
THE POSTCRANIAL MORPHOLOGY

OF MEIOLANIA PLATYCEPS

AND A REVIEW OF THE

MEIOLANIIDAE

EUGENE S. GAFFNEY

BULLETIN
OF THE

AMERICAN MUSEUM OF NATURAL HISTORY
NUMBER 229 NEW YORK: 1996



Recent issues of the Bulletin may be purchased from the Museum. Lists of back issues of the
Bulletin, Novitates, and Anthropological Papers published during the last five years are available
free of charge. Address orders to: American Museum of Natural History Library, Department D,
Central Park West at 79th St., New York, New York 10024. TEL: (212) 769-5545. FAX: (212)
769-5009. E-MAIL: scipubs@amnh.org.



THE POSTCRANIAL MORPHOLOGY

OF MEIOLANIA PLATYCEPS

AND A REVIEW OF THE

MEIOLANIIDAE

EUGENE S. GAFFNEY
Curator, Department of Vertebrate Paleontology

American Museum ofNatural History

BULLETIN OF THE AMERICAN MUSEUM OF NATURAL HISTORY

Number 229, 165 pages, 113 figures, 20 tables

Issued September 25, 1996

Price: $15.00 a copy

Copyright © American Museum of Natural History 1996 ISSN 0003-0090



CONTENTS

Abstract ................................. 3
Introduction ................................. 4

Acknowledgments ................................. 4
Institutional Abbreviations ........ ......................... 5

Shell Morphology ................................. 5
Carapace ........................................ 5
Plastron ................................. 33

Limb Morphology ................................. 39
Shoulder Girdle ................................. 39
Pelvis ................................. 39
Humerus ................................. 42
Ulna ................................. 44
Radius ........................................ 46
Carpus and Manus ................................. 47
Femur ................................. 51
Tibia ................................. 54
Fibula ................................. 56
Tarsus and Pes ................................. 56

Skull Morphology ................................. 62
Review of the Family Meiolaniidae ........... ...................... 67

Niolamia ................................. 72
Ninjemys ................................. 78
Warkalania ................................. 83
Meiolania ........................................ 92
Meiolania platyceps ................................. 93
Meiolania mackayi ................................. 94
Meiolania brevicollis ................................. 97
Meiolania cf. platyceps ................................. 97

Meiolaniidae Indeterminate to Genus ................................. 97
Relationships of Taxa Within the Meiolaniidae ................................. 112
Biogeography ................................. 123
Relationships of Meiolaniidae to Other Cryptodires ............................... 125

Basic Taxa ................................. 125
Characters Used in the Analysis ........... ...................... 132

References ................................. 162

2



ABSTRACT

A series of partial shells and disarticulated shell
elements is the basis for a nearly complete resto-
ration of the carapace and plastron of Meiolania
platyceps from the Pleistocene of Lord Howe Is-
land, New South Wales. The carapace is broadly
domed, with C-shaped bridge peripherals, but is
not as arched as in living testudinids. A small
cervical scale lies on a protuberant nuchal bone
that has two midline articulation facets on its ven-
tral surface for the 7th and 8th cervical vertebrae.
The bones of the shell are usually fused with su-
tures present in a small number of disarticulated
specimens. The shell bones tend to be thin in the
central areas with the peripherals and other mar-
ginal areas thicker. The bone surface is coarsely
textured with irregular grooves, pits, and foram-
ina. The scale sulci are usually poorly defined,
shallow troughs. In most specimens the posterior
margin is strongly serrated with no caudal notch.
There are 8 costals and 11 peripherals, but the
number ofneurals and the presence ofa pygal and
suprapygals are unknown. The first thoracic cen-
trum faces directly anteriorly and the first thoracic
rib reaches the axillary buttress on the third pe-
ripheral.

In the plastron the epiplastra meet on the mid-
line and bear a short median process, apparently
not homologous to that in Proganochelys and Kay-
entachelys, that bifurcates dorsally and articulates
with the scapula. The epiplastra are relatively broad
and bear two pairs of scales, about equal in size,
with moderate anterior projections. No other plas-
tral scale sulci are determinable. The entoplastron
is a large, ovoid bone with a long posterior median
process that separates the hyoplastra for much of
their length on the dorsal surface. The axillary and
inguinal buttresses do not extend onto the costals,
and contact peripherals 3 and 8, respectively. The
hyoplastron and hypoplastron send digitate pro-
cesses to the peripherals producing a thin, partially
ligamentous contact with numerous fontanelles.
Mesoplastra are absent. A large, irregular, median
fontanelle is present at the junction of hyoplastra
and hypoplastra. The posterior plastral lobe tapers
strongly in contrast to the squared off end of the
anterior lobe. Small articulation facets are present
on the xiphiplastra for the pubis.
The available shell material of Meiolania pla-

tyceps shows a great range ofvariation. Most shells
have an extensive peripheral overhang but some
specimens have almost no overhang. The shell
sulci are usually broad and indistinct but in some
specimens they are finely incised with raised edges.

The limbs and girdles are completely known in
Meiolania platyceps and are represented by both
articulated and disarticulated specimens. The
shoulder girdle is a stout element with a wide scap-
ular-acromion angle and without a glenoid neck.
The coracoid is wide and flat, flaring medially. The
pelvis has large but widely separated thyroid fe-
nestrae and a small epipubic process. The ilium
flares slightly dorsally. There are two sacral ribs
and, usually, the rib of the first caudal is fused to
the second sacral.
The humerus in Meiolania is expanded distally

and proximally which contrasts to the narrower
condition in nearly all cryptodires, but is similar
to Proganochelys. The articular and surface mor-
phology, however, is more similar to baenids and
other primitive cryptodires. The ulna, radius, tib-
ia, fibula, and femur of Meiolania are similar to
those bones in Proganochelys and primitive cryp-
todires, except that in Meiolania they are generally
stockier and more robust, with wider ends.
The carpus ofMeiolania has seven carpal bones:

ulnare, intermedium, medial centrale, and four
distal carpals. The manus formula is 2-2-2-2-2
with broad, flat unguals. The tarsus of Meiolania
has an astragalocalcaneum showing no sign of su-
tures or fusion. Two distal tarsals are definitely
known, but four were probably present. The pedal
formula of Meiolania is 2-2-2-2-0.
A revision ofthe family Meiolaniidae recognizes

four genera: Niolamia (Eocene, Argentina), Nin-
jemys (Pleistocene, Queensland), Warkalania
(Miocene, Queensland), and Meiolania (Miocene
to Pleistocene, Northern Territory, Queensland,
Lord Howe Island, New Caledonia). A PAUP
analysis of22 characters results in one cladogram:
(Niolamia (Ninjemys (Warkalania, Meiolania))).
The relationships of meiolaniids are analyzed

using 17 taxa and 40 characters. Within the eu-
cryptodires the shortest cladogram in a PAUP
analysis is as follows: (Plesiochelyidae (Xin-
jiangchelys (Meiolaniidae (((Sinemys, Dracoche-
lys) Ordosemys) (Chelydridae (Chelonioidea
(Trionychoidea, Testudinoidea))))))). The data
matrix consists of 19 cranial characters, 12 ver-
tebral characters, and 9 shell characters. The cer-
vical vertebrae prove to be particularly significant
in resolving the extinct eucryptodires. In this anal-
ysis the biconcave caudal, ligamentous bridge at-
tachment, and narrow epiplastra are seen to orig-
inate within the extinct eucryptodires. The family
level name Sinemydidae is expanded to include
Sinemys, Dracochelys, and Ordosemys.
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INTRODUCTION

The meiolaniids are a group of extinct,
Southern Hemisphere turtles with a bizarre
appearance, sporting cranial horns and frills
and a tail club. Some species were very large,
with lengths probably in excess of 3 m. The
relationships of the meiolaniids have been
controversial since the days ofRichard Owen
(1881), who first described them as giant
horned lizards. Phylogenetic work on meio-
laniids has been hampered by incomplete and
misinterpreted material. As an example, even
though meiolaniids have been known for over
100 years, this paper provides the first de-
scription of a meiolaniid carapace.
The present paper is the last in a series on

the morphology of the best known meiolan-
iid, Meiolania platyceps. The skull morphol-
ogy was described in Gaffney (1983), and the
vertebral morphology in Gaffney (1985a). The
present paper completes the morphologic se-
ries by describing the shell and limbs. A sys-
tematic review of all other known meiolan-
iids is presented here along with a review of
the family. Lastly, there is a phylogenetic
analysis of the relationships of the Meiolan-
iidae to other cryptodires.
This paper has been in preparation for over

ten years and some ofthe taxonomic sections
have already appeared in print (Gafiney, 1992;
Gaffney et al., 1992). These sections are re-
peated here as updated and modified for this
paper.
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SHELL MORPHOLOGY

CARAPACE (figs. 1-26)
The carapacial outline of Meiolania pla-

tyceps is ovoid, protuberant anteriorly, and
lacking a cephalic notch of the sort seen in
Ordosemys and Macrobaena. The sides are
roughly parallel and the posterior margin is
serrated. There is no caudal notch.
As restored, the carapace is moderately

vaulted or arched (figs. 1, 2), more similar to
those oftestudinids like Gopherus rather than
Geochelone. The degree ofvaulting, however,
is problematical. The only preserved cara-
pace that is nearly complete, AM F:61 1 10,
is relatively flat but has been crushed to some
extent. Photographs (fig. 3) ofa complete shell,
AM F:49141, before collection and conse-
quent collapse, also show a flat carapace, but
this specimen clearly collapsed along the cos-
to-peripheral sutures. The preserved periph-
erals show that the carapace was vaulted.
Smaller sections ofcarapace, particularlyAM
F:61402 (figs. 21, 22), that seem to retain the
original shell curvature, also show a moder-
ate degree ofvaulting. The bridge peripherals
(figs. 10, 31) are C-shaped in cross section
rather than V-shaped, also consistent with a
vaulted shell.
The surface ofthe carapace and plastron is

coarsely textured with irregular grooves, pits,
and foramina (figs. 3, 27, 83). Although there
is no regular pattern to this texture, it is none-
theless distinctive enough to be distinguished
from that of most other turtles in the Aus-
tralasian fauna. The peripherals tend to be
thick and the more medial parts of the car-
apace are much thinner.

SPECIMENS WITH LARGE PORTIONS OF
CARAPACE PRESERVED

AM F:57984 (figs. 12-15).-The restored
skeleton, figures 1 and 2, (also Gaffney, 1983:
fig. 1; Burke et al., 1983: figs. 1, 2, 4-8, 18)
is based primarily on AM F:57984. The car-
apace consists ofthe anterior margin plus the
central area of the carapace; bridge and pos-
terior margins are missing. While the anterior
margin appears to be undistorted, the central
area is flattened-unusual for Lord Howe Is-
land preservation. For the restoration, the
central carapace area was cast in flexible
rubber and fitted to a pre-determined shell
curvature (based on a number of other spec-
imens, but primarily on AM F:61402 and on
extrapolations ofthe anterior margins in AM
F:57984 and AM F:49141). The central area
consists oftwo large pieces from the right and
left series of costals, and these halves have a
good series of contacts via posterior neurals.
The anterior margin, however, does not have
good contacts with the central section and it
seems likely that the central section was placed
too far forward in the restored cast. The po-
sition of the first thoracic rib is clear on both
sides and the head of the first costal rib (left)
is preserved in the central section. In the orig-
inal restoration, the first costal rib head was
placed slightly ahead of, rather than behind,
the line ofthe first thoracic rib. It was thought
at the time that these elements curved to pro-
duce this relationship, but this now seems
unlikely. The distance between the two car-
apace sections is increased in the new res-
toration (figs. 5, 6) so that the first thoracic
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Fig. 1. Reconstructed skeleton of Meiolania platyceps, Pleistocene, Lord Howe Island, New South
Wales. About 60% of the skeleton consists ofAM F:57984. Upper, anterodorsal oblique view. Lower,
anterolateral view.

and first costal ribs line up as they are in AM
F:61110 and AM F:61402; that is, at right
angles to the midline.
The restored cast probably also errs in hav-

ing too much area between the last rib heads
and the posterior margin ofthe carapace. Al-

though this area is completely unknown in
AM F:57984, based on the new restoration
ofAM F:6 11 0, and some disarticulated el-
ements, the posterior rib heads should be
closer to the peripherals. The total length of
the new restoration is only a few inches short-
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Fig. 2. Reconstructed skeleton of Meiolania platyceps, Pleistocene, Lord Howe Island, New South
Wales. About 60% of the skeleton consists ofAM F:57984. Upper, lateral view. Lower, ventral view,
plastron is AM F:18775.

er than the old, but the position of the entire
costal/rib head section is moved posteriorly.
AM F:61 1 10 (figs. 17-20).-This specimen

has the most complete carapace ofany Meio-
lania, but some areas are broken and dis-
placed so that a completely confident resto-

ration is not possible. Only the internal sur-
face is visible, the rest being encased in ma-
trix. AM F:6 1110 is also difficult to restore
because it is so different from the other spec-
imens. AM F:611 10 has a very narrow free
edge on the peripherals and the body wall

7
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Fig. 3. Meiolania platyceps, AM F:49141, in situ in Ned's Beach Cliff, Lord Howe Island (locality
5 in Gaflhey, 1983). Photo taken between July 20 and 22, 1959, probably by Elizabeth Pope, curator,
Australian Museum. Along with the shell were articulated cervicals (described by Gaffney, 1985a) and
limbs (figs. 41-44, 48). Most of the carapace and plastron were destroyed after these photographs were
taken. The remaining articulated portions are shown in fig. 10. Upper, left side of shell in anterolateral
view. Lower, posterolateral view of left side of shell.

margin is very close to the shell margin, in
contrast to AM F:57984 and AM F:49141,
both ofwhich have a relatively large free edge,
or overhang, on the peripherals.
The anterior margin on the left side is in

good condition from the midline to the ax-
illary buttress. There is a crack on the midline
that slightly separates right and left halves of
the anterior margin but this does not seem

to have produced significant distortion. The
right lateral margin ofthe carapace lacks nat-
ural edges but the left side has some of the
bridge present and much of the remainder is
a natural mold in the rock. The left posterior
quadrant is broken free from the rest of the
carapace and displaced anteromedially.
Shifting this back and aligning it with the
bridge and posterior margin produces a good

NO. 2298
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Fig. 4. Collecting Me/olania platyceps, AM F:49141, July 20-22, 1959, Lord Howe Island, New
South Wales. Locality 5 of Gaffiney (1983), Ned's Beach Cliffi

fit, and is the basis for the carapace outline with the third thoracic, the more posterior
(fig. 19). centra are broken free and displaced to vary-
The anterior thoracic vertebrae are artic- ing degrees and, as preserved, are unreliable

ulated in their natural position, but beginning indicators of the midline. Instead the posi-
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Fig. 5. Composite reconstruction of the carapace of Meiclania platyceps in dorsal view based on

specimens as indicated in fig. 8. Sutures are solid, scales are dotted. Abbreviations: cer cervical scale,
mmarginal scale, nu nuchal bone, pe peripheral bone, p1 pleural scale, v vertebral scale.

tions of the costal rib heads have been used
to determine the midline. The principal source
oferror in this approach is the relatively poor
preservation and ambiguity of the posterior
rib heads and the possible displacement of
carapace bones on the left side, beneath the
overlying carapace fragment. The result could
be wrong primarily in width of the posterior
third of the carapace and in the positions of
costal rib heads seven and eight. The maxi-
mum width of the carapace is different on
both sides, but the left side has been inter-

preted as correct because it appears to be less
distorted than the right.
AM F:49141 (figs. 3, 4, 10, 1 1).-This car-

apace was complete when discovered but was
nearly destroyed during collecting (figs. 3, 4,
also see Gaffney, 1983: 392). Although many
pieces were collected, I have been able to
piece-fit the carapace margin only back to
marginal 10. Marginal edges and rib ends are
preserved and by flipping from right to left a
composite restoration (fig. 11) can be made,
as with the other two shells. Unfortunately,

NO. 22910
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pe 11

Fig. 6. Composite reconstruction of the carapace of Meiolania platyceps in ventral view based on
all available specimens. Abbreviations: c costal rib or rib trace, cer cervical scale, m marginal scale, nu
nuchal bone, pe peripheral bone, t thoracic rib.

the absence of any midline center posterior
to the cervical scute makes the posterior width
conjectural, but I have restored it with rough-
ly parallel sides, as appears to be the case in
AM F:61110.

