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Fig. 1. Restored environment of Proganochelys during the Late Triassic in West Germany. This
scene is based on fossils and taphonomic studies of the Trossingen Plateosaurus quarry. The deposition
site is thought to have been formed by mud flows on the edge ofa lake. Besides the turtle, Proganochelys
(center), and the prosauropod dinosaur, Plateosaurus (rear), small hybodont sharks (lower left) found
associated with Proganochelys and Plateosaurus at Halberstadt are shown.
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ABSTRACT
Proganochelys quenstedti Baur (= Triassochelys

dux Jaekel, Stegochelys dux Jaekel) from the Late
Triassic Norian of Germany is the oldest well-
preserved turtle. This paper describes the com-
plete osteology ofProganochelys for the first time.
The skull, shell, cervical vertebrae, caudal verte-
brae, girdles, and limbs ofProganochelys are com-
pared with primitive amniotes exemplified by
Captorhinus, and with more advanced turtles, the
pleurodires and cryptodires. The descriptions of
Proganochelys are based on seven specimens, in-
cluding three skull-shell associations. One of these
specimens is an almost complete skeleton ofwhat
is hypothesized to be a young adult. Another skel-
eton is interpreted as a younger juvenile, while the
remainder are interpreted as older adults.
Proganochelys has the following chelonian syn-

apomorphies: (1) Bony shell consisting of a cara-
pace formed from costal bones with fused ribs,
neural bones with fused thoracic vertebrae, and
marginal bones; a plastron formed from interclav-
icle, clavicle, and five paired bones sutured to-
gether; carapace and plastron enclosing shoulder

girdle and pelvic girdle. (2) Quadrate concave pos-
teriorly and exposed laterally on cheek. (3) Post-
parietals and postfrontals absent. (4) Lacrimal bone
small. (5) Maxilla, premaxilla, and dentary eden-
tulous. (6) Stapes solid, rodlike, without foramen
or processes.
Proganochelys is hypothesized as the sister group

to all other turtles. It retains the following prim-
itive amniote characters absent in other turtles. (1)
Supratemporal bone. (2) Lacrimal bone and duct.
(3) Moveable basipterygoid articulation. (4) Mid-
dle ear without bony lateral wall. (5) Vomer paired.
(6) Paroccipital process of opisthotic attached to
braincase only at its distal end.

Proganochelys has the following characters that
are interpreted as autapomorphies. (1) Ventral tu-
bercle on basioccipital. (2) Tail club. (3) Phalan-
geal formula (manus and pes) of 2-2-2-2-2.

Interpretations ofthe depositional environment
of Proganochelys combined with features of the
limb morphology suggest that Proganochelys oc-
cupied fresh water as a bottom walker but was not
exclusively aquatic or terrestrial.

1990 5
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INTRODUCTION

Turtles are sometimes considered to be
"living fossils," i.e., structurally conservative
throughout their history. Although turtles do
appear superficially similar because they have
a shell, fundamental changes in many organ
systems have taken place during their history.
Proganochelys, the oldest turtle known from
complete skeletons, has a typical chelonian
shell but is more generalized in the other parts
of the skeleton. Proganochelys thus provides
an unusual opportunity to make extensive
comparisons among turtles and generalized
amniotes. The purpose of this paper is to
fulfill this opportunity and to present a com-
parative osteology of generalized amniotes,
Proganochelys, and more advanced turtles.

This paper is organized so that the descrip-
tive material in general follows the order of
treatment in Romer's (1956) Osteology ofthe
Reptiles. The skull section follows the order
oftreatment in Gaffney (1 979a), which should
also be seen for terminology. I have tried to
describe the material available of Progan-
ochelys and then to compare it with the gen-
eralized amniote condition, usually as seen
in captorhinids on the one hand, and then
with more advanced turtles, pleurodires and
cryptodires on the other hand. Comparisons
with pleurodires and cryptodires rely on pre-
viously described cladograms (Gaffney and
Meylan, 1988) with particular attention to
the Early Jurassic cryptodire Kayentachelys
(Gaffney et al., 1987). In order to provide a
summary and outline of the descriptive and
comparative features used, a series of tables
is included for each of the morphologic re-
gions.
The determination of the closest outgroup

of turtles is based on Gaffney and McKenna
(1979) and Gaffney and Meylan (1988) and
their hypothesis that captorhinids are the sis-
ter group of turtles. However, even if this
hypothesis is incorrect, comparisons with
captorhinids are not in vain. Although there
are certainly autapomorphies in Captorhinus
and its close relatives, a great deal of its mor-
phology is primitive at the level ofAmniota.
More important, however, captorhinids are
the best preserved and best described of all
the possible candidates for "most generalized

amniote." I have relied on literature descrip-
tions of captorhinids, but I have also reex-
amined much of the original material. A re-
study by Ms. Meeker and myself of the
specimens described by Heaton (1979) as
Eocaptorhinus laticeps has resulted in mod-
ifications to his restorations of the skull.
Nearly all the drawings of captorhinid os-
teology have been checked and/or modified
by examination of specimens.
Heaton (1979) adopted a stratophenetic

view of the Captorhinidae: "The sequence of
Romeria-Protocaptorhinus-Eocaptorhinus-
Captorhinus is interpreted as a single contin-
uous phylogenetic lineage. . ." (p. 81). A gen-
eral criticism of this methodology is devel-
oped in Gaffney and McKenna (1979). The
problem is distinguishing Eocaptorhinus and
Captorhinus. The only relatively consistent
morphologic distinction between the two
genera is the presence in Eocaptorhinus of a
single row of teeth in the marginal dentition
and in Captorhinus of two or three rows of
marginal teeth. Bolt and DeMar (1975) have
shown that at one locality, specimens iden-
tifiable as Captorhinus are known that have
a single row ofteeth on one side and a double
row on the other side. Gaffney and McKenna
(1979) accepted the use ofEocaptorhinus but
in this paper I have synonymized Eocaptorhi-
nus laticeps with Captorhinus aguti. The
specimens ascribed to Eocaptorhinus by Hea-
ton appear to be morphologically indistin-
guishable from Captorhinus except in the
tooth row number, and for the purposes of
comparisons with turtles are best considered
one taxon. Nonetheless, the sources for the
specific morphologic features are usually par-
ticular specimens and these are referred to in
the text.

ACKNOWLEDGMENTS
The long-term usefulness of this paper re-

lies on the quality and accuracy ofthe figures.
I have been very fortunate in having three
collaborators whose skills and dedication as
scientific illustrators have produced figures
that will stand among the best. These artists,
Lorraine Meeker, Frank Ippolito, and Ches-
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Fig. 2. Proganochelys quenstedti, anterolateral views. Upper, life restoration; lower, cast ofarticulated
skeleton, SMNS 16980. Restoration made 1/2 size by David Dann. Right forelimb resting on Plateosaurus
vertebrae, based on the Trossingen quarry association.
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Fig. 3. Proganochelys quenstedti. Dorsal view of life restoration made at 1/2 natural size.
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Tarka traveled to Stuttgart to prepare and
draw the shells and other postcrania that could
not be taken to the American Museum.
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Ziegler, Director, Staatliches Museum fur
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great deal of time and effort helping me and
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Fig. 4. Proganochelys quenstedti. Dorsal view of mounted skeleton. Cast of SMNS 16980.

fur Naturkunde, Berlin, very kindly made
available to us the Jaekel specimens in their
care. Professor Frank Westphal and Dr.
Wolfgang Reif, Tiibingen Universitiit, helped
with the type of Proganochelys quenstedti.
The extremely difficult preparation of the

skull of SMNS 16980, in which the endo-
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trix, was the work of Otto Simonis, formerly
of the AMNH. In addition to Mr. Simonis,
Ann Burke, Jeanne Kelly, Frank Ippolito,

Lorraine Meeker, and Chester Tarka all
worked on preparation of the Proganochelys
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done by Jeanne Kelly, Jane Shumsky, and
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This project benefited greatly from the sup-
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Fig. 5. The relationships of the main groups of turtles placed in a stratigraphic perspective. This is
based on a cladogram described in detail in Gaffney and Meylan (1988). Ranges are shown by thick
lines. Recent groups are represented by drawings of living turtles while extinct taxa are represented by
skeletons.

port, and BSR 8314816 for the extensive
comparative work on turtle postcranial anat-
omy and primitive turtles, particularly Kay-
entachelys.

Barbara Werscheck significantly aided me
in manuscript and bibliographic work, and
carried some ofthe Proganochelys specimens
from SMNS to AMNH. The project would
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onerous task and I am fortunate to have col-
leagues that would do it. I am very grateful
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and Rob Voss for improving the paper.
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SMNS Staatliches Museum fur Naturkunde,
Stuttgart, FRG

Anatomical

(for skull figures only; see captions for all other
abbreviations)
ang angular
art articular
bo basioccipital
bs basisphenoid
cor coronoid
den dentary
epi epipterygoid
ex exoccipital
fr frontal
ju jugal
mx maxilla
na nasal
op opisthotic
pa parietal
pal palatine
pf prefrontal
pm premaxilla
po postorbital
pr prootic
pra prearticular
pt pterygoid
qj quadratojugal
qu quadrate
so supraoccipital
sp splenial
sq squamosal
sur surangular
vo vomer

PREVIOUS WORK
The first mention of a specimen identifi-

able as Proganochelys was a reference by Cope
(1884: 114) to a Triassic turtle from Wiirt-
temberg in the hands of the German pale-
ontologist, Quenstedt. In 1887, Baur named
a new taxon on the basis of this specimen in
a footnote to an article on ichthyosaur limbs.
The footnote is repeated here (in translation):

The darkness that surrounds the origin of the turtles
yet intensifies when one realizes that the oldest known
turtle (at this time), from the Stubensandstein of the
Keuper, has a completely closed carapace and plas-
tron; and might possibly belong to the "Pleurodira"
since the pelvis seems to be fused with the carapace
and plastron. This just mentioned turtle is in the Min-
eralogy Museum in Tiubingen and was found by Mr.
Tscherning. Cope mentions it in his important work:
The Vertebrata ofthe Tertiary Formation ofthe West,
Book I, 1883, p. 1 4 in the following way: "The older

(Testudinata) makes its appearance in the Triassic
period, for I am assured by Dr. F. Endlich of Eading,
Pa. that the species obtained by Professor Quenstedt
in Wiurttemberg, belongs undoubtedly to the Testu-
dinata." I will discuss this fossil in more detail in
another paper. However, briefly: No bones were pre-
served, all the animal left behind were the internal
mold of the shell and pelvic bones. Eight costals can
be identified, the plastron was completely closed;
however, the individual elements cannot be separat-
ed. We cannot tell whether or not it had a mesoplas-
tron. However, there is no doubt that plastron and
carapace were fused laterally without a fontanelle. The
measurements are as follows: Longest length: 570 mm,
widest width: 566 mm, highest height: 354 mm.

I have to thank Prof. Quenstedt in Tubingen for
the data and analyses of this interesting fossil. Chel-
ytherium, H. v. Meyer (Palaeontolographica, vol. XIV,
1865) from the same horizon might be generically the
same as the Tiibingen example. Until we have further
finds, I would like to call the Tubingen specimen-
genus: Proganochelys, species: quenstedtii.

This specimen, an uncataloged steinkern
in the paleontological museum at the Uni-
versity of Tiibingen (fig. 104), is the type of
Proganochelys quenstedti. Zakrszewski, also
in 1888, referred to this specimen and sub-
stantiated its chelonian nature and its age.
He indicated the locality as "Schonbuch" near
Hafner-Neuhausen (now Neuenhausen). In
1889, Quenstedt finally described and figured
the specimen, naming it Psammochelys keu-
perina, a synonym of Baur's Proganochelys
quenstedti. The poor nature of the steinkern
prevented further work on Proganochelys but
another discovery in Aixheim-Neuhaus in
1897 ofa shell (SMNS 10012) retaining much
of the bone of the carapace, allowed Fraas
(1899) to restore the shell of Proganochelys.
Unfortunately, sutures are not readily visible
on this specimen and Fraas's reconstruction
(1899: fig. 1) has many serious errors. None-
theless, he figured and described the new shell
and also published new figures ofthe Tubing-
en specimen. (Hennig, 1923: fig. 56, also has
a photograph of the Tiubingen specimen.)
Ballerstedt (1921) reexamined the material
described by Fraas and Quenstedt and came
up with a new reconstruction ofthe new plas-
tron. A description ofthis specimen with new
figures is provided below.
Although the 19th century work on Pro-

ganochelys (and also Proterochersis) showed
the presence in the Triassic of turtles, the
material was not sufficiently well preserved
to develop convincing ideas about relation-
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ships of these specimens to other turtles and
to amniotes in general. The discovery of a
better preserved Triassic turtle specimen in
the pre-Harz mountains during excavations
for Plateosaurus skeletons in 1909-1 1 pro-
vided new information on the skull, neck,
and limb girdles of Proganochelys. The lo-
cality, fauna, and first description of this tur-
tle was published by Jaekel (1914) with a
more intensive description following (1918a).
Jaekel (1914) first named the turtle Stegoche-
lys dux but when he became aware that Ste-
gochelys was preoccupied (by Stegochelys Ly-
dekker, 1889) he renamed it Triassochelys
dux (Jaekel, 1918b). Nonetheless, as dis-
cussed below and in Gaffney (1985a), I have
concluded that this name is ajunior synonym
ofProganochelys quenstedti. Jaekel's descrip-
tion and figures of Triassochelys, however,
have been very influential. His figures of the
carapace have proven to be roughly accurate
but the skull of his specimen was laterally
crushed, causing very misleading interpre-
tations.

In 1927 another Aixheim-Neuhaus Pro-
ganochelys came to light (SMNS 15759), a
partial shell with some limb and vertebral
elements, and, most importantly, a skull. Al-
though this specimen has never been de-
scribed, figures of the skull have appeared
casually in Berckhemer (1931: fig. 3; 1951:
36), and Kuhn (1956: fig. 59).
The most important Triassic turtle find to

date is a series of three skeletons found in
1932 in Trossingen about 4.5 km southwest
of Aixheim-Neuhaus but higher in the sec-
tion, during Plateosaurus excavations. The
quarry geology was described by Seemann
(1933) and is discussed below. The turtles
were placed in the hands of F. Berckhemer
in Stuttgart where preparation was under-
taken. A note with the figures appeared
(Berckhemer, 1938: pl. 4) and Staesche later
began a study of the material. However, the
only information on these specimens to reach
publication was a short discussion accom-
panied by figures ofthe skull ofSMNS 16980
in Parsons and Williams (1961). These fig-
ures and the earlier ones ofJaekel, Fraas, and
Quenstedt have been repeated in many re-
view works, sometimes with reinterpreta-
tions ofdubious significance. These need not
be dealt with here; the earlier ones are listed

in Kuhn (1941). Two recent papers (Gaffney,
1983; Gaffney and Meeker, 1983) have ap-
peared on the skull of SMNS 16980, and
Gaffney (1985a) described much of the shell
morphology.

PROGANOCHELYS SPECIMENS
USED IN THIS STUDY

(See table 1)

University of Tubingen (uncataloged, fig. 108)

Consists of: Internal mold (steinkern) of
shell, showing dorsal epiplastral processes but
lacking posterior margins ofcarapace and an-
terior and posterior margins of plastron.

Locality: Neuenhaus (formerly Haifner-
Neuhausen in the district of Schonbuch);
Zakrszewski (1888), Quenstedt (1889), FRG
(Federal Republic of Germany).

Horizon: Late Triassic, Keuper, Stuben-
sandstein (Quenstedt, 1889).

Literature: The first reference to this spec-
imen was made by Cope (1884); Baur (1887)
named it Proganochelys quenstedti, but
Quenstedt described it in detail (also naming
it Psammochelys keuperina). Quenstedt's
drawings are somewhat stylized but still use-
ful. Photographs of the specimen appear in
Fraas (1899: pl. 8) and Hennig (1923: fig. 56)
while Ballerstedt (1921) discussed and re-
stored the plastron.
Comments: The specimen has no bone re-

maining, it is an internal mold of the shell in
a relatively coarse sandstone. See section be-
low.

MB.1910.45.2 (figs. 28, 73)

Consists of: Skull with lower jaws, cara-
pace, plastron lacking most of anterior lobe
but with dorsal portions of epiplastral pro-
cesses ("cleithra"), cervical vertebrae, left
scapula, coracoid, and dermal ossicles (a pel-
vis and right femur head from the same lo-
cality but apparently not from the same in-
dividual, has the number MB.1910.45.3).

Locality: Baerecke and Limpricht Quarry,
Halberstadt, DDR (Jaekel, 1914; Fischer,
1975). Collected in 1910.
Horizon: Late Triassic, Keuper (Jaekel,

1914; Kuhn, 1939; Fischer, 1975).
Literature: The Berlin specimen was de-
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TABLE 1
Preserved Material of Proganochelys

MB
SMNS 16980 SMNS 17203 SMNS 17204 SMNS 15759 1910.45.2

Skull + - _ + +
Lower jaws + - - + +
Carapace + + + + (part) +
Plastron + + + + (part) +
Cervical vertebrae + - + (part) + (part) +
Caudal vertebrae + + +
Scapula-coracoid R, L L - - L
Ilium R, L R, L ?- *
Pubis R,L R,L R,L R,L *
Ischium R, L R, L R, L R,L *
Hypoischium + + + +
Humerus R, L L R, L(part)
Radius R, L L R ?
Ulna R, L L R
Carpus R, L ?L - R (part)
Manus R, L - R(part) R
Femur R, L R, L R, L L(part) *
Tibia L, R(part) R, L R,L - -

Fibula L, R (part) R, L R,L - -

Tarsus R, L (part) R (part) R, L - -

Pes R,L - R,L - -

Neck osteoderms + ? - - +
Tail osteoderms - + + -

* A pelvis and femur head are preserved as MB 1910.45.3, a different individual.

scribed in detail by Jaekel (191 8a). The skull
restorations are seriously in error and there
are some inconsistencies in the shell resto-
rations but the shell photographs (Jaekel,
191 8a: figs. 1, 3, pl. 2) are accurate and useful.
Figure 1 in this paper is interesting as it is
the only photograph showing the plastron still
attached to the carapace. Other figures of the
skull may be found in Gaffney (1979a).
Comments: The bone of the Berlin speci-

men is harder and retains a better surface
than the Trossingen specimens, but there are
minute fractures, breaking the bone into small
trapezoids, that obscure sutures and other fine
details. I have been unable to confirm most
ofJaekel's (191 8a) sutures, in either the shell
or the skull. The bridge areas of the carapace
are extensively restored with plaster and lat-
eral crushing has distorted the original cur-
vature.

SMNS 10012 (fig. 62)

Consists of: Partial carapace, with internal
surface and external surface preserved in sep-

arate pieces; partial natural mold of internal
surface of plastron; separate piece with nat-
ural internal mold of left posterior carapace
section.

Locality: Quarry in Aixheim-Neuhaus,
FRG. Collected by Haug in 1897 (see also
Fraas, 1899).

Horizon: Late Triassic, Keuper, Stuben-
sandstein.

Literature: This specimen was described
and figured by Fraas (1899) with futher com-
ments by Ballerstedt (1921). The figures by
Fraas (1899: pls. 5 and 6) of the carapace as
preserved are accurate and useful but the res-
toration of the carapace (Fraas, ibid.: fig. 1)
has serious errors (discussed below). Unfor-
tunately this figure has been repeated fre-
quently.

Comments: The specimen was found in a
quarry by blasting and the carapace was split
through the bone. Preparation took place by
embedding each section in plaster and re-
moving the matrix. The results are confusing;
the internal bone surface of the carapace (fig.
64) is preserved in a thick plaster bed and the
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external bone surface of the same carapace
(fig. 62) is separated and embedded in its own
plaster piece, yet they are part of the same
carapace.

SMNS 15759 (= SMNS 15782 and 15783,
fig. 66)

Consists of: Laterally crushed skull and
lower jaws; right half of carapace lacking lat-
eral and posterior margins; plastron frag-
ments including right epiplastron; right ma-
nus with dermal armor; fragment of left
forearm armor with distal end of radius, dis-
tal end of left femur; ventral plate of pelvis
with paired hypoischia attached; fragment of
medial section of carapace with two thoracic
centra; three articulated cervicals; dermal ar-
mor with four articulated tubercles; and var-
ious fragments.

Locality: Quarry at an old mill consisting
of two buildings, Aixheim-Neuhaus, FRG.
Skull found a few centimeters above shell
(from label written by Berckhemer). This site
was relocated in 1983 by Wild and Gaffney
(fig. 7). Collected by Hugger, 1927.

Horizon: Late Triassic, Keuper, Stuben-
sandstein.

Literature: The skull has been casually fig-
ured (by Berckhemer, 1951: fig. 36; Kuhn,
1956: fig. 59) but never described.
Comments: Photographs, taken before

World War II (fig. 67) indicate that a plastron
and more ofthe carapace was originally pres-
ent but these were destroyed during the war
(R. Wild, personal commun.). The preser-
vation of the specimen is good but all ele-
ments have been distorted by crushing to
some extent.

SMNS 16980 (figs. 2, 4)
Consists of: A nearly complete skeleton,

with skull, jaws, carapace, plastron, cervicals
(lacking 6 and 7), caudals, tail club, fore- and
hindlimbs (lacking part ofright tibia and fib-
ula), both shoulder girdles, pelvis, hypois-
chia, and numerous dermal osteoderms.

Locality: Plateosaurus quarry in Trossin-
gen, FRG (figs. 8-12). Collected by R. See-
mann in 1932 (see below for more data).

Horizon: Late Triassic, Keuper. Originally
described as Knollenmergel but now thought
to be upper Stubensandstein (see discussion
below).

Literature: An important figure showing the
anterior half of the specimen, articulated but
lacking the shell, was published in Berckhem-
er (1938: pl. 4, shell also figured). The skull
has appeared in Parsons and Williams (196 1)
and Gaffney (1979a) but the best study to
date is in Gaffney and Meeker (1983) and
Gaffney (1983).
Comments: SMNS 16980 is the best pre-

served and most complete skeleton of a
Triassic turtle known to date. The shell is
more complete than any other Proganochelys
shell and seems to be the least distorted.

SMNS 17203 (fig. 100)
Consists of: Carapace and plastron, both

lacking right anterior quadrant; right humer-
us, radius, and ulna; right and left femur, tibia
and fibula; right tarsus, hypoischium, pelvis,
left scapula, caudal vertebrae and tail club.

Locality and Horizon: Same as SMNS
16980

Literature: None.
Comments: SMNS 17203 is the smallest

ofthe available specimens and provides near-
ly all of the information on sutures in the
carapace and much of the data on plastral
sutures. The entire specimen is crushed dor-
soventrally with parts ofthe left shoulder gir-
dle protruding through the carapace.

SMNS 17204 (figs. 85, 87)

Consists of: Carapace and plastron with
nearly complete right forelimb, both hind-
limbs, pelvis, cervicals 6 and 7, caudal ver-
tebrae, and tail club.

Locality and Horizon: Same as SMNS
16980.

Literature: None.
Comments: SMNS 17204 is the largest of

the three Trossingen Proganochelys and is
about the same size as the Berlin specimen
(MB.1910.45.2). The preservation of the
specimen is peculiar: the right forelimb, both
hindlimbs, and tail are nearly complete and
articulated, but the carapace is badly crushed
and has a large Plateosaurus bone, probably
a fibula, within the shell cavity. The plastron
is intact but the carapace has been crushed
so that the right side is displaced ventrally
and lies on the plastron. Most of the dorsal
surface of the carapace is poorly preserved
and not completely prepared, but the left lat-
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Fig. 6. Map of Germany showing Proganochelys localities indicated by asterisks (*).

eral and posterior margins are well preserved
and useful scute information has been ob-
tained from this region. A plaster block has
been attached to the dorsal surface ofthe car-
apace to facilitate turning the shell over with-
out damage.

GEOLOGIC AND GEOGRAPHIC
DISTRIBUTION OF
PROGANOCHELYS

There are only three areas where Progan-
ochelys specimens have been found: Halber-
stadt, in the western part of the DDR; near
Tubingen in the FRG; and the vicinity of
Trossingen in Baden-Wurttemberg in the
FRG. The turtle specimens in these areas are
from Late Triassic exposures, in the Keuper,
ofNorian age. The rocks are a complex series
of sandstones, shales, and some limestone

concretions. Current consensus indicates that
all of the Proganochelys-bearing rocks in
Germany are between 220 and 205 million
years old. Based on the relative positions of
the Trossingen specimens near the contact of
the Upper Stubensandstein, it is likely that
at least those specimens are in the middle of
the Norian, around 210 million years old, but
this is reallyjust a guess. Correlation between
Halberstadt and the Trossingen localities is
not dependable enough to determine the rel-
ative stratigraphic positions ofthe specimens
from these two regions.
The Halberstadt quarry and its fauna is

described in Jaekel (1914, 1918a) and sum-
marized in Fischer (1975). Although Jaekel
(1914) prepared a quarry map, I have been
unable to determine the position ofthe turtle
in the quarry. In his section of the quarry
(Jaekel, 1914: 162-163) the turtle and the
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Fig. 7. Map of Trossingen-Aixheim region of southwestern Germany showing Proganochelys local-
ities indicated by circles. The Trossingen quarry (lower center) was the source for SMNS 16980, SMNS
17203, and SMNS 17204. Neuhaus (upper right) was the source for SMNS 15759. SMNS 10012 also
came from the Neuhaus area but the exact location is not known. The map is from the Landesvermes-
sungsamt Baden-Wiurttemberg topographical series 1:50,000; Spaichingen, L7918 (left half), and Villin-
gen-Schwenningen, L7916 (right half).

plateosaurs were apparently found together
in layer 7 ("g"), a greenish gray and red clay.
Forty Plateosaurus specimens were found in
the quarry along with the turtle, phytosaurs,
labyrinthodonts, and fishes. The general geo-
logic situation is presumed to be a freshwater
deposit near a sea margin. As in southern
Germany, the Keuper in this region is char-
acterized by alternating sandstones, clays, and
shales that are not easily correlated over long
distances by lithologic sequence and com-
position.
The Proganochelys specimens from the

Trossingen area are probably from two ho-
rizons: a higher level, formerly considered to
be in the Knollenmergel but now argued to
be correlated with the upper Stubensandstein

(Brenner and Villinger, 1981) and a lower
level that appears to be in the middle Stu-
bensandstein. SMNS 10012 and SMNS 15759
are also from Aixheim-Neuhaus and are la-
beled as coming from the "Stubensandstein"
but no more precise stratigraphic data has
survived. Brenner and Villinger (1981) have
a section of the Stubensandstein in "N.E.
Aixheim," which must be very close to the
Neuhaus localities. This section suggests that
there are only outcrops of the middle Stu-
bensandstein in the immediate vicinity of
Neuhaus. The two specimens from Aixheim-
Neuhaus, SMNS 10012 (collected 1897), and
SMNS 15759 (collected 1927), and the Tii-
bingen type (collected before 1884) from
Neuenhausen in the Schonbuch, have the
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Fig. 8. Trossingen Plateosaurus quarry in Au-
gust 1922 during the excavation by Tilbingen Uni-
versity under the direction of F. von Huene. View
in upper photo is looking north with the valley of
the Trosselbach in the foreground. Lower photo
is a close-up of the area indicated by arrow in
upper photo. From von Huene (1928).

white bone and clean quartz sand matrix typ-
ical of Stubensandstein fossils so there is no
reason to doubt that they all came from the
Stubensandstein type lithology. The Neuhaus
area has yielded a number of vertebrate fos-
sils from the Stubensandstein but the exact
position ofmost is no longer known. In 1983
Rupert Wild of the SMNS took me to Neu-
haus where we spoke with an elderly resident
who remembered the collecting in 1927 of
"crocodiles (= phytosaurs) and turtles" in a
small quarry, now an orchard, southwest of
the main street and southeast of the Tros-
selbach (fig. 7). This orchard is presumed to
be the source of SMNS 15759.
The type and first discovered specimen of

Proganochelys is the Tiibingen steinkern (fig.
108) from Neuhausen (now Neuenhausen,
fide R. Wild, personal commun.) in the
Schonbuch district north of Tiubingen (Zakr-
szewski, 1888; Quenstedt, 1889). It is from

the Stubensandstein but more precise strati-
graphic and locality data is unavailable.

THE TROSSINGEN PROGANOCHELYS

The Trossingen quarry was first opened in
1911 by Eberhard Fraas who collected re-
mains of Plateosaurus (Fraas, 1913) during
two field seasons for the Konigliches Natura-
lienkabinett, Stuttgart (now the Staatliches
Museum fur Naturkunde, SMNS). A second,
more ambitious operation (fig. 8) was run in
1921-1923 by Friedrich von Huene of the
Institut und Museum fir Geologie und Pa-
liontologie in Tilbingen. Von Huene (1923,
1929, 1944) collected the better known but
composite Plateosaurus specimens now
mounted in Tilbingen and the American Mu-
seum of Natural History.

In 1932 the Wiirttembergische Naturalien-
sammlung decided to reopen the Trossingen
quarry in the last and most extensive exca-
vation (figs. 9, 14). The work was done under
the direction of Curator Reinhold Seemann,
colleague ofFritz Berckhemer, ChiefCurator
of the SMNS. Twenty-five unemployed
workers were acquired to do the labor of ex-
cavating, with lodging provided by the Mat-
thias Hohner firm, a muscial instrument
company still prominent in Trossingen.
Times were hard in Germany in 1932 and at
least part of the rationale in reopening the
Trossingen quarry was to provide work for
unemployed men in the Freiwilliger Arbeits-
dienst using public assistance funds. See-
mann ran the quarry operation with the as-
sistance of chief preparator Max B6ck, who
also did at least the initial preparation of the
turtles (fig. 15). The quarry was opened in the
early summer of 1932 (Seemann's notebook
begins on May 9, 1932) and was worked until
October 22, 1932, enlarging the original ex-
cavation by nearly 400 percent (D. Weisham-
pel, personal commun.), and collecting more
than 50 partial skeletons of Plateosaurus.
The Proganochelys skeletons were discov-

ered during the last phases of excavation in
the lower portion of the quarry. Seemann's
surviving photographs and fieldnotes allow a
partial reconstruction of the circumstances
and positions of the turtles but some ques-
tions still remain. The first indication of the
turtle discovery is a note on October 1 that
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Fig. 9. Trossingen Plateosaurus quarry in 1932, taken about halfway through the field season. View
is looking north. Photo by R. Seemann.

the broken edge of what appeared to be a
turtle shell plate was found in "Felsenmer-
gel" (very hard marl). This was given the field
number "Fund 54." On October 5 collection
ofthe turtle was begun. They soon discovered
that the skull, shell, and forelimbs were in
natural articulation, even though most ofthe
breaks were through the skeleton. A number
of photographs (figs. 10-13) were taken dur-
ing collection and Seemann sketched the po-
sition of the specimen. Based on this mate-
rial, the first turtle discovered "Fund 54" can
be identified as SMNS 16980 because it is
the only one of the three with a skull. The
specimen was lying right side up with the
anterior-posterior axis of the shell oriented
WSW-ENE (anterior to the west). As in the
Berckhemer (1938) photograph (reproduced
here as fig. 98), the skull is bent over to the
right of the main axis of the shell. Seemann
indicated the skull and both forelimbs in his
sketch and in the series of photographs. The
specimen came out in irregular blocks broken
across the bone elements. One of the more
interesting of the series ofphotographs taken

on October 5, 1932, shows a section right
through the anterior third of SMNS 16980
(fig. 13) with shell and limb bones in situ.
The outline of the carapace and plastron can
be seen with forelimb and shoulder girdle
elements inside.
On October 6, during the collecting of the

rest ofFund 54 (SMNS 16980), another spec-
imen "resembling a turtle" was found north-
west of Fund 54. This second specimen is
shown in Seemann's quarry map, both the
published version (figs. 1 1, 12) and the orig-
inal working map. In the published map and
in his notes he referred to this as "Fund 54a"
but on the working version it is "54b" and
the original Fund 54 is "54a." This was pre-
sumably a lapsus. Unfortunately, in the list
of field numbers in Seemann's notebook there
is no 54a or 54b and the only reference in-
terpretable as a turtle is Fund 54, which clear-
ly is SMNS 16980, at least in the photo-
graphs. It is very likely that the Fund 54a,
shown on Seemann's published map as al-
most lying in contact with Fund 54 but di-
rectly due west (in contrast to "northwest"
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Fig. 10. Map of Trossingen Plateosaurus quarry. Triangle points to Funde 54 and 54a, the position
of the Proganochelys specimens. See text for discussion. From Seemann (1933).

in the notes), is either SMNS 17203 or SMNS
17204. On October 7 there is reference to
indeterminable bones just east of, and a little
higher than, Fund 54, but they are not de-
scribed or given a field number. The most
likely scenario at present is that Fund 54a (on
Seemann's published map) is the larger SMNS
17204 and that the indeterminable bones
nearby are SMNS 17203, the juvenile turtle.
Oral tradition in the SMNS has it that all
three turtle specimens were found very close
together (R. Wild, personal commun.), sup-
porting this guess. Nonetheless, it is remark-
able that two specimens (SMNS 17203 and
SMNS 17204) that were so unique and well
preserved rated only casual notice in an oth-
erwise meticulous record of specimen posi-

tions and identifications. One possible expla-
nation is that due to the proximity of the
three turtles and the irregular breaks in the
rock the workers did not realize that more
than two specimens were present until they
were prepared.
Seemann and his workers had planned to

end operations the week following the col-
lection of the turtles, but the collapse of the
western quarry face in the vicinity of Fund
48 resulted in the death of one man and in-
juries to others. They continued work despite
the shock ofthis tragedy but Seemann's notes
in this period are not very detailed. During
the week of October 17-22 work was done
on only three specimens, one of which was
Fund 54. Again, it is likely that the workers
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Fig. 11. Photo of Trossingen Plateosaurus quarry, September 29, 1932. Circle shows position of
Fund 54 (Proganochelys specimens) as indicated on original print. Photo by R. Seemann.

were unable to distinguish among the three
turtles and this reference probably relates to
SMNS 17203 or SMNS 17204, or portions
of both, rather than specifically to SMNS
16980.
At this point we might examine the avail-

able taphonomic data on Proganochelys, as
it rests almost entirely on the Trossingen col-
lection and Seemann's work. Von Huene
(1928) thought that the plateosaurs traveled
in herds around an arid landscape and were
trapped by a drying waterhole at Trossingen.
Seemann showed that most of von Huene's
evidence was mistaken and was not consis-

tent with the sedimentology. Instead, See-
mann argued that the Trossingen quarry con-
tained a mud flow that had buried many of
the plateosaurs. The quarry section had been
divided by von Huene and Seemann into three
units (using Seemann's terms for conve-
nience) from bottom to top: Liegende Mergel
or lower marl, Dunkel Mergel or dark marl,
and Hangende Mergel or upper marl (fig. 12).
Most of the better plateosaur specimens and
the three turtles were found in the Liegende
Mergel. The intermediate Dunkel Mergel is
interpreted as the mud flow burying the an-
imals found in the underlying Liegende Mer-
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Fig. 12. Section of the Trossingen Plateosaurus quarry. Upper, photo taken near end of field season,
1932, by R. Seemann. Lower, profile from Seemann (1933) showing same section. Triangle points to
Fund 54 (Proganochelys specimen, see text).

gel. Weishampel (1984) has analyzed the ta-
phonomy of the Plateosaurus specimens and
Seemann's data and came to similar conclu-
sions. Using both Weishampel and Seemann,
we can describe the quarry profile as follows:
The lower unit, Liegende Mergel, is a dark

red mudstone, lacking obvious bedding and
is exposed for about 2 m in the quarry. About
50 Plateosaurus specimens and the three Pro-
ganochelys specimens were found in the up-

per meters, some very close to the contact.
The Dunkel Mergel varies in thickness from
less than half a meter to more than 2 m in
thickness, has irregular boundaries with the
other two units, and consists of a brecciated
mudstone, darker than the surrounding units.
It contains only bone fragments that are grad-
ed from higher concentrations at the bottom
to lower concentrations at the top. The upper
unit, Hangende Mergel, is similar lithologi-
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Fig. 13. Proganochelys quenstedti, SMNS 16980, during collection from Trossingen Plateosaurus
quarry. Identifications are based on lettering (barely visible here) on the original print, presumably made
by Seemann. Both prints are identified on the back as Fund 54, October 5, 1932. Photos by R. Seemann.

cally to the Liegende Mergel and has a max-
imum thickness of 9 m with a small amount
of Liassic exposed at the top. There are some
very complete Plateosaurus skeletons in the
Hangende Mergel but there is no concentra-
tion as in the uppermost part ofthe Liegende
Mergel. Weishampel (1984) interpreted a
"background" deposition of plateosaur car-
casses with the mudslide producing a con-
centration superimposed on it. The turtles
clearly lay in the upper part of the Liegende
Mergel and therefore were presumably buried
by the mudslide if one accepts this scenario.
The specimens themselves provide a little
more information. SMNS 16980 was found
right side up, fully articulated with very little
postmortem disturbance except for slight
dorsoventral distortion. The orientations of
the other two specimens are not known but
they are less complete, both lacking skulls.
One of them, SMNS 17204, however, does
have features consistent with the rapid mud
flow catastrophe. This specimen has three
limbs fully articulated, the tail is complete,
all are covered with osteoderms, and yet part
(but not all) of the carapace is crushed ven-
trally with a Plateosaurus fibula pushed down
inside it.
Seemann published three papers (1932,

1933, 1941) relating to the Trossingen ex-
cavation. He primarily concerned himself
with the geological aspects of the work. Fritz
Berckhemer, the Chief Curator and paleon-
tologist at SMNS during the 1 930s and 1 940s,

initiated the preparation and scientific study
ofthe Proganochelys specimens. Berckhemer
is credited with saving the Triassic turtles and
most ofthe vertebrate fossils at SMNS during
World War II. The German government pro-
claimed any evacuation of collections to
bombproof shelters as defeatist and imposed
severe penalities but Berckhemer was able to
have most of the collections safely removed
to other locations. This was fortunate because
the Stuttgart Museum building was com-
pletely destroyed by bombing (see Crumly,
1984, for the fate ofother German collections
duringWW II). After the war, the collections
were moved at first to the museum's ruins in
Stuttgart, and later to Ludwigsburg, on the
outskirts of Stuttgart. The collections and re-
search offices were installed in a complex of
buildings that were originally cavalry bar-
racks and later an arsenal. Karl Staesche suc-
ceeded Berckhemer as curator of the fossil
reptiles and began an investigation of the
Triassic turtles which was never completed.
In 1984 the SMNS moved to a new exhibi-
tion and research facility where the collec-
tions and exhibition of the Trossingen di-
nosaurs and turtles are finally combined.

SIZE AND ONTOGENETIC
VARIATION AMONG THE

PROGANOCHELYS SPECIMENS

The Proganochelys specimens used as the
basis for this study (tables 1, 8, 1 1) exhibit
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Fig. 14. Excavation in progress in Trossingen Plateosaurus quarry. Upper left, quarrying operation
looking along quarry working face, August 1932. Upper right, discovery of Proganochelys specimen,
probably SMNS 16980. Man with eye patch lifting rock is R. Seemann, October 5, 1932. Lower left,
quarrying operation looking away from working face, August 1932. Lower right, removing Proganochelys
specimen, October 5, 1932. Photos by R. Seemann.

variation in size and morphology. I interpret
some ofthis variation as the result ofrelative
growth differences. Because we refer to it re-
peatedly in the description, it is convenient
to present the evidence for this interpretation
early in the paper. Possible systematic im-
plications of variation among the specimens
is discussed after the morphologic descrip-
tions.

It must be kept in mind that any analysis
of relative growth in Proganochelys is ham-
pered by the very small sample size and the
varying degrees of preservation of the spec-
imens. To a certain extent this is balanced by
the fact that turtles as a group are still living

and their development and variation are rel-
atively well known.

Criteria for determining relative age of fos-
sil vertebrates are far from unequivocal but
there has been some standardization (see
Brinkman, 1988, and references). In addition
to size, which must remain as the most im-
portant criterion, the degree of ossification
on articular surfaces, presence/absence of
processes, and the extent of finished bone
separating areas of cartilage-covered bone
may be used to distinguish relative stages of
maturity. Turtles additionally have the shell,
which offers many criteria for estimating rel-
ative age. Zangerl (1969) in a review of turtle
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shell morphology gave references to shell
growth literature, while Dobie (1971) pro-
vided a study of Macroclemys temmincki, a
living turtle roughly comparable to Progan-
ochelys in size, possible habitat, and some
morphologic features.
In looking at possible growth relations

among Proganochelys specimens, the three
Trossingen turtles form the best source of
information. These specimens, SMNS 16980,
17203, 17204, were all found close together,
at the same horizon (see discussion in pre-
ceding section) and are interpreted as having
been living close to one another near the buri-
al site. One of the specimens, SMNS 16980,
is well preserved, almost complete, and is the
most important element in the following de-
scription.
The size comparisons among these three

specimens do not provide a completely
straightforward and unambiguous guide to
their relative age. Table 11 presents the most
obvious measurements and it is clear that
SMNS 17203, despite having an incomplete
shell, is the smallest of the three. The mor-
phology (discussed below) strongly supports
the interpretation of this individual as being
relatively younger than the other two speci-
mens. SMNS 16980 and SMNS 17204 have
measurements that are roughly similar. How-
ever, SMNS 17204 has a very poorly pre-
served carapace. The plastron, which is rel-
atively well preserved in both specimens, is
slightly smaller in SMNS 17204 than in
SMNS 16980. For reasons given below, I
think that SMNS 16980 is actually a younger
individual than SMNS 17204. The size cri-
teria show one specimen that is about 15 per-
cent smaller than the other two.
The long bones are preserved in all three

Trossingen specimens and most are well
enough preserved to apply the criteria used
by Brinkman (1988) and others for estimat-
ing relative age. Additionally, I have exam-
ined a series of Macroclemys, Chelydra, and
various emydids in theAMNH collections to
aid in comparison. Consistent with the size
criterion, SMNS 17203 has a greater degree
ofunossified articular surfaces than the other
two specimens. SMNS 16980 is distinctly
better ossified than SMNS 17203, but not to
the degree seen in SMNS 17204. Based on
subjective comparison, I would judge the de-

Fig. 15. Preparation of tail ofSMNS 17204 by
Max Bock.

gree of this difference to be about twice as
great between SMNS 17203 and SMNS 16980
than between SMNS 16980 and SMNS
17204.
The shell ofturtles provides another useful

source of features to judge relative age in tur-
tles. Dobie (1971), Zangerl (1969), and others
have examined the annuli often seen on ver-
tebral, pleural, and other scales to compare
numbers of growing seasons (not strictly
equivalent to years; see these papers and ref-
erences listed). Although I have tried to make
use of these markings, I have not seen any
that are consistent enough to use in compar-
isons. Virtually none is preserved in SMNS
17203 and 17204, while SMNS 16980 has
been prepared to the extent that the remain-
ing annuli are ambiguous.
A better series of comparisons, however,

can be made using the degree of ossification
in the shell. Again, SMNS 17203 has fonta-
nelles in the carapace and plastron (figs. 99-
102) that are closed in SMNS 17203 and
SMNS 16980. This is a feature characteristic
ofjuvenile turtles and agrees with the other
criteria indicating a younger growth stage of
SMNS 16980. Although all the fontanelles
are closed in SMNS 16980, it has open su-
tures in the plastron that are much more
tightly closed in SMNS 17204. The carapace
ofSMNS 17204 is very poorly preserved and
hard to compare with that of SMNS 16980.
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Another indication that SMNS 17204 may
be older than SMNS 16980 is the slightly
larger bones of the hind foot and the better
ossified and larger osteoderms on the limbs
and tail. This is also somewhat subjective,
but it does parallel conditions in some spec-
imens of Chelydra that I have seen.
Could some of the these differences be the

result of sex differences-because, as Dobie
(1971) has shown, males tend to be larger and
heavier in Macroclemys? The only possible
control on this is the postpelvic ossification,
the hypoischium (see description sections),
which is known only in Proganochelys among
turtles. Two specimens have a single hypois-
chium, two have a double one, and I have
suggested that these may reflect different sexes.
In the absence ofany analogies among living
turtles, it is not possible to identify a partic-
ular sex with a particular hypoischium con-
dition. However, SMNS 16980 and SMNS
17204 both have the single hypoischium,
suggesting that they may be the same sex, and
further supporting the interpretation of vari-
ation between them as involving relative
growth.
Of the Trossingen specimens, only SMNS

16980 has a skull. Two other Proganochelys
specimens also have skulls (although crushed)
as well as partial or complete carapaces.
Comparative measurements among these
specimens (table 8) show an interesting re-
lationship. Ifthe largest skull, MB 1910.45.2,

is put at 100 percent, then SMNS 15759 is
86 and SMNS 16980 64 percent of the size
of the largest skull. The carapace lengths for
the same three specimens are 100, 92, and
83 percent. Although there is no complete
agreement, these figures are consistent with
other criteria that would place SMNS 16980
as a not fully grown individual. Dobie (1971)
has shown that carapace length in Macrocle-
mys tends to level offat sexual maturity, and
SMNS 16980 may be a sexually mature in-
dividual.
Based on the above discussion, I would

interpret SMNS 17203 as being the most im-
mature of all known Proganochelys speci-
mens, but certainly beyond hatchling stage.
It is unlikely to have reached sexual maturity.
SMNS 16980 is an older individual, probably
at the lower limits ofthe average size at sexual
maturity, and not fully grown. SMNS 17204
is older than SMNS 16980, probably at or
near the average size for adults ofthe species.
Although comparable measurements are
scarce, the other three specimens, MB
1910.45.2, SMNS 10012, and SMNS 15759,
are probably also at or near the average size
for adults. The skull measurements (also not
clearly comparable due to preservational dis-
tortion; see descriptions), show a greater de-
gree of size differences but this may be the
result of differential growth in the skull and
shell, a condition seen in living turtles (Do-
bie, 1971, and references).

SKULL MORPHOLOGY

(Figures 16-61 refer to skull morphology;
fig. 16 is a general one ofProganochelys; figs.
21-39 document the material used, and figs.
18-20 are for comparison with other taxa.)

SCALE AREAS
(table 2, fig. 17)

The three Proganochelys skulls all show
some indication of scale areas distinguished
by broad grooves or protuberances. SMNS
15759 has the scale areas best defined, the
margins have definite grooves, but the su-
tures are not visible and the crushing causes
lateral distortion of the scale relationships.
Some scale areas are interpretable in the Ber-
lin skull but the generally poor preservation

of the bone surface makes it the least satis-
factory for seeing scale areas. The best pre-
served skull, SMNS 16980, does not have the
best scale markings. Some areas are visible
but the grooves and protuberances are not
expressed to the degree seen in SMNS 15759,
with the overall result that a complete scale
system for Proganochelys cannot be devel-
oped at present.
The one set ofscale areas that can be clearly

identified in all three skulls is the four su-
praorbital bosses formed by the prefrontal
and postorbital bones (numbers 1-4 in fig.
17). These scales form conical projections
with 1 being the smallest and increasing in
size to 3, the largest, while 4 is low but broad-
er than the others. This scale set is best de-
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TABLE 2
Comparison of Head Scalation in the Three Proganochelys Skulls (see Fig. 17)

SMNS 15759 MB 1910.45.2 SMNS 16980

Four supraorbital scales Well developed, high pro- Low bosses Low bosses
(1-4) tuberances

Midline scale 5 Present, high protuberance, Low, possibly absent Present, low boss, poor def-
well-defined margins inition

Midline scale anterior to Present Apparently absent Apparently absent
scale 5

Scale 6 Longer than wide Longer than wide Wider than long
Nasal-frontal scale Present Present Absent
Degree of expression of Well developed Poorly developed Poorly developed

scale sulci and protuber-
ances

veloped in SMNS 15759, which has distinc-
tive points while the other two skulls exhibit
lower and more obtuse projections. The scale
set in the Berlin skull is slightly better de-
veloped than in SMNS 16980 but very close
to it in development. Scales 1 and 2 are
formed by the prefrontal, scale 3 is formed
by both prefrontal and postorbital, and scale
4 is formed by the postorbital. All three skulls
have a midline, unpaired scale, the one la-
beled 5 is the most consistent. In SMNS 16980
this is formed on the frontal and is roughly
pentagonal. In SMNS 15759 this pentagonal
scale is very well delimited by distinct grooves
and a high, raised area in the center, while in
SMNS 16980 the scale is poorly delimited
and may even be divided into more than one
scale, although this is not clear. In the Berlin
skull there appears to be a midline scale, pos-
sibly two, in this region, but there are no
distinctive grooves nor a large raised area to
identify it. The presumed margins ofthis pos-
sible scale area are not bilaterally symmet-
rical and may be the result of postmortem
damage. In SMNS 15759 scale 5 has a curved,
triangular scale anterior to it, well formed,
with a median boss, but there is no sign of
this scale in SMNS 16980 or the Berlin skull.

In SMNS 16980 the posterior quadrant of
the skull roof, formed by parts of the frontal,
parietal, and postorbital are covered by two
paired scales, numbered 6 and 7 (fig. 17).
Scale 6 is flat, but 7 has a raised area laterally
where it extends onto the squamosal. SMNS
15759 may be interpreted as having both
scales but their shapes are quite different. In
SMNS 16980 these scales are wider than long
while in SMNS 15759 scale 6 is longer than

wide and scale 7 barely exists on the dorsal
surface of the skull. I interpret these differ-
ences, however, as a result of the strong lat-
eral compression that has deformed the skull
roof ofSMNS 15759. Nonetheless, there are
real differences between the two skulls: scale
6 in SMNS 16980 reaches the supraorbital
series but in SMNS 15759 there is another
set of scales intervening which also narrows
scale 6. The area of scale 6 can be interpreted
in the Berlin skull as being more similar to
that scale in SMNS 15759 than in SMNS
16980, but the region does not have clear
scale markings.
Along the posterior margin ofthe skull roof,

between the margin and scale 7 in SMNS
16980, are two paired bosses defined by broad
grooves. The medial scale, number 8, is
formed by the parietal while the lateral scale,
9, is formed mostly by the supratemporal.
Both are wider than long. In SMNS 15759
these two bosses are recognizable, particu-
larly 8, but they are elongate rather than wide,
a result of lateral compression. In the middle
of the parietal on the midline is a small, un-
paired scale, 10, that in SMNS 16980 is con-
tacted by scales 6, 7, and 8. In SMNS 15759,
there is an unpaired scale but it lies at the
posterior margin ofthe skull rather than sep-
arated from the margin by the meeting of
scale 8 as in SMNS 16980. In the Berlin skull
there may be a median scale in this region
but its margins are doubtful.

Anteriorly the Berlin skull and SMNS
15759 both have a long, narrow ridge on the
midline that runs from the apertura narium
externa to the midline scale anterior to scale
5 (in SMNS 15759). This scale appears to be
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Fig. 16. Proganochelys quenstedti, SMNS 16980. Line drawings of skull. These drawings differ from
earlier figures in Gaffney and Meeker (1983) and Gaffney (1983).

formed on the nasal and frontal bones and is
clearly delimited in SMNS 15759 by distinct
lateral grooves and a prominent raised ridge
down the midline. SMNS 16980 has no in-
dication ofthis scale and only one vague scale
groove of any kind in the snout region.
The significance of the scale differences

among the three Proganochelys skulls is dif-

ficult to assess. SMNS 15759 and the Berlin
skull agree in having a longer than wide scale
6 and a nasal-frontal scale, in SMNS 16980
scale 6 is wider than long and there does not
appear to be a nasal-frontal scale. SMNS
15759 differs strongly from the other two
skulls in its distinct scale expression and
prominent development of bosses and pro-
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1

Fig. 17. Proganochelys quenstedti, scale areas of skulls in dorsal view. SMNS 15759 (left) and SMNS
16980 (right).

tuberances in the center ofmany scale areas.
SMNS 15759 and SMNS 16980 agree in the
definitive midline scale 5. Some of these con-
ditions may be the result of postmortem
changes or growth differences. At the present
time no pattern of systematic significance
emerges.
Comparison with other amniotes suggests

that head scalation is a turtle synapomorphy;
captorhinids and other generalized amniotes
lack it. Comparison within turtles is difficult
because there have been no comparative
studies published. Among the few published
descriptions, Meiolania (Gaffney, 1983) is
perhaps the most similar to Proganochelys
because both have median and paired scutes,
often with projections and bosses. This con-
dition, however, is probably primitive for
turtles; baenids and pleurodires have head
scalation but pleurosternids do not. Close
comparison of the pattern in Proganochelys
with that in Meiolania reveals few, if any,
scales that could be considered homologous.
The largeA scale ofMeiolania (Gaffhey, 1983)

appears similar to the scale 8 ofProganoche-
lys but the former lies on the squamosal and
supraoccipital while the latter is on the pa-
rietal. The large D scale of Meiolania is per-
haps the 6 plus 7 of Proganochelys and the
central median scale X of Meiolania might
be compared with 5 of Proganochelys. Al-
though Meiolania is characterized by prom-
inent horns and bosses, these are in quite
different positions than the protuberances of
Proganochelys. There are no particular pat-
terns that show a close similarity in the two
genera.

DERMAL ROOFING ELEMENTS
(table 3, figs. 16, 43, 49)

NAsAL

The nasal bones are preserved in all three
Proganochelys skulls, but they are crushed
and indistinct in the Berlin skull and SMNS
15759 while SMNS 16980 has them well pre-
served and clearly delimited.
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TABLE 3
Comparison of Dermal Roofing Elements

Captorhinus Proganochelys Casichelydia

Nasals partially separat- Yes Yes No
ed anteriorly by dorsal
process of premaxillae

Apertura narium externa
orientation

Fissura ethmoidalis

Faces laterally

Very wide

Vomer-prefrontal contact No

Palatine-prefrontal con-

tact
Fossa nasalis
Lacrimal bone

Lacrimal duct

Frontal enters orbital
margin

Faces primarily anteriorly

Very wide

Probably no

No Yes

Large
Large, extends from orbit

to apertura narium ex-

tema

Formed by lacrimal bone
from orbit to nose

Yes

Proportions of horizontal Longer
plate of parietal

Pineal foramen Present
Processus inferior parie- Absent

talis
Ossified foramen nervi Absent

trigemini
Postfrontal and postparie- Present

tal bones
Foramen palatinum pos- Formed

terius atine
Quadratojugal shape Horizon
Quadratojugal reaches Yes

posterior margin of
skull

Quadratojugal/quadrate Quadrat
position quadr

Quadratojugal/jugal con- << heigl
tact

Antrum postoticum Absent
Medial flange on occiput Present
Jugal-squamosal contact Present
Squamosal-quadratojugal Almost

contact mosal
Squamosal-opisthotic Absent

contact
Supratemporal Relative

than wide

Intermediate
Small, restricted to anterior

orbital margin by exten-
sive prefrontal-maxilla
contact

Partially formed by maxilla
as a trough extending an-

teriorly from lacrimal
bone

No, separated by broad
prefrontal-postorbital
contact

Wider than long

Absent
Present

Only partially formed in
bone

Absent

by jugal and pal-

atally elongate

tojugal lateral to
rate
ht ofjugal

as long as squa-

ely small, fits in
parietal notch

Formed by pterygoid and
palatine

Vertically elongate
No

Quadratojugal anterior to
quadrate

= height ofjugal

Absent
Absent
Present
Less than half length of
squamosal

Present

Relatively large; on top of
parietal

Faces primarily anteriorly

Wide to narrow; < Pro-
ganochelys

Yes, cryptodires; no, pleu-
rodires

Yes

Small
Absent

Absent

Variable but primitively
yes

Longer than wide

Absent
Present; more extensive

than in Proganochelys
Present and fully formed

in bone
Absent

Formed by pterygoid, pal-
atine, maxilla, and jugal

Vertically elongate
No

Quadratojugal anterior to
quadrate

= height ofjugal

Present
Absent
Absent
Variable; usually shorter
than C or P

Present

Absent
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Fig. 18. Lateral views of skulls. A, Captorhinus sp., Early Permian, from Heaton (1979) and speci-
mens. B, Proganochelys quenstedti, Late Triassic. C, Pelomedusa subrufa, Recent, from Gaffney (1979a).
D, Emydura macquarri, Recent, from Gaffney (1979a). E, Kayentachelys aprix, Early Jurassic, from
Gaffney et al. (1987). F, Pleurosternon (Mesochelys) sp., Early Cretaceous, from Evans and Kemp (1975).

The nasal of Proganochelys is a rectangu-
lar, nearly flat element, forming a conspicu-
ous portion of the snout region. The nasals
contact each other for most of their length
but are partially separated anteriorly by the
dorsal processes of the premaxillae, a con-
dition unknown in other turtles but found in
captorhinids. The nasal in Proganochelys
forms roughly one-third ofthe skull roofalong
the midline, as in captorhinids but different
from that in Casichelydia, which is propor-
tionally smaller.

Posteriorly the nasal has a nearly trans-
verse contact with the frontal, and there is a
posterolateral contact with the prefrontal.
Anterolaterally the nasal contacts the dorsal
process ofthe maxilla. Although modified by
the differing shapes of the nasal, these con-
tacts are also seen in Kayentachelys, chelids,
and Pleurosternon (= Mesochelys) and may
be considered primitive for Casichelydia.
The anterior edge of the nasal in Progan-

ochelys forms the dorsal margin of the aper-
tura narium externa as in other turtles with
nasals. In captorhinids, however, the nasal
usually forms the medial margin ofthe aper-
tura which is separated from the other aper-
tura by the width of both nasals. Also, the
apertura narium externa of Proganochelys
faces anteriorly rather than laterally as in cap-
torhinids. The Proganochelys condition ap-
pears to be a chelonian synapomorphy.
The ventral surface ofthe nasal in Progan-

ochelys has a low, parasagittal ridge defining
the lateral limits ofthe sulcus olfactorius. This
ridge is similar in position and degree of de-
velopment to that in Captorhinus (Heaton,
1979: figs. 16, 17) but it is slightly more acute
in Proganochelys. The sulcus olfactorius in
Captorhinus and Proganochelys is relatively
broad and ill-defined when compared with
the sulcus in most casichelydians which is
usually much narrower with higher and better
developed parasagittal ridges. Furthermore,
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Fig. 19. Dorsal views of skulls. A-F, as in Figure 18.

in casichelydians these ridges are not devel-
oped on the nasals but rather on the frontals
which occupy the general area occupied by
the nasals in Proganochelys and captorhinids.
Kayentachelys agrees with other casichely-
dians in this feature.
The Berlin skull and SMNS 15759 do not

contribute significantly to understanding the
nasal in Proganochelys due to crushing and
ambiguous sutures. Jaekel's description
(19 18a: fig. 3 5) ofthe nasal sutures is in error
and seems to show scale sulci rather than
sutures. His identification of the dorsal pre-
maxillary processes as part of the nasals is
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Fig. 20. Ventral views ofskulls. On the right side the pathway ofthe internal carotid artery is indicated.
A-F, as in Figure 18.

incorrect. Nonetheless, this skull and SMNS
15759 differ from SMNS 16980 and require
comment. The Berlin skull and SMNS 15759
are crushed laterally so that the snout region

is high and narrow rather than broad and
wide as in SMNS 16980. The nasal apertures
are also much narrower in the two crushed
skulls, presumably due to postmortem dam-
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Fig. 21. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of dorsal view of skull.

Fig. 22. Proganochelys quenstedti, SMNS 16980. Stereophotographs of dorsal view of skull.
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Fig. 23. Proganochelys quenstedti, SMNS 15759. Stereophotographs of dorsal view of skull.

age. There is, however, a difference that I do
not feel can be interpreted as preservational.
Both the Berlin skull and SMNS 15759 have
a pitted, rugose surface on the nasal at its
anterior margin, particularly clear in SMNS
15759. In this area in SMNS 16980 there is
a slight pitted, raised area but it does not
match the condition seen in the other two
skulls. I interpret this difference as being due
to growth and/or age; SMNS 16980 is inter-
preted as a small and presumably younger
individual with these features yet undevel-
oped.
The ventral surface ofthe nasal can be seen

best on the right side of SMNS 16980. Al-
though sutures are somewhat obscured by the
extensive network of cracks in the skull, it
appears to me that the nasal extends poste-
riorly on the ventral surface to underlie part
of the frontal and form an anteromedially
trending suture with the frontal that ends on
the midline. Laterally the nasal forms most

of the ridge along the sulcus olfactorious but
part of the prefrontal extends onto the ridge
posteriorly. Anterolaterally, the nasal-max-
illary suture on the ventral surface seems to
follow the position of that suture on the dor-
sal surface.

PREFRONTAL
(figs. 16, 40, 43)

The prefrontal is present in all three skulls
but it is best seen in SMNS 16980 where it
is preserved on both sides of the skull. The
dorsal portion of the prefrontal is clearly de-
limited by sutures but the ventral region is
obscured to some extent by breakage.
The prefrontal ofProganochelys can be di-

vided into two portions: a dorsal, horizontal
plate on the skull roofand a ventral, descend-
ing process forming part of the anterior wall
of the fossa orbitalis. The dorsal plate con-
tacts the nasal anteromedially in a parasag-
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Fig. 24. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of ventral view of skull.

Fig. 25. Proganochelys quenstedti, SMNS 16980. Stereophotographs of ventral view of skull.
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Fig. 26. Proganochelys quenstedti, SMNS 15759. Stereophotographs of ventral view of skull.

ittal suture running halfthe length ofthe pre-
frontal. Posteromedially there is a suture with
the frontal that trends somewhat postero-
laterally. The postorbital forms the posterior
limits of the prefrontal in a transverse suture
that enters the dorsal margin of the fossa or-
bitalis.
The sutures on the ventral surface are not

clear but as I interpret them the prefrontal-
postorbital suture trends medially to reach
the frontal in the vicinity of the fissura eth-
moidalis. In this interpretation the prefrontal
reaches the nasal on the posterior part of the
ridge forming the sulcus olfactorius. Ante-
riorly the prefrontal has a parasagittal suture
with the nasal, similar in position to the su-
ture on the dorsal surface. The maxilla-pre-
frontal suture is slightly more dorsal on the
internal surface than on the external surface
of the skull.
The ventral process ofthe prefrontal is not

as well preserved as the dorsal plate. It is best

seen in SMNS 16980, although it is present
in the other two skulls. The ventral process
of the prefrontal forms the anterodorsal wall
ofthe fossa orbitalis and contacts the lacrimal
ventrolaterally. Because ofthe presence ofthe
lacrimal in Proganochelys the extent of the
prefrontal in this area is less than in other
turtles. The descending process of the pre-
frontal reaches the palatal elements ventrally.
Although this region is broken and damaged,
in the right side of SMNS 16980 part of the
palatine contact can be seen. At this point
the prefrontal curves ventrally and somewhat
posteriorly as in other turtles. Laterally a small
foramen orbito-nasale appears to be present.
The area is broken but the anterior and lateral
margins of a foramen can be seen in the lac-
rimal-prefrontal suture. Participation of the
palatine, in the margin of this foramen as in
most other turtles, is uncertain but likely.
The medial margin of the descending pro-

cess of the prefrontal is best seen in SMNS
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Fig. 27. Proganochelys quenstedti, SMNS 16980. Ventral view of skull, partially restored by trans-
posing from one side to the other.

