 1935). Wiman (1933) also published a paper on
these and other fossil turtles from the Upper Cretaceous and
Paleocene strata of the San Juan Basin, based on a collection
at the University of Uppsala, Sweden, that was purchased
through the private collector Charles H. Sternberg.

Few detailed studies on Fruitland-Kirtland turtles have
been published since. Armstrong-Ziegler (1978) listed turtle
taxa and later (Armstrong-Ziegler 1980) reported on a few
fragmentary specimens in the collections of the Museum of
Northern Arizona, Flagstaff. Mateer (1981) reviewed the
Kirtland Formation turtles, and other ‘‘mega reptiles,’’ from
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the Uppsala collection, originally described in a series of
papers by Wiman (1930, 1931, 1932, 1933). Lucas (1981)
and Hunt and Lucas (1992) briefly mentioned the turtles
from the Fruitland and Kirtland formations and provided a
list of taxa. This was followed by a summary of New
Mexico Cretaceous vertebrates, where they again listed
turtles from both the Fruitland and Kirtland formations
(Hunt and Lucas 1993). Most recently, McCord (1996)
provided a cursory assessment of Late Cretaceous through
early Eocene turtles from the San Juan Basin based on a
small collection amassed by the University of Arizona,
Laboratory of Paleontology, Tucson. That collection has
since been transferred to the New Mexico Museum of
Natural History and Science, Albuquerque.

Since the 1970s, collecting efforts in the Fruitland and
Kirtland formations in the San Juan Basin resulted in the
recovery of more than 400 turtle specimens to date (early
2010); over 200 catalogued specimens are in each of the
collections of the New Mexico Museum of Natural History
and Science (Albuquerque) and the State Museum of
Pennsylvania (Harrisburg). These turtle specimens range
from fragmentary carapace and plastron material to nearly
complete shells. Some limb, girdle, and vertebral material
has been recovered together with some isolated mandibular
remains. No shells with articulated axial and appendicular
skeletons have been recovered from Cretaceous or Paleo-
cene deposits of the San Juan Basin.

Here, we document all the known turtle taxa from the
upper Fruitland and Kirtland formations and assess their
biostratigraphic occurrences in light of this increased sam-
ple size. We list all known (as of 2010) previously referred,
and newly referred, turtle specimens from these two for-
mations in Appendix .

Institutional abbreviations used in this chapter are:
AMNH, American Museum of Natural History, New York,
New York, USA; CMN, Canadian Museum of Nature,
Ottawa, Ontario, Canada; FMNH, Field Museum of Natural
History, Chicago, Illinois, USA; KUVP, University of
Kansas, Lawrence, Kansas, USA; LSUMG, Louisiana State
University, Museum of Natural Sciences, Baton Rouge,
Louisiana, USA; MNA, Museum of Northern Arizona,
Flagstaff, Arizona, USA; NMMNH, New Mexico Museum
of Natural History, Albuquerque, New Mexico, USA; PMU,
Paleontologiska Museet, Uppsala, Sweden; ROM, Royal
Ontario Museum, Toronto, Ontario, Canada; SECCP, Sec-
retaria de Educacion y Cultura, Coleccion Paleontologica,
Coahuila, Mexico; SMP, The State Museum of Pennsyl-
vania, Harrisburg, Pennsylvania, USA; TMM, Texas
Memorial Museum, Austin, Texas, USA; TTU, Texas Tech
University Museum, Lubbock Texas, USA; UALP, Uni-
versity of Arizona, Tucson, Arizona, USA; USNM,
National Museum of Natural History, Smithsonian Institu-
tion, Washington, D. C., USA.

Systematic Paleontology

Testudines Linnaeus 1758
Pleurodira Cope 1865
Bothremydidae Baur 1891
Chedighaii Gaffney et al. 2006
Chedighaii hutchisoni Gaffney et al. 2006

Holotype: KUVP 14765, skull.
Holotype locality, unit, and age: KUVP loc. #35,

NW�, SW�, Sec. 34, T24N, R13W, San Juan County,
New Mexico; Hunter Wash Member, Kirtland Formation;
late Campanian (early Kirtlandian).

Remarks: Gaffney et al. (2006) named and described
Chedighaii hutchisoni for a nearly complete skull from the
lower Kirtland Formation (Hunter Wash Member). No shell
(carapace and plastron) material has been identified as
Chedighaii hutchisoni, although some fragments (e.g., of a
xiphiplastron) of ‘‘Naiadochelys’’ ingravata Hay (1908),
presumably from the Chaco Canyon region, may pertain to
this species (Gaffney et al. 2006).

Cryptodira Cope 1868
Paracryptodira Gaffney 1975
Pleurosternidae Cope 1868
Compsemys Leidy 1856
Compsemys sp.
(Fig. 20.1)

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: Within the San Juan Basin, New Mexico,
known from upper part of Fruitland Formation and throughout
the Kirtland Formation; late Campanian (Kirtlandian). See
‘‘Remarks’’, below, for occurrences outside of San Juan Basin.

Remarks: Armstrong-Ziegler (1978) listed Compsemys
sp. as present in the Fruitland Formation without comment,
and later she referred a carapace fragment (MNA Pl. 1648) to
this genus based on its ‘‘closely set, flat-topped pustulae’’
sculpturing (Armstrong-Ziegler 1980, p. 16). McCord (1996)
also recognized Compsemys from the Fruitland and Kirtland
formations based on two fragmentary specimens (UALP
14391 and UALP 14393, now NMMNH P-49819 and P-
49827, respectively). Only a single specimen from the
Fruitland Formation in the collections of the NMMNH and
SMP has been identified as Compsemys sp., NMMNH P-
22741. However, 15 specimens of Compsemys sp. have been
recovered from the Kirtland Formation (see Appendix ), most
of which are from the upper part (De-na-zin Member).

Specimens identified here as Compsemys sp. all bear the
purported distinctive sculpturing, consisting of fine tuber-
cles, some of which are co-joined to form short sinuous
strands. SMP VP-1892, a peripheral, clearly shows this
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sculpturing (Fig. 20.1). We note, however, that the sculp-
turing of Compsemys is very similar, if not identical, to stem
plastominines, and that the two taxa cannot be easily be
separated on that feature alone (see below).

Compsemys victa Leidy 1856, known primarily from the
Paleocene of North America, has also been identified in the
Upper Cretaceous (late Maastrichtian; Lancian) Laramie
Formation of Colorado (Hutchison and Holroyd 2003). We
are unable to assign any of the Fruitland and Kirtland material
to this species due to their incomplete nature. Compsemys sp.
has also been identified from the Smoky Hollow Member of
the Straight Cliffs Formation (late Turronian) of Utah (Eaton
et al. 1999), and is known from various Campanian–Maas-
trichtian age units in the North American Western Interior.

Baenidae Cope 1882
Baenodda Gaffney and Meylan 1988
Denazinemys Lucas and Sullivan 2006
Denazinemys nodosa (Gilmore 1916)
(Fig. 20.2)

Holotype: USNM 8345 (Fig. 20.2a, b), nearly complete
carapace and plastron.

Holotype locality, unit, and age: Locality 60 of Bauer
(1916), two miles northwest of Ojo Alamo store (= Willow
Wash), San Juan County, New Mexico; De-na-zin Member,
Kirtland Formation; late Campanian (late Kirtlandian).

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash and De-na-zin members, Kirtland Formation; late
Campanian (Kirtlandian).

Revised diagnosis: Differs from Scabremys ornata
(Gilmore 1935) (see below) by the following features:
carapace sub-triangular with widest dimension posteriorly;
prepleurals present and contacting the first vertebral medi-
ally; first vertebral irregular hexagonal shape with greatest
width posteriorly, contacting anterior second vertebral;
extracervicals lateral to primary cervical, gular sub-divided;
and carapace nodes irregular and not forming distinct
anteroposteriorly-directed ridges.

Remarks: Lucas and Sullivan (2006) reviewed specimens
attributed to the form-genus ‘‘Baena’’, including both species
‘‘B.’’ nodosa and ‘‘B.’’ ornata. Denazinemys is known primarily
from the Late Cretaceous of New Mexico, but has been reported
as far south as Big Bend, Texas (Tomlinson 1997), suggesting
that Denazinemys was restricted to the southern part of the
Western Interior (Lucas and Sullivan 2006). It should be noted
that the specimens designated as cf. Denazinemys (= ‘‘Baena’’)
nodosa, from the Campanian lower and upper shale members of
the Aguja Formation, are too incomplete for species recognition
(contra Tomlinson 1997), and assignment to other baenids could
be made in the absence of other characters (see below).

We regard these two turtles, Denazinemys nodosa and
Scabremys (= Denazinemys, in part) ornata, as distinct
genera and species (see below). We note that many of the
incomplete specimens do not exhibit the suite of characters
that would permit identification to the genus level. Typi-
cally, only the node-like sculpturing of the carapace is seen
on incomplete, isolated material, so even reference to genus
based on carapace fragments is not at all certain.

The holotype of Denazinemys nodosa (USNM 8345) is
from the De-na-zin Member (upper Kirtland Formation),
whereas the holotype of Scabremys ornata (USNM 13229)
is from the Hunter Wash Member (lower Kirtland Forma-
tion). The fragmentary material (carapace fragments)
referred to D. nodosa cannot be referred to this species
because of its incomplete nature, contrary to Lucas and
Sullivan (2006). See the Appendix for revised list of spec-
imens referred to D. nodosa.

Scabremys gen. nov.

Synonymies: Baena: Leidy 1870 [in part]. ‘‘Baena’’:
Gaffney 1972 [in part]. Denazinemys: Lucas and Sullivan
2006 [in part].

Fig. 20.1 Compsemys sp. SMP VP-1892, peripheral, in dorsal view.
Bar scale = 1 cm
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Fig. 20.2 Denazinemys nodosa (Gilmore 1916). a, b USNM 8345 (holotype), nearly complete carapace and plastron: a carapace, in dorsal
view; b plastron, in ventral view. c, d SMP VP-1869: c carapace, in dorsal view; d plastron, in ventral view. Bar scale = 10 cm
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Type species: Scabremys ornata (Gilmore 1935).
Etymology: From the Latin stem ‘‘scabr’’ meaning

rough, in reference to its unusually rough, nodular sculp-
turing on the carapace; and from the Greek ‘‘emys,’’
meaning turtle.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash Member, Kirtland Formation; late Campanian (early
Kirtlandian).

Diagnosis: Same as for species.
Remarks: Denazinemys is considered a monotypic taxon

based on a set of apomorphic characters cited above. Previous
inclusion of the species D. ornata in Denazinemys was largely
a result of it previously being placed with ‘‘Baena’’ based on
having nodose sculpturing on the external surface of the
carapace. However, nodose sculpturing is rather widespread
among baenids, and is present, in various degrees, on the
carapaces of the type species of Denazinemys, Boremys
Lambe 1906, and Thescelus Hay 1908. The holotype of
D. ornata has a number of unique characters that exclude it
from the genus Denazinemys and other baenodd taxa.

Scabremys ornata (Gilmore 1935) new combination.
(Fig. 20.3)

Synonymies: Baena ornata: Gilmore 1935, p. 165,
Figs. 7, 8. ‘‘Baena’’ ornata (Gilmore): Gaffney 1972,
pp. 302–303. Denazinemys ornata (Gilmore): Lucas and
Sullivan 2006, pp. 226–227, Fig. 3.

Holotype: USNM 13229 (Fig. 20.3), nearly complete
carapace and plastron.

Holotype locality, unit, and age: Three miles northeast
of Hunter’s Store (Bisti Post Office), SW �, T 24N, R13W,
San Juan County, New Mexico; Hunter Wash Member,
Kirtland Formation; late Campanian (early Kirtlandian).

Referred specimens: None.
Revised diagnosis: Differs from Denazinemys nodosa by

the following features: carapace oval, with widest dimen-
sion midway along carapace; prominent midline ridge
formed by three or four raised ridges, separated by narrow
grooves, that extend for nearly the entire length of the
carapace; no prepleurals; first vertebral irregular hexagonal
shape with greatest width anteriorly, contacting the cervical
and both first marginals; extracervicals absent, and gulars
not subdivided.

Remarks: Gilmore (1935) established the taxon Baena
ornata based on USNM 13229 (Fig. 20.3), a nearly com-
plete carapace and plastron, from the Hunter Wash Member
of the Kirtland Formation. The description and observations
made by Gilmore (1935) are mostly sound and need not be
repeated here in their entirety. Suffice it to say there are
some features that need to be emphasized and are noted here
with their corresponding additional character number
(characters 137–142) added to those of Joyce (2007).

The shape of the shell of Scabremys ornata is sig-
nificantly different from that of Denazinemys nodosa in that
it retains the more primitive rounded/oval shape and has its
widest part midway, rather than at the posterior part of the
carapace (character 137). The posterior scalloping of the
carapace is less prominent and more restricted compared to
D. nodosa. The external nodose surface texture in this taxon
is extreme, and is far greater than that of D. nodosa. Unlike
D. nodosa, the nodes are more elongated and ridge-like
with a prominent compound ridge running along the mid-
line juxtaposed with the neurals (character 138), which we
score as a derived character. The anterior section of the
carapace lacks prepleurals (character 139), which are
prominently present in D. nodosa and Boremys. The ante-
rior margin of vertebral 1 (character 140) is widest (prim-
itive) in Neurankylus Lambe 1902, Trinitichelys Gaffney
1972, Plesiobaena Gaffney 1972, and Scabremys; the
opposite condition (shortest) is seen in the other taxa. The
presence of extracervicals (character 141) is seen only in
D. nodosa, Baena arenosa Leidy 1870, and Chisternon
undatum (Leidy 1872) and is a derived feature that is absent
in all other baenids. S. ornata is the only baenid taxon
without subdivided gulars (character 142), which also is a
derived feature.

Using the data matrix of Joyce (2007) we extracted the
baenids (Neurankylus eximius Lambe 1902, Trinitichelys
hiatti Gaffney 1972, Plesiobaena antiqua (Lambe 1902),
Boremys pulchra (Lambe 1906), Chisternon undatum,
Baena arenosa, and Denazinemys nodosa), added a hypot-
hectical ancestor together with Scabremys ornata, and
scored all nine taxa for six additional characters cited
above. We ran a phylogenetic analysis using PAUP 4.0b10
(Swofford 2002). Our data matrix, which did not include
skull characters, was subjected to a heuristic search with
1000 replicates. All characters were unordered and
unweighted. The best tree length obtained was 81, with a
consistency index of 0.9506, and a retention index of
0.8095. It placed Scabremys ornata as the sister taxon to
(Boremys pulchra [Chisternon undatum (Baena aren-
osa ? Denazinemys nodosa)]). The strict consensus tree
of three trees grouped the taxa as (Plesiobaena antiqua
[Scabremys ornata (Boremys pulchra [Chisternon undatum
(Baena arenosa ? Denazinemys nodosa)])]) with the
hypothetical ancestor, Neurankylus eximius, and Trini-
tichelys hiatti forming a basal polytomy (Fig. 20.4). Our
interpretation that Scabremys ornata is clearly distinct from
Denazemys nodosa and other baenodd turtles is supported
by this analysis.

Lucas and Sullivan (2006) re-evaluated the holotype of
Scabremys (‘‘Baena’’) ornata (USNM 13229) from the
lower Kirtland Formation (Hunter Wash Member), and
placed it in the new genus Denazinemys. No other speci-
mens have been referred to this species from New Mexico.
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Fig. 20.3 Scabremys gen. nov., S. ornata (Gilmore 1935); USNM
13229 (holotype), nearly complete carapace and plastron. a Photograph
of carapace, in dorsal view; b, c line illustrations, from Gilmore

(1935): b carapace, in dorsal view; c plastron, in ventral view.
Photograph and drawings at different magnifications; bar
scales = 10 cm
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However, one specimen (LSUMG V-1136), consisting of a
nearly complete carapace and reportedly from the ‘‘lower
part of the Paleocene Black Peaks Formation,’’ southwest of
Sombrero Peak, was identified as ‘‘Baena’’ cf. ‘‘B.’’ ornata
by Tomlinson (1997). We note here that the rocks of the
lower part of the Black Peaks Formation are now consid-
ered Maastrichtian age and not Paleocene in age (Fowler
2009, personal communication). This age is consistent with
the fact that LSUMG V-1136 co-occurs with Hoplochelys
Hay 1908, a taxon which, in New Mexico, is present in the
early Maastrichtian Naashoibito Member, Ojo Alamo For-
mation (Lehman 1981; Jasinski et al. 2011). However, no
specimens of Scabremys (= ‘‘Denazinemys’’) ornata are
presently known from either the De-na-zin Member (Kirt-
land Formation) or the Naashoibito Member (Ojo Alamo
Formation). Based on the illustration of Tomlinson (1997,
p. 37, Fig. 3.7), LSUMG V-1136 would seem to have fea-
tures that are referable to both D. nodosa (presence of
prepleurals) and S. ornata (oval shape of carapace). We
therefore regard this specimen as an indeterminate baenid
(see below). For now Scabremys ornata is known only from
the holotype (USNM 13229, Fig. 20.3) and is restricted to
the lower part of the Kirtland Formation (Hunter Wash
Member).

Boremys Lambe 1906
Boremys grandis Gilmore 1935
(Fig. 20.5)

Synonymies: Boremys grandis: Gilmore 1935, p. 170.
Boremys pulchra: Lambe 1906 [in part], p. 189. Boremys
pulchra (Lambe 1906): Gaffney 1972 [in part] p. 296.

Holotype: USNM 12979, nearly complete carapace
(Fig. 20.5a) and plastron.

Holotype locality, unit, and age: Three miles northeast
of Hunter’s Store (Bisti Post Office), SW �, T 24N, R13W,
San Juan County, New Mexico; Hunter Wash Member,
Kirtland Formation; late Campanian (early Kirtlandian).

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash Member, Kirtland Formation; late Campanian (early
Kirtlandian).

Remarks: Lambe (1906) named Boremys pulchra from the
Dinosaur Park Formation (Brinkman 2005) based on an
incomplete carapace and plastron. Gaffney (1972), in his
review of the Baenidae, synonymized Boremys grandis Gil-
more 1935 with B. pulchra. However, he also noted that the
supermarginal scutes seen in both the holotype (USNM 12979,
Fig. 20.5a) and PMU.R16 (Fig. 20.5b = Ex. 9 of Wiman
1933, p. 11) may be a reason to consider it a valid species,
though he considered this doubtful based on limited evidence.
In a subsequent chapter, Brinkman and Nicholls (1991) rec-
ognized B. grandis as a distinct species based on: (1) the pro-
liferation of supramarginal scales and (2) its large size. They
also tentatively considered the arrangement of cervical scales
to be a unique feature of B. grandis, because that is not seen in
any specimens of B. pulchra (Brinkman and Nicholls 1991).

SMP VP-1565 (Fig. 20.5c) is tentatively referred to
Boremys grandis based on a small plastral fragment con-
sisting of a section of the right gular and epiplastron. If
large size is a valid distinguishing character, then on that
basis assignment to B. grandis is all but certain as it is
consistent with the size of the holotype specimen (USNM
12979). Boremys pulchra is half the size of B. grandis
(Gilmore 1935; Brinkman and Nicholls 1991). Aside from
the holotype, and the Uppsala specimen (PMU.R16), this is
the only other specimen that is referable to B. grandis,
making it an extremely rare species. The holotype and the
referred specimens are all from the lower Kirtland Forma-
tion (Hunter Wash Member).

Incertae sedis
Neurankylus Lambe 1902
Neurankylus baueri Gilmore 1916
(Fig. 20.6)

Synonymies: Neurankylus baueri: Gilmore 1916, p. 290.
Neurankylus eximius: Lambe 1902 [in part]; Gaffney 1972,
p. 291.

Fig. 20.4 A strict concensus
tree of three trees for the
Baenidae, showing the
phylogenetic position of
Scabremys ornata. Bootstrap
values are indicated above lines.
Data matrix extracted from Joyce
(2007), with six additional
characters (see text)
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Fig. 20.5 Boremys specimens. a, b Boremys grandis Gilmore 1935:
a USNM 12979 (holotype), nearly complete carapace and plastron,
carapace only, in dorsal view; b PMU.R16, incomplete carapace, in

dorsal view. c cf. Boremys sp., SMP VP-1565, right gular and
epiplastron fragment, in ventral view. Specimens at different magni-
fications; bar scales = 1 cm
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Fig. 20.6 Neurankylus baueri Gilmore 1916. a, b USNM 8344
(holotype), nearly complete carapace and plastron: a carapace, in dorsal
view; b plastron, in ventral view. c, d SMP VP-2379, nearly complete

carapace and plastron: c carapace, in dorsal view; d plastron, in ventral
view. Specimens at different magnifications; bar scales = 10 cm
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Holotype: USNM 8344 (Fig. 20.6a, b), nearly complete
carapace and plastron.

Holotype locality, unit, and age: Ah-shi-sle-pah Wash
(= Meyers Creek), middle branch, San Juan County, New
Mexico; Hunter Wash Member, Kirtland Formation; late
Campanian (Kirtlandian).

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash and De-na-zin members, Kirtland Formation; late
Campanian (Kirtlandian).

Revised diagnosis: Differs from all other species of
Neurankylus in having the following combination of char-
acters: gulars well-developed and deep; intergulars U-
shaped and in contact with humerals posteriorly (thereby
excluding the gulars from contact across the midline).

Remarks: Gilmore (1916) established the species Neu-
rankylus baueri based on USNM 8344 (Fig. 20.6a, b), which
is a complete carapace and plastron, from the Hunter Wash
Member of the Kirtland Formation. He stated that it differed
from the holotype of N. eximius (CMN 1504) in the number of
costals (8 vs. 9), but noted that Hay (1908) considered this
feature to be the result of individual variation, and not of any
taxonomic significance. The ninth costal is probably an ata-
vism, a condition where a primitive trait is occasionally
expressed (Brinkman and Joyce 2010, pers. comm.). Unfor-
tunately, nowhere in Gilmore’s description of the holotype of
N. baueri did he identify any characters that would allow
N. baueri to be distinguished from N. eximius. However,
Larson et al. (2012) re-diagnosed N. eximius based on new
material and distiguished N. eximius, in part, as having ‘‘in-
tergulars only barely separating gulars with little or no shared
sulcus with the humerals, and sigmoid intergular–gular sulcus
oriented anterolaterally to posteromedially, creating a heart
shape.’’ This differs from the U-shaped intergulars and gulars
not in contact with the mid-line in N. baueri. This condition is
essentially the same as seen in ROM 864, as illustrated by
Larson et al. (2012, Fig. 21.1d).

We note here that ROM 864, a specimen collected by
Charles H. Sternberg and sold to Ward’s Natural Science
Establishment, and later purchased by the Royal Ontario
Museum in 1933, is said to be from the Fruitland Forma-
tion, however, it is more likely to be from the lower Kirt-
land Formation (Hunter Wash Member).

Wiman (1933) described a number of specimens col-
lected by C. H. Sternberg, and most, if not all of them, are
from the lower Kirtland Formation (although he noted that
one came from the ‘‘Ojo Alamo Formation,’’ but based on
its preservation, we consider that highly unlikely).

A newly collected specimen, SMP VP-2379 (Fig. 20.6c,
d), consists of a carapace and plastron that are incomplete,
slightly crushed, and distorted. The carapace is cracked, and a
large portion of the right side is missing (Fig. 20.6c). The

plastron (Fig. 20.4d) is nearly complete and has the same
arrangement of gular and intergulars as in the holotype of
Neurankylus baueri (Fig. 20.4b). Overall, SMP VP-2379 is
larger, more robust, and appears to have a more oval shape,
compared to the holotype of N. baueri (Fig. 20.6a, b). How-
ever, when accounting for the distortion, our calculations of
length-to-width ratios for both the holotype of N. baueri and
SMP VP-2379 are very close: 1.15–1.27, respectively.

Sullivan and Lucas (2006) considered Neurankylus
baueri to be distinct from N. eximius primarily based on
having the first suprapygal shorter and wider than that in
N. eximius, but we now acknowledge this is probably due to
individual variation. We accept the rediagnosis of N. exim-
ius by Larson et al. (2012) and note that the San Juan Basin
Fruitland-Kirtland specimens all have U-shaped intergulars
and the gulars do not contact the midline.

Thescelus Hay 1908
Thescelus hemispherica Gilmore 1935
(Fig. 20.7)

Holotype: USNM 12818 (Fig. 20.7a, b), incomplete
carapace and plastron.

Holotype locality, unit, and age: Three miles northeast
of Hunter’s Store (Bisti Post Office), SW �, T 24N, R13W,
San Juan County, New Mexico; Hunter Wash Member,
Kirtland Formation; late Campanian (early Kirtlandian).

Referred specimen: PMU.R23 (Fig. 20.7c, d), incom-
plete carapace and plastron.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash Member, Kirtland Formation; late Campanian (early
Kirtlandian).

Remarks: Gilmore (1935) established the species
Thescelus hemispherica based on USNM 12818 (Fig. 20.7a,
b), an incomplete carapace and plastron from what is now
known as the Hunter Wash Member of the Kirtland Forma-
tion. He distinguished T. hemispherica from T. insiliens based
on: (1) ‘‘the bosslike ornamentation of the carapace;’’ (2) ‘‘the
relatively wider vertebrals;’’ (3) ‘‘posterior border of cara-
pace without constructions;’’ and (4) ‘‘the nuchal less deeply
excavated’’ (Gilmore 1935, pp. 176–177). Gilmore (1935,
p.177) further distinguished T. hemispherica from T. rapiens
Hay 1908 in having: (1) ‘‘a median depression along the
back;’’ (2) relatively wider vertebrals;’’ and (3) ‘‘rough
sculpture of the carapace.’’ The features used by Gilmore
(1935) to distinguish T. hemispherica from T. rapiens may be,
in part, problematic (for example, the relative widths of the
vertebrals) and the two taxa may be synonymous. However,
presently we retain them as distinct species, pending further
evidence (see account below for T. rapiens).

Thescelus rapiens Hay 1908
(Fig. 20.8)
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Fig. 20.7 Thescelus hemispherica Gilmore 1935. a, b USNM 12818
(holotype), incomplete carapace and plastron: a carapace, in dorsal
view; b plastron, in ventral view. c, d PMU.R23, incomplete carapace

and plastron: c carapace, in dorsal view; d plastron, in ventral view.
Specimens at different magnifications; bar scales = 10 cm

20 Late Cretaceous turtles from New Mexico 347



Holotype: AMNH 6066 (Fig. 20.8a, b), incomplete
carapace and plastron.

Holotype locality, unit, and age: Ojo Alamo, San Juan
County, New Mexico; De-na-zin Member, Kirtland For-
mation; late Campanian (late Kirtlandian).

Referred specimen: PMU. R22 (Fig. 20.8c, d), incom-
plete carapace and plastron.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash and De-na-zin members, Kirtland Formation (late
Campanian; Kirtlandian).

Remarks: Hay (1908) established the species Thescelus
insiliens and T. rapiens for specimens from the ‘‘Laramie’’ beds
of Wyoming (AMNH 1108) and from the ‘‘Laramie’’ deposits at
Ojo Alamo (AMNH 6066), respectively. The holotype of

Fig. 20.8 Thescelus rapiens Hay 1908. a, b AMNH 6066 (holotype),
incomplete carapace and plastron: a carapace, in dorsal view;
b plastron, in ventral view. c, d PMU.R22, incomplete carapace and

plastron: c carapace, in dorsal view; d plastron, in ventral view.
Specimens at different magnifications; bar scales = 10 cm
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T. insiliens is from what is now considered the Lance Formation
(late Maastrichtian; Lancian). The holotype of T. rapiens was
collected at the same locality as the holotype of the dinosaur
Kritosaurus navajovius (Brown 1910), which we know to be in
the De-na-zin Member (late Campanian; late Kirtlandian) of the
Kirtland Formation (Gilmore 1916; Lehman 1981).

Gaffney (1972), in reviewing this taxon, provided a res-
toration of Thescelus insiliens based on two specimens from
different geologic horizons and different geographic regions.
He recognized 12 characters that serve to diagnose the genus,
which he considered to be monotypic. Three species were
placed into synonymy: T. rapiens, T. hemispherica and Baena
longicauda Russell 1934 (Gaffney 1972). However, Sullivan
and Lucas (2006) noted differences in patterns of bones-to-
scutes in PMU.R22 and PMU.R23, a pattern that differs from
the stratigraphically higher T. insiliens. Moreover, we can
further distinguish T. insiliens from the two Kirtland taxa
based on the constricted posterior border of the carapace and
on the femoral notch width of the plastron, which is greater
than the humeral notch width.

The remaining characters that Gilmore (1935) used to
differentiate the three species of Thescelus are: (1) presence
of ornamentation on the carapace (T. hemispherica); (2) rel-
atively wider vertebrals (T. hemispherica); (3) less deeply
excavated nuchal (T. hemispherica and T. rapiens?); and (4)
median depression along the back (T. rapiens). Re-assess-
ment suggests that these features are questionably useful for
determining phylogenetic relationship and taxonomic iden-
tity. The ornamentation, where preserved, is not pronounced.
The significance of the ‘‘relatively wider vertebrals’’ is
unclear and may be variable. It is our opinion that all members
of Thescelus had excavated nuchals, and the degree to which
they are excavated is variable and taxonomically insignifi-
cant. Lastly, the median depression along the midline of the
carapace may be an artifact of preservation.

Although it is evident that we can clearly separate the
stratigraphically younger species (Thescelus insiliens) from
the two Kirtland Formation species (T. rapiens and T. hemi-
spherica), it remains difficult to differentiate the latter two
species from one another. It may be that T. hemispherica is
restricted to the lower Kirtland Formation (Hunter Wash
Member), and T. rapiens is from both the lower and the upper
Kirtland Formation (Hunter Wash and De-na-zin members).
Based on the material in the Uppsala collection, we tenta-
tively place PMU R.22 in T. rapiens, as per Wiman (1933),
and PMU R.23 in T. hemispherica, as per Gilmore (1935).

Thescelus sp.

Referred specimen: SMP VP-2100 (not figured), nearly
complete plastron with carapace fragments. Collected from
SMP locality 421, Alamo Mesa (southwest), SW �, Sec.
27, T24N, R12W, San Juan County, New Mexico, within
the Hunter Wash Member of the Kirtland Formation.

Remarks: SMP VP-2100 is assigned to Thescelus sp.,
because it lacks specific characters that would permit
assignment to either T. rapiens or T. hemispherica. Even so,
we note that it is morphologically similar to PMU.R22,
which we tentatively referred (see above) to T. rapiens.

Baenidae Indeterminate

Referred specimens: See Appendix for complete list of
referred specimens.

Remarks: Based on the descriptions and illustrations
provided by Tomlinson (1997), we consider specimens
from the Big Bend region of Texas to be insufficient for any
genus or species assignment. The fragmentary specimens
from New Mexico cannot be assigned to either Denazine-
mys nodosa or Scabremys ornata with any level of confi-
dence. Moreover, we note that some specimens of Thescelus
and Boremys have nodose texture on sections of the cara-
pace similar to that seen in D. nodosa and S. ornata, making
isolated fragments of carapace material impossible to
identify to genus level. For now we tentatively consider all
this material to be Baenidae indeterminate.

Eucryptodira Gaffney 1975
Kinosternoidea Gaffney and Meylan 1988
Genus and species indeterminate
(Fig. 20.9)

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: San Juan Basin, New Mexico; De-na-zin
Member, Kirtland Formation; late Campanian (late
Kirtlandian).

Description: The first specimen, SMP VP-1907 (not
figured), consists of an incomplete left hypoplastron
bearing a prominent sulcus that separates the femoral from
the abdominal. It is broken along the medial side, so the
medial half of the left hypoplastron is missing. The sutural
contact with the hyoplastron is preserved anteriorly. Pos-
teriorly the distal end is also broken. The ventral (external)
surface is flat and bears a smooth, fine-textured surface,
consisting of short, entwined, fiber-like sculpturing with
numerous minute foramina. The internal (visceral) surface
is also smooth. It is relatively thick and becomes pinched
at the femoral notch. It measures 0.53 cm in maximum
thickness.

SMP VP-2004 (Fig. 20.9a–d) consists of a right hy-
poplastron and two incomplete costals. The right hypopl-
astron consists of the anterior portion where, in life, it
would have articulated with the hypoplastron. It is slightly
thicker than SMP VP-1907, measuring 0.58 cm. The suture
surface is preserved along the anterior and medial parts of
the element, as well as along the posterior part where it
would have articulated with the xiphiplastron. It is broken
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laterally. The two incomplete costals are also broken lat-
erally. The dorsal (external) surface of one is partly eroded,
and there is no trace of any sulci, so it is identified as costal
1. The other (Fig. 20.9c, d) bears sulci of the vertebrals
(Fig. 20.9c), but lacks that of the pleurals, so it is tentatively
identified as right costal 5. The internal surfaces of both
costals preserve the costal ribs, the heads of which are
broken medially.

SMP VP-2009 (Fig. 20.9e, f) is a nearly complete right
xiphiplastron; only the posterior (caudal) tip of the element
is broken. The medial edge has a prominent sutural surface,
and the anterior edge is marked by an interdigitating sutural
surface where it would have articulated with the right hy-
poplastron. The maximum thickness is along the medial
suture, and the bone tapers laterally. In medial cross-section
view, the distal part of the xiphiplastron gently curves
upward (dorsally). The texture is the same as seen in the
other specimens. The femora-anal sulcus extends just lateral
from the midline, posterolaterally to the edge, anterior to the
midsection of the element.

SMP VP-2533 (not figured) is tentatively identified as a
right costal 8. The element has an elongate, sub-trapezoidal
shape. The medial end is narrow, with the lateral end wider.
The anterior, posterior, and medial edges are strongly sutured.
The lateral edge is broken anteriorly and thins laterally, lacking
any sutural surface. Dorsally, there are two scallop-like sulci,
which we think are the vertebral 4 (towards the midline) and
pleural 4 (laterally), with vertebral 5 lying posteriorly. Another
sulcus extends posteriorly from between the two scalloped
impressions. A small crescent-shaped sulcus lies lateral to the
posterior edge of the previous one. Neither of the sulci is
identifiable, and these demarcations may not be actual sulci.
Internally, there is a prominent, thin costal rib.

The last specimen, SMP VP-3274 (not figured), is an
incomplete ?left costal 2. It is prominently sutured on the
anterior, medial and posterior sides. It is thickest toward the
midline and thins laterally. It is estimated that it represents
less than half of the complete costal. Dorsally, there is a
prominent sulcus. Internally, the head of the rib is close to
the midline. The external surface texture is the same as in
the preceding specimens.

Remarks: Five specimens are here referred to the Kino-
sternoidea based on features of the carapace and plastron as
well as the distinctive smooth sculpturing. They are identical
to specimens recently reported by Brinkman and Rodriguez de
la Rosa (2006) from the Campanian Cerro del Pueblo For-
mation of Mexico. These specimens share the same smooth
surface sculpturing, consisting of fine, short, entwined, fiber-
like structures with numerous minute foramina.

Brinkman and Rodriguez de la Rosa (2006) referred the
Cerro del Pueblo Formation specimens to the Kinosternoidea,
genus and species indeterminate, based on the presence of two
derived features cited by Hutchison (1991). These are: (1) the
contact between the plastral bridge and the carapace is reduced
to peripherals four to six; and (2) the vertebrals are distinctly
hexagonal. Although none of the SMP specimens preserves the
region between the plastral bridge and the carapace, the pres-
ence of the second feature is confirmed based on the costal
material. We note, too, that the right hypoplastron (SMP VP-
2004) is identical to that of SEPCP 48/485 illustrated by
Brinkman and Rodriguez de la Rosa (2006, Fig. 4B).

Sankey (2006) referred material from the Aguja For-
mation of Texas to the Kinosternoidea as cf. Hoplochelys,
but this material does not conform to the SMP specimens
and is not considered further.

All five SMP specimens were recovered at a single
collecting site, called the ‘‘John Burris Microsite,’’ located
within the general locality SMP loc. 350 (east branch of
Hunter Wash [west end]), in the De-na-zin Member,
Kirtland Formation. The presence of a kinosternoid in the
De-na-zin Member (Kirtland Formation) that is similar to
the Cerro del Pueblo Formation kinosternoid, further sup-
ports the interpretation that the upper Kirtland Formation

Fig. 20.9 Kinosternoidea indeterminate. a–d SMP VP-2004, right
hypoplastron and two incomplete costals: a, b anterior part of right
hypoplastron: a ventral view; b visceral view; c, d right costal 5:
c dorsal view; d visceral view. e, f SMP VP-2009, nearly complete
right xiphiplastron: e ventral view; f visceral view. Specimens at
different magnifications; bar scales = 1 cm
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may be correlative to the lower part of the Cerro del Pueblo
Formation, which thus may be partly of Kirtlandian age
(Sullivan and Lucas 2006).

Adocidae Cope 1870
Adocus Cope 1868
Adocus bossi Gilmore 1919
(Fig. 20.10a, b)

Holotype: USNM 8613 (Fig. 20.10a, b), incomplete
carapace and nearly complete plastron.

Holotype locality, unit, and age: Head of Ah-shi-sle-
pah Wash, Sec. 3, T22N, R10W, San Juan County, New
Mexico; Hunter Wash Member, Kirtland Formation; late
Campanian, early Kirtlandian.

Referred specimen: USNM 8577, nearly complete
plastron and incomplete carapace.

Occurrence: San Juan Basin, New Mexico; Hunter
Wash Member, Kirtland Formation; late Campanian (early
Kirtlandian).

Remarks: Gilmore (1919) named two species of Adocus
from the Hunter Wash Member of the Kirtland Formation,
A. bossi (Fig. 20.10a, b), and A. kirtlandius (Fig. 20.10c, d).
Gilmore (1919) distinguished A. bossi from A. kirtlandius
(below) in having: (1) coarse carapace surface texture (three
‘‘pits’’ within 5 mm); (2) seven neurals; (3) eighth costals
with wide proximal ends; (4) vertebral scutes longer than
wide; (5) long anal scutes; (6) rounded posterior lobe of the
plastron; and (7) larger size. A few of these characters may
be related to ontogeny, specifically the coarser surface
texture, larger size, length of the anal scutes and possibly
the shape of the eighth costals. The remaining characters
still serve to distinguish the two species.

Adocus kirtlandius Gilmore 1919
(Fig. 20.10c, d)

Holotype: USNM 8593 (Fig. 20.10c, d), incomplete
carapace and nearly complete plastron.

Holotype locality, unit, and age: South side of Ah-shi-
sle-pah Wash, Sec. 4, T22N, R10W, San Juan County, New
Mexico; Hunter Wash Member, Kirtland Formation; late
Campanian (early Kirtlandian).

Occurrence: San Juan Basin, New Mexico; Hunter
Wash Member, Kirtland Formation; late Campanian (early
Kirtlandian).

Remarks: The holotype of Adocus kirtlandius (USNM
8593) consists of an incomplete shell and it is the smaller of the
two Adocus holotypes from the Kirtland Formation. Gilmore
(1919) distinguished this species from A. bossi in having: (1)
finer surface texture (four or five ‘‘pits’’ within 5 mm); (2) eight
neurals; (3) eighth costals with narrow proximal ends; (4)
vertebral scutes wider than long; (5) anal scutes short; (6)
posterior lobe of the plastron squared-off; and (7) smaller size.

Wiman (1933), in his paper concerning the turtles col-
lected by C. H. Sternberg housed in the Uppsala collection,
did not address, or document, specimens of Adocus.

Mateer (1981) also did not comment on Adocus, other than
noting it was similar to Basilemys Hay 1902. There is an
uncatalogued incomplete plastron in the Uppsala collection
(labeled ‘‘carapace’’ and listed as Sternberg’s No. 22) that has
been identified as Adocus. However, the anterior portion of
the plastron conforms to Denazemys nodosa in having divi-
ded gulars and extragulars. Thus, there are no specimens of
Adocus among the material in the Uppsala collection. Arm-
strong-Ziegler (1980) cited MNA Pl.1646, isolated carapace
and plastron fragments, as pertaining to Adocus sp., but fur-
ther noting the carapace texture to have ‘‘three rows of pits in
a 5-mm. line,’’ thus putting the specimen within the textural
definition of A. bossi. However, we have not seen this spec-
imen, so we cannot confirm this observation.

Adocus sp.
(Fig. 20.11)

Referred specimens: See Appendix for complete list of
referred specimens.

Remarks: Due to difficulties in discriminating between
the two species of Adocus, all the incomplete and fragmentary
material is assigned to Adocus sp. We note here that a single
incomplete peripheral (SMP VP-1328) is noteworthy because
it preserves the color pattern on the dorsal (external) side
(Fig. 20.11). This pattern consists of a patchwork of dark
polygons separated by narrower, more prominent and more
linear, light-colored segments of the carapace. This pattern is
too regular to be due to leaching and/or weathering. Color
patterns on fossil turtle shells are rare and having been
reported twice before, once in Neurankylus sp. from the
Paleocene (Puercan) of New Mexico and once in Chrysemys
picta (Schneider 1783) from the Miocene (Barstovian) of
Nebraska (Holman and Sullivan 1981; Sullivan et al. 1988).

Nanhsiungchelyidae Yeh 1966
Basilemys Hay 1902
Basilemys nobilis Hay 1910

Holotype: USNM 6555, fragments of carapace and
plastron (hypoplastron and xiphiplastron).

Holotype locality, unit, and age: Ojo Alamo, San Juan
County, New Mexico; ‘‘Ojo Alamo beds,’’ 50 feet above the
lower conglomerate in Naashoibito Member, Ojo Alamo
Formation; early Maastrichtian (late ‘‘Edmontonian’’).

Remarks: Hay (1910) established Basilemys nobilis based
on carapace and plastron material, most notably parts of the
hypoplastron and xiphiplastron, from the ‘‘Ojo Alamo’’ beds.
The material upon which this species is based is not diagnostic
and cannot be distinguished from other species of Basilemys
(B. variolosa [Cope 1876], B. praeclara Hay 1910, and
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B. sinuosa Riggs 1906). Moreover, the specimen (USNM
11084) previously, and provisionally, referred to B. nobilis, was
noted by Gilmore (1935, p. 179) as being impossible to identify
with certainty. We agree with Gilmore (1935) that the holotype
is inadequate, so we regard B. nobilis as a nomen dubium.

Basilemys gaffneyi sp. nov.
(Fig. 20.12)

Synonymies: Basilemys nobilis: Hay 1910 [in part];
Wiman 1933, Fig. 7; Mateer 1981, p. 68, text-figs. 3, 4.
Basilelmys nobilis: Hay 1910 [in part]; Gilmore 1935,
p. 178, Figs. 13, 14.

Holotype: USNM 11084 (Fig. 20.12a, b), nearly com-
plete carapace and plastron (see Remarks).

Holotype locality, unit, and age: Two miles above
Hunter’s Store (Bisti Post Office), San Juan County, New
Mexico; Hunter Wash Member, Kirtland Formation; late
Campanian (Kirtlandian).

Diagnosis: Differs from all other species of Basilemys in
having an undivided gular.

Referred specimens: PMU.R29 (Fig. 20.12c, d), nearly
complete carapace and plastron; SMP VP-3368 (not fig-
ured), incomplete plastron. See also Appendix .

Occurrence: San Juan Basin, New Mexico; upper part of
Fruitland Formation and lower part of Kirtland Formation;
late Campanian (Kirtlandian).

Remarks: The distinguishing features of ‘‘Basilemys no-
bilis’’ were exclusively derived from two referred specimens
(PMU.R29 and USNM 11084), which we here consider to be
B. gaffneyi. Hay (1910) distinguished ‘‘B. nobilis’’ as having an
inner slope of the xiphiplaston that drops off rapidly compared
to B. praeclara and B. variolosa, but we regard this difference as
taxonomically insignificant, because this severity in slope is
probably due to individual variation. Wiman (1933) described a
nearly complete shell (PMU.R29a,b; Fig. 20.12c, d) collected
by Charles H. Sternberg from the lower Kirtland Formation
(Hunter Wash Member) at Ah-shi-sle-pah Wash (formerly
Meyers [= Myers] Creek) and identified it as ‘‘B. nobilis.’’
Wiman (1933) mistakenly identified a pair of marginals as
posterior inframarginals. Two years later, Gilmore (1935)
described a nearly complete carapace and plastron, USNM
11084 (Fig. 20.12a, b), which is also assigned to ‘‘Basilemys
nobilis’’. Later, Langston (1956) contrasted ‘‘B. nobilis’’ with
B. variolosa, concluding it has a number of features (apomor-
phies) that set it apart from B. variolosa based on PMU.R29
(Fig. 20.12c, d). These include: (1) more oval shell; (2) large
triangular inframarginal scale interposed basely between
peripherals 6 and 7; and (3) ‘‘intergular’’ scale undivided.

Armstrong-Ziegler (1980) reported a putative ?Basile-
mys sp. from the Fruitland Formation based on shell frag-
ments (MNA Pl.1647). Her description of the surface
texture suggests that these fragments are not Basilemys, but
instead may be referable to Adocus. However, we have not
seen this material and are unable to confirm this.

Mateer (1981) noted that the Uppsala specimen
(PMU.R29) bore little similarity to USNM 11084
(Fig. 20.12a, b), differing only in the absence of an anteri-
orly expanded first vertebral (= central). However, our
examination of USNM 11084 challenges Mateer’s contra-
dictory statement, which belies the fact that the two speci-
mens in question are nearly identical in all respects.

Brinkman and Nicholls (1993) recognized four species
of Basilemys (B. variolosa, ‘‘B. nobilis,’’ B. praeclara and
B. sinuosa). Both B. variolosa and ‘‘B. nobilis’’ lack
inframarginal scales, whereas both B. praeclara and B. sin-
uosa are united by v-shaped extragulars (meeting at the

Fig. 20.11 Adocus sp. SMP VP-1328, peripheral fragment with color
pattern preserved, in dorsal view. Bar scale = 1 cm

Fig. 20.10 Adocus species from the Fruitland and Kirkland forma-
tions. a, b Adocus bossi Gilmore 1919; USNM 8613 (holotype),
partial carapace and nearly complete plastron: a carapace, in dorsal
view; b plastron, in ventral view. c, d Adocus kirtlandicus Gilmore

1919; USNM 8593 (holotype), partial carapace and nearly complete
plastron: c carapace, in dorsal view; d plastron, in ventral view.
Specimens at different magnifications; bar scales = 10 cm

b
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Fig. 20.12 Basilemys gaffneyi sp. nov. a, b USNM 11084 (holotype),
nearly complete carapace and plastron: a carapace, in dorsal view;
b plastron, in ventral view. c, d PMU.R29, incomplete carapace and

plastron: c carapace, in dorsal view; d plastron, in ventral view.
Specimens at different magnifications; bar scales = 10 cm
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midline); extragulars almost separating humerals; strongly
sinuous course of the median sulcus; and pygal bone wider
than long (Brinkman and Nicholls 1993).

The phylogenetic relationships of Mesozoic turtles have
been recently reviewed by Joyce (2007). More specifically,
there have been a number of studies concerning the taxa and
phylogenetic relationships of taxa assigned to the Nan-
hsiungchelyidae. These include: Brinkman and Nicholls
(1993), Brinkman and Peng (1996), Hirayama et al. (2001),
Joyce and Norell (2005), Sukhanov and Narmandakh (1975),
(1977), (2006), Sukhanov et al. (2008), and Yeh (1966).

We ran two phylogenetic analyses using PAUP 4.0b10
(Swofford 2002), incorporating the characters used by Joyce
and Norell (2005) and the supplemental characters of Su-
khanov et al. (2008). We scored the characters for Basilemys
gaffneyi. We included characters 40 (sculpturing of the shell
surface with relatively big and irregular pits and grooves) and
41 (overlapping of scales on the dorsal surface of the plastral
lobes) from Sukhanov et al. (2008) and changed character 40
(geographic distribution) from Joyce and Norell (2005) to
character 42. We amended character 37 (inframarginals) and
character state (1) to be two or one pair. Characters were
unordered and had equal weight. The two analyses produced
the following: one without geography—yielding 18 most

parsimonious trees, with a tree length = 53, consistency
index = 0.8364, retention index = 0.7714; rescaled consis-
tency index = 0.6434; and the other with geography—also
yielding 18 most parsimonious trees, with a tree length = 55,
consistency index = 0.8364, retention index = 0.7692.
Bootstrap 50% majority rule consensus trees were generated
for both runs (Fig. 20.13). The North American genus Ba-
silemys forms a distinct clade, even in the analysis without
coding for geography (Fig. 20.13a).

We are of the opinion that the differences between the
holotype of B. gaffneyi (USNM 11084) and PMU.R29 are
taxonomically insignificant. Both specimens are from the
same geographic region and stratigraphic horizon (Hunter
Wash Member, Kirtland Formation). We chose USNM
11084 as the holotype, because it is the more complete and
better-preserved specimen.

Trionychidae (Fitzinger 1826)
Aspideretoides Gardner et al. 1995
Aspideretoides austerus (Hay 1908)
(Figs. 20.14, 20.15c)

Synonymies: Aspideretes austerus: Hay 1908, p. 495.
Aspideretes fontanus: Hay 1908, p. 494. Aspideretes vorax:
Hay 1908, p. 496.

Fig. 20.13 Two cladograms for
the Nanhsiungchelyidae, showing
the phylogenetic relationship of
Basilemys gaffneyi sp. nov.
a Best tree (tree length = 53)
excluding geography; b best tree
(tree length = 55), including
geography. Data matrix extracted
from Joyce and Norell (2005)
with two additional characters
(see text)
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Holotype: AMNH 6068 (Fig. 20.14a–d), left and right
parts of anterior portion of carapace, each preserving
lateral portion of nuchal and adjacent costals, and right
hypoplastron, consisting of two broken pieces.

Holotype locality, unit, and age: Ojo Alamo, San Juan
County, New Mexico; De-na-zin Member, Kirtland For-
mation (late Campanian; late Kirtlandian).

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: San Juan Basin., New Mexico; De-na-zin
Member, Kirtland Formation; late Campanian (Kirtlandian).

Remarks: Hay (1908) named three species of ‘‘Aspidere-
tes’’—A. austerus, A. fontanus and A. vorax; all here consid-
ered species of the genus Aspideretoides Gardner et al. 1995—
from the ‘‘Ojo Alamo/Laramie beds’’ of the San Juan Basin,
New Mexico. The holotype specimens, AMNH 6068 (A. au-
sterus, Fig. 20.14a–d), AMNH 6070 (A. fontanus), and
AMNH 6140 (A. vorax), are incomplete, represent different
parts of the carapace and plastron, and have nearly identical
sculpturing and shell thickness. Morphological differences are
insignificant and are considered by us to be individual varia-
tion. We designate Aspideretoides austerus as the valid

species, because it is the most diagnostic of the three species
named. We recognize A. fontanus and A. vorax as subjective
junior synonyms of A. austerus. All three specimens have
identical preservation, and a bluish-gray color with dark mar-
oon specks or clumps of hematite. Hematite adhering to bluish-
gray fossil bone is common only in specimens that come from
the shaly De-na-zin Member of the Kirtland Formation and not
the overlying Naashoibito Member of the Ojo Alamo Forma-
tion. It is the same preservation seen in SMP VP-1717
(Fig. 20.14e, f), which was also collected in the De-na-zin
Member of the Kirtland Formation. Therefore, we argue that
all the holotype material is from the De-na-zin Member.

Aspideretoides robustus (Gilmore 1919) new combination
(Figs. 20.15a, b, d, 20.16)

Synonymies: Plastomenus (in part): Cope 1873. Plastom-
enus robustus: Gilmore 1919, p. 53, Figs. 23 and 24, pls. 17
and 18.1. Plastomenus sp.: Mateer 1981, p. 70, text-fig. 3.6.
‘‘Plastomenus’’ robustus: Sullivan and Lucas 2006, p. 18.

Holotype: USNM 8538 (Figs. 20.15a, 20.16c, in part),
complete carapace. (The right hyoplastron and hypoplastron
are excluded from the holotype and, for reasons discussed
below, are considered a referred specimen.)

Holotype locality, unit, and age: South side of Ah-shi-
sle-pah Wash, Sec. 4, T22N, R10W, San Juan County, New
Mexico; Hunter Wash Member, Kirtland Formation; late
Campanian (early Kirtlandian).

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: San Juan Basin, New Mexico; lower part of
Kirtland Formation (Hunter Wash Member) and, possibly,
upper part of Fruitland Formation (Fossil Forest Member);
late Campanin (Kirtlandian).

Revised diagnosis: Differs from Aspideretoides splendi-
dus (Hay 1908) in the xiphipastron having a broader medial
contact with the anterior portions arched forward, and a broad
contact with the posterior margins of the hypoplastra. Differs
from Aspideretoides austerus in having a broader hypoplas-
tron; and the posterior margin of the hypoplastron deep,
resulting in a more acute margin than in A. splendidus and
A. austerus. Lateral and medial margins of the hypoplastron
and hyoplastron directed anteroposteriorly and subparallel.

Remarks: Gilmore (1919) established the species Pla-
stomenus robustus based on USNM 8538 (holotype), which
according to Gilmore (1919) was collected by J. B. Reeside,
Jr. from the southern part of section 2, T22N, R10W, in Ah-
shi-sle-pah Wash, in the lower part of the Kirtland Forma-
tion (Hunter Wash Member). The fused nature of the
plastral elements (hyoplaston ? hypoplastron) was the
reason Gilmore (1919) assigned USNM 8538 to the genus
Plastomenus. Our examination of the carapace and the
fused right hyoplastron ? hypoplaston reveal that the

Fig. 20.14 Aspideretoides austerus (Hay 1908). a–d, AMNH 6068
(holotype): a and b left and right parts of anterior portion of carapace,
each preserving lateral portion of nuchal and adjacent costals, both in
dorsal view; c and d sections of right hypoplastron, both in ventral
view. e, f SMP VP-1717: e lateral portion of right hypoplastron, in
ventral view; f associated hypoplastron fragment, in ventral view.
Specimens at different magnifications; bar scales = 5 cm
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plastral elements are much larger than would be expected if
they had originated from the same individual as the cara-
pace. Thus, we are of the opinion that Gilmore’s (1919)
holotype actually represents two individuals. Both the car-
apace and the hyo-hypoplastra have the same external sur-
face sculpturing, so presumably they represent the same
species. We have no evidence that they were collected from
different localities, so we infer that the stratigraphic horizon

and the geographic location are nearly the same for both
components. We here restrict the holotype specimen to the
carapace and designate the plastral elements (which retain
the same institutional catalogue number as the carapace) as
a referred specimen of the same species.

Another specimen (PMU.R31), consisting of the right
hypoplastron and xiphiplastron, plus the left hyoplastron,
hypoplastron and xiphiplastron, was described by Wiman

Fig. 20.15 Aspideretoides species. a, b Aspideretoides robustus (new
combination), USNM 8538 (holotype), originally described as com-
plete carapace and right hyoplastron ? hypoplastron, but we regard
only the carapace as the holotype (see text for discussion): a carapace,
in dorsal view; b right hyoplastron ? hypoplastron, in ventral view
(we interpret these plastal plates as belonging to a different individual

than the holotype carapace). c Aspideretoides austerus, PMU.R31,
incomplete plastron consisting of right hypo- and xiphi-plastra and left
hyo-, hypo-, and xiphi-plastra, in ventral view. d Aspideretoides
robustus (new combination), PMU.R30, incomplete carapace, in
dorsal view. Specimens at different magnifications; bar
scales = 10 cm
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(1933, p. 32) and assigned to Plastomenus sp. This specimen
came from the ‘‘Ojo Alamo’’ beds, but based on its preser-
vation it is almost certainly from the De-na-zin Member of the
Kirtland Formation. PMU.R31 (Fig. 20.15c) differs from the
hyoplastron ? hypoplastron of USNM 8538 (Fig. 20.15b) in
the following features: (1) the sutural contact uniting the
hyoplastron and hypoplastron is directed anteriorly toward
the midline; (2) the femoral notch is more constricted; and (3)
the posterior border of the xiphiplastra is more rounded
(compared to SMP VP-1667). Based on the morphological
differences, and taking into account the different stratigraphic

province of these two specimens, we considered PMU.R31 to
be referable to Aspideretoides austerus. Consequently, As-
pideretoides robustus is found with certainty only in the lower
Kirtland Formation (Hunter Wash Member), whereas A. au-
sterus is known only from the upper Kirtland Formation (De-
na-zin Member). Plastomenus is no longer recognized in the
Upper Cretaceous strata of New Mexico.

Confusion regarding the taxonomic status of Plastome-
nus has recently been reviewed by Joyce and Lyson (2010),
who concluded that the type species of Plastomenus
(P. thomasii [Cope 1872]) is a nomen dubium. However, in
the interest of taxonomic stability, and following previous
workers such as Gaffney (1979), they designated AMNH
6018 as the neotype of Plastomenus thomasii (Joyce and
Lyson 2010). AMNH 6018 is from Grizzly Buttes, Wyo-
ming, and is of Eocene (Bridgerian) age.

The xiphiplastron of AMNH 6018 (Plastomenus thomasii)
differs from that of USNM 8538 (here referred to Aspideretoides
robustus) in having a deep, narrow posterolateral margin;
reduced lateral projection; and hyoplastron/hypoplastron border
projecting anteriorly at the midline rather than nearly straight
across (Hay 1908, Fig. 632). The sculpturing of A. robustus is
similar to that of A. austerus, which differs from the sculpturing
seen in specimens that are now identified as Plastomeninae (see
account below for Plastomeninae Indet. and Appendix). We
regard the two aforementioned species as distinct based on the
characters of the hypoplastron and xiphiplastron described
above, and we synonymize Plastomenus robustus with Aspid-
eretoides, as the new combination Aspideretoides robustus.

Lastly, we note that Armstrong-Ziegler (1980) reported
‘‘Trionyx sp.’’, based on plastron and carapace fragments
(MNA Pl. 1629), from the Fruitland Formation. Assuming she
was correct in the identification of this material as trionychid,
we infer this to be referable to Aspideretoides sp., and it is most
likely referable to A. robustus. However, we have not seen the
specimen, so we are unable to confirm this identification.

Gilmore (1935) named a new species ‘‘Aspideretes’’
ovatus and noted the following features: oval carapace with
broadest portion anteriorly; posterior portion of carapace
broadly pointed; carapace sculpturing ‘‘shallow, rounded
pits, separated by ridges whose summits are flat topped,’’
outer margins with parallel rows of pits, reduced seventh
neural, preneural not evident, eighth pair of costals in
contact on median line, seventh pair of costals separated by
the seventh neural. Of those features, we regard only the
following as possibly significant: (1) oval shape; (2) pre-
neural apparently absent; and (3) seventh pair of costals
separated by the seventh neural. However, among the 52
specimens from the Hunter Wash (Kirtland Formation) and
Fossil Forest (Fruitland Formation) members, no other
specimens of A. ovatus have been recognized. We note that
‘‘A. ovatus’’ is smaller then many of the coeval A. robustus
specimens, suggesting that it may be a juvenile of the latter

Fig. 20.16 Aspideretoides robustus (new combination) a SMP VP-
1667, incomplete left and right xiphiplastra, in ventral view; b incom-
plete nuchal, in dorsal view; c line drawing of right hyoplastron ? hy-
poplastron (part of USNM 8538 and originally designated as part of
holotype) with right xiphiplastron (SMP VP-1667) showing confor-
mity in the interlocking margins of the respective elements. Specimens
at different magnifications; bar scales = 3 cm
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species. The apparent absence of the preneural may be the
result of aberrant fusion of the first neural. Expansion of the
posterior region (costals 6–8) laterally, as a consequence of
ontogeny, would result in a more square-shape as seen in
adult A. robustus. Concomitant with this lateral expansion
posteriorly, the seventh pair of costals could contact poste-
riorly at the midline. Therefore, we do not believe A. ovatus
is a valid species; instead, we suggest it is best regarded as a
juvenile of A. robustus.

Aspideretoides sp.

Referred specimens: See Appendix for complete list of
referred specimens.

Remarks: There are a number of trionychid specimens
that are too fragmentary to be identified to species level.
Presumably, based on stratigraphic parsimony, the majority
of material from the upper Fruitland and the lower Kirtland
formations is Aspideretoides robustus, whereas material

from the upper Kirtland Formation is A. austerus, but this
cannot be demonstrated. Many specimens from the Fruit-
land-Kirtland interval that have been previously assigned to
Plastomenus are included here.

Plastomeninae indet.
(Fig. 20.17)

Referred specimens: See Appendix for complete list of
referred specimens.

Occurrence: Within San Juan Basin, New Mexico,
limited to the Hunter Wash Member of the Kirtland For-
mation; late Campanian (early Kirtlandian).

Remarks: SMP VP-742 (Fig. 20.17) consists of frag-
mentary sections of the carapace and plastron. The surface
texture of both is very similar to that of Compsemys, con-
sisting offine tubercles that frequently fused together forming
irregular strands. In places, they are enclosed, forming pits as
in members of the Trionychidae. Elongated raised bands are
prominently present on parts of the carapace sections. The
lateral edges of SMP VP-742 lack peripherals, which is the
reason for assigning it to the Trionychidae (Joyce et al. 2009).
Characters cited by Joyce et al. (2009) that would allow
assignment to the Plastomeninae are not readily recognizable.
We note, however, that the sculpturing of the carapace is
similar to some plastominine trionychids in having widely-
spaced ridges that stretch obliquely across the carapace from
the anterior midline region, posterolaterally.

Joyce et al. (2009, p. 322) reviewed the characterization
of the clade Plastomeninae and concluded that an evenly
rounded entoplastron was a better diagnostic character than
the ‘‘higher degree of ossification of the plastron,’’ a char-
acter that has been traditionally used for taxonomic dis-
crimination in this group. However, they noted that the
entoplastron is rarely preserved, making most specimens
difficult to identify. Plastomenines are considered stem-
cyclanorbines (Joyce et al. 2009; Joyce and Lyson 2010).

Biostratigraphy and Taxonomic Diversity

The rocks of the upper part of the Fruitland Formation
(Fossil Forest Member) and the Kirtland Formation (Hunter
Wash, Farmington and De-na-zin members) span approxi-
mately 2.0 my (Sullivan and Lucas 2003, 2006). The time
represented by this depositional sequence is called the
Kirtlandian land-vertebrate ‘‘age,’’ which encompasses
approximately 2.2 million years of late Campanian time
(Sullivan and Lucas 2003, 2006). This interval coincides
with the Bearpaw transgression and fills a gap between the
classic Late Cretaceous Judithian and ‘‘Edmontonian’’ land-
vertebrate ages. The fossil vertebrates, including turtles,

Fig. 20.17 Plastomeninae indeterminate; SMP VP-742, portions of
carapace and plastron. a lateral portions of left costals 1 and 2, in dorsal
view; b lateral portions of left costals 3 and 4, in dorsal view; c medial
portions of right hyo- and hypo-plastra, in ventral view; d medial
portions of left hyo- and hypo-plastra, in ventral view; e posterior margin
of left side of carapace, in dorsal view. Bar scale = 1 cm
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which serve to characterize Kirtlandian time were revised
by Sullivan and Lucas (2006). Here, we further refine what
is known about the testudines from the upper part of the
Fruitland and the Kirtland formations.

The turtles from the lower Kirtland Formation (Hunter
Wash Member) are very similar to those reported from the
Dinosaur Park Formation of Alberta (Brinkman 2005). Five
genera are found in common: Boremys, Adocus, Basilemys,
Neurankylus, and Aspideretoides. Both horizons yield an
indeterminate plastomenine, but this record is questionable
for the Dinosaur Park Formation (Brinkman 2005). The
turtle taxa known from the Dinosaur Park Formation that
are absent from the Kirtland Formation (both the Hunter
Wash and De-na-zin members) include Plesiobaena

antiqua, Judithemys sukhanovi Parham and Hutchison
2003, ‘‘Apalone’’ latus (Gilmore 1919), and Chelydridae
gen. et sp. indet. Turtles that are present in the Fruitland and
Kirtland formations, but absent from the Dinosaur Park
Formation include: Chedighaii hutchisoni (restricted to the
Fruitland Formation); Scabremys ornata (known with cer-
tainty only from the lower Kirtland Formation); Compsemys
sp. (known throughout both the upper Fruitland and Kirt-
land formations); Kinosternoidea, gen. et sp. indet. (known
only from the upper Kirtland Formation); Thescelus hemi-
spherica (restricted to the lower Kirtland Formation); and
T. rapiens (known throughout the entire Kirtland Forma-
tion). Differences in species among the genera shared by the
Dinosaur Park Formation and the Fruitland/Kirtland

Fig. 20.18 Biostratigraphic distribution of turtles during the late Campanian through the Fruitland and Kirtland formations of the San Juan
Basin, New Mexico, USA
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formations are interpreted by us to reflect largely temporal,
rather than any latitudinal, differences. A summary of the
stratigraphic distribution of the Fruitland-Kirtland turtles is
presented in Fig. 20.18.

Our assessment of the stratigraphic distribution of turtles
in the Upper Cretaceous rocks of the San Juan Basin differs
from that reported by McCord (1996), who largely
addressed only the distribution of genera and families
which, in large part, is redundant because of the mono-
generic nature of many of the turtle families. Thus, McCord
(1996) listed only Baenidae, ‘‘Baena’’ nodosa-ornata,
Compsemys, Trionyx Geoffroy St. Hilaire 1809, and Adocus
from the Fruitland and the Kirtland formations. He also
listed cf. Basilemys, Hoplochelys and Plastomenus as
present in the overlying Naashoibito Member of the Ojo
Alamo Formation (included in the Kirtland Formation by
McCord 1996). McCord (1996, p. 147) then concluded that
Compsemys is ‘‘known only from the Maastrichtian (Lan-
cian) and later sediments’’ to argue that the Fruitland-
Kirtland turtles ‘‘suggest a latest Cretaceous age.’’ How-
ever, Compsemys has records as old as late Turonian (Eaton
et al. 1999) and, as noted above, had been reported previ-
ously by Armstrong-Zeigler (1978) from the San Juan
Basin. Indeed, the Fruitland-Kirtland turtle assemblage well
resembles other late Campanian turtle assemblages (see
above) and is not indicative of a Maastrichtian (or Lancian)
age.

In a recent paper, Gates et al. (2010) provided a list of
vertebrate taxa (including turtles) for the undivided Fruit-
land and Kirtland formations without regard to a more
precise (member-level) stratigraphy. A number of taxa
listed are in error and their precision with respect to bio-
stratigraphic distribution is also not entirely correct.
Thus, Gates et al. (2010) listed as present: Compsemys
victa, Boremys pulchra, Adocus lineolatus Cope 1874, and
Basilemys variolosa. None of these species are present in
either the Fruitland or Kirtland formations. The taxon
‘‘Denazinemys’’ ornata (now Scabremys ornata) is known
only from the lower Kirtland Formation, not the Fruitland
and upper Kirtland formations, as listed by Gates et al.
(2010). The taxon ‘‘Plastomenus’’ robustus (now Aspider-
etoides robustus) is known only from the Fruitland and the
lower Kirtland formations, and not the upper Kirtland
Formation as indicated by them (Gates et al. 2010). The
genus Thescelus is clearly present, represented by the spe-
cies T. hemispherica, from the Hunter Wash Member
(Kirtland Formation) and T. rapiens, from both the Hunter
Wash and De-na-zin members of the Kirtland Formation,
contrary to its absence reported by Gates et al. (2010).
Neurankylus eximius is not known from the Fruitland For-
mation (Sullivan and Lucas 2006) and its identification in
this unit is probably due to the synonymy of Gaffney
(1972). The ‘‘kinosternid n. sp.’’ listed by Gates et al.

(2010) for the Kaiparowits and the Fruitland/Kirtland
(‘‘KF’’ of Gates et al. 2010, Appendix 1) are not the same
taxon (Hutchison 2010, pers. comm.). These misidentifica-
tions and lack of tighter stratigraphic precision based on
turtle taxa, call into question the reliability of the rest of the
fauna list complied by Gates et al. (2010, Appendix 1).

The biostratigraphic distribution of turtles from the
Fruitland and Kirtland formations is relatively useful. Many
turtle specimens formerly considered from the Fruitland
Formation are now thought to be from the lower Kirtland
Formation based on the revised stratigraphy of Brown
(1983). Even so, the upper Fruitland (Fossil Forest Member)
and lower Kirtland (Hunter Wash Member) formations’
vertebrates make up a single local fauna (Hunter Wash local
fauna) (Sullivan and Lucas 2006). The vertebrates from the
upper Kirtland Formation (De-na-zin Member) are part of
the Willow Wash local fauna, and have been shown to be
different from those found stratigraphically lower (Sullivan
and Lucas 2006). Indeed, turtles from the Willow Wash
local fauna differ from those of the Hunter Wash local fauna
(Fig. 20.18).

The baenids Boremys grandis, Denazinemys nodosa,
Neurankylus baueri, Scabremys ornata, Thescelus hemi-
spherica, and T. rapiens are all present in the Hunter
Wash local fauna (HWlf). The bothremydid Chedighaii
hutchisoni, the adocids Adocus bossi and A. kirtlandius,
the nanhsiungchelyid Basilemys gaffneyi, the trionychids
Aspideretoides robustus and an indeterminate plastomenine
are also present in the HWlf. Compsemys is known
throughout the entire Kirtlandian interval. Previously,
Trionyx and Plastomenus had been reported from the
Fruitland and Kirtland formations (Armstrong-Ziegler
1978; Gilmore 1919; McCord 1996), but these taxa most
certainly are either Aspideretoides or an indeterminate
trionychid.

The baenids Denazinemys nodosa, Neurankylus eximius,
and Thescelus rapiens are present in the Willow Wash local
fauna (WWlf). An indeterminate kinosternoid, probably
representing a new genus and species, and similar or iden-
tical to the one reported from the Cerro del Pueblo For-
mation, Mexico, is also present in the WWlf. Only one
trionychid, Aspideretoides austerus, is present. Turtle gen-
era representing the adocid Adocus and the nanhsiung-
chelyid Basilemys are also present, but are presently not
identifiable to species level. A summary of turtle distribu-
tion for the Hunter Wash and Willow Wash local faunas is
presented in Fig. 20.18.

On the face of it, the Hunter Wash local fauna has a higher
diversity of turtle taxa, whereas the Willow Wash local fauna
has considerably fewer taxa (Fig. 20.18). This apparent
decrease in diversity could be attributed to a sampling of dif-
ferent paleoenvironments. The stratum (De-na-zin Member)
that contains the Willow Wash local fauna is fossiliferous and
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has a more prominent terrestrial component represented
mostly by dinosaurs. In contrast, the Hunter Wash local fauna,
arguably, has a stronger aquatic component. This may be
attributed to the fact that fishes and turtles are more common in
the HWlf. Furthermore, the HWlf is derived from a much
thicker stratigraphic section that is much more widely exposed
than the rocks that yield the WWlf—this also may account for
the greater diversity of turtles in the HWlf.

Non-marine Late Cretaceous turtle distribution and
paleobiogeography have been discussed by Hirayama et al.
(2000), Holroyd and Hutchison (2002), and Brinkman
(2005). Attempts at assessing the relative abundance of taxa
within geographically-limited regions have been discussed
in detail by Holroyd and Hutchison (2002). Of particular
interest is the idea that different temporal time spans pro-
duce different abundances or numbers of taxa. The upper
Fruitland and Kirtland formations represent an ideal strati-
graphic sequence to study temporal differences. These two
formations have been interpreted to represent a relatively
continuous depositional sequence, beginning with delta
plain deposits (Fruitland-lower Kirtland) overlain by more
inland river and floodplain deposits that prograde over the
coastal deltas and swamps as the shoreline prograded to the
northeast (Fassett and Hinds 1971; Lucas 1981; Lucas and
Mateer 1983). This took place during approximately
2 million years of late Campanian time.

With the epicontinental seaway retreating to the east/
northeast, there was a decrease in the near-shore aquatic
realm concomitant with an increase in the terrestrial realm.
The shift in the near-shore environment eastward no doubt
resulted in the reduction of large channels, together with a
corresponding increase in terrestrial expanses between
riparian regions, a factor noted by Brinkman (2003) in the
decrease in taxonomic diversity of turtles during the Late
Cretaceous of Alberta. Although terrestrial taxa, such as
Basilemys, might be expected to have been more common
in a more terrestrial-dominated sequence, their relative
rarity may reflect dwindling numbers of individuals locally,
although Bryant (1989) thought that their rarity was
attributed to the presence of habitats away from streams.
We note that specimens of the Plastomeninae are rare (as is
the case in the Dinosaur Park Formation) and that the genus
Aspideretoides is common and present throughout the
Fruitland and Kirtland formations (Brinkman 2005).
Brinkman (2005) noted that Aspideretoides splendidus was
restricted to the upper part of the Dinosaur Park Formation,
and not found in the lower part of the formation or in the
Oldman Formation below that. He inferred that
A. splendidus preferred a more coastal environment
(Brinkman 2005). Similar preferences for a coastal envi-
ronment may be recognized for the stratigraphically
younger A. robustus, known only from the lower Kirtland
Formation (Hunter Wash Member). With respect to the

other turtle taxa, there is clearly an apparent decrease in the
number taxa from the lower Kirtland, to the upper Kirtland,
which may be environment related.

Brinkman (2005) noted the role of latitudinal differences
in affecting the geographic distribution and stratigraphic
presence of turtles as well as factors such as a low tolerance
to salinity and climate. However, we are struck by the
generic similarity between the higher latitudinal Dinosaur
Park Formation and the lower latitudinal Fruitland/Kirtland
formations. Differences among species of the shared genera
are more likely to be temporal rather than geographic,
assuming similar temperatures and salinity.

In summary, turtle species diversity is greater for the Hunter
Wash local fauna than it is for the Willow Wash local fauna.
While many of the same genera are found in both local faunas,
there are fewer genera known from the WWlf (see Fig. 20.18).
This most likely reflects an environmental shift from a delta
plain with numerous streams, channels and swamps, to that of a
more upland landscape. This decreased turtle diversity during
the Late Cretaceous in the San Juan Basin is consistent with
patterns of decreasing turtle diversity elsewhere in North
America during this time interval (Brinkman 2003).
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institution.
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Chapter 21

A New Species of Neurankylus from the Milk River Formation
(Cretaceous: Santonian) of Alberta, Canada, and a Revision
of the Type Species N. eximius

Derek W. Larson, Nicholas R. Longrich, David C. Evans, and Michael J. Ryan

Abstract A new species of Neurankylus (N. lithographicus
sp. nov.) is described on the basis of skull and shell material
from the Santonian-aged Milk River Formation, Alberta,
Canada. The genus Neurankylus is also rediagnosed on the
basis of the Milk River material and on new material
pertaining to the type species N. eximius. N. eximius
previously was considered to be a long-lived and cosmo-
politan taxon. New Neurankylus material provides insights
into the range of morphological variation present in the
genus and indicates that many specimens previously
referred to N. eximius may belong to different species.
The congeners recognized in this chapter have a more
restricted geographical and temporal range than has been
suggested previously. A new phylogenetic analysis of all
known baenid taxa, including all described species of
Neurankylus and several basal paracryptodiran taxa of
uncertain affinities, yields two important results: a mono-
phyletic Neurankylus is recovered as a basal radiation
within Baenidae and parallel evolution is identified among
many features previously regarded as synapomorphies for
Baenidae. In light of this study and other recent work on

turtle systematics, it is now apparent the biogeography and
biostratigraphy of Cretaceous turtles may have been more
complex than previously appreciated.

Keywords Baenidae � Neurankylus � Phylogeny �
Santonian � Testudines

Introduction

During the Late Cretaceous, North America hosted a
remarkably diverse fauna of turtles. This fauna included a
number of taxa that are familiar today, including soft-shelled
turtles (Trionychidae) and snapping turtles (Chelydridae).
However, it also included a number of extinct families,
including the terrestrial Nanhsiungchelyidae and the aquatic
Solemydidae, Adocidae, and Baenidae (Holroyd and
Hutchison 2002; Brinkman 2003a, 2005). The Baenidae are
medium-to-large freshwater turtles characterized by fusion of
the elements of the carapace and plastron, thick shells, and
adaptation of the jaws for crushing (Gaffney 1972; Hutchison
1984; Gaffney and Meylan 1988; Joyce 2007). Baenids were
endemic to North America and formed a major part of North
America’s non-marine aquatic fauna from the Cretaceous
through the Paleogene. Although younger and more derived
baenid taxa, the Baenodda (Gaffney 1972), are well-
represented from the Campanian through Eocene in North
America (Gaffney 1972; Sullivan et al. 1988; Brinkman
2003a, 2005; Holroyd and Hutchison 2002; Hutchison and
Holroyd 2003; Lyson and Joyce 2009a, b, 2010), compara-
tively little is known about the earlier and more basal
members of the group.

Neurankylus eximius Lambe 1902, was named from an
incomplete carapace of a juvenile individual collected from
the Campanian Belly River Group along the Red Deer River
of Alberta, Canada. An incomplete skull from the Dinosaur
Park Formation, likely the same formation that produced the
holotype carapace, was subsequently referred to this species
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(Brinkman and Nicholls 1993). Since its initial description,
referred material has increased this species’ apparent strati-
graphic and geographic range, from Campanian through
Danian time and from southern Alberta south to New Mexico
(Hutchison and Archibald 1986; Sullivan et al. 1988; Holroyd
and Hutchison 2002; Hutchison and Holroyd 2003).

Gilmore (1916) erected a second species of Neurankylus,
N. baueri Gilmore 1916, from the Kirtland Formation.
Gaffney (1972) subsequently subsumed that name under
N. eximius. However, Sullivan and Lucus (2006) continued
to recognize N. baueri as distinct on the basis of its shorter
and wider first suprapygal and the coincidence of its pos-
terior costal and posterior neural sutures. Most recently,
Sullivan et al. (2012) re-diagnosed N. baueri based on well-
developed gulars and U-shaped intergulars. Gilmore (1919)
erected N. wyomingensis Gilmore 1919 on material col-
lected from Wyoming, although this taxon was regarded a
nomen dubium by Gaffney (1972). However, it too appears
to possess a unique combination of features as revealed
from Gilmore’s (1919) description and figures, and for that
reason, we regard N. wyomingensis as a valid species. These
three species are currently the only formally named species
of Neurankylus. In addition to holotype and referred spec-
imens of the above three congeners, we also considered
ROM 864, probably from the Kirtland Formation of New
Mexico, and YPM 8239, from the Lance Formation. Those
two specimens have not been systematically described or
studied in detail, but they are of interest because of suspi-
cions that they may represent additional species of
Neurankylus. Specimens referred to N. eximius also have
been documented from Paleocene deposits in Montana and
New Mexico (Hutchison and Archibald 1986; Sullivan et al.
1988); however, these specimens have neither been illus-
trated nor described in sufficient detail to permit compari-
son. Based on the descriptions, referral of those Paleocene
specimens to Neurankylus is here accepted, although their
species designation needs to be confirmed.

Brinkman (2003a) was the first to recognize Neurankylus
from the Santonian stage on the basis of material recovered
from the Milk River Formation of southern Alberta. He
regarded these specimens as distinct from N. eximius based
on smaller shell size and a proportionately longer, more
squared posterior lobe of the plastron, but did not name the
Milk River species due to the fragmentary nature of the
material available at the time. Enough material is now
available to reconsider the specific identity of the Milk
River Neurankylus. Two new specimens, an incomplete
shell and an incomplete skull, are pivotal for confirming
Brinkman’s (2003a) suggestion that the Milk River
Neurankylus represents a distinct species, which we
formally name and describe as N. lithographicus sp. nov. In
an effort to put this new species into its evolutionary con-
text, we also reassess the phylogeny of baenid turtles.