NucHAL (figs. 5, 6, 14, 21)
The nuchal region is preserved in AM

F:57984, AM F:61110, AM F:49141, AM
F:61402, AM F:184, AM F:220, AM F:81925,
and a disarticulated partial nuchal, AM

F:18791. Only this last specimen shows su-
tures. The nuchal is broader anteriorly than
posteriorly as in most turtles. The sides taper
posteriorly so that the suture with the first
peripheral trends posteriorly and slightly me-
dially. In the anterior part of the nuchal/first
peripheral suture, the first peripheral sends a
process medially into a pocket in the nuchal.
The contact with the first costal is not com-
pletely preserved in AM F: 18791 but as pre-
served it trends irregularly posteromedially.
There is a curved contact, convex anteriorly,
for the first neural bone on the midline.

I1I
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Fig. 7. Meiolania platyceps. Restored thoracic vertebrae in right lateral view. Numbers refer to AM
F specimens that preserve portions of the thoracic vertebrae. Anterior to the right.

The dorsal surface of the nuchal (fig. 12)
has shallow troughs for the sulci, except in
AM F:61402 (fig. 21) where they are the more
normal grooves, which delimit a small, rect-
angular cervical scute, the first marginal scale,
and first vertebral scale. The cervical scale
area is a raised convexity, thickest in AM
F:184 and thinner in AM F:61402 and the
other specimens. The anterior part ofthe scale
area protrudes anteriorly in AM F:57984 and
AM F:49141 but to a lesser extent in the other
specimens. Although not entirely clear, the
cervical scale seems to be particularly shallow
in AM F:61110.
The ventral surface of the nuchal (figs. 6,

21, 22) shows two midline rugosities for the
articulations of the neural spines of the last
two cervical vertebrae. The anterior one for
the seventh cervical is smaller and nearly cir-
cular, while the posterior articulation for the
eighth cervical is larger, and more elongate
anteroposteriorly. These facets and the cor-
responding articular surfaces on cervicals
seven and eight (Gaffney, 1985a) indicate a
movable contact rather than a tightly sutured
one, as in Proganochelys (Gaffney, 1990),
which has a sutured articulation between the
nuchal and the neural spine ofthe eighth cer-
vical but no articulation with the seventh cer-

vical. Ordosemys (Brinkman and Peng,
1993a) has a loose articulation between the

nuchal and the eighth cervical. Chelonioids
also have an articulation between the nuchal
and the eighth cervical (Gaffney and Meylan,
1988).
There is no indication of costiform pro-

cesses of the nuchal bone.

FIRST PERIPHERAL (figs. 5, 6, 10, 12)

The region of the first peripheral is pre-
served in AM F:57984, AM F:49141, AM
F:61402, AM F:81923, andAM F:61 110, and
two disarticulated partial first peripherals, AM
F:18854 and AM F:18799, preserve sutural
edges.
AM F: 18854 is a nearly complete first right

peripheral lacking only an area along the pos-
terolateral margin. The bone forms the pos-
terior half of the first marginal scale and the
anterior half of the second marginal, which
has only a shallow convexity anteriorly. There
is a shallow, broad and poorly defined groove
on the dorsal surface marking the first/second
marginal sulcus. The contact with the nuchal
is distinctive in that the first peripheral has
medially directed interdigitations that fit into
an embayment on the nuchal.
AM F: 18799 is the lateral halfofa first left

peripheral showing the entire contact with
the second peripheral and the large pocket on
the ventral surface for the reception ofa pro-

thoracic i
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cess from the second peripheral. AM F:8 1923
is also a first left peripheral/first marginal area
but no sutures are present.

In Xinjiangchelys, Ordosemys, and most
turtles the first vertebral scale contacts the
second marginal scale, but in Meiolania, as
in many testudinids, a first marginal/first
pleural contact prevents this.

SECOND PERIPHERAL (figs. 5, 6, 10, 12)
The region of the second peripheral is pre-

served in AM F:49141, AM F:57984, AM
F:6110, and AM F:61402. There are also
some disarticulated second peripherals: AM
F: 184 (right), AM F:220 (left), and AM
F: 18858 (left). AM F: 18798 may be a second
(probably left) peripheral but it may also be
a posterior peripheral.
Some of the second peripherals, as exem-

plified by AM F:18858, have a protrusion
along the anterior margin covered by the sec-
ond marginal scale. This protrusion ends at
the sulcus with marginal three forming a step
along the edge of the shell. This step can be
seen in AM F: 184 and AM F:220 as well as
AM F:18858. AM F:61402, AM F:49141,
and AM F:61110 lack this step; it is indeter-
minable in AM F:57984.

THIRD PERIPHERAL
(figs. 5, 6, 14, 15, 21, 22)

There are no disarticulated third periph-
erals with clear sutures, but AM F:47538 ap-
pears to be a third peripheral with damaged
margins, and I am using the limits of this
specimen as the margins of the third periph-
eral in the reconstruction (figs. 5, 6). The area
is also preserved in AM F:57984, AM
F:61 1 10,AM F:81927, AM F:49141, andAM
F:61402. The third peripheral is a complex
bone, the components ofwhich are best seen
in AM F:57984 (fig. 15) and AM F:61402
(figs. 21, 22). It is a flat but thickened bone
that bears the attachment of the axillary but-
tress ofthe plastron. It also receives the distal
end of the first thoracic rib, and, at least to
some extent, the distal end of the first costal
(= second thoracic) rib. In AM F:57984 the
swollen distal end of the plastral buttress fits

a
A

U'

CD

1CI
i 81931 18540 -,Ili
* 18856
* 61110

Fig. 8. Specimens used in the composite re-
construction of the carapace of Meiolania platy-
ceps. All are Australian Museum (AM F) catalog
numbers. For thoracic centra specimens see fig. 7.

into a pocket on the third peripheral, and the
attachment is open. In AM F:49141 (visible
only in part), AM F:61402 (fig. 21), AM
F:47583, and AM F:81927 the plastral con-
tact is fused with no suture but the fusion
area is recognizable. Just posterior (internal)
to the buttress is the distal end of the first
thoracic rib, completely free in AM F:57984
but variably fused in the other specimens.
The rib shaft and rib end are only fused in
part in AM F:49141. They are more com-
pletely fused in AM F:61402 and entirely
fused in AM F:47538. All specimens, how-
ever, retain a pit or pocket on the inside of
the buttress marking the very end of the first
thoracic rib.
The shaft and distal end of the first costal

13
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Fig. 9. Meiolania platyceps, reconstructed sacral vertebrae in dorsal view, based on AM F:49141.

rib (the second thoracic) are best seen in AM
F:49141 (fig. 1 1) and AM F:61402 (fig. 21).
Although the shaft of the first costal rib is
completely integrated into the costal, the rib
end fits into a pocket where it articulates with
the peripheral. The first costal rib end is pos-
terolateral to the end of the first thoracic rib
and within and posterior to the plastral bndge
attachment. The axillary buttress, then, ex-
tends well onto peripheral three but does not
reach peripheral two, nor does it extend onto
the costal.
The lateral extension of the first thoracic

rib meets the axillary buttress in sinemydids,
such as Sinemys (Brinkman and Peng, 1 993b)

Fig. 10. Meiolania platyceps, AM F:49 141,
dorsal view of carapace consisting of articulated
peripheral bones. See also fig. 3 for this specimen
when discovered.

NO. 22914
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Fig. 1 1. Meiolania platyceps, AM F:49 141, reconstructed dorsal view of carapace. Abbreviations: c
costal rib end (showing position on ventral surface), cer cervical scale, m marginal scale.

and Ordosemys (Brinkman and Peng, 1993a),
and is interpreted here as the primitive con-
dition for eucryptodires. In Ordosemys the
axillary buttress extends farther anteriorly
onto the second peripheral, in contrast to
Meiolania in which the buttress only reaches
the third peripheral. The first thoracic rib is
also slightly shorter in Ordosemys than in
Meiolania.

BRIDGE PERIPHERALS
(peripherals 4-7,

figs. 5, 6, 10, 11, 31)
The bridge peripherals are not well pre-

served on any of the Meiolania specimens
and this description relies on fragmentary

material. The best bridge series is AM
F:49141, with AM F:5531 (AM F:5533, AM
F:18326, AM F:5532 all being the same in-
dividual asAM F:5 531), and AM F: 1208 (fig.
31; Anderson, 1925, plate 30) preserving sig-
nificant sections. AM F:6 1110 has a small
area of bridge preserved on the left side, and
AM F:17733 and AM F:241 are fragments
of bridge peripherals. None of the specimens
with bridge areas show sutures. The sulci on
them are shallow, broad, and indistinct but
roughly discernible, the principal landmarks
being the distal ends of costal ribs.

Despite the wide variations between in-
dividuals seen in the free edges ofthe anterior
and posterior peripherals of Meiolania spec-
imens, the bridge peripherals are relatively
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Fig. 12. Meiolania platyceps, AM F:57984. Dorsal view of cast of carapace.

uniform. All are C-shaped in cross section
and show very obtuse angles between the
broadly curved dorsal and ventral plates with
a low, rugose carina running horizontally
along the outside ofthe bridge. The carina in
AM F:241 is somewhat smoother than the
carinae inAM F:49141 andAM F:5531. The
carina is a continuation of the free edge of
the more anterior and posterior peripherals.
AM F:49141 (fig. 1 1) preserves the costal

rib endings continuously from costal rib 1 to
costal rib 5 on both sides. These rib ends
presumably mark the positions ofperipherals
3 through 7. There are indistinct depressions
that can be interpreted as sulci in most spec-
imens, and these are best seen on the left side
of AM F:49141 and the right side of AM
F:5531. The rib ends terminate in a pocket
that has a foramen penetrating through to the
outside surface in the right costal four rib of
AM F:49141 and the right costal four rib of
AM F:5531. On the left side ofAM F:49141

there are cracks where the sutures should lie
and they may represent these sutures. Near
the left costal 3 rib ofAM F:49141 there is
what appears to be a costoperipheral suture
but it is only visible on the internal surface.
As in most other cryptodires, the bridge of
Meiolania is made up of peripherals 4 to 7.

SEVENTH PERIPHERAL (figs. 5, 6, 10, 11)

The area of peripheral 7 is preserved in
AMF:61110, AM F:49141, and AM F:5531,
but the only suture available is the anterior
edge ofAM F:18804 (fig. 23), which is a dis-
articulated eighth peripheral. AM F: 18804
has both the sixth costal rib and the inguinal
buttress of the plastron. Peripheral 7 forms
the posterior part of the bridge and bears the
distal end of costal rib 5. It is also the area
bearing portions of marginals 7 and 8. The
peripheral 7 region in AM F:61110 (figs. 17-
19) is damaged and poorly preserved, AM
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Fig. 13. Meiolania platyceps, AM F:57984. Reconstruction of dorsal surface of carapace. Abbrevi-
ations: cer cervical scale, m marginal scale, pl pleural scale, v vertebral scale.

F:49141 and AM F:5531 (including AM
F:5533, AM F:5532, AM F:18326 which are
all one individual) have no sutures but the
left side of each has a series of peripherals
from costal rib 1 to costal rib 6. The inguinal
buttress ofthe plastron in AM F:553 1 (fig. 6)
lies roughly between costal rib ends 5 and 6
but in AM F:49141 (fig. 11) the buttress is
more anteriorly placed and is nearly in con-
tact with costal rib end 5.
On the dorsal surface, the sulcus dividing

marginal scales 7 and 8 is just anterior to the
position of costal rib end 5 in AM F:49141
and AM F:5531. In AM F:49141 the periph-
eral overhang is better developed than in AM
F:5531. In AM F:61 110 the peripheral over-

hang, the free edge outside the visceral mar-
gin, is barely developed in comparison to that
of the other specimens, but a distinct ridge
is clearly present at the position of the in-
guinal buttress. Posteriorly, around the car-
apace margin, a ridge (figs. 17, 18, 19) marks
the visceral margin.

EIGHTH PERIPHERAL (figs. 5, 6, 23)

AM F: 18804 (fig. 23) is a disarticulated
eighth peripheral with well-preserved ante-
rior and posterior sutures, and attachment
pits for the inguinal buttress and costal rib 6.
Other specimens with this area preserved are
AM F:61110 (fig. 19), AM F:49141 (fig. 11),

17



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Fig. 14. Meiolania platyceps, AM F:57984. Ventral view of cast of carapace.

AM F:5531, AM F:18320 (same individual
asAM F: 18324), andAM F:81922. The ven-
tral surface of AM F: 18804 (fig. 23) shows
the inguinal buttress extending from the an-
terior margin of the peripheral almost half-
way along the length of the peripheral. There
is some variation in the distance between the
inguinal buttress and the end of costal rib 6.
In AM F:18804, costal rib end 6 is an ex-
cavation on the posterior half of the eighth
peripheral and is separated from the buttress
scar by a relatively narrow area of bone.
Compared withAM F: 18804, in AM F:5531
the distal end of costal 6 is farther from the
buttress, and inAM F:49141, costal 6 is even
farther from the buttress. It is difficult to be
precise in these comparisons because the ac-
tual size of the shells being compared is un-
known, but I would hypothesize that AM
F:49141 is a distinctly larger individual than
AM F:5531 and that AM F: 18804 is a slightly
smaller individual than AM F:49141 but
larger than AM F:553 1. The variation in the

relative position of costal rib end 6 to the
buttress is probably due to the different sizes
of individuals involved. However, the rela-
tive positions of buttress, costal rib end, and
the sulci of marginals 7/8 and 8/9, are the
same in all specimens, showing that the in-
guinal buttress ends on peripheral eight.