16980 but it is incomplete being demarcated
by broken edges. Nonetheless, it does not ap-
pear that much bone is missing resulting in
a fissura ethmoidalis that is wider than in any
other turtle. Contact of the prefrontal with
the vomer, a condition characteristic ofcryp-
todires but not of pleurodires, is not present
in any of the Proganochelys skulls. The rel-
ative positions of these bones make such a
contact unlikely but due to the apparently
incomplete bone margins, a prefrontal-vo-
mer contact is not impossible.
Although the nasal region ofProganochelys

is made up of a number of bones, the pre-
frontal is an integral part of the area, and, in
view ofthe ambiguity ofsome ofthe sutures,
it is convenient to describe the entire region
here. The entire preorbital region ofProgan-
ochelys is relatively longer than in most other

turtles. Those turtles, such as Trionyx and
protostegids, which have long preorbital re-
gions, have large premaxillary and maxillary
extensions but still have a relatively short
nasal area. In Proganochelys the paired aper-
tura narium externa is relatively small when
compared with the single apertura of the Ca-
sichelydia but it opens into a fossa nasalis
that is quite large compared with that in other
turtles. The nasal and the frontal form the
roof of the fossa nasalis, as in Captorhinus
but in contrast to more advanced Casiche-
lydia in which the prefrontal dominates the
roofofthe fossa nasalis. Kayentachelys, Pleu-
rosternon, and chelids, however, have rela-
tively small prefrontals and this is presumed
to be the primitive casichelydian condition.
On the ventral surface of the nasal, and on
part of the prefrontal, is a parasagittal ridge
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Fig. 27. Continued.

in Proganochelys running from the dorsal
margin of the apertura narium externa pos-
teriorly to the region ofthe fissura ethmoida-
lis which forms a midline trough dividing the
fossa nasalis into lateral chambers. Antero-
laterally, the fossa nasalis is formed by the
dorsal process of the maxilla. Posterolater-
ally, the prefrontal forms most of the lateral
chamber ofthe fossa nasalis. The descending
process of the prefrontal separates the fossa
orbitalis from the fossa nasalis, as in other
turtles, but it also forms an extension of the
fossa nasalis that is unusual for turtles. As
can be seen best on the left side of SMNS
16980, the prefrontal defines a cavity that

extends the fossa nasalis posteriorly and pos-
teroventrally into the prefrontal and within
the bony area forming the orbital margin. I
have not found this cavity in other turtles
and the homologous space appears to be
obliterated by the telescoping of the snout in
Casichelydia. In Captorhinus the space exists
but it is not defined by bone to the extent
seen in Proganochelys. Whether this condi-
tion in Proganochelys is autapomorphic for
the taxon or whether it is structurally inter-
mediate between the captorhinid and che-
lonian condition cannot be determined at
present.
The size of the fossa nasalis in Progan-
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Fig. 28. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of left lateral view of skull.

Fig. 29. Proganochelys quenstedti, SMNS 16980. Stereophotographs of left lateral view of skull.
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Fig. 30. Proganochelys quenstedti, SMNS 15759. Stereophotographs of left lateral view of skull.

ochelys is intermediate between the large na-
sal area of Captorhinus and the small area of
Casichelydia. The differences involve both
the length and the width of the fossa, but
Proganochelys is advanced over Captorhinus
in having much ofthe snout telescoping seen
in Casichelydia but retaining the width ofthe
fossa nasalis seen in Captorhinus.

LACRIMAL
(figs. 16, 40, 43)

Proganochelys is the only turtle known to
have a lacrimal bone. Although the area is
preserved in all three skulls, clear sutures are
best seen in SMNS 16980.
The lacrimal is a roughly triangular ele-

ment lying in the anteroventral corner of the
orbit. Anteriorly and ventrally it contacts the
maxilla; dorsally and medially it contacts the
prefrontal; and posteroventrally it probably
has a short contact with the jugal. Ventro-

medially, the lacrimal may have reached the
palatine but this area is ambiguous in all spec-
imens. On the internal surface of the skull
the limits of the lacrimal are similar to those
on the outside. In SMNS 16980, a single,
large lacrimal foramen opens anteriorly into
a lacrimal canal. The foramen and canal are
approximately in the center of the lacrimal
bone and are formed entirely by it. The canal
is short and penetrates the bone, opening on
the internal surface of the lacrimal bone in
the posterolateral part of the fossa nasalis.
The internal lacrimal foramen leads into a
trough that extends anteriorly onto the max-
illa and appears to have continued the struc-
ture contained in the lacrimal canal. This
trough is best seen on the right side ofSMNS
16980.

In SMNS 15759 two distinct lacrimal fo-
ramina can be seen on each side of the skull
in the anteroventral orbital margin. Internal
information is lacking and it cannot be de-

411990



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Fig. 31. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of right lateral view of skull.

Fig. 32. Proganochelys quenstedti, SMNS 16980. Stereophotographs of right lateral view of skull.
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Fig. 33. Proganochelys quenstedti, SMNS 15759. Stereophotographs of right lateral view of skull.

termined whether or not these foramina
joined a common canal or whether two canals
were present. In Captorhinus (Heaton, 1979:
fig. 15) more than one foramen is present in
this position.

All other turtles lack the lacrimal bone and
the lacrimal duct. In Captorhinus and gen-
eralized amniotes, the duct penetrates the
bone and extends most of its length. The re-
duction of the bone in Proganochelys, how-
ever, may not correspond with the reduction
of the soft tissue lacrimal duct because a
clearly defined trough can be seen in the fossa
nasalis that runs along the lateral wall of the
fossa nasalis.
The primitive amniote condition of the

lacrimal is one in which that bone extends
from the apertura narium extema along the
side of the skull to the anterior margin of the
orbit. It is a large element with more lateral
exposure than the maxilla. In many amniote
groups, however, the extent of the lacrimal
is reduced and it comes to be associated pri-
marily with the orbital margin. In Progan-
ochelys the anterior portion of the primitive

amniote lacrimal is absent, being replaced by
broad contact ofthe dorsal maxillary process
with the nasal and prefrontal. In Casichelydia
the area occupied by the lacrimal in Progan-
ochelys is formed by the maxilla and pre-
frontal which meet in the anterior orbital
margin. The morphologic telescoping of the
snout in turtles is clearly related to many of
the differences in the lacrimal but snout re-
duction can be seen in other amniote groups
that have also retained the lacrimal bone.

FRONTAL
(figs. 16, 43)

The frontal is preserved in all three Pro-
ganochelys skulls but sutures can be clearly
seen only in SMNS 16980. The frontal is a
flat, paired element lying in the middle ofthe
skull roof, between the orbits. Anteriorly the
frontal contacts the nasal; laterally there is a
long prefrontal contact followed by an equal-
ly long postorbital contact. This lateral suture
trends laterally to a slight extent so that the
frontal is wider posteriorly than anteriorly.
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Fig. 34. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of anterior view of skull.
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Fig. 35. Proganochelys quenstedti, SMNS 16980. Stereophotographs of anterior view of skull.

The posterior margin ofthe frontal is a trans-
verse suture with the parietal except for the
posterolateral corner where the postorbital
curves posteromedially. Orbital exposure of
the frontal is prevented by broad contact of
the prefrontal and postorbital.
On the ventral surface the nasal underlies

the anterior portion of the frontal so that the
nasal-frontal suture trends posterolaterally
from the midline. The prefrontal-frontal su-
ture is not entirely clear but the prefrontal
also seems to underlie the frontal laterally.
The frontal lacks a well-developed sulcus ol-
factorius but that structure is nonetheless de-
limited by a low, parasagittal ridge that is
highest anteriorly and virtually disappears as
it approaches the parietal.

In Captorhinus and most turtles the frontal
enters the orbital margin. Primitive crypto-

dires, such as Kayentachelys and pleuroster-
nids, also have this condition and it is pre-
sumably primitive for Casichelydia, although
it is highly variable in turtles as a group.
Meiolania has a broadly meeting nasal and
prefrontal similar to that of Proganochelys
but the condition in Meiolania appears to
result from the distal enlargement of both
bones to overhang the nose and orbit to form
the accessory nasal sinus. The broad nasal-
prefrontal contact in Proganochelys is, there-
fore, interpreted as an autapomorphy.

PARIETAL
(figs. 16, 43, 49)

The parietal is preserved in all three Pro-
ganochelys skulls, but it is complete and de-
limited by clear sutures only in SMNS 16980.
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Fig. 36. Proganochelys quenstedti, SMNS 15759. Stereophotographs of anterior view of skull.

The parietal ofProganochelys has a horizon-
tal plate on the skull roofand a vertical, para-
sagittal plate extending ventrally. The dorsal
plate is wider than long and contacts the fron-
tal anteromedially and the postorbital an-
terolaterally. The short, parasagittal margin
of the parietal contacts the squamosal and
the supratemporal lies on the parietal's pos-
terolateral corner. Posteriorly the parietal
forms the dorsal margin of the fossa tem-
poralis superior and medially it meets the
other parietal in a suture extending the length
of the bone.
The skull roof portion of the parietal in

Proganochelys differs from that bone in Cap-
torhinus in being wider than long; in Cap-
torhinus it is longer than wide. In other turtles
the condition varies a great deal but it would
seem from an examination ofKayentachelys,
pleurosternids, and pleurodires that a long
parietal is primitive for Casichelydia. In
Meiolania the parietal is equidimensional. It
would appear that the broad parietal is au-
tapomorphic for Proganochelys. In compar-
ison with Captorhinus, the postfrontal and
postparietal contacts are absent, the frontal
and postorbital contacts are tranversely long,
and the squamosal contact is short. In com-
parison with the generalized casichelydian
condition, such as is seen in Kayentachelys
and Pleurosternon, the parietal of Progan-
ochelys has the same contacts in about the
same positions, once the differing lengths of
the parietal are accounted for. The supratem-

poral contact found in Proganochelys is ab-
sent in casichelydians.
A pineal foramen is present in Captorhinus

but absent in Proganochelys and nearly all
other turtles (except as a variation in some
testudinids and protostegids).
The ventral surface of the horizontal pa-

rietal plate has much the same relations to
the other skull roof elements as the dorsal
surface. The principal exception being the pa-
rietal-squamosal contact beneath the supra-
temporal, the latter bone having no exposure
on the ventral surface of the skull roof. No
vestige of a parietal foramen is visible.
The processus inferior parietalis is a very

distinctive feature of turtles, extending from
the skull roof ventrally to form much of the
side wall of the braincase. The parietal of
Captorhinus and other generalized amniotes
is a flat, horizontal plate, entirely lacking a
ventral process and a bony side wall to the
braincase. In Proganochelys the processus in-
ferior parietalis is present and well devel-
oped, but it is not as extensive as in casiche-
lydians. The ventral contacts ofthe processus
are best seen on the left side ofSMNS 16980.
The anteriormost contact is with the proces-
sus clinoideus ofthe basisphenoid (discussed
below). Behind the foramen located between
parietal and basisphenoid is a long parietal-
prootic contact, as in other turtles. Posterior
to the prootic the opisthotic appears to con-
tact the parietal. The prootic-opisthotic su-
ture is not clear on the left side but on the
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Fig. 37. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of occipital view of skull.

Fig. 38. Proganochelys quenstedti, SMNS 16980. Stereophotographs of occipital view of skull.

right side it seems to extend dorsomedially
along the line of the foramen stapedio-tem-
poralis. A parietal-opisthotic contact does not
usually occur in Casichelydia (nor in Cap-
torhinus) and in most turtles the supraoccipi-
tal lies between these bones. The supraocci-
pital of Proganochelys, as interpreted on the
basis of one ambiguous specimen, is very
small, but it is quite possible that this inter-
pretation is in error. Posteriorly the parietal
is exposed on the midline just below the skull
roofmargin. The supraoccipital forms the pa-
rietal margin below and lateral to this ex-
posure but the exoccipital does not appear to
reach the parietal (contrary to the figure in
Gaffney, 1983; Gaffney and Meeker, 1983)

being prevented by a supraoccipital-opis-
thotic contact as seen in Casichelydia.
Even relatively generalized turtles like

Kayentachelys and Pleurosternon have a rec-
ognizable crista supraoccipitalis, most turtles
being characterized by a very large one. Pro-
ganochelys, however, is barely advanced over
Captorhinus in the development of this fea-
ture. In Proganochelys, as I interpret the su-
tures, the parietal and supraoccipital form the
midline between the skull roof and the fo-
ramen magnum. In all Casichelydia the su-
praoccipital forms the midline reaching the
parietal only at the margin of the skull roof
(the exoccipitals may meet between the fo-
ramen magnum and the supraoccipital). In
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Fig. 39. Proganochelys quenstedti, SMNS 15759. Stereophotographs of occipital view of skull.

Casichelydia the parietals do not meet in the
midline on the occiput; in view ofthe absence
ofany ventral parietal portion in Captorhinus
the unique presence of this feature in Pro-
ganochelys is difficult to evaluate. In any case,
the parietal and supraoccipital of Progan-
ochelys bear a low, sagittal ridge that is sim-
ilar in extent to that seen on the supraoccipi-
tal in Captorhinus and may be the homolog
of at least a portion of the crista supraoccipi-
talis of casichelydians.
The anterior margin of the processus in-

ferior parietalis in Proganochelys forms the
posterior margin of the foramen interorbi-
tale, which is very large in Proganochelys
when compared with Casichelydia. In Pro-
ganochelys the processus inferior parietalis
does not extend anteriorly very much beyond
the position of the trigeminal ganglion, and
a completely formed foramen nervi trigemini
does not occur in Proganochelys. In casiche-
lydians, the processus inferior parietalis has
an extensive portion anterior to the foramen
nervi trigemini (except in Dermochelys), a
distinct advance over Proganochelys in the
formation of an ossified cavum epiptericum
(see Gaffney, 1979a).
A short process extends from the antero-

ventral margin ofthe processus clinoideus of
the basisphenoid. Above and lateral to this
process is a shelf formed by both the parietal

and prootic that I interpret as the homolog
of the foramen nervi trigemini of casichely-
dians. This foramen in casichelydians is ex-
ternal (i.e., lateral) to the cranioquadrate
space. The parietal-prootic shelf of Progan-
ochelys is extended ventrally by the quadrate
to form the posterior and ventral margins of
the foramen nervi trigemini. The parietal-
basisphenoid contact is an ossification in the
pila prootica, even though it produces a fo-
ramen; this foramen is internal to the cranio-
quadrate space and not homologous with the
foramen nervi trigemini of Casichelydia. A
contact with the processus clinoideus via a
process of the parietal has been reported in
Plesiochelys (Gaffney, 1976). It is possible that
such a feature is primitive for turtles, al-
though it is absent in captorhinids and nearly
all other turtles. At present, an ossified pila
prootica is best interpreted as an autapo-
morphy of Proganochelys.
The internal surface of the parietal is vis-

ible only in SMNS 16980 and the sutures
limiting the processus inferior parietalis are
not clear. However, the supraoccipital can be
seen to underlie much of the posterior por-
tion ofthe parietal, in contrast to its apparent
limited external exposure. On the midline the
supraoccipital ends abruptly about midway
along the length of the parietal in an ante-
riorly facing facet that represents the change
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Fig. 40. Proganochelys quenstedti, SMNS 16980. Dorsal view of horizontally sectioned skull.

from bone to cartilage in the tectum synoti-
cum (see Gaffney, 1979a: 10). Laterally, the
supraoccipital extends ventrally beneath the
parietal but the contacts with other bones are
unclear.

JUGAL
(figs. 16, 40, 43)

The jugal is present in all three Progan-
ochelys skulls but sutures are clearly seen only
in SMNS 16980. The jugal is a flat element,
roughly triangular in outline, forming much
of the cheek, with a small medial process
articulating with the palate.

Posteriorly, where the jugal is tallest, it ar-

ticulates with the quadratojugal. Ventrally it
forms the ventral margin of the cheek with
no indication of emargination. Posterodor-
sally, the jugal contacts the squamosal; an-

terodorsally it contacts the postorbital. An-
teriorly the jugal enters the ventral part ofthe
orbit and forms the orbital margin at that
point. Below the orbit the jugal has a suture
with the maxilla that begins in the orbit and
extends posteroventrally to the ventral cheek
margin.
Thejugal ofProganochelys is relatively large

for a turtle and it is also relatively large when
compared with the Captorhinus jugal. The
size may be autapomorphic, but it may also
be interpreted as correlated with the "tele-
scoping" of the skull in comparison to Cap-
torhinus and could be considered primitive
for turtles. Proganochelys retains the jugal-
squamosal contact seen in Captorhinus; the
absence ofthis contact is a casichelydian syn-
apomorphy. In Captorhinus thejugal extends
forward under the orbit to reach the lacrimal
and maxilla at the level ofthe anterior margin
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Fig. 40. Continued.

of the orbit. In Proganochelys the jugal does
not extend anteriorly as far as in Captorhinus,
and does not appear. to reach the lacrimal.
The area is preserved on both sides ofSMNS
16980, and on both sides matrix fills a space
between jugal and lacrimal. Nonetheless, the
anterior extension of the jugal is greater in
Proganochelys than in most Casichelydia.
Thus the lack of an anterior jugal process
reaching the anterior orbital margin is a che-
lonian synapomorphy.

In Captorhinus the jugal forms the ventral
cheek margin for nearly its entire length. In
Proganochelys and other turtles the maxilla
sends a process posteriorly below the jugal to

separate the jugal from the cheek margin for
the anterior half or more of the length of the
jugal. There are numerous modifications of
this condition in more advanced chelonian
groups.
The medial process ofthe jugal is best seen

on the right side of SMNS 16980, but its
relations are somewhat obscured by break-
age. In ventral view the process seems to be
nearly absent; only a short spur extending
anteromedially along the anterior margin of
the fossa subtemporalis. The process contacts
the pterygoid anteriorly and medially and the
maxilla anterolaterally. Dorsally, however,
the jugal overlies the pterygoid and extends
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farther anteriorly and medially. On the ven-
tral surface, the above-described sutures are
also breaks along which slight displacement
seems to have occurred. Thus there is some
possibilility for error. On the dorsal surface
the jugal has what appears to be a relatively
straight sutural margin medially that contacts
the pterygoid. The anterior jugal contacts are
in doubt but it appears to reach the palatine
anterior to the pterygoid contact. The jugal
does not border the foramen palatinum pos-
terius nor the foramen orbitonasale, although
the latter is separated from the jugal by a
block of matrix.

Proganochelys has a medial jugal process
comparable in size to that seen in Captorhi-
nus but less visible in ventral view and not
forming part of the foramen palatinum pos-
terius (= suborbital foramen) as in Capto-
rhinus. Although the jugal rarely forms part
of this foramen in most turtles, it does reach
it in Kayentachelys and Pleurosternon, sug-
gesting that a jugal contribution to the fora-
men palatinum posterius is primitive for the
Casichelydia. Its absence in Proganochelys is
interpreted as an autapomorphy.

QUADRATOJUGAL
(fig. 16)

The quadratojugal is present on both sides
ofthe Berlin skull, on the right side ofSMNS
15759, and on both sides of SMNS 16980.
Sutures are clearest in the latter specimen.
The quadratojugal in Proganochelys is a ver-
tically elongate sheet ofbone in the posterior
part ofthe cheek. Dorsally, the quadratojugal
meets the squamosal, anterior the jugal, and
posteriorly the quadrate. The quadratojugal
is a thin element and even in SMNS 16980
it is incomplete on both sides. The posterior
contact with the quadrate is curved concave
posteriorly and forms the anterior margin of
the cavum tympani, as in Casichelydia. The
quadratojugal-quadrate suture is tight and
seems to be fused, at least ventrally. The
quadrate underlies the quadratojugal for most
of this contact. Anteriorly the quadratojugal
is broken on both sides of SMNS 16980 so
that there is a small space (on the left side)
and a large space (on the right side) between
the quadratojugal and thejugal. Both the Ber-
lin skull and SMNS 15759 are solid in this

area, and I feel that the spaces in SMNS 16980
are the result ofbreakage. The quadratojugal-
jugal contact seems to have been a squamous
one, as in Casichelydia.
The quadratojugal of Proganochelys is

clearly more similar to that in casichelydians
than to that in Captorhinus, but this situation
is probably closely related to the structure of
the quadrate. In turtles the quadrate has a
funnel-shaped cavum tympani with lateral
exposure of the quadrate while in Captorhi-
nus the quadrate is smaller, lacks a cavum
tympani, and has no lateral exposure. The
quadratojugal of Captorhinus is a horizon-
tally elongate element lying lateral to the
quadrate with much ofthe quadrate attached
to its medial surface. In Captorhinus the
quadratojugal forms part of the posterior
margin of the skull, has a long dorsal suture
with the squamosal, and has a short anterior
contact with the jugal. In Proganochelys and
in other turtles, the presence of a laterally
exposed and vertically elongate quadrate is
correlated with a different position of the
quadratojugal. Proganochelys agrees with
other turtles and is distinct from Captorhinus
in the following features: vertically elongate
quadratojugal, quadrate prevents posterior
margin of quadratojugal from reaching pos-
terior margin of the skull, C-shaped suture
with quadrate along margin of cavum tym-
pani, and extensive suture with jugal. Kay-
entachelys differs from Proganochelys and
most other turtles in lacking a C-shaped
quadratojugal-quadrate suture. This is relat-
ed to the relatively small size ofthe quadrato-
jugal in Kayentachelys, a presumed autapo-
morphy of this taxon.
As discussed under postorbital, Progan-

ochelys differs from Casichelydia and agrees
with Captorhinus in lacking a postorbital-
quadratojugal contact, a presumed synapo-
morphy of Casichelydia.

SQUAMOSAL
(figs. 16, 40, 52)

The squamosal is preserved at least to some
extent in all three Proganochelys skulls. In
SMNS 15759 the bone is largely missing on
the left side while on the right the postero-
ventral portion is missing. In the Berlin skull
most ofthe squamosal is missing on the right
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side, but it is nearly complete on the left. In
neither ofthese skulls are most ofthe sutures
clear; the position of the bone is based pri-
marily on comparisons with SMNS 16980.
In SMNS 16980 the squamosal is preserved
complete on both sides with most of the su-
tures distinct.
The squamosal ofProganochelys is a plate-

like element, curving ventrally from the skull
roof to form part of the posterolateral skull
area. In casichelydians the squamosal is con-
spicuously different; it is cone-shaped and
contains a space, the antrum postoticum, that
communicates with the cavum tympani.
There is no indication whatever ofthis struc-
ture in Proganochelys and the squamosal is
a simple, curved plate. This condition in Pro-
ganochelys is also different in Captorhinus.
The squamosal in Captorhinus is a flat curved
plate in the skull roof, much as in Progan-
ochelys, but curves at the occiput to form a
medially directed flange that forms a poste-
rior wall for much of the temporal fossa and
constricts the posterior temporal opening.
This flange is absent in Proganochelys; there
is no posterior wall for the temporal fossa,
and the posterior temporal opening is very
large.

In SMNS 16980 the squamosal contacts
the postorbital anteriorly in an irregular,
roughly transverse suture. There is a para-
sagittal contact with the parietal medially, and
the supratemporal posteromedially. Antero-
ventrally the squamosal contacts the jugal,
ventrally it contacts the quadratojugal, and
posteroventrally the quadrate. Posteriorly the
squamosal reaches the opisthotic.
The relations ofthe squamosal to the other

dermal roof elements are not drastically dif-
ferent among captorhinids, Proganochelys,
and casichelydians. The parietal and post-
orbital contacts are similar, except in those
casichelydians that have well-developed pos-
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Fig. 41. Comparison ofhorizontally sectioned
skulls. Fossa nasalis, fossa orbitalis, dorsum sellae,
and semicircular canals shown in different patterns
for reference. A, Captorhinus sp., from Heaton
(1979) and specimens. B, Proganochelys quen-
stedti, SMNS 16980. C, Pseudemys concinna, from
Gaffney (1979a).

C

511990



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

foramen orbito-nasale

la
foramen palatinum

posteri us

Pt/le-7> 8 - t; - --basisphenoida le
J0 (parasphenoid)

foramen anterius basipterygoid
canalis carotici

interni epi
process

dorsum
sella turcica sellae

bs columella auris

Fig. 42. Comparison of horizontally sectioned skulls. A, Captorhinus sp., from Price (1935), Heaton
(1979) and specimens. B, Proganochelys quenstedti, SMNS 16980. C, Pseudemys concinna, from Gafihey
(1979a).

terior temporal emargination, in which case
the parietal contact may be absent and the
postorbital contact reduced or absent. Casi-
chelydians, however, lack a jugal-squamosal
contact, present in captorhinids and Progan-
ochelys, and this appears to be related to the
smaller size of the jugal and the compara-
tively longer cheek in casichelydians. In cap-
torhinids the squamosal has a long suture
with the quadratojugal that runs for most of
the length ofthe squamosal while this contact
is much less in Proganochelys. Casichelydi-
ans are quite variable in this regard but would
generally appear to be similar to Progan-
ochelys. The lateral halfofthe supratemporal
ofcaptorhinids lies on the squamosal and this
is the case in Proganochelys, although the su-
pratemporal is a relatively larger element in
the latter taxon. The bone is absent in casi-
chelydians.

Significant differences involving the quad-

rate-squamosal contact can be seen among
the three forms being compared. In capto-
rhinids the quadrate is not visible or just
barely visible in lateral view and the large
squamosal forms nearly all of the posterior
margin of the skull in lateral view. In Pro-
ganochelys the squamosal is much smaller
and the quadrate is exposed laterally forming
a significant part ofthe posterior skull margin
in lateral view. In casichelydians the quadrate
is developed into a typical cavum tympani
so that instead of the limited quadrate-squa-
mosal contact in Proganochelys there is a
more extensive contact between the bones.
Also in Proganochelys the squamosal-quad-
rate contact is virtually two-dimensional, the
meeting of two curved plates, while in casi-
chelydians the presence ofthe conical antrum
postoticum, formed by the squamosal fitting
on top of a well-developed cavum tympani,
is a complex three-dimensional contact.
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Fig. 43. Proganochelys quenstedti, SMNS 16980. Sagittally sectioned skull.

Posteriorly, the squamosal-opisthotic re-
lations also differ among the three compared
forms. In captorhinids the medial flange of
the squamosal comes close to but does not
(apparently) meet the paroccipital process of
the opisthotic. In turtles, however, the par-
occipital process has an extensive contact with

the squamosal. In Proganochelys this contact
is clear on the lateral and posterior surface
of SMNS 16980 but less distinct on the in-
ternal surface. It is apparent, however, that
the position of the contact is well lateral to
its position in casichelydians due to the me-
dial expansion ofthe squamosal in that group.
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Fig. 44. Comparison of sagittally sectioned skulls. Different patterns are used for basisphenoid, hiatus

acusticus, and processus inferior parietalis. A, Captorhinus sp., from Price (1935), Heaton (1979), and
specimens. B, Proganochelys quenstedti, SMNS 16980. C, Pseudemys concinna, from Gaffney (1979a).
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Fig. 46. Comparisons of the internal surface of left quadrates showing attachments and positions of
various associated structures. Anterior to the right. A, Captorhinus sp., from Heaton (1979) and spec-
imens. B, Proganochelys quenstedti, SMNS 16980. C, Chelydra serpentina, from Gaffney (1979a, fig. 10;
note error in opisthotic suture in this figure) and AMNH 10786.

POSTORBITAL
(fig. 16)

The postorbital ofProganochelys is present
in all three skulls but sutures can be seen
clearly only in SMNS 16980. The postorbital
is a sheet of bone that lies posterodorsal to
the orbit and forms part of the skull roofand
part of the cheek. On the skull roof the post-
orbital contacts the prefrontal anteriorly, the
frontal medially, the parietal posteromedial-
ly, and the squamosal posteriorly. Ventrally
the postorbital has a long suture with thejugal
beginning on the posteroventral orbital mar-
gin and rising dorsally to meet the squamosal.
On the internal surface the contacts differ only
slightly. The postorbital is thick where it forms
the orbital margin and thins as the sheet ex-
tends away from the orbit.
The postorbital of Proganochelys occupies

the area made up of postorbital plus post-
frontal in Captorhinus. There is no trace of
a postfrontal in Proganochelys. In Casiche-
lydia the postorbital usually has a prominent
contact with the quadratojugal, absent in Pro-
ganochelys and Captorhinus. The postorbit-
al-quadratojugal contact takes place in casi-
chelydians, preventing the jugal-squamosal
contact seen in Proganochelys and Captorhi-
nus. This condition in Casichelydia, i.e., the

presence of a postorbital-quadratojugal con-

tact and the absence of a squamosal-jugal
contact, is hypothesized as a synapomorphy
of Casichelydia.

SUPRATEMPORAL
(figs. 16, 52)

Although the area is present, at least in
part, in all three skulls, sutures delimiting the
supratemporal are visible only in SMNS
16980. The supratemporal of Proganochelys
is a small, paired element positioned at the
posterolateral corner of the skull roof. The
supratemporal contacts the parietal medially
and the squamosal laterally and lies above
both bones which meet beneath the supra-
temporal. There is no exposure of the supra-
temporal on the internal surface of the skull.

Casichelydia lack the supratemporal but it
is characteristic of primitive amniotes. In
Captorhinus the supratemporal fits into a
notch in the parietal; Proganochelys does not
seem to have this notch, the supratemporal
seems to lie on the parietal. The size of the
supratemporal in comparison to the rest of
the skull is smaller in Captorhinus than in
Proganochelys, a condition hypothesized here
as autapomorphic for Proganochelys.
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Fig. 48. Proganochelys quenstedti, SMNS 16980.
from SMNS 15759. See Figure 47.

PALATAL ELEMENTS
(table 4, figs. 16, 27, 40, 43)

PREMAXILLA

The premaxilla is preserved in all three
Proganochelys specimens but sutures are seen
clearly only in SMNS 16980. The premaxilla
is a relatively small, paired element lying at
the front of the skull with a dorsal portion
between the nares and a ventral portion of
the triturating surface.
The dorsal process ofthe premaxilla forms

the medial margin of the apertura narium
extema and articulates dorsally with the nasal
which has an indentation to receive the pre-
maxilla on the midline. A dorsal process of
the premaxilla which fits into the nasal occurs
in Captorhinus but not in Casichelydia.
Known casichelydians, which have separated
external nares, i.e., Meiolania, have a nasal
contribution to the septum. Kayentachelys,
pleurosternids, and pleurodires lack divided
nares, and it seems best to consider confluent
nares as a synapomorphy at the level of all
casichelydians with the Meiolania condition
as autapomorphic.
Medially the premaxilla meets the other

premaxilla. Posterolaterally the premaxilla
contacts the maxilla beneath the apertura

prootic foramen
(V )

section with right laterosphenoid added

narium externa and on the triturating surface.
The premaxilla forms only a small portion
ofthe triturating surface, just on the midline.
The labial ridge is quite prominent but is
broken along its edge in SMNS 16980 and
the Berlin specimen. SMNS 15759, however,
has it intact and demonstrates that the ridge
line is relatively straight with no pronounced
protuberance or emargination. The labial
ridge is higher in the Berlin skull and SMNS
15759 than in SMNS 16980 (see discussion
below under Maxilla). The medial portion of
the premaxilla, posterior to the labial ridge,
is poorly preserved in the Berlin skull and
SMNS 15759. In SMNS 16980 there are some
foramina and rugosities but it is not clear
whether or not these have been intensified by
postmortem damage. Comparisons of the
triturating surfaces with Captorhinus shows
the chelonian edentulous synapomorphy of
Proganochelys. There are no traces of teeth,
alveoli, or any other structures not found in
casichelydians. It is interesting that compar-
isons (Heaton, 1979: fig. 7) with the premax-
illa of Captorhinus show that the basic shape
of the premaxilla in Proganochelys is un-
changed, except for the absence of teeth and
the addition of a labial ridge.

Posterodorsally the premaxilla sends a short
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Fig. 49. Proganochelys quenstedti, SMNS 16980. Lateral view ofskull with left cheek region removed.
Compare with Figure 50.

process to meet the vomer, which is paired
in Proganochelys. The posterolateral margin
of this process forms part of the margin of
the apertura narium interna. In SMNS 16980,
the only Proganochelys specimen in which
these sutures are visible, the vomerine pro-
cess on each side appears to be more or less
displaced along the suture. As preserved, there
is a midline cavity, irregular in shape, formed
at the quadruple junction ofvomers and pre-
maxillae. This cavity appears to be natural
but it could have resulted from bone dis-
placement. In any event, a similar one does
not occur in Captorhinus or other turtles. The
vomerine process in Casichelydia is not gen-
erally as distinct as in Proganochelys.

In or near the vomer-premaxilla suture,
casichelydians usually have paired foramina
praepalatina that penetrate the bone from
palate to fossa nasalis. Heaton (1979: fig. 7)
identified the presumed homolog of this
structure in Captorhinus as the prepalatal fo-

ramen and it is contained entirely within the
premaxilla (as it is in some turtles). Although
there are asymmetrical foramina in the pre-
maxilla ofProganochelys, I have been unable
to find a clearly identifiable foramen prae-
palatinum. This may be due to poor preser-
vation rather than natural absence.

MAXILLA
(figs. 16, 27, 40, 43)

Large parts of the maxilla are preserved in
all three Proganochelys skulls, but the bone
is entirely complete in none. Sutures and in-
ternal structures are best seen in SMNS 16980
while the triturating surfaces are best pre-
served in the Berlin skull and SMNS 15759.
The maxilla is a large element forming

much ofthe anterolateral portion ofthe skull
and bears most of the triturating surface. It
may be divided into the vertical plate form-
ing the snout and the horizontal portion on
the palate.
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Fig. 49. Continued.

The vertical portion of the maxilla has a
free ventral edge (the labial ridge) that con-
tacts the premaxilla anteriorly, the jugal pos-
teriorly, the lacrimal posterodorsally, the pre-
frontal dorsally, and the nasal anterodorsally.
Anteriorly it forms the lateral margin of the
apertura narium externa. The maxilla is dis-
tinctly higher anteriorly and rises between
lacrimal and nasal. This part of the maxilla
bears a prominent synapomorphy with other
turtles. In Captorhinus the maxilla is low and
the lacrimal is a wide element extending from
the nares to the orbit. In Proganochelys and
other turtles there is a large dorsal process of
the maxilla that occupies much of the space
formed by the lacrimal in Captorhinus. The
maxilla of turtles, largely due to the presence
of this dorsal process, is a dominant element
in the formation ofthe preorbital region. Tur-
tles, including Proganochelys, also have a
posterior extension ofthe maxilla that reach-
es posteriorly to the posterior orbital margin.
In Captorhinus it does not extend posteriorly
to the orbit. This feature is not that clear cut

and subject to variation within turtles. In
Captorhinus the maxilla does not enter the
orbital margin; a well-developed lacrimal-ju-
gal contact prevents it. In Proganochelys the
maxilla barely enters the orbital margin and
the lacrimal-jugal contact is absent or very
limited. Casichelydians have a maxilla that
makes up a significant part ofthe orbital mar-
gin, many times half or more of its circum-
ference. This is also correlated with the ab-
sence of the lacrimal which forms part of the
orbital margin in Proganochelys.
The horizontal portion ofthe maxilla bears

most of the triturating surface, the rham-
photheca or horny feeding surface synapo-
morphous for turtles. Despite some ambig-
uous figures and statements by Jaekel (191 8a),
none of the three Proganochelys skulls have
any structures associated with marginal teeth.
There are foramina in the triturating surfaces
but these are irregular and I can detect no
difference between these and ones in recent
turtles. Proganochelys has a relatively high
labial ridge separated from the lower lingual

1990 61



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Fig. 50. Proganochelys quenstedti, SMNS 16980. Anterolateral oblique view of skull with left cheek
removed. Compare with Figure 49.

ridge by a trough. The trough is curved, con-
cave ventrally, and has no flat areas or other
structures. The lingual ridge is distinct but
less than one-third the height of the labial
ridge. Both ridges are parallel except at the
front of the skull where there is a slight ex-
pansion. The lingual ridge becomes very low
or absent where it reaches the premaxilla.
There is some variation in the triturating

surfaces among the Proganochelys skulls. The
Berlin skull and SMNS 15759 have a more
acuminate shape than SMNS 16980, but I
interpret this as the result of crushing in the
former. The labial ridge is higher in SMNS
15759 than in the other two skulls but I in-
terpret this to result from breakage in the
other specimens. The trough is wider and the
ridges are slightly thicker in the Berlin skull
than in the others, correlated with the slightly
more massive bone thickness overall in the
Berlin skull. The degree ofdistinctions is not
great enough to warrant systematic recogni-
tion and it seems to me that these differences

are best ascribed to a combination of pres-
ervation, individual variation, and growth.
The triturating surfaces of Proganochelys

are not precisely the same in any other turtle.
Almost all turtles have a greater expansion
of the triturating surface and some devel-
opment of a flat surface on the inter-ridge
area. Some testudinoids (e.g., Cuora, Kinix-
ys) have equally narrow triturating surfaces
but these are most likely developments with-
in the cryptodires. The triturating surface,
however, is narrow in some pleurodires (e.g.,
Pelomedusa, Chelodina), although the rest of
the triturating morphology is distinct from
that of Proganochelys (the lingual ridge area
is flat). More importantly, the triturating sur-
face in Glyptops is very narrow, even nar-
rower than in Proganochelys. Although we
can argue that these are all instances of char-
acter acquisition within the various
subgroups, it is still far from clear that an
expanded triturating surface is synapomor-
phous at the level of Casichelydia. The best
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Fig. 50. Continued.

hypothesis at present is that narrow triturat-
ing surfaces are primitive for Casichelydia
and that expansions have developed within
subgroups of Casichelydia.

Medially the maxilla contacts the palatal
elements thereby forming part ofthe internal
nares. Anteriorly the maxilla meets the pre-
maxilla but does not contact the vomer, as
in most casichelydians. The maxilla forms
the lateral margin of a relatively large aper-
tura narium interna. The maxilla forms the
narial margin in Captorhinus and most tur-
tles, but in Captorhinus the apertura is long
and narrow, paralleling the maxilla. In tur-
tles, including Proganochelys, the apertura is
less extensive. In comparison with most tur-
tles, the apertura narium interna of Progan-
ochelys is relatively large, although there is
considerable variation within casichelydians.

Posterior to the narial margin, the maxilla
has a short medial projection that contacts
the palatine. This is best seen on the right
side of SMNS 16980 where the palatine is

slightly disarticulated and separated from the
maxilla. Posteromedially the maxilla con-
tacts the pterygoid, a contact that is absent
in Captorhinus (because of the jugal-palatine
contact), Kayentachelys, and Pleurosternon.
Although present in most other turtles, this
contact is probably an autapomorphy ofPro-
ganochelys because the primitive casichely-
dian condition appears to be that seen in Kay-
entachelys (i.e., maxilla, jugal, pterygoid, and
palatine meeting at the foramen palatinum
posterius).

Posteriorly the maxilla becomes thin and
lies below and lateral to the anterior projec-
tion of the jugal.

VOMER
(figs. 16, 27, 40, 43)

The vomer is preserved, at least in part, in
all three Proganochelys skulls. It is best seen
in SMNS 16980, although its lateral limits
are unclear. In the Berlin specimen the region
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Fig. 51. Proganochelys quenstedti, SMNS 16980. Posteroventral oblique view of skull with left cheek

removed. Arrow lies on midline. See also Figure 52.
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is badly crushed but areas of the vomer can
be discerned. SMNS 15759 is also crushed
and even less of the vomer is visible.
From SMNS 16980 it can be seen that the

vomer of Proganochelys is a paired element,
as in the generalized amniote condition, but
in contrast to all other turtles which have a
single vomer. The sagittal suture separating
the vomers extends for nearly their entire
length.
The vomer in Proganochelys is an elongate,

flat element, lying between the apertura nari-
um intema at the anterior end of the palate.
Anteriorly the vomer has a short, dorsally
overlapping suture with the premaxilla. There
is an unpaired opening on the midline in the
vomer-premaxilla suture in SMNS 16980.
The foramen appears to be natural but may
be a consequence of postmortem damage in
an area of thin bone. Captorhinus does not
have such a foramen, and other turtles have
a paired foramen, the foramen praepalatin-
um, in the vomer-premaxilla suture. The sin-
gle foramen in Proganochelys may be the ho-
molog of the foramen praepalatinum.

Laterally, the vomer forms the medial edge
of the apertura narium intema in SMNS
16980. The other specimens barely have a
recognizable apertura narium intema, as a
consequence of lateral crushing. The poste-
rior limits of the apertura can be estimated
from the parts of the maxilla and palatine
that are preserved. The apertura in Progan-
ochelys as thus restored is relatively large and
occupies a prominent portion of the palate.

Posteriorly the vomer contacts the ptery-
goid in a short suture. Posterolaterally the
vomer reaches the palatine but this contact
area is small as preserved but could have been
more extensive. It is best seen on the right
side of SMNS 16980 where the contact is
preserved.
The ventral surface of the vomer shows a

slight trough formed on the midline where
the sagittal suture lies. The vomer is slightly
convex dorsally when viewed from the side.
The posterior half of the vomer has small
teeth arranged roughly in two parasagittal
rows. Captorhinus does not have teeth on the
vomer but Protorothyris does have denticles,
although they are arranged differently (Clark
and Carroll, 1973: fig. 3) than in Progan-

foramen jugulareforamen magnum pa anterius

qj

auris foramina nervi hypoglossi

B

,qj

columella foramina nervi hypoglossi
auris
Fig. 52. Comparisons of occiputs. Opisthotic

is in lighter stipple, columella auris (stapes) is in
darker stipple. A, Captorhinus sp., from Heaton
(1979) and specimens. B, Proganochelys quen-
stedti, SMNS 16980 with columella auris restored
from MB 1910.45.2. C, Eubaena cephalica, from
Gaffney (1979a).

ochelys. Vomerine teeth would appear to be
a generalized amniote feature.
The dorsal surface of the vomer in Pro-

ganochelys bears a parasagittal ridge that is
close to the midline and forms the lateral
margin of a trough, the sulcus vomeri, seen
in other turtles. Because ofthe relatively large
fossa nasalis and posterior position ofthe fis-
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umella auris indicated by stipple. See also Figure 52.
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TABLE 4
Comparisons of Palatal Elements

Captorhinus Proganochelys Casichelydia

Dorsal process of pre- Yes Yes No
maxilla dividing nares

Teeth on premaxilla and Present Absent Absent
maxilla

Maxilla with dorsal pro- Absent Present Present
cess between nares and
orbit

Maxilla extends to poste- No Yes Yes
rior margin of orbit

Maxillary contribution to Absent Absent Present
orbital margin

Vomer Paired Paired Single
Location of palatal teeth Palatine and pterygoid Vomer, palatine and Pterygoid

pterygoid (or absent)
Teeth on ventral surface Present Present Absent

of palatine
Contribution of palatine Very small Intermediate Large

to margin of apertura
narium intema

Orbitonasal ridge on pal- Present Absent Absent
atine forming floor of
nasal capsule

Vomerine teeth Absent Present Absent
Vomer expanded ante- No No Yes

riorly and posteriorly
Apertura narium interna Elongate, lateral slits Less elongate and more Oval and more medial

medial than in Capto- than in Proganochelys
rhinus

sura ethmoidalis, the sulcus vomeri of Pro-
ganochelys lies within the fossa nasalis rather
than posterior to it as in casichelydians. The
sulcus vomeri supports the cartilaginous sep-
tum interorbitale in recent turtles (see Gaff-
ney, 1979a: fig. 81). This structure is not
known to be ossified in any living or extinct
turtle. Although Captorhinus does not have
a distinct sulcus vomeri, the medial margin
ofthe vomer bears a slight ridge that supports
the interorbital septum, which is ossified in
Captorhinus (Heaton, 1979). The vomer in
Captorhinus differs from turtles in having a
recurved alar projection (Heaton, ibid.: fig.
24) on its lateral margin. The chelonian vo-
mer is relatively flat in this area. The lateral
margin of the vomer in SMNS 16980 is a
broken edge so the presence or absence ofthe
alar projection in Proganochelys cannot be
determined.

In most turtles the vomer is roughly dumb-
bell shaped with the anterior and posterior
portions expanded and a narrow connecting
bar separating the paired apertura narium in-
tema. This condition of the vomer is found
in pleurodires, Kayentachelys, as well as
baenids, and seems to be a casichelydian syn-
apomorphy. Proganochelys has a relatively
flat vomer, that is curved concave ventrally
but is not produced into the anterior and pos-
terior enlargements. Proganochelys is ad-
vanced over Captorhinus in having the aper-
tura narium interna closer together medially;
in Captorhinus they are slits placed at the
lateral margin of the palate.
The paired vomers of Proganochelys are

homologous to the single vomer of casiche-
lydians. Kunkel (1912) described the for-
mation of the single vomer in Emys as the
fusion of two lamellae during development.
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PALATINE
(figs. 16, 27, 40)

The palatine is not preserved in its entirety
in any Proganochelys skull, but it is best seen
on the right side ofSMNS 16980, where only
some of the anterior portions are missing.
The ventral surface of this bone is exposed
on both sides of this skull and much of the
dorsal surface is also, but some matrix has
been retained on the dorsal surface for sup-
port of this thin element. SMNS 15759 has
some of the posterior parts ofboth palatines
visible in ventral view but they are both
crushed and distorted, although the right side
supplies some information.
The palatine in Proganochelys is a thin,

roughly horizontal plate forming the anterior
portion ofthe palate. Posteriorly the palatine
has a long suture with the pterygoid, begin-
ning laterally at the foramen palatinum pos-
terius and extending medially where it curves
anteriorly so that the contact is parasagittal
and the pterygoid lies along the medial edge
ofthe palatine for about halfthe length ofthe
palatine.

Posterolaterally the palatine forms the me-
dial and anterior margin of the foramen pal-
atinum posterius while the posterior and lat-
eral limits of the foramen are formed by the
pterygoid. The pterygoid has a short contact
with the palatine in the anterolateral edge of
the foramen palatinum posterius. The fora-
men is complete on the right side of SMNS
16980, portions of it can be seen on the left
side ofSMNS 16980, and the entire foramen,
crushed and distorted, can be made out on
the left side of SMNS 15759. In the Berlin
skull only fragments of the margin of the fo-
ramen are visible. In Proganochelys the fo-
ramen palatinum posterius is relatively large,
about the same size as in Chelydra. Pleuro-
dires and some cryptodires have foramina
that are distinctly smaller.

In captorhinids there is a small foramen,
the suborbital foramen ofHeaton (1979) that
lies between the palatine and jugal. It is likely
that the suborbital foramen of captorhinids
is homologous with the foramen palatinum
posterius of turtles. Comparison ofthe palate
in Captorhinus, Proganochelys, and other
turtles shows that the foramen in turtles and
the foramen in captorhinids agree in being

formed anteromedially by the palatine and,
if only the palatine is compared, at the same
place on the palatine, i.e., its posterolateral
edge. In casichelydians the primitive condi-
tion would appear to have the pterygoid,
maxilla, jugal, and palatine making up the
foramen, as in Kayentachelys. In most diap-
sids the foramen is also formed anterome-
dially by the palatine. In diapsids, however,
the bones forming the rest of the margin of
the foramen are more variable, with the ec-
topterygoid as well as the pterygoid, maxilla,
and jugal commonly taking part. A compar-
ison of structures in the foramen palatinum
posterius of turtles and the infraorbital fo-
ramen of lizards is consistent with, but not
strongly supporting, their homology. Bojanus
(1819), Oelrich (1956), and Albrecht (1967)
reported variable, small branches ofthe nasal
artery and maxillary artery as well as branch-
es of the maxillary nerve in the foramen.
However, all authors (as well as dissections
by this author) show that these foramina in
turtles and lizards are mostly filled with con-
nective tissue and the function ofthe opening
is unclear.

Anterolaterally, the palatine has a long,
straight contact with the maxilla in Progan-
ochelys. This suture is best seen on the right
side ofSMNS 16980 where the palatine and
maxilla are slightly disarticulated from each
other. The palatine forms a horizontally elon-
gate, concave pocket, opening laterally to re-
ceive a process from the maxilla, very much
as in captorhinids and similar to that in liz-
ards. This structure is best seen on the ventral
surface.
As preserved on the right side of SMNS

16980, there is a large, irregular opening at
the anterior edge of the palatine, its margins
being formed by the maxilla laterally, the pal-
atine posteriorly, the lacrimal anteriorly, and
what is best interpreted as the prefrontal an-
teromedially. This opening is the position of
the foramen orbito-nasale but many of the
edges as preserved are broken. Only the an-
terior margin, formed by the lacrimal, seems
to be original and also seems to indicate a
much smaller foramen, quite comparable to
that in Captorhinus. Unfortunately, the left
side ofSMNS 16980 and the other two Pro-
ganochelys skulls have no recognizable por-
tion of the foramen preserved. As restored,
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the palatine would extend anteriorly beyond
its preserved margins to form the posterior
limits of the foramen orbito-nasale and the
prefrontal could also enter the margin me-
dially.
On the dorsal surface the jugal overlies the

maxilla so that there is a palatine-jugal con-
tact in the floor ofthe orbit that is not present
in ventral view. Simiarly, the palatine-lacri-
mal contact is covered ventrally. The pala-
tine-prefrontal contact is preserved for only
a short distance; medially both bones and the
vomer have broken margins. There is an ir-
regular opening in the middle of the palatine
on both sides of SMNS 16980, the right side
being larger than the left. I interpret both of
these as postmortem damage.

In most turtles and other amniotes the pal-
atine forms some part of the margin of the
apertura narium intema. As a result of the
breakage described above in the anterior part
of the palatine and in the matching section
of the vomer, the posterior margin of the
apertura is not clearly preserved in SMNS
16980 and not at all in the other two Pro-
ganochelys skulls. It seems reasonable, how-
ever, to interpret this region as being not very
much more extensive than it is at present,
and to hypothesize the apertura as being
formed posteriorly by these elements. In cap-
torhinids the apertura narium intema is a
long, thin opening principally formed by the
maxilla laterally and the vomer medially with
the palatine forming the small, posterior cor-
ner. In turtles, including Proganochelys, the
palatine forms a larger portion of the edge of
the apertura and the shape of the apertura is
wider.
Another important difference between cap-

torhinids and turtles is the participation of
the palatine in the nasal capsule. As Heaton
(1979) and Fox and Bowman (1966) illus-
trated, the palatine ofcaptorhinids has a dis-
tinct ridge, the orbitonasal ridge of Heaton,
on its dorsal surface that marks the posterior
margin of the nasal capsule. In turtles the
palatine bone does not form the floor of the
nasal capsule and there is no orbitonasal ridge
on the palatine.
On the ventral surface of the palatine in

Proganochelys there are small teeth in a group
near the palatine-pterygoid contact. These
teeth are visible on the right side of SMNS

15759 (barely) and on both sides of SMNS
16980. The Berlin skull has teeth but the pal-
atine ones cannot be diffentiated from the
pterygoid teeth. They appear to be separated
from the pterygoid teeth by a narrow gap but
nonetheless continue the rows seen on the
pterygoid. No other turtles have palatine teeth
(Kayentachelys has teeth only on the ptery-
goid), but teeth are commonly seen on the
palates of more generalized amniotes. The
palatine teeth in captorhinids are clearly or-
ganized in parasagittal rows and these are very
similar in number and position to those in
Proganochelys.

PALATOQUADRATE ELEMENTS
(table 5, figs. 16, 40, 46)

QUADRATE
(figs. 16, 27, 46)

The quadrate is present and well preserved
in SMNS 16980 and fairly well preserved in
the Berlin skull, although sutures can be seen
only in SMNS 16980. SMNS 15759 is lacking
the left quadrate and only has the badly
crushed anterior portion of the right one.
The chelonian quadrate is one of the most

distinctively modified of the turtle head
bones. Comparing the quadrate in Captorhi-
nus with a casichelydian quadrate, it is hard
to believe that they are homologous ele-
ments. Captorhinus (fig. 46), with the pre-
sumed generalized amniote condition, has a
quadrate (Heaton, 1979: fig. 26) that is es-
sentially the articular condyle, broadened
transversely, with a flat parasagittal sheet of
bone expanding dorsally for contact with the
cheek elements. Casichelydians have a larger,
C-shaped quadrate, exposed laterally and ex-
tending dorsally for much ofthe height ofthe
skull, with the articular condyle compara-
tively inconspicuous. As Jaekel (191 8a)
showed, the quadrate of Proganochelys has
many chelonian features, but it is nonetheless
morphologically intermediate in many ways
between turtles and more generalized am-
niotes.
The quadrate of Proganochelys is a rela-

tively large, auricle-shaped element, concave
posteriorly, convex anteriorly, bearing the
condylus mandibularis ventrally, and reach-
ing the skull roof dorsally and the cheek an-
terolaterally. The disarticulated quadrate of
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TABLE 5
Comparison of Palatoquadrate Elements

Captorhinus Proganochelys Casichelydia

Epipterygoid Triangular If present, probably co- Triangular
lumnar

Ossified "pleurosphe- Possibly present in part Present Absent
noid"

Palatine process of ptery- Extends anteriorly be- Extends anteriorly about As in Proganochelys
goid yond level of palatine half length of palatine

Medial contact of ptery- Moderate Very limited Moderate
goids

Interpterygoid vacuity Oval and wide Elongate and narrow Short and narrow
Anterolateral process of Does not reach foramen Extends beyond foramen Reaches foramen palati-

pterygoid palatinum posterius palatinum posterius num posterius
Transverse pterygoid Present Absent Absent

flange
Basicranial articulation Open, between epiptery- Open, between pterygoid Sutured closed betw. pter-

goid and basisphenoid and basisphenoid ygoid and basisphenoid
Basipterygoid articula- Faces posteriorly Faces medially Absent

tion surface
Quadrate exposed later- No Yes Yes

ally
Cavum tympani formed No Yes, shallow Yes
by quadrate

Opisthotic-quadrate con- Absent Present, small Present, extensive
tact

Pterygoid process of Absent Present Present
quadrate

Prootic-quadrate contact Absent Present Present
Foramen stapediotem- Not formed in bone Present, but no canal Present, with bony canal

porale

Proganochelys is more similar to the gener-
alized lizard quadrate than to the Captorhi-
nus condition in being dorsoventrally elon-
gate. Ventrally, the quadrate in Proganochelys
bears the condylus mandibularis, the artic-
ular surface with the lower jaws, preserved
in both SMNS 16980 and the Berlin skull.
Both agree in having the condylus similar to
that in cryptodires, that is, relatively flat sur-
face divided roughly into a medial and lateral
area. In Proganochelys the medial half is flat
to slightly convex, while the lateral half, sit-
uated at a slightly lower level, is concave,
more so in the Berlin skull, which seems to
be better preserved in this area than SMNS
16980. The condylus is rectangular with the
medial half somewhat wider anteroposte-
riorly than the lateral portion. The condylus
mandibularis of Captorhinus has a much
deeper parasagittal groove, producing a sur-
face that is nearly V-shaped in cross section.

The condylus mandibularis in Proganochelys
is at the end of the processus articularis, a
column ofbone very similar to those in other
turtles.

Laterally the quadrate of Proganochelys
forms a shallow but definite cavum tympani,
similar in size and extent to lizards and very
different from captorhinids, which have no
structure of this sort. The cavum tympani of
Proganochelys, however, is less extensive than
in any other known turtle. Casichelydians
have a cavum tympani extended posteriorly
above the stapes and bent ventrally in vary-
ing degrees forming an incisura columella au-
ris for the stapedial exit. Among casichely-
dians, Kayentachelys has the closest similarity
to Proganochelys in having a very wide in-
cisura columella auris. But it is distinctly ad-
vanced over Proganochelys in the develop-
ment ofthe dorsal and posterodorsal portions
ofthe quadrate, including an antrum postoti-
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cum. Proganochelys has a barely distinguish-
able incisura columella auris, the cavum tym-
pani is concave posteriorly, but it is broadly
curved. The anterolateral extent ofthe cavum
tympani in Proganochelys is somewhat shal-
lower than in most turtles, but it is not that
different; the greatest difference between the
Proganochelys and casichelydian cavum
tympani is in the dorsal portion. There is no
antrum postoticum and no medial concavi-
ties in the cavum tympani of Proganochelys.
The quadrate in Proganochelys contacts the

quadratojugal in an extensive, C-shaped,
overlapping suture that is clear only in its
dorsal portion; the ventral limits are poorly
preserved in SMNS 16980 due to breakage
of this apparently weak area. In Captorhinus
the quadrate contacts the quadratojugal only
in a relatively small sutural area just lateral
to the condylus mandibularis. The dorsal
portion of the quadrate is free of the cheek
and the principal contact of the quadrate is
the medial one with the pterygoid which ex-
tends for most of the height of the quadrate.
In turtles, including Proganochelys, the quad-
rate is broadly sutured to the cheek via the
quadratojugal, and the quadrate-quadrato-
jugal contact area is greatly increased over
Captorhinus.

Dorsally the quadrate of Proganochelys
contacts the squamosal on the very top ofthe
quadrate. Just posterior to this contact, the
paroccipital process of the opisthotic lies
against the posteromedial edge of the quad-
rate. The squamosal contact is a tight, inter-
fingering suture as is the opisthotic-quadrate
contact dorsally, but in ventral view the op-
isthotic and quadrate are separated by a thin
layer ofmatrix. The opisthotic-quadrate con-
tact is an important landmark in comparing
Proganochelys and other turtles because it
shows that although the ventral contacts be-
tween palatoquadrate and braincase do not
exist in Proganochelys, the dorsal ones are
advanced over generalized amniotes. Al-
though the opisthotic does not reach the
quadrate in Captorhinus, Heaton (1979) has
argued that an "intercalary cartilage" similar
to the kind seen in lizards, provided a func-
tional contact between the bones, based on a
rugosity on the quadrate. A contact does oc-
cur in lizards but it is possible that Heaton's
contention is correct and an opisthotic-quad-

rate contact in Proganochelys is not as broad
or as extensive as in casichelydians but it is
more extensive and tighter than in lizards.
The quadrate ofProganochelys is distinctly

advanced over that in Captorhinus and liz-
ards and similar to that of other turtles in
having a well-developed anteromedial pter-
ygoid process. This is a thin sheet, overlap-
ping the quadrate ramus of the pterygoid an-
terolaterally that extends anteromedially as
the posterior wall ofthe fossa temporalis. This
sheet terminates anteromedially in a blunt
process that was probably continued in the
remnant of the palatoquadrate cartilage. The
dorsal margin ofthe pterygoid process slopes
anteroventrally. It contacts the prootic along
its posterodorsal edge and below this contact
forms the lateral margin of the cranio-quad-
rate space, the opening between the middle
ear and the orbito-temporal region. The dor-
sal margin is notched, just anterior to the
termination of the prootic-quadrate contact,
to form the ventral margin of the foramen
nervi trigemini, which in Proganochelys is
incomplete anterodorsally. Posterodorsally a
ridge of the prootic forms the margin, al-
though it is not as well defined as in casiche-
lydians, while anterodorsally Proganochelys
has a poorly developed processus inferior
parietalis. Ventrally, the pterygoid process is
tightly sutured to the pterygoid but its prootic
contact appears to be much looser because
the quadrate and prootic are separated by
matrix, more so on the right side of SMNS
16980 than on the left side.
Dorsally, the quadrate forms the antero-

lateral margin of the canalis stapedio-tem-
poralis, which in Proganochelys is so short as
to be virtually the same as the foramen sta-
pedio-temporale. As the prootic-opisthotic
suture is not definitely determinable in this
area, the degree of prootic-quadrate contact
cannot be determined. The wall formed by
the pterygoid and quadrate is aligned anter-
omedio-posterolaterally and broadly curved
forming a concavity facing posteromedially.
The cavity is the middle ear, the cavum acus-
ticojugulare of casichelydians. In Progan-
ochelys the quadrate forms the anterolateral
wall of this chamber, much as in casichely-
dians, but the lateral, medial, and ventral
limits are less developed in Proganochelys.

In casichelydians the stapes is a very thin
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rod extending from the fenestra ovalis through
the incisura columellae auris ofthe quadrate.
The stapes may touch the quadrate as it passes
near but it is generally suspended by soft
structures so that there is no definitive artic-
ulation. In Captorhinus the massive stapes
abuts against the quadrate in a definitive ar-
ticulation that involves a depression on the
quadrate facing posteromedially. In Progan-
ochelys the stapes is preserved on the right
side of the Berlin skull; it ends lying against
the quadrate, just medial to the tympanic
crest, about midway up the quadrate. The
skull is badly crushed and the stapes may not
be in its original position (see Columella Au-
ris) but it seems to be in about the correct
position. It terminates just adjacent to a pit
on the quadrate that I interpret as an artic-
ulation scar for the stapes. In the Berlin skull
this pit is a slit, much higher than wide but
this is probably due to crushing. In SMNS
16980 the pit is nearly circular and can be
seen to end blind; there is no foramen or canal
leading from it. This pit is homologous to the
columellar recess ofHeaton (1979) and marks
the position of articulation of the stapes on
the quadrate. This condition in Proganoche-
lys would be a retained primitive feature, as
is the relatively thick stapes.
The incisura columella auris of Progan-

ochelys seems to have been closely related to
the stapedial articulation but does not have
a distinct ridge or line for the attachment of
a membrane. Rather, as in casichelydians, it
would appear that Proganochelys had a tym-
panic membrane attached anteriorly and dor-
sally along the margin ofthe cavum tympani,
which has a clearly marked line ofattachment
as in other turtles. Posteriorly and ventrally
the tympanic membrane would not be at-
tached to bone but this is only a difference
of degree from the condition in casichelydi-
ans such as cheloniids, which have an incom-
plete tympanic ring and the membrane is at-
tached to connective tissue posteroventrally.
Thus the tympanic region of Proganochelys
is advanced in the chelonian direction and
does not offer new information concerning
the possible presence or absence of a tym-
panum in Captorhinus. However, based on

the morphology ofCaptorhinus, it seems very

unlikely that a tympanum supported by bone

or attached to the stapes was present in this
taxon.

EPIPTERYGOID
(figs. 47, 49, 50)

The presence of an epipterygoid must be
considered questionable, although it is likely.
The only specimen which may be interpreted
as having an epipterygoid in place is SMNS
15759. Although this specimen is badly
crushed and has generally poor preservation,
for some reason ethmoidal ossifications are
preserved. On the right side ofthis specimen,
but best seen from the left side, is a rodlike
structure that articulates ventrally on the dor-
sal surface of the pterygoid. Unfortunately,
the margins of this bone are all broken edges
and it may not be a rod at all, but perhaps a
broader structure. The medial surface shows
a low, vertical ridge, laterally it appears flat.
It is possible that posteroventrally it is con-
tinuous with the pterygoid process of the
quadrate, in which case it would definitely be
an epipterygoid. Unfortunately, the poor
preservation of this specimen and the pres-
ence in it of other unusual ossifications, def-
initely not epipterygoid, combine to make the
identification questionable.

In SMNS 16980 there are flat, columnar
bone fragments lying on top ofeach pterygoid
but separated from them by a thick layer of
matrix. The left side fragment is more ante-
riorly placed and longer than the right frag-
ment. Both fragments are long and flat with
no definite margins. It is possible that they
were once vertical and that they are the same
as the vertical rod seen in SMNS 15759. It
is also possible that they fitted into the groove
on the dorsal surface of the pterygoid, the
usual position for the epipterygoid in both
turtles and Captorhinus. However, these frag-
ments could also be parts of the ethmoid os-
sification and not epipterygoid at all.