Institutional Abbreviations used in this chapter are:
AMNH, American Museum of Natural History, New York,
New York, USA; BYU, Brigham Young University,
Provo, Utah, USA; CMN, Canadian Museum of Nature,
Ottawa, Ontario, Canada; CPS, Colorado Palaeontographical
Society, University Museum, University of Colorado,
Boulder, Colorado, USA; DNM, Dinosaur National Monu-
ment, Vernal, Utah, USA; DORCM, Dorset County Museum,
Dorchester, United Kingdom; FMNH, Field Museum of
Natural History, Chicago, Illinois, USA; MCZ, Museum of
Comparative Zoology, Harvard, Massachusetts, USA; MRF,
Marmarth Research Foundation, Marmarth, North Dakota,
USA; PMU, Paleontologiska Museet, Uppsala, Sweden; PU,
Princeton University, Princeton, New Jersey, USA; ROM,
Royal Ontario Museum, Toronto, Ontario, Canada; TGM,
Tate Geological Museum, Casper College, Casper,
Wyoming, USA; TMP, Royal Tyrrell Museum of Palaeon-
tology, Drumheller, Alberta, Canada; UALVP, University of
Alberta Laboratory for Vertebrate Paleontology, Edmonton,
Alberta, Canada; UCMP, University of California Museum
of Paleontology, Berkeley, California, USA; UMMP,
University of Michigan Museum of Paleontology, Ann
Arbor, Michigan, USA; UMZC, University Museum of
Zoology, Cambridge, United Kingdom; USNM, United
States National Museum, Washington, D.C., USA; YPM,
Yale Peabody Museum, New Haven, Connecticut, USA.

Geologic Setting

The Milk River Formation is a latest Santonian siliciclastic
wedge of the Western Interior Sedimentary Basin (Payenberg
et al. 2002). This formation crops out east of the town of Milk
River in southernmost Alberta, Canada. It is equivalent both
to the Virgelle and Deadhorse Coulee (middle) members of
the Eagle Formation and to the Telegraph Creek Formation,
farther south in Montana, USA (Payenberg et al. 2002).
The Milk River Formation is composed of three members,
the uppermost of which is the terrestrial Deadhorse Coulee
Member. This member consists of alternating sandstones and
siltstones with intermittent coal, interpreted as fluvial chan-
nel and floodplain deposits, respectively. The member is up
to 70 m thick (Leahy and Lerbekmo 1995), although no
single outcrop exposes the full vertical extent of the unit.
Vertebrate fossils are known from the lower 35 m of the
Deadhorse Coulee Member and those Neurankylus
lithographicus sp. nov. specimens with known stratigraphic
provenance occur only from 8.0 to 26.5 m above the base of
the member. Although the maximum age of the unit is poorly
constrained, the 34n-33r magnetochron boundary has been
noted at 38 m above the base of the Deadhorse Coulee
Member (Leahy and Lerbekmo 1995) and this boundary has
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been dated to 83.5 Ma by Ogg and Smith (2004). At the time
of deposition, the localities of interest were roughly 40 km
inland or west of the paleoshoreline during a relatively warm
time interval (Brinkman 2003a).

Systematic Palaeontology

Testudines Linnaeus 1758
Paracryptodira Gaffney 1975
Baenoidea Williams 1950
Baenidae Cope 1882
Neurankylinae Williams 1950
Neurankylus Lambe 1902

Type species: Neurankylus eximius Lambe 1902.
Referred species: Neurankylus baueri, N. wyomingensis,

and N. lithographicus sp. nov.
Occurrence: Late Cretaceous-Paleocene (middle

Coniacian–early Danian), Alberta, Canada, and New
Mexico and Montana, USA. Although specimens from the
Maastrichtian and Danian have been referred to this genus
(Hutchison and Archibald 1986; Sullivan et al. 1988),
no characters assigning these specimens to a species have
been reported.

Revised diagnosis: Large relative to other baenid turtles
(carapace averaging 500–600 mm long and skull more than
74 mm long in adult individuals); dorsolateral gutters along the
peripherals of the carapace; shell ornamentation essentially
smooth, but sometimes consisting of subtle parallel ridges and
fine, low-density pitting; foramen stapediotemporale bordered
by the opisthotic, quadrate, and prootic, but not the supraoc-
cipital; posteriorly rounded short supraoccipital ridge con-
sisting of only the paired parietals in dorsal view.

Remarks: Some of the characters listed as diagnostic for
the genus may, in fact, be diagnostic for a more inclusive
Neurankylinae (here defined as all baenids closer to
Neurankylus eximius than to Baena arenosa Leidy 1870 or
to Trinitichelys hiatti Gaffney 1972), such as the position of
the foramen stapediotemporale, also seen in Arundelemys
dardeni Lipka et al. 2006, but differs from all other known
baenids by the exclusion of the supraoccipital and from all
except Stygiochelys estesi Gaffney and Hiatt 1971 by the
inclusion of the opisthotic (Gaffney 1972; Brinkman and
Nicholls 1991; Brinkman 2003b; Lyson and Joyce 2009a, b,
2010). This feature suggests a close relationship between
Neurankylus and Arundelemys and supports the inclusion of
Arundelemys within the Neurankylinae. However, such
conclusions are hampered by the incomplete nature of
described material (Lipka et al. 2006) and a general paucity
of known basal baenids. The Neurankylinae as defined here
also excludes Thescelus insiliens Hay 1908, which is likely

the senior synonym of the baenine Hayemys latifrons
Gaffney 1972 (Lyson and Joyce 2010). N. wyomingensis,
known only from the posterior portion of a single shell, may
not be referable to the genus Neurankylus based on the
above diagnosis; although the known material is insufficient
for diagnosis of a distinct genus, it is provisionally retained
here in Neurankylus. The shell ornamentation of
N. wyomingensis, which consists of small nodes with shal-
low anastomosing channels, is distinct from other
Neurankylus species, but the species does share large size
and dorsolateral gutters with Neurankylus.

Adult size has been shown to be a valid character in bae-
nids, which, unlike many species of turtles, exhibit determi-
nate growth and full fusion of their shells (Hutchison 1984).
The dorsolateral gutters noted for the genus by previous
authors (Gilmore 1916; Gaffney 1972) also occur in Glyptops
plicatulus (Cope 1877; Gilmore 1916) but are regarded here
as a valid character for defining the genus because they are not
known to occur in any other baenid.

In addition to the diagnostic characters, many basal
paracryptodire characters can be used for differentiating
Neurankylus from other Late Cretaceous baenids.
Neurankylus differs from members of the Baenodda in
having primitively wide vertebral scutes bordered posteri-
orly by marginal scutes, and from Thescelus by the lack of
deep anterior emargination. Unlike many baenines, the
plastron is primitive in the roughly parallel anterior free
borders, intergular scutes separating the gulars, and an anal
scute that seldom overlaps the hypoplastron. In contrast to
most baenodds (except Gamerabaena sonsalla Lyson and
Joyce 2010) and Trinitichelys, the skull has prefrontals with
large dorsal lappets.

Phylogenetically, the genus can be defined as a stem-based
clade whose members are more closely related to Neurankylus
eximius than to Arundelemys dardeni, Trinitichelys hiatti, or
Thescelus insiliens. Morphologic differences between identi-
fied species of Neurankylus are subtle (Table 21.1), but
among the most useful appears to be the scute morphology on
the anterior lobes of the plastra (Fig. 21.1).

Neurankylus eximius Lambe 1902
(Figs. 21.1b, 21.2, 21.3, 21.6b, d, f, h)

Synonymies: Charitemys captans: Hay 1908, pp. 98–100,
Figs. 93–95; Baena fluviatilis: Parks 1933, pp. 19–25,
Figs. 1, 2, pl. 7.

Holotype: CMN 1504 (Fig. 21.2), incomplete carapace
preserving left costals 3, 6–9, right costals 3, 4, neural 8
(fused to first suprapygal), and both suprapygals. The
holotype comes from the Belly River Group (Lambe 1902),
probably from the area now encompassed in Dinosaur
Provincial Park, but there is no information as to whether it
comes from the Dinosaur Park Formation or the underlying
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Oldman Formation. Given that the Dinosaur Park Forma-
tion is more fossiliferous, is exposed over a larger area, and
that collecting has tended to focus on this formation, the
specimen is probably from the Dinosaur Park Formation.

Referred specimens: Based on synapomorphies, the
following specimens are identified as having diagnostic
features for the species, and are referable to Neurankylus
eximius. (Specimens that have previously been referred to
N. eximius, but which, in our opinion, can only be identified
as Neurankylus indet. are excluded from this list.) AMNH

6098, holotype of Charitemys captans, fragmentary skull,
carapace, and plastron from the Judith River Formation of
Montana; ROM 854, holotype of Baena fluviatilis, incom-
plete carapace and plastron probably from the Dinosaur
Park Formation of Alberta; ROM 1943, complete carapace
and plastron from the Dinosaur Park Formation of Alberta;
TMP 1989.036.0112, anterior portion of anterior plastral
lobe from the Dinosaur Park Formation of Alberta; TMP
1999.055.0134, complete carapace and plastron from the
Dinosaur Park Formation of Alberta; TMP 2003.012.0171,

Table 21.1 Comparison of named species of Neurankylus (exclusive of N. wyomingensis)

Character N. eximius N. baueri N. lithographicus

Intergular lateral edges Curved Straight Straight

Size of intergulars \gulars \gulars [gulars

First–second costal suture orientation Anteriorly inclined Perpendicular to midline Greatly anteriorly inclined

Posterior neurals Hexagonal Rectangular (Unknown)

Eighth neural Fused to suprapygal Not fused (Unknown)

Fifth vertebral Wide Narrow ?Wide

Fourth marginal wide Middle Posteriorly Posteriorly

Plastron length [carapace width \carapace length \carapace length

Anterior carapace squared-off Yes No No

Posterior carapace scalloped No Yes No

Dorsal median keel Yes Yes (Unknown)

Skull width Wide (Unknown) Narrow

Fig. 21.1 Variation in the ventral surface of the anterior plastral lobe
of Neurankylus. a TMP 2007.035.0045, holotype of N. lithographicus
sp. nov. b TMP 2003.012.0171, N. eximius. c USNM 8344, N. baueri

(modified from Gilmore 1916). d ROM 864, Neurankylus sp. Images
drawn to same width

Fig. 21.2 Dorsal view of
holotype carapace (CMN 1504)
of Neurankylus eximius. This is
an anteriorly incomplete carapace
consisting of left costals 3 and
6–9, right costals 3 and 4, neural
8 (fused to first suprapygal), and
both suprapygals, with some
missing portions reconstructed in
plaster. a Photograph.
b Interpretive drawing, with
plaster reconstruction shown in
light grey. Images at same
magnification
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complete carapace and plastron from the Dinosaur Park
Formation of Alberta; UALVP 30824, incomplete skull
preserving much of the roof and braincase from the Dino-
saur Park Formation of Alberta. Where specific locality data
is known, Albertan specimens are from Dinosaur Provincial
Park; specimens without precise locality data are consistent
with this location (except AMNH 6098, which is from
farther south in Montana).

Occurrence: Dinosaur Park Formation, Dinosaur Pro-
vincial Park, Alberta, Canada; Judith River Formation,
Montana. The Dinosaur Park Formation in this area is 76.5–
74.8 Ma in age (Eberth 2005). The Judith River Formation
ranges minimally from 78.5 to 75.4 Ma (Goodwin and
Deino 1989; Rogers 1998).

Revised diagnosis: Neurankylus eximius is here rediag-
nosed on the basis of the following autapomorphies: eighth
neural and first suprapygal fused even when other carapa-
cial sutures are open; coincidence of the fourth–fifth
vertebral sulcus along the aforementioned fused suture;
plastron length exceeding carapace width; intergulars only
barely separating gulars and having little or no shared sulcus
with humerals; and sigmoid intergular–gular sulcus oriented
anterolaterally to posteromedially, creating a heart shape
(Figs. 21.1b, 21.3). The species differs further from
N. baueri in that the first–second costal suture is oriented
anterolaterally, the posterior neurals are hexagonal with
short sides anteriorly, the fifth vertebral is wider than sec-
ond suprapygal, and the posterior margin of the carapace is
smooth and not scalloped. It differs from both N. baueri and
N. lithographicus in that its fourth marginals widen half-
way along their length. N. eximius differs from N. baueri,
N. lithographicus, and the Lance Formation Neurankylus in

that the anterior margin of the carapace is squared off,
but the carapace possesses a dorsal median keel as in
N. baueri. The skull differs from that of N. lithographicus in
being broadly wedge-shaped, with the opisthotic posterior
width exceeding 1.5 times the dorsoventral height, the sta-
pedial foramen is more than half of the anteroposterior
length of the otic region away from the quadrate-squamosal
suture, and the foramen nervi hypoglossi is directed
posteriorly.

Remarks: Using the above rediagnosis, Neurankylus
eximius is recognized in the current study only on the basis
of material recovered from middle to upper Campanian
strata in Alberta and Montana. The presence of a dorsal
median keel on the carapace, although noted to be poly-
morphic for the species (Gaffney 1972), is present on all
known material of N. eximius sensu stricto (six specimens)
and on specimens of N. baueri (five specimens). All four
Dinosaur Park Formation specimens that preserve the rel-
evant area lack a scalloped posterior margin of the carapace.
Other features thought to be variable within the species,
such as the scute morphology on the anterior lobe of the
plastron (Gaffney 1972), upon investigation, appear in five
of the specimens examined and diagnose the currently
recognized species (Fig. 21.1; Table 21.1). Referral of the
holotype (AMNH 6098) of Charitemys captans to N. eximius
(Gaffney 1972) is accepted here based on the fourth
marginal scute morphology and the orientation of the first–
second costal suture. However, the fragmentary nature of
the specimen restricts further comparison. The holotype of
Baena fluviatilis (ROM 854) preserves all of the diagnostic
characters for the species except for the fourth marginal
morphology. Other material previously referred to N. eximius

Fig. 21.3 Reconstruction of
Neurankylus eximius carapace
and plastron, based on referred
specimen TMP 1999.055.0134
(for photograph see Brinkman
2005, Fig. 11.1c right). a Dorsal
view. b Ventral view. Black lines
denote bone sutures and grey
lines denote scute sulci. Images
at same magnification
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(Gaffney 1972; Hutchison and Archibald 1986; Sullivan et al.
1988) either does not fit our revised diagnosis or has not been
described in enough detail to facilitate comparison.

The diagnostic value of the skull of Neurankylus eximius,
and thereby the diagnosis of the entire genus, is hampered by
the fragmentary preservation of the only described cranial
specimens. Although most of the skull roof, braincase, and
otic regions are preserved, large proportions of the facial
region remain unknown. It is also unknown whether or not a
squamosal-parietal contact is present. However, further
preparation of UALVP 30824 after its initial description
(Brinkman and Nicholls 1993) reveals the true ventral
extent of the quadrates and mandibular condyles (Fig. 21.6).
The mandibular condyles are comparable in relative size to
those of most other baenids, with the exception of the genus
Palatobaena Gaffney 1972 (Lyson and Joyce 2009a).

Neurankylus lithographicus sp. nov.
(Figs. 21.1a, 21.4, 21.5, 21.6a, c, e, g)

Synonymies:Neurankylus sp.:Brinkman2003a, pp.560–561.
Holotype: TMP 2007.035.0045 (Fig. 21.4), incomplete

carapace and plastron.
Holotype locality, unit, and age: Deadhorse Coulee

Member of the Milk River Formation, 26.5 m above the
Virgelle Member contact, 1.5 km east of Writing-On-Stone
Provincial Park, Alberta, Canada. Detailed locality infor-
mation on file at the TMP. The Deadhorse Coulee Member is
latest Santonian (*83.5 Ma) in age (Payernberg et al. 2002).

Etymology: Specific epithet derived from Greek lithos,
stone, and Greek graphikos, of writing, referring to Writing-
On-Stone Provincial Park, the closest major landmark to the
locality.

Designated paratypes: TMP 1991.113.0001, fragmen-
tary carapace, plastron, caudal vertebrae, limb elements,
and possible squamosal; TMP 1991.113.0009, plastron
fragment.

Provisionally referred specimens: TMP 1994.377.0001,
carapace fragment; TMP 1998.102.0014, carapace fragment
and skull fragment including portions of basioccipital, basi-
sphenoid, pterygoids, and palatines; TMP 2007.036.0001,
incomplete skull, including portions of pterygoid, basisphe-
noid, basioccipital, exoccipital, opisthotic, prootic, quadrate,
and squamosal.

Occurrence: Deadhorse Coulee Member of the Milk
River Formation, around Writing-On-Stone Provincial Park,
Alberta, Canada.

Diagnosis: Autapomorphies: intergular scutes larger than
gular scutes; distinct first marginal scutes medially nar-
rowing; first–second costal sutures greatly anterolaterally
directed such that the angle between the suture and the
anterior midline of the shell is less than 70�; and anterior
rim of the carapace thickened.

Description: The holotype (TMP 2007.035.0045;
Figs. 21.4, 21.5) and TMP 2007.036.0001 (Fig. 21.6a, c, e, g),
together with other referred material from the Milk River
Formation, preserve a morphology distinct from all published
descriptions and illustrations of Neurankylus (Table 21.1).

Fig. 21.4 Photographs of holotype (TMP 2007.035.0045) shell of Neurankylus lithographicus sp. nov. a Dorsal view. b Ventral view. Images at
same magnification
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The paratype specimens are consistent in morphology
with that seen in the holotype, although in most respects the
former specimens are not as complete.

The holotype shell (Figs. 21.4, 21.5) is referred to the
genus Neurankylus based on wide vertebral scutes bordered
posteriorly by marginal scutes, a lack of deep anterior
emargination, dorsolateral gutters along the lateral periph-
erals, intergular scutes separating the gulars, and an anal
scute that does not overlap the hypoplastron. All elements
exhibit the large size typical of the genus. Neurankylus
lithographicus possesses a dorsoventrally thickened anterior
rim of the carapace relative to the overall thickness of the
carapace. The anterior rim of the carapace margin also
appears anteriorly tapered in dorsal view and resembles that
of N. baueri and the Lance Formation Neurankylus,
contrasting with the broader more squared-off shell of
N. eximius. As well, the fourth marginal scute widens
posteriorly, again resembling the state in N. baueri, rather
than N. eximius in which the scute widens halfway along its
length. The first marginal scute narrows rapidly medially,
producing a first vertebral scute with a medial anterior
projection, an autapomorphy of the species. The posterior
rim of the carapace, from what is preserved, does not appear
to be scalloped, similar to N. eximius but not N. baueri.
On the anterior lobe of the plastron, the intergular surface
area is larger than the gular surface area, and the intergular–
gular sulcus is straight and oriented anteroposteriorly.
Like other non-baenine paracryptodires, the gular scutes are
completely separated from each other by the intergulars.
However, unlike in N. eximius, these intergulars are not
heart-shaped with restricted contact with the humeral
scutes. TMP 1991.113.0009, a potentially juvenile speci-
men based on size, preserves portions of the right

epiplastron, entoplastron, and hyoplastron and has been
used to reconstruct these elements in Fig. 21.5a. If indica-
tive of the adult configuration, the most striking thing about
these elements is the anterior position of the entoplastron,
which seems to be separated by the anterior plastral margin
by an epiplastron that is anteroposteriorly shorter than that
present in N. eximius or N. baueri. The holotype (TMP
2007.035.045) carapace has a reconstructed width of
472 mm and an estimated length of 623 mm. The anterior
lobe of the plastron has a median length of 115 mm and a
bridge length of 204 mm. The plastron is not complete
posteriorly; however, plastron length is estimated to be
450 mm (based on the preservation of the femoral-anal
sulcus), which is less than the carapace width, unlike
N. eximius, but similar to other specimens of Neurankylus
for which measurements are known. Most of the characters
mentioned by Brinkman (2003a) to differentiate the species,
namely a smaller shell size and a more squared off posterior
lobe of the plastron, do not serve to diagnose the species.
Compared to shells for the other congeners, TMP
2007.035.0045 has (1) an estimated length comparable to
referred shells of N. eximius and the type and referred
material of N. baueri and (2) the taper of the posterior lobe
appears similar to that of N. baueri, yet more tapered than
that of N. eximius. However, based on the preserved portion
of the posterior lobe, which preserves a complete femoral-
anal sulcus, the lobe appears to have been longer relative to
the bridge in N. lithographicus than that in N. eximius or
N. baueri.

The referred skull (TMP 2007.036.0001; Fig. 21.6a, c, e, g)
is identified as Neurankylus based on its relatively large size
and the foramen stapediotemporale bordered by the
opisthotic, quadrate, and prootic, but not the supraoccipital.

Fig. 21.5 Reconstruction of
Neurankylus lithographicus sp.
nov., carapace and plastron,
based on TMP 2007.035.0045
(holotype) and referred
specimens TMP 1994.377.0001
and TMP 1991.113.0009.
a Dorsal view. b Ventral view.
Black lines denote bone sutures
and grey lines denote scute sulci.
Images at same magnification
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Fig. 21.6 CT volume
renderings of two Neurankylus
skulls. a, c, e, and g referred skull
(TMP 2007.036.0001) of
N. lithographicus sp. nov. b, d, f,
and h referred skull (UALVP
30824) of Neurankylus eximius.
Specimens depicted in posterior
(a and b), dorsal (c and d), left
lateral (e and f), and ventral
(g and h) views. Images at same
magnification. For the new
species N. lithographicus, note
the proportionally narrower skull
and the more laterally directed
foramen nervi hypoglossi.
Hatching represents broken
areas. Abbreviations: bo
basioccipital; bs basispenoid; ex
exoccipital; for. n. hypo. foramen
nervi hypoglossi; for. stap.
foramen stapediotemporale; fr
frontal; op opisthotic; pa parietal;
pf prefrontal; pr prootic; pt
pterygoid; qu quadrate; so
supraoccipital; sq squamosal
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It possesses the baenid feature of the presence of the
foramen posterius canalis caroticum internus along the
basisphenoid-pterygoid suture. In the skull, the mediolateral
width of the opisthotic is less than 1.5 times the dorso-
ventral height of the element. The foramen stapediotem-
porale is less than half of the anteroposterior length of the
otic region away from the quadrate-squamosal suture.
As well, the foramen nervi hypoglossi is directed postero-
laterally and is not visible in posterior view. All of the
cranial characters indicate a more elongate skull, unlike the
wedge-shaped skull typical of most other baenids, including
Neurankylus eximius (Fig. 21.6b, d, f, h), but more similar
to the condition seen in Arundelemys dardeni (Lipka et al.
2006). TMP 1991.113.0001 includes an external skull
element (based on ornamentation), which is possibly the
right sqamosal, although overlap with TMP 2007.036.0001
is too limited to facilitate comparison. If that isolated bone
is indeed a squamosal, N. lithographicus seems to possess
more elongate squamosal processes than other baenid spe-
cies. No other elements from this specimen have been
identified as skull elements. TMP 1998.102.0014 preserves
only the posteriormost portions of the palatines, but these
are not complete enough to describe any notable morphol-
ogy. The skull characters mentioned are likely primitive for
the genus, but due to a paucity of comparable material, this
is not known.

Remarks: The paratype material is referred to
Neurankylus lithographicus based on its anterior plastral
scute morphology. All provisionally referred material have
features consistent with the genus Neurankylus, and is
thought to be N. lithographicus largely because of prove-
nance. Both the holotype shell TMP 2007.035.0045 and the
referred skull TMP 2007.036.0001 were found at a similar
stratigraphic level (roughly 26.5 m above the base of the
Deadhorse Coulee Member) 185 m apart. The specimens
both possess autapomorphies of Neurankylus. TMP
1991.113.0001 is estimated to have been deposited roughly
8.0 m above the base of the Deadhorse Coulee Member in
Verdigris Coulee, making it the farthest west and lowest
known occurrence of this taxon. Other more fragmentary
specimens have less precise stratigraphic data, but all occur
within the Deadhorse Coulee Member east of the town of
Milk River.

In many shell characters, such as the morphology of the
intergular scutes and fourth marginals, the shape of the
carapace, and relative size of the plastron, Neurankylus
lithographicus more closely resembles the shells of later
and more southern taxa, such as N. baueri and the Lance
Formation Neurankylus, although neither of these taxa have
described skull material. All three of these taxa appear
markedly different from the morphology exhibited in the
type species N. eximius.

Phylogenetic Analysis

To assess the systematic position of species of Neurankylus,
maximum parsimony and Bayesian phylogenetic analyses
were conducted based on a modified baenid character-taxon
matrix of Lyson and Joyce (2009b). Thirty-four characters
and 11 taxa were added to the matrix, two characters were
deleted, and three were modified or rescored (Appendix 1).
Fifteen characters represented sequential or continuously
variable morphological series and these were treated as
ordered in the parsimony analysis. Phylogenetically unin-
formative characters used in the Bayesian analysis were also
removed for the parsimony analysis. For the purposes of this
analysis, six operational taxonomic units of Neurankylus
with the best morphological data were included: N. eximius,
N. baueri, N. wyomingensis, N. lithographicus, the Lance
Formation Neurankylus, and an unkeeled lower Kirtland
specimen (Appendix 2). The Kirtland specimen (ROM 864)
was previously identified (Gaffney 1972) as coming from
the Fruitland Formation, but that is now believed to be
unlikely (Sullivan et al. 2012). Nonetheless, ROM 864
differs from the type and referred material of N. baueri in
the differently shaped intergulars (Fig. 21.1c, d), more
rounded anterior plastral margin, the lack of dorsal median
keel, and the lack of posterior scalloping. While it is
possible that the specimen is referable to N. baueri, the
Kirtland OTU has been analyzed with its own character
codings to reflect these differences until it can be demon-
strated that these differences are the result of individual
variation. Specimens previously identified by Wiman
(1933) as coming from the Ojo Alamo Formation were
likely collected from the upper Kirtland Formation, and at
least one specimen (PMU.R26) may be referable to
N. baueri (Sullivan et al. 2012). Specimens from the Hell
Creek, Tullock, and Nacimiento formations referred to the
genus were not examined by us and could not be coded from
the literature. The states for OTUs for Dorsetochelys delairi
Evans and Kemp 1976, and Thescelus insiliens were coded
using likely shell-skull referrals. This combination of
character states is justified by comments from previous
authors (Milner 2004; Lyson and Joyce 2010) and the fact
that separating these OTU into skull and shell taxa does not
result in changes to tree topology.

The maximum parsimony analysis using the modified
character matrix (Appendix 3) was conducted in PAUP*
4.0b10 (Swofford 2001). A heuristic search with 1000
random sequence addition replicates and tree-bisection
reconnection (TBR) swapping produced 34 most parsimo-
nious trees of 296 steps. The majority rule consensus of
these trees is depicted in Fig. 21.7b. Each tree has a
consistency index (CI) of 0.416, retention index (RI) of
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0.634, and an rescaled consistency index (RC) of 0.264.
To evaluate support, decay and bootstrap values were cal-
culated. The bootstrap consisted of 10,000 bootstrap repli-
cates using a 100 random addition sequence replicate
heuristic search and TBR swapping.

The Bayesian analysis was conducted in MrBayes 3.1.2
(Ronquist and Huelsenbeck 2003) with default priors.
Two runs of four Markov Chains were run for 1 9 106

generations and sampled every 100 generations. Burn-in
was determined by noting when cold chain probabilities

Fig. 21.7 Phylogenetic relationships among basal baenids, including
species and specimens of Neurankylus, supported by this study. See
text and appendices for details. a Time-calibrated parsimony and
maximum probability Bayesian congruent phylogeny. Numbers cor-
respond to the following clades: 1 Baenoidea; 2 ?Baenidae;
3 Baeninae. b Majority-rule consensus parsimony tree. Frequency
percentages reported above the branch and to left of the corresponding

clade; support values (where applicable) are below the branch, with
bootstrap on the left and decay on the right. c Bayesian analysis
greatest likelihood tree. Posterior probabilities reported below the
branch and to left of the corresponding clade. For simplicity and to
emphasize relationships among less derived taxa, in all three trees the
more derived Baenodda are depicted as a single terminal taxon
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stopped increasing sharply in both runs. In this case, the first
2000 generations (20 samples) were discarded as burn-in.
The results of the analysis are presented in Fig. 21.7c.

Similarities in topologies calculated from different
search methods suggest a robust phylogenetic signal in the
dataset (Brooks et al. 2007). A congruent topology was
constructed using the maximum posterior probability tree
and the most topologically similar most-parsimonious tree.
The figured topology (Fig. 21.7a) is a strict consensus of the
two topologies, and represents the best-available hypothesis
of relationships between the species of Neurankylus and
basal paracryptodires pending the description of more
complete material.

Dorsetochelys delairi, which has been placed as a sister
taxon to the Paracryptodira (Joyce 2007), is in the parsi-
mony analysis found to be closely associated with pleuro-
sternids. As this species does not possess the single
synapomorphy known for Pleurosternidae (namely basi-
sphenoid-palatine contact) inclusion in that family is not
supported. However, a similar maximum parsimony anal-
ysis including the taxon Kallokibotion bajazidi Nopcsa
1923, as an outgroup (not shown) placed Dorsetochelys
delairi closer to the pleurosternids than to the baenids. In
the Bayesian analysis, Dinochelys whitei Gaffney 1979 was
found in a polytomy with Dorsetochelys delairi at the base
of Baenidae. The maximum probability Bayesian tree found
Dinochelys whitei nested within the clade of Jurassic
paracryptodires at the base of Baenidae. Closer examination
and future discoveries of these basal paracryptodires may
resolve the current uncertainty, including polarizing char-
acters for the Baenidae.

The placement of ‘‘Dorsetochelys’’ buzzops Bakker 1998,
with Uluops uluops Bakker and Carpenter 1990 as basal
baenids with a sister-group relationship to those taxa tradi-
tionally known as baenids was unexpected, although this
finding is similar to the relationships initially proposed by
Carpenter and Bakker (1990) and Bakker (1998). Another
novel taxon placement is that of Arundelemys dardeni as
sister to Neurankylus in both the majority-rule consensus
parsimony and greatest likelihood trees. Even though such a
group was not recovered in the maximum probability
Bayesian tree, A. dardeni is provisionally considered as
belonging to the Neurankylinae. This placement seems to
result from the unique configuration of elements around the
foramen stapediotemporale, excluding the supraoccipital and
including the opisthotic. A previous analysis of this taxon
(Lipka et al. 2006) placed it as the sister group to Baenoidea
(sensu Williams 1950: combined Baenidae and Pleuroster-
nidae) within a more inclusive Paracryptodira.

In our analysis, Neurankylus is identified as a mono-
phyletic clade with low Bayesian posterior probability
support and in the maximum probability tree, although
this and other basal nodes were better supported when

N. wyomingensis (a specimen consisting of only the
posterior portion of the shell examined only from figures)
was pruned from the analysis. However, N. wyomingensis,
in most analyses, was supported as the basal-most member
of the genus. N. eximius is also typically placed in a basal
position within the genus, second only to N. wyomingensis.
A clade consisting of N. lithographicus, the Lance Forma-
tion Neurankylus, N. baueri, and ROM 864 was found in the
maximum parsimony (with a low decay value) and maxi-
mum probability analyses. N. lithographicus, the second
oldest (late Santonian) member of the genus, is consistently
placed as the sister taxon to the younger (late Maastrichtian)
Lance specimen in all analyses.

Trinitichelys hiatti, in the parsimony and Bayesisan
analyses, as in the study by Brinkman and Nicholls (1993)
but unlike in the studies by Lyson and Joyce (2009b, 2010),
is found to be more closely related to the Baeninae than to
Neurankylus, although this placement does not have par-
ticularly strong support, and is not supported by the maxi-
mum probability tree. As in other analyses (Joyce 2007;
Lyson and Joyce 2009a, b), the Baeninae and the Baenodda
are well-supported in both parsimony and Bayesian analy-
ses. Thescelus insiliens, here including Hayemys latifrons
(Lyson and Joyce 2010), was well-supported as the basal-
most baenine, unlike in the classification of Holroyd and
Hutchison (2002), which treated H. latifrons as a
neurankyline. The latter position was not supported by our
study, and even when these two taxa were separated in the
parsimony analysis, H. latifrons and T. insiliens occupied
the same positions in the cladogram.

Discussion and Implications

A reevaluation of Neurankylus eximius reveals numerous
characters specific only to the type material and other speci-
mens from the Dinosaur Park Formation of Alberta and the
Judith River Formation of Montana, and which are absent in all
other known specimens of Neurankylus. Thus, all known
specimens of N. eximius are known exclusively from the
middle to late Campanian of Alberta and Montana. From
similarly-aged deposits in New Mexico, N. baueri and, pos-
sibly, an additional species distinct from N. eximius are known.
N. lithographicus is represented by specimens exclusively
from the latest Santonian Deadhorse Coulee Member of the
Milk River Formation. Neurankylus wyomingensis, if valid,
may be the earliest known member of this genus (see next
paragraph for discussion about the possible age of this species).
Yet another distinct form is present in the Lance Formation.
The recognition of multiple species in this genus reveals dif-
ferences in biogeographic and stratigraphic distributions that
are invisible when only one species is recognized. These results
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imply that investigation of other turtle specimens may show
complex biogeographic, biostratigraphic, and evolutionary
patterns. These patterns may eventually help elucidate distri-
bution pathways and patterns of extinction in the vertebrate
fossil record of North America.

Neurankylus lithographicus, along with other specimens
that are poorly known (most often regarded as nomina
dubia) or whose phylogenetic relationships remain poorly
resolved, serves to fill in the ghost lineage between the well-
known late Campanian baenids and their purported sister-
group, the pleurosternids (Fig. 21.7a). Trinitichelys hiatti is
known from one specimen whose age can be newly inter-
polated as about 105.6 Ma (Jacobs et al. 1991; Gradstein
et al. 2004). Interpolating the age of ‘‘Glyptops’’ pervicax
Hay 1908, which may be conspecific with T. hiatti (Ostrom
1970), from the Cloverly Formation of Montana, yields an
age of at least 101.6 Ma. Neurankylus wyomingensis,
reported from the Colorado shale near Cody, Wyoming, was
likely recovered from the Cody Shale of current usage,
which in that region contains the biostratigraphic zones of
Scaphites ventricosus Meek and Hayden 1862, and
Schaphites depressus Reeside 1927 (Dyman et al. 1997),
giving a conservative age estimate of middle to late
Coniacian (87.88–85.85 Ma; Gradstein et al. 2004).
Arundelemys dardeni, here provisionally hypothesized to be
a basal neurankyline, occurs in the Arundel Clay facies of
the Potomac Group, which was dated to middle Aptian by
palynological biostratigraphy (Doyle 1992). The middle
Aptian was dated by Ogg et al. (2004) to range from 115 to
121 Ma, pre-dating the age estimate of T. hiatti.

The placements of Neurankylus wyomingensis as the basal-
most Neurankylus and of Trinitichelys hiatti as the basal-most
member of the lineage leading to the Baenodda suggest that
both lineages independently lost the coarse shell ornamenta-
tion. Also, the probable presence of narrow-skulled species in
both lineages (N. lithographicus and T. hiatti, respectively), as
well as the basal occurrence of D. buzzops and U. uluops,
indicates that the evolution of broad skulls within baenoids
may have at least three different origins. It also indicates a
certain degree of parallelism between the Neurankylinae and
the lineage leading to the Baeninae.

Convergent evolution of derived baenid characters
within these two lineages has implications for defining
Baenidae. Previous analyses have placed the group as the
descendants of the node which leads both to Neurankylus
and Baena (Joyce 2007) or to Trinitichelys and Baena
(Gaffney and Meylan 1988). Based on the morphological
diagnosis of the family presented in Gaffney (1972), it is
more consistent to regard Baenidae as the least inclusive
clade containing both Uluops uluops and Baena arenosa, as
has been similarly suggested previously (Bakker 1998).
This relationship, although consistent among most-
parsimonious trees, was not found in our Bayesian analysis

to the exclusion of all pleurosternids and basal paracryp-
todires, making the higher systematics of these taxa
equivocal at this time.

Conclusions

Neurankylus eximius has previously been regarded as the
longest-lived baenid species (Gaffney and Haitt 1971; Lyson
and Joyce 2009a, b). Description of the new species and a
re-examination of the type species have shown its range to be
greatly restricted both chronologically and geographically.
Comparison of N. lithographicus and N. eximius allows for
diagnostic characters of the latter species to be identified and
may serve as guidelines for identifying characters, both in the
shells and skulls, of other specimens putatively identified as,
but now not referable to, N. eximius.

This study provides evidence for previously undocu-
mented morphological variation in the genus Neurankylus.
Such variation suggests other consistent, although subtle,
differences may be overlooked in other taxa. The degree of
morphological similarity between species of Neurankylus
may also indicate that baenid turtles were well adapted for
relatively stable ecological niches. Many of the changes that
are seen in turtle faunas appear to result from shifting pat-
terns of geographic ranges in response to climate change
(Brinkman 2003a) rather than faunal turnover. These pat-
terns of diversification and extinction may elucidate such
patterns in other organisms living at the same time. This
information may help us better understand the ecological
shifts in these ancient faunas and the mechanisms of how
those shifts occurred.
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Appendices

Appendix 1

Modifications to character matrix of Lyson and Joyce
(2009b).

(a) Taxa added (see Appendix 2 for list of specimens and
sources):

Dinochelys whitei; Dorsetochelys delairi; ‘‘Dorsetoche-
lys’’ buzzops; Uluops uluops; Arundelemys dardeni;
Thescelus insiliens; Neurankylus baueri; Neurankylus
ROM 864; Neurankylus lithographicus; Neurankylus wy-
omingensis; and Lance Formation Neurankylus.

(b) Modified characters:
Character 36: rescored for Neurankylus eximius
Character 38: changed and combined with Character 57.
Character 39: scored for Peckemys brinkman.
Character 50: rescored for consistency.
Character 53: scored for Peckemys brinkman.
Character 57: deleted, because combined with Character 38.
Character 60: deleted, because too variable to be reliable.
(c) New characters:
Character 71. Temporal emargination: 0) does not

expose otic cap-sule; (1) stapedial foramen exposed in
dorsal view; (2) anterior to an-terior margin of otic capsule.

Character 72. Contribution of supraoccipital to stapedial
foramen: (0) enters stapedial foramen; (1) excluded from
stapedial foramen.

Character 73. Anterior nuchal projection: (0) absent;
(1) present.

Character 74. Skull ornamentation: (0) pustolose (Glyp-
tops-like); (1) rugose.

Character 75. Foramen posterius canalis caroticum
internus position: (0) in posterior half; (1) in anterior half of
pterygoid–basisphenoid suture.

Character 76. Ventral angle between pterygoid occipital
process and transverse process of pterygoid: (0) less than
90�; (1) more than 90� or equal.

Character 77. Narrowest part of ventral pterygoid:
(0) even or posterior to anteriormost portion of ventral
exposure of basisphenoid; (1) anterior to basisphenoid.

Character 78. Opisthotic in posterior view: (0) width less
than 1.5 times height; (1) width greater than 1.5 times height.

Character 79. External ventrolateral quadrate-quadrato-
jugal suture: (0) shorter; (1) roughly equal in height or taller
than tympanic recess.

Character 80. Foramen nervi hypoglossi directed:
(0) posterolaterally not visible from posterior view;
(1) posteriorly visible from posterior view.

Character 81. Exoccipital processes of basioccipital:
(0) thinner; (1) roughly same thickness as height of

condyle.

Character 82. Anterior border of frontals: (0) extends
anterior to prefrontals; (1) does not extend past prefrontals.

Character 83. Anterior border of frontals: (0) pointed
anteromedially; (1) straight.

Character 84. Shell ornamentation: (0) rugose (Glyptops-
like); (1) faintly ridged.

Character 85. Dorsal medial keel on posterior vertebrals:
(0) absent; (1) present.

Character 86. Dorsolateral gutters on carapace: (0) absent;
(1) present.

Character 87. Cervical scute: (0) small and rectangular
long edge on carapace margin; (1) small and rectangular
short edge on margin; (2) not as above.

Character 88. Anterior edge of nuchal: (0) slightly
recessed; (1) anterior or even with first marginals.

Character 89. Nuchal lateral margins: (0) tapers anteri-
orly; (1) parallel; (2) widens anteriorly.

Character 90. Second and third vertebrals: (0) do not
narrow anteriorly; (1) narrow anteriorly.

Character 91. Fifth vertebral: (0) wide anterolateral sulci
not present on second suprapygal (same width as fourth
vertebral); (1) narrow sulci present on second suprapygal
(narrower than fourth vertebral).

Character 92. Fourth marginal resembling asymmetrical
trapezoid: (0) no; (1) yes, widest part posterior.

Character 93. Early fusion of first suprapygal to eighth
neural: (0) absent; (1) present.

Character 94. Posterior neurals: (0) hexagonal; (1) square.
Character 95. First–second costal suture: (0) slightly

posteriorly inclined or perpendicular to long axis; (1) slightly
anteriorly inclined; (2) greatly anteriorly inclined.

Character 96. Greatest plastron length: (0) less; (1) equal
or greater than greatest carapace width.

Character 97. Carapace width to carapace length:
(0) around 0.8; (1) around 0.85.

Character 98. Plastron length to carapace length: (0) less
than or equal 0.8; (1) greater than 0.8.

Character 99. Anterior lobe length to posterior lobe
length: (0) 0.82 or less; (1) greater than 0.84.

Character 100. Intergular shape: (0) rectangular with
large intergular humeral sulcus; (1) heart-shaped with little
or no intergular-humeral sulcus; (2) semicircular, no hum-
eral contact.

Character 101. Intergulars: (0) do not overlap entoplas-
tron; (1) overlap entoplastron.

Character 102. Intergular-gular sulci: (0) straight, (1) curved.
Character 103. Inframarginals: (0) narrower; (1) roughly

equal to; (2) wider than ventral exposure of marginals.
Character 104. Size: (0) large (carapace width 300 mm

or greater, skull basal length greater than 60 mm;
Neurankylus-sized); (1) small (carapace width less than
300 mm, skull basal length 60 mm or less; Plesiobaena-
sized).
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Appendix 2

Specimens and literature used to score taxa for phylogenetic
analysis. Asterisk (*) indicates specimens examined from
published material only.

(a) Neurankylus taxa scored for all characters:
Neurankylus eximius: CMN 1504* (Hay 1908; Gaffney

1972; probably Dinosaur Park Formation), AMNH 6098
(Judith River Formation), ROM 854 (probably Dinosaur
Park Formation), ROM 1943 (probably Dinosaur Park
Formation), TMP 1989.036.0112 (Dinosaur Park Forma-
tion), TMP 1999.055.0134 (Dinosaur Park Formation),
TMP 2003.012.0171 (Dinosaur Park Formation), UALVP
30824 (Dinosaur Park Formation).

Neurankylus lithographicus (all specimens from Milk
River Formation): TMP 2007.035.0045, TMP 1991.
113.0001, TMP 1991.113.0009, TMP 1994.377.0001, TMP
1998.102.0014, TMP 2007.036.0001.

Neurankylus baueri (all specimens from Kirtland For-
mation): USNM 8344*(Gilmore 1916), PMU.R24* (Wiman
1933), PMU.R25* (Wiman 1933), PMU.R26* (Wiman
1933), PMU.R27* (Wiman 1933).

Neurankylus wyomingensis: USNM 7581* (Gilmore
1919; Upper Colorado Group).

Other Neurankylus specimens: ROM 864 (probably
Kirtland Formation), YPM 8239 (Lance Formation).

(b) New taxa scored for all characters:
Arundelemys dardeni: USNM 497740* (Lipka et al.

2006; Arundel clay of Potomac Formation).
Dinochelys whitei: DNM 986* (Gaffney 1979), BYU

13099* (Brinkman et al. 2000); both Morrison Formation.
Dorsetochelys delairi: DORCM G23* (Evans and Kemp

1976; Purbeck Limestone Group).
‘‘Dorsetochelys’’ buzzops: TGM 5001* (Bakker 1998;

Morrison Formation).
Thescelus insiliens: AMNH 1108* and AMNH 6139*

(Gaffney 1972; Hell Creek Formation).
Uluops uluops: CPS 100* (Carpenter and Bakker 1990;

Morrison Formation).
(c) Other specimens scored for new characters:
Pleurosternon bullockii: BMNH 28618* (Milner 2004),

BMNH R911* (Milner 2004), UMZC T1041* (Evans and
Kemp 1975); all Purbeck Limestone Group.

Glyptops plicatulus: AMNH 336* and AMNH 5458*
(Gaffney 1979; Morrison Formation).

Trinitichelys hiatti: MCZ 4070* (Gaffney 1972; Trinity
Sands of Trinity Group).

Plesiobaena antiqua: TMP 1999.055.0145* and TMP
1985.058.0045* (Brinkman 2003b; Dinosaur Park
Formation).

Peckemys brinkman: UMMP 20490* (Lyson and Joyce
2009b; Hell Creek Formation).

Cedrobaena putorius: FMNH PR 2258* (Lyson and
Joyce 2009b; Hell Creek Formation).

Boremys pulchra: CMN 2281*, CMN 1130* (Gaffney
1972), TMP 1988.002.0010* (Brinkman and Nicholls
1991); all Dinosaur Park Formation).

Boremys grandis: USNM 12979* (Gilmore 1935; Kirt-
land Formation).

Eubaena cephalica: YPM 1785* (Gaffney 1972; Lance
Formation).

Palatobaena cohen: YPM 57498*, YPM 57498*, MRF
123* (Lyson and Joyce 2009a; Hell Creek Formation).

Palatobaena bairdi: PU 16839* (Gaffney 1972; Fort
Union Formation).

Palatobaena gaffneyi: UCMP 114529* (Archibald and
Hutchison 1979; Wasatch Formation).

Stygiochelys estesi: AMNH 2601* (Gaffney 1972; Hell
Creek Formation).

Baena arenosa: MCZ 4072* (Willwood Formation),
AMNH 5977* (Gaffney 1972; Bridger Formation).

Chisternon undatum: AMNH 5961* (Gaffney 1972;
Bridger Formation).

Appendix 3

Character-taxon matrix of baenid turtles used for parsimony
and Bayesian analyses. Asterisk (*) denotes character
retained for Bayesian analysis, but removed for parsimony
analysis.

[1] Pleurosternon bullockii 0010000000 0000000000 000?0?
0000 00?0?00000 0(0*)0000(0*)000 0000000000 00(0*)000
0100 0000-00?(0*)? ?001102100 00011?0?10 10?0

[2] Glyptops plicatulus 0110010000 0000000000 000?0?00
00 00?0000100 0(0*)0000(0*)000 0000000000 00(0*)00
00000 0?00-000(0*)0 0000000000 0000101110 1000

[3] Dinochelys whitei ??1000???? ?000000?0? 0?????????
?????00000 0(0*)0000(0*)000 ?10101000? ??(?*)?0??
?0? ??00????(?*)? ?001000000 1000110110 00-1

[4] Dorsetochelys delairi 001000?001 0000000100
0000?10200 2????10100 1(0*)0000(0*)00? ????0?0000
0?(?*)0001201 0?00110?(0*)? ?000100000 00001?1???
???0

[5] ‘‘Dorsetochelys’’ buzzops 110001?0?0 0000000000
00?1?10111 1?00?????? ?(?*)????(?*)??? ????????00
0?(?*)0000201 0??0?001(0*)1 1??0?????? ??????????
???1

[6] Uluops uluops 110000?0?0 0000000000 0011?1021?
1????????? ?(?*)????(?*)??? ????????00 0?(?*)0000201
0??0110?(0*)? ?????????? ?????????? ???1

[7] Arundelemys dardeni 000000?000 000011001- 100?00
0210 21???????? ?(?*)????(?*)??? ????????00 00(?*)
0010201 21?11001(?*)1 100??????? ?????????? ???1
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[8] Trinitichelyshiatti 00000010000001000100 10001002??
21??????00 ?(0*)0000(?*)000 110?000000 00(?*)00000
100 10010001(0*)? 11100001?1 ?00?1????0 1001

[9] Neurankylus eximius 10???0???? ??00100??? ?101???211
21???00100 0(0*)0000(0*)010 120(01)0100?? ??(?*)
0?100?1 11011101(0*)1 1101111121 0010110111 1110

[10] Neurankylus baueri ?????????? ?????????? ??????????
?????10100 0(0*)0000(0*)000 ?2000000?? ??(?*)????
??? ??0?????(?*)? ???1111101 11(01)10010(01)0 1010

[11] Neurankylus ROM 864 ?????????? ?????????? ??????
???? ??????0100 0(0*)0000(0*)0?0 ?1000100?? ??(?*)
??????? ??0?????(?*)? ???10111?1 01??1010?0 1100

[12] Neurankylus lithographicus 0????????? ??????????
?????0021? 21??????00 0(0*)0000(?*)0?0 ?0000?00??
??(?*)0?????? ?1011100(?*)0 0??1?1?1?1 01??200010
?010

[13] Neurankylus wyomingensis ?????????? ?????????? ????
?????? ?????0010? 0(?*)?0??(0*)0?? ???0?0???? ??(?*)
??????? ????????(?*)? ???001???1 0????????? ??10

[14] Lance Formation Neurankylus ?????????? ??????????
?????????? ?????10000 0(?*)0000(0*)0?? ???01100??
??(?*)??????? ????????(?*)? ???10101?1 0????0000?
??10

[15] Thescelus insiliens 100??0??0? 0000021100 100??0121?
20???00100 0(0*)1000(0*)001 1211010100 00(0*)
0000?00 1001101?(0*)? ?011000000 00??111112 1120

[16] Plesiobaena antiqua 1000001011 01(02)1101010
1000110111 1001011210 1(0*)0000(0*)011 121(01)
010100 00(0*)1000100 2011010?(0*)? ?011000110
00(01)1111102 0121

[17] Peckemys brinkman 1000001011 0??1111110 10001
00211 100111?200 1(0*)1000(0*)001 121?0?0000 00(0*)
1200100 10011011(0*)1 1??10001?0 00???1??0 –21

[18] Cedrobaena putorius 1000011111 1??1111100 111011
(01)211 1001?????? ?(?*)????(?*)??? ????????00 00(0*)
0001010 10?1111?(0*)? ?????????? ?????????? ???1

[19] Boremys pulchra 111000?10? 0101101?00 1000?00211
1010031201 1(0*)1(01)01(1*)101 1110111100 00(0*)
0000100 2001110?(1*)? ?011000100 1001101112 0021

[20] Boremys grandis ?????????? ?????????? ??????????
?????31201 1(0*)1011(0*)100 11101111?? ??(?*)????
??? ??0?????(?*)? ???1001120 0???111112 1120

[21] Eubaena cephalica 1110102100 0101121000 1000
300211 10???????? ?(?*)????(?*)??? ????????00 00(0*)
0110100 10?1110?(0*)? ?00??????? ?????????? ???1

[22] Palatobaena cohen 2000012111 1122011110 10002
10211 10011?1210 ?(0*)0000(0*)011 1211110111
11(0*)1111110 20111101(0*)1 1111000100 00??
01??1 –21

[23] Palatobaena bairdi 2000012111 1122111210 1110210
211 10011????? ?(?*)????(?*)??? ????????11 11(0*)
0111210 0??11101(0*)1 111??????? ?????????? ???1

[24] Palatobaena gaffneyi 2000112111 1122111110 1110
210111 10???????? ?(?*)????(?*)??? ????????11 11(0*)
0111210 ?1?11101(0*)1 101??????? ?????????? ???1

[25] Stygiochelys estesi 1101001110 1112101100 100100
1111 11???????? ?(?*)1111(?*)0?0 ?21?1?0100 00(0*)
0100100 20?10101(0*)1 101??????? ?????????? ???1

[26] Baena arenosa 1101001110 01?2101201 0111000211
1121021200 1(1*)1101(0*)000 1211110100 00(0*)
0000001 0?11110?(0*)? ?011002110 0011010102 1121

[27] Chisternon undatum 1101001110 0112101201 001100
1111 1120021201 1(0*)1111(0*)001 1211110100 00(0*)
0010101 1001100?(0*)? ?011002110 ?0?0001112 1010

[28] Gammerabaena sonsalla ?000011110 111102101?
??1??10211 10???????? ?(?*)????(?*)??? ?????0??00
00(1*)?11??10 ????????(?*)? ?????????? ??????????
????

[29] Goleremys mckennai 1000001100 0102101210
10??100211 10???????? ?(?*)????(?*)??? ????????01
00(0*)000??00 ????????(?*)? ?????????? ??????????
????
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Chapter 22

Redescription of Zangerlia dzamynchondi (Testudines:
Nanhsiungchelyidae) from the Late Cretaceous of Mongolia,
with a Reassessment of the Phylogenetic Position and
Relationships of Zangerlia

Igor G. Danilov, Vladimir B. Sukhanov, and Elena V. Syromyatnikova

Abstract In this chapter we redescribe Zangerlia dzamync-
hondi Sukhanov and Narmandakh 2006, a poorly described
nanhsiungchelyid turtle from the Djadokhta Formation (Late
Cretaceous, Campanian), Zamin Khond locality, southern
Mongolia. We also present new observations on the holotype
of Z. testudinimorpha, the type of the genus Zangerlia, and
reassess some characters of this genus. Inclusion of these new
data in a phylogenetic analyses of Adocusia (the clade uniting
Adocidae and Nanhsiungchelyidae) allows us to reassess the
phylogenetic position and relationships of Zangerlia. Our
phylogenetic analysis does not support a monophyletic
Zangerlia. All species of ‘‘Zangerlia’’ form a polytomy
with Hanbogdemys orientalis, Anomalochelys angula-
ta ? Nanhsiungchelys wuchingensis, and Basilemys.

Keywords Adocusia � Late Cretaceous � Mongolia �
Nanhsiungchelyidae � Turtles � Zangerlia

Introduction

Nanhsiungchelyidae Yeh 1966 are an extinct family of cryp-
todires that are allied with the Adocidae Cope 1870 within the
Adocusia Danilov and Parham 2006. The family contains
seven or eight genera that are restricted to the Late Cretaceous
of Asia (six or seven genera) and North America (one genus),
and its members are characterized by a peculiar combination

of aquatic and terrestrial features (Brinkman and Peng 1996;
Sukhanov 2000; Hutchison 2000; Hirayama et al. 2001;
Joyce and Norell 2005; Sukhanov et al. 2008; Danilov and
Syromyatnikova 2008, 2009). Zangerlia Młynarski 1972 is
the most specious Asiatic genus of nanhsiungchelyids, con-
taining four latest Cretaceous species [see Sukhanov et al.
(2008) and Danilov and Syromyatnikova (2008) for the most
recent reviews of the Asian nanhsiungchelyid record and map
of localities]: Z. testudinimorpha Młynarski 1972 (type
species), Campanian and/or Maastrichtian of Mongolia; Z.
neimongolensis Brinkman and Peng 1996, Late Cretaceous
(probably Campanian) of Inner Mongolia, China; Z. ukha-
achelys Joyce and Norell 2005, Campanian of Mongolia; and
Z. dzamynchondi Sukhanov and Narmandakh 2006, Campa-
nian of Mongolia (Młynarski 1972; Brinkman and Peng 1996;
Sukhanov 2000; Joyce and Norell 2005; Sukhanov and
Narmandakh 2006). According to the latest phylogenetic
studies, Zangerlia is considered monophyletic and forms a
clade with the genera Anomalochelys Hirayama et al. 2001,
Basilemys Hay 1902, Hanbogdemys Sukhanov and Narman-
dakh 2006, and Nanhsiungchelys Yeh 1966, although rela-
tionships among these genera and their species are unresolved
(Joyce and Norell 2005; Sukhanov et al. 2008; Danilov and
Syromyatnikova 2009).

Zangerlia dzamynchondi is a poorly known turtle that was
described based on a single, incomplete shell from exposures
of the Djadokhta Formation, at the Zamin Khond locality in
southern Mongolia. The description of this species was very
brief and it was assigned to the genus Zangerlia without
a clear argumentation (Sukhanov 2000; Sukhanov and
Narmandakh 2006). As a result, Z. dzamynchondi never has
been included in any phylogenetic analyses of Nanhsiungch-
elyidae or Adocusia (Hirayama et al. 2001; Joyce and Norell
2005; Sukhanov et al. 2008; Danilov and Syromyatnikova
2009).

The primary aims of our paper are to give a detailed
description of Zangerlia dzamynchondi and, for the first
time, to include this species in a phylogenetic analysis. In
addition, we also present new observations on the holotype

I. G. Danilov (&) � E. V. Syromyatnikova
Department of Herpetology,
Zoological Institute of the Russian Academy of Sciences,
Universitetskaya Emb. 1, St. Petersburg, Russia 199034
e-mail: igordanilov@gmail.com

E. V. Syromyatnikova
e-mail: esyromyatnikova@gmail.com

V. B. Sukhanov
Paleontological Institute of the Russian Academy of Sciences,
Profsoyuznaya 123, Moscow, Russia 117997
e-mail: sukhanovturtle@yandex.ru

D. B. Brinkman et al. (eds.), Morphology and Evolution of Turtles, Vertebrate Paleobiology and Paleoanthropology,
DOI: 10.1007/978-94-007-4309-0_22, � Springer Science+Business Media Dordrecht 2013

407



specimen of the type species Z. testudinimorpha. Our new
observations and data allow us to reassess the phylogenetic
position and relationships of Zangerlia. Because our study
does not support monophyly of Zangerlia, below we refer to
species of Zangerlia, other than Z. testudinimorpha, as
‘‘Zangerlia’’ spp.

Institutional abbreviations used in this paper are: PIN,
Paleontological Institute of the Russian Academy of Sci-
ences, Moscow, Russia; ZPAL, Institute of Paleobiology of
the Polish Academy of Sciences, Warsaw, Poland.

Materials and Methods

In addition to the type specimen of ‘‘Zangerlia’’ dzamync-
hondi described below, our study also is based on firsthand
examination (by IGD and EVS) of the holotype (ZPAL
MgCh/72, incomplete shell) of Z. testudinimorpha (see
Discussion). The phylogenetic analysis of Adocusia by
Danilov and Syromyatnikova (2009) was the basis for our
analysis. The taxon-character matrix of Danilov and Syr-
omyatnikova (2009) was changed in three ways. First, we
decided that a previously used character was too problematic
and, for that reason, we eliminated it from our analysis. This
problematic character described the form of the posterior part
of the carapace [i.e., character 27 of Danilov and Syromyat-
nikova (2009); = characters 22 and 24 of Hirayama et al.
(2001); = character 16 of Joyce and Norell (2005)]. For
that character, previous authors had coded all species of
‘‘Zangerlia’’ as ‘‘1’’ (steep deflection of post-neural part of
carapace present, posterior peripherals shortened), whereas
other nanhsiungchelyids were coded as ‘‘0’’ (steep deflection
absent, posterior peripherals greatly flared). We identified the
following problems with that character: it was not illustrated
for any species of ‘‘Zangerlia’’; in ‘‘Z.’’ ukhaachelys the
critical posterior part of the carapace is not preserved; and
based on our firsthand examinations of Z. testudinimorpha
and ‘‘Z.’’ dzamynchondi we could not differentiate either
species from other nanhsiungchelyids based on that charac-
ter. We did, however, identify a new informative character
(length of posterior plastral lobe), which we added to our
analysis in place of the older character 27; see Appendix 1 for
definition and codings for our replacement character 27.
Second, we added ‘‘Z.’’ dzamynchondi to our analysis; see
Appendix 1 for character codings for that species. Third, for
Z. testudinimorpha we were able to re-score three characters,
as follows: character 47 (expansion of ventromedial edge of
marginal 6) changed from ‘‘0’’ to ‘‘1’’; character 66 (partic-
ipation of pectoral in rim of axillary notch) changed from ‘‘?’’
to ‘‘1’’; and character 70 (overlapping of scutes onto dorsal
surface of plastron) changed from ‘‘?’’ to ‘‘1’’. Our updated
matrix was assembled using NDE 0.5.0 (Page 2001) and

analyzed using PAUP 4.0b10 (Swofford 2002). Characters
were left unordered, considered reversible, and of equal
weight. Bremer supports were calculated using Autodecay
4.0.1 (Eriksson 1998).

Systematic Paleontology

Testudines Batsch 1788
Cryptodira Cope 1868
Adocusia Danilov and Parham 2006
Nanhsiungchelyidae Yeh 1966
‘‘Zangerlia’’ dzamynchondi Sukhanov and Narmandakh

2006
(Figs. 22.1, 22.2, 22.3)

Synonymy: Zangerlia dzamynchondi: Sukhanov 2000,
p. 343, Fig. 17.25 (unavailable name); Sukhanov and Nar-
mandakh 2006, p. 124 (type description); Danilov and
Syromyatnikova 2008, p. 10.

Holotype: PIN 4698-1, incomplete shell, missing most
of central part of carapace and left half of posterior lobe of
plastron (Figs. 22.1, 22.2, 22.3).

Holotype locality, unit, and age: Zamin Khond locality,
Umnegov Aimag (southern Gobi), southern Mongolia; Dja-
dokhta Formation; Late Cretaceous, Campanian (Sukhanov
2000; Suzuki and Narmandakh 2004).

Occurrence: Known only by the holotype shell from the
holotype locality.

Diagnosis: Differs from other nanhsiungchelyids in the
following combination of three characters: sulci between
pleural 1 and marginals 2 and 3 and between pleural 3 and
marginals 7–9 located on peripherals (except Basilemys
spp.); presence of a knobby protrusion on external surface
of suprapygals (except some ‘‘Zangerlia’’ spp.); and length
of posterior plastral lobe less than distance between pos-
terior ends of plastron and carapace (except some ‘‘Zan-
gerlia’’ spp.). Differs further from non-‘‘Zangerlia’’
nanhsiungchelyids, as follows: from Kharakhutulia kala-
ndadzei by the presence of a nuchal notch formed by the
nuchal and peripherals 1, anterior plastral lobe protrudes
farther anteriorly than leading margin of carapace, and
broad dorsal extension of gulars onto thickened anterior
plastral lip; from Hanbogdemys orientalis by longer
bridges; from Anomalochelys angulata and Nanhsiungche-
lys wuchingensis by a small and trapezoidal nuchal; from
Basilemys spp. by the presence of a nuchal notch formed by
the nuchal and peripherals 1 and by the presence of four
pairs of inframarginals. Differs from other species of
‘‘Zangerlia’’ in the following characters: wide suprapygal 1
(as wide as suprapygal 2); relatively wide peripherals;
pleural-marginal sulcus distant from medial border of
peripherals; relatively short contact between epiplastra;
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Fig. 22.1 ‘‘Zangerlia’’ dzamynchondi Sukhanov and Narmandakh
2006, PIN 4698-1 (holotype), incomplete shell; Zamin Khond locality,
Umnegov Aimag (southern Gobi), Mongolia; Djadokhta Formation,
Campanian. a Shell in dorsal view: a1 photograph; a2 interpretive
drawing. b Shell in ventral view: b1 photograph; b2 interpretive
drawing. Images at same scale. Diagrammatic conventions in inter-
pretive drawings: bone in foreground shaded medium grey; bone in
background shaded light grey; matrix shaded dark grey; broken

surfaces indicated by hatched lines; and reconstructed edges or profiles
indicated by dashed lines. Abbreviations: abd abdominal, an anal,
c costal, egu extragular, ent entoplastron, epi epiplastron, fe femoral,
gu gular, h humerus, hu humeral, hyo hyoplastron, hypo hypoplastron,
im inframarginal, kp knobby protrusion, m marginal, pe pectoral, py
pygal, sc scapula, sp suprapygal, xi xiphiplastron. Arabic numerals
designate element numbers
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pentagonal entoplastron that does not reach the level of the
axillary notch; presence of a shallow anal notch; short gu-
lars that do not reach the entoplastron; and four pairs of
inframarginals that form a continuous row (except ‘‘Z.’’
ukhaachelys). Differs further from ‘‘Z.’’ neimongolensis by
the presence of small extragulars that do not extend onto the
entoplastron and do not meet one another across the mid-
line; from Z. testudinimorpha and ‘‘Z.’’ ukhaachelys by
larger size; and from ‘‘Z.’’ ukhaachelys by the expanded
ventromedial edge of marginal 6, abdominals that do not
contribute to the rim of the inguinal notch, and absence of
plastral fontanelles.

Description

Shell: The length of the shell is about 70 cm and its width is
58 cm, which is comparable with the holotype specimen of
‘‘Zangerlia’’ neimongolensis, but much bigger than other
preserved specimens of ‘‘Zangerlia’’. The plastron is esti-
mated to be approximately 85% of the carapace length and
projects anteriorly beyond the leading rim of the carapace.

Fontanelles are absent in both the carapace and plastron.
Among other species of ‘‘Zangerlia’’, plastral fontanelles
are present only in ‘‘Z.’’ ukhaachelys. The external surfaces
of the shell are covered with a characteristic nanhsiung-
chelyid type of sculpturing, consisting of irregular grooves
and pits (‘‘pockmarks’’ sensu Joyce and Norell 2005). Scute
sulci are deep and distinct. Photographs and interpretive
drawings of the shell in multiple views are presented in
Figs. 22.1 and 22.2, and a reconstruction of the ventral view
of the shell is presented in Fig. 22.3. Measurements of the
shell are given in Table 22.1.

Carapace: Although the carapace is missing most of its
central portion, it can be reconstructed as slightly domed. In
dorsal view, the carapace is oval shaped, slightly widened
anteriorly, and has a deep and wide nuchal notch (notch
length makes up about 10% of carapace length; notch width
makes up about 30% of carapace width) that is formed by
the nuchal and peripherals 1. The nuchal is relatively small
(compared to Anomalochelys angulata and Nanhsiungche-
lys wuchingensis), and it is strongly emarginated and con-
stricted anteriorly (ratio of width across anterior portion of
nuchal relative to maximum width of nuchal is 0.59, which
is the same as in Hanbogdemys orientalis). The length and
posterior outline of the nuchal are not clear. The visceral

Fig. 22.2 ‘‘Zangerlia’’ dzamynchondi Sukhanov and Narmandakh
2006, PIN 4698-1 (holotype), incomplete shell; Zamin Khond locality,
Umnegov Aimag (southern Gobi), Mongolia; Djadokhta Formation,
Campanian. a Shell in anterior view: a1 photograph; a2 interpretive

drawing. b Shell in posterior view: b1, photograph; b2 interpretive
drawing. c Shell in left lateral view: c1 photograph; c2 interpretive
drawing. Images at same scale. See Fig. 22.1 caption for conventions
and abbreviations
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surface of the nuchal is covered with matrix; consequently,
the presence of costiform processes cannot be determined.
The only part of the neural series that is preserved is the
anterior part of neural 1, and its precise outline is unclear.
There are two suprapygals, but they are preserved only
partially. Suprapygal 1 is represented by its right lateral
part; it is reconstructed as trapezoidal in outline and as wide
as suprapygal 2. Among nanhsiungchelyids, a similarly
shaped suprapygal 1 is present in Basilemys sinuosa Riggs
1906, whereas other species of ‘‘Zangerlia’’ have a nar-
rower suprapygal 1. Suprapygal 2 is wide and has a knobby
protrusion midway along its length, similar to those in ‘‘Z’’.
neimongolensis and Z. testudinimorpha. The pygal is
approximately trapezoidal in outline, wider than long, and
slightly widened posteriorly. Its morphology generally
corresponds to those of other Nanhsiungchelyidae.

The costals are represented by the lateral parts of costals
1–6 on the left side and fragments of costals 7 and 8 on the
right side. Costal 1 is much narrower anteroposteriorly than
in other Nanhsiungchelyidae. Costals 2–7 seem to have
almost parallel anterior and posterior borders (at least in
their lateral parts), whereas costal 8 is strongly widened

laterally. Visceral surfaces of the costals are observable on
costals 7 and 8 only, both of which bear well-developed rib
heads and rib thickenings; costal 8 also bears an attachment
for the ilium. The morphology of the costals generally
corresponds to those of other Nanhsiungchelyidae.

The peripherals are best preserved on the left side of
shell, where they are represented by a complete row of
elements. The free edge of peripheral 1 is angled as in some
Nanhsiungchelyidae (Hanbogdemys orientalis and Nan-
hsiungchelys wuchingensis); this character is unknown in
other species of ‘‘Zangerlia’’. The other peripherals are
approximately as wide as long, and differ from those of
other ‘‘Zangerlia’’ spp. in being relatively wider. The pos-
terior peripherals are narrowed (shortened).

Table 22.1 Measurements (in mm) for the holotype shell (PIN 4698-1)
of ‘‘Zangerlia’’ dzamynchondi. Multiple measurements are separated by
a forward slash

Bone, scute, or portion of shell and description (in
parentheses) of measurement(s)

Measurements

Peripheral 1 (length along free edge/width of
dorsal plate across middle)

100/95

Peripheral 2 (as for Peripheral 1) 110/95

Cervical (length/width across anterior edge/width
across posterior edge)

25/14/30

Marginal 2 (height/length along free edge) 60/90

Marginal 4 (as for Marginal 2) 115/80

Marginal 5 (as for Marginal 2) 120/75

Marginal 6 (as for Marginal 2) 125/85

Marginal 7 (as for Marginal 2) 70/80

Plastral bridges (minimal length) 270

Anterior lobe of plastron (length/width across
base)

150/400

Posterior lobe of plastron (length/width across
base)

?/380

Epiplastra (medial length) 68

Entoplastron (length/width) 105/130

Hyoplastra (medial length) 155

Hypoplastra (medial length) 130

Gulars (medial length) 46

Extragulars (medial length) 40

Humerals (medial length) 80

Pectorals (medial length) 105

Abdominals (medial length) 160

Inframarginal 1 (length at contact with plastral
scutes/length at contact with marginals/width at
contact with anterior scute)

40/55/?

Inframarginal 2 (as for Inframarginal 1) 45/50/45

Inframarginal 3 (as for Inframarginal 1) 125/110/40

Inframarginal 4 (as for Inframarginal 1) 65/?/25

Abbreviation: ‘‘?’’, cannot be measured

Fig. 22.3 New reconstruction of the shell of ‘‘Zangerlia’’ dzamync-
hondi Sukhanov and Narmandakh 2006, based on PIN 4698-1
(holotype), in ventral view. See Fig. 22.1 caption for conventions
and abbreviations
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The following scutes of the carapace are observable:
cervical; lateral part of left pleural 1; and marginals 1–10.
The cervical is wide and trapezoidal in dorsal view. Its
anterior shape is rectangular, but its ventral shape is not
clear. Although the cervical is not know for any other
species of ‘‘Zangerlia’’, in other Nanhsiungchelyidae it is
usually wide and either rectangular or trapezoidal in dorsal
view. Laterally, the pleurals strongly overlap the corre-
sponding peripherals, similar to Basilemys spp. The obser-
vable marginals are restricted to the peripherals; the
position of the pleural-marginal sulcus is distant from the
medial border of the peripherals, whereas in other ‘‘Zan-
gerlia’’ spp. this sulcus coincides with the medial border of
the peripherals. Marginals 4–7 clearly extend onto the
plastron. The ventromedial edge of marginal 6 is expanded,
as in other members of Nanhsiungchelyidae (except ‘‘Z.’’
ukhaachelys).

Plastron: The plastron is almost completely preserved,
missing only the left half of the posterior lobe. The contact
of the anterior buttress is not observable; however, contact
of the posterior buttress with peripheral 8, which is known
in other nanhsiungchelyids, is clearly visible. The length of
the bridge is about 50% of the plastron length. The anterior
lobe of the plastron is wider than long (ratio of midline
length of anterior lobe versus width across its base is 0.40),
trapezoidal, narrowed anteriorly, has a straight anterior
edge, and lacks a gular notch. The length of the anterior
lobe makes up 27% of the plastron length. The anterior lobe
reaches farther anteriorly than the carapace rim, as in ‘‘Z.’’
neimongolensis, Basilemys spp., and Hanbogdemys orien-
talis. The posterior lobe of the plastron is damaged. Its
precise shape and proportions are not clear, but, as recon-
structed, are similar to those of the anterior lobe. The length
of the posterior plastral lobe is less than the distance
between the posterior ends of the plastron and carapace, as
‘‘Z.’’ neimongolensis and Z. testudinimorpha. The posterior
lobe is slightly constricted at the femoral-anal sulcus and
has a shallow anal notch. Among nanhsiungchelyids, an
anal notch is known only in Kharakhutulia kalandadzei.
Both lobes are thickened along the free edge, as in other
Nanhsiungchelyidae. The anterior plastral lip is thickened
with a broad dorsal extension of the gulars, as in most other
Nanhsiungchelyidae (except K. kalandadzei).

The epiplastra have a sutural contact with one another
across the midline; this contact is shorter than in other
species of ‘‘Zangerlia’’ and Nanhsiungchelyidae. The epi-
entoplastral suture is very long. The entoplastron is a large
pentagonal element, wider than long, and does not reach the
level of the axillary notch. Its shape is somewhat similar to
Basilemys spp. and Hanbogdemys orientalis, whereas in
other ‘‘Zangerlia’’ spp. and Nanhsiungchelys wuchingensis
the entoplastra are diamond-shaped and reach the level of
the axillary notch. The hyoplastron and hypoplastron make

equal contributions to the bridge length. The xiphiplastra
are represented by the anterior parts from both sides and by
the separated, posterior part of the right xiphiplastron. The
reconstructed length of the xiphiplastron is about 90% of
the midline length of the posterior lobe; this is similar to
other ‘‘Zangerlia’’ spp., but unlike other Nanhsiungchelyi-
dae, which all have shorter xiphiplastra.

The plastral scutes are represented by a complete set
including the gulars, extragulars, humerals, pectorals, ab-
dominals, femorals, and four pairs of inframarginals. The
gulars are very short medially and do not reach the en-
toplastron. As in other species of ‘‘Zangerlia’’, it is unclear
if the gulars are separated or fused. The gulars of other
Nanhsiungchelyidae usually touch or overlap the entoplas-
tron. The gulars extend onto the dorsal anterior plastral lip.
The extragulars are small triangular elements, separated
from one another by a wide contact of the gulars and hu-
merals. This condition is similar to some Basilemys spp.,
Hanbogdemys orientalis, and Kharakhutulia kalandadzei.
On the other hand, this condition differs from ‘‘Z.’’ nei-
mongolensis, in which the extragulars are large, extend onto
the entoplastron, and meet one another at the midline. The
humerals have a relatively long median contact. The pec-
toral is strongly increased in anteroposterior length medi-
ally. The humeral-pectoral sulcus clearly intersects the
entoplastron, as in all Nanhsiungchelyidae. The pectoral
does not contribute to the anterior plastral rim, as in other
Nanhsiungchelyidae, and it has both a long contact with
inframarginal 2 and a point contact with inframarginal 1.
The abdominal is a rectangular element separated from the
inguinal notch by contact of the femoral and inguinal, as in
most other Nanhsiungchelyidae. In some species of Ba-
silemys, K. kalandadzei, and ‘‘Z.’’ ukhaachelys the
abdominal contributes to the rim of the inguinal notch. The
femoral contacts inframarginal 4 laterally, as in ‘‘Z.’’ nei-
mongolensis and Z. testudinimorpha, and it laps onto the
dorsal surface of the posterior plastral lobe. The infra-
marginals are represented by a complete row of four scutes
that are clearly visible on the right side. They are restricted
to the plastron and situated rather distant from the plastron-
carapace suture. Inframarginal 1 is tetragonal, variable in
length between the right and left sides, contributes to the
axillary notch anteriorly, and contacts the humeral medially,
inframarginal 2 posteriorly, and marginal 4 laterally.
Inframarginal 2 has an irregular pentagonal outline, is
variable in length between the right and left sides, and
contacts inframarginal 1 anteriorly, the pectoral anterome-
dially, the abdominal posteromedially, inframarginal 3
posteriorly, and marginal 5 laterally. Inframarginal 3 is
tetragonal and elongate (at least three times longer than
wide), and contacts inframarginal 2 anteriorly, the abdom-
inal medially, inframarginal 4 posteriorly, and marginal 6
laterally. Inframarginal 4 contacts inframarginal 3
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anteriorly, has a short medial contact with the abdominal
and a longer contact with the femoral, is slightly widened
posteriorly and embraces the inguinal notch, and has a
lateral contact with marginal 7. If correctly reconstructed,
this pattern is similar to ‘‘Z.’’ ukhaachelys in the presence of
a complete row of four inframarginals, although the shapes

and contacts of the scutes are different. Four pairs of in-
framarginals are also present in Z. testudinimorpha, but they
do not form continuous rows (see Discussion), whereas
‘‘Z.’’ neimongolensis was reported to have only two or three
pairs of inframarginals (1, 3, and 4 according to Brinkman
and Peng 1996). The shape of the midline sulcus is unclear.

Fig. 22.4 Zangerlia testudinimorpha Młynarski 1972, ZPAL MgCh/
72 (holotype), incomplete shell; Nemegt locality, Gov-Altai Aimag
(Transaltai Gobi), Mongolia; Barungoyot and Nemegt formations,
Campanian–Maastrichtian. a Shell in dorsal view: a1 photograph;

a2 interpretive drawing. b Shell in ventral view: b1 photograph; b2

interpretive drawing. Images at same scale. See Fig. 22.1 caption for
conventions and abbreviations
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Discussion

New Data on the Morphology of ‘‘Zangerlia’’
dzamynchondi and Z. testudinimorpha

Our reexamination of the holotype shell of ‘‘Zangerlia’’
dzamynchondi allows us to present new images of this spec-
imen (Figs. 22.1, 22.2) and suggest a new reconstruction in
ventral view (Fig. 22.3). Our observations and reconstruction
differ from previously published ones (e.g., Sukhanov 2000,
Fig. 17.25) in the following details: the posterior border of
costal 1 is placed farther posteriorly and coincides with the
posterior border of peripheral 3; the posterior borders of
costals 2–5 do not coincide with the posterior borders of the
corresponding peripherals; suprapygal 2 and the pygal are
relatively wider; the gulars do not touch the entoplastron; the
inframarginals are clearly represented by a complete row of
inframarginals 1–4 on the right side and by at least infra-
marginal 3 on the left side; and the posterior plastral lobe is
relatively shorter and narrower posteriorly.

Our observations on the holotype of Zangerlia testudi-
nimorpha allow us to present new images for this taxon as

well (Figs. 22.4, 22.5) and clarify some characters of this
specimen. Among these characters is an expansion of the
ventromedial edge of marginal 6. Previously, Z. testudini-
morpha was considered to be the only member of Nan-
hsiungchelyidae (in which the morphology of this region
was known) that lacked such an expansion (Brinkman and
Nicholls 1993; Hirayama et al. 2001; Joyce and Norell
2005; Sukhanov et al. 2008; Danilov and Syromyatnikova
2009). Another important character that can now be rec-
ognized for Z. testudinimorpha is that the pectoral does not
participate in the rim of the axillary notch, as in other
Nanhsiungchelyidae. Previously, this character was coded
as variable or unknown (Joyce and Norell 2005; Danilov
and Syromyatnikova 2009). Although the upper surface of
the plastron of Z. testudinimorpha is covered with matrix,
this species appears to have scutes overlapping onto the
dorsal (visceral) surface of the posterior lobe of the plastron,
as in other Nanhsiungchelyidae. In addition, we note the
presence of an elongate and narrow inframarginal 3 on the
left side of the plastron, which is separated from infra-
marginal 4 by a contact of the abdominal and marginal 6.
Previously, inframarginal 3 was shown only on the right
side of the plastron, where it was depicted as wider and
having a broad contact with inframarginal 4 (Młynarski

Fig. 22.5 Zangerlia testudinimorpha Młynarski 1972, ZPAL MgCh/
72 (holotype), incomplete shell; Nemegt locality, Gov-Altai Aimag
(Transaltai Gobi), Mongolia; Barungoyot and Nemegt formations,
Campanian–Maastrichtian. a Shell in anterior view: a1 photograph; a2

interpretive drawing. b Shell in posterior view: b1 photograph; b2

interpretive drawing. c Shell in right lateral view: c1 photograph; c2

interpretive drawing. Images at same scale. See Fig. 22.1 caption for
conventions and abbreviations
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Fig. 22.6 Phylogeny of Adocusia showing the hypothesized position
of ‘‘Zangerlia’’ dzamynchondi (in bold) based on a strict consensus of
11 phylogenetic trees resulting from this study. See text (Discussion)
for tree description. For diagrammatic simplicity, outgroups and
adocid taxa are not shown. Black boxes indicate temporal ranges of
ingroup taxa. Numbers are Bremer support indices. Letters designate
nodes with the following unambiguous synapomorphies: node a
(Adocusia): 32(1), 52(1); node b (Nanhsiungchelyidae): 47(1), 54(1),

55(1), 66(1), 70(1), 72(1); node c (unnamed): 29(1), 43(1), 53(1),
60(1); node d (unnamed) 30(1), 43(1); node e (Basilemys): 29(0), 46
(1), 48(0), 51(1), 67(1); node f (unnamed): 59(0); and node g
(unnamed) 62(1). Abbreviations for geological stages: Alb Albian, Apt
Aptian, Cal Callovian, Cam Campanian, Cen Cenomanian, Con
Coniacian, Maa Maastrichtian, Neocom Neocomian, Ox Oxfordian,
San Santonian, Tit Tithonian, Tur Turonian
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1972, pl. XXVIII). These new observations on Z. testudi-
nimorpha allowed us to change the scoring of this taxon for
a number of characters in our phylogenetic analysis (see
Materials and Methods).