NINTH PERIPHERAL
(figs. 5, 6, 11, 19, 24, 25)

Two well-preserved ninth peripherals, AM
F:18807 (fig. 24) and AM F:18811 (fig. 25),
are right and left mirror images ofeach other
and possibly from the same individual. These
show rib ends, sutures, and have the anterior
parts ofthe tenth peripherals attached. Other
specimens with this area preserved are AM
F:61110 (fig. 19) and AM F:49141 (fig. 11),
but no sutures are visible in these shells.

Peripheral 9 in Meiolania specimens, AM
F: 18807 and AM F: 18811, is very distinc-
tive, having a marked serration at the sulcus
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Fig. 15. Meiolania platyceps, AM F:57984, key to fig. 14, ventral view of carapace. Abbreviations:
c costal rib trace, cer cervical scale, m marginal scale.

between marginals 9 and 10. The serration
begins on peripheral 8 which flares strongly
along its length. The posterior margin of dis-
articulated peripheral 8, AM F: 18804 agrees
in general size and shape with the anterior
edge ofAM F: 18807 butAM F: 18804 is thin-
ner in cross section and the sutures do not
agree, demonstrating that two individuals are
represented.
The serration formed by the marginal 9/10

sulcus is nearly absent in AM F:49141. Al-
though the edge is worn and the most lateral

portion ofthe sulcus is broken off, the "tooth"
or flare just anterior to the sulcus (i.e., the
posterior part of marginal 9) in AM F: 18807
and AM F: 18811 is mostly absent, with only
a rounded convexity present. AM F:6 1110
has only a shallow concavity along the pe-
ripheral edge to mark the marginal 9/10 sul-
cus, there is no flaring, and no "tooth" or
serration, although the position of the sulcus
is apparent.
The pit for the distal end of costal rib 7 is

a particularly well developed tunnel in AM
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Fig. 16. Meiolaniaplatyceps, AM F:57984. Reconstruction ofventral surface. Abbreviations: c costal

rib trace, cer cervical scale, m marginal scale.

F: 18807 andAM F: 18811. Only the anterior
half of this pit is preserved in AM F:49141
and it is not a tunnel, only an indentation,
open ventrally.
The contact between peripherals 9 and 10,

seen in AM F: 18807, AM F: 1881 1, and AM
F: 18540 (a disarticulated peripheral ten) is
V-shaped. Proximally, it trends anterolater-
ally then turns sharply posteromedially to bi-
sect the large serration cusp formed by mar-

ginal 10.

TENTH PERIPHERAL (figs. 5, 6, 19, 24, 26)

The anterior part of peripheral 10 is pre-

served in AM F: 18807 (fig. 24) and AM

F:18811 (fig. 25), two nearly complete right
tenth peripherals are AM F:18856 (fig. 26)
and AM F: 18540, and the region is pre-

served, without sutures, on both sides ofAM
F:61 110 (fig. 19). Other probable tenth pe-

ripherals, are: AM F:81921 (right), AM F:220
(left), AM F:9056 (right), and AM F:18390
(right). The tenth peripheral has a flared edge
anteriorly where it forms the posterior part
of the marginal 10 serration cusp, and it nar-
rows posteriorly where the edge is close to
the body wall margin. In AM F:18807, the
serration flare of marginal 9 is well defined
and reversed at its cusp. The marginal 10
serration flare on this specimen, however, is
rounded, not reversed, and the degree of flar-
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ing is much less. While the degree of flare of
the ninth marginal varies considerably among
the specimens (compareAM F:61110 [fig. 19]
and AM F: 18807 [fig. 24], for example), the
degree of flaring in the area of the tenth mar-
ginal shows much less variation. In AM
F:6 1110 (fig. 19) the flare is present but less
extensive than in any ofthe other specimens.
Nonetheless, this relatively low "serration"
is more clearly defined than any other mar-
ginal scale sulcus in AM F:61110 and allows
identification ofthe marginal 10/marginal 11
sulcus.

Costal rib 8 is preserved for most of its
length in AM F:18856 (fig. 26) and AM
F:61110, but the rib head and connection to
its thoracic centrum is missing in all speci-
mens. In AM F:61110 the rib trace is rec-
ognizable only by being raised slightly, but
there are no sutures. AM F: 18856, however,
shows sutures and preserves most ofthe eighth
costal as well as the tenth peripheral. The
costal rib in this specimen is straight and ex-
posed ventrally where it enters the rib pit in
peripheral 10. In the other peripherals the rib
pit and distal rib end is covered ventrally. In
AM F: 18807 and AM F: 18811 there is a ledge
ventral to the rib pits extending along the
medial edge of the body wall margin from
just anterior to costal rib pit 7 tojust posterior
to costal rib pit 8. The peripheral 9/peripheral
10 suture lies between the rib pits. Medially,
about two-thirds of the distance along the
shaft of costal rib 8 is an articulation facet,
small in AM F:18856 and large in AM
F:81921, for the articulation of the ilium. It
is not apparent in AM F:61110 but it may
have been lost in preparation.
The posterior part of peripheral 10 has a

straight margin and is relatively narrow. In
AM F:18856 and AM F:18540 the free edge
turns upwards posteriorly. In both of these
specimens, as well as AM F:61110, the body
wall margin is very close to the posterior out-
er edge of the peripheral. The region is not
preserved in any other specimen.

ELEVENTH PERIPHERAL (figs. 5, 6, 17-19)

The only specimen definitely preserving the
posterior margin ofthe carapace between pe-
ripheral 10 and the midline is AM F:6 1110
(fig. 19), but no sutures, sulci, or other land-
marks are visible. AM F:81931 possibly rep-

resents a disarticulated peripheral 11. How-
ever, the primary basis for this identification
is that it doesn't look like any of the other
peripherals. There is no sign of a rib pit and
it differs strongly in shape from the anterior
peripherals. Given the high degree of vari-
ability in Meiolania platyceps, anything is
possible, but this specimen is quite distinct
from any other Meiolania peripheral, and all
the others that are complete enough, can be
identified.

If AM F:81931 is an eleventh peripheral,
then it is probably a right because there is a
ridge (the body wall margin) on one side sep-
arating a visceral surface from a free edge
allowing identification ofthe ventral surface.
The body wall ridge, however, lies close to
the anterior margin of the bone and does not
intersect with what is preserved of the ridge
on peripheral 10 in other specimens. AM
F: 18540, a disarticulated peripheral 10, has
the body wall ridge very close to the free edge,
inconsistent with the position of the body
wall ridge in AM F:81931. The compli-
menting sutures ofeach bone, however, agree
convincingly when aligned with the free mar-
gins. The difference in relative position of
body wall ridges could be due to individual
variation of the same sort seen in the pos-
terior peripherals ofAM F:61110 versusAM
F:49141. The free margin ofAM F:81931 has
a large indentation separating two projec-
tions, the anterolateral one supporting the
marginal 11 serration and the posteromedial
one supporting marginal 12. There is no in-
dication ofthese projections onAM F:6 1110,
the only other specimen preserving this re-
gion.
There is no information in any specimen

ofMeiolania about pygal or suprapygal bones.
The only thing that can be gleaned from AM
F:61110 (figs. 17-19) is that the midline seems
to have an indention, consistent with a mid-
line sulcus separating the right and left twelfth
marginals. If there is a pygal bone it would
appear to have a roughly parasagittal contact
with the eleventh peripheral, AM F:81931.
However, AM F:81931 also has another su-
tural surface facing anterodorsomedially, one
which is continuous with the presumed par-
asagittal pygal contact. This roughly trian-
gular sutural area may be for an overlapping
contact with a suprapygal, the usual antero-
medial contact in the eleventh peripheral of
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Fig. 17. Meiolania platyceps, AM F:61110, ventral view of carapace with associated postcranial
elements in situ.

eucryptodires. This seems the most likely ar-
rangement for Meiolania but medially meet-
ing eleventh peripherals, or even a divided
pygal, cannot at present be ruled out.

COSTALS (figs. 5, 6, 12-22, 26)
The costals are best seen in AM F:57984

(figs. 12-16), in which both dorsal and ventral
surfaces are prepared, and in AM F:6 1110
(figs. 17-19), in which only the ventral sur-
face is visible. In both specimens the sutures
are fused. The costals in Meiolania platyceps
are thin. Large pieces of costals as well as

costal fragments are rare in the Lord Howe
Island outcrops and also in museum collec-
tions.
There are some individual specimens of

costals and parts of costals that are infor-
mative. AM F:1207 (a group number) in-
cludes a fragment with combined seventh and
eighth right costal rib heads and an appar-
ently unassociated larger area of carapace
consisting of the plate portion oftwo costals.
AM F: 18773 is the proximal portion ofwhat
is probably a fifth right costal showing su-
tures; AM F: 18800 is a posterior costal, prob-
ably the left seventh; AM F: 18799 (including
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Fig. 18. Meiolania platyceps, AM F:6 11 0, ventral view of carapace, key to fig.
c costal rib trace, m marginal scale.

part of AM F:18856 which articulates with
AM F: 18799) consists of the plate portion of
two costals; andAM F:81930 is the proximal
part of costal 2, 4, or 6, with sutures.
The first thoracic rib in Meiolania (figs. 6,

16, 21) is very long and extends distally to
lie on or close to the third peripheral, just
behind the axillary buttress attachment. In
Plesiochelys (Solothurn Museum 101) the first
thoracic rib also reaches the axillary buttress,

c4

inguinal
buttress

c5

17. Abbreviations:

as in Proganochelys (Gaffney, 1990), the pre-
sumed primitive chelonian condition. In
Meiolania the first thoracic rib may articulate
with the first costal bone by a suture (AM
F:57984, figs. 14, 15, 16) or by fusion (AM
F:61402, AM F:61110, fig. 19), orit may be
fused proximally and sutured laterally (AM
F:49141, figs. 10, 11). The first costal rib trace
and distal rib end are discernible in all the
specimens in which this area is preserved.
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c costal rib trace, cer cervical scale, m marginal scale, t thoracic rib or centrum.

Although there are no intercostal sutures
in any of the partial carapaces, there are pre-
sumably eight costals because there are eight
costal rib heads, rib traces, and rib terminal
ends. The rib traces of the anterior costals
are nearly perpendicular to the midline, but
posteriorly the rib traces trend more poster-
olaterally from the midline. Intercostal su-
tures are present on some of the disarticu-
lated elements but due to the great range of
individual variation and poor definition of
scale sulci, I have been unsuccessful in iden-
tifying any of these with a particular costal
in one of the more complete shells. AM

F: 18773, which may be a fifth right costal,
and AM F: 18799, which consists oftwo cos-
tals somewhere between the second and sixth,
show intercostal sutures that are roughly par-
allel but seem to diverge distally, as in many
turtles. The vertebral/pleural sulci are very
broad and difficult to recognize on most sin-
gle fragments of costals but AM F:81930
seems to bear the junction of a vertebral and
two pleurals, making it a second, fourth, or
sixth costal. Only the proximal part of the
costal is preserved but this is one of the few
elements showing a neural contact. The me-
dial margin of this bone is a straight sutural
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Fig. 20. Meiolania platyceps, AM F:6 1110, reconstructed dorsal view. Abbreviations: pl pleural
scale, v vertebral scale.

edge that suggests that the adjacent neural is
four sided rather than six sided.
The rib heads and/or rib traces of costals

7 and 8 can be seen in AM F:1207, AM
F:57984 (figs. 15, 16), and AM F:61110 (fig.
19). Costal 8 itselfis preserved in AM F: 18800
and AM F: 18856 (fig. 26). These show that
the rib/costal plate attachments of costals 7
and 8 are farther from the midline than in
the other costals; that is, the costo-vertebral
tunnel is larger posteriorly. The costal 8 rib
attachment is farther from the midline than
the costal 7 rib attachment. This condition
is similar to that described in Proganochelys
(Gaffney, 1990) and also occurs in Kayen-
tachelys and baenids but not in plesioche-
lyids, or chelydrids.

In most Polycryptodira except Chelydra

and trionychoids (Meylan and Gaffney, 1989),
the tenth thoracic rib contacts the eighth cos-
tal, often at a swollen area bearing the iliac
articulation (Bojanus, 1819). This does not
seem to be the case in Meiolania. Although
it cannot be definitely determined, it is very
likely that the tenth thoracic rib does not reach
the eighth costal. There is no Meiolania car-
apace with all costal and thoracic ribs pre-
served without damage, but AM F:61110 has
all eight costals and costal ribs on one side
or the other, and the thoracic centra from 1
to 10 are present. Unfortunately, the tenth
thoracic rib is broken off close to its centrum
and the visceral surface of the eighth costal
was somewhat damaged during preparation
so the condition of the tenth thoracic rib is
not determinable from this specimen alone.
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Fig. 21. Meiolaniaplatyceps, AM F:6 1402, left
anterolateral portion of carapace. Upper, dorsal
view; middle, ventral view; lower, anterior view.

However, AM F:18856 (fig. 26) is a well-
preserved eighth costal plus tenth peripheral,
and it shows the eighth costal rib head and
trace with no articulation for a tenth thoracic
rib. In both this specimen and AM F:61110
the rib shaft of the eighth costal has portions
of a suture between it and the costal plate,
initially suggesting that this was the tenth tho-
racic rib. AM F: 18856 has intercostal sutures

and it is clear that there is no other rib head
or trace (i.e., an eighth costal rib) on this
bone.
AM F: 18800 is another eighth costal that

has sutures. It agrees with AM F:18856 in
the anterior intercostal suture, which in
Meiolania differs from the usual cryptodiran
condition. These two specimens show that
the ventral expression of the intercostal su-
ture between costals 7 and 8 is straight but
the dorsal suture is S-shaped because the
eighth costal overlaps the seventh costal me-
dially and the seventh costal overlaps the
eighth costal laterally.
The tenth thoracic vertebra (figs. 6, 7) is

preserved inAM F:61 110, AM F: 18689, AM
F:61403, AM F:18861, and AM F:372. Of
these, only AM F:372 has the rib preserved,
which is broken laterally. However, the most
complete rib, the left, tapers strongly, and if
it were extrapolated laterally, it would ter-
minate before reaching the costal. All of the
tenth thoracics show a fused or ankylosed
anterior central articulation with the eighth
costal centrum (= ninth thoracic) and a
strongly convex, hemispherical posterior
central articulation with the first sacral.
AM F: 1207 (a group number) includes a

proximal fragment ofcostals 7 and 8, bearing
the rib head bases. These show in cross sec-
tion that there is a thickened area of bone
centered approximately on the costal 6/costal
7 suture. AM F:57984 also shows this feature
which is expressed as a low convexity on the
dorsal surface in the anteromedial region of
the fourth pleural scale (figs. 12, 13).