"PLEUROSPHENOID"
(figs. 47, 48)

The term pleurosphenoid is generally used
for an ethmoidal ossification in crocodiles
(Bellairs and Kamal, 1981) and the term
should be restricted to that bone and its ho-
mologs. The ossification described here is very
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unlikely to be homologous with the pleuro-
sphenoid of archosaurs but it is very similar
to that bone, and rather than devise a new
term it seems best to refer to the structure in
Proganochelys as a "pleurosphenoid," the
quotes indicating nonhomology with the
pleurosphenoid of archosaurs or any other
amniote. The use of the two terms latero-
sphenoid and pleurosphenoid (as well as the
other ethmoid ossifications) is considerably
confused in the literature. I here follow Bel-
lairs and Kamal (1981) in limiting the lat-
erosphenoid to Squamata (particularly
snakes) and pleurosphenoid to archosaurs,
based on the hypothesis that the two bones
are not homologs (see Bellair and Kamal,
1981, for literature regarding this discussion,
particularly Rieppel, 1976). As will become
clear below, the element in Proganochelys is
unlikely to be homologous to either, but it is
morphologically similar to the archosaur
pleurosphenoid.
The "pleurosphenoid" ofProganochelys is

found only in the Aixheim skull, SMNS
15759, and it can be seen primarily on the
left side. It is a paired bone, the anteromedial
margin of the right "pleurosphenoid" is vis-
ible from the left side, and part of the lateral
surface is visible through the right orbit. It is
the left "pleurosphenoid" however, that is
best preserved, most accessible, and provides
most of the information. The bone, as pre-
served, is an ovoid ossification with postero-
ventral processes delimiting parts ofthree fo-
ramina. The lateral surface is finished but
rugose, as if for muscle attachment, and the
bone appears to be the same texture and his-
tology as the other endocranial ossifications;
there is no indication that this is calcified
cartilage. The anterior portion of the "pleu-
rosphenoid" is an oval lobe as preserved, but
only the anteroventral margins are natural;
the anterior and dorsal edges are all broken
but very thin, as if the original edges were
close. There are low r-idges on the ventral
surface ofthe skull roof in Proganochelys but
none strictly parallel the projected "pleuro-
sphenoid" margins and there are no rugosi-
ties or any other indication of a sutural or
even strong ligamentous attachment. The
conclusion is, then, that in contrast to the
pleurosphenoid of archosaurs (and latero-

sphenoid ofsnakes), the "pleurosphenoid" of
Proganochelys was not strongly attached to
the skull roof. An analogous situation can be
seen in lizards where the orbitosphenoid os-
sification may be attached to the skull roof
by membrane with no particular rugosities
on the skull roof. Both SMNS 16980 and the
Berlin skull have this region preserved and
there is no indication ofattachments in these
specimens either. Anteriorly the lobe of the
"pleurosphenoid" bows medially so that right
and left "pleurosphenoids" constrict the in-
tervening space. Anteroventrally the "pleu-
rosphenoid" curves medially to form a par-
tial floor for the spaces between the
"pleurosphenoids." This morphology is very
similar to portions of the planum suprasep-
tale in the mature embryo (Kunkel, 1912;
Bellairs and Kamal, 1981). The floor, how-
ever, is incomplete, the curved "pleurosphe-
noid" does not meet its mate in the midline,
but the edges do appear broken and they may
have met anteriorly.

In side view the "pleurosphenoid" ofPro-
ganochelys has a marked ventral excavation
that is a formed margin and presumably is
the dorsal and posterior margin of the fora-
men for the optic (II) nerve, the fenestra op-
tica of Kunkel (1912). The relation of this
foramen to the planum supraseptale of the
mature chondrocranium is very close. Ven-
trally there is a short spur of bone acting as
a partial ventral limit for the optic foramen;
its anterior and ventral limits are broken but
its thickness suggests that it was formerly more
extensive, perhaps reaching the palate.
The "pleurosphenoid" of Proganochelys

has a ventrally directed process, with the hy-
pothesized optic foramen anterior to it and
another foramen posterior. This latter fora-
men appears to be for the trochlear nerve
(IV), possibly combined with the oculomotor
nerve (III). The foramen is incomplete ven-
trally but whether or not this is a break cannot
be determined. In any case, the process itself
can be identified as the pila metoptica of the
chondrocranium based on its general rela-
tions to the planum supraseptale and the pos-
terior portions ofthe "pleurosphenoid." Pos-
terior to the trochlear foramen, the
"pleurosphenoid" has another descending
process which may be identified as the pila
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antotica (of Bellairs and Kamal, 1981; the
pila prootica of Kunkel, 1912). This process
in Proganochelys is attached to the processus
clinoideus of the basisphenoid ventrally and
has a short contact with the prootic poste-
riorly above a large foramen. In SMNS 15759
there is a break between the pila antotica and
the processus clinoideus that may be a suture
or a crack. In SMNS 16980, however, the
processus clinoideus contacts the prootic with
no indication of a suture and the interposi-
tion ofanother element. As the processus cli-
noideus is an ossification of the embryonic
pila antotica, the difference between the two
specimens may simply be in the degree of
ossification of the pila antotica and the ob-
served separation may be a crack. The fo-
ramen behind the pila antotica-processus cli-
noideus is the prootic foramen or trigeminal
foramen. It is the point of exit from the ca-
vum cranii of the trigeminal nerve (V) (all
three branches), and is not to be confused
with the more laterally placed foramen nervi
trigemini formed at least in part by the pa-
rietal and palatoquadrate elements and con-
taining only two branches of the trigeminal
nerve (V2 and V3). In SMNS 15759 the dor-
sum sellae, medial to the processus clinoide-
us, is twisted anterolaterally so that the an-
terior surface of the dorsum faces partially
laterally, below the trochlear foramen.
The above description of the "pleurosphe-

noid" in Proganochelys is consistent with the
features of the mature chelonian chondro-
cranium and strongly implies that the "pleu-
rosphenoid" is an ossification of the eth-
moidal region of the chondrocranium in an
adult. Unfortunately, there are only three
chelonian taxa (Chelonia, Dermochelys, and
Chelydra in Nick, 1912; see also Gaffney,
1 979a) in which the adult persistent cartilage
is described. The Proganochelys skull differs
conspicuously from all recent turtles in this
area in lacking a well-developed processus
inferior parietalis and therefore the remain-
ing cartilage described in Chelydra is much
smaller than the "pleurosphenoid" of Pro-
ganochelys. The closest similarity is with
Dermochelys, which has a small processus
inferior parietalis and extensive chondrifi-
cation in the adult. The similarity between
Dermochelys and Proganochelys is the same
as between Proganochelys and the mature

chondrocranium of a hatchling and implies
no relationship. In any case, no known turtle
has any ossifications of any kind in the eth-
moidal region ofthe planum supraseptale and
pila metoptica. I have described (Gaffney,
1976: 522) an ossification in the pila antotica
ofPlesiochelys, which forms a connection be-
tween the prootic and the processus clinoide-
us thereby forming a prootic foramen. In the
other direction, Heaton (1979) has described
a well-developed ossified interorbital septum
and planum supraseptale in Captorhinus. This
is a vertical, median ossification with only a
small part of the laterally expanded planum
supraseptale ossified. No posterior ossifica-
tions were reported and no foramina or pilae
were seen. My own examination of Heaton's
material and other captorhinids supports this
observation and it is apparent that the area
of overlap in ossification between captorhi-
nids and Proganochelys is small. The "pleu-
rosphenoid" of Proganochelys, therefore, is
best interpreted as an autapomorphy of that
taxon.

PTERYGOID
(figs. 16, 27, 40, 42, 43)

The pterygoid of Proganochelys is pre-
served virtually complete on the right side of
SMNS 16980, the ventral surface is entirely
visible, much ofthe dorsal surface is prepared
(matrix remains on some of the pterygoid
medially for support), and nearly all of the
sutures are clear. The pterygoid on the left
side of this specimen is less complete, the
anterolateral areas are missing, but the rest
of it is present with the medial area of the
dorsal surface prepared free of matrix so that
using both sides of this specimen results in
almost complete understanding of the pter-
ygoid morphology. The other two Progan-
ochelys skulls have both pterygoids present,
but the extensive palatal crushing prevents
the addition ofuseful information to that seen
in SMNS 16980. In fact, the condition of the
palate in the Berlin skull, in which the pter-
ygoids are overlapped and crushed together
medially, led Jaekel (1918a) to erroneously
describe the presence of a large median tooth
plate and the absence of an interpterygoid
vacuity.
The pterygoid ofturtles is arguably the most

important single bone in elucidating their re-
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lationships (Gaffney, 1975, 1979a), and the
pterygoid of Proganochelys is no exception.
The pterygoid of Proganochelys can be de-
scribed in general terms as being more similar
to that bone in generalized amniotes, such as
captorhinids, than to the pterygoid in other
turtles. The pterygoid of generalized am-
niotes can be visualized as a triradiate struc-
ture (Oelrich, 1956): the palatine process is
a flat plate extending anteriorly, the trans-
verse process (processus pterygoideus exter-
nus of cryptodires) is also flat with a thick-
ened margin extending laterally, and the
quadrate ramus extends posterolaterally as a
curved sheet oriented vertically. These areas
are apparent in the pterygoid ofProganoche-
lys.
The palatine process in Proganochelys is a

distinct but narrow extension of bone lying
medial to the palatine and reaching the vo-
mer anteriorly. In other turtles there is no
distinct process; the anterior margin of the
pterygoid is usually roughly transverse, al-
though it may undulate anteriorly as well as
posteriorly. The contacts in casichelydians are
usually the same, however, so that the pter-
ygoid usually reaches the vomer. In capto-
rhinids the palatine process is more extensive
than in Proganochelys; the process goes an-
teriorly beyond the palatine and partially sep-
arates the vomer on the midline. The medial
edge of the palatine process in Proganochelys
meets the other pterygoid in a very short con-
tact anteriorly, and posteriorly the pterygoids
diverge to form the lateral edges of the inter-
pterygoid vacuity. The pterygoids in capto-
rhinids also meet on the midline but the length
ofthe contact is longer than in Proganochelys.
In captorhinids and generalized amniotes the
interpterygoid vacuity is somewhat wider and
more oval in shape than in Proganochelys,
where the sides of the vacuity are more par-
allel. Kayentachelys is the only casichelydian
to retain an interpterygoid vacuity, a feature
now interpreted as primitive for casichely-
dians. The medial contact of the pterygoids
anteriorly in Kayentachelys is more extensive
than in Proganochelys and the interpterygoid
vacuity is less extensive, being only about
half the length of the vacuity in Proganoche-
lys.
The transverse process and main body of

the pterygoid in Proganochelys has an ante-

rior contact with the palatine, forms the pos-
terior and lateral margin of the foramen pal-
atinum posterius (see Palatine for discussion),
and extends anterolaterally to reach the pal-
atine and maxilla anterior to the foramen pal-
atinum posterius. This anterolateral process
contacts the jugal in the floor ofthe orbit and
on the anterior edge of the fossa temporalis
inferior. This process is more extensive than
in captorhinids, where it does not reach the
suborbital foramen (= posterior palatine fo-
ramen), but it is similar in most casichely-
dians.
The lateral margin of the pterygoid in Pro-

ganochelys, homologous to the region of the
transverse process in captorhinids, differs
from that region in both captorhinids and
casichelydians. In Proganochelys this margin
is gently curved convex outward, without a
distinct process. In captorhinids and other
generalized amniotes there is a definitive
transverse process, a thickened plate bearing
denticles or teeth on the ventral surface. The
transverse process is absent in all turtles. In
cryptodires there is a much smaller processus
pterygoideus externus, the presumed homo-
log of the captorhinid transverse process,
which differs by having a vertical plate serv-
ing as a guide for the lowerjaw. In pleurodires
there is a processus trochlearis pterygoidei,
also presumably homologous to the trans-
verse process, that bears the bodenaponeu-
rosis of the jaw musculature (Gaffney, 1975,
1979a). The condition in Proganochelys may
be interpreted as intermediate between the
captorhinids and the respective casichelydian
conditions. In this view Proganochelys would
be advanced over captorhinids in having lost
the definitive transverse process but would
be primitive with respect to other turtles lack-
ing either the cryptodire or pleurodire con-
dition. Ifthis were accepted, both the vertical
plate of the processus pterygoideus externus
of cryptodires and the processus trochlearis
pterygoidei of pleurodires could be hypoth-
esized as synapomorphies of their respective
groups. Conversely, an alternative that I fa-
vor less than the one just described, would
interpret the Proganochelys condition as au-
tapomorphic and consider the primitive che-
lonian condition as unknown.
The quadrate ramus or process ofthe pter-

ygoid is a posterolateral curved sheet ofbone,
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oriented more vertically than the rest of the
pterygoid, that extends to articulate with the
quadrate. In Proganochelys this process is rel-
atively short; in captorhinids and most turtles
it extends almost to the condylus mandibu-
laris of the quadrate while in Proganochelys
it extends a little more than halfway to the
condylus. This is presumably a Proganoche-
lys autapomorphy. In captorhinids the quad-
rate ramus is relatively long and thin with a
comparatively small surface for the quadrate
articulation posterolaterally. In Proganoche-
lys the quadrate ramus is stouter, thicker in
section, and higher dorsoventrally so that
there is less communication between the
middle ear and the temporal fossa. Most of
this increase results from the dorsal expan-
sion of pterygoid and quadrate. In Casiche-
lydia the quadrate ramus is even broader and
thicker, acting as a major bracing element
between the quadrate and braincase. Also in
Casichelydia, in contrast to Proganochelys
and captorhinids, the quadrate ramus has lost
the shape of a curved vertical plate and is a
more horizontal process with its articular sur-
face tilted dorsolaterally. In captorhinids the
quadrate-pterygoid articulation is an over-
lapping contact, the pterygoid lying postero-
medially and the quadrate anterolaterally. As
in lizards, this contact is not tight, is often
disarticulated, and may have allowed move-
ment during life. Although the overall mor-
phology is similar in Proganochelys, the
quadrate-pterygoid articulation appears to be
very solid; there is no sign of displacement
or separation in SMNS 16980 as is seen in
other contacts in this skull. The posterodorsal
portion of the quadrate ramus in Progan-
ochelys contacts the prootic and possibly the
opisthotic (see Prootic and Opisthotic for dis-
cussion). Anteroventral to this contact the
cranioquadrate space lies between pterygoid
and neurocranial elements.
The quadrate ramus ofProganochelysjoins

the rest of the pterygoid near the basicranial
articulation where the pterygoid is very nar-
row. The posteromedial surface of the quad-
rate ramus is concave as it runs anterome-
dially where it meets the basicranial
articulation. On the ventral surface of the
pterygoid there is a low ridge continuous with
the posterolateral margin ofthe pterygoid that
runs posteromedially across the base of the

quadrate ramus to bend posteriorly in the
region of the basicranial articulation. Be-
tween this ridge and the elevated ventral sur-
face bearing the pterygoid teeth, there is a
trough, concave ventrally, that ends at the
basicranial articulation. Ventral to the open-
ing between the pterygoid and prootic-basi-
sphenoid, that is, the cranioquadrate space,
the quadrate ramus of the pterygoid curves
posteriorly at its ventral margin to form a
partial floor for the cranioquadrate space be-
low the middle ear region. This, however, is
not as extensive as in Kayentachelys, but it
is advanced over Captorhinus, in which the
curved quadrate ramus has no posterior de-
velopment.
The open basicranial articulation is a fun-

damental feature ofgeneralized amniotes and
the akinetic condition of turtles is one of the
most disinctive attributes of their skull. Pro-
ganochelys is of great interest because it is a
turtle that has the generalized condition of
the basicranial articulation. An extended dis-
cussion of the development and morphology
ofthis region can be found in Gaffiney (1979a).
In captorhinids the basicranial articulation is
between the epipterygoid and the basisphe-
noid. The epipterygoid has a well-developed
ventral expansion that sends a curved process
into a pocket of the pterygoid so that the
actual articulation is borne by the epiptery-
goid (Warren, 1961; Heaton, 1979). Earlier
(Gaffney, 1983), I suggested a similar epipter-
ygoid contribution to the basicranial articu-
lation in Proganochelys, but with further
preparation ofSMNS 16980 this now seems
unlikely. Even now complete removal ofma-
trix between the articulation surfaces has not
been completed due to the very fragile nature
of the bone. There are fragments of bone,
presumed to be epipterygoid, lying on top of
the pterygoid very close to the basicranial
articulation and one of these, on the left side,
appears to be continuous with a small crest
of curved bone forming part of the articula-
tion. Further preparation, however, has
shown that the bone fragments are not con-
tinuous with the articulation surfaces (and
the fragments may not be epipterygoid in any
case, see Epipterygoid for discussion). As I
now interpret the basicranial articulation, it
is between pterygoid and basisphenoid only.
The pterygoid part of the basicranial articu-
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lation is in the shape of a trough oriented
anterodorsomedially with the predominant
direction dorsoventral. In SMNS 16980 the
pterygoid very closely fits on the basisphe-
noid on the left side but on the right side the
pterygoid is displaced laterally about 2 mm
so that the pterygoid is only touching the ba-
sisphenoid on this side at the medial margin
of the articulation trough on the pterygoid.
This is the side that has been prepared so that
most of the articulation surface is visible.
Considering the tight articulation of the left
side as stable, the right pterygoid has moved
laterally and anteriorly with respect to the left
side. As preserved, the joint surfaces closely
fit each other and do not appear to allow
much room for large cartilages as seen in re-
cent lizards.

In Proganochelys the pterygoid articulating
surface faces concave posteriorly primarily
but also somewhat dorsally. In captorhinids
the (epipterygoid) basicranial recess faces
medially primarily and posteriorly to a lesser
extent. In Proganochelys the articulation
trough curves through about 1500 while in
captorhinids it is much less, so that the trough
is shallower, effectively J-shaped as described
by Heaton (1979). In Proganochelys the basi-
cranial articulation surface is continued dor-
sally above the level of the horizontal plate
of the pterygoid and is produced into a thin,
curved process, concave posterolaterally. This
curved process is what has caused the con-
fusion about the epipterygoid. On the left and
most accessible side ofSMNS 16980, the pro-
cess is broken and slightly displaced laterally
and possibly posteriorly, giving it the ap-
pearance of a separate element. On the right
side, however, the process, although not com-
plete, can be seen to be part of the pterygoid.
Neither lizards nor Captorhinus seem to have
anything similar to this process (unless, of
course, it does turn out to be the epiptery-
goid).
The dorsal surface of the pterygoid cannot

be seen in its entirety on either side ofSMNS
16980 but by combining information from
both sides most of the area is known. An-
terolateral to the basicranial articulation is a
shallow groove that runs anteriorly and then
curves anterolaterally. This appears to be
similar to a groove seen on the dorsal surface
ofrecent turtles which contains the unossified

remnant ofthe palatoquadrate (pterygoquad-
rate) cartilage. Heaton (1979: fig. 24) has de-
scribed and labeled a similar groove in Cap-
torhinus as containing the inferior nasal artery
and the hyoid ramus ofthe facial nerve. More
lateral parts of the structure are called the
orbitotemporal ridge. It seems more likely to
me that this groove contained the palato-
quadrate cartilage.
The anteromedial margin of the pterygoid

in Proganochelys has a parasagittal ridge that
is continuous with the ridge on the vomer
but lower and disappears posteriorly. The re-
maining areas on the dorsal surface of the
pterygoid in Proganochelys appear to be free
of structures-very different from the con-
dition in Casichelydia, in which the pterygoid
has sulci and attachments for many struc-
tures.
On the ventral surface of the pterygoid in

Proganochelys are slightly raised areas bear-
ing small teeth, uniform in size and shape.
The teeth are preserved on both pterygoids
but are most complete on the right pterygoid.
During preparation of the teeth it has been
necessary to retain some matrix for support
but many ofthem, on the right pterygoid, are
free of matrix. About half of the teeth have
the tips broken off. The tooth-bearing areas
cover more than half of the ventral surface
of the pterygoid in Proganochelys, a much
greater area than is covered by teeth in Cap-
torhinus. In Captorhinus the palatal teeth are
organized in three distinct areas: a long, nar-
row row along the medial edge ofvomer and
pterygoid, an oval area on the transverse pro-
cess, and an elongate grouping on the palatine
and pterygoid placed roughly between the
other two sets. In Proganochelys there are no
teeth along the lateral and posterior margin
of the pterygoid, the area of the processus
pterygoideus externus, the presumed homol-
ogous area ofthe transverse process. The vo-
merine-pterygoid row is discernible in Pro-
ganochelys, although it is somewhat more
extensive than in Captorhinus, and it merges
posteriorly with the large grouping of teeth
in Proganochelys, the set covering the central
area of the pterygoid. As many as eight rows
ofteeth can be distinguished and these merge
posteriorly to form only four or five rows.
The preservation of the palatal teeth in the
other two skulls of Proganochelys precludes
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a detailed comparison with SMNS 16980 but
there are no apparent differences not ascrib-
able to postmortem changes. In the Berlin
skull the teeth are encrusted with a tough
coating, possibly iron oxide, that has pre-
vented individual rows from being made out.
The strong lateral crushing in this specimen
has forced right and left pterygoid together,
giving them the appearance of a single tooth
plate. SMNS 15759 has been badly distorted
but the central pterygoid and vomerine-pter-
ygoid raised surfaces are visible, although in-
dividual teeth are not clear.

Kayentachelys is the only other turtle with
palatal teeth and they are entirely on the pter-
ygoid. They are arranged in loose rows but
only in one central area in the middle of the
pterygoid.

BRAINCASE ELEMENTS
(table 6, figs. 16, 43, 52)

SUPRAOCCIPITAL

The supraocciptal is present in all three
skulls but it is complete and uncrushed only
in SMNS 16980. Nonetheless, due to minute
fracturing the sutures limiting this element
are unclear in many areas. The supraoccipital
of Proganochelys is an unpaired, medial ele-
ment lying above the foramen magnum and
extending anteriorly below the parietals to
form the posterior portion of the braincase
roof. As I interpret the sutures, only a rela-
tively small portion of the supraoccipital is
exposed on the outside of the skull. This ex-
posed portion forms the dorsal margin ofthe
foramen magnum and bears a low, sagittal
ridge that I interpret as the homolog of the
very prominent crista supraoccipitalis seen
in other turtles. The development of such a
crest in Proganochelys is barely advanced over
Captorhinus and, when compared with all
other turtles, can be considered as nearly ab-
sent. The supraoccipital in this area is nearly
flat and lies roughly at a 450 angle to the
horizontal. As I interpret a suture seen on the
left side of SMNS 16980, the parietals meet
in the midline, on the occipital surface, just
below the skull roof. This condition is not
found in Casichelydia nor Captorhinus, but
it may represent the primitive chelonian con-
dition. In Captorhinus the postparietals meet
medially on the occiput below the parietals
and above the supraoccipital. Postparietals

are absent in Proganochelys and all other tur-
tles.
The supraoccipital in Proganochelys has

doubtful lateral contacts but there seems to
be an opisthotic-supraoccipital suture later-
ally and one with the exoccipital posteroven-
trally. These contacts are interpreted from the
right side of SMNS 16980 and are dubious.

Internally, the supraoccipital of Progan-
ochelys broadly underlies the parietal and
covers the posterior portion of the processus
inferior parietalis. On the midline the supra-
occipital ends abruptly, about midway along
the length of the parietal, in an anteriorly
facing facet that represents the change from
bone to cartilage in the tectum synoticum (see
Gaffney, 1979a: 107). This feature is com-
mon in turtles and indicates the persistence
of a cartilaginous portion of the chondro-
cranium.
The supraoccipital of Captorhinus is char-

acterized by a median ascending process (us-
ing terms of Price, 1935; Heaton, 1979) that
extends anteriorly along the midline and
paired lateral ascending processes that extend
dorsally and laterally. All three processes pro-
vide the only contact between braincase and
skull roof of Captorhinus; the median as-
cending process contacts the parietal sagitally
and the lateral processus braces against the
postparietals (Heaton, 1979: 53). These pro-
cesses cannot be recognized in Proganoche-
lys; the lateral ones are totally absent and the
median one is incorporated into the broad,
main body ofthe supraoccipital. These char-
acters are closely correlated with the general
fusion of braincase and skull roof in Progan-
ochelys, differing only in extent from Casi-
chelydia.

EXOCCIPITAL
(figs. 16, 40, 43, 52)

The exoccipital is preserved intact on both
sides of SMNS 16980 where both internal
and external surfaces are visible. Sutures de-
limiting the bone are not clear, although a
few may be interpreted. In the Berlin skull,
most of the area of the exoccipital is pre-
served but crushing and the absence of su-
tures preclude much useful information.
SMNS 15759 has this region extensively
damaged and little useful information is pos-
sible.
The dorsal limits of the exoccipital are in-
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TABLE 6
Comparison of Braincase Elements

Captorhinus Proganochelys Casichelydia
Crista supraoccipitalis Slightly
Postparietal bone Present
Lateral ascending process Present
of supraoccipital

Median ascending pro- Discreti
cess of supraoccipital with:

Recessus scalae tympani Absent
enclosed by bone

Foramen jugulare ante- Small
rius

Foramen jugulare poster- Absent
ius

Basioccipital and basi- Relativi
sphenoid tral ti

Cranioquadrate space Comple

Prootic-parietal contact Absent
Prootic contacting ptery- No

goid & quadrate
Foramen nervi trigemini No
completely formed by
bone

Contact of processus cli- Absent
noideus & parietal

Relative size of fenestra About 5 ti
ovalis dians'

Plane of fenestra ovalis No
parallel to midline

Processus interfenestralis No
of opisthotic with ven-
tral extension

Fenestra perilymphatica No
defined by bone

Well developed cultri- Present
form process on basi-
sphenoid

Paired basipterygoid pro- Present
cesses

Dorsum sellae Very high
Sella turcica Small
Foramina anterius cana- Close togel

lis carotici interni
Retractor pits on basi- Present

sphenoid
Relative size of stapes Very large
compared to cavum
labyrinthicum

Relative diameter of sta- Thick med
pedial column distally

Stapedial foramen and Present
accessory processes of
stapes

Articulation of distal end Present
of stapes with pit in
quadrate

developed

e, narrow contact
skull roof

Slightly developed
Absent
Absent

Broadly expanded, widely
sutured to skull roof

Absent

Large

Absent

ely thin, no ven-
ubercle
etely open

Relatively thick, ventral tu-
bercle

Partially enclosed dorsally

Present
No

No

Present

.mes casichely- About 2 times casichelydi-
ans'

No

No

No

Well developed
Absent
Absent

As in Proganochelys

Present

Small

Present

Relatively thin, no ventral
tubercle

Completely enclosed dor-
sally & ventrally

Present
Yes

Yes

Absent

(basis of comparison)

Yes

Yes

Yes

Present

Present

Very high
Small
Close togetherther

Absent

Small

lially, thinner Moderate, but consistent for
entire length

Absent

Present

Absent

Absent

Low
Large
Separated

Absent

Small

Thin, with wide footplate

Absent

Absent
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terpretable, particularly on the left side of
SMNS 16980. The exoccipital forms the lat-
eral margin of the foramen magnum, con-
tacting the supraoccipital in the upper mar-
gin, so that the supraoccipital enters the
margin of the foramen as in other turtles.
Laterally the exoccipital extends as a flat plate
lying posterior to the opisthotic. The exoc-
cipital-opisthotic contact is not particularly
clear but can be interpreted on the left side
of SMNS 16980. Ventrally the exoccipital
seems to form the dorsal and posterior mar-
gin of the foramen jugulare anterius. In Pro-
ganochelys the foramenjugulare anterius, the
structure on the side wall of the braincase, is
barely differentiated from what might be
identified as the foramen jugulare posterius,
which is the opening on the outside of the
skull. Furthermore, the foramen jugulare
posterius in casichelydians is formed in a wall
posterior to and not continuous with the fo-
ramen jugulare anterius. This wall encloses
the recessus scalae tympani. Therefore, the
foramen jugulare posterious does not exist in
Proganochelys or Captorhinus. Support for
this can be seen in the structure forming the
lateral margin of the foramen jugulare anter-
ius. This is the processus interfenestralis of
the opisthotic, bearing the foramen externum
nervi glossopharyngei (see Opisthotic). The
processus usually forms the anterior wall of
the recessus scalae tympani in casichelydians
and it does not form any of the foramen jug-
ulare posterius. Proganochelys, then lacks an
enclosed recessus scalae tympani of the typ-
ical chelonian type, and lacks the ventral pro-
cesses of the opisthotic and exoccipital and
lateral process of the basioccipital that form
the enclosure.
The foramenjugulare anterius is extremely

large in Proganochelys, larger than in most
turtles, and much larger than in Captorhinus.
The foramen contains the vena cerebralis
posterius, the vagus (X), and accessory (XI)
nerves in recent turtles, and it is hard to see
why it is so gigantic in Proganochelys. The
foramen is larger than the fenestra ovalis in
Proganochelys, and its large size is related to
many of the peculiarities of this part of the
skull in this turtle. The otico-occipital region
is comparatively open, with much ofthe bone
reduced to struts separating the foramen
magnum, fenestra ovalis, and large foramen

jugulare anterius. The internal form of the
foramen jugulare anterius in Proganochelys
is an irregular oval, inclined posteriorly and
laterally. Although the edges are formed, there
is no precise rim defining the foramen, the
edges are curved and continuous with the ca-
vum cranii, much as in Casichelydia. The
anterior margin of the foramen is produced
posterolaterally, more than the posterior
margin, so the posterior opening of the fo-
ramen jugulare anterius lies in a more hori-
zontal plane, facing posteroventrally.
The foramen nervi hypoglossi (VII) in Pro-

ganochelys is single and lies in the strut of
bone separating the foramen magnum and
the foramen jugulare anterius. The foramen
penetrates the strut anterior to its center so
that there is more bone posterior to the fo-
ramen than anterior. The foramen is of a di-
ameter comparable to other turtles but its
length is relatively short due to the thinness
ofthe bony strut. The foramen is aligned ven-
trolaterally and opens within the margin of
the foramen jugulare anterius. Just dorsal to
the foramen nervi hypoglossi is a small pit
that does not have a canal or foramen in it;
its function is unknown.
The anterior margin of the foramen jugu-

lare anterius has a small, irregular opening
into the cavum labyrinthicum, this opening
appears to be the fenestra perilymphatica. Its
position in Proganochelys, in the base of the
processus interfenestralis and in the margin
ofthe foramen jugulare anterius, is very sim-
ilar to that in other turtles.
The contact of the exoccipital with the ba-

sioccipital is assumed to be extensive but no
sutures are visible. Breaks in the Berlin skull
led Jaekel (1918a) to place it low in the fo-
ramen magnum so that very little ofthe con-
dylus occipitalis was formed by the exoccipi-
tal, but there is no evidence for this.

BAsIoccIPITAL
(figs. 16, 27, 40, 43, 52)

The basioccipital is preserved at least in
part in all three Proganochelys skulls, but it
is best preserved in SMNS 16980, although
most ofits sutures are not clear. In the Berlin
skull the basioccipital is also preserved in rel-
atively good condition-none of it seems to
be missing, but its contacts are also appar-
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ently fused and surrounding elements have
been crushed medially into the bone.
The basioccipital ofProganochelys is a rel-

atively large element, making up an indeter-
minant amount of the condylus occipitalis,
forming the basioccipital tubercle, and floor-
ing the posterior part of the cavum cranii. In
Proganochelys the basioccipital (along with
the basisphenoid) is a very thick element,
much thicker than in Captorhinus, lizards, or
other turtles. Its anterior contact with the ba-
sisphenoid is visible only on the ventral sur-
face (see Basisphenoid); the contact cannot
be made out on the floor ofthe cavum cranii.
The ventral surface of the basioccipital in
Proganochelys has a large ventral tubercle,
quite different from anything seen in capto-
rhinids or casichelydians. This tubercle is
preserved in both the Berlin skull and SMNS
16980. It is relatively larger in the Berlin skull
and has a low groove tending to separate the
tubercle into two paired convexities. The tu-
bercle in SMNS 16980 has no sign of this
separation but the original bone surface seems
to have been eroded slightly. The ventral sur-
face of the tubercle is a continuation of the
ventral surface ofthe basisphenoid. Posterior
to the basispterygoid process the median ridge
on the basisphenoid disappears at about the
position ofthe basisphenoid-basioccipital su-
ture. In the vicinity of this contact there are
low, lateral bulges, probably formed by both
bones. The basioccipital tubercle is an ob-
tuse, ventral projection, somewhat narrower
than long, that is separated from the condylus
occipitalis by a right angle bend in the ventral
bone surface. The presence of the large basi-
occipital tubercle in Proganochelys is mor-
phologically related to the great thickness of
the braincase floor and the position of the
condylus occipitalis at the level of the dorsal
surface ofthe floor. There could be a smooth
transition from the condyle to the ventral
surface of the skull but the change is abrupt
and the tubercle results.
The condylus occipitalis in Proganochelys

is borne on a short neck, shorter than in most
turtles, but more developed than in Capto-
rhinus. In Captorhinus the articulation sur-
face is barely differentiated from the occipital
base. In Proganochelys the condylus is con-
cave ventrally and ventrolaterally but dor-
solaterally there are strong processes forming

the ventrolateral limits of the foramen mag-
num and separating it from the foramen jug-
ulare anterius that comes almost to the ar-
ticular surface.
The condylus occipitalis has an articular

surface with the atlas that is wider than high
and is roughly triangular in posterior view,
with the broad base dorsal and all the angles
rounded. The Berlin skull is slightly narrower
in the articular surface than SMNS 16980,
but this may be a result ofcrushing. The Ber-
lin skull has a small concavity in the middle
ofthe condylus, often seen in casichelydians,
but this is absent in SMNS 16980, possibly
due to erosion or immaturity.
None of the specimens show exoccipital-

basioccipital sutures, so the makeup of the
condylus occipitalis in Proganochelys is not
known.
The degree of participation of the basioc-

cipital in the foramina nervi hypoglossi and
the foramen magnum is not known and these
structures are discussed under Exoccipital.
The posterior floor of the cavum cranii is

presumably formed at least in part by the
basioccipital but in the absence ofsutures this
region will be described here even though the
actual bones involved are not known. The
foramen magnum begins virtually at the con-
dylus occipitalis, much as in Captorhinus,
while in casichelydians there is more of a
separation due to the development of a neck
on the condyle. The floor ofthe foramen mag-
num is flat, curving dorsolaterally at its mar-
gins. Anteriorly on the midline there is a small
pit, that may possibly be a nutrient canal.
This pit lies at about the level ofthe foramen
nervi hypoglossi. This foramen is a single fo-
ramen in Proganochelys, in contrast to Cap-
torhinus and turtles where there are two or
more. The foramen is in the large strut form-
ing the ventrolateral margin of the foramen
magnum. Anterior to the pit the floor of the
cavum cranii drops slightly, particularly to
either side ofthe midline, leaving a low, broad
ridge in the center. This depression leads pos-
terolaterally into the foramenjugulare anteri-
us. Anterior to the foramen is the area of the
hiatus acusticus. The basisphenoid-basioc-
cipital suture is not visible in the floor of the
cavum cranii, but a small knob, possibly the
basis tuberculi basalis, may mark the position
ofthis suture. It is not definitely determinable
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but it seems likely that the basioccipital en-
ters the rim of the hiatus acusticus in Pro-
ganochelys as in other turtles.

PROOTIC
(figs. 16, 40, 43, 45)

All three Proganochelys skulls have both
prootics present but the degree of preserva-
tion varies. Sutures delimiting the prootic are
not entirely clear on any specimen. The
prootic is best preserved in SMNS 16980
where it is nearly complete and uncrushed on
both sides. In SMNS 15759 the right prootic
is crushed and obscured while the left prootic,
although conspicuously distorted, shows su-
tural contacts with the "pleurosphenoid." The
prootics are barely identifiable in the Berlin
skull, the ear region is badly crushed, but a
stapes is present on the right side allowing
unambiguous identification of the fenestra
ovalis.
The prootic of Proganochelys is a roughly

cuboid element forming part of the lateral
wall ofthe braincase and the anterior portion
of the cavum labyrinthicum, and it is inti-
mately involved in the other structures ofthe
ear region. Comparison ofthe prootic in Pro-
ganochelys with generalized amniotes and
casichelydians shows a broader agreement
between Proganochelys and generalized am-
niotes because the fusion of the palatoquad-
rate and neurocranium in casichelydians
strongly affects the attachments and struc-
tures of the prootic.
The prootic in casichelydians is roughly

cubical or block-shaped (see Gaffney, 1 979a,
Prootic), while the generalized condition for
amniotes, as seen in most lizards and cap-
torhinids, is a flatter, roughly triangular ele-
ment (for example compare Oelrich, 1956:
fig. 11, of the prootic in Ctenosaura with
Gaffney, 1979a: fig. 52, ofthe prootic in var-
ious turtles). The reasons for this difference
lie in the additional contacts of the prootic
associated with the fusion of the basiptery-
goid articulation and enclosure ofthe cranio-
quadrate space in casichelydians. Progan-
ochelys retains the generalized amniote
condition in having an open basipterygoid
articulation and an unenclosed cranioquad-
rate space.
The following description relies primarily

on SMNS 16980 in which both prootics are
relatively well preserved. As in Gaffney
(1979a) the description of the prootic con-
tacts is followed by description of the struc-
tures. The lateral surface ofthe prootic clearly
shows an anterodorsal suture with the pari-
etal on both sides of the skull. This suture
begins at the posterior margin ofthe foramen
nervi trigemini and extends posterodorsally.
The same suture may be followed on the in-
ternal surface where it lies in a slightly more
dorsal position. This prootic-parietal contact
is a distinctive chelonian feature absent in
generalized amniotes. In this feature Progan-
ochelys is characteristically chelonian, casi-
chelydians being advanced only in the slight-
ly greater development of the contact area.
This parietal-prootic contact is also visible
in SMNS 15759, but is not as clear as in
SMNS 16980. A comparison of this region
in Proganochelys with that in generalized am-
niotes shows greater similarity with lizards
than with Captorhinus. In Captorhinus the
parietal is a totally flat plate with no descend-
ing process and no contact between parietal
and prootic. In many lizards, however, there
is a ventral flange of the parietal, apparently
not homologous with the chelonian processus
inferior parietalis, that comes very close to
the alar process (crista alaris) of the prootic
from which it is separated by varying amounts
of connective tissue. This approximation of
parietal and prootic in lizards takes place at
about the same place with respect to the
prootic and foramen nervi trigemini in tur-
tles.

Posteriorly, the prootic of Proganochelys
contacts the opisthotic as in all amniotes.
However, the prootic-opisthotic suture is not
visible in any of the three specimens of Pro-
ganochelys and was apparently fused. This is
somewhat unusual because the sutures sep-
arating the three cavum labyrinthicum ossi-
fications, namely prootic, opisthotic, and su-
praoccipital, are usually the most persistent
in recent turtles. The general position of the
prootic-opisthotic suture can be estimated in
Proganochelys by using the position of the
paroccipital process, fenestra ovalis, and sta-
pedial groove as landmarks for comparison.
On the internal surface of SMNS 16980,

the prootic contacts the supraoccipital pos-
terodorsally as in other turtles and amniotes
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generally. On the external surface the parietal
covers most of the supraoccipital and pre-
vents a prootic-supraoccipital contact. Ven-
tromedially the prootic presumably has a
broad contact with the basisphenoid, but the
suture is not clearly visible and the two bones
appear to be fused. There are places on the
internal surface of SMNS 16980 where a
prootic-basisphenoid suture can be inter-
preted and these agree with the position in
other turtles. On the left lateral surface of
SMNS 16980 there is a crack in the "correct"
place for prootic-basisphenoid suture, in the
ventral margin ofthe foramen nervi trigemi-
ni, but this can be seen to extend ventrally,
cutting across several bones.

Laterally the prootic of casichelydians has
a broad suture with the quadrate and usually
contacts the pterygoid; both contacts are in
the area ofthe enclosed cranioquadrate space.
Generalized amniotes have an open cranio-
quadrate space with either no contact or a
loose, sliding contact between pterygoid,
quadrate, and prootic. Proganochelys, in con-
trast to all other turtles, has an open cranio-
quadrate space and no sutural contact with
quadrate or pterygoid. The pterygoid-quad-
rate contact is a squamous one in which a
thin, vertical sheet of the pterygoid lies an-
teromedial to a thin, vertical sheet of the
quadrate. Together they form the lateral wall
of the cranioquadrate space in generalized
amniotes (see Goodrich, 1930: figs. 263 and
493).

In Proganochelys the dorsal portion of the
pterygoid plate curves dorsomedially and
comes very close to the prootic. On the left
side of SMNS 16980 there seem to be small
areas of contact but these may be displaced
fragments ofbone. There is a clear separation
here with the gap filled with matrix.
The structures formed by the prootic in

turtles are described in Gaffhey (1979a, be-
ginning on p. 1 5) and the order will be fol-
lowed here. The processus trochlearis oti-
cum is a synapomorphy of cryptodires and
is formed by the prootic and quadrate. The
anterolateral margin ofthe prootic that would
bear the processus has no indication ofthick-
ening in Proganochelys. There is an anterior
overhang formed by the prootic and parietal
that looks superficially similar to a processus
trochlearis oticum, but is related to the po-

sition of the trigeminal ganglion and forms
its upper margin.
The passage ofthe stapedial artery through

the skull is distinctly marked on the prootic
of casichelydians but generalized amniotes,
such as captorhinids and lizards, have no such
indication. The stapedial artery of general-
ized amniotes rises dorsally along the ante-
rior edge of the paraoccipital process. In liz-
ards, if the pterygoid flange of the quadrate
is sufficiently well developed, there may be a
poorly defined stapedial opening formed be-
tween the quadrate and paroccipital of the
opisthotic. There are no structures in cap-
torhinids interpretable as showing the path-
way of the stapedial artery (except the sta-
pedial foramen in the columella). In
casichelydians there is a well-defined canal,
the canalis stapedio-temporalis, that is formed
by the prootic and quadrate. In Proganoche-
lys a well-defined canal is absent but the path
of the stapedial artery is visible. An irregu-
larly shaped stapedial opening is formed by
the prootic, quadrate, and opisthotic, al-
though the prootic-opisthotic sutures are ab-
sent, the actual degree ofparticipation ofthese
elements is speculative. This opening appears
homologous with the foramen stapedio-tem-
porale ofcasichelydians while the canalis sta-
pedio-temporalis, formed by broad contact
of prootic and quadrate, is absent in Progan-
ochelys. On the dorsal surface of the prootic,
possibly formed in part by the opisthotic, is
a well-defined transverse groove extending
medially from the foramen stapedio-tem-
porale. Very similar grooves occur in recent
turtles and they contain the stapedial artery.
Proganochelys might therefore be advanced
to a slight degree over the generalized am-
niote condition in the possession of a groove
for the stapedial artery and a foramen sta-
pedio-temporale, but the absence ofa canalis
stapedio-temporalis and the open cranio-
quadrate space are entirely consistent with
the generalized amniote condition.
At this point it might be well to describe

the entire cranioquadrate space in Progan-
ochelys because the prootic is so closely re-
lated to the structures in it. The cranioquad-
rate space is defined anterolaterally by a
curved wall made up by thin sheets of the
pterygoid and quadrate. The wall is curved
concave posteromedially. Posteroventrally
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the space is open but dorsomedially it is lim-
ited by the prootic and opisthotic. Dorsolat-
erally the stapedial artery exists via an open-

ing between the quadrate and the paroccipital
process of the opisthotic. Dorsally the pter-
ygoid-quadrate wall nearly contacts the
prootic. The cranioquadrate space is greatly
constricted anteriorly and becomes an irreg-
ular opening formed by the pterygoid ven-
trolaterally, the prootic dorsomedially, and
the basisphenoid ventromedially. This open-
ing appears to be homologous to the anterior
portion of the canalis cavernosus of casiche-
lydians and would contain the vena capitis
lateralis and the hyomandibular branch of
the facial nerve (VII). The columella (stapes)
would traverse the space from the fenestra
ovalis to the stapedial recess on the quadrate.
The general size of the cranioquadrate space

in Proganochelys is remarkably large when
compared with lizards and Sphenodon, the
only living amniotes retaining the generalized
condition. In captorhinids the cranioquad-
rate space appears to be roughly intermediate
in size between Proganochelys and living am-
niotes. It is possible that the large cranio-
quadrate space ofProganochelys is related to
the hypertrophy of middle ear soft parts seen
in other turtles.
The path of the facial (VII) nerve and its

branches is of considerable interest in che-
lonian systematics even though the deter-
mination of its branches is often difficult for
living turtles-to say nothing of extinct taxa.
Nonetheless, the major features of the facial
nerve pathway are determinable in Progan-
ochelys and this supplies an interesting per-
spective for comparison with other taxa. In
SMNS 16980, the fossa acustico-facialis is
present and relatively well preserved on both
sides of the skull. Although the prootic-op-
isthotic suture is not visible, the fossa is pre-
sumably formed entirely within the prootic
as in other turtles and amniotes in general.
Although the canalis leading to the three fo-
ramina in the fossa acustico-facialis have not
been freed of matrix, it is very likely that the
anteroventral foramen is the exit ofthe facial
nerve, the foramen nervi facialis, and that
the other two are for the acustic nerve. These
identifications are indicated by the positions
and observed directions of the foramina and
are consistent with those ofother turtles. The

ventral opening of the foramen nervi facialis
is on the ventral surface of the prootic, ad-
jacent to the anterolateral margin ofthat bone.
It is a prominent foramen, anterior and
slightly medial to the fenestra ovalis, and lat-
eral to the ventrally protruding basisphenoid.
The foramen nervi facialis seems to be best
preserved on the left side ofthe SMNS 16980.
Here is an oblong opening with a ventral strap
ofbone extending along its narrowest part to
divide the foramen into an anteromedial
opening and a posterolateral opening (figs.
27,5 1). In amniotes the facial nerve divides
immediately upon leaving the primary neu-
rocranium into two branches, an anterior pal-
atine branch and a posterior hyomandibular
(or stapedial) branch (Goodrich, 1930: figs.
263 and 449). The strap dividing the ventral
limits of the foramen nervi facialis in Pro-
ganochelys can be readily interpreted as this
division with the palatine branch exiting via
the anteromedial foramen and the hyoman-
dibular branch exiting via the posterolateral
foramen. On the right side of SMNS 16980
the strap is not preserved in its entirety, al-
though a constriction is present. The foramen
nervi facialis has been cleaned dorsally and
shows that it is a single canal above the strap
and that the canal trends dorsally through the
prootic as in the foramen nervi facialis of
other amniotes.

This division of the foramen nervi facialis
by a strap of bone is apparently unique to
Proganochelys; casichelydians have the re-
gion ossified by other elements while gener-
alized amniotes, like captorhinids and liz-
ards, do not have this condition. Whether or
not this is an autapomorphy of Proganoche-
lys or the primitive chelonian condition can-
not be entirely settled at present, but it is
more likely to be the primitive chelonian
condition.

If the identification of the two main
branches of the facial nerve suggested above
is correct, then the further extensions ofthese
branches through the cranioquadrate space
will not be reflected in bone. In Proganoche-
lys, in contrast to other turtles, the palatine
nerve would go anteriorly through the oblong
opening marking the anterior restriction of
the cranioquadrate space while the hyoman-
dibular would travel posteriorly to the stapes
where it would branch into the chorda tym-
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pani and hyomandibular nerve proper. The
geniculate ganglion of the facial nerve (see
Gaffhey, 1979a, Prootic, for reference) usu-
ally occurs where the palatine nerve branches
off the main trunk of the facial nerve, and,
in Proganochelys, this would presumably be
just above the strap ofbone dividing the dis-
tal end of the foramen nervi facialis into two
foramina.

In Proganochelys there is no completely
ossified foramen nervi trigemini homologous
to that structure in casichelydians. The proot-
ic and quadrate form, respectively, the pos-
terior and ventral margin of a notch lateral
to the cranioquadrate space that apparently
marks the exit of V2 and V3 from the brain-
case into the temporal fossa and would there-
fore be the homolog of the foramen nervi
trigemini in other turtles. In casichelydians
the processus inferior parietalis and the crista
pterygoidea combine witih the prootic (and
in many cryptodires, the epipterygoid) to form
a completely ossified foramen nervi trigemini
(condition not known in Kayentachelys). In
the generalized amniote condition the tri-
geminal notch is formed solely by the prootic
and the apparent participation of the quad-
rate in the trigeminal notch ofProganochelys
is distinct from the condition in other turtles
as well as generalized amniotes. I think, how-
ever, that this is the primitive chelonian con-
dition which is obscured by the contact ofthe
prootic and pterygoid anterior to the quad-
rate in casichelydians.
The prootic of Proganochelys also has

another structure related to the trigeminal
nerve. Medial to the incomplete foramen ner-
vi trigemini is a foramen formed by the pa-
rietal dorsally, the prootic posteriorly, and
the basisphenoid anteriorly. Unfortunately,
the prootic-basisphenoid suture is not clear
although it is best interpreted as lying in about
the middle of the ventral margin of the fo-
ramen. The parietal has a triangular spur that
protrudes anteroventrally to contact the pro-
cessus clinoideus of the basisphenoid. The
foramen thus produced is the fenestra prooti-
ca, as identified in the chondrocranium (Kun-
kel, 1912). Usually this structure is not pres-
ent as a distinct feature formed by bone in
the adult; the pila prootica usually ossifies
only at its base as the processus clinoideus.
Plesiochelys is reported (Gaffney, 1976) also

to have an ossified pila prootica but in that
case it is made up almost entirely of the
prootic bone. The contact of the processus
clinoideus and the parietal in Proganochelys
is thus unique and best interpreted as an au-
tapomorphy.
The fenestra ovalis in Proganochelys is well

preserved and prepared internally as well as
externally in SMNS 16980, while in the Ber-
lin skull the fenestra is badly crushed but it
has the stapes preserved in situ. The fenestra
ovalis of Proganochelys is a relatively large
opening with a fully ossified and formed rim.
In most casichelydians the fenestra is incom-
plete ventrally, remaining cartilaginous
throughout life. There are no sutures allowing
for the differentiation of bones around the
fenestra ovalis in Proganochelys but it is
probably formed by the prootic anteriorly and
the opisthotic posteriorly, as in other turtles.
The shape of the fenestra ovalis in Progan-
ochelys is ovoid and sightly tear-shaped with
the anterior portion being larger than the pos-
terior margin which tapers visibly. The rim
of the fenestra is thick compared to that of
other turtles and lizards. The fenestra ovalis
is large in Proganochelys, filling most of the
space between the anterior edge ofthe prootic
and the processus interfenestralis of the op-
isthotic. The basis columellae in Progan-
ochelys is not entirely visible in the Berlin
specimen but it does not seem to be any dif-
ferent in size from the rest of the stapedial
shaft. Using rough estimates of the size dif-
ferences between the Berlin skull and SMNS
16980, it would appear that the stapes ofPro-
ganochelys did not fit tightly into the fenestra
ovalis, but this must be considered specula-
tive.
Comparison of the fenestra ovalis in Pro-

ganochelys with that in casichelydians shows
the opening in Proganochelys to differ pri-
marily in two features: its greater relative size
and its skewed position with respect to the
stapes. It is difficult to produce quantitative
evidence; but, subjectively estimated, the di-
ameter of the fenestra ovalis in relation to
the size of the skull seems larger in Progan-
ochelys, by perhaps a factor of two, when
compared with that in other turtles. Capto-
rhinids are characterized by a relatively gi-
gantic stapes and a fenestra ovalis that seems
to be larger than in Proganochelys by a factor
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of five or more. Lizards, even in comparison
with casichelydians, have a fenestra ovalis
that is miniscule. Proganochelys thus resem-
bles captorhinids in having a relatively large
fenestra ovalis.

In casichelydians the fenestra ovalis is cir-
cular (usually incompletely ossified ventrally
but cartilaginous) and is oriented in a single
dorsoventral plane parallel to the midline of
the skull. In captorhinids the footplate of the
stapes is very large and it does not lie in a

simple, flat plane parallel to the midline; rath-
er, it is skewed so that the anteroventral mar-
gin is closer to the midline than the postero-
lateral margin. In Proganochelys the margin
of the fenestra ovalis is also skewed so that
its anteroventral margin is closer to the mid-
line but the degree of skewing is less than in
captorhinids. Comparing all turtles with cap-
torhinids, the smaller fenestra ovalis and more
parallel orientation of the fenestra may be
interpreted as chelonian synapomorphies,
while an even smaller fenestra ovalis and ful-
ly parallel orientation with the midline are

interpreted as casichelydian synapomor-
phies.

OPISTHOTIC
(figs. 16, 40, 43, 51, 52)

The opisthotic is preserved in all three Pro-
ganochelys skulls, but it is complete and un-
crushed only in SMNS 16980. Even in this
specimen, however, many ofthe sutures lim-
iting the bone are unclear.
As described under Prootic, the opisthotic-

prootic suture appears fused but it is pre-
sumed to be roughly transverse, the prootic
being anterior to it and the opisthotic pos-
terior; this is the condition in most amniotes.
The absence ofinformation about this suture
in Proganochelys precludes detailed compar-
isons with other turtles and captorhinids, but
the suture's position is comparable in cap-
torhinids and turtles and Proganochelys is at
least consistent with this. Ventromedially the
opisthotic contacts the basioccipital but the
exact position of this suture is not visible.
Posteriorly the opisthotic contacts the exoc-
cipital and at least some ofthis suture can be
determined, particularly on the right side of
SMNS 16980. Here the suture runs in occip-
ital view from the ventral margin of the par-
occipital process dorsomedially, much as in

other turtles. Ventrally the suture turns me-
dially and runs into the roof of the foramen
jugulare anterius, again similar to other tur-
tles (Gaffney, 1 979a: fig. 49). The lateral
overlap of the exoccipital onto the paroccip-
ital process ofthe opisthotic is not developed
in captorhinids to the same degree seen in
Proganochelys and other turtles. This may be
interpreted as a chelonian synapomorphy.
Dorsally the exoccipital-opisthotic suture is
lost.
Because the parietal largely covers the su-

praoccipital dorsally, the medial margin of
the opisthotic meets the parietal in dorsal
view, but beneath the parietal the opisthotic
contacts the supraoccipital. There may be
some opisthotic-supraoccipital contact ex-
posed on the dorsal surface, depending on
whether or not the exoccipital contacts the
parietal. The opisthotic rarely contacts the
parietal in casichelydians but the two bones
do approach one another, and sometimes
meet. In captorhinids and other generalized
amniotes, however, these bones are widely
separated due to the absence of a descending
process of the parietal.

Posterolaterally, the opisthotic in Progan-
ochelys contacts the squamosal, a contact that
is absent in captorhinids but characteristic of
turtles. Heaton (1979: 56) stated that in Cap-
torhinus the paroccipital process of the op-
isthotic bore an "intercalary cartilage" that
joined the opisthotic to the occipital flange
of the squamosal. In lizards the paroccipital
process reaches the squamosal, much as in
Proganochelys, and that is presumably the
generalized amniote condition, its absence in
Captorhinus not withstanding. Casichelydi-
ans are advanced over Proganochelys in hav-
ing a distinctive, broad contact between the
anterolateral surface of the paroccipital pro-
cess of the opisthotic and the quadrate.

Just beneath the opisthotic-squamosal
contact in Proganochelys the opisthotic and
quadrate lie very close to each other but are
separated by matrix and do not appear to be
suturally connected. This condition appears
to be similar to that in lizards where the bones
are loosely attached by connective tissue. The
opisthotic and quadrate separate from each
other anteromedially where the stapedial ar-
tery runs between them to exit from the cra-
nioquadrate space.
The opisthotic in Proganochelys may be
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divided into two regions (as in other turtles):
an anteromedial region containing the pos-
terior part of the cavum labyrinthicum and
a posterolateral region consisting of the pro-
cessus paroccipitalis and associated struc-
tures. The cavum labyrinthicum portion is
only visible to a limited extent and the dis-
position of the semicircular canals is not de-
terminable. The posterior margin of the fe-
nestra ovalis is presumably formed by the
opisthotic (see Prootic for further descrip-
tion).
The opisthotic forms the processus inter-

fenestralis, a sheet forming the posterior wall
of the fenestra ovalis and penetrated by a
small canal here identified as containing the
glossopharyngeal (IX) nerve. In Proganoche-
lys the opisthotic continues medial to the pro-
cessus interfenestralis to form a wall sepa-
rating the cavum labyrinthicum from the
foramen jugulare anterius. The processus in-
terfenestralis of casichelydians is defined by
Gaffney (1979a: 363) as follows:

A ventral process of the opisthotic extending into the
cavum acustico-jugulare and separating the cavum
into two parts, lateral and posterior, the latter being
the recessus scalae tympani. The foramen internum
nervi glossopharyngei and foramen externum nervi
glossopharyngei generally penetrate the dorsal portion
of the process. The anterior surface of the processus
walls the cavum labyrinthicum.

Comparison of Proganochelys with other
turtles reveals an absence of some diagnostic
features of the processus interfenestralis in
Proganochelys. First of all, Proganochelys
does not have a typical cavum acustico-jug-
ulare as found in other turtles; the middle ear
region is entirely open ventrally and poste-
riorly. Although I have identified a portion
of the opisthotic as the processus interfenes-
tralis, there is no ventral process reaching the
level of the floor of the basicranium. The
anterior surface of the structure in Progan-
ochelys does form the posterior wall of the
cavum labyrinthicum, but the absence of a
complete ventral process and of further os-
sifications defining a cavum acustico-jugulare
prevent the recognition of a recessus scalae
tympani.

In casichelydians the medial margin of the
processus interfenestralis forms the lateral
margin of the fenestra perilymphatica, an

opening formed primarily by the opisthotic
that communicates between the cavum laby-

rinthicum and the recessus scalae tympani. I
have been unable to find this structure or
even a homologous area in Proganochelys (see
below under Foramen jugulare anterius).
Comparison ofthis area in Captorhinus shows
even greater divergence from the casichely-
dian condition and for once Proganochelys is
not clearly an intermediate. In fact, compar-
ison of the region around the foramen jugu-
lare anterius among captorhinids, Progan-
ochelys, and casichelydians is difficult due to
the morphologic divergence. Captorhinids
apparently have the glossopharyngeal (IX)
nerve exiting with the vagus (X) nerve via
the vagus foramen of Heaton (1979). Pre-
sumably this foramen also contained the
"jugular" or vena cerebralis posterior and the
accessory (XI) nerve. Thus it would be ho-
mologous with the foramen jugulare anterius
of turtles, even though the latter does not
contain the glossopharyngeal (IX) nerve. Thus
the path ofthe glossopharyngeal nerve cannot
be used in captorhinids as a landmark for the
processus interfenestralis, and the region be-
tween the vagus foramen and fenestra ovalis
is a broad, curved surface consisting of most
ofthe opisthotic. As the paroccipital process,
however rudimentary, is identifiable in cap-
torhinids, the best we can do is to surmise
that the processus interfenestralis of turtles
is roughly homologous with the region of the
base of the processus paroccipitalis in cap-
torhinids. The separation of the glossopha-
ryngeal (IX) nerve in its own canal is inter-
preted as a chelonian synapomorphy, and the
appearance of this canal in other amniotes is
interpreted as a parallel derivation (there is
evidence for developmental as well as mor-
phologic differences in any case, see Rieppel,
1980). The ventral extension ofthe processus
interfenestralis and the presence ofa fenestra
perilymphatica defined by bone is interpreted
as a casichelydian synapomorphy.

BAsISPHENOID
(figs. 16, 27, 40, 43, 50)

The basisphenoid is present in all three
Proganochelys skulls although it is nearly
complete only in SMNS 16980. The Berlin
skull has the ventral area of the bone appar-
ently undistorted and visible, while in SMNS
15759 the lateral areas are visible but dis-
torted as a result ofpostmortem deformation.
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The basisphenoid ofProganochelys is much
more similar to that in generalized amniotes,
such as Captorhinus, than to other turtles.
There is a well-developed cultriform process,
paired basipterygoid processes, very high
dorsum sellae, very small sella turcica with
the foramen anterius canalis carotici interni
small and very close together; these are all
generalized features of amniotes based on
captorhinids and lizards. None ofthe sutures
ofthe basisphenoid in SMNS 16980 are clear
although some can be made out. The Berlin
skull has a distinct basisphenoid-basioccipi-
tal suture.

Anteriorly the basisphenoid of Progan-
ochelys has a cultriform process, an anterior
extension from the base of the basisphenoid.
The process forms about halfthe entire length
of the basisphenoid and extends between the
pterygoids in the center of the interpterygoid
vacuity. The process is not perfectly pre-
served, showing fine surface breaks, but the
anterior termination is in matrix and shows
no indication of having been broken off, and
I conclude that its preserved length is an ac-
curate indication ofits original length. In cross
section the cultriform process is V-shaped
but the ventral keel is somewhat rounded as
preserved. The ventral keel continues pos-
teriorly as a ridge on the main body of the
basisphenoid between the basipterygoid pro-
cess to the level of the foramen posterius ca-
nalis carotici intemi. The dorsal surface of
the cultriform process seems to have a low
trough developed on it, although it has not
been possible to prepare much of the area.
Posteriorly, the trough is continuous with the
sella turcica. Near the base of the cultriform
process, where it joins the main body of the
basisphenoid, the lateral margin of the cul-
triform process has paired flanges or spurs
that rise above the main stem of the process.
These spurs are similar to ones often, but not
always, seen in recent cheloniids, lying on
either side of the fused rostrum basisphen-
oidale.
The sella turcica in Proganochelys is very

small, simply the depression where the plate
of the dorsum sellae and the rostrum basi-
sphenoidalejoin. There is a slight depression,
a continuation of the trough running down
the rostrum, but no indication of the dis-
tinctive retractor pits seen in Captorhinus and

lizards. The foramina anterius canalis carot-
ici intemi are not entirely prepared out due
to their difficult position, but the openings
face anteriorly and are separated only by a
relatively thin bar ofbone, much as in lizards.
The foramina are in the posterior wall of the
sella turcica, at the base ofthe dorsum sellae,
somewhat lower than in lizards; the condi-
tion is very different in Captorhinus, which
has the foramina anterius canalis carotici in-
temi placed all anterior to a large rectractor
pit out on the rostrum basisphenoidale. In
contrast to Captorhinus and lizards, Progan-
ochelys has no canal for the palatine nerve
and artery, which presumably ran just lateral
to the basisphenoid dorsal to the basiptery-
goid process.
The dorsum sellae of Proganochelys is a

high, flat plate, facing anteroventrally with
the foramen nervi abducentis prominently
placed on each side, laterally about halfway
up the plate. Just lateral to the foramen, the
basisphenoid curves posterolaterally and
bears a low ridge that is continuous dorsally
with the processus clinoideus. The anterior
surface ofthe dorsum sellae bears no midline
or other ridge as seen in Captorhinus and
some turtles, nor is there any depression or
indication of a retractor pit as seen in Cap-
torhinus and lizards. The dorsal margin of
the dorsum sellae in Proganochelys is slightly
curved, concave dorsally in anterior view. In
cross section the dorsum sellae forms a rel-
atively thin overhang where the anteroven-
trally facing anterior surface meets the dor-
sally facing dorsal surface. The overhang is
greater than in lizards or Captorhinus, or
nearly all turtles. Lateral to the dorsum sellae
in Proganochelys is the well-developed,
paired, processus clinoideus. This process ex-
tends dorsally and then curves posterodor-
sally to meet a process from the parietal and
enclose a large foramen. The processus is also
curved laterally to form an anteriorly aligned
trough, concave laterally. The processus cli-
noideus of Proganochelys is more extensive
than in nearly all Casichelydia and only
slightly more extensive than in most lizards.
An accurate determination of its homolog in
Captorhinus is difficult. In any case, the area
ofbone dorsal to the canalis nervi abducentis
is similar in Captorhinus and Proganochelys.
The foramen nervi abducentis of Progan-
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ochelys runs from the anterior surface of the
dorsum sellae, through the bone to emerge
on the floor of the cavum cranii, as in most
turtles. The posterior opening is well poste-
rior to the processus clinoideus, farther back
than in most turtles, but closer to the midline
than in most turtles. There is variation in this
within casichelydians and this position is
probably not systematically significant.
The basisphenoid ofProganochelys is very

thick in cross section, much thicker than in
Captorhinus, lizards, or casichelydians. The
basisphenoid-basioccipital contact can be
made out on the ventral surface of SMNS
16980 and it is anterior to the large median
tubercle and posterior to the foramen pos-
terius canalis carotici interni. The contact of
the two bones within the skull must be ex-
tensive because both elements are very thick
but it is not visible in SMNS 16980. Jaekel
(191 8a: fig. 46) reported it in the Berlin skull
as being a roughly vertical, transverse con-
tact, much as what would be expected. The
position of the suture ventrally does seem to
be more posterior in the Berlin skull than in
SMNS 16980, so that the basisphenoid en-
croaches onto the anterior limits of the basi-
occipital tubercle. The ridge marking this su-
ture cannot be seen microscopically in the
Berlin skull.
The prootic-basisphenoid suture (see

Prootic) is not clear in SMNS 16980 but one
can be interpreted in the margin ofthe prootic
foramen. The rest of the prootic contact is
presumably along the dorsolateral part ofthe
basisphenoid but cannot be made out.