The Phylogenetic Position of ‘‘Zangerlia’’
dzamynchondi and the Relationships
of Nanhsiungchelyidae

Our phylogenetic analysis resulted in 11 most parsimonious
trees with 128 steps, a consistency index of 0.64, and a
retention index of 0.81. The resulting strict consensus tree is
depicted in Fig. 22.6 and the synapomorphies for each clade
are listed in the caption. According to our phylogenetic
analysis, ‘‘Zangerlia’’ is not monophyletic. All species of
‘‘Zangerlia’’, including ‘‘Z.’’ dzamynchondi, form a polyto-
my with Hanbogdemys orientalis, Anomalochelys angula-
ta ? Nanhsiungchelys wuchingensis, and Basilemys spp. In
the previous analysis (Danilov and Syromyatnikova 2009)—
which did not include ‘‘Z.’’ dzamynchondi—the strict con-
sensus tree recovered a monophyletic Zangerlia, with Z.
neimongolensis being the sister of Z. testudinimorpha ? Z.
ukhaachelys. Other parts of our strict consensus tree agree
with that of Danilov and Syromyatnikova (2009), except for
the topologies of the Basilemys clade. In the previous anal-
ysis, all species of Basilemys formed a polytomy, whereas in
our analysis, the relationships within this clade are fully
resolved as follows: B. nobilis (B. variolosa (B. praeclar-
a ? B. sinuosa)). Among other phylogenetic studies of
Nanhsiungchelyidae, monophyly of Zangerlia was supported
by Joyce and Norell (2005) and Sukhanov et al. (2008), but
was rejected by Hirayama et al. (2001). In the phylogenetic
hypothesis of Hirayama et al. (2001), which did not include
‘‘Z.’’ dzamynchondi and predated the description of ‘‘Z.’’
ukhaachelys, Z. testudinimorpha was the most basal taxon of
Nanhsiungchelyidae and ‘‘Z.’’ neimongolensis was the sister
of the Basilemys clade.

Because our phylogenetic analysis did not support
monophyly of the traditionally recognized ‘‘Zangerlia’’, the
generic affinities of the three non-type species (‘‘Z.’’
dzamynchondi, ‘‘Z.’’ neimongolensis, and ‘‘Z.’’ ukhaachelys)
are unclear. ‘‘Zangerlia’’ dzamynchondi shares two advanced
characters with at least Z. testudinimorpha and ‘‘Z.’’ nei-
mongolensis: presence of a knobby protrusion on suprapygals
and the length of the posterior plastral lobe is less than the
distance between the posterior ends of the plastron and car-
apace. Neither character can be determined for ‘‘Z.’’ ukha-
achelys, because the posterior part of the carapace is missing
in the holotype and only known specimen. Other characters
previously considered diagnostic for ‘‘Zangerlia’’ either are

not known in ‘‘Z.’’ dzamynchondi (loss of the lingual ridge) or
are considered unclear by us (steep deflection of the post-
neural part of the carapace and posterior peripherals short-
ened; see above, Materials and Methods). The geographic and
temporal distributions of ‘‘Zangerlia’’ spp. are restricted to
the Campanian and, probably, Maastrichtian of southern
Mongolia and adjacent part of China, in Inner Mongolia
(Danilov and Syromyatnikova 2008). This restricted distri-
bution could be considered as an additional argument in favor
of monophyly of the genus. On the other hand, ‘‘Z.’’
dzamynchondi shares some advanced characters with North
American Basilemys spp., namely the sulci between pleural 1
and marginals 2 and 3 and between pleural 3 and marginals 7–
9 are on the peripherals. Given the above limitations and
uncertainties, new specimens of ‘‘Z.’’ dzamynchondi and
other species of ‘‘Zangerlia’’ are needed to clarify the rela-
tionships and content of this genus.

As a final comment, we would like to encourage future
nanhsiungchelyid researchers to be more accurate with their
character definitions and to illustrate described material in
more aspects and better detail.
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Appendices

Appendix 1

Details about replacement character 27 used in phylogenetic
analysis presented in this paper.

Description: Length of posterior plastral lobe: 0, more
than distance between posterior ends of plastron and cara-
pace; 1, less than distance between posterior ends of plas-
tron and carapace.

Comments: This replaces character 27 in the previous
analysis of Danilov and Syromyatnikova (2009). The
primitive state of the new character 27 is found in the
outgroups, adocids, and most nanhsiungchelyids. The
derived condition is considered diagnostic for Zangerlia
(Brinkman and Peng 1996; this chapter).

Codings: Xinjiangchelys levensis, 0; X. tianshanensis, 0;
Carettochelys insculpta, 0; Apalone ferox, -; Yehguia tats-
uensis, 0; Adocus aksary, ?; A. beatus/Adocus sp., 0;
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Ferganemys itemirensis, 0; F. verzilini, 0; Shachemys
ancestralis, 0; S. baibolatica, 0; S. laosiana, 0; Kharak-
hutulia kalandadzei, 0; Zangerlia testudinimorpha, 1; Z.
neimongolensis, 1; Z. ukhaachelys, ?; Z. dzamynchondi, 1;
Hanbogdemys orientalis, 0; Anomalochelys angulata, ?;
Nanhsiungchelys wuchingensis, ?; Basilemys variolosa, 0;
B. nobilis, 0; B. sinuosa, 0; B. praeclara, 0.

Appendix 2

Characters coded for ‘‘Zangerlia’’ dzamynchondi and
added to the matrix of Danilov and Syromyatnikova (2009).

?????????? ?????????? ??????1110 ???0110?0?
00????1000 11111010?1 00001100?1 010?
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Chapter 23

Cretaceous Trionychids of Asia: An Expanded Review
of Their Record and Biogeography

Igor G. Danilov and Natasha S. Vitek

Abstract This chapter presents an expanded review of all
described and/or figured specimens and taxa of trionychids
from the Cretaceous (Barremian to Maastrichtian) of Asia.
Cretaceous occurrences in Asia are limited to indeterminate
trionychids and to the subfamily Trionychinae; cyclanor-
bines are unknown and previous reports of plastomenids are
based on misidentified trionychine material. For the
Trionychinae, we recognize 13 taxa of uncertain placement
within the subfamily (‘‘Aspideretes’’ maortuensis, four
species of Khunnuchelys, ‘‘Paleotrionyx’’ riabinini, ‘‘Tri-
onyx’’ kansaiensis and ‘‘T.’’ kyrgyzensis, and Trionychinae
indet. 1–5), seven taxa within the tribe Trionychini (‘‘Am-
yda’’ menneri and ‘‘Am’’. orlovi, ‘‘Aspideretes’’ alashanen-
sis, Aspideretoides riabinini and Aspideretoides sp., and
Trionychini indet. 1 and 2), and three taxa within the
subtribe Apalonina (Apalonina indet. 1–3). We also recog-
nize Sinamyda and four indeterminate taxa as Trionychidae
incertae sedis. Although two other tribes (Ulutrionychini
and Rafetini) have been proposed to include some Asian
Cretaceous trionychines, monophyly of those tribes has yet
to be satisfactorily demonstrated. During the Cretaceous,
earlier and more basal trionychids (i.e., trionychines with
eight neurals) were more broadly distributed across Asia,
whereas later and more derived taxa had more restricted
ranges. The recognition of Aspideretoides spp. and three
indeterminate Apalonina in the Cretaceous of Asia provides
evidence for a shared history with North American
trionychids.

Keywords Asia � Cretaceous � Soft-shelled turtles �
Trionychidae

Introduction

The Trionychidae Gray 1825, or soft-shelled turtles, are a
group of highly aquatic cryptodires (Meylan 1987). They
first appeared in Asia in the Early Cretaceous (Barremian),
then in North America in the Late Cretaceous (Cenoma-
nian), and spread to most other continents in the Cenozoic
(Nessov 1995a; Hutchison 2000; Hirayama 2002; Brinkman
2003; Danilov 2005). The phylogeny and taxonomy of this
group are still not entirely understood (Meylan 1987;
Gardner et al. 1995; Karl 1998; Engstrom et al. 2004; Joyce
and Lyson 2010). This is especially true for Cretaceous
trionychids, which are important for understanding the early
diversification and evolution of the family (see Fig. 23.1 for
known distributions of Cretaceous trionychids). Their
record is poor and includes, besides numerous indetermi-
nate specimens, many taxa that are based entirely on either
skulls or shells (Hutchison 2000).

In this chapter we present a review of all described and/
or figured trionychid specimens from the Cretaceous of
Asia, and provide comments on their morphology, sys-
tematic position, and taxonomic status. We also discuss the
main suprageneric taxa and biogeography of Asian Creta-
ceous trionychids. Parts of this review were presented ear-
lier (Danilov and Vitek 2009, Vitek and Danilov 2010).
Here we expand upon that work with photographs, illus-
trations, or reconstructions of the most important specimens
and add information for each taxon. Our review does not
include undescribed or figured trionychid specimens or
occurrences mentioned by Gilmore (1931), Kordikova
(1994a), Nessov (1997), Khosatzky (1999), Hirayama et al.
(2000), and Lapparent de Broin (2004) or any stem-tri-
onychid or trionychoid material from the Akaiwa Formation
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(late Neocomian or Barremian) of Japan (Hirayama 2008;
Hirayama et al. 2012).

A substantial amount of the relevant literature on Asian
Cretaceous trionychids was published in Russian and in
journals, books, and conference abstract volumes that are
not readily accessible. Consequently, many of the taxa
included in our review originally were diagnosed and
described in Russian. For most of those taxa, here we
provide the first English translations of the original Russian
diagnoses. For the remaining taxa, the diagnoses presented
here follow either the original version or the most recently
revised version. Because we follow previously published
diagnoses and have not made any attempt to provide our
own revised or emended versions, the format, presentation,
and terminology in those diagnoses varies. Changes (if
present) to the original text, spelling, and grammar in those
diagnoses are given in square brackets. In Appendix, we
provide annotated and translated diagnoses for three supra-
specific trionychid taxa (two tribes and one genus) that have
been erected for Cretaceous and Cenozoic material from
Asia (Kordikova 1994b; Chkhikvadze 1999), but which
have not been widely accepted.

The taxonomy of Trionychidae used here generally fol-
lows Meylan (1987), who presented the first comprehensive
phylogenetic analysis for living trionychids based on

skeletal morphology and provided diagnoses for the family
and all less inclusive taxa. Because Meylan’s (1987) work
relied on skeletal characters, it is especially useful for
dealing with fossil specimens and taxa. More recent
attempts to develop a phylogenetic taxonomy of trionychids
(Joyce et al. 2004; Engstrom et al. 2004) are less useful for
Cretaceous taxa, because those studies also used non-skel-
etal features and because few specimens of Cretaceous tri-
onychids have been included in cladistic analyses.

Institutional abbreviations used in this chapter are:
CCMGE, Chernyshev’s Central Museum of Geological
Exploration, St. Petersburg, Russia; FPDM, Fukui Prefec-
tural Dinosaur Museum, Fukui, Japan; HMNS, Hayashibara
Museum of Natural Sciences, Okayama, Japan; IPGAS,
Institute of Paleobiology, Georgian Academy of Sciences,
Tbilisi, Georgia; IVPP, Institute of Vertebrate Paleontology
and Paleoanthropology, Beijing, China; IZK, Institute of
Zoology, Academy of Sciences of Kazakhstan, Almaty,
Kazakhstan; MDM, Mifune Dinosaur Museum, Mifune,
Japan; MPS, Mongolian Paleontological Center, Ulan
Bator, Mongolia; PIN, Paleontological Institute, Moscow,
Russia; ZIN PH (= ZIN PHT), Paleoherpetological collec-
tion, Zoological Institute of the Russian Academy of
Sciences, St. Petersburg, Russia; ZPAL, Institute of Paleo-
biology, Polish Academy of Sciences, Warsaw, Poland.

Fig. 23.1 Temporal and geographic distributions of Cretaceous
Trionychidae. Gaps in record are filled with grey. For Asian columns,
‘‘trionychid’’ denotes undescribed occurrences taken from the follow-
ing publications: Middle Asia and Kazakhstan: Nessov (1997);
Mongolia: Suzuki and Narmandakh (2004); China: Moiseenko et al.
(1997); and Japan: Hirayama et al. (2000). Distributions of North
American trionychids taken from Gardner et al. (1995), Eaton et al.

(1999), Brinkman (2003), and Hutchison and Holroyd (2003).
Apalonina indet. 3 (Late Cretaceous of Mongolia), ‘‘Aspideretes’’
alashanensis and ‘‘A.’’ maortuensis (both Early or Late Cretaceous of
China), Sinamyda fuchienensis (?Early Cretaceous of China), and
Trionychinae indet. 6 (Early Cretaceous of Mongolia) are not not
shown due to uncertainties about their ages. See text for further details
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The term ‘‘Collection’’ immediately preceding an institu-
tional catalogue number (e.g., Collection ZIN PH 108)
indicates that multiple specimens are accessioned under
that number.

Systematic Paleontology

Family Trionychidae Gray 1825
Subfamily Trionychinae Gray 1825

Remarks: Assignment of shell material listed below to
Trionychinae is based on the possession of a nuchal bone
that is at least three times wider than long, a neural series
that always contains at least one reversal in neural orien-
tation, or both of those features (Meylan 1987). Useful skull
characters of Trionychinae include (Meylan 1987): dorsal
edge of apertura narium externum is slightly to strongly
emarginate and foramen jugulare posterius is isolated from
the fenestra postotica by ventral arch of the opisthotic.
Monophyly of Trionychinae is widely supported by phy-
logenetic studies (Meylan 1987; Engstrom et al. 2004;
Joyce and Lyson 2010). Most of the specimens included in
our review can be assigned to the Trionychinae; some of
these cannot be identified more precisely, but others can be
assigned to lower taxonomic levels.
Tribe Trionychini Gray 1825

Remarks: Assignment of shell material listed below to
Trionychini is based on the presence of seven or fewer neurals
(Meylan 1987). Useful skull characters of Trionychini
include (Meylan 1987): parietal makes up nearly one-quarter
of processus trochlearis oticum and dorsal margin of aperture
narium externum is, as a rule, strongly emarginate. Although
Meylan’s (1987) cladistic analysis recovered a monophyletic
Trionychini, subsequent phylogenetic analyses have not
(Engstrom et al. 2004; Joyce and Lyson 2010). Of the two
subtribes (Trionychina and Apalonina) recognized by Mey-
lan (1987), only the later can be identified among specimens
included in our review. The remaining Trionychini speci-
mens are indeterminate at the subtribe level, although some of
them can be identified to genus or species.

Subtribe Apalonina Meylan 1987

Remarks: Assignment of shell material listed below to
Apalonina is based on reduction or absence of costals 8
(Meylan 1987). Useful skull characters of Apalonina
include (Meylan 1987): the intermaxillary foramen is about
60% of primary palate in length and the vomer divides the
maxillae and reaches the intermaxillary foramen. The Ap-
alonina clade is widely supported by contemporary phylo-
genetic studies (Meylan 1987; Engstrom et al. 2004; Joyce
and Lyson 2010). Below we recognize three indeterminate
Apalonina taxa from the latest Cretaceous of Mongolia.

Apalonina indet. 1
(Fig. 23.2a)

Synonymies: Apalonini: Khosatzky 1999, pp. 146–147,
Fig. 5. Apalonina indet.: Danilov and Vitek 2009, p. 55.

Referred specimen: ZIN PHT M68-1, incomplete cara-
pace (Fig. 23.2a), from Nogon Tsav, Gov-Altai Aimag,
Mongolia, upper part of Barungoyot Formation, Campanian.

Remarks: This specimen originally was reported as
Apalonini (Khosatzky 1999) and it is characterized by
having a relatively short neural 1, an isometric neural 5, and
seven pairs of costals.

Apalonina indet. 2

Synonymies: Platypeltis sp.: Merkulova 1978, p. 156.
Apalonina indet.: Danilov and Vitek 2009, p. 55.

Referred specimen: PIN unnumbered, nearly complete
shell, from Nemegt, Gov-Altai Aimag, Mongolia, Nemegt
Formation, Maastrichtian.

Remarks: This specimen, reported as Platypeltis sp.
based on seven pairs of costals and absence of a preneural
(Merkulova 1978), probably, also belongs to Apalonina
indet. According to Merkulova (1978, p. 156) it is distin-
guished from other trionychids by ‘‘long processes of hyo-
and hypoplastra, medial processes of hypoplastra of equal
length and thickness, fontanelles of the regular roundish-
triangular shape, and different pattern of sculpturing’’.

Apalonina indet. 3

Synonymies: Apalonina: Suzuki 2005, p. 27.
Referred specimen: HMNS unnumbered, almost com-

plete skeleton, from unreported locality and formation in
Mongolia, Late Cretaceous.

Remarks: According to Suzuki (2005), the following
features suggest that this specimen belongs to the Apalonina:
dorsal edge of apertura narium externum laterally emarginate
strongly; costals 8 reduced; maxilla subdivided by vomer.

Trionychini incertae sedis
‘‘Amyda’’ menneri Chkhikvadze in Chkhikvadze and Shu-

valov 1988

Synonymies: Amyda menneri: Chkhikvadze and Shu-
valov 1988, p. 200, Fig. 1; Khosatzky 1999, p. 147; Su-
khanov 2000, p. 345. ‘‘Amyda’’ menneri: Danilov and Vitek
2009, p. 54; Vitek and Danilov 2010, Fig. 1, Table 1.

Holotype: IPGAS 11-5-1, incomplete postcranium of one
individual, including nuchal, proximal part of costal 1, frag-
ment of right hyo- and hypo-plastron, fragment of xiphipl-
astron, and assorted non-shell bones, from Gurilin Tsav, Gov-
Altai Aimag, Mongolia, Nemegt Formation, Maastrichtian.

Referred specimens: Paratypes (all the specimens listed
below): IPGAS 11-5-2, nuchal fragment, IPGAS 11-5-3,
anterior part of carapace; IPGAS 11-5-4, distal part of right
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hyoplastron, IPGAS 11-5-5, right costal 7, and IPGAS 11-5-
6, right hyoplastron, all from holotype locality; IPGAS 11-
13-11, medial part of right hyoplastron, from Bugin Tsav,
Gov-Altai Aimag, Mongolia, Nemegt Formation, Maas-
trichtian; IPGAS 11-14-2, left posterior part of carapace,
IPGAS 11-14-3, medial part of left hypoplastron, and IP-
GAS 11-14-4, posterior part of carapace, all from Inegeni
Khobur, Gov-Altai Aimag, Mongolia, Nemegt Formation,
Maastrichtian; IPGAS 11-17-1, left half of carapace, from
Bambu Khuduk, Gov-Altai Aimag, Mongolia, Nemegt
Formation, Maastrichtian.

Diagnosis (translated from Chkhikvadze and Shuvalov
1988): Length of carapace disc is 20–25 cm. Preneural is
absent. There are seven neurals and eight pairs of costals.
Postnuchal fontanelles are absent in adults; two round
fontanelles in this area are present only in juveniles. Costals
6 are wedge-shaped with expanded distal part. Costals 7 and
8 are small, costals 8 are very small, disappearing. Upper
surface of the carapace is completely covered with orna-
mentation. Posterolateral borders of the nuchal underlie
anterior borders of costals 1, but do not reach ends of free
ribs of the costals. Two types of neurals: anterior neurals are
hexagonal and short-sided posteriorly, followed by tetrag-
onal neural (usually 5), whereas posterior neurals are also
hexagonal, but short-sided anteriorly. Ends of free ribs in
adults are relatively short and weakly protrude behind the
disc of the carapace. Ventral surface of the nuchal bears
peculiar rugosities for attachment of the dorsal processes of
the scapulae. These rugosities are located near the posterior
border of the nuchal; anteromedially to them, there is
always a blood vessel opening. There are also lateral ridges
of the nuchal (homologies of the nuchal ribs) there, which
are more or less straight and reach the pointed lateral ends
of the nuchal. The proximal end of the second thoracic rib is
located closer to the posterior border of costal 1. The first
thoracic rib (place of its attachment to costal 1) is located at
a weak angle to the anterior border of costal 1. Hyo- and
hypoplastra have paired lateral ‘‘horns’’. The ornamentation
of the hyo- and hypoplastra is weakly developed; some,
more often medial, parts of these plates are devoid of
ornamentation. Medial processes of the hyoplastron form a

narrow bundle directed anteromedially. The hypoplastron
has anterior process (probably strong) and four smaller
medial processes; the anterior of the latter, probably, is
perpendicular to the midline, whereas two posterior ones
contact corresponding processes of the xiphiplastron.

Remarks: Figures in the published type description are
of such low quality that we have found it difficult to
meaningfully compare the above-listed specimens with
those of other trionychids. The disappearing (i.e., reduced)
costals 8, mentioned in the diagnosis, suggest possible
affinities with Apalonina, which is known by at least two
indeterminate carapaces from the Barungoyot and Nemegt
formations of Mongolia (see previous two accounts), but
pending further study we conservatively assign ‘‘Amyda’’
menneri only to the more inclusive Trionychini. Chkhik-
vadze and Shuvalov (1988) suggested that material they
called ‘‘Trionyx sp. a’’ (= Trionychinae indet. 2 here; see
account below) from a different locality (Tsagan Khushu) in
the Nemegt Formation might belong to ‘‘A.’’ menneri. Some
of the materials mentioned by Khosatzky (1999, p. 147)
from the Nemegt Formation may also belong to this species.

Trionychini incertae sedis
‘‘Amyda’’ orlovi Khosatzky 1976
(Fig. 23.2b)

Synonymies: Amyda orlovi: Sochava 1975, p. 115
(nomen nudum); Khosatzky 1976, p. 6; Chkhikvadze and
Shuvalov 1988, pp. 200, 202; Sukhanov 2000, p. 345, Fig.
17.27. Amyda sp. cf. A. orlovi: Khosatzky 1999, Fig. 1.
‘‘Amyda’’ orlovi: Danilov and Vitek 2009, p. 54; Vitek and
Danilov 2010, Fig. 1, Table 1.

Holotype: PIN 557-1/1, incomplete carapace (Fig. 23.2b1),
from Bain Shire, Dornogov Aimag, Mongolia, lower part of
Bainshire Formation, Cenomanian-early Turonian.

Referred specimens: ZIN PHT M46-1, hyo- and hypo-
plastra (Fig. 23.2b2), from holotype locality.

Diagnosis (translated from Khosatzky 1976): Shell is
rounded. Nuchal is wide. Neural 1 is large, twice longer
than wide. Neurals 2–4 are hexagonal, widened posteriorly.
Neural 5 is tetragonal, elongated. Neural 6 is widened
anteriorly, hexagonal. The last neural (7) is small,

Fig. 23.2 Specimens of Cretaceous Trionychidae from Asia. a Ap-
alonina indet. 1, ZIN PHT M68-1, incomplete carapace, drawing (after
Khosatzky 1999). b ‘‘Amyda’’ orlovi: b1 PIN 557-1/1 (holotype),
incomplete carapace in dorsal view, photograph; b2 ZIN PHT M46-1,
hyo- and hypoplastra in ventral view, drawing (after Khosatzky 1999).
c ‘‘Aspideretes’’ alashanensis, IVPP V2865 (holotype), incomplete
carapace in dorsal view, drawing (after Yeh 1965). d Aspideretoides
riabinini: d1 IZK R-3919 (holotype), incomplete nuchal in dorsal
view, photograph; d2 reconstruction of carapace in dorsal view; d3

reconstruction of plastron in ventral view (both reconstructions after
Vitek and Danilov 2010); e Trionychini indet. 1, CMGE 7/11659,

imprint of posterior part of dorsal surface of carapace, photograph.
f Trionychini indet. 2, ZIN PHT M67-6, incomplete carapace, drawing
(after Khosatzky 1999). g ‘‘Aspideretes’’ maortuensis, IVPP V2864
(holotype), incomplete postcranium, drawings (after Yeh 1965): g1

dorsal view; g2 ventral view. h Khunnuchelys erinhotensis, IVPP
V9535 (holotype), incomplete skull in dorsal view, drawing (after
Brinkman et al. 1993). i Khunnuchelys kizylkumensis, CCMGE 8/
12458 (holotype), skull roof and braincase in dorsal view, drawing
(after Brinkman et al. 1993). j ‘‘Paleotrionyx’’ riabinini, IZK R-3920
(holotype), nearly complete nuchal in dorsal view, photograph. Images
at different scales

b
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pentagonal. It wedges between costals 6 and 7 on both
sides. Costals 1 are rather wide proximally, sharply nar-
rowed distally. Costals 2–4 are not wedge-shaped. Costals 5
are characterized by moderate widening at distal ends,
whereas costals 6 have significant widening at distal ends.
Costals 7 embrace the small costals 8.

Remarks: Khosatzky’s (1976) published description of
this species lacked illustrations; those were not published
until much later (Sukhanov 2000, Fig. 17.27). Khosatzky
(1999, p. 142, Fig. 1) reported a hyo- and hypoplastra
(Fig. 23.2b2) of Amyda sp. cf. A. orlovi from the same
locality and noted that this specimen had thickened anterior
and posterior lateral lobes. In addition, undescribed remains
attributed to Amyda orlovi (according to identifications by
L.I. Khosatzky) were mentioned by Sochava (1975) from
the Khara Khutul locality, Dornogov Aimag, Mongolia,
Bainshire Formation, Cenomanian-Santonian.

Trionychini incertae sedis
‘‘Aspideretes’’ alashanensis Yeh 1965
(Fig. 23.2c)

Synonymies: ?Aspideretes alashanensis: Yeh 1965,
pp. 51 and 63, Fig. 2, pl. III. Aspideretes? alashanensis:
Yeh 1994, p. 90. ‘Aspideretes’? alashanensis: Brinkman
et al. 2008, p. 68. ‘‘Aspideretes’’ alashanensis: Danilov and
Vitek 2009, p. 54; Vitek and Danilov 2010, Fig. 1.

Holotype: IVPP V2865, carapace with broken anterior
portion but retaining a damaged nuchal (Fig. 23.2c), from
Dashukou, Maortu, Alxa, Inner Mongolia, China; age is
Late Cretaceous (stage uncertain) according to Brinkman
et al. (2008; see below, Remarks).

Diagnosis (after Brinkman et al. 2008): Carapace ovoid;
anterior border shallowly concave, posterior margin
straight; seven neurals, last one much reduced and rounded;
seventh and eighth pairs of costals contacted each other
partly and entirely at midline; sculpture of carapace surface
weak.

Remarks: The age of ‘‘Aspideretes’’ alashanensis is
uncertain. In the original description (Yeh (1965) the age
was given as Early Cretaceous (Aptian–Albian) and this
was followed in our previous paper (Danilov and Vitek
2010, Fig. 1). However, other authors have listed the age as
Late Cretaceous (Yeh 1994; Brinkman et al. 2008).

Trionychini incertae sedis
Genus Aspideretoides Gardner et al. 1995

Synonymies: Aspideretoides: Gardner et al. 1995, p. 632
(see also for older synonyms); Vitek and Danilov 2010,
p. 383. Eugenichelys: Chkhikvadze 2000a, p. 207. Hum-
melichelys: Chkhikvadze 2000a, p. 204. Aspideretoides
(= Eugenichelys; = Hummelichelys): Hutchison and Hol-
royd 2003, p. 135.

Type species: Aspideretoides foveatus (Leidy 1856)
(= Aspideretes subquadratus Lambe 1914; = A. maturus
Lambe 1914; = A. rugosus Parks 1933), middle Campanian
and ?Maastrichtian of Canada and USA.

Referred species: Aspideretoides allani (Gilmore 1923),
middle Campanian of Canada; A. beecheri Hay 1905, Ma-
astrichtian of USA; A. riabinini (Kuznetsov and Chkhik-
vadze 1987), early Santonian of Tadzhikistan and
Santonian-early Campanian of Kazakhstan; A. robertemryi
(Chkhikvadze 2008), early Eocene of USA; and
A. splendidus (Hay 1908) (= Aspideretes granifer Hay
1909; = A. planus Parks 1933; = Trionyx planoides Kuhn
1964), Campanian of Canada and USA.

Diagnosis (after Gardner et al. 1995): Preneural present;
nuchal width at least four times greater than length; and
plastral bridge length greater than one-half hypoplastral
maximum (width) (latter measurement erroneously given as
‘‘length’’ in original diagnosis). Further differs from Aspi-
deretes (sensu Meylan 1987, p. 92), the only other valid
trionychine genus with a preneural, in primitively retaining
short epiplastral projections and four plastral callosities, one
pair each on the hyo-, hypo-, and xiphiplastra.

Remarks: The genus Aspideretoides was established by
Gardner et al. (1995) for Late Cretaceous North American tri-
onychines with a preneural, and originally included three spe-
cies (A. foveatus, A. allani, and A. splendidus). The genera
Eugenichelys Chkhikvadze 2000a (type species Aspideretes
allani) and Hummelichelys Chkhikvadze 2000a (type species
Aspideretes beecheri), both established by Chkhikvadze
(2000a), were placed into synonymy of Aspideretoides by
Hutchison and Holroyd (2003). For this reason, a second spe-
cies of Eugenichelys (A. robertemryi; early Eocene of USA)
described later by Chkhikvadze (2008) is here tentatively
referred to Aspideretoides as well. Recently we (Vitek and
Danilov 2010) recognized A. riabinini (see next account) as the
first Asian occurrence for the genus. Phylogenetic analyses
have placed Aspideretoides within Trionychini as the sister
taxon of Apalonina (Gardner et al. 1995; Karl 1998, 1999a).

Aspideretoides riabinini (Kuznetsov and Chkhikvadze 1987)
(Fig. 23.2d)

Synonymies: Trionyx riabinini: Kuznetsov and Chkhik-
vadze 1987 (in part), p. 35, Figs. 3, 4, 6, 7. Plastomenus
riabinini: Chkhikvadze and Shuvalov 1988, p. 199;
Chkhikvadze 1990, pp. 22 and 75; Kordikova 1992a,
p. 135. Paraplastomenus riabinini: Kordikova 1991, p. 4
(unavailable name); 1992b, p. 648 (unavailable name);
1994a, pp. 343–345; 1994b, p. 8; Nessov 1997, p. 109.
Crassithecachelys riabinini: Chkhikvadze 2000b, p. 56;
2007, p. 127. Aspideretoides riabinini: Danilov and Vitek
2009, p. 54; Vitek and Danilov 2010, p. 383, Table 1,
Figs. 1, 3a, b, d, 4, 5.
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Holotype: IZK R-3919, incomplete nuchal in two pieces
(Fig. 23.2d1), from Shakh–Shakh, northeastern Aral Sea area,
Kazakhstan; Bostobe Formation, Santonian-early Campanian.

Referred specimens: Numerous isolated shell plates and
fragments from the holotype locality and Kansai, Fergana
Depression, Tajikistan, Yalovach Formation, early Santo-
nian; for complete specimen list see Vitek and Danilov
(2010, p. 384).

Revised diagnosis (modified from Vitek and Danilov
2010): Largest carapace size approximately 50 cm; can be
differentiated from Aspideretoides foveatus by bigger size
and sculpture pattern; from A. allani by bigger size and
presence of sculptured plastral callosities at both large and
small sizes; from A. beecheri by bigger size, narrower
posterior notch of the carapace, presence of neural 7, lateral
hyoplastral lobe shorter than medial hyoplastron lobe; from
A. robertemryi by smaller size, smaller axillary and inguinal
notches and more complete sculpturing of the plastron; and
from A. splendidus by having inguinal hypoplastral border
not thickened and by shape of xiphiplastra.

Remarks: Trionyx riabinini was described based on an
isolated, incomplete nuchal (holotype) and fragmentary
shell pieces from Shakh–Shakh (Kuznetsov and Chkhik-
vadze 1987). Later, this species was transferred into the
genus Paraplastomenus Kordikova 1994a (= Crassithec-
achelys Chkhikvadze 2000b, 2007; Kordikova 1994b).
Most recently, we (Vitek and Danilov 2010) described new
and abundant shell material of this species from both
Shakh–Shakh and Kansai localities, which allowed for a
more robust diagnosis and assignment to the genus Aspid-
eretoides. Reconstructions of the carapace and plastron are
presented in Fig. 23.2d2 and d3, respectively.

Aspideretoides sp.

Synonymies: Undescribed trionychid with slender jaws:
Brinkman et al. 1993, p. 2218. Palaeotrionyx sp.: Nessov
1997, p. 145, pl. 40, Figs. 3, 4. Trionychini indet.: Danilov
2007, p. 66A. Aspideretoides sp.: Danilov and Vitek 2009,
p. 54.

Referred specimens: Collection ZIN PH 108, skull and
shell material, from Dzharakuduk, Central Kizylkum Des-
ert, Uzbekistan, Bissekty Formation, late Turonian.

Remarks: Skull material of this taxon previously has
been mentioned as an ‘‘undescribed trionychid with slender
jaws’’ (Brinkman et al. 1993), Paleotrionyx sp. (Nessov
1997), and Trionychini indet. (Danilov 2007). Our pre-
liminary study of fragmentary shell material from the same
locality (Dzharakuduk) indicates that at least part of the
shell collection is diagnostic for Aspideretoides. For that
reason, we suggest that the above mentioned skull material
also probably belongs to Aspideretoides (Danilov and Vi-
tek, in prep.).

Trionychini incertae sedis
Trionychini indet. 1
(Fig. 23.2e)

Synonymies: Trionychidae indet.: Nessov 1984, Figs. 6, 7,
9; 1997, p. 137, pl. 34, Fig. 17; pl. 35, Fig. 7; Kordikova 1994a,
p. 344. Trionyx sp.: Nessov 1985, p. 216. Trionyx s. lato:
Kordikova 1992a, p. 133. Trionychinae indet.: Nessov 1997,
p. 137. Trionychini indet.: Danilov and Vitek 2009, p. 55.

Referred specimens: CCMGE 6/11659, imprint of
posterior part of carapace; CCMGE 7/11659, external and
visceral imprints of posterior part of carapace of one indi-
vidual (Fig. 23.2e); CCMGE 8/11659, imprint of plastron
fragment in area of inguinal notch; all from Itemir, Central
Kizylkum, Uzbekistan, Kulbike Member, Cenomanian.

Remarks: Imprints of the posterior part of the carapace
show a reduced pair of costals 8 and the final neural
between costals 5 and 6. Detailed description of this
material will be presented elsewhere (Danilov and Vitek, in
prep.).

Trionychini indet. 2
(Fig. 23.2f)

Synonymies: Trionychidae indet.: Khosatzky 1999,
pp. 145–146, Fig. 4. Trionychinae indet. 5: Danilov and
Vitek 2009, p. 54.

Referred specimen: ZIN PHT M67-6, incomplete car-
apace (Fig. 23.2f), from Bugin Tsav, Gov-Altai Aimag,
Mongolia, Barungoyot Formation, Campanian.

Remarks: This specimen was reported as a moderately
advanced representative of Trionychidae having strongly
reduced costals 8, an isometric neural (probably 5), and the
last neural contacting costals 6–8 (Khosatzky 1999). Danilov
and Vitek (2009) mentioned this specimen as Trionychinae
indet. 5. However, further examination of this specimen and
the published figure shows that it has only seven neurals. For
that reason here we assign this specimen to Trionychini.

Trionychinae incertae sedis
‘‘Aspideretes’’ maortuensis Yeh 1965
(Fig. 23.2g)

Synonymies: Aspideretes maortuensis: Yeh 1965, p. 48,
Fig. 1, pls. I, II; 1994, p. 90, Fig. 67. Axestemys (Axeste-
mys) maortuensis: Kordikova 1994b, p. 7. Kuhnemys
maortuensis: Chkhikvadze 1999, p. 223. Dogania maortu-
ensis: Karl 1999b, Fig. 2:2. ‘Aspideretes’ maortuensis:
Brinkman et al. 2008, p. 68, Fig. 70. ‘‘Aspideretes’’
maortuensis: Danilov and Vitek 2009, p. 53; Vitek and
Danilov 2010, Fig. 1, Table 1.

Holotype: IVPP V2864, incomplete postcranium with
parts of carapace, plastron, and girdles, two cervical ver-
tebrae, and right pes (Fig. 23.2g), from Dashukou, Maortu,
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Alxa, Inner Mongolia, China; age is Late Cretaceous (stage
uncertain) according to Brinkman et al. (2008; see below,
Remarks).

Diagnosis (after Brinkman et al. 2008): Shell depressed,
longer than broad. Eight neurals, last one much reduced;
last pair of costals meeting at midline; distal (end of costals
7 longer than proximal end); a pair of fontanelles present
between nuchal, first neural and first pair of costals; distal
end of nuchal overlapping rib-end of first costal; surface of
carapace ornamented with net-like sculpture but margin
smooth; proximal finger-like processes of hyo- and hypo-
plastra numerous.

Remarks: Originally described by Yeh (1965) as belong-
ing to Aspideretes sensu lato, the generic affinities of this
species has been contentious. Kordikova (1994b) placed it in
the genus Axestemys Hay 1899 within the tribe Ulutrionychini
Kordikova 1994b, whereas Chkhikvadze (1999) designated it
as the type for the new genus Kuhnemys Chkhikvadze 1999
within the tribe Rafetini Chkhikvadze 1999. (See Appendix
for an annotated version of Kordikova’s (1994b) diagnosis of
Ulutrionychini and English translations of Chkhikvadze’s
(1999) diagnoses of Kuhnemys and Rafetini.) Karl (1999b)
placed the species in the extant genus Dogania Gray 1844
within the tribe Pelodiscini (sensu Meylan 1987). We think
that all three opinions, although possible, are based on little
evidence and, thus, we do not accept any of those arrange-
ments. That is why we place the original generic name in
quotes, as ‘‘Aspideretes’’ maortuensis. Detailed study of the
specimen and its inclusion in a phylogenetic analysis are
needed to establish its generic affinities. Like ‘‘A.’’ alashan-
ensis (see account, above), the age of ‘‘A.’’ maortuensis is
uncertain; it has been given as either Aptian–Albian (Yeh
1965; Danilov and Vitek 2010, Fig. 1) or simply Late Creta-
ceous (Yeh 1994; Brinkman et al. 2008).

Trionychinae incertae sedis
Genus Khunnuchelys Brinkman et al. 1993

Synonymies: Khunnuchelys: Brinkman et al. 1993,
p. 2215; 2008, p. 74; Chkhikvadze 1999, p. 217; 2000a,
p. 202; 2000b, p. 56.

Type species: Khunnuchelys erinhotensis Brinkman
et al. 1993, Late Cretaceous of Inner Mongolia, China.

Referred species: Khunnuchelys kizylkumensis Brink-
man et al. 1993, late Turonian of Uzbekistan. Also at least
one undescribed species, from the Santonian-early Camp-
anian of Kazakhstan.

Diagnosis (after Brinkman et al. 1993): A trionychid in
which the external narial opening is located well ventral to
the orbits; the orbits face strongly forwards; the suborbital
region of the maxilla is deep; the palate is vaulted; the
triturating surfaces of the maxillae meet at the midline,
forming a midventral ridge; the internal nares are located far

posteriorly and are roofed by the palatine and maxilla; the
anterolateral corner of the palatine and posterolateral corner
of the maxilla are greatly enlarged to form about half of the
triturating surface; the maxilla and jugal are swollen to form
a broadly convex surface in dorsal view; the postorbital
contacts the maxilla, excluding the jugal from the margin of
the orbit; the descending flange of the parietal ends well
medial to the processus trochlearis oticum; a posteriorly
facing occipital surface is bordered dorsally by a rounded
ridge formed by the opisthotic and supraoccipital; a concave
surface is present on the occiput above the fenestra posto-
tica and lateral to the foramen magnum; the occipital sur-
face of the exoccipital faces posteriorly; nervi hypoglossi
exiting via a single foramen in the exoccipital. Similar to
Conchochelys Hay 1905 (now Axestemys according to
Hutchison and Holroyd 2003) in the presence of a deeply
excavated palate, extensively developed secondary palate
with broad contact of the maxilla at the midline, grooves
extending backwards from the internal choanal openings,
and short basioccipital region. Similar to Dogania in that
the prefrontal makes a small contribution to the orbit margin
between the frontal and maxilla.

Remarks: Although Khunnuchelys has a distinctive
skull, its relationships within Trionychinae are unclear
(Brinkman et al. 1993). Chkhikvadze (1999) placed
Khunnuchelys in his tribe Rafetini, but for reasons discussed
below (see Discussion) that assignment is unproven.

Khunnuchelys erinhotensis Brinkman et al. 1993
(Fig. 23.2h)

Synonymies: Khunnuchelys erinhotensis: Brinkman
et al. 1993, p. 2215, Figs. 1–3; 2008, p. 74, Fig. 79; Danilov
and Vitek 2009, p. 53; Vitek and Danilov 2010, p. 391.

Holotype: IVPP V9535, incomplete skull (Fig. 23.2h),
from Erinhot, Inner Mongolia, China, Iren Dabasu Forma-
tion; age is Late Cretaceous (stage uncertain) according to
Brinkman et al. (1993).

Diagnosis (after Brinkman et al. 1993): A member of the
genus Khunnuchelys, differing from K. kizylkumensis in the
presence of a separate foramen jugulare posterius formed by
a ventral process of the opisthotic that meets the pterygoid;
the absence of a deeply excavated tympanic cavity; that the
incisura columellae auris is a large oval opening; the groove
formed by the palatines leading posteriorly from the internal
narial openings is narrow; the lateral edge of the supraoc-
cipital has a long, spinelike process that extends into a
groove in the opisthotic; and the jugal is excluded from the
orbit by a contact between the maxilla and postorbital.

Remarks: This species is known only by the distinctive
holotype skull.

Khunnuchelys kizylkumensis Brinkman et al. 1993
(Fig. 23.2i)
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Synonymies: Trionyx sp.: Nessov 1986, pl. I, Fig. 9;
Nessov 1987 Figs. 8, 9. Cf. Eurycephalochelys: Chkhik-
vade and Shuvalov 1988, p. 199. Khunnuchelys kizylkum-
ensis: Brinkman et al. 1993, p. 2216, Figs. 4–8; Nessov
1997, pp. 144–145, pl. 13, Fig. 18; Chkhikvadze 1999,
p. 217; Chkhikvadze 2000b, p. 56; Danilov and Parham
2005, p. 789; Danilov and Vitek 2009, p. 53; Vitek and
Danilov 2010, p. 391. Axestemys (Axestemys) sp.: Kordik-
ova 1994b, p. 7. Cf. Axestemys riabinini: Kordikova 1994a,
p. 344. ‘‘Trionyx’’ sp.: Nessov 1997, pl. 41, Fig. 6.
?Khunnuchelys sp.: Nessov 1997, pl. 41, Fig. 7.

Holotype: CCMGE 8/12458, braincase and skull roof
(Fig. 23.2i), from Dzharakuduk, Central Kizylkum Desert,
Uzbekistan, Bissekty Formation, late Turonian.

Referred specimens: CCMGE 303/12458, maxilla, and
CCMGE 8a/12458, braincase; both from holotype locality
(see Remarks).

Diagnosis (after Brinkman et al. 1993): A member of the
genus Khunnuchelys differing from K. erinhotensis in that the
foramen jugulare posterius is not separated from the fenestra
postotica; the incisura columellae auris is small in diameter; the
grooves leading posteriorly from the internal narial openings
are wide; and the supraoccipital does not have a lateral,
spinelike process extending into a groove in the opisthotic.

Remarks: Shell material has also been collected from
the holotype locality (Dzharakuduk), and at least two spe-
cies of trionychids appear to be present there (Brinkman
et al. 1993; see above account for Aspideretoides sp.).
Chkhikvadze (1999) synonymized Khunnuchelys kizyl-
kumensis with Paleotrionyx riabinini, but without any
argumentation (see account below for ‘‘Paleotrionyx’’
riabinini). We currently are studying the shell material from
Dzharakuduk, including some that probably belongs to
K. kizylkumensis (Danilov and Vitek, in prep.).

Khunnuchelys sp. 1

Synonymies: Cf. Lophorhothon: Nessov 1995b, p. 107
(see for previous references). Khunnuchelys riabinini:
Glinskiy 2008, p. 23. Khunnuchelys sp.: Glinskiy and Da-
nilov 2008, p. 19; Danilov and Vitek 2009, p. 53; Vitek and
Danilov 2010, p. 390.

Referred specimens: ZIN PH 5/55, incomplete skull,
from Baybishe, northeastern Aral Sea area, Kazakhstan,
Bostobe Formation; age is Santonian-early Campanian
according to Nessov (1997).

Remarks: This specimen originally was interpreted as a
dinosaur and identified as cf. Lophorhothon by Nessov
(1995b). Lophorhothon Langston 1960 is a monotypic
hadrosaur (duck-billed dinosaur) genus restricted to the
Campanian of Alabama and North Carolina, USA (see
Horner et al. 2004, Table 20.1). Later, ZIN PH 5/55 was
attributed to Khunnuchelys based on the following charac-
ters (Glinskiy 2008; Glinskiy and Danilov 2008): deep

suborbital region of maxilla; vaulted palate; triturating
surfaces of maxilla meet along midline; internal nares
positioned posteriorly; palatines and maxilla form much of
triturating surface; maxilla and jugal form broadly convex
surface in dorsal view; postorbital contacts maxilla and
excludes jugal from orbital margin; and descending flange
of parietal does not participate in formation of processus
trochlearis oticum. The specimen differs from other species
of Khunnuchelys in its large size (the complete skull is
estimated to have been 20 cm long) and in that the groove
leading posteriorly from the internal narial openings is more
strongly narrowed. A detailed description of this specimen
will be presented elsewhere (Danilov, in prep.).

Khunnuchelys sp. 2

Synonymies: Trionychid: Khosatzky 1957, p. 18; Ro-
zhdestvensky and Khosatzky 1967, p. 87. Trionychidae
indet.: Kordikova 1994a, p. 345. Khunnuchelys sp.: Nessov
1997, p. 110.

Referred specimen: ZIN PH 1/146, incomplete skull,
from Baykhozha, northeastern Aral Sea area, Kazakhstan,
Bostobe Formation; age is Santonian-early Campanian
according to Nessov (1997).

Remarks: This specimen was found by the Russian geol-
ogist M.E. Voskoboynikov in 1948 and studied by L.I. Kho-
satzky; although it has been mentioned in print (Khosatzky
1957; Rozhdestvensky and Khosatzky 1967), it has never been
described. This skull can be attributed to Khunnuchelys
because its external narial opening is located well ventral to the
orbits and its palate is vaulted. A description of this skull will be
presented elsewhere (Danilov, in prep.).

Trionychinae incertae sedis
‘‘Paleotrionyx’’ riabinini (Kuznetsov and Chkhikvadze 1987)
(Fig. 23.2j)

Synonymies: Palaeotrionyx riabinini: Kuznetsov and
Chkhikvadze 1987, p. 35, Fig. 1; Chkhikvadze and Shuvalov
1988, p. 199. ‘‘Palaeotrionyx’’ riabinini: Kordikova 1992a,
p. 133. Axestemys (Axestemys) riabinini: Kordikova 1994b,
p. 7. ?Axestemys riabinini: Kordikova 1991, p. 3; 1992b,
p. 647; 1994a, pp. 343–345; Nessov 1997, p. 109. Paleotrionyx
riabinini (= Khunnuchelys kizylkumensis): Chkhikvadze
1999, p. 217. Khunnuchelys riabinini: Chkhikvadze 2000b,
p. 56; Glinskiy 2008, p. 23. Eurycephalochelys riabinini:
Chkhikvadze 2007, p. 127. Paleotrionyx riabinini: Danilov
and Vitek 2009, p. 53; Vitek and Danilov 2010, p. 391, Fig. 8.

Holotype: IZK R-3920, nearly complete nuchal
(Fig. 23.2j), from Shakh–Shakh, northeastern Aral Sea area,
Kazakhstan; Bostobe Formation, Santonian-early Campanian.

Diagnosis (translated from Kuznetsov and Chkhikvadze
1987): The width of the nuchal is about 15 cm. The estimated
length of the carapace is 30–35 cm. The anterior and lateral
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areas of the nuchal are devoid of ornamentation. Postnuchal
fontanelles are absent, as indicated by the continuous suture
along the posterior border of the plate. However, the posterior
border of the nuchal is noticeably thinner in the areas where
the postnuchal fontanelles usually are located. On the ventral
surface of the nuchal, the medial ridge for contact with the
first thoracic rib is absent. Lateral borders of the nuchal are
free and have no suture with costals 1, whereas posterolateral
borders of the nuchal underlie costals 1 and overlap onto the
free ribs of costals 1. The body of the nuchal is arched dor-
soventrally. Nuchal emargination is weak.

Remarks: Kuznetsov and Chkhikvadze (1987) described
this species (as Palaeotrionyx riabinini) based on an isolated
nuchal. Later, ‘‘Paleotrionyx’’ riabinini was referred to var-
ious other genera: Axestemys (= Conchochelys; = Paleotri-
onyx Schmidt 1945); Eurycephalochelys Moody and Walker
1970; and Khunnuchelys (Kordikova 1994a, b; Nessov 1997;
Chkhikvadze 1999, 2007; Glinskiy 2008). The nuchal of
‘‘Paleotrionyx’’ riabinini is comparable in size and degree of
nuchal emargination to Aspideretoides riabinini (a species
known from the same locality; see earlier account), but it has a
substantial unsculptured area similar to those in smaller
specimens of the latter species. However, the proportions of
the nuchal of ‘‘Paleotrionyx’’ riabinini, being three times
wider than long, are different enough from both Aspidereto-
ides riabinini and ‘‘Trionyx’’ kansaiensis (also known from
the same locality; see next account) that the nuchal appears to
represent a different species. Sculpturing on the holotype
nuchal, which could help further diagnose the species,
unfortunately is unclear. The systematic position of ‘‘P.’’
riabinini is uncertain and its attribution to Trionychinae is
tentative (Vitek and Danilov 2010).

Trionychinae incertae sedis
‘‘Trionyx’’ kansaiensis Vitek and Danilov 2010
(Fig. 23.3a)

Synonymies: Trionyx riabinini: Kuznetsov and
Chkhikvadze 1987 (in part), p. 35, Figs. 2, 5. Khunnuchelys
sp.: Vitek and Danilov 2008, p. 17. ‘‘Trionyx’’ sp. nov.:
Danilov and Vitek 2009, p. 53. ‘‘Trionyx’’ kansaiensis:
Vitek and Danilov 2010, p. 387, Table 1, Figs. 3c, e, 6, 7.

Holotype: ZIN PH 630/64, incomplete nuchal
(Fig. 23.3a1), from Kansai, Fergana Depression, Tajikistan,
Yalovach Formation, early Santonian.

Referred specimens: Numerous isolated shell plates and
fragments from the holotype locality and from Shakh–
Shakh, northeastern Aral Sea area, Kazakhstan, Bostobe
Formation, Santonian-early Campanian; for complete
specimen list see Vitek and Danilov (2010, p. 387).

Diagnosis (after Vitek and Danilov 2010): A triony-
chine, which can be differentiated from all other Cretaceous
trionychines for which shells are known, by bigger size (up

to 75 cm long), strong nuchal emargination, eight neurals
(except ‘‘Aspideretes’’ maortuensis and ‘‘Trionyx’’ kyrgyz-
ensis), unreduced costals 8 (except ‘‘Trionyx’’ kyrgyzensis),
lateral lobe of hyoplastron longer than its medial lobe
(except ‘‘Trionyx’’ kyrgyzensis), and, probably, absence of
the separate anteromedial process of the hypoplastron
(except ‘‘Aspideretes’’ maortuensis); besides that, can be
differentiated from species of Aspideretoides by absence of
a preneural and by sculpture pattern, and from ‘‘Trionyx’’
kyrgyzensis by presence of sculpture on plastron.

Remarks: Reconstructions of the carapace and plastron
are presented in Fig. 23.3a2 and a3, respectively. Vitek and
Danilov (2008) suggested that ‘‘Trionyx’’ kansaiensis may
belong to the skull-based genus Khunnuchelys, based on
two lines of evidence, namely that both taxa co-occur in the
Bostobe Formation and are known from similarly large
specimens. Although this interpretation may have merit,
here we follow our more recent publications (Danilov and
Vitek 2009; Vitek and Danilov 2010) in refraining from
formally synonymizing the two taxa pending new discov-
eries and descriptions of relevant Cretaceous trionychids
from Asia.

Trionychinae incertae sedis
‘‘Trionyx’’ kyrgyzensis Nessov 1995
(Fig. 23.3b)

Synonymies: Trionyx sp.: Nessov 1977, Fig. 4; 1985,
p. 216; 1986, pl. I, Figs. 10–12; Kordikova 1992a, p. 132;
1994a, p. 344. ?Trionyx sp.: Nessov and Khosatzky 1978,
p. 267. Trionychinae gen. indet.: Kordikova 1991, p. 1.
‘‘Trionyx’’ kyrgyzensis: Nessov 1995a, p. 137, Figs. 3, 4;
1997, p. 117, pl. 40, Fig. 7; pl. 41, Figs. 3–5, pl. 42; Da-
nilov and Vitek 2009, p. 53; Vitek and Danilov 2010,
pp. 391–392, Fig. 1, Table 1. Kuhnemys kyrgyzensis:
Chkhikvadze 1999, p. 223; 2000b, p. 56; 2001, p. 236.
Dogania maortuensis: Karl 1999b, Fig. 2.

Holotype: CCMGE 186/12458, incomplete xiphiplas-
tron (Fig. 23.3b1), from left bank of Sarykungoi Spring,
Kylodzhun (the former Klaudzin) settlement, south-eastern
Fergana Depression, Kyrgyzstan, Alamyshik Formation,
early-middle Albian.

Referred specimens: Collection CCMGE 12458, iso-
lated plates of carapace and plastron; collection ZIN PHT
F67, posterior part of the skull, lower jaw, cervical and
trunk vertebrae, coracoid, and pubis; all from the type
locality.

Diagnosis (after Nessov 1995a): Small trionychid (up to
15 cm long). Alveolar surface of the lower jaw is narrow,
only slightly widened anteriorly. Nuchal plate is not long
antero-posteriorly. The last neural plate is situated between
the posterior costal plates. Distal ends of trunk ribs are
relatively long. Bones of plastron without callosities (pits
and ridges, which are typical for the trionychid shell relief,
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are absent on the plastron). Anterior projections of epipla-
stra are not very long. Xiphiplastra are very long, their
posterior projection is narrow, almost straight.

Remarks: Reconstructions of the carapace and plastron
are presented in Fig. 23.3b2 and b3, respectively. The gen-
eric attribution of ‘‘Trionyx’’ kyrgyzensis varies among
authors. Chkhikvadze (1999) placed this species in Ku-
hnemys within the tribe Rafetini (see Discussion), whereas
Karl (1999b) synonymized it with the species here identi-
fied as ‘‘Aspideretes’’ maortuensis (see above account for
that species) and placed it in Dogania under the name
D. maortuensis.

Trionychinae incertae sedis
Trionychinae indet. 1
(Fig. 23.3c)

Synonymies: Trionyx zakhidovi: Khosatzky 1966 (in
part), p. 151, Fig. 1. Paraplastomenus riabinini: Kordikova
1991, p. 4. Cf. Paraplastomenus sp.: Nessov 1997, p. 107.
Trionychinae indet. 1: Danilov and Vitek 2009, p. 54. Tri-
onychinae gen. et sp. indet.: Vitek and Danilov 2010, p. 392.

Referred specimen: CCMGE 522/1341, posterior part
of carapace (Fig. 23.3c), from area of Kyrkkuduk Well
(= Sary-Agach; = Kyrkkuduk I), southern Kazakhstan,
either Syuk–Syuk Formation or lower part of Darbaza
Formation, Santonian-?middle Campanian (Kordikova
1994a; Nessov 1997).

Remarks: This incomplete carapace originally was
identified as Trionyx zakhidovi (Khosatzky 1966; see below,
account for Trionychidae indet. 1), but later was identified
as Paraplastomenus riabinini (see above account for As-
pideretoides riabinini) and cf. Paraplastomenus sp. (Kor-
dikova 1991; Nessov 1997). Vitek and Danilov (2010)
noted similarities between this incomplete carapace and
carapace material of ‘‘Trionyx’’ kansaiensis in the outline of
the posterior border, large size and triangular shape of the
posteriormost pair of costals, and, probably, also in the
sculpture patterns. The last neural in this trionychid is sit-
uated more anteriorly than in ‘‘T.’’ kansaiensis; however,
the significance of that difference is uncertain, because that
feature is variable in trionychids (Meylan 1987).

Trionychinae indet. 2
(Fig. 23.3d)

Synonymies: Trionyx sp. a: Khosatzky and Młynarski
1971, p. 141, pl. XXIV, Fig. 2; text-fig. 7; Młynarski and
Narmandach 1972, p. 100. ‘‘Trionyx’’ sp.: Khosatzky 1999,
p. 144. Trionychinae indet. 2: Danilov and Vitek 2009, p. 54.

Referred specimens: ZPAL MgCh/52 (Fig. 23.3d) and
ZPAL MgCh/76, two nearly complete carapaces from
Tsagan Khushu and Nemegt localities, respectively, Gov-
Altai Aimag, Mongolia, Nemegt Formation, Maastrichtian;

and ZPAL MgCh/60 and unnumbered, isolated costal
fragments, from Tsagan Khushu.

Remarks: Khosatzky and Młynarski (1971, text-fig. 7)
provided a reconstruction of ZPAL MgCh/52 in which that
carapace had no preneural, eight neurals, and eight pairs of
costals. However, judging from a photograph of that spec-
imen (Fig. 23.3d) it appears that the areas between costals
1, 7, and 8 are too damaged to establish the morphology of
the preneural and neural 8. If ZPAL MgCh/52 has no pre-
neural and only seven neurals, it could be attributed to
‘‘Amyda’’ menneri, a species that also occurs in the Nemegt
Formation (see above account for that species).

Trionychinae indet. 3
(Fig. 23.3e)

Synonymies: Trionychina indet.: Khosatzky 1999,
pp. 143–144, Fig. 2. Trionychinae indet. 3: Danilov and
Vitek 2009, p. 54.

Referred specimens: ZIN PHT M71-1, incomplete
carapace (Fig. 23.3e), from Khongil, Dornogov Aimag,
Mongolia, Bainshire Formation, Cenomanian-Santonian.

Remarks: Originally identified as Trionychina indet.
(Khosatzky 1999), this carapace is characterized by a wide
nuchal, no postnuchal fontanelles, no preneural, eight neurals, a
long neural 1, an isometric neural 5, neural 8 located between the
last pair (eighth) of costals, and a nearly straight posterior edge.

Trionychinae indet. 4
(Fig. 23.3f)

Synonymies: Trionychidae indet.: Khosatzky 1999,
pp. 144–145, Fig. 3. Trionychinae indet. 4: Danilov and
Vitek 2009, p. 54.

Referred specimens: ZIN PHT M67-5, anterior part of
carapace (Fig. 23.3f) from Unegetu Ula, Dornogov Aimag,
Mongolia, Bainshire Formation, Cenomanian-Santonian.

Remarks: The specimen originally was reported as
Trionychidae, possibly representing a new species, and it is
characterized by having a rather long neural 1 that is wid-
ened anteriorly and posteriorly, costals 1 that considerably
turn distally to the anterior, and an isometric neural 4
(Khosatzky 1999).

Trionychinae indet. 5
(Fig. 23.3g)

Synonymies: Trionyx sp. b: Młynarski and Narmandach
1972, p. 100. ‘‘Plastomenus’’?: Khosatzky 1999, p. 147.
‘‘Plastomenus’’: Khosatzky 1999, p. 147, Fig. 6. Triony-
chinae indet. 6: Danilov and Vitek 2009, p. 54.

Referred specimens: ZIN PHT M46-2, medial part of
hyo- and hypoplastra (Fig. 23.3g), from Gilbentu, Gov-Altai
Aimag, Mongolia, Nemegt Formation, Maastrichtian; ZPAL
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MgCh unnumbered, shell fragments, from Nemegt locality,
Gov-Altai Aimag, Mongolia, Nemegt Formation, Maas-
trichtian (see Młynarski and Narmandach 1972, p. 100).

Remarks: Khosatzky (1999) described this specimen as
a relatively large trionychid with tuberculate sculpture and
assigned it to ‘‘Plastomenus’’. However, we assign this
specimen to Trionychinae based on similarities in the shape
of the hyo- and hypo-plastra and the sculpture with Trionyx
kansaiensis, although we would not assign ZIN PHT M46-2
to that species. Trionychinae indet. 5 and ‘‘Trionyx sp. b,’’
the latter based on shell fragments of a large trionychid that
also came from the Nemegt locality (Młynarski and Nar-
mandach 1972), probably are the same taxon.

Trionychinae indet. 6

Synonymies: Trionychidae: Suzuki and Narmandakh
2004, p. 8, pl. 1, pl.-fig. 2. Trionychinae indet. 7: Danilov
and Vitek 2009, p. 54.

Referred specimens: HMNS and MPS unnumbered,
incomplete nuchal and costals from Dzun Shakhai, Dornogov
Aimag, Mongolia, unknown formation, Early Cretaceous.

Remarks: This material was mentioned and figured as
Trionychidae by Suzuki and Narmandakh (2004). Here it is
assigned to Trionychinae based on the nuchal, which is at
least three times wider than long.

Trionychidae incertae sedis
Genus Sinamyda Chkhikvadze 2000a

Synonymies: Sinamyda: Chkhikvadze 2000a, p. 208.
Type species: Aspideretes fuchienensis Yeh 1974.
Referred species: Type species only.
Diagnosis (translated from Chkhikvadze 2000a): The only

representative of the family Trionychidae with an unusually
elongated carapace (width makes up 60% of length). Bony
callosities completely overgrow distal ends of ribs. The whole
upper surface of the carapace is ornamentated. Nuchal is seg-
ment-shaped. Preneural is present. Free edge of costal 1 is more
expanded than that of costal 2. This character is very rare in
trionychids. Seven pairs of costals are well preserved. How-
ever, it can be supposed, that these turtles also had a reduced
pair of costals 8. Costals 3 and 6 are the most wedge-shaped of
the costals. The preserved neurals 1–5 are hexagonal and short-
sided posteriorly. All of them are relatively big and more
elongated (in relation to carapace length) in comparison with
other trionychids. For instance, the length of neural 2 is only
6–7 times less than the carapace length. Neural 5 is, most
probably, tetragonal. More caudal neurals are not preserved in
this specimen, however, it can be supposed that the total
number of neurals in Sinamyda was eight or at least seven.

Remarks: According to Chkhikvadze (2000a), Sinamyda
can be differentiated from other trionychids by its very elongate
carapace, elongate neurals, and expanded lateral (free) edge of

costal 1. The expanded lateral edge of costal 1 is considered to
be a primitive character also known in Carettochelyidae Bou-
lenger 1887, Cyclanorbinae Hummel 1929, and Plastomeninae
Hay 1902. Chkhikvadze (2000a) also noted that S. fuchienensis
resembles Aspideretes ellipticus Hay 1908 and A. guttatus
Leidy 1869 (both from the middle Eocene of North America) in
the outline of the carapace, nuchal shape, and the orientation
and shape of costals 5–7. The two North American species were
placed in the genus Hummelichelys by Chkhikvadze (2000a).
However, Hutchison and Holroyd (2003) considered Humme-
lichelys to be a junior synonym of Aspideretoides (see above
account for the latter genus). Although the generic status of
Sinamyda seems to be well founded, its systematic position
within Trionychidae remains unclear.

Sinamyda fuchienensis (Yeh 1974)
(Fig. 23.3h)

Synonymies: Trionyx (Aspideretes) fuchienensis: Yeh
1974, p. 190, pl. I. Aspideretes fuchienensis: Yeh 1994,
p. 91, Fig. 68. Sinamyda fuchienensis: Chkhikvadze 2000a,
p. 208; Danilov and Vitek 2009, p. 52. ‘Aspideretes’
fuchiensis: Brinkman et al. 2008, p. 69, Fig. 71.

Holotype: IVPP V4708, incomplete carapace
(Fig. 23.3h), from Hekou, Ninghua County, Fujian Prov-
ince, China, unknown formation; age is ?Early Cretaceous
according to Yeh (1974, 1994) and Brinkman et al. (2008).

Diagnosis: Same as for the genus.

Trionychidae incertae sedis
Trionychidae indet. 1
(Fig. 23.3i)

Synonymies: Trionyx (Aspideretes) zakhidovi: Kho-
satzky 1966, p. 151, Fig. 2; Kuznetsov and Chkhikvadze
1987, p. 34. Trionyx zakhidovi = cf. Paraplastomenus
riabinini or cf. Axestemys: Kordikova 1991, p. 5; 1994a,
p. 345. ‘‘Trionyx’’ zakhidovi: Nessov 1997, p. 107;
Chkhikvadze 2000b, p. 56. Trionyx zakhidovi ? = Euryce-
phalochelys riabinini: Chkhikvadze 2007, p. 127. Trionyx
zakhidovi (nomen dubium): Danilov and Vitek 2009, p. 52;
Vitek and Danilov 2010, p. 392.

Referred specimens: CCMGE 411/1341, femur (holo-
type of Trionyx zakhidovi; Fig. 23.3i), from area of Ky-
rkkuduk Well (= Sary-Agach; = Kyrkkuduk I), southern
Kazakhstan, either Syuk–Syuk Formation or the lower part
of the Darbaza Formation, Santonian-?middle Campanian
(Kordikova 1994a; Nessov 1997).

Remarks: Trionyx zakhidovi Khosatzky 1966 is based on a
giant, approximately 20 cm long femur (the holotype) and a
referred, posterior part of a large trionychid carapace with an
estimated shell length of about 70 cm (see above account for
Trionychinae indet. 1) from the area of the Kyrkkuduk Well
(Khosatzky 1966). Later, some authors (Kordikova 1994a;
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Chkhikvadze 2007) proposed that T. zakhidovi might be a
synonym for one of two other contemporaneous taxa from
Kazakhstan (Paleotrionyx riabinini or Trionyx riabinini, see
above accounts) and/or placed it in Trionychidae gen. indet.
According to the current state of knowledge, limb bones of
trionychids are non-diagnostic below the family level (Meylan
1987) and should not be used to characterize a species. For this
reason, we previously suggested that Trionyx zakhidovi be
considered a nomen dubium within Trionychidae (Danilov and
Vitek 2009; Vitek and Danilov 2010).

Trionychidae indet. 2

Synonymies: Trionychidae gen. et sp. indet.: Hirayama
1998, p. 90, Fig. 4, pl. 2 g–m.

Referred specimens: Collection of MDM, fragmentary
shell and limb bones (total 20 specimens) from Mifune,
Kumamoto Prefecture, Japan, Upper Formation, Mifune
Group, Coniacian-Santonian (see Hirayama 1998; source
for age is Ren Hirayama, pers. comm. 2007 to IGD).

Trionychidae indet. 3

Synonymies: Trionychidae gen. et sp. indet.: Hirayama
2002, p. 35, Fig. 5F, G; Hirayama et al. 2012, Fig. 6A.
Pantrionychidae indet.: Danilov and Parham 2007, p. 441.

Referred specimens: FPDM-V127, fragmentary costal
(Hirayama et al. 2012, Fig. 6A) from Katsuyama, Fukui
Prefecture, Japan, Kitadani Formation, Tetori Group, Bar-
remian or Aptian (Hirayama 2002; Hirayama et al. 2012).

Trionychidae indet. 4

Synonymies: ?Trionychidae indet.: Nessov 1997, p. 131,
pl. 40, Figs. 5, 6.

Referred specimens: Repository unknown; two dentar-
ies from Kansai, Fergana Depression, Tajikistan, Yalovach
Formation, early Santonian.

Remarks: Based on published photographs (Nessov
1997, pl. 40, Figs. 5, 6) these dentaries have strongly
expanded triturating surfaces, but their attribution to Tri-
onychidae is questionable. Unfortunately, because the
whereabouts of these specimens is unknown, we have not
been able to examine them firsthand and, thus, cannot
comment further on their identity.

Discussion

Crown- and Stem-Trionychids
of the Cretaceous

Joyce et al. (2004) suggested that the age of the trionychid
crown extended back into the Late Cretaceous, based on the
occurrence of the derived trionychines Aspideretoides spp.
and Apalone latus Gilmore 1919 in the middle Campanian
of western North America (Gardner et al. 1995). Scheyer
et al. (2007) described plywood-like structures in the
external cortex of shell bones in all crown-group trionychid
turtles and considered this character synapomorphic for the
clade. Preliminary study of shell histology in Cretaceous
trionychids from Asia (Nakajima et al. 2009) has shown that
this distinctive plywood-like structure first appeared during
the late Turonian, whereas it is absent in geologically older
trionychids. If the plywood-like shell structure is indeed
synapomorphic for crown-group trionychids, Nakajima
et al’s (2009) work pushes the origin of crown-trionychids
back even further, to at least the late Turonian, and implies
that all older occurrences are stem-trionychids.

Asian Cretaceous ‘‘Plastomenids’’

Two of the three major clades of trionychids are known
from the Cretaceous—Plastomenidae (sensu Joyce and
Lyson 2010; = Plastomeninae sensu Hay 1902) and Tri-
onychinae. Plastomenidae are reliably documented from the
Campanian to Eocene of North America (Hay 1908;
Hutchison and Holroyd 2003; Joyce et al. 2009; Hutchison
2009; Joyce and Lyson 2010). There also are poorly cor-
roborated reports (Chkhikvadze 1990; Khosatzky 1999) of
plastomenids from the Late Cretaceous to Eocene of Asia.
Specimens from Kazakhstan originally were identified as
Plastomenus or ‘‘Plastomenus’’ (Chkhikvadze 1973, 1990).
Later the genus Paraplastomenus was erected for this
material and placed in the unrelated tribe Paraplastomenini
Kordikova 1994a (= Paraplastomenusini Kordikova 2002),

Fig. 23.3 Specimens of Cretaceous Trionychidae from Asia. a Tri-
onyx kansaiensis: a1 ZIN PH 630/64 (holotype), incomplete nuchal in
dorsal view, photograph; a2 reconstruction of carapace in dorsal view;
a3 reconstruction of plastron in ventral view (both reconstructions after
Vitek and Danilov 2010). b Trionyx kyrgyzensis: b1 CCMGE 186/
12458 (holotype), left xiphiplastron, photograph; b2 reconstruction of
carapace in dorsal view; b3 reconstruction of plastron in ventral view
(both reconstructions after Nessov 1995a). c Trionychinae indet. 1,
CCMGE 522/1341, posterior part of carapace in dorsal view,
photograph. d Trionychinae indet. 2, ZPAL MgCh/52, carapace in

dorsal view, photograph. e Trionychinae indet. 3, ZIN PHT M71-1,
incomplete carapace in dorsal view, drawing (after Khosatzky 1999).
f Trionychinae indet. 4, ZIN PHT M67-5, anterior part of carapace in
dorsal view, drawing (after Khosatzky 1999). g Trionychinae indet. 5,
ZIN PHT M46-2, medial part of hyo- and hypo-plastra in ventral view,
drawing (after Khosatzky 1999). h Sinamyda fuchienensis, IVPP
V4708 (holotype), incomplete carapace in dorsal view, drawing (after
Yeh 1974). i Trionychidae indet. 1, CCMGE 411/1341 (holotype of
Trionyx zakhidovi), right femur, photographs: i1 dorsal view; i2 medial
view; i3 ventral view; I4 lateral view. Images at different scales

b
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which is characterized by a hyperossification of the shell
that is not considered homologous with that seen in true
Plastomenidae (= Plastomenusinae; Kordikova 1994a,
2002). Chkhikvadze (1999, 2000a, b, 2008) proposed a
different arrangement; he partitioned specimens from Ka-
zakhstan originally identified as ‘‘Plastomenus’’ into three
genera: Altaytrionyx Chkhikvadze 2008 (Paleocene or
Eocene); Crassithecachelys (junior synonym of Parapla-
stomenus, see Vitek and Danilov 2010; Late Cretaceous to
middle Eocene); and Francedebroinella Chkhikvadze 1999
(early Oligocene). The content of Paraplastomenus
(= Crassithecachelys) has varied from two to 10 species
(Kordikova 1994a; Chkhikvadze 2007) and included Tri-
onyx riabinini (as Paraplastomenus riabinini) as the only
Cretaceous species. More recently, however, Trionyx riab-
inini was reassigned to Aspideretoides, a genus within the
Trionychinae (Vitek and Danilov 2010). So-called ‘‘Pla-
stomenus’’ specimens from the Late Cretaceous of Mon-
golia (Khosatzky 1999) also are considered to be from a
trionychine (see above account for Trionychinae indet. 5).
Reassignment of these supposed plastomenids to the Tri-
onychinae means that, at present, no diagnosable Plasto-
menidae specimens are known from the Cretaceous of Asia.
The status of Paleogene ‘‘Plastomenus’’ specimens from
Kazakhstan, however, remains unresolved.

Tribes of Asian Cretaceous Trionychinae

The subfamily Trionychinae has been subdivided into no
fewer than six tribes (Meylan 1987; Kordikova 1994a;
Chkhikvadze 1999), all of which include Asian taxa. Four
of those tribes have been proposed to include Cretaceous
taxa from Asia: Pelodiscini, Trionychini, Ulutrionychini
Kordikova 1994a, and Rafetini Chkhikvadze 1999.

The tribe Pelodiscini (sensu Meylan 1987) includes the
extant Asian genera Dogania, Palea Meylan 1987, and
Pelodiscus Gray 1844. Monophyly of the Pelodiscini has
been supported by Meylan (1987) and by Joyce and
Lyson (2010), but not by Engstrom et al. (2004). Karl
(1999b) recognized Dogania in the Early Cretaceous of
Asia by placing Aspideretes maortuensis (= ‘‘Trionyx’’
kyrgyzensis) into the genus, based on the presence of
eight neurals and absence of the processesus hypoplas-
tralis medialis anterior. However, other authors have
assigned the last two species to the tribe Ulutrionychini
(or Rafetini; Kordikova 1994a; Chkhikvadze 1999) or
have considered them to be outside any known triony-
chine tribe (Nessov 1995a; this chapter).

The tribe Trionychini (sensu Meylan 1987) includes
genera from Asia, Africa, and North America. The genus

Aspideretoides and the subtribe Apalonina are both recog-
nized in the Cretaceous of Asia. Phylogenetic analyses of
osteological characters place Aspideretoides as the sister to
Apalonina (Gardner et al. 1995; Karl 1998, 1999a).
According to Meylan (1987), Apalonina unites two genera:
the extant Asian Rafetus (Daudin 1802) and the North
American Apalone Rafinesque 1832, the latter of which
includes three extant (Meylan 1987) and one Campanian
species (Gardner et al. 1995). Monophyly of Apalonina is
supported by modern phylogenetic studies (Meylan 1987;
Engstrom et al. 2004; Joyce and Lyson 2010).

The tribe Ulutrionychini (see Appendix for an annotated
diagnosis) was established by Kordikova (1994b) for the
genera Axestemys (Cretaceous-Paleogene of Asia, North
America, and Europe), Ulutrionyx Kordikova 1994
(Paleogene of Asia), and Rafetus (Recent of Asia). Axe-
stemys was circumscribed by Kordikova (1994b) in a broad
sense to contain three other Paleogene genera (Conch-
ochelys, Paleotrionyx, Eurycephalochelys) and several
Cretaceous taxa [Aspideretes maortuensis, Axestemys
(Axestemys) sp. (= Khunnuchelys kizylkumensis), and Tri-
onyx riabinini]. The tribe Ulutrionychini was considered to
be a group of paedomorphic trionychids with broad skulls
and underdeveloped shells that retained postnuchal fontan-
elles (Kordikova 1994b). According to the non-cladistic
phylogenetic hypothesis of Kordikova (2002), Ulutriony-
chini was the sister to the clade uniting Trionychini
(excluding Rafetus), Pelodiscini, and Aspideretini. How-
ever, that hypothesis contradicts phylogenetic analyses
based on both morphological and molecular data (Meylan
1987; Engstrom et al. 2004; Joyce and Lyson 2010) and has
received little support.

The tribe Rafetini (see Appendix for a translation of the
original diagnosis) was proposed by Chkhikvadze (1999)
for almost the same grouping as Kordikova’s (1994b)
Ulutrionychini. According to Chkhikvadze (1999), the tribe
Rafetini united the genera Eurycephalochelys, Khunnuche-
lys, Kuhnemys, and Rafetus. Chkhikvadze’s (1999)
arrangement differed from that of Kordikova’s (1994b) in
two important ways: (1) Axestemys and Ulutrionyx were
considered subgenera of Rafetus—Rafetus (Axestemys) and
Rafetus (Ulutrionyx)—and (2) Conchochelys and Paleotri-
onyx were interpreted as being convergently similar, but not
related, to members of Rafetini. Among Rafetini, Khunnu-
chelys and Kuhnemys are Cretaceous in age. However, the
diagnosis of Rafetini included only shell characters and
placement of skull genera in this tribe was based on sup-
posed skull-shell associations. For example, Khunnuchelys
was placed into Rafetini based on the supposed synonymy
of Khunnuchelys kizylkumensis and Paleotrionyx riabinini
(Chkhikvadze 1999), which in our opinion is not supported
by any existing evidence. More recently, Hutchison
and Holroyd (2003) argued that the genus Axestemys
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(= Conchochelys; = Paleotrionyx) is separate from Rafetus
and placed it outside any known trionychine tribe. In
closing, we caution that although the tribes Ulutrionychini
or Rafetini may represent natural (i.e., monophyletic)
groups, neither name should be used until the monophyly
and membership of those clades has been demonstrated by a
robust cladistic analysis.

Biogeography of Cretaceous Trionychids

Vitek and Danilov (2010) presented the first reliable evi-
dence of relationships between Cretaceous trionychids of
Asia and North America, when they recognized the genus
Aspideretoides, formerly known only in the Campanian–
Maastrichtian of North America (Gardner et al. 1995), in
the Santonian-early Campanian of Asia. In this chapter, we
expand the distribution of Aspideretoides in Asia back to
the late Turonian. Other evidence of relationships between
Cretaceous trionychids of Asia and North America are
based on poor and mostly undescribed specimens, including
a record of Apalone-like trionychids: Apalonina indet. from
the Late Cretaceous of Mongolia (see above) and Apalone
latus from the Campanian of North America (Gardner et al.
1995). Besides that, Paleotrionyx riabinini from the Late
Cretaceous of Kazakhstan was previously considered an
Asian representative of Paleotrionyx (now Axestemys), a
genus distributed in the Paleogene of North America
(Hutchison and Holroyd 2003). However, as shown above,
the status and systematic position of Paleotrionyx riabinini
is unclear and, thus, it should not be used in biogeographic
discussions.