NEURALS
Unfortunately no neural bones with su-

tures are preserved. Neurals are presumably
present in AM F:57984 (figs. 12-16) andAM
F:61110 (figs. 17-20). A costal bone, AM
F:81930, shows a medial suture with a neu-
ral. This is the only evidence that neurals
were present in Meiolania.

CARAPACE ScALEs (figs. 5, 10-13, 19-25)

The scale areas of Meiolania vary a great
deal in degree of expression among the pre-
served shells. In AM F:61402 (figs. 21, 22)
the sulci are neatly incised and discrete as in
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Fig. 22. Meiolania platyceps, AM F:6 1402, reconstructed anterior portion ofcarapace in dorsal view
(upper) and ventral view (lower). Abbreviations: cer cervical scale, m marginal scale, pl pleural scale, v
vertebral scale.

most other turtles, but in the other Meiolania
shells, such as AM F:49141 (fig. 10) and AM
F: 57984 (fig. 12), the sulci are shallow grooves,
often not clearly incised. The cervical scale
and the anterior marginals, however, are clear
in all specimens with this area preserved.
The cervical scale ofMeiolania is four-sid-

ed, particularly as seen in AM F: 18791 and
AM F:61402 (figs. 21, 22). The anterior or
free margin is curved, convex anteriorly, best
developed in AM F:57984 (figs. 12, 14). The
lateral sulci converge anteriorly. The cervical
scale area is protuberant and raised in AM
F:57984,AM F: 18791, andAM F:49141 (figs.
10, I1), but it is flat in AM F:61402 (figs. 21,
22).
The posterior sulcus of the first marginal

continues posterolaterally from the posterior
margin of the cervical scale to reach the sul-
cus separating the first vertebral from the first

pleural. The first marginal is five sided, con-
tacting both first pleural and first vertebral.
AM F:61402 (figs. 21, 22) shows this arrange-
ment particularly well. In AM F:57984 (fig.
12) the sulcus expression is less pronounced
and the scale appears to be more triangular.
The area of the first marginal is upturned
along the anterior margin in AM F:61402 (fig.
21). But in AM F:57984 and AM F:49141
the edge extends anteriorly as a flat plate. AM
F:57984 and AM F:49141 also differ from
AM F:61402 in having a very thick, raised
lateral margin to the scale area, completely
absent in AM F:61402. The separation be-
tween the first marginal and the second mar-
ginal in AM F:57984 and AM F:49141 is a
rounded step from the higher plane of the
first marginal to the lower plane of the sec-
ond. In AM F:61402 both marginals are on
the same level.
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pit for inguinal buttress
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Fig. 23. Meiolaniaplatyceps, AM F: 18804, left
peripheral 8. Top and middle, ventral view; bot-
tom, dorsal view. Abbreviation: m marginal scale.

In AM F:57984 (fig. 12) and AM F:49141
(fig. 10), the area of marginals 2 and 3 form
a single, large extension anterior to the body
wall margin that is thick but flat in cross sec-
tion. This extension, the free edge ofthe shell,
is developed to a lesser extent in AM F:6 1402
(fig. 21) and it is absent in AM F:61 110 (fig.
19). This degree of variation is very unusual
within a species. The sulcus between margin-
als 2 and 3 is broad and low, except in AM
F:61110 where it is better defined. AM
F:18858, AM F:184, and AM F:220 show a
step or protrusion where this sulcus meets
the margin, but this is not seen inAM F:49141
(fig. 10) and AM F:61402 (fig. 21); it is not
determinable in AM F:57984. Marginal 4 is
the transition from a relatively flat peripheral
to the obtuse angle of the bridge peripherals.
The more posterior marginals are de-

scribed in the section on peripherals.
The vertebral and pleural scales in Meio-

lania (fig. 5) are best seen in AM F:57984
(figs. 12, 13),AMF:61110(figs. 19, 20), and
AM F:61402 (figs. 21, 22). In AM F:61110
only the visceral surface is visible, the dorsal
surface is still encased in matrix, but the sulci
outlining vertebrals 2, 3, and 4, are visible as
ridges on the visceral surface (fig. 19). This
is also the condition in AM F:57984 which
has both surfaces visible showing that the
carapacial bone is relatively thin, the sulci
are broad, although ill defined, and relatively
deep, producing the ridges on the visceral
side. This results in the central part of the
carapace consisting of broadly undulating
bone (fig. 12). Possibly, the shell ofMeiolania
had thick scales, as in some Recent testudi-
nids, which also have thin, undulating costal
bones.
Only the first four vertebrals of Meiolania

are known (fig. 5). They are wider than long,
wider than in most Polycryptodira (sensu
Gaffney and Meylan, 1988) but not as wide
as in Kayentachelys or Proganochelys. The
first four vertebrals are about equal in width,
the first three are equal in length with the
fourth vertebral slightly shorter than the oth-
ers. The first vertebral differs from the others
in its anterior margin which is convex ante-
riorly rather than straight.
Only the first four vertebral/pleural sulci

are preserved. Small sections of the medial
parts of the interpleural sulci for pleurals 1
to 4 are visible in AM F:57984 (figs. 12, 13).
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cs

body wall margin

Fig. 24. Meiolania platyceps, AM F:18807, left peripherals 9 and 10. Left and center, ventral view;
right, dorsal view. Abbreviations: c costal rib termination pits, m marginal scale, pe peripheral bone.

On the anterior peripherals preserved, the
marginal/pleural sulci seem to lie close to or
on the peripheral/costal sutures, or slightly
more on the peripherals. There are no pleural

sulci identifiable on the bridge areas pre-
served but the posterior peripherals show the
marginal/pleural sulci lying well onto the pe-
ripherals.

body wall margin

Fig. 25. Meiolania platyceps, AM F: 18811, right peripherals 9 and 10. Le ventral view; right,
dorsal view. Abbreviations: c costal rib termination pit, m marginal scale, pe peripheral bone.
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m 10

Fig. 26. Meiolania platyceps, AM F:18856,
right costal 8 and peripheral 10. Upper and middle,
ventral view; lower, dorsal view. Abbreviations: c

costal bone, m marginal scale, pe peripheral bone.

THORACIC VERTEBRAE
(figs. 6, 7, 17-19, 21, 22)

The first thoracic vertebra (figs. 6, 7) is
present in AM F:57984, AM F:61402 (figs.
21, 22), AM F:61110, AM F:49141, AM
F:213 (two first thoracics from two individ-
uals), and AM F: 1200.
The first thoracic vertebra has a concave

central articulation anteriorly, wider than
high, and a platycoelous articulation poste-
riorly. The first thoracic vertebral rib is sol-
idly fused to the centrum. The rib is very
long, extending to the axillary buttress of the
plastron (fig. 6). The free part of the rib from
centrum to costal is stout and heavier than
the other thoracic ribs and has an anteriorly
directed spur, near the costal attachment, for
the articulation of the dorsal process of the
scapula. The appearance of the bone surface
on the spur, carapace, and scapula, suggests
that a synovial joint type of articulation was
present.
The prezygapophyses of the first thoracic

are very close together and are fused ven-
trally, allowing very little movement of the
eighth cervical. The prezygapophyses are vir-
tually an anterodorsally opening pocket on
the neural arch of the first thoracic. The neu-
ral spine is a flat blade fused to the carapace
as in the other thoracic vertebrae.
The centrum of the first thoracic is roughly

V-shaped in cross section, the midline keel
is more rounded than in the immediately
posterior thoracics but not flattened as in the
most posterior thoracics. In ventral view the
centrum is constricted in the middle and ex-
panded at either end for the rib articulations
and the neural canal is open for the vertebral
nerves. The neural canal is nearly circular in
cross section. The rib of the second thoracic
vertebra has a synarthrosis with the posterior
part of the first thoracic vertebra, as in all
turtles. The articulation with the second tho-
racic centrum is also a typical vertical syn-
arthrosis.
AM F:61402 (figs. 21, 22) is the best pre-

served first thoracic vertebra with its asso-
ciated rib and carapace attachment. The ver-
tebra is slightly crushed and displaced but
comparisons with AM F:6 11 0, the only oth-
er specimen preserving this region intact, sug-
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gest that there has been very little displace-
ment. The rib ofthe first thoracic curves pos-
terodorsolaterally to contact the costal wall
posterior to the front of the centrum. The rib
ofthe first thoracic is either fused or suturally
attached to the overlying costal depending on
the specimen, but the rib remains as a blade-
like ridge, distinct from the costal. The first
costal rib (the second thoracic rib) is attached
to the costal just posterior to the first thoracic
rib attachment, both being on the same thick-
ened region of costal one.
The thoracic centra for the vertebrae from

the first costal (second thoracic) to the last
thoracic (thoracic 10), are present in their
entirety only in AM F:6 1 1 0 (figs. 17-19) and
they are not well preserved. AM F:57984 has
at least portions of six thoracic centra (fig. 7)
and AM F: 1206 has a series of three. AM
F: 1206 probably consists of costal ribs 5
through 7, that is, thoracic vertebrae 6 through
8. From AM F:61 1 10 and some of the dis-
articulated specimens, it can be seen that cos-
tal rib 7 attaches to the costal plate more
laterally than in the anterior costals and that
the costovertebral tunnel of costals 7 and 8
is relatively large (as in other relatively prim-
itive cryptodires). This is the case in AM
F: 1206. In this specimen, costal rib 5 is very
deep and flat, with only a small slit for the
costovertebral tunnel, costal 6 has a larger
opening with the rib less bladelike, and costal
7 has a nearly circular free rib and a large
costovertebral tunnel.
The second thoracic is known from AM

F:61 110 and a small section in AM F:57984.
AM F:61110 and AM F:57984 also contain
thoracics 3 through 5, although 5 in AM
F:61110 is mostly covered. AM F: 1206 over-
laps slightly with AM F:57984 on the fifth
thoracic and continues posteriorly with the
sixth and seventh thoracics. AM F:6 1110 also
has thoracic 6 and part of 7. The eighth tho-
racic is present in AM F:232 (part), AM
F:18689 (part), and AM F:61 110 but thora-
cics 9 and 10 are in AM F:61110, AM
F:18689, AM F:232, AM F:18861, and AM
F:61403. AM F:372 is a thoracic 10.

Thoracic centra 2 through 7 are similar to
each other in shape and are about the same
in length. They are roughly U-shaped in cross
section, although the thoracics ofAM F:6 1110

have a more acute ventral keel than the oth-
ers. The centra are all constricted to some
extent and are expanded at the rib attach-
ments. The neural canal in cross section is
an elongate oval, higher than wide, with the
roof flattened by the neural spine except in
the most anterior and most posterior verte-
brae. The vertebral nerve exits have curved
ventral edges formed by the centra and, for
thoracics 5 through 7 (and probably 2 through
4) straight dorsal edges formed by the ventral
edges of the neural spines. Thoracics 6 and
7 have smaller openings and are similarly
shaped to the more anterior thoracics, but
thoracics 8 and 9 (as seen in AM F:6 1110)
and AM F: 18861) differ markedly from all
the other thoracics by having circular foram-
ina for the nerve exits (fig. 7).
The thoracic centra all articulate with each

other by vertical ankyloses or complete fu-
sion. Where sutures are visible, the thoracic
rib heads articulate by means of roughly tri-
angular ankyloses with three facets (one for
the neural arch and one for each vertebra).
Although there is a tendency for the posterior
rib articulation area on each centrum to be
slightly smaller than the anterior rib articu-
lation, all the rib heads from thoracics 1
through 7 have well-developed articulations
on two centra.
The keel along the ventral edge ofthe thor-

acics is lost posteriorly and thoracic 10 is
nearly flat on its ventral surface. Thoracic 10
has a free rib, unattached to a costal, and this
can be seen in AM F:372. This rib tapers
strongly as it extends from the centrum, to a
small, flat blade. The end is broken in AM
F:372 so its extent is not known, but its small
size suggests that it was not very much longer.
The last thoracic, the tenth, has a nearly
hemispherical, convex posterior central ar-
ticulation surface. It is wider than high and
fits into the deep concavity of the first sacral.
The neural spine of the tenth thoracic has
nearly vertical postzygapophyses formed on
a swelling of the neural spine.

SACRAL VERTEBRAE (fig. 9)
Meiolania has two sacral vertebrae and in

some specimens a first caudal that is fused to
them. There is a great deal ofvariation in the
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pattern ofthe central articulations. The avail-
able material is: AM F:49141 (sacrals 1, 2,
and first caudal, all fused together, most ribs
preserved, the best specimen and figured in
fig. 9), AM F:18687 + 18703 (sacrals 1 and
2 from same individual, used in 1982AMNH
cast), AM F:9067 (sacrals 1 and 2 fused), AM
F:18691 (sacral 2), AM F:18695 (probably a
first caudal but fused anteriorly to the sa-
crum), AM F:1201 (sacral 1), AM F:367
(probably sacral 2), AM F:206 (probably a
first caudal), and AM F: 10780 (probably sa-
cral 1).
The sacral centra are distinctly wider than

high, with a flat ventral surface and no hemal
spine swellings. The rib bases are very large
(AM F: 1217) and occupy most of the lateral
part ofthe centrum. The rib ofthe first sacral
lies entirely on the centrum but the rib of the
second sacral extends onto the first sacral to
a small extent. The anterior central articu-
lation of the first sacral is a deep, hemispher-
ical concavity for the articulation ofthe tenth
thoracic central articulation. The depth and
extent of this articulation is not duplicated
by any of the other Meiolania vertebrae. The
central articulation between sacrals 1 and 2
is a vertical synarthrosis inAM F:49141, AM
F:18687 + 18703, AM F:9067, and AM
F:208, but in AM F:1217, a second sacral,
the articulation is somewhat concave and may
not be a synarthrosis. AM F: 10780 has a deep
anterior concavity, as in all other first sacrals,
but it has a formed, convex posterior central
articulation. The convexity is irregular but it
still differs markedly from the other speci-
mens. AM F: 10780 is best interpreted as a
first sacral, with an anomalous posterior ar-
ticulation, but it could also be interpreted as
a second sacral with an anomalous anterior
articulation. In any case, of the seven pre-
served first/second sacral articulations, two
are anomalous in being partially or fully
formed rather than synarthritic. I interpret
this as individual variation.
The prezygapophyses of the first sacral are

close together but do not meet and are nearly
vertical. The postzygapophyses of the first
sacral are small and placed at the base of the
neural spine and are only slightly separated
from the neural spine. The matching prezy-
gapophyses of the second sacral are small,

close together, but are not joined. The artic-
ulation between zygapophyses, visible in AM
F:459141,AM F:9067, and AM F:18687 +
18703, is not synarthritic.
The neural arches of the sacrals enclose a

circular neural canal and a pair ofround, lat-
eral foramina between the arches for the spi-
nal nerves. The neural spine ofthe first sacral
is broken off in all specimens. The neural
spine of the second sacral, present in AM
F:49141 andAM F:9067, is a stout blade that
rises above the level ofthe zygapophyses and
has a posteriorly inclined, flat articulation
surface on the top where it contacts the car-
apace.
The sacral ribs can be seen in part in AM