COLUMELLA AURIS
(figs. 52, 53)

Among the three Proganochelys skulls the
columella auris, or stapes, is preserved only
on the right side ofthe Berlin skull. It appears
to be preserved in its normal position, but
its present curvature is probably the result of
the strong lateral deformation seen in this
skull. The stapes is a stout, columnar ele-
ment, much thicker than in any other known
turtle. Its diameter is about the same as that
of the fenestra ovalis. The medial edge of the
stapes is not visible because the fenestra ova-
lis of the Berlin skull is collapsed around the
stapes, obscuring its articulation with the

skull. The medialmost portion of the stapes
shows no change in shape to form an ex-
panded footplate, and it is unlikely that a
definitive footplate existed, due to the rela-
tively large diameter ofthe stapes. The stapes
is oval in cross section, the long dimension
being dorsoventral; although this is possibly
the result of crushing, it is most likely the
original shape. As preserved, the stapes is
curved almost into an S-shape, but this seems
to be the result of crushing. The quadrate of
the Berlin skull is rotated posteriorly and me-
dially in comparison to SMNS 16980, and if
the stapes were restored in SMNS 16980 with
the same relations to the surrounding struc-
tures as in the Berlin skull, it would be nearly
straight. In the Berlin skull the stapes is ori-
ented posterolaterally and strongly ventrally,
but in the restored condition the ventral com-
ponent is very slight and would be nearly
horizontal.
The distal end of the stapes in Progan-

ochelys terminates abruptly in a slight con-
cavity. This concavity appears to be natural;
it is not a broken surface, but some of the
margins are damaged. The stapes articulates
anteromedially with the medial surface ofthe
quadrate, just anterior to the margin of the
incisura columellae auris. It is possible that
this contact is postmortem and that in life
the distal end of the stapes was suspended
free ofthe quadrate by ligaments or cartilage.
Just dorsal to the stapedial-quadrate contact
is an elongate pit or pocket formed by the
quadrate. This pit seems to be homologous
with the columellar recess in Captorhinus
(Heaton, 1979), which is the articulation site
for the stapes. Although the stapes does not,
at present, actually lie in this pit in the Berlin
skull, it is likely that this is the result of post-
mortem replacement, and that in life the
stapes of Proganochelys terminated on the
medial surface ofthe quadrate at the quadrate
pit.
The stapes of Proganochelys is conspicu-

ously different from that in Captorhinus in
being much less massive in comparison to
the rest of the skull and in lacking the sta-
pedial foramen, processes, and expanded
footplate. Thus it is similar to turtle stapes
in being columnar, rodlike, and solid. How-
ever, the stapes in Proganochelys is plesio-
morphic in comparison to that of casichely-
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dians in its relatively large diameter and
apparent articulation with the quadrate. Oth-
er turtles have a very thin stapes and a proxi-
mally expanded footplate, either flat or con-
ical. The column of the stapes extends lateral
to the incisura columellae auris and articu-
lates with the tympanic membrane by means
ofa cartilaginous extrastapes. One may spec-
ulate that in Proganochelys the stapes, al-
though still retaining a quadrate articulation,
may have had a cartilaginous extrastapes ar-
ticulating with the tympanic membrane.

LOWER JAW ELEMENTS
(table 7, figs. 54-61)

All three Proganochelys skulls have the
lower jaws preserved; only the right ramus of
SMNS 15759 lacks a large portion, namely
the portion posterior to the processus coro-
noideus. All of the three jaws are damaged
to some extent, SMNS 16980 being the best
preserved and having the best sutures. The
Berlin skull has lower jaws that are badly
fractured but the bone preservation is fairly
good and some sutures can be seen. In SMNS
1 5759 lateral compression has caused plastic
flow in contrast to the obvious breaks in the
Berlin specimen. The following description
and restorations rely primarily on SMNS
16980 but they are supplemented by the oth-
er specimens. None of the jaws reveals very
much in the way of internal information but
breaks developed during preparation provide
some internal details in SMNS 16980.

DENTARY

The dentary is present on both sides of the
lower jaw in all three Proganochelys skulls.
The bone is nearly complete in SMNS 19680
and the Berlin skull but in SMNS 15759 the
posterior portion of the left dentary is miss-
ing. None of the dentaries are entirely com-
plete with clearly defined sutural limits. The
dentaries in SMNS 15759 and the Berlin skull
show some sutures but the best information
comes from SMNS 16980.
The contacts of the dentary in Progan-

ochelys are with the large splenial medially,
the angular posteroventrally, the surangular
posterolaterally, and, presumably with the
coronoid posterodorsally, although the su-
tures with this latter element are not clear.

There is a short posterodorsomedial contact
with the prearticular. The dentary of Pro-
ganochelys is basically similar to other turtle
dentaries; there are no indications ofteeth or
structures associated with teeth. The "rudi-
mentiiren Zahnanlagen" or "Zahngruben" of
Jaekel (191 8a: fig. 61) are the openings of
nutrient canals found in the areas covered by
the horny rhamphotheca of all turtles. Con-
sistent with the proportions of the skull, the
lower jaw of Proganochelys has a somewhat
longer distance posterior to the processus cor-
onoideus than in casichelydians and a rela-
tively large fossa meckelii.
The triturating surfaces of Proganochelys

seem to be borne entirely on the dentary,
although the absence of clear coronoid su-
tures makes this prone to later emendation.
The jaws are relatively narrow in contrast to
those of most other turtles but of about the
same width as in captorhinids. The triturat-
ing surface is clearly demarcated by well-de-
fined lingual and labial ridges that parallel
each other and are separated by a trough. The
trough is shallow posteriorly near the pro-
cessus coronoideus and becomes deeper more
anteriorly where the ridges are higher.
Near the symphysis the lingual ridge dis-

appears and the trough becomes a ventro-
medially sloping surface. The labial ridge is
straight and horizontal in lateral view and
forms a moderately sharp cutting edge, sim-
ilar to that of Plesiochelys. The labial ridge
extends from the base of the processus coro-
noideus to the symphysis where it is contin-
uous with the labial ridge of the other ramus
with no change at the symphysis. The lingual
ridge begins at the base ofthe processus coro-
noideus and rises as it extends anteriorly to
become higher than the labial ridge. The lin-
gual ridge ends anteriorly before reaching the
symphysis so that the triturating surface is
curved and sloping at the symphysis. The
lingual ridge is sharp, thinner than the labial
ridge, and broken for most of its length in
SMNS 15759 and the Berlin specimen. The
lingual ridge is better preserved in SMNS
16980, particularly on the right side.
The triturating surface is much narrower

in SMNS 15759 than in the other two spec-
imens but this seems to be the result oflateral
crushing. This specimen and the lower jaws
of the Berlin skull have greater breakage of
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TABLE 7
Comparison of Lower Jaw Elements

Captorhinus Proganochelys Casichelydia

Dentary tooth bearing Yes No, covered with horny No, covered with horny
beak beak

Lateral exposure of angu- Extensive Intermediate Small
lar

Fossa meckelii Larger Smaller Smaller
Area articularis mandib- Entirely on articular Shared by prearticular, ar- As in Proganochelys

ularis bone ticular & surangular
Retroarticular process Yes Yes Yes and no

well developed
Prearticular extends well No No Yes

anterior to foramen in-
termandibularis cau-
dalis

Dorsal opening of fossa Very large, faces Intermediate in size, faces Small, faces dorsally
meckelii medially dorsally

Splenial bones Large, meet in midline Large, do not meet in mid- Smaller, do not meet mid-
and cover all of line, some of dentary ex- line, much of dentary
dentary posed exposed

both triturating ridges than in SMNS 16980,
but this is also interpreted as postmortem
damage. However, SMNS 16980 has a lower
jaw that is not as deep as the other two and,
although this condition does seem to have
been exaggerated by lateral deformation, this
is not a sufficient explanation. Ifthe relatively
small size of SMNS 16980 is the result of
growth differences, then the shallower lower
jaw may also be related to this condition. As
far as can be determined, thejaw depth is the
only difference among the three jaws, aside
from size (see table 8), that does not appear
to be the result of postmortem factors.
The triturating surface morphology ofPro-

ganochelys is similar to that seen in many
other turtles, but the combination of well-
developed ridges separated by a narrow
trough, with the lingual ridge rising higher
than the straight labial ridge and disappearing
short of the symphysis, is unusual and not
precisely the same as in any other turtle. Is
the entire morphology primitive for turtles
or are some elements autapomorphic? This
is a difficult question to answer because the
outgroup, generalized amniotes-particular-
ly captorhinids-have teeth and no triturat-
ing surface. Comparison can be made be-
tween Proganochelys and the presumed
primitive morphotype ofcasichelydians based

on presumed plesiomorphic conditions. The
narrow width of the triturating surface does
seem to be plesiomorphic for all turtles; cap-
torhinids have a narrowjaw and this appears
to be a good comparison. Also the straight
labial ridge, lacking a symphyseal hook or
notch, is similar to that of captorhinids and
may be hypothesized as primitive for turtles.
The high lingual ridge does occur in crypto-
dires and pleurodires but its distribution is
too sporadic systematically to conclude that
it would necessarily be primitive for either
group. This condition does occur, although
modified, in baenids, meiolaniids, and pelo-
medusids so the possibility does remain vi-
able. The symphyseal morphology ofthe lin-
gual ridge varies greatly in turtles and it is
very difficult to see a pattern for this area. A
low lingual ridge meets at the symphysis in
baenids and pelomedusids and a high one
meets in meiolaniids but the Proganochelys
condition is common in testudinoids and
chelids. There are no strong arguments against
the entire triturating morphology of Progan-
ochelys being primitive for Testudines, but
only the narrow surface with parallel ridges
is clearly plesiomorphic.
The triturating surface morphology that is

most similar to Proganochelys can be found
in Plesiochelys etalloni (Gaffney, 1976: fig.
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Fig. 54. Proganochelys quenstedti, SMSN 15759. Stereophotographs of lower jaws.

Fig. 5 5. Proganochelys quenstedti, MB 1910.45.2. Stereophotographs of lower jaws.
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Fig. 56. Proganochelys quenstedti, SMNS 16980. Stereophotographs of lower jaws.

45). The rami in this species are relatively
narrow, the ridges are separated by a shallow
trough, and the lingual ridge does not meet
at the symphysis. The ridges in Plesiochelys
etalloni differ in being more curved in lateral
view, having more of a dorsal projection at
the symphysis, having a wider trough, and
lingual labial ridges about the same height.
The symphysis of the lower jaw in Pro-

ganochelys shows no indication of a suture;
both rami are solidly fused. A section at the
symphysis shows the distinct labial ridge,
ventrally sloping triturating surface with no
lingual ridge, and a posterior-facing convex-
ity above the sulcus cartilaginis meckelii.
Ventrally the symphysis is thin, in contrast
to most turtles. The sulcus cartilaginis meck-
elii is a distinct groove at the symphysis, as
in many turtles, and extends laterally with no
change in size. The sulcus is exposed for only
a short distance beyond the symphysis be-
cause of the great anterior extent of the sple-
nial which covers the sulcus medially.
The external surface of the lower jaw in

Proganochelys is rugose with a texture similar
to that ofthe skull, but there is no clear mark-
ing to determine the extent of the rham-
photheca in any of the three jaws. The ru-

gosity and size of nutrient foramina increase
dorsally and anteriorly as the triturating sur-
face is approached and there is every reason
to conclude that a horny rhamphotheca was
present but its extent is indeterminant.
A foramen dentofaciale majus does not ap-

pear to be present, although the bone surface
is too poorly preserved in all three jaws to be
sure of the absence of a small foramen.

ANGULAR

Some portion of the angular is preserved
in all three specimens but a complete angular
can be seen only on the right and left side of
SMNS 16980. The angular forms the ventral
margin of the posterior part of the jaw. The
dentary-angular contact is clear in SMNS
16980 and is an interdigitating suture at the
level of the foramen intermandibularis cau-
dalis with one long process extending anterior
to the foramen along the ventral margin of
the lower jaw. On the internal surface the
dorsal margin of the angular is a nearly
straight, horizontal suture extending directly
posteriorly from the foramen intermandibu-
laris caudalis. This suture can be seen in all
three specimens anteriorly but it disappears
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near the posterior end of the jaw. On the
external surface the dorsal margin of the an-
gular has a straight, horizontal suture with
the surangular but this suture is also visible
only anteriorly in SMNS 16980 and SMNS
1 5759. The posterior limits ofthe angular are
not determinable but the posterior fusion of
lower jaw bones is common in turtles.

In all casichelydians the angular has very
little exposure on the lateral side of the lower
jaw. The bone usually curves around onto
the external surface only at the posterior end
of the jaw. In Captorhinus the angular covers
about half of the external surface of the pos-
terior portion ofthe lowerjaw. Proganochelys
is advanced over Captorhinus in having much
less angular exposure but it is still distinctly
more than in casichelydians. On the internal
surface the angular extends well anterior to
the foramen intermandibularis caudalis in
most cryptodires, but less so in Meiolania,
while in Proganochelys the angular extends
only to the foramen intermandibularis cau-
dalis (except for a thin process on the ventral
surface). In Captorhinus the angular just
reaches the foramen but the foramen itself
appears to be farther anterior relative to other
structures in comparison to Proganochelys.
The extension of the angular anterior to the
foramen intermandibularis caudalis appears
to be a casichelydian synapomorphy. Jaekel
( 1 9 1 8a: fig. 5 7) identified the anterior portion
of the angular as the dentary. This region is
ambiguous in the Berlin specimen but it is
clear in SMNS 16980. On the external surface
Jaekel's limits for the angular are accurate as
I interpret them.

SURANGULAR

The surangular is a large, flat bone forming
most of the posterior external surface of the
lower jaw and is preserved to some degree in
all three Proganochelys specimens. As usual,
it is best preserved in SMNS 16980. Jaekel's
(191 8a: fig. 57) limits for the surangular agree
with my own interpretations, except for my
recognition of the coronoid bone in lateral
view (see below). The surangular of Capto-
rhinus (Heaton, 1979: figs. 2, 30) is closer in
size to that in advanced cryptodires than to
Proganochelys. The surangular is a long ele-
ment in Captorhinus, limited to forming less

than half ofthe posterior part ofthe jaw. The
large angular occupies the rest. In many ad-
vanced cryptodires the posterior extent ofthe
dentary limits the size ofthe surangular which
is restricted to the posterodorsal margin of
the jaw. In Proganochelys, however, the sur-
angular covers most of the posterior half of
the jaw, much as in Meiolania and baenids,
although the surangular is larger in the latter
due to a smaller angular. The surangular of
Proganochelys does have a primitive feature
in that it extends anteriorly beneath the pro-
cessus coronoideus while in casichelydians
the surangular usually (but not always, pel-
omedusids and some testudinids are excep-
tions) is restricted to the area posterior to the
processus coronoideus.
The surangular forms the lateral wall ofthe

fossa meckelii. In Proganochelys the fossa is
a large space with a large dorsal opening be-
tween the processus coronoideus and the area
articularis mandibularis. The size ofthe fossa
is roughly comparable with that in other tur-
tles. Captorhinus has a fossa meckelii and a
dorsal opening that are larger than in Pro-
ganochelys.

Posteriorly, the surangular in most casi-
chelydians forms the lateral third or more of
the area articularis mandibularis and con-
tacts the articular medially. In Captorhinus
the articulation is borne entirely by the ar-
ticular bone. Fortunately, the articular-sur-
angular suture is visible in both the Berlin
skull and in SMNS 16980 and it has the typ-
ical chelonian condition.
The foramen nervi auriculotemporalis does

not appear to be preserved, although the bone
surface in all three jaws is too poorly pre-
served to be sure of the absence of a small
foramen.

CORONOID

The region of the coronoid is preserved in
the Berlin skull and SMNS 16980 and to some
extent in the right ramus of SMNS 15759.
The anterior limits of the bone seem clear in
SMNS 16980, the small processus coronoide-
us is separated anteriorly from the dentary
by a space filled with matrix on both sides.
Posteriorly, however, there are no clear sep-
arations, although the most likely ones would
produce a very small coronoid (this is the
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Fig. 57. Comparisons of lower jaws in dorsal view. A, Captorhinus sp., from Heaton (1979) and
specimens. B, Proganochelys quenstedti, SMNS 16980. C, Palatobaena bairdi, AMNH 8277, partially
restored from Gaffney (1982).

interpretation presented in the figures by dot-
ted lines). Jaekel (191 8a: fig. 57) identified
the coronoid as a large, flat element on the
internal surface, based particularly on the right
ramus. Comparisons of the left ramus and
SMNS 16980, however, indicate that this is
a broken, dorsally displaced, piece of the
prearticular rather than the coronoid. In-
stead, the best interpretation, based primarily

on SMNS 16980 and the Berlin skull, is that
of a relatively small coronoid forming the
processus coronoideus and restricted to that
structure, not extending onto the triturating
surface nor forming a significant part of the
fossa meckelii.

In most casichelydians and Captorhinus the
coronoid is a large element, although it is
clearly distinct in both groups. In Captorhi-
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Fig. 58. Proganochelys quenstedti. Lateral views oflowerjaws. A, SMNS 16980, left ramus. B, SMNS
16980, right ramus. C, MB 1910.45.2, left ramus. D, MB 1910.45.2, right ramus. E, SMNS 15759,
entire lower jaw from right side.
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Fig. 59. Comparisons of lower jaws in lateral view. A, Captorhinus sp., from Heaton (1979). B,
Proganochelys quenstedti, SMNS 16980. C, Palatobaena bairdi, AMNH 8277, from Gaffney (1982).

nus there is only a barely recognizable pro-
cessus coronoideus. Proganochelys and
Meiolania, however, differ only slightly. Cap-
torhinus has a coronoid that extends ante-
riorly to lie medial to nearly half ofthe tooth
row and curves ventromedially to form the
anterior margin ofthe fossa meckelii. It seems
clear that the coronoid ofProganochelys does
not extend anteriorly even though it does in
most casichelydians. Meiolania also has a re-

stricted coronoid, but I interpret the condi-
tion as independent autapomorphies for both
taxa.
The coronoid ofProganochelys contacts the

dentary anteriorly, the surangular laterally,
and the prearticular medially. The right side
of SMNS 16980 has some bone floating in
an open suture that may be coronoid; if so,
then a contact with the splenial was also pres-
ent.
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Fig. 60. Proganochelys quenstedti, medial views of lower
1910.45.2.

ARTICULAR sagittal st

Portions of the articular are preserved in which ca
all three specimens; both the Berlin skull and area artic
SMNS 16980 have the area preserved satis- by three
factorily. The articular of Proganochelys is lar, articu
very similar to that bone in other turtles, it is variati(
is an irregular blocklike element lying at the ious casi4
posterior end ofthe jaw and bears the central is comm(
part of the area articularis mandibularis. It primitive
has a clear parasagittal suture with the sur- turtles. Ir
angular laterally, as can be seen in the Berlin amniotes
skull and SMNS 16980, and it has a para- formed a

jaws. A, B, SMNS 16980. C, D, MB

uture with the prearticular medially,
tn be seen in the Berlin skull. The
vularis mandibularis is thus formed
bones in Proganochelys: prearticu-
alar, and surangular. Although there
on in this condition among the var-

chelydian groups, the same pattern
on in cryptodires and appears to be
- for that group and probably for all
n Captorhinus and other generalized
, the area articularis mandibularis is
lmost entirely by the articular bone
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Fig. 61. Comparisons of lower jaws in medial view. A, Captorhinus sp., from Heaton (1979). B,
Proganochelys quenstedti, SMNS 16980, see Figure 60. C, Palatobaena bairdi, AMNH 8277, from
Gaffney (1982).

so that the three-element condition may be
interpreted as a chelonian synapomorphy.
Although the area articularis mandibularis

in Proganochelys is formed by three bones,
it is convenient to describe the entire struc-
ture here. The area is a well-defined concav-
ity, wider than long, lying just posterior to
the fossa meckelii. The concavity has a shal-
low, parasagittal groove for the surangular-

articular suture in SMNS 16980, and in the
Berlin skull an additional groove marking the
prearticular-articular contact, but there is no
medial longitudinal ridge as commonly found
in cryptodires dividing the concavity into two
regions. The typical pleurodiran hemispher-
ical area articularis mandibularis is therefore
best interpreted as a pleurodiran synapo-
morphy. The limits of the area in Progan-
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ochelys are formed by an irregular ridge that
is particularly distinct posteriorly. The con-
dylus mandibularis of the quadrate can be
articulated with the lower jaw in both the
Berlin specimen and SMNS 16980. The
quadrate articulation is not a convexity but
a curved concavity, formed such that the me-
dial half is lower than the lateral half. This
medial half fits into most of the area articu-
laris mandibularis while the lateral half fits
into the lateral margin of the area articularis
mandibularis formed by the surangular. The
resultant contact is not particularly close and
some cartilage presumably covered both ar-
ticular surfaces. However, there does not
appear to have been much opportunity for
fore-and-aft or side-to-side movement of the
lower jaw in relation to the skull, although
this is very difficult to determine in an extinct
animal.

In the Berlin skull, where contacts between
the articular, prearticular, and surangular can
be seen, the surangular forms about one-third
to one-half of the lateral portion of the area
articularis mandibularis, the articular forms
the central quarter or more, and the prear-
ticular forms the medial quarter. This con-
dition is similar to that found in many cryp-
todires and is interpreted as primitive for
them and a synapomorphy for turtles.

Proganochelys has a particularly large and
well-developed retroarticular process with a
morphology that is unique among turtles.
Posterior to the area articularis mandibularis,
the retroarticular process forms a concavity
on its dorsal surface that is nearly two-thirds
the size of the area articularis mandibularis.
The posterior end of the retroarticular pro-
cess is developed into a distinctive dorsal
flange that forms the posterior margin of the
concavity. Other turtles, as well as Capto-
rhinus, have large retroarticular processes, but
a dorsal process is unique to Proganochelys.
Pleurodires and some primitive cryptodires,
such as baenids and Meiolania, lack a retroar-
ticular process, but Kayentachelys has a mod-
erately well-developed one. The articular of
Proganochelys forms part of the posterior
limits ofthe fossa meckelii as in other turtles,
and it bears a short flange that extends into
the fossa meckelii.
The path of the chorda tympani usually is

in or near the articular bone in turtles, but

none is apparent in any of the Proganochelys
jaws. However, the bone preservation is not
good enough to be sure that a small foramen
is not present.

PREARTICULAR

The prearticular is preserved in all three
Proganochelys skulls but is best seen in the
Berlin skull and SMNS 16980. It is a long,
fairly slender element lying medial to the fos-
sa meckelii and extending posteriorly past the
area articularis mandibularis. Anteroven-
trally, the prearticular has a long, straight su-
ture with the splenial; this contact runs an-
terodorsally from the posterior margin ofthe
foramen intermandibularis caudalis to the re-
gion of the processus coronoideus. Antero-
dorsally, the prearticular appears to contact
the dentary, but it is possible that the coro-
noid prevents a dentary contact. It is likely
that at least the dorsalmost portion of the
prearticular contacts the coronoid. Poste-
riorly the prearticular lies medial to the ar-
ticular and possibly forms part ofthe retroar-
ticular process. Unfortunately the posterior
end of the jaw lacks sutures in all specimens.
Ventrally, posterior to the splenial contact,
the prearticular has a straight, horizontal su-
ture with the angular.
The prearticular in Captorhinus is a long,

thin element forming the medial margin of
the fossa meckelii. In Casichelydia the prear-
ticular is a much broader element with an
extensive anterodorsal expansion. The Pro-
ganochelys prearticular is advanced over the
Captorhinus condition in having an antero-
dorsal component and greater size, but it does
not reach the extent seen in casichelydians.
The prearticular of casichelydians extends
well anterior to the foramen intermandibu-
laris caudalis but in Captorhinus and Pro-
ganochelys it just reaches or barely extends
beyond the foramen.
The dorsal opening of the fossa meckelii

in Captorhinus is very large and opens more
medially than dorsally while in casichelydi-
ans the opening is relatively small and opens
dorsally. Proganochelys is intermediate in this
condition; the size ofthe opening is definitely
smaller than in Captorhinus, but larger than
in most other turtles. The prearticular forms
the medial margin of the opening and it is
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the dorsal expansion of this bone that is in-
volved in the change from a lateral-facing to
a dorsal-facing opening. Proganochelys clear-
ly has a dorsally oriented opening; the prear-
ticular expansion is only slightly developed
so that much of the fossa meckelii is open
medially because the medial margin is lower
than the lateral margin as in Captorhinus but
in contrast to casichelydians.

Posteriorly the prearticular has a medial
flange that bears part of the area articularis
mandibularis on its dorsal surface (see Artic-
ular). The posterior limits of the prearticular
and the degree of its participation in the for-
mation of the retroarticular process are not
determinable because the sutures appear to
be fused.

SPLENIAL

The splenial is preserved to a useful extent
in all three specimens but it is most complete
in SMNS 16980. In Proganochelys it is a large,
flat element lying medial to the dentary and
covering the sulcus cartilaginis meckelii and
fossa meckelii which lie lateral to it. The dor-
sal margin ofthe splenial contacts the dentary
just below the lingual ridge, while the ventral
area contacts the dentary and curves ventro-
laterally to form the ventral margin of the
jaw. Posteriorly the spenial contacts the
prearticular and posteroventrally the angular.
The splenial forms all but the posteroventral
margin of the foramen intermandibularis
caudalis. Anteriorly the margin ofthe spleni-
al is free, exposing the sulcus cartilaginis
meckelii on the dentary. A notch in the dorsal
part of the anterior margin of the splenial
marks the foramen intermandibularis me-
dialis.

In Captorhinus the splenial is a very ex-
tensive element that entirely covers the me-
dial surface of the dentary and the splenials
meet at the symphysis. Most turtles lack
splenials but they occur in chelids among ex-
tant taxa, and in plesiochelyids, baenids,
meiolaniids, and other extinct taxa. Although
the splenial ofplesiochelyids and meiolaniids
is larger than in other casichelydians, it is not
as large as the Proganochelys splenial. Pro-
ganochelys is therefore advanced over Cap-
torhinus in having a splenial that does not
meet in the midline and exposes some of the

dentary, and casichelydians have a splenial
smaller than the one in Proganochelys as a
synapomorphy.

THE SKULLS OF SMNS 15759
AND MB 1910.45.2

Although both ofthese skulls are described
to a certain extent in the main comparative
section, most of that description is based on
the better preserved SMNS 16980. In order
to more fully document these two specimens,
a separate description ofeach is provided here.

SMNS 15759
(figs. 23, 26, 30, 33, 36, 39, 47)

This skull is light in color, nearly white, as
are many Stubensandstein vertebrate fossils,
and is preserved in a light green matrix, a
mixture of sand and clay. Strong pressures
have compressed this skull laterally and
obliquely, so that the right half is shifted ven-
trally relative to the left half. Apparently the
skull was broken by parasagittal fractures and
repaired with plaster that now lies between
and within these surfaces. This specimen
seems to have been subjected to more plastic
flow of the bone and less gross crushing than
the Berlin skull. Very few sutures are visible
and this seems to be due to original fusion
because in some areas the bone appears to be
well enough preserved to show them clearly.
DERMAL RooFING ELEMENTS: The skull roof

of SMNS 15759 is narrower than in SMNS
16980 and the cheek is higher, the angle where
the roof and cheek join being much more
medially placed. It is very likely that this con-
dition is the result of lateral compression and
deformation rather than true biologic differ-
ence. Some evidence supporting lateral de-
formation can be seen in table 8, where the
interorbital width of SMNS 15759 is about
6 cm while in SMNS 16980, a smaller skull,
the interorbital width is actually greater, 7
cm. The dorsal part ofthe skull roofin SMNS
15759 is almost complete; only portions of
the posterolateral margin and a section in the
region of the presumed prefrontal are miss-
ing. The surface of the bone is best preserved
among the three Proganochelys skulls in
SMNS 15759 and consists of a coarse net-
work ofgrooves. The scale areas, particularly
on the skull roof, are clearly delimited by
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TABLE 8
Size Comparison (in centimeters) of Three Proganochelys Skulls

SMNS 16980 SMNS 15759 MB 1910.45.2

Premaxilla-condyle length
Premaxilla-posterior edge of parietal
Width of skull over orbits
Width of skull at mandibular articulation
Width of maxillary triturating surface
Length of triturating surface (measured parallel to skull

margin)
Width of condylus mandibularis
Width of orbit

Distance between posterior margin of orbit and incisura
columella auris

Distance between anterior margin of orbit and posterior
margin of apertura narium externa

Comparison of premaxilla-condyle lengthd
Comparison of premaxilla-parietal skull lengthd
Comparison of triturating surface widthd
Comparison of triturating surface lengthd
Comparison of distance betw. posterior margin of orbit
and incisura columella aurisd

Comparison of distance betw. anterior margin of orbit
and posterior margin of apertura narium externad

Average of six cranial comparisons listed above
Comparison of maximum carapace lengthd (see Table 1 1)
Maximum length of lower jaw ramus

Depth of lower jaw at processus coronoideus

Depth of lower jaw midway along triturating surface

Width of lower jaw at widest point below processus coronoi-
deus

Comparison of lengthsd
Comparison of lower jaw depth at processus coronoideusd
Comparison of lower jaw depth midway along triturating

surfaced
Average of three above comparisons

9.7
8.1
7.0
8.1
0.6 (R & L)
4.4 (R)
4.7 (L)
1.6
3.2 (R & L)

3.9 (R)
3.5 (L)
2.0 (R & L)

72.9%
67%
54%
63%c
60%

69%

64.3%
83%
9.4 (R)
9.8 (L)
2.2 (R)
2.4 (L)
1.6 (R)
1.5 (L)
1.2 (R)
1.1 (L)

75%c
63%c
6l%c

66%

a One margin measured is a broken edge.
b Measurement obviously influenced by postmortem deformation.
c Average of right and left measurements.
d Berlin skull = 100%.

distinct grooves and raised areas within the
scute (see Scale Area for description). The
apertura narium externa is preserved on both
sides of the intemarial process and is nar-
rowly oval. The intemarial bar is smooth and
lacks the surface texture. The dorsal margin
of the apertura has a protuberant rugosity in
SMNS 15759 which is absent in the other
two skulls.
The snout region in SMNS 15759 is mostly

complete and bears a similar surface texture
to the skull roof, although not expressed as
distinctly. The orbits are relatively larger and
higher than in SMNS 16980. Although the
margins ofthe right orbit are nearly complete,
this is best interpreted as a result of plastic
deformation similar to that which has taken
place in the palate. The right cheek posterior
to the orbit is a mixture ofbone and plaster,
the entire internal surface is covered with

12.Oa
11.6
6.Ob
6.0 (est.)b
0.7 (R & L)
5.3 (R)
6.8 (L)

3.3 (R)b
- (L)
4.6 (R)
- (L)
2.7 (R)
3.2 (L)

91.0%
96%
59%c
84%c
86%

1OO%c

86%
92% (est.)
IL.2a(R)
8.2a(L)
3.1 (R)

indet.
2.3 (R)
2.4 (L)

0.7 (R)
indet.
86%
83%
92%c

87%

13.3
12.Oa
7.4b
7.6b

1.2 (R & L)
- (R)
7.2 (L)
2.1
3.5 (R)
3.8 (L)
5.8 (R)
3.8 (L)
2.9 (R & L)

I00%c
100%
100%
100%
100%c

100%

100%
100%
11.5 (R)
13.0 (L)
3.7 (R)
3.6 (L)
2.5 (R)
2.6 (L)
1.2 (R)
1.1 (L)

100%
100%
I00%c

100%
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TABLE 9
Comparison of the Three Proganochelys Skulls

SMNS 16980 SMNS 15759 MB 1910.45.2

Postmortem damage Microscopic fracturing of Severe lateral compres- Severe lateral compression
bone with little appar- sion with plastic defor- with fracturing
ent displacement mation

Sutures Open, except in brain- Nearly all fused Nearly all fused
case where most ele-
ments are fused

Relative size (Berlin skull 60-70% 80-90% 100%
as 100%)

Pitted, rugose surface on No Yes Yes
anterior margin of na-
sal

Scale expression Poor Good Poor
Skull shape as preserved Low and broad High and narrow High and narrow
Labial ridge Low High Intermediate
Lower jaw Shallow Deep Deep

plaster, and the differentiation of the two is
difficult to determine externally. On the right
side the dermal skull stops at a broken edge
just posterior to the anterior margin of the
cavum tympani, a small portion ofthe cavum
is preserved. Dorsally the posterior margin
of the parietals is a natural edge above the
supraoccipital area but the remaining mar-
gins are broken. On the left side almost all
of the cheek behind the orbit is missing; the
few preserved bone sections along the orbital
rim are supported in plaster.
The ventral surface of the skull is visible

in SMNS 15759 between the orbits. As usual
in this specimen, sutures are not clear here
but some low ridges, apparently defining the
position ofthe olfactory roots, are on the area
of the frontals.
PALATAL ELEMENTS: The palate of SMNS

15759 is badly deformed by lateral compres-
sion. The triturating surface has most of the
labial ridge broken on both sides, and the
ridge as preserved is restored based on the
few remaining fragments of the original on
the left side. Similarly much of the lingual
ridge is broken but its restoration is based on
more original bone, again on the left side.
The anterior part ofthe palate has a long area
of bone in the region of the vomer that ex-
tends posteriorly to the interpterygoid va-
cuity. It is, however, separated laterally by
matrix from the rest of the skull due to large
areas of missing bone. Some of the palatine

is present, at least on the left side, where the
foramen palatinum posterius is present and
a contact between the palatine and maxilla
can be seen.
PALATOQUADRATE ELEMENTS: The ptery-

goid is preserved on both sides but they are
both badly distorted. The interpterygoid va-
cuity can be made out, although in the ab-
sence of SMNS 16980 it would have been
difficult to interpret as such. The basiptery-
goid articulation is badly crushed and the
braincase has been shifted so that its midline
and palatal midline no longer line up. It is
not possible to see any articular surfaces and
interpretation of an open basipterygoid ar-
ticulation would be unlikely in the absence
ofSMNS 16980. The tooth rows on the pter-
ygoid can be made out; although few actual
teeth are preserved, it is primarily the raised
areas supporting the teeth that are visible. As
noted under Epipterygoid, it is possible that
this element is present in SMNS 15759, al-
though its poor preservation makes descrip-
tion difficult. The right quadrate is partially
preserved; the condyle, pterygoid process, and
part of the cavum tympani remain. The left
quadrate is all gone.
BRANCASE ELEMENTS: The braincase of

SMNS 15759 is generally poorly preserved
but it is the only specimen to retain the "pleu-
rosphenoid" ossification (see "Pleurosphe-
noid" for description). In occipital view it can
be seen that the braincase lacks the occipital
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condyle and the posterior and right lateral
areas ofthe basioccipital. Although badly de-
formed, the fenestra ovalis can be made out
on both sides and just above it the groove
for the stapedial artery. The foramen stape-
dio-temporalis and other posterior structures
are gone. The anterior part of the foramen
jugulare anterius can barely be recognized; its
posterior area is broken away. The supraoc-
cipital area is fairly well preserved and closely
resembles SMNS 16980. The paroccipital
processes are missing.

MB 1910.45.2
(figs. 21, 24, 28, 31, 34, 37, 53)

The skull described by Jaekel (1918a) has
had considerable influence on chelonian pa-
leontology and, in retrospect, it is unfortunate
that the specimen is so poorly preserved.
Strong lateral compression has crushed the
sides of the skull toward the midline in a
direction similar to SMNS 15759, but while
much of the deformation in SMNS 15759 is
plastic flow, in the Berlin skull the defor-
mation is more straightforward breakage and
visible cracking. For example, the palatal de-
formation that resulted in the incorrect re-
construction by Jaekel (1918a: fig. 47) is
caused by the telescoping of the two halves
ofthe palate over each other, while in SMNS
15759 the palate is even narrower but the
bones are not slid over each other. The result
is that in the Berlin skull some areas, such as
the palate and basicranium, are almost com-
pletely useless morphologically, while others,
such as the triturating surfaces and cavum
tympani are well preserved. The direction of
deformation is such that the left side of the
skull is posterior and somewhat ventral to
the right side.
The Berlin skull is dark in color, the bone

is nearly black while the matrix is dark red-
dish-brown with frequent incrustations of
what appear to be iron oxides. The bone is
minutely fractured and under the microscope
it is difficult to discern sutures or fine struc-
tures. As in SMNS 15759 most ofthe sutures
appear to be fused. The surface of the skull
is covered with small bumps and coarse tra-
beculae, different from the surface texture of
SMNS 15759; in fact, all three skulls have
different surface textures. Most of the skull
surface is scarred and scratched from prep-

aration, but matrix still remains in most of
the indented areas. Some parts of the skull
have been restored in plaster and the plaster
was painted, resulting in considerable diffi-
culty in determining the limits ofmissing bone
(see Jaekel, 1914, plate 5, for figure of the
skull at an early stage ofpreparation). Jaekel's
(191 8a) figures, especially the photographs in
plate 4, which are of good quality, give no
indication of plastered areas. Supposed su-
tures have been painted on the skull but in
nearly all cases there is no evidence for su-
tures in these positions. Although most ofthe
plaster has been identified and the paint re-
moved, at least at the edges, the entire skull
needs a complete preparation effort.
DERMAL ROOFING ELEMENTS: The nasal

area of the Berlin skull has no indication of
sutures but the presumed descending process
of the nasal is incomplete with the ventral
portion broken off and not reaching the pre-
maxilla. As in SMNS 15759, the process is
smooth while the more dorsal portion of the
nasal is very rugose. The upper part of the
skull seems to have been pushed back here
so that in life the nasal would have been near-
ly on a vertical line with the premaxilla as in
SMNS 16980. The margin of the apertura
narium externa is damaged but it does not
appear to have been significantly different
from that of SMNS 16980. The interior of
the fossa nasalis cannot be seen. The "post-
nasalia" of Jaekel (1918a: fig. 32 in particu-
lar) do not exist. The area indicated in figure
32 on the left side ofthe skull is mostly plaster
with no discernible sutures.
No sutures are visible on the underside of

the skull roof; much of the interior is still
filled with matrix. In the anterior wall of the
orbit on both sides the descending processes
of what appear to be the prefrontals can be
seen, and these agree with the other two skulls.
As preserved, the processes nearly meet in
the midline but this is the result of crushing.
The area marked "Lacrymalia" by Jaekel
(191 8a: fig. 32) seems to be lacrimal and max-
illa without discernible sutures. The median
skull elements are not distinct; most of Jae-
kel's sutures seem to be poorly preserved sul-
ci (see Scale Areas).
On the right side of the skull the cheek is

crushed medially beneath the skull roofwhich
forms a slight overhang and considerably dis-
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torts the shape of the orbit. The right side is
restored behind the orbit in the area of the
postorbital and where the squamosal forms
the posterior margin of the skull.
PALATAL ELEMENTS: One ofthe few sutures

visible in the Berlin skull is the premaxilla-
maxilla contact on the outside of the skull.
More posteriorly the maxilla-jugal contact
appears to be in a low trough, much as in
SMNS 16980, and in the position drawn by
Jaekel (1918a). In palatal view the premax-
illary-maxillary triturating surfaces are rela-
tively well preserved with distinct labial and
lingual ridges separated by a curved trough.
Medial to the triturating surfaces most of the
bone is badly deformed but the apertura nari-
um interna and portions of the palatine can
be seen. The vomer is visible in the midline
and a midline suture separating paired vo-
mers can be made out.
PALATOQUADRATE ELEMENTS: The ptery-

goids and associated elements have been tele-
scoped on the midline, completely obliter-
ating the interpterygoid vacuity and seriously
distorting the shape of these elements. The
teeth are imbedded in an incrustation ofma-
trix (and perhaps iron oxide) that obscures
the position ofthe midline and the symmetry
of the palate. Using SMNS 16980, a midline
can be hypothesized and this suggests that
the palate is crushed farther to the right in
relation to the basisphenoid and basioccipi-
tal, thick elements that have survived post-
mortem damage better than the palate.
The position ofthe basicranial articulation

can be made out and, using SMNS 16980, it
is possible to identify some ofthe articulation
surfaces as being consistent with those of
SMNS 16980. Unfortunately, some of the
area of the basicranium was apparently
opened but glued back together during prep-
aration. The quadrate process of the ptery-
goid can be seen and some of the quadrate-
pterygoid contact is visible; its position is as
in SMNS 16980. Although the quadrates of
the Berlin skull are somewhat damaged, in
general their preservation is good and allows
useful information to be obtained (see Quad-
rate). The right stapes is preserved and is de-
scribed elsewhere (see Columella Auris).
BRAINCASE ELEMENTS: A sagittal view of

the posterior part ofthe braincase is provided
by Jaekel (1918a: fig. 46), but there are prob-

lems with this figure. Apparently the figure
was made during preparation when the skull
had been broken along parasagittal fractures,
because at present the cavum cranii is filled
with matrix and glue. Therefore, the features
described by Jaekel cannot be validated or
falsified. There is a hole drilled into the ma-
trix for a mounting rod.
The occipital condyle is well preserved but

the basioccipital-exoccipital contacts figured
by Jaekel are cracks. Ventrally, the basioc-
cipital tubercle is well preserved and rela-
tively larger and better developed than in
SMNS 16980. The foramenjugulare anterius
and processus interfenestralis can be made
out on both sides of the Berlin skull. These
features and the foramen stapedio-temporal-
is are described elsewhere (see Quadrate, Op-
isthotic).

SIZE COMPARISONS AMONG
PROGANOCHELYS SKULLS

The three available skulls ofProganochelys
differ in shape and size as preserved and in
order to identify morphologic features that
may be related to growth it would be impor-
tant to determine what the size relations are
among the three skulls. SMNS 16980 is near-
ly undistorted, but the other two skulls suffer
from serious lateral compression and other
deformations not easily identified. Even the
determination of the relative degree of size
difference among the three skulls is difficult
because so many of the measurements are
apparently affected by postmortem defor-
mation. Table 8 lists a series of measure-
ments that were made on all three skulls and
lower jaws. The length measurements, taken
parallel to the midline, would presumably be
less affected by the lateral crushing, and this
is reflected in comparing the premaxilla-con-
dyle length to the skull width over the orbits.
In order to reduce the effect of lateral defor-
mation, five measurements taken parallel to
the midline and one measurement ofthe trit-
urating surface width were compared among
the skulls by choosing the Berlin skull as 100
percent. These measurements do vary but
they suggest that SMNS 16980 is about 60
to 70 percent smaller than the Berlin skull.
The lower jaw measurements also tend to
agree with these figures.
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POSTCRANIAL MORPHOLOGY

DORSAL SURFACE OF CARAPACE
(table 10, figs. 69-74)

MARGINAL SCUTES

Marginal scute markings are most com-
pletely seen on SMNS 16980 and the Berlin
specimen but some can also be seen on SMNS
17203, SMNS 17204, SMNS 10012, and
SMNS 15759. A complete marginal series
can be seen only on the left side of SMNS
16980 which has 16 marginals. However, the
Berlin specimen appears to have an addi-
tional marginal at the beginning of the series
so that there would be 17 in this specimen.
The discrepancy between the Berlin carapace
and SMNS 16980 is ofsome interest because
it must be considered in light of a possible
taxonomic distinction between the two. A
close comparison of the anterior marginals
shows that the Berlin specimen has an ad-
ditional marginal formed anterior to the first
marginal in SMNS 16980 and that the mar-
ginals posterior to this one in the Berlin spec-
imen agree closely in the two shells. The first
marginal in SMNS 16980 has the same shape
and is in the same relative position as the
second marginal in the Berlin specimen; that
is, this marginal lies anteromedial to the first
supramarginal and contacts it in a short, di-
agonally trending sulcus. Furthermore, the
marginals lateral to this one are also similar
in position and shape. In order to facilitate
the description of the marginals among the
Proganochelys shells, I will refer to the first
marginal of SMNS 16980 as marginal 2 and
the first marginal of the Berlin specimen as
marginal 1. Unfortunately, none of the other
specimens has this region sufficiently well
preserved to determine the presence or ab-
sence of marginal 1.
Marginal 1 of the Berlin specimen lies be-

tween the cervical scute and marginal 2. Jae-
kel (1918a) numbered this scute "1" in his
figure 7 but presumably considers it as "2"
in figure 23 because the scute lateral to it is
numbered "3". In figure 23, Jaekel counts
the cervical as the first marginal due to a
supposed sulcus down the midline (I do not
see one). Figure 7 is a ventral view and he
numbered the serrations, thereby missing his

subdivided cervical. (Both figures, nonethe-
less, end up with the same number of mar-
ginals, a situation discussed below.) I also
disagree with Jaekel's drawing of this scute
(ibid.: fig. 23). In his figure of the marginal
in question (marginal 1 of my numbering),
he shows a medial contact with the first ver-
tebral scute but as I see it (fig. 69) the cervical
scute forms the posterior border of marginal
1 with only a narrow contact with the first
vertebral. Marginal 1, as seen in the Berlin
specimen, fits between marginal 2 and the
cervical scute and lies on a projection ofbone
that is similar to the serrations forming mar-
ginals 2 and 3 but is smaller in size. As pres-
ently restored, SMNS 16980 has what ap-
pears to be a small projection on the right
side of the nuchal in the position ofmarginal
1. However, this projection is an anomaly of
preparation, a block of material has been
added between two pieces ofthe cervical scute,
causing a separation within the cervical scute
area.

Is the presence ofan extra scute in the mar-
ginal series of the Berlin specimen of taxo-
nomic significance or should it be interpreted
as individual or growth variation? The Berlin
carapace is larger and has generally better def-
inition of sulci and surface texture consistent
with the interpretation ofan individual older
than SMNS 16980. However, in view of the
very small sample, it is impossible to come
up with a definitive answer to this question.

Marginal scute 2 (again, the first marginal
on SMNS 16980) is preserved only on SMNS
16980 and the Berlin specimen (it is probably
also present in SMNS 17204, but poor pres-
ervation precludes accurate identification, see
below). It lies on an anteriorly projecting ser-
ration smaller in size than marginal 3 but
larger than marginal 1 (in the Berlin speci-
men). Marginals 2 and 3 differ from the other
anterior marginals in having more pointed
tips. In SMNS 16980 marginal 2 forms the
lateral margin of the nuchal embayment and
has a posteromedial sulcus with the cervical
scute, while in the Berlin specimen marginal
2 has a medial contact with marginal 1. In
both specimens marginal 2 has a postero-
lateral contact with supramarginal 1 and a
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lateral contact with marginal 3. In the Berlin
specimen marginal 2 has a narrow posterior
contact with vertebral 1, while in SMNS
16980 the cervical scute and supramarginal
1 meet to prevent contact of marginal 2 and
vertebral 1.
At this point it should be noted that SMNS

17204 (fig. 86) has a portion of the anterior
carapace margin preserved on the left side.
Unfortunately, it is not really possible to pre-
cisely identify the marginal scute impression
or to determine the midline due to poor pres-
ervation. At least three marginal scute
impressions can be seen and they are prob-
ably 1-3 or 2-4. Ifthey are identified as mar-
ginals 1, 2, and 3, it would strengthen the
hypothesis that the degree of expression of
marginal 1 is a growth phenomenon, not a
taxonomic distinction, because SMNS 17204
is a larger individual than SMNS 16980.
However, the poor preservation and ambig-
uous nature of sulci and scute definition pre-
cludes positive identification of these mar-
ginals.

Marginal 3 (seen distinctly only in SMNS
16980 and the Berlin specimen) is bounded
medially by marginal 2 and laterally by mar-
ginal 4 and its posterior margin is a transverse
sulcus with supramarginal 1. In SMNS 16980
marginals 3 and 4 are the anteriormost edge
ofthe shell while in the Berlin specimen mar-
ginal 3 is anteriormost but this could be due
to damage of marginal 4 in the latter shell.

Marginal 4, as preserved in SMNS 16980
and the Berlin specimen, is bound medially
by marginal 3, laterally by marginal 5, and
posteriorly by supramarginals 1 and 2. Mar-
ginal 3 lies directly anterior to the center of
supramarginal 1 while the center of marginal
4 is anterior to the sulcus between supra-
marginals 1 and 2 so that the posterior mar-
gin of marginal 4 extends between and par-
tially separates supramarginals 1 and 2.

Marginal 5 is quite similar to 4; it is roughly
the same shape and partially separates su-
pramarginals 2 and 3. It is best seen in SMNS
16980 but is also visible in the Berlin spec-
imen. SMNS 15759 has a portion ofthe shell
with marginals preserved in the right anterior
quadrant. There is a prominent sulcus be-
tween two marginals that I interpret as mar-
ginals 4 and 5. In contrast to the other spec-
imens, which do not seem to have the surface

texture particularly well preserved, these two
marginals in SMNS 15759 show about four
or five low, parasagittal ridges that become
more pronounced near the sulcus with the
supramarginals. The Berlin specimen shows
similar ridges on the more posterior margin-
als and, presumably, this pattern was found
in most of them originally.

Marginal 6 is more elongate than 5, and
while 5 still has a fair degree of serration,
marginals 6 through 11 have only a shallow
notch at the intermarginal sulcus and a slight
bulge in the middle of the scute area. Mar-
ginal 5 is mostly on the anterior edge of the
carapace but it begins the curve posterolater-
ally and marginal 6 is more lateral than an-
terior.

Marginals 6 through 9 cannot be differ-
entiated on the Berlin specimen due to loss
and crushing, but they can be made out on
the left side ofSMNS 16980 and to a certain
extent on the right side as well. Marginals 7
through 10 are similar in shape and relation
to the supramarginals. These marginals are
relatively thin and long and have an alter-
nating relationship with the adjoining supra-
marginals, very much as in the more anterior
marginals.

Marginal 11 is larger in size than marginals
7 through 10 and begins the curve around the
posterior margin of the carapace but it does
not have a pronounced projection forming a
serrated margin as in the more posterior mar-
ginals. Marginal 12 is the most anterior of
the distinctly serrated marginals. Although
marginals 11 and 12 still have a roughly al-
ternating pattern with respect to the supra-
marginals, the degree of overlap is changed
so that, for example, marginal 11 contacts a
greater portion of supramarginal 8 than su-
pramarginal 9. In the more posterior mar-
ginals, the intermarginal sulci tend to line up
with the intersupramarginal sulci, as in mar-
ginals 14 and 15 and supramarginals 11 and
12, and the alternating arrangement of the
more anterior scutes is modified.
Most of the above description is based on

the Berlin specimen and SMNS 16980 but at
this point additions can be made from SMNS
17204. This specimen, which has a generally
poorly preserved carapace, does have the left
posterior marginals 9 through 16 well pre-
served and the following description takes
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Fig. 62. Proganochelys quenstedti, SMNS 10012. Dorsal view of carapace.

this specimen into account as well as the oth-
er two.
The posterior marginals 13 through 16 are

strongly serrated with tips more acuminate
and pronounced than in the anterior serrated
marginals. Marginals 13 through 15 extend
in a posteromedial curve but at marginal 16
the curve changes so that marginal 16 is di-
rectly medial to marginal 15, rather than pos-
teromedial, and this begins the pygal embay-
ment. Marginal 16 is relatively smaller than
marginals 13 through 15, particularly in
SMNS 17204, Where marginal 16 is about
halfthe size ofthe same marginal in the other
two shells. Marginal 14 contacts supramar-
ginal 11 for its entire length, both scutes being
about the same width, but supramarginal 12
is' relatively large and forms the posterior
contact for marginals 15 and 16. The prox-

imal portions of marginals 12 through 14 are
preserved in SMNS 15759 and they agree
with those of the other shells.
The last marginal, 17, is about the same

size as 16 but has a less pronounced serrated
tip. In SMNS 17204, marginal 17 differs from
those of SMNS 16980 and the Berlin speci-
men because the degree of serration is re-
duced to a low bulge in SMNS 17204. Al-
though marginals 16 and 17 of this specimen
are unusually small in comparison to those
of the other two shells, the more anterior pe-
ripherals of SMNS 17204 are developed as
in the other shells. Marginal 17 contacts mar-
ginal 16 laterally but the extent of contact
apparently varies, even within one specimen;
however, this area is not entirely clear on all
the specimens. There is usually a broad con-
tact between marginal 17 and supramarginal
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Fig. 63. Proganochelys quenstedti, SMNS 10012. Upper, left lateral view of carapace; lower, right
lateral view of carapace.

2 anterolaterally and an anterior contact be-
tween this marginal and vertebral 4. Medi-
ally, marginal 17 is bordered by the supra-
caudal scute.

SUPRAMARGINAL SCUTES

Proganochelys has 12 pairs of supramar-
ginal scutes in contrast to casichelydians,
which are not known to have more than three
pairs of supramarginals; there are three pairs
in Platychelys and three pairs in Proterocher-
sis. This latter genus, however, has a peculiar
arrangement of posterior scutes so that it ap-
pears that the posterior marginals are actually
supramarginals extending to the edge of the

carapace. If so, Proterochersis might be in-
terpreted as having seven or eight pairs of
supramarginals. The form and position ofthe
supramarginals in Proganochelys are the least
well preserved of the carapacial scutes, num-
bers 6 through 8 being the most dubious. The
supramarginals can be seen primarily in
SMNS 16980 and the Berlin specimen, with
portions identifiable in SMNS 15759 and
SMNS 17204. Jaekel (1918a) restored the
Berlin shell with 11 pairs of supramarginals,
but even though the lateral portions of that
specimen are poorly preserved, it seems to
me that 12 is the correct number.
The supramarginals ofProganochelys form

an uninterrupted row ofscutes extending from
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Fig. 64. Proganochelys quenstedti, SMNS 10012. Ventral view of carapace. See text for discussion.

the 2nd to the 17th marginal and lying be-
tween the marginals and pleurals. The first
supramarginal is wider transversely than long
and contacts pleural 1 posterolaterally, su-
pramarginal 2 laterally, marginal 4 antero-
laterally, marginal 3 anteriorly, and marginal
2 anteromedially. In the Berlin specimen
marginal 2 contacts vertebral 1 to prevent
supramarginal 1 from reaching marginal 1
and the cervical scute, but in SMNS 16980
supramarginal 1 contacts the cervical scute
at about the position that marginal 1 is formed
in the Berlin specimen. (The Berlin specimen
has marginal 1 but SMNS 16980 does not.)
As far as I can determine, this is the most
striking difference between the supramargin-
als of SMNS 16980 and those of the Berlin

specimen. Supramarginal 1 of SMNS 15759
is preserved with clear sulci but the more
medial sulci are ambiguous and the margin
of the shell is broken, preventing identifica-
tion of marginal scutes. Nonetheless, SMNS
15759 appears to have a scute pattern as in
the Berlin specimen, with the first vertebral
separating supramarginal 1 from the nuchal.
Supramarginal 1 in SMNS 15759 is relatively
larger than in the other shells and supramar-
ginal 2 is quite small so that the sulcus be-
tween these two supramarginals nearly lines
up with the sulcus between marginals 4 and
5, rather than alternating as in the other shells.
Supramarginals 2, 3, and 4 are similar in

shape to 1, but slightly smaller. They alter-
nate with the marginals and lie along the an-
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terior edge of pleural 1. There is some evi-
dence that the left supramarginal 3 on the
Berlin specimen may be constricted in the
middle or even subdivided but this is only
speculative. Right supramarginals 2 through
7 are uninterpretable on this specimen. The
intersupramarginal sulci from 1 to 8 (roughly)
are relatively short and the marginals ap-
proach the pleurals in an alternating pattern.
The supramarginal-pleural sulci, however,
tend to be straighter, with a less undulating
line. Pleural 2 is bordered by supramarginals
5 and 6 (and possibly a portion of 7) and
pleural 3 is bordered by supramarginals 7, 8,
and the anterior half of 9.
The posterior supramarginals, 9 through

12, tend to be slightly larger and more equi-
dimensional than the anterior ones. Supra-
marginal 9 (the posterior half), 10, 1 1, and
12 form the posterolateral and posterior bor-
der ofpleural 4. Supramarginal 12 is the larg-
est supramarginal and is roughly pentagonal.
Its anterior border is pleural 4, the antero-
medial border is vertebral 4, the postero-
medial border is marginal 17, and the pos-
terior border is marginals 15 and 16.
The anterior supramarginals are broadly

convex while the more posterior supramar-
ginals, particularly 9 through 12, have a low
but acuminate tip near the posterolateral edge
of the scute.

PLEURAL SCUTES

Proganochelys has four pairs of pleural
scutes, the only series ofcarapacial scutes that
agree in number with those of Casichelydia.
Useful portions of the pleurals are preserved
primarily in the Berlin specimen, SMNS
16980, and SMNS 15759, with some por-
tions identifiable in SMNS 17203. The distal
contacts of the pleural scutes with the supra-
marginals have been dealt with above.
The first pleural scute in Proganochelys is

the smallest, it contacts vertebral 1 postero-
medially, pleural 2 posteriorly, and supra-
marginals 1 through 4 in a curved line from
the anterior margin to the lateral margin.
Pleurals 2 and 3 are about the same size and
shape; they alternate with the vertebrals to
produce a zig-zag sulcus pattern. Pleural 2
contacts vertebral 1 anteromedially and ver-
tebral 2 posteromedially, while pleural 3 con-

Fig. 65. Proganochelys quenstedti, SMNS
10012. Portions of internal molds with only small
fragments remaining, anterior toward top of page.
A, left half of plastron, posterior lobe missing; B,
posterior section of left side of carapace.

tacts vertebral 2 anteromedially and verte-
bral 3 posteromedially.

Pleural 4 is smaller than 2 and 3 but larger
than pleural 1. It contacts vertebral 3 antero-
medially, vertebral 4 posteromedially, and
supramarginals 9 through 12 posterolateral-
ly.
The pleurals are generally flat with a very

weak series ofradial ridges, best seen on pleu-
rals 3 and 4 (except in SMNS 16980, which
has poor preservation of surface texture).
Pleural 4 has a low convexity near its medial
border. The pleurals and vertebrals have sulci
that undulate in a fairly regular pattern to
produce a distinctive margin to these scutes
that I have not seen in other turtles. Unfor-
tunately, interpleural sulci are not apparent
in SMNS 17203, the only carapace with cos-
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Fig. 66. Proganochelys quenstedti, SMNS 15759. Right portion of carapace set into plaster recon-
struction. Upper, dorsal view; lower, right lateral view.
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Fig. 67. Proganochelys quenstedti, SMNS 15759. Ventral view of plastron (now missing, see text),
with fragments of left forearm osteoderms and left femur. Photograph courtesy of SMNS.

tal sutures, and it is not possible to determine
where the interpleural sulci fell on the costals.

VERTEBRAL SCUTES
Proganochelys is unique among turtles in

having only four, rather than five, vertebral
scutes. Fortunately, the intervertebral sulci
can be identified in SMNS 17203, the Pro-
ganochelys specimen showing neural and cos-
tal sutures. The vertebrals are best seen in
SMNS 16980 and the Berlin specimen with
some visible in SMNS 15759.

Vertebral 1 is the largest and occupies a
considerable area at the front ofthe carapace.
The anterior margin is embayed medially to
receive the cervical scute and associated

scutes. In the Berlin specimen vertebral 1
contacts marginals 1 and 2 but in SMNS
16980 the contact of the cervical scute and
supramarginal 1 prevents this contact. Ver-
tebrals and pleurals alternate so that the wid-
est part of each vertebral contacts an inter-
pleural sulcus. The intervertebral sulcus
between vertebrals 1 and 2 is transverse and
straight but the sulci forming the posterior
two intervertebral contacts are bent with the
center pointing anteriorly. Vertebral 4 is the
smallest, contacts pleural 4 anterolaterally,
supramarginal 12 posterolaterally, and the
pygal and marginal 17 posteriorly.
The vertebral scute areas have a distinctive

surface pattern, best seen in the Berlin spec-
imen. There is a series oflow ridges radiating
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Fig. 68. Proterochersis robusta, SMNS 15479.
External mold of plastron.

from a convexity near the posterior margin
ofeach scute. Anteriorly, a low midline ridge
can be made out. The posterior convexity on
vertebral 4 is more prominent than in the
other vertebrals.
SMNS 17203 shows that the intervertebral

sulcus of the first and second vertebrals falls
on the third neural, the second and third in-
tervertebral sulcus on the fifth neural, and
the third and fourth intervertebral sulcus on
the seventh neural. A comparison with other
turtles shows that these correspond with ver-
tebrals 2 through 5 rather than 1 through 4
as in Proganochelys. Proganochelys, then,
lacks the sulcus separating vertebrals 1 and
2 of the casichelydians. Vertebral 1 is a very
large scute in Proganochelys, but the sulcus
between vertebrals 1 and 2 in other turtles
usually falls on neural 1, and neural 1 cannot
be identified in Proganochelys at present.
Nonetheless, it is apparent that vertebral 1

of Proganochelys is comparable with verte-
brals 1 and 2 in other turtles; similarly ver-

tebral 2 of Proganochelys is comparable to
vertebral 3 of other turtles, vertebral 3 is
comparable with vertebral 4, and vertebral 4
is comparable with vertebral 5. In evolution-
ary process terms, whether vertebral 1 ofPro-
ganochelys was subdivided or whether a new
scute was added anterior or posterior to ver-
tebral 1 cannot be determined.

Is the condition of the vertebrals in Pro-
ganochelys primitive for turtles or an auta-
pomorphy for Proganochelys? The absence
of a shelled outgroup again makes such a
question impossible to answer definitively.

NUCHAL REGION

Sutures differentiating a nuchal bone are
not discernible on any of the specimens al-
though the region is preserved in the Berlin
specimen, in SMNS 16980, SMNS 17204,
and SMNS 15759. Proganochelys has a pro-
nounced nuchal embayment bordered pos-
teriorly by a C-shaped, shallow cervical scute.
In SMNS 16980 this scute is broad, contact-
ing supramarginal 1 laterally but in the Berlin
specimen marginal 1 (absent in SMNS 16980)
occupies some of the cervical scute area of
SMNS 16980 resulting in a narrower cervical.
The cervical scute area is convex with the
anterior surface flattened vertically.

PYGAL REGION

The posterior margin of the carapace in
Proganochelys has a pygal embayment bor-
dered anteriorly by a broad, shallow supra-
caudal scute. The supracaudal scute has paired
knobs that rise above the surface and extend
posteriorly to a slight extent. Jaekel (1918a)
interpreted this as two scutes but I have found
no median sulcus in any specimen.
The ventral surface ofthe Berlin specimen

has what may be tentatively identified as su-
tures surrounding a suprapygal but there are
none for a pygal, although one was presum-
ably present.