This review allows us to identify some broad patterns in
the distribution of Cretaceous trionychids in Asia
(Fig. 23.4). For instance, representatives of the genus As-
pideretoides are known only from Middle Asia and Ka-
zakhstan, whereas Apalonina indet. and other Trionychini
without a preneural (i.e., ‘‘Amyda’’ menneri, ‘‘A.’’ orlovi
and Trionychini indet. 2) are recorded only from Mongolia,
although the morphology of the preneural is unknown in
‘‘Aspideretes’’ alashanensis (China) and Trionychini indet.
1 (Uzbekistan). Members of Trionychinae with eight neu-
rals (i.e., ‘‘Aspideretes’’ maortuensis, Khunnuchelys spp.,
‘‘Trionyx’’ kansaiensis, ‘‘T.’’ kyrgyzensis, and Trionychinae
indet. 3) have the broadest geographic distribution, being
present in Middle Asia, Kazakhstan, Mongolia, and China.
In general, it appears that earlier, basal, forms had wider
distributions, whereas later, more advanced forms had more
restricted ranges.

It is also clear from our review that the diversity of the
Cretaceous trionychids of Asia is poorly understood. The
presence of up to seven trionychid taxa in the Santonian-
early Campanian interval of Middle Asia and Kazakhstan
and of up to six trionychid taxa in the Campanian–Maas-
trichtian of Mongolia seems to be an overestimation. We
predict that at least some of these taxa will be synonymized
by future studies.
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Appendix

Diagnoses for three supra-specific trionychid taxa (two
tribes and one genus) that have been erected for Cretaceous
and Cenozoic material from Asia. The diagnosis for the
tribe Ulutrionychini is modified from Kordikova’s (1994b)
original diagnosis; diagnoses for the tribe Rafetini and
genus Kuhnemys are translations by us from Chkhikvadze’s
(1999) original Russian text. Changes to the original text,
spelling, and grammar are given in square brackets.

Tribe Ulutrionychini Kordikova 1994b

Type genus: Ulutrionyx Kordikova [1994b…].
[Referred genera: Axestemys Hay 1899; Rafetus Daudin

1802; and Ulutrionyx Kordikova 1994.]
Diagnosis: The skull is wide. The facial part of it is

shortened. The jugal [arches] are slender. The postnuchal
fontanelles are present in the definitive age. The nuchal,
neural [arches] of vertebrae, ribs and plastron elements [are
not] expanded completely: ossifications are absent on lateral
processes of the nuchal, on the distal ends of ribs and on the
lateral and medial processes of the plastron elements.
Sculpture is absent in peripheral parts of the carapace and
plastron bones.

Comparison: [Ulutrionychini differ from other tribes] by
the considerable fetalization which [is displayed in] the
structure of the skeleton—the preservation of the wide
skull, the partial expansion of the carapace and plastron
bones, the preservation of the postnuchal fontanelles [at] the
definitive stage as well as the [peculiarities] of the bone
surface of the shell.

Tribe Rafetini Chkhikvadze 1999

[Type genus: Rafetus Gray 1864.]
Referred genera: [Eurycephalochelys Moody and

Walker 1970; Khunnuchelys Brinkman et al. 1993; Kuhnemys
Chkhkivadze 1999; and Rafetus Gray 1864].

Diagnosis: 1. Carapace and plastron of adults, in most
cases, have well expressed features of fetalization. 2. Pre-
neural is present only in Mesozoic and some Paleogene
forms. 3. Suprascapular fontanelles, as a rule, are well or
strongly developed. 4. Costals 7 and, especially, 8 are
strongly reduced. 5. Plastron has ornamentation only on
hyo- and hypoplastra. 6. Anteromedial process of hyoplas-
tron is present in advanced forms. 7. Axillary processes of

hyoplastra are paired. 8. Ento-hyoplastral fontanelle is
always big. 9. Hypo-xiphiplastral fontanelle is always big.
10. Interxiphiplastral fontanelle is always present. 11.
Ornamentation is present only on hyo- and hypoplastra
(usually only on lateral parts of these plates), whereas
ornamentation of xiphiplastra is absent or very weakly
developed. 12. Hyo- and hypo-plastra have no tendency to
fusion.

Comparison: Rafetini differ from representatives of the
tribe Apalonini (sensu stricto) by morphological characters
(1–3, 5–7, 11 and 12) and by considerably expressed feta-
lization of the shell. Besides that, suprascapular fontanelles,
usually, are preserved at a definitive stage.

Genus Kuhnemys Chkhikvadze 1999

Type species: Aspideretes maortuensis Yeh 1965 […].
Etymology: The genus name is in honour of the famous

German paleontologists O. Kuhn; this name coincides with
Turkic ‘‘kun’’ (= sun).

Referred species: One species Kuhnemys maortuensis
(Yeh 1965). This genus, undoubtedly, includes also ‘‘Tri-
onyx’’ kyrgyzensis Nessov 1995. […]

Diagnosis: Preneural, most probably, is present.
Suprascapular fontanelles are big. Eight neurals, the last of
them contacts costals 8. Neural 6 is tetragonal. Costals 7
and 8 form posterior edge of the carapace disc, however
costals 7 are big with weakly expressed wedging, whereas
costals 8 are strongly reduced. (1) Ends of ribs are long
and wide. Distribution and depth of relief of ornamenta-
tion of the carapace and plastron are typical for repre-
sentatives of the tribe Rafetini. (2) Anteromedial process
of hyoplastron is wide, rather long, its distal end is clearly
divided into separate processes. (3) Medial row of hy-
poplastral processes is continuous, weakly reduced. (4)
Anteromedial processes of this row are weakly separated,
but there is a tendency to formation of the anteromedial
process.

Comparison: Differs from other representatives of the
tribe Rafetini by characters 1–4 listed in the diagnosis.
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Chapter 24

Fossil European Sea Turtles: A Historical Perspective

Richard T. J. Moody, Cyril A. Walker, and Sandra D. Chapman

Abstract This chapter presents a historic perspective on
the study of marine turtles from the Cretaceous-Tertiary
strata of Europe from the Sixteenth Century to the Present
Day. It details the historic episodes that have occurred in
terms of the first illustrations or the first scientific descrip-
tions. It outlines the backgrounds and societal links of the
individuals involved and throws light on the emergence of
an intellectual elite in paleontology. The first natural
scientists or philosophers came, almost inevitably from
middle or upper middle class families, and their interests
were those of histomaths or polymaths. Many initially
trained as physicians or alchemists with interests in
comparative anatomy, zoology and botany; some are
famous for the recognition and treatment of ‘new’ diseases
or the discovery of new medicines, others were immensely
talented as illustrators; some were subsequently accused of
conveying racial dogma or of being at best devious for their
own gain. The history of fossil collecting and the acquisition
of great personal collections or ‘cabinets’ is a significant
component in the historic description of fossil turtles but the
advent of regional and national museums and collections
heralds an age when access did not depend on patronage or
favour. Universal education, and the mesmeric advances in
communication and modes of travel have resulted in a surge

of new workers in the field of Testudine paleontology with
the work of Gene Gaffney as focal point for a bright future.

Keywords Europe � History � Marine � Testudines

Introduction

The collection of fossils effectively began in the Sixteenth
Century with the debate on their origin and meaning con-
ducted by an emergent group of ‘naturalists’ and ‘natural
philosophers’ (Rudwick 1976). Conrad Gesner (1515–1565)
completed his illustrated book On Fossil Objects shortly
before he died in 1565 and he is considered to be the
founding father of paleontology. His distant relative
Johannes Gessner (1709–1790) was the first European sci-
entist to figure a fossil sea turtle. A common theme running
through the early history of ‘fossils’ was this relationship
between an intellectually elite group of naturalists, many of
whom trained initially as doctors and lawyers. A number
were appointed as physicians to the courts of European
Kings and Queens, whereas others were sponsored by the
super rich of the day.

During the Eighteenth Century Holland, Belgium, and
southeast England became focal points for the collection
and description of new material. It also witnessed the
development of comparative anatomy as a true science
under the burgeoning influence of Baron Cuvier
(1769–1832). During the eighteenth and nineteenth centu-
ries the natural sciences, specifically geology, changed from
being encyclopaedic to a practical, interpretive science
(Rudwick 1976). In 1824 Cuvier beautifully illustrated a
number of living and fossil turtle specimens from several
European countries, whereas Richard Owen (1804–1892),
the ‘Cuvier of Britain’, published a paper in 1841 on six
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species of marine turtles and a classification that remained
unchallenged for almost 50 years until the release of
Lydekker’s Catalogue of Fossil Reptiles & Amphibians for
the British Museum (Natural History) (1889c). This
work was greatly influenced by the work of E. D. Cope
(1840–1897) and provided an invaluable data set of hun-
dreds of specimens. In the early Twentieth Century studies
on European sea turtles were dominated by the description
of single specimens exacerbating the need for a more
holistic approach to research. Subsequently the main
influence came from American workers including Rainer
Zangerl and Eugene Gaffney. Zangerl’s work greatly
influenced the studies of European Mesozoic–Cenozoic
sea turtles undertaken by Collins (1970), Moody (1972,
1980a, b, 1993, 1996, 1997), Evans and Kemp (1975),
Seago (1979), and Smith (1989). However, the world of
fossil turtles went through a seismic change in the 1970s
when Gaffney wrote three papers (1972, 1975 and 1979)
that literally changed the way we looked at turtles. One
outcome of the ‘Gaffney’ effect was the attraction of more
and more comparative anatomists and paleozoologists to
turtle research across the globe.

Late Mediaeval to Early Modern Europe

The late Fifteenth Century to early Sixteenth Century
marked the transition from the Mediaeval or Middle Ages to
the Early Modern Period. It witnessed the voyages of
Columbus, the rise of the Elizabethan period and the Prot-
estant Reformation in Northern Europe. English literature
was marked by the writings of Bacon, Marlowe, and
Shakespeare. The Tudors Henry and Elizabeth ruled

England for over 100 years and Spain suffered under the
Spanish Inquisition. Elsewhere in Europe, Gutenberg
invented moveable type printing and Copernicus developed
his heliocentric thesis that moved the Earth from the centre
of the universe. Life for the poor remained the same,
however, and social enhancement was confined to suc-
cessful merchants, the aristocracy, and those blessed with
genius and financial support. This emergent period is also
marked by the growth of the natural sciences.

Conrad Gesner (1516–1565) is recognized as the greatest
naturalist of his time. He was a Professor of Greek and
Aristotelian Physics and a medical Physician (Fig. 24.1a).
His work the Bibliotheca Universalis was a compendium of
every book published at that time. The last of his 72 published
books was entitled ‘A Book on Fossils Objects, Chiefly Stones
and Gems, their Shapes and Appearances’. It was completed
in 1565 the year he died of a ‘bubonic’ plaque. The ‘De omni
rerum fossilium genere’ is a compendium of papers by a host
of European natural historians, with Gesner as both contrib-
utor and editor. It was believed to be the prelude to a much
greater work. His books were among the first to be illustrated
by fine woodcuts, with Albrecht Durer among the craftsmen
he called on to help. Martin Rudwick (pers. comm.) records
that the woodcuts are embedded in letterpress on many dif-
ferent pages and include a Kupferschiefe fish, a crab, and
other invertebrates including echinoids, ammonites and
brachiopods. But sadly no fossil turtle!

Gesner (1565) includes an essay by Johannes Kentmann
(1534–1599), a surgeon who had accumulated a collection
of more than thousand mineral specimens. At this time the
word ‘fossil’ was used to describe any object that was dug
from the earth and included objects of organic or inorganic
origin (Rudwick 1976). By the late Eighteenth Century the
number of people involved in the collection and acquisition

Fig. 24.1 Naturalists of late
mediaeval to early modern
Europe. a Conrad Gesner
(1516–1565), the first natural
historian to observe, describe,
and illustrate fossils and minerals
in a scientific manner. (Sourced
from Wikipedia, image in Public
Domain). b Johannes Conrad
Gessner (Gesner) (1709–1790),
a distant relative of Conrad,
Johannes is thought to be the first
paleontologist to publish an
illustration of a European sea
turtle. (Source From Wikipedia,
image in Public Domain)
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of fossils and fossil turtle material increased significantly
and the use of the term ‘Cabinet’ referenced the private
collection of individuals, including Kings and Queens.

It was also evident that a ‘community’ of very well edu-
cated, affluent natural scientists existed throughout Europe at
this time and that there was a web of noted collectors and
dealers. Mineralogy was perhaps the preferred study of many
naturalists, but a number of intellectuals and the super-rich of
the day also took up the search and acquisition of fossils.

Like his ancestor, Conrad, Johannes Gessner (1709–1790)
(Fig. 24.1b) was a polymath, born and educated in Zurich who
went on to study medicine in Leiden. Once there, he was
introduced to the science of botany. Later he studied higher
mathematics in Paris. His true calling however, was the study
of plants and he wrote prodigiously on systematics. Late in life
he turned to geology and saw the link between fossil and living
plants. According to Buc’hoz (1781), Gessner (Tractatus
physicus de petrificatis S84) illustrated the first ‘petrification’
of a turtle from ‘une ardoise de Glaris’ in Switzerland in 1758.
The specimen in question was housed in the ‘Cabinet’ of a M.
Zoller and was subsequently described as Glarichelys knorri
by Gray (1831). The specimen was reportedly collected by
Georg Wolfgang Knorr (1705–1761) who together with
Johann Walch (1725–1778) (see Mlynarski 1959) published
several tomes on the natural history of the Canton of Glaris
(Glarus); the last three of which were completed by Walch
after the death of his co-author. The 1773 volume is devoted to
fossils and the quality of the original copper plates made by
Knorr is comparable with the work of Durer.

James Parkinson (Letter XVIII, 1811) wrote that:

M. Knorr gives the representation of a fossil tortoise from a
very valuable specimen in the possession of Dr Gesner, found
near Glaris.

This suggests that this holotype of Glarichelys changed
hands several times, but Zangerl (1958) provides strong
evidence of the link between Johannes Gessner and the
study of the Glaris turtle.

Like Gessner, Pierre Joseph Buc’hoz (1731–1807)
(Fig. 24.2) was also devoted to the study of plants. He was the
son of a lawyer and was born in Metz (northern France). He
was initially persuaded by his father to enter the legal pro-
fession and duly completed his entrance to the bar in 1750.
Law was not his chosen profession, however, and he moved to
Nancy to study medicine, a field more closely related to his
preferred science—natural history. Having qualified as a
doctor in 1763 he was somewhat surprisingly appointed as a
physician to King Stanislaus of Poland. His devotion to bot-
any caused him to lose this post and so he devoted his life to
the study of botany, medicine, economics, and mineralogy,
eventually publishing over 300 volumes on these subjects
(Wilson and Schuh 2001). His works were wonderfully
illustrated both by himself and numerous brilliant artists and

engravers of the day. Today posters and artwork based on the
engravings by Buc’hoz are sold throughout the world, some
for hundreds of dollars. Buc’hoz’s genius encompassed
the medical use of plants and plant extracts as cosmetics for
ladies. Unfortunately he was somewhat chaotic in his
approach and was frequently criticised for his lack of atten-
tion to detail. So much so that he failed in his candidature for
the Academié des Sciences in 1779 and again in 1800 when
Lamark supposedly proposed him along with five other
candidates (Vernier and Klein 2005).

Buc’hoz was also interested in fossils. He published on
the ‘fossils’ of Lorraine and produced a magnificent illus-
tration of an Eocene turtle in 1781. This illustration was in
colour and is referred to as figure 5 from: ‘Centuries de
planches eluminees et non illuminees’ 1778–1781.

The specimen remained unnamed by Buc’hoz, but was
thought to be a marine species by Burtin (1784). Later it
became the holotype of Puppigerus camperi (Gray) by Dollo
in 1923. Sadly Buc’hoz was a poor businessman and had to sell
off his collections and later died in poverty in Paris in 1807.

François Xavier Burtin (1743–1818) was another individ-
ual who represented the close ties that existed between prac-
tising physicians and the emergent earth sciences, especially
mineralogy and paleontology. He effectively broke the mould
however, when as the son of an ‘aubergiste’ he rose to the

Fig. 24.2 Lithograph of Joseph Pierre Buc’hoz at the age of 64.
Image created circa 1795. (Image in Public Domain. Original Housed
in Musée Lorrain de Nancy, France)
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highest ranks of the scientific community in Belgium during
the Eighteenth Century. He was born in Maastricht, which was
then under the rule of France, and became a physician who
specialised in diseases associated with syphilis. Practising in
Brussels in the reign of King Joseph II, he was to become a
member of the sovereign’s Privy Council. During his life-
time he was lauded with the membership of many societies
and his achievements are documented in the records of the
L’Académie impériale et Royale de Bruxelles (Callatay
2009). He was a contemporary of Buc’hoz, Camper and
Faujas St Fond, professional men with a love of natural
history.

In 1784 Burtin published the luxuriously bound and
illustrated: Oryctographie de Bruxelles, ou Description des
Fossiles Tant Naturels qu’accidentels déscouverts jusqu’à ce
Jour dans les environs de cette Ville. This is claimed to be the
first detailed or descriptive book on fossils and is justifiably
acclaimed for its beautiful coloured plates. Included in this
work is a groundbreaking account of the ‘Tortues Petrifiées’
and included therein, is a copy of the turtle carapace
(Fig. 24.3) first illustrated by Buc’hoz in 1781. Burtin was
possibly one of the first naturalists to collect and describe
numerous fossils from the Bruxelles region; he took part in
several excavations with one shaft dug to over 30 m deep.
Rudwick (1993) noted that 142 copies of the Oryctographie
were printed and because Belgium was then part of The
Austrian Netherlands many copies went to regional gover-
nors, to Kings and Queens, and to noted intellectuals and
booksellers whose subscriptions probably helped fund the
work. Hand written letters from Burtin to his sponsors give
further insight into the ties that prevailed between the rich and
the gifted in the Eighteenth Century. According to Rudwick
(2005) Burtin was not a geological theorist in the mold of
Buffon, but he did register relative ages and a number of
‘general revolutions’ in his works.

Petrus’ A. G. Camper (1722–1789) (Fig. 24.4a) clearly
qualifies as one of the most outstanding polymaths of
his era. He was accepted at university at the age of 12
and became a brilliant comparative anthropologist, teacher,
and artist. He was born in Leiden where his father and
mother lived as people of independent means. His father
entertained the rich and famous and introduced Petrus to
many famous scientists. Throughout his career Camper
specialised in midwifery and invented the vectis lever, a
precursor to the obstetrical forceps used today. During his
life he was inducted as a member of 20 societies including
the Royal Society in London and the Royal Academies of
Science in Paris and Berlin. He was wealthy not only by
inheritance but also by marriage, and was one of dozens of
the elite who built up superb ‘Cabinets’. He developed his
interest in geology and the natural sciences relatively late in
life and believed in a period of old life, thus doubting
the soundings of Archbishop James Ussher (1581–1656).

He was both social climber and a workaholic. He was
deemed by some to be a ‘scientific butterfly’ who skipped
from subject to subject.

Petrus Camper and his son Adriaan Gilles Camper wrote
several papers (1786, 1800, 1812) together on the fossilised
reptiles of Mont St Pierre and formed a working relation-
ship with an Irish collector who lived in Liege. A specimen
collected by Preston was first figured by Camper. In 1786 he
published Translations Philosophique which figured several
incontestable pieces of turtle material housed in the col-
lection of J. L. Hoffman (Mulder 1996).

Frequent reference is made by Camper to the material
housed in the collections of other savants—such notes serve
to improve our understanding of the growing interest in
natural history at this time. The direct purchase or auction
of personal collections was fairly frequent. van Veen (2004)
and Meijer (1999) noted that Petrus and his son Adriaan
travelled some distance to buy material.

Fig. 24.3 Planche V from Burtin (1784) of a fossil turtle from the
Tertiary strata of the Bruxelles region, which was first figured by
Buc’hoz (1781). The carapace is a fine example of Puppigerus
camperi (Gray). (Image supplied R.T.J. Moody)
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Camper was a noted student of human anatomy or
‘‘menschkunde’’ and employed the principle of ‘metamor-
phosis’ in his studies and was the instigator of the hypothesis
of the facial angle. These compared the facial characteristics
of European and African hominids and the apes, and belat-
edly earned him the title of ‘one of the founders of racist
anthropology’. Miriam Claude Meijer (1999) in her book,
entitled Race and Aesthetics in the Anthropology of Petrus
Camper (1722–1789), wrote that:

Camper’s racist reputation originated from his illustrations of
animal and human profiles, taken out of its original context.

The acute jaw angle became synonymous with ‘‘primitivism,’’
‘‘savagery,’’ or ‘‘mental deficiency.’’

Barthélemy Faujas St Fond (1741–1819) (Fig. 24.4b),
like Buc’hoz, first studied law and rose to be President of
the Seneschal’s Court in Montélimar. However, he too,
preferred science and became Royal Commisioner for
Mines in France and in 1793 he was appointed as the first
Professor of Geology at the Jardin des Plantes in Paris.

As a mining specialist and then an academic versed in
geology his appointments heralded a new era where pro-
fessional geologists were at the forefront of the growth and

Fig. 24.4 Natural history
studies of early modern Europe.
a Lithograph of Petrus Camper
(1722–1789) (Copyright of the
Natural History Museum,
London). b Lithograph of
Barthélemy Faujas St Fond
(1741–1819) author of Histoire
Naturelle de La Montagne de
Saint-Pierre de Maestricht in
1799. (Sourced from Wikipedia,
image in Public Domain).
c Bones including a plastral plate
of Allopleuron hoffmani
originally defined as a Portion
d’une Empaumure or the top
antlers of deer by St Fond in
1799. (Image provided by R.T.J.
Moody)
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development of the earth sciences. As a result of war,
Holland was essentially dominated by France between
1795–1810; during that interval the Netherlands was known
as the Batavian Republic. As a consequence the Dutch were
second-rate citizens in their own country and French offi-
cials such as Faujas St Fond had considerable powers. Not
surprisingly he was personally involved in the removal of
the second skull of Mosasaurus to Paris after the fall of
Maastricht.

Faujas St Fond published his tome the Histoire Naturelle
de La Montagne de Saint-Pierre de Maestricht in 1799, in
which he figured four incomplete specimens, three of which
he presumed to be from a sea turtle; the other was part of
the antler of a quadruped from the Elan family (Fig. 24.4c).
The turtle material was later attributed to the carapace,
plastron, and paddle of Allopleuron hoffmani.

Faujas St Fond noted the similarity of the turtles of Ma-
astricht with living species that swam off the coast of Nou-
velle Holland in the Far East. He also commented on the
relative abundance of turtle remains in the ‘cabinets’ in Paris,
London, and Haarlem. Three specimens in Paris at that time
came from the collection of a M. Roux of Maastricht.

According to Parkinson (1811) Faujas St Fond noted the
unique characteristics of the turtle skeletons from Maas-
tricht were due to the fact that:

the hard and osseous covering was extended only along the
vertebral column whilst the remaining part of the back was
covered with coriaceous or horny covering somewhat resem-
bling T. lyra Linn.

The Nineteenth Century

During the Nineteenth Century, geology became a major
science focussed initially on the arguments between the
Neptunists and Plutonists which were gradually subsumed
by the findings and theories of an ever growing number of
geoscientists. Medicine continued to source great scientists
such as Parkinson, Mantell, and Owen, whereas Cuvier
worked initially as a private tutor before he became the
leading comparative anatomist of his time and, to many, the
father of vertebrate paleontology. Professional geologists
thrived in the service of the Industrial Revolution and the
exploration for new resources, and so-called ‘gentlemen
scientists’ prospered and organised themselves into socie-
ties and associations (Veneer 2006). The Nineteenth Cen-
tury also witnessed an ever-increasing role for women in
earth science as collectors, illustrators, patrons, and co-
authors (Turner et al. 2010).

James Parkinson (1785–1824) was a founding father of
the Geological Society of London and a member of the
Dining Club at which the idea of a Society was conceived in

1807. He was a medic and his name is forever associated
with the dreaded Parkinson’s Disease, not because he was a
victim but because he was first to observe and record the
decline of patients in ‘An Essay on the Shaking Palsy’ 1817.

Parkinson ranks with the Gesners, Campers, and Cuviers
of this world, as a talented polymath who included an in-
depth knowledge of paleontology in his extensive portfolio.
His outstanding contribution to paleontology is forever
marked by the three volumes of Organic Remains of a
Former World published in 1811.

The third of these volumes deals with, starfish, echinoids,
bivalves, insects, fishes, amphibia, reptilia, and mammalia. The
text is presented as a series of letters, and Letter XVIII is con-
cerned with Amphibiolithi—Tortoise—Crocodile. Therein he
refers to the all-embracing genus Testudo into which he places
both marine and terrestrial species. He was aware of the material
figured by Burtin (1784) and noted that Lacépède (1789):

thought himself authorized in considering them as belonging to
Testudo marina vulgaris, of Ray or Testudo mydas of Linnaeus

He further noted that:

Camper mentions his possessing the entire back of a tortoise four
feet in length and 6 inches in breadth, found in in St Peter’s
Mountain, Maestricht. He speakes also of other remains of the
tortoise fond in the same part, and particularly of a fossil, similar
to his own, in the Museum of John Hunter. Philos Trans 1786.

Parkinson was fully aware of material from the Isle of
Sheppey and in 1811 noted that although his own collection
is poorly represented in terms of Sheppey ‘tortoises’ there
were two or three finely preserved specimens in the British
Museum. He also noted that a Colonel Hawker of the 14th
Light Dragoons possessed a very perfect specimen, but that
the most complete example was with Mr Francis Crow of
Faversham, who had allowed Parkinson (1811) to illustrate
it as a ‘tortoise’ skull from Sheppey as plate XVIII, fig. 3.

There is little doubt that Parkinson was a very able
paleontologist with a good eye for detail and a capacity for
description. At times, however, he could be a little truculent
and in disagreeing with a Mr Johnson as to whether or not
one of his specimens was the palate of a fish or ‘plates’ of
Trionyx aegypticus of Geoffroy St Hilaire, he wrote:

I must not conceal from you, that this ingeneious man who possesses
these fossils is disposed to entertain a different opinion, and to
believe that theyare parts of the jaw or palate of some fish. This must
remain to be determined by some more illustrative and analogous
specimen: until then I shall hold my opinion with diffidence.

Based on his own illustration of this material in 1811 (pl.
XVIII, fig. 1) we suggest that Parkinson was somewhat
overconfident in his own ability. That said, his accounts on
turtles, crocodiles, and ‘the large fossil animal of Maestricht’
make fascinating reading from a time of rapid advancement
in the field of vertebrate paleontology.
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Carl Dietrich Ebhard ‘Charles’ Konig (1774–1851)
(Fig. 24.6a) was a German paleontologist, born in Bruns-
wick and educated in Gottingen. In 1807, however, he was
appointed as assistant Keeper in the Department of Natural
History and Modern Curiosities at the British Museum
(London); rising to the position of Keeper in 1813. He later
became Head of Geology and Mineralogy, retaining that
post until he died in 1851.

Konig is also noted for his purchase on behalf of the
Museum of the first (claimed) ichthyosaur found by Mary
Anning and her brother Richard at an auction in May 1819.
The specimen had originally been sold by the Anning
family in 1811 for £23 to the Lord of the Manor at Colway,
Henry Hoste Chase, but eight years later it was bought on
behalf of the British Museum for £45 and five shillings.

Konig described many fossils in the British Museum in a
classic work entitled Icones fossilium sectiles (1820-1825)
and was the first person to allocate specific names to Lon-
don Clay (Eocene) material with the use of Chelone
(Argillochelys) antiqua (Pl.XVIII. 232 a and b) (Fig. 24.5).

Georges Léopold Chrétien Frédéric Dagobert Cuvier
(1769–1832) (Fig. 24.6b) was thought of as the greatest
comparative anatomist of his age, who through sheer bril-
liance rose from humble beginnings to the title of Baron and
a Peer of France.

Rudwick (1997) in his translation and interpretations of
the primary texts written by Cuvier reveals that he was fully
aware of the various turtle discoveries that had been made
in several European countries and indicated that the mate-
rial could be divided into several species. In his classic
work ‘Recherches Ossements Fossiles’ (second edition
(1824), however, he referred to the Eocene turtles of
Sheppey and Bruxelles as:
Les Emydes de l’ile de Sheppey
and
Les Emydes d’environs de Bruxelles

This association with a freshwater environment would
influence fellow workers for a long time.

In the Nouvelle Édition of Recherches sur les Ossemens
Fossiles, Tome Cinquième, IIe Partie, 1824, plate Xl,
Cuvier figured the skulls of several living testudines
including that of Chelone (Chelonia) mydas. He also pro-
vided an authoritative description of the cranial characters
of each specimen. Plate Xll illustrated the limbs bones,
girdles, and hyoid apparatus of the same animals, whereas
plate XIII illustrated both carapaces and plastra. These three
plates provided emergent paleontologists with the perfect
guide to the recognition and classification of extinct species.
Plate Xllll included illustrations of a small, almost complete
marine turtle from Glaris and various pieces of the skeleton
of ‘the turtle from Maestricht’. He also illustrated (pl. XV,
fig. 13) shell material previously figured by Parkinson
(1811) and dorsal and ventral views of the carapaces of

turtles that would later be referred to the genus Puppigerus.
Sadly this work is marred by his association of these fossils
with the non-marine emyds [Emydidae].

In the spring of 1830, a great debate raged in Paris
involving Cuvier, who divided animals into four distinct,
unbridgeable kingdoms or ‘embranchements’ as founder
and leader of the ‘functionalists’; believing that anatomical
characteristics were exquisitely adapted, by the hand of the
Creator, to an organism’s ‘‘conditions of existence’’. His
opponent was Etienne Geoffroy Saint-Hilaire (1772–1844),
a ‘formalist’ (Waggoner 1996) who considered such adap-
tations as being of secondary importance when viewed as
modifications of a single basic plan, a ‘‘unity of type’’.
Cuvier and his British followers including Owen were also
described as ‘saltationists’ (Punctuated Evolution).

It is likely that John Edward Gray (1800–1875)
(Fig. 24.6c) was greatly influenced by Cuvier, whom he had
met in Paris during his early studies. Gray was born in
Walsall, a metalworking town, north of Birmingham in the
English Midlands. His father was a pharmacologist and
renowned botanist. John Edward studied medicine in

Fig. 24.5 Lateral and posterior views of the skull of Chelone antiqua
(Pl.XVIII. 232 a and b) as depicted by Konig in Icones fossilium
sectiles (1820–1825). (Image supplied by Moody)
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London, but joined the staff of the Zoology Department at
the British Museum in 1824 and was appointed Keeper of
Zoology in 1840. He was a contemporary of Thomas Bell
(1792–1880), James de Carle Sowerby (1787–1871), and
Edward Lear (1812–1888). All four were involved in the
writing, illustration, and production of A Monograph of
Testudinata (Bell 1832), which was finalised by Sowerby
et al., in 1872. Gray is reported to have written over a
thousand papers, but his dedication to science did not save
him from being ‘blackballed’ by the members of the
Linnean Society.

In his publication Synopsis Reptilium of 1831, Gray
figured material of Emys camperi and Emys parkinsonii, but
sadly his reference to numerous specimens figured by

Parkinson (1811) and Cuvier (1824) were not accompanied
by detailed descriptions.

According to Donald Smith (pers. comm.), Gray made
reference to the families Sphargidae and Cheloniidae in
1825, but strangely gave up this separate grouping in 1831
when he introduced the term ‘Cheloniadae’ enclosing both
Sphargis and Chelonia.

Education in France in the early 1800s was greatly
influenced by the rule of Napolean Bonaparte and the
establishment of the Lycee system of secondary schooling
(10–16-year-olds) in 1802; with a state curriculum includ-
ing elementary mathematics and chemistry. In England at
this time a call for two years of state education for all, was
rejected due to cost and education remained a family matter.

Fig. 24.6 Comparative
anatomists and paleontologists of
the early Nineteenth Century.
a ‘Charles’ Konig (1774–1851)
was the first person to allocate
specific names to London Clay
turtle material. (Sourced from
Wikipedia, image in Public
Domain). b Georges Léopold
Chrétien Frédéric Dagobert
Cuvier (1769–1832) was
regarded as the finest
comparative anatomist of his era.
(Sourced from Wikipedia, image
in Public Domain). c John
Edward Gray (1800–1875).
(Copyright Natural History
Museum, London). d Gideon
Mantell (1790–1852) who named
both Rhinochelys benstedi and
Cimochelys (Chelone) benstedi
from the Cambridge Greensand.
(Copyright of the Natural History
Museum, London)
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As a result most children of the poorer classes went without,
unless they were of the Anglican faith or went to either a
parish or a dame school.

Gideon Algernon Mantell (1790–1852) (Fig. 24.6d), the
son of a shoemaker, was initially taught in a dame school by
an old lady in his home-town of Lewes in Sussex, Southeast
England. He was then taught by John Button, a member of the
radical section of the Whig Party that supported parliamen-
tary reform, greater access to education, and was against the
slave trade. At the age of fifteen Mantell was apprenticed and
by great endeavour rose to become a medical practitioner and
a member of a group of elite paleontologists and geologists
during the first half of the Nineteenth Century. Sadly he was to
lead a troubled life and a detailed account of his travails is set
out by Deborah Cadbury in her book The Dinosaur Hunters:
A True Story of Scientific Rivalry and the Discovery of the
Prehistoric World (2000). Mantell collected and purchased
thousands of specimens for his personal collection and first
published in 1814. His work on turtles was limited, but he
published On the Fossil Remains of Turtles, discovered in the
Chalk Formation of the South-East of England in 1841. This
was the year that he was both effectively crippled in a carriage
accident and when his great antagonist, Richard Owen
(1851), criticised his poor attention to detail.

In his 1841 paper, Mantell named Rhinochelys benstedi and
Cimochelys (Chelone) benstedi from the Chalk (Cambridge
Greensand), taxa that have both been subsequently referred to
the Chelospharginae of Zangerl (1953).

The vast majority of vertebrate paleontologists are aware
of Richard Owen (1804–1892) (Fig. 24.7a) and his skills as
an anatomist, comparative anatomist, and vertebrate pale-
ontologist. He was born in Lancaster, England, and attended
the local grammar school until he was apprenticed to
Leonard Dickson a local surgeon between 1820–1822. After
Dickson’s death Owen studied under Joseph Seed and
Stockdale Harrison until he left for Edinburgh in 1824 to
study medicine. He became a member of the Royal College
of Surgeons (RCS) in 1826 (Anon 1962) and between
1826–1830 catalogued the collection of John Hunter
(Hunterian Collection) at the RCS; during this interval,
Owen focused his career on comparative anatomy rather
than medicine. Owen was a social climber and in later life a
grumpy old man, who prospered for much of his life
through nasty, arrogant, and vindictive behaviour.

He made many enemies and was, to many, a stranger to
the truth. He lived in a dynamic period, however, when
geology and paleontology grew as sciences and when
communication and travel became much easier. He first met
Cuvier in 1830 and travelled to Paris to attend the debates
between Cuvier and Étienne Geoffroy St. Hilaire.

As Hunterian Lecturer at the RCS, Owen talked to a
wide audience including royalty and Charles Darwin.
In 1834 he became Professor of Comparative Anatomy at

St Bartholomews, London and a Fellow of the Royal
Society. In 1856 he became Superintendent of the Natural
History Department of the British Museum and oversaw the
transfer of the collections to South Kensington where he
‘ruled’ until he retired in 1884. He formed a working
relationship with George Bell, but according to one account
(Anon 1962) Huxley commented that:

The heartburnings and jealousies about this matter are beyond
all conception. Owen is both feared and hated, and it is pre-
dicted that if Gray and he come to be officers of the same
institution, in a year or two the total result will be a caudal
vertebra of each remaining after the manner of Kilkenny cats.

Owen on his own and collaboratively with Bell pub-
lished a number of major papers on the Cretaceous-Tertiary
turtles of England. Skilled observations, coupled with clear
text and well crafted illustrations made these publications
the definitive source of information on those fossils for
more than a 165 years.

In 1841, Owen and Bell drastically changed the adopted
status of British Eocene turtles by stating that Cuvier had
extended the association of the Sheppey and Harwich material
to the Emydes too far and insisted the majority belonged to the
group Marina. They also increased the number of species by
describing Chelone longiceps, C. breviceps, C. convexa,
C. subcristata, C. latiscultata, and C. planimentum. In 1849
they added another five species of sea turtle to those already
described from the Isle of Sheppey and Bracklesham, namely
Chelone subcarinata, C. crassicostata, C. declivis, C. cunei-
ceps, and C. trigoniceps. Van Poelman (1868) continued to
follow Cuvier in the assignment of the Eocene turtles to
the Emyidae in questioning the separate status of Emys
camperi and Emys parkinsonii and effectively came to the
same wrongful conclusion that they were conspecific with
E. parkinsonii as the senior synonym.

Seago (1979) noted that Owen and Bell (1849) recorded
the first material belonging to a giant sea turtle from
Sheppey and that by 1861 they had enough material,
including a skull to erect the species Chelone gigas.

It is worthwhile noting that the detailed publications of
Owen and Bell are the only record of material once housed
in the Hunterian Collection of The Royal College of Sur-
geons that was destroyed by bombing in World War II.

In 1889, Owen decided that Chelone gigas was closer to the
cheloniids than to the dermochelyids due to the shell structure
and the fact that skulls of C. gigas lacked the descending
processes of the premaxillae seen in Dermochelys.

The classic essay by Edward Drinker Cope (1840–1897)
(Fig. 24.7b) on the Extinct Batrachia and Reptilia of North
America published in 1870 represented the next major step
in the history of Eocene turtle research, for in that publication
he erected several generic names that became very impor-
tant in the synonymy of the cheloniids worldwide.
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The names Lytoloma, Puppigerus and the earlier defined
Euclastes were all used extensively by authors such as
Dollo and Lydekker to receive the species originally erected
by Owen and Bell. In 1886, Cope wrote a paper critiquing
Dollo’s work on extinct tortoises, and provided further data
on Cretaceous turtles of New Jersey in 1871.

Tiberius Cornelius Winkler (1822–1897) was also
someone who could be described as a polymath. He was
born into relatively humble family. His father apprenticed
him to a grain merchant but Tiberius was driven to suc-
ceed—he learnt several languages and after he married in
1844 he studied medicine and graduated as a surgeon in
1852 from Haarlem. His professional interests were in

anatomy and zoology, but he was to become a renowned
natural historian, paleontologist, and geologist. He accepted
the post of Curator of the Teyler Museum fossil and mineral
collections (‘Cabinets’) and the year before his death in
1897 he had catalogued over 15,400 fossil specimens and
the museum mineral collection using a numerical system.
He wrote many articles popularising natural history and also
published a detailed description of Allopleuron hoffmani in
1869. Winkler was also attributed with the task of trans-
lating Darwin’s Origin of Species into Dutch by 1860.

Johan Casimir Ubaghs (1829–1894) a contemporary of
Winkler also wrote several papers on the species Chelone
hoffmani including a description of the skull in 1888.

Fig. 24.7 Comparative
anatomists and paleontologists of
the mid-late Nineteenth Century.
a Richard Owen (1804–1892)
regarded by many as one of the
greatest comparative anatomists
of his day. This portrait captures
him as an old man, possibly
aware of the ill-deeds he
perpetrated on others. (Copyright
of the Natural History Museum,
London). b Edward Drinker Cope
(1840–1897). (Source From
Wikipedia, image in public
domain). c Louis Antoine Marie
Joseph Dollo (1857–1931).
(Source From Wikipedia
Commons, image in Public
Domain). d Giovanni Capellini
(1833–1922) was a brilliant, but
somewhat arrogant geologist,
paleontologist, curator, and
teacher. (Image sourced from
Federico Fanti)
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He was born in Aachen in Germany, across the border from
Maastricht, and although linked with one of Europe’s great
families he is poorly known historically and is simply
described as a malacologist who referred the teeth of a
mosasaur to Megalosaurus bredai.

Louis Antoine Marie Joseph Dollo (1857–1931)
(Fig. 24.7c) was born in France where he graduated as a Civil
Engineer in 1877. Then he emigrated to Belgium where, in
1878, he oversaw the collection, preparation, and articulation
of the Bernissart iguanodonts. Dollo was highly regarded for
his prolific publication record, and for the fact that he arran-
ged and labelled the unique collection of fossil vertebrates in
the then new museum on Parc Leopold in 1905.

Dollo wrote a number of definitive papers on the Eocene
turtles of Belgium in 1886, 1887a, 1887b, 1903, 1907, 1909,
and 1923 referencing genera such as Pachyrhynchus (later
Erquelinnesia), Euclastes, Eochelone, Lytoloma, Puppige-
rus, and Psephophorus. In 1893, he also established Dollo’s
Law, also known as the Law of Irreversible Evolution.

Dollo’s acknowledgement of the value and validity of
Cope’s contribution to the study of fossil turtles is an
indication of the growing status of vertebrate paleontology
and the spread of the written word through the publication
of an ever growing number of journals and periodicals.

One of the first paleontologists to fully exploit the
expansion of geological knowledge and the growth of the
earth sciences in universities and museums was Giovanni
Capellini (1833–1922) (Fig. 24.7d). He was born into a lower
middle class family in La Spezia (Liguria, North West Italy)
and was initially encouraged to follow a career as a musician
and then to take up a monastic life. He was forced, however, to
leave the priory where he worshiped in 1854, at the age of 21,
on the death of his father. From then on he had to support
himself and his family, and he worked variously as a book-
binder, a tutor at a college in La Spezia, and as a repairer of
mechanical devices. He was brilliant and devoted to the
natural sciences, and attended university in Pisa where he had
the opportunity to demonstrate both his academic ability and
personal skills (Fanti 2010). To some Capellini was an
agreeable person, who rapidly gained recognition, funding,
letters of introduction, and promotion and honours from
various institutions and academies. To others he appeared
arrogant and somewhat devious, an intellectual who became a
major player in the politics associated with the development
of the Italian Geological Survey (Corsi 2003). He was the first
intellectual from his social background to enter the realm of
the natural sciences in Italy, his contemporaries being from
the rich and famous of the day (Vai 2003).

After obtaining his first degree in Pisa in 1857, Capellini
began his career as a field geologist. Throughout his career
he sought to establish long-lasting personal and scientific
relationships with the leading scientists of the day, includ-
ing geologists, zoologists, and archaeologists, at home and

abroad (Fanti 2010). At the age of 27, he was honoured by a
visit from Charles Lyell (1797–1875). One of his long-
standing friendships was with Louis Agassiz (1807–1873),
who greatly influenced his career as an outstanding pale-
ontologist, curator, and teacher.

Capellini wrote numerous papers on fossil mammals,
fossil birds, invertebrates, and plants. He published two
definitive papers in 1884 and 1897 on Protosphargis
veronensis (Capellini) from the Late Cretaceous near
Sant’Anna di Alfaedo in Valpolicella.

Richard Lydekker (1849–1915) (Fig. 24.8) was born in
Harpenden in England and attended Trinity College in Cam-
bridge; graduating in 1871 in second place with a first class
degree in The Natural History Tripos. The early part of his
career was spent with the Geological Survey of India
(1874–1882) and his beautifully illustrated publications of
that time have continued to increase in value over the decades.

Fig. 24.8 Richard Lydekker (1849–1915). Geologist, naturalist and
author numerous books and catalogues, including a joint paper with
G. A. Boulenger in 1887 and his Catalogue of Fossil Reptilia and
Amphibia (1889c). (Copyright of the Natural History Museum, London)
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He was a remarkable geologist, naturalist, and a prolific author
who collaborated with Sir Henry Flower, who had succeeded
his sworn enemy Richard Owen as Director of the Natural
History Departments at the British Museum in 1884.

In 1889 Lydekker wrote several papers on Eocene and
Cretaceous chelonia and the skull of Lytoloma in 1889a, b,
as well as the Catalogue of Fossil Reptilia and Amphibia
(1889c) which is fundamental reading for anyone working
on the collections of the NHM, nevertheless up to 30% of
his material was wrongly referred to given genera and
species (R. T. J. Moody, unpublished data). Lydekker’s
1889 Catalogue was to change the list of species for years to
come, including:
Emys camperi
Argillochelys antiqua
Argillochelys cuneiceps
Argillochelys subcristata
Argillochelys convexa
Lytoloma longiceps
Lytoloma trigoniceps
Lytoloma crassicostatum
Lytoloma planimentum

George Reber Wieland (1865–1953) was also a paleon-
tologist of great renown. He was born in Boalsburg,
Pennsylvania, USA, and studied at Penn State College, the
University of Göttingen, the University of Pennsylvania,
and then at Yale where he obtained his PhD in 1890.
Although he originally wanted to study vertebrate paleon-
tology, he is best known for his outstanding research on
fossil cycads and the discovery of the petrified cycad forest
of South Dakota. He was obviously a formidable field
geologist who found and described several turtles, including
the giant Archelon (1900, 1902), Toxochelys (1902),
Lytoloma (1904a), Osteopygis (1904b), and Protostega in
1906 and 1909. His work on Lytoloma supported the findings
of both Lydekker (1889c) and Dollo (1903), referring this
genus to the Cheloniidae. However, unlike Dollo he referred
Lytoloma to the sub-family Cheloninae. The famous photo-
graph of Wieland and Archelon (Fig. 24.9) is simply a
masterpiece; a calling card for all nascent paleontologists.
The global stature of Wieland was acknowledged when
he received a medal and gave a dedicatory address at the
new Aldovandrus (now Capellini) Geological Museum in
Bolgna in 1907 at the invitation of Giovanni Capellini.

The Twentieth Century: A Revolution
in Vertebrate (Turtle) Paleontology

Rainer Zangerl (1912–2004) was born in Winterhur in
Switzerland and did his doctoral research under Bernhard
Peyer (1885–1963) at the University of Zurich. In 1937, at

the age of 25 he emigrated to the USA. Most of his working
life was spent at The Field Museum of Natural History in
Chicago where he specialised in sharks and turtles. He was
truly meticulous in his presentation of data and introduced
new methodologies to the study of comparative anatomy
(1948). His work on the Protostegidae and Toxochelyidae
(Zangerl 1953a, b) set the parameters for workers outside
America and his note (Zangerl 1953b, p. 146) that:

The various species from the London Clay, referred to Lyto-
loma Cope by Lydekker (1889), will have to be reassigned, but
to do this from the literature would I fear, merely result in a
further complication of the already confused taxonomic status.
A restudy of the European material seems necessary to deter-
mine the generis allocation of these species.

was inspirational to generations that followed.
From a European perspective, Zangerl’s work on the

turtles of the Erquelinnes sands (Landenian) of the Hainault
region of Belgium published in 1971, was extremely rele-
vant. Moody (1970) was greatly influenced by the work of
Zangerl and had concluded that the material referred to
Erquelinnesia gosseleti and Lytoloma planimentum were
essentially conspecific and diagnostic of the toxochelyids.
Zangerl had studied the Bruxelles material in the mid
1960s and discussed the phylogenetic relationships of
Cretaceous-Paleogene sea turtles with Moody and Cyril A.
Walker (1939–2009) during a visit to the BMNH in the late
1960s. Zangerl’s (1980) paper on Patterns of Phylogenetic
Differentiation in the Toxochelyid and Cheloniid Sea
Turtles proposed that the cheloniids of the Cretaceous,
Paleogene, Neogene, and modern day formed distinctive
stratigraphical groupings with the taxa present in each
grouping exhibiting a greater similarity with each other than
with genera of older or younger timeframes. The suggestion
being that this phylogenetic differentiation was considered
to be the result of repeated episodes of specialization from a
conservative ancestral stock.

After Lydekker and Zangerl, the marine turtle collections
of Europe gathered dust or, in the case of the Belgian
protostegid material, rotted in the humid tropical basement
of Institut Royal in Bruxelles, until Dick Moody began to
publish on Eocene cheloniids in 1968. Moody was based at
the then Kingston College of Technology, which subse-
quently morphed into Kingston Polytechnic and lastly
Kingston University London. He is a geologist-paleontolo-
gist by training and his interest in marine turtles began with
a fortuitous discovery of well preserved specimen during a
student fieldtrip to the Isle of Sheppey. Seeking more
information Moody visited the Natural History Museum, or
BMNH as it was called then, where he met up with a young
Cyril Walker. Walker was a mine of information on living
and fossil turtles and a life long friendship was launched in
a local hostellery. Over the next 3 years Moody visited
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museums throughout Europe, but most of his studies were
undertaken in London and Bruxelles. Fortunately the
Eocene turtles of Belgium are mostly found in sand-rich
sediments that lack a pyrite cement and the fossils are
beautifully preserved. As noted above, the same could not
be said for protostegid material from the Oligo-Miocene
clays, as the destructive oxidation of pyrite cement was to
take a terrible toll on those fossils

The Belgium material included a number of almost
complete, articulated skeletons, as well as excellent isolated
skulls, shells, and limbs. In contrast, the UK material col-
lected from Sheppey, Bracklesham, and the Harwich area of
southeast England was comprised of a large number of
isolated skulls and shells often preserved in a fine grained,
indurate, calc-siltstone characteristic of London Clay sep-
taria. The preparation of this material using air abrasive
tools and acid became an integral and essential part of this
study.

In 1968 Moody referred the specimen discovered near
Warden Point on the Isle of Sheppey to the new genus
Eochelys and the species crassicostata (Owen). The new
genus reflected the author’s lack of confidence in the tax-
onomic validity of the genera Lytoloma and Puppigerus.
This uncertainty was also evident in his 1970 doctoral thesis
(unpublished) on Eocene marine turtles, in which he

referred Emys parkinsonii (Gray), Lytoloma bruxelliensis
(Dollo), L. wemelliensis (Dollo), Chelone longiceps
(Owen), and C. trigoniceps (Owen) all to the species
Eochelys camperi (Gray). By 1974 Eochelys together with
the subfamily Eochelyinae also containing Argillochelys
and Eochelone were discarded following Moody’s detailed
review of the taxonomy and morphology of Puppigerus
camperi.

Moody was able to give a very detailed account of the
skull and braincase of Puppigerus camperi based on the
type specimen IRSNB I.G.8402. This in conjunction with
other postcranial characteristics proved that P. camperi and
P. crassicostata were indisputable representatives of the
Cheloniidae and together with Argillochelys cuneiceps and
A. antiqua were considered to be ancestral to modern day
genera.

Initially the general belief was that the various cheloniid
and toxochelyid species present in the northwest European
Anglo-Belgium Basin were very restricted in terms of their
paleogeographical distribution. Moody (1980a,b, 1993,
1996, 1997) inferred that the late Maastrichtian seas of
Holland provided ideal feeding sites for hordes of
Allopleuron hoffmani and that the Bruxelles and Sheppey
areas, during the Eocene, were ideal for the likes
of Puppigerus camperi, P crassicostata, Argillochelys

Fig. 24.9 Archelon ischyros
Wieland, 1896 [holotype] YPM
3000. George R. Wieland
standing beside Archelon
skeleton (mount finished in 1907)
in the old Peabody Museum
building, 03 November 1914.
(Photograph by F. H. Simonds,
Nove, Courtesy of the Peabody
Museum of Natural History, Yale
University, New Haven,
Connecticut, USA)
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cuneiceps, A. antiqua, A. athersuchii (Moody 1980a),
Eochelone brabantica (see Casier 1968), and the toxo-
chelyid Erquelinnesia gosseleti.

Since then Averianov (2005) and Tong (2009) have
described new occurrences of Puppigerus from the Eocene
of Uzbekistan and Morocco. Tong and Hirayama (2008)
also recently published on a new species of Argillochelys,
namely A. africana, from Morocco and on the ‘first’
Mesozoic African dermochelyid in 2004. Moody (1972,
1997) had indicated that the skull of Thalassochelys testei
Bergounioux (1952, 1959) from the Eocene phosphates of
Tunisia was closely related to Eosphargis, thus demon-
strating that the paleogeographic distribution of Eocene
turtles was far greater than previously defined.

Unfortunately neither Seago (1979) nor Smith (1989)
published any of the results documented in their respective
doctoral theses. However, copies of their theses have been
available for consultation in the Paleontology Department at
the NHM London and other museums worldwide. In addi-
tion brief summaries of their findings were presented by
Moody (1997). Publishers accept the use of unpublished
theses in reference to original research and copies of both
Seago and Smith’s theses can be obtained as pdf’s from the
University library at Kingston University London. Their
doctoral theses were examined by peer review and both
have made significant contributions to our science. There-
fore their original work is rightly documented in this pub-
lication that above all is devoted to the presentation of a
historical perspective.

It is unlikely that all the people working on turtles, tor-
toises and terrapins will truly make it into history, but many
will be referenced through an ever-growing digital media.
After the Second World War, people worldwide had the
right of access to both primary and secondary education and
post 1950 the percentage of families with their very first
university graduate grew dramatically. Patronage has been
replaced by grants and scholarships and the number of

paleontologists from middle and working class families
(UK class system) is testament to the gift of education and
that the number of students entering university annually has
changed from 2 to 50%. Suffice to say that Richard Moody’s
father was a train driver of the Great Western Railway—a
company that Gene Gaffney, with his lifelong interest in
trains, would be well aware of!

Alan Seago (1979) carefully documented the history of
the fossil dermochelyids and in his thesis recognised the
taxa listed in Table 24.1 prior to his revision of known
species.

The majority of the European dermochelyid material
is from the Paleogene-Neogene deposits of Belgium,
although the first records were somewhat unscientific in that
De Serres et al. (1839) attributed the first material of a fossil
dermochelyid to the genus Ostracion which is an acant-
hopterygian fish having a box-like body covered in polyg-
onal plates. In 1872 Gervais referred these specimens to
Sphargis pseudostracion. Von Meyer (1846) saw only dis-
articulated plates of the shell of Psephophorus polygonus
(Fig. 24.10) when he initially named this taxon from the
Miocene sands of Neudorfl in Czechoslovakia. Subse-
quently in 1847 he received detailed drawings of the
specimen from a Custos Partsch and published a note in the
Jahrbuch in 1847 (p. 579). A review of the type material
was later undertaken by Seeley (1880).

With regard to Seago’s (1979) revision of Eosphargis,
Owen and Bell (1850) referred the proximal end of a large
femur (plate 28, figure 5) from the London Clay of Sheppey
to Chelonia mydas and in 1889 Owen assigned a skull,
scapula, coracoid, eroded humerus, and fragments of the
carapace (presented to the British Museum Natural History
in 1858), to the new species Chelone gigas. A new skull and
postcranial material was described by Owen (1880), but it
was Lyddeker (1889c) who erected the genus Eosphargis to
receive the specimens referred by Owen and by Owen and
Bell to C. gigas. Dollo (1907) reported the first nearly

Table 24.1 List of dermochelyid turtles identified by Seago (1979) in his review of fossils from the family Dermochelyidae

Genus and species Date Distribution

Psephophorus polygonus Von Meyer 1847 Miocene of Austria

Psephophorus pseudostracion (Gervais) 1848 Miocene of France

Psephophorus scaldii (Van Beneden) 1871 Pliocene and Miocene Belgium

Psephophorus oregonensis Packard 1940 Miocene of North America

Psephophorus rupeliensis (Van Beneden) l883 Oligocene of Belgium

Psephophorus eocaenus Andrews 1901 Eocene of Egypt

Psephophorus calvertensis Palmer 1909 Miocene of’ North America

Cosmochelys dolloi Andrews 1919 Eocene of Nigeria

Eosphargis gigas (Owen) 1861 Eocene of England and Belgium

Eosphargis breineri Nielsen 1959 Eocene of Denmark

Protosphargis veronensis Capellini 1884 Cretaceous of Italy
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complete skeleton of Eosphargis from the lower Eocene
clays of Quenast, but the specimen has never been fully
described although Nielsen (1958, 1963) briefly compared it
with the beautiful example of Eosphargis breineri he
uncovered in 1957, from the Mo Clay (Ypresian) of Für in
Demark. A brief note on the Belgian Eosphargis also was
presented by Quintart and Plisnier-Ladame (1968).

The upper Oligocene (Rupelian) deposits of Belgium
were associated with the discovery of material thought to
belong to the genus Sphargis (Luth), which is a subjective
synonym of Dermochelys. The material was attributed by
Van Beneden (1883a) to a creature ‘‘of which the living
form is remarkable in its organisation and world-wide dis-
tribution’’. Also in 1883, Van Beneden (1883b) described
additional remains which he referred to the new species
Sphargis rupeliensis. Van Beneden’s original material is

sadly missing, but new material from The Argile de Boom
at Steendorp was described by Dollo (1886), who in the
next year (Dollo 1887a, b) referred the species to the genus
Psephophorus; Seago (1979) referred the same species to
Cardiochelys.

Seago’s (1979) thesis included a complete study of the
osteology of the extant Dermochelys coriacea and recog-
nised the subdivision of the Dermochelyidae into the Eos-
pharginae and Dermochelyinae. The main reasons for this
were that the eosphargines had a partial primary palate, a
slightly emarginated skull, thecal dermal armour, and a
primitive cheloniid flipper and hind limb.

The Eospharginae was thought to include Eosphargis
gigas, Eosphargis breineri, and possibly Thalassochelys
testei (see Moody 1997).

Seago (1979) referred Cosmochelys dolloi, Cardiochelys
rupeliensis, Cardiochelys ?eocaenus, Psephophorus polyg-
onus, P. ?scaldii, P. ? oregonensis, and Miochelys fermini to
the Dermochelyinae.

Based on a study of the cranial arterial system Seago
(1979) recognised that there was a link between the
cheloniids and dermochelyids. He noted that there was a
strong resemblance between the ‘primitive’ flippers of the
eosphargids and Desmatochelys, suggesting that the former
had branched off from a cheloniid lineage during the
Cretaceous.

Seago (1979) also noted that much of the basiphenoid in
the dermochelyids remain unossified, highlighted distinct
similarities between Desmatochelys, Corsochelys, and
Protosphargis veronensis, and considered the last species to
be a specialised cheloniid. More recently, Hirayama (1994)
referred Corsochelys to the Dermochelyidae claiming that
like Dermochelys, Corsochelys retained the ossification
of the rostrum basiphenoidale. He also erected the Derm-
ochelyoidae to house both the Dermochelyidae and
Protostegidae.

The shell characteristics of the dermochelyids are
fascinating and Seago (1979) gave considerable space to the
study and evolution of an ‘abnormal condition’! The
epithecal armour of the Dermochelyines is comprised of a
mosaic of hundreds or even thousands of small to relatively
large plates or osteoderms (Rieppel 2001). The develop-
ment of this extreme aquatic specialisation and the presence
of ‘blubber’ in the extant Dermochelys coriacea has
enabled the animal to dive to great depths and roam the
oceans from ice sheets to the Equator. In Dermochelys the
epithecal carapace is characterised by the presence of seven
keel structures that also exist in Cosmochelys and Psepho-
phorus (Seago 1979).

Deraniyagala (1932, 1936) studied the embryology and
growth of Dermochelys and recorded the development of
epithecal ossifications in 157-day old animals. By that stage
of development, epithecal ossifications occur in rows that

Fig. 24.10 Detailed drawing of the shell of Psephophorus polygo-
nous Meyer drawn by A.S. Foord in Seeley (1880, plate XV). (Image
printed with permission of the Geological Society, London)
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correspond with the keels in older animals. Dermochelys
and Psephophorus exhibit a distinctive arrangement of the
interlocking, epithecal plates that form the carapace. This
was discussed in detail by Wood et al. (1996) and Wood and
Moody (1998), and was used to argue that ‘Psephophorus
rupeliensis’ constituted a new genus. The predominant
pattern or arrangement between the keels is for five, six-
sided plates encircling a similar sized central plate. The
keels, however, frequently exhibit a larger, multifaceted
central plate surrounded by up to ten or eleven smaller
plates. It is also common to observe several elongate, cen-
tral plates forming a feature similar in style to a ‘neural’
ridge. This rosette development of the epithecal carapace is
very similar to those found in the skin plate pattern of the
dinosaur Pelorosaurus, the armour of the mammal Glyp-
todon, and the scales covering the legs of the tortoise Ge-
ochelone gigantea, the body of stump-tailed skink (Tiliqua
rugosa), and the limbs of the giant komodo dragon (Var-
anus komodoensis)! Surprisingly it is also observed on the
thick skins of the bread fruit (Artocarpus altilis) and durian
(Durio zibethinus). One suspects that these are analogies
rather than homologies; facilitating the solution of a com-
mon problem with size and growth. Seeley was aware of
this growth phenomenon when he undertook his review of
Psephophorus polygonous in 1880 (Fig. 24.11).

Smith (1989) set out to identify and evaluate the cranial
characteristics of three families of sea turtles: the Cheloniidae
and Dermochelyidae (of Gray 1825), and the Desmatoch-
elyidae (of Williston 1894). The genera and species included
in his study were the living Chelonia mydas mydas, C. mydas
japonica, Lepidochelys olivacea olivacea, L. olivacea kempi,
Eretmochelys imbricata, Caretta caretta, Natator depressa,
and Dermochelys coriacea. Fossil taxa included Puppigerus
camperi; Eosphargis gigas, E. breineri, ‘‘Miochelys’’ fermini,

Cardiochelys rupeliensis, Psephophorus oregenensis;
Desmatochelys lowi, Rhinochelys pulchriceps, R. elegans,
R.cantabrigensis, Notochelone costata; Toxochelys moorev-
illensis, Eochelone brabantica, Erquelinnesia gosseleti,
Ctenochelys tenuitesta, and C. arcris.

Smith’s (1989) bone-by-bone description of living
cheloniids revealed a large number of diagnostic, taxo-
nomically useful characters. He commented on the occur-
rence of a great deal of intraspecific variation in the skulls
of Chelonia mydas a factor that earlier had led Moody
(1974) to reduce the number of species previously referred
to Puppigerus and Argillochelys. Smith provided an
exhaustive description of the basisphenoid and cautioned on
the use of specific characters that are modified by ageing. In
1989, Smith concluded that there was little cranial evidence
to separate the living Cheloniidae into the Cheloniinae and
Carettinae and that the cranial characteristics of the derm-
ochelyids suggested that they are an extremely conservative
group. He noted from his study of the arterial system that
the Desmatochelyidae differed from the cheloniids and
dermochelyids in that the palatine artery is always smaller
than the carotid, the opposite being evident in the other two
families. From this observation, he concluded that the
Desmatochelyidae were a stable grouping inclusive of
Desmatochelys, Rhinochelys, and Notochelone. Seago
(1980) additionally discussed the status of Protosphargis
veronensis and noted several similarities with Desmat-
ochelys lowi,but remained noncommittal about its rela-
tionship because of its greatly reduced shell. Collins (1970),
like Zangerl and Sloane (1960), placed Rhinochelys within
the Cheloniidae. Smith (1989), however, proposed that
the presence of well developed nasals and a small posterior
palatine foramen and the absence of a secondary palate were
characteristics that place it alongside Desmatochelys and

Fig. 24.11 The rosette-style
pattern of the epithecal carapace
in Psephophorous is every
similar to those found in a the
skin plate pattern of the dinosaur
Pelorosaurus and b the armour of
the mammal Glyptodon. (Images
by R. T. J. Moody)
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Notochelone. Hirayama (1994, 1997, 1998) subsequently
referred Rhinochelys, Notochelone, and Desmatochelys to the
family Protostegidae and inferred it was closely related to the
earliest known sea turtle Santanachelys.

Other Contributions

It is always foolish to judge the contribution of individuals
on the number rather than the quality of their publications
and it would be remiss of us to exclude certain recent
works from this overview. The compilation of papers on
Late Cretaceous tetrapods of the Maastricht area of Holland
by Mulder (1996, 2004) provides a definitive description
and history of Allopleuron hoffmani. This work is an
excellent data source; providing a valuable photographic
record of the quantity and quality of skeletal material
referred to this magnificent example of a species that was
adapted to a life in the open sea and fully equipped to ‘fly
beneath the surface’. Bardet and Jagt (1996) have also
added to our knowledge of the material found in the
Maastricht chalks over the past 200 years.

Europe and Russia have produced a number of dedicated
turtle, tortoise, and terrapin researchers during the past 50
years or so, but mostly their works have been dedicated to
non-marine taxa. France Lapparent de Broin, Emiliano
Jiménez Fuentes, and Lev Aleksandrovich Nessov
(1947–1995) have written voluminous descriptions of many
testudinates and have contributed greatly to our under-
standing of turtle evolution and the paleogeographic dis-
tribution of given genera. Nessov (1987) also described the
Paleogene sea turtles of southern Kazakhstan and detailed
the phylogenetic differences between the constituent tox-
ochelyids and cheloniids. Jérémy Anquetin, Andrew Milner,
Walter Joyce, and Vladimir B. Sukhanov have written
significant papers on stem, crown group and archaic testu-
dinates. Alexander (Sasha) Averianov and Haiyan Tong
(see Tong and Hirayama 2004) have expanded on the link
between European and North African faunas with descrip-
tions of new species such as Puppigerus nessovi (2005) and
Argillochelys africana (2008) from Uzbekistan and North
Africa, whereas Tong et al. (in press) have recognized the
presence of Puppigerus camperi in Morocco. Haiyan Tong
has interests in Rhinochelys, the argillochelyids, and
dermochelyids and appears to have adopted the mantle of
research into Euro-African marine turtles. Most recently
Danilov et al. (2010) described the new genus and species
Itilochelys rasstrigin as a cheloniid from the early Paleo-
cene of the Volograd Province of Russia. Chesi et al. (2007)

recorded the presence of Psephophorus polygonus Meyer
and Trachyaspis lardyi Meyer from the Miocene of Pietra
Leccese (late Burdigalian-early Messinian), southern Italy.
They also made comparisons between the sea turtle fauna of
southern Italy with that of the Calvert Formation of North
America, adding yet another data point for mapping the
paleodistributions of marine turtles.

No review of the history of turtle research would be
complete without reference to Eugene Gaffney, without
whom the ‘movement’ into turtle research would have
probably been delayed for decades. Gene obtained his
doctorate from Colombia University in 1969. In 1972 he
wrote an illustrated glossary of turtle nomenclature and by
1975 he had published his classic paper on ‘A phylogeny
and classification of the higher categories of turtles’ and
set new standards in the research into a group of almost
forgotten reptiles. In those days people refused to believe
that grown-ups could study fossil turtles for a living,
let alone get paid for it. With time Gene became a driving
force who greatly influenced and inspired a small popu-
lation of turtle workers and helped pave the way for the
introduction of cladistics to paleontology on a global scale.
His paper on ‘Comparative cranial morphology of Recent
and fossil turtles’ (1976) was an outstanding contribution
to our science. During the last 40 years Gene has fostered
links with workers all over the world and has published
several influential papers with Peter Meylan (e.g., Gaffney
and Meylan 1988). In turn Meylan, has taken our science a
step further with work on molecular phylogeny (Meylan
and Shaffer 2001; Shaffer et al. 1997). The influence of
Gene Gaffney will last decades, with turtle science having
gathered sufficient members to afford one or two opposing
groups. The future looks bright.
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Chapter 25

Fossil Kinosternidae from the Oligocene
and Miocene of Florida, USA

Jason R. Bourque

Abstract Kinosternid remains are generally rare through
the Oligocene and Miocene. Fossil material from eight
Florida localities is presented here. Specimens discussed
include the latest and most southeastern occurrence of the
genus Xenochelys (new species), one of the earliest
occurrences of Kinosternon, the oldest record of the
Kinosternon subrubrum-baurii group in Florida, and the
presence of Miocene Kinosternon species either convergent
with or closely related to taxa that occur today in the
southwestern United States and Central-South America.

Keywords Arikareean � Kinosternidae � Kinosternon �
Miocene � Xenochelys

Introduction

Extant members of the family Kinosternidae are taxonomi-
cally diverse in Florida with between six and eight reported
taxa (Carr 1952; Iverson 1978; Conant and Collins 1998;
Ernst and Lovich 2009). These taxa include: the loggerhead
and stripe-necked musk turtles, Sternotherus minor minor
(Agassiz 1857) and Sternotherus minor peltifer (Smith and
Glass 1947); stinkpot musk turtle, Sternotherus odoratus
(Latreille, in Sonnini De Manoncourt and Latreille 1802);
striped mud turtle, Kinosternon baurii (Garman 1891); east-
ern and Mississippi mud turtles, Kinosternon subrubrum su-
brubrum (Lacépède 1788) and Kinosternon subrubrum
hippocrepis (Gray 1856); and the endemic Florida mud turtle,

Kinosternon subrubrum steindachneri (Siebenrock 1906).
These small turtles inhabit almost all types of freshwater
habitats throughout the state and occasionally are found in
estuarine habitats (e.g., K. s. subrubrum). Fossil records for
S. odoratus (late Pleistocene), S. minor (late Pleistocene),
K. subrubrum (late Pleistocene), and K. baurii (early-late
Pleistocene) have been reported from Florida (Hulbert 1992;
Holman 1995; Hulbert 2001; Ernst and Lovich 2009).

The oldest kinosternids known from the southeastern Uni-
ted States are from the Paleocene of South Carolina (Hutchison
and Weems 1998), but the oldest records from Florida date
back only to the late Oligocene (Hayes 2000). Oligocene and
Miocene kinosternid fossils are rare. As a result, little is known
about the evolution of kinosternids during this interval; for
example, changes in the plastron, such as complete loss of the
entoplastron and development of plastral kinesis, that are
characteristic of the modern kinosternines Sternotherus and
Kinosternon. Morphological developments such as these likely
occurred during the Oligocene and Miocene, meaning that
kinosternine fossils from those intervals could assist in
understanding the transitioning from fossil taxa, such as
Baltemys and Xenochelys, to modern kinosternines, such as
Sternotherus and Kinosternon (Hutchison 1991). Kinosternids
from this part of the Cenozoic are also significant because the
earliest records of the two extant kinosternine genera Sterno-
therus and Kinosternon are probably from the Miocene of
North America, at approximately 4.5–7 and 17–17.9 Ma
respectively (Hutchison 1991; Holman 1998; Bourque 2011).

Oligo-Miocene kinosternid specimens from eight locali-
ties in Florida are described in this paper in hope that future
discoveries will elaborate on the scanty material discussed
here. To date, only isolated and/or fragmentary specimens are
known from these intervals in Florida. Material from the late
Oligocene (Arikareean) through at least the late Miocene
(early Hemphillian) does not appear to represent any of the
modern forms found in the state today. Although many
specimens apparently represent new taxa, lack of sufficient
material has inhibited diagnosable descriptions here, with the
exception of Brooksville 2, for which composite material has

J. R. Bourque (&)
Division of Vertebrate Paleontology, Florida Museum
of Natural History, Dickinson Hall, University of Florida,
Gainesville, FL 32611, USA
e-mail: jbourque@flmnh.ufl.edu

D. B. Brinkman et al. (eds.), Morphology and Evolution of Turtles, Vertebrate Paleobiology and Paleoanthropology,
DOI: 10.1007/978-94-007-4309-0_25, � Springer Science+Business Media Dordrecht 2013

459



been used to describe a new species. All of the fossils rep-
resent members of the Kinosterninae sensu Hutchison (1991)
and conform to his amended diagnosis for the subfamily.

Institutional Abbreviations used in this paper are:
AMNH, American Museum of Natural History, New York,
USA; FLMNH, Florida Museum of Natural History,
Gainesville, Florida, USA; UCMP, University of California
Museum of Paleontology, Berkeley, California, USA; UF,
University of Florida, Division of Vertebrate Paleontology,
Gainesville, Florida, USA; UF/H, University of Florida
Division of Herpetology, Gainesville, Florida, USA; UF/
TRO, specimens originally from the collection of John
Waldrop now housed at the FLMNH; USNM, National
Museum of Natural History, Washington D. C., USA;
YPMPU, Yale Peabody Museum of Natural History, New
Haven, Connecticut, USA.

Anatomical abbreviations used in this paper are: C,
costal; M, marginal scale; P, peripheral; PL, pleural scale;
N, neural; V, vertebral scale. The terms scale and scute are
used here interchangeably.

The inventory of kinosternid specimens reported here
from eight Florida localities is as follows (see next section
for locality details and Fig. 25.1 for map): Brooksville 2:

UF 150002-150028; Suwannee Springs: UF/TRO 2621;
Milwhite Gunn Farm Mine: UF 111725, UF 111753;
Suwannee River Mine: UF 225682; Swift Creek Mine:
UF 150035; Love Bone Bed: UF 27141, UF 43031, UF
150029-UF 150032; Haile 19A: UF 150034; Withlacoo-
chee River 4A: UF 13893; UF 150033. The following
comparative fossil taxa were examined: Xenochelys
lostcabinensis: UCMP 112341 (holotype); Xenochelys
bridgerensis: UCMP 121734 (holotype); Xenochelys for-
mosa: AMNH 1097 (holotype) and YPMPU 13686 (refer-
red skull); Baltemys staurogastros: UCMP 127200
(holotype) and UCMP 121776. Most of the modern skeletal
material examined was from the Division of Herpetology
collection at the FLMNH.

Overview of Oligocene and Miocene
Kinosternid Localities in Florida

The following eight localities have produced fossil kino-
sternid specimens from the late Oligocene through late
Miocene of Florida (Figs. 25.1, 25.2).

Fig. 25.1 Map of Florida
illustrating Oligocene and
Miocene localities with fossil
kinosternids
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Brooksville 2: Late early Arikareean, late Oligocene,
25–26 Ma (Tedford et al. 2004) or *25–28 Ma (Hayes
2000); Hernando County, Florida. Hayes (2000) published
an article describing the mammals and background of the
Brooksville 2 Local Fauna and mentioned Kinosternidae in
a faunal list. Brooksville 2 was a complex of at least five
clay-filled crevice deposits (sub-localities referred to as 1A-
1E) rich in diverse microfossil vertebrate remains.

Chelonians from the site include a small tortoise (from
sub-localities 1A and 1B) and a kinosternid (at sub-locali-
ties 1A, 1B, 1D, and 1E). Kinosternid specimens that will
be discussed from these sub-localities are as follows: 1A:
UF 150001-150003; 1B: UF 150005-150009, UF 150011-
150013; 1D: UF 150015; and 1E: UF 150016-150023. Sites

1A, 1B, and 1E were collected as matrix and screen washed
(Hayes 2000) and also contained the bulk of the kinosternid
sample examined here. Other noteworthy members of the
Brooksville 2 herpetofauna include a gila monster (Helo-
dermatidae) and dwarf alligatorid, both represented by
numerous osteoderms and cranial fragments.

Suwannee Springs: Marks Head Formation (after Scott
1988), late Hemingfordian, early Miocene; Hamilton County,
Florida. Little has been published on this roadcut locality on
US 129 just north of the Suwannee River (see Frailey 1978;
Tedford and Hunter 1984). Material collected in 1973 by John
Waldrop was recently donated and is part of the UF/TRO
collection now housed at the FLMNH Division of Vertebrate
Paleontology. This site is approximately 16–17 million years

Fig. 25.2 Correlation chart of
Oligo-Miocene Kinosternidae in
Florida (modified from Hulbert
2001). The presence of
Xenochelys floridensis sp. nov. at
Brooksville 2 represents the latest
and most southeastern occurrence
of the genus in North America,
with congeners known previously
from the Eocene of Arkansas,
South Dakota, Texas, and
Wyoming (Hutchison 1991)
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old based largely on the presence of the horse Merychippus
gunteri Simpson 1930 (Richard C. Hulbert, Jr., personal
communication). Crocodylian osteoderms represent at least
two taxa: an alligatorid similar in size to Alligator olseni
White 1942, otherwise known from the middle Hemingfor-
dian Thomas Farm locality (Tedford et al. 2004), and cf.
Gavialosuchus (Alex K. Hastings, personal communication).
Chelonians from the site are dominated by testudinids,
possibly a small as well as a mid-sized species, the
latter approximately the size of Hesperotestudo tedwhitei
(Williams 1953) from Thomas Farm. Also present, but rare,
are a pleurodire (represented by a right mesoplastron, UF/
TRO 2620) and a kinosternid (UF/TRO 2621) to be discussed
below. The following is a personal communication (dated 4
March 2010) from John Waldrop concerning the context of
UF/TRO 2621: ‘‘The kinosternid layer was thin, two to three
inches thick, and contained phosphate pebbles along with
fragmented bone. The matrix below the kinosternid layer was
a green clay that was considered to be ‘Hawthorn’ in the
original usage of the term.’’

Milwhite Gunn Farm Mine: Torreya Formation, early
Barstovian, middle Miocene; Gadsen County, Florida. The
Milwhite Gunn Farm Mine is one within a complex of mine
localities that comprise the Willacoochee Creek Fauna
(Bryant 1991). The herpetofauna from this assemblage is
relatively diverse. Chelonians reported by Bryant were a
trionychid (?Apalone sp.), emydid (gen. et sp. indet.), both a
large and small species of testudinid, and a kinosternid gen.
et sp. indet. (to be discussed below). Previously unreported
from this site is a pleurodire, represented by a single
specimen (UF 111760).

Suwannee River Mine: Statenville Formation, early
Clarendonian, early Miocene; Hamilton County, Florida.
Morgan (1989) reported on the vertebrate fauna, age, stratig-
raphy, and correlation of this locality known as the Occidental
Local Fauna. Chelonians reported from this assemblage were a
sea turtle (Cheloniidae), a small and large species of tortoise
(Testudinidae), and an emydid described as a pond turtle cf.
Pseudemys sp. (Morgan 1989). Previously unreported and
minimally represented is a pleurodire (UF 225683).

Swift Creek Mine: Statenville Formation, early
Clarendonian, middle Miocene; Hamilton County, Florida,
10 km SE of Jasper.

Love Bone Bed: Late Clarendonian, late Miocene; Alac-
hua County, Florida. Webb et al. (1981) published on the
diverse fauna from this locality. Chelonians reported from the
site include: a trionychid, Apalone cf. ferox (Schneider 1783);
the emydids Pseudemys caelata (Hay 1908; Jackson Jackson
1976), Deirochelys carri Jackson 1978, and ‘‘Terrapene n.
sp.’’; and two testudinids represented by both a giant and a
small tortoise species (Webb et al. 1981). The smooth-shelled
Pseudemys williamsi (Rose and Weaver 1966) is also present at
the site. Although P. williamsi is missing from the faunal list in

Webb et al. (1981), it is mentioned on p. 537 of the same paper.
Unmentioned in any previous publication is a chelydrid, rep-
resented by a single posterior left peripheral (UF 27141). This
specimen probably belongs to a species of Chelydra and is the
oldest occurrence of the genus from Florida. The trionychid
from the Love Bone Bed is a relatively small somewhat gracile
species that does not appear to be A. ferox, which is endemic to
most of Florida today. A. ferox tends to be larger and the bones
of the shell thicker, more robust, and with larger dermal pits
than the taxon from the Love Bone Bed. A kinosternid (to be
discussed below) is also present but rare, represented by a
perfectly preserved nuchal as well as unassociated bits of
peripheral and costal fragments. The status and whereabouts of
the single uncatalogued specimen of ‘‘Terrapene n. sp.’’
reported by Webb et al. (1981) is uncertain, and I was unable to
find evidence of Terrapene from the Love Bone Bed.

Haile 19A: Alachua Formation, early Hemphillian, late
Miocene; Alachua County, Florida. Chelonians from this
site include: a trionychid; two emydids consisting of a
smooth-shelled taxon (cf. Pseudemys williamsi) and a rug-
ose-shelled taxon; two testudinids consisting of a large and
a small species; and a kinosternid (to be discussed below).
Kinosternids are rare in this assemblage, and only repre-
sented by one specimen.

Withlacoochee River 4A: Late early Hemphillian, late
Miocene; Marion/Citrus County boundary, Florida. Becker
(1985) first reported the family Kinosternidae in a faunal list for
this locality. Other chelonians in his list included: a trionychid
(‘‘Trionyx sp.’’); the emydids Terrapene sp., Pseudemys con-
cinna (LeConte 1830) or Pseudemys williamsi, Pseudemys
nelsoni (Carr 1938), Trachemys inflata (Weaver and Robertson
1967), and Trachemys scripta (Schoepff 1792); and the giant
testudinid Hesperotestudo (‘‘Geochelone’’) sp. Based on my
current investigations, turtle specimens from this fauna may be
temporally mixed and in some cases appear to be an admixture
of fossil and more temporally modern specimens, the latter
suggested by the occurrence of brown-stained, seemingly non-
permineralized bone. This may explain the presence of extant
riparian taxa such as P. concinna, P. nelsoni, and T. scripta
within this Miocene assemblage.