F:9067, AM F: 18687 + 18703, and are most
complete in AM F:49141. Distal ends of the
ribs are preserved in AM F:81949 (a right
pelvis). As in all turtles, the first sacral rib is
the strongest, being particularly larger inAM
F:18687 + 18703 and AM F:9067, but in
AM F:49141 the second rib joins it as a small
projection posteromedially. In AM F:49141
(fig. 9), however, the second rib is large dis-
tally where it is broken off, and the nature of
the contact, although not preserved, would
appear to be much larger.
The posterior central articulation of the

second sacral shows a lot of variation. InAM
F:18703 + 18687, AM F:208, AM F:1217,
and AM F:18691, the centrum is a shallow
concavity, wider than high. But inAM F:9067
the articulation is a rounded convexity and
in AM F:49141 (fig. 9) the first caudal and
the second sacral are fused in a vertical an-
kylosis. The shallow convexity ofthe anterior
central articulation of the first caudal AM
F:61409 (Gaffney, 1985a) suggests that in-
dividual was also concave in the second sa-
cral, but AM F: 18695 is another first caudal
(based on haemal spine swellings) like AM
F:49141, that has an ankylosis as its anterior
central articulation. In AM F:49141 (fig. 9)
the rib of the fused first caudal is thinner but
otherwise about the same size as the second
sacral rib. The first caudal rib expands dis-
tally and is fused anterolaterally to the second
sacral rib. The first caudal rib has a short spur
or projection posterolaterally. The only other
first caudal with a rib is AM F:61409 (Gaff-
ney, 1985a: fig. 14) and this rib, although
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similar to AM F:49141 proximally, appears
to taper off and end short of the rib in AM
F:49141.
AM F:211 is an asymmetric vertebra that

is probably a pathologic first caudal. The an-
terior central articulation is very similar to
that in AM F:61409 and is the basis of the
identification. But the posterior articulation
is convex also and the left hemal swelling is
enlarged into what looks like more ofa hemal
arch. The two anomalies together produce an
unusual vertebra; but finding a biconvex first
caudal emphasizes the variation in this series
of vertebrae.

PLASTRON (figs. 27-31)

Material available: The anterior lobe ofthe
plastron in Meiolania platyceps is complete
only in AM F: 18775, but useful portions are
preserved in AM F:923, AM F:64434, AM
F:1208, AM F:5522, AM F:49141, AM
F:57984, AM F:18323, and AM F:18256.
Some sutures are visible in AM F: 18256, AM
F:57984, AM F:923, and AM F:1208, but in
most specimens the sutures are fused.
The epiplastron (fig. 27) is a paired, curved

element, meeting on the midline at the front
of the plastron and forming a dorsal process.
None of the specimens show a midline su-
ture, but in AM F: 18256 there is a transverse
entoplastron/epiplastron suture on the dorsal
surface and a more jagged but also transverse
suture on the ventral surface. These show that
the entoplastron is not exposed at the front
of the plastron. The epiplastra have only a
narrow contact in ventral view and a broader
contact dorsally. The sloping nature of the
epiplastra/entoplastron contact is visible in
AM F: 18256. The epiplastron tapers poster-
olaterally and is actually separated along the
suture from the hyoplastron distally in AM
F:923 andAM F: 1208. The suture is the same
on the dorsal and ventral surfaces.
The epiplastra of Meiolania form a dorsal

process on the midline (fig. 27) that extends
posterodorsally over the entoplastron. This
process is preserved in AM F:49141, AM
F:57984, AM F:923, AM F:1208, AM
F: 18256, and is most complete in AM
F: 18775. The process is apparently a "stop"
or base for the acromion process of the scap-

ula, which articulates with the entoplastron.
In contrast to the dorsal processes of the epi-
plastra in Proganochelys and Kayentachelys,
which are paired processes not articulated to
the scapula, this process in Meiolania is a
single, unpaired, midline process. In AM
F: 18775 and AM F:57984, the dorsal part of
the process bifurcates in the direction of the
scapula, and it is quite possible that this bi-
furcation was present in the other plastra as
well. The degree of development of the pro-
cess in Meiolania platyceps varies from rel-
atively narrow in AM F:49141 to relatively
broad in AM F:18775 and AM F:18256.
The entoplastron of Meiolania platyceps

(fig. 27) has distinct sutures only in AM
F: 18256, AM F: 1208 (fig. 31), and AM
F:57984. It is roughly oval with a long pos-
terior median process. The entoplastron sep-
arates the hyoplastra anteriorly on both dor-
sal and ventral sides and the median process
extends posteriorly over the medially meet-
ing hyoplastra. The extent ofthe median pro-
cess is not determinable but it is unlikely to
be as long as in Proganochelys. The contacts
of the entoplastron with epiplastra and hy-
oplastra, as seen in AM F: 1208 (fig. 31) and
AM F: 18256 are strongly interdigitating.
The dorsal surface of the entoplastron (fig.

27) has paired, articular facets for the artic-
ulation of the scapulae. These facets are pre-
served in AM F:18775 (fig. 27), AM F:1208
(fig. 31), AM F:57984, AM F:49141, AM
F:18256, AM F:923, and AM F:18323. The
facets are raised tubercles covered by artic-
ular contact bone and are wider than long in
dorsal view. A scapular fragment is preserved
in articulation with these facets inAM F:923.
The anterior lobe of the plastron (fig. 27)

in ventral view shows a distinctive, paired,
gular projection in most specimens. The gular
projection is best developed in AM F: 18775
in which it is acuminate but not as extensive
as in Proganochelys. The gular is more round-
ed inAM F:49141 and AM F:923, but in AM
F: 18323 the gular scute area does not project
at all.
Meiolania lacks the more common, neatly

incised scale margins seen in the plastron of
most turtles. The gular scute (fig. 27) is bor-
dered posteriorly by a broad, shallow trough,
deepest laterally and merging medially with
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Fig. 27. Meiolania platyceps, AM F: 18775, plastron in dorsal view (upper row) and ventral (lower
row) view. Reconstructions on right side are composites that include sutures from other specimens.
Abbreviations: ent entoplastron, epip epiplastron, gu gular scale, hyo hyoplastron, hypo hypoplastron,
in intergular scale, pub articulation surface for pubis, sc articulation surface for scapula, xip xiphiplastron.
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Fig.28. Meiolania platyceps, AM F: 18775, as restored for articulation with carapace ofAM F:57984
in reconstructed skeleton. Bridge areas restored from AM F:49141, AM F:1208, and AM F:5522-5523.
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Fig. 29. Meiolania platyceps, reconstructed shell with limb girdles in
primarily AM F:57984, plastron is AM F:18775.

the intergular. InAM F: 18775 andAM F:923
the gular trough is best developed, while in
AM F:49141 the distinctions among the gu-
lars and intergulars are barely visible. The
intergular scute in Meiolania (fig. 27) is a
ventral boss or convexity separated from the
gular by a difference in level rather than a
sulcus. In AM F:57984 there is a midline
trough with paired lateral ridges and this is
interpreted as a midline separation of two
intergular scales. The posterior margin of the

ventral view. Carapace is

intergular is only a very shallow trough seen
best in AM F: 18775 and AM F:923. The lat-
eral margin ofthe anterior lobe tends to have
thickened edges, the more medial areas being
thin except in the midline where the ento-
plastral process lies.
The hyoplastron is preserved in AM

F:18775 (fig. 27), AM F:1208 (fig. 3), AM
F:57984, AM F:49141, AM F:923, AM
F:5522 and AM F:64434 (fig. 30). The hy-
oplastron forms the anterior bridge region
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Fig. 30. Meiolania platyceps, AM F:64434, ventral view of incomplete plastron.

Fig. 31. Meiolania platyceps, AM F: 1208, plastron and bridge area in dorsal (left) and ventral (right)
views. Also figured in Anderson (1925: pl. 30) prior to further preparation.
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and the axillary buttress. The axillary buttress
is a sheet of bone curving medially around
the forelimb opening then curving antero-
dorsolaterally to reach peripheral three but
not the costals. Although both the axillary
and inguinal buttresses reach the peripherals
and are sutured to them, the bone between
the buttresses is thin and only contacts the
peripherals by a series of digitate processes.
This condition is best seen in AM F: 1208
(fig. 31) and AM F:5522. The peripherals
themselves have very thin ventral edges and
are not thick enough to have the pits to re-
ceive the plastral processes seen in other taxa
with ligamentous bridge attachments. The
plastral bridge area in AM F: 1208 is figured
by Anderson (1925, pl. 30, fig. 1) before ex-
tensive preparation took place and while the
peripherals and plastron were held together
in situ by matrix. In this figure, the digitate
processes can be seen particularly well. In this
specimen the digitate processes barely reach
the peripherals but in some other specimens,
like AM F:49141, the processes may have
reached the peripherals and fused with them
producing a series of small fontanelles.
The plastral area between inguinal and ax-

illary openings is preserved in AM F:49141,
AM F:1208, AM F:64434, and to some ex-
tent in AM F:5522. This area is thickened at
the anterior and posterior edges and thin in
the middle. No definite sutures are present
but in AM F:49141, AM F:1208, and AM
F:5522 there are growth lines and centers of
ossification that suggest the absence of me-
soplastra and a transverse contact between
hyoplastron and hypoplastron. The absence
of a mesoplastron in Meiolania platyceps is
consistent with a specimen of Meiolania
brevicollis (Megirian, 1992).
The plastron of Meiolania platyceps has a

large, irregularly shaped, midline fontanelle,
margins of which are preserved in AM
F:49141, AM F:64434 (fig. 30), AM F:1208
(fig. 31), AM F:18775 (fig. 27), and AM
F:5522. The fontanelle is particularly suscep-
tible to variation and few of the preserved
margins that are comparable are the same in
any two specimens. The fontanelle is formed
by hypoplastra and hyoplastra and occupies
the area between the anterior and posterior
lobes with more of the fontanelle in the pos-

terior region of the plastron than in the an-
terior region.
The posterior plastral lobe of Meiolania

(fig. 27) is slightly shorter and more acumi-
nate than the anterior lobe, ending in a gentle
taper. In AM F:5522 the posterior lobe is
slightly more blunt than in AM F: 18775. The
very acuminate anterior and posterior lobes
of AM F: 1208 (fig. 31) are somewhat exag-
gerated by breakage but this specimen does
differ from the other plastra in this feature.
The area of the hypoplastron is preserved

in AM F:33741, AM F:18775 (fig. 27), AM
F:57984, AM F:49141, AM F:1208 (fig. 31),
and AM F:64434 (fig. 30). The hypoplastron
forms the inguinal buttress, which curves
posteriorly contacting the bridge peripherals
and ending on peripheral eight. The buttress
does not extend onto the costals. Hypoplas-
tron/xiphiplastron sutures are visible in AM
F:57984 and the disarticulated xiphiplastron
AM F: 18853. This suture is similar to other
turtles, with a notch or process near the lat-
eral edge. In AM F: 18775, the posterior lobe
has a midline suture that is open and has a
small fontanelle. It is possible that the thin,
relatively open plastron of Meiolania had
some degree of kinesis as well as flexion.
On the external surface ofsome specimens,

the lateral edge of the posterior lobe has a
series of short grooves, as in AM F:18775
(fig. 27), trending anteromedially but more
regularly than the other grooves and foram-
ina covering the surface. The internal surface
ofthe posterior lobe in AM F:49141 and AM
F:5522, has a raised tubercle on the xiphi-
plastron, anterolaterally, for the articulation
of the pubis. AM F: 18775 and AM F: 18853
lack the tubercle but have a rugosity.
AM F: 18853 is a disarticulated xiphiplas-

tron ofa presumed juvenile. It is much small-
er than the other plastra and has an open
anterior suture, and median fontanelles al-
ternating with median interdigitations as in
most juvenile turtles. AM F: 18781 may also
be a xiphiplastron from a juvenile.
Only the gular and intergular scales are de-

terminable on the plastron on Meiolania pla-
tyceps. Close examination ofthe external sur-
faces in all the plastral specimens has failed
to reveal other scale sulci.

NO. 22938



1996 GAFFNEY: POSTCRANIAL MORPHOLOGY OF MEIOLANIA PLATYCEPS

LIMB MORPHOLOGY

SHOULDER GIRDLE (figs. 17, 18, 32)

Material available: AM F:2 10, glenoid; AM
F:369, glenoid; AM F:924, scapula with gle-
noid part of coracoid; AM F:5535, shoulder
girdle fragments; AM F:9065, glenoid por-
tion of scapula; AM F:10784, scapula; AM
F: 10785, scapula; AM F: 10786, scapula; AM
F:18253, scapula and glenoid part of cora-
coid; AM F:18369, scapula fragment; AM
F: 18376, glenoid; AM F: 18377, glenoid; AM
F:18378, coracoid fragment; AM F:18496,
coracoid and glenoid portion of scapula, fig-
ured in Anderson (1925: p1. 38, fig. 1), same
individual as AM F: 1208, plastron; AM
F:18546, scapula fragment; AM F:18726,
scapula; AM F: 18727, scapula; AM F: 18728,
scapula fragment; AM F: 18729, scapula frag-
ment; AM F: 18730, glenoid fragment; AM
F: 18731, coracoid and glenoid; AM F: 18732,
scapula; AM F:18733, right coracoid; AM
F:18734, glenoid; AM F:18735 (fig. 32), cor-
acoid; AM F:18736, scapula; AM F:18737,
coracoid; AM F: 18849, coracoid; AM
F:18850, scapula fragment; AM F:19360,
right scapula; AM F: 19775, shoulder girdle;
AM F:20508, glenoid; AM F:49141, AM
F:57984 (fig. 32), right and left shoulder gir-
dles, part ofassociated skeleton; AM F:6 1110
(figs. 17, 18), right and left shoulder girdles,
part of associated skeleton; BMNH R68 1,
coracoid; BMNH R686, scapula fragment;
BMNH R693b, glenoid; BMNH R693d,
scapula fragment; BMNH R9639, scapula
fragment; BMNH R9654, scapula fragment.
There are over 40 elements that are iden-

tifiable as belonging to the shoulder girdle of
Meiolania platyceps. Of these, only AM
F: 18496, a left coracoid and scapula, has been
figured (Anderson, 1925: pls. 30, 38, fig. 1).
Other important specimens include a right
and left scapula and partial coracoid, AM
F:57984 (fig. 32); a complete right scapula,
AM F:18733; a nearly complete right cora-
coid, AM F: 19360; right and left shoulder
girdles,AM F:6 1110 (figs. 17, 18); partial right
and left shoulder girdles, AM F:49141.
The shoulder girdle elements in Meiolania

platyceps, the scapula and coracoid, are usu-
ally fused at the glenoid, but the contact su-

ture can be determined by articulating a scap-
ula, AM F: 19360, and a coracoid, AM
F: 18733, both of which preserve the sutural
surface. The shoulder girdle ofMeiolania has
the typical chelonian triradiate shape. It is
more massive than in most casichelydians,
but similar to testudinoids.
The dorsal process of the scapula in Meio-

lania is relatively thick when compared with
Glyptops, baenids, chelydrids, and emydids,
but similar to some testudinids. The process
is essentially a straight cylinder with a round-
ed dorsal end bearing an articular surface.
The articular surface, as in all turtles, artic-
ulates with the carapace, and the articulating
surface of the carapace is still attached to the
scapula in AM F:57984 and AM F:19360.
The more ventral or acromial process joins

the dorsal process at about 1200. Most turtles
join at about 900, but testudinids and che-
lonioids have greater angles apparently due
to their relatively deep shells (Walker, 1973).
This is consistent with the relatively deep
shell of Meiolania. The two processes of the
scapula form a bony web, well developed in
Meiolania as it is in some testudinids. The
glenoid is not supported by a neck. The ac-
romial process is a stout, straight cylinder,
similar to the dorsal scapular process but
shorter. It articulates with the anterior part
of the plastron, where a distinctive forked
process forms a medial stop for the acromion.
A complete coracoid is not known for

Meiolania platyceps but AM F: 18735 is near-
ly complete and is the basis for figure 32. The
coracoid ofMeiolania is fan shaped and short
as in testudinids. Glyptops also has a short,
fan-shaped coracoid, more fan shaped and
extensive than in Meiolania. Baenids, che-
lydrids, and emydids generally have a long
coracoid, one that matches or exceeds the
length of the acromion. A long coracoid is
generally found in swimming turtles (Walker,
1973), and the short one is presumably re-
lated to a more terrestrial habitus.