INTERNAL MORPHOLOGY OF
CARAPACE
(figs. 75-88)

NucHAL REGION

The nuchal embayment appears deeper in
the Berlinspecimen than in SMNS 16980 but
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Fig. 69. Comparison of the carapacial scales in two specimens of Proganochelys quenstedti. A-C,
MB 1910.45.2; D-G, SMNS 16980. Figures A and D are the right sides reversed to ease comparison
with the other views. Broken lines indicate dubious sulci. Figure G is a reconstructed left side view of
SMNS 16980. Figures A, C, D, and F are dorsolateral oblique views; while figures B and E are dorsal
views. Abbreviations: C, cervical scute; M, marginal scute; P, pleural scute; SC, supracaudal scute; SM,
supramarginal scute; V, vertebral scute. From Gaffney (1985a).
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Fig. 70. Proganochelys quenstedti, SMNS 16980. Dorsal view of carapace.

this is due to the presence in the Berlin spec-
imen of the first marginals, anteriorly pro-
jecting processes that tend to make the em-
bayment more acute. The anterior edge of
the nuchal embayment is thicker than the
other shell margins and is truncated in the
form of a vertical plane, curved to meet the
tapering edge ofthe marginals on either side.
The limits of the nuchal bone (assuming that
one was present) are not visible on any spec-
imen. The ventral surface of the nuchal re-
gion indicates that the body wall was attached
along the bone margin, rather than more pos-
teriorly, so that there was no overhanging
area of bone as seen in some other turtles.
Lateral to the nuchal embayment, Progan-
ochelys does have such an overhang.

On the midline of the ventral surface pos-
terior to the margin is an attachment area for
the dorsally expanded neural spine of the
eighth cervical vertebra. In the Berlin spec-
imen the neural spine is firmly fused to the
shell and the lower portion of the spine with
the centrum is broken off, but in SMNS 16980
the entire eighth cervical is free. In SMNS
16980 there is a concavity for the reception
of the eighth cervical spine and it is likely
that this represents a sutural attachment.
Again, the presumedjuvenile nature ofSMNS
16980 can be invoked to explain this differ-
ence between the two specimens. There is no
indication ofan articular facet for the seventh
cervical. Meiolania platyceps has well-devel-
oped articular facets for both seventh and
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Fig. 71. Proganochelys quenstedti, SMNS 16980; carapace. Upper, dorsolateral oblique view of left
side, anterior toward left; lower, dorsolateral oblique view of right side, anterior toward right.

eighth cervical spines, while chelonioids have
an articulation facet for the eighth cervical
spine. Both of these are movable and not
sutural articulations; they are interpreted as
nonhomologous with the condition in Pro-
ganochelys.
The area lateral to the midline and anterior

to the rib of the first thoracic vertebra is un-
usually complex in Proganochelys. Into this
space projects the rib of the eighth cervical,
the dorsal process of the scapula, and the

dorsal process of the epiplastron. In the Ber-
lin specimen these elements (except for the
scapula, which is placed too low) can be seen
articulated in approximately natural position
(fig. 81), while in SMNS 16980 the ventral
surface of the carapace is preserved disartic-
ulated from the epiplastral process (fig. 98).
The dorsally expanded epiplastral process has
a broad sutural attachment to the carapace
just posterior to marginals 2 and 3. Behind
the epiplastral process is a pit, concave ven-
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Fig. 72. Proganochelys quenstedti, SMNS 16980. Dorsal view of carapace corrected for crushing to
show scale arrangement and shape. Surface texture poorly preserved and not indicated. See Figure 70.

trally, that appears to contain the articulation
for the dorsal process of the scapula (fig. 82).
The rib of cervical 8 (fig. 83) is curved lat-
erally and seems to fit behind the scapular
process. This entire morphology is known so
far only in Proganochelys but it may still be
the primitive condition for turtles. The ar-
ticulation of the scapula behind the clavicle
(epiplastra) is normal in amniotes and that is
still the situation in Proganochelys.

THORACIC VERTEBRAE

The thoracic vertebrae of Proganochelys
agree in number and general morphology with

those of other turtles. There are ten thoracic
centra in Proganochelys and these can be seen
in SMNS 16980, the Berlin specimen, and,
to a lesser extent, in SMNS 10012 and SMNS
17203. The Berlin specimen has sutures pre-
served between the centra and I agree with
Jaekel's (1914: fig. 7) figure of them. This, it
might be noted, is inconsistent with the pre-
sumed adult nature of the Berlin specimen
in comparison to SMNS 16980 which has
these sutures fused. Also, SMNS 17203 has
portions of three thoracic centra visible in
articulation in ventral view and they agree
with the Berlin centra.
The first thoracic centrum is slightly short-
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er than the rest and has a platycoelous artic-
ulation with the eighth cervical. There are no
prezygapophyses preserved on the Berlin
specimen but poorly preserved processes of
bone can be seen in SMNS 16980 and SMNS
10012 that seem to be prezygapophyses. Un-
fortunately, articular facets are not visible in
these specimens. Both eighth cervicals pre-
served (SMNS 16980 and the Berlin speci-
men) have a flat, posterior central articula-
tion and, combined with the attachment of
the eighth cervical neural spine to the cara-
pace, demonstrate the the joint between the
first thoracic and the eighth cervical had very
limited mobility at best, in contrast to those
of most other turtles. Furthermore, there is
evidence that the centrum of the eighth cer-
vical articulated by means of a small pos-
terolateral facet with the ribhead of the first
thoracic. Both of the preserved eighth cer-
vicals have small facets and the first thoracic
rib of SMNS 16980 on the left side appears
to articulate with the eighth cervical when
the latter is placed in articulation with the
thoracic vertebra. The rib of the eighth cer-
vical in the Berlin specimen has an articular
facet that appears to contact the scapula,
another suggestion of limited movement.

Thoracic centra 2-8 generally agree in mor-
phology. They are roughly hourglass-shaped
with anterior and posterior expansions. The
central articulations are, to the extent seen,
flat ankyloses as in other turtles. The rib heads
in Proganochelys are unusually broad and
have extensive contact areas on the thoracic
centra. The anterior and posterior expansion
ofthe thoracic centra are the articulation areas
with the rib heads. All of the thoracic ribs in
Proganochelys (and the eighth cervical as well)
articulate with two thoracic centra, the cen-
trum articulating with its own rib anteriorly
and with the rib of the posterior centrum
posteriorly. In other words, thoracic centrum
3 articulates with thoracic rib 3 anteriorly and
thoracic rib 4 posteriorly. (To make things
even clearer, thoracic rib 3 is fused to the
second costal and is the second costal rib.)
This overlap occurs in all turtles to some ex-
tent but usually the posterior thoracics tend
to lose the articulation with the posterior rib
and maintain a complete articulation with
their own rib anteriorly. It is interesting to
note that by comparison with other amniotes

this latter condition would be considered
primitive for turtles; yet it does not occur in
Proganochelys, which agrees with other tur-
tles.
The thoracic centra of Proganochelys are

not particularly deep or shallow in cross sec-
tion, they have a low keel that widens be-
tween central articulations. The neural spine
attachment to the overlying neurals appears
to be a solid plate from first thoracic to tenth
thoracic but the region is not well preserved
in any ofthe specimens and small fontanelles
cannot be ruled out. Sutures that would allow
differentiation of the neural spines are not
preserved.
The ribs of the thoracic vertebrae do show

some differences from those of other turtles.
The first thoracic rib in Proganochelys is rel-
atively large, larger, in fact, than the other
thoracic ribs. In most other turtles the first
thoracic rib is very small and usually extends
only for a short distance along the first costal.
Turtles such as Meiolania and Glyptops have
a large first thoracic rib that may extend to
the plastral buttress. The first thoracic rib of
Proganochelys, however, is deeper, more ro-
bust, and has a free distal end, in contrast to
that of nearly all other turtles. Medially, the
rib has a synarthritic articulation with the
anterior halfofthe first thoracic centrum and
(as discussed above) a probable articulation
with the posterior margin of the eighth cer-
vical. The rib head narrows gradually to a
shaft that remains free ofthe carapace to pro-
duce an oval shaped opening that is broader
medially than laterally. The rib head is large
but not as wide or deep as the rib head of the
second thoracic in SMNS 16980. In the Ber-
lin specimen the first thoracic rib head ap-
pears to be about the same size as the second.
The first thoracic rib is attached to the costal
at the position of the scapular articulation.
The attachment is not entirely clear; it ap-
pears to be fused in SMNS 16980 and sutured
into a groove in the costal in the Berlin spec-
imen, but poor preservation may have ob-
scured the contact in SMNS 16980.
The shaft of the first thoracic rib is a thin

plate slightly curved, concave anteriorly, be-
coming thinner laterally and ventrally. The
plane ofthe shaft is inclined posteroventrally
and, on the right side ofthe Berlin specimen,
the shaft itself curves posteroventrally to ex-
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Fig. 73. Proganochelys quenstedti, MB 1910.45.2; carapace. Upper, dorsal view (from Gafffney, 1985a);
lower, anterior view with dorsal processes of epiplastra ("cleithra") attached to carapace. Type specimen
of " Triassochelys dux" Jaekel.

tend free of the costal at the distal end of the
rib. Jaekel (1914: fig. 7) figured the distal end
as being free of the carapace as in the Berlin

specimen although at present this portion is
broken off. In SMNS 16980 the right rib end
was free up to 1979 but was obscured during
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Fig. 74. Proganochelys quenstedti, MB 1910.45.2; carapace. Upper, dorsolateral oblique view of left
side, anterior toward left; lower, dorsolateral oblique view of right side, anterior toward right.

later repair work. In none of the available
specimens can the extent of the free end be
determined, but on the left side of the Berlin
specimen the rib touches or nearly touches
the plastral buttress. At the point where the
rib shaft rises from the vertebral centrum to
join the carapace, the rib is relatively thick
and is confluent with a low, anteriorly di-
rected ridge on the carapace. Lateral to this
ridge and anterior to the rib is a pit in the
carapace where the scapula articulates (figs.
77, 82). This pit is obscured somewhat in

SMNS 16980 and on the left side ofthe Berlin
specimen, but the right side ofthe Berlin shell
has the pit and the surrounding structures
relatively well preserved (fig. 82). The scap-
ular pit is oblong in shape, wider transversely
than sagittally, and does not penetrate deeply
into the carapace. The anterior margin of the
pit is a shallow, raised surface that becomes
a ridge for the articulation of the dorsal pro-
cess ofthe epiplastron. In the Berlin specimen
the epiplastral processes are articulated and
seem to have been pushed posteriorly to
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Fig. 75. Proganochelys quenstedti, SMNS 16980. Ventral view of carapace. From Gaffney (1985a).

overhang more of the scapular pit than they
probably did in life. In SMNS 16980 the rear-
ticulation of the epiplastral processes onto
the carapace (fig. 96) substantiates the con-
clusion, based on the Berlin specimen, that
the anterior margin of the scapular pit was
the posterior surface of the epiplastral pro-
cess. The lateral margin of the scapular pit is
indistinct and is formed by the intersection
of the first thoracic rib and the lateral exten-
sion of the epiplastral process.
The second thoracic rib ridge in Progan-

ochelys angles anterolaterally at a slightly
greater angle than the first thoracic rib shaft
and so they appear to intersect, particularly

in the Berlin specimen, which has a more
complete first thoracic rib. Actually, how-
ever, in the Berlin specimen the second rib
ridge underlies the comparatively deep shaft
of the first thoracic rib laterally. In SMNS
16980 it can be seen that the two rib ridges
do not intersect. The second thoracic rib is
the first costal rib in all turtles, including Pro-
ganochelys.
The succeeding thoracic ribs are variably

preserved in the available specimens. They
are least distorted in SMNS 16980 but in
some areas the bone preservation in this spec-
imen is not as good as in the Berlin shell. The
rib heads in the latter shell, however, have
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been crushed dorsoventrally although the
sections of the ribs attached to the carapace
appear to be relatively undistorted. The whole
carapace of the Berlin specimen (fig. 73) has
been distorted so that the rib ridges on the
right side are angled posterolaterally to a
greater degree than those on the left. The left
side agrees closely in this feature with SMNS
16980 and SMNS 10012. The rib heads of
thoracic 2-8 in Proganochelys are somewhat
unusual among turtles in being swollen; rib
heads 1, 9, and 10 are less so. The crushing
ofthe rib heads in the Berlin specimen reveals
that they are not solid bone but somewhat
cancelous. The rib heads are broader than
deep (that is, the anteroposterior dimension
is greater than the dorsoventral) and they are
not flat, as in the expanded rib heads ofsome
other turtles. The anterior rib heads develop
into a plate of bone laterally that tends to be
concave anteriorly as it extends dorsally onto
the flat part of the costal as a rib ridge. The
more posterior ribs extend laterally as a bar
of bone as the shaft reaches the costal.
Each thoracic rib head is separated to a

varying degree from the overlying carapace
(fig. 78). Dorsally, the heads of thoracic ribs
3 to 8 have thin, transverse walls that meet
the carapace to a varying extent producing
openings, the costovertebral tunnel, of dif-
ferent sizes (best seen in SMNS 16980). The
opening formed between the first thoracic rib
and the carapace is larger than any of the
others except thoracic ribs 9 and 10. The
opening formed by the second thoracic rib is
less than half that size, being greatly de-
creased in width due to more of the rib shaft
being attached to the carapace. The third tho-
racic rib has a well-developed transverse dor-
sal plate that leaves only a small opening, less
than one-fourth the size of the one imme-
diately preceding it. The openings above tho-
racic ribs 4 and 5 are even smaller, merely
slits of a few millimeters in depth and about
one centimeter in width. Thoracic rib 6 either
has no opening or a small one, similar in size
to the two preceding it; matrix and poor pres-
ervation prevent its determination. The sev-
enth thoracic rib has an opening about mid-
way in size between those seen in ribs 2 and
3, while the opening above thoracic rib 8 ap-
proaches the size of the opening formed by
the first thoracic rib. Thoracic ribs 9 and 10

are distinctive in having the largest openings
between rib shaft and carapace of all the tho-
racic ribs, number 10 being larger than 9. The
position of the attachment of the rib shaft to
the carapace moves laterally from thoracic 7
to 10 (equaling costal ribs 6 to 9), resulting
in the increased size of the opening between
rib shaft and carapace. In many primitive
turtles, such as Proterochersis, Pleurosternon,
Kayentachelys, and Glyptops the costo-ver-
tebral tunnel expands posteriorly; that is, the
posterior thoracic rib attachments are farther
from the midline than the anterior ones. The
free rib portions ofthoracic ribs 9 and 10 are
connected at their base by a web ofbone. The
base of the tenth thoracic rib, on the ninth
costal, bears a raised tubercle for the articu-
lation of the ilium (fig. 77).
The tenth thoracic centrum has a more or

less platycoelous articular surface but with a
slight median concavity for the articulation
of the first sacral vertebra. The neural spine
of the first sacral articulates in a depression
on the carapace while the second sacral over-
laps the posterior edge of the carapace and
half of the vertebra projects posteriorly be-
yond the shell.

COSTAL BoNEs
The shape of the costal plates themselves

is not well known in Proganochelys. With a
few exceptions the only definite costal sutures
are those seen in SMNS 17203 (see below for
description) but even in the absence of good
sutural information there are features on the
ventral surface of the costals that can be de-
scribed. The thoracic ribs, discussed above,
are continuous with laterally directed ridges
that decrease in height distally. These ridges,
however, are much better developed in Pro-
ganochelys than in most other turtles because
they are distinct for nearly half the distance
to the lateral margin ofthe shell. These ridges
are more extensive in the Berlin specimen
and in SMNS 10012 than in SMNS 16980.
The ridges in all the shells are higher and
longer distally on the anterior costals and de-
crease in size posteriorly. Between these ridges
the costals form concave troughs with the
midline of the trough containing a narrow
groove that extends laterally toward the edge
of the shell. Jaekel (1918a: figs. 7, 30) iden-
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tified these as intercostal sutures and they
may be in the position of the intercostal su-

tures. However, I think it more likely that
they represent the position of a nerve or ves-

sel, rather than a suture. These troughs run

straight without any indication of interdigi-
tating and seem to extend laterally onto what
should be peripheral bones with no sign of a
costal-peripheral suture. Nonetheless, the in-
tercostal sutures of SMNS 17203 do lie in
approximately these positions.

Some costal sutures are visible in SMNS
16980 and, combined with costals from
SMNS 17203, provide interesting informa-
tion. The ninth and part of the eighth costals
in SMNS 16980 have sutures. The ninth cos-

tal curves posteriorly from the rib shaft (of
the tenth thoracic rib), widens slightly as it
reaches the distal margin ofthe carapace, and
seems to have a tapered end fitting into the
adjacent peripheral (marginal 15). A disar-
ticulated left ninth costal from SMNS 17203
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dorsal process
of epiplastron costal rib C1 (T2)

pit for dorsal scapular process

intercostal cavities
(1-5) articulation with neural spine

of sacral1

Fig. 77. Proganochelys quenstedti, SMNS 16980. Ventral view of carapace. Abbreviations: C, costal
rib; M, marginal scale; T, thoracic rib.

shows what seems to be a tapering distal mar-
gin but breakage makes this equivocal. The
ninth costal bears a pronounced raised tu-
bercle about halfway along its length for the
articulation with the ilium. Although the sur-
face ofthe tubercle is rugose, comparison and
articulation of the pelvis indicates that the
pelvis was not sutured to the carapace and
that the articulation was movable as in many

cryptodires. The anterior margin ofthe ninth
costal is a roughly curved suture with the
eighth costal, both meeting on the same level.
The posterior margin of the ninth costal is
slightly raised with respect to the more pos-
terior bone (as seen in ventral view), presum-
ably the pygal or suprapygal.
The eighth costal has its more proximal

intercostal sutures visible in SMNS 16980
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T2 Cl

T3 C2

T4 C3

T5 C4

T6 C5

T7 C6

T8 C7

T9 C8

T C
10 9

Fig. 78. Proganochelys quenstedti, cross sec-
tion through ribs and thoracic vertebrae of cara-
pace showing size of costo-vertebral tunnel; ven-
tral toward top of page, line at left is midline.
Abbreviations: C, costal rib; T, thoracic rib.

Fig. 79. Proganochelys quenstedti, MB
1910.45.2. Ventral view of carapace.

and they seem to indicate that this bone be-
comes wider distally than costal nine. This
does not agree with Jaekel's (1918a: fig. 7)
sutures which are shown as parallel to each
other, but both specimens are questionable
in the clarity of these sutures.
Another feature of the posterior region of

the carapace on its ventral surface is a series
of small concavities (fig. 77), usually placed
at or near the peripheral bones. These con-
cavities do not penetrate through the shell
and, where relatively well preserved (such as
on the left side ofSMNS 16980), have a flat
dorsal surface rather than a conical termi-
nation. As preserved in the Berlin specimen
and in SMNS 16980 these concavities tend
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to be oval or circular but this may be a result
of preparation and the original shape may
have been triangular. Five pairs of concavi-
ties can be identified on these two shells.
Starting with the most posterior pair as num-
ber one, the description will proceed ante-
riorly. The most posterior pair ofconcavities
is best seen in the Berlin shell where they
form conical indentations (in contrast to the
remaining concavities) in the last pair of pe-
ripherals (marginal number 17). In the Berlin
shell it is quite clear that these peripherals
are hollow but in SMNS 16980 they are offset
in relation to the thickest portion of the pe-
ripherals, but as the sutures in this area are
nonexistent, it is still possible that the con-
cavities lie in the center of the bone itself.
Nonetheless, it is interesting to note that the
concavities in this position are more exten-
sive and clearer in the Berlin specimen, a
presumed adult, than in SMNS 16980, a pre-
sumed juvenile.
The second pair of concavities is best seen

in SMNS 16980. Each lies at the junction of
the posterior margin of the ninth costal and
the contact of marginals 15 and 16. The an-
terior margin of the concavity is the ninth
costal and is clearly delimited but the pos-
terior margin is not well defined. Contrary to
the most posterior pair of concavities, this
pair does not seem to be a result of a hollow
peripheral; rather, it appears to be the result
of incomplete ossification at a triple suture
junction. The second pair of concavities is
not readily seen in the Berlin specimen, prob-
ably due to coincident damage and poor pres-
ervation on both sides.
The third pair of concavities are clearly

seen on both the Berlin specimen and SMNS
16980. In the latter specimen it can be seen
that they lie at a triplejunction ofcostals eight
and nine and a peripheral (or peripherals), in
the area between marginals 14 and 15. The
concavities are irregularly oval, generally well
defined, and slightly larger than the other
pairs.
The fourth and fifth pairs of concavities

are only clear on SMNS 16980. The relevant
areas in the Berlin specimen have features
that could be interpreted as these concavities
(Jaekel, 191 8a, fig. 7, figures the fourth pair),
but they are obscured by breakage and plas-

ter. Although the limits of peripheral bones
are unclear, it does seem that these concav-
ities lie in the distal portion of the intercostal
sutures between costals 7 and 8, and 6 and
7. These concavities are best seen on the right
side ofSMNS 16980, number 4 being roughly
tear-drop shape and 5 being oval.
The most posterior of these concavities is

best interpreted as a hollow peripheral that
is more clearly expressed than the other pe-
ripherals, and has nothing to do with the cos-
tals. The four more anterior concavities are
clearly related to incomplete ossification of
the distal intercostal sutures, a condition
common to many other adult turtles as well
as juveniles.

Proganochelys differs from other turtles in
that the openings do not penetrate through
the shell and apparently have discrete, curved
margins. The shape of these concavities in
Proganochelys has obviously been affected by
preparation but it is clear that none of them
penetrated the shell. It is possible that a me-
dial flange of an associated peripheral or cos-
tal covers the opening dorsally. These con-
cavities do provide some information about
costal/peripheral relations. Costal 9 quite
conveniently fits into the base of the periph-
eral covered by marginal 15 and costal 8 could
curve so that its tapered end (providing it has
one) would fit into the peripheral of marginal
14, but costal 7 is opposite the base of mar-
ginal 12, leaving marginal 13, or rather its
associated peripheral, unattached to a costal.
In the absence of sufficient sutural data for
the peripheral bones, this must be considered
speculative.

BRIDGE REGION

Unfortunately the bridge areas ofthe avail-
able specimens are the most damaged and
least informative of the preserved areas of
the shell. Crushing was concentrated here
during fossilization and the addition of plas-
ter and other substances during preparation
combine to obscure genuine features from
ones added during reconstruction. Ofthe two
specimens with the bridge apparently intact,
the Berlin specimen is the worst: the left side
is almost entirely restored and the bone that
is present on the right side badly crushed and
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Fig. 81. Proganochelys quenstedti, MB 1910.45.2. Posterior view of anterior portion of mounted
skeleton with left scapula-coracoid and cervicals in articulation. Compare with Figures 82, 83.

distorted. In SMNS 16980 the bridge areas
retain most ofthe bone and are only partially
obscured by crushing and restoration. SMNS
17203 supplies some information on bridge
peripherals and SMNS 17204 shows some
external features (described under Margin-
als).
To the extent that it is known, the bridge

region ofProganochelys does not differ mark-
edly from that of other turtles. The plastral
buttresses are relatively extensive, but they

do not extend onto the costals as in most
other turtles. Both SMNS 16980 and SMNS
17203 show clear sutures between plastron
and peripherals and indicate that the hyo-
plastral buttress extends anteriorly to the level
of the first costal, much as in other turtles.
The anterior and anteromedial limits of the
hyoplastral buttress can be seen at the present
time only in drawings and photographs made
ofSMNS 16980 in 1979, while it was still in
many pieces and before it was extensively

Fig. 80. Proganochelys quenstedti, MB 1910.45.2. Figures from Jaekel (1918a) showing relations of
scapula-coracoid and "cleithra" (dorsal processes of epiplastra) to shell as hypothesized by Jaekel. A,
the apparent original position of both scapula-coracoids and "cleithra" in the upside-down shell in
anterior view. B, C, anterior end of shell in posterior view with scapula-coracoid and "cleithrum" (dorsal
process of epiplastron) in hypothesized life position. See text for discussion. Abbreviations: A, Ac,
acromion process; Co, coracoid; Ct, "cleithrum" (here interpreted as the dorsal process ofthe epiplastron);
Cv, epiplastron (restored, completely absent in this specimen); Fos, Fsc, supracoracoid foramen; G,
glenoid; HA, opening between capitulum and tuberculum of rib heads of cervical 7; JCV, entoplastron;
R8, rib of cervical 7; R9, rib of cervical 8; Ri0, rib of first thoracic vertebra; Rll, rib of second thoracic
vertebra (=first costal rib); Sc, scapula; SSc, "suprascapularia" a cartilaginous extension of the scapula
hypothesized by Jaekel to lie above the scapula and behind the "cleithrum" (there is no evidence that
it existed); W8, cervical 7; W9, cervical 8; W10, first thoracic vertebra; Wll, second thoracic vertebra.
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dorsal process of epiplastron

neural spine of cervical 8

pit for dorsal I costal rib 1 N
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Fig. 82. Proganochelys quenstedti, MB 1910.45.2. Ventral view of anterior portion of carapace. See
also Figures 81, 83.
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dorsal process of

pit for dorsal scapular process

Fig. 83. Proganochelys quenstedti, MB
1910.45.2. Ventral view ofanterior portion ofcar-
apace, partially restored and showing position of
cervical eight (stippled). See also Figures 81, 82.

repaired. The buttress extends to the base of
the fifth marginal where it meets a ridge that
runs anteromedially to reach the nuchal em-
bayment and the epiplastral process. This
ridge apparently was the attachment area for
the body wall. The peripheral bone sutures
to this buttress are partially preserved in
SMNS 17203 but unfortunately there are not
enough present to determine their number or
relative position with respect to the posterior
peripherals.
The hypoplastral buttress extends poste-

riorly to the base ofthe eleventh marginal so
that the hypoplastral or inguinal buttress is
much less extensive than the hyoplastral or
axillary buttress.
The plastral/peripheral suture as seen in

SMNS 17203 forms an even margin to the
carapace, continuing the margin formed by
the more anterior and posterior peripherals.
The bridge peripherals are roughly C-shaped
in cross section with the internal surfaces
continuing the curve of the carapace down
onto the plastron. The bridge peripherals in
Proganochelys are distinct from the other pe-
ripherals in having two separate plates, as in
most other turtles. The bridge peripherals are
also relatively shallow in Proganochelys,
compared with the more anterior and pos-
terior peripherals. Based on SMNS 17203, it
seems likely that the mesoplastron contacted

the bridge peripherals but that cannot be def-
initely determined.

In SMNS 16980 the bridge peripherals have
a lateral ridge on the external surface that is
continuous with the margin of the more an-
terior and posterior peripherals. From the
fragments of bridge peripherals in SMNS
17203 it would appear that the marginal scutes
overlapped the bridge peripheral bones as in
most other turtles, rather than being coinci-
dent as in the posterior marginals and pe-
ripherals of Proganochelys. In the Berlin
specimen the bridge peripherals have a flange
that accentuates the lateral ridge seen in
SMNS 16980, but I think that this is due to
crushing and inaccurate reconstruction in the
Berlin specimen and that the connection in
SMNS 16980 is more accurate.

PLASTRON
(table 10, figs. 89-97)

EPIPLASTRON

The epiplastron is preserved completely
only in SMNS 16980 (figs. 89, 90), in which
the dorsal processes are broken at their base
but still present. The ventral plate and much
of the shaft is preserved in SMNS 17203,
SMNS 17204, and a disarticulated ventral
portion is preserved in SMNS 15759. The
expanded dorsal process of the epiplastron is
preserved attached to the carapace in the Ber-
lin specimen, MB 1910.45.2.

Jaekel (1918a) identified a pair ofbones at
the front ofthe ventral surface ofthe carapace
as cleithra, based on their position relative
to the scapula-coracoid. In his specimen, MB
1910.45.2, the anterior part of the plastron
was missing so he was unable to see that his
"cleithra" were dorsal processes of the epi-
plastra. Even during the greater part of this
study I did not realize that the epiplastral
processes and the cleithra were the same until
this was pointed out to me by J. Kelly and
F. Ippolito during the mounting of the cast
of the articulated skeleton. The earlier state-
ments reaffirming the presence of cleithra by
Gaffney and Meeker (1983) and Gaffney
(1985a) are incorrect.
The epiplastron of Proganochelys consists

of a roughly flat, horizontal plate, seen in all
other turtles, and a dorsal process rising at
right angles to the plate, present only in Pro-
terochersis and Kayentachelys. Sutures of the
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Fig. 84. Proganochelys quenstedti, SMNS 17204. Partially restored carapace in dorsal view showing
scute areas around periphery, central area stylized. See Figure 86.

ventral plate can be seen in SMNS 17203,
SMNS 17204, SMNS 16980, and the disar-
ticulated SMNS 15759. The epiplastral-hyo-
plastral suture is the most apparent and it is
visible in SMNS 17204 (right side), SMNS
17203 (left side), and SMNS 16980 (both
sides). This suture runs anteromedially from
the lateral margin of the plastron for a few
centimeters; then the entoplastron is exposed
separating hyoplastron and epiplastron. Al-
though the entoplastral-hyoplastral suture re-
mains clear in SMNS 17204 and SMNS
16980, the epiplastral-entoplastral suture be-
comes ambiguous in SMNS 17204 and can
be seen only on the left side ofSMNS 16980.

The epiplastra do not meet in the midline on
the ventral surface.
On the dorsal surface of the plastron some

epiplastral sutures can be seen in SMNS
16980 but not in any other specimen. The
left side ofthis plastron shows the epiplastral-
hyoplastral suture at the lateral margin ofthe
anterior plastral lobe, and it trends antero-
medially in about the same position and di-
rection as the suture on the ventral surface.
Anteromedially the entoplastron borders the
epiplastron and this suture can be seen in part
on both sides of SMNS 16980. The ento-
plastron appears to extend anteriorly almost
to the front of the plastron, separating the
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TABLE 10
Comparison of the Shell in Proganochelys and the Earliest Pleurodire and Cryptodire

Vertebral scutes
Pleural scutes
Supramarginal scutes
Marginal scutes
Vertebral scutes very
wide

Cervical scute
Inframarginal scutes
Plastral scutes
Costals
Posterior peripherals and

marginals
Costo-vertebral tunnel

greatly reduced along
mid-thoracic ribs

Attachments of posterior
thoracic ribs separated
from midline to great-
er extent than anterior
ones

Carapacial caudal notch

Eighth cervical neural
spine sutured to nuchal

Thoracic rib heads
Pelvis sutured to cara-

pace and plastron
First costal rib larger

than second costal rib
Musk ducts
Peripherals scalloped
Dorsal process of epi-

plastron
Epiplastra meet on mid-

line
Gular/intergular scute

projections
Well-developed plastral

buttresses
Mesoplastra

Intergular scutes separat-
ing gular scutes

Proganochelys Proterochersis Kayentachelys

4 5 5
4
12
16 and 17
Yes

Broad
Not known
7 pairs
9
Congruent

4
3
14
Yes

Narrow
Four
9 pairs plus one on midline

Probably alternating

Yes No

Yes Yes

Present, separating mar-
ginals

Yes

Wide, swollen
No

Yes

9

Yes
Very large, wide attach-
ment to carapace

No

Large

Absent

One pair meeting in
midline

Yes

Present, separating margin-
als

No

Wide
Yes

No, first costal rib smaller

Absent
No
Very large, probable at-
tachment to carapace

No

Small

Present, extend beyond
marginal bones

Two pairs meeting in mid-
line

Yes

4
None
12
Yes

Narrow
Four
7 pairs
8 (9 as a variant)
Alternating

No

Yes

Absent, marginals meet on
midline

No

Narrow
No

No, first costal rib smaller

Present
No
Small, no attachment to

carapace
No

Absent

Absent

One pair meeting in mid-
line

Yes

epiplastra for nearly their entire length on the
dorsal surface. The epiplastral-entoplastral
suture, however, becomes less clear anterior-
ly and the medial area ofcontact between the
epiplastra cannot be made out with a high
degree ofconfidence. As interpreted here, the
entoplastral-epiplastral suture comes very

close to the base of the dorsal process of the
epiplastron.
The conventional terminology of plastral

scales is based on the arrangement seen in
most Recent testudinoids. Hutchinson and
Bramble (1981) questioned the homology of
some of these scales, particularly between
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Fig. 85. Proganochelys quenstedti, SMNS 17204. Dorsal view of shell and associated elements.
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dorsal proce
of epiplastrc

intergular

P
peripherals

?m8

),ssPlateosaurus fibula

on

7
F osteoderm

Fig. 86. Proganochelys quenstedti, SMNS 17204. Dorsal view of shell and associated elements.
Abbreviations: m, marginal scute, sm, supramarginal scute; v, vertebral scute. See also Figure 97.
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Fig. 87. Proganochelys quenstedti, SMNS 17204. Ventral view of shell and associated elements. From
Gaffney (1985a).
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radius intergular

epi plastron

entoplastron

humerus

....................... ...... .....

tibia '-@tbia

femur 47 % W X X astragalus

osteoderm pelvi
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chevron

caudal 0

ta,ilclub

Fig. 88. Proganochelys quenstedti, SMNS 17204. Ventral view of shell and associated elements.
Abbreviations: m, marginal scute; III, third digit of pes.
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Fig. 89. Proganochelys quenstedti, SMNS
16980. Upper, anterior view of shell; lower, ven-
tral view of shell.

certain trionychoids and other cryptodires.
Some oftheir conclusions also affect the scale
terminology ofprimitive turtles like Progan-
ochelys. The scales in question are the two
most anterior pairs, usually called intergulars
and gulars, which Hutchinson and Bramble
(ibid.) proposed to call gulars and extragulars,
respectively. However, they use as their pri-
mary criteria "postulates" that rely on the
recognition ofgeneral evolutionary trends and
functional scenarios. These postulates seem
to me too speculative to be the basis for ho-
mology arguments. I do agree with one of
their conclusions: the conventional scheme
of plastral terminology ". . . cannot be un-
critically applied to all turtles" (Hutchinson
and Bramble, 1981: 84). The homologies of
the anterior scales in particular are unre-
solved and I agree that the identification of

gular scales in primitive turtles does not mean
that these are homologous with the gular
scales ofthe testudinoids. On the other hand,
I do not see the balance of evidence showing
that the intergulars (in the conventional sense)
of primitive turtles are the homologs of the
gulars of testudinoids, which is also a con-
clusion of Hutchinson and Bramble (1981).
Therefore, I use the conventional terms but
restrict the homology to casichelydians which
have seven pairs of plastral scales. I do not
see convincing criteria for establishing the
homology in cases where anterior plastral
scales have been reduced in number.
Proganochelys has a pair of gular and in-

tergular scutes that are formed into distinc-
tive tuberosities. The scute areas are best seen
in SMNS 16980 and SMNS 17204 but are
also visible in SMNS 17203 and SMNS
15759. The intergular scutes are about the
same size as the gulars but have smaller tu-
berosities. The intergulars completely sepa-
rate the gular scutes and contact the humeral
scutes on the midline. The intergular scutes
meet for most of their length along the mid-
line and extend from the epiplastra onto the
entoplastron. They taper posteriorly and
slightly separate the anterior portions of the
humeral scutes. Between the intergular scutes
at the very anterior margin of the plastron is
a small, median tubercle that appears to rep-
resent a median scute. The position of the
scute is somewhat dorsal to the axis of the
other tubercles so that in SMNS 17204 (figs.
88, 97) it is not visible in ventral view be-
cause the end of it is broken off. The gular
scutes cover tubercles or projections that are
larger than those in the intergular area. These
gular projections curve anteriorly in SMNS
16980 but are aligned on a straighter axis in
SMNS 17204. The gular scute areas may ex-
tend to the margin ofor onto the entoplastron
but no specimen is sufficiently well preserved
to determine the precise position ofthis scute
with respect to the entoplastron. The inter-
gular and gular projections are more acu-
minate in SMNS 17204 than in SMNS 16980.
On the dorsal surface of the plastron these
scute areas are marked by a low ridge and
change in bone rugosity that seem to mark
the body wall margin. The intergular and gu-
lar projections lie outside this ridge.

In SMNS 17203 (fig. 102) the epiplastron
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preserved has no natural edges but agrees in
general with the other specimens, and it is
unlikely that much bone is missing. The axis
ofthe gular projection is more lateral than in
the other specimens and it is relatively much
larger than the intergular projection, but it is
difficult to determine whether or not that is
original or a result of postmortem damage.
Gular and intergular projections developed

to the extent seen in Proganochelys are not
found in any other turtle that I am aware of.
Some testudinids have even larger projec-
tions but these are formed by what may be
nonhomologous scales. In the absence of a
shelled outgroup, it is hard to determine
whether or not the gular/intergular projec-
tions ofProganochelys are an autapomorphy
ofthat genus or are plesiomorphic for turtles.
The dorsal processes of the epiplastra in

Proganochelys are of considerable interest
because they provide the first paleontological
evidence testing the idea that the epiplastra
are clavicles (fig. 137), a hypothesis that has
been based primarily on developmental evi-
dence and adult morphology of Recent tur-
tles. The dorsal process is columnar, circular
in cross section at its base, and arises abruptly
from the horizontal part of the epiplastron.
The base, particularly well preserved in SMNS
15759, is a rugose area tapering dorsally to
the main part of the shaft. As preserved in
SMNS 17204 (fig. 97), the two dorsal pro-
cesses extend dorsally at a posterolateral an-
gle, diverging from each other. This specimen
is badly crushed in places and there are large
fragments ofwhat seems to be a Plateosaurus
fibula in the anterior end of the shell, but the
dorsal epiplastral processes are symmetrical
as preserved and do agree with what is avail-
able from the other specimens. The dorsal
limits of the processes are broken offand do
not contact the carapace.
The dorsal process of the epiplastron in

Proganochelys has a wide, dorsally expanded
articulation to the carapace. The dorsal ex-
pansion is in the mediolateral plane and is
curved slightly in cross section, concave pos-
teriorly. The dorsal expansion is thicker on
the medial edge at the base oaf the main stem
of the process, and is thinner laterally where
the expansion tapers offinto an elongate pro-
cess. In SMNS 16980 the dorsal expansion
is-much smaller than in the Berlin specimen

and the lateral process barely exists. The Ber-
lin dorsal process has a dorsally flattened sur-
face for articulation with the carapace, which
in SMNS 16980 is more vertical. The cara-
pace articulation in the Berlin specimen ap-
pears to be a tight sutural contact along its
anterior margin, but posteriorly the epiplas-
tral process is separated offthe carapace. This
may be an artifact because in the Berlin spec-
imen there does not seem to have been any
potential movement between carapace and
dorsal process. In SMNS 16980, however,
the epiplastral process does not tightly artic-
ulate with the carapace. To some extent this
appears to be the result of preservation and
the removal of bone during preparation, but
cartilage or connective tissue may have been
prominent in the articulation.
The epiplastral process ofProganochelys is

continuous laterally with the body wall ridge
of the carapace and it would appear that the
anterior surface of at least the dorsal portion
ofthe process was only covered by skin. Pos-
teriorly the dorsal process is slightly concave
and forms the anterior wall of a pit, partic-
ularly well developed in the Berlin specimen,
for the articulation of the dorsal process of
the scapula. The concavity for the scapula
continues ventrally along the posterior sur-
face of the epiplastral process for about half
its length. The stem of the dorsal process of
the epiplastron is triangular to irregularly cir-
cular in the Berlin specimen and flattened
mediolaterally in SMNS 16980.
A comparison of the epiplastron of Pro-

ganochelys with the clavicle (fig. 137) in gen-
eralized amniotes is in order here. Useful fig-
ures and descriptions ofamniote clavicles can
be found in Romer (1956) but the best figures
and descriptions of a generalized form are in
Holmes (1977). Holmes described Captorhi-
nus aguti, which is singularly appropriate for
comparison with Proganochelys because I
have argued that it is a close relative ofturtles
(Gaffney and McKenna, 1979; Gaffney and
Meylan, 1988); yet it has a clavicle that is of
generalized amniote morphology. The gener-
alized amniote clavicle is a roughly C-shaped
element with a horizontal ventral plate com-
parable to, but not as distinct as, the chelo-
nian epiplastron. There is a strong, postero-
medial contact with the interclavicle, as is
the case with the entoplastron in turtles.
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Fig. 90. Proganochelys quenstedti, MB 1910.45.2. Plastron. Upper, ventral view; lower, dorsal view.

The clavicles meet medially, anterior to the
interclavicle, as do the epiplastra ofmost tur-
tles. The dorsal process ofthe clavicle in Cap-
torhinus is a flattened element curving dor-
sally in a broad arc rather than a columnar
element extending abruptly from the hori-
zontal epiplastron, as is the dorsal process in

Proganochelys. A significant difference be-
tween turtles and generalized amniotes is the
fact that the scapula-coracoid has a broad
attachment to the posterior margin of the
clavicle in other amniotes while in turtles the
de novo hyoplastron attaches to the clavicle
(= epiplastron) and the scapulacoracoid has
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Fig. 91. Proganochelys quenstedti, MB 1910.45.2. Cast of dorsal surface of plastron showing surface
morphology; anterior lobe largely fictitious.

a very reduced, but (usually) still persistent,
contact with the clavicle (epiplastron). In gen-
eralized amniotes the dorsal process of the
clavicle has an overlapping contact with the
splintlike cleithrum, an element absent in
captorhinids, Proganochelys, and all other
turtles. It should be noted that Jaekel's (191 8a)
various reconstructions involving the epi-
plastra and entoplastra (repeated in Romer,
1956: fig. 144) are erroneous, as the Berlin
specimen lacks epiplastra and has only a por-
tion of the stem of the entoplastron pre-
served.

ENTOPLASTRON
The entoplastron of Proganochelys is pre-

served in SMNS 16980, SMNS 17204, and
a portion of the stem in the Berlin specimen.
While the bone is absent in SMNS 17203,
the epiplastron and hyoplastron that are pres-
ent provide some information on the shape
of the missing entoplastron.
The entoplastron ofProganochelys as seen

in dorsal view is a large, arrow-shaped ele-
ment, with relatively long posterolateral ex-
tensions that nearly reach the margin of the
plastron and a long median process that ex-
tends posteriorly along the midline to reach
or nearly reach the mesoplastra. Anteriorly
the entoplastral limits are difficult to make
out but the epiplastral-entoplastral suture can
be seen on the left side on both the dorsal
and ventral surfaces of SMNS 16980. The
entoplastron extends anteriorly to separate
the epiplastra for nearly their entire length,
and a median scale tubercle (lying between
the intergulars) is probably formed by the
entoplastron (contrary to the statement in
Gaffney, 1985a: 20). The anterior margin of
the entoplastron is straight on each side of
the midline. The posterior margin contacts
the hyoplastra and the lateral processes sep-
arate them from the epiplastra nearly to the
edge ofthe plastron dorsally but for a shorter
distance on the ventral surface. The ento-
plastron is raised above the internal surface
ofthe hyoplastron but it is at about the same
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Fig. 92. Proganochelys quenstedti, SMNS
16980. Upper, ventral view; lower, dorsal view.
Abbreviations: AB, abdominal scute; AN, anal
scute; ent, entoplastron; epi, epiplastron; FE, fem-
oral scute; GU, gular scute; hyo, hyoplastron; hypo,
hypoplastron; HU, humeral scute; IN, intergular
scute; meso, mesoplastron; PE, pectoral scute; Pub.
art., articulation of lateral pubic process.

level as the epiplastra. The ventral surface is
comparatively flat with no differentiation of
elements, other than the poorly discernible
sutures.

Fig. 92. Continued.

The posterior median process or stem of
the entoplastron is triangular in cross section
with a low ridge on its dorsal surface. It over-
laps most of the median hyoplastral suture
and only a short portion of the stem is ex-
posed ventrally. Entoplastral-hyoplastral su-
tures are not entirely clear but SMNS 16980
and SMNS 17204 show that there is an in-
terfingering contact between the two bones
on the ventral surface. This contact results in
a roughly arrow-shaped exposure of the en-
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Fig. 93. Proganochelys quenstedti, SMNS 16980. Dorsal processes of epiplastra ("cleithra"). A, left
process in medial view; B, right process in lateral view; C, left process in anterior view; D, right process
in anterior view; E, left process in posterior view; F, right process in posterior view. Rugose surfaces
visible in C and D attach to carapace.

toplastron on the ventral surface, similar in
shape but smaller in size to the exposure of
that bone on the dorsal surface.
The entoplastron ofProganochelys is quite

similar to that bone in other turtles (e.g.,
Chelydra) except in size; it is relatively larger
than any other turtle entoplastron. This would
appear to be primitive for turtles because gen-
eralized amniotes have relatively larger in-
terclavicles. The arrow-shaped interclavicle
seems to be a derived condition for turtles;
primitive amniotes have interclavicles that
are expanded anteriorly but generally lack the
posterolateral processes seen in Proganoche-
lys and other turtles. The posterior process
or stem of generalized amniotes is relatively
shorter than in Proganochelys and Protero-
chersis and this may be a synapomorphy of
turtles.

HYOPLASTRON

The hyoplastron is preserved in SMNS
16980, SMNS 17203, SMNS 17204, and the
Berlin specimen. The anterior contact is with
the entoplastron and epiplastron (described
above) and can be seen in SMNS 16980 and

SMNS 17204, but the posterior contact with
the mesoplastron can be seen clearly only in
the juvenile SMNS 17203 (fig. 102).
The hyoplastron of Proganochelys is sim-

ilar to that in other turtles, a large element
forming the axillary notch and buttress, and
most of the anterior plastral lobe. The hy-
oplastron forms the axillary notch and but-
tress by curving dorsally and anteriorly from
the flat ventral plate toward the bridge pe-
ripherals ofthe carapace. In contrast to some
turtles, such as baenids, Proganochelys lacks
well-developed plastral buttresses, the hy-
oplastron curving anteriorly to the level of
the anterior edge ofthe plastron but not above
the plane of the peripherals. The buttresses
do not curve medially to overlap the vertical
plane of the plastron as in many turtles. The
posterior contact of the hyoplastron is with
the mesoplastron, described below.

MESOPLASTRON

Proganochelys has one pair of mesoplastra
readily seen in SMNS 17203 (fig. 102). In this
specimen the left mesoplastron contacts the
posterior margin of the hyoplastron in a su-
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Fig. 94. Proganochelys quenstedti, SMNS 16980. Upper, anterior view; lower, posterior view. Dorsal
processes ofepiplastra articulated with carapace. Processes should angle ventromedially rather than hang
straight. See Figure 96.

ture that is transverse medially and curves
anterolaterally. The only other hyoplastral-
mesoplastral sutures preserved are short seg-
ments in SMNS 16980. The sutures in SMNS
16980 agree with SMNS 17203. Apparently
the mesoplastron expands laterally to contact
the bridge peripherals. The mesoplastron of
SMNS 17203 has finely feathered bone pro-
cesses extending out from its margins form-
ing a small medial fontanelle between hyo-
plastra and mesoplastra and a larger one
between mesoplastra and hypoplastra. All
these fontanelles are presumably due to the

immaturity ofSMNS 17203; the other spec-
imens ofProganochelys lack them. However,
the dorsal surface of the Berlin plastron has
two foramina now filled with plaster that lie
in the midline in about the presumed position
ofthe hyoplastra-mesoplastra and mesoplas-
tra-hypoplastra junctions and it is possible
that these foramina are remnants of the fon-
tanelles. SMNS 16980 shows strong inter-
digitating sutures all along the midline with-
out foramina or fontanelles.

All three bridge elements of the plastron,
hyoplastron, mesoplastron, and hypoplas-
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Fig. 95. Proganochelys quenstedti, SMNS
16980. Anterior view of plastron showing broken
bases of dorsal processes.

tron combine to form a low, lateral ridge that
marks the change from the flat, horizontal
main plate of the plastron to the dorsolat-
erally curving bridge.

HYPOPLASTRON

The hypoplastron is preserved in SMNS
16980, SMNS 17203, SMNS 17204, and the
Berlin specimen, but sutures are only visible
in SMNS 17203, and for short segments in
SMNS 16980.
The hypoplastron of Proganochelys agrees

with that ofother turtles; it forms the inguinal
notch, the inguinal buttress, and a major part
of the posterior plastral lobe. The inguinal
notch is larger than the axillary notch but the
inguinal buttress is smaller than the axillary
buttress; there is less bone curving around
the inguinal notch to contact the bridge pe-
ripherals there than in the axillary notch. In
SMNS 17203 there is a median fontanelle
between mesoplastron and hypoplastron that
presumably is due to the juvenile nature of
this specimen (see above). In contrast to the
finely feathered median margin of the hyo-
plastron in SMNS 17203, the hypoplastron
ofthis specimen has at least five median pro-
cesses (on the left hypoplastron) that extend
across the midline and presumably interfin-
ger in the adult. SMNS 16980 has segments
of this sutural area preserved and they are
strongly interfingered on the midline with no
vacuities remaining. The hypoplastron tapers
posteriorly at a strong angle, more so than
the anterior lobe ofthe plastron, to the region
where it meets the xiphiplastron. The sutures
with the xiphiplastron are best seen in SMNS

Fig. 96. Proganochelys quenstedti, SMNS
16980. Cast of shell showing relative positions of
dorsal processes ofepiplastra and scapulae. Upper,
anterior view of shell with dorsal processes ofepi-
plastra in life position (broken at base). Middle,
anterior view of shell with scapulae added behind
epiplastra. Lower, anterolateral view of shell with
dorsal processes of epiplastra and scapulae. See
also Figures 93, 94, 97.
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Fig. 97. Proganochelys quenstedti, SMNS
17204. Anterior end of shell in anterior view. See
Figures 86, 96.

17203 but can also be interpreted in the Ber-
lin specimen and are described below.

XIPHIPLASTRON
The xiphiplastron is preserved in the fol-

lowing specimens: SMNS 17204, ventral sur-
face only is visible and sutures are not ap-
parent; SMNS 17203, ventral surface only is
visible and sutures are clearly seen; SMNS
16980, both surfaces visible and sutures are
not apparent; and the Berlin specimen, both
surfaces visible with a probable suture visible
on the dorsal surface. The suture seen in
SMNS 17203 is finely interfingering with the
hypoplastron, begins medially and extends
transversely to a point near the margin ofthe
plastron where it produces a sharp, anterior
process fitting into a notch in the hypoplas-
tron, before terminating at the edge of the
plastron. This process of the xiphiplastron
and notch in the hypoplastron is found in
most other turtles and can be considered
primitive for turtles. On the dorsal surface of
the Berlin specimen a similar sutural pattern
is expressed as a groove and shows the xiphi-
plastral process fitting into the hypoplastron.
The xiphiplastron of Proganochelys is rel-

atively small and has sides that are more par-
allel than the hypoplastron, resulting in a pos-
terior plastral lobe with two regions. As
restored, the Berlin specimen appears to have
a posterior lobe in which the xiphiplastra
continue at the same tapering angle as the
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Fig. 97. Continued.

hypoplastra to produce a xiphiplastral ter-
mination that is more acuminate than in the
other specimens. However, a close exami-
nation of this plastron reveals that only the
midline margin and a segment along the right
edge of the xiphiplastron containing the pu-
bic articulation are actually bone; the re-
maining xiphiplastral margin is restored and
the evidence for an acuminate margin is lack-
ing.
The dorsal surface of the xiphiplastron has

a facet for the nonsutural articulation of the
lateral pubic process. This facet is visible on
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radius

\V 'w
rib of cervical 8 cervicals scapula

Fig. 98. Proganochelys quenstedti, SMNS 16980. Upper, photograph from Berckhemer (1938) show-
ing anterior portion of specimen without carapace during preparation; lower, identification of elements
in Berckhemer figure based on comparison of specimen with photograph. Asterisks (*) show the broken
bases of the dorsal processes of the epiplastra. The specimen was subsequently disarticulated.
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the right side of the Berlin specimen, where
it is a slightly raised oval, and on both xiphi-
plastra ofSMNS 16980, where it is a shallow
concavity in a thickened portion ofthe xiphi-
plastron. Although Recent turtles generally
lack definitive pubic facets, they also occur
in Kayentachelys, baenids, Glyptops, Meio-
lania, and other extinct taxa.

PLASTRAL SCUTES

Unfortunately, the entire plastral scute sys-
tem is not preserved in any one Proganoche-
lys specimen, and the restored pattern (fig.
92) is based on combining information from
nearly all the plastra. The Berlin specimen
has the best preserved sulci and external sur-
face texture but most of the anterior lobe is
missing in this specimen. None of the spec-
imens show scute marking in the plastral
bridge area where inframarginals, axillary and
inguinal scutes would be expected. This ap-
pears to be due to poor preservation in these
areas rather than the absence of such scutes.
The large paired intergular scutes separate

the gulars and contact the humerals on the
entoplastron. The prominent tubercles
formed by the intergulars and gulars are de-
scribed under the Epiplastron, the element
bearing most ofthese scutes. A small, median
tubercle is formed by its own scute.
The humeral scutes are slightly separated

along the midline at their anterior margin by
the intergulars. The humeral scute extends
from about the posterior third of the epi-
plastron to about the middle of the hyoplas-
tron where it meets the pectoral. The result-
ing sulcus is visible in SMNS 16980 where
it angles anterolaterally to a slight extent.
SMNS 17204 has a series of grooves in this
area, unfortunately not symmetrical, that may
be dubiously interpreted as the humeral-pec-
toral sulcus. The Berlin specimen lacks much
of the anterior plastral lobe and, in compar-
ison with SMNS 16980, the break would seem
to be just anterior to the humeral-pectoral
sulcus, but the Berlin specimen has no sign
of that sulcus. Because the Berlin specimen
has such well preserved sulci, I conclude the
humeral-pectoral sulcus was anterior to the
break which would put it distinctly anterior
to its position in SMNS 16980. This could
be of systematic significance but, in view of
the incomplete nature ofthe Berlin specimen,

the presence of this feature must remain du-
bious. In overall position, extent, and rela-
tion to underlying bones, the humeral scute
of Proganochelys does not significantly differ
from that in most other turtles. The position
of the humeral-pectoral sulcus is somewhat
more anterior in Proganochelys than in many
other turtles but not uniquely so.
The pectoral scute ofProganochelys covers

the posterior portion ofthe hypoplastron and
extends onto the mesoplastron. The hyoplas-
tral-mesoplastral sulcus can be seen best in
the Berlin specimen but it is also preserved
in SMNS 16980 and SMNS 17204. In these
specimens the sulcus runs transversely across
the mesoplastron to the area where the plas-
tral bridge begins to curve dorsally where the
sulcus has a shallow bend to curve slightly
posterolaterally. The abdominal scute is nar-
rower than the pectoral scute and covers the
posterior part of the mesoplastron extending
posteriorly onto the hypoplastron. In con-
trast to the humeral-pectoral sulcus, the ab-
dominal-femoral sulcus in Proganochelys
stretches across the base ofthe posterior lobe
as in most turtles rather than being placed
farther out on the lobe.
The femoral scute covers the hypoplastron

posteriorly and extends onto the xiphiplas-
tron. The femoral-anal sulcus is clearly de-
fined only in the Berlin specimen; the area is
not well preserved in the other specimens.
The sulcus is transverse with a slight pos-
terolateral trend. The anal scute covers the
remaining portion of the xiphiplastron.
The plastral scutes are all paired (again,

with the possible exception of the median
tubercle discussed above), and meet at a me-
dian sulcus best seen in the Berlin specimen
but with segments preserved in SMNS 16980
and SMNS 17204. This sulcus is relatively
straight and does not have the sinuous pat-
tern seen in some turtles.
The plastral scute pattern in Proganochelys

does not present a significant departure from
that seen in such presumably generalized tur-
tles as Kayentachelys, Glyptops, and Pleuro-
sternon. The small, median tubercle on the
anterior lobe may represent a scute and, if
so, would be a departure from this pattern.
Proterochersis does differ from the "normal"
pattern of seven scute pairs, as seen in Pro-
ganochelys and Kayentachelys.

Proterochersis has extra scute pairs be-
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TABLE 11
Measurements (in centimeters) of Proganochelys Shells

MB SMNS SMNS SMNS SMNS SMNS
1910.45.2 16980 17203 17204 10012 15759

Midline carapace length 53.5 48.5 40.0* 51.0 +? 60.0 59.0*
Maximum carapace length 67.0 56.0 45.0* - - 62.0*
Maximum carapace width - 51.0 51.0-53.0 53.0 54.0*
Midline plastron length - 48.0 41.5 46.5 - -

* Estimated.

tween the pectorals and abdominals (possibly
related to the second pair of mesoplastra) at
the end of the anal, and a single scute sepa-
rating the latter pair. Whether these are syn-
apomorphic for pleurodires, for all turtles, or
a Proterochersis autapomorphy cannot be de-
termined at present. The presence in Pro-
ganochelys of paired intergulars completely
separating the gulars and partially separating
the humerals is further evidence that this ho-
mology is primitive for turtles.
The surface texture of the plastron in Pro-

ganochelys is well preserved only in the Ber-
lin specimen. In this shell, the plastral texture
can be seen to differ from the carapacial tex-
ture in lacking the circular and radial ridging
seen in many of the carapace scutes. There
is a system offine grooves, randomly branch-
ing, that produce a pattern of low relief on
the plastron. These grooves tend to spread
out from a few centers and in some areas
parallel the plastral margins and/or the scute
margins.

DESCRIPTION OF SMNS 17203
(figs. 99-103)

This specimen of Proganochelys is so dif-
ferent in morphology and preservation from
the other specimens ofthis taxon that it mer-
its independent description. I interpret the
morphologic differences as due to growth;
SMNS 17203 seems to be a younger individ-
ual than the other Proganochelys specimens
based on:

1. Smaller size-it is the smallest known
Proganochelys specimen (table 11);

2. nearly all preserved sutures are open;
3. morphology ofelements is what would be

expected in ajuvenile Proganochelys ifex-
trapolated from Recent turtle develop-
ment.

Nonetheless, it is possible, but very unlikely,
that SMNS 17203 is a different taxon, con-
sidering the very small sample of specimens
available on which to test a growth-stage hy-
pothesis.
The preservation of SMNS 17203 is sim-

ilar to the other two Trossingen Proganoche-
lys; there is more crushing and the bone is
often broken into minute fragments, making
interpretation difficult. SMNS 17203 consists
of about /4 of the carapace and plastron with
some articulated limb elements and a num-
ber of disarticulated bones, presumably re-
moved during preparation. Due to the ab-
sence of specimen numbers and the mixing
together of elements belonging to SMNS
16980 and SMNS 17203, the identification
of these loose bones as to individual is based
on size and fit with adjacent elements. As
shall be seen, this problem affects description
ofthe shell ofSMNS 17203 because there are
some loose bone nodules and plates that
probably represent peripherals or other ele-
ments that can no longer be identified with
certainty. The carapace and plastron ofSMNS
17203 are crushed dorsoventrally so that the
original curvature is lost. Some elements, like
the left shoulder girdle, penetrate through the
carapace surface while others, like the pelvis,
have been displaced in a horizontal plane.
The right anterior quadrant of the shell, con-
sisting of right costals 1-4, right hyoplastron
and mesoplastron, and associated peripher-
als, is missing. As would be expected in a
juvenile turtle, the peripherals were only
loosely connected to the rest of the shell al-
though some were apparently disarticulated
during preparation (see below).
Beginning with the anterior of the cara-

pace, there is no sign of a nuchal bone, al-
though the curvature of the preserved pe-
ripherals and the position of the plastral
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Fig. 99. Proganochelys quenstedti, SMNS 17203. Dorsal view of shell and associated elements.

elements indicate that there was room for
one. Presumably it is missing rather than ab-
sent, or unossified in SMNS 17203. The left
first costal, although incomplete, is identifi-
able. The medial edge of this costal is gone
but the lateral edge shows a tapering margin
that ends in what appears to be the distal shaft
of the first costal rib. The ventral side of this
costal is mostly covered with matrix but
enough has been prepared to show the rib of
the first thoracic vertebra, a rib that extends
the length of the first costal in Proganochelys

and precedes the first costal rib (which is the
second thoracic rib). The posterior edge of
the first costal overlaps part of the anterior
edge of the second costal, due to postmortem
displacement.
The second costal is distinctly larger than

the first costal even though its medial and
lateral limits do not seem to be natural edges.
As preserved, it would appear to be about
one-third larger than the first costal. The sec-
ond costal shows some tapering laterally but
the posterolateral edge is broken and the ta-
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Fig. 100. Proganochelys quenstedti, SMNS 17203. Dorsal view of shell and associated elements.

Abbreviations: co, costal bone; cr, costal rib; n, neural bone; pe, peripheral bone; V, vertebral scute.

pering may only be preservational. Both third
and fourth costals are missing one-third or
more oftheir lateral regions. When compared
with presumed adult shells and with the pre-
served edges of SMNS 17203, costals 3 and
4 look as if they should be the largest of the
costals. These two costals have a medial con-
tact with the neurals which suggests that the
more anterior costals are not missing much
bone medially, even though their natural lim-
its are not preserved.

Costals 5-8 are present on both sides and
have their medial margins preserved. Costal
5 has anterior and posterior margins that are
transverse to the midline and nearly parallel.
The more anterior costals have margins that
tend to trend more anterolaterally while more
posterior costals tend to trend more postero-
laterally. Right costal 5 has a tapering margin
laterally where in other turtles it would be
expected to insert into a peripheral. Portions
of peripherals are preserved on both sides of

plastron
cr8

caudal
centra
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Fig. 101. Proganochelys quenstedti, SMNS 17203. Ventral view of shell and associated elements.