Description of Oligocene Kinosternid
Material

Brooksville 2

Remarks: The oldest kinosternids known from Florida
are from the Brooksville 2 Local Fauna. The most
abundant turtle fossils in this assemblage represent the
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Fig. 25.3 Xenochelys floridensis sp. nov. from the late Oligocene
(Arikareean) Brooksville 2 locality, Hernando Co., Florida. a UF
150005, partial left hypoplastron, in ventral view. b UF 150023,
mandible, in dorsal (occlusal) view. c UF 150008, partial right
hyoplastron, in ventral view. d UF 150009, entoplastron, in ventral
view. e UF 150018, left P3, in visceral view. Arrow indicates position
of sutural cavity for insertion of the C1 rib end that enters the posterior
moiety of P3 and terminates in the anterior of P4 or P3-P4 suture in
Xenochelys. f UF 150006-7 (holotype), associated partial left and right
hypoplastra, in ventral view. In this specimen the humeral-femoral
sulci meet at the midline and form an obtuse ‘‘V’’ shape on the anterior

to middle portions of the elements, similar to the condition in
Xenochelys formosa. g UF 150001, right P8, in dorsal (left) and
posterior sutural (right) views. Arrow indicates the pronounced step on
the visceral scale margin, a synapomorphy with X. formosa. h UF
150022, partial left xiphiplastron, in dorsal (left) and ventral (right)
views. This element lacks a substantial notch between the femoral and
anal scales, which is similar to the condition in X. formosa.
Additionally, although the visceral scale margin is relatively thick
and developed in X. formosa, it is very reduced and near to the margin
of the xiphiplastron in the new species. All specimens at same
magnification

latest and most southeastern occurrence of the genus
Xenochelys (Fig. 25.3). Prior to this record, Xenochelys
was known to have persisted from the Wasatchian
through Chadronian NALMAs of Arkansas, South
Dakota, Texas, and Wyoming, with the most southern
and eastern occurrences being from the Uintan of Texas
and Arkansas (Hay 1906, 1908; Hutchison 1991)
(Figs 25.1, 25.2, 25.3, 25.4, 25.5). The Floridian

Xenochelys fossils represent a new species that is
described below.

Order Testudines Linnaeus 1758
Suborder Cryptodira Cope 1868
Family Kinosternidae Hay1892
Subfamily Kinosterninae Hay 1892

Genus Xenochelys Hay 1906
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Type species: Xenochelys formosa Hay 1906.
Referred species: Xenochelys bridgerensis Hutchison

1991; Xenochelys lostcabinensis Hutchison 1991; and
Xenochelys floridensis sp. nov. (described below).

Diagnosis: Plastron lobes moderately broad; plastron
length 67–78% of carapace length; entoplastron present; no
anterior or posterior lobe kinesis; humeral undivided; scar
for the origin of the acromial ligament restricted to the area
of the epi-entoplastral suture; epiplastron with anterolater-
ally, anterodorsally directed projection; humeral-femoral
sulcus lies on anterior moiety of hypoplastron; moderate to
well-developed caudal notch between xiphiplastra; C2 not
contacting P3; carapace distinctly tricarinate to smooth; C1
rib enters middle or posterior moiety of P3 and terminates in
anterior P4 or P3-P4 suture; six neurals; perimeter length of
nuchal longer to shorter than any peripheral; distinct cusp to
no cusp at posterolateral margin of femoral; posterior but-
tress terminates in anterior two-thirds of P7; gular-humeral
sulcus on anterior moiety of entoplastron; M10 distinctly
elevated (Hutchison 1991).

Xenochelys floridensis sp. nov.

Holotype: UF 150006-150007, associated partial left and
right hypoplastra.

Paratypes: UF 150001, right peripheral 8; UF 150002,
left costal 3; UF 150005, left hypoplastron; UF 150008,
right hyoplastron fragment; UF 150009, entoplastron; UF
150017, left peripheral 1; UF 150018, left peripheral 3; UF
150019, right peripheral 5; UF 150020, neural 1; UF
150021, neural 2 or 4; UF 150022, left xiphiplastron; UF
150023, mandible. It is possible that UF 150017-UF 150023
are elements from a single individual, because they were
found in the same fissure-fill, exhibit the same color and
preservation, and appear to be from a similar sized animal.

Holoype locality, unit, and age: Brooksville 2, Her-
nando Co., Florida, USA; sub-locality 1B; early Arikareean,
late Oligocene.

Etymology: Specific epithet refers to the provenance of
the type material from the State of Florida.

Diagnosis: Small adult body size (12–14 cm estimated
carapace length); lateral sulci for V1 (V1-PL1 sulci) con-
tained on nuchal, not extending onto P1; carapace smooth
with no dorsal carinae on neurals or costals (at least on the

Fig. 25.4 Distribution map of the United States illustrating reported occurrences of the genus Xenochelys (Wasatchian through Chadronian
localities after Hutchison 1991)
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anterior and mid portions of the carapace; the posterior
portion is unknown at this time); costiform processes extend
into P2; lack of femoral-anal scale cusp along the postero-
lateral margin of the xiphiplastron; visceral margin of
femoral and anal scales very reduced and narrow; inguinal-
humeral sulcus nearly contacting humeral-femoral sulcus at
the inguinal buttress of the hypoplastron; humeral-femoral
sulci curve posteriorly before contacting at midline creating
an obtuse ‘‘V’’ shape; mandible moderately wide with
slightly expanded triturating surfaces just at and anterior to
the coronoid processes; lingual shelf fades anteriorly,
becoming smooth at the dentary symphysis.

Description

Short descriptive accounts are provided below for each of
the referred carapace, plastron, and mandible specimens of
Xenochelys floridensis.

Carapace: UF 150020—Complete N1; length =

14.22 mm, width = 8.44 mm. The N1 is hexagonal in
shape and elongate, being widest near the posterior end.
This is also typical of the kinosternids Staurotypus, Clau-
dius, Baltemys, Xenochelys lostcabinensis, X. bridgerensis,
X. formosa, Kinosternon, and Sternotherus (character
state 5 in Hutchison 1991). A lightly incised V1-2 sulcus is
present at approximately half the length of the specimen,
and by its shape indicates that V1 on this individual would
have been rounded or squared (not pointed) posteriorly.
Although the dorsal face of the element shows some relief,
no discernible keel is present. The N1-nuchal suture is
broad indicating full contact with the nuchal.

UF 150021—Complete N2 or N4; length = 9.71 mm,
width = 7.03 mm. This neural is hexagonal, small, thick,
and widest near the posterior. No trace of a dorsal keel is
present.

UF 150002—Complete left C3; height = 33.58 mm.
Element is smooth and acarinate.

UF 150015—Complete left P1; length = 10.09 mm,
height = 10.52 mm. The dorsal face lacks any trace of the
V1 sulcus. Ventrally, a cavity for the costiform process runs
through the entire element, which likely terminated on P2.
The element lacks an incised musk duct groove or any trace
of the terminus for this groove.

UF 150016—Complete right P1; length = 10.22 mm,
height = 11.53 mm (description same as above for UF
150015).

UF 150017—Complete left P1; length = 12.12 mm,
height = 13.54 mm (description same as above for UF
150015).

UF 150011—Complete right P3; length = 11.94 mm,
height = 12.58 mm. The ventral face exhibits an incised
musk duct groove that runs the complete length of the
element. This fact, coupled with the complete lack of a
musk duct impression on the P1 (as mentioned above),
indicates that the anterior musk duct groove terminated on
P2. Just distal and adjacent to the musk duct and on the P3-4
suture are two indentations where the axillary buttress
would have terminated. The cavity for the C1 rib end is
present on the posterior of the element and terminates just
anterior of the P3-4 suture. This character is primitive and is
shared with Hoplochelys, Staurotypus, Claudius, Baltemys,
X. lostcabinensis, X. bridgerensis, and X. formosa, but is not
seen in Kinosternon and Sternotherus species (character
state 32 in Hutchison 1991).

UF 150018—Complete left P3 (Fig. 25.3e);
length = 12.69 mm, height = 12.73 mm. The ventral face
exhibits an incised musk duct groove that runs the complete
length of the element. Just distal and adjacent to the musk
duct and on the P3-4 suture is an indentation where the
axillary buttress would have terminated. The cavity for the
C1 rib end is present posteriorly and runs through the P3-4

Fig. 25.5 Temporal distribution of occurrences for North American
kinosternines. Occurrences of Baltemys, Xenochelys lostcabinensis, X.
bridgerensis, X. formosa, and Kinosternon after Hutchison (1991,
1998), and Holman (1998). Hemphillian occurrence of Sternotherus
after Bourque (2011)
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suture, indicating that the rib end would have terminated on
P4.

UF 150019—Complete right P5; length = 14.50 mm,
height = 21.37 mm. The cavity for the C3 rib end is situ-
ated approximately mid-length along the specimen.

UF 150003—Complete right P6; length = 14.97 mm,
height = 20.47 mm. The specimen is worn along its edges.
The marginal rim is wide with two distinct lateral carinae.

UF 150012—Partial left P7; length = 14.11 mm. The
inguinal buttress would have terminated at approximately
half the length of the element. This condition is also
observed in Baltemys and X. lostcabinensis, X. bridgerensis,
and X. formosa, and Sternotherus (character state 8 in
Hutchison 1991). Just distal to this suture is a deep musk
pore along the posterior of the M7-inguinal sulcus. The
cavity for the C5 rib end enters the posterior of the
specimen.

UF 150013—Partial right P7; length = 16.01 mm. This
specimen differs from UF150012 in that the inguinal but-
tress runs the whole length of the specimen and likely ter-
minated on the anterior-most P8. A deep musk pore is
present along the M7-inguinal sulcus. Although broken, the
very end of the C5 rib cavity is discernible where this rib
would have entered at the posterior of the element.

UF 150001—Complete right P8 (Fig. 25.3g);
length = 18.91 mm, height = 18.81 mm. The C3-4 sulcus
lies on the posterior-most third of the element. The marginal
rim is narrow dorsally, but with a wide underlap ventrally.
Viscerally, a deeply inset step is formed by thickened bone
along the marginals, similar to that seen in Xenochelys
formosa and Carettochelys.

Plastron: UF 150009—Complete entoplastron
(Fig. 25.3d); length = 14.42 mm, width = 13.41 mm. The
specimen is somewhat tumbled looking, with the sutures
worn and the sulci only moderately discernible. The medial
humeral sulcus runs approximately 80% of the element,
where it terminates and bifurcates anteriorly at the inter-
gular sulci. Viscerally, the entoplastron lacks acromial pits,
which implies these instead would have been on the epi-
plastra. The element is thickened anteriorly and posteriorly.
Posteriorly, a nub-like (and very worn) acromial process is
present. A slight depression, located along the medial sulcus
at approximately the middle of the ventral face of the ele-
ment, likely represents a scar from a bacterial or fungal
infection between the scales.

UF 150008—Partial anterior portion of a right hyoplas-
tron (Fig. 25.3c) that is broken posteriorly and along the
axillary buttress. The anterior-most portion of the medial,
ento-hyoplastral, and epi-hyoplastral sutures are preserved
on the specimen. The piece is quite worn and tumbled, but
is ascribed as a kinosternid here based on the quality of the
sutures and very narrow visceral scale margin. The epi-
hyoplastral suture is rounded as in the holotype of X.

bridgerensis. The element is also thickened along the
medial suture, as in the holotypes of X. lostcabinensis and
X. bridgerensis, Elongated sutural teeth along the epi-ento-
hyoplastral suture indicate that the forelobe was likely
akinetic.

UF 150005—Partial left hypoplastron (Fig. 25.3a);
width (including bridge) = 35.66 mm, width (excluding
bridge) = 19.09 mm, length & 21 mm. This fairly com-
plete hypoplastron appears to belong to a large adult, being
relatively thick medially and exhibiting signs of ontogenetic
distortion and pockmarks that commonly accompany turtles
with age. Ventrally, the humeral-femoral sulcus contacts the
midline along the anterior-most half of the element. No
reduced humeral and femoral scale scars are present along
the midline as often seen in Sternotherus and Kinosternon
species with medial plastral skin. Along the medial suture,
approximately where the humeral-femoral sulcus meets the
midline, there is a vacuity with broadly enlarged sutural
teeth. This area is distinct compared to the accompanying
smaller sutural teeth along the midline. A similar, distinct
sutural vacuity is also present in UF 150006 and UF 150007
(described below). The inguinal-humeral sulcus nearly
contacts the humeral-femoral sulcus along the waist of the
inguinal buttress, a condition more similar to X. formosa
than to X. lostcabinensis and X. bridgerensis.

UF 150006 and 150007 (holotype)—Partial associated
left and right hypoplastra (Fig. 25.3f); posterior
width = 14.51 mm, length = 14.25 mm (UF 150006).
These appear to be the remains of an adult animal, but are
slightly smaller and lack pathological wear seen in UF
150005. There are no reduced scale or plastral skin scars
present as seen in modern kinosternines with plastral skin.
The humeral-femoral sulci curve posteriorly and contact
one another medially, just anterior to the center of the
hypoplastra. As seen in UF 150005, a broadly-toothed
sutural vacuity is present along the midline in both UF
150006 and UF 150007. When both of the hypoplastra are
articulated, the medial vacuities form a cavity along the
midline that is visible on the dorsal (visceral) faces of the
hypoplastra. Isolated hypoplastra of cf. Baltemys from the
Wasatchian of Wyoming also exhibited a similar mor-
phology along the medial suture. I interpret this feature as
having facilitated passive kinesis along the midline, perhaps
in housing more connective tissue along the medial suture.

UF 150022—Partial left xiphiplastron (Fig. 25.3h) with
posterior-most end missing; approximate length (at mid-
line) = 22.33 mm, width (at hypo-xiphiplastral
suture) = 16.54 mm. The element is relatively thick ante-
riorly, tapering off to very thin posteriorly. The hypo-xip-
hiplastral suture is straight to slightly concave transversely
across. This suture has elongated sutural teeth, with the two
longest projections at the distal edge of the element, which
implies that the posterior lobe was akinetic. The femoral-
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anal sulcus is moderately sinuous, not straight as in the
types of Xenochelys lostcabinensis and X. bridgerensis. No
reduced femoral or anal scale scars are present along the
midline as in most Sternotherus with plastral skin. The
lateral edge is smooth and un-notched, a condition shared
with X. formosa (as well as some Sternotherus specimens,
particularly in older individuals of S. minor and S. odora-
tus). A distinct cusp is present at the femoral-anal sulcus in
X. lostcabinensis and X. bridgerensis. The visceral femoral
and anal scale margin is very narrow, indicating that the
skin would have attached very near to the margin of the
element in life, a condition similar to that seen in Sterno-
therus. Conversely, the visceral femoral-anal scale margin
is broader in other Xenochelys species, particularly so in X.
formosa for which it is very broad and robust. Although the
posterior of the element is broken, X. floridensis likely
possessed a caudal notch similar in shape to that of X.
formosa and Sternotherus.

Mandible: UF 150023—Partial mandible comprised
of the left and right dentaries (Figs. 25.3b, 25.8b);
length = 15.40 mm, width (at coronoid processes) =

15.82 mm. This specimen represents the only known
mandible for the genus Xenochelys. It is moderately wide,
with a lingually expanded shelf at the base of and just
anterior to the coronoid processes. This shelf tapers off
anteriorly, where it terminates just posterior to the dentary
symphysis. Though the triturating surfaces are moderately
expanded in UF 150023, they appear not as expanded as the
broad palate seen in the only known skull of X. formosa,
YPMPU 13686 sensu Williams (1952) (see Fig. 25.8).
The symphyseal hook is moderately curved upward, being
relatively low compared to turtles such as Kinosternon
subrubrum ssp. and Claudius. In many respects, the jaw
of X. floridensis looks similar to Kinosternon oaxacae
(Fig. 25.8i) and Sternotherus species being comparable in
overall form to younger pre-megacephalic individuals of
S. minor minor and S. m. peltifer, as well as some older
individuals of S. odoratus. However, it lacks the lingual
shelf at the jaw symphysis seen in Sternotherus.

Remarks

Type material of Xenochelys floridensis described above is
ascribed to the genus Xenochelys based on a suite of char-
acters, including: presence of an entoplastron; possession of
akinetic plastral lobes; position of the humeral-femoral
sulcus lying on the anterior portion of the hypoplastron;
smooth carapace with no discernible dorsal carinae on the
neurals or costals (although the rear of the carapace is
unknown and potentially could possess a slight medial keel

posteriorly); C1 rib entering the posterior portion of P3 and
terminating on P4 or just at the P3-P4 suture; no cusp along
the posterolateral margin of the femoral-anal scales;
inguinal buttress terminates (in one of two available spec-
imens) on anterior two-thirds of P7; and gular-humeral
sulcus is contained on anterior portion of the entoplastron.
As of yet, no complete associated specimens are known.
The description presented here is based on numerous, pri-
marily isolated elements from the Brooksville 2 locality
used to create a composite.

Xenochleys floridensis is morphologically and tempo-
rally most closely related to X. formosa, a relatively large
kinosternid (Figs. 25.6, 25.7, 25.8c) from the Chadronian
(34–37 Ma) (Prothero and Emry 2004) of South Dakota and
Wyoming (Hutchison 1991). Synapomorphies of X. florid-
ensis with X. formosa include: the lack of a notched fem-
oral-anal scale along the margin of the xiphiplastron; the
presence of a deeply undercut step along the visceral margin
of the posterior peripherals (similar to that seen in Carett-
ochelys); and posteriorly inflected humeral-femoral sulci on
the hypoplastra that form a V-shape at the midline, whereas
these sulci meet transversely straight at the midline in X.
lostcabinensis and X. bridgerensis. (Fig. 25.7). However,
the new species is plesiomorphic in that it attains a smaller
adult body size than X. formosa; in this feature it is more
similar to the Eocene species X. lostcabinensis, X.
bridgerensis, and Baltemys staurogastros Hutchison 1991.
X. floridensis also differs from the type of X. formosa
(AMNH 1097) in having a highly reduced visceral margin
on the xiphiplastron for the femoral and anal scales, and no

Fig. 25.6 Illustration of shell of Xenochelys formosa Hay, in dorsal
(left) and ventral (right) views. Modified from Hay (1906, 1908)
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Fig. 25.7 Comparison of previously described Xenochelys species. a,
b Shell of Xenochelys formosa Hay, AMNH 1097 (holotype), from the
Chadronian of South Dakota: a dorsal view; b ventral view. Although
only about half the size, X. floridensis sp. nov. is morphologically most
similar to this taxon, however the two species are separated temporally
by at least 6 million years. c Plastron of Xenochelys bridgerensis
Hutchison, UCMP 121734 (holotype), in ventral view, from the
Bridgerian of Wyoming. d Plastron of Xenochelys lostcabinensis

Hutchison, UCMP 112341 (holotype), in ventral view, from the
Wasatchian of Wyoming. Xenochelys floridensis is similar to X.
bridgerensis and X. lostcabinensis with respect to size, but the new
species lacks the distinct notch along the edge of the xiphiplastron
between the femoral and anal scales. That character is shared between
the early Eocene Xenochelys and the genus Baltemys. Specimens at
different magnifications

Fig. 25.8 Comparison of jaws among some extant kinosternines and
fossil Xenochelys (all in occlusal view). a UF/H 50058, Sternotherus
m. minor. b UF 150023, Xenochelys floridensis sp. nov. c YPMPU
13686, palate of cf. Xenochelys formosa (Williams 1952). d UF/H
150286, Sternotherus carinatus. e UF/H 47704, Sternotherus odoratus.
f UF/H 18988, Kinosternon baurii. g UF/H 57914, Kinosternon

herrerai. h UF/H 68599, Kinosternon subrubrum. i UF/H 57910,
Kinosternon oaxacae. Image of YPMPU 13686 � Division of
Vertebrate Paleontology, Yale Peabody Museum of Natural History,
Yale University, New Haven, Connecticut, USA. All specimens at
same magnification

b
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signs of carinae on the neurals or costals on at least the
anterior portion of the carapace. In AMNH 1097 the vis-
ceral margin on the xiphiplastron is relatively thick and
wide, and a subtle medial keel is present on the nuchal, N1,
and suprapygal, and lateral keels present on C1-C6, being
most pronounced on C1-C3 and becoming less so along the
anterior portion of C4.

Descriptions of Miocene Kinosternid
Material, by Locality

Suwannee Springs

Kinosternon n. sp.: A single left hypoplastron of a kino-
sternid, UF/TRO 2621, is known from this locality
(Fig. 25.9a). This specimen represents one of the earliest
occurrences of the genus Kinosternon at between 16 and
17 Ma, which is as old or slightly younger than an early
record reported by Hutchison (1991) at *17 Ma (FAMNH
11711). Holman (1998) reported on the oldest Kinosternon
material (USNM 483389) from the early Hemingfordian
Pollack Farm locality of Delaware (17.9 Ma). UF/TRO
2621 was collected and donated to the FLMNH by John
Waldrop.

The hypoplastron is 9.11 mm long at the midline and
21.32 mm wide from the midline to the distal edge of the
inguinal buttress. The breadth at the waist of the inguinal
notch is 6.76 mm. The hypo-xiphiplastral suture appears to
be at least moderately kinetic, the sutural teeth oriented
diagonally inward as in some modern Kinosternon. The
sulcus for the humeral and femoral scales is situated at the
posterior moiety of the element just anterior to the hypo-
xiphiplastral suture, which is the condition seen in Kino-
sternon. This sulcus is positioned more anteriorly in other
kinosternids, such as Sternotherus, Xenochelys, Baltemys,
Staurotypus, and Claudius. The area between the posterior
of the humeral-femoral sulcus and the hypo-xiphiplastral
suture is lightly depressed, indicating the presence of soft
tissue over the hypo-xiphiplastral suture, which would have
facilitated mobility of the hindlobe in life. The ventral face
is very flat and lacks the humeral-inguinal step or groove
present in some North and Central American Kinosternon
species (Iverson 1991), such as Kinosternon flavescens
(Agassiz 1857), Kinosternon subrubrum ssp. (excluding
some steindachneri), Kinosternon baurii, some Kinosternon
sonoriense LeConte 1854, and Kinosternon hirtipes
(Wagler 1830) (e.g., UF/H 61938). A relatively flattened
hypoplastron such as this is probably primitive for the
genus. The inguinal buttress curves upward only slightly at

the posterior-most end. In some respects, the fossil
hypoplastron looks similar to modern Kinosternon angust-
ipons Legler 1965 examined here.

Milwhite Gunn Farm Mine

Kinosternidae gen. et sp. indet.: Kinosternids are repre-
sented in the Willacoochee fauna (Bryant 1991) by shell
fragments consisting of a partial right hyoplastron (UF
111725), posterior left costal (UF 111753), partial proximal

Fig. 25.9 Miocene kinosternid fossils from north-central Florida.
a UF/TRO 2621, left hypoplastron, in ventral view, of Kinosternon
n. sp. from Suwannee Springs, early Miocene. b UF 225682, proximal
portion of a right costal (C4?), in dorsal view, of Kinosternidae gen.
et sp. indet. from the Suwannee River Mine, early Miocene. c UF
111725, partial right hyoplastron, in ventral view, of Kinosternidae
gen. et sp. indet. from the Milwhite Gunn Farm Mine, middle
Miocene. d UF 150034, partial left hyoplastron, in ventral view, of
Kinosternidae gen. et sp. indet. from Haile 19A, late Miocene. In this
specimen the orientation of the epi-hyoplastral suture is atypical for
modern Kinosternon and Sternotherus in that it is arched slightly
anteriorly towards the midline, rather than posteriorly. e UF 43031,
nuchal, in dorsal view, of cf. Kinosternon n. sp. from the Love Bone
Bed, late Miocene. f UF 150029, proximal fragment of costal, in dorsal
view, of cf. Kinosternon n. sp. from the Love Bone Bed, late Miocene.
All specimens at same magnification
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end of a costal (UF 246135), and a fragment of either a right
hyoplastron or left hypoplastron (UF 246136).

The right hyoplastron UF 111725 (Fig. 25.9c) is diag-
nosed as a kinosternid based on its small size, shallow nature
of the sutural teeth, relatively low and shortened axillary
bridge buttress, and lack of a transverse sulcus across the
element. UF 111725 likely represents a new taxon and looks
dissimilar to any currently described fossil or recent taxa that I
have examined. Overall the specimen is relatively thin. The
axillary buttress is preserved with the sulci for the axillary and
inguinal scales, however, the proximal portion of the element
is missing. The distal-most portion of the epi-hyoplastral
suture is present, but it is speculative as to whether or not this
suture was kinetic. The waist of the bridge is wide. The
axillary buttress is slightly upwardly curved anteriorly, but
almost flat posteriorly. The axillary and inguinal scales
broadly contact one another just anterior to centrally on the
element, similar to that observed in Xenochelys. The ventral-
most portion of M5 is present along the bridge-peripheral
suture. The hyo-hypoplastral suture projects posteriorly at the
inguinal scale, similar to the condition observed in Xen-
ochelys species. The costals UF 111753 and 246135 are
smooth dorsally and lack any sign of carinae.

Suwannee River Mine

Kinosternidae gen. et sp. indet.: UF 225682, the proximal
portion of a right costal (C4?) (Fig. 25.9b), is identified as a
kinosternid based on its small size, shallow sutural teeth,
and stepped pleural sulcus (where the anterior scale over-
laps the adjacent pleural scale). The specimen appears to
have come from an animal with an estimated carapace
length of between 15 and 17 cm. With respect to size and
shape, this specimen looks very similar to a C4 of Kino-
sternon oaxacae Berry and Iverson 1980 examined (e.g.,
UF/H 57910). It has a flat neural-costal suture anteriorly and
a rounded one posteriorly. A very subtle lateral keel is
present, at which a slight thickening of the shell and
downward curving of the element occurs.

Swift Creek Mine

Kinosternidae gen. et sp. indet.: This questionable record is
based on UF 150035, which is a complete left costal that is very
worn. This specimen may be from a Recent animal, because
the bone is lightweight, porous, and deteriorated. Nevertheless,
it is reported here in the chance that it is a fossil. It is relatively

small, thin, smooth, and lacks a keel, similar to Sternotherus
odoratus, Kinosternon baurii, and K. subrubrum ssp.

Love Bone Bed

Cf. Kinosternon n. sp.: Kinosternids are present, but rare in
the Love Bone Bed fauna. Material from the site includes a
nuchal (UF 43031), proximal portion of a mid-body costal
(UF 150029), a costal fragment (UF 150030), a right P1 (UF
150031), and a right P8 (UF 150032). This material repre-
sents an undescribed Kinosternon or Kinosternon-like turtle
with a moderately tricarinate carapace, and it is presumed
that these unassociated specimens belong to the same taxon.
Each is described in more detail below.

UF 43031—A complete nuchal (Fig. 25.9e), length (at
midline) = 20.76 mm, width = 27.04 mm. UF 43031 is
ascribed to the Kinosternidae based on its relatively small
size, shallow nature of the sutural teeth, and presence of
costiform processes. The element is very thick at the ante-
rior margin and highly buttressed viscerally. A distinct
medial keel runs the length of the nuchal dorsally, begin-
ning just posterior of the cervical scute. V1 is broad ante-
riorly, with the lateral sulci not contacting M1 on the
surface of the nuchal. This indicates that the V1 sulci either
contacted along the nuchal-P1 suture or on P1. The pos-
terior-most suture (pinnacle of the element) is flat and not
pointed, indicating broad sutural contact with N1. The
cervical scale is longer than broad dorsally and wider than
long ventrally, and it is not highly reduced as seen in some
Sternotherus and Kinosternon species. Well-discerned
growth annuli are present on the M1 scale set and V1. V1 is
slightly raised from scale set PL1. The costiform processes
are present but small, being reduced to nub-like teeth that,
that if broken, appear to be only slightly so.

The Love Bone Bed nuchal most closely resembles
nuchals of Kinosternon. Reasons for this include the overall
robustness of the element, the wide breadth of V1, and the
wide visceral margin of the cervical and first marginal scales.
The nature of the keel and extent of growth annuli are similar
to the Kinosternon scorpioides (Linnaeus 1766) complex.
The lack of or reduction of the costiform processes in UF
43031 is seen in Kinosternon herrerai Stejneger 1925 (Iver-
son 1991) such as in UF/H 57914, but a fossil right P1 (see
below UF 150031) indicates that these processes were more
extensive in some individuals. However, in the absence of
diagnostic plastral material from this locality, identification at
the generic level remains speculative.

UF 150029 (Fig. 25.9f) and UF 150030 (not figured)—
Both specimens are costal fragments that each possess
slight lateral carinae accompanied by some creasing.
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At these carinae, the elements become slightly angled
downward. These along with the nuchal UF 43031 indicate
that this animal had a relatively well-defined medial keel
with two lesser lateral carinae, similar to some populations
of Kinosternon scorpioides.

UF 150031—Complete right P1; length = 10.38 mm,
height = 10.8 mm. A large pockmark at the nuchal-P1
suture makes it difficult to discern whether or not the
V1-PL1 sulcus contacted the face of the element. Two or
three well-defined growth annuli are present on the dorsal
face. M1-2 are somewhat bulbous. In visceral aspect, a
groove for the costiform process runs through the element and
appears to terminate at the P1-2 suture, contrary to the lack of
extensive costiform processes observed in UF 43031.

UF 150032—Complete right P8; length = 14.03 mm,
height = 13.18 mm. The marginals are thick, fairly bul-
bous, and non-flared. The inguinal bridge of the plastron
likely terminated at the P7-8 suture, which is indicated by a
small, pitted indentation. This implies that the hyoplastra
were posteriorly extensive, and that this species had a rel-
atively broad plastron as in the following (after Iverson
1991): Kinosternon acutum (Gray 1831), Kinosternon
creaseri (Hartweg 1934), Kinosternon integrum (LeConte
1854), Kinosternon leucostomum (Duméril and Bibron in �
1851), Kinosternon oaxacae, Kinosternon scorpioides, and
Kinosternon subrubrum.

The kinosternid from the Love Bone Bed had a relatively
thick carapace with a well-defined medial keel and two
lesser lateral carinae, and posteriorly extensive hyoplastra
similar to some Central American Kinosternon including
members of the K. scorpioides complex. Notably, Holman
(1998) reported the occurrence of a thick-shelled species of
Kinosternon from the early Miocene (Hemingfordian) Pol-
lack Farm fauna in Delaware that he felt resembled modern
K. scorpioides or K. leucostomum. This and the Love Bone
Bed records are evidence for the presence of turtles possibly
sister to or convergent with modern Central-South Amer-
ican kinosternids in the eastern United States during the
early and late Miocene.

Haile 19A

Kinosternidae gen. et sp. indet.: A single partial left
hyoplastron (UF 150034) (Fig. 25.9d) represents the family
at this site. The hyoplastron is 14.41 mm long at the midline
and *23.90 mm wide from the midline to the waist of the
axillary buttress. It is identified as a kinosternid based on its
small size, shallow nature of the sutural teeth, and lack of a
transverse sulcus across the element. It is broken at the
axillary buttress and appears to be of an aged adult, bearing

pockmarks and signs of wear on the ventral face. This
specimen likely represents a new taxon, but again insuffi-
cient material hinders a diagnosable description here.

The epi-hyoplastral suture appears highly kinetic, with a
distinct lip present along the suture on the ventral surface,
and inwardly oriented sutural teeth that are reduced in
number (*8). This suture is transversely more straight than
observed in extant Kinosternon and Sternotherus species
examined. The epi-hyoplastral suture usually curves inward
(posteriorly) at the midline in modern members of these
genera, whereas in UF 150034 the suture conversely flares
slightly anteriorly. No distinct suture for an entoplastron is
present. Two or three discernible annuli are present along
the midline, and these appear to be growth annuli as
opposed to plastral skin scars seen in most Sternotherus and
some Kinosternon. Large sutural teeth are present along the
medial suture. The axillary bridge is narrow at the waist and
relatively flattened, indicating that the buttress was not
highly inclined.

Withlacoochee River 4A

Kinosternon sp. (aff. K. subrubrum-baurii clade): Two
kinosternid specimens are known from this locality. The
more complete specimen, UF 13893, is a partial carapace
consisting of associated right P4, C2, and C4-C5
(Fig. 25.10). P4 is approx. 15.2 mm tall and 11 mm wide,
C2 is 26 mm tall and 12 mm wide, C4 is 30.2 mm tall and
12 mm wide, and C5 is 30.3 mm tall and 10.3 mm wide.
The overall size of the shell is small, comparable to
Sternotherus odoratus, Kinosternon baurii, and K. subru-
brum ssp. The costals are smooth, lack any trace of a lateral
keel dorsally, and are highly curved proximally. UF 13893
is identified here as Kinosternon due to the presence of a
well-formed sutural contact for the axillary bridge buttress
on the P4 (just above the musk duct groove), which in
Sternotherus is either not as well-developed or not present
at all on P4, or occurs on the P4-5 suture. The condition in
the fossil is much like that seen in K. baurii and K. su-
brubrum ssp. with a long sutural groove (that would have
received a very thin, elongate, anteriorly projecting process
of the axillary bridge) present along the visceral face of the
element and more developed sutural contact for the axillary
bridge at the P4-5 suture. UF 13893 greatly resembles
specimens of K. subrubrum ssp. and K. baurii in terms of
size, thickness, and morphology. This specimen likely
represents the oldest occurrence of the K. subrubrum-baurii
group in Florida. UF 13893 is well-mineralized and was
noted in the specimen record as having been collected from
in situ clay, so it is unlikely a modern contaminant.
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A second specimen, UF 150033 (not figured) is the
proximal portion of a left costal (C3?). This specimen
belongs to a turtle with an approximate carapace length of
9 cm. It is similar to costals of Sternotherus odoratus,
Kinosternon baurii, and K. subrubrum ssp. in its size, shape,
in being smooth and thin, and in lacking a keel.

Discussion and Conclusions

The fossils examined here are fragmentary, and as such,
taxonomic assignment at the generic level was done con-
servatively and was based on comparisons with fossil and
Recent taxa for which more complete specimens are known.
From an evolutionary perspective, the Brooksville 2

kinosternid is important in that it occurs during an interval
of time in which almost nothing is known about kinosternid
diversity (Fig. 25.5). The Brooksville 2 material is tenta-
tively assigned to the genus Xenochelys until more complete
specimens become available to say otherwise. Alterna-
tively, future specimens of this taxon could warrant the use
of Xenochelys to encompass formosa and floridensis, and a
new genus or subgenus possibly erected for the Eocene taxa
bridgerensis and lostcabinensis, due to differences (albeit
relatively subtle) in plastral characters such as the orienta-
tion of the humeral-femoral and femoral-anal sulci, femo-
ral-anal scale and anal notches, and carapacial characters
like the presence or lack of a visceral shelf along the pos-
terior peripherals. Hopefully future discoveries of this small
turtle will elaborate on its true significance.

Interestingly, the first representatives of the genus
Kinosternon from the Miocene of Florida look similar in
some respects to modern members of the genus that today
live in the southwestern United States and Central-South
America, such as K. angustipons, K. hirtipes, K. herrerai,
and K. scorpioides. This is with the exclusion of the late
early Hemphillian Withlacoochee 4A material, which
appears to represent the first occurrence of the K. subru-
brum-baurii group in the state. This late early Hemphillian
occurrence is not unlikely, given that a portion of kino-
sternid material I am currently studying from the late
Hemphillian (latest Miocene, early Pliocene) of the Bone
Valley Formation (Polk County, Florida), also represents
this group. Needless to say, many paleogeographic and
evolutionary questions still remain regarding the Kinoster-
nidae, particularly in the eastern United States.
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Chapter 26

New Turtles from the Paleogene of North America

J. Howard Hutchison

Abstract Formal names, diagnoses, and descriptions are
supplied for previously identified, but informally named,
cryptodiran turtles from the Paleogene of Montana and
Wyoming, USA. Two new early Paleocene (Puercan) turtles
are described from Montana: a peculiar trionychid, Ato-
posemys entopteros gen. et. sp. nov., from the Tullock
Member of the Fort Union Formation, and a chelydrid,
Tullochelys montanus gen. et. sp. nov., from both the
Tullock Member of the Fort Union Formation and the Hell
Creek Formation. From the Wasatchian (early Eocene)
Wasatch and Willwood formations of Wyoming, the
following taxa are described: the earliest North American
emydid, Psilosemys wyomingensis gen. et. sp. nov.; a
platysternid, Cardichelyon rogerwoodi gen. et. sp. nov.; and
Planetochelys dithyros sp. nov. A new family, Planetoch-
elyidae, within the Trionychoidae, is erected for
Planetochelys.

Keywords Emydidae � Fort Union Formation � Planet-
ochelyidae � Platysternidae � Tullock Member � Wasatch
Formation � Willwood Formation

Introduction

Over the course of many years, I encountered fossils of
several new turtle taxa from the Paleogene of Wyoming and
Montana, USA, that were distinct enough to warrant sci-
entific names, but I refrained from providing formal names
because of procrastination, the hope of finding better
material, discussion then in non-systematic works, page
limitations, or a combination of these factors. I think now
that the time has arrived to provide proper names to some of

these taxa to avoid nebulous or inconsistent use of their
informal names. While it is desirable to wait for the dis-
covery of complete specimens for purposes of applying
scientific names, many taxa are just not found this way.
If enough fragmentary specimens and individual elements
are found then composite reconstructions are possible.
Because of the amount of bone preserved in a turtle shell,
turtles are frequently the most common bones found at
many sites. Collecting and documenting of such collections
leads to a good understanding of the morphology and
diversity. Most taxa in an area or formation can be recog-
nized on even very fragmentary material once a critical
amount of material has been accumulated and studied
relating to size, shape, and surface texture. Although suffi-
cient descriptions of the shell are provided here to charac-
terize each taxon, full descriptions of variation in shells and
non-shell elements and more thorough treatments of dis-
tributions and relationships will be presented elsewhere.

Materials and Methods

All measurements are in millimeters. The bone and shield
terminology follows that of Zangerl (1969) and Ernst and
Barbour (1972). Terminology for the carapacial seams is
after Tinkle (1962). Neural formula refers to the position
and shape of the neurals, where ‘‘(’’ indicates broad end
anterior (normal) and ‘‘)’’ indicated broad end posterior
(reversed); e.g., 1)2)3)4(5(6(7(8. ‘‘Perimeter length’’ of the
peripheral series refers to the straight-line length of a
peripheral element measured from one suture to another
where they intersect the perimeter of the shell in dorsal
view. Carapace bones (upper case) and scales (lower case)
are denoted by a letter and position number starting ante-
riorly (e.g., C2), as follows: C = costal; N = neural;
Nu = Nuchal; P = peripheral plus number (e.g., P4);
SPy = suprapygal; Py = pygal; m = marginal plus num-
ber (e.g., m4); p = pleural; v = vertebral. Abbreviations
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for other elements and structures are presented in the relevant
figure captions. Arrow heads (‘‘\’’ and ‘‘[’’) are used in pleural
to marginal sulcus contact formulae, as follows:\ = anterior
(e.g.,\ m5),[ = posterior,\[ = middle (e.g.,\[m5),
thus p1-2 : \[m5.

Geological ages are given in terms of the international
units and, where relevant, North American Land Mammal
Ages (NALMA) following Berggren et al. (1995) and
Woodburne and Swisher (1995). The abbreviation ‘‘loc.’’ is
used within formal locality numbers. Detailed locality
information is on file at the indicated institutions.

Institutional abbreviations used in this paper are: AMNH,
American Museum of Natural History, New York, New York,
USA; CM, Carnegie Museum of Natural History, Pittsburg,
Pennsylvania, USA; TMM, Texas Memorial Museum, Uni-
versity of Texas, Austin, Texas, USA; UCMP, University of
California Museum of Paleontology, Berkeley, California,
USA; UMMP, University of Michigan Museum of Paleon-
tology, Ann Arbor, Michigan, USA; USGS, United States
Geological Survey, Denver, Colorado, USA; USNM, United
States Natural History Museum, Washington, D. C., USA;
UW, University of Wyoming, Laramie, Wyoming, USA;
YPM (PU), Yale Peabody Museum (Princeton collection),
New Haven, Connecticut, USA.

Systematic Paleontology

Testudines Batsch 1788
Cryptodira Cope 1869
Trionychoidea Gray 1870
Trionychidae Dumeril and Bibron 1835
Trionychinae? Lydekker 1889
Atoposemys gen. nov.
Atoposemys entopteros sp. nov.
(Figs. 26.1, 26.2)

Fig. 26.1 Atoposemys entopteros gen. et sp. nov., UCMP 133900
(holotype). a Photograph of carapace, in dorsal view. b Photograph of
incomplete plastron (hyo-, hypo-, and xiphiplastra) prepared separately
from rest of specimen, in ventral view, plus infilled silhouette (shaded
in black and in dorsal view) of entoplastron adhering to underside of
carapace to show shape and in-life position of entoplastron. c
Photograph of carapace, in ventral view, with entoplastron (exposed
in dorsal aspect) and assorted elements adhering to underside of
carapace. d Composite photograph of reconstructed plastron, depicting
entoplastron (preserved with carapace) in approximate life articulation
with more posterior (hyo-, hypo-, and xiphiplastra) plastral elements,
all bones in dorsal view. e Line drawing of carapace showing sutures,
in dorsal view. f Line drawing of reconstructed plastron, in ventral
view. Scale bars about 1 cm

Fig. 26.2 Atoposemys entopteros gen. et sp. nov., UCMP 130100
(paratype). a Photographs of carapace, plus inferred outlines (solid
lines) of right anterior and right posterior margins, in dorsal (left) and
ventral (right) views. b Line drawing of carapace showing sutures, in
dorsal view. c Photograph of incomplete plastron (hyo-, hypo-, and
xiphiplastra) prepared separately from carapace, in ventral view. Scale
bars about 1 cm
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Synonymy: ‘‘Plastomenine’’ C type: Hutchison and
Archibald 1986, p. 5. Plastomenine C: Holroyd and
Hutchison 2002, Fig. 2L.

Holotype: UCMP 133900 (Fig. 26.1), incomplete post-
cranial skeleton consisting of complete carapace, nearly
complete plastron except epiplastra, right and left scapula,
right coracoid, partial pelvis, and partial tail. UCMP loc.
V86094, Garfield County, Montana, USA; Tullock Member,
Fort Union Formation; Puercan NALMA, early Paleocene.
Collected by J. H. Hutchison, 12 July 1985.

Paratype: UCMP 130100 (Fig. 26.2), carapace lacking
right margin, nearly complete plastron except for epiplastra,
and pelvis. UCMP loc. V84198, Garfield County, Montana;
Tullock Member, Fort Union Formation; Puercan NALMA,
early Paleocene:

Referred specimen: UCMP 149216, partial shell.
UCMP loc. V92095, Garfield County, Montana; Tullock
Member, Fort Union Formation; Puercan NALMA, early
Paleocene.

Etymology: Atoposemys from the Greek atopos, strange,
and emys, turtle. Entopteros from the Greek ento, within,
and ptero, wing, alluding to the wing-shaped entoplastron.

Diagnosis: This is a trionychid based on the absence of
epidermal scales, pitted sculpture of the external carapace
surfaces, loss of the posteromedial spike of the entoplastron,
and detachment of the epiplastra from the hyoplastra. It is
placed in the Trionychinae on the basis of the absence of
peripheral elements, basic boomerang shape of the entopl-
astron, and anterolateal orientation of the axillary spikes. It
is distinguished from all other Trionychidae on the basis of
the entoplastron with two lateral spikes anterior to the ter-
minal spike producing a wing shape.

Description: The carapace (UCMP 133900, Fig. 26.1)
of the holotype skeleton is subcircular in shape and convex
with eight pairs of costals, six neurals, a preneural, and a
nuchal. Carapace length is 191 mm. The entire dorsal sur-
face is covered with a fine and even pattern of pits that do
not become aligned into troughs near the margins. The
lateral edges of the nuchal form the anterior most points of
the carapace and form the lateral margins of concave
embayment of the nuchal. The width of the nuchal is eight
times its length. The posterior margin is broadly convex.
The costal margins are subscalloped and terminate abruptly
laterally (profile D of Gardner and Russell 1994). The rib
ends are convex and, except for the tenth rib, short, and
usually not extending beyond the costal margins. The pre-
neural is trapezoidal with the anterior face longest. The six
neurals are all reversed (wide end posterior) with the sixth
terminating at the anterior sutures of the seventh costals.

The plastron is nearly complete except for the epiplastra.
The entoplastron is appressed to the underside of the cara-
pace and only its dorsal surface is visible. The arms of the
entoplastron subtend a 100o angle but are broadened

anterolaterally and form one or more weak laterally directed
spikes. The anterior margin is nearly transverse. There is no
visible evidence a callused ventral surface. The ragged
lateral margins of the entoplastron indicate that the epipl-
astral, when present, did not reach the hyoplastra and the
nearly transverse anterior margin suggest the lateral arms of
the epiplastra were reduced or absent as in plastomenines.
The hyoplastron is roughly rectangular with the broad
axillary notch asymmetrically concave between the buttress
and entoplastral process. There is no distinct notch in the
anterior margin for reception of the entoplastral tip but a
series of posterior progressively smaller anteromedially
directed spikes for the edge of the anterior fontanelle. The
ventral surface is covered with a fine pattern of raised
tubercles and short ridges. Only the axillary buttress, en-
toplastral process, and a narrow band along the medial
margin are not patterned. The callused surface forms an
underhang between the buttresses laterally. The convex
medial margins of the paired hyoplastra closely approach
each other but do not form a suture as in plastomenines. The
buttress is formed by a single, anterolaterally ribbed spike.
The hyoplastron forms a firm but unfused suture with the
hypoplastron. The hypoplastron is similarly patterned as the
hyoplastron. The inguinal notch is asymmetrically curved
with the medial edge nearly longitudinal. The inguinal
buttress consists of two posterolaterally directed, fluted
spikes with the anterior spike bifurcate. As with the hyo-
plastra, the convex medial margins of the hypoplastra clo-
sely approach but do not form a suture. The posterior
margin has a strong xiphiplastral process and notch but is
only closely appressed to the xiphiplastron laterally leaving
a large midline fontanelle between the four elements. The
xiphiplastron is roughly quadratic with the ventral surface
fully pattered as with the hypoplastron with only the tips of
the processes unsculptured. The medial margin between the
tips of the medial processes is concave, thus enclosing a
small interxiphiplastral fontanelle.

The paratype (UCMP 130100, Fig. 26.2) has a carapace
that generally resembles the type, except the preneural is
small and quadratic, the nuchal is somewhat narrower and
deeper, and a seventh neural is present. The plastron also
differs in details. The anterior margin of the hyoplastron
exhibits a small notch for reception of the entoplastron tip and
the margin of the anterior fontanelle is smooth and rounded.
The axillary buttress of the hypoplastron is not bifurcate. The
xiphiplastra contact the hypoplastra all along their mutual
border leaving only a narrow midline fontanelle.

Remarks: Differences described above between the
carapaces of the holotype and paratype are within expected
variation in trionychids. The differences in the plastron may
indicate gender rather than just individual variation or
specific differences. Trionychids may be dramatically sex-
ually dimorphic, especially in size with the males being
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smaller. Although the holotype and paratype are similar in
size, the paratype has a more fully callused plastron, more
intimate contact of the xiphiplastra and hypoplastra, better
developed notch on the hyoplastron for reception of the
entoplastron, smaller and smooth margined hyoplastral
margin of the anterior fontanelle, and lacks bifurcation of
the anterior hypoplastron buttress spur. Lacking evidence to
the contrary, I think that the paratype is an adult male and
the holotype is a subadult female. The differences are
ascribed to the relatively earlier stage of development of
the holotype. A test of this hypothesis would be to see if the
entoplastron, when found with the paratype plastral mor-
phology, resembles the holotype.

Although the overall morphology resembles that of
plastomenines in reduction of the rib ends, extent of plastral
callusing, and possible reduction of the posterior arm of the
epiplastron, the sharply angled entoplastron, anterolateral
orientation and forward position of the hyoplastron buttress
spur, open anterior and posterior fontanelles, and persistent
midline kinesis resembles Helopanoplia Hay 1908 (Holroyd

and Hutchison 2002, Fig. 2J) and trionychines to which it is
tentatively referred.

Trionychoidea Gray 1870
Planetochelyidae fam. nov.

Type species: Planetochelys savoiei Weems 1988, p. 116.
Remarks: Monogeneric family. Included in the Tri-

onychoidea on the basis of the presence of extragular scales,
costiform processes of the nuchal, and broad plastron.
Distinguished from other trionychoids based features listed
below (see Diagnosis) for the type and only known genus.
Planetochelys Weems 1988

Synonymy: Planetochelys, family incertae sedis:
Hutchison and Weems 1998, p. 192.

Included species: Planetochelys savoiei Weems 1988
(type species) and P. dithyros sp. nov.

Occurrence: The oldest records of the genus are late
Paleocene Tiffanian NALMA (Virginia and Wyoming) and
the youngest are from the middle Eocene Uintan NALMA

Fig. 26.3 Planetochelys savoiei
Weems 1988, USNM 412107
(holotype), line drawings of
posterior part of carapace
(modified after Weems 1988,
Fig. 5). a–c New interpretation,
recognizing eight neurals and
three syprapygals: a dorsal view;
b right lateral view, rotated 90
degrees with posterior end
pointing to bottom of figure;
c posterior view. d Posterior view
showing Weems’ (1988) original
interpretation of neurals and
suprapygals. See ‘‘Materials and
Methods’’ in text for
abbreviations. Scale bar equals
1 cm
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of California (pers. obs.). It is distributed from Wyoming to
Texas and west to southern California (pers. obs.).

Revised diagnosis: Differs from other trionychoids in the
following combination of features: moderate size plastron
divided by a transverse hinge joint formed along the hyo-
hypoplastral suture (entoplastron may also contribute); plastral
lobes ligamentally attached to carapace and marked by a low
rugose longitudinal ridges on the bridge portions; plastral
articular areas on the bridge peripherals (P4-7) truncated and
nearly smooth; nuchal with a pair of strong costiform processes
that span P1 and insert into P2 viscerally; some distal rib ends
hooked; rib ends of C1-5 cross the sutures of two peripherals
medially; extragulars may be present; entoplastron distinctly
longer than wide; and no plastral caudal notch.

Planetochelys savoiei Weems 1988
(Fig. 26.3)

Synonymy: Planetochelys savoiei Weems 1988,
pp. 116–118, Figs. 5–8. Planetochelys: Hutchison and
Weems 1998, Table 1.

Holotype: USNM 412107 (Fig. 26.3), posterior moiety
of carapace starting from C3. West bank of Aquia Creek,
Virginia, USA; Piscataway Member, Aquia Formation; late
Paleocene (Thanetian).

Revised diagnosis: Differs from Planetochelys dithyros
sp. nov in smaller size (estimated carapace length =

143 mm) and the following carapace features (plastron
unknown): C3–C6 weakly wedged-shaped; ventrolateral
margins of bridge peripherals rounded; posterior peripherals
strongly upturned at margin and without small projections
at intermarginal sulci; marginal-pleural sulcus marked by a
step or change in plane; v4-5 sulcus on suprapygal 2; v4-5
sulcus on SPy1; no ilial fossa on C8; N3 normal hexagonal;
sulci on peripherals depressed; and neural area of carapace
concave.

Description: This species is only known from the partial
carapace of the holotype specimen (Fig. 26.3). The entire
specimen was figured by Weems (1988). The suprapygal
area is tightly sutured and partly fused indicating an adult
individual. Close examination of the holotype led me to an
altered reconstruction of the pygal area—specifically, I
interpret the presence of an eighth neural and three supra-
pygals, instead of the seven neurals and one suprapygal
originally reported by Weems (1988; see Fig. 26.3c vs. d).
Weems (1988) did not figure or describe the internal (vis-
ceral) view of the carapace other than the limit of the lig-
amental plastral contact. The internal costal-peripheral
contacts are generally the same as the external contacts,
except that the rib end of C4 crosses the anterodorsal corner
of P7 before terminating in P6, as in the other species. The
capitular processes of the ribs are narrow near the costal-
neural sutures.

Remarks: Weems (1988) assigned Planetochelys to the
Sinemydidae Yeh 1963 based upon the ligamental attach-
ment of the plastron, the lack of costal-peripheral fontan-
elles, and misinterpretation of the suprapygal area in USNM
412107. New material and more extensive descriptions
(Brinkman and Peng 1993, Sukhanov 2000) of Sinemys, the
type genus of the Sinemydidae, have documented a suite of
diagnostic features for that genus (e.g., low arch of the
shell, presence of peripheral spines, and lack of costiform
processes) that do not support a close relationship to
Planetochelys (see below).

Planetochelys dithyros sp. nov.
(Figs. 26.4, 26.5)

Synonymies: Box turtle: Savage et al. 1972, Table 3;
Hutchison 1992, p. 455. Box turtle, n. gen.: Hutchison 1980,
p. 116. Genus K: Hutchison 1983, p. 65. Emydid B: Bartels
1983, p. 362. Planetochelys: Hutchison 1998, p. 402,
Fig. 18.2G; Holroyd and Hutchison 2000, p. 75; Holroyd
et al. 2001, p. 98, Figs. 2–4, Table 1; Hutchison 2003, p. 23.

Holotype: UCMP 120000 (Fig. 26.4b, 26.5a, b),
incomplete skeleton, consisting of: carapace preserving
right and left P1-11, nuchal, N1-5, right C2-4, left C2;
plastron lacking posterior margin of xiphiplastra; damaged
skull; incomplete dentary; fragments of articular and
angular; fragments of cervical vertebrae 1–8; two caudal
vertebrae; appendicular skeleton bones that are complete or
compositely complete (counts indicated in brackets) are
scapula (2), coracoid (2), radius (2), ulna (2), humerus (2),
metacarpal, innominate (2), femur (2), tibia (2), distal fib-
ula, astragalus-calcaneum (2), tarsale 4(?), tarsal, metatarsal
1 and 5 (2), metatarsal, proximal phalanges (2.5), and
ungual phalanges (4). UCMP loc. V77050, Sweetwater
County, Wyoming, USA; main body of the Wasatch For-
mation; Wasatchian NALMA, Graybullian subage, early
Eocene. Collected by J. H. Hutchison, 1974.

Paratypes: UCMP 125005, nearly complete shell, limb
bones; and UCMP 130896, partial shell. Both from UCMP
loc. V81045, Big Horn County, Wyoming, USA; Willwood
Formation; Wasatchian NALMA, early Eocene.

Referred specimens: Alkali Creek Tongue Member of
Wasatch Formation, Wasatchian NALMA, Sublette County,
Wyoming, USA (1 locality): UCMP loc. V99338: UCMP
159173, partial shell. Main Body Member of Wasatch
Formation (Wasatchian NALMA), Sweetwater County,
Wyoming, USA (1 locality): UCMP loc. V70227: UCMP
117301, suprapygal. Willwood Formation (Wasatchian
NALMA), Big Horn County, Wyoming, USA (5 localities):
UCMP loc. V85005 (= USGS D1424): UCMP 130937,
anterior lobe of plastron, P fragments; UCMP loc. V80007
(= Yale 27): UCMP 124493, right and left epiplastra,
entoplastron fragment; UCMP loc. V80010 (= Yale 84):
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UCMP 124498, partial shell; UCMP loc. V80012 (= Yale
280): UCMP 124500, partial shell; UCMP 124501,
partial plastron, carapace fragments; UCMP loc. V80016:
UCMP 124519, epiplastron fragment; UCMP 124521, par-
tial shell. Willwood Formation (Wasatchian NALMA),
Waskakie County, Wyoming, USA (6 localities): UCMP
loc. V81085: UCMP 130908, partial shell; UCMP loc.
V81092 (= Yale 132 plus): UCMP 130861, 130862,
130866, 130867,130868, 130870, 130873, 130874, 130875,
130888, partial shells; UCMP 130918, partial shell, limb

bones; UCMP loc. V82198 (= USGS D1342): UCMP
130930, partial shell. UCMP loc.V82300, (= Yale 157
general): UCMP 130934, associated partial shell. UCMP
loc. V85065 (= USGS D1401 part): UCMP 130945,
anterior plastron; UCMP loc. V85066 (= USGS D1421
low): UCMP 130944, nearly complete plastron, carapace
fragments. Lysite Member of Wind River Formation,
Wasatchian NALMA, Fremont County, Wyoming, USA
(1 locality): UCMP loc. V72174: UCMP 136950, P9-pygal.

Etymology: From the Greek dithyros, two-doored or
bivalved.

Diagnosis: Differs from Planetochelys savoiei in larger
size (carapace length 293 cm or longer); C3–C6 strongly
wedged-shaped; bridge peripherals without sharp carina
marking the transition from dorsal to ventral surfaces in
adults (juveniles may show a carina); posterior peripherals
weakly upturned at margin and with small projections at
intermarginal sulci; marginal-pleural sulcus not marked by
a step or change in plane; v4-5 sulcus on N8; N3 quadratic;
ilial fossa well developed; sulci on peripherals perched; and
neural area of carapace convex.

Description: The description is based principally upon
the holotype and UCMP 125005, a nearly complete shell
and parts of the skeleton. The shell of the holotype

Fig. 26.4 Planetochelys dithyros sp. nov., shell. a Line drawing of
reconstructed carapace, based on UCMP 120000 (holotype) and
125005, in dorsal view, showing sutures (solid lines) and scute sulci
(dotted lines). b UCMP 120000 (holotype), drawing of ventral view of
carapace. c Diagramatic reconstruction of visceral right lateral view of
carapace and outlines of the anterior peripheral sutures (dots indicate
dorsal margin of the marginals viscerally; co groove for costiform
process of nuchal). d Diagramatic reconstruction of cross-section
of carapace and plastron at about the level of the peripheral 5–6 suture.
e UCMP 117301, suprapygal 3, in external view. f UCMP 136950,
articulated peripherals 10–11 and pygal, in external view. Scale bars
equal 1 cm

Fig. 26.5 Planetochelys dithyros sp. nov., plastron. a Stipple drawing
of plastron of UCMP 120000 (holotype), in dorsal view. b Line
drawing of plastron of UCMP 120000 (holotype), in ventral view,
showing sutures (solid lines) and scute sulci (dotted lines). c Stipple
drawing of UCMP 131008, partial anterior lobe, in dorsal view,
showing variant exposure of entoplastron on hinge line. d Stipple
drawing of UCMP 130909, left epiplastron, in dorsal view. Abbrevi-
ations: abd abdominal, ento entoplastron, ex extragular, fem femoral, gu
gular, hu humeral, hyo hyoplastron, pec pectoral. Scale bars equal 1 cm
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specimen, although less complete than UCMP 125005, is
less distorted, permits estimates of shell proportions, has
skull material, and has more complete and less distorted
appendicular skeleton (to be described elsewhere). Details
of the posterior costals, neurals and C1 are based primarily
upon UCMP 125005 and referred material.

The shell (Figs. 26.4, 26.5) is highly modified into a box
turtle type of specialization. The plastron has no sutural
contact with the carapace and lacks the bony pivot seen in
Terrapene Merrem 1820 and Cuora Gary 1855. P4-7 show
thickened, flattened, and medially facing surfaces which by
analogy with other box turtles are the areas of origin of
ligaments that bind the plastron to the carapace. Comple-
mentary elongate bosses are present on the adjacent margins
of the hyo- and hypoplastra. The longest and strongest boss
is on the hypoplastron in this taxon.

The carapace generally resembles that of other box tur-
tles in the pronounced vaulting and high angle of the
anterior peripheral arch (Fig. 26.4c). The shell is devoid of
distinctive sculpturing and lacks carina. C1 articulates dis-
tally only with P1-2 and the nuchal, although the distal tip
of the rib is imbedded in P3 internally. Such an anteriorly
situated C1-2 suture is unique among Cretaceous and
Cenozoic turtles. C2, C4, C6, and C8 are considerably
longer ventrally than dorsally (wedge-shaped), whereas C3,
C5, and C7 show the reverse condition (Fig. 26.4a–c). The
free distal ends of the ribs of C1–C5 contact two peripheral
bones, thus P3–P8 are crossed by two ribs. The high angles
of approach of the more anterior and posterior ribs are
sufficient to bring this about without peculiar modifications
of the peripherals and a similar condition can be seen in
Terrapene. The C3 rib approaches the peripherals nearly
perpendicularly. The posterodorsal portion of the P4 is
extended posteriorly in such a way as to constrict the dorsal
margin of P5, thus allowing the rib to traverse both
peripherals along part of the interperipheral suture. The
relationship of C4 to P6-7 is a mirror image of the C3
condition. The suture between P5-6 represents the juncture
of the anterior and posterior peripheral arches. The ribs are
recessed into the internal faces of the peripherals but are
well exposed until they reach the thickened inner rim of the
peripherals where they insert into pits (Fig. 26.4c). Each rib
continues to attenuate within the pit to a sharp point but the
rib tips of C1 (?)-3 are hook-shaped, thus preventing the ribs
from becoming disengaged, a condition I have seen in no
other turtle. The recessed part of the rib ends are thin and
strap-like suggesting primarily a tensional function. The rib
heads are supported by necks with round cross-sections.
They insert on the costals distinctly (but not remarkably)
lateral to the neural-costal sutures.

The nuchal has surprisingly long costiform processes
that span all of the P1 and one-fifth to two-thirds of P2
(Fig. 26.4b, c). The costiform processes lie ventral to the

lateral tips of the nuchal proper as in chelydrids and most
kinosternids. The long costiform processes, costal wedging,
and double contacts of the rib ends form an elegant truss-
and-arch latticework to maintain a relatively light but strong
shell.

There are eight neurals and three suprapygal bones. With
the exception of N8, all are longer than broad. N1-2 are
reversed hexagonal, N3 is quadratic, and N4-8 are normal
hexagonal. The suprapygals increase in width posteriorly.
Only the posterior suprapygal contacts the peripherals and
pygal.

The carapacial sulci are adequately described by the
figures (Fig. 26.4a, b, d) The dorsal sulci of m12 lie on
SPy3 in UCMP 130950 and 117301 but lie on the pygal
only in UCMP 124498. The intermarginal sulci are perched
on raised ridges as in many testudinids and terminate in
small projections on the free edge of the peripherals as in
Terrapene. Raised sulci are also present at the juncture of
the plastral shields. This type of sulcus indicates a thick
epidermal scale. The sulci dorsal to the marginal series are
depressed normally into the bone.

The plastron has a nearly symmetrical oval outline, with its
greatest width through the posterior part of the hypoplastral
bosses. The measurements of the holotype plastron are:
length = 202 mm; maximum width of hypoplastron =

145 mm; maximum with of anterior lobe = 125 mm; maxi-
mum length of anterior lobe = 89 mm; and maximum length
of posterior lobe = 115 mm. The suture between the hyo- and
hypoplastra has been transformed into a nearly straight trans-
verse hinge, is only partly and weakly dentate and it is coin-
cident with the posterior margin of the pectoral and anterior
margin of the abdominal scales. The contribution of the en-
toplastron to this hinge is remarkably variable. In the holotype
and paratype, the paired hyoplastra meet along the midline and
exclude the entoplastron (Fig. 26.5a, b), but in some specimens
the entoplastron may form part of the hinge margin
(Fig. 26.5c). Both morphotypes may occur within the same
localities (e.g., UCMP loc. V77050). The entoplastron in
modern box turtles forms no part of the hinge. There also
appears to be a kinetic joint between the epiplastra and en-
toplastron. The epiplastral sutures of the entoplastron form
ventral sloping nondentate surfaces that become very finely
dentate only along the ventral edge. The epiplastra have a
posteromedial flange of bone which overlaps these surfaces.
The lateral tips of the entoplastron are formed into transverse
processes that have smooth-curved surfaces on the anterior and
dorsal sides. These apparently served as rotary joints with the
epiplastra. The thinning of the hyo-epiplastral suture (2 mm on
the margins of the type) could have permitted some dorso-
ventral movement via bending of the bones. Such a mechanism
would probably function only during extreme retraction when
the anterior lobe is elevated. The epiplastra turn gently upward
anteriorly, causing the anterior lobe of the plastron to be
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ventrally arched as in modern box turtles. Extra gular scales
may be present on the dorsal side of the gular projections
(Fig. 26.5d).

The ventral surface of the posterior lobe of the plastron in
all specimens preserving this region is flat. Either all of these
are females, which seems unlikely, or the males are not sex-
ually dimorphic as in modern box turtles. Unlike the modern
genera, the thickest part of the xiphiplastron does not coincide
with the dorsomedial edge of the plastral shields dorsally but
lies medial and parallel to this edge and is separated from it by
a shallow trough (Fig. 26.5a). This ridge diminishes poste-
riorly but continues anteriorly to merge with the lateral boss
of the hypoplastron. Medial to this ridge and just posterior to
the hypo-xiphiplastral suture lies a shallow depression which
is probably associated with the seat of the pelvis.

Remarks: The genus shows a mélange of character
states that are found in such groups as the Chelydridae,
Dermatemydidae, and testudinoids. Planetochelys is highly
specialized with a heavy overprint of features that are
strongly functionally correlated to being a box turtle. The
dorsal overlap of the plastral scales, reduction (loss) of in-
framarginals, and highly domed shell with wedged costals
bear striking general similarities to adaptations in
some testudinoids (e.g., Testudo Linnaeus 1758, Terrapene,
Cuora). The presence of long costiform processes on the
nuchal resembles apomorphies of chelydrids, kinosternids,
and dermatemydids. The occasional presence of extragular
scales (Fig. 26.5d) is a primitive feature apparently lost
early in the chelydrid-testudinoid lineage but retained in
some trionychoids (e.g., Adocus Cope 1869). The retention
of that primitive feature in Planetochelys suggests it lies
near the adocid grade of trionychoids (sensu Gaffney and
Meylan 1988). The development of a bilobe kinetic plastron
and terrestriality, however, produces a cluster of character
states strikingly similar that those of several testudinoids,
such as the broadening of the plastron, overlap of the
plastral scales dorsally, and wedging of the costals (also in
some chelydrids). The broadening of the plastron and
overlap of the scales also occurs in the kinetically lobed
kinosternid Kinosternon Spix 1824 (Hutchison and Bramble
1981; Bramble et al. 1984), emydid and batagurid box
turtles, and the pleurodire Pelusios Wagler 1830 (Bramble
and Hutchison 1981). These features as well as the ability to
withdraw the pectoral girdle in order to accommodate the
elevation of the anterior lobe have been derived at least
twice within the Emydidae (Bramble 1974), once in the
Kinosternidae (Bramble et al. 1984; Hutchison 1991), and
once in the Pelomedusidae (Bramble and Hutchison 1981).

That plastral lobes were able to be raised to close the
shell openings is indicated by the very close correspondence
of the shape of the plastral lobes with the inner rim of the
adjacent peripherals and the presence of a shallow trough on
the inner surfaces of the peripherals which would allow the

plastron to seat tightly against the carapace. Costal wedging
is usually associated in living turtles with relative lightening
of the shell, an important consideration in terrestrial turtles
but also present in some thin-shelled aquatic turtles. The
combination of the truss-like mosaic and the smooth high
arch of the carapace produce a structurally strong shell and
permit a reduction of gross shell weight without loss of
strength. Taken together, these lines of evidence clearly
indicate that Planetochelys was a terrestrial turtle compa-
rable to Terrapene or a small testudinid.

The unique combination of primitive (retention of ex-
tragular scales) and derived (very long costiform processes
and plastral kinesis) characters in Planetochelys means that
the genus does not fit comfortably in any known family. For
that reason, a new family is provisionally erected to contain
the genus.

Chelydroidea sensu Gaffney and Meylan 1988
Chelydridae (Agassiz) Gray 1870
Tullochelys gen. nov.
Tullochelys montana sp. nov.
(Figs. 26.6, 26.7)

Synonymies: Chelydridae genus indet.: Hutchison and
Archibald 1986, p. 5. Protochelydra sp.: Hutchison 2008.
p. 18.

Fig. 26.6 Tullochelys montana gen. et sp. nov., shells. a, b UCMP
136481 (holotype), photographs of anteriorly incomplete shell, in
dorsal a and ventral b views. c UCMP 136481 (holotype), line drawing
of carapace, in dorsal view, showing sutures (solid lines) and scute
sulci (dotted lines); cross hatching denotes broken surface. d UCMP
154567, photographs of left side of juvenile, partial carapace
preserving nuchal, P1-10, and C1-2, in dorsal (left) and ventral (right)
views. Scale bars equal 1 cm
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Holotype: UCMP 136481 (Fig. 26.6a–c), crushed shell
anterior portion of carapace and anterior extremities of
epiplastron and entoplastron, with corroded and disarticu-
lated limb bones and vertebrae cemented to the shell.
UCMP loc. V90001, McCone County, Montana, USA; Hell
Creek Formation; early Puercan NALMA, early Paleocene.

Paratypes: Tullock Member of Fort Union Formation,
Puercan NALMA, Garfield County, Montana, USA (2
localities): UCMP loc. V83086: UCMP 129189, left P1-P2,
peripheral fragments, costal 1 fragment; UCMP loc.
V84051: UCMP 129693, fragmentary carapace, most of
plastron, limb fragments. Tullock Member of Fort Union
Formation, Puercan NALMA, McCone County, Montana,
USA (2 localities): UCMP loc. V73023: UCMP 107791 left

P1; UCMP 117434 articulated left P11-right P11 and
suprapygal; UCMP loc. V85085: UCMP 154567, partial
shell of a juvenile lacking the anterior plastral bones,
xiphiplastra, majority of the costals and about half of the
neurals. Hell Creek Formation, Lancian NALMA, Garfield
County, Montana, USA (2 localities): UCMP loc. V93087:
UCMP 123314, partial carapace; UCMP loc. V72211:
UCMP 158704, P1-P2, partial C1.

Etymology: Genus name refers to the Tullock Member,
plus emys, turtle. Species name is for the State of Montana.

Diagnosis: This genus is assigned to the Chelydridae on
the basis of the narrowing of the plastral, loss of extragulars,
retention of ventrally exiting musk ducts, anal-femoral scale
crossing part of the hypoplastron, and long costiform pro-
cesses of the nuchal. It differs from all other known che-
lydrids in the following combination of character states:
epiplastra relatively broad but tapering medially to a short
gular beak; gulars small and confined to tip of epiplastra;
entoplastron small, elliptical, and firmly sutured to sur-
rounding elements; humeral-pectoral sulcus crossing the
posteriormost part of the entoplastron or lying well pos-
terior; hyoplastron and hypoplastron thickened, without
central or lateral fontanelles, sutured to peripherals with
gomphotic sutures; four inframarginals; v1 on-lapping the
nuchal; costiform process of nuchal terminating on middle
area of P2; hyoplastral buttress extending to anterior of C1
rib tip; hypoplastral buttress extends to anterior part of P8;
carapace without fontanelles; only slight development of
serration of the peripherals; pygal unnotched; suprapygal 1
broad with divergent sides; normally nine neurals; and no
costal or neural carina.

Description: The carapace in the holotype (Fig. 26.6a–c)
and UCMP 123314, although flattened by compression,
appears to have been moderately arched as in Protochelydra
zangerli Erickson 1973. Carapace length is about 290 mm.
There is no indication of carina including the low posterior
midline carina as in P. zangerli. The small serration of the
posterior margins seen in adult P. zangerli is best indicated
in the juvenile of P. montana (UCMP 154567) and more
weakly developed in adults. The neural contacts vary:
UCMP 154567 juvenile-1(2(3(4(5(6–; UCMP type-1)
2(3(4(5(6(7/8/9 (the asymmetrical ‘‘N8’’ is probably an
anomaly with ‘‘N9’’ the homolog of ‘‘N8’’); UCMP 123314
-2(3(4(5(6(7(8|9. The pleural/marginal sulcus formula is:
v1-p1: [m1, p2-3: \m5, p2-3: \[m7, p3-4: \[9, p4-5:
[m11.

Two suprapygals (only observable in the holotype) fol-
low the neurals. SPy1 is extremely rhomboid, nearly tri-
angular with its posterior suture nearly as wide as SPy2.
SPy2 terminates laterally at the anterior moiety of P11. The
anterior and lateral marginals are slightly raised above the
plane of the pleurals but become flush posteriorly. Aside
from a very finely incised vermiform reticulations on the

Fig. 26.7 Tullochelys montana gen. et sp. nov., plastron. a UCMP
129693, photograph of incomplete plastron, in ventral view. b Line
drawing of reconstructed plastron, based on UCMP 129693, in ventral
view, showing sutures (solid lines), scute sulci (dotted lines), and
muck ducts (md). Scale bar equals 1 cm
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carapace and plastral surfaces, the sculpture on the adult
shell ranges from none (holotype) to weak corrugations on
the vertebrals and distal pleurals. The juvenile specimen
(UCMP 154567, Fig. 26.6d), however, has a distinct
sculpture of irregular ridges and corrugations. Sulci are
generally well defined. The long nuchal costiform process
lies in a groove on P1 and anterior moiety of P2 (anterior of
P3 in the juvenile specimen). The axillary buttress termi-
nates in a pit at the posterior extreme of P3 with the tip of
the C1 rib inserting in a pit immediately above in the P3–P4
suture. The fluted, peg-like dentations of the hyo and hyp-
oplastra insert into well-defined pits in P4 to anterior P8.
The rib tips also insert into well-developed pits in the
peripherals. Vertebrals 2–4 are rectangular to weakly hex-
agonal in adults, and v1 and v5 are rhomboid. A traversing
puncture on the upper anterior corner of p3 is probably a
tooth puncture. Other small pathological circular, to irreg-
ular ovoid, to tract-like grooves mark the surface of the
holotype carapace.

The pleural marginal sulci lie distinctly below the costals
anteriorly but rise laterally and posteriorly to near or coinci-
dent with the costal-peripheral sutures. The twelfth marginals
rise onto SPy2. The extent of the marginals is confined to the
distal one-third of the peripheral; posteriorly they rise onto
the middle portion with a distinct offset from the visceral
surface. The cervical scale is wider than long. The p1–v1
sulcus crosses the nuchal as in Chelydra Schweigger 1812
and ‘‘Chelydrasia’’ kusnetzovi Chkhikvadze in Gaiduchenko
and Chkhikvadze 1985 (Hutchison 2008, Fig. 2.2d).

The plastron is stout, lacking fontanelles (Fig. 26.7). The
individual bones are relatively thick in the holotype and
UCMP 129693 with well incised sulci. The epiplastron is
relatively broad unlike chelydropsines with a gently arched
free margin except for a small gular beak at the extreme
anterior end as in Chelydrasia Chkhikvadze 1999 and Prot-
ochelydra Erickson 1973. The gular-humeral sulci lie entirely
on the epiplastra as in Chelydropsis Peters 1868. The epi-
plastra are distinctly thickened along their mutual contact
forming a keel on the dorsal side. The entoplastron is small,
almond-shaped, and firmly attached to the surrounding bones.
The posterior sutures are dentate, tongue-and-groove style,
whereas the anterior sutures are relatively smooth and abut-
ting surfaces. The humeral-pectoral sulcus crosses the pos-
terior margin of the entoplastron in UCMP 129693 but lies
well posterior to the entoplastron in UCMP 136481. The
posterior dorsal extension of the entoplastron is broken away
or covered but appears to extend in a groove at least as far as
the level of the humeral/pectoral sulcus in UCMP 129693.
The scale-covered part of the axillary buttress is relatively
longer and bears an additional inframarginal scale (preaxil-
lary scale) unlike P. zangerli. The lateral and medial suture
dentations are very well developed as in P. zangerli. The
abdominal scale is distinctly withdrawn from the midline but

less so than in P. zangerli and the Neogene chelydrids. The
hypoplastron and xiphiplastron resemble those of P. zangerli
except for the position of the medial abdominal sulcus. The
extreme tips of the xiphiplastra are unscaled. Three or four
musk duct foramina exit the plastron ventrally near or at the
plastral-carapacial suture.

Remarks: Tullochelys differs from the Chelydrinae in
having a greater number of inframarginals and more robust
plastral bridges, and in lacking plastral and carapacial
fontanelles, organized dorsal carina, and supramarginals.
Tullochelys differs from the known Chelydropsinae in
having rectangular vertebrals. Within the Protochelydrinae,
Tullochelys differs from Protochelydra zangerli in smaller
size, smaller entoplastron, more inframarginals, shorter
posterior peripherals, and greater extension of the hyopl-
astral buttress. Tullochelys differs from Denverus middle-
toni Hutchison and Holroyd 2003 in lacking longitudinal
dorsal carinae, inflation of the bridge peripherals, and dia-
mond-shaped vertebrals. Tullochelys exhibits the most
similarities with early chelydropsines and protochelydrines;
its detailed relationships will be treated elsewhere.

Testudinoidea sensu Gaffney and Meylan 1988
Platysternidae Williams 1950
Cardichelyon gen. nov.
Cardichelyon rogerwoodi sp. nov.
(Figs. 26.8, 26.9, 26.10, 26.11, 26.12, 26.13)

Synonymies: Ptychogaster sp.: Estes 1975, p. 376.
Macrocephalic emydid: Bartels 1980, p. 77. Large headed
emydid nov. gn.: Hutchison 1980, p. 116. Genus C:
Hutchison 1983, p. 65. Emydid A: Bartels 1983, p. 361.

Fig. 26.8 Cardichelyon rogerwoodi gen. et sp. nov., carapace. a Pho-
tographs of reconstructed carapace (original bone is dark and plaster is
lighter grey) of YPM (PU) 14671 (holotype), in dorsal (top) and left
lateral (bottom) views, showing preserved (solid lines) and inferred
(dashed lines) sutures. b Line drawing of reconstructed carapace, in
dorsal (top) and left lateral (bottom) views, showing sutures (solid lines)
and scute sulci (dotted lines); shell outline based on holotype and
sutures and sulci based on UCMP 126364. Scale bar equals 1 cm
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?Emydid C: Hutchison 1992, p. 455; Holroyd and Hutchi-
son 2000, p. 75; Holroyd et al. 2001, p. 98, Figs. 2–4,
Table 1. Large-headed emydid: McCord 1996, p. 139. ?E-
mydid C: Hutchison 1998, p. 402, Fig. 18.2J. Unnamed
genus C: Hutchison and Frye 2001, p. 12, Fig. 2.

Holotype: YPM (PU) 14671 (Figs. 26.8, 26.12a, b,
24.13), incomplete skeleton consisting of an incomplete but
restored shell, partial skull, both dentaries, parts of cervical
vertebrae 1–5, 7, and 8, incomplete humeri and femora, five
caudal vertebrae, much of the pelvic girdle on the left side
and parts of the right, parts of the scapula and coracoids,
and a few phalanges. From the J. P. Reis Quarry (= UMMP
loc. FG-10), Park County, Wyoming, USA; Fort Union
Formation; Clarkforkian NALMA. Collected by Princeton
University field crews under the direction of G. L. Jepsen,
circa 1930.