PELVIS (figs. 9, 33)

Material available: AM F: 189, right pelvis;
AM F:190, acetabulum; AM F:219, acetab-
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Fig. 32. Meiolania platyceps, right shoulder girdle, based primarily on AM F:57984 with coracoid
from AM F: 18735. A, Lateral; B, anterior; C, ventral; D, dorsal.

ulum; AM F: 1205, both acetabula plus is-
chium; AM F: 1214, left ilium; AM F: 1219,
right pubis and (?) ischium; AM F:3296, left
pelvis; AM F:5476, acetabulum; AM F:5 529,
both pubes; AM F:5756, right acetabulum
and part of ilium; AM F:9057, right ilium
plus acetabulum; AM F: 17735, acetabulum;
AM F: 18251, left acetabulum and ilium; AM
F: 18258, left acetabulum and ilium; AM

F:18497, pelvis, figured in Anderson (1925,
pls. 30, 39), same individual as AM F: 1208;
AM F: 18823, left acetabulum and ilium; AM
F:18824, acetabulum; AM F:18825, right
pelvis; AM F: 18826, acetabulum; AM
F: 18848, left pubis;AM F:20509, right pubis;
AM F:49141, both ilia, fragments of acetab-
ulum; AM F:57984, fragments of right and
left acetabula; AM F:81949, right pelvis;
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Fig. 33. Meiolania platyceps, composite reconstruction of pelvis based on all available specimens,
primarily AM F:18825, AM F:18497, and AM F:97549. A, Dorsal; B, ventral; C, right lateral.

BMNH R687, ilium; BMNH R693e, ilium;
BMNH R9641, ischium fragment.
Although there are over 25 specimens

identifiable as parts of the pelvis, none is
complete. A partial pelvis ofa small individ-
ual, associated with a plastron was figured by
Anderson (1925, pls. 30, 39; AM F:18497,
same individual as AM F:1208). This re-
mains one ofthe most complete pelves avail-
able. The figures are accurate but it should
be noted that plate 39, figs. 2 and 3, are in a
different orientation than the figures pre-
sented here. Another Meiolania partial pel-
vis, a left ilium and acetabulum, was figured
by Owen (1886b: pl. 32). I have been unable
to identify the specimen in the collections of
the Mining Museum, Sydney, the Natural
History Museum, London, or the Australian
Museum. The figure nonetheless is accurate
compared with other specimens.

Other important specimens are: a right il-
ium and acetabulum, AM F: 18825, a left il-
ium and acetabulum, AM F: 18823, right and
left pubes, AM F:5529; a right pubis, AM
F:1219; a right pelvis, AM F:189.
The pelvis (see Zug, 1971; Walker, 1973;

Ruckes, 1929 for general discussions of che-
lonian pelves) of Meiolania platyceps is not
known from complete specimens, and the il-
lustrations (fig. 33) are restored from a series
of specimens. The sutures in the pelvis are
usually fused.
The ilium in Meiolania platyceps agrees

with Zug's (1971: 38) "spool shaped" pattern
seen in chelydrids and testudinids, relatively
straight, extending dorsally from the acetab-
ulum. In most cryptodires the ilium fans out
at the top (i.e., baenids) or is directed pos-
terodorsally (chelydrids, most testudinoids).
In Meiolania the ilium becomes narrower
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TABLE 1
Humerus Measurements (mm)

Maximum Maximum
Maximum proximal distal

length width width

Meiolania platyceps
AM F:16850 +

16848 205 - 110
AMF:18750 174 110 90
AM F:925 - 145' -
AM F:20505 153 90 73
AM F:405 - - 95
AM F:20506 161 90 75
AM F:18677 151 83 69
AM F:57984 - 101 -

Meiolania brevicollis
NTM P923-3 160 94 73
NTM P895-55 168 115 94

' Broken.

dorsally (AM F:18825, AM F:18823). The
dorsal third of the ilium has a tubercle pos-
teriorly and an indentation anteriorly, pro-
ducing a jog in the shaft. This closely fits the
shape of the sacral ribs that articulate on the
medial surface ofthe jog. The ilium in Meio-
lania is also directed dorsally rather than pos-
terodorsally as in most cryptodires. Testu-
dinids, however, also have a dorsally directed
ilium, and perhaps this is related to a com-
mon habitus rather than phylogeny. The dor-
sal end of the ilium has an articular surface
for the carapace.
The ischium ofMeiolania is similar to che-

lydrids (for example) in having well devel-
oped lateral ischial processes and a plastral
contact surface including the processes and
extending to the midline. In Meiolania the
ischium is somewhat more massive and has
an extensive pubis/ischium contact on the
midline, widely separating the thyroid fenes-
trae. Wide separation ofthe thyroid fenestrae
also occurs in Glyptops and baenids, as well
as testudinoids (Walker, 1973). Widely sep-
arated thyroid fenestrae seem to be primitive
for turtles even though the condition does
occur, possibly as a reversal, in many living
turtles.
The pubis in Meiolania has a lateral pubic

process or pectineal process that extends an-

teriorly and slightly laterally to articulate with
the plastron. The process is similar in size to
that in chelydrids and apparently slightly
larger than in baenids. There is an epipubis
that curves anteriorly on the midline about
as far anteriorly as the lateral pubic processes.
The epipubis is ossified, as in baenids, not
calcified cartilage as in some recent crypto-
dires. The epipubis of baenids is much larger
than that of Meiolania.

HUMERUS (figs. 17, 18, 34)
Material available: AM F:405, distal end

of right, figured in Anderson (1925, pl. 38,
figs. 4, 5); AM F:925, proximal end of left;
AM F: 1048, proximal end ofleft; AM F: 1204
(part), two humeri- complete left humerus
figured in Anderson (1925, pl. 38, figs. 2, 3),
and damaged proximal end of humerus; AM
F:5475, two left humeri, both proximal ends
AM F:5755, right, lacking proximal end; AM
F:9058, distal end of (?) left; AM F:16847,
distal end of right; AM F: 16849, proximal
end ofright;AM F: 16850, right;AM F: 16851,
left lacking proximal end; AM F: 17730, dis-
tal end of right; AM F:17732, left lacking
proximal end; AM F: 18738, left; AM
F:18739, left; AM F:18741, right; AM
F: 18742, right; AM F: 18744, left lacking
proximal end; AM F: 18748, right; AM
F: 18749, right lacking proximal end; AM
F:18750, right, figured in Anderson (1930,
pl. 48); AM F: 18760, right lacking proximal
end; AM F:19361, left; AM F:19362, right;
AM F:20505, right; AM F:49141, both right
and left, incomplete; AM F:5 7984, right and
proximal end of left; AM F:8 1982, distal end
of left; AM F:82002, distal end of right; AM
F:82003, distal end of left; AM F:82005,
proximal end of right; AMNH 20941, partial
humerus; AMNH 20942, partial humerus;
AMNH 20943, humeral shaft;AMNH 20944,
distal end; AMNH 20945, distal humerus;
AMNH 20946, proximal end; AMNH 20986,
distal end; AMNH 20996, humeral shaft;
BMNH R693c, distal end; BMNH R684, left
distal end.
The humerus ofMeiolania platyceps varies

in size (table 1) from the smallest nearly com-
plete specimen (AM F: 18742) at approxi-
mately 125 mm, to the 205 mm long AM
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Fig. 34. Meiolania platyceps. Right humerus, composite based on AM F:57984, AM F:8677, and
AM F:20506. A, Posterior; B, dorsal; C, ventral; D, anterior; E, distal; F, proximal. Abbreviations: cap
capitellum, ect ectepicondyle, ect f ectepicondylar foramen, ent entepicondyle, int fos intertubercular
fossa, lat lateral process, med medial process, tro trochlea.

F:16850 (including AM F:16848). The hu-
meri also differ in the degree of expression of
surface features and some, such as AM
F: 18677, are unusually rugose on the shaft.
The general shape of the humerus in Meio-
lania is more like Proganochelys than other
primitive cryptodires. Both ends are expand-
ed and the proportions are stocky and mas-
sive. Primitive cryptodires, such as Glyptops
and baenids, have narrower distal and prox-
imal ends, and less massive proportions, but
the more advanced eucryptodires have even
narrower humeri.
The proximal articulation surface or head

ofthe humerus in Meiolania is hemispherical
as in Proganochelys but agrees with other cas-
ichelydians in being narrower anteroposte-
riorly. As in other casichelydians, the hu-
meral head in Meiolania is separated off the

main body ofthe humerus to a greater degree
than in Proganochelys. The anterior (preax-
ial) margin ofthe humeral head has a distinct
shelf or shoulder that is present in Progan-
ochelys and most cryptodires. The shelf is
well developed in Meiolania and slightly more
separated from the head than in Glyptops and
baenids.
The proximal expansions of the humerus

in Meiolania are large and well developed, as
in Proganochelys. Both agree in having the
expansions roughly equal in size, but in Pro-
ganochelys the medial process is smaller than
the lateral, while in Meiolania the medial
process is larger. The condition in Meiolania
is characteristic of cryptodires. The relative
sizes of the medial and lateral processes in
Meiolania agree with Glyptops and baenids.
Most eucryptodires, such as chelydrids,
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TABLE 2
Ulna Measurements (mm)

Maximum Maximum
Meiolania Maximum proximal distal
platyceps length width width

AM F:18827 109 56 47
AM F:81951 105' 53 43
AM F:49141

(right) - - -

AM F:49141
(left) 113 59 57

AM F:57984 98 48 42
AM F:18829 101 522 482

' Broken, probably 108.
2 As restored.

trionychoids, and testudinoids, have the lat-
eral process significantly smaller than the me-
dial process. This may be a synapomorphy
somewhere in the vicinity of Eucryptodira.
The distal end ofthe humerus in Meiolania

has the typical chelonian double convexity,
with the radial articulation, the capitellum,
anteriorly, and the ulnar articulation, the
trochlea, posteriorly. The articular surface in
Meiolania is raised and distinct, as in Glyp-
tops, but most living cryptodires have a poor-
ly differentiated articular surface.
The ectepicondylar foramen is present in

Meiolania as a distinct canal, extending from
a long groove on the dorsal surface, through
the ectepicondyle to open on the ventral sur-
face. The foramen is very similar to that in
Glyptops and baenids. Many living crypto-
dires have the canal open as a groove.

ULNA (figs. 35, 43, 44)
Material available: AM F:207 (part), right;

AM F:223, proximal end ofleft; AM F:906 1,
proximal end of right; AM F: 18827, right,
associated with forefoot, figured in Anderson
(1930: pl.47, fig. 1; pl.48); AM F:18829, left,
used in cast; AM F: 18830, right; AM F: 18831,
right; AM F:18839, left; AM F:18843, right;
AM F: 18847, left; AM F:49141 (figs. 43, 44),
right with damaged proximal end, left with
damaged proximal end; AM F:57984, right,
used in cast, associated with most complete
individual known to date; AM F:81951, right;
AM F:82011, proximal end of right.

There are 15 specimens identifiable as ul-
nae of Meiolania platyceps, however, only
four (AM F:57984, AM F:18829, AM
F:18827, AM F:81951) are complete. The
olecranon seems particularly susceptible to
breakage, thus the relatively few ulnae mea-
sured (table 2). There is variation in degree
of rugosity development, for example, in the
tubercle for the attachment of the bicipital
tendon. The tubercle is most developed in
AM F:81951 and only slightly developed in
AM F:57984. This does not seem to be cor-
related with size; AM F:81951 is 105 mm
long while AM F: 18827, a longer ulna at 109
mm, has less development of rugosity on the
tubercle. There is little size variation among
the complete ulnae but the largest ulna, AM
F: 18830, is roughly 15% larger than what
seems to be the smallest, AM F: 18843.
The ulna of Meiolania is generally similar

to the ulna of Proganochelys and other cryp-
todires. It is stockier than in most turtles,
however, and resembles testudinids in this
feature. The ulna ofMeiolania can be readily
derived from that of Proganochelys by en-
larging both ends and making the proportions
more massive.