SMNS 17203 but they underlie the costals
which actually protrude lateral to the periph-
erals. I think that this condition has been
caused by the flattening ofan arched carapace
which has pushed the costal ends beyond the
original margin of the shell and turned the
peripherals ventrally. Both lateral ends of
costal 6 are preserved although the one on
the right is separated from the main body of
costal 6 by a missing section of shell. Costal
7 is incomplete on both sides but part of the
tapering lateral margin is visible on the left
one, and the absence of costal bone on the
peripherals lying lateral to both costals in-

dicates that costal 7 was relatively short. The
posterior margin ofleft costal 7 is broken and
part of its medial margin has been broken
and displaced slightly. The right seventh cos-
tal is broken in a number of places and its
posterior margin is not well preserved.
The medial portions ofcostal 8 are present

on both sides with what appears to be a small
eighth neural or portion of a thoracic neural
spine or centrum lying between. As pre-
served, the eighth costals are very short but
both have broken lateral limits, and their
original size is unknown. However, the ab-
sence ofcostal bone in matrix on the left side
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Fig. 102. Proganochelys quenstedti, SMNS 17203. Ventral view of shell and associated elements.
Abbreviations: cr, costal rib; epi, epiplastron, hyo, hyoplastron; hypo, hypoplastron; M, marginal scute;
meso, mesoplastron; pe, peripheral bone; xip, xiphiplastron.

and the sharp decrease in size of other pos-
terior costals suggest that only small portions
of the eighth costals are missing.
Proganochelys is unique among turtles in

having a ninth costal element. All other tur-
tles have a ninth "costal" vertebra (or, more
properly, the 10th thoracic) that has a rib
usually articulating with the eighth costal but
not forming a costal of its own (except as an
individual variation; I have seen Chelydra
specimens with a separate ninth costal lying

ventral to the eighth costal but not expressed
dorsally). In SMNS 17203 there is what ap-
pears to be a poorly preserved ninth costal
on the right side and a disarticulated left ninth
costal. The disarticulated costal is about half
rib shaft with the costal plate making up the
distal half. The distal limits are not entirely
clear but it would seem that not much of the
bone is missing. Due to the crushed nature
of the posterior part of the shell in SMNS
17203 and the absence of clear sutures in
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Fig. 103. Proganochelys quenstedti. Upper row,
three posterior peripherals, probably bearing left
marginals 14-16 ofSMNS 17203. Lower row, pos-
sible peripherals or osteoderms, could belong to
SMNS 16980, 17203, or 17204.

other Proganochelys specimens, there is a
possibility that costal 9 is not expressed on
the dorsal surface ofthe carapace, being cov-
ered by the eighth costal. I do not think that
is likely because I detect a suture between the
proximal portions of costals 8 and 9 on the
right side ofSMNS 17203 and there is a clear
suture on the ventral surface ofSMNS 16980.
The posterior carapace bone (i.e., pygal and

suprapygal) ofProganochelys remains a mys-
tery. The area posterior to the eighth costal
in SMNS 17203 is a mush ofbone and matrix
with no sign of the carapacial margin. The
presence or absence of pygal and/or supra-
pygal cannot be determined. The recogniz-
able elements in this area in SMNS 17203
are portions of the right pelvis, a sacral rib,
and a caudal neural arch and centra. It is
possible that some of the bone posterior to
costal 8 is the pygal. This would be suspected
from SMNS 16980.
SMNS 17203 is the only Proganochelys

specimen with clearly defined neurals. Four
neurals are preserved which I identify as
numbers 4-7 based on their relation to the
costals and assuming the relationship is the
same as in most other turtles. The neurals
are clearly separated from the surrounding
elements and may even be displaced slightly,
but their preservation is such that their mar-
gins are irregular due to postmortem crushing
and distortion. The first preserved neural, here

identified as neural 4, has a short anterolat-
eral contact with the third costal and a long
lateral contact with the fourth costal. The an-
terior margin of this neural is barely visible
and there is no trace of any neurals anterior
to this one. Only the left lateral margin of
neural 4 is preserved and it would appear to
have six sides. Neural 5, however, is better
preserved and does have six sides, with a very
short anterolateral contact with the fourth
costal. Neural 6 looks rectangular but the sides
are slightly curved so that given some post-
mortem damage a six-sided outline is quite
possible. Neural 6 has a longer anterolateral
contact with the fifth costal than the other
neurals have with their anterior costals. The
seventh neural is slightly displaced above the
general level of the carapace and its margins
are damaged. As preserved, it is pentagonal
with a transverse anterior margin and a ta-
pering posterior margin suggesting that it
might be the last neural with a pair of costals
meeting behind it. However, all the margins
ofthis neural are irregular when examined in
detail and few of them appear to be original.
A poorly defined lump of bone behind the
seventh neural is tentatively identified as the
eighth neural. It is much smaller than the
others.
The ventral surface ofSMNS 17203 shows

three thoracic vertebrae which are attached
to the ventral surface of the neurals. By
matching features on both surfaces it can be
seen that these centra are thoracics 5-7. On
the ventral side costal ribs 5 and 6 are ex-
posed showing their relation to those thoracic
centra. The general relations and shape ofthe
centra are similar to those found in the other
Proganochelys. The fifth thoracic is best pre-
served of the three and, as far as I can de-
termine, the others agree with it. This cen-
trum is expanded at both ends with the
anterior end larger than the posterior because
it receives about two-thirds of the costal rib
head articulation while the posterior end ar-
ticulates with about one-third ofthe rib head,
much as in other turtles. There is a blunt ridge
running on the ventral surface ofthe centrum.
The synarthritic articulation with adjacent
thoracic centra is transverse. The centra are
slightly displaced and separated from one
another. The articulation with the neurals is
not exposed but comparison of dorsal and
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ventral surfaces shows that these thoracic
centra overlap the neural bones as in most
other turtles. The sutures between the centra
and between the centra and rib heads agree
with sutures seen in the Berlin specimen in
this region of the carapace and support the
interpretation of similar traces in that spec-
imen as sutures.
The peripherals ofSMNS 17203 are poorly

preserved, presumably because they were rel-
atively loosely attached to the rest ofthe shell,
but they still provide the only clear evidence
of sutures between the peripheral bones. On
the left anterior margin ofSMNS 17203 is a
section ofperipherals attached to the axillary
buttress ofthe left hyoplastron. Although the
sutures are not clear within this group, I think
that two can be made out with some confi-
dence and a third is likely, giving a probable
count of four peripherals in this series. The
posterior three are articulated with the hyo-
plastron and allow comparison with other
specimens. The most anterior peripheral is
beyond the hyoplastral contact and is at-
tached to the shell only by its lateral margin.
This bone is poorly preserved, preventing
identification ofsulci or sutures but a possible
suture is largely obscured by glue and broken
bone. This bone seems to be roughly in the
position of marginal scutes 4 and 5 in other
specimens. The anterior margin of the bone
is inclined posteromedially, which would
agree with the margin of the other shells in
this area. The one sulcus that is relatively well
defined is somewhat lateral to the medial
margin ofthe hyoplastral buttress and can be
identified as separating marginals 6 and 7 by
comparison with SMNS 16980. The position
of this sulcus shows that for this series of
peripherals the scales overlap the bones and
the sulci do not coincide with sutures. Un-
fortunately, these peripherals are visible pri-
marily in ventral view; their dorsal surface is
obscured by bone fragments (some of which
may belong to the forelimb), matrix, and glue.
The bridge peripherals attaching to the in-

guinal or hypoplastral buttress are preserved
on both sides. Due to the dorsoventral crush-
ing of the shell, the costals seem to have ro-
tated the dorsal part ofthe bridge peripherals
ventrally and laterally. There are portions of
three peripherals on the left side; the most
anterior one has only its posterior portion

preserved, the next one is complete, and the
most posterior one has only its forward part
preserved. The anterior two contact the hy-
poplastron for their entire length as preserved
but the hypoplastron barely reaches the last
one. All three have a moderate carina de-
veloped along their lateral margin, but it is
less developed than the bridge carina ofother
Proganochelys shells. The bridge peripherals
ofSMNS 17203 can be seen to consist oftwo
laminae meeting at about right angles but the
bones are relatively long and narrow.

Three peripherals are preserved on the right
side of SMNS 17203 and the first one cor-
responds with the second one preserved on
the left side. This peripheral is sutured to the
hypoplastron for its entire length while the
one posterior to it has only a short hypo-
plastron contact. There are ill-defined sulci
visible in approximately the same positions
on both sides and, based on the position of
the medial margin of the inguinal buttress in
SMNS 16980, these can be identified as mar-
ginals 10-12. In this area the scales overlap
the peripheral bones. On the right side there
is one peripheral more preserved than on the
left. This peripheral is not well preserved and
the suture is obscured due to epoxy and glue.
As preserved, this peripheral makes a sharp
medial bend and lies over the right tarsus and
hind feet elements to which it is attached.
This peripheral should lie in the vicinity of
the 12th marginal where a medial bend ofthe
carapace margin takes place. A disarticulated
and poorly preserved bridge peripheral lies
in matrix in the left inguinal notch adjacent
to what appears to be a centrum ofa thoracic
vertebra. I cannot identify the position ofthis
peripheral.

In the SMNS Trossingen turtle collection
are some loose elements which are probably
associated with SMNS 17203. One particular
series of three triangular bones (fig. 103) I
interpret as three posterior peripherals of
SMNS 17203. These elements are hollow; the
larger two are fused at their base but the
smallest is separated from the others by a
small amount of matrix. The base margins
have what appear to be original edges. When
examined in cross section, the bones are sym-
metrical; I cannot detect a basis for discrim-
inating a dorsal from a ventral surface and,
therefore, cannot determine whether these are
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right or left peripherals. Two ofthese are much
larger than the third; this, taken with the de-
gree and direction of tapering, leads me to
identify them as marginals 14-16. From these
elements it is clear that the sulci and sutures
coincide, at least to the extent that these are
determinable. There are a few other trian-
gular, hollow ossicles, even smaller than those
just described, that may be peripherals. The
problem is that they are also identical to many
ofthe dermal ossicles found in the limbs and
tails. The hollow, flattened-out cone shape
appears to be typical for dermal ossicles and
posterior peripherals alike. The other periph-
erals ofSMNS 17203 are also hollow with a
dorsal and ventral lamina but in the pre-
sumed older shells most ofthese fill with bone.

DESCRIPTION OF
TYPE SPECIMEN OF

PROGANOCHELYS QUENSTEDTI
(fig. 104)

Although this specimen was named as a
new genus and species by Baur in 1887, it
was not described or figured until 1889 by
Quenstedt. The specimen is a large steinkern
formed in a very hard quartz sandstone and
does not retain any of the original bone. The
surface is well preserved in some places but
fine detail is lacking. Quenstedt's figures
(1889: pls. 1 and 2) are reversed left to right
(not unusual in lithographs), and are some-
what stylized so that "irregularities" have
been straightened out. This is especially ap-
parent in the plastron which has been given
a very clean, regular appearance, in contrast
to the rough surface actually present. This
specimen has also been figured and discussed
by Fraas (1899: fig. 2; pl. 8, figs. 1 and 2,
lateral and ventral views), and Hennig (1923:
fig. 56, dorsal view).
The steinkern does not accurately preserve

the anterior margin of the carapace; instead
the most obvious anterior margin is the im-
print of the first thoracic rib. Anterior to this
rib some low grooves can be seen and the one
traversing the midline is the margin of the
nuchal embayment. On either side ofthe em-
bayment and anterior to the first thoracic ribs
are two long holes extending from the dorsal
surface anteroventrally to emerge on the an-
terior face ofthe steinkern. Quenstedt (1 889:

122) identified these as molds ofthe scapulae,
but they can be more accurately identified as
molds ofthe dorsal epiplastral processes based
particularly on the tear-drop shape ofthe dor-
sal attachment to the carapace.
The first thoracic rib mold is deeper and

more extensive than the other rib mold, as
would be expected from examination of a
carapace. This rib mold extends ventrolat-
erally and is confluent with the plastral por-
tion of the bridge. Unfortunately it is not
clear enough to determine where the carapace
intersected on the bridge. The mold for the
eighth cervical centrum can be seen on the
midline slightly separated from the first tho-
racic centrum. The succeeding thoracic cen-
tra show the typical swollen rib attachments
seen in the other specimens ofProganochelys.
Thoracic rib ridges 1-7 can be seen as grooves
on both sides while thoracic rib 8 is preserved
on the right side only. The ribs vary in their
angle of intersection with the midline as in
the other Proganochelys specimens.
The plastron in the Tiibingen steinkern

lacks the anterior and posterior margins but
more than half of each lobe is present. The
structures restored by Fraas (1899: pl. 8) were
purely speculative and are now seen to be
incorrect in view oflater specimens. The pos-
teriormost section of the epiplastron-hyo-
plastron suture can be seen on both right and
left sides but the other ridges and nonsym-
metrical irregularities are not sutures. The
lines added by Fraas to indicate the meso-
plastral sutures are broad convexities that do
not correspond to what I would interpret as
sutures. A strong midline groove indicates
the posterior process of the entoplastron.
The bridge area of the Tiibingen steinkern

is better preserved than the internal bridge
surfaces of the other Proganochelys speci-
mens and does provide information not
available elsewhere. A series of five low
grooves appear to be continuations ofthe rib
grooves and are interpreted as the terminal
portions of costals 2-6. Sutures are not ap-
parent and the limits of peripheral bones are
obscure. The steinkern shows a relatively flat
plastron meeting the carapace at roughly right
angles with a series of bulges (pockets in the
bone) alternating with the presumed rib
grooves.
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Fig. 104. Proganochelys quenstedti, University of Tiibingen (uncataloged). Steinkern of shell, type
specimen of Proganochelys quenstedti Baur (Psammochelys keuperina Quenstedt). A, dorsal (anterior
toward top of page); B, ventral (anterior toward top of page); C, anterodorsal oblique with white strips
of paper placed in holes representing dorsal processes of epiplastra; D, left lateral.

The cross-sectional outline of the Tubing-
en steinkern is of some interest because all
of the Proganochelys shells suffer from some
degree of crushing and additional informa-
tion on the curvature of the carapace is wel-
come. The steinkem, however, is also dis-
torted, as can be seen from the fact that it is
not symmetrical in anterior view (see Quen-
stedt, 1889: pl. 1). The distortion seems to
have resulted in the right side being forced
in the direction of the left so that the midline
of the carapace lies to the left of the midline

of the plastron. The degree of curvature of
the right half of the carapace is less pro-
nounced than the left half. Dorsoventral
crushing does not seem to be prominent in
the steinkem. If the lateral distortion is sub-
jectively corrected, the Tiubingen steinkem
fits the reconstruction based on SMNS 16980
(fig. 69). Proganochelys does not have a high-
domed shell as in Proterochersis and baenids
but it is higher than the flattened shell in the
Berlin specimen.
The Tiibingen steinkem has the following
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Fig. 105. Comparisons of shells of pre-Late Jurassic turtles. A-C, dorsal views; D, E, lateral views
(anterior to left); F-H, ventral views. A, D, F, Proganochelys quenstedti, SMNS 16980, Late Triassic.
B, E, G, Proterochersis robusta, composite based on SMNS 17561, 17755, 18440, and 16442, Late
Triassic. C, H, Kayentachelys aprix, Early Jurassic, from Gaffney et al. (1987). Detailed sutural patterns
are known only for the plastra of Proganochelys and Proterochersis so that carapaciaf sutures of Kay-
entachelys are left out.

features characteristic of, but not unique to,
Proganochelys:

1. Large dorsal processes of epiplastra;
2. swollen thoracic rib heads;
3. nuchal embayment;

4. detailed similarities of internal surface of
carapace and plastron;

5. relatively large size.
There are no characters that would allow

separation of the Tiubingen specimen and
SMNS 16980.
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TABLE 12
Preserved Material of Cervicals and Caudals

SMNS 16980 SMNS 17203 SMNS 17204 SMNS 15759 MB 1910.45.2

Atlas + (part) - - - +
Axis + - - +
Cervical 3 + - - + +
Cervical 4 + - - + +
Cervical 5 + - - + +
Cervical 6 + - + - +
Cervical 7 + - + - +
Cervical 8 + - - - +
Number of caudals 14 18 13 -

Tail club + + + -

VERTEBRAL COLUMN missing, however) but these cervicals are more
(table 13, figs. 106-121) distorted and damaged than in the Berlin

specimen. These two specimens form the ba-
CERVICALS sis of the cervical descriptions. Cervicals 6

Cervical vertebrae are present in four of and 7 are present in SMNS 17204 and they
the five Proganochelys specimens (table 12). agree closely with those elements in SMNS
The best set is the complete series preserved 16980 except that they are slightly larger.
in the Berlin specimen, MB 1910.45.2. These Three articulated cervicals are present in
vertebrae (figs. 1 12-120) are missing only a SMNS 15759 but these are badly distorted
few ofthe neural spines and appear to be only by dorsoventral crushing. They appear to
slightly distorted. SMNS 16980 (fig. 11 1) also consist of the posterior half of cervical 3, all
has a complete set (cervicals 5 and 7 are now ofcervical 4, and the anterior half ofcervical

TABLE 13
Comparison of Cervical Vertebrae

Captorhinus Proganochelys Casichelydia

Axis intercentrum/atlas Yes Yes Yes
centrum fused

Atlas rib ossified Yes No No
Atlas neural arch articu- Yes No No

lates with skull via
proatlas

Central articulations Amphicoelous (deep) no- Amphicoelous (shallow) Amphicoelous (shallow)
tochordal not notochordal not notochordal

Alternation of neural Yes Probably No
spine height

Ossified intercentra Present Absent Usually present
Cervical ribs Free on all cervicals Free on cervicals 2 to 5, Present, but primitive con-

fused on cervicals 6 dition not known; in
to 8 Meiolania cervicals 2 to

6 are free and fused on 7
and 8

Number of cervical ver- 5 to 7 8 8
tebrae

Neural spine of eighth - Yes No
cervical attached to
carapace
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Fig. 106. Comparative views of atlas-axis complex in left lateral view, anterior to the left. A, Cap-
torhinus sp. (after Dilkes and Reisz, 1986 and AMNH 19385, 19386; B, Proganochelys quenstedti, MB
1910.45.2; C, Macroclemys temmincki, AMNH 36602; D, Podocnemis expansa, AMNH 62947. Atlas
centrum is stippled for landmark. Abbreviations: ati, atlas intercentrum; atn, atlas neural arch; axc, axis
centrum; axn, axis neural arch.

5. Although some disarticulated centra, du-
biously identified as caudals, are present in
SMNS 17203, no definite cervicals are pres-
ent.

Because the cervicals ofMB 1910.45.2 are
the best preserved, they are completely doc-
umented here in both stereophotographs (figs.
113-120) and line drawings (fig. 112). The
cervicals of SMNS 16980, however, do pre-
sent some important differences and are fig-
ured as line drawings (fig. 11 1).
The atlas is completely preserved only in

MB 1910.45.2. In SMNS 16980 only the cen-
trum and the atlantal intercentrum are pres-
ent. Jaekel (1918a) misidentified elements of
the atlas and thought that the atlantal inter-
centrum was the entire atlas and that the at-
lantal centrum was the axis. This gave him
an incorrect count for the entire vertebral col-
umn, resulting in nine rather than eight cer-

vicals. In his figure 23 (Jaekel, 1918a), "W"
and "W2" should be the first cervical and all
the remaining cervicals are actually one less
than the number he has given them (also in
his fig. 27). Later authors corrected Jaekel's
misidentification of the atlas-axis but ac-
cepted his identification of the last cervical
as being incorporated into the carapace. Most
of the literature (Romer, 1956; Williams,
1950; Hoffstetter and Gasc, 1969) has there-
fore stated that Proganochelys (= Triassoche-
lys) had seven cervicals. The neural spine of
cervical 8 in Proganochelys is sutured to the
carapace but the rest of the vertebra is not
and there are eight cervicals as in all other
turtles.
As in other turtles and Captorhinus, the

atlas of Proganochelys (fig. 106) consists of
four elements: paired neural arches antero-
dorsally, an intercentrum anteroventrally, and
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Fig. 107. Proganochelys quenstedti. Cervical vertebrae in left lateral view; missing areas restored by
dashed lines; drawings are to scale with each other. Upper, MB 1910.45.2 with ribs in articulation as
mounted. Rib of cervical 8 cut through at base because of length. Lower, SMNS 16980. Free ribs not
articulated; rib of cervical 8 removed at suture.

a centrum posteriorly. Proganochelys has no
sign of a suture differentiating the axis inter-
centrum; it is presumably fused to the atlas
centrum as in Captorhinus and Casichelydia
but in contrast to synapsids and the presumed
primitive amniote condition (Heaton and
Reisz, 1986). The chelonian neural arch
(Kasper, 1903) can be roughly divided into
a dorsal portion covering the neural cord and
having a posteriorly directed postzygapophy-
seal flange articulating with the axis, and a
ventral portion bearing articular facets for the
occipital condyle, the atlantal centrum, and
the atlantal intercentrum. The atlas of Pro-
ganochelys agrees well with that of casiche-
lydians.
On the lateral surface of the neural arch in

the Berlin specimen is a posteroventrally
trending ridge that Jaekel (1918a: fig. 23)
identified as a rib but there is no free rib here,
no rib facets, and no sign of a fused rib. In
contrast to Captorhinus, Proganochelys ap-
parently does not have an atlantal rib. Meio-
lania (Gaffney, 1985b) is the only turtle

known to have (as a variation on some spec-
imens) a presumed cartilaginous rudiment of
an atlantal rib.

In Captorhinus (Peabody, 1952; Fox and
Bowman, 1966; Dilkes and Reisz, 1986) the
neural arch of the atlas articulates with the
occiput of the skull via the proatlas, a feature
primitive for amniotes. There is no sign of a
proatlas or proatlantal articulation in Pro-
ganochelys or any other turtles. The postero-
dorsal spine seen on the atlantal neural arch
of Captorhinus and other generalized am-
niotes is absent in Proganochelys and other
turtles.
The posteroventrolateral corner of the at-

lantal centrum (presumably the fused axis in-
tercentrum) bears the capitulum articulation
of the axis cervical rib. This rib has its tu-
berculum articulation with the diapophysis
on the axis. In Captorhinus the atlantal ar-
ticulation is very large and extends the height
of the atlas centrum while in Proganochelys
the articulation is smaller and restricted to
the posteroventrolateral corner. This is also
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Fig. 108. Proganochelys quenstedti. Cervical vertebrae in ventral view, to scale with each other.
Upper, MB 1910.45.2, free ribs in articulation as mounted. Lower, SMNS 16980, free ribs not articulated
except for cervical rib 8.
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Fig. 109. Comparisons ofthe fifth cervical vertebra. Upper row, lateral view; lower row, dorsal view;
anterior to left; cervical ribs in stipple. A, Captorhinus sp., from Heaton and Reisz (1986) and AMNH
19390-19392. B, Proganochelys quenstedti, MB 1910.45.2. C, Meiolania platyceps, from Gaffney (1985b).
D, Macroclemys temmincki, AMNH 36602. E, Podocnemis expansa, AMNH 62947.

very similar to the condition in Meiolania,
the only other turtle known to have a rib on
the axis. It is likely, however, that better pre-
served primitive cryptodires, such as Kay-
entachelys and Pleurosternon, will also have
cervical ribs.
The centrum of the atlas is solid in Pro-

ganochelys, rather than perforated by the no-
tochord as in Captorhinus (Peabody, 1952).
The centrum in Proganochelys is narrower
than in most other turtles, as are all the cer-
vicals of Proganochelys.
The axis is preserved in both MB 1910.45.2

and SMNS 16980, but the neural spine is
broken in both. Jaekel's (191 8a: fig. 23) figure
shows the neural spine intact and the figures
here have been restored on that basis. The
axis in Proganochelys is similar to the axis in
other turtles, differing from Captorhinus in
not being notochordal and slightly longer and
narrower. The neural spine has (in Jaekel's
figure) an anterior midline projection as in
other turtles. The transverse process of the
axis bears the tuberculum of the axis rib ar-

ticulation. The ventral part of the centrum is
laterally embayed to form a low ridge or keel,
as in the other cervicals of Proganochelys.

Cervicals 3-7 in Proganochelys are similar
to one another and differ primarily in neural
spine height and rib fusion. Although not en-
tirely clear, it appears that neural spines of
Proganochelys show alternation in height
similar to that in Captorhinus (Vaughn, 1970;
Heaton and Reisz, 1980; Dilkes and Reisz,
1986). The neural spines of cervicals 4 and
6 are lower than the adjacent cervicals and
are the basis of this interpretation. This sup-
posed alternation, however, may have noth-
ing to do with this generalized amniote fea-
ture. Rather, it may be related to the position
of the neck osteoderms, although these are
supposed to articulate over the first and third
cervicals (Jaekel, 1918a: fig. 23). The spines
of cervicals 3-6 are relatively simple blades
with a dorsal expansion or cap, differing only
in height. Cervical 7 has a distinctive pos-
teriorly curved spine that is higher than the
more anterior cervicals. Cervical 8 has the
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Fig. 110. Meiolania platyceps, Pleistocene,
Australia. Ventral view of cervicals with intercen-
tra shown in stipple. Compare with Figure 108.
From Gaffney (1985b).

highest spine and is suturally attached to the
carapace.
The prezygapophyses are also quite similar

from cervical 3 to 8. The prezygapophyses of
the second cervical are facing dorsolaterally
as in other turtles, but the other prezygapoph-
yses are facing dorsomedially. The degree to
which the prezygapophysis faces medially
changes. In cervical 3 the prezygapophysis
articular facet is relatively flat and faces more
dorsally than medially. Cervical 4 is nearly
the same, but 5 has a definite change so that
there is a greater medial orientation. Cervi-
cals 6 and 7 continue this but the degree of
change is not as marked as that between 4

and 5, possibly as a result of distortion. The
plane of the articulation also changes so that
at cervical 5 there is a slight curvature (con-
cave dorsally) which is very marked by cer-
vical 7. The eighth cervical has the most me-
dially facing prezygapophysis articulation; it
is about 450 (both sides are different in SMNS
16980). The articular surface of the eighth is
nearly flat rather than curved, however.
The postzygapophyses ofthe third cervical

are more divergent than the second and are
more rounded and thinner. The V between
them is shallower. The postzygapophysis of
the fourth cervical is missing in SMNS 16980
but preserved in the Berlin specimen. The
postzygapophyses of cervicals 3-5 are very
similar but starting with about six and be-
coming more pronounced with seven, the
separation of the postzygapophysis and arch
is reduced. The preservation of the postzyg-
apophyses of cervical 8 in both specimens is
poor.
The centra of the cervicals in Proganoche-

lys are all amphicoelous with a relatively
shallow concavity compared with notochord-
al centra seen in Captorhinus and generalized
amniotes. The centra are oval in anterior and
posterior view. They are longer than high but
are not as elongate as in most other turtles,
but they are more elongate than in Capto-
rhinus. The length of the centra seems to be
about the same throughout the column; dif-
ferences appear to be due to breakage of the
central rims. Ventrally each centrum is seen
to have a low ridge formed by the lateral
concavities. Each centrum is constricted or
hollowed ventrally below the rib articula-
tions. The ventral ridge is simply a straight
area that is not hollowed out.
The ribs of Proganochelys are one of the

more interesting features of this fascinating
relict from the past. Ribs are preserved on
the Berlin neck from the second to the eighth
cervical. The second through fifth cervicals
have free ribs, while cervicals 6 to 8 have the
ribs fused. SMNS 16980 has the same pat-
tern; the fused ribs are present, but only a
few fragmentary free ribs are present and they
are disarticulated. In Meiolania only the rib
ofthe eighth cervical is fused; the rest are free
(Gaffney, 1985b). The orientation of the ribs
on the Berlin specimen is, at present, depen-
dent on how they are glued on. No infor-
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mation exists on the original articulation.
However, the free ribs of Proganochelys do
not differ greatly among themselves.

In comparison with Meiolania, the cervical
ribs ofProganochelys are seen to lack, at least
in the material as preserved, the small, nodu-
lar intercentra. These are variably fused in
Meiolania, but there is no ossification in Pro-
ganochelys, although there are spaces for in-
tercentra. As in Meiolania they would lie be-
tween centra and articulate with the capitulum
of the rib.
The transverse process of the axis in the

Berlin specimen is at the anterior edge of the
centrum and the diapophysis (which bears
the rib articulation) faces posterolaterally. In
SMNS 16980 the diapophysis seerns to face
laterally only. There is also some difference
in the shape of the transverse process in the
two cervicals. In the Berlin cervical the pro-
cess and articulation are oblong and oriented
with the long axis in a vertical plane, while
in SMNS 16980 the long axis is vertical. Poor
preservation in SMNS 16980 may account
for this difference.
The transverse processes of cervicals 2-8

show a gradual change in position so that the
succeeding vertebrae have the process slight-
ly more posteriorly than the more anterior
ones. In cervical 2, the process impinges on
the central articular surface, in cervical 3 it
is not so close to the articular face, while in
cervical 4 the process is separated from it. In
cervical 5 the transverse process approaches
a midline position which it attains in cervical
6. Cervicals 7 and 8 do not really differ from
cervical 6 in position.

InSMNS 16980 the diapophysis ofthe third
cervical is definitely elongate with the long
axis horizontal, further suggesting that the
vertical position in the second cervical is
anomalous. The cervicals with fused ribs have
transverse processes that are nearly circular
in cross section while the free rib cervicals
(2-5) have more oblong transverse processes.
The ventral articulation ofthe cervical ribs

would appear to be with a pair of unossified
intercentra in cervicals 2-4 and probably 5.
In these cervicals there is a space just anterior
to the capitulum of the rib (when articulated
with the transverse process). On the centrum
this area is marked by a low ridge on the
anterior and posterior ends of the centrum.

This ridge ends in a beveled surface that faces
anteroventrolaterally in the anterior part of
the centrum and posteroventrolaterally pos-
teriorly. The ridge is more prominent on the
posterior end of the centrum. When the cen-
tra are articulated these ridges result in the
formation ofa wedge-shaped space that prob-
ably contained, either lost or unossified, a
pair of intercentra. In cervicals 6-8 the ca-
pitulum of the fused rib is continuous with a
bony process arising in this area. In Meio-
lania the intercentra lie in the same position
as the wedge-shaped space in Proganochelys.
Where the intercentra are not fused and/or
missing in Meiolania there is a similar space
and a ventral ridge results.

Proganochelys and Meiolania are the only
turtles known with cervical ribs preserved al-
though Mesochelys and Kayentachelys both
have cervicals that have cervical rib articu-
lation surfaces. The ribs in both Progan-
ochelys and Meiolania are relatively flat and
bladelike.

In Proganochelys the ribs are all about the
same size, with that ofcervical 2 being slight-
ly longer than the rest. In Meiolania the ribs
show a marked size decrease posteriorly. The
rib of the second cervical is broad and long,
the ribs ofcervical 3 and 4 are about the same
size but thinner than the cervical-2 rib. Cer-
vicals 5 and 6 have ribs only about half the
size of those on cervical four. The rib of cer-
vical 7 is reduced to a spine that articulates
only with the transverse process. The rib of
cervical 8 is fused to the transverse process
in Meiolania while in Proganochelys the ribs
ofcervicals 6-8 are fused. The fusions in Pro-
ganochelys, however, are of both rib heads
so that a foramen results, except in cervical
8. The dorsal and ventral rib articulations are
of equal size in Proganochelys but the dorsal
one is distinctly larger in Meiolania. In Meio-
lania the ribs are slightly curved and concave
posteromedially, but in Proganochelys they
seem to be flat.
The fused ribs are preserved in SMNS

16980, the Berlin specimen, and SMNS
17204. All the fused ribs are cylindrical and
posteriorly curved in contrast to the flat and
straight free ribs. In the Berlin specimen the
sixth cervical rib is slightly larger than the
seventh, but in SMNS 16980 the sixth cer-
vical rib is smaller than the seventh. The rib
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1'F.

Fig. 113. Proganochelys quenstedti, MB 1910.45.
parison with articulated atlas.

of cervical 6 has a strong curvature, not seen
in cervical 7. The ventral articulation of the
rib in cervical 6 is placed farther forward than
the dorsal articulation. In neither specimen
is there any indication of sutures separating
the intercentra. The foramen formed between

2. Atlas, see Figure 112 for orientation and com-

tuberculum and capitulum is oblong to tri-
angular in shape.
The eighth cervical is preserved in both

SMNS 16980 and the Berlin specimen (figs.
107, 108). In the Berlin specimen this ver-
tebra has been distorted by dorsoventral

NO. 194170

.f

,41.



GAFFNEY: PROGANOCHELYS

,

Fig. 114. Proganochelys quenstedti, MB 1910.45.2. Cervical 2, see Figure 112.

crushing, causing the centrum to be wider than
long, which is probably not its original shape.
This cervical differs from the others in having
a tall neural spine that expands distally to fit
into a depression in the carapace. The at-
tachment is suturally fused in the Berlin spec-
imen and disarticulated in SMNS 16980. (The
figures of the eighth cervical in the Berlin
specimen lack the top of the neural spine be-
cause it is broken off the cervical and still
attached to the carapace; it is visible in fig.
82.) Other turtles may independently acquire
cervical-carapace articulations, as in Meio-
lania and chelonioids, but no other turtles
have a sutural attachment. This may be a
Proganochelys autapomorphy or a primitive
feature for turtles, but its absence in pleu-
rodires, Kayentachelys, pleurostemids, baen-
ids, and chelydrids argues that the general-

ized casichelydian condition is without an
articulation.
The anterior central articulation of the

eighth cervical is very much the same as in
the other cervicals, a shallow concavity. The
posterior central articulation, however, is
platycoelous and would appear to have had
little or no movement. Similarly, the prezyg-
apophyses are as in the more anterior cer-
vicals but the postzygapophyses are much
smaller and very close to each other near the
midline. The neural arch-centrum attach-
ment is about the same width as the centrum
in the more anterior cervicals, but in the eighth
cervical this area is narrower as the result of
a posterior excavation. The eighth cervical
has large ribs that attach relatively high on
the vertebra, on the area connecting centrum
and neural arch.
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Fig. 115. Proganochelys quenstedti, MB 1910.45.2. Cervical 3, see Figure 1 12.

The centrum ofthe eighth cervical has very
large ribs, much larger than the other cervical
ribs and differing in having a single head rath-
er than being bicipital as in cervicals 2-7. The
ribs are very different in SMNS 16980 and
the Berlin specimen. In SMNS 16980 the ribs
are thin and flat dorsoventrally, lying in a flat
plane at right angles to P'e midline. They
curve ventrally and are attached to the cen-
trum by an open suture. In the Berlin spec-
imen the ribs are thick, much shorter, and
extend laterally with only a slight downturn.
They are fused to the centrum with no sign
ofa suture. The Berlin ribs are thick and stout
medially but thin laterally where a curve is
formed, concave anteriorly. This curved sec-
tion lies directly behind the dorsal process of
the scapula.

The differences between the eighth cervi-
cals in the two specimens are hard to inter-
pret. Some features, such as the open suture
and generally thin appearance in SMNS
16980, can be ascribed to growth but the ori-
entation and shape differences could be in-
dividual variation or taxonomic distinction.

CAUDALS
(table 14, figs. 125-132)

The three Trossingen specimens, SMNS
16980, SMNS 17203, and SMNS 17204, have
what appear to be complete tails, while none
of the other Proganochelys specimens have
any caudals. SMNS 17204 (fig. 132) has a
complete and articulated tail that has been
prepared so that the osteoderms are in situ.
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Fig. 1 16. Proganochelys quenstedti, MB 1910.45.2. Cervical 4, see Figure 1 12.

SMNS 16980 has had all of its caudals, chev-
rons, and osteoderms disarticulated and is
the basis for the figures ofthe individual cau-
dals (figs. 125-128). The caudals of SMNS
16980 have been identified by comparison
with SMNS 17204. The tail ofSMNS 17203
is not as well preserved as the tail in the other
two Trossingen specimens. There is more
crushing and distortion, probably related to
the young and less ossified nature ofthe spec-
imen. Only in this specimen are all the neural
arches separated from the centra.
The tail ofProganochelys ends in a dermal

ossification or sheath referred to here as a tail
club for convenience, not as a functional in-

terpretation. The club grades into the dermal
osteoderms so that there is a certain amount
ofambiguity concerning the extent ofthe club
and the number of caudal centra incorporat-
ed. Nonetheless, counts of the caudal centra
anterior to the club are different in each spec-
imen. In SMNS 17204 there are 13 caudals
anterior to the tail club, in SMNS 16980 there
are 14 caudals, and in SMNS 17203 there are
18. The tail club of SMNS 17203 is clearly
less extensive than the other two and sup-
posing incorporation of one or more sets of
osteoderms would reduce the tail count to 15
or 16, more in line with the other two spec-
imens.
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Fig. 1 7. Proganochelys quenstedti, MB 1910.45.2. Cervical 5, see Figure 1 12.

In SMNS 17204 the tail bones are in the
same block as the shell up to caudal 3 where
there is a break; all the remaining caudals and
club are in a single piece. In SMNS 16980
caudals 1 through 9 are loose, and the re-
maining caudals and tail club are still in one
piece connected by matrix. The tail ofSMNS
17203 is separated into five pieces: caudals
1 and 2, caudals 3-7, caudals 8-12, caudals
13-16, and caudals 17 and 18 with the tail
club. Except for caudals 10-14 incorporated
with the tail club, SMNS 16980 has no os-
teoderms preserved in association with the

loose caudals but in SMNS 17203 the osteo-
derm association has been maintained.
The caudals ofProganochelys are relatively

short with very shallow, amphicoelous cen-
tral articulations similar to the cervicals. The
neural arches extend for nearly the length of
the centrum. There is only a low ridge on the
midline; a well-developed neural spine is ab-
sent. The zygapophyses lie well separated
from the midline with curved articulations
so that the prezygapophyses face dorsally in
their medial part and turn medially on their
dorsal part.
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Fig. 118. Proganochelys quenstedti, MB 1910.45.2. Cervical 6, see Figure 112.

The transverse processes are relatively long,
decreasing in length and thickness posteriorly
but always well developed. The first caudal
has particularly broad and flat transverse pro-
cesses in comparison to the more posterior
caudals. Well-developed transverse process-
es appear to be primitive for Casichelydia but
in Captorhinus only the anterior caudals have
them.
The chevrons or haemal arches begin on

the third caudal and are attached to postero-
ventral paired ridges by means of open su-
tures. The more posterior chevrons are ex-
panded distally.
The caudals ofProganochelys are large an-

teriorly and somewhat shorter, but they do
not exhibit the degree of regional differentia-

tion usually seen in turtles. The caudals are
higher than long anteriorly and become equi-
dimensional posteriorly with the transverse
spines relatively shorter.
The caudal osteoderms are best seen in

SMNS 17204 (fig. 132). The dorsal osteo-
derms consist of three spikes, or triads, one
on the midline and one on each side, con-
nected by a strap of bone. The triad arrange-
ment is peculiar to the tail of Proganochelys;
none of the other osteoderms are in sets of
three. There are six sets of triads on the tail
ofSMNS 17204, evenly distributed from the
carapace to the tail club. The first three are
about the same size while the succeeding three
decrease in size. The triads shift in position
so that the anterior ones are nearly transverse
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Fig. 119. Proganochelys quenstedti, MB 1910.45.2. Cervical 7, see Figure 112.

and the more posterior ones are skewed. This
may be natural because some of the triads
are not bilaterally symmetrical-the left spine
can be larger than the right. Similarly, the
triads still articulated with the posterior cau-
dals of SMNS 16980 are not strictly sym-
metrical either in position or shape. Other,
smaller osteoderms occur irregularly along the
flanks of the tail and bases of the triads.
The only comparable elements in other

turtles are the tail rings of Meiolania (Gaff-
ney, 1 985b). However, these semicircular
structures almost surround the tail and have
a strict symmetry consisting of two pairs of

low spikes rather than the triads seen in Pro-
ganochelys.
The tail club is preserved in all three Tros-

singen specimens and is similar in all ofthem.
It seems to consist ofthree sets oftriads fused
together and surrounded by a ground mass
ofbone. The spikes become less symmetrical
and lower posteriorly, ending in what appears
to be broken bone in all three tail clubs. Con-
trary to expectations, the tail club of SMNS
16980 is slightly more robust than the other
two, although SMNS 17204 is longer than
SMNS 17203.
As with the tail osteoderms, the tail club
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Fig. 119. Continued.

of Meiolania has a different symmetry from
that of Proganochelys (Gaffney, 1985b). The
club in Meiolania platyceps has four sets of
two pairs of low spikes in contrast to the
three-fold symmetry of Proganochelys. Ven-
trally the solid bone surface of the tail club
is covered by a series ofC-shaped scales, about
two to a vertebral segment. These are similar
to laterally elongate osteoderms found loose
more anteriorly.

SHOULDER GIRDLE
(table 15, figs. 133-138)

The scapula and coracoid are preserved in
good condition on both sides ofSMNS 16980
and on the left side of the Berlin specimen,
MB 1910.45.2. A disarticulated scapula and
coracoid are preserved in less satisfactory
condition on the left side of SMNS 17203.
In this specimen the dorsal process of the
scapula has been pushed through the cara-
pace and the coracoid is separated from the
scapula along the suture.

Earlier reports of a cleithrum in Progan-
ochelys (Jaekel, 1918a; Romer 1956; Gaff-
ney, 1984; Gaffney and Meeker, 1983; Gaff-

ney et al., 1987) are incorrect. The element
thought to be a cleithrum is the dorsal process
of the epiplastron (see Epiplastron).

SCAPULA
(fig. 135)

The scapula of Proganochelys (fig. 135)
consists of an anterodorsal process, a trian-
gular, ventromedial prong (acromial pro-
cess), and a relatively horizontal central plate
bearing the glenoid fossa laterally. When the
entire scapulocoracoid is oriented with the
flat plate of the coracoid and scapula hori-
zontal, the dorsal scapular process on both
sides ofSMNS 16980 is at an angle of about
450 with the horizontal. In the Berlin speci-
men (fig. 136) in which the scapula is not
noticeably crushed or distorted, the dorsal
scapular process is closer to the vertical and
it is hard to determine objectively which is
correct, or ifboth are. If the scapulocoracoid
were oriented with the flat plate tilted as in
figure 136, then the dorsal scapular process
would be vertical. In SMNS 17203 the dorsal
process of the scapula is vertical and at right
angles to the main body of the scapula, but
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Fig. 120. Proganochelys quenstedti, MB 1910.45.2. Cervical 8, see Figure 112.

this specimen has been subjected to extensive
crushing and the position may not be as in
life. The problem of the orientation of this
process is related to the position ofthe dorsal
process of the epiplastron and is discussed
under Epiplastron. The dorsal scapular pro-
cess in casichelydians varies in its orientation
but tends to be vertical or inclined antero-
dorsally so the difference in orientation com-
pared with Proganochelys is not great.
The dorsal scapular process in Progan-

ochelys is an oval column, somewhat more
irregular than the generally smooth, parallel-
sided scapular process in most casichelydi-
ans. There are poorly defined, longitudinal
ridges and grooves on the scapular process of

Proganochelys that seem to be related to the
close approximation of the dorsal process of
the epiplastron or the eighth cervical rib. Jae-
kel (1918a: figs. 17, 28; repeated here as fig.
80) shows the "cleithrum" (=dorsal process
of epiplastron) lying along the anterior part
of the dorsal scapular process with a shallow
groove on this surface. The distal end of the
process is expanded and slightly mushroom-
shaped in SMNS 17203, a probable result of
preservational damage. On both sides of
SMNS 16980 the scapular process ends in a
rounded surface with a small oval concavity
that appears to have been finished in carti-
lage. In the Berlin scapula the dorsal process
terminates in what seems to be a natural,
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Fig. 120. Continued.

finished surface, and there is no evidence for
Jaekel's (1918a) suprascapula (fig. 80). The
anterior surface ofthe scapular tip has a shal-
low, curved depression that could be for the
articulation of the dorsal process of the epi-
plastron.
The contrast between the dorsal process of

the scapula of generalized amniotes and tur-
tles is great (figs. 137, 138). Proganochelys
and all other turtles have a columnar dorsal
process while other amniotes have a flat blade.
The flat blade of generalized amniotes pro-
vides a large area for muscle insertion and
much of this is between the pectoral girdle
and the vertebral column while in turtles the
pectoral girdle is attached to the shell by more
direct articulations rather than by muscles.
The posterior half of the scapula in Pro-

ganochelys is a roughly horizontal plate bear-
ing the acetabulum posterolaterally, the base
of the dorsal process anterodorsally, and the
acromial process anteroventromedially. The
acromial process, best seen in the Berlin spec-
imen and the right scapula of SMNS 16980,
is a triangular prong that has a broad base
and narrows ventromedially with an acute
termination that apparently articulates with
the plastron. The process is essentially formed

by three ridges: a horizontal ridge continuous
with the main plate of the scapula and cor-
acoid, an anterodorsal ridge which is a web
extending from the base ofthe dorsal process,
and a ventral ridge running from the medial
margin of the glenoid fossa and separating
the ventral surface of the scapula into an an-
teroventral surface and a posterior surface.
The coracoid or supracoracoid foramen

(Romer, 1956) in Proganochelys is formed
by both scapula and coracoid and lies in the
suture between both bones. The presumed
homolog is formed entirely in the posterior
part ofthe scapula (anterior coracoid, see be-
low) of Captorhinus and other generalized
amniotes. Due to the extensive medial ex-
cavation of bone in casichelydians, a cora-
coid foramen is absent in all other turtles.
The acromial process of turtles takes its

name from the acromion of mammals, but
it is not homologous and has little similarity
in the two groups. A different name for this
structure in turtles would be best but the term
is deeply imbedded in the literature. In any
case, the "acromial" process is a chelonian
synapomorphy and present in Proganochelys
and all turtles. In casichelydians the acromial
process of the scapula is a long, columnar
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Fig. 121. Proganochelys quenstedti, SMNS 16980. Cervical ribs. Two left-hand columns are lateral
views; two right-hand columns are medial views. Articulation with particular cervical centra is not
known.

extension attaching very near the glenoid so
that the scapula is essentially an L-shaped
bone. In Captorhinus and generalized am-
niotes there is no ventromedial extension of
the scapula and the bone does not extend
ventral to the level of the glenoid fossa. Pro-
ganochelys might be considered morpholog-
ically intermediate between the primitive
amniote condition and casichelydians, be-
cause the acromial process is clearly an ex-
tension continuous with the horizontal part
of the scapula. The casichelydian condition
completely lacks a horizontal plate.
The only suture visible in the scapulocor-

acoid of Proganochelys is a clear one sepa-
rating the scapula and the coracoid and di-
viding the glenoid. Nonetheless, there is
evidence that the scapula of Proganochelys
(and all other turtles) contains the anterior
coracoid ofgeneralized tetrapods and that the
suture seen is really the one between the an-
terior and posterior coracoid. Topological
comparisons between Proganochelys and tet-
rapods with a generalized pectoral girdle hav-

ing discrete coracoid elements (fig. 138) sug-
gest that the anterior coracoid is incorporated
in the scapula of Proganochelys. Using the
glenoid fossa, the anterior coracoid-posterior
coracoid suture, and the coracoid (supracor-
acoid) foramen as landmarks, the acromial
process region of the scapula in Proganoche-
lys is most similar topologically to the ante-
rior coracoid of generalized tetrapods. The
coracoid foramen in Proganochelys lies in the
suture while in other forms, such as Labi-
dosaurus and Dimetrodon, it lies in the an-
terior coracoid but near the suture with the
posterior coracoid. Further evidence comes
from a specimen of Captorhinus figured by
Holmes (1977: fig. 4). Adult Captorhinus
show no sutures in the scapulocoracoid but
the apparently immature specimen figured by
Holmes shows three elements: an anterior
coracoid partially fused with the scapula and
a posterior coracoid completely separated by
a suture going through the glenoid. The acro-
mial process of turtles also retains the clav-
icle-interclavicle contact of the generalized
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Fig. 122. Proganochelys quenstedti, MB
1910.45.2. Specimen as mounted in MB showing
positions ofcervical osteoderms. The basis for this
arrangement is not definitely known. See Jaekel
(1918a).

amniote by articulating with the epiplastron-
entoplastron of the shell. Further suggestive,
but not definitive, evidence comes from the
attachment of the supracoracoideus muscle
on the anterior coracoid of generalized am-
niotes (Romer, 1922; Holmes, 1977) and on
the acromial process ofturtles (Walker, 1973).
Therefore, the scapula of turtles is probably
homologous to the scapula plus anterior cor-
acoid of generalized amniotes and the cora-
coid of turtles is homologous to the posterior
coracoid in the primitive amniote condition.
The glenoid fossa of Proganochelys is

formed by the scapula anteriorly and the cor-
acoid posteriorly. It is an ovoid concavity
facing ventrolaterally for the articulation of
the head of the humerus. In Captorhinus and
generalized amniotes the glenoid has the
"screw-shape" described in the literature
(Romer, 1922; Miner, 1925; Romer, 1956;
Holmes, 1977). Proganochelys has a slight
torsion but in general it clearly is similar to
the relatively simple glenoid of turtles. The
consequence of these differences would ap-

3cm
i - I

Fig. 123. Proganochelys quenstedti, anterior
views of dermal ossicles from dorsal surface of
neck (see Figure 98). Upper two ossicles are SMNS
16980, lower ossicle is probably SMNS 17203; see
text for discussion.

pear to suggest that the humeral movements
in Proganochelys were more like those of ca-
sichelydians than of generalized amniotes.

CORACOID
The coracoid of Proganochelys is a broad,

flat plate contacting the scapula anteriorly,
having subparallel medial and lateral mar-
gins and a curved posterior border. The me-
dial edge is thinner than the lateral but in
general the coracoid is of uniform thickness.
In comparison to that of Labidosaurus and
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Fig. 124. Proganochelys quenstedti, anterior views. Upper, life restoration made at half life size;
lower, cast ofarticulated skeleton ofSMNS 16980, showing orientation and placement ofdermal ossicles
overlying neck.

Dimetrodon the coracoid ofProganochelys is
much more extensive posteriorly in relation
to the glenoid and scapula contact. In the
primitive amniote condition the coracoid
does not usually extend posteriorly very far

beyond the glenoid fossa, but in Progan-
ochelys the coracoid has a substantial pos-
terior blade. Casichelydians, however, differ
significantly from Proganochelys in having a
coracoid with a narrow neck close to the
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TABLE 14
Comparison of Caudal Vertebrae

Captorhinus Proganochelys Casichelydia

Central articulations Amphicoelous, noto- Amphicoelous, shallow Amphicoelous, shallow
chordal

Neural spines High and narrow Very low Moderate
Chevrons Present, well developed Present, well developed Present, well developed
Number of caudals Estimated at 60+ 13-16 30+
Caudal osteoderms Absent Present Absent
Transverse processes Present only on anterior Well developed on all Well developed on ante-

caudals caudals rior caudals
Tail club Absent Present Absent

glenoid and the orientation of the neck and
distal blade is posteromedial rather than
posterior as in Proganochelys. The degree and
shape of the distal blade of the coracoid vary
considerably in casichelydians where it may
be straight and narrow (Podocnemis), curved
and broad (trionychids), or short and flared
(testudinids).
The scapulocoracoid in casichelydians is

distinctive among tetrapods in its triradiate
shape, analyzed by Walker (1971) as func-
tioning as a truss distributing the shell forces
to the limbs. Proganochelys has a scapulo-
coracoid that is essentially a horizontal blade
with a dorsal process and is not obviously
triradiate. However, it can be readily inter-
preted as functioning in the same way as the
triradiate casichelydian scapulocoracoid. The
dorsal process articulates with the carapace
as in casichelydians (and/or with the dorsal
process of the epiplastron which in turn ar-
ticulates with the carapace). The ventral plate
has a well-developed acromial process for the
more anterior plastral articulation and the
coracoid blade provides the more posterior
plastral articulation, again as in casichelydi-
ans.

PELVIC GIRDLE
(table 16, figs. 139-147)

ILIUM

The pelvis is present in all five Progan-
ochelys specimens, SMNS 16980, SMNS
17203, SMNS 17204, SMNS 15759, and the
Berlin specimen. In SMNS 15759 only the
ventral plate of the pelvis along with the hy-

poischia (fig. 145) is preserved. The pelvis in
the Berlin specimen (fig. 141) figured by Jae-
kel (1918a) and repeated in many review
works, is badly distorted by anteroposterior
crushing, resulting in a pelvis that is unnat-
urally high and narrow in lateral view. SMNS
17204 (fig. 88) has a pelvis in situ articulated
with the shell and hind limbs. It is only vis-
ible ventrally but presumably it is complete.
In its visible areas it is the most complete
pelvis available and the size of the thyroid
fenestrae is based on this specimen. SMNS
17203 has the three bones of the left pelvis
disarticulated and free of matrix (fig. 142),
while the right pelvis is disarticulated and in
situ on the ventral surface of the carapace
providing limited information. SMNS 16980
has a complete pelvis with sacral ribs (fig.
139) free of matrix and is the basis of the
description due to its accessibility and rela-
tive completeness. It is not as well preserved
as SMNS 17204, however, and the thyroid
fenestrae and areas of the pubic and ischiac
plate have been restored during preparation.
The pelvis ofan adult Proganochelys prob-

ably was completely fused because pelvic su-
tures have been seen only in the juvenile
SMNS 17203. SMNS 16980 has sacral rib-
pelvis sutures but none are visible within the
pelvis, even in the acetabulum where they
are usually persistent in turtles.
There are two sacral ribs and vertebrae in

Proganochelys (fig. 139) as in Captorhinus
(Fox and Bowman, 1966; Heaton and Reisz,
1980) and casichelydians. Also as in these
taxa, the first sacral rib is much larger than
the second. In Proganochelys the ribs are
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Fig. 125. Proganochelys quenstedti, SMNS 16980. Caudal vertebrae 1-3.
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Fig. 126. Proganochelys quenstedti, SMNS 16980. Caudal vertebrae 4-7.
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Fig. 127. Proganochelys quenstedti, SMNS
16980. Caudal vertebrae 8 and 9.

tightly attached distally to the medial surface
of the ilium, with a large, oval space sepa-
rating the ribs. The anterior articulation of
the centrum of the first sacral is concave as
in other turtles and receives the convex cen-

trum of the last thoracic vertebra. The con-
tact between first and second sacral centra is

flat and synarthritic, also as in other turtles.
The posterior articulation of the second cen-
trum is convex with a small concavity in its
center; this central articulation varies among
Casichelydia. In Captorhinus all the central
articulations are amphicoelous and noto-
chordal.
The sacral zygapophyses are inclined at a

steep, nearly vertical angle, and nearly meet
ventrally in Proganochelys. They are very
close together, closer than in the cervicals or
caudals. This pattern ofclosely approximated
sacral zygapophyses can be seen in casiche-
lydians but Captorhinus has sacral zygapoph-
yses that are much further apart.

In casichelydians the neural spines of the
sacrals are usually attached to the carapace
by cartilage or connective tissue rather than
by suture, and this seems to be the case in
Proganochelys. The neural spines in Progan-
ochelys are distinctly developed, and higher
than in most casichelydians but comparable
to those of Captorhinus.
The ilium of Proganochelys is a relatively

massive element with an expanded dorsal
portion different from that of Captorhinus
and other turtles (figs. 143-144). In casiche-
lydians the ilium is a relatively high structure,
extending dorsally or posterodorsally as a
column from the acetabulum and expanding
distally to varying degrees (Zug, 1971). The
pelvis of Captorhinus is only partially de-
scribed in the literature (Fox and Bowman,
1966; Heaton and Reisz, 1980) and I have
relied on the descriptions of Labidosaurus
(Broili, 1904) and primitive pelycosaurs (Ro-
mer and Price, 1940), as well as Seymouria
(White, 1939) for information on the pelvis
in generalized amniotes. The ilium of gen-
eralized amniotes is a long, posterodorsally
directed spine that bears the sacral rib artic-
ulations medially and may become dorsally
expanded to a varying extent (Captorhinus,
Labidosaurus). Petrolacosaurus (Reisz, 1981)
and primitive pelycosaurs (Romer and Price,
1940; Reisz, 1980) have the narrow ilium
seen in protorothyrids (Carroll, 1969),
strongly suggesting that the primitive con-
dition for diapsids and synapsids is the nar-
row ilium seen in protorothyrids and that the
slightly expanded ilium of captorhinids is a
synapomorphy with turtles.
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Fig. 128. Proganochelys quenstedti, SMNS 16980. Caudal vertebrae 10-15, tail club, and chevrons.

In Proganochelys the dorsal part of the il-
ium is greatly expanded anteroposteriorly,
even more than in casichelydians. Antero-
dorsally the ilium of Proganochelys is en-
larged into a rounded process bearing the large
sacral rib medially and an oval, raised tu-
bercle dorsally. The tubercle contacts similar
size tubercles on the carapace in what seems

to be an unsutured, moveable articulation.
The articular tubercles are seen on the Berlin
specimen and SMNS 16980 but not on SMNS
17203, presumably due to immaturity, but
also possibly damage.
The dorsal portion of the ilium ofProgan-

ochelys narrows posteriorly to end in a pos-
teriorly directed spine extending back from

3

7

6

1210

n~~~~~~~~~~~1a I

1 1

1871990

11-
.1

----) I

, I

%%a



188 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 194

-- 0

0

0

co

0~~~~~~~~

0~~~~~~~~~~06-
§1?Ew zU

co

>>;NRtD

CD



GAFFNEY: PROGANOCHELYS
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Fig. 130. Comparisons of fifth caudal vertebra. Anterior to the left, haemal spines stippled. A,
Captorhinus sp., from Heaton and Reisz (1980) andAMNH 19393, 19395. B, Proganochelys quenstedti,
SMNS 16980. C, Macroclemys temmincki, AMNH 58251. D, Podocnemis expansa, AMNH 62947.

the main region ofthe ilium. This ilial process
tapers posteriorly to end in a blunt projec-
tion, oval in cross section. The medial surface
of the ilium articulates with the sacral ribs
along the dorsal edge of the ilium in Progan-
ochelys and casichelydians, and this region
would then seem to be homologous in both.
The great dorsal extension of the ilium in
casichelydians would thus result from a pos-
terodorsal elongation ofthe neck between sa-
cral articulation and acetabulum. This elon-
gated neck is a casichelydian synapomorphy.
The Berlin specimen is crushed anteropos-
teriorly giving it the appearance of a more
"normal" turtle pelvis, and this, unfortu-
nately, is the specimen that has been repeat-
edly figured in review works (such as Carroll,
1988, figs. 10-25).
In SMNS 17203 the sutures in the acetab-

ulum can be seen. As in other tetrapods this
concavity for the articulation of the femoral
head is made up of the ilium, pubis, and is-
chium meeting in a tripartite, Y-shaped su-
ture. The three bones equally form the ace-
tabulum. The acetabulum of Proganochelys
differs from that of other turtles and most
generalized amniotes in being a very solid,
relatively deep concavity with well-formed
margins all around its circumference. The
bone around the acetabulum appears swol-
len, so that the areas supporting the acetab-
ulum are thicker than the other parts of the

pelvis. In general, the acetabulum of all tur-
tles, Proganochelys and casichelydians, tends
to be better developed than in generalized
amniotes, such as Captorhinus.

PUBIS

The pubis in Proganochelys forms the an-
teroventral third of the pelvis from the ace-
tabulum to the lateral pubic process. As in
other tetrapods, the pubis meets the ilium
posterodorsally and the ischium posteroven-
trally. Good sutures are only seen in SMNS
17203. The pubis ofProganochelys is a curved
plate that forms the anterior halfofthe pelvis
in ventral view. On the midline the two pubes
meet to form a small epipubic process, sim-
ilar in size to the ossified (not the calcified
cartilage extension) epipubis seen in many
casichelydians. Some other turtles, such as
baenids (Hay, 1908), however, have a large
ossified epipubic process, but this does not
occur in Proganochelys. On the ventral mid-
line Proganochelys has a low ridge where the
pubes and ischia meet.
Labidosaurus (Broili, 1904) has an inden-

tation where the pubes meet on the midline;
Seymouria (White, 1939) has a slight anterior
extension, and the condition in Captorhinus
(based on AMNH specimens) appears to be
similar. The development ofan epipubic pro-
cess would appear to be a chelonian synap-
omorphy.
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Fig. 131. Proganochelys quenstedti, SMNS 16980. Tail club; fine stipple are caudal vertebrae; coarse
stipple are chevrons.
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Fig. 132. Proganochelys quenstedti, SMNS 17204. Articulated caudal vertebrae and osteoderms. A,
dorsal; B, ventral; C, left lateral; D, right lateral.

The ventral part of the pubis is a curved
plate, concave dorsally, with an anteroven-
trolateral process (the lateral pubic process)
that meets the plastron. Distally there is a

smooth, oval foot that articulates with an oval
concavity on the plastron. The articulation
seems to be a moveable one; a suture is not
present. This type of articulation is similar
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TABLE 15
Comparison of Shoulder Girdle

Captorhinus Proganochelys Casichelydia

Clavicle and interclavicle Ventral part of shoulder Part of plastron Part of plastron
girdle

Interclavicle (entoplas- Yes Yes No
tron) relatively large
and with strong medi-
an stem

Interclavicle (entoplas- No Yes Yes
tron) arrowshaped with
distinct posterolateral
process

Dorsal process of scapula Broad, thin blade Narrow coJumnar pro- Narrow columnar process
cess

Anterodorsal articulation Present Present Absent
of scapula with dorsal
process of epiplastron
(=clavicle)

Acromial process of Absent Short, triangular Long, columnar
scapula

Anterior coracoid Discrete ossification Fused with scapula Fused with scapula
Glenoid fossa "Screw-shaped" Concave Concave
Coracoid shape Flat plate without poste- Flat plate with posterior Columnar with variable

rior extension extension posteromedial expansion
Coracoid foramen Formed by scapula Formed by scapula and Absent

coracoid

to one seen in generalized cryptodires, such
as baenids and pleurostemids, where an ar-
ticulation facet persists. The epipubic process
and the lateral pubic process in Proganoche-
lys reach anteriorly to about the same extent.

In generalized amniotes the obturator vein
penetrates the pubis through the obturator
foramen, a small hole ventral to and slightly
ahead of the acetabulum. In casichelydians
the obturator foramen is included in a very
large opening, the thyroid fenestra, that is
formed by the pubis and ischium and may
be merged at the midline or only separated
by cartilage. In Proganochelys this region is
completely preserved only in SMNS 17204;
the other specimens have lost bone in this
area, thereby enlarging the foramen. SMNS
16980 (fig. 139) has breaks in this area and
unnaturally large fenestrae were restored dur-
ing preparation. In SMNS 17204 (fig. 88) it
can be seen that Proganochelys has a small
foramen (not the large thyroid fenestra of ca-
sichelydians), which is in the position of the
obturator foramen of generalized amniotes.

ISCHIUM

The ischium in Proganochelys, as in other
tetrapods, forms the posteroventral third of
the pelvis. It is a curved plate, concave dor-
sally, with an indistinct posteroventral en-
largement, the lateral ischial tuberosity. The
contact between pubis and ischium on the
ventral plate of the pelvis is not preserved in
any of the specimens. The disarticulated pu-
bis and ischium of SMNS 17203 is broken
along the contact area where the bones are
thinner.
The most prominent feature ofthe ischium

is a large, rounded tubercle on the midline of
the ventral surface. This tubercle was pos-
terior to the posterior margin of the plastron
as can be seen in SMNS 17204 and SMNS
16980 (the latter by articulating the lateral
pubic processes with contact areas on the
plastron). In other turtles with small plastra,
such as chelydrids, the ischia are also pos-
terior to the plastron. The tubercle is not de-
veloped in SMNS 17203, presumably due to
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Fig. 133. Comparison of turtles and a primitive amniote. The two turtles have the shell (but no other
skeletal elements) sectioned parasagittally, just to the left of the midline. A, Captorhinus sp., Early
Permian, from Heaton and Reisz (1980), distal portion of tail deleted. B, Proganochelys quenstedti,
SMNS 16980, Late Triassic. C, Emys orbicularis, from Bojanus (1819) and specimens, Recent.

the immaturity ofthis specimen. In the Berlin
pelvis the tubercle is present but the pelvis
lacks its posterior part and the break goes

through the tubercle so that the posterior half
of it and the ischia are missing. The ischial
tubercle is roughly mushroom-shaped, the
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Fig. 134. Proganochelys quenstedti, cast of SMNS 16980. Lateral views of mounted skeleton.

ventral part being separated from the main
plate of the ischia by a constriction. The tu-
bercle is rounded but irregular in shape and
is ofabout the same size in SMNS 17204 and
SMNS 16980.
The posterior limits of the ischia differ in

SMNS 16980 and SMNS 17204 (figs. 88,
139). In SMNS 16980 the ischia end at the
ischial tuberosity while in SMNS 17204 they

continue posterior to it. This is not due to
differences in position of the tuberosity be-
cause the relations to other features of the
pelvis are the same. The posterior ischial
margin in SMNS 16980 has shallow, paired
concavities; in SMNS 17204, however, the
posterior ischial margin consists of paired
convexities with a shallow midline indenta-
tion. The lateral ischial process in SMNS
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Fig. 135. Proganochelys quenstedti, cast ofSMNS 16980. Scapula-coracoid. A, right and left in ventral
view; B, right and left in dorsal view; C, right in medial view; D, right in lateral view; E, right in anterior
view.