Paratypes: Willwood Formation, Clarkforkian NALMA,
Park County, Wyoming, USA (4 localities): UMMP loc. SC-
120: UMMP L67563, partial shell; UMMP loc. SC-134:
UMMP L67564, partial shell, limb fragments; UMMP loc. SC-
234: UMMP L71484, partial shell; UCMP loc. V81169
(= UMMP SC-8): UCMP 126288, 126289, 126515, partial
shells. Willwood Formation, Wasatchian NALMA, Big Horn
County, Wyoming, USA (3 localities): UCMP loc. V81179
(= Yale 289): UCMP 170581, partial carapace and plastron;
UCMP loc. V81223: UCMP 126497, shell; UCMP loc.
V81225: UCMP 126498, 126499, shells. Willwood Forma-
tion, Wasatchian NALMA, Park County, Wyoming, USA
(2 localities): UMMP loc. RB-15: UMMP L77644, partial
shell; UMMP loc. SC-146: UMMP L77646, partial shell.
Willwood Formation, Wasatchian NALMA, Washakie
County, Wyoming, USA (15 localities): UW loc. V73027:
UW8316, partial shell; UCMP loc. V810932: UCMP 126337,
shell fragments; UCMP loc. V81075: UCMP 126343, shell
fragments; UCMP loc. V81090: UCMP 126364, partial shell;
UCMP loc. V81092 (= Yale 132 plus): UCMP 126367,
126390, 126395, 126418, shell fragments, UCMP 126432,
anterior quadrant of carapace; UCMP loc. V81214: UCMP
126486, shell; UCMP loc. V82184: UCMP 126500, partial
shell; UCMP loc. V82299: UCMP 127141, partial shell;
UCMP loc. V82300 (= Yale 157): UCMP 127138, 127139,
partial shells; UCMP loc. V81075: UCMP 126523, partial
shell, ilium; UCMP loc. V81209: UCMP 127130-32, partial
shells; UCMP loc. V81214: UCMP 126486, shell; UCMP loc.
V81072 (= Upper Yale 157): UCMP 127133-35, partial shells;
UCMP loc. V84088: UCMP 169035, partial carapace and
plastron; UCMP loc. V96036: UCMP 157437, nuchal, P1, 6–8.

Etymology: From the Greek kardia, heart, plus chelyon,
tortoise-shell. The species is named in honor of the Roger
Wood, the neo- and paleochelonologist and conservationist.

Diagnosis: Placed in the Platysternidae on the basis of
the wide cephalic emargination of the carapace, extensive
roofing over the temporal region of the skull, short

plastral bridges, ventrally exiting musk ducts, similarity
of the relative midline lengths of the plastral scales
(humeral [ femoral [ anal [ pectoral [ gular [ abdomi-
nal), and kinetic contact of the carapace and hypoplastron.
Differs from Platysternon in the following characters:
axillary buttress lies along the costal-peripheral suture and
terminates on or just above the dorsal margin of the first
peripheral internally; the posterior buttress does not contact
the costals; broad and deep U-shaped depression on the
dorsal surface of the anterior end of the plastron; cervical
scale usually absent or distinctly reduced in width; medial
portion of the pectoral-abdominal sulcus converging on the
hyoplastral-hypoplastral suture; and sulcus dividing the
twelfth marginals frequently absent or incomplete.

Description: The carapace (Fig. 26.8) is moderately
domed and about 80% as wide (at P4’s) as long (maximum
length). There is the normal complement of twelve paired
marginal scales (m12’s may be partly or completely fused;
see Fig. 26.9, Py var. 1), four pleural pairs, and five ver-
tebrals. The marginals all terminate below the costal-
peripheral sutures. The vertebrals are generally weakly
hexagonal in shape with v1 longer than broad and v2-3
roughly equidimentional. The sulcus between v4-5 is
considerably shorter than the other intervertebral sulci
and results in an hourglass configuration for this pair. The
sulci are usually well defined and finely incised. Modal
pleural seam formula: v1-p1: \ m1, p1-2: \ m5, p2-
3: \[ or [ m7, p3-4: \ m9, p4-v5: \ m11.

The peripheral series consists of the nuchal, pygal, and
usually eleven paired peripheral bones (Fig. 26.9). In gen-
eral, the peripherals in the axillary and inguinal areas tend
to be longer in their perimeter dimensions than those of the
bridge and caudal areas. The anterior part of the carapace is
deeply notched for reception of the large head. Pl-2 are
extended to produce a broad roof over the opening for the
forelimbs. The posterior peripherals are only slightly flared
lateral to the pygal. The interperipheral sutures are finely
and densely dentate. A series of musk duct foramina
(Figs. 26.9, 26.10) are probably usually present along each
side of the plastron. They lie along or just lateral to the
peripheral-plastral suture, one for each bridge peripheral
from P4 to P7.

The nuchal (Fig. 26.9) is about half as long (midline) as
wide. The free margin (perimeter) length is only about half
the maximum width. It is thickened internally by a broad
transverse ridge that extends from the lateral apices. The
ventral surface of the first marginal terminates just anterior
to the internal ridge. The nuchal remains stout toward the
perimeter but thins rapidly posteriorly. It reaches its maxi-
mum thickness at the lateral apices. The v1-p1 sulcus
contacts ml well on the nuchal. The right and left m1’s are
usually in contact at the midline but there may be a small
gap or minute cervical scale. The bridge peripherals
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generally lack a lateral carina and the angulation of the
pleural-marginal surfaces is reduced or absent.

P1 is distinctly asymmetrical (Figs. 26.9, 26.10a) with
the nuchal suture distinctly shorter than that with the P2.
The groove which houses the axillary buttress may lie partly
on P1 and adjacent C1 suture or be mostly confined to C1
(Fig. 26.10).

P2 is generally trapezoidal in shape (Figs. 26.9, 26.10a).
The caudal suture is about 80% as long as the cephalad
suture. The visceral side is extensively covered by the
marginals. The suture with C1 internally is coincident with
the recessed groove for the axillary buttress (Fig. 26.10).

P3 is also trapezoidal in outline (Figs. 26.9, 26.10a) with
the caudal and cranial sutures nearly equal in length. The
perimeter margin becomes progressively more rounded in

Fig. 26.9 Cardichelyon rogerwoodi gen. et sp. nov., drawings of
peripheral elements. Nuchal. UCMP 126289, nuchal plate, in external
(top) and visceral (bottom) views. P1-Py left peripherals (P1, 2, 4, 5,
and 8 reversed for comparison), each depicted in external view (left),
visceral view (middle), and planar view of cephalad suture (right): P1

UCMP157437; P2-P3 UCMP 126367; P4 UCMP 126264; P5
UCMP 126364; P6 and P7 UCMP157437; P8 P9 and P10 UCMP
126390, P11, 126395; Py var. 1 UCMP 126418. Py var. 2, UCMP
126395. Scales vary

Fig. 26.10 Cardichelyon rogerwoodi gen. et sp. nov., details of
carapace a UCMP 126432, stipple drawing of median and left anterior
part of carapace, in visceral view showing trough for anterior buttress
and pathological pits. b UCMP 126450, stipple drawing of proximal
portions of left C8 and dorsal C7, in visceral view, showing boss that
probably serves as an area of muscle and ligament attachment for the
pelvis. Scale bars equal 1 cm

Fig. 26.11 Cardichelyon rogerwoodi gen. et sp. nov., diagrams
depicting the two dominant neural patterns a and b and three variants
c–d. a UCMP 126364. b UCMP 126480. c UCMP 126343. d UCMP
126560. e UCMP 126337. Scales vary

Fig. 26.12 Cardichelyon rogerwoodi gen. et sp. nov., plastron. a,
b YPM (PU) 14671 (holotype), photographs in ventral (a) and dorsal
(b) views. c UCMP 126288, line drawing in ventral view, showing
sutures (solid lines) and scute sulci (dotted lines). Scale bar equals
1 cm

b
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cross-section caudally and is the last of the anterior free
peripherals. Viscerally, the groove for the axillary buttress
angles strongly diagonally, essentially along the terminus of
the marginal. The terminus of the C1 rib angles steeply
down the caudal part of the peripheral lateral to the axillary
buttress but crosses the caudal suture to terminate imme-
diately adjacent to the buttress on P4.

P4 is roughly quadratic (Figs. 26.9, 26.10) and is the first
of the bridge peripherals. About two-thirds of the ventral
margin contributes to a dentate suture with the hyoplastron.
The scar for the root of the buttress occupies the anterior
half of the plastral suture. The tip of the first rib terminates
just within the anteromedial margin. The laterally flattened
tip of the second costal rib extends nearly two-thirds the
longitudinal height of the peripheral and is recessed into the
visceral wall but is not covered. Part of the ventral external
margin may be covered by the pectoral scale.

P5 marks the transition between anterior and posterior
peripherals and spans the hyo-hypoplastral suture. It is
quadratic in lateral outline (Fig. 26.9) and placement of the
third rib is similar to that of the second on P4. P5 is taller
than long in lateral view.

P6 (Fig. 26.9) is the penultimate bridge peripheral. The
plastral suture rises from the ventral surface and thickens as
it progresses caudally. The rib of C4 is well exposed vis-
cerally along the caudal moiety before fully penetrating P6.
The P5-6 suture forms a right angle bend and thins gradu-
ally dorsally, but the P6-7 suture is greatly thickened at and
just below the level of the plastral suture. The angle of the
ventral and dorsal arms progress caudally from a right angle
to an obtuse angle or is unangled. The p2-p3 sulcus lies on
or very near the caudal suture. The abdominal scale covers a

narrow strip on the cranial moiety of P6 but appears
to coincide with the P6-hypoplastral suture caudally.
The marginal and pleural scales cover about equal areas of
the dorsal ramus of P6. A small musk duct may traverse the
suture with the hypoplastron or may lie within the periph-
eral. The P6-hypoplastral suture is usually covered with
fine, low, and irregular pimples. This suture deepens and
rises caudally.

P7 (Fig. 26.9) is the last to contact the plastron but
retains a complete free marginal edge as well. The plastral
suture begins anteriorly about halfway up the visceral side
and terminates about at the longitudinal midpoint or beyond
and overlaps the pit for the C5 rib. As in P6, the suture is not
dentate and nearly flat indicative of an elastic connection.
The rib penetrates at about the middle portion just lateral to
the plastral suture. There is very little exposure of the rib
viscerally and it probably parallels this suture within the
body of the peripheral. The P7-8 suture is much narrower
than the P7-9 suture and has a narrow half-moon outline.
The maximum length and height dimensions of P7 are about
equal but the cranial suture is about 70% the length of the
caudal.

P8-10 are unremarkable (Fig. 26.9). P11 varies in size
and shape from being transversely much shorter than its
vertical dimension to longer than this dimension. Sutures on
some isolated P10’s suggest that P11 may even be wedged
out from contact with the suprapygal and C8 by mutual
contact of the pygal and P10. In at least one case, the pygal
is absent and the opposite P11’s are elongated transversely
and in contact. The common condition is intermediate
between these two extremes.

The pygal is also variable is shape (complementarily
to the P11’s) (Fig. 26.9). The m12’s which meet on this
bone show all combinations of fusion from completely
separated (Fig. 26.9, Py var. 2) to completely fused
(Fig. 26.9, Py var. 1).

Of the eight costal pairs, only C1 and C8 are notable. On
C1 (Fig. 26.10a), the precostal rib and head of C1 are joined
by a raised step but otherwise distinctly separated medially.
The suture for the precostal rib is narrow and extends less
than a third of the C1 width. A rounded ridge that marks the
trend of C1 rib continues distally beyond the suture of the
precostal rib and terminates in the P3-4 (Fig. 26.9, 26.10a).
Viscerally the anterodistal margin of the C1 is inserted into
a channel for the axillary buttress that parallels the costal-
peripheral suture. There is a characteristic fine transverse
fluting on the anterior surface of the groove for the buttress
just medial to the rib extension. Only a few specimens of C8
are preserved but these usually show (Fig. 26.10b) the
presence of a large centrally or anteriorly placed suture for a
presacral rib. Where present, it tends to form a prominent
boss that may span the C7-8 suture although fragments of
the rib indicate that only its costal attachment is enlarged.

Fig. 26.13 Cardichelyon rogerwoodi gen. et sp. nov., YPM PU
14671 (holotype), drawings of incomplete skull. a–c Skull roof:
a dorsal view, with anterior to right; b ventral view, with anterior to
left; c right lateral view. d Left and right dentaries, in dorsal view.
e Left dentary, in lateral view. Scale bar equals 1 cm

490 J. H. Hutchison



The boss probably serves as an area of muscle and ligament
attachment for the pelvis.

The neural series consists of eight or nine neurals and
three suprapygal bones. The typical neural pattern appears
to be about equally divided between 1)2)3(4(5(6(7(8 and
1)2)3)4(5(6(7(8 (Fig. 26.7), although the sample is small
(n = 8) (Fig. 26.11b). There is no indication of a mid-
dorsal carina on any of the bones of the neural series, even
in juvenile individuals. The neurals are longer than wide
anteriorly but this may be reversed in the posterior part of
the series. Neural 8 is variable in shape and expanded
posteriorly with the anterior suture less than twice the
length of the posterior suture. In UCMP 126372 a small
quadratic neural is inserted between N8 and N7. Neural 8
contacts suprapygal 1 via an anteriorly arched suture; the
curvature of the suture is more pronounced on the visceral
side. Neural 8 may coossify with suprapygal 1. Ventrally, a
thin midline ridge divides the internal surface into two
halves. This ridge continues on through SPy2. SPy1 is large
and has extensive contact with C8. The triple juncture of
v4-5 and p4 (n = 16) lies on N8 or across the N8-SPy
suture area. SPy2 is completely covered by v5 except at its
extreme lateral tips. It is over two and one-half times as
wide as long and completely spans the pygal and p11’s. It
contacts a small part of C8 and P10 laterally. The anterior
suture is upturned at the lateral margins, thus tending to
‘‘grip’’ SPy1.

The plastron is broad, truncated anteriorly, and has a
distinct caudal notch (Fig. 26.12). The bridge is short in
relation to the lobes and less than one-third the plastral
length. Some specimens have a broadly concave ventral
surface, probably indicating males. The anterior margin of
the plastron protrudes into the space below the cephalic
emargination of the carapace.

The epiplastra (Fig. 26.12) are thickened into anteriorly
projecting spurs at the lateral sides of the channel for the
neck. The neck channel forms a deep U-shaped valley
between these spurs. The spurs continue posteriorly as
raised ridges on the dorsal surface just medial to the gular-
humeral sulci. The dorsal surface is extensively covered by
the gular and humeral scales. The posterior tip of the gulars
lap onto the entoplastron in 37% (n = 22) of the specimens,
just contacts the entoplastron suture in 29% (n = 17), and
is confined to the epiplastron in 34% (n = 20) of the
Willwood specimens. The posterodorsal margin of the gular
scale is marked by a sharp but not large step-down in adult-
sized individuals and always slants gradually anteromedi-
ally. The dorsal portion of the epiplastron covered by the
humeral slopes sharply anterolaterad further accentuating
the spur-like projections. Of the three epiplastral sutures,
the interepiplastral suture is consistently the shortest with
the hyo- and entoplastral sutures about equal. The anterior
margin between the spur and the interepiplastral suture is

broadly convex; the tip of the spur may or may not actually
project anterior to this margin.

The entoplastron (Fig. 26.12) is maybe nearly as long as
wide or shorter. The sutures with the hyoplastra form a
convex arc, whereas the sutures with the epiplastra are
straight and converge to a point anteriorly. The hyoplastron
(Fig. 26.12) is shorter than wide with the inter-hyoplastral
suture a little more than half the maximum length. A
remarkable gently arched and rod-like axillary buttress
(Fig. 26.9) arises from the axillary margin and curves
toward the nuchal. The buttress parallels the P1-3 and C1
suture and is finely fluted. The channel for the buttress tends
to be smooth-walled anteriorly. The buttress is secured by
the slightly overlapping rims of the channel. The suture with
the entoplastron is longer than the inter-hyoplastral and
epiplastral sutures which are about equally long. The min-
imum length of the bridge part of the hyoplastron is greater
than or equal to the interhyoplastral suture length. The
humeral-pectoral sulcus lies entirely posterior to the ante-
rior sutures and nearly parallels them, although generally
converging with the entoplastral suture medially. The pec-
toral-abdominal sulcus lies near the hyo-hypoplastral suture
laterally and converges on it medially. The dorsal exposure
of the scales rapidly broadens anteriorly so that half of the
suture with the epiplastron is covered. The hyoplastron
gradually thickens anteriorly from its suture with the
hypoplastron.

The hypoplastron (Fig. 26.12) is generally rectangular in
shape and wider than long. It is thickest where the femoral
scale terminates on the dorsal surface, at the bridge, and in
the central area near the plastral midline. The suture with
the hyoplastron tends to slant posteroventrally along its
vertical plane and is about straight transversely, as is the
suture with the xiphiplastron. The femoral-abdominal sul-
cus extends transversely through the middle portion of the
hypoplastra with a small anteriad flexure near the free
margin. Coincidence of major sutures and sulci are usually
indicative of kinesis along the joint (Hutchison and Bramble
1981). The later samples of Cardichelyon rogerwoodi show
little or no break in outline of the xiphiplastron where the
femoral-anal sulcus meets its perimeter of the plastron.
Older samples tend to be more variable in this feature. The
hypoplastron in a few specimens suggests that the plastron
was somewhat concave on the ventral surface, suggesting
that they may be males as in Terrapene and testudinids.

The xiphiplastron (Fig. 26.12) is about as long as broad
in maximum dimensions. The thickest parts are along the
dorsal terminations of the anal and femoral scales. The
distal ends are separated by a distinct caudal notch. Just
anterior to the anal notch and in front of the scale margins
on the dorsal surface are symmetrical raised transverse
scars. On the ventral surface, the anal-femoral sulci extend
posterolaterally from the anterior moiety of midline.
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Only the roof of the skull and the descending part of
the right prefrontal is preserved in YPM (PU) 14671
(Fig. 26.13a–c). The skull roof is oval in outline without a
supraoccipital spine and convex posterior margin. The
frontal and prefrontal are co-ossified. A sulcus extends
posteriorly from the orbit, follows the contour of the skull
and curves along the posterior margin to the midline, thus
defining a large unpaired dorsal scale. Two short sulci
branch off posteriorly in the temporal region and define two
pairs of temporal scales. On the ventral surface of the skull
roof, the orbital cavity is separated from the temporal cavity
by a transverse ridge. The orbits are separated in the midline
by the margins of an amphora-shaped nasal-brain cavity.
The dentary (Fig. 26.13d, e) is narrow and deep and
diverges about 90 degrees from its mate. The tip is
upturned, with a nearly vertical symphysis and a small chin.
The triturating surface is composed of two closely spaced,
parallel and ‘‘untoothed’’ ridges; the labial ridge is higher
and sharper.

Remarks: Estes (1975) referred specimens of this genus to
the emydid Ptychogaster Pomel 1847, but a number of dis-
tinctive character states of Cardichelyon clearly distinguish
these two superficially similar genera. Cardichelyon differs
from Ptychogaster in having a deep emargination of the
nuchal area, wide and short nuchal, neurals 2–8 hexagonal,
three suprapygals, posterior plastral lobe only is kinetic, near
flat anterior lobe, bridge length more than one-fourth of
plastral length, only slight or no overlap of humeral-pectoral
sulcus onto entoplastron, angle of axillary buttress to plastron
horizontal, axillary buttress terminates at P1-C1 suture and
little or no emarginations of the skull roof.

Some general features of the shell (e.g., broad plastron
and extent of the dorsal overlap of the plastral scales) of
Cardichelyon favor emydid relationships. However, the
retention of multiple musk ducts and a pair of functionally
correlated features (i.e., the roofed over skull and deep
emargination of the anterior carapace indicate that the head
was not retracted under the carapace) are more convincing
of a relationship with Platysternon Gray 1831. Detailed
comparisons are deferred to the description of another
species of Cardichelyon with a more complete skull (see
below).

Cardichelyon is widely distributed along the eastern and
southern slopes of the Rocky Mountains (Montana-Texas,
see Hutchison 1998; Holroyd et al. 2001) and as far north as
Ellesmere Island (in preparation), Arctic Canada. The genus
ranges in age from the Torrejonian through the Wasatchian
and, possibly, into the Bridgerian (pers. obs.).

Emydidae Bell 1825
Psilosemys gen. nov.
Psilosemys wyomingensis sp. nov.
(Figs. 26.14, 26.15, 26.16, 26.17, 26.1826.19)

Synonymies: High-domed emydid: Hutchison 1980,
p. 116. Emydid P: Hutchison 1992, p. 455; Hutchison 1998,
p. 402; Holroyd and Hutchison 2000, p. 75; Holroyd et al.
2001, p. 98, Fig. 2–4, Table 1.

Holotype: UCMP 179440 (Fig. 26.14), fragmentary
shell including anterior lobe of plastron and fragments of
posterior lobe, nuchal and peripherals 1–3, 6–8, parts of
costals 1–3, 6, and neurals 1 and 6. UCMP loc.V81204,
Fifteen Mile Creek, Washakie County, Wyoming, USA;
Willwood Formation; Wasatchian NALMA, Graybullian
subage. Collected by J. H. Hutchison, 29 July 1980.

Paratypes: Willwood Formation, Wasatchian NALMA,
Big Horn County, Wyoming, USA (2 localities): UCMP
loc. V97074: UCMP 179484, partial plastron, nuchal and
carapace fragments; UCMP loc. V99129: UCMP 179464,
crushed central and anterior part of juvenile shell. Willwood
Formation, Wasatchian NALMA, Washakie County, Wyo-
ming, USA (3 localities): UCMP loc. V81204: UCMP
179441, crushed but nearly complete shell with crushed
posterior part of the skull; UCMP loc. V81067: UCMP
179439, partial plastron and carapace fragments; UCMP

Fig. 26.14 Psilosemys wyomingensis gen. et sp. nov., UCMP 179440
(holotype), photographs of shell. a Plastron, in dorsal (left) and ventral
(right) views. b, c Less complete carapace: b anterior portion,
consisting of nuchal, right P1-3, left C1-3, and N3, in dorsal (left) and
ventral (right) views; c distal ends of C5-6, in visceral view. Scale bars
equal 1 cm
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loc. V81079: UCMP 179442, partial plastron and carapace
fragments.

Referred specimens: Willwood Formation, Wasatchian
NALMA, Big Horn County, Wyoming, USA (3 localities):
UCMP loc. V78106: UCMP 170690, partial shell; UCMP
loc. V81083: UCMP 179447, shell fragments; UCMP
179460, epiplastron; UCMP loc. V96248: UCMP 179443,
peripherals 2, 3, 7–9. Main Body Member of Wasatch
Formation, Wasatchian NALMA, Sweetwater County,
Wyoming, USA (8 localities): UCMP loc. V70236: UCMP
171781, epiplastron; UCMP loc. V70272: UCMP 179467,
epiplastron; UCMP loc. V73155: UCMP 179509, peripheral
3; UCMP loc. V73157: UCMP 179469, epiplastron; UCMP
179471, shell fragments; UCMP loc. V73161: UCMP
170690, plastron and carapace fragments; UCMP 179474,
P7; UCMP loc. V73181: UCMP 179477, partial plastron
and carapace fragments; UCMP loc. V74024: UCMP
154883, epiplastron; UCMP loc. V99151: UCMP 179502,
partial juvenile shell.

Etymology: From the Greek psilos, smooth, plus emys,
turtle and wyomingensis, for the State of Wyoming.

Diagnosis: Psilosemys is included in the Testudinoidea
on the basis of the loss of extragular scales, extensive dorsal
overlap of the plastral scales, broad plastron, loss of the
inframarginals other than inguinal and axillary, and well

Fig. 26.15 Psilosemys wyomingensis gen. et sp. nov., photographs of
selected carapace elements. a UCMP 179477, nuchal, partial right P1,
left P1-2, and partial P3, in exterior (top) and visceral (bottom) views.
b UCMP 171780, nuchal, in external (left) and visceral (right) views.
c UCMP 179502, pygal, in external view. d UCMP 179502,
superpygal 1, in visceral view. e UCMP 170690, right C1, in visceral
view. Scale bars equal 1 cm

Fig. 26.16 Psilosemys wyomingensis gen. et sp. nov., photographs of
selected peripherals. a UCMP 179473, right P1, in exterior (left) and
visceral (right) views. b UCMP 179442, left P2, views from left to
right are anterior suture, external, posterior suture, and visceral.
c UCMP 179509, right P3, views from left to right are external,
anterior suture, visceral, and posterior suture. d UCMP 179474, left
P7, views from left to right are external, posterior suture, visceral, and
anterior suture. e UCMP 179443, left P6-8, in exterior (left) and
visceral (right) views. f UCMP 179471, right P8, views from left to
right are anterior suture, external, posterior suture, and visceral. Scale
bars equal 1 cm

Fig. 26.17 Psilosemys wyomingensis gen. et sp. nov., line drawings
of reconstructed shells showing sutures (solid lines) and scute sulci
(dotted lines). a Carapace in dorsal view, based on UCMP 170690,
179440 (holotype), 179441, and 17947; shaded area indicates plastral
sutures on visceral surface of carapace. b, c Plastron based on UCMP
179440 (holotype) and 179441, in dorsal (b) and ventral (c) views
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developed axillary and inguinal buttresses. It is included in
the Emydidae because of the absence of musk duct
foramina, supracaudal marginals not extending onto the
suprapygal (also occurs in a few batagurids; e.g., Joyce and
Bell 2004), inframarginals reduced to two, normal

hexagonal neurals 2–8 (also occurs in a few batagurids; e.g.,
Mauremys Gray 1869), and costal-inguinal buttress con-
fined to C5. It differs from other emydids in the combination
of plastral vertebral scale crossing lateral corners of nuchal,
pectoral scale posterior to entoplastron, plastral buttress just
reaching costals, carapace unsculptured or weakly so, C5
shorter distally than C6,; and inguinal small and narrow.
Psilosemys resembles the Deirochelyinae and is excluded
from the Emydinae on the basis of distinct lack of pectoral
overlap of the entoplastron (one exception).

Description: The shell of adult Psilosemys is ovoid and
lacks any dorsal sculpture, although subadults and juve-
niles may show short longitudinal corrugations posterior
to the vertebral, pleural (Fig. 26.15a), and plastral sulci
(Figs. 26.14b, c, 26.17). The carapace (Figs. 26.14b,
26.17a) shows the following characters: finely incised
sulci; no dorsal keels; peripherals not notched or serrate;
v1 not constricted anteriorly but narrow with distinct
overlap of nuchal; axillary buttress has moderate contact
with C1; inguinal buttress has moderate contact with C5;
v5-p4 sulcus contacts m11 on P10; and posterior periph-
erals only weakly flared.

The peripheral series includes the normal complement of
eleven peripherals, nuchal, and pygal (Figs. 26.14b,
26.17a). The nuchal is slightly shorter than wide with the
anterior margin slightly concave (Figs. 26.14b, 26.15a, b).
The margin of the first vertebral lies on the nuchal and
reaches the middle part of m1 on the nuchal. Dorsally, the
cervical scale is quadratic to slightly trapezoidal with the
wide end posterior. The ventral side of the cervical scale is
similar but shorter.

The first peripheral (Figs. 26.14b, 26.15a, 26.16a) con-
tacts the nuchal, P21, and C1. The pleural-marginal sulcus
lies in the middle and there is no change in plane. The
marginal scales extend viscerally to nearly the top of the
peripheral. The P1 thickens progressively dorsally with a
sharply defined free margin. The P2 (Figs. 26.14b, 26.15a,
26.16b) resembles P1 except for being broader dorsally and
has a broad dentate suture with C1. The axillary buttress
may just cross the extreme posterodorsal part of P2. P3
(Figs. 26.14b, 26.15a, 26.16a) is transitional to the bridge
and is crossed by a narrow but deeply pitted axillary but-
tress scar. The scale exposures are as for P1-2. The free
margin broadens into an obtuse carina in the bridge area.
There is no sign of a musk duct foramen. P4-6 (Fig. 26.17a)
are bridge peripherals with the obtuse to sharp lateral car-
ina. P7 (Figs. 26.16d, e, 26.17a) is transitional from the
bridge to the posterior free margin. The inguinal buttress
rises on P7. There is no indication of a musk duct foramen.
The lateral carina sharpens to a knife edge at the free
margin. The marginal scales rise onto the upper one-third on
the visceral side. P8 (Figs. 26.16e, f, 26.17a) is the first free
posterior peripheral. The marginal scales occupy over two-

Fig. 26.18 Psilosemys wyomingensis gen. et sp. nov., photographs of
selected left epiplastra. All specimens shown minimally in dorsal (left)
and ventral (right) views. a UCMP 179469, plus anterior view (upper
right). b UCMP 179460. c UCMP 171781. d UCMP 179467. Scale
bars equal 1 cm

Fig. 26.19 Psilosemys wyomingensis gen. et sp. nov., photographs of
selected plastral elements. a UCMP 154883, entoplastron, in dorsal
(left) and ventral (right) views. b UCMP 179502, right hyoplastron
showing axillary (a) and inframarginal (if) scales, in ventral view.
Scale bars equal 1 cm
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thirds of the external and visceral sides. The free margin of
this and the remaining peripherals is sharp. On P9, the
marginals cover three-fourths of the peripheral externally
and more viscerally (UCMP 179443). The p3-4 sulcus
contacts the anterior part of m9 on this peripheral. P10 is
similar to P9 but with a modest flare (UCMP 170690). P11
is similar to P10 and p5-v5 sulcus contacts the anterior part
of M11 (UCMP 170690). The pygal (Fig. 26.15c) is trap-
ezoidal with the m12 confined dorsally to the pygal.

The neural series consist of eight neurals and two supr-
apygals (Figs. 26.14b, 26.17a). Neurals 1–6 are flat, hex-
agonal, and coffin-shaped (wide end anterior). SPy1
(Fig. 26.15d) is trapezoidal with the posterior margin
broadly concave anteriorly and did not reach the
peripherals.

The costals are smooth and broadly arched with finely
incised sulci and finely dentate contacts (Figs. 26.14b, c,
26.15e, 26.17a). C1 contacts P1–P3. The thin suture for the
first rib extends nearly to the middle of the costal and lies on
a ridge that broadens distally. The buttress scar is confined
to the distal one-third and is not distinctly raised but forms a
rather dentate trough (Fig. 26.15e). The sutural area for P1–
P2 is the thickest part of C1. The rib heads lie distinctly
lateral to the neural suture. The v1 is constricted at the v1–
v2 sulcus. The second costal is unremarkable with a strap-
like rib head. The costal thickens dorsally but not abruptly.
Costals 3–4 resemble C2. Costal 5 (Figs. 26.14c, 26.17a) is
distinctly shorter than C6 laterally and bears the inguinal
buttress that lies on the distal one-third and occupies about
two-thirds of the distal length. The bone is thickened under
the buttress scar, which is irregularly pitted but not raised
into a ridge. The scar terminates at the C5-6 suture and does
not overlap C6. Costal 6 is similar to C5 but the rib head
shaft is rounder in cross-section. The anterior margin is
thickened to form a buttress for the inguinal buttress but
does not contact it directly.

The plastron has broad plastral lobes with a distinct
caudal notch, wide gular gutter, small inguinal and axillary
scales, and lack musk ducts or foramina (Figs. 26.14a,
26.17a). The plastron length is about 130 mm.

The epiplastra are broader than long (Figs. 26.14a,
26.18). The gulars overlap the anterior point of the en-
toplastron. The neck gutter is broad and distinctly U-shaped
with the lateral edges raised into ridges. Dorsally, the gular
scale overlap is relatively short anteroposteriorly and
reaches its maximum extent at the lateral gular ridges. The
gular-humeral sulcus lies immediately lateral and parallel to
the gular ridges. The medial ventral surface of the gular area
is in the same plane as the hyoplastron but curves up lat-
erally to produce the gular ridges which terminate in small
points or spurs. The hyoplastral suture of the epiplastron is
slightly concave, sinusoidal, or slightly convex but always
anterolaterally oriented. The median margin of the gular

gutter may be slightly convex anteriorly and, thus, equal to
or extending slightly beyond the gular spurs (Fig. 26.18a) or
concave (Fig. 26.18d).

The entoplastron is roughly fan-shaped to diamond-
shaped with the posterior margins convex to nearly straight,
angular, or rounded and the anterior margins roughly
straight to slightly concave (Figs. 26.14a, 26.19a). It is
completely covered ventrally by the humeral scales except
for the extreme anterior point. One specimen, UCMP
154883 (Fig. 26.19a) exhibits a slight onlap of the pectoral
scale.

The hyoplastron is wider than the midline and maximum
lengths (Figs. 26.14a, 26.17b, c, 26.19b). There is a rela-
tively broad overlap of both humeral and pectoral scales
onto the dorsal surface. The axillary buttress is anteriorly
recumbent and extends forward to the base of C1 contacting
P3 and the extreme posterodorsal part of P2. The bone
below the dorsal scale overlap region is only slightly thicker
than the other parts and not distinctly set off from the dorsal
plane except for a shallow scale margin trough. The hum-
eral-pectoral sulcus is relatively straight and confined to the
hyoplastron with a distinct gap between it and the entopl-
astron suture except for UCMP 154883 noted above. The
pectoral-abdominal sulcus is also confined to the hyoplas-
tron but is distinctly anteriorly convex and slopes nearly to
the hypoplastral suture medially. The marginal scales nar-
rowly overlap the plastron. There is a small axillary scale.
The right but not the left hyoplastron of UCMP 179502
(Fig. 26.19b) has a small inframarginal scale posterior to
the axillary scale. The suture with the hypoplastron is firm
and well dentate and exhibits no indication of kinesis.

The hypoplastron is wider than the midline and maxi-
mum lengths (Figs. 26.14a, 26.17c, d). The abdominal-
femoral sulcus lies on the posterior half of the hypoplastron.
The inguinal buttress is posteriorly recumbent and the base
extends just medial to the scale covered area dorsally. The
buttress rises on P7 and contacts the lower part of costal 5.
The inguinal scale is narrow laterally and does not contact
the femoral scale. The abdominal and femoral scales
broadly overlap the dorsal surface.

The xiphiplastron is well sutured to the hypoplastron.
The femoral-anal sulcus slopes distinctly anteromedially
and terminates medially at or just short of the hypoplastron.
There is only a moderate to slight notch where the anal-
femoral suture meets the lateral margin. The dorsal scale
overlap is extensive, occupying more than a third of the
dorsal surface with the thickest part along the scale margin.
The caudal notch is V-shaped and distinct but not deep.

Remarks: Psilosemys is included in the Emydidae
because of the absence of musk duct foramina, supracaudal
marginals not extending onto the suprapygal and costal-
hypoplastral suture confined to C5. Gaffney and Meylan
(1988) and Hirayama (1985) use no shell features for
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diagnosing the genera of the Deirochelyinae but Psilosemys
resembles the Deirochelyinae and is excluded from the
Emydinae on the basis of distinct lack of pectoral overlap
of the entoplastron (one exception). The exclusion of
the pectoral from the entoplastron appears to be primitive
as this is the condition in the Asia outgroups Lind-
holmemydidae (Sukhanov 2000; Joyce and Bell 2004) and
Pseudochrysemys Sukhanov and Narmandakh 1976. Rela-
tively narrower plastral lobes, distinct caudal notch on the
plastron, and unexpanded distal costal 5 are also primitive
in regard to extant emydids. Psilosemys thus appears to
be a sister taxon to the Emydinae and Deirochelyinae
(i.e., crown group Emydidae sensu stricto).

In general, Psilosemys lacks derived features of the
Emydinae and Deirochelyinae, but most closely resembles
Chrysemys Gray 1844, among living taxa, in general shape
and sculpture. Among fossils, Psilosemys most closely
resembles unpublished material of Pseudochrysemys
(Sukhanov 2000; Sukhanov and Danilov, personal commu-
nication). The presence of an extra inframarginal in one
specimen (UCMP 179502, Fig. 26.19b) is a similarity to
Pseudochrysemys, where this is the normal state. Psilosemys
differs from Pseudochrysemys Sukhanov and Narmandakh
1976 (Paleocene of Mongolia) in great reduction or lack of
sculpture, small size of the axillary and inguinal scales, less
excursion of the axillary buttress onto C1, hypoplastral but-
tress centered near C5-6 suture, and presence of only two
inframarginals.

Distribution of Psilosemys is currently limited to the
early Eocene (Wasatchian NALMA) of Wyoming, specifi-
cally the Bighorn (including Clarks Fork), Wind River, and
Washakie basins. Within these basins, its stratigraphic dis-
tribution is limited to the Graybullian (including ‘‘Sandco-
uleean’’ of Gingerich 1989) and Lysitian subages
(Hutchison 1980, 1992, 1998; Holroyd and Hutchison 2000;
Holroyd et al. 2001).
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Chapter 27

Osseous and Other Hard Tissue Pathologies in Turtles
and Abnormalities of Mineral Deposition

Bruce M. Rothschild, Hans-Peter Schultze, and Rodrigo Pellegrini

Abstract Actualistic interpretation (on the basis of disor-
ders documented in life) of pathology in modern turtles, and
across the phylogenetic spectrum, allows confident diagno-
sis of disease in fossil turtles. Fortunately, those diseases
that affect bone do so in a manner that appears independent
of phylogeny and even of geologic chronology. To date,
most pathologies have been reported as isolated observa-
tions. Therefore the latter have been characterized and
placed within the framework of recognized diseases and
activities. Toward this end, we surveyed the literature,
assessing reports in terms of contemporary definitions.
Epidemiologic studies of pathology in turtles are rare, with
the exception of frequency of anomalies and of avascular
necrosis and recognition of diving behavior. Notation of
avascular necrosis in 50% of Cretaceous turtles, limitation
to marine turtles, and its gradual reduction over geologic
time present a unique window into turtle behavior and their
development of strategies that minimize its occurrence.
Anomalies, typically thought of as representing mutations,
whether inherited or de novo, may also provide insight to
environmental conditions. While amphibians are often
utilized as markers of environmental health, extrapolation
to reptiles is also pertinent. Fractures imply behavior, such
as falls or mating injuries. Bites and other forms of trauma
appear to be the most common cause of bone infections by
bacteria and fungi. The most common forms of arthritis are
gout and infections, although calcium pyrophosphate crystal
disease and osteoarthritis also have been reported. Calcium

and urate bladder stones have been reported. Vitamin D
deficiency is essentially a phenomenon of captive animals,
but can complicate kidney disease. Hyperparathyroidism
may occur as part of what is referred to as renal
osteodystrophy or it may occur as an isolated phenomenon.
Carapace and plastron anomalies may represent normal
variation, disease, or possibly even phylogenetic differ-
ences. The etiology of shell pitting has been highly
controversial, with bites, parasites, mixed bacterial and
fungal infections, and even algae invoked as causative
agents. While many reports of such alterations, as well as
isolated or identified associated organisms, exist, there has
not been a delineation of which mechanism is responsible
for specific types of shell lesions, or even a working
vocabulary for describing such lesions.

Keywords Bone pathology� Extant� Fossil� Sea turtle�
Tortoise � Turtle

Introduction

As the study of bone disease in recent and fossil amphibians
and reptiles has evolved from observational speculation to
analysis of testable hypotheses, so too has recognition of its
contribution to our understanding of diseases and organisms
(Rothschild and Martin 2006; Rothschild 2009a). Given the
development of a ‘library’ of macroscopic osseous mani-
festations of a variety of diseases (Rothschild and Martin
2006; Rothschild and Ruhli 2007), the power of such
examination of skeletons for identification of the etiology of
pathology has greatly reduced the need for destructive
analysis. Scientific approaches, a comprehensive database
of pathological occurrences, and taxonomically independent
pathology recognition form the basis for this review of the
current knowledge of hard tissue (e.g., skeleton, urolith)
pathology in contemporary and extinct turtles. In superficial
examination, shell distortion and swollen bones may be
attributed to fracture, neoplasia, osteomyelitis, or fibrous
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dysplasia (Boyer 1996c). It is only with careful examination
and an actualistic approach that sense can be made of this
information.

The character and pattern of the manifestations of spe-
cific diseases addressed below have been validated in the
contemporary and fossil record across reptilian, mamma-
lian, and avian phylogeny (Rothschild and Panza 2005;
Rothschild and Martin 2006; Natarajan et al. 2007; Nunn
et al. 2007; Rothschild and Ruhli 2007; Beatty and Roths-
child 2008; Rothschild 2009a). Such a data-based approach
follows the veterinary medical model, which uses the
manifestations of disease as reported in humans, to allow its
recognition in the zoological record (McGavin and Zachary
2006; Rothschild 2010a). While variation in histologic
appearance of bone is clearly documented across phyloge-
netic lines (Enlow 1969), macroscopic and radiologic var-
iation in the appearance of various forms of pathology in the
osseous skeleton has been remarkably minimal and repro-
ducible across phylogeny and indeed across geologic time
(Rothschild and Martin 2006; Rothschild 2009a, 2010a).

Any up to date interdisciplinary review requires con-
sideration of new concepts and semantics. Each field has
its own vocabulary, often utilizing terms quite disparate in
meaning (Rothschild and Martin 2006). Terminology is
not always used consistently, even in a given field. Some
pathological terms have been used both as general inclu-
sive concepts and more narrowly for specific diseases.
Spondylitis and spondyloarthropathy are classic examples,
sometimes used to refer to any pathology of the axial
skeleton or, as used herein, to refer to a specific category
of disease that often, but not necessarily, affects the ver-
tebral column (Resnick 2002; Rothschild and Martin 2006;
Rothschild 2010a). To facilitate clarity, terms are narrowly
defined below and elsewhere according to their use in this
review.

Focal bony outgrowths (exostoses), where occurring at
areas of tendon attachment are recognized as entheso-
phytes (Resnick 2002), and osteochondroma are exostoses
that are covered by a cartilage cap. Osteoarthritis is
identified by the presence of bone spurs (osteophytes) at
diarthrodial joint margins (Moskowitz et al. 1984; Resnick
2002; Rothschild and Martin 2006). Infection was recog-
nized because of the joint erosions with ill-defined mar-
gins, disorganized architecture, and characteristic bone
surface (periosteal reaction) (Resnick 2002; Rothschild
and Martin 2006). ‘‘Punched out’’ joint erosions are
characteristic of gout (Rothschild and Heathcote 1995) and
are often covered by an overhanging margin of bone
(Resnick 2002; Rothschild and Martin 2006). Calcium
pyrophosphate deposition disease (CPPD) is recognized by
deposition of calcium on the joint surface or within
intervertebral disks (Resnick 2002; Rothschild and Martin
2006; Rothschild and Bruno 2009).

Our recognition of spondyloarthropathy, as related in this
review, is based on the presence of zygapophyseal (facet
joint) or sacroiliac joint erosion or fusion, asymmetrical
pattern of arthritis, reactive new bone formation, or syn-
desmophytes (Bennett 1991; Resnick 2002; Rothschild and
Martin 2006). The last appear as longitudinally directed
ossifications bridging (ankylosis) from one vertebral body
to the next. This is distinguished from the ligamentous
ossification of diffuse idiopathic skeletal hyperostosis
(DISH) and the bony spurs (osteophytes) more properly
referred to as spondylosis deformans (Ruffer 1921; Resnick
2002; Rothschild 2009c, 2010b). A major source of past
confusion has been the mistaken concept that bone spurs
can fuse together, rather than recognize that they were
caused by a totally different pathogenetic process related to
spondyloarthropathy (Resnick 2002; Rothschild and Martin
2006; Rothschild 2010b). The term spondyloarthropathy
identifies a category of disease, which may occur in the
absence of axial skeleton involvement. Erosions affecting
subchondral surfaces (areas originally covered by cartilage)
are highly diagnostic, although joint infections occasionally
produce similar, but distinguishable damage (Resnick 2002;
Martin and Rothschild 2006).

Osteomalacia and rickets are generally considered the
result of deficiency in the active form of vitamin D after and
before epiphyseal plate fusion, respectively (Resnick 2002),
although phosphorus deficiency can produce similar chan-
ges. These conditions appear to be a component of what is
often described in the veterinary literature as metabolic
bone disease or nutritional osteodystrophy (Thompson
2007). The major manifestations relate to failure of min-
eralization of bone matrix (osteoid) and resulting bone
softening. The term osteodystrophy fibrosa is sometimes
used to describe the intraosseous cystic phenomenon
(related to proliferation of fibrous tissue) that can accom-
pany it. The latter is sometimes claimed to be the result of
calcium deficiency (Jarofke and Lange 1993).

Our presentation of turtle pathologies is part of a larger,
comprehensive literature survey of amphibian and reptile
publications from Aristotle to present, including extant and
fossil forms. Scientific names have changed over time. Here
we use the most recently accepted names, not a synonym,
which may have been used by the cited author. We also use
common names for extant taxa.

Fossil and recent turtle specimens were investigated at
the following institutions: AMNH, American Museum of
Natural History, New York, New York, USA; FMNH, Field
Museum of Natural History, Chicago, Illinois, USA; IVPP,
Institute of Vertebrate Paleontology and Paleoanthropology,
Beijing, China; MSU, Michigan State University Museum,
East Lansing, Michigan, USA; UCMP, University of Cali-
fornia at Berkeley, Museum of Paleontology, Berkeley,
California, USA; UMMZ, University of Michigan Museum
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of Zoology, Ann Arbor, Michigan, USA; and USNM,
United States National Museum, Washington, D.C., USA.

Congenital Versus Environmental Exposure

It is difficult at times to determine whether anomalies
observed in the embryo or neonate are the result of genetic
alterations or exposure to adverse environmental conditions,
or to distinguish anomalies that have been inherited versus
those occurring secondarily as the result of a new mutation.
One does not necessarily need to invoke an environmental
toxin. Environmental conditions may be just as important,
either as a direct or indirect effect. Lynn and Ullrich (1950)
examined turtle embryos from eggs that were exposed to
partial drying during gestation interval days 35–50. Embryo
pathologies observed in that study ranged from ‘‘almost
unrecognizable carapaces and plastrons, distorted limbs and
eyeless or jawless heads’’ (Lynn and Ullrich 1950, p. 250).
Newman (1923) suggested temperature effect on twinning,
whereas Coker (1910) considered scute anomalies as an
effect of egg distension. Packard et al. (1977) noted that
prolonged exposure to temperatures several degrees below
the optimum produced developmental abnormalities. For
the California desert tortoise, Gopherus agassizii, incuba-
tion of eggs above the optimum temperature of 32�C was
associated with upper jaw foreshortening and lack of fore-
limbs (Frye 1991c), whereas incubation at 33.5�C was
associated with anophthalmy, maxillofacial clefts, harelips,
forelimb and partial hind limb agenesis, coccygeal hypo-
plasia, and scute and shell plate duplication (Frye 1989,
1991c). Of course, toxins can produce developmental
anomalies. In a study of snapping turtle, Chelydra serpen-
tine, populations in the Great Lake region, Bishop et al.
(1989) documented how organochlorine compounds (e.g.,
PCBs) induced missing claws and eyes and resulted in
deformed carapaces, tails, limbs and crania (especially in
the upper and lower jaws). The same study also showed that
frequencies of deformities varied among study areas, and
was greatest in areas with the highest organochlorine levels.
Whereas most studies represent isolated reports of defor-
mities (e.g., Tables 27.1, 27.2, 27.3, 27.4, 27.5), few have
reported statistical results. Yntema (1960) reported that
eggs of the common snapping turtle, Chelydra serpentina,
kept at 15�C during early somite formation and then moved
to room temperature developed malformed heads, micro-
phthalmy, and reduced or absent tails, legs, or carapace, and
he contrasted that with lack of such abnormalities at 20�C.
Bellairs (1981) citing Yntema (1960) referred to 15% of
common snapping turtle, Chelydra serpentina, individuals
examined with an abnormal tail, hind limb, or carapace.
Carswell and Lewis (2003) reported 0.32% abnormalities in

14,361 loggerhead turtle, Caretta caretta, eggs sampled in
1992 and 2001; these abnormalites were manifested as
small size, carapace deformities, folded or foreshortened
flippers, misshapened mouthparts, and twinning.

The most complex of congenital anomalies in turtles is
perhaps the Siamese, conjoined or parasitic twin (Kuvano
1902; Nakamura 1938; Maddux 1996; Anonymous 2007a).
Most examples have been reported as isolated phenomena
(Table 27.1). A variety of duplication patterns have been
observed: plastron-to-plastron; side-to-side; and posterior-
to-posterior. Noting Hildebrand’s (1938) tally of 27 cases,
Table 27.1 suggests the rarity of this phenomenon. Only 45
cases appear to have been reported to date and no epide-
miologic studies are available.

Complete or partial absence of a limb has been reported
in isolated occurrences (Table 27.2). Not all are congenital.
For example, Jackson (1980) noted one instance in which a
foreleg was gnawed off during hibernation by a rat and Frye
(1994) reported digit necrosis in a red-eared slider turtle,
Trachemys scripta elegans.

Head, Leg, and Tail Anomalies

Anomalies of the head (Table 27.3) may be as minor as
variation in size and shape of skull, as has been reported in
the diamond-back terrapin, Malaclemys terrapin (Bangs
1896) and the Florida scooter, Pseudemys floridana (Hil-
debrand 1938). Lack of frontal bones in a bothremydid side-
necked turtle, �Ummulisani rutgersensis, from the Eocene
of Morocco (Gaffney and Tong 2008; Fig. 27.1) is an
example of a limited defect. More extensive anomalies
include: a protruding lower jaw and eyeless upper jaw
(common snapping turtle, Chelydra serpentina); cyclopia
[red-eared slider, Trachemys scripta elegans; loggerhead,
Caretta caretta caretta; and Florida cooter, Pseudemys
concinna floridana (Table 27.3)]; an eyeless stump [com-
mon snapping turtle, Chelydra serpentina (Lynn and Ullrich
1950)]; and lack of a mouth and jaw [box turtle, Terrapene
sp. (Ewert 1979)]. In the desert tortoise, Gopherus agassizii,
both shortening of the upper jaw (Frye 1989) and a cleft
palate (Bellairs 1981; Frye 1989) have been reported. A
cleft palate also has been reported by Ippen (1982) in the
pond slider, Trachemys scripta, and in the green turtle,
Chelonia mydas.

Duplications are the most commonly reported anomalies
(Fig. 27.2). Edwards (1751) reported partial skull duplica-
tion in an eastern box turtle (Terrapene carolina = his
‘‘Carolina tortoise’’). Isolated, sometimes redundant reports
of dicephalism in unnamed and named species abound
(Table 27.1); consequently, it is difficult to assess the fre-
quency of dicephalism among turtles. Extrapolating from
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Table 27.1 Duplications in turtles

Species Common name Kind of duplication References

Cryptodira
Cheloniidae

Caretta caretta Loggerhead Dicephalic Anonymous (2002)

Chelonia mydas Green turtle Duplication of head and forelimbs Haft (1994)

Second, atrophic head Coquelet (1983)

Chelydridae

Chelydra serpentina Common snapping
turtle

Dicephalic Cederstrom (1931); Canella (1932); Campbell (1967);
Feldman (1983); Sims (1989); Anonymous (1995, 2001)

Twins Yntema (1970, 1971)

Geoemydidae

Chinemys reevesii Reeve’s turtle Dicephalic Khosatzky (1991)

Derodymus Nakamura (1938)

Emydidae

Chrysemys picta Northern painted
turtle

Dicephalic Barbour (1888,1896a, b); Anonymous (1889); Girard
(1891–1892); Hildebrand (1938)

Derodymus Barbour (1896c); Derickson (1927); Townsend (1928)

Duplication of head and forelimbs Bishop (1908)

Siamese twins attached at posterior
ends

Hildebrand (1938)

Chrysemys sp. Painted turtle Derodymus Schmidt and Inger (1957); Bellairs (1981)

Emys orbicularis European pond turtle Duplication anterior head Epure and Pogorevici (1940)

Emys sp. European pond turtle Dicephalic Bateson (1894); Przibram (1909); Newman (1923)

Graptemys pseudogeographica False map terrapin Dicephalic

Clement (1967); Sims
(1989)

Malaclemys sp. Diamond-back
terrapin

Dicephalic, derodymus Brogard (1987)

Malaclemys terrapin Diamond-back
terrapin

Dicephalic Anonymous (1975); Wright (2005)

Derodymus Schmidt and Inger (1957); Frye (1991a)

Malaclemys terrapin
centrata

Carolina diamond-
back terrapin

Duplication of head and forelimbs,
anakatamesodidymus

Hildebrand (1938)

Mauremys leprosa Mediterranean pond
turtle

Dicephalic Martins d’Alte (1937)

Pseudemys sp. River cooter turtle Dicephalic Anonymous (2000)

Pseudemys concinna
floridana

Florida cooter Dicephalic Hildebrand (1938)

Siamese twins Reichenbach-Klinke and Elkan (1965); Reichenbach-Klinke
(1977)

Plastron to plastron Hildebrand (1938)

Pseudemys concinna
hieroglyphica

Hieroglyphic slider
turtle

Dicephalic Wallach (2004)

Pseudemys nelsoni Florida redbelly turtle Dicephalic Ippen (1985)

Derodymus Bellairs (1981); Ippen (1982)

Terrapene carolina Eastern box turtle Twins Cohen (1986)

partial skull duplication Edwards (1751)

Terrapene carolina
triungis

Eastern box turtle Twins Crooks and Smith (1958); Cohen (1986)

Terrapene sp. Box turtle Dicephalic Mitchell (1994); Anonymous (2006a)

(continued)
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Table 27.1 (continued)

Species Common name Kind of duplication References

Trachemys scripta
elegans

Red-eared slider Dicephalic Clement (1967); Sims (1989); Frye (1991c); Chapple (1999)

Derodymus Frye (1991a); Hasel (1992a, b)

Duplication of head and forelimbs Chapple (1999); Anonymous (2007a, b)

Siamese twins Anonymous (1967, 2007a); Chapple (1999)

Siamese twins fused at pelvis Mader (2006a)

Thoraco-omphalopagus Anonymous (1967)

Trachemys scripta
scripta

Yellowbelly slider Dicephalic Kritzer (2002); Perkins (2002); Reaves (2004); Anonymous
(2007c)

Siamese twins Reichenbach-Klinke and Elkan (1965); Reichenbach-Klinke
(1977)

Trachemys scripta
troostii

Cumberland slider Dicephalic Byrd (1939)

Trachemys sp. Slider turtles Conjoined Frye (1991a)

Kinosternidae

Kinosternon
flavescens

Yellow mud turtle Dicephalic Porras and Beraducci (1980); Frye (1991c)

Testudinidae

Chersina angulata Angulate tortoise Dicephalic Swarts (2003)

Gopherus agassizii California desert
tortoise

Dicephalic Frye (1991c)

Siamese twins attached along
caudal portion of shell

Frye (1991a, c); Rothschild (2009a)

Gopherus
polyphemus

Gopher tortoise Twins Hundsacker (1968)

Testudo graeca Spur-thighed or Greek
tortoise

Dicephalic Stojanov (2000)

Testudo graeca ibera Turkish tortoise Dicephalic Vellard and Penteado (1931)

Duplication of head and forelimbs Caullery (1931)

Testudo hermanni Hermann’s tortoise Dicephalic Reichenbach-Klinke and Elkan (1965)

Testudo hermanni
boettgeri

Eastern Hermann’s
tortoise

Siamese twins Sailer et al. (1997)

Trionychidae

Apalone ferox Florida soft-shelled
turtle

Siamese twins Bellairs (1981)

Siamese twins fused at plastron Hildebrandt (1938); Ippen (1982)

Unspecified Turtle/tortoise Duplication of head and forelimbs Anonymous (1931)

Dicephalic Anonymous (1888a, b, 1895, 1999a, b, c, 2003a, b, c, 2004,
2005, 2006b); Kuvano (1902); Hildebrand (1930); Brogard
(1987); Brady (1991); Benest (1994); Eigner (1994);
Kleinberg (1994); Meisel (1994); Hamilton (1995); Walker
(1995); Maddux (1996); Martin (1996); Wilcox and Perrin
(1996); Cisneros (1997); Thomason (1997); Wilkins
(1998); Gumbel (1999); Nicholson (1999); Mason (2000);
Miller (2002); Reeder (2002); Brown (2003); Hall (2003);
Holahan (2003); Montgomery (2003); Smith (2003);
Wechsler (2003); Feuer (2005); Goh (2005); Lee (2005);
Rothschild (2009a)

Derodymus Anonymous (1897)

Pleurodira
Podocnemididae

Podocnemis unifilis Yellow-spotted
Amazon river turtle

Derodymus Ferreira (1923)

Definitions: anakatamesodidymus = two heads, two tails, and rudimentary fifth leg; derodymus = vertebral column bifurcated in the cervical region,
double-headed (i.e., two complete heads and necks); dicephalic = bicephalic, having two heads; Siamese twins = conjoined twins; thoraco-omphalop-
agus = twins fused from upper to lower part of chest region
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Table 27.2 Limb abnormalities in turtles

Species Common
name

Abnormality References

Cryptodira

Protostegidae

�Archelon
ischyros

Shortened fibula and tibia Tasnádi-Kubacska (1962)

Cheloniidae

Caretta caretta Loggerhead Complete absence of limb Ewert (1979); Ippen (1982); Brogard (1987)

Supernumerary limb Mader (2006a)

Partial absence of limb Ewert (1979); Bellairs (1981)

�Syllomus
crispatus
aegyptiacus

Bony ridge on femur
between torchanters and
caput

Weems (1974)

Chelydridae

Chelydra
serpentina

Common
snapping
turtle

Hindlimb Yntema (1960); Bellairs (1981)

Dwarfism Bishop et al. (1989)

Emydidae

Emydidae Pond turtles Partial absence of limb Dutta (1931); Bellairs (1981); Ippen (1982)

Emys orbicularis European
pond turtle

Complete absence of limb Dürigen (1897)

Malaclemys sp. Diamond-
back
terrapin

Supernumerary limb Brogard (1987)

Malaclemys
terrapin
centrata

Carolina
diamond-
back
terrapin

Partial absence of limb Hay (1904)

Terrapene
carolina

Eastern box
turtle

Partial absence of limb,
congenital tarsal absence

Wilkinson et al. (2004)

Trachemys
scripta

Slider Achondroplasy Frye and Carney (1974); Brogard (1987); Arvy and Fertard (2002)

Trachemys
scripta
elegans

Red-eared
slider

Achondroplasy Frye and Carney (1974); Frye (1981a, 1991a, c); Marcus (1981);
Rothschild (2009a)

Testudinidae

Gopherus
agassizii

Desert
tortoise

Syndactyly Good (1987)

Achondroplasy Frye and Carney (1974); Frye (1981b, 1991a, c); Marcus (1981);
Brogard (1987); Arvy and Fertard (2002); Rothschild (2009a)

Testudo hermanni Hermann’s
tortoise

Oligodactyly Wermuth (1961); Fojtl (1989)

Polydactyly Martínez-Silvestre etal. (1998)

Trionychidae

Trionyx sp. Soft-shelled
turtle

Complete absence of limb Dutta (1931); Bellairs (1981); Ippen (1982)

Unspecified Turtle Ectromely Hildebrand (1930); Brogard (1987)

Achondroplastic dwarfism Gillespie (1994)

Definitions: achondroplasy = abnormal cartilage conversion to bone, producing short, abnormally limbed dwarfism; ectromely = absence of
one or more limbs or incomplete limb with missing distal portion; oligodactyly = partial absence of limb; polydactyly = increased number of
metatarsals (= hyperdactyly), supernumerary digit(s); syndactyly = fusion or failure of separation of fingers or toes
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Hildebrand’s (1938) findings of only two dicephalic indi-
viduals among 100,000 Carolina diamond-back terrapins,
Malaclemys terrapin centrata, hatched over 25 years, it
appears that dicephalism is an extremely uncommon phe-
nomenon. The same appears true for the more complicated
form of duplication, called derodymus (Anonymous 1888a,
b, 1897, 2007c; Epure and Pogorevici 1940), which
involves duplication of the neck as well as the head
(Table 27.1). Newman (1923) reported dichotomous fission
of a rib in association with such doubling. Duplication of
the head and forelimbs (Anonymous 1931) has been
reported in the red-eared slider, Trachemys scripta elegans
(Chapple 1999; Anonymous 2007a, b), the northern painted
turtle, Chrysemys picta (Bishop 1908), the Carolina dia-
mond-back terrapin, Malaclemys terrapin centrata (Hilde-
brand 1938), and the Greek tortoise, Testudo graeca ibera
(Caullery 1931). Hildebrand (1938) reported an extreme
case of duplication in which a diamond-back terrapin,
Malaclemys terrapin centrata, had two heads, two tails, and
a rudimentary fifth leg. Brogard (1987) reported a bifid tail
in Malaclemys sp. A duplication of the vertebral column has

Table 27.3 Skull defects in turtles

Species Common name Defects References

Cryptodira
Cheloniidae

Caretta caretta
caretta

Loggerhead Cyclopia Adelmann (1936a, b); Ewert (1979); Bellairs
(1983)

Chelonia mydas Green turtle Cleft palate and shortened upper
jaw

Ippen (1982)

Chelydridae

Chelydra serpentina
serpentina

Common snapping
turtle

Eyeless Lynn and Ullrich (1950)

Emydidae

Chrysemys picta Northern painted
turtle

Cyclopia Adelmann (1936a, b)

Pseudemys concinna
floridana

Florida cooter Cyclopia Hildebrand (1938)

Malaclemys terrapin Diamond-back
terrapin

Variation in size and shape of
skull

Bangs (1896)

Terrapene sp. Box turtle Absent mouth and jaw Ewert (1979)

Trachemys scripta Pond slider Cleft palate Ippen (1982)

Trachemys scripta elegans Red-eared slider Cyclopia Adelmann (1936a, b);
Ewert (1979)

Shortened upper jaw Frye and Carney (1974)

Testudinidae

Gopherus agassizii Desert tortoise Cleft palate Bellairs (1983); Frye (1989)

Shortened upper jaw Frye (1991c)

Pleurodira
Bothremydidae

�Ummulisani rutgersensis Loss of frontals Gaffney and Tong (2008)

Definitions: cyclopia = failure of eye separation; cleft palate = failure of fusion of the two halves of the palate

Fig. 27.1 Anomalous absence of skull roofing bones in the fossil
side-necked turtle �Ummulisani rutgersensis (Bothremydidae), from
the Eocene of Morocco. a Normal skull, AMNH 30569, in dorsal view
and having paired frontals. b Anomalous skull, AMNH 30536
(holotype), in dorsal view and lacking frontals. Images reproduced
from Gaffney and Tong (2008, Figs. 6A and 3A, respectively) and
Courtesy The American Museum of Natural History. Skulls at
different scales. Abbreviations: ex exoccipital; fr frontal; mx maxilla;
op opisthotic; pa parietal; pf prefrontal; pm premaxilla; po postorbital;
qj quadratojugal; qu quadrate; so supraoccipital; sq squamosal
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been mentioned in a red-eared slider, Trachemys scripta
elegans (Anonymous 1967).

Reports of limb abnormalities (Table 27.2) include:
supernumerary limbs in the diamond-back terrapin, Mala-
clemys sp. (Brogard 1987), and the loggerhead, Caretta
caretta (Mader 2006a); polydactyly in the Hermann’s tor-
toise, Testudo hermanni (Martínez-Silvestre et al. 1998);
and syndactyly (fused toes) in the California desert tortoise,
Gopherus agassizii (Good 1987). Abnormally shortened
limbs have been reported in turtles, in the form of achon-
droplasy (Gillespie 1994). Such long bone shortening,
accompanied by cartilage hypertrophy with ossification
spicules, has been noted in a dwarf red-eared slider, Tra-
chemys scripta, and in an inbred California desert tortoise,
Gopherus agassizii. Other reported anomalies include a
Cretaceous �Archelon ischyros with shortened fibula and
tibia (Tasnádi-Kubacska 1962) and a Miocene �Syllomus
aegyptiacus (specimen USNM 24872) with a bony ridge
located on the femur between the trochanters and the caput
(Weems 1974). Dwarfism, while apparently maintaining
normal body proportions, was reported in snapping turtles,
Chelydra serpentina, by Bishop et al. (1989). Absence of
limbs was reported by Dutta (1931), oligodactyly by Fojtl
(1989), reduction of toes by Wermuth (1961), and leg
anomalies in the European pond turtle, Emys sp. by Dürigen
(1897).

Vertebral Deformities

Most reports on kyphosis (Table 27.4; see also Shell
Deformities) document only isolated occurrences. Fre-
quencies in epidemiologic studies (Rhodin et al. 1984;
Stuart 1996) have been significantly under 1%, as follows:
0.2–0.5% in the loggerhead turtle, Caretta caretta; 0.08% in
the green turtle, Chelonia mydas; 0.07% in the leatherback
turtle, Dermochelys coracia; 0.1–0.4% in the Pacific ridley

turtle, Lepidochelys olivacea; 0.03% in the western painted
turtle, Chrysemys picta belli; and 0.04% in the California
desert tortoise, Gopherus agassizii. Stuart’s (1996) report of
one instance of kyphosis among 20 Texas spiny soft-shelled
turtles, Apalone spiniferus emory, may be an artifact of
small numbers and likely is not statistically significant.
Scoliosis may occur in isolation (Table 27.4; Hildebrand
1930) or it may be associated with kyphosis, as Fox (1941)
observed in the ornate box turtle, Terrapene ornata.

Caudal agenesis (= failure of formation of all or part of
the tail; Table 27.4) has been noted in the California desert
tortoise, Gopherus agassizii (Frye 1989, 1991a), and the
common snapping turtle, Chelydra serpentina (Finkler and
Claussen 1997). McCallum and Trauth (2000) reported a
curly-tail deformity (presented as a tight spiral or coil) in
hatchlings of the alligator snapping turtle, Macroclemys
temminckii, and Feldman (1983) reported a kinked tail in
the common snapping turtle, Chelydra serpentina.

Shell Deformities

Distorted turtle shells are often reported as isolated obser-
vations (Table 27.5). Shell plates that are abnormally broad
(e.g., eastern painted turtle, Chrysemys picta) or wedge-
shaped (e.g., red-footed tortoise, Geochelone carbonaria)
have been reported, as has 180 degree torsion in a common
musk turtle, Sternotherus odoratus (Frye 1991a, c).

Few statistically reliable samples are available for gauging
the prevalence of shell distortions. Grant (1937) reported that
10% of gopher tortoise specimens (Gopherus sp.) had
abnormally hard, brittle shells. McEwan (1982) noted that
50% of gopher tortoise specimens, Gopherus polyphemus,
had supernumerary carapace bones compared with 68% of
Texas tortoise specimens, Gopherus berlandieri. Cherepanov
(1994) reported anomalies in the number of neurals, costals,
and peripherals in 121 of 510 individuals of four species:

Fig. 27.2 Extreme case of
duplication (derodymus = two
heads and two necks) in an
extant, juvenile, preserved spec-
imen (UMMZ 119985a) of
Chelydra serpentina (Chelydri-
dae) from the USA. a Photograph
of entire specimen in dorsal
view. b X-ray of anterior part
of body, enlarged and rotated
about 90� clockwise relative to
photograph, showing paired
skulls and cervicals
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Table 27.4 Vertebral column deformities in turtles

Species Common name Deformity References

Cryptodira
Cheloniidae

Caretta caretta Loggerhead Kyphosis in 0.2–0.5% Coker (1910); Plymale et al. (1978)

Chelonia mydas Green turtle Kyphosis in 0.08%,
lordosis/scoliosis in
0.03%

Rhodin et al. (1984)

Lepidochelys
olivacea

Olive ridley Kyphosis in 0.1–0.4%,
lordosis/scoliosis in
0.3%

Rhodin et al. (1984)

Chelydridae

Chelydra serpentina Common snapping
turtle

Kyphosis Chan (1937); Plymale et al. (1978);
Wilhoft (1980); Willft (1980)

Caudal agenesis Finkler and Claussen (1997)

Kinked tail Feldmann (1983)

Macroclemys temminckii Alligator snapping turtle Curly-tail deformity McCallum and Trauth (2000)

Dermatochelyidae

Dermatochelys coracia Leatherback Kyphosis in 0.07%,
lordosis/scoliosis in
0.07–0.11%

Rhodin et al. (1984)

Geoemydidae

Melanochelys trijuga Indian pond terrapin Kyphosis Plymale et al. (1978)

Melanochelys trijuga
thermalis

Sri Lanka pond
terrapin

Kyphosis Deraniyagala (1939)

Emydidae

Chrysemys sp. Painted turtle Kyphosis Wilhoft (1980)

Chrysemys picta Northern painted
turtle

Kyphosis Ernst (1971); Plymale et al. (1978);
Pavalko (1986)

Chrysemys picta
marginata

Midland painted
turtle

Kyphosis Werner (1959); Ippen (1982)

Chrysemys picta belli Western painted turtle Kyphosis in 1/429 Stuart (1996)

Chrysemys picta
bellii x marginata

Painted turtle cross Kyphosis Necker (1940); MacCulloch (1981)

Clemmys guttata Spotted turtle Kyphosis Ernst (1971); Plymale
et al. (1978)

Deirochelys
reticularia

Chicken turtle Kyphosis Mertens (1940);
Plymale et al. (1978)

Graptemys
pseudogeographica

False map turtle Kyphosis Plymale et al. (1978)

Graptemys
ouachitensis

Ouachita map turtle Kyphosis Carpenter (1958)

Malaclemys terrapin
centrata

Carolina
diamond-back terrapin

Scoliosis Hildebrand (1930)

kyphosis Plymale et al. (1978)

Pseudemys concinna floridana Florida cooter Kyphosis Plymale et al. (1978)

Terrapene carolina Eastern box turtle Kyphosis Plymale et al. (1978)

Terrapene carolina
triunguis

Three-toed box turtle Kyphosis Black (1976)

Terrapene ornata Ornate box turtle Kyphosis Plymale et al. (1978)

Kyphoscoliosis Fox (1941)

Trachemys scripta Slider Kyphosis Plymale et al. (1978)

Trachemys scripta
scripta

Yellowbelly slider Kyphosis Carr (1952)

(continued)
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Caspian pond turtle, Mauremys caspica; European pond
turtle, Emys orbicularis; Mediterranean spur-thighed tor-
toise, Testudo graeca; and Russian tortoise, Agrionemys
horsfieldi. Congenital carapace anomalies in captive tortoises
were reported by Dollinger (1997).

Carapace and plastron anomalies also are known in fossil
sea turtles (Table 27.5), such as the Miocene �Caretta (Zan-
gerl and Turnbull 1955), �Procolpochelys grandaeva (Zangerl
and Turnbull 1955; Weems 1974), and �Syllomus (Weems
1974; Fig. 27.3). Such anomalies occur only rarely in the
extant ridley Lepidochelys (Zangerl and Turnbull 1955).

Frye (1981a) suggested that deformation of the shell was
caused by downward tension on the carapace underside at
girdle attachments. Shallow concavities have been found in

portions of the bony shell overlying limb attachments (Frye
1981a); for example, in the common snapping turtle,
Chelydra serpentina serpentina (Lynn and Ullrich 1950).
Renal rickets has also been proposed as an etiological cause
of shell deformation (Frye 1994). Smith (1947) suggested
that humps in the carapace could form if adjacent costal
plates ankylosed or became tightly bound to one another
when the shell was still actively growing.

Hunchback or kyphosis deformity (see also Table 27.4)
takes two forms: (1) the more common form consists of
deformed, raised plates that allegedly form due to an excess
of dietary protein (Rosskopf 1986; McArthur 1996) or (2)
thick, porous, raised plates that form because of renal or
nutritional osteodystrophy (Jackson 1987; Highfield 1990a,

Table 27.4 (continued)

Species Common name Deformity References

Trachemys scripta
yaquia

Yaqui slider Kyphosis Plymale et al. (1978)

Kinosternidae

Sternotherus
odoratus

Common musk turtle Kyphosis Nixon and Smith (1949); Plymale et al.
(1978); Saumure (2001)

Testudinidae

Gopherus agassizii Desert tortoise Kyphosis in \0.04% Rhodin et al. (1984)

Caudal agenesis Frye (1989, 1991a)

Testudo hermanni Hermann’s tortoise Kyphosis Wandolleck (1904); Plymale et al.
(1978)

Unindentified Tortoise Kyphosis Dämmrich (1967); Jarofke and Lange
(1993)

Trionychidae

Apalone ferox Florida soft-shelled turtle Kyphosis Nixon and Smith (1949); Plymale et al.
(1978); Barber (1991)

Apalone mutica Smooth soft-shelled turtle Kyphosis Smith (1947); Plymale et al. (1978)

Apalone spinifera Spiny soft-shelled turtle Kyphosis Chan (1937); Smith (1947); White and
Murphy (1972); Burke (1994)

Apalone spinifera
emoryi

Texas spiny soft-shelled turtle Kyphosis Smith (1947)

Kyphosis in 1/20 Stuart (1996)

Lissemys sp. Flap-shelled turtle Kyphosis Wilhoft (1980)

Lissemys punctata punctata Indian flap-shelled
turtle

Kyphosis Duda and Gupta (1977)

Palea steindachneri Wattle-necked
soft-shelled turtle

Kyphosis Gressitt (1936, 1937); Smith (1947);
Plymale et al. (1978)

Pelodiscus sinensis Chinese soft-shelled turtle Kyphosis Vogt (1922); Gressitt (1936); Plymale
et al. (1978)

Trionychidae Soft-shelled turtles Kyphosis Smith (1947); Bellairs (1981)

Trionyx triunguis African soft-shelled turtle Kyphosis Mertens (1940); Plymale et al. (1978);
Ippen (1985)

Scoliosis Reichenbach-Klinke (1977)

Unidentified Kyphosis Williams (1957); Schlumberger (1958)

Definitions: kyphosis = dorsoventral curvature of axial skeleton, with accentuated posterior apical apex, producing hump-like arching of
carapace, commonly attributed to metabolic bone disease; kyphoscoliosis = combination of kyphosis and scoliosis; lordosis = curvature of axial
skeleton, with accentuated anterior apical apex, usual refers to lumbar region; scoliosis = lateral curvature of vertebral column
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Table 27.5 Shell anomalies in turtles

Species Common name Anomaly References

Cryptodira
Cheloniidae

Caretta caretta Loggerhead Lengthwise division of neural plates Zangerl and Turnbull (1955)

Carapace deformities Carswell and Lewis (2003)

Lepidochelys olivacea Ridley Division of neural plate into three parts Zangerl and Turnbull (1955)

�Procolpochelys
grandaeva

Miocene carettine sea
turtle

Supernumerary peripheral carapace element,
division of neural plate into three parts

Zangerl and Turnbull (1955); Weems
(1974)

�Syllomus aegyptiacus Splitting of first neural, extra postneurals and
costals

Weems (1974)

Chelydridae

Chelydra serpentina
serpentine

Common snapping
turtle

Shell anomalies, deeply indented carapace Lynn and Ullrich (1950); Frye (1991a, c)

Abnormal carapace Yntema (1960); Bellairs (1981); Bishop
et al. (1989)

Deformed carapace Hutchinson and Simmonds (1991)

Emydidae

Chrysemys picta Northern painted turtle One or more carapace or plastron anomalies MacCulloch (1981)

Fifth neural plate reduced and triangular Derickson (1927)

Abnormally broad carapace with extra plates Hildebrand (1938); Lynn and Ullrich
(1950)

Fusion of plastron pectorals and abdominals,
plastron bulges

Lynn and Ullrich (1950)

Shell abnormalities Zangerl and Johnson (1957); MacCulloch
(1981)

Extra right costal plate, first vertebral plate
divided by suture, and fifth vertebral plate
formed by 4 irregular plates

Bateson (1894)

Chrysemys picta
marginata

Midland painted turtle Shell abnormalities Whillans and Crossman (1977);
MacCulloch (1981)

Changes in neurals and costals Grant (1936)

Supernumerary or deficient bony plates Newman (1906)

Chrysemys picta picta Eastern painted turtle Shell anomalies Frye (1991a, c)

7 right and 3 left marginals, and unusually broad
neurals

Lynn and Ullrich (1950)

Emys orbicularis European pond turtle Anomalies related to number of neurals, costals,
and peripherals

Cherepanov (1994)

Double nuchal plate Epure and Pogorevici (1940)

Glyptemys insculpta Wood turtle Irregularities and reduction in number of bony
plates in carapace

Parker (1901)

Graptemys
geographica

Common map turtle Supernumerary or deficient bony plates Newman (1906)

Malaclemys terrapin Diamond-back
terrapin

Supernumerary plates, dwarfed specimen with
broad and short shell, twisted to one side

Hay (1904)

Pseudemys concinna Eastern river cooter Disfigured carapace and plastron Jacobson (2007a)

Terrapene carolina
carolina

Eastern box turtle Rigid plastron without hinge Holman (1984)

Trachemys scripta
elegans

Red-eared slider Carapace anomaly Bouwhuis (1972)

Asymmetrical shells, concave plastron Frye (1973)

Anomalous vertebral plates, plastral axial
deviation

Frye (1991a)

Trachemys scripta
troostii

Cumberland slider Plastron and carapace anomalies Cagle (1950)

Geoemydidae

Cuora amboinensis Southeast Asian box
turtle

Shell deformity Chou (1979)

(continued)
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Table 27.5 (continued)
Species Common name Anomaly References

Kinosternidae

Sternotherus odoratus Common musk turtle 180� torsion Frye (1991a)

Testudinidae

Chelonoidis chilensis Chaco tortoise Abnormal carapace Matz (1977)

Chelonoidis
tabulata

South American
yellow-footed
tortoise

Additional neurals Grant (1936)

Geochelone carbonaria South American red-
footed tortoise

Asymmetrical shells Frye (1973)

Wedge-shaped vertebral plates Frye (1991a)

Soft, deformed carapace and plastron, caused by
hyperparathyroidism

Frye and Carney (1975); Rivera and Lock
(2008)

Carapace or plastron anomalies Vieira de Dandrade and Shinya (1993)

Geochelone nigra Galapagos giant
tortoise

Shell anomaly Hayes and Beaman (1985)

Congenital carapace anomaly Dollinger et al. (1997)

Geochelone sulcata African spurred
tortoise

Deformed carapace Donoghue (2006)

Carapace asymmetries Cloudsley-Thompson (1970)

Gopherus agassizii Desert tortoise Carapacial and plastral plate abnormalities,
Supernumerary vertebral and marginal or
reduced carapacial plates

Frye (1989, 1991a)

Plastral axial deviation Frye (1991a, c)

Wavy carapace Rosskopf et al. (1982)

Shell hump Mader (1990a)

Gopherus berlandieri Texas tortoise Supernumerary carapace bones McEwan (1982)

Gopherus polyphemus Gopher tortoise Asymmetrical shells Frye (1973)

Supernumerary carapace bones McEwan (1982)

Gopherus sp. 10% abnormal (hard, brittle shells) Grant (1937)

Mauremys caspica Caspian terrapin Anomalies related to number of neurals, costals,
and peripherals

Cherepanov (1994)

Testudo graeca ibera Turkish tortoise Carapace anomalies Kabisch (1989)

Testudo graeca Spur-tighed tortoise Anomalies related to number of neurals, costals,
and peripherals

Cherepanov (1994)

Distorted carapace Lynn and Ullrich (1950)

1 cm high humps on neural and costal plates Weichmann (1989)

Testudo hermanni Hermann’s tortoise Humped carapace Jackson and Cooper (1981)

Testudo horsfieldi Horsefield’s tortoise Anomalies related to number of neurals, costals,
and peripherals

Cherepanov (1994)

Testudo sp. Tortoise Carapace hump Highfield (1990b)

Trionychidae

Apalone mutica Florida soft-shelled
turtle

Prominent curved hump (5 times normal shell
height) change in number of neurals and
costals

Smith (1947)

Apalone spinifera Spiny soft-shelled
turtle

Sharp hump, change in number of neurals and
costals

Smith (1947)

Apalone spinifera
emoryi

Texas spiny soft-
shelled turtle

Sharp hump, change in number of neurals and
costals

Smith (1947)

Palea steindachneri Wattle-necked soft-
shelled turtle

Carapace hump Gressitt (1937)

Unidentified

Turtles Carapace deformities Brogard (1987)

Necrotic changes in carapace Ippen (1965)

Tortoise Carapace defects Frank (1976)
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b; Scott 1992) or calcium deficiency (Rosskopf 1986; White
1989). Cagle (1950) proposed that the deformed shell in a
Cumberland slider, Trachemys scripta troostii, formed
because an abnormally large yolk mass causing distension

of the carapace. Zwart et al. (1997) reported a thickened (up
to 2 cm), loose-textured carapace with large fat-filled
spaces in a Hermann’s tortoise, Testudo hermanni, and
slightly elevated rims in another specimen (Zwart
et al. 1994). Amorphous carapace lumps were reported in a
specimen (USNM 24876) of �Syllomus aegyptiacus
(Weems 1974).