Proximally the ulna ofMeiolania has a well
developed olecranon on its proximodorsal
margin. The triceps muscle/ligament system
attaches on the olecranon, which tends to be
well developed in more primitive turtles and
lost in more modem turtles, i.e., the Poly-
cryptodira. Proganochelys (Gaffney, 1990)
and baenids have a relatively well-developed
olecranon (Hay, 1908; Russell, 1934), larger
than in Meiolania, as does Glyptops. Among
eucryptodires, however, chelydrids (Gaffney,
1990) have a poorly developed olecranon,
while TMP 87.2.1 and Toxochelys (Zangerl,
1953) have olecranons that can barely be rec-
ognized.
The sigmoid notch (Romer, 1956) is the

proximal articular surface of the ulna, and
usually has a compound curved surface in
amniotes. This surface is simplified in Pro-
ganochelys, faces more proximally, and has
a smaller arc ofcurvature than in generalized
amniotes. Casichelydians extend this trend
to a greater degree. Meiolania has a well de-
fined sigmoid notch that is more similar to
Proganochelys than to chelydrids. The entire
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Fig. 35. Meiolania platyceps. Right ulna, AM F:57984 with restoration from AM F:18829 and AM
F: 18827. A, Medial; B, dorsal; C, ventral; D, lateral; E, distal; F, proximal. Abbreviations: bic bicipital
tubercle, hum humeral articulation, ole olecranon, rad radial articulation, * see text for discussion of
this feature.

articular surface is well defined in Meiolania,
as in Proganochelys and in contrast to most
eucryptodires. However, some testudinids
(i.e., Stylemys, Hay, 1908, fig. 493) have an
olecranon and sigmoid notch that is similar
to that in Meiolania. This possibly relates to
the presumed terrestrial life style of both.
The proximal end of the ulna has two ar-

ticulation surfaces, the large proximally fac-
ing humeral surface and the small, dorso-
medially facing radial surface. In most Po-
lycryptodira these surfaces blend together and
are not distinct. In Meiolania, however, they
are unusually distinct, even more than in Pro-
ganochelys.
A sharp distinction of the Meiolania ulna

from most, if not all other turtles, is the de-
gree of development of a ridge on the dorsal
surface of the ulnar shaft (described in Pro-
ganochelys by Gaffney, 1990: 217). This ridge
(indicated by an asterisk in fig. 35) begins
proximally just lateral to the radial articu-
lation surface and extends distally forming a
partial trough for the radius which lies be-
tween the ridge and the medial edge of the

ulna. The ridge is highest proximally, be-
comes lower distally, and disappears midway
along the shaft. A similar but smaller ridge
is present in Proganochelys. Glyptops, baen-
ids, and chelydrids have slender shafts and
virtually lack the ridge. No turtle that I am
aware of, including testudinids, has this ridge
developed to the extent seen in Meiolania
and it may be a synapomorphy for the family.
Presumably, the radio/ulnar ligaments
(Haines, 1946) attached along this ridge as
well as the medial edge ofthe ulna, indicating
a particularly strong relationship between the
radius and ulna.
The bicipital tubercle is a small rugosity

about halfway along the ulnar shaft. It is the
attachment point ofthe biceps profundus. The
tubercle is about the same size in Meiolania
and Chelydra. The shaft ofthe ulna is twisted
in this region so that the long axis ofthe distal
end is at an angle to the long axis of the
proximal end. This twist is present in most
turtles but is more obvious in Meiolania be-
cause of its more robust proportions.
The carpal articulation surface in Meiolan-
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Fig. 36. Meiolaniaplatyceps. Right radius, AM F:57984 with additions from AM F:5527. A, Lateral;
B, dorsal; C, ventral; D, medial; E, distal; F, proximal. Abbreviations: bic biceps superficialis, uln ulnar
contact area.

ia is strap shaped and differs from other tur-
tles only in being relatively larger.

RADIUS (figs. 36, 43, 44)
Material available: AM F:207, two radii,

a right complete, and a proximal end of a
right; AM F:406, left; AM F:5527, left, used
in cast; AM F:5528, right; AM F: 18827, right,
figured in Anderson (1930: pl. 48), part of
associated forelimb; AM F: 18828, right; AM
F:20510, right; AM F:20511, right; AM
F:49141 (figs. 43, 44), right radius lacking
distal end, left radius damaged proximally,
associated with articulated forefeet and par-
tial skeleton; AM F:57984, right (fig. 36), used
in cast, associated with most complete single
individual known to date; AM F:61412, left,
probably associated with carapace and partial
skeleton AM F:61110; MM F:13845, right,
figured in Owen (1888: pl. 36, figs. 5, 6).
The 16 preserved radii of Meiolania pla-

tyceps include three individuals,AM F:57984,
AM F:49141, AM F:18827, with associated
forefeet. The last two specimens have artic-
ulated forefeet. In all of these, however, the
original position of the radius in the forefoot
has been disturbed by postmortem agents of

one sort or another. The specimen that re-
tains positions closest to the life articulations
is AM F:49141 (figs. 43, 44), in which the
forelimbs seem to have been disturbed by the
shrinking of soft tissues pulling the bony el-
ements of the zeugopodium closer together,
so that radius and ulna slightly overlap, ov-
erflexing the phalanges.

In addition to the associated specimens,
the collection includes a number ofcomplete
radii, i.e.,AM F:5527 (left),AM F:5528 (right,
possibly these two were associated at one
time), AM F:406, AM F:20510, AM F:207,
and AM F:61412 (which is probably asso-
ciated with AM F:61110, a skull, carapace
and partial skeleton). Size variation among
the complete Meiolania radii (table 3) ranges
from the largest at 101 mm to the smallest
at 76 mm. Some radii i.e., AM F: 18827, have
the rugosity on the lateral edge of the distal
end, large and very rugose, while others, i.e.,
AM F:205 10, nearly lack a rugosity here. This
seems to be roughly correlated with size. The
surface texture of the shaft also varies from
smooth to moderately rugose, and this does
not seem to be size related (i.e., AM F:57984
is relatively smooth and the same-sized AM
F:5527 is rugose). The edge of the proximal
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articulation surface is acute (AM F:61412) in
some and rounded (AM F:406) in others.
The radius of Meiolania is very similar to

the radius in Proganochelys, differing only in
being more robust and stockier. The radius
in turtles is relatively conservative morpho-
logically, only in the swimming forms and in
some testudinids does it depart very much
from the norm.
The proximal end of the radius in Meio-

lania, as in other turtles, is oval in cross sec-
tion, and slightly larger than the sections in
the middle of the shaft. The distal end is ex-
panded in the mediolateral plane. The prox-
imal articulation articulates with the humer-
us and has a slightly concave surface. The
lateral edge ofthe articulation and the rugose
area just distal to the articular surface con-
tacts the ulna. The distinct rugosity midway
along the ventral surface of the shaft bears
the attachment of the biceps superficialis
(Walker, 1973). This rugosity is in a more
distal position in Macroclemys than in Meio-
lania; in most turtles, however, it is poorly
developed or absent. Distally, on the lateral
edge of the ulna is a well developed rugosity
for the more distal attachment of the radio/
ulnar ligament. Based on Haines (1946) anal-
ysis, the unusually well-developed attach-
ments of this ligament distally and proxi-
mally on opposing edges of the radius and
ulna suggest that Meiolania had relatively re-
stricted movement between radius and ulna.
The distal articulation of the ulna with the

carpus is an elongate, expanded surface that
has a distinct lateroproximal slope. It does
not differ from other turtles except in being
relatively more robust.

CARPUS AND MANUS
(figs. 37-44, 81, 82)

Material available (See table 4): The carpus
of Meiolania is known from a number of
specimens, none being perfectly preserved,
however. AM F:49141 (figs. 41-44) is the
best with both right and left carpi preserved
in articulation. AM F:57984 (figs. 37, 38) has
what appears to be a complete right carpus
originally found in articulation but subse-
quently disarticulated. AM F:5542 and AM
F: 18835 have disarticulated carpal elements
identified by comparison with the other spec-

TABLE 3
Radius Measurements (mm)

Maximum Maximum
Max. proximal distal
length width width

Meiolania platyceps
AM F:18827 97 37 52
AM F:20510 82 25 40
AM F:61412 76 28 34
AM F:406 101 38 53
AM F:49141

(right) - 41 -

AM F:49141
(left) 100 - 43

AM F:17661 771 23 -

AM F:57984 88 30 39
AM F:5527 90 32 41

Meiolania brevi-
collis 88 27 20

' Broken, probably 81.

imens, and AM F:923 has a fragment of the
medial centrale preserved in articulation with
a partial manus.
The three best specimens, AM F:49141

(right and left) and AM F:57984, all agree in
having seven carpal bones: four distal carpals
and three proximal carpals. The three prox-
imal carpals seem best identified as the ul-
nare, intermedium, and medial centrale. The
ulnare is a block-shaped element with a flat
surface for the ulna articulation proximally.
A facet is also present for the intermedium,
but the rest ofthe surfaces are broadly convex
and protuberant with no distinct facets. The
ulnare is the smallest ofthe proximal carpals.
The intermedium is a rectangular element

differing from the ulnare and medial centrale
in having flat facets on all four articular sur-
faces. It fits between ulna and radius proxi-
mally and ulnare and medial centrale distally
with flat facets for each articulation.
The proximal carpus of Meiolania appar-

ently has three elements rather than the four
seen in Proganochelys and many other turtles
(Gaffney, 1990). However, in many turtles
the two centralia are fused (or the lateral cen-
trale is absent) resulting in three proximal
carpals. For example, in Macroclemys and
Chelydra the two centralia usually form one
elongate element with or without a suture or
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Fig. 37. Meiolania platyceps, AM F:57984, right manus in dorsal view. Terminal phalanx missing

in digit V. Abbreviations: dc distal carpal (in stipple), int intermedium, mc metacarpal, med cen medial
centrale, uln ulnare.

fusion zone apparent. In Meiolania the third
element is large but not elongate and none of
the specimens show any indication that it is
two centralia fused. It seems best to identify
it as the medial centrale and conclude that
the lateral centrale is missing or unossified.
It is unlikely that a separate lateral centrale
is absent due to postmortem loss because both
right and left carpi ofAM F:49 141 have this
area preserved in articulation and there is no
indication of it.
The medial centrale of Meiolania is the

largest of the carpal elements and is irregular
in shape. The distal surface is flat and may
have a partial articulation with the first distal
carpal at its medial edge. The proximal sur-
face is a protuberant convexity contacting the
intermedium proximolaterally and the radius
proximomedially. The ventral exposed end
is a rugosity and the dorsal exposed end is
an irregular concavity ending in a hook-
shaped spur laterally.

There is no evidence ofa pisiform in Meio-
lania although this negative evidence is not
definitive. If present, it would be expected in
the left carpus of AM F:49141 because the
fifth digit and associated osteoderms are in-
tact and articulated in this specimen.
Meiolania has four distal carpals articulat-

ing with metacarpals I-IV. The fifth distal
carpal, usually seen in other turtles is appar-
ently absent in Meiolania. This condition does
not appear to be the result of postmortem
loss because the area is preserved in AM
F:57984 and in the left foot ofAM F:49141.
The four distal carpals are similar in mor-
phology. They are roughly tubular and some-
what wedge shaped with the narrow edge ex-
posed on the dorsal surface. The ventral end
has a rugosity on its exposed surface. Distal
carpals three and four tend to be larger than
distal carpals one and two. None ofthe distal
carpals has well-formed articular facets, all
the surfaces are convex. Each distal carpal is
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Fig. 38. Meiolania platyceps, AM F:57984, digits of right manus. Each digit is figured disarticulated
in dorsal (left) and lateral (right) views. Proximal toward top of page. Ungual of fifth digit restored from
AM F:49141.

most closely articulated with its associated
metacarpal distally on a one to one basis, so
that the first distal carpal articulates with the
first metacarpal and so on. The fifth meta-
carpal does not articulate with any carpal.
The metacarpals of Meiolania are com-

plete only in the right hand ofAM F:57984
but good articulated series can also be seen
in AM F:49141 (both hands) and disarticu-
lated elements in AM F:5542 and AM
F:18835. Metacarpals II-IV are similar in
shape, with a broad proximal base, a con-

striction midway, and a distal expansion for
the phalangeal articulation. Metacarpal I is
wider than long, wedge shaped without a cen-
tral constriction. Metacarpal V is also unlike
the three central metacarpals in lacking the
central constriction. It is block shaped and
rectangular, similar to the phalanx articulat-
ing with it. Metacarpals I and II are subequal
in size and larger than the others. Metacarpal
size decreases from III to I. The bases ofmet-
acarpals I-IV have small articular facets for
the overlapping articulation of the adjacent
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Fig. 39. Meiolania platyceps, AM F:923, stereophotographs of partial right manus in dorsal view
(upper) and ventral view (lower).

metacarpal. Metacarpal V does not have an
overlapping articulation with metacarpal IV.
The penultimate phalanx in all five digits

ofMeiolania is very similar in size and shape.
They are all blocklike rectangular elements,
wider than long, with only a slight indication
of a midway constriction. The ventral prox-
imal edge has a small rugosity for the flexor
tendon attachment.
The ungual phalanges of Meiolania are

broad, flat, and not recurved, similar to tor-
toises such as Gopherus (Auffenberg, 1966).
In Proganochelys and most other turtles, such
as chelydrids and emydids, the unguals are
narrower, longer, more pointed, and re-
curved to some extent. In Meiolania the un-
guals II-V are very similar to each other but
ungual I (preserved only in AMF:57984) is

much smaller and is only a cap on the pha-
lanx.
Meiolania has a manus digital formula of

2-2-2-2-2, as in Proganochelys (Gaffney,
1990) and some testudinids (Auffenberg,
1966). Baenids, pleurodires, and most cryp-
todires have a formula of 2-3-3-3-3, which
Gaffney (1990) interpreted as primitive for
turtles, with Proganochelys exhibiting an aut-
apomorphy for this character. The same dig-
ital formula in Meiolania is also interpreted
as an independent acquisition for that taxon
as well as in those testudinids which have it.

Associated with both manus and pes of
Meiolania are three types of dermal ossifi-
cations. One type is relatively dense bone with
a smooth surface, which are sesamoids in
flexor tendons. This type can be seen in the
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Fig. 40. Meiolania platyceps, AM F:923, partial right manus, key to fig. 39. Abbreviations: dc distal
carpal, mc metacarpal, med cen medial centrale, * osteoderm. Roman numerals are phalanges and
unguals.

right forefoot of AM F:49141, digit three,
lying on the ventral surface of the penulti-
mate phalanx (figs. 41, 42). This type of os-
sification also occurs in the extensor tendon
of Proganochelys (Gaffney, 1990: 229) but
not in the flexor tendon as in Meiolania. A
second type of ossification seen in Meiolania
feet are the disc- and cone-shaped bones very
similar to the dermal armor ossicles seen in
testudinids, usually covered with a scale, and
partially exposed on the skin surface. These
are common in some turtle groups. This os-
sification has a rough surface and is porous
to some extent and can be seen in AM F:49141
right forefoot on the radius (figs. 41, 42). The
third type of ossification has a very rough
surface and is highly porous. Examples can
be seen in AM F:923 right forefoot, near met-
acarpal I, (figs. 39, 40) and AM F:49141 left
forefoot, near digit V (figs. 43, 44). These
ossifications seem to be completely embed-
ded in skin but their distribution and func-
tion is unclear.