17204 is a rounded obtuse corner with little
similarity to that of other turtles. This dif-
ference in the ischium of Proganochelys ap-
pears to be related to the hypoischium which

articulates on the posterodorsal margin ofthe
ischium. It is likely that this area is more
cartilaginous in SMNS 16980 and reflects its
immaturity with respect to SMNS 17204.

NO. 194196



GAFFNEY: PROGANOCHELYS

A

-dorsal scapular process

C

D

Fig. 135. Continued.

There is also the possibility that this a sexual
difference although there is no recent analog.

It would appear that, given the posterior
overhang of the pelvis in Proganochelys and
the lack of an ischial-plastron articulation in
it and in some casichelydians, the presence
of an ischial-plastron contact in pleurodires
and other groups of cryptodires may be in-
dependently acquired within the Casichely-
dia.
The ischium of generalized amniotes is a

broad, curved plate, extending posteriorly to
a greater extent than in turtles, including Pro-
ganochelys. Casichelydians, however, are ad-
vanced over Proganochelys in having a small-
er ischium, considerably abbreviated by the
anterior enlargement of the thyroid fenestra
and the posterior reduction of the ischium.
The result is that in most casichelydians the
ischium is more rod- or trusslike than plate-
like.

HYPOISCHIUM
Four ofthe Proganochelys specimens have

postpelvic ossifications that apparently lie in
the plane of the ventral plate of the pelvis
and articulate with the ischia. In two of the
specimens these ossifications are single; in the
other two they are paired. In SMNS 17204
(fig. 88) there is a single, bilaterally symmet-
rical plate preserved in situ, articulating with
the ischia. A nearly identical plate is associ-
ated with SMNS 16980 (fig. 146) and as-
sumed to have the same relationship with the
pelvis. In SMNS 15759 (fig. 145) there is a
pair ofplates articulating in situ with a pelvis,
and, a pair of similar plates in SMNS 17203
(fig. 145) are assumed to be the same as in
SMNS 15759. The similarity of the ossifi-
cations to structures termed by various au-
thors (see below) the "hypoischium" is not
great enough to conclude that the elements
are homologous, but the term is nonetheless
used here because of its descriptive aptness
and because the elements termed hypois-
chium in the literature are certainly the clos-
est things to the structure in Proganochelys.
These structures are not known in extinct am-
niotes nor in any other turtles. The single type
of hypoischium is described first, then the
paired form.
The single form ofthe hypoischium ofPro-
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Fig. 136. Proganochelys quenstedti, MB 1910.45.2. Left scapula-coracoid. Left, lateral view; right,
anterior view.

ganochelys (fig. 146) is a flat, triangular plate
lying horizontally behind the ischia with its
apex pointed anteriorly. Anterolaterally the
plate is thickened into paired protuberances
that end in ovoid concavities, which in SMNS
17204 articulate with the posterodorsal mar-
gin of the ischia. In SMNS 17204 these pro-
tuberances are much thicker and more ex-
tensive than in SMNS 16980. In SMNS 16980
the hypoischium is relatively flat anteriorly
but in SMNS 17204 the thickened areas are
larger and a narrow trough is formed ante-
riorly on the ventral surface. In SMNS 17204
the hypoischium does not articulate directly
on the ischia and presumably varying
amounts of cartilage intervened. The pelvis
of SMNS 16980 shows no articular surface
and the surface does not mirror that of the
hypoischium so that a fair amount of carti-
lage must have been present, particularly in
front of the protuberances. Between the pro-

tuberances is a thinner, pointed process on
the midline. All ofthe anterior margin of the
hypoischium is unfinished, supporting the
idea that it ended in cartilage.

Posterolaterally the single hypoischium has
paired processes that become thinner poste-
riorly and curl slightly at the tips. These pro-
cesses are absent in SMNS 17204 due to
breakage. As I interpret the orientation in
SMNS 16980 the posterolateral processes
twist so that the lateral edge is turned ven-
trally and the medial edge is turned dorsally.
The position ofthe hypoischium in SMNS

17204 (fig. 88) is unambiguous as preserved
in situ but offers some difficulties when in-
terpreted as a living animal. The articulation
between the hypoischium and the ischia is
extremely close and posteriorly the hypois-
chium lies on the ventral edge of the caudal
vertebrae which in this region has chevrons
and wide transverse processes. Ifthis was true
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Fig. 137. Comparisons of right shoulder girdles in lateral view; anterior to the right. A, Captorhinus
sp., from Holmes (1977) and specimens. B, Proganochelys quenstedti, SMNS 16980. C, Macroclemys
temmincki, AMNH 36602. D, Podocnemis expansa, AMNH 62947.

in life, where did the poor bastard have its
cloaca and associated structures? There is a
median cleft between the paired hypoischiad-
ic protuberances and the median notch ofthe
ischia that could have held a small cloaca,
but its opening would have been unexpand-
able and would have prevented egg laying.
The cloaca could have been placed more pos-
teriorly, between the hypoischium and the
caudals if it is assumed that the posterior end
ofthe hypoischium was much more ventrally
oriented in life.
Most living turtles have very short tails,

with the cloacal opening within or under the
carapacial margin, but in males the tail may

be longer with the opening at the very end,
beyond the carapacial margin. The only liv-
ing turtles with tails comparable in length to
Proganochelys are the chelydrids. The cloaca
in female chelydrids is within or just under
the carapacial margin while in males it is usu-
ally beyond the shell margin but not at the
end of the tail.

In SMNS 15759 (fig. 145) and SMNS 17203
the hypoischium is a paired structure con-
sisting of the two flat triangular bones lying
side by side. SMNS 15759 has the ventral
plate of the pelvis, below the acetabulum,
preserved with the anterior halves of the two
triangular bones in place. As preserved, the
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Fig. 138. Comparisons ofright shoulder girdles in ventral view; anterior to top ofpage. A, Captorhinus
sp., from Holmes (1977) and specimens. B, Proganochelys quenstedti, SMNS 16980. C, Macroclemys
temmincki, AMNH 36602. D, Podocnemis expansa, AMNH 62947. In B, C, and D the clavicle (epi-
plastron) and interclavicle (entoplastron) are deleted for clarity.

anterior edge of the hypoischia (the base of
the triangle) lies directly against the posterior
margin of the ischia with no space for inter-
vening cartilage. In SMNS 15759 the base of
the right hypoischium overlies the left one.
This arrangement strongly contradicts the
possibility that the cloaca went through here.
The paired ossifications ofSMNS 15759 and
SMNS 17203 must be considered compara-
ble with the paired protuberance of SMNS
16980 and SMNS 17204 but the position and
type of attachment and lack of fusion (even
with contact) are significant differences. The
size of the partial shell, skull, pelvis, and
paired hypoischia in SMNS 15759 is greater
than in SMNS 16980, so it is unlikely that
the paired forms are ontogenetic predecessors
ofthe single. The best guess is that the paired
bones are in females and the condition is sex-
ual (so that the egg can get through).

Peters (1964: 161) has this to say about the
term "hypoischium":
A cartilaginous or bony rod posteriorly directed from
the symphysis of the ischia. It is usually single but
can be paired. In some lizards it has a "V" or "Y"
shape, and apparently acts as a support for the cloacal
wall. According to the studies ofMehnert [1891]. ....
the hypoischium arises as a knob of cells on the em-
bryonic ischium, and is thus originally paired, but
Camp [1923] .. ., suggests that the hypoischium is a
continuation of the ligament at the symphysis of the
ischia, and is originally single, arising as a calcareous
deposit in the ligament. Ifboth hypotheses are correct,
then there are two different structures designated as
the hypoischium. Syn.: cloacal cartilage (cartilago
cloacalis), hypoischial cartilage.

From my own examination of Mehnert
(1891) and Camp (1923), Peters' account is
a good summary. The hypoischium oflizards
is figured in those two papers as well as in
Noble (1921), who also showed paired clo-
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TABLE 16
Comparison of Pelvis

Captorhinus Proganochelys Casichelydia

Dorsal portion of ilium Slightly expanded (Labi- Greatly expanded Expanded
dosaurus)

Posterodorsal elongation Absent Absent Present
of neck of ilium

Acetabulum with well- No Yes Yes
formed margins on all
edges

Distinct epipubic process Absent (Labidosaurus) Present Present
Lateral pubic process Indistinct (Labidosaurus) Well-defined, articulates Same as in Proganochelys

with plastron
Obturator foramen Small, in posterior part Small, in posterior part Large thyroid fenestra,

of pubis (Labidosau- of pubis formed by pubis and is-
rus) chium

Lateral ischial process Broad, blunt Small, indistinct Narrow, well developed
Large ventral tubercles Absent Present Absent
on ischium

Posterior extent of is- More Less Less
chium

Plate-like ischium Yes Yes No
Separate, ossified hypois- Absent Present Absent
chium

acal bones occurring in the same species that
has a single, midline hypoischium, so they
are presumably not the same thing in lizards.
Turtles are not known to have a postpelvic
ossification, but Romer (1956: 320) referred
to turtles having ".... small accessory ossi-
fications develop in the epipubic and hy-
poischiadic regions .. ." and to a hypois-
chium as a small, posteriorly directed, median
projection. Guibe (1970: 68-69) described
and figured a "hypoischion" for Sphenodon
but this is in cartilage.

It would seem, then, from the literature
that calling the postpelvic ossification in Pro-
ganochelys a hypoischium would be consis-
tent with previous authors, at least with re-
gard to the positional similarities. It is hard
to see that all these structures are homolo-
gous, occurring so far only in lepidosaurs and
one turtle. There is no suggestion of sexual
differentiation in the lizard paired versus sin-
gle ossification (although I wonder ifthis was
investigated) as may very well be the case in
Proganochelys. In conclusion, the closest
comparison of the postpelvic bones in Pro-
ganochelys is clearly with the hypoischium/

hypoischia oflizards. Nonetheless, they would
appear to be another autapomorphy for Pro-
ganochelys with no apparent functional or
phylogenetic relation to other turtles or to
generalized amniotes.

FORELIMBS
(table 17, figs. 148-151)

HUMERUS

The best humeri are in SMNS 16980, both
right and left. They are cracked and flattened
to an unknown extent but they preserve more
morphology than any other specimen (fig.
150). The left humerus ofSMNS 17203 (fig.
15 1) seems to have its original curvature and
this has been added to SMNS 16980 to pro-
duce the reconstructed humerus in fig. 148.
SMNS 17203 lacks much of the proximal
articular detail, presumably because it is a
juvenile, and its distal end is damaged. SMNS
17204 has both humeri but they are poorly
preserved, although the right provides some
information on the ventral surface. The ori-
entation ofthe humerus and the morphologic
terms are those used by Walker (1973).
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Fig. 139. Proganochelys quenstedti, SMNS 16980. Cast of pelvis. A, dorsal; B, ventral; C, anterior;
D, posterior; E, lateral. Thyroid fenestrae are enlarged as a result of breakage. See Figure 144.

The humerus of Proganochelys is similar
to that in other turtles: the proximal and dis-
tal expansions are in nearly the same plane
and the shaft has a sigmoidal curve in ante-
rior (preaxial) or posterior (postaxial) view.
Captorhinus and generalized amniotes (Ro-
mer, 1956; Holmes, 1977) have a humerus
with the expansions at right angles to each

other and the shaft is straight. The proximal
articulation surface or head of the humerus
is roughly hemispherical in Proganochelys but
it varies from a true hemisphere in being wid-
er anteroposteriorly than deep. Casichelydi-
ans, particularly the more generalized forms,
tend to have a head that has more than the
1800 ofcurvature seen in Proganochelys. The
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Fig. 139. Continued.

anterior (preaxial) margin ofthe proximal ar-
ticulation surface has a distinct shelfor shoul-
der (fig. 149) that occurs in many cryptodires
and is absent in pleurodires. Pleurodires gen-
erally have a more rounded, equidimensional
hemisphere for the articulation surface than
cryptodires, and the absence of a shoulder
appears to be a pleurodire synapomorphy.
Captorhinus and generalized amniotes have

a proximal humeral articulation that differs
significantly from turtles. The articulation
surface in these forms is not separated offthe
main body of the humerus as a distinct head
as in turtles, and the surface has a curved,
straplike shape (Miner, 1925; Romer, 1956;
Holmes, 1977; and references) rather than a
hemisphere shape.
The proximal expansions of the Progan-
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Fig. 140. Proganochelys quenstedti, cast ofSMNS 16980. Hind limbs, pelvis, and tail. Upper, dorsal
view; lower, anterior view.

ochelys humerus are roughly equal in size;
following Walker (1973), the anterior (preax-
ial) one is termed the lateral process and the
posterior (postaxial) one is the medial process
and between them is the intertubercular fos-
sa. In most pleurodires the processes are also
of roughly equal size, while in most crypto-
dires the lateral process is smaller than the
medial process. The lateral process is essen-
tially continuous with the deltopectoral crest,

the latter area being distinct from the lateral
process only in some chelonioids. In Cap-
torhinus and generalized amniotes the prox-
imal expansion of the humerus must be ro-
tated 900 with respect to the distal expansion
in order to compare this area with that of
turtles. The lateral and medial processes
hardly exist in generalized amniotes but a
strong deltopectoral process extends from the
base of the proximal expansion. In Progan-
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Fig. 141. Proganochelys quenstedti, MB 1910.45.3. Pelvis and right femoral head.

Fig. 142. Proganochelys quenstedti, SMNS 17203. Left pelvis. A, ilium; B, first and second left sacral
ribs; C, pubis; D, ischium.
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C
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Fig. 143. Comparisons of pelves in lateral view. A, Captorhinus from Heaton and Reisz (1980) and
specimens; B, Proganochelys quenstedti, SMNS 16980; C, Macroclemys temmincki, AMNH 58251; D,
Podocnemis expansa, AMNH 62947.

ochelys the lateral process is separated from
the head by a notch, giving the lateral process
a proximally directed eminence while the
medial process is connected with the head by
a web of bone. The area around the base of
the lateral process, the deltopectoral crest, is
expanded and thicker than the proximal part
of the process.
The intertubercular fossa ofProganochelys

is a C-shaped concavity similar in size and
shape to that of other turtles. There is no
comparable structure in generalized am-

niotes although the posteroventral surface of
Captorhinus (Holmes, 1977) is somewhat
concave and apparently bears the coraco-
branchialis brevis as does the intertubercular
fossa of turtles (Walker, 1973).
The shaft ofthe humerus in Proganochelys

is very similar to that in other turtles, exhib-
iting the sigmoidal curve typical of turtles
(except many chelonioids), although not to
the extent seen in testudinids. As mentioned
above, the plane of the distal expansion in
Captorhinus and generalized amniotes is at

NO. 194206



GAFFNEY: PROGANOCHELYS

obturator foramen

A

C D
Fig. 144. Comparisons of pelves in ventral view. A, Labidosaurus hamatus (after Broili, 1904); B,

Proganochelys quenstedti, SMNS 16980 and 17204; C, Macroclemys temmincki, AMNH 58251; D,
Podocnemis expansa, AMNH 62947.

900 to the plane of the proximal expansion,
while in turtles they are nearly in the same
plane. There is some variation and the an-
terior (preaxial) distal expansion is usually
slightly (5-10°) more dorsal than the poste-

rior, although commonly there is no differ-
ence. Proganochelys, however, appears to
have a twist in this direction of about 250.
There is some difficulty in assessing the de-
gree of this twist because all the Proganoche-
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ant
15759

17203

Fig. 145. Proganochelys quenstedti. Hypois-
chia. SMNS 17203, paired hypoischia in ventral
view; SMNS 15759, pubis and ischium with an-
terior portions of paired hypoischia articulated in
situ along posterior margin of ischia. See Figures
88, 146, 147.

Iys humeri are deformed or damaged. Both
right and left humeri of SMNS 16980 have
twists ofthe same magnitude and they appear
to have been flattened somewhat, reducing
the degree of twist. It is likely that, despite

"vs
hypoischium

Fig. 145. Continued.

the difficulty ofquantification, Proganochelys
has slightly more twisted humeral expansions
than casichelydians do, but not to the degree
seen in generalized amniotes.
The distal end of the humerus in Progan-

ochelys has the typical chelonian double con-
dyle, made up of the radial articulation (cap-
itellum) anteriorly and the ulnar articulation

W.:~~~~+

Fig. 146. Proganochelys quenstedti, SMNS 16980. Unpaired hypoischium. Top, anterior view; lower
left, ventral view; lower right, dorsal view. See Figures 88, 147.
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Fig. 147. Proganochelys quenstedti, cast ofSMNS 16980. Upper, posterior view ofmounted skeleton;
tail is deflected to right. Lower, articulated hind limbs, pelvis, and tail vertebrae. Note position of
hypoischium in both figures. See Figure 88.

(trochlea) posteriorly. In Proganochelys and
other turtles these articulations are oval con-
vexities separated by a shallow groove. The
generalized amniote condition, seen in Cap-
torhinus, differs markedly. The capitellum is
a well-developed hemisphere, convex ven-
trally with very little distal exposure. The
trochlea is a curved articular surface running
from the ventral surface distally. The cup-

shaped radial articulation fits directly ventral
to the capitellum and the curved ulnar artic-
ulation wraps around the trochlea. In Pro-
ganochelys and other turtles, the epipodial
articulations are nearly the same shape, the
ulnar articulation is between the two con-
dyles, and the combined articular surface has
a more distal orientation (i.e., the antebrachi-
um is not at right angles to the humerus as in
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TABLE 17
Comparison of Humerus

Captorhinus Proganochelys Casichelydia

Proximal and distal expan- At right angles Nearly in the same plane Nearly in the same plane
sion of humerus

Humeral shaft with sigmo- No, straight Yes Yes
idal curve

Proximal articulation sur- Curved, strap-shaped Hemispherical Hemispherical, but usually
face (head) of humerus greater curvature than in

Proganochelys
Shoulder on proximal ar- Absent Present Present in cryptodires, ab-

ticulation surface of hu- sent in pleurodires
merus

Lateral and medial pro- Absent, except for delto- Present Present
cesses of humerus pectoral crest

Intertubercular fossa of hu- Absent Present Present
merus

Distal ulnar-radial articula- Well-defined hemisphere Low, double condyle Low, double condyle
tion of humerus (radius), strap-shaped

trochlea (ulna)
Entepicondyle of humerus Large Small Small
Ectepicondyle of humerus Small (but large in other Small Small

generalized amniotes)
Ectepicondylar foramen Absent (but present in Present Present (cartilaginous in

some generalized am- some)
niotes)

Entepicondylar foramen Present Absent Absent
Supinator process Absent (but present in Absent Absent

other generalized am-
niotes)

Captorhinus). The ulna ofProganochelys and
other turtles lacks the proximal process that
extends around the humerus and articulates
on the trochlea. The epipodial articulation of
Proganochelys seems to differ from that of
other turtles only in being slightly more ven-
trally oriented and similar to Captorhinus. As
in other turtles, the capitellum is slightly larg-
er than the trochlear condyle in Proganoche-
lys.

Generalized amniotes (fig. 149) usually
have conspicuous distal expansions, the epi-
condyles, on either side of the epipodial ar-
ticulations. The entepicondyle projects pos-
teriorly, usually bearing most of the forearm
flexors while the ectepicondyle projects an-
teriorly bearing the forearm extensors. Pro-
ganochelys agrees with other turtles in having
a small entepicondyle, only a slight swelling
posterior to the epipodial articulation. In
Captorhinus and other generalized amniotes

the entepicondyle is very large and bears a
considerable surface for flexor attachment.
On the anterior edge, the ectepicondyle of
most generalized amniotes is also large and
this appears to be the primitive amniote con-
dition. Captorhinus and turtles have a small
ectepicondyle, although Captorhinus does
have a short distal projection absent in tur-
tles. This may be a captorhinid-turtle syn-
apomorphy, because a relatively large ectepi-
condyle is common in generalized diapsids
and synapsids. However, this feature is not
consistent in all the groups mentioned, and
judging intermediate conditions is difficult.

Proganochelys has a well-formed and large
ectepicondylar foramen that penetrates the
ectepicondyle from the dorsal surface, ex-
tending distoventrally to emerge on the ven-
tral surface just anterior to the ulnar articu-
lation margin. The foramen is well preserved
in the right and left humeri ofSMNS 16980,
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Fig. 148. Proganochelys quenstedti, SMNS 16980. Right humerus. Top row (left to right), posterior,
dorsal, ventral, anterior; lower row (left to right), distal, proximal.

on which this description is based. As in other
turtles, the opening on the dorsal surface is
at the end of a groove extending distoanter-
iorly along the shaft ofthe humerus. In many
turtles the foramen is only a groove. The ec-
tepicondylar foramen is absent in Captorhi-
nus. Also lacking in this form is the supinator
process, usually the more distal margin ofthe
foramen. Turtles also lack a supinator pro-
cess but they have the foramen. The distri-
bution of the ectepicondylar foramen is not
systematically regular at higher taxonomic
levels. It is absent in all captorhinids and
protorothyrids, many diapsids, some pely-
cosaurs, and some therapsids. There does not
appear to be systematic significance in its pat-
tern at this level, although its presence many
be a chelonian synapomorphy.
The entepicondylar foramen, very promi-

nent in captorhinids, synapsids, and some-
diapsids, is absent in all turtles, including Pro-
ganochelys. Again, this may be a chelonian

synapomorphy, but it is absent in many ap-
parently unrelated groups (Romer, 1956).

RADIUs
(table 18, figs. 151-155)

The radius is best preserved in SMNS
16980 where both right and left radii are pres-
ent. The left radius has been completely freed
of matrix although it was originally articu-
lated with the ulna and osteoderms (fig. 153),
in an obviously disturbed position, such that
ulna and radius were at an angle to each other
rather than parallel. The right radius is also
articulated with the right ulna and this rela-
tionship has been maintained (fig. 153), as it
is close to the presumed life position. The
radii in SMNS 16980 are better preserved
than in the other Proganochelys specimens
and have been the primary basis for the fig-
ures (fig. 154) ofthe radius, but they still leave
something to be desired. Both bones have
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Fig. 149. Comparisons of right humeri. Upper row, dorsal views; anterior to right. Lower row,
anterior views, ventral to right. A, Captorhinus sp., after Holmes (1977) and AMNH 19370-19373. B,
Proganochelys quenstedti, SMNS 16980. C, Macroclemys temmincki, AMNH 11 18 (comparative anat-
omy collection). D, Podocnemis expansa, AMNH 62947. Abbreviations: ant, anterior direction; cap,
capitellum; delt, deltopectoral crest; ect, ectepicondyle; ect f, ectepicondylar foramen; ent, entepicondyle;
ent f, entepicondylar foramen; lat, lateral process; med, medial process; sh, shoulder; tro, trochlea; vent,
ventral direction.

minute fractures causing distortion of the
shape and loss of fine surface detail. The fact
that each radius has been distorted differently
can be seen in the lengths ofthe radii ofSMNS
16980: the right radius is 90 mm long while
the left is 83 mm long, yet neither has large,
obvious cracks. Figure 154 is based more on
the left radius because it seems to have fewer

cracks and internal inconsistencies than the
right radius.
SMNS 17203 has the right radius pre-

served in articulation with the ulna, but its
morphology is largely obscured by the osteo-
derms which cover it ventrally and the car-
apace to which it is attached dorsally.
SMNS 17203 (fig. 151) has a left radius
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Fig. 150. Proganochelys quenstedti, SMNS 16980. A, left humerus; B, right humerus; C, left femur;
D, right femur.

and ulna preserved in articulation in what
appears to be close to a life position, along
with some osteoderms. The preservation
condition of the radii in SMNS 17203 and
SMNS 17204 is comparable to that ofSMNS
16980 but slightly poorer due to softer bone
and more cracking.
The radius of turtles (fig. 155) does not

show much variation in morphology, except
for the swimming forms, chelonioids, trion-
ychids, and Carettochelys; there is a relatively
consistent morphology within turtles (Walk-
er, 1973). Proganochelys readily fits into the
pattern of typical chelonian radial morphol-
ogy.
The proximal end of the radius ofProgan-

ochelys is circular in cross section and only
slightly larger than at the midsection, while
the distal end is expanded in the mediolateral
plane. The proximal articulation surface ar-
ticulates with the humerus and is ovoid and
slightly concave, falling off along its rounded
edges. The lateral part ofthe margin contacts
the ulna. This region is very similar in Pro-
ganochelys and other turtles (fig. 155), such
as Podocnemis and Macroclemys, as well as

baenids and Meiolania. In Captorhinus the
proximal end of the radius is more oval in
cross section but the other features are gen-
erally similar.

Just distal to the humeral articulation sur-
face, the shaft of the radius in Proganochelys
has a short ridge or swelling laterodorsally.
Most turtles have a ridge or rugosity here, as
in Proganochelys, and Haines (1946) showed
that it is the attachment site of the superior
radio-ulnar ligament, a short band that fixes
ulna and radius together proximally. Capto-
rhinus (Holmes, 1977) has no such swelling
or rugosity in this area. More distally there
is a similar rugosity on the laterodorsal edge
ofthe distal expansion in Proganochelys, also
presumably for the radio-ulnar ligament as
in living casichelydians. Thus, it seems likely
that the radius and ulna ofProganochelys had
limited movement with respect to each
other-in contrast to the condition in lizards
and lissamphibians (Haines, 1946) and, pre-
sumably, Captorhinus.
The shaft of the radius in Proganochelys is

relatively stout as in some testudinids but not
as thick as in cheloniids. It is slightly thicker
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TABLE 18
Comparison of Radius and Ulna

Captorhinus Proganochelys Casichelydia
Distal expansion on radius Absent Present Present
Distal articulation surface of radius at Yes No No

right angles to longitudinal axis of fore-
limb

Olecranon of ulna large and well devel- Yes No, but larger than No
oped Casichelydia

Humeral articulation surface of ulna Faces medially more Faces dorsally Faces dorsally
than dorsally

Humeral articulation surface close to bi- Yes No, separated No, separated
cipital tubercle of ulna proximally proximally

Distal end of ulna with distinct torsion No, both ends in same Yes Yes
compared with proximal expansion plane

Rugosities on distal and proximal oppos- Absent Present Present
ing surfaces of radius and ulna for ra-
dio-ulnar ligament

than in Macroclemys and thinner than in
Meiolania. There is a low ridge running down
the shaft that appears to be in the vicinity of
the separation between the tractor radii and
the extensor radialus intermedius (Walker,
1973) and which occasionally occurs in other
turtles.

Distally, the radius ofProganochelys is ex-
panded mediolaterally with the lateral part
of the expansion more extensive so that the
radius is asymmetrical in dorsal and ventral
view. This distinctive shape of the radius is
found in most turtles except the groups highly
adapted for swimming. Captorhinus has a
slight distal expansion but it is quite different
from the chelonian radius in being relatively
long and narrow with slight proximal and
distal extensions.
The distal articulating surface on the radius

in Proganochelys is elongate and slopes la-
teroproximally so that the articulation with
the carpus is not at right angles to the lon-
gitudinal axis ofthe forelimb. In Captorhinus
this articulation surface is at right angles to
the longitudinal axis of the forelimb. In Pro-
ganochelys it is at right angles to the longi-
tudinal axis of the forelimb and is convex
and slightly more protuberant medially than
laterally. The degree to which the radius ar-
ticulates with the intermedium and with the
medial part of the ulna varies in turtles. Al-
though it is not possible to be sure, it is likely
that in Proganochelys the radius and ulna

barely contact each other proximal to the in-
termedium. This is most closely approached
by the articulated right forearm of SMNS
16980 in which the radius and ulna seem only
slightly displaced from life position (fig. 153).

ULNA
(table 18, figs. 151-153, 156-157)

Both right and left ulnae are preserved in
SMNS 16980, a left ulna is present in SMNS
17203, and a right ulna is present in SMNS
17204. The ulnae of SMNS 16980 are the
best preserved; the left one is freed of matrix
while the right is in articulation with the ra-
dius. The ulna of SMNS 17203 (fig. 151) is
partially obscured by the radius and osteo-
derms, while the ulna of SMNS 17204 (fig.
152) is extensively obscured by osteoderms
and the carapace. Even though 16980 has the
best ulnae these are still somewhat distorted
and damaged by postmortem fracturing. The
partially reconstructed figure 156 is based
primarily on the left side of SMNS 16980
with some information from the more poorly
preserved right side.
The ulna in Proganochelys is generally sim-

ilar in proportion to the ulna of casichely-
dians and Captorhinus (fig. 157). Highly
aquatic turtles have a modified ulna (Walker,
1973) but most turtles have a consistent ulnar
shape.

Proximally, the ulna of Proganochelys is
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Fig. 151. Proganochelys quenstedti, SMNS 17203. A, F, K, left femur; B, G, L, right humerus; C, H,
M, left tibia; D, I, N, left fibula; E, J, 0, right radius and ulna with osteoderms.
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Fig. 152. Proganochelys quenstedti, SMNS 17204. Right forearm in ventral view, showing osteoderms
covering humerus, radius, and ulna. See Figure 88.

dominated by the olecranon on its proxi-
modorsal margin. The olecranon is a proxi-
mally directed process which bears the at-
tachment for the triceps muscle-ligament
system. In casichelydians the olecranon is only
slightly developed; it does rise above the hu-
meral articulation surface but not to the ex-
tent seen in many amniotes, even generalized
ones, such as Captorhinus. In Captorhinus
(Holmes, 1977), the olecranon is a large,
rounded process, slightly larger in circumfer-
ence than the ulnar shaft. In Proganochelys
the olecranon is smaller, nearly the size of
the olecranon in those casichelydians in which
it is best developed. There is, however, no
difficulty in identifying the Proganochelys
olecranon as belonging to the casichelydian
pattern, because the triceps attachment area
is significantly smaller in Proganochelys and
casichelydians than it is in Captorhinus. This
may possibly be related to the tendency on
the part ofturtles to walk with the elbowjoint
relatively fixed and not requiring the degree
of extension seen in other amniotes, which
in turn appears to be a limitation on loco-
motion imposed by the shell.

The proximal articular surface of the ulna
is usually a compound curved surface, the
sigmoid notch of Romer (1956). In Capto-
rhinus (Holmes, 1977), the surface forms an
arc of roughly 1300 while in Proganochelys it
is 1000 or less, and in casichelydians it is
usually considered less than 1000, being near-
ly flat in some turtles. In Captorhinus the
articular surface faces medially more than it
faces dorsally while in Proganochelys and
other turtles it faces dorsally with a medial
tilt.
About one-third of the distance down the

ulnar shaft from its proximal end, the ulnae
of Captorhinus, Proganochelys, and most
casichelydians have a small rugosity, the bi-
cipital tubercle (Walker, 1973) for the at-
tachment of the biceps profundus. The po-
sition of this tubercle is about the same in
relation to the length of the shaft in Capto-
rhinus and turtles, including Proganochelys.
The sigmoid notch and the enlargement of
the head to bear the articulation, however,
are more distal in Captorhinus so that the
bicipital tubercle lies very close to the artic-
ulation surface and on the proximal enlarge-
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Fig. 152. Continued.

ment ofthe ulna. In Proganochelys and other
turtles the proximal enlargement bearing the
sigmoid notch is distinctly more proximal
than in Captorhinus, resulting in a bicipital
tubercle that is separated from the proximal
enlargement.
The sigmoid notch may be divided into

two articulation areas, although they are
broadly continuous and separated by a low
ridge. In Captorhinus these features are more
distinct than in turtles: the larger, semicir-
cular area faces proximomedially and the
smaller, arcuate surface faces dorsomedially.
They are separated by a low ridge labeled by
Holmes (1977:1fg. 9) "helical ridge on prox-
imal ulnar articulation surface." In Capto-
rhinus there are two very different articular
surfaces on the humerus: the hemispherical
capitulum, the central part of which articu-
lates with the radius, and the groove or
"trochlea" (Romer, 1956: fig. 163; Holmes,
1977: fig. 83 into which fits the helical ridge
of Holmes. Thus, the smaller, arcuate artic-
ular surface articulates on the side of the hu-

meral capitulum while the larger, hemispher-
ical articular surface articulates with the
broadly curved surface dorsal to the trochlea
of the humerus. In Proganochelys and other
turtles the distal articulations ofthe humerus
are quite different from the hemisphere and
trochlea of Captorhinus but the homologous
articular surfaces can be identified (see Hu-
merus). On the ulna the low ridge separating
the two articular surfaces can be made out.
The ridge articulating with the humeral
trochlea separates two surfaces roughly the
same in area rather than smaller dorsal and
larger ventral surfaces. In Proganochelys the
orientation of the surfaces also differs; both
face proximally with a slight tilt dorsally and
ventrally on either side of the ridge.

Distally, the shaft of the ulna in Progan-
ochelys is flattened dorsoventrally, as in Cap-
torhinus and most turtles, and is bowed con-
cave ventrally. The lateral margin ofthe ulna
in Proganochelys comes to an acute edge, also
seen in other turtles and to a slight extent in
Captorhinus. The medial edge is semicircular
to nearly flat and forms the thickest part of
the shaft. On the dorsal surface, between the
bicipital tubercle and the proximal articula-
tion surface, is a low ridge that forms the
dorsomedial margin ofthe surface ofthe ulna
that is opposite the radius. The radio-ulnar
surfaces are apposed here but only come in
contact along the lip of the articulation sur-
face. The radio-ulnar ligaments described by
Haines (1946) presumably attached along this
ridge. This ridge is strongly developed and
prominent in Proganochelys but it is usually
less developed in other turtles and barely dis-
cernible in Captorhinus.
The shaft of the ulna in Proganochelys is

narrowest about two-thirds of the distance
from the proximal to the distal end, and this
is similar in Captorhinus and casichelydians.
At about this position along the shaft the wide
dimension of the ulna twists to produce a
noticeable torsion of the distal width com-
pared with the proximal width. This is pres-
ent in casichelydians as well but not in Cap-
torhinus.
The carpal articulation surface of the ulna

is quite similar in Proganochelys, casichely-
dians, and Captorhinus. It is strap-shaped and
curved, facing distally with the medial por-
tion facing medially to some extent. The ulna
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D E F
Fig. 153. Proganochelys quenstedti, SMNS 16980. A-C, left ulna and radius; D-F, right ulna and

radius. A, distal view of ulna, dorsal view of radius; B, ventral view of ulna, distal view of radius; C,
lateral view of ulna, ventral view of radius; D, dorsal view of radius and ulna; E, ventral view of radius
and ulna; F, medial view of radius and ulna.

contacts the ulnare and the intermedium; its
possible contacts with the radius are dis-
cussed under that bone.
The ulna ofSMNS 17203 (fig. 151) differs

from the ulnae of SMNS 16980 in almost
completely lacking the olecranon and in being
thinner. These differences, along with many
other differences in the skeleton, are pre-
sumed to be the result of the juvenile nature
ofSMNS 17203, a topic discussed elsewhere.

CARPUS AND MANUS
(tables 19, 20, figs. 158-162)

The left carpus ofSMNS 16980 is the best
preserved Proganochelys carpus (table 19),
although there are serious problems that pre-
vent a complete understanding of the struc-

ture. A photograph published by Berckhemer
(1938: pl. 4) shows the anterior half of the
skeleton of SMNS 16980, minus the cara-
pace. In this photograph (reproduced here as
fig. 98) the skeleton is articulated as discov-
ered in situ; subsequently most of the bones
were prepared free of the matrix and their
relationships to each other lost. Neither the
original ofthis photograph nor any other data
concerning the relative position of elements
has been located. The left manus is shown in
the Berckhemer photograph to be articulated
in a more or less natural position, with the
digits strongly flexed and retracted over the
metacarpals. Most of the carpus appears to
be present and articulated. The entire fore-
limb seems to be complete and not seriously
disturbed by postmortem processes. Some
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Fig. 154. Proganochelys quenstedti, SMNS 16980. Right radius. Top row (left to right), lateral, dorsal,
ventral, medial; lower row (left to right), distal, proximal.

time after this photograph was taken and be-
fore 1979, when this study began, the left
carpus (as well as the rest ofthe skeleton) was
partially disarticulated and some elements
were rearticulated in positions different from
those in the Berckhemer figure. The lateral
portion of the carpus with three metacarpals
and six carpals was still articulated in matrix
(fig. 159), but the remaining elements had
been removed and mixed with other carpal
and tarsal elements from the right side and
from SMNS 17203. During the course of this
study, the articulated carpal elements have
been prepared further, the incorrectly rear-
ticulated bones removed, and an effort made
to reassemble the carpus based on the Berck-
hemer figure. Unfortunately, this has been
only partially successful and some of the re-
sults are open to more than one interpreta-
tion. The Beckhemer figure was published in
a coarse screen size and details of the carpus
lack good definition. Also, the right manus,
which is now almost completely disarticu-
lated, was probably articulated originally, but

it does not appear in the Berckhemer pho-
tograph, making identification of the right
carpal elements difficult as well. My recon-
struction of the Proganochelys forefoot ap-
pears in figure 160.
The left forefoot ofSMNS 16980 (fig. 159)

is best understood by beginning the descrip-
tion with the elements that are most certain
of identification. The lateral three metacar-
pals are articulated, along with other carpal
and digital elements, and they can be asso-
ciated with two metacarpals, articulated with
each other, by means of the Berckhemer fig-
ure. This gives the complete set of metacar-
pals I-V along with most of the digits asso-
ciated with each metacarpal. Metacarpal I has
the ventral process of the basal phalange ar-
ticulating with it but the main body of the
phalange and the ungual is missing.
The Berckhemer photograph shows a claw-

like bone and possibly an associated phalange
but these have not been located in the col-
lection. Metacarpal I is now free of metacar-
pal II but in 1979 it was still attached in the
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Fig. 155. Comparisons of right radii. Upper row, dorsal views; lower row, medial views. A, Cap-
torhinus sp., after Holmes (1977) and AMNH 19376; B, Proganochelys quenstedti, SMNS 16980; C,
Macroclemys temmincki, AMNH 58251; D, Podocnemis expansa, AMNH 62947. Abbreviations: med,
medial direction; r-u lig, radio-ulnar ligament; vent, ventral direction.

same position seen in the Berkhemer figure.
The second metacarpal has a phalange and
ungual attached to it and these are flexed and
retracted over the metacarpal, as are digits
III and IV. Metacarpals III, IV, and V are

articulated to each other so that III and IV
are side by side but V is displaced proximally
to the extent that the base of IV is adjacent
to the distal articulation ofmetacarpal V. The
fifth digit is roughly aligned with metacarpal
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Fig. 156. Proganochelys quenstedti, SMNS 16980. Right ulna. Top row (left to right), lateral, dorsal,
ventral, medial; lower row (left to right), distal, proximal.

V but both phalange and ungual are displaced
from their natural position, the phalange lying
too medial and the ungual lying too lateral
for natural articulation. Thus, on the basis of
the left manus of SMNS 16980 there is a
complete set of metacarpals and digits with
no ambiguity as to position. SMNS 15759, a
nearly complete, articulated manus, confirms
the arrangement and allows an accurate re-
construction of the right manus of SMNS
16980.
The articulated piece of forefoot ofSMNS

16980 that contains the left digits and meta-
carpals III-V also has the most articulated
carpals, but there is some question about their
identifications. As I interpret this group of
elements, there are three distal carpals, two
centralia, the ulnare, and two sesamoids. The
sesamoids are identifiable because they are
thin ovals of porous bone on the surface of

the carpus, not penetrating into the main
body. The three distal carpals lie in a curved
line adjacent to the line of metacarpals but
there is enough disturbance to prevent a one-
to-one identification ofeach distal carpal with
its adjacent metacarpal. It is most likely that
the three distal carpals are II-IV rather than
III-V, as are the metacarpals. Examination
of the Berckhemer photograph shows one
distal carpal directly behind digit I and just
lateral to it is the first distal carpal in the
articulated piece. There does not appear to
be any room for a distal carpal between them.
If this is distal carpal II then, as preserved in
this specimen, it contacts metacarpal III as
well as metacarpal II. The next distal carpal
moving laterally is quite convincing as be-
longing to metacarpal III. However, nearly
all of it contacts metacarpal III and it does
not contact metacarpal IV. The third distal
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Fig. 157. Comparisons of right ulnae. Upper row, dorsal views; lower row, medial views. A, Cap-
torhinus sp., after Holmes (1977) and AMNH 19374, 19375; B, Proganochelys quenstedti, SMNS 16980;
C, Macroclemys temmincki, AMNH 58251; D, Podocnemis expansa, AMNH 62947. Abbreviations:
bic, bicipital tendon attachment; med, medial direction; ole, olecranon; sig, sigmoid notch; vent, ventral
direction.

carpal is separated from metacarpal IV by
the sesamoid and matrix, and it contacts
metacarpal V. However, the lateral region of
the carpus is disturbed with metacarpal V

being pushed medially and the ulnare twisted
in the plane of the carpus. My favored inter-
pretation is that this is distal carpal IV, but
not in its premortem position. The Berck-
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TABLE 19
Preserved Material of Carpus and Manus

SMNS 16980 SMNS 17203 SMNS 17204 SMNS 15759 MB 1910.45.2

Ulnare R, L ? L - - -
Intermedium R, L ? L
Radiale ? L
Medial centrale R, L
Lateral centrale L
Distal carpal 1 - - R
Distal carpal 2 ? R, L -

Distal carpal 3 ? R, L -

Distal carpal 4 L - - R -

Distal carpal 5 ? R - - R -

Metacarpal I R, L L - R -

Metacarpal II R, L ? L - R -

Metacarpal III R, L ? L - R -

Metacarpal IV R, L - - R -

Metacarpal V R, L - - R -

Phalanx I R, L - - R -

Phalanx II R, L - ? R -

Phalanx III R, L - ? R -

Phalanx IV R, L - - R -

Phalanx V R, L - - R -

Ungual I R - - R -

Ungual II R, L - ? R -

Ungual III R, L - ? R -

Ungual IV R, L - - R -

Ungual V R, L - - R -

hemer photograph only shows four distal car-
pals clearly and they seem to be I-IV. My
interpretation would require V to have been
either not present in Proganochelys or lost
before 1938.

It is at this point that the right carpus of
SMNS 16980 and SMNS 15759 (fig. 158)
become useful. The right carpus has a com-
plete digit V with metacarpal articulated and
two carpal bones, one of which looks very
much like the ulnare of the left carpus and
the other is clearly a distal tarsal articulating
much more directly with the base of meta-
carpal V than the distal carpal close to meta-
carpal V on the left carpus. SMNS 15759 has
only three distal carpals preserved, but these
are clearly I, IV, and V, strongly arguing that
Proganochelys had five distal carpals. There-
fore, it is most likely that the left carpus of
SMNS 16980 has four carpals preserved, I-
IV, and that distal carpal V is missing as a
result of postmortem factors. The distal car-

pal I seen in the Berckhemer photograph can-
not be identified specifically in the group of
loose mesopodials in the SMNS collection,
but it is likely that one of them is that bone.

In the section of articulated carpals from
the left carpus of SMNS 16980 (fig. 159),
there are four bones proximal to the three
distal carpals identified above. One of these,
on the ventral surface, is a thin oval, iden-
tified as a sesamoid, while the other two are
interpreted as two centralia and the ulnare.
Of these, the ulnare is most certain; it lies
proximal to the distal carpals and centralia
at the lateral edge of the carpus and distal to
the ulna. The ulnare, however, is not in its
life position; the element has been rotated 900
so that it is now perpendicular to the plane
of the carpus and the articulating surfaces
face dorsally and ventrally rather than proxi-
mally and distally. The ulna is also disturbed
so that the surface normally articulating with
the ulnare faces dorsally rather than distally.
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TABLE 20
Comparison of Manus and Carpus

Captorhinus Proganochelys Casichelydia

Pisiform Present Absent, probably as a re- Present
sult of postmortem
damage

Ulnare Flat, constricted in cen- Deep, ovoid Variable, flat and deep,
ter but never constricted

Foramen formed by ul- Present Absent Absent
nare and intermedium

Intermedium elongate Yes No No (except in cheloniids)
proximodistally

Radiale Large and bearing most Probably absent Small or absent, bearing
of the radial articula- little if any radial articu-
tion lation

Centralia in manus Two present, lateral and Two present, lateral and Varies from one to ?three,
medial medial primitively two, lateral

and medial
Distal carpals Flat, five Ovoid, five Variable, from flat to

ovoid, five or less due to
fusion

Metacarpal 1 Similar to other meta- Shorter and more robust Variable, but primitive
carpals than other metacarpals condition as in Progan-

ochelys
Overlapping metacarpal Absent Present Usually present, but vari-

bases able
Digital formula of manus 2-3-4-5-3 2-2-2-2-2 Usually 2-3-3-3-3
Digital length in manus Long Short Usually long
Proximal phalanx with Absent Present Primitively present but

strong ventral process variable
Sesamoids In flexor tendons In extensor tendons Absent

There is no pisiform identifiable. Distal to
the ulnare lies what appear to be two cen-
tralia. They are closely apposed to each other,
the lateral one being constricted in its center
and fitting the ovoid medial centrale. Given
the lack ofnatural articulation, at least in the
lateral portion of this carpus, this identifi-
cation cannot be considered definitive. The
Berckhemer photograph, however, shows
only one element missing from the proximal
carpals and this is the intermedium, readily
identified among the dissociated bones. In
contrast to the other carpals, the interme-
dium is trapezoidal in shape, with a diag-
nostic outline that can be matched with the
Berckhemer photograph and restored to its
original position. In the Berckhemer photo-
graph there is no sign of a radiale (or a pisi-
form) but the ulnare and intermedium appear
to be in their expected positions.

As mentioned above, the intermedium in
the Berckhemer photograph has a distinctive
shape and the collection of dissociated ele-
ments contains what appears to the right and
left intermedia ofSMNS 16980. Comparison
with other turtles, such as Macroclemys, sup-
ports this identification.
The right manus ofSMNS 16980 consists

of five digits, I-III, and V being articulated
within the digit, while IV is disarticulated but
all were found together in the same box. Each
digit consists of an ungual, phalanx, and
metacarpal. Digit V also has two carpals at-
tached to the proximal articulation of the
metacarpal. The carpal in direct contact with
the metacarpal appears to be the ulnare ro-
tated distally from its life position and the
other carpal appears to be distal carpal V,
although it is possible that it is distal carpal
IV. In the collection of dissociated elements
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Fig. 158. Proganochelys quenstedti, SMNS 15759. Right manus in dorsal view. The specimen is
preserved in situ in two pieces with no contact. Abbreviations: dc, distal carpal; mc, metacarpal. Asterisk
(*) indicates sesamoids.
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mc
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Fig. 159. Proganochelys quenstedti, SMNS 16980. Left manus in ventral (left) and dorsal (right)
views. This is the same left manus in the Berckhemer (1938) photograph (fig. 98). Note that the digits
have been disarticulated and rearranged. See text for discussion. Abbreviations: dc, distal carpal; mc,
metacarpal; ses, sesamoid. Asterisk (*) indicates osteoderm.

there is a lateral centrale and a right inter-
medium, most likely belonging to this carpus,
and four of what appear to be distal carpals.
Two of these are articulated and could pos-
sibly be distal carpals II and III of the right
carpus. The remaining two are less well pre-
served and could be distal carpals or cen-
tralia. The lateral centrale of Proganochelys
is a distinctive element because it is narrow
in the middle and is readily identifiable. It
seems likely, then, that the right carpus of

SMNS 16980 was originally at least as com-
plete as the left and possibly articulated.
SMNS 15759 provides an articulated right

manus that consists of all five digits but only
a few carpals (fig. 158). Digits I, II, and IV
are complete, with ungual, phalanx, and
metacarpal, while digits III andV are missing
portions ofthe metacarpals. Only three bones
of the carpus are preserved, distal carpals I,
IV, and V. None of these is complete; all are
missing at least some ofthe proximal portion.
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Fig. 160. Proganochelys quenstedti. Dorsal view of right manus and carpus, partially restored, based
on SMNS 16980 and SMNS 15759. Abbreviations: dc, distal centrale; int, intermedium; mc, metacarpal;
med cen, medial centrale; phl, phalanx; uln, ulnare; ung, ungual. Lateral centrale is in heavy stipple,
distal carpals are in light stipple.

Among the collection of loose elements
there are some unguals that are too small to
belong to SMNS 16980 or SMNS 17204 and
probably are referrable to the manus or pes
of SMNS 17203. In this collection, small,
irregular mesopodiallike nodules might also
belong to SMNS 17203. SMNS 17204 has no
left forelimb but much of the right forelimb
is present, articulated onto the ventral surface
of the shell. Most of the limb is poorly pre-
served and covered with osteoderms but two
unguals are recognizable. Neither SMNS
17203 nor SMNS 17204 supplies any infor-
mation used in the description of the Pro-
ganochelys manus.
Although the carpus of Proganochelys is

not perfectly known, many of its character-
istics are determinable and allow comparison
with other turtles and other amniotes. There
are five distal carpals as in most other turtles
and proximally there are four carpals that can
be definitely determined. Many turtles have

four or five proximal carpals, while Capto-
rhinus and apparently baenids, have six.
These differences will be discussed below.
The pisiform is the most lateral ofthe prox-

imal carpals and usually lies laterally to the
ulnare and just distal to the ulna. It occurs
in Captorhinus (Holmes, 1977) and appar-
ently all turtles (Rabl, 1903) but it cannot be
identified in Proganochelys. The lateral por-
tion of the carpus is preserved in situ in the
left carpus ofSMNS 16980 and the right car-
pus ofSMNS 15759 but both specimens seem
to be incomplete laterally. In SMNS 15759
the preserved area terminates distal to the
expected position of a pisiform. In SMNS
16980 the area can only be extrapolated from
the photograph in Berckhemer (1938) de-
scribed above, and a pisiform does not seem
to be present. However, distal carpal V is also
missing in this specimen and the ulnare and
ulna are disturbed and not in their life po-
sitions; this combined with the supposition
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Fig. 161. Comparison of right maniacs in dorsal view. A, Captorhinus sp., from Heaton and Reisz
(1986); B, Meiolania platyceps, Australian Museum F57984; C, Macroclemys temmincki, AMNH 58251
and 36602; D, Podocnemis expansa, AMNH 62947. Abbreviations: dc, distal carpal; int, intermedium;
mc, metacarpal; med cen, medial centrale; pis, pisiform; rad, radiale; uln, ulnare. Distal carpals are

indicated by light stipple; lateral centrale is indicated by heavy stipple.

that a pisiform could be easily mistaken for
an osteoderm (many ofwhich were removed
during pre- 1979 preparation) suggests that the
pisiform may not have been absent in life.

Moving medially, the ulnare is present in
situ in both carpi ofSMNS 16980, but it does
not seem to be in its life position on either
side. In the left carpus the ulnare is rotated
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Fig. 162. Proganochelys quenstedti, SMNS 16980 (using information from right and left as well as
from SMNS 15759) digits of right manus. Each digit is figured disarticulated in dorsal (left) and lateral
(right) views. Sesamoid bones are indicated; in the dorsal views the sesamoid is displaced with a leader
showing its correct position.

900 so that its articular surfaces face dorsally
and ventrally but its relative position in the
carpus appears correct. It is just distal to the
ulna and proximal to the distal carpals IV
(and V if restored) laterally and the lateral
centrale medially. The intermedium lies me-
dially and slightly proximal to the ulnare. This
position is consistent with that in Captorhi-
nus and other turtles generally. The right car-
pus has the ulnare oriented correctly but it is
too far anterior and just adjacent to distal
carpal V. The ulnare in Proganochelys is
roughly the shape ofan oval cylinder with its
axis dorsoventral so that it is oval in dorsal

and ventral view. Although the articular sur-
faces are broadly curved with no distinct fac-
ets, there is a broadened area facing proxi-
mally to articulate with the ulna. In dorsal or
ventral view this ulnar surface may be con-
sidered the base of a triangle with a smaller
articular surface facing medially and distally
for the lateral centrale, and another surface
facing laterally and distally for the distal car-
pals. The dorsal and ventral surfaces are
slightly depressed concavities, as is often the
case in the nonarticulating surfaces of me-
sopodials covered only by dermis. The ulnare
of Proganochelys differs from that bone in
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Captorhinus and many cryptodires, such as
Trachemys and Chelydra, in being thicker in
its dorsoventral dimensions than in its other
dimensions. Captorhinus and many turtles
have generally flat and platelike proximal
carpals. Pleurodires, such as Meiolania, have
ulnares, as well as the other proximal carpals,
that are thicker and more ovoid, as in Pro-
ganochelys. Among the various turtles that I
have compared with Proganochelys, the ul-
nare is most similar to, and differs only slight-
ly from, the ulnare of fully grown specimens
ofPodocnemis expansa. I conclude, then, that
the ulnare ofProganochelys is consistent with
what would be expected in the sister group
of Casichelydia.
The intermedium of Proganochelys is

known only from two disarticulated elements
that I have identified as the right and left
intermedia of SMNS 16980 on the basis of
comparisons with other turtles, but primarily
on the photograph in Berckhemer (1938) of
the articulated left carpus of SMNS 16980.
In contrast to the other carpals in Progan-
ochelys, the intermedium is a trapezoidal,
blocklike element with relatively well-de-
fined articular surfaces. It is the largest carpal
in Proganochelys and has a broad, transverse
surface facing proximally. As in other turtles,
at least the lateral portion of the surface is
for articulation with the ulna; the extent is
not determinable precisely, but appears to be
about one-half, based on the Berckhemer
photograph and rearticulation of the carpus.
Laterally, there is a smaller, flat surface facing
the ulnare proximally and the lateral centrale
distally. This face and the margin parallel to
it are the short sides of the trapezoidal inter-
medium with the proximal and distal sur-
faces being the long sides. The angle between
the proximal and lateral surfaces is acute (as
is the angle between the distal and medial
surfaces) while the angle between the lateral
and distal surfaces is obtuse (as is the angle
between the proximal and medial surfaces).
The distal surface apparently articulates

closely with the medial centrale and is slightly
concave toward that bone. While the other
three surfaces are approximately at right an-
gles to the plane of the carpus, the medial
surface is inclined dorsally, resulting in a
wedge-shaped outline in proximal or distal

view. While the ventral surface is slightly
concave but generally parallel to the plantar
surface of the carpus, the dorsal surface is
formed in two planes, a more lateral surface,
slightly concave and roughly parallel to the
plane of the carpus, and a more medial sur-
face that faces dorsomedially. This dorso-
medial surface appears to be an articular sur-
face but what it might articulate with is hard
to imagine, unless the radius rotated over this
surface during flexion. Turtle intermedia are
usually roughly flat but variably thickened for
the ulnar articulation, although not to the
extent seen in Proganochelys. Chelydra and
Macroclemys are very similar to Progan-
ochelys in the size and shape of the inter-
medium and the degree of medial tapering.
In these recent taxa, however, the radial ar-
ticulation is a small but transverse facet lying
at right angles to the plane of the carpus,
rather than inclined as in Proganochelys.

In turtles the shape of the intermedium is
closely related to the degree to which the dis-
tal ends of the radius and ulna contact each
other or are separated by a space, usually
filled by the intermedium. Even if one ex-
cepts the diverse conditions found in trion-
ychids, testudinids, and cheloniids, it is still
difficult to see a consistent systematic pattern
for this feature. Rather, the shape of the in-
termedium differs widely among turtles and
the condition in Proganochelys does not aid
in sorting this out. Based on the morphology
of the opposing surfaces and the in situ po-
sitions, the radius and ulna ofProganochelys
seem to have been in close contact with each
other, proximally and distally, although not
to the extent seen in some testudinids.

It is convenient to compare both ulnare
and intermedium of Captorhinus with these
bones in Proganochelys and other turtles.
Holmes (1977) has described and figured these
elements which may now be considered
well known in Captorhinus. Both bones are
platelike and relatively flat, in contrast to
Proganochelys, and the whole carpus is a tigh-
ter-fitting structure with closely apposed ar-
ticular surfaces in contrast to the looser ar-
rangement in Proganochelys. The ulnare of
Captorhinus is constricted in the middle of
its proximodistal axis, the medial constric-
tion forming the lateral halfofa round open-
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ing which has its medial half formed by the
intermedium. Turtles lack this foramenlike
opening and lack a wasp-waisted ulnare. As
in turtles, the distal articulation of the ulna
ofCaptorhinus articulates with the ulnare lat-
erally and the intermedium medially. The in-
termedium of Captorhinus, however, differs
from that of turtles in being relatively elon-
gate in the direction of the limb axis, while
turtles, however variable the intermedium
may be, have an intermedium that is block-
like, ovoid, or tapered, but not elongate.
The centralia in the carpus ofProganoche-

lys are readily homologized with the two cen-
tralia in Captorhinus (fig. 161). They are cy-
lindrical on the dorsoventral axis and oval in
dorsal and ventral view. The medial centrale
is similar in shape to the ulnare, with broadly
convex, curved articular surfaces. The lateral
centrale, however, has a distinctive shape; in
articular view it is hourglass-shaped with a
constricted center. The oval dorsal and ven-
tral surfaces, parallel to the plane of the car-
pus, are slightly concave and are connected
by the constricted main body of the bone.
The ventral surface is significantly smaller in
size than the dorsal surface so that a ventrally
directed taper is superimposed on the con-
striction. As a result ofthis constricted shape,
the lateral centrale fits more closely to the
surrounding carpals, and in the partially ar-
ticulated left carpus of SMNS 16980 it is
tightly pressed against the medial centrale.
The relations of the lateral centrale to the
other carpals is nearly the same in Progan-
ochelys and Captorhinus. Distally the lateral
centrale is bordered by distal carpal 3, later-
odistally by distal carpal 4, lateroproximally
by the ulnare, and proximally by the inter-
medium. There is a difference in that Cap-
torhinus has a medial contact with the radiale
proximomedially and the lateral centrale dis-
tomedially, while in Proganochelys the me-
dial centrale is directly medial and there is
no possibility ofa radiale contact (even ifone
was present) because of the medial-inter-
medial contact. The medial centrale in Pro-
ganochelys appears to be relatively smaller in
size than that in Captorhinus, so that in Pro-
ganochelys the distal articulation of the me-
dial centrale is with distal carpal 2 and less
than half of distal carpal 3, while in Capto-

rhinus the medial centrale has broad contacts
with distal carpals 1 and 3 as well as 2. In
Captorhinus the lateral and medial centralia
are slightly offset with the medial centrale
being more distal, while in Proganochelys they
are aligned transversely. Conclusions about
homologies between the centralia of Capto-
rhinus and Proganochelys are straightfor-
ward: the two centralia of Proganochelys are
very similar to the medial and lateral cen-
tralia of Captorhinus. Conclusions about ho-
mologies between Proganochelys and other
turtles, however, are less clear. In most turtles
(Rabl, 1910) the carpus has either two dis-
crete central ossifications, two ossifications
partially or entirely fusing during life, or one
ossification. When discrete, the lateral cen-
trale is similar in position to the lateral cen-
trale of Proganochelys in being equidimen-
sional and being surrounded by distal carpals
3 and 4, the ulnare, the intermedium, and the
presumed medial centrale. The more medial
element, however, differs in many cases from
the medial centrale ofProganochelys in being
medially elongate and usually bearing an ar-
ticulation surface for the radius. Rabl (1910)
termed this element a fused radiale and me-
dial centrale. In some forms, such as Chelus,
however, the element may not be elongate
and it looks very similar to the medial cen-
trale of Proganochelys. Bramble (1982) has
homologized this element with the medial
centrale of Captorhinus, and I think the con-
dition in Proganochelys supports this hy-
pothesis.
There is no evidence of a radiale in Pro-

ganochelys. Despite the fact that I have ar-
gued above that the absence of a pisiform in
specimens of Proganochelys did not neces-
sarily mean that it was absent in life, I think
it is likely that the radiale in Proganochelys
was either absent or very small. First of all,
the region of the pisiform is disturbed in the
best specimen of Proganochelys while there
is no particular indication of disturbance on
the medial margin ofthe left carpus in SMNS
16980, where the radiale would be expected.
This area was disarticulated before 1979 but
the Berckhemer photograph (fig. 98) clearly
shows no ossification that could be a radiale.
Secondly, the collection of unidentified, dis-
articulated mesopodials has carpals but none
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that are suggestive of a presumed radiale.
Lastly, the restored articulation ofthe carpus
(fig. 160) allows little room for a well-devel-
oped radiale, so that, if present, it would be
comparatively small (and easily lost).
Comparison ofthis area in the Captorhinus

carpus with Proganochelys and other turtles
is also helpful. In Captorhinus the well-de-
veloped radiale has a proximolateral articu-
lation with the intermedium so that the in-
termedium and radius barely contact, if at
all. In Proganochelys and many other turtles,
the intermedium contacts the ulna rather than
the radiale as in Captorhinus, suggesting that
the radiale is either absent as a definitive ele-
ment or it is in a significantly different po-
sition in turtles. Therefore, even though the
material does not allow a definitive conclu-
sion, it is very likely that the radiale was either
small or absent in Proganochelys. A small
and laterally placed or absent radiale can be
considered a chelonian synapomorphy. The
shape and relations of the radiale in pelyco-
saurs (Reisz, 1980) and the primitive diapsid,
Petrolacosaurus (Reisz, 1981), are very sim-
ilar to Captorhinus and can by hypothesized
as the primitive amniote condition.
One of the more interesting controversies

in the carpal literature centers on the presence
or absence of a radiale in turtles (see Burke
and Alberch, 1985, and references). Now that
the carpus of Captorhinus is well known
(Holmes, 1977), it is no longer necessary to
rely on comparisons with a "generalized" tet-
rapod such as Eryops or living lissamphibi-
ans. This is particularly fortunate in view of
the fact that temnospondyls and lissamphi-
bians are characterized as having only four
digits in the manus, a condition that is prob-
ably synapomorphic for temnospondyls +
lissamphibians and that may have conse-
quences for other carpal features. The carpus
of Captorhinus (fig. 161) has six elements
proximal to the distal carpals and I accept
Holmes' identification of these elements: pi-
siform, ulnare, intermedium, and radiale in
the most proximal row, and lateral centrale
and medial centrale for the two elements in
the more distal row. There seems little dif-
ficulty in concluding that the standard iden-
tifications in such works as Rabl (1910), Ro-
mer (1956), Bramble (1982), and Burke and
Alberch (1985) of the pisiform, ulnare, and

intermedium in turtles are homologous with
the same-named elements in Holmes' de-
scription of Captorhinus. Rather the difficul-
ties arise with the radiale and centralia. Rabl
(1910), who did the most extensive study of
the mesopodium in turtles, considered the
radiale to be present in nearly all turtles but
usually fused (except in cheloniids) with at
least one centrale. Three later authors (Bram-
ble, 1982; Burke and Alberch, 1985) have
argued that the fused radiale plus centrale of
Rabl only consists of centralia and that the
radiale is either absent during development
and in the adults of almost all turtles (Burke
and Alberch, 1985), or present develop-
mentally but ossified in only some crypto-
diran and pleurodiran taxa (Bramble, 1982).
Rabl (19 10) reported this element as the "ac-
cessorium" and also showed that it occurs
sporadically in cryptodires and pleurodires.
Burke and Alberch (1985) identified this ele-
ment as a centrale based on developmental
criteria.
Although Proganochelys aids in this dis-

pute only by showing that two centralia were
present and the radiale was either absent or
very small, the question of the homology of
the "accessorium" and the presence or ab-
sence of a minute radiale in turtles is not
helped. There is, however, little evidence for
a fusion of the radiale with either medial or
lateral centralia, and it is clear that all turtles
lack a well-developed radiale of the gener-
alized amniote pattern.
There are five distal carpals in Progan-

ochelys, as in other turtles and in Captorhi-
nus, and they are generally ovoid, rounded
elements, not tightly fitting either to them-
selves or to the metacarpals. In Captorhinus
and many turtles, the distal carpals are more
tight-fitting with flat articular surfaces but the
Proganochelys condition does occur in other
turtles, such as Meiolania and some pleuro-
dires. The first distal carpal is not complete
in SMNS 15759 but it appears to differ from
the other distal carpals in being flatter and
broader, much as in other turtles, such as
Chelydra. The second and third distal carpals
are very similar. They are rounded, ovoid
elements with a broad base, tapering dorsally
to a conical tip, with a smoothly concave
distal surface. Distal carpal IV is similar but
the dorsal end of the cone ends in a small,
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flattened surface, parallel to the plane of the
carpus. Distal carpal V is also incompletely
known but appears similar to the distal carpal
IV, only smaller. The distal carpals appear to
have slightly offset contacts with their re-
spective metacarpals, rather than being di-
rectly aligned as in most other turtles and
Captorhinus, but this may be a preservational
artifact. The conical-tapered shape ofthe dis-
tal carpals indicates that Proganochelys had
a plantigrade stance in the forefoot (Auffen-
berg, 1966), similar to such turtles as chely-
drids and pelomedusids. The closest similar-
ity of the distal carpals in Proganochelys is
with Podocnemis; the primary difference is
that these bones in Podocnemis are fitted more
closely to each other than in Proganochelys.
The metacarpals in Proganochelys are ro-

bust, relatively short elements, slightly short-
er than in Captorhinus and generally com-
parable to chelydrids. They are, however,
more elongate than in Meiolania and testu-
dinids. The first metacarpal in Proganochelys
is relatively short and broad, distinctly dif-
ferent from the other metacarpals. The prox-
imal articulation is rounded on the edges but
otherwise flat. The articulation surface is
borne on an expanded base that is thicker
and broader than the rest of the bone. Proxi-
mally the first metacarpal tapers with a slight
convexity on each side in dorsal view and a
marked constriction in thickness. The distal
articulation surface is thicker than the middle
and bears a uniformly rounded, cylindrical
area for the proximal phalanx. In Captorhi-
nus the metacarpals are very similar to each
other and this differentiation of metacarpal
morphology seems to be common in turtles.
Macroclemys has a metacarpal I that is very
similar to that of Proganochelys in mor-
phology and degree of differentiation from
the other metacarpals. It differs from the Pro-
ganochelys metacarpal primarily in having
the distal articulation surface divided by a
groove for the reception of a ridge on the
proximal phalanx. This condition is common
in Casichelydia but not found in either Cap-
torhinus or Proganochelys.