Plastron bulges with wavy borders (e.g., eastern painted
turtle, Chrysemys picta picta) have been noted (Lynn and
Ullrich 1950), as has a wavy carapace in a California desert
tortoise, Gopherus agassizii (Rosskopf et al. 1982). Similar
features in the Galapagos tortoise, Geochelone nigra, have
been attributed to calcium deficiency (Hayes and Beaman
1985). A concave plastron was reported in a red-eared sli-
der, Trachemys scripta elegans (Frye 1973) and Holman
(1984) reported an eastern box turtle, Terrapene carolina
carolina, with a rigid plastron that lacked a hinge.

Fractures

Published records of bony trauma in turtles are idiosyncratic
(Bourdeau 1988b; Devaux 1992; Mautino and Page 1993;
Jacobson 1994; Arvy and Fertard 2002; Abou-Madi et al.
2004). Many such injuries are attributed to turtles having
been dropped, stepped on, or falling—the last may be more
common that previously suspected, considering Vella’s
(2007) observation that some turtles are avid climbers.
Pathologic fractures from nutritional secondary hyperpara-
thyroidism (Avery 1990) and osteomalacia [e.g., Spanish
terrapin, Mauremys leprosa (Wallis 1927)] must also be
considered.

Galois and Ouellet (2007) reported traumatic injuries in
spiny soft-shelled turtles, Apalone spinifera, without spec-
ifying their nature. A ‘‘shark’s tooth pertaining to a scav-
enger species related to Lamna was found with the type’’ of
the leatherback turtle, Dermochelys (Wieland 1909, p. 120).
Wieland (1909) also reported an �Archelon ischyros with
obliquely bitten, healed tibia and fibula. Parker (1901)

Fig. 27.3 Osteoblastoma (= tumorous bony growths) in shells of the
fossil sea turtle �Syllomus aegyptiacus (Cheloniidae) from the Miocene
of eastern USA. a, b Fragmentary carapace, USNM 24876: a Dorsal
view, showing prominently raised, spherical osteoblastoma that has been
cut in half (note cut line extending diagonally from lower left to upper
right). b Closeup of cut surface of osteoblastoma, in oblique view and
orientated with ventral (visceral) surface of bone facing upwards [Note
orientation here is approximately 180� from how the same piece was
depicted by Weems (1974, pl. 2, Fig 2)]. c Closeup of the dorsal surface
of a more nearly complete carapace, USNM 24872, showing a raised,
more irregular-shaped osteoblastoma in upper right of image [Note
American quarter in lower left for scale and that in this image the
specimen has been rotated 90� counterclockwise from how the entire
carapace was depicted by Weems (1974, pl. 2, Fig. 1)]

b
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reported sculptured tortoise marginal carapace fractures
associated with scutes that were irregular or reduced in
number. Korschelt (1927) reported a 2.5 cm long opening
with a bony callus on the inner side of the left costal plates
in the carapace of an European pond turtle, Emys orbicu-
laris. Frye (1991d) reported a limb fracture in a soft-shelled
turtle that apparently was caused by a falling rock.

Healed breaks in the carapace have been reported in the
green turtle, Chelonia mydas, the Mediterranean pond tur-
tle, Mauremys leprosa, the European pond turtle, Emys
orbicularis, the Mediterranean spur-thighed tortoise, Tes-
tudo graeca, the Galapagos giant tortoise Geochelone nigra
(Korschelt 1932), the three-toed box turtle, Terrapene
carolina triunguis (Barten 1996), the ornate box turtle,
Terrapene ornata (Bennett 1989), the Gopher tortoise,
Gopherus sp. (Frye 1973), and in unspecified turtles
(Dämmrich 1985). Fractures that cross the dorsal midline of
the carapace may be associated with spinal fractures (Isaza
and Jacobson 1995). Carrick and Reddacliffe (1980)
reported automobile-related, traumatic shell fractures in two
species of Australian side-necked turtles: the common
snake-neck turtle, Chelodina longicollis, and the Australian
short-neck turtle, Emydura macquarii krefftii. Epidemiol-
ogic information is generally lacking, with exception of
Meek and Inskeep’s (1981) report of 4% frequency of
carapace injuries in Hermann’s tortoise, Testudo hermanni.
Cracks in the rear of the carpace in female Galapagos tor-
toises, Geochelone nigra, can occur during mating with the
much more massive males (pers. comm. from Margaret
Mettler, University of Zürich, Veterinary School).

The literature record also includes reports of a self-
amputated hind limb and fractured (shattered) tibia and
fibula in an eastern box turtle, Terrapene carolina carolina
(Boylan 2003), and of a fractured humerus in an Aldabra
giant tortoise, Aldabrachelys gigantea (Crane et al. 1980).
Raidal et al. (2006) reported a healed humeral fracture
(encompassing a wire) in a loggerhead turtle, Caretta
caretta. McArthur (2004) noted rat bite trauma to limbs in
post-hybernation turtles, which may explain why Carolina
diamond-back terrapin, Malaclemys terrapin centrata,
individuals are occasionally missing feet and have irreg-
ular stumps or irregular growth (Hay 1904); one such
individual had lost the posterior half of its body, including
one leg.

Arthritis

Arthritis (see also sections below for gout, calcium crystal
disease, and infectious arthritis) is a common sickness in
mammals including humans, but most reports in non-
mammals are from lizards and crocodiles. The condition

apparently is not common in turtles and tortoises. Shoulder
remodeling and bony proliferation in a loggerhead turtle,
Caretta caretta, was called osteoarthritis by Raidal et al.
(2006), but there seems to be subchondral damage. Given
negative cultures, the possibility of a spondyloarthropathy
must be entertained (Rothschild 2009a). Dämmrich (1985)
has used the terms spondylopathia deformans and spondy-
loarthropathia deformans, but the meanings are unclear. He
did describe ankylosis, lending credence to the possibility of
spondyloarthropathy. Fitzgerald and Vera (2006) reported
proliferative spinal osteopathy, which could represent an
infectious process or spondyloarthropathy. Septic arthritis
was reported in a leatherback turtle, Dermochelys coriacea,
by Ogden et al. (1981).

Metabolic Diseases

Vitamin D Deficiency
and Hyperparathyroidism

Metabolic abnormalities in turtles predominantly are the
result of urate-related disease, calcium crystal-related dis-
ease, or other conditions such as metabolic bone disease,
hypoplastic osteoporosis (reduction in quantity and quality
of trabecular components of bone), osteomalacia, rickets
osteodystrophy, nutritional osteodystrophy, osteodystrophy
fibrosa, osteogenesis imperfecta (an inborn error of metab-
olism), cage paralysis (complete loss of muscle function)
and renal osteodystrophy (defective bone formation from
compromised metabolism of vitamin D to the active form
producing calcium deficiency and secondary hyperpara-
thyroidism) (Jarofke and Lange 1993; Table 27.6). The last
condition may be expressed in the skeleton as accentuated
‘interplates’ and growth lines (Frye 1994).

Nutritional osteodystrophy is most commonly reported
in captive animals. For example, in a pair of surveys that
considered 144 chelonians reported by the Zoological
Society of London, Keymer (1978a, b) documented osteo-
dystrophy in 12 individuals. Barten (1982, 1983) also
reported nutritional shell defects. Coquelet (1983) cited
Keymer’s (1978a) reports of osteodystrophy in 8.3% of
terrestial and 9.8% of freshwater aquatic turtles, whereas
Glazebrook (1980) noted its extreme rarity in marine turtles.

Frequencies of nutritional and metabolic disorders among
captive animals are difficult to assess from the literature,
because most reports deal with isolated occurrences
(Table 27.6). Epidemiologic or facility reports may also be
difficult to interpret. For example, it was reported that 23
(19%) of 122 terrapins autopsied at the Zoological Society of
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Table 27.6 Metabolic bone diseases in turtles

Species Common name Disease References

Cryptodira
Cheloniidae

Chelonia mydas Green turtle Nutritional osteodystrophy Glazebrook (1980); Coquelet (1983)

Chelydridae

Chelydra serpentina Common snapping
turtle

Demineralization due to secondary
nutritional hyperparathyroidism

Wilkinson et al. (2004)

Osteopathy Keymer (1978a)

Geoemydidae

Heosemys annandalii Yellow-headed temple
turtle

Shell rot Guirley (2003)

Mauremys caspica rivulata Western Caspian turtle Osteopathy and nutritional
osteodystrophies

Keymer (1978a)

Mauremys leprosa Mediterranean pond
turtle

Osteopathy and nutritional osteodystrophy Keymer (1978a)

Calcioprive
osteopathy = osteomalacy ? rachitis

Wallis (1927); Dämmrich (1967)

Gout Figureres (1997)

Emydidae

Chrysemys ornata
calirostris

Ornate slider Nutritional osteodystrophy Keymer (1978a)

Chrysemys picta picta Eastern painted terrapin Osteopathy Keymer (1978a)

Graptemys
pseudogeographica
ouachitensis

Ouachita map turtle Osteopathy Keymer (1978a)

Malaclemys sp. Terrapin Nutritional osteodystrophy in 31 of 100 Jackson (1980)

Pseudemys sp. Scooter Osteoporotic fracture and misshapened
carapace (Osteomalacy)

Frye (1973)

Calcium pyrophosphate deposition Brogard (1987)

Terrapene sp. Box turtle Ulcerative shell disease,
osteoporosis

Bourdeau (1988a)

Terrapene carolina Eastern box turtle Congenital tarsal absence Wilkinson et al. (2004)

Terrapene carolina
triunguis

Three-toed box turtle Bridge between carapace and plastron Boyer (1996b)

Terrapene ornata Ornate box turtle Curling of carapace edges, overgrowth of
beak (parrot beak), and broken legs

Boyer (1996b)

Trachemys calirostris Ornate terrapin Metabolic bone disease Keymer (1978a)

Trachemys scripta Slider Articular gout López del Castillo (1998)

Osteodystrophy with deformed, non-
calcified extremities

Bourdeau (1988a)

Rachitis Reichenbach-Klinke (1963, 1977)

Trachemys scripta elegans Red-eared slider Osteopathy, nutritional
osteodystrophy

Keymer (1978a); Jackson and Sainsbury
(1992)

Articular gout Marcus (1981); McArthur (1996)

Infected shoulder McArthur (2004)

Secondary hyperparathyroidism producing
osteodystrophy fibrosa with residual
lacy calcification

Gabrisch and Zwart (1992)

Osteodystrophy fibrosa with residual lacy
calcification

Bourdeau (1988a)

Pseudogout = calcium pyrophosphate
deposition

Frye and Dutra (1976); Frye (1991d,
1994); Rothschild and Bruno (2009)

Trachemys scripta scripta Yellow-bellied slider Osteopathy Keymer (1978a)

Gout López del Castillo (1998)

(continued)
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Table 27.6 (continued)

Species Common name Disease References

Kinosternidae

Staurotypus triporcatus Three-keeled terrapin Osteopathy Keymer (1978a)

Testudinidae

Chelonoides carbonaria South American red-
legged tortoise

Soft, deformed carpace and plastron,
caused by hyperparathyroidism

Frye and Carney (1975); Rivera and Lock
(2008)

Dipsochelys
(Aldabrachelys) gigantea

Aldabra tortoise Osteodystrophia fibrosa and rickets Hauser et al. (1977)

Hyperparathyroidism Gerlach (2004)

Geochelone nigra Galapagos tortoises Metabolic bone disease Dollinger et al. (1997)

Geochelone pardalis
pardalis

Leopard tortoise Secondary nutritional metabolic bone
disease

Raiti and Haramati (1997)

Hyperparathyroidism Zwart et al. (1994)

Geochelone pardalis
babcocki

African leopard tortoise Ossification of liver and other internal
organs

Frye (1991b)

Geochelone radiata Radiated tortoise Osteoporosis Isenbügel and Frank (1985)

Osteopathy Keymer (1978b)

Articular gout Appleby and Siller (1960)

Geochelone sulcata African spurred tortoise Increased mineralization from secondary
renal hyperparathyroidism
Articular gout

Wilkinson et al. (2004)
Appleby and Siller (1960)

Gopherus sp. Nutritional osteodystrophy Bourdeau (1988b)

Gopherus agassizii California desert
tortoise

Uncalcified Boyer (1996b); Mader 1990a, 2006b)

Gout, osteomalacy Frye (1984); Homer et al. (1998)

Osteoclastic resorption, osteopenia,
articular gout

Homer et al. (1998)

Nutritional bone disease Mader (2006c)

Calcium pyrophosphate deposition Rothschild and Bruno (2009)

Kinixys belliana Bell’s hinged tortoise Osteopathy Keymer (1978b)

Testudo denticulata Jaboty or rain forest
tortoises

Nutritional osteodystrophy
Articular gout

Keymer (1978b)
Appleby and Siller (1960)

Testudo elegans Starred tortoise Osteopathy and nutritional osteodystrophy Keymer (1978b);
López del Castillo (1998)

Testudo graeca Mediterrenaean spur-
thighed tortoise

Nutritional osteodystrophy Jackson and Duff Fasal (1981)

Demineralization due to secondary
nutritional hyperpareathyroidism

Wilkinson et al. (2004)

Osteopathy Keymer (1978b)

Articular gout Appleby and Siller (1960)

Articular pseudogout = calcium
pyrophosphate deposition

López del Castillo (1998); Rothschild and
Bruno (2009)

Testudo graeca ibera Turkish tortoise Metabolic bone disease McArthur (2004)

Shell ‘infractions’ and osteolysis from
suppurated infections

Stojanov (2005)

Hyperparathyroidism Gerlach (2004)

Testudo hermanni Hermann’s tortoise Osteodystrophia fibrosa and rickets Dämmrich (1967, 1979)

Short mandible, misshapened limb bones
and humped carapace shields of
nutritional osteodystrophy

Jackson and Cooper (1981)

Osteopathy Keymer (1978b)

Carapace bone loss from secondary
hyperparathyroidism

Wilkinson et al. (2004)

Elbow osteolysis with
osteochondromatosis

Frye (1981a)

Articular gout Appleby and Siller (1960); López del
Castillo (1998)

(continued)
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London between 1965 and 1975 had ‘‘lesions of the skeletal
system’’ (Keymer 1978b, p. 577). This included the category
of miscellaneous osteopathies, which encompasses both
nutritional and infectious origins of disease (Table 27.6).
Although nutritional and metabolic disorders were reported
in 19.7% of studied animals (Keymer 1978a), actual nutri-
tional osteodystrophies were listed in 9.8%. This is difficult to
reconcile with Keymer’s (1978b) report of ‘miscellaneous
osteopathies’ in 4.2% and nutritional osteodystrophies in
0.3% of turtles autopsied at the Zoological Society of London
during the same period. Reports of frequency differences are
even more pronounced in freshwater turtles that were not
raised in the London Zoo. McArthur and Barrows (2004)
reported that one-third of freshwater turtles seen in a Leeds/
London clinic had nutritional osteodystrophy.

Nutritional osteodystrophy can produce deformities in
the shell (e.g., soft, lumps, humps, or abnormally large
plastron fontanelles), maxillary region (e.g., overgrown
beak), and mandible (e.g., shortened) (Table 27.6), as well
as deformed, inadequately calcified, misshapened or swol-
len extremities, kyphoscoliosis, and pathologic (e.g.,
greenstick) fractures (Frye 1973; Jackson and Cooper
1981). Pliable mandible or maxilla, fractures of long bones,

fibrodysplasia (= replacement of bone tissue by fibrous
tissue) of long bones or jaw, kyphosis (= dorsoventral
vertebral column curvatures), lordosis (= curvature of axial
skeleton, with accentuated anterior apical apex), scoliosis
(= lateral curvature of the vertebral column), and widened
radiolucent ends of long bones have been described in box
turtles, Terrapene sp., and desert tortoises, Gopherus a-
gassizii (Boyer 1996b; Mader 1990b, 2006d). Widened,
calcific rings may occur near epiphyseal junctions (Glaze-
brook 1980). Overgrowth of the beak (i.e., parrot beak),
curling of carapace edges, and net-like porosity of and
overgrowth of the bridge between the carapace and plastron
have been noted (Boyer 1996b). Thick, spongy bone may
also occur in the shell (Gerlach 2004). Highly porous bone
is especially prominent at rib ends and in peripheral plates
(Stojanov 2005). Paradoxically, increased mineralization
from secondary renal hyperparathyroidism (= disorder
caused by overactivity of the named glands, producing
osteitis fibrosa cystica and other bone changes) can also
occur (Wilkinson et al. 2004). Cystic calculi (renal stones)
may result (Gillespie 1994; Mader et al. 1999). Osteopenia
(reduced bone ossification/density) and metastatic calcifi-
cation (including joints), however, can also occur from

Table 27.6 (continued)

Species Common name Disease References

Testudo horsfieldi Horsefield’s tortoise Osteopathy Keymer (1978b)

Testudo marginata Marginated tortoise Hypoplastic osteoporosis Häfeli and Zwart (2000)

Osteopathy and osteodystrophy Keymer (1978b)

Metabolic bone disease McArthur (2004)

Trionychidae

Apalone mutica Smooth soft-shelled
turtle

Carapace curling related to new born
mouse diet

Barten (1982, 1983)

Pleurodira
Chelidae

Emydura subglobosa Red-bellied short-neck
turtle

Periarticular hydroxyapatite deposition Wenker et al. (1999)

Pelomedusidae

Pelusios subniger Blackish terrapin Osteopathy Keymer (1978a)

Unidentified Turtles Nutritional osteodystrophy Cowie (1976); Jackson (1987)

Osteomalacy Bourdeau (1988a)

Gout Marcus (1968)

Tortoises Gout Frye (1981a); McArthur (1996);
Messonnier (1996); Arvy and Fertard
(2002); Mader (1996)

Metabolic bone disease Mader (1990b)

Hyperparathyoridism Frye (1981a); O’Malley (2008)

Osteoporosis, rachitis, osteomalacy,
osteodystrophia fibrosa

Jarofke and Lange (1993)

Definitions: articular pseudogout = calcium pyrophosphate deposition disease; gout = metabolic disorder in which sodium uric acid crystals deposit in joints
(referred to as articular gout); hyperparathyroidism = disorder caused by overactivity of the named glands, producing osteitis fibrosa cystica (= fibrous tissue
replacement of bone secondary) and other bone changes; osteodystrophy = defective bone formation; osteomalacy = softening of bone due to lack of vitamin
D; osteopathy = combination of osteomalacia (= vitamin D deficiency-related softening of bone) and rickets; osteopenia = bone mineral density lower than
normal; osteoporosis = reduction in quantity and quality (e.g., thickness) of trabecular components of bone; rickets = failure of bone osteoid to calcify
(= rachitis)
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hypervitaminosis (= excess vitamin) D (Gillespie 1994).
The term osteodystrophy includes secondary hyperpara-
thyroidism (Avery 1990), which can be caused by dietary
calcium or vitamin D deficiency, negative Ca:PO4 ratio, or
by lack of UV-light exposure (Boyer 1996b). It also can
occur if vitamin D metabolism is altered secondary to
kidney, liver, intestinal, thyroid or parathyroid disease, and
hypocalcemia (= presence of low serum calcium levels)
(Boyer 1996b).

One component of metabolic bone disease, hyperpara-
thyoridism, can occur as a primary event Frye (1981a),
causing a soft, deformed carapace and plastron (Frye and
Carney 1975). Parathyroid adenomas (a benign neoplasm of
glandular cells) have been reported in the South American
red-footed tortoise, Geochelone carbonaria, the Mediter-
annean spur-thighed tortoise, Testudo graeca, and the
California desert tortoise, Gopherus agassizii (Frye and
Carney 1975; Frye 1994).

The other component, osteomalacia (also called rickets
prior to epiphyseal closure), is caused by vitamin D defi-
ciency. In addition to softened, malformed bones, enlarged
joints and soft shells, widened calcitic rings occur near
epiphyseal junctions (Wallach 1971; Glazebrook 1980).
Osteomalacia has been noted in the painted turtle, Chryse-
mys picta (Reichenbach-Klinke 1977), ornate box turtle,
Terrapene ornata (Reichenbach-Klinke and Elkan 1965),
and unspecified captive turtles (Hunt 1957).

Urate Disease

Although most reptiles excrete nitrogen predominantly as
uric acid (Wallach 1978), aquatic turtles primarily excrete
urea and sea turtles primarily excrete ammonia (Allen and
Oftedal 1994). Urate disease occurs from buildup of uric
acid in blood or focal locations. Hyperuricemia (elevated
uric acid level) results from water deprivation (e.g., post-
hibernation dehydration), excessive consumption of protein
or shrimp (both high in uric acid), or renal disease (Frye
1981a; Marcus 1981; McArthur 1996). Vitamin A defi-
ciency produces renal dysfunction, which produces sec-
ondary gout (a metabolic disorder in which sodium urate
crystals deposit in joints or internal organs). The latter
condition was reported in a red-eared slider, Trachemys
scripta elegans (McArthur 1996).

Uric acid may be deposited in the kidneys (in the form of
stones, discussed in section on stones below), in joints
(referred to as articular gout), and around internal organs
(referred to as visceral gout) (Rothschild 2009b). The last
condition is beyond the scope of this review and will not be
discussed further.

Articular gout is well recognized in turtles (Table 27.6),
either by the classical presence of crystals within synovial
fluid that are negatively birefringent (i.e., retard light
transmission, as visualized by polarizing microscopy) or by
the presence of characteristic bone erosions having sclerotic
margins and overhanging edges (Casimire-Etzioni et al.
2004; Rothschild 2009b; Rothschild and Heathcote 1995).
Articular gout typically affects joints of the limbs, shoulder,
and hip (Homer et al. 1998; López del Castillo 1998;
McArthur 2004). Mader (2006c) reported destruction of
cervical vertebrae by articular gout.

Calcium Crystal Disease

Calcium pyrophosphate deposition disease (= articular
pseudogout) has been reported in turtles, specifically the red-
eared slider, Trachemys scripta elegans (Frye and Dutra
1976; Frye 1994; Rothschild and Bruno 2009), Pseudemys
(Brogard 1987), the California desert tortoise, Gopherus
agassizii (Rothschild and Bruno 2009), and the Mediterra-
nean spur-thighed tortoise, Testudo graeca (López del
Castillo 1998; Rothschild and Bruno 2009). Hydroxyapatite
deposition disease in the red-belly short-necked turtle,
Emydura albertisii, was recorded by Wenker et al. (1999).
Frye (1991b) reported ossification of liver and other internal
organs in the African leopard tortoise, Geochelone pardalis
babcocki.

Stones

Bladder stones are well recognized in Chelonia (Jackson and
Cooper 1981). Kölle et al. (2001) reported calculi in 4% of
necropsied tortoises. Keymer (1978b) reported a similar value
of 4.2% in tortoises. In a survey of bladder stones, Osborne et al.
(2008) reported that in tortoises 94% of stones were urate, 3%
were calcium carbonate, and 3% were of mixed composition;
by contrast, the same study reported that in turtles 58% of stones
were urate, 17% were calcium phosphate, 17% were calcium
carbonate, and 8% were of mixed composition.

Urate Stones

Salts (ammonium, sodium, calcium, and potassium) of uric
acid also deposit in renal tubules or as bladder stones or
calculi (Mebs 1965; Kölle et al. 2001). Table 27.7 sum-
marizes isolated reports in turtles, but as with many of the
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previous discussed conditions frequencies are more difficult
to assess. Urate stones were found in three of 24 California
desert tortoises, Gopherus agassizii, studied by Homer et al.
(1998). Kölle et al. (2001) reported calculi in 4% of nec-
ropsied tortoises and lizards, and noted that the tortoise
genera Testudo and Geochelone were most often affected
among chelonians. This is at odds with the claim by
Grünberg et al. (1977) that uric acid/urate calculi only occur
in carnivorous species. Mangone and Johnson (1998)
reported that calculi are frequently encountered in many
species of captive tortoises. Kölle and Hoffmann (2002)

reported that 64% of European tortoises (especially spur-
thighed tortoises, which are more sensitive to a high protein
diet than Afghan tortoises) had ‘renal alterations’ on nec-
ropsy. Additionally, 16% had gouty tophi in the kidney,
usually occurring as single stones (Kölle and Hoffmann
2002). Mader et al. (1999) reported calculi in 81 individuals
of the Californian desert tortoise, Gopherus agassizii; of
those, 73 individuals had only a single calculi, two indi-
viduals each had two calculi, five indviduals each had three
calculi, and one individual had five calculi. The calculi,
ranged in size from 0.4–14 cm (average = 5.4 cm).

Table 27.7 Stones in turtles

Species Common name Kind of stone References

Cryptodira
Cheloniidae

Chelonia mydas Green turtle Calcium carbonate, calcium phosphate,
calcium sulfate, and magnesium
phosphate

Virchow (1878)

Emydidae

Trachemys scripta
elegans

Red-eared slider Uric acid Mebs (1965)

Calcium phosphate Mader (2006b)
Testudinidae

Chersina angulata South African
bowsprit tortoise

Uric acid Mebs (1965)

Dipsochelys
(Aldabrachelys)
gigantea

Aldabaran giant tortoise Not specified Keymer (1978b)

Uric acid Hammerton (1934, 1939); Grünberg
(1963/64)

Geochelone elegans Indian starred tortoise Not specified Keymer (1978b)

Geochelone nigra Galapagos tortoise Uric acid Grünberg (1963/64); Wallach (1971)

Geochelone pardalis Leopard tortoise Calcium phosphate Mader (2006b)

Geochelone ?platynota Burmese star tortoise Uric acid Fife (2007)

Geochelone sp. Uric acid ? other substances Kölle et al. (2001)

Geochelona sulcata African spurred tortoise Uric acid Raiti (2004)

Calcium phosphate (urolith) Mader (2006b)

Gopherus agassizii Desert tortoise Bladder stone Long Beach Animal Hospital (2007)

Uric acid Frye (1972); Mader et al. (1999);
Mangone and Johnson (1998); Homer
et al. (1998)

Kinixys belliana Bell’s hingeback
tortoise

Uric acid Appleby and Siller (1960)

Kinixys homeana Kuhl’s tortoise Not specified Keymer (1978b)

Desert tortoise Bladder stone Long Beach Animal Hospital (2007)

Testudo graeca Spur-thighed tortoise Not specified Keymer (1978b)

Uric acid/urate Grünberg (1963/64); Ebstein (1899)

Tophi gout Kölle and Hoffmann (2002)

Testudo hermanni Hermann’s tortoise Not specified Keymer (1978b)

Testudo sp. Uric acid ? other substances Kölle et al. (2001)

Trionychidae

Apalone spinifera
hartwegi

Western spiny soft-
shelled turtle

Calcium phosphate,
apatite, and struvite

McKown (1998); Mader (2006b)

Definition: tophi = mass of uric acid
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Calcium Stones (Calculi)

Calcium carbonate, calcium phosphate, calcium sulfate, and
magnesium phosphate stones have been found in marine
turtles (Virchow 1878; Grünberg 1963/1964). Basic calcium
phosphate, calcium apatite, and struvite (magnesium
ammonium phosphate hexahydrare) crystals (Table 27.7)
have been noted. A pseudo-calculus (actually an egg) was
reported by Mader (2006b) in a California desert tortoise,
Gopherus agassizii. A low calcium diet produces calculi
(Wallach 1969).

Infection

Osteomyelitis

Direct infection of bone is referred to as osteomyelitis
(Hutchison and Frye 2001; Resnick 2002). Note that
although some definitions of osteomyelitis also include
inflammation of marrow cavity, here we limit the term to
infection of the bone. This condition appears as an osteo-
lytic area or an area of reactive new bone formation, often
with a filigree or ‘aero candy’-like (i.e., microbubbly) sur-
face texture. Osteomyelitis in turtles produces carapace and
plastron necrosis. It can be caused by ‘ordinary’ bacteria
(e.g., Pseudomonas, Citrobacter, or Klebsiella), mycobac-
teria, fungi (especially Mucor), and algae (Arvy and Fertard
2002, Barnett 2003; Table 27.8). Shell rot has been attrib-
uted to algae, to the fungi Mucorales, Rusarium, Geotri-
chum, Trichosporon, and Coniothyrium, and to the
bacterium Beneckea chitinovora (Garner et al. 1997). The
forearm abscess reported by Jacobson (1994) in a Burmese
mountain tortoise, Manouria emys, was associated with a
focal ulcerative lesion of the plastron and linked to a bac-
terial abscess in the coelomic cavity. Specific shell infec-
tions will be discussed separately in the sections below.

Infectious Arthritis

Septic arthritis describes a joint infection. In chelonians,
these kinds of infections have been attributed to ‘ordinary’
bacteria, mycobacteria, and fungi (Rhodin et al. 1990;
Table 27.8). Ogden et al. (1981) reported a leatherback
turtle, Dermochelys coriacea, having erosion of the distal
end of the humerus and replacement of the elbow joint by
fibrous ankylosis with reactive overgrowth, and sclerosis of

the proximal ends of the radius and ulna; this condition
suggests infection. Plastron lesions and a swollen left elbow
bearing osteolytic radial and ulnar lesions with sclerotic
margins in an Atlantic ridley sea turtle, Lepidochelys
kempii, were attributed to the bacterium Mycobacterium
chelonae (Greer et al. 2003). Harms et al. (2002) isolated
the bacterium Nocardia and an unidentified fungus from
carpal swelling with proximal first metacarpal radiolucency,
obliteration of distal carpal row, ulnare, pisiform and
metacarpals II and III in an Atlantic ridley sea turtle,
Lepidochelys kempii.

Neoplasms

Neoplasms (literally, new abnormal tissue) are rare in
chelonians (Arvy and Fertard 2002). They are caused by
abnormal growth of cells and may be benign or malignant.
Garner et al. (2004) reported neoplasms in 2.7–3.2% of
turtles and 1.4% of tortoises referred to his clinic, but did
not comment on bony involvement. Those authors did,
however, note that metastasis was uncommon. Sykes and
Trupkiewicz (2006) reported that neoplasia was found only
in turtles (not tortoises) in the Philadelphia zoo from 1901
to 2002. The frequencies ranged from 0.3% in 1901–1967,
zero in 1968–1979, 2.4% in 1980–1991, and zero in
1992–2002, for a total of six afflicted among 511 turtles.
Zwart and Harshbarger (1991) reported a Hermann’s tor-
toise, Testudo hermanni, with squamous cell carcinoma that
caused pathologic fracture of one femur and necrosis of the
adjoining portion of the carapace. A neurilemmal sarcoma
was found in Testudo hermanni (Cooper et al. 1983).

Shell neoplasia is extremely rare. One reported case in a
California desert tortoise, Gopherus agassizii, was classified
as a chondroma (Rosskopf 1986). Plastron nodules in the
loggerhead, Caretta caretta, were caused by a lympho-
blastic lymphoma (Orós et al. 2001; Mauldin and Done
2006). Weems (1974, p. 279) described a ‘‘tumorous bony
growth’’ in �Syllomus aegyptiacus (specimen USNM
24872), which the senior author subsequently recognized as
an osteoma or osteoblastoma (Rothschild, unpublished
observation). The specimen had been intentially cut through
the affected area, revealing the fine trabecular pattern that is
characteristic for that kind of benign tumor (Resnick 2002).

Frye (1981a, 1994) reported osteochondromatosis
(= benign neoplasm producing a cartilage cap on an exos-
tosis) and osteolysis (= resorption or destruction of bone) in
the elbow of a Hermann’s tortoise, Testudo hermanni.
While this could be the primary disease of numerous oste-
ochondrous nodule production, a more likely explanation is
that it occurred secondary to the osteolytic process and
actually represents a neuropathic process.
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Table 27.8 Infectious diseases (osteomyelitis) in turtles

Species Common name Site affected Organism References

Cryptodira
Carettochelyidae

Carettochelys insculpta Fly river turtle Shell Paecilomyces lilacinus Lafortune et al. (2005); Paré and
Jacobson (2007)

Cheloniidae

Caretta caretta Loggerhead Shell Fusarium solani Rebell et al., (1971); Austwick
and Keymer (1981);
Rothschild (2009a)

Shell barnacles Jacobson (2007b)

Lepidochelys kempii Atlantic ridley
sea turtle

Plastron, elbow Mycobacterium chelonei Greer et al. (2003);
Jacobson (2007a)

Carpals, metacarpals Nocardia and unidentified
fungus

Harms et al. (2002); Jacobson
(2007a); Rothschild (2009a)

Chelydridae

Chelydra serpentina Common Shell (necrosis) Unidentified Barten (2006)

snapping turtle Not listed Erysipothrix Jacobson (2007a)

Plastron fungi Rothschild (2009a)

Dermochelyidae

Dermochelys coriacea Leatherback Erosion of distal
humerus and
replacement of elbow
with fibrous ankylosis
with reactive
overgrowth of
proximal radius and
ulna (arthritis)

Not listed Ogden et al. (1981); Coquelet
(1983); Brogard (1987)

Emydidae

Chrysemys picta picta Eastern painted
turtle

Shell Beneckea chitinovora Wallach (1977)

Chrysemys sp. Painted turtle Shell Beneckea chitinovora Brogard (1980); Wallach (1975);
Jacobson (2007a);
Rothschild (2009a)

Pseudomys concinna Eastern river
cooter

Shell Mucorales, Rusarium,
Geotrichum,
Trichosporon,
Coniothyrium, algae,
and Beneckea
chitinovora

Garner et al. (1997)

Trachemys scripta scripta Yellow bellied
slider

Shell Mucorales, Rusarium,
Geotrichum,
Trichosporon,
Coniothyrium, algae,
and Beneckea
chitinovora

Garner et al. (1997)

Trachemys scripta elegans Red-eared
slider

Loosened plates around
sutures

Beneckea chitinovora Wallach (1975, 1977); Jacobson
(2007a)

Carapace Trichosporon Schildger et al. (1991)

Trachemys sp. Slider Loosened plates
around sutures

Beneckea chitinovora Wallach (1975); Jacobson
(2007a); Rothschild (2009a)

Emydide indet Shell Spirorchis Jacobson (2007b)

Geoemydidae

Heosemys annandalii Yellow-headed
temple turtle

Shell rot Beneckea chitinovora Guirley (2003)

Kinosternidae

Sternotherus minor peltifer Shell Beneckea chitinovora Wallach (1977)

(continued)
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Table 27.8 (continued)

Species Common name Site affected Organism References

Sternotherus sp. Musk turtle Carapace Beneckea chitinovora Wallach (1975); Brogard (1980);
Coquelet (1983);
Jacobson (2007a);
Rothschild (2009a)

Testudinidae

Astrochelys
radiata

Radiated
tortoise

Mandible Chromomycosis Keymer (1978b); Jacobson
(1994); Rothschild (2009a)

Dipsochelys (Aldabrachelys)
gigantea

Aldabra
tortoise

Plastron Fungi Hammerton (1935); Austwick
and Keymer (1981)

Carapace Exophiala oligosperma Stringer et al. (2009)

Geochelone elegans Indian star
tortoise

Temporomanidbular
joints and knees

Mycotic infection McArthur (2004)

Gopherus agassizii Desert tortoise Leg Mycobacteria Frye (1994)

Shell (plastron) Astragalus, Stanleya and
Xylorrhiza

Jacobson et al. (1994)

Manouria emys Asian brown
tortoise

Forelimb Bacterial abscess Jacobson (1994)

Testudo sp. Tibia, fibula, and tarsals Not listed Jackson and Sainsbury (1992)

Testudo graeca Spur-thighed
tortoise

Shell Coniothyrium
fuckelianum

Goodwin (1976); Austwick and
Keymer (1981); Rothschild
(2009a)

Testudo hermanni Hermann’s
tortoise

Carapace Bacterial infection Schildger et al. (1991)

Trionychidae

Trionyx sp. Soft-shelled
turtle turtle

Shell Beneckea chitinovora Wallach (1975); Brogard (1980);
Jacobson (2007a)

Apalone spinifera Spiny soft-
shelled turtle

Shell Beneckea chitinovora Wallach (1977)

Trionychidae indet. Soft-shelled
turtle

Caseated crateriform
ulcers on plastron

Citrobacter freundii Boyer (1996a)

Shell (necrosis) Mucorales Jacobson (1980)

Cryptodira indet. Shell Beneckea chitinovora Marcus (1980)

Pleurodira
Chelidae

Acanthochelys macrocephala Pantanal
swamp turtle

Septic arthritis Not listed Rhodin et al. (1990)

Chelodina longicollis Long-necked
terrapin

Plastron Fungi Hammerton (1939); Austwick
and Keymer (1981);
Rothschild (2009a)

Chelus fimbriata Matamata
terrapin

Plastron Fungi Hammerton (1934); Austwick
and Keymer (1981);
Rothschild (2009a)

Emydura subglobosa Red-bellied
short-necked
turtle

Hydroxyapatite
deposition disease

Not listed Wenker et al. (1999)

Podocnemidae

Podocnemis sp. South
American
river turtle

Shell Beneckea chitinovora Brogard (1980); Arvy and
Fertard (2002)

Podocnemis unifilis Yellow-spotted
Amazon
river turtle

Shell Beneckea chitinovora Wallach (1977)

Pleurodira indet. Loosened shell plates
around sutures

Beneckea chitinovora Wallach (1975); Rothschild
(2009a)
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Neuropathic Disease

Frye (1981a, 1994) reported a case of osteochondromatosis
in Hermann’s tortoise, Testudo hermanni, that appeared to
be the result of denervation. Such dramatic osteolysis and
new bone formation, with formation of multiple osteo-
chondral nodules (correctly referred to as osteochondro-
matosis) is characteristic of ‘‘neuropathic disease’’ (Resnick
2002; Rothschild 2009a, p. 57: ‘‘partial or complete loss of
intervertebral space associated with new bone and irregular
hyaline cartilage island formation’’), not previously recog-
nized in turtles.

Shell Disease

Shell disease, which is a broadly inclusive term used to
describe damage to the carapace and plastron, is contro-
versial and its pathologies have been attributed to trauma,
infection, and metabolic disease. Trauma may be direct or
contributory. As an example of the latter, carapace and
plastron injuries sustained by contact with rocks may sub-
sequently become infected (Wright et al. 1977; Balazs
1980). Frye (1981b) reported rostral abrasions, bites
(including bites by cage mates), lacerations, and crushing
injuries. Puncture wounds associated with thickened bone
on posterior and posterodorsal surfaces of the carapace in �
Protochelydra and a fossil trionychid (Erickson 1984)
suggest failed predation attempts.

Although some authors have attributed shell damage to
specific infectious agents (e.g., Rosskopf 1986; Jacobson
1994), simple descriptions of the pathology seem inade-
quate to allow à priori etiologic assignment. It is unclear if
better descriptions of pathology would help identify which
agent(s) is responsible or if the limited manner in which
bone can respond to insults precludes identification of the
specific infection from gross examination, unless the
organism is seen, components are isolated, or the actual
organism is recovered (i.e., cultured). Perhaps attention to
details, such as elevated margins and their sharpness or
curved nature [as noted by Sowerby and Lear (1872)] and
the oval shell lesions reported by Wu (1994) in Chinese
soft-shelled turtles, Pelodiscus sinensis, might provide clues
to specific agents.

Most of the discussion of shell disease revolves around
pitting, ulcerative shell disease (Rebell et al. 1971), and
necrosis. Hutchison and Frye (1989) described bone scle-
rosis (associated with osteolysis) in fossil Emydidae, which
they interpreted as osteomyelitis. At present, however,
descriptions or illustrations are inadequate to further pursue
perspectives of shell sclerosis.

Disfiguring shell disease associated with dermal bone
remodeling was reported in the eastern river cooter, Pseu-
demys concinna, and the yellow-belly turtle, Trachemys
scripta scripta (Lovich et al. 1996; Garner et al. 1997;
Jacobson 2007a). Jacobson (2007a) described the damage
as segmental necrosis and remodeling. Much of the litera-
ture simply reports isolated observations. Epidemiologic
studies have revealed 6.5% of three-toed box turtle, Ter-
rapene carolina triunguis, and Florida box turtle, Terrapene
carolina bauri, had carapace pits (Carpenter 1956; Schwarz
and Schwartz 1974; Dodd et al. 1997; Dodd 2001). Ross-
kopf (1986) and Bailey (1987) suggested that pitting rep-
resented residua of old, healed osteomyelitis, but that is
only one of several possible diagnoses. Rosskopf (1986)
also suggested that shell ulcerations in the diamond-back
terrapin, Malaclemys terrapin, resulted from too much time
in fresh water. Jacobson et al. (1994) suggested a possible
seasonal relationship of shell necrosis in the California
desert tortoise, Gopherus agassizii, to its spring foods,
specifically the locoweed Astragalus, princesplume Stan-
leya, and woody aster Xylorrhiza, all of which produce
aliphatic nitro compounds. The situation may be even more
complex. Garner et al. (1997) reported shell necrosis in
turtles with pancreatitis and iron deposition (possible he-
mochromatosis); inflammation of the pancreas can produce
bone necrosis in humans (Resnick 2002). Hutchison and
Frye (1989) raised the possibility that the high frequency of
pitting in female painted turtles, Chrysemys picta, might be
related to calcium and phosphate withdrawal for egg laying.

Predation injury has also been proposed for the origins of
shell pits. Holes in the shell of the Cretaceous marine turtle �
Protostega gigas have been matched with mosasaur teeth
based on similarities in size, shape, and distribution of the
holes (Rothschild and Martin 2006; Rothschild 2009a).
Other holes in shells of �Echmatemys (specimen UCMP
128283) and �Hadrianus corsoni (specimen UCMP
128418) were attributed to crocodilian bites (Hutchison and
Frye 1989; Rothschild 2009a). The latter appeared as con-
ical perforations from predation. They were divided pits
into circular to ovoid with flat bottoms, versus rounded
bottoms, irregular pits with discrete margins, track (linear)
and rot, the latter represented by large areas of irregular
depression or dead lamellar bone. Scratches may imply
failed predation.

Shell disease is a common ailment in at least some extant
turtle populations. For example, Lovich et al. (1996)
reported that 74% of eastern river cooters, Pseudemys
concinna, and 35% of sliders, Trachemys scripta, from
Lake Blackshear, Georgia, had carapace necrosis. Typi-
cally, the macroscopic appearance of the pathology is not
fully described; only the putative responsible infectious
agent.
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Carapace necrosis and osteomyelitis have been attributed
to various microorganisms (Barnett 2003), specifically the
bacterium Beneckea chitinovora (Marcus 1980,
Table 27.8), ordinary bacteria [e.g., Aeromonas, Arizona,
Bacteroides, Citrobacter, Enterobacter, Escherichia coli
and Es. freundii, Klebsiella, Pasteurella, Proteus, Provi-
dencia, Pseudomonas, Salmonella typhimurium, Sa. regent,
Sa. amrina, Serratia, Staphylococcus aureus, and alpha-
hemolytic Streptococcus (Rosskopf 1986; Highfield 1990b;
López del Castillo 1996; Arvy and Fertard 2002)], acid fast
organisms [e.g., Mycobacterium and Nocardia (López del
Castillo 1996)], spirochetes (Jacobson 2007b), fungi [e.g.,
Aspergillus, Basidolobus, Candida albicans, Coniothyrium,
Dermatophyton, Fusarium solani, Geotrichum, Mucor,
Mucorales, Paecilomyces, Penicillium, Rusarium, Tricho-
sporon, Trichoderma, and Trichophyton (Rosskopf 1986;
López del Castillo 1996; Garner et al. 1997)], algae (Marcus
1971; Garner et al. 1997), and even barnacles and parasites
(Jacobson 2007b; Weems 1974). Barnett (2003) attributed
dry forms (i.e., in terrestrial turtles) to fungus and wet forms
(i.e., in aquatic turtles) to Pseudomonas or the coliform
bacilli Citrobacter and Klebsiella. Shell necrosis in fungal
infections especially affects the plastron. In many cases,
shell infections are often of mixed bacterial and fungal
origin (Lafortune et al. 2005; Schumacher 2003).

Alleged fungal agents reportedly involved in shell
damage include Aspergillus, Basidobolus ranarum, Beau-
varia bassiana, Candida albicans, Cladosporium, Fusar-
ium, Geotrichum, Microsporum, Mucor, Paecilomyces,
Penicillium, and Rhodotolura (Lafortune et al. 2005;
Schumacher 2003). Turtles are more susceptible to these
agents when subjected to suboptimal environmental condi-
tions of temperature or humidity, compromised hygiene, or
chronic stressors such as overcrowding.

Fifty percent of loggerhead turtles, Carreta carreta, and
25% of Kemp’s Ridley turtles, Lepidochelys kempii, had
dermatomycotic scutes, sometimes underlain by ulcerating
bone (Duguy et al. 1998; Paré and Jacobson 2007). Irregular
lytic carapace lesions were attributed to granulomatous
disease (usually used to describe the effects of acid fast or
fungal infection) in the eastern long-necked turtle, Chelo-
dina longicollis (Gabrisch and Zwart 1992). Although
Rosskopf (1986) attributed a hole in the carapace of a
Galapagos tortoise, Geochelone nigra galapagoensis, to
maggots, it is more likely that the presence of maggots was
a secondary phenomenon.

The situation is more complex and mixed infections may
also be responsible. Rosskopf (1986) suggested that Bene-
ckea chitinovora-induced shell disease in fresh water turtles
requires intermediary crustacean hosts.

Interestingly, pathology and taxonomy have crossed
paths in the form of the species name applied to a pond
turtle from Europe, North Africa, and Western Asia. Elkan

(1983) identifies Pritchard (1967) as attributing the name
Mauremys leprosa to shell flaking related to a fungal dis-
ease. They thought it mimicked leprosy.

The Paleontological Record

Evidence of genitic malformations and anomalies is rare
in the fossil record. Gaffney and Tong (2008) noted lack
of frontal bones (and septum orbitotemporale) in a
specimen (AMNH 30569) of �Ummulisani rutgersensis, a
bothremydid side-necked turtle from the Eocene of
Morocco. Tasnádi-Kubacska (1962) reported a shortened
fibula and tibia in a Cretaceous �Archelon ischyros, and
Weems (1974) described a specimen (USNM 24872) of �
Syllomus crispatus aegyptiacus with a bony ridge located
between the trochanter and the head of the femur. Zan-
gerl and Turnbull (1955) reported a supernumerary
peripheral carapace element in a Miocene �Procolp-
ochelys grandaeva.

Trauma has also rarely been documented. Wieland
(1909) reported an �Archelon ischyros with obliquely bit-
ten, healed tibia and fibula. Hutchison and Frye (1989)
reported linear excavations (probable scratch marks, per-
haps from failed predation attempts) on shells of �Baptemys
garmanii and �Chisternon. A ‘‘shark tooth [from a species
related to Lamna] was found with the type’’ of �Derm-
ochelys (Wieland 1909, p. 120). Erickson (1984, p. 4)
reported puncture wounds associated with thickened bone
on the posterior and posterodorsal carapace surfaces of �
Protochelydra, a trionychid, and ‘‘at least two other forms.’’
Shallow, well-rounded pits were noted on outer shell sur-
face of �Syllomus aegyptiacus (Weems 1974). Hutchison
and Frye (1989) noted circular to irregular shaped pits with
well-defined margins and conical perforations, which they
attributed to predation, on the shells of �Echmatemys, �
Baptemys, and �Hadrianus corsoni from the Eocene of
Wyoming, USA. Those authors divided the pits into circular
to ovoid with flat bottoms, versus rounded bottoms, irreg-
ular pits with discrete margins, track (linear) and rot, rep-
resented by large areas of irregular depression or dead
lamellar bone. �Echmatemys euthenta had more than 40
punctuate, pitting lesions measuring 1–3 mm in diameter.
Larger (9 mm diameter) shallow pits and full-thickness
partially remodeled pits in a specimen of �Echmatemys
(UCMP 128283) were attributed to a crocodilian bite.
Weems (1974, p. 299) noted that circular depressions on the
right third and fourth costals of �Procolpochelys grandaeva
(USNM 24889) were similar to those seen in �Balanus
concavus. As already mentioned, Hutchison and Frye
(1989) also suggested the possibility that high frequency of
pitting in the northern painted turtle, Chrysemys picta,
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females might be related to calcium/phosphate withdrawal
for egg laying.

Shell rot has been reported in Eocene (Bridgerian) tri-
onychids, in 10 out of 17 emydids, and in one out of seven �
Dermatemys (Hutchison and Frye 1989; Williams and
Bartels 1994). For 12 specimens of �Echmatemys, all five �
E. septaria had extensive rot, compared with three of
seven �E. wyomingensis. Emydidae specimen UCMP
128418 had near-half-thickness osteolysis crossing sutures
and associated with sclerotic bone. Hutchison and Frye
(1989, 2001) interpreted the changes as osteomyelitis.

Amorphous carapace lumps were reported on the cara-
pace of USNM 24876 (Weems 1974). Weems (1974,
p. 292) also reported a specimen (USNM 24872) of �Syl-
lomus aegyptiacus with a ‘‘tumorous bony growth.’’ The
senior author recognized it as an osteoblastoma (Rothschild,
unpublished observation).

Presence of avascular necrosis (= blocked blood vessel-
related connective tissue death from bends or decompres-
sion syndrome) allowed recognition of diving behavior in
Cretaceous mosasaurs and their prey, turtles (Martin and
Rothschild 1989). Avascular necrosis was limited to marine
turtles, with no cases in terrestrial and one instance in a
fossil Mediterranean �Trionyx that lived in a marine habitat
(Rothschild 1988). Avascular necrosis has been documented
in eight families of aquatic turtles, from the Cretaceous to
Recent (Rothschild 1987, 1988, 1991, Table 27.9). De-
smatochelyidae, Toxochelyidae, Protostegidae, and Pleu-
rosternidae were especially afflicted in the Cretaceous. The
documented frequency of avascular necrosis diminished
from 41% in the Cretaceous to 9% in the Eocene, 5% in the
Oligocene, and 0.3% in the Holocene (Rothschild 1991).
Reduction in the frequency of avascular necrosis in the
early Eocene was followed by near disappearance after the
Oligocene. Among extant turtles, avascular necrosis is
limited to infrequent occurrences in the marine Cheloniidae
[Ridley’s sea turtle, Lepidochelys olivacea (Eckert et al.
1986, 1989)] and in the freshwater Chelydridae (snapping

turtles, Chelydra and Macroclemys) and Kinosternidae
(mud turtle, Kinosternon) (Rothschild 1987).

Conclusions

Reports of pathologies in turtles generally involve
descriptions of isolated occurrence of abnormalities, with
only rare epidemiologic studies. An exception in fossil
turtles has been avascular necrosis and its reduction in
frequency through the Cenozoic.

Anomalies may provide insight to environmental con-
ditions, as has been noted in amphibians. Anomalies vary
from as simple as variation in the size and shape of the
skull, to more complex conditions, the most commonly
reported of which include absence of frontal bones,
mouth and jaws, protruding or shortened lower jaws,
cyclopia, cleft palates, head (dicephaly) and head and
neck (derodymous) duplications, and supernumerary
limbs. The most complex of the congenital anomalies in
turtles is perhaps the Siamese, conjoined or parasitic
twin.

It is difficult at times to determine whether an anomaly
observed in the fetus or neonate is the result of genetic
alterations or of exposure to adverse environmental condi-
tions. Partial drying and temperature variation (e.g., several
degrees below the optimum) during gestation produces
major deformities of carapaces and plastrons, distorted
limb, eyeless or jawless heads, maxillofacial clefts, forelimb
and partial hind limb agenesis, coccygeal hypoplasia, and
shell plate duplication. Organochlorine compounds (e.g.,
PCBs) also induce missing claws and eyes, deformed
carapaces, tails, limbs, and crania.

Fractures imply behavior, such as falls or mating inju-
ries. Bites and other forms of trauma appear to be the most
common cause of bone infections. Gout, infectious arthritis,
calcium pyrophosphate and hydroxyapatite crystal disease,

Table 27.9 Known occurrences
and prevalence of avascular
necrosis in fossil and extant turtle
families (data from Rothschild
1991)

Family Number of specimens evaluated Avascular necrosis

Number Proportion

Baenidae 14 1 0.07

Protostegidae 6 4 0.67

Toxochelyidae 17 5 0.29

Cheloniidae 170 12 0.07

Desmatochelyidae 6 2 0.33

Dermochelyidae 74 4 0.05

Pleurosternidae 4 1 0.25

Trionychidae 204 2 0.001

27 Osseous Pathologies and Abnormalities 525



and osteoarthritis have been noted only as isolated occur-
rences, as have calcium and uric acid bladder stones.

Metabolic disease is essentially a phenomenon of cap-
tivity, and is typically referred to as nutritional osteodys-
trophy or metabolic bone disease. This includes vitamin D
deficiency (osteomalacia/rickets) and hyperparathyroidism
(usually secondary). Uric acid may be deposited in the
kidneys or bladder (in the form of stones) and in joints
(referred to as articular gout), in contrast to deposits around
internal organs (referred to as visceral gout). Another form
of crystalline arthritis is one related to calcium pyrophos-
phate or hydroxyapatite. These are rare causes of arthritis in
turtles. One other form of arthritis has been recognized and
so far has been limited to one turtle species, Caretta caretta.
It predominantly affects vertebrae, producing reactive bone
bridges characteristic of the form of inflammatory arthritis
referred to as spondyloarthropathy.

Neoplasms are rare in chelonians. In veterinary case
studies, neoplasms have been recognized in 2.7–3.2% of
turtles and 1.4% of tortoises. Nevertheless bone involve-
ment is only rarely reported, typically recognized because
of pathologic fracture, which is also a complication of
metabolic bone disease. Shell neoplasia are extremely rare,
and those few cases are predominantly benign, not malig-
nant disease.

The most contentious aspect of pathology in turtles,
anomalies of the carapace and plastron, may not even be
pathologies, but may represent normal variation or disease,
or even an attempt at speciation. Shell pitting is perhaps the
least understood pathologic phenomenon. Shell disease in
contemporary turtles has been a source of confusion, par-
tially fueled by a discordant literature. Bites, parasites,
mixed bacterial and fungal infections, and even algae have
been invoked as causative agents. Although there are a few
reports of such alterations associated with isolation or
identification of apparent pathologic organisms, it is unclear
which agents may be responsible for which types of shell
lesion. Actually, there is not even a standardized vocabulary
for their description.

We present some of the questions, the solutions of which
should allow progress in identification of shell pathologies.
It is suggested that a library of casts of the pathology be
assembled, such that the macroscopic appearance can be
characterized with associated etiologies (as derived from
isolating the causative agent in each case) and to assess
which might have specificity. As this technique has worked
so well for diseases affecting bone, it is suggested that the
same approach should provide insight to shell disease.
Examination of the frequency of the various lesions under
different environmental conditions could also provide
guidance as to potential agents pertinent for investigation. It
is only with careful examination and an actualistic approach
that sense can be made of this information.
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Chapter 28

Morphological Variation in the Carapace and Plastron
of Terrapene coahuila Schmidt and Owens 1944

Robert W. Burroughs, Christopher J. Bell, Travis J. LaDuc, and Dean A. Hendrickson

Abstract Terrapene coahuila is one of four extant species
of North American box turtles. It is restricted in distribution
to the Cuatro Ciénegas Basin in Coahuila, México. Results
of previous examinations of extant T. carolina and T. ornata
revealed relatively high levels of morphological variation,
but morphological studies of T. coahuila are rare, and data
on skeletal morphology are limited. We examined 214
skeletal specimens of T. coahuila and documented variation
in 51 mensurative and discrete characters of the carapace
and plastron. Overall levels of variation are low, as
predicted by previously documented levels of gene flow
between the sub-populations of the species. However,
significant polymorphism is present in the positions of the
anterior and posterior sulci of the fourth vertebral scute and
the configuration of neural bones 2, 3, and 7. Additionally,
co-ossification of the carapacial bones varies substantially
within the sample, but independently of carapace length.
Genetic, epigenetic, and environmental controls for those
features are not known. In addition to documenting skeletal
morphology within T. coahuila, we provide new perspec-
tives on patterns of variation within Terrapene, and
contribute data that should help paleontologists to establish
more rigorous criteria for the identification of fossil
specimens of North American box turtles. Those data will
be especially important for critical evaluation of recently
discovered early and middle Tertiary fossils that are
yielding new insights into the evolution of box turtles and
the modernization of the turtle biota.

Keywords Box turtle � Cuatro Ciénegas Basin �
Emydidae � Polymorphism � Variation

Introduction

‘‘Terrapene is one of the plastic genera, and the examination of
a great number of specimens from different localities doubtless
will show some interesting results’’ (Baur 1891, p. 191).

Although they are among the most familiar and
well-studied turtles in North America, Emydidae still
present numerous opportunities for exploration of evo-
lutionary morphology. Detailed understanding of patterns
of morphological variation within most emydids remains
an unachieved goal. The elucidation of basic patterns of
morphological variation in extant lineages certainly
would facilitate a broader understanding of the value and
limitations of morphological data in phylogenetic analy-
ses, and is a necessary step towards the rigorous inte-
gration of an extensive but problematic fossil record into
a holistic understanding of diversity, systematics, and
biogeography.

This was exemplified in recent decades by the emergence
of alternative hypotheses of relationship among emydid
turtles. Those alternatives stimulated renewed interest in the
evolution of plastral kinesis within the group (Gaffney and
Meylan 1988; Bickham et al. 1996; Burke et al. 1996;
Feldman and Parham 2002; Angielczyk et al. 2011; Wiens
et al. 2010). Parallel discoveries of fossilized emydids from
Tertiary deposits in the central and western United States
broadened the scope of that question by providing previously
unexpected insights on the complexity of plastral evolution
in some lineages (e.g., Hutchison 1981; Holman 1995, 2002;
Bever et al. 2003), as well as the antiquity of hinging
structures and the early occurrence of functional ‘box turtle’
lineages in the Paleocene (e.g., Planetochelys savoiei;
Weems 1988; Hutchison 1998; Holroyd et al. 2001) and
Eocene (Hutchison 1992) of North America. Those more
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ancient lineages that show or suggest plastral kinesis present
an important framework for addressing patterns of skeletal
variation expressed within extant functional box turtles and
their extinct relatives, best exemplified in North America by
Terrapene.

Reported fossils of Terrapene extend back to the
Miocene (e.g., Hay 1908; Holman 1975, 1987; Holman
and Corner 1985; Parmley 1992). The taxonomic affinities
and systematic relationships of those fossils are clouded by
an historical tendency to rely upon similarity criteria in the
identification of fossil remains, and by incomplete investi-
gations of evolutionary apomorphies that may be present
in isolated skeletal elements such as those frequently
encountered in the fossil record (Bell et al. 2010). The latter
problem is exacerbated by a general paucity of knowledge
of the relative importance of sources of morphological
variation within extant Terrapene, and of the distribution of
apomorphic morphology among the constituent lineages of
Terrapene. The relatively limited taxonomic diversity
within Terrapene makes this a tractable problem, but ade-
quate samples of skeletal material are rare even for the more
common species.

Terrapene carolina, T. coahuila, T. nelsoni, and
T. ornata are extant. The extinct T. longinsulae was named
by Hay (1908), but its taxonomic status needs to be eval-
uated (Dodd 2001). T. putnami also was named by Hay
(1906) and is still recognized by some as a valid extinct
subspecies of T. carolina, but purportedly diagnostic fea-
tures appear to be restricted to large size and shell thickness
(see Dodd 2001), and its validity has long been debated
(Blaney 1971; Moodie and Van Devender 1977; Bentley
and Knight 1998). The recently described T. corneri pre-
serves an interesting distribution of morphological features,
some of which suggest affinity with T. coahuila, others of
which are similar to T. nelsoni and T. ornata (Holman and
Fritz 2005).

Carapacial and plastral morphology of Terrapene caro-
lina and T. ornata were studied previously in some detail, in
part by paleontologists seeking to clarify early taxonomic
assignations of fossils (e.g., Barbour and Stetson 1931;
Milstead 1956, 1967, 1969; Auffenberg 1958). The results of
those efforts indicated that the extant populations of those
species often show high levels of morphological variation,
echoing the early suggestion by Baur (1891) that large series
of specimens would reveal extensive morphological plas-
ticity (quoted in our epigraph). It is clear that fragmentary
fossils may be difficult to assign with certainty, and that the
taxonomic status of even fairly complete specimens could be
controversial (e.g., T. c. putnami; Blaney 1971; Moodie and
Van Devender 1977; Bentley and Knight 1998).

Terrapene nelsoni and T. coahuila are poorly studied in
terms of skeletal morphology and patterns of variation.
They have no documented fossil record, although some
fossils from Miocene sediments in Nebraska (now named T.
corneri) previously were noted to be at least superficially
similar to T. coahuila in some characteristics (Holman and
Corner 1985; Holman and Fritz 2005). The serendipitous
arrival in Austin of an extensive collection of skeletal T.
coahuila inspired our collaborative effort to explore skeletal
morphology of extant T. coahuila.

Terrapene coahuila was described by Schmidt and
Owens (1944) based on 13 specimens from the Cuatro
Ciénegas Basin in Coahuila, México, the only locality from
which the species is known. It is the most aquatic species of
Terrapene; different authors suggested previously that
individuals may be agile (Brown 1974) or relatively awk-
ward (Milstead 1967) swimmers, and some submerged
individuals are reported to walk along the bottom of ponds
and streams and only rarely to swim (Bonin et al. 2006).
Individuals are known to seek refuge in water when threa-
tened, and may remain submerged for at least 30 min
(Bonin et al. 2006). Natural history data were summarized
by Webb et al. (1963), Brown (1974), and Howeth et al.
(2008). Morphological studies of T. coahuila are rare
(e.g., Milstead 1969; Brown 1971) and limited data
are available about patterns of variation in the skeleton.
The phylogenetic position of the species also remains
uncertain. Historical and recent hypotheses alternatively
place it as a basal taxon within Terrapene (Auffenberg
1958; Legler 1960; Williams et al. 1960; Bickham et al.
1996; Burke et al. 1996), or as a more derived member that
is sister to T. carolina (Milstead 1960, 1967, 1969; Brown
1971; Minx 1996; Feldman and Parham 2002; Wiens et al.
2010), or nested within T. carolina (Spinks et al. 2009).
Our specific goals are to increase general knowledge of the
species, to provide data that will facilitate comparisons with
other extant and extinct Terrapene, and to contribute
important baseline data that ultimately will improve the
rigor with which fossil specimens of Terrapene and other
‘box’ turtles can be assessed and identified.

Institutional abbreviations: UNAM Universidad Nacional
Autónoma de México, Mexico City, Mexico; TNHC Texas
Natural History Collections, Austin, Texas, USA; UF
University of Florida, Gainesville, Florida, USA. For
specimens referred to by field numbers, the following
abbreviations of locality names are used: AM Antiguos
Mineros; CP Charcos Prietos; LG Los Gatos; L Las Salinas;
PA Posas Azules; TC Tio Cándido. For specimens lacking
locality data, X’s are used as place holders for the missing
locality information.
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Materials and Methods

We examined 214 skeletal specimens of Terrapene coahuila,
most of which were collected between 2001 and 2005 as part
of a field study on the biology of the species. Specimens were
salvaged as skeletal remains on the ground surface; discov-
eries were serendipitous and all collections were made by
field workers conducting other types of biological research
within the Cuatro Ciénegas Basin. No individuals were
sacrificed for our study, and all specimens were collected
under SEMARNAT and CITES permits. This represents the
largest collection of skeletal material of T. coahuila; half of
the material is housed at the Texas Natural History Collection
(TNHC) at The University of Texas at Austin, the other half at
Universidad Nacional Autónoma de México (UNAM). A list
of specimens examined is provided in Appendix 1. We gently
cleaned the specimens with water to remove dirt, debris, and
natural mineral and sediment accumulations. Specimens
were air-dried on screens with full circulation to prevent
cracking. Specimens with plastral or carapacial scutes intact
on the bony surface were cleaned, but the scutes were not
removed.

We present morphological data in the form of a character
matrix, although ours is specimen-based, not taxon-based.
We provide data for 45 morphological features of the car-
apace and plastron, scored individually for each specimen in
our sample (Appendix 2). We include osteological and
scute characters previously discussed by Minx [1996; who
also included characters described by Legler (1960) and
Milstead (1967), (1969)], Joyce and Bell (2004), Holman
and Fritz (2005), and Spinks et al. (2009). The majority of
our specimens are carapace and plastral elements only, with
few associated limb elements, and almost no cranial ele-
ments. Our data matrix, therefore, includes only osteologi-
cal and scute characters from the carapace and plastron.
We include several new characters, which assess variation
in the carapace and plastron, but whose phylogenetic con-
texts are not yet rigorously tested.

We gathered mensurative data comparable to those
reported by Brown (1971), including carapace length (CL),
carapace height, carapace width at bridge, and maximum
width of carapace posterior to the bridge. In order to
compare our data with those reported by Brown (1971) we
took carapace height measurements for all specimens that
could be scored (n = 132), and a separate carapace height
with plastron intact (n = 109). Our measurements and
methods are listed below under ‘‘Carapace Characters’’.
In an effort to minimize researcher-induced bias and to
maintain consistency within the data set, a single observer
recorded all measurements and another observer collected
and scored all character data.

Results

Our sample size of Terrapene coahuila exceeds those of
Schmidt and Owens (1944) (n = 13), Milstead (1969)
(n = 59), and Brown (1971) (n = 213). Those studies
relied predominantly on whole-body preserved specimens
(Schmidt and Owens 1944; Milstead 1969) and live cap-
tures and recaptures (Brown 1971), not skeletal specimens.
An exemplar of our collection is illustrated in Figs. 28.1
and 28.2, showing dorsal, ventral, and lateral views of the
carapace, and ventral and dorsal views of the plastron of
T. coahuila.

Description and discussion of the morphological
characters is provided here, along with annotations on the
number of specimens we evaluated, and differences
between our observations and data and those previously
published by others. For characters 1–5 and 44–48 we
provide raw measured values in the matrix; for characters
6–8 and 17–19 we provide the raw counts of the relevant
elements. For Figs. 28.1, 28.2, 28.3, 28.4, 28.5, 28.6, 28.7
and 28.8 we provide caption data and the character states
shown.

Fig. 28.1 Carapace of Terrapene coahuila. a Dorsal view, with anterior to left. b Ventral (visceral) view, with anterior to right. c Right lateral
view. Scale bars = 1 cm
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Carapace Characters

(1) Carapace length
This measurement was taken as described by Brown

(1971): it is the straight-line measurement of the carapace
from the nuchal to the pygal (Fig. 28.3a). This measurement
was taken for 188 specimens, with an average of 133.8 mm,
a range of 73.3–182.1 mm and a standard deviation of
22.07 mm. Our largest specimen (TNHC 77202) is
14.1 mm longer than the maximum reported by Milstead
(1969), and 27.1 mm longer than the maximum reported by
Schmidt and Owens (1944). The average CL from our
sample exceeds that reported by Brown (1971) when his
males and females are combined.

(2) Carapace height without plastron
This measurement was taken as the straight-line distance

from the midline of the carapace at its maximum height to
the level of the medial projections of the bridge
(Fig. 28.4a). This measurement was taken for all specimens
that lacked a plastron, as well as those that include a plas-
tron that was not attached by tissue to the carapace. We
could reliably measure 132 specimens, which yielded an
average of 55.1 mm, a range of 28.5–73.0 mm, and a
standard deviation of 7.49 mm.

(3) Carapace height with plastron
This measurement was taken as the straight-line distance

from the midline of the carapace at its maximum height to
the ventral surface of the plastron immediately below
(Fig. 28.4b). Indentation of the plastral lobe in many
specimens accounts for the lower average score than the
average for Character 2. This measurement is most
closely comparable to those provided by Brown (1971).

One hundred and nine measured specimens yielded an
average of 54.8 mm, a range of 30.4–87.2 mm, and a
standard deviation of 9 mm.

(4) Carapace width at the bridge
This measurement was taken at the level of the medial

bridge projections and extends from the lateral edge of the
adjacent peripheral bone to the lateral edge of the opposite
peripheral bone in a straight line (Fig. 28.3c). One hundred
and eighty-nine measured specimens yielded an average of
65.5 mm, a range of 39.0–113.6 mm and a standard devi-
ation of 10.74 mm.

(5) Maximum carapace width posterior to the bridge
The location of the maximal width posterior to the bridge

varies, but it most commonly occurs near the position of the
ninth or tenth marginal scute (Fig. 28.3b). The widest point
was established with continuous caliper measurements
along the apparent region of maximum width, and the
measurement was a direct linear one across the carapace at
90� to the midline. One hundred and ninety-one measured
specimens yielded an average of 88.0 mm, a range of
50.8–125.6 mm, and a standard deviation of 15.37 mm.

(6) Number of neural bones.
Seven neural bones are present in all 128 specimens we

scored.
(7) Number of costal bones.
Eight costal bones per side are present in all 134 speci-

mens we scored. In Appendix 2, ‘‘7a’’ corresponds to the
number of costal bones on the left side and ‘‘7b’’ to the
number of costal bones on the right side.

(8) Number of peripheral bones.
Most specimens that could be scored (n = 44) have 11

peripherals per side. One except (TC020629JGH49) has 10
peripherals per side, in this case the first two peripheral
bones are fused to form an extra large first peripheral. In
Appendix 2, ‘‘8a’’ corresponds to the number of peripheral
bones on the left side and ‘‘8b’’ to the number of peripheral
bones on the right side.

(9) Configuration of neural bones based on the number
of sutural contacts with surrounding bones: 0—square,
1—pentagonal, 2—hexagonal, 3—heptagonal; modified
from Minx 1996, character NC; Joyce and Bell 2004,
characters 37 and 38.

The first through seventh neural bones of different indi-
viduals can exhibit various states. Neural configuration was
long inferred to be phylogenetically informative for various
turtle lineages, and is used as a diagnostic feature for some
extinct turtles; these studies typically have small sample
sizes and rely on the inferred invariance of neural config-
uration for an entire series of neurals (e.g., Tong et al.
2010). In the case of Terrapene coahuila neural configu-
ration is not stable and most neurals exhibit different states
across our sample (Fig. 28.5). Previous workers individu-
ated characters for each neural bone (e.g., Minx 1996; Joyce

Fig. 28.2 Plastron of Terrapene coahuila. a Ventral view. b Dorsal
(visceral) view. Scale bars = 1 cm
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and Bell 2004; Knauss et al. 2011). In our study we present
the variation present in our sample and make no assump-
tions about the phylogenetic affinities of neural configura-
tion as a character or suite of characters. We provide a
summary of the relative frequency of various configurations
of all neurals in Table 28.1. In Appendix 2 data are pro-
vided for each neural bone as a separate column within the
appendix, as follows: ‘‘9a’’ corresponds to neural 1; ‘‘9b’’ to
neural 2; ‘‘9c’’ to neural 3; ‘‘9d’’ to neural 4; ‘‘9e’’ to neural
5; ‘‘9f’’ for neural 6; and ‘‘9g’’ for neural 7.

(10) Absence or presence of keels that extend laterally
along the carapace: 0—absent, 1—present.

All specimens that could be scored (n = 198) lack lateral
carapacial keels.

(11) Absence or presence of a mid-dorsal carapacial
keel that extends along the midline from vertebral scute two
to vertebral scute four: 0—absent, 1—present; Minx 1996,
character MK.

Presence of a mid-dorsal keel was evaluated fro 198
specimens. Our findings agree with those presented by
Minx (1996); all specimens that could be scored exhibit a
weakly present mid-dorsal keel.

(12) Absence or presence of serrations on the posterior
peripherals of the carapace: 0—absent, 1—present; Joyce
and Bell 2004, character 35.

We scored 198 specimens; all exhibit some degree of
serration, but as noted by Joyce and Bell (2004), the degree
of serration is dependent on the presence and shape of intact
marginal scutes. All Terrapene coahuila have marginal
scutes, but posterior marginal scutes often exhibit varying
degrees of wear during ontogeny, and often are lost post-
mortem. In our sample, marginal scutes are not always
preserved and definitive determination of serration based on
scute morphology was impossible; for those specimens,
assessment was based only on the (usually slight) serration
present on the peripheral bones. We necessarily simplified
this character to a binomial absence or presence.

(13) Absence or presence of flaring of the posterior
peripherals of the carapace: 0—absent, 1—present.

We scored 203 specimens, and all exhibit a degree of
flaring on the posterior peripherals. As with serrations on
the posterior peripherals, flaring of the posterior peripherals
is variable and degree of flaring is subject to observer bias.
Therefore, we rendered our observations of flaring to a
simple binomial state.

(14) Absence or presence of suprapygal: 0—absent,
1—present but fused with pygal, 2—present and not fused
with pygal.

Fig. 28.3 Carapace length and width measurements (black lines) used in this study. a Carapace in dorsal view, showing length measurement.
b Carapace in dorsal view, showing maximum width posterior to bridge. c Carapace in ventral (visceral) view, showing width at bridge. Anterior
to right in all views

Fig. 28.4 Carapace height measurements used in this study. White
bars indicate placement of caliper jaws above and below; jaws were
then lowered into place to take measurement. a Height with posterior
lobe of plastron present. b Height without plastron
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A suprapygal is present in 82 specimens; 13 specimens
exhibit State 1, and 69 exhibit State 2. Although fusion of
the suprapygal to the pygal is less common, those speci-
mens that show fusion often exhibit a high degree of
carapacial co-ossification. Fusion of the suprapygal to the
pygal may therefore be an artifact of co-ossification during
ontogeny and may not necessarily be informative with
respect to phylogenetic relationships.

(15) Shape of suprapygal: 0—absent, 1—present with
spade-shape, 2—present with triangular shape; modified
from Minx 1996, character SP.

We scored 98 specimens; 96 have a spade-shaped
suprapygal, and two have a triangular-shaped suprapygal,
with the tip of the suprapygal facing anterior and ventral
(Fig. 28.6). These results are largely in agreement with
the results reported by Minx (1996) who found that
Terrapene coahuila has a spade-shaped suprapygal,
assuming the same orientation that we used. The difference
between triangular and spade shape is largely dependent on
observer opinion and is not rigorously repeatable. In our
approach, if an approximately equilateral triangle was
formed by the suprapygal it was scored as triangular in
shape, however, if an approximate triangular shape was not
found then the specimen was scored as spade-shaped.
Because of the difficulty in strictly defining this character,
polymorphic character states are likely to be encountered
when this character is scored.

Fig. 28.6 Example of a spade shaped suprapygal (Sp), with apex directed anteriorly and dorsally, in a carapace (dorsal view) of Terrapene
coahuila. a Photograph. b Interpretive drawing of same. Both images at same magnification; scale bar = 1 cm

Fig. 28.7 Examples of different patterns of contact between opposite
scutes of the plastra (all in ventral view) of Terrapene coahuila. a,
b Anterior part of a plastron showing contact between opposite gular
and humeral scutes (character 39, state 1) and contact between
opposite humeral and pectoral scutes (character 40, state 1): a photo-
graph and b interpretive line drawing. c, d Posterior part of a plastron
showing contact between opposite abdominal and femoral scutes
(character 39, state 1) and between opposite femoral and anal scutes
(character 43, state 2): c photograph and d interpretive line drawing.
Lighter boxes in photographs (a, c) overlie junctions described above
between opposite scutes

Fig. 28.5 Neural configurations recognized in this study in carapaces (all in dorsal view) of Terrapene coahuila. a Square. b Pentagonal.
c Hexagonal. d Heptagonal. e Octagonal. Scale bars = 1 cm
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(16) Co-ossification of carapacial bones: 0—absent,
1—present in more than 50% of the bones in the carapace;
modified from Minx 1996, character CO.

A total of 148 specimens could be scored; 52 lack sig-
nificant co-ossification of carapacial bones. Co-ossification
of 50% or more of the carapacial bones is present in 96
specimens. In most specimens scored as having State 1, the
carapace is almost completely fused. Co-ossification of
bones was suggested as an apomorphic character for
Terrapene (Minx 1996), but is variable within T. coahuila.
Co-ossification might be a better indicator of age or sexual
maturity, but it is not clearly tied to carapace length, another
possible proxy for maturity and age indication.

(17) Number of vertebral scutes; Hirayama 1985, char-
acter P; Joyce and Bell 2004, character 41.

We scored 199 specimens; all have five vertebral scutes
with the exception of a single anomalous specimen that
exhibits fused third and fourth vertebral scutes. Most te-
studinoid turtles have five vertebral scutes present (Hiray-
ama 1985; Joyce and Bell 2004).

(18) Number of pleural scutes.
We scored 199 specimens; all but one have four pleural

scutes per side. The single exception (TNHC 068336) has
five pleural scutes on one side, apparently the result of an
anomalous division of the fourth pleural. In Appendix 2,
‘‘18a’’ corresponds to the number of pleural scutes on the

left side and ‘‘18b’’ to the number of pleural scutes on the
right side.

(19) Number of marginal scutes.
We scored 185 specimens. Three specimens have less

than 12 marginal scutes on the left, and two specimens have
less than 12 marginal scutes on the right. In Appendix 2,
‘‘19a’’ corresponds to number of marginal scutes on the left
side and ‘‘19b’’ to the number of marginal scutes on the
right side.

(20) Contact between first vertebral and second mar-
ginal scutes: 0—absent, 1—present; Hirayama 1985,
character O; Joyce and Bell 2004, character 47.

We scored 195 specimens. Only seven specimens show
contact between the first vertebral and the second marginal,
188 lack contact. Although the majority of our specimens
lack contact, 3.7% show contact. This was also found to be
polymorphic by Joyce and Bell (2004).

(21) Contact between the third pleural and sixth mar-
ginal scutes: 0—absent, 1—present; Hirayama 1985,
character B; Joyce and Bell 2004, character 48.

Wescored 193specimens. Onespecimen (xxxxxxxxxJGH145)
exhibits contact between the third pleural and sixth marginal
scutes. The remaining specimens lack contact. Our results are
concordant with those of Joyce and Bell (2004), who stated
that ‘emydids’ (indicated as a possibly paraphyletic assem-
blage) lack contact between the third pleural and sixth

Fig. 28.8 Presence of epiplastral beak in plastra (all in ventral view) of Terrapene coahuila. a Plastron without epiplastral beak (character 49,
state 0). b and c Plastra with epiplastral beak weakly present (character 49, state 1). Scale bars = 1 cm

Table 28.1 Morphological variation in shape of neural bones in Terrapene coahuila

Neural number Total scored Number oval Number pentagonal Number hexagonal Number heptagonal Number octagonal

Neural 1 76 69 (91%) 6 (8%) 0 0 1 (1%)

Neural 2 74 2 (3%) 2 (3%) 55 (74%) 6 (8%) 9 (12%)

Neural 3 71 10 (14%) 7 (10%) 54 (76%) 0 0

Neural 4 72 0 0 71 (99%) 1 (1%) 0

Neural 5 68 0 0 68 (100%) 0 0

Neural 6 68 0 0 66 (97%) 2 (3%) 0

Neural 7 66 3 (4%) 9 (13%) 1 (1%) 54 (82%) 0
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marginal scutes. The single specimen that has contact is
viewed as anomalous.

(22) Contact between the fifth vertebral and tenth mar-
ginal scutes: 0—absent, 1—present; Hirayama 1985,
character K and Joyce and Bell 2004, character 46.

We scored 190 specimens; 188 specimens lack contact
between the fifth vertebral and the tenth marginal. Two
specimens, TNHC 069813 and AM020523JGH72, have
contact between the fifth vertebral and tenth marginal scutes.

(23) Twelfth marginal scute: 0—two present, with their
common sulcus partially dividing the pygal, 1—two present
but their common sulcus fully divides the pygal, 2—twelfth
marginal scutes fused along the midline; Joyce and Bell
2004, character 49.