FEMUR (fig. 45)

Material available: AM F:405, left; AM
F:1203, right, figured in Anderson (1925: pl.
40, fig. 1, as apparent composite with AM

F:16858); AM F:1552, left (cast); AM
F:"1788," distal end of left; AM F:10773,
left; AM F: 16854, distal end of left; AM
F:16855, distal end of right; AM F:16857,
distal end of left; AM F: 16858, right, figured
in Anderson (1925: pl. 40, fig. 1, as apparent
composite with AM F:1203); AM F:16870,
distal end of right; AM F:18544, left; AM
F:18751, right; AM F:18752, right; AM
F:18755, right; AM F:18756, left, associated
with hind foot (AM F: 1833-4), figured in An-
derson (1930: pl. 49, fig. 1); AM F:18759,
left; AM F:18761, right; AM F:18762, right;
AM F: 18763, distal end of left; AM F:20507,
right, probably associated withAM F:20505-
6; AM F:49141, right; AM F:49141, left; AM
F:6 1110 (figs. 17, 18), disarticulated right,
associated with skull, carapace, postcrania;
AM F:61110 (figs. 17, 18), left, attached to
carapace; AM F:81955, right; AMNH 20950,
proximal end; AMNH 20985, distal end;
BMNH R684a, distal end of left; BMNH
R846b, distal end; MM F: 13824, femur; MM
F:13825, left, figured in Anderson (1925: pl.
40, fig. 2).

Size variation in Meiolania platyceps fem-
ora is considerable (table 5). The longest fair-
ly complete femur is AM F: 1203 with a length
of 213 mm. But AM F:1788 is a distal end
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Fig. 41. Meiolania platyceps, AM F:49 141, stereophotographs of partial right manus in dorsal view
(upper) and ventral view (lower).

of a femur with a width that would indicate
a length of 274 mm, if proportions are the
same as in other femora. The smallest fairly
complete femur is AM F:61 110 at 134 mm.
Besides variation in size, there is some vari-
ation in expression of surface rugosity and
ossification of edges around articular sur-

faces. The intertrochanteric fossa in most
Meiolania is a broad groove open ventrally.
In a few Meiolania femora the fossae are par-
tially closed offat the base ofthe trochanters.
This is most developed in AM F:49141; it
does not seem to be size related.
The femur of Meiolania is similar to the
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Fig. 42. Meiolania platyceps, AM F:49141, partial right manus, key to fig. 41. Abbreviations: dc
distal carpal, int intermedium, mc metacarpal, med cen medial centrale, uln ulnare, * osteoderm. Roman
numerals are phalanges and unguals.

femur ofmany other cryptodires, such as Ma-
croclemys. As with the other limb bones, the
femur of Meiolania is generally stockier and
more robust, with wider ends, than in Ma-
croclemys.
The proximal articulation ofthe femur with

the acetabulum in Meiolania differs from
Proganochelys, Macroclemys and most cryp-
todires in being rounder and more hemi-
spherical, but it agrees in this feature with
some testudinids. Zug (1971) concluded that
a circular/spherical femoral head is associ-
ated with walking, terrestrial or bottom walk-
ing, as opposed to a more elongate head, which
is associated with swimming. Glyptops and
baenids have an elongate head, very similar
to Pseudemys, while Chelydra and Macrocle-
mys are more spherical, but not to the degree
seen in Meiolania.
The trochanter minor is the more anterior

ofthe two femoral trochanters. In Meiolania
the trochanter minor does not extend prox-
imally as much as the trochanter major but
otherwise they are about the same size. Other
than being slightly thicker, the trochanter mi-
nor of Meiolania agrees closely with that in
Macroclemys.
The trochanter major in Meiolania is dis-

tinctly separated from the femoral head. In
Proganochelys, Glyptops, baenids, Macrocle-
mys, and many other cryptodires, the tro-
chanter is connected to the head by a web of
bone. A separate trochanter, however, is
common in cryptodires, occurring in Pleu-
rosternon, Kallokibotion, and emydids.
Between the two trochanters on the ventral

surface is the intertrochanteric fossa. This
curved surface does not vary much among
the more primitive cryptodires, but in tes-
tudinids a web of bone extends between the
trochanters to close the fossa ventrally. A few
specimens (see above) of Meiolania have a
partial development of a web but most do
not.
The distal end of the femur in Meiolania

consists of two poorly differentiated con-
dyles, an anterior one bearing the anterior
part of the tibial articulation, and a posterior
one bearing the rest of the tibial articulation
and the fibular articulation on its posterior
margin. In Meiolania the ridge separating the
tibial and fibular articulations is particularly
well developed, more so than in Progan-
ochelys, Glyptops, baenids, and Macrocle-
mys. Meiolania has a large and well-devel-
oped fibular articulation extending posteri-
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Fig. 43. Meiolania platyceps, AM F:49141, left forelimb in distal view (upper), ventral view (lower
left) and dorsal view (lower right).

orly from the base of the fibular condyle. A
well-developed fibular epicondyle is rare in
cryptodires, although one very similar to
Meiolania occurs in Proganochelys. Glyptops,
baenids, and Macroclemys lack an expanded
fibular epicondyle.

TIBIA (fig. 46)

Material available: AM F:209a, right; AM
F:209b, right; AM F:209c, left; AM F:209d,
left; AM F:213 (part), left; AM F: 1202, left;
AM F:5477, right; AM F:5526, left; AM
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Fig. 44. Meiolania platyceps, AM F:49141, left forelimb, key to fig. 43. Abbreviations: dc distal
carpal, int intermedium, mc metacarpal, med cen medial centrale, uln ulnare, * osteoderm. Roman
numerals are phalanges and unguals.

F:18318, right; AM F:18319, left; AM
F: 18375, left; AM F: 18547, left;AM F: 18832,
right; AM F:18833, left, used in cast; AM
F:18833, left, figured in Anderson (1930: pl.
49); AM F:18836, left; AM F:18841, right;
AM F:18842, right; AM F:18844, right; AM
F:49141, left; AM F:49141, right; AM
F:57984, right, used in cast; AM F:82008,
left; AM F:82012, proximal end of right; AM
F:82014, distal end of right; MM F:13844,
left, figured in Owen (1888: pl. 36, figs. 1-4).
The tibia in Meiolania platyceps varies pri-

marily in size (table 6), 70 mm the smallest

and 110 mm the largest complete tibia, but
tibial fragments AM F:82014 and AM
F:82008 are larger.
Compared with other turtles, the tibia of

Meiolania is stout and massive, more so than
in Proganochelys and testudinids, which have
the most robust of turtle tibias. Proximally
the tibia is expanded to bear the articulation
with the femur. There is a shallow, medial
concavity for the medial condyle ofthe femur
and a convex, lateral area for the trough be-
tween the condyles. Meiolania has a large
rugose area on the dorsal side just distal to
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TABLE 4
Preserved Material of Carpus and Manus

Meiolania
platyceps

ulnare
intermedium
medial centrale
distal carpal 1

distal carpal 2
distal carpal 3
distal carpal 4
distal carpal 5

metacarpal I
metacarpal II

metacarpal III
metacarpal IV
metacarpal V
phalanx I
phalanx II
phalanx III
phalanx IV
phalanx V
ungual I
ungual II

ungual III
ungual IV
ungual V

49141

L,R
L,R
L,R
-,R
-,R
L,R
L,R

-,R
L,R
L,R
L,-

-,R
L,R
L,R
L,-
L,-

L,R
L,R
L,-
L,-

57984

-,R
-,R
-,R
-,R
-,R
-,R
-,R

-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R
-,R

923

-,R
-,R
-,R
-,R

-,R
-,R
-,R
-,R

-,R
-,R
-,R

-,R
-,R

5542*

L,-
L,R
L,R

L,R
L,-

L,R
L,R
-,R
L,R
FL,-

L,R
-,R

?,?

?,?.

18835*

-,R

-,R

-,R

* Not articulated-identifications based on morphology
only.

the femoral articulation, and this area bears
the attachment of the patellar tendon. The
attachment area is unusually broad and ex-

tensive, particularly when compared with
Glyptops, baenids, and Macroclemys.
The proportions of the shaft of the tibia in

Meiolania are as massive as in testudinids
and appear to exceed them. Toward the distal
portion of the shaft along its ventral edge, is
an elongate rugosity, similar to one described
in Proganochelys, (Gaffney, 1990: 239), but
more rugose and larger. This ridge apparently
bears the attachment of the popliteus (Walk-
er, 1973), a muscle with fibers that pass ". . .

diagonally from their origin on the tibial side
of the fibula to their insertion on the fibular
side of the tibia" (Walker, 1973: 89). The
popliteus is described by Walker (ibid.) as a

pronator of the foot, producing rotation of
the tarsus by moving the fibula with respect

to the tibia. The popliteal attachment area on
the fibula in Meiolania is similarly enlarged
and rugose. In Meiolania the massive pro-
portions of tibia and fibula and the close
proximity to each other of the tibial and fib-
ular popliteus sites, suggests a relatively strong
and perhaps less flexible relationship between
tibia and fibula compared with other turtles.
The distal articulation surface on the tibia

ofMeiolania has the distinctive medial dome
and lateral shallow concavity seen in most
turtles. As in Proganochelys, the tibial/astra-
galocalcaneum contact is relatively tight.

FIBULA (fig. 47)

Material available: AM F:209 (part), right
proximal end; AM F:5534, right; AM
F:18832, right; AM F:18833, left, figured in
Anderson (1930: pls. 47, 49, figs. 4-6;) used
in cast; AM F: 18837, right distal end; AM
F:20512, right distal end; AM F:20513, left;
AM F:49141, left distal end; AM F:50638,
left.
The fibula of Meiolania (table 7) is only

slightly thicker than the fibula of Progan-
ochelys and is similar to the fibula in some
testudinids. It is significantly more massive
than the fibula in Glyptops, baenids, and Ma-
croclemys. The remaining features of the
Meiolania fibula are quite similar to the fib-
ula in other cryptodires.
The proximal articulation surface is angled

ventroproximally to articulate on the lateral
condyle of the femur. This surface is similar
in shape to Proganochelys and Macroclemys
but it is relatively much larger. The shaft of
the fibula in Meiolania is also relatively
thicker than in other turtles. The distal artic-
ulation surface of the fibula is expanded me-
diolaterally as in other turtles but to a greater
degree. The thickened ridge on the ventral
side ofthe articulation surface provides a rel-
atively wide contact surface with the astra-
galocalcaneum in Meiolania, it is usually
smaller in other turtles.

TARSUS AND PES (figs. 48-52)

Material available (see table 8): The hind
foot of Meiolania is known from an articu-
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Fig. 45. Meiolania platyceps. Right femur, AM F:57984 with additions from AM F:18756. A, Pos-
terior; B, dorsal; C, ventral; D, anterior; E, distal; F, proximal. Abbreviations: fib con fibular condyle,
int fos intertrochanteric fossa, t maj trochanter major, t min trochanter minor, tib con tibial condyle.

lated right foot ofAM F:57984 (figs. 51, 52),
a partially articulated left foot ofAM F:49141
(fig. 48), a partially articulated left foot ofAM
F: 18833, and disarticulated elements in AM
F:5542 and 5543 (see also Appendix 2 in
Gaffney, 1983).
The astragalus and calcaneum ofMeiolan-

ia (figs. 48-50) are completely fused with no
indication of a suture in any of the three
available specimens. Proganochelys and many
casichelydians have a suture zone between
these elements (Gaffney, 1990). There is also
no indication of a centrale, either as a sepa-
rate ossification or as an area set off by a
suture. The shape of the astragalocalcaneum
does not vary a great deal in turtles (Rabl,
1910; Zug, 1971), and that bone in Meiolania
compares closely with the condition seen in
Proganochelys, baenids, and chelydrids. It is

an irregular, blocklike element tapering lat-
erally. Proximally there is a concave articu-
lation surface for the tibia medially and the
fibula laterally. The tibial surface has a low
ridge that fits a trough on the distal end of
the tibia. In Meiolania the tibia and fibula
meet distally and the two astragalar articu-
lation surfaces meet to form a ridge (fig. 49),
in contrast to the trough seen in Progan-
ochelys and some other turtles (Gaffney,
1990). Distally the astragalocalcaneum of
Meiolania has a convex swelling forming part
of the plantar surface of the foot, somewhat
larger and better developed than in Progan-
ochelys.
The distal tarsals of Meiolania are poorly

preserved and only two are known from an
articulated specimen (AM F:49141 left hind-
foot, fig. 48). A number of disarticulated dis-
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TABLE 5
Femur Measurements (mm)

Max. Max.
Max. proximal distal

Meiolania platyceps length width width

AM F:18756 171 69 77'
AM F:61110 134 47 58'
AM F:57984 (right) 162 65 -
AM F:57984 (left) 165 - 67'
AM F:49141 (right) 194 - -
AM F:49141 (left) 189 - -

AM F:18759 138 48' 60
AM F:18755 175 71 80
-AM F:1552 (cast) 196 80 96
AMF:"1788" - - 112
AM F:81955 - 79 -

AM F:10773 135 44 55
AMF:18752 130 42 55
AM F:20507 154 60 68
AM F:16858 194 70+?' 94
AM F:1203 213 80 89'
AM F:17665 (mackayi) - 382 -

' Broken.
2 Estimated.

A B

TABLE 6
Tibia Measurements (mm)

Maximum Maximum
Meiolania Maximum proximal distal
platyceps length width width

AM F:49141
(right) 110 55 42

AM F:49141
Oeft) - - 43

AM F:18547 70 - 43
AM F:82008 - 68 -

AM F:82014 - - 55
AM F:18833 92 50 41
AM F:57984 92 52' 39

' Estimated.

tal tarsals appear in the collections and there
is no reason to think that Meiolania did not
have the common chelonian number of four,
but only two are known definitely. The fourth
distal tarsal of Meiolania is the largest distal
tarsal and is similar to that bone in other
turtles. As in other turtles it fits into a con-

C D

E

c
3 cms

Fig. 46. Meiolania platyceps. Right tibia, AM F:57984 with some restoration from AM F:18833. A,
Lateral; B, dorsal; C, ventral; D, medial; E, distal; F, proximal. Abbreviation: pat patellar tendon
attachment.
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Fig. 47. Meiolania platyceps. Right fibula, composite ofAM F:57984 and AM F:18833. A, Lateral;
B, dorsal; C, ventral; D, medial; E, distal; F, proximal. Abbreviation: pop popliteus.

cavity on the astragalocalcaneum and loosely
articulates with metatarsals four and five. The
fourth distal tarsal in Meiolania is conical
with the narrow end ventral. In contrast to
the fourth distal tarsal ofchelydrids, this bone
in Meiolania fits more loosely in the tarsus
and does not have tight-fitting articular sur-

faces with surrounding elements. The other
distal tarsal articulated in AM F:49141 ap-
pears to be distal tarsal 2. It is an irregular
ovoid nodule, slightly flatter where it contacts
the astragalocalcaneum. It is similar to that
bone in Macroclemys.
The metatarsals of Meiolania are known

from a complete set in AM F:57984 (figs. 51,
52) and an articulated set lacking metatarsal
5 in AM F