Metacarpals II-IV are similar in shape,
having a fairly broad base, a distinct con-
striction midway along the length, and an
expansion distally from the phalanx articu-
lation. The metacarpals increase in length

from I to IV with V being shorter -about the
same length as II. This size differentiation is
not unusual in turtles, and is the same in
Macroclemys and Chelydra and very similar
to the condition in Captorhinus. Metacarpal
V differs from metacarpals II-IV because the
lateral margin is virtually straight, rather than
concave as in II-IV.
The metacarpals of Proganochelys have

small articular facets on their expanded bases
for the articulation of the adjacent metacar-
pal. This articulation is a broadly overlapping
one as can be seen in SMNS 15759 and SMNS
16980. The more medial metacarpal over-
laps onto the more lateral one with the result
that metacarpal I is not overlapped and meta-
carpal V does not do any overlapping. View-
ing the proximal articulation surface of the
metacarpals shows that the they are modified
for this overlap by extending the proximal
articulation surface and curving it to face dor-
solaterally on metacarpals II-V. The ventro-
medial portion of the base in metacarpals I-
IV articulates onto this area of each respec-
tive metacarpal. This sort of overlapping
metacarpals does occur in other turtles, such
as Meiolania, but rarely to the extent seen in
Proganochelys. Captorhinus has hardly any
overlap and the character, if synapomorphic
for turtles, has been considerably reduced in
most of them.

Proganochelys has only two phalanges in
each digit in the manus. The proximal pha-
lanx is very similar in all five digits of the
manus, as well as the pes, and almost im-
possible to identify as to digit from disartic-
ulated material. The proximal phalanx differs
in size along the manus: phalanges I and V
are smaller than the three central phalanges.
The proximal phalanx has a proximal artic-
ulation surface that is quite large and occu-
pies about half of the phalanx. This surface
is curved, convex proximodorsally, and is
formed largely by a proximally directed pro-
cess that underlies the metacarpal and forms
an attachment site for the flexor tendons. The
main body of the phalanx is broader than
deep, and blocklike, with a slight constriction
in its center, both in dorsoventral and prox-
imodistal views. Captorhinus and most tur-
tles have a relatively flat proximal articula-
tion surface on the proximal phalanx but
chelydrids have a fairly well-developed ven-
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tral process similar to that of Proganochelys.
The lateral and medial edges ofthe distal end
of the proximal phalanx have small concav-
ities for ligament attachment, as in many tet-
rapods.
The ungual phalanges ofProganochelys (fig.

162) are distinctly clawlike, blunt in com-
parison to those of chelydrids and emydids,
but more acute than in Meiolania and tes-
tudinids. They are roughly three times longer
than wide at the base with a well-formed
proximal articulation facing directly proxi-
mally and a ventrally thickened edge but
without a strong ventral process as in the
proximal phalanx. The proximal part of the
ungual is equidimensional in proximal view
but the bone becomes thinner anteriorly and
is slightly recurved, concave ventrally, and
convex dorsally. The unguals ofProganoche-
lys are comparable to those in other turtles,
although more robust than in most, but they
are quite different from those in Captorhinus,
which are conical and smaller than the more
proximal phalanges.

Proganochelys has a manus (and pes) dig-
ital formula of 2-2-2-2-2; in Captorhinus it
is 2-3-4-5-3, and the most common cheloni-
an formula is 2-3-3-3-3. Baenids (Russell,
1934) also have 2-3-3-3-3 and the general
occurrence of this formula in pleurodires as
well argues that it is probably primitive at
the level of Casichelydia. The Proganochelys
condition is best interpreted as autapo-
morphic for that genus and independently
acquired by Meiolania as a second instance
and by testudinids as a third instance.

HINDLIMBS
(table 21, figs. 150, 151, 163, 164)

FEMUR

The femur of Proganochelys is preserved
on both sides in SMNS 16980 (fig. 150) but
the distal end is badly damaged in the right
femur and distorted in the left. In SMNS
17204 (fig. 87) both femora are preserved in
articulation and remain attached to the car-
apace. The left femur in this specimen is in-
tact but not well preserved while the right is
the best preserved femur among the available
Proganochelys specimens. This femur, visi-
ble in its anterior and ventral aspects, has

provided much of the information in the
composite drawing (fig. 163). SMNS 17203
also has both femora in relatively good con-
dition; the right one (figs. 101, 102) is still in
articulation with the rest of the limb while
the left is disarticulated (fig. 151). Jaekel
(1918a: figs. 19, 20; pl. 3B) described a pelvis
and right femoral head (fig. 141) of another
individual of "Stegochelys dux" from Hal-
berstadt.
The femur ofProganochelys is a cylindrical

bone, expanded at either end and arched dor-
sally. Its overall morphology is similar to that
of other turtles, particularly Macroclemys.
Proximally its most prominent feature is the
pelvic articulation surface or femoral head.
In Captorhinus and other generalized am-
niotes (fig. 164), the acetabular articulation
surface faces proximally primarily, and, al-
though curved, is roughly at right angles to
the long axis of the femur. In all turtles, in-
cluding Proganochelys, the articulation sur-
face is borne on a head that consists of a
dorsal projection inclined away from the long
axis ofthe femur. The femoral head ofturtles
does not reach the right angle inclination with
a constricted neck as seen in mammals, but
it is distinctly inclined in contrast to the
primitive amniote condition.

In proximal view the femoral head ofPro-
ganochelys is oval, narrower than long, but
not as narrow as in Captorhinus and other
generalized amniotes. In casichelydians the
head is wider and there is usually a more
extensive articular surface than in Progan-
ochelys. In Zug's (1971) study of the cryp-
todiran hind limb, he determined that a cir-
cular-spherical head is associated with
walking, either terrestrial or bottom walking.
The elongate head of Proganochelys is con-
sistent with forms categorized as freshwater
swimming, such as batagurines or even emy-
dines (except Terrapene).

In addition to a dorsally inclined femoral
head, the acetabular articulation surface in
turtles has a greater degree of curvature as
seen in anteroposterior view, than in gener-
alized amniotes. In Captorhinus the surface
is curved more than in some extinct forms,
such as primitive pelycosaurs, but less than
in any turtle. Proganochelys has a curvature
of roughly a right angle, more than in Cap-
torhinus but less than in other turtles.
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TABLE 21
Comparison of Femur

Captorhinus Proganochelys Casichelydia

Articulation surface of
femur with acetabulum

Shape of femoral head in
proximal view

Degree of curvature of
femoral head in
anteroposterior view

Trochanter minor

Trochanter major

Intertrochanteric fossa

Femoral shaft
Fourth trochanter
Low ridge on postero-

ventral margin of fem-
oral shaft

Intercondylar fossa on
dorsal surface of distal
end of femur

Posterior (fibula) condyle
with distinctive ventral
ridge

Anterior and posterior
condyles

Faces directly proximal,
not inclined

Narrow, width about l/2
length

Slight, but greater than
in some generalized
amniotes such as
Ophiacodon

Distinct, thumblike pro-
jection

Barely distinct from
femoral head

Shallow concavity com-
pared with turtles

Straight
Present
Absent

Present

Present

Posterior condyle larger

On distinct, dorsally in-
clined head

Narrow, but wider than
in Captorhinus

Greater than in Capto-
rhinus, but less than in
Casichelydia

Distinct, but connected
to femoral head

Distinct from femoral
head, but connected
by web of bone

Deeper and better de-
fined than in Captorhi-
nus

Arched dorsally
Absent
Present

Absent

Absent

Posterior condyle slightly
larger but of nearly
equal size

On distinct, dorsally in-
clined head, developed
to a variable extent

Narrow to circular, but
more extensive than in
Proganochelys

Variable, but greater than
in Proganochelys, nearly
spherical in some

Variable, but primitively
as in Proganochelys

Usually free of femoral
head to variable extent,
primitively as in Pro-
ganochelys

Variable, but primitively
as in Proganochelys

Arched dorsally
Absent
Absent

Absent

Absent

Equal in size or as in Pro-
ganochelys

The proximal end of the femur in Progan-
ochelys is expanded by the development of
two variably defined processes or trochan-
ters: the trochanter minor (ofWalker's usage,
1973; also termed the internal or lesser tro-
chanter). In Captorhinus (Fox and Bowman,
1966) the trochanter minor is a thumblike
projection separated from the femoral head
with its axis aligned proximally and slightly
anterior. In other generalized tetrapods, the
trochanter minor is only a low, rugose ridge.
At present, the distribution of this feature is
not clear but the presence of a distinct tro-
chanter minor appears to be a synapomorphy
at some level, low in the amniote cladogram.
Proganochelys and other turtles have defin-

itive trochanters minor although in some
groups, such as testudinids and advanced
cheloniids, the process is completely joined
to the head and trochanter major by webs of
bone. In Proganochelys and most turtles the
trochanter minor is a flange of bone con-
nected with the femoral head and not a sep-
arate process as in Captorhinus. The differ-
ence would appear to be the relatively greater
size of the trochanter in turtles. The position
and shape of the trochanter minor in Pro-
ganochelys is very similar to Macroclemys
differing only in the greater thickness of the
projection in Proganochelys.
The trochanter major is poorly defined in

Captorhinus; the acetabular articular surface
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Fig. 163. Proganochelys quenstedti, composite of SMNS 16980 and SMNS 17204, right femur. Top
row (left to right), posterior, dorsal, ventral, anterior; lower row (left to right), distal, proximal.

of the femoral head is contiguous with the
trochanter. In Proganochelys and casichely-
dians, primitively the trochanter major, al-
though connected to the head by a web of
bone, is more differentiated than in Capto-
rhinus and generalized amniotes. Progan-
ochelys does not differ significantly from
baenids and other generalized turtles in the
size and shape of the trochanter major.
The intertrochanteric fossa is a ventrally

and proximally open concavity that is formed
anteriorly by the trochanter minor and pos-
teriorly by the trochanter major and is, in
consequence, related to the development of
those structures. In Captorhinus and gener-
alized amniotes the fossa is broad, relatively
shallow, and not well defined. In Progan-
ochelys the fossa is narrower, relatively deep,
and well defined by the ridges supporting the
two trochanters. The intertrochanteric fossa

of Proganochelys is most similar in size and
shape to such forms as Macroclemys and
Pseudemys, differing from those of batagur-
ines in being deeper. Pleurodires tend to have
shallow to absent intertrochanteric fossae be-
cause the trochanters are more in a line with
the head rather than being ventral to the head,
while testudinids and cheloniids have a fossa
closed ventrally and only open proximally.
The femoral shaft of Proganochelys is

arched or bowed dorsally as in other turtles
but in contrast to the straight shaft of Cap-
torhinus and generalized amniotes. Capto-
rhinus and generalized amniotes have a ridge
or rugosity on the anteroventral surface of
the shaft, the fourth trochanter, that is absent
in turtles. There is no sign of a rugosity in
this position in Proganochelys but there is a
distinct ridge a little less than halfway along
the shaft from the head on the posteroventral
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Fig. 164. Comparisons of right femora. Upper row, dorsal views; lower row, anterior views. A,
Captorhinus sp., AMNH 19377-19380; B, Proganochelys quenstedti, SMNS 16980; C, Macroclemys
temmincki, AMNH 58251; D, Podocnemis expansa, AMNH 62947. Abbreviations: ant, anterior direc-
tion; int fos, intercondylar fossa; tib, tibial articulation area; t maj, trochanter major; t min, trochanter
minor; vent, ventral direction.

margin. This ridge seems to be absent in all
other turtles but its presence in Proganoche-
lys is clearly visible on both femora ofSMNS
16980 and particularly the well-preserved
right femur of SMNS 17304. Of all the fea-
tures seen in the femur ofProganochelys, this
is the only character that I interpret as au-
tapomorphic and not primitive for turtles.
The distal end of the femur in Progan-

ochelys and other turtles consists oftwo poor-
ly differentiated condyles, an anterior one
bearing the anterior part of the tibial artic-
ulation and a posterior one bearing the rest
of the tibial articulation and, on its posterior
margin, the fibular articulation. In Captorhi-
nus and generalized amniotes these condyles
are usually separated, particularly dorsally,
by a deep trough, the intercondylar fossa. In
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TABLE 22
Comparison of Tibia and Fibula

Captorhinus Proganochelys Casichelydia

Well-developed ridge for patellar ten- Present Absent Absent
don attachment to tibia

Distal end of tibia with close-fitting Absent Present Present
articulation for astragalocalcaneum

Fibula bowed away from tibia Yes No, straight No, straight
Proximal end of fibula Moderately expanded Slightly expanded Slightly to not expanded

Proganochelys and casichelydians this fossa
is effectively absent; only a low depression
separates the condyles dorsally and a slight
constriction ofthe articular surface ventrally.
In Captorhinus and primitive amniotes the
two condyles are unequal in size: the poste-
rior condyle is larger and bears a stout ridge
ventrally. In Proganochelys and other turtles
the condyles are nearly equal, the posterior
one being barely larger than the anterior con-
dyle. In Proganochelys and other turtles the
distal articulation surface is a smooth area
with the condyles blending into each other
while in Captorhinus and generalized am-
niotes the condyles are discrete. Proganoche-
lys has a well-developed fibular epicondyle
jutting posteriorly from the base of the pos-
terior condyle. On the ventral surface of the
fibular epicondyle there is a posteroventrally
opening concavity just proximal to the mar-
gin of the articular surface. Most turtles have
some depression developed here but the one
in Proganochelys seems to be more defined
than in other turtles. Captorhinus has a fib-
ular epicondyle in the form of a ridge on the
posterior surface.

TIBIA
(table 22, figs. 151, 165-167)

The tibia of Proganochelys is best pre-
served in SMNS 17204 where it is present on
both sides but only the left side is prepared
for study (fig. 166). The left tibia of SMNS
16980 is the next best specimen, and the
drawing (fig. 166) is based on these two bones.
The right tibia ofSMNS 17204 (figs. 87, 88)
is still in situ beneath the osteoderms and
attached to the shell. The right tibia ofSMNS
16980 is represented only by the distal third
of the bone; the rest is missing. Both right

and left tibiae ofSMNS 17203 are preserved;
the left is free (fig. 151) while the right re-
mains in situ (figs. 101, 102). Both, however,
lack some features of the larger, presumably
adult, specimens and they have not contrib-
uted to the drawing.
The tibia in Proganochelys is a relatively

stout element, very wide proximally, and ta-
pering distally. In proportions it is more mas-
sive than in most casichelydians except tes-
tudinids and is similar to that of Captorhinus
(fig. 167). Turtles do not show much varia-
tion in tibial morphology, varying primarily
in length versus width. The tibia of Capto-
rhinus is described briefly by Fox and Bow-
man (1966) and their figures can be supple-
mented by those in Heaton and Reisz (1980)
but more useful comparative figures are those
of primitive pelycosaurs, quite similar to
Captorhinus in limb morphology, in Romer
and Price (1940: 239).

Proximally, the tibia of Proganochelys is
expanded to more than twice the width ofthe
shaft at its narrowest point. The expansion
forms the proximal half. This degree ofwidth
is comparable to that of the proximal end in
Captorhinus but it is greater than in most
turtles, Meiolania and some testudinids being
exceptions. The proximal articular surface is
not well preserved in any of the Proganoche-
lys specimens, but it seems comparable to
those turtles that have a shallow, medial con-
cavity for the medial condyle of the femur
and a convex, lateral area for the trough be-
tween the condyles. Captorhinus has a gen-
erally flat articular surface, although it is par-
tially divided for the femoral condyles also.
The patellar tendon attachment site (the

cnemial crest of Fox and Bowman, 1966) in
Captorhinus is a prominent ridge dividing the
tibial head into two areas in dorsal view. This
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Fig. 165. Proganochelys quenstedti, SMNS 16980. Left tibia, fibula, and partial tarsus. Left, lateral
view; center, posterior view; right, anterior view. Orientations are only approximate.

area is identifiable in Proganochelys and oth-
er turtles as a rugose area on the anterior
surface ofthe tibia, but a discrete ridge is not
formed.
The shaft ofthe tibia in Proganochelys bows

laterally in the direction of the fibula, rather
than being straight or bowing away from the
fibula as in other turtles and Captorhinus. At
about two-thirds ofthe distance distally along
the shaft of the ulna there is a low protuber-
ance on the lateral margin in the direction of
the fibula. A similar rugosity, but even better
developed, occurs in Meiolania, and can be
found in other turtles. In Captorhinus this
appears to be comparable to a very thin ridge
along the lateral margin.
On the ventral surface of the tibia in Pro-

ganochelys, just proximal to the margin of
the distal articulation surface, is a pit and an
adjacent convexity, the pit being medial to
the convexity. Similar structures do not seem
to occur in either Captorhinus or other tur-
tles, and I do not know what they are.
The distal articulation surface on the tibia

of Proganochelys has the distinctive chelon-
ian shape of a medial dome and a lateral flat
or slightly concave facet. This surface fits onto
the astragalocalcaneum relatively tightly, not
allowing a great deal ofmovement. The tarsal
articulation surface of Captorhinus is rela-

tively loose, presumably allowing more
movement.
As in some of the other articular surfaces

ofthe limbs in SMNS 16980, the distal tibial
surface has the remnants of a bony rim that
curls around the edge as if it were forming
the margin of a cartilaginous sheet covering
the articular surface. I have not seen anything
exactly the same in recent turtle specimens.
SMNS 17203 has both tibia preserved (figs.

101, 102, 151) and they differ from the ones
in SMNS 16980 and SMNS 17204 in being
poorly defined at both ends and lacking the
articular features. This is presumed to be a
result of the hypothesized juvenile nature of
this specimen.

FIBULA
(table 22, figs. 151, 168-169)

The fibula is preserved, at least in part, on
both sides of SMNS 17203 (figs. 101, 102,
151), SMNS 17204 (figs. 87, 88), and SMNS
16980. However, it is obscured by osteo-
derms and other elements on the right side
of SMNS 17204, it is lacking the proximal
two-thirds on the right side ofSMNS 16980,
and the morphology is not fully expressed in
SMNS 17203. Therefore, figure 168 is based
on the left fibula ofSMNS 17204 and the left
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Fig. 166. Proganochelys quenstedti. Right tibia, composite of SMNS 16980 and SMNS 17204. Top
row (left to right), lateral, dorsal, ventral, medial; lower row (left to right), distal, proximal.

fibula ofSMNS 16980. SMNS 17204 has well-
preserved articular surfaces but is damaged
along the shaft, while SMNS 16980 has a

good shaft but the articular surfaces (espe-
cially the proximal) are not as well preserved.
The fibula of turtles (fig. 169) is a consis-

tently slender element with the distal end ex-

panded and the proximal end only slightly
larger than the shaft. Proganochelys readily
fits the chelonian fibular pattern. The only
description of the fibula in Captorhinus is in
Fox and Bowman (1966: 47) and this can be
supplemented by Heaton and Reisz (1980).
The limbs of primitive pelycosaurs are very
similar to those of Captorhinus and the fig-
ures of the fibula in Romer and Price (1940:
239) of Ophiacodon are useful comparisons.
The proximal end of the fibula in Progan-

ochelys articulates on the side of the lateral
condyle of the femur as in most generalized,
nonmammalian amniotes (Haines, 1942).
The articulation surface is angled ventro-
proximally to meet this articulation. The sur-
face is broadly rounded in SMNS 17204,
which appears to be undamaged, but concave
in SMNS 16980, which may be the result of
postmortem deterioration. The proximal head
is enlarged dorsoventrally but it is smaller
than the distal end and less than twice the
width of the shaft. In Captorhinus (fig. 169)
the proximal end is more than twice the width
of the shaft but still narrower than the distal
end. The proximal articulation surface in
Captorhinus is flat and angled somewhat as
in Proganochelys. The casichelydian fibula
agrees closely with the proximal end of the
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Fig. 167. Comparisons of right tibiae. Upper row, dorsal views; lower row, medial views. A, Cap-
torhinus sp., AMNH 19383, 19384; B, Proganochelys quenstedti, SMNS 16980, 17204; C, Macroclemys
temmincki, AMNH 58251; D, Podocnemis expansa, AMNH 62947. Abbreviations: med, medial direc-
tion; pat, patellar tendon attachment; vent, ventral direction.

fibula in Proganochelys but it generally has a
more convex, rounded articular surface.
The shaft of the fibula is distinctively

curved or bowed away from the tibia in Cap-

torhinus, while it is straight in Proganochelys
and other turtles. Although it is hard to be
certain, it is likely that the fibula contacted
the tibia proximally as in casichelydians and
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Fig. 168. Proganochelys quenstedti, SMNS 16980 and SMNS 17204. Right fibula. Top row (left to
right), lateral, dorsal, ventral, medial; lower row (left to right), distal, proximal.

other amniotes. There are no specific rugos-
ities that reflect this but some ofthe proximal
rugosities on the shaft of the fibula in Pro-
ganochelys are similar to those in casichely-
dians.

Distally the fibula of Proganochelys is ex-
panded and bears a wide astragalocalcaneal
articulation surface. The plane of this expan-
sion is twisted from the plane ofthe proximal
expansion by about 300. A similar torsion can
be seen in the fibula of Captorhinus and most
other turtles. The distal part ofthe fibula shaft
in Proganochelys is flat on its dorsal side but
there is a thickened ridge on the ventral side
that ends at an expanded part of the distal
articulation surface. The fibula fits closely
onto the tarsus and bridges the contact be-
tween astragalus and calcaneum.
The fibula ofSMNS 17203 (fig. 151) is sim-

ilar to those of other Proganochelys speci-
mens but has unfinished articular surfaces and

is smaller in size-features presumably re-
lated to its juvenile nature.

TARsus AND PES
(tables 23, 24, figs. 170-175)

Significant portions of the pes are pre-
served on both sides of SMNS 16980 (figs.
98, 172) and SMNS 17204 (figs. 87, 88). No
identifiable elements of the pes of SMNS
17203 are available, although it is possbile
that some of the unidentified disarticulated
bones belong to that part of SMNS 17203.
The best preserved pes is in the left limb

of SMNS 17204 (fig. 170). The entire hind
limb is articulated in a tightly retracted po-
sition so that the limb is within the shell over-
hang and presses against the ventral surface
of the carapace. The pes is brought dorsally
so that the metatarsals lie parallel to and
nearly touch the tibia and fibula. The pha-
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Fig. 169. Comparison of right fibulae. Upper row, dorsal views; lower row, medial views. A, Cap-
torhinus sp., AMNH 19381, 19382; B, Proganochelys quenstedti, SMNS 16980, 17204; C, Macroclemys
temmincki, AMNH 58251; D, Podocnemis expansa, AMNH 62947.

langes are tightly flexed with the unguals lying
at right angles to the metatarsals. Before 1979
the pes was prepared but the major elements
were not disarticulated. The extreme flexion
of the pes, however, may have caused the

distal tarsals 1-3 to be prominently exposed
and they may have been removed with the
sesamoids and osteoderms, nearly all ofwhich
were removed. In any case, distal tarsals 1-
3 are missing from the pes. Distal tarsal 4
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TABLE 23
Preserved Material of Tarsus and Pes

MB
SMNS 16980 SMNS 17203 SMNS 17204 SMNS 15759 1910.45.2

Astragalocalcaneum R, L ?R L - -

Distal tarsal 1 ?R ? ?R
Distal tarsal 2 ? R
Distal tarsal 3 R -

Distal tarsal 4 R, L - L - -

Metatarsal I R - R,L - -

Metatarsal II R, L - R,L - -

Metatarsal III R, L - R,L - -

Metatarsal IV R, L - L - -

Metatarsal V R - L - -

Phalanx I R, L - R,L - -

Phalanx II R, L - R,L - -

Phalanx III R, L - R,L - -

Phalanx IV R, L - ? R,L - -

Phalanx V - L - -

Ungual I R, L - R,L - -

Ungual II R, L - R,L - -

Ungual III R, L - R,L - -

Ungual IV R - R,L - -

Ungual V ? R or L - R,L - -

was present at the beginning of this study in
1979 but it was missing in 1980 (photographs
allow its position to be known). The flexion
of the hind foot and pes is consistent with its
being caused by postmortem muscle con-
traction, as may be the case in the forelimb
of SMNS 16980.

In SMNS 17204 the astragalus is separated
from the calcaneum by matrix that appears
to be filling a suture. The astragalus and cal-
caneum are tightly attached by suture in the
two tarsi ofSMNS 16980 and it is likely that
this was the case in SMNS 17204. In this
specimen the contact area between these
bones is eroded and the two elements barely
contact each other. When in situ, the bones
were offset with respect to each other and
separated more than in life. The astragalo-
calcaneum in SMNS 17204 in situ (fig. 171)
is oriented so that the distal surface, normally
articulating with the distal tarsals, is facing
ventrally (with respect to the shell of SMNS
17204) while the metatarsals are facing dis-
tally (or anteriorly with respect to the shell).
The distal tarsal 4 lies just lateral to the as-

tragalus and, as a result ofthe flexion, ventral
to the calcaneum. Lateral to distal tarsal 4 is
the fifth metatarsal, a fan-shaped element very
different from the other metatarsals but quite
similar to the hooked metatarsal V of other
turtles (Rabl, 1910).

Metatarsals I to IV of SMNS 17204 are
articulated in situ in very nearly their pre-
sumed life position. The metatarsal bases
overlap strongly and their axes are roughly
parallel. The base of metatarsal V, however,
has been rotated medially causing its axis to
extend laterally rather than distally. Its artic-
ulation surface, however, still is in articula-
tion with distal tarsal 5. The phalanx is still
barely in articulation with the fifth metatar-
sal, being bent dorsally at more than 90°. The
ungual of the fifth digit is not articulated at
the distal surface of the phalanx but lies on
the medial edge of the phalanx.
The digits I-IV have one phalanx and one

ungual and these are in articulation and flexed
at about 900 to the plane of the metatarsals.
This would appear to be the maximum de-
gree of flexion possible naturally.

244 NO. 194



GAFFNEY: PROGANOCHELYS

TABLE 24
Comparison of Tarsus and Pes

Captorhinus Proganochelys Casichelydia

Astragalus and calca-
neum articulation

Astragalus and centrale
articulation

Astragalus

Tibia-astragalus contact
Tripartite suture in as-

tragalus
Astragalo-calcaneal fora-
men

Calcaneum

Size of astragalus and
calcaneum in proximo-

distal plane
Size of calcaneum versus

astragalus
Semicircular concavity
on astragalocalcaneum
for articulation of dis-
tal tarsal 4

Well-developed plantar
swelling on astragalus

Free centrale
Number of distal tarsals
Outline of distal tarsal 4
Distal tarsal 5

Mesotarsal joint

Tarsometatarsal joint

Crurotarsal joint

Sesamoids

Distal tarsal 4 with well-
developed metatarsal
V contact

Strongly overlapping
metatarsal bases

Hooked or "L" shaped
metatarsal V

Digital formula of pes

Digit V
Claw on ungual V

Separate elements, loose-
ly articulated

Separate elements, loose-
ly articulated

Plate-like, with triangu-
lar outline

Loose, ill-defined
Present

Present

Platelike with semicir-
cular outline

Elongate

Equal

Absent

Absent

Present
Five
Pentagonal
Present
Presumed limited mobil-

ity

Presumably greater mo-
bility than mesotarsal
joint

Considerable potential
mobility

In flexor tendons (at
least in manus)

Absent

Absent

Absent

2-3-4-5-4

Larger than I, same as II
Probably present

Tightly sutured

Presumably fused, su-
tures not apparent

Cuboid

Tight fitting
Absent

Absent

Cubical

Compressed

Calcaneum much small-
er than astragalus

Present

Present

Absent
Four
Circular
Absent
Greater mobility than

Captorhinus

Mobility as in Captorhi-
nus or greater

Limited mobility

In extensor tendons

Present

Present

Present

2-2-2-2-2

Much smaller than I-IV
Present

Tightly sutured

Sutural contact apparent

Cuboid

Tight fitting
Absent

Absent

Cubical

Compressed

Calcaneum much smaller
than astragalus

Present

Present

Absent
Four (less due to fusion)
Generally circular
Absent
Variable, but less primi-

tively as in Proganoche-
lys

Variable, but primitively
as in Proganochelys

Limited mobility

Absent

Present

Primitively present, but
variable

Present

Variable but 2-3-3-3-3/2
most common

Much smaller than I-IV
Absent
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Fig. 170. Proganochelys quenstedti, SMNS
17204. Left hind foot in ventral view; see Figure
173 for orientation. Abbreviations: ast, astragalus;
mt, metatarsal; ost, osteoderm; tib, tibia. Asterisk
(*) indicates sesamoid.

The right pes ofSMNS 17204 (figs. 87, 88)
is not as well preserved as the left pes; it is
retracted and lies against the ventral surface
of the carapace and is articulated with the
rest ofthe right hind limb. The proximal ends
of the tibia and fibula are close to the distal
end of the femur but are not in life position.
The fibula lies between the pes and the car-
apace with the distal end of the tibia com-
pletely covered by pes and fibula. The pes is
tightly flexed with respect to the epipodials;
the tibia is also pushed into the pes, disar-
ticulating the first digit and medial tarsals.
The proximal portion of the pes is a mass of
osteoderms. The astragalocalcaneum is not
visible but it may be present beneath the os-
teoderms.
The only tarsal bones identifiable in the

right pes of SMNS 17204 are two distal tar-
sals that lie near the base of the metatarsals
I and II. Neither of these bones are prepared
free of matrix and this identification is based
on their position and general shape, both sus-
pect in a foot that is not well preserved. Pre-
sumed distal tarsal I is separated from meta-
tarsal V by the tibia which enters the tarsus
here. Only three metatarsals, I-III, are ap-

mt V l a

2 cm
Fig. 170. Continued.

parent, and these are roughly parallel to each
other in approximate life position. However,
their long axis orientation with respect to each
other is twisted. Digit I has its ungual and
phalanx in contact with each other and meta-
tarsal I, but the bones are rotated out of their
presumed life positions. Digit II has the pha-
lanx overlapping the metatarsal ventrally but
its ungual is correctly articulated. In digit III
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the metatarsal is nearly in contact with un-
gual III and the intervening phalanx appears
to be pushed laterally and completely disar-
ticulated. Metatarsals IV and V are not iden-
tifiable and seem to be missing, while the
digits associated with them are disarticulat-
ed. There are two phalanges lying lateral to
metatarsal III and these are presumably III
and IV, although one could be missing and
V could be present. However, this is unlikely
as digit V is smaller than the others present.
The more medial phalanx is likely to be III
and the other IV. The ungual of IV lies with
its distal apex aimed medially into the pes
with its articulation surface exposed laterally.
Its apex contacts both of the disarticulated
phalanges. The ungual of V is lying proxi-
molateral to metatarsal III and can be iden-
tified because of its small size.
The right pes ofSMNS 16980 is the better

preserved of the two and retains more tarsal
elements in their life positions. The astra-
galocalcaneum is well preserved but rotated
dorsally with its proximal (fibular and tibial)
surface facing more distally than would be
natural in life. This flexion has pushed the
distal tarsals somewhat ventrally and covered
distal tarsal 3 from dorsal view. The distal
ends of the tibia and fibula are retained in
situ and show the extreme flexion of the tar-
sus. Instead ofbeing at right angles or greater
than right angles, the tibia and fibula are bent
forward to lie in nearly the same plane as the
metatarsals. The effects of this extreme flex-
ion are evenly distributed among the var-
ious joints, and the original, life positions of
most of the elements are fairly clear.
The right tarsus ofSMNS 16980 is the only

Proganochelys tarsus to preserve more than
one distal tarsal in situ. Distal tarsals 3 and
4 are preserved with distal tarsal 4 in contact
with the astragalocalcaneum, metatarsals III-
IV, and distal tarsal 3. The astragalocalca-
neum is rotated so that the distal tarsal 3 is
hidden by it in dorsal view. Ventrally, distal
tarsal 3 lies directly behind metatarsal III and
contacts it. There is no indication of distal
tarsal 2. The position where it should lie is
open and free of matrix, suggesting that the
element may have been removed during ear-
lier preparation. Digit I is somewhat dis-
placed, but near the proximal articulation

surface of metatarsal I is an oblong of bone
that is probably the first distal tarsal. As pre-
served, it lies ventral to the tightly flexed tibia
and is rotated medially away from its pre-
sumed position.

All five metatarsals are preserved in the
right pes of SMNS 16980 with only the fifth
somewhat shifted from its presumed life
position. Metatarsal V, as preserved, lies un-
derneath both the base of metatarsal IV and
distal tarsal 4 rather than in the same plane.
Metatarsals I-IV have strongly overlapping
bases and appear to be in life position. Meta-
tarsal I is somewhat damaged and not well
preserved. Digit V is missing (although the
ungual may be one of the small unguals in
the collection of disarticulated elements) but
the remaining digits are present. These digits
were apparently removed from their in situ
positions and rearticulated before 1979 using
glue and plaster. Even after further cleaning
and preparation, these elements are not well
preserved, having more cracks and poorer
bone than is usual in the Trossingen speci-
mens. The left pes of SMNS 16980 as ex-
amined in 1979 was in two pieces, both con-
sisting of in situ assemblages but not having
any contacts or other indications of their re-
spective orientations. Both ofthese have been
prepared further, revealing the elements in-
volved. The peculiar relation of these two
pieces is enhanced by the fact that the distal
piece (fig. 172) is an articulated set of four
digits, not far from the presumed life posi-
tions, while the proximal grouping has a
properly articulated tibia and fibula with an
astragalocalcaneum that is close to life po-
sition but the more distal part of the tarsus
is a confused mixture of osteoderms/sesa-
moids showing considerable postmortem
disturbance. There is no sign of the metatar-
sals or metatarsal fragments missing from the
distal piece and no indication of their ori-
entation. It is difficult to see how the artic-
ulated digits relate to the badly disturbed tar-
sus.
The astragalocalcaneum in the left pes of

SMNS 16980 lacks the lateral end of the cal-
caneal portion which ends in a clear break.
The broken end of the calcaneum seems to
be a fragment pushed proximally and lying
along the shaft of the tibia. When prepared
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Fig. 171. Right astragalus-calcaneum. A, C, Meiolania platyceps, Australian Museum, F 57984; B,
D, Proganochelys quenstedti, SMNS 17204 (left, reversed). A, B, anterior views; C, D, dorsal (proximal)
views.

free of matrix, this piece approximates but
does not fit exactly onto the break; nonethe-
less, it seems to be the end of the calcaneum.
This astragalocalcaneum seems to show a
clearer fusion line between astragalus and cal-
caneum than the right astragalocalcaneum.
The only other identifiable tarsal in this pes
is the distal tarsal 4. This element lies dis-
placed from its articulation surface and in-
stead lies on the distal plantar expansion of
the astragalus. Nonetheless, it is the best pre-
served Proganochelys distal tarsal 4 and has
been prepared offthe astragalus and cleaned.
The rest of the proximal piece of the tarsus
consists of many flat overlapping ovals of
bone, more porous than the tarsal elements,
that appear to be osteoderms rather than ses-
amoids.
The distal piece containing the left hind

digits of SMNS 16980 (fig. 172) has been
prepared leaving the elements articulated in
situ but with most of the matrix removed.
This piece contains metatarsals II-IV and a
very small part of I, phalanges I-IV, and un-
guals I-II. One of the small unguals in the

collection of disarticulated elements may be
the fifth ungual of this foot. The digits, al-
though articulated, have been subjected to
medial-lateral pressure and the pes is dis-
torted to lie more in a dorsoventral than hor-
izontal plane. The unguals of digits I-III are
flexed at right angles to the phalanges and
metacarpals, as in the left pes ofSMNS 17204.
Metacarpal II is most dorsal, with III below
and slightly lateral to it and IV (lacking its
ungual with its phalanx) below the other
metacarpals and lateral to the unguals. Digits
I and II have sesamoids in articulation.
The pes of Proganochelys (figs. 173, 175)

consists of the astragalocalcaneum, four dis-
tal tarsals, five metatarsals, and a digital for-
mula of 2-2-2-2-2. Except for the digital for-
mula, the pes agrees with the expected
primitive pattern for casichelydians.
The tarsus of Proganochelys has a single,

large proximal element divided by a suture.
This element consists of astragalus and cal-
caneum as demonstrated in the literature, and
based on the fact that its compound nature
is revealed in such living turtles as pleuro-
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Fig. 171. Continued.

dires and chelydrids. These bones are pre-
served in the left tarsus of SMNS 17204 and
both tarsi of SMNS 16980.
The astragalus of amniotes has a large lit-

erature concerned with its development and
adult comparative morphology. In living tur-
tles, Rabl's (1910) work showed that three
ossifications may be variably involved with
the astragalus. The largest ossification, "tib-
iointermedium" of Rabl, bears the tibial ar-
ticulation and the medial half of the fibular
articulation, and is usually called the astrag-
alus based on its presumed homology with
the mammalian astragalus. In some turtles,
such as chelydrids, cheloniids, and pleuro-
dires, there is an element lateral to the as-
tragalus that rarely may be free or may oc-
casionally be separated by a suture or partial

tibia
articulation

fusion. This element is usually identified as
the calcaneum or fibulare. In most adult cryp-
todires there is no indication of a suture or
fusion between this element and the astrag-
alus. In chelydrids and pleurodires there is
evidence ofa third element, on the distal sur-
face ofthe astragalus, and this has been iden-
tified as a centrale (Rabl, 1910). Based on the
systematic position ofthese living turtles, i.e.,
chelydrids as the sister group of all living
cryptodires, and pleurodires as the sister group
to all cryptodires, it would be expected that
Proganochelys should have these elements
distinctly separated by sutures if not entirely
free. Such is not the case. In Proganochelys
the astragalus and calcaneum are separate os-
sifications tightly sutured together but there
is no clear evidence for a centrale. However,

2cm
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Fig. 172. Proganochelys quenstedti, SMNS 16980. Partial left pes in situ articulation. Left, ventro-
medial view; right, dorsolateral view. Abbreviations: mt, metatarsal; ses, sesamoid.

the preservation is not good enough to com-
pletely rule out the possibility of a suture in
this area but a well-defined, separate ossifi-
cation is not present, suggesting that the cen-
trale is completely fused to the astragalus. In
summary, then, Proganochelys has a single,
proximal tarsal element showing a prominent
calcaneum-astragalus suture but without a
prominent centrale-astragalus suture or fu-
sion zone.
Other extinct turtle groups provide some

perspective on the systematic significance of
the astragalar fusion lines. Baenids have a
fused astragalocalcaneum (Russell, 1934;
Case, 1939; Hay, 1908) with variably ex-
pressed sutures or fusion lines. Case's spec-
imens of Plesiobaena antigua (University of
Michigan, Museum of Paleontology 20480)
shows the chelydridlike fusion zone between
astragalus and calcaneum but no suture. The
centrale-astragalus contact is not clear on
either side. A Eubaena cephalica (UCMP
10717, brought to my attention by Dr. David

Archibald and described in his Ph.D. thesis,
1977) has a well-preserved tarsus showing the
astragalus-calcaneum fusion zone and a par-
tially separated suture between the astragalus
and centrale. Dinochelys whitei (Dinosaur
National Monument 986; Gaffney, 1979b), a
generalized cryptodire of undetermined re-
lationships, consists ofa shell with some limb
elements. The pes of this specimen clearly
shows a sutured centrale and a partially fused
calcaneum-astragalus. These extinct taxa in-
dicate that the condition seen in chelydrids
and pleurodires is the plesiomorphic pattern
at least for casichelydians. Proganochelys dif-
fers from this only with regard to the centrale.
The significance ofthis difference is probably
not great, as in chelydrids and the pleurodires
I have examined; the degree of expression of
the centrale-astragalus fusion zone or suture
seems much more variable than the calca-
neum-astragalus fusion zone. The interesting
aspect of all this is that in terms of astragalar
fusion, Proganochelys has the same general-
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Fig. 173. Proganochelys quenstedti. Dorsal view of restored right pes and tarsus, based on the left
pes ofSMNS 17204 with additions from SMNS 16980. Dashed distal tarsals 1-3 are based on ossifications
present in SMNS 16980 but not definitely determinable as to position; see text. Abbreviations: ast,
astragalus; cal, calcaneum; dt, distal tarsal; mt, metatarsal; phl, phalanx; ung, ungual. Calcaneum is in
heavy stipple; distal tarsals are in light stipple.

ized condition as Recent turtles and does not
retain features of more generalized amniotes
such as Captorhinus.
The shape of the astragalocalcaneum of

Proganochelys is very similar to that bone in
casichelydians. There is not much variation
in the shape ofthe astragalocalcaneum in tur-
tles (Rabl, 1910; Zug, 1971). It is an irregular
blocklike element, tapering laterally. Figure
171 compares the astragalocalcaneum in Pro-
ganochelys and Meiolania. Meiolania (Gaff-
ney, 1983) is a primitive eucryptodire that,
although derived and peculiar in other areas
of its morphology, has a typical cryptodiran
astragalocalcaneum, quite similar to that of
baenids and chelydrids.

As in all turtles, the proximal portion of
the astragalus in Proganochelys is an articu-
lation surface for the tibia medially and part
of the fibula laterally. The tibial surface is
curved and somewhat saddle-shaped with a
low, central ridge that fits the trough of the
distal surface of the tibia. This morphology
occurs in nearly all turtles. The tibial articular
surface is nearly equidimensional in Progan-
ochelys (and Meiolania), differing slightly
from those of most eucryptodires and baen-
ids in which the lateromedial dimension is
usually greater. Laterally the astragalus bears
the medial halfofthe fibular articulation sur-
face and the calcaneum the lateral half. As in
most turtles, this surface is almost twice as
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Fig. 174. Comparison of right pedes in dorsal view. A, Captorhinus sp., from Heaton and Reisz
(1986); B, Meiolania platyceps, Australian Museum F 57984 (distal tarsals 1-3 not known); C, Macro-
clemys temmincki, AMNH 58251 and 36602; D, Podocnemis expansa, AMNH 62947. Abbreviations:
ast, astragalus; cal, calcaneum; dt, distal tarsal; mt, metatarsal. Calcaneum is in heavy stipple, distal
tarsals are in light stipple.
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Fig. 175. Proganochelys quenstedti, SMNS 17204 (left side reversed with additions from SMNS
16980). Digits of right pes. Each digit is figured disarticulated in dorsal (left) and lateral (right) views.
Sesamoid bones are indicated; in the dorsal views the sesamoid is displaced with a leader showing its
correct position.

long (lateromedially) as it is deep (antero-
posteriorly). The surface is broadly concave,
tapering laterally in proximal view. The tibial
surface faces anteroproximomedially while
the fibular surface faces proximally. In many
turtles, as in Meiolania and chelydrids, the
tibial and fibular articulation surfaces meet
to a variable extent forming a ridge. This is
correlated with the degree to which the distal
ends ofthe tibia and fibula contact each other.
In Proganochelys and many other cryptodires
and pleurodires, the tibia and fibula do not
meet distally and the astragalar articulation
surfaces for each bone are separated by a nar-
row trough. There seems to be little system-
atic pattern in this feature; it occurs sporad-
ically within various families.

As in most Recent turtles (Schaeffer, 1941),
movement at the crurotarsal joint appears to
be limited in Proganochelys. The opposing
joint surfaces fit as in most Recent turtles,
although not to the extent seen in testudinids
and certainly tighter than in trionychids and
cheloniids. There is no indication in Progan-
ochelys of a tarsal joint pattern significantly
different from that seen in living casichely-
dians.

Distally the astragalus ofProganochelys and
most other turtles has a distally convex swell-
ing that forms part of the plantar surface of
the foot. This is particularly well developed
in Proganochelys and is similar to the extent
seen in Macroclemys and Chelydra. This
swelling seems to be better developed in plan-
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tigrade turtles than in digitigrade or unguli-
grade ones. The plantar swelling is more me-
dial on the astragalocalcaneum and laterally
the element is significantly thinner, about half
the thickness in a proximodorsal direction.
This is due to the excavation of the distola-
teral part of the astragalocalcaneum to re-
ceive the fourth distal tarsal and it occurs in
nearly all turtles. The excavation is semicir-
cular with a slightly concave surface.
Comparison of the astragalus and calca-

neum in Proganochelys and Captorhinus (fig.
174) is not much different from comparing
Captorhinus with any turtle. The tarsus of
Captorhinus (Peabody, 1951; Fox and Bow-
man, 1966; Heaton and Reisz, 1986) differs
significantly from that of Proganochelys and
other turtles. The astragalus of Captorhinus
is a relatively thin, platelike element that is
roughly triangular rather than being irregular
and cuboid as in turtles. In Proganochelys
and other turtles the tibia has a relatively
tight fitting articulation with the astragalus
while in Captorhinus the tibia has a loose
articulation indicating a mobile crurotarsal
joint, which is absent in turtles. The astrag-
alus of Captorhinus has a set of sutures in-
dicating fusion from three elements (Pea-
body, 1951; Romer, 1956) while these sutures
are absent in Proganochelys and other turtles.
The calcaneum and astragalus ofCaptorhinus
have a relatively loose articulation while in
Proganochelys they are tightly sutured or fused
as in nearly all turtles. The astragalus and
calcaneum of Captorhinus are very large in
the proximodistal plane while in Progan-
ochelys and other turtles they are compressed
and much less extensive in this plane. There
is a distinct foramen formed between the as-
tragalus and calcaneum in Captorhinus but
not in turtles. The calcaneum in Captorhinus
is as large as the astragalus and particularly
expanded laterally in contrast to Progan-
ochelys and other turtles where it is smaller
than the astragalus and ends laterally at the
lateral margin ofthe fibular articulation. The
astragalocalcaneum of Proganochelys and
other turtles is modified for the articulation
ofthe circular fourth distal tarsal, but in Cap-
torhinus the fourth distal tarsal has a simple
contact. Lastly, Proganochelys and most tur-
tles have a well-developed plantar swelling

on the astragalus and this is absent in Cap-
torhinus.
Aside from the dubious possibility of a

fused centale on the astragalus, there are no
centralia in Proganochelys. The tarsal mate-
rial is not as good as it might be and the distal
tarsals are not well preserved in any speci-
men, but it is very unlikely that centralia,
particularly of the sort seen in Captorhinus,
were present. Captorhinus has a single, elon-
gate ossification, identified by Peabody (1951)
as centrales one and two fused, lying distal
to the astragalus. This element, in whole or
part, is presumably homologous to the single
central ossification seen fused or sutured in
chelydrids, pleurodires, and baenids.
The distal tarsals ofProganochelys (fig. 173)

appear to be four in number, as in casiche-
lydians. Distal tarsal 1 is not well preserved
but seems to be ovoid and nodular, similar
in size and shape to distal tarsal 3. Distal
tarsal 2 is based on a speculative identifica-
tion but it looks like distal tarsal 3 also. Distal
tarsal 3 is an irregular, ovoid nodule, not
bilobate or constricted as in chelydrids. Dis-
tal tarsals 1-3 lie approximately behind their
respective metatarsals; their more precise re-
lations and contacts cannot be determined.

Distal tarsal 4 (fig. 174) is distinctive in
turtles because it is usually a circular element
that is larger than the other distal tarsals and
fits into a curved recess in the astragalocal-
caneum (fig. 17 1). Distal tarsal 4 in most tur-
tles also articulates with metatarsals III, IV,
and V as well as distal tarsal 3. In Progan-
ochelys distal tarsal 4 is the same as in casi-
chelydians in morphology and contacts.
SMNS 16980 has both distal tarsals 4 well
preserved and one is in articulation on the
right side. The bone is oval in anterior view
and is roughly equidimensional when viewed
proximally or distally. The anterior surface
is a shallow concavity roughly paralleling the
plane ofthe foot. In many casichelydians dis-
tal tarsal 4 is roughly cylindrical, with the
posterior surface parallel to the anterior and
the sides roughly forming the cylinder. In
Proganochelys, distal tarsal 4 is more irreg-
ular; the posterior surface is a pendant tu-
bercle extending distally with a broad trough
proximally. This morphology is probably not
primitive for turtles as it tends to occur in
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the more aquatic emydids and some pleu-
rodires. The distal tarsal 4 of Captorhinus is
a five-sided plate having relatively tighter ar-
ticulations with surrounding elements com-
pared with turtles. Distal tarsal 4 is larger
than the others in Captorhinus as in turtles,
but it does not have a well-developed fifth
metatarsal contact nor the circular articula-
tion with the astragalus and calcaneum. As
in other aspects of the pes, the distal tarsals
of Proganochelys agree with those of other
turtles and are not intermediate or similar to
more generalized amniotes.
The metatarsals of Proganochelys are rel-

atively large, robust elements in comparison
to the metatarsals of most turtles. They are
somewhat more robust than in Macroclemys
but of generally similar size and shape. The
metatarsals increase in length from I to III
and then decrease to V. The distal articula-
tions are rounded and cylindrical with only
a slight indication of a median groove rather
than a distinct groove as in most casichely-
dians. Most turtle metatarsals are relatively
long and slender; pleurodires and baenids
have this condition and it would appear to
be generalized for casichelydians. The more
robust metatarsals ofProganochelys are sim-
ilar to Macroclemys and Meiolania, however,
rather than testudinids. In testudinids the
metatarsals are shorter and have generally flat
articulation surfaces. Metatarsal I in Progan-
ochelys is a very stubby element, about one-
halfthe length ofmetatarsal II and wider than
long. It is asymmetrical and expanded lat-
erally at its base to overlap metatarsal II. A
very short metatarsal I also occurs in testu-
dinids, but rarely in other turtles. Metatarsals
II-IV are similar to each other, only varying
in length. The proximal articulation is curved
to flat and slightly irregular. Distally, the ar-
ticulation is cylindrical and through about
3000 of curvature. The base of each more
medial metatarsal strongly overlaps the more
lateral metatarsal. The bases are expanded
and have articular facets for this overlap. A
strong overlap is found in baenids and che-
lydrids but is not common among turtles.

The fifth metatarsal ofturtles is a peculiarly
shaped element, usually characterized as
"hooked" and very different from the other
metatarsals. The fifth metatarsal of Progan-

ochelys is roughly L-shaped and much flatter
than the others. The bone is curved concave
ventrally, and has a large, oval articular sur-
face medially for the fourth distal tarsal. This
articular surface is shallowly concave and
faces medially and slightly proximodorsally.
Distally there is an articulation for phalanx
V, which is flatter and not as well formed as
the phalanx articulations on the other meta-
tarsals. The fifth metatarsal ofProganochelys
is not particularly the same as in other turtles;
some have a more angular L shape while oth-
ers, as in baenids, have a more equidimen-
sional plate shape.
The peculiar shape of the fifth metatarsal

in turtles combined with the absence ofa fifth
distal tarsal has at times led to the identifi-
cation ofmetatarsal V as a distal tarsal (Hoff-
man, 1890; Boulenger, 1889; Case, 1939; as
referred to by Zug, 1971, and Archibald,
Ph.D. thesis), resulting in a lower phalangeal
count. A somewhat similar fifth metatarsal
occurs in many living and fossil nonmamma-
lian amniotes and has given support to the
use ofa hooked fifth metatarsal as a character
consistent with Goodrich's "Sauropsida" (see
Gaffney, 1980, for references and discussion).
The absence of a hooked fifth metatarsal in
Petrolacosaurus, the hypothesized sister tax-
on to the Diapsida (Reisz, 1981), however,
argues against this interpretation. Nonethe-
less, the presence of one in Proganochelys
shows that this character occurs in all turtles
and may be an independently acquired che-
lonian synapomorphy.

Captorhinus (Heaton and Reisz, 1986) has
metatarsals that differ from those ofturtles in
lacking basal overlap and the marked differ-
entiation of metatarsals I and V. Metatarsal
V in Captorhinus has the same morphology
as the other metatarsals and articulates with
the fifth distal tarsal, absent in turtles.
Proganochelys has a phalangeal formula of

2-2-2-2-2 while the presumed generalized
condition in turtles is 2-3-3-3-3. Zug (1971)
reviewed the variation of phalangeal for-
mulas in turtles and showed that the testu-
dinids come closest to the Proganochelys for-
mula with 2-2-2-2-1 or 0 as a common
pattern. Captorhinus (Heaton and Reisz,
1986) has a phalangeal formula of 2-3-4-5-4
and this is likely to be the plesiomorphic am-
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niote condition. As in the manus, the pha-
langeal formula of Proganochelys is best in-
terpreted as an autapomorphy of that taxon.

It is interesting to note that Meiolania dif-
fers from Proganochelys in apparently having
a formula of 2-2-2-2-0 with the fifth meta-
tarsal block-shaped rather than hooked and
L-shaped (figs. 173, 174).
The proximal phalanx in the five digits of

the Proganochelys pes is very similar to that
bone in the manus. There is a strong ventral
process forming the ventral part ofthe meta-
tarsal articulation; such processes can be seen
in Macroclemys and some other living tur-
tles. The strength ofthis process and the well-
developed, cylindrical concavity of the artic-
ular surface differ markedly in testudinids
with reduced digits, which generally have less
extensive articular surfaces. Phalanges I-IV
differ slightly in size and development of the
ventral process but phalanx V is less than half
the size of the others.
The unguals of Proganochelys are all

curved, clawlike elements, similar to the
manal unguals but more robust and deeper.
The unguals have more curvature than those
of most other turtles and have well-devel-
oped flexor attachment tubercles on the ven-
tral surface. At the point of these tubercles
the unguals are about as deep as they are
wide, but distally they flatten with the dorsal
surface more convex than the ventral. The
unguals ofProganochelys vary in size, II and
III being the largest, I and IV being smaller,
and ungual V being the smallest. The entire
digit V is much smaller than the other pedal
digits, a disparity seen in other turtles and
not paralleled in the manus ofProganochelys.
The very small fifth digit in Proganochelys
and other turtles is different from the pattern
in Captorhinus in which V is larger than I
and about the same as II (Heaton and Reisz,
1986) and may be interpreted as a chelonian
synapomorphy.
Although digit V is small in Proganochelys

the ungual is fully developed and would ap-
pear to have had a claw as in the other digits.
Zug (1971) and Walker (1973) stated that all
living turtles lack a claw on digit V, and ex-
amination ofbaenids suggests that this is true
of them also, so that the absence of a claw
on the fifth digit may be a casichelydian syn-
apomorphy.

The joint surfaces and tarsal element mor-
phology in Proganochelys are consistent with
mobile, functional mesotarsal and tarso-
metatarsal joints as described by Zug (1971)
for living nonmarine cryptodires. Also in
common with living turtles is the relatively
less mobile crurotarsal joint. It is impossible
to determine the actual degree of movement
in the tarsus of Captorhinus but comparison
ofthe flat-sided tarsals lying in one plane with
the curved and well-developed articular sur-
faces on the three-dimensional tarsal of Pro-
ganochelys and other turtles strongly suggests
that turtles have greater degrees ofcontrolled
mobility in the tarsus.

SESAMOIDS AND OSTEODERMS
(figs. 158, 159, 162, 170, 172, 175)

Proganochelys is unusual in having what
are interpreted as sesamoid ossifications in
the extensor tendons of the digits. In the fo-
refoot these ossifications are best seen in
SMNS 15759, a partially complete, articu-
lated manus (fig. 158). In this specimen there
are nodules ofbone lying dorsal to and slight-
ly to one side of the medial phalanx in all
five digits. These nodules are ovoid and dense
in contrast to the osteoderms which tend to
be flat or conical and porous. Nonetheless, it
is difficult to be entirely sure of the identifi-
cation but it is likely that more sesamoids
have been misidentified as osteoderms than
vice versa. Sesamoids are also found in situ
in digit II of the right manus and digits I and
II of the left pes (fig. 172).

In all of the specimens the sesamoids are
either slightly displaced from life position
and/or somewhat damaged by preparation.
Presumably there were more present in the
other digits but may have been prepared off.
In life, sesamoids seem to have been directly
dorsal to the medial phalanx, between the
ungual and metatarsal or metacarpal (figs.
162, 175). This would be the position of the
distal end of the ligament from the extensor
digitorum breves (Zug, 1971; Walker, 1973).

In turtles, the only other sesamoid reported
is the os transiliens in the adductor muscu-
lature ofsome testudinids (Ray, 1959; Haines,
1969). Haines (ibid.) reviewed the distribu-
tion and structure of reptilian sesamoids and
there are no reports of sesamoids in the dig-
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ital extensor system of any reptiles. Lizards
are known with sesamoids in the palmar apo-
neurosis of the flexor system and the report
ofHolmes (1977) ofsesamoids on the ventral
surface of the digits in Captorhinus would

appear to be an example of this, rather than
a feature comparable to Proganochelys.
Haines (1969) also reviewed the function of
sesamoids and a number ofhypotheses might
explain the Proganochelys condition.

SYSTEMATIC SIGNIFICANCE OF VARIATION
AMONG THE PROGANOCHELYS SPECIMENS

The differences among specimens of Pro-
ganochelys have been described in the con-
text of morphology earlier, but it is worth-
while assessing these differences in the context
of possible taxonomic hypotheses. Table 25
lists the principal differences among the spec-
imens. The type of Proganochelys quenstedti
is not included because it is a steinkern or
internal mold and none of these features can
be seen on it. The size ofthe steinkern agrees
with a carapace length of roughly 50 cm, so
it does not differ drastically from the larger
of the specimens with bone preserved.

Size differences (discussed earlier) among
the six specimens are interpreted as consis-
tent with growth differences within a species.
The carapace lengths do not form a bimodal
distribution and would be difficult to use as
taxonomic criteria in any case.
The cranial scalation pattern is a feature

that is diagnostic ofsome living turtle species,
particularly pelomedusids. The three Pro-
ganochelys skulls show a relatively great range
ofdifferences when compared to such Recent
species. However, the differences form an
overlapping rather than discrete pattern. The
Berlin skull and SMNS 16980 have low su-
praorbital scales, which are high and well de-
veloped in SMNS 15759; but SMNS 15759
agrees with the Berlin skull and differs from
SMNS 16980 in lacking the nasal-frontal scale
and in having a long scale 6. The significance
of these differences is not clear.
The labial ridge differences can be inter-

preted as individual variation, based on my
own observation of Recent turtles, such as
chelydrids and cheloniids. However, the
much shallower lowerjaws may be related to
growth as well as individual variation. The
triturating surface width is probably also
growth related, but SMNS 15759 has been
crushed to make its lowerjaws narrower than
before burial.

The only shell difference seen among the
few specimens that have comparable areas of
shell preserved is the presence/absence of
marginal scale 1. This is within the degree
and kind of variation seen in the shell scales
of Recent turtles, and can be interpreted as
individual variation.
The cervical vertebrae ofSMNS 16980 are

smaller than the cervicals of the other three
specimens that preserve them, but because
SMNS 16980 is a smaller individual, this is
consistent with a growth hypothesis. How-
ever, the shape ofthe rib ofthe eighth cervical
has differences that cannot easily be ascribed
to growth. This rib is preserved in only two
specimens, MB 1910.45.2 and SMNS 16980
(fig. 108 and following), and it is quite dif-
ferent in them. In MB 1910.45.2 the rib is
fused to the centrum and in shape it is thick
and short with a curved distal end. In SMNS
16980 the rib is sutured to the centrum (pos-
sibly a growth difference), and is thin, long,
and flat in the vertical plane. In my subjective
assessment of all the differences among the
Proganochelys specimens, this difference in
the eighth cervical rib is the most inconsistent
with a single species hypothesis.
The numbers of caudal verebrae differ in

all three specimens that preserve them, and
this appears to be related to the numbers of
centra incorporated in the tail club. Recent
turtles also have variable numbers of caudal
centra but the distalmost centra become very
small ossifications, quite subject to variation.
The postpelvic ossifications, here termed

hypoischia, unique to Proganochelys among
turtles, are single in two specimens and paired
in two other specimens, and this does not
correlate with size or presumed growth cri-
teria. As speculated above, this may be a sex
difference.
The cervical dermal osteoderms differ in

the two specimens that preserve them. SMNS
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Fig. 176. Proganochelys quenstedti. Posterior view of 1/2 life size restoration.

16980 has two single ossifications while MB
1910.45.2 has five ossifications, three single
and two paired. This may be an individual,
sexual, or systematic variation.
Although six specimens are entered in table

25, only three are comparable in terms of
preserved areas. Two of these, MB 1910.45.2
and SMNS 15759 have more features com-
mon to themselves than to the third, SMNS
16980. By intentionally discarding the over-
lapping features, one could make a case for
two species, one consisting ofMB 1910.45.2
plus SMNS 15759 and diagnosed by: cranial
scale 6 longer than wide, nasal-frontal scale
present, lower jaw deep, cervical rib 8 short
and thick, five neck osteoderms. The other
species would be only SMNS 16980 and di-
agnosed by: cranial scale 6 wider than long,
nasal-frontal scale absent, lowerjaw shallow,

cervical rib 8 long and narrow, two neck os-
teoderms.

I feel that in the context ofthe limited num-
ber of specimens and the poor preservation
of most, it would be difficult to maintain this
assertion oftwo species. Furthermore, SMNS
16980 is clearly younger or in some relative
way, less grown, than the other two speci-
mens (see growth section earlier). Although
some of these five features are not definitely
known to be growth related in Recent turtles,
it is possible that many ofthem were growth
related in Proganochelys.

Therefore, although the presence of more
than one taxon is possible among the six spec-
imens, the hypothesis that is most consistent
with the available evidence is that only one
species is represented in the available speci-
mens.
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