We scored 84 specimens. Shells that do not have scutes
preserved were scored based on scute impressions on the
bone. In 82 specimens two twelfth marginal scutes share a
common sulcus that fully divides the pygal. Two specimens
show indications of only 11 marginals; the joint sulci of
those fully divide the pygal in both cases. One of those
(AM020523JGH72) shows indications that the first two
marginal scutes on each side are fused; on the second
specimen (TNHC 069813) the eleventh and twelfth mar-
ginals are fused. In Appendix 2, ‘‘23a’’ references the
number of taxa that could be scored for the presence of
twelfth marginal scutes and ‘‘23b’’ provides the data for the
number of specimens, which could be scored for pygal
division by the twelfth marginal scutes.

(24) Presence of a cervical scute: 0—present, 1—
absent; Joyce and Bell 2004, character 40.

We scored 194 specimens; 190 specimens have a cer-
vical scute, four lack a cervical scute or cervical scute sulci.

(25) Presence of an axillary scute: 0—absent, 1—pres-
ent; Minx 1996, character AS.

See notes under character 26.
(26) Location of the axillary scute with respect to

its center: 0—centered on fourth marginal, 1—centered on
suture between fourth and fifth marginals, 2—centered
on fifth marginal, 3—Axillary scute split with part centered
on fourth marginal and separate part centered on fifth
marginal; modified from Minx 1996, character AS.

As originally described by Minx (1996) presence/
absence and the central location for the scute were scored
together. For clarity, we separate the scoring of the presence
from the location and define specific character states for the
location of the axillary scute with respect to its center.
Absence or presence of the axillary scute was scored
for 182 specimens, and all have an axillary scute present.
Of those, 158 specimens have State 0; the remaining 24
specimens have State 1. Our results are mostly concordant
with previous data indicating that Terrapene coahuila has
an axillary scute present and centered on the fourth mar-
ginal (Minx 1996); our sample reveals a higher degree of

variation that was previously detected for the position of the
scute.

(27) Anterior margin of the first vertebral scute wider or
narrower than posterior margin: 0—narrower, 1—wider,
2—equal width; Hirayama 1985, character C; modified
from Joyce and Bell 2004, character 44.

We scored 196 specimens. The majority (192 specimens)
exhibit State 1. Four specimens exhibit State 2.

(28) Width of the posterior half of the first vertebral scute
relative to the anterior half: 0—wider than anterior half,
1—narrower than anterior half, 2—equal width; Hirayama
1985, character R; modified from Joyce and Bell 2004,
character 45.

We scored 197 specimens. Of those, 196 specimens
exhibit State 1 and a single specimen exhibits State 2.

(29) Position of the anterior sulcus of the fourth verte-
bral: 0—sulcus lies on fifth neural, 1—sulcus lies on fourth
neural or on the suture between the fourth and fifth neurals,
2—sulcus lies on the sixth neural, or on the suture between
the fifth and sixth neurals; Hirayama 1985, characters L
and M; Joyce and Bell 2004, character 42.

See notes under character 30.
(30) Position of the posterior sulcus of the fourth ver-

tebral: 0—sulcus lies on the eighth neural or on the
homologue of the eighth neural, 1—sulcus lies on the sev-
enth neural or on the suture between the seventh and eighth
neurals, 2—eighth neural absent and sulcus overlies costals
that meet at midline; Hirayama 1985, characters L and M;
Joyce and Bell 2004, character 43.

We scored 69 specimens. The location of the anterior
sulcus exhibits some variation. Of the total sample scored, 29
specimens have State 0, a single specimen has State 1, and 39
specimens have State 2. With respect to the position of the
posterior sulcus, 67 specimens exhibit State 2, a single
specimen has State 0, and a single specimen has State 1.

The variation in the position of the anterior sulcus is
concordant with the results reported by Joyce and Bell
(2004) who found that the locations of these scute sulci
were highly variable among taxa. The stability of the pos-
terior location for scute sulci that overlies costals that meet
at the midline is potentially informative with respect to the
phylogeny of Terrapene. A posterior sulcus that overlies the
eighth neural was previously reported as the primitive
condition (Joyce and Bell 2004). This character should be
evaluated across all species of Terrapene to clarify whether
it is phylogenetically informative.

(31) Absence of presence of an inguinal scute: 0—absent,
1—present; Minx 1996, character IS.

An inguinal scute is absent in all 184 specimens we
scored.

Our results mirror those reported by Minx (1996) who
reported absence of the inguinal scute among his sample of
Terrapene coahuila.
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(32) Absence of presence of an apical scute: 0—absent,
1—present; Minx 1996, character AP.

An apical scute is absent in all 184 specimens we scored.
Absence in Terrapene coahuila also was reported by Minx
(1996).

(33) Inguinal buttress contact with carapace: 0—presence
of a buttress, 1—buttress present but with reduced bony
contact between plastron and carapace, 2—buttress weakly
present, with virtually no bony contact between plastron and
carapace; modified from Minx 1996, character IB; Joyce and
Bell 2004, character 52.

Within our sample only specimens with a posterior
plastral lobe were scored. We limited the scoring in order to
compare the level of bony contact between the carapace and
the plastron; we did not infer that a buttress was present
unless verifiable. All specimens in which the posterior
plastral lobe is present (n = 121) exhibit State 1. The level
of bony contact between the plastron and carapace is largely
uniform, with bony bridge projections meeting distinct
contact points on the dorsal surface of the posterior lobe of
the plastron. Although there is a reduction in bony contact,
plastral lobe/carapace contact is not necessarily reduced.
Instead, soft tissues form the majority of the contact
between the plastral lobe and the carapace; this was readily
observed among specimens that still had soft tissues intact.

(34) Dark seams between scutes: 0—absent, 1—present
in more than 50% of the seams, 2—present in less than 50%
of the seams; modified from Minx 1996, character DS.

Seventy specimens had sufficient scute coverage to per-
mit evaluation of the presence of dark seams. Of those,
69 had dark seams present on more than 50% of the seams,
and a single specimen showed an absence of dark seams.
The presence or absence of dark seams between carapacial
scutes was not reported for Terrapene coahuila by Minx
(1996), who reported the presence of dark seams only in
T. carolina yucatana, T. c. mexicana, and T. c. triunguis.
The presence of those seams was suggested by Minx (1996)
to be possibly informative for recognition of those three
taxa, but his description was minimal, and we are not cer-
tain that we are scoring the same thing. There may also be a
difference of degree of darkness in the seams, and inter-
preter bias could play an important role in scoring. We
examined specimens of T. c. mexicana, and T. c. triunguis
from the University of Florida collection (UF 149356,
151623, 151650, 151651, 151656, 151662), but our obser-
vations do not permit adequate clarification to confirm
Minx’s scoring of the character. Adequate documentation
with color photography would be desirable.

(35) Growth annuli: 0—absent, 1—present on more than
50% of scutes, 2—present on less than 50% of scutes;
modified from Minx 1996, character AN.

All 68 specimens we scored lack growth annuli. These
results are concordant with those reported by Minx (1996),

Brown (1974), and Schmidt and Owens (1944), all of whom
reported smooth carapacial scutes.

Plastron Characters

(36) Shape of the posterior lobe of the plastron: 0—roun-
ded, 1—squared; Minx 1996, character LR.

The shape of the posterior lobe of the plastron is vari-
able, and scores may differ based upon whether anal scutes
are present or absent. Sometimes the scutes are squared
(forming a square-shaped lobe), but the underlying bones do
not mimic that shape. For all specimens that were scored
(n = 132), only the bony plastron was used to evaluate
shape. In all specimens, the shape was rounded.

(37) Presence of an anal notch at the most posterior portion
of the posterior lobe of the plastron: 0—absent, 1—present;
Hirayama 1985, character W; modified from Joyce and Bell
2004, character 61; Yasukawa et al. 2001, character 22.

The presence and depth of the anal notch are highly vari-
able. For our purposes we categorized the notch as simply
absent or present, regardless of the depth. We scored 133
specimens. Of those, 118 have a notch present to some depth,
and 14 specimens lack a notch. Our results differ from those
reported by Joyce and Bell (2004) who reported that the three
specimens they scored of Terrapene coahuila lacked a notch
in the anal portion of the posterior lobe of the plastron.

(38) Portion of posterior tip of the gular scute extends
onto entoplastron: 0—not intruded, 1—intruded.

Extension of the gular scutes onto the entoplastron was
scored only for specimens in which the entoplastron is pres-
ent, or the bony suture of the entoplastron is present and thus
the boundary of the bone was known. Reliable data were
collected from 93 specimens; 92 exhibit extension of the
gular scute onto the entoplastron, one specimen has State 0.

(39) Contact between opposite gular and humeral scutes:
0—no contact between opposite scutes, 1—contact present.

We scored 101 specimens for this character. Of those, 91
have State 1 (Fig. 28.7). The remaining ten specimens lack
contact between the opposite gular and humeral scutes.

(40) Contact between opposite humeral and pectoral
scutes: 0—no contact between opposite scutes, 1—left
humeral scute contacts right pectoral scute, 2—right
humeral scute contacts left pectoral scute.

An anterior plastral lobe is present in 102 specimens in
our sample. Of those, 64 specimens exhibit State 0, 36
exhibit character State 1 (Fig. 28.7), and two specimens
exhibit State 2.

(41) Contact between opposite pectoral and abdominal
scutes: 0—no contact between opposite scutes, 1—left
pectoral scute contacts right abdominal scute, 2—right
pectoral scute contacts left humeral scute.
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We scored 101 specimens. All lack contact between the
opposite pectoral and abdominal scutes. The presence of a
kinetic plastral hinge means that the pectoral scute (located
on the anterior lobe) and the abdominal scute (located on
the posterior lobe) do not come in contact with one another
in the same manner as found in turtles with akinetic plastra.
Instead, these two scutes have a sulcus that fully overlies
the hyoplastron/hypoplastron suture, which defines a dis-
tinct boundary between the anterior and posterior lobes of
the plastron.

(42) Contact between opposite abdominal and femoral
scutes: 0—no contact between opposite scutes, 1—left
abdominal scute contacts right femoral scute, 2—right
abdominal scute contacts left femoral scute.

We scored 105 specimens. Of those, 45 have State 0, 31
have State 1, and 29 specimens have State 2 (Figs. 28.7,
28.8).

(43) Contact between opposite femoral and anal scutes:
0—no contact between opposite scutes, 1—left femoral
scute contacts right anal scute, 2—right femoral scute
contacts left anal scute.

We scored 105 specimens. Of those, 74 specimens have
State 0, seven specimens have State 1, and 24 specimens
have State 2 (Figs. 28.7, 28.8).

(44) Length of the inter-humeral scute suture.
Scute suture lengths have been traditionally used in mor-

phometric analyses in a tiered formula (Milstead 1969). We
provide raw data on measured lengths of sutures between
plastral scutes. The tiered formula based on averages of our
measurements is humeral \ pectoral \ abdominal [ femo-
ral \ anal. We base this formula on our averages.

This measurement is a straight-line measurement taken
along the shared suture of the humeral scutes. The inter-
humeral scute suture could be reliably measured for 99
specimens. The average length of the suture was 8.58 mm, a
range of 4.5–14.8 mm, and a standard deviation of
1.97 mm.

(45) Length of the inter-pectoral scute suture.
Reliable measurement of the length of the inter-pectoral

scute suture was made for 100 specimens. Measurements
are taken as for character 44. The average length for this
suture was 13.34 mm, a range of 6.6–20.7 mm, and a
standard deviation of 27.5 mm.

(46) Length of the inter-abdominal scute suture.
Measurements for the inter-abdominal scute suture were

collected from 118 specimens. Measurements are taken as
for character 44. The average length was 24.87 mm, a range
of 16.8–36 mm, and a standard deviation of 3.89 mm.

(47) Length of the inter-femoral scute suture.
Inter-femoral scute suture length was scored for 116

specimens. Measurements are taken as for character 44. The
average length was 6.57 mm, a range of 1.8–14 mm, and a
standard deviation of 2.64 mm.

(48) Length of the inter-anal scute suture.
We measured 117 specimens. Measurements are taken as

for character 44. The average length for this suture was
39.93 mm, a range of 23.4–53.5 mm, and a standard devi-
ation of 5.85 mm.

(49) Absence or Presence of Epiplastral Beak on the
anterior lobe of the plastron—State 0—Absent, State 1—
Present; modified from Holman and Fritz (2005).

Of the 90 specimens scored, 88 do not have an epiplastral
beak whereas two specimens (TNHC 068343 and 068956) do
have a weakly developed beak (Fig. 28.8). In neither case is
the beak as distinct as that illustrated by Holman and Fritz
(2005). The epiplastral beak was found by Holman and Fritz
(2005) to be variably present in Terrapene coahuila, and was
hypothesized to be a potentially informative phylogenetic
character for T. corneri. Our results indicate that the beak is
variably present in T. coahuila as previously indicated, but
the presence of a beak should probably be viewed as an
anomalous morphological trait.

(50) Absence or Presence of notches at the lateral edges
of the humeral and pectoral scutes. State 0—Absent, State
1—Present; modified from Holman and Fritz (2005).

A total of 90 specimens were scored. All lacked any type
of notching at the lateral edges of the humeral and pectoral
scutes. These results confirm those previously reported by
Holman and Fritz (2005). Without examination of Terra-
pene outside of T. coahuila, we cannot comment on the
phylogenetic affinities of this character as hypothesized by
Holman and Fritz (2005) for T. corneri.

(51) Position of the humero-pectoral sulcus with respect
to the anterior-posterior mid-line of the entoplastron. State
0—Approximately at the mid-line of the entoplastron, State
1—Sulcus shifted significantly anterior to the mid-line of
the entoplastron, State 2—Sulcus shifted significantly pos-
terior to the mid-line of the entoplastron; modified from
Holman and Fritz (2005).

A total of 82 specimens were scored. The humero-pec-
toral sulcus is located at approximately the mid-line of the
entoplastron in 81 specimens; in a single specimen (TNHC
069652) the sulcus was considered to be significantly
shifted posterior of the mid-line. These results confirm those
reported previously by Holman and Corner (1985) and
Holman and Fritz (2005).

Discussion

We evaluated a large sample of specimens of Terrapene
coahuila for most characters traditionally thought to be
informative about relationships among Terrapene. How-
ever, many previously proposed characters were not clearly
defined and may be subject to considerable observer bias
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(e.g., shell ‘robustness’ or ‘large shape’). Shape often was
cited as a major source of variation within Terrapene (e.g.,
Milstead 1956, 1969) but assessment of shape was largely
subjective and the various shell shapes within a given
species of Terrapene may overlap the range of shell shapes
in other species. Consequently, many traditionally recog-
nized features associated with shape are difficult to dis-
cretely categorize and are ignored in formal cladistic
analyses (e.g., Minx 1996). Other features, however, are
readily discretized. The presence of a mid-dorsal keel and
the degree of flaring and serration found on the posterior rim
of the carapace are possible examples (Auffenberg 1958,
1967; Milstead 1967, 1969; Minx 1996). Our observations
agree with those of our predecessors that the degree of
flaring and serration of the carapace is variable. The
development of a mid-dorsal keel is perhaps slightly more
informative in that its location may be taxon-specific (Minx
1996). However, expression of the keel is subject to deg-
radation during ontogeny, and may be subject to tapho-
nomic deterioration in fossils. Those considerations led
Minx (1996) to suggest that juveniles are the most helpful in
evaluating the phylogenetic distribution of a keel. Distin-
guishing between juveniles and adults often is difficult, and
size is sometimes a factor used to assess the level of
maturity.

Consideration of size played an important role in the
historical development of taxonomy within Terrapene.
An excellent and persistent example is T. carolina putnami,
a presumed extinct subspecies, the purported diagnosis of
which is based on its large size and robust shell compared to
other Terrapene (Hay 1908; Dodd 2001). The variation in
size range of specimens in our sample is informative in this
respect. Previous analyses of T. coahuila yielded a range
that places the species within the small- to medium-sized
box turtle category described by Milstead (1969), but our
sample includes turtles smaller than the typical ones
examined previously, and specimens as large as an extant
T. c. major, the subspecies often referred to as the largest
Terrapene (e.g., Milstead 1969). Increased sample sizes
clearly indicate that size criteria may be uninformative for
unambiguous determination of species within Terrapene.
That problem is likely exacerbated for fossils, for which
poorly documented patterns of temporal variation and a
discontinuous spatial distribution through time provide
additional levels of complexity.

We evaluated characters that are readily discretized, as
well as standard mensurative features. Those characters
form baseline data for Terrapene coahuila and can be used
in future comparisons with other populations of Terrapene,
and for phylogenetic analyses of Terrapene and relevant
fossil specimens of functional box turtles that may, or may
not, be closely related to Terrapene. Our sample was col-
lected from diverse specific localities within the Cuatro

Ciénegas basin, and our data suggest that, at least for
most of the features we assessed, levels of variation
within T. coahuila are relatively low. Such conservative
morphology is consistent with predictions derived from
documented levels of gene flow between the sub-popula-
tions of T. coahuila (Howeth et al. 2008). Exceptions
include the high degree of variation present in configura-
tions of the neural bones, the level of co-ossification among
carapacial bones, and the positions of the anterior and
posterior sulci of the fourth vertebral scute. The variation in
neural configuration and co-ossification is consistent with
results previously reported by Pritchard (1988) and Minx
(1996) for species of Terrapene, and variation in the sulci of
the fourth vertebral also was reported within other testudi-
noids by Joyce and Bell (2004). Genetic, epigenetic, and/or
environmental controls for those features in T. coahuila are
not yet documented, but provide an interesting area for
further research.

Previous considerations of patterns of variation within
Terrapene included evaluations of the skull and soft tissues
(Baur 1891) as well as the shell (e.g., Barbour and Stetson
1931; Milstead 1969; Pritchard 1988), and previous authors
routinely noted the variation present within species of
Terrapene. Levels of variation historically reported for
Terrapene may be an artifact of the traditional way
that morphological features were evaluated. Differences in
overall shape patterns, obvious even from casual inspec-
tion of small samples of some taxa (e.g., Barbour and
Stetson 1931), could reflect a possible level or source of
variation that remains undetected in analyses of discrete
morphological characters that are readily subjected to
phylogenetic analysis. In an interesting departure from
traditional perspectives, variation in the shape of the
plastron of Terrapene was recently documented to
be influenced more by phylogeny than by body size
(Angielczyk et al. 2011). Those results are consistent with
the conservative plastral morphology we found. Aside
from features associated with scute sulci, osteological
characters scored for the plastron are extremely conserved.
If phylogeny is an important factor for the expression of
variation among species, then patterns of intraspecific
variation would be expected to be relatively low. This
provides further impetus to continue the rigorous pursuit to
resolve phylogenetic relationships within Terrapene.

These considerations raise two additional points. The
first is that the suite of characters we used, derived from
various sets of characters hypothesized to be phylogeneti-
cally informative, are actually a robust set of characters
which are not subject to a large amount of intra-specific
variation within Terrapene coahuila. This lends support to
the use of those data in phylogenetic analyses of Terrapene,
but must be accompanied by a cautionary note. Detailed
analyses are needed to assess variation in discrete and
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continuous characters across all taxa of Terrapene in order
to develop the most reliable suite of characters for phylo-
genetic analysis. A second key point is that efforts to
elucidate the evolutionary history of Terrapene must
include rigorous reevaluation of the phylogenetic status of
fossils reported to belong to Terrapene, as well as other
North American functional ‘box turtles.’

Evaluation of variation in extant species is a critical
consideration in assessing taxonomic affinity of fossils.
Classification of a fossil as a functional ‘box turtle’ often is
most reliably made based on assessment of the plastron and
the presence of a rudimentary or well-developed hinge,
resulting from the approximate or exact alignment of bony
sutures with the sutures between the external scutes. In the
absence of a preserved plastron, a notable reduction of the
bridge is sometimes used to infer the presence of a hinge
(e.g., Planetochelys; Weems 1988; Hutchison 1998;
Holroyd et al. 2001). Beyond an initial diagnosis as a ‘box
turtle’, further taxonomic assignation is best achieved
through analysis of a suite of apomorphic characters. A
consequent loss of species-level resolution may result (Bell
et al. 2010), but isolated shell elements from testudinoid
turtles are abundant in the Neogene fossil record, and
should not be disregarded; they do sometimes preserve
sufficient apomorphic features to permit species-level res-
olution (e.g., Jass and Bell 2010). Although there is a
general acceptance that extant Terrapene is represented in
Miocene sediments (e.g., Hay 1908; Holman 1975, 1987;
Holman and Corner 1985; Parmley 1992; Holman and Fritz
2005), that assertion is not yet rigorously established. The
discovery of earlier Tertiary specimens that clearly are ‘box
turtles’ in a functional sense highlights additional uncer-
tainties about the diversity and relationships of Tertiary
emydid turtles generally, and of Terrapene specifically. Any
effort to address the evolution of Terrapene in a holistic
sense must include not only the evaluation of patterns of
variation in previously described characters (such as we did
here), but also the elucidation of new characters, particu-
larly in isolated skeletal elements from anatomical systems
typically preserved in the fossil record.
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Appendices

Appendix 1

Inventory of Terrapene coahuila specimens examined.
Universidad Nacional Autónoma de México (UNAM)
specimens are designated by field numbers only.

Texas Natural History Collections, The University of
Texas at Austin (TNHC): TNHC 068333–068362, TNHC
068653, TNHC 068940–068946, TNHC 068950–TNHC
068952, TNHC 068954–068966, TNHC 069624–069645,
TNHC 069647–069653, TNHC 069801–069810, TNHC
069812–069825, TNHC 069936, TNHC 069939, TNHC
070241, TNHC 070587, TNHC 070753, TNHC 77201–
77207.

Universidad Nacional Autónomo de México (UNAM,
designated by field numbers only): AM020523JGH59,
AM020523JGH61, AM020523JGH63, AM020523JGH71,
AM020523JGH72, AM030111JGH116, AM030111JGH 117,
AM030208JGH164, CP030313JGH159, CP030313 JGH161,
CP030313JGH162, JGH80, LG020519JGH32, LG020519JGH67,
LG020519JGH68, LG020702JGH10, LG020702JGH14,
LG020702JGH207, LG020702JGH23, LG020702JGH27,
LG020702JGH30, LG020702JGH4, LG020705JGH13,
LG020705JGH15, LG020705JGH25, LG020705JGH26,
LG020705JGH28, LG020705JGH29, LG020705JGH35,
LG020705JGH37, LG020705JGH46, LG020705JGH47,
LG020705JGH8, LG020708JGH19, LG020708JGH19,
LG020725DAH198, LG020725DAH204, LG020725JGH2,
LG020725JGH3, LG020725JGH9, LG020730JGH5,
LG020802JGH91, LG020820JGH84, LG020820JGH85,
LG020820JGH86, LG020820JGH87, LG020820JGH88,
LG020820JGH89, LG020820JGH90, LG020820JGH92,
LG020820JGH94, LG020821JGH192, LG020821JGH95,
LG020821JGH96, LG020914JGH153, LG020914JGH203,
LG020914JGH206, LG021018JGH101, LG021018JGH103,
LG030109JGH114, LG030114JGH113, LG030214JGH167,
LG030214JGH169, LG030214JGH181, LG030219JGH180,
LG030314JGH171, LG030314JGH172, LG030315JGH177,
LG030315JH174, LG030719JGH128, LG030728DAH136,
LG030728DAH137, LS020730DAH195, LS020730JGH196,
LS020730JGH199, LS020730JGH96, PAS030113JGH119,
PAS041212JGH124, PAS041212JGH208, TC020629JGH45,
TC020629JGH48, TC020629JGH49, TC020629JGH40,
XX02JGH98, XX02JGH99, XXX031214JGH129, XXX04XXXXJ
GH131, XXX04XXXXJGH132, XXXXXXXXXJGH145.

University of Florida (UF): UF 149356, UF 149511, UF
151623, UF 151650, UF 151651, UF 151656, UF 151662.
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Appendix 2

Morphological data for shells of Terrapene coahuila.
Data matrices follow the format of the example table

below. Specimen number is reported in first row. Mea-
surements and scores for the 51 characters (see descriptions
in text) are presented in remaining rows, sequentially from
left to right and top to bottom. Value of ‘‘?’’ indicates value
could not be determined.

(A) Example matrix:

Specimen

1 2 3 4 5 6 7a 7b 8a 8b

9a 9b 9c 9d 9e 9f 9g 10 11 12

13 14 15 16 17 18a 18b 19a 19b 20

21 22 23a 23b 24 25 26 27 28 29

30 31 32 33 34 35 36 37 38 39

40 41 42 43 44 45 46 47 48 49

50 51

(B) Data matrices:

AM020523JGH59

149.7 58.5 ? 74.5 100.2 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 ? 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM020523JGH61

159.7 62.6 ? 76.8 107 7 8 8 11

11 ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 5 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM020523JGH63

157 65 ? 73.4 105 ? 8 8 11

11 0 2 2 2 4 4 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM020523JGH70

153.7 61.4 ? 74.9 100 7 8 8 ?

? 0 2 2 2 2 ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM020523JGH71

171.7 67.8 ? 87.9 118.2 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM020523JGH72

144.2 60 ? 72.7 95.8 7 8 8 ?

? 0 2 2 2 2 ? ? 0

1 1 1 ? ? 1 5 4 4

11 11 0 0 1 0 0 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM030111JGH116

120 49.3 51.5 63.6 82.9 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 2 2 0 0 1 1

0 0 1 ? ? ? ? ? ?

? ? 22.7 4.5 41.4 ? ? ?

AM030111JGH117

152.8 60.3 ? 78.5 107.6 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

AM030208JGH164

119.8 50.6 ? 57.6 79 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 ? 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?
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CP030313JGH159

126.1 51.3 ? 58.8 79.7 7 8 8 11

11 1 2 1 2 2 2 1 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

CP030313JGH161

114.8 48.7 ? 58.6 75.4 7 8 8 ?

? 0 2 2 2 2 2 1 0

1 1 1 ? ? 1 5 4 4

? ? 0 0 0 ? ? ? 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

CP030313JGH162

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 ? ? ? ?

8.4 12.9 25.1 7.8 42 ? ? ?

JGH80

129 53.6 ? 64.6 84 7 8 8 ?

? 0 2 ? 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020519JGH32

155.2 58.7 ? 74 101.8 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020519JGH67

133.8 49.6 ? 64.3 86.3 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020519JGH68

124.1 48.6 ? 65.5 83 7 8 8 11

11 0 4 0 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020702JGH10

143.1 59.8 ? 66.7 90.8 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020702JGH14

158.4 ? ? ? 105.8 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

? ? 0 0 0 2 1 1 1

0 0 2 0 0 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020702JGH207

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? 1 ?

? 0 0 ? ? ? ? ? ?

? ? 28.4 10.7 50.7 ? ? ?

LG020702JGH23

112.9 50.2 ? 54.9 74.5 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

1 0 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020702JGH27

? 68.2 ? 81.6 122.9 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 ? 1 ? ? 1 5 4 4

? ? 0 0 ? ? ? 1 1

0 1 1 ? ? 0 0 ? ?
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? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020702JGH30

141.2 60.1 ? 70.9 95.5 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 1 0 1 5 4 4

12 12 0 0 0 ? ? 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020702JGH4

146.6 57.6 59.8 ? ? 7 8 8 11

11 0 3 1 2 2 2 3 0

1 1 1 2 0 0 5 4 4

? ? 0 ? ? ? ? 1 ?

? 1 1 0 2 ? ? ? ?

? 0 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH13

140.1 54.6 ? 66.8 94.5 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 1 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH15

150 60.2 ? 68.6 100.7 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 ? 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH25

153.2 59.6 ? 73.3 107.3 7 8 8 11

11 0 1 2 2 2 2 3 0

1 1 1 1 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH26

133.9 58.4 63.2 68.7 90 7 8 8 ?

? ? ? ? 2 2 2 3 0

1 1 1 1 0 0 5 4 4

12 12 1 0 0 2 ? 0 1

0 1 1 0 2 0 0 1 ?

? 1 1 ? ? ? ? ? ?

? ? 25.5 5.8 44 ? ? ?

LG020705JGH28

? 63.4 ? 80.4 ? 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 4 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH29

164.1 65 ? 79.6 113.1 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH35

164.8 63.9 ? 79.7 109.3 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH37

154.2 60.8 ? 74.7 103.8 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH46

132.9 54.9 ? 67.7 86 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH47

136.2 55.2 ? 63.9 88.1 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4
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12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020705JGH8

168 67.1 87.2 113.6 69.7 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 ? ? ? 0 2 ? ? ?

? ? ? ? ? 0 0 1 ?

? 1 1 1 1 ? ? ? ?

8.9 17.5 36 6.7 53.5 ? ? ?

LG020708JGH19

156.3 61 ? 78.1 107 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020721JGH96

? ? ? ? ? 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 ? 0 5 4 4

12 12 0 0 0 2 1 1 ?

? 1 1 0 2 ? ? ? ?

? 1 1 1 1 ? ? ? ?

8.7 13 27.9 ? 44 0 0 0

LG020725DAH198

? ? ? ? ? ? 8 8 11

11 0 2 ? ? ? 2 3 ?

? 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? 1 1 1 1 ? ? ? ?

? ? 25.4 7 42.4 0 0 0

LG020725DAH204

128.5 49.2 50.9 60.8 85.7 ? ? ? ?

? 0 2 2 ? ? ? ? ?

? ? ? ? ? ? ? 4 4

? ? 0 0 0 ? ? 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020725JGH2

120.3 50.8 56.9 63 82.3 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 0 2 0 0 1 ?

? 1 1 ? ? 0 0 1 2

? ? 23.8 6.3 39.8 ? ? ?

LG020725JGH3

142.7 59.8 ? 67.7 95.3 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 0 1 ? ? 0 0 1 ?

? 1 1 ? ? ? ? ? ?

? ? 23.9 3.7 36.8 ? ? ?

LG020725JGH9

134.6 54.9 ? 70.7 89.9 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020730JGH5

128.8 52.7 57.1 64.8 85.4 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? 0 0 0 1

? ? ? ? ? ? ? ?

LG020802JGH91

129.9 55.2 ? 64.4 86.7 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? 1 1 ? ? ? ? ? ?

? ? 25.7 5.9 40.3 ? ? ?

LG020820JGH84

144.5 52.9 ? 69.1 95.1 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH85

? ? ? ? 84.5 7 8 8 ?
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? 0 2 2 2 ? ? 3 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 2 2 0 0 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH86

154.9 57.7 ? 72.2 101.7 7 8 8 ?

? 0 3 1 2 2 2 3 0

1 1 1 2 ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH87

161.7 65 ? 77.4 110.3 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH88

127.2 55.2 62.1 66.4 87.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH89

126.1 51 ? 61.4 80.4 7 8 8 11

11 0 2 0 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH90

176.2 65 ? 81.1 115.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH92

119.9 ? ? ? 79.9 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 0 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020820JGH94

? ? ? ? ? 7 8 8 11

11 0 2 2 2 2 2 ? 0

1 1 1 ? 0 0 5 4 4

12 12 0 0 0 2 1 1 ?

? 1 1 2 2 0 0 1 ?

? 1 1 ? ? ? ? ? ?

? ? 22.6 6.6 38 ? ? ?

LG020821JGH192

136.4 55.4 ? 64.2 87.9 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 ? ? 5 4 4

12 12 0 0 0 2 1 1 ?

? 1 1 2 2 ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020821JGH95

? ? ? ? ? 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020914JGH153

131.5 49.6 ? 62.9 81.8 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 ? 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG020914JGH203

135.5 57.7 ? 62.8 92.2 7 8 8 ?

? 0 2 2 2 2 ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?
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LG020914JGH206

125.1 50.4 ? 66.1 85.4 7 8 8 11

11 0 2 2 2 2 2 1 0

1 1 1 1 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? 1 1 1 ? ? ?

7.8 13.4 ? ? ? ? ? ?

LG021018JGH101

134.2 60 ? 68.3 90 7 ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG021018JGH103

141.6 59.5 ? 69.7 92.4 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030109JGH114

142.6 59.4 ? 75.1 99.7 7 8 8 11

11 0 4 0 2 2 2 3 0

1 1 1 1 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030114JGH113

154.9 63.7 ? 76.7 105.3 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 1 0 0 2 ? 0 1

0 1 1 ? ? 0 0 ? 0

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030214JGH167

165.8 62.5 ? 80.8 107.5 ? 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030214JGH169

150.4 60.4 ? 73.5 99.4 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 ? 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030214JGH181

135.5 54 60.5 69.8 91.2 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? 1 1 ? ? ? ? ? ?

? ? 25.6 9.4 42.4 ? ? ?

LG030219JGH180

144.5 61.8 ? 71.5 98.2 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030314JGH171

? ? ? ? ? 7 ? ? ?

? 0 ? 2 2 2 2 3 ?

? 1 1 2 ? ? ? 4 4

? ? ? ? ? ? ? 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030314JGH172

135 60.3 ? 63.2 90.4 7 8 8 ?

? 0 2 2 2 ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 1 0 0 2 1 1 1

1 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030315JGH177

178.9 70 ? 84.5 105.5 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?
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LG030315JH174

163.5 62.3 ? 71.9 105.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ?

LG030719JGH128

132.1 52.5 ? 64.5 85.7 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 ? 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LG030728DAH136

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? 1 ? ? 1 ? ? ?

? ? ? 0 ? ? ? ? 1

0 ? ? ? ? ? ? ? ?

? ? ? 1 1 ? ? ? ?

11.3 20.2 ? ? ? 0 0 0

LG030728DAH137

127.4 51 ? 65.3 82.4 7 8 8 ?

? ? 2 2 2 ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 1 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? 1 1 ? ? ? ? ? ?

? ? 26.5 4 39.7 ? ? ?

LS020730DAH195

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? 0

1 ? 1 ? ? 1 ? 4 ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LS020730JGH196

? ? ? ? ? ? ? 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 ? 4

? 12 0 0 0 ? ? ? 1

1 ? ? ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LS020730JGH199

? ? ? ? ? ? 8 ? ?

? ? ? ? ? ? ? ? ?

? ? 1 ? ? 0 5 4 ?

? ? ? ? ? ? ? ? 1

1 ? ? ? ? 0 0 1 ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

LS020730JGH96

? ? ? ? ? ? ? 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 ? 4

? 12 0 0 0 2 1 ? 1

1 ? ? ? ? 0 0 ? ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

PAS030113JGH119

? ? ? ? ? ? 8 ? 11

11 0 ? ? ? ? ? ? ?

? 1 1 2 ? 0 5 4 ?

12 12 1 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 1

? 1 1 1 1 ? ? ? ?

7.5 12.9 24 ? 36.7 0 0 0

PAS041212JGH124

109.6 44.2 ? 56.2 73.6 7 8 8 ?

11 ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 0 ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

PAS041212JGH208

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? 1 1 ? ? ? ?

5.7 6.6 ? ? ? 0 0 0

TC020629JGH45

123 52.2 ? 61.3 81.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ?
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TC020629JGH48

178.5 66.6 ? 85.1 115.2 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TC020629JGH49

148 60.6 ? 76.7 103.2 7 8 8 10

10 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TCO20629JGH40

142.4 53.3 ? 69.3 90.3 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 068333

133.7 ? 55 64.2 93 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 2 2

9 15.3 21.8 9.3 39.5 ? 0 0

TNHC 068334

154.9 ? 59.4 72 106.1 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 2

7.1 18.8 30.2 8.8 45.1 ? 0 0

TNHC 068335

149.6 ? 56.7 65.7 90.6 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 0 0 0 0

6.3 14 26.8 6.8 44 0 0 0

TNHC 068336

112 ? 51.8 56 75.3 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 5

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? ? ? ? ? ?

? 13.7 17.8 10 37.2 ? ? ?

TNHC 068337

128.2 ? 58.6 63 85.6 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 2 0

7.3 13.2 24.7 6.7 40.7 0 0 0

TNHC 068338

148.7 ? 61.6 72 98.7 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 2 0

8.2 19.4 25.3 13.9 42.2 0 0 0

TNHC 068339

157.9 54.4 58.9 72 101.7 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 ?

? 0 1 1 1 1 0 1 2

9.8 19.3 27.9 14 42.5 0 0 0

TNHC 068340

146.8 56 61 70.6 100.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 1 0

11.5 15.5 27 6.3 45.5 ? 0 0

TNHC 068341

148.6 54 71.9 92.4 59.2 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 1 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? ? 0 0 1 2

? ? 26.2 11 46.8 ? ? ?
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TNHC 068342

144.9 ? 55.1 69.7 96.6 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 1 0 ? 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 2

8.8 13.6 27.9 9.5 43.1 0 0 0

TNHC 068343

175.1 ? 68.2 82.3 119.5 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 0 2 0 0 1 1

? 0 1 1 1 0 0 1 0

11.8 20 31.5 10.3 51.3 1 0 0

TNHC 068344

130.7 ? 54.3 67.5 86.1 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 2 0 ? ?

6.9 12.6 20.6 10.7 42.9 0 0 0

TNHC 068345

149.9 55.6 74.6 92.2 59.1 7 8 8 ?

? 0 2 2 2 2 2 1 0

1 1 1 1 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 ?

? 0 1 1 1 0 0 1 1

8.9 20.2 29.3 11.4 44.4 0 0 0

TNHC 068346

152.4 56.1 59.5 75.7 99.7 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 0 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? 1 0 0 2 2

8.5 17 25.7 11.3 46 0 0 0

TNHC 068347

? ? ? ? 70.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 0 0 0 0

9.3 9.4 21.3 2.6 32.9 0 0 0

TNHC 068348

129.4 53.7 58.7 60.1 82.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 0 0 2 2

9.4 9.5 27 3.8 41.3 ? ? ?

TNHC 068349

120.1 49 54.3 59.6 79 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 0 5 ? ?

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? ? ? ? 0 0

? ? 22 7.5 38.7 ? ? ?

TNHC 068350

112.5 48.1 54.6 53.6 74.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? ? ? ? 0 0

? ? 24.4 4.2 35 ? ? ?

TNHC 068351

112.3 ? 50.6 56 75.8 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 1 0

8.6 11.8 23.3 5.5 37.1 0 0 0

TNHC 068352

133.2 ? 58.7 62.6 88.6 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 ? ? ? ?

9.7 15.9 26.5 8.2 42.2 ? ? 0

TNHC 068353

113.2 ? 44.3 51.8 73 7 8 8 ?

? 4 0 2 2 2 3 0 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 ?

? ? 0 1 0 0 0 0 0

7.1 7.3 20 5.2 33.7 ? ? ?
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TNHC 068354

141.9 55.2 60.5 63.9 91 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 2 0

8 16 26.2 11.5 40.2 0 0 0

TNHC 068355

112.5 ? 44.4 54.7 74.8 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

9 11.1 25.8 5.8 36 0 0 0

TNHC 068356

122.6 ? 49.2 58.7 82.7 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? 1 0 0 0 0

9.6 10 21.3 7.1 40.1 0 0 0

TNHC 068357

62.5 ? 73.9 101.8 ? ? ? ? ?

? ? ? ? ? ? ? 0 1

1 1 2 0 1 5 4 4 12

? ? ? ? ? ? 1 1 0

1 1 ? ? 0 0 ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ?

TNHC 068358

102.9 36.2 40.3 49.9 66.7 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? 1 ?

? 0 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 068359

166.8 62.3 69 79.7 108.4 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 1 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? ? 0 0 1 2

? ? 31.8 10.5 51.2 ? ? ?

TNHC 068360

132 ? 54.6 64.3 88.1 7 8 8 ?

? 0 4 0 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 0 2 0 0 1 ?

? 0 1 1 1 0 0 0 0

9.5 15.7 25 7.9 43.2 0 0 0

TNHC 068361

138.7 ? 57.5 66.6 85 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 1

0 0 1 1 1 0 0 1 0

9.8 12.2 23.5 8.8 44.1 0 0 0

TNHC 068362

173.7 63.3 ? 79.3 ? 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 068940

135.3 55.6 ? 64.8 89.5 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? 1 0 ? ? ? ?

10 15.8 ? ? ? ? ? ?

TNHC 068941

141.6 57.2 ? 67.9 93 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

0 0 1 ? 1 0 0 2 0

6.6 14.1 26.6 7.6 42.8 0 0 0

TNHC 068942

167.2 60.4 66.4 75.2 105.4 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 ?

? 0 1 ? ? 0 0 2 0

? ? 32.3 7.3 49.1 ? ? ?
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TNHC 068943

131.4 ? 60.2 64.2 86.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 0 0 0 2 0

6.2 15.1 27.6 5.7 40.8 0 0 0

TNHC 068944

157.7 63.7 67.8 72.7 103.3 7 8 8 ?

? 0 3 1 2 2 2 3 0

1 1 1 2 0 0 5 4 4

? ? ? ? ? ? ? ? ?

? ? ? 0 2 ? ? 1 ?

? 0 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 068945

130 ? 54.4 62.7 85.7 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 ? 1 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 2 2 0 0 1 1

0 0 1 1 1 0 0 1 0

10.4 13.2 26.8 5 40.7 0 0 0

TNHC 068946

152.9 ? 65.5 71.6 98 7 8 8 11

11 1 2 2 2 2 2 2 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 2 2 0 0 1 ?

? 0 1 1 0 0 0 0 0

12.2 15.4 32.9 5.8 46.8 0 0 0

TNHC 068947

111.9 ? 48.1 55.6 74.4 7 8 8 11

11 0 4 0 2 2 2 3 0

1 1 1 2 ? ? 5 4 4

12 12 0 0 0 2 1 1 ?

? 1 1 2 2 ? ? ? ?

? 0 1 1 1 0 0 1 0

? ? ? ? ? 0 0 ?

TNHC 068948

152.7 ? 65 79.6 106.3 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? ? ?

? 0 1 1 1 0 0 0 0

? ? ? ? ? 0 0 ?

TNHC 068949

123.4 ? 54 60.3 84.9 ? ? ? ?

? ? ? ? ? ? ? ? ?

? 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 0 ?

? 1 1 ? ? ? ? ? ?

? 0 1 ? ? 0 0 1 0

? ? ? ? ? ? ? ?

TNHC 068950

148.1 ? 58.5 70.8 97.3 7 8 8 ?

? 1 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 1

0 0 1 ? 1 0 0 0 0

8.6 15 28.3 9.2 44.7 ? ? ?

TNHC 068951

153.1 57.7 61.6 ? 101.6 7 8 8 11

? 1 2 2 2 2 2 3 0

1 1 1 2 3 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 1

0 0 1 1 1 1 0 0 0

8.5 15.7 28.4 8.9 46.5 0 0 0

TNHC 068952

161.6 61 65.9 72.4 108.4 ? 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 1 0 1 2

9.8 18.1 29.1 8.5 48.7 0 0 0

TNHC 068953

163.1 62.3 ? 75.7 108.8 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 0 0 0 1 0

14.2 15 31.8 8.4 50.6 0 0 0

TNHC 068954

166.4 ? 66.9 72.4 111.7 7 8 8 ?

? ? ? ? ? ? ? ? 0
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1 1 1 ? ? ? 5 4 4

11 12 0 0 0 2 ? 1 1

0 1 1 ? 1 0 0 1 1

0 0 1 1 ? 1 0 1 2

13 18.7 34.1 4.2 49.7 0 0 0

TNHC 068955

163.5 61.4 65.7 74.2 113.4 7 8 8 ?

? 1 ? 2 2 2 2 3 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? 0 0 0 2 2

9.8 14.2 24.5 3.5 42.7 ? ? ?

TNHC 068956

169 62.5 ? 78.1 114.7 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? ? ? 1 1 1 0 0 0

10 20.7 ? ? ? 1 0 0

TNHC 068957

129.3 ? 61.7 64.4 86.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 0 0 1 0 0 2

9.8 14.2 24.5 3.5 42.7 0 0 0

TNHC 068958

150.7 59.4 60.4 75.2 100.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? 1 ?

? 0 1 1 ? ? ? ? ?

9.9 17 ? ? ? 0 0 0

TNHC 068959

140.4 54.8 57.1 67.6 93.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 1 0 0 0

9.3 14.2 28.5 6.2 42.2 ? ? ?

TNHC 068960

103.9 ? 51.7 57.5 77.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 2

9.5 7.8 21.9 3.7 37.4 0 0 0

TNHC 068961

127.1 50.2 54.8 58.8 88.5 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 1 0 1 1

6.6 14.2 23.3 5.5 39.2 0 0 0

TNHC 068962

142.6 ? 58 66.7 96.2 7 8 8 11

11 1 2 2 2 2 2 1 0

1 1 1 1 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 1

0 0 1 1 1 1 0 1 1

8 16.7 28.2 6.5 41 0 0 0

TNHC 068963

135 60.1 65.7 64.4 89.8 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 1 0 2 0

11 13.9 26.2 6.8 45.1 0 0 0

TNHC 068964

172.3 67.7 68.7 80.6 112.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 ?

? 0 1 ? ? ? ? 0 0

? ? 31.5 11.6 52.8 ? ? ?

TNHC 068965

141.6 58.5 64.7 69.1 96.2 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1
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0 1 1 ? ? 0 0 1 ?

? 0 1 ? 1 1 0 2 0

14.8 14.2 28.5 6.4 45 0 0 0

TNHC 068966

124.5 52.1 57.7 61.1 83.9 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? 1 0 0 2 2

9.6 12.5 24 4.1 39.7 0 0 ?

TNHC 069624

132 52.3 56.4 64.6 85.7 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 0 0 1 0

9.6 14.2 27.7 6 42.1 0 0 0

TNHC 069625

163.2 62.8 67.8 79.3 106.1 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? 1 1 0 0 0

7.5 20 32.2 8.1 51.5 0 0 0

TNHC 069626

126.2 50.8 ? 62.9 81.9 7 8 8 11

11 0 2 2 2 2 2 1 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 0 2 0 0 ? ?

? 0 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 069627

128.4 52 56.9 59 84.8 7 8 8 11

11 0 3 1 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 0 2 0 0 1 ?

? 0 1 1 1 1 0 1 2

9.7 13.3 24.1 9.3 38 0 0 0

TNHC 069628

108.2 46.2 ? 50.6 70.8 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? ? ?

? 0 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 069629

117.1 44.5 ? 53.4 69.1 7 8 8 11

11 0 1 2 2 2 2 1 0

1 1 1 1 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 ?

? 0 1 ? ? ? ? 0 0

? ? 22.4 7.1 27.5 ? ? ?

TNHC 069630

118.8 49 ? 55.3 74.2 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 2 2 0 0 1 1

0 0 1 1 1 1 0 1 0

7.2 11.1 22 6.5 37.9 0 0 0

TNHC 069631

102.4 45.4 ? 51.5 69.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 0 0 0 0 1

6.4 10.7 20.5 4.5 32.8 0 0 0

TNHC 069632

130.3 ? 56.4 64.2 85 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 2

8.4 14.4 26 5 40.2 0 0 0

TNHC 069633

112 48.3 54.3 55.2 78 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? ? 0 0 2 0

? ? 23.6 4.7 34.2 ? ? ?

TNHC 069634

106.8 ? 49.8 53.6 72 ? ? ? ?

? ? ? ? ? ? ? ? 0
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1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 2

6.8 10.9 22.3 3.2 34.7 0 0 0

TNHC 069635

100.9 ? 43.7 49.6 66.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? 1 0 0 0 0

6.8 9.6 20.5 7.9 33 0 0 ?

TNHC 069636

112.6 ? 47 59.1 76.4 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 1

0 0 1 ? ? 0 0 2 0

? ? 23.3 4.2 37.2 ? ? ?

TNHC 069637

93.5 ? 42.6 50 65 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? 1 0 0 2 0

8.4 7.8 20.4 3.4 31 0 0 ?

TNHC 069638

106.1 ? 48.4 52.2 66.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 1 0

9.1 10.7 23.9 5.7 33.5 0 0 0

TNHC 069639

108.9 ? 46.6 54.5 72.3 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 1

7.4 11.4 21 4.6 34.9 0 0 0

TNHC 069640

106.3 43.3 48 51.6 71.5 7 8 8 11

11 0 2 2 2 2 2 1 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 ?

? 0 1 1 1 1 0 2 0

9.3 10 23.7 5.3 36.9 0 0 0

TNHC 069641

100.7 41 45.8 50.8 69.1 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? ? 0 0 2 0

? ? 23.1 3.5 33.4 ? ? ?

TNHC 069642

103.8 ? 45.8 53.8 71.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 2 0 1 0

8.6 9.7 20.1 5.5 33.7 0 0 0

TNHC 069643

84.9 ? 38.1 43.5 58.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 2 0

7.3 9.1 17.6 4.8 28.2 0 0 0

TNHC 069644

81.8 ? 38.2 42.3 57.8 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

6.5 7.5 17.1 3.8 26.9 0 0 0

TNHC 069645

119.7 ? 49.6 55.8 74.3 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1
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0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

7.9 12.9 23 7 39 0 0 0

TNHC 069646

140.7 53.8 ? 71.8 92.4 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 0 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? 0 0 0

TNHC 069647

? ? 58.3 67.6 ? ? ? ? ?

? 0 0 0 2 ? ? ? 0

1 ? ? ? ? 0 ? ? ?

? ? 0 0 ? ? ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

9.6 15.3 27.1 7.5 42.1 0 0 0

TNHC 069648

114.2 ? 49.3 56.4 74.4 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 0 1 1 0 0 0 0

6 9.3 21.5 6 35.8 0 0 0

TNHC 069649

130.2 ? 53.1 64.5 86.8 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 0

5.7 13.7 25.4 7.3 40.4 0 0 0

TNHC 069650

89.4 ? 39.3 ? ? ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 ? ? ? ?

5 9.7 20.5 2 28.4 0 0 0

TNHC 069651

73.3 ? 30.4 39 51.7 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 1 0 0 5 4 ?

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 0 1 0 0 0 0 0

4.5 7.4 16.8 1.8 23.4 0 0 0

TNHC 069652

144.9 ? 58.1 69.2 97.9 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 2 0

10.4 11.4 25.6 10 43.9 0 0 2

TNHC 069653

132.6 55.2 61.8 63.4 85.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 1 1 1 0 0 0

13 13.3 26.6 8.2 43.9 0 0 0

TNHC 069801

113.5 ? 54.7 57.8 74.8 7 8 8 ?

? 0 2 2 2 2 2 3 0

1 1 1 2 ? 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 1

0 0 1 1 1 0 0 2 0

7.5 10.7 25.8 4.7 38.9 0 0 0

TNHC 069802

109.9 ? 44.6 52.7 74.5 7 ? ? ?

? 0 4 0 2 2 2 ? 0

1 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 0 ? 0 0 1 1

0 0 1 1 1 0 0 0 0

9.2 11.4 21.7 4.7 36.1 0 0 0

TNHC 069803

117.3 ? 50.1 56.3 72.1 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 ? ? ? ? ? ?

? ? 24.8 4.7 37.7 ? ? ?

TNHC 069804

116.3 44.1 48.4 57.1 74.9 7 8 8 11

11 0 4 0 3 2 2 3 0
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1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 ?

? 0 1 1 0 0 0 0 0

6.9 10.3 21.9 6.8 37.6 0 0 0

TNHC 069805

105 42.4 47 54.8 71.6 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 1

0 0 1 1 1 0 0 0 0

6.7 19.7 24.6 2.6 34.9 0 0 0

TNHC 069806

109.4 ? 41 42 65.3 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

10.3 11.5 22.5 3.2 36.8 0 0 0

TNHC 069807

100.1 ? 50.4 56.3 71 7 8 8 11

11 0 3 1 2 2 3 0 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 1

0 0 1 ? ? 0 0 0 0

? ? 20.2 2.4 33.2 ? ? ?

TNHC 069808

100.4 ? 48.4 49.4 64.9 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 0 1 1 0 0 0 0

5.9 10 18.8 5 34 0 0 0

TNHC 069809

134.8 46.6 50 59.9 89.4 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 1

0 ? ? ? ? ? ? 0 0

? ? 23.5 9 ? ? ? ?

TNHC 069810

102.5 ? 43 48.7 66.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 0 0

5.7 8.2 18.1 5.2 35.1 0 0 0

TNHC 069811

110 43.5 47.3 54.3 72.9 7 8 8 11

11 0 4 0 2 2 2 3 0

1 1 1 2 ? ? 5 4 4

12 12 0 0 0 2 1 1 ?

? 1 1 0 2 ? ? ? ?

? 0 1 1 1 0 0 0 0

8.8 10.5 23 5 34.7 0 0 0

TNHC 069812

99.9 ? 46.7 48.8 66.4 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 1 2

5.3 9 19.7 2.9 33.3 0 0 0

TNHC 069813

143 ? 61.9 71.7 93 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

11 11 0 0 1 0 0 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 1 0 2 2

10 14.7 27.8 7.8 43.1 0 0 0

TNHC 069814

109.2 ? 43.7 55.5 72.1 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 2 2

5.8 9.1 19.3 3.8 34.58 0 0 0

TNHC 069815

116.5 ? 51.5 56.2 73.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1
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0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

7.5 12.5 20.5 7 36.1 0 0 0

TNHC 069816

130.6 ? 55.2 62.6 84.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 1 2

5.8 13.5 27.7 4.5 41.7 0 0 0

TNHC 069817

129.3 ? 52.2 64.9 81.2 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

7 13.2 22.9 7.4 44 0 0 0

TNHC 069818

? ? ? ? ? ? 8 8 ?

? 0 2 ? ? ? 2 3 0

1 1 1 2 ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? 0 1 1 1 1 0 0 1

9.7 10.45 18.65 6.35 34.33 ? ? ?

TNHC 069819

180.5 65.3 ? 87.3 118.6 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 069820

141.9 53.5 57.6 73.6 90.7 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

11.2 14.5 24.8 7.5 41.2 0 0 0

TNHC 069821

131 56.3 62.5 67 89.1 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

10.8 14.7 29.7 5.9 41.2 0 0 0

TNHC 069822

180.9 63.1 ? 84.4 122.2 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 ? 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 ?

? 0 1 1 1 0 0 0 0

9.5 20.6 32.2 13.5 50.1 0 0 0

TNHC 069823

107.5 ? 44.4 51.1 64.8 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 0 0

6.5 10 22.2 2.7 34.8 0 0 0

TNHC 069824

139.3 ? 61.6 69.3 89.5 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 1 1

0 0 1 1 1 0 0 2 0

8.9 14.4 27.2 5.2 42.3 0 0 0

TNHC 069825

106.6 41.3 ? 54.4 69 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? ? 5 4 4

12 12 0 0 0 2 ? 1 1

1 1 1 ? ? 0 0 1 1

0 0 0 1 1 ? ? ? ?

6.6 9 22.2 4.7 34.4 0 0 0

TNHC 069936

137.8 52.9 54.8 64.9 89.7 7 8 8 11

11 0 2 2 2 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 2 2 0 0 1 ?

? 0 1 1 1 1 0 0 0

7.7 12.9 26.1 5.8 40 0 0 0

TNHC 069939

? ? ? ? ? ? 8 8 ?

? ? ? ? ? ? ? ? ?
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? ? ? 2 ? ? 5 4 4

? ? 0 ? ? ? ? 1 ?

? 1 1 2 2 ? ? 1 ?

? 0 1 1 1 ? ? ? ?

7.7 8.7 20.3 3.7 29.7 ? ? ?

TNHC 070241

? ? ? ? 112.9 ? ? ? ?

? 0 2 ? ? 2 2 3 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 ?

? 0 1 1 1 1 0 2 0

7.8 18.5 31.5 11.4 48.3 0 0 0

TNHC 070587

142.1 57.5 ? 75.2 96.3 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 070753

? ? ? ? ? ? ? ? ?

? 0 2 2 2 ? ? ? 0

1 ? ? ? ? 1 ? ? ?

? ? 0 ? ? ? ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 77201

130.4 53 58.4 62.1 86 7 8 8 11

? 0 2 2 2 2 2 0 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 0 0 1 1

0 0 1 1 1 1 0 1 0

? ? ? ? ? 0 0 0

TNHC 77202

182.1 73 75.4 80.8 125.6 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 2 ? ? 5 4 4

12 12 0 0 0 2 ? 1 ?

? 1 1 ? ? ? ? ? ?

? 0 1 ? ? 0 0 2 2

? ? ? ? ? ? ? ?

TNHC 77203

157.7 62.2 ? 72.8 107.7 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 2 ? 1 5 4 4

12 12 0 0 0 2 ? 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 77204

127.3 52.3 ? 58.8 85.6 7 8 8 11

11 ? ? ? ? ? ? ? 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 ?

? 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 77205

165.3 59.5 ? 72.4 107.3 ? 8 8 11

11 ? ? ? ? ? ? ? 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

TNHC 77206

135.9 ? 56.6 64.5 90.1 7 8 8 ?

? 0 2 2 2 2 2 1 0

1 1 1 2 0 0 5 4 4

12 12 0 0 0 2 1 1 1

1 1 1 0 2 0 0 1 1

0 0 1 ? ? 1 0 2 2

? ? ? ? ? 0 0 0

TNHC 77207

94.2 39.1 41.9 48.1 64.5 ? 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 2 3 1 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 ? ? 0 0 1 ?

? 0 1 ? ? ? ? ? ?

? ? ? ? ? ? ? ?

XX02JGH98

104.5 44 ? 53.2 67 7 8 8 11

11 0 4 0 2 2 2 3 0

1 1 1 2 0 0 5 4 4
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12 12 1 0 0 2 1 1 1

0 1 1 2 2 0 0 1 ?

? 0 1 ? ? 0 0 2 0

? ? 23.2 5.4 33.7 ? ? ?

XX02JGH99

159.6 65.6 ? 79.4 107.5 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 1 0 0 2 ? 1 1

1 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

XXX031214JGH129

? 44.1 ? 64.3 ? ? 8 8 11

11 0 4 ? ? ? ? ? ?

? 1 1 ? ? 0 5 4 4

12 12 0 0 0 2 1 1 1

0 1 1 0 2 ? ? ? ?

? 0 1 1 1 ? ? ? ?

8.1 12.4 22.5 5.8 37.8 0 0 0

XXX04XXXXJGH131

150.4 53.1 ? 75.8 99.4 7 8 8 ?

? ? ? ? ? ? ? ? 0

1 1 1 ? 0 1 5 4 4

12 12 ? ? ? 2 ? 1 1

0 1 1 ? ? 0 0 0 ?

? 0 1 1 1 1 1 2 0

11.3 16.4 30.3 9.5 41 0 0 0

XXX04XXXXJGH132

127.4 54.9 ? 61 84.1 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 1 5 4 4

12 12 ? ? ? 2 ? 1 ?

? 1 1 ? ? 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

xxxxxxxxxJGH145

108.3 41 ? 58 70.5 7 8 8 11

11 0 3 1 2 2 2 3 0

1 1 1 1 0 0 5 4 4

12 12 0 1 0 2 1 1 1

1 1 1 0 2 0 0 ? ?

? ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?

uf149511

? 28.5 ? 50.2 50.8 ? ? ? ?

? ? ? ? ? ? ? ? 0

1 1 1 ? ? 0 5 4 4

? ? 0 0 ? ? ? 1 1

0 1 1 ? ? 0 0 ? 1

0 ? ? ? ? ? ? ? ?

? ? ? ? ? ? ? ?
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A
Acanthochelys macrocephala, 522
Adocidae, 351, 389, 407
Adocus

bossi, 351, 361
kirtlandius, 351, 361
lineolatus, 361

Agrionemys horsfieldi, 510
Aldabrachelys gigantea, 514, 516
Alligator olseni, 462
Allopleuron hoffmani, 444, 448, 451, 455
Ambystoma mexicanum, 65
Anapsida, 20
Annemys

latiens, 168
levensis, 129, 162, 168
sp., 157, 162, 164, 168, 171

Anthracosaur, 20
Apalone

ferox, 194, 199, 416, 462
latus, 360, 432, 434
mutica, 510, 512, 517
spinifera, 510, 512, 513, 519, 522

Apodichelys lucianoi, 262
Araripemydidae, 218–220, 234, 235, 243–246, 248, 261, 266
Araripemys

‘‘arturi’’, 219, 264
barretoi, 108, 111, 113, 116, 118, 215, 216, 218, 221, 223, 244,

247-249, 262-264
Archelon, 53, 450, 455, 508, 513, 524
Archosauromorpha, 63
Arenila krebsi, 284
Argillochelys

africana, 452, 455
antiqua, 450-452
convexa, 450
cuneiceps, 450–452
subcristata, 450

Arundelemys dardeni, 391, 397, 399–402
Aspideretes

fontanus, 355, 356
vorax, 355, 356

Aspideretoides
austerus, 355–359, 361, 375
robustus, 356, 358, 359, 361, 362
splendidus, 356, 362, 424, 425

Astrochelys radiata, 522
Athecae, 51, 52
Atoposemys entopteros, 478

B
Baena

arenosa, 341, 391, 400, 402, 403
fluviatilis, 391–393
longicauda, 349
nodosa, 339, 361
ornata, 341

Baenidae, 3, 133, 135–137, 339, 343, 349, 361, 389, 391,
399, 400, 403

Baenodda, 339, 389, 391, 399, 400
Baenoidea, 10, 391, 399
Bairdemys

hartsteini, 290, 291
healeyorum, 290, 291, 294, 295, 298, 300–302
miocenica, 290, 291, 298, 300
sanchezi, 290, 291, 294
venezuelensis, 96, 109, 116, 270, 290, 291, 294–296, 299
winklerae, 290, 291

Balanus concavus, 524
Baltemys, 210, 459, 460, 465–467, 469, 470
Baptemys, 72, 524
Basilemys

gaffneyi, 353–355, 361
nobilis, 351, 353, 416, 417
praeclara, 351, 353, 416, 417
sinuosa, 353, 411, 416, 417
variolosa, 351, 353, 361, 416, 417

Bauremys
brasiliensis, 262–264, 269, 271–273
elegans, 116, 118, 262–264, 267, 269, 271, 273

Boremys
grandis, 343, 361, 402, 403
pulchra, 341, 343, 361, 402, 403

Bothremydidae, 4, 116, 188, 200, 251–253, 255, 257, 258, 261, 267,
277, 278, 300, 307, 317, 329, 333, 338

Bothremydina, 200, 201, 251, 255, 319, 329
Bothremydini, 200, 252, 253, 255, 302
Bothremys cooki, 9, 291
Brasilemys josai, 108, 116, 118, 262

C
Cambaremys langertoni, 262, 263, 267, 269–271, 273
Captorhinidae, 23
Captorhinomorpha, 20
Carcharocles megalodon, 279
Cardichelyon rogerwoodi, 486, 491
Cardiochelys

eocaenus, 453
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C (cont.)
rupeliensis, 453, 454

Caretta caretta, 92, 195, 454, 503, 504, 508,
514, 520, 526

Carettochelyidae, 184, 430
Carettochelys insculptata, 300
Caririemys violetae, 263, 264
Cearachelys placidoi, 108, 116, 118, 262–264
Charitemys captans, 391–393
Chedighaii, 300, 337, 338, 360, 361
Cheirogaster, 279
Chelidae, 3, 66, 116, 215, 244, 245, 266
Chelodina longicollis, 247, 514, 524
Cheloides, 105, 244
Chelone

antiqua, 445
breviceps, 447
convexa, 447
crassicostata, 447
cuneiceps, 447
declivis, 447
gigas, 447, 452
latiscultata, 447
longiceps, 447, 451
obovata, 173–178
planimentum, 447
subcarinata, 447
subcristata, 447
trigoniceps, 447, 451

Chelonia mydas, 189, 195, 197, 200, 205, 445, 452, 454,
503, 508, 514

Cheloniidae, 446, 450, 451, 454, 462, 525
Chelonoidis chilensis, 512
Chelus fimbriata, 108, 111, 118, 263, 264
Chelycarapookus arcuatus, 121
Chelydra serpentina, 53, 57, 92, 198, 207, 247,

503, 508, 510
Chelydrasia kusnetzovi, 486
Chelydridae, 136, 137, 360, 389, 484, 485
Chelydropsis, 486
Chengyuchelyidae, 148, 152
Chengyuchelys

baenoides, 108, 110, 111, 113, 148
dashanpuensis, 148
zigongensis, 148

Chersina angulata, 505, 519
Chinemys reevesii, 504
Chinlechelys tenertesta, 59, 67
Chisternon

undatum, 341, 402, 403
Chrysemys

ornata, 515
picta, 38, 351, 507–509, 513, 518, 523, 524

Chubutemys, 93, 122, 123, 133-135, 137, 138, 140, 141, 143, 159,
162, 169-171

Cimochelys (Chelone) benstedi, 447
Clemmys guttata, 509
Compsemys, 338, 339, 359–361
Condorchelys antiqua, 109, 110, 142
Corsochelys, 453
Cosmochelys dolloi, 453
Crassostrea gryphoides, 279
Cryptodira, 3, 45, 51, 105, 135, 194, 200, 203,

244, 251, 329
Cuora amboinensis, 511
Cyclanorbis, 66

D
Dacquemys, 96, 297, 300
Deirochelys reticularia, 97, 509
Denazinemys

nodosa, 339, 341, 343, 349, 351, 361, 367–370
ornata, 361

Denverus middletoni, 486
Dermochelyidae, 453, 454
Dermochelys, 51–53, 56, 67, 207, 447, 453, 454, 508, 513, 514, 520,

521, 524
Desmatochelyidae, 454, 525
Desmatochelys, 453–455
Diadectidae, 21
Diadectomorpha, 24
Diapsida, 20, 22, 23
Dinochelys whitei, 399, 401–403
Dipsochelys (Aldabrachelys) gigantea, 516, 519, 522
Dorsetochelys

buzzops, 399, 401, 402
delairi, 143, 205, 397, 399, 401, 402

Dortoka, 110, 111, 113, 116, 118, 315, 317, 321,
325, 326, 330

Dortokidae, 251, 307, 310-313, 315, 317, 321, 323, 325, 326,
329–331, 333

Dracochelys, 93, 135, 141, 152, 168, 170

E
Echmatemys

euthenta, 524
septaria, 525
wyomingensis, 525

Eileanchelys waldami, 108, 110, 111, 113
Elochelys

convenarum, 251–253, 256, 257, 284, 329
perfecta, 251, 256, 257, 284, 329

Elseya, 209, 284
Emydid C, 487
Emydid P, 492
Emydura

macquarii, 514
subglobosa, 65–67, 517, 522

Emys
camperi, 446, 447, 450, 451
neumayri, 308, 310, 322, 323
orbicularis, 41, 504, 510, 514
parkinsonii, 446, 447, 451

Eochelone brabantica, 452, 454
Eochelys

camperi, 451
convenarum, 251–253, 256, 257, 284, 329
perfecta, 251, 256, 257, 284, 329

Eosauropterygia, 25
Eosphargis breineri, 453
Eosuchia, 24
Erquelinnesia, 189, 195, 198–200, 202, 204, 205, 449,

450, 452, 454
Erymnochelys, 113, 246, 280, 284, 285
Euclastes, 197–200, 202, 205, 210, 448, 449
Eucryptodira, 134–137, 141, 152, 188, 205, 261, 329, 349
Eunotosaurus, 35, 38, 67
Eupleurodira, 105, 244, 261, 282-284, 317
Euraxemydidae, 4, 96, 261
Euraxemys essweini, 262–264, 273
Eureptilia, 20, 21, 23, 67
Eusarkia rotundiformis, 109

574 Taxonomic Index



F
Foxemydina, 251–253, 255–258, 307, 317, 319, 329, 330, 333
Foxemys mechinorum, 251, 257, 317, 329

G
Galianemys, 284
Gamerabaena sonsalla, 391
Gavialosuchus, 462
Geochelone

carbonaria, 508, 518
nigra, 513, 514, 524
pardalis, 518
radiata, 516
sulcata, 512, 516, 519

Glarichelys, 441
Glyptemys insculpta, 511
Glyptops

pervicax, 400
plicatulus, 391, 402
typocardium, 176

Goleremys mckennai, 403
Gopherus

agassizii, 503, 508, 513, 517-520, 523
berlandieri, 508, 512
polyphemus, 508

Graptemys
geographica, 53, 511
ouachitensis, 509, 515
pseudogeographica, 504, 509, 515

H
Hadrianus corsoni, 523, 524
Hamadachelys escuilliei, 116
Hangaiemys, 93, 135, 147, 152, 168
Hayemys latifrons, 391, 399
Heckerochelys romani, 108, 110, 111, 113
Helochelydra anglica, 176
Helodermatidae, 461
Helopanoplia, 480
Helveticosaurus, 24
Henodus, 23–25, 32
Heosemys annandalii, 515, 521
Hesperotestudo, 462
Hoplochelys, 143, 202, 210, 343, 350, 361, 465
Hydromedusa, 110, 302
Hylaeochelys latiscutata, 173, 176–178
Hylonomus, 20

I
Indochelys spatulata, 108–111, 113, 142
Itilochelys rasstrigin, 455

J
Judithemys, 93, 135, 136, 170, 360

K
Kallokibotion

bajazidi, 75, 123, 197, 308, 320, 323, 326, 328,
329, 333, 399

magnificum, 308, 326, 328, 329
Kappachelys okurai, 182, 184

Kayentachelys, 4, 14, 57, 77, 108–111, 113, 118, 127, 129–132,
135–137, 139–141, 150, 159, 162

Kenyemys, 284
Kinixys

belliana, 516, 519
homeana, 519

Kinosternidae, 204, 459, 461–463, 470–473, 484, 525
Kinosterninae, 98, 460, 463
Kinosternoidea, 73, 133, 349, 350, 360
Kinosternon

baurii, 459, 470–473
oaxacae, 467, 471, 472
subrubrum hippocrepis, 459
subrubrum steindachneri, 459
subrubrum subrubrum, 459

Kritosaurus navajovius, 349
Kurmademys, 76, 284

L
Lacerta, 38, 53
Laganemys tenerensis, 216, 222, 223, 246–248
Lanthanosuchidae, 21, 24
Lepidochelys

kempii, 200, 520, 524
olivacea, 454, 508, 525

Lepidosauromorpha, 63
Lissemys

punctata, 66, 189, 200
scutata, 66

Lytoloma
bruxelliensis, 451
crassicostatum, 450
longiceps, 450
planimentum, 450
trigoniceps, 450
wemelliensis, 451

M
Macrobaenidae, 152
Malaclemys terrapin, 503, 507, 514, 523
Malacochersus, 54, 57, 67
Manouria, 57, 67, 520
Mauremys

caspica, 510
leprosa, 513, 514, 524

Megapleurodira, 105, 135–137, 254, 315, 321, 323
Meiolaniidae, 122, 133, 135–137, 329
Merychippus gunteri, 462
Mesosauria, 21
Millerettidae, 21
Minipleurodira, 243
Miochelys fermini, 453, 454
Mongolochelys efremovi, 122
Muehlbachia nopcsai, 323, 326

N
‘‘Naiadochelys’’ ingravata, 338
Nanhsiungchelyidae, 351, 355, 389, 407, 408, 411, 412, 414–416
Neochelys arenarum, 257, 284
Neurankylinae, 391, 399, 400
Neurankylus

baueri, 343, 345, 346, 361, 390, 391, 393, 395, 397, 399, 401–403
eximius, 341, 343, 346, 361, 389–395, 397, 399–403
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N (cont.)
lithographicus, 390, 391, 393–395, 397, 399–403
wyomingensis, 390, 391, 397, 399–403, 493

Nigeremydina, 243
Ninjemys oweni, 138, 143
Niolamia argentina, 138, 143
Nostimochelone, 279, 280, 283-285
Nothosauria, 23
Notoemys

laticentralis, 105, 108–113, 115, 116, 118, 132, 143
oxfordiensis, 106, 108–111, 113, 115–118
zapatocaensis, 106–111, 113, 115, 116, 118, 131

O
Odontochelys, 22, 25, 27, 31, 33–35, 38, 47, 56–59, 64, 67, 68, 111,

113, 115, 117, 118, 206
Ordosemys leios, 159, 167
Otwayemys cunicularis, 121, 138, 143
Owenetta, 21

P
Pachyrhynchus, 449
Palaeochelys, 279
Palatobaena

bairdi, 402, 403
cohen, 77, 402, 403
gaffneyi, 402, 403

Palea steindachneri, 510, 512
Paleochersis talampayensis, 67, 111
Paleothyris, 20
Palmoxylon, 279
Paracryptodira, 80, 133, 136, 137, 329, 331, 399
Parareptilia, 20–22, 24
Pareiasauria, 21, 24
Patagoniaemys gasparinae, 123, 143
Pelodiscus sinensis, 41, 54, 64, 68, 182, 523
Pelomedusa subrufa, 116, 118, 263, 264
Pelomedusera, 243, 261, 273
Pelomedusoides, 105, 116, 215, 243–246, 248, 253, 261, 262, 264,

267, 270, 284, 290, 317
Peltocephalus dumerilianus, 263, 264
Pelusios, 202, 208, 209, 246, 264, 267, 283, 302, 484
Petrolacosaurus, 20
Phrynops geoffroanus, 118, 263, 264
Placodontia, 23, 25
Placodus, 23–25, 32
Planetochelys

dithyros, 477, 480–482
savoiei, 480–482, 535

Plastomeninae, 358, 359, 362, 430, 432
Plastomenine C, 479
Plastomenus

robustus, 356, 358, 361
thomasii, 358

Platemys bullockii, 173
Platychelira, 105
Platychelyidae, 105, 115
Platychelys, 105, 107–113, 115, 116, 118, 131, 133, 136,

143, 285, 317
Platysternidae, 477, 486, 487
Plesiobaena antiqua, 341, 360, 402, 403
Plesiochelyidae, 136, 137, 152
Plesiochelys

chungkingensis, 148

P (cont.)
jingyanensis, 148
kwanganensis, 148
latimarginalis, 148
oshanensis, 148
radiplicatus, 148
tatsuensis, 148

Plesiosauria, 23
Pleurodira, 45, 95, 105, 115, 133, 136, 215, 243–245, 251, 253, 261,

264, 266, 273, 283, 321, 323, 329, 338
Pleuropletus suessi, 308
Pleurosternidae, 135, 329, 399, 525
Pleurosternon bullockii, 150, 173, 178, 402
Podocnemidera, 262, 263, 266, 267, 273, 283
Podocnemididae, 261, 262, 273, 277, 285, 289, 290
Podocnemidoidea, 244–246, 255, 277,

279, 283–285
Podocnemis

alabamae, 284
barberi, 284
lata, 277, 278, 284
lewyana, 111
unifilis, 263, 264

Polysternon
atlanticum, 251, 252, 255–257, 329
provinciale, 96, 251, 255-257, 317, 329, 331

Portezueloemys, 116, 284
Priscochelys hegnabrunnensis, 67
Procolophonia, 21
Procolpochelys grandaeva, 510, 524
Proganochelys, 4, 13, 14, 25, 29, 31, 38, 47, 56, 57, 67, 77, 110, 111,

113, 118, 122, 126, 127, 129, 131, 135, 137, 150, 169, 171,
207–209, 285, 332

Proterochersis robusta, 67, 105, 110, 111, 113, 115, 118, 131, 142,
143, 206

Protocaptorhinus, 23
Protochelydra, 97, 484–486, 523, 524
Protosphargis veronensis, 449, 453, 454
Protostega, 450, 523
Protostegidae, 450, 453, 455, 525
Psephoderma, 51, 52, 56
Psephophorus

oregonensis, 452
polygonus, 52, 452, 453, 455
rupeliensis, 452, 454
scaldii, 452, 453

Pseudemys
caelata, 462
concinna, 462, 503, 523
floridana, 503
nelsoni, 462
williamsi, 462, 504

Pseudochrysemys, 496
Psilosemys wyomingensis, 476, 477, 492–494
Ptychogaster sp., 210, 486, 492
Puppigerus camperi, 98, 441, 442, 451, 454, 455

R
Rhinochelys benstedi, 446, 447
Ronella, 284, 317, 321, 325, 326, 331
Rosasia soutoi, 251, 257, 329
Roxochelys

harrisi, 262, 269, 271–273
vilavilensis, 296, 299, 300
wanderleyi, 262, 263, 267–273
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S
Santanachelys gaffneyi, 261-263
Sauropterygia, 23–25
Saynoceras verrucosum, 106
Scabremys ornata, 339, 341, 343, 349, 360, 361, 371
Senonemys suemegensis, 314, 320, 321
Seymouriidae, 24
Shartagemys, 153
Shweboemys

antiqua, 284, 290
gaffneyi, 290
pilgrimi, 290
pisdurensis, 285, 295, 296, 299, 300

Sichuanchelys, 111, 113, 148, 150-152, 163, 168
Sinaspideretes wimani, 148
Sinemydidae, 152, 481
Sinemys, 75, 97, 135, 168, 170, 171, 210, 481
Solemydidae, 251, 253, 329, 389
Solemys

gaudryi, 331
vermiculata, 331

Sphargis
pseudostracion, 452
rupeliensis, 453

Sphenodon, 25, 27, 133
Spoochelys ormondea, 122-124, 126, 127, 129, 130, 132, 134, 136-

138
Strutiosaurus austricus, 308
Staurotypus triporcatus, 516
Stereogenys, 284, 285, 291, 294, 297, 300, 301
Sternotherus

minor minor, 459
minor peltifer, 459, 521
odoratus, 77, 98, 459, 467, 469, 471-473, 508, 510, 512

Stupendemys, 302
Stygiochelys estesi, 97, 391, 402, 403
Suchomimus tenerensis, 216, 222
Syllomus

aegyptiacus, 506, 508, 511, 513, 520, 524, 525
crispatus, 506, 524

Synapsida, 20, 64, 135

T
Taphrosphyini, 298
Taphrosphys, 3, 9, 76, 96, 111, 289, 298-300
Taquetochelys, 215, 219, 222, 224, 226
Terrapene

carolina, 503, 504, 506, 509, 511, 513-515, 523, 536, 543, 545
n. sp., 462
ornata, 97, 508, 509, 514, 515, 518, 536

Testudinomorpha, 21
Testudo

denticulata, 516
elegans, 516
graeca, 131, 244, 505, 507, 510, 512, 514, 516, 518, 519, 522

hermanni, 505, 506, 508, 510, 512–514, 516, 519, 520, 522, 523
horsfieldi, 512, 517
loveridgeii, 54
marginata, 517

Thalassemys, 88, 97, 202, 210, 321
Thalassochelys testei, 452, 453
Thecophora, 51, 53
Thescelus

hemispherica, 346, 349, 360, 361
insiliens, 348, 349, 391, 397, 399, 401-403
rapiens, 346, 348, 349, 360, 361, 371

Tienfuchelys tzuyangensis, 148
Toxochelyidae, 97, 450, 525
Toxochelys, 53, 97, 205, 450, 454
Trachemys

inflata, 462
scripta, 32, 41, 45, 462, 503, 505–511, 513, 518, 519, 521, 523

Trachyaspis lardyi, 455
Tretosternon, 173, 176, 329
Trinitichelys hiatti, 341, 391, 399, 400, 402, 403
Trionychidae, 66, 179, 184, 203, 204, 208, 355, 359, 389, 419–421,

425, 429, 430, 432, 478, 479
Trionyx

japanicus, 54
triunguis, 98, 510

Tullochelys, 484-486
Turkanemys, 284

U
Uluops uluops, 399–402
Ummulisani rutgersensis, 113, 503, 507, 524

W
Warkalania carinaminor, 141

X
Xenochelys

bridgerensis, 460, 464–467, 473
floridensis, 464, 465, 467, 473
formosa, 460, 464–467, 473
lostcabinensis, 460, 464–467, 473

Xinjiangchelyidae, 148, 152, 168
Xinjiangchelys

cf. radiplicatus, 150, 162
chowi, 150, 152, 153, 160, 162–164, 168, 169
chungkingensis, 152, 153
junggarensis, 148, 150, 152–154, 160, 162, 163, 168, 169
latimarginalis, 75, 148, 150, 152–154, 160, 162
oshanensis, 152, 153
qiguensis, 150, 152, 153, 160, 162, 164, 169
radiplicatoides, 152–154, 160–162, 167–171
tianshanensis, 148, 152–154, 160, 162, 416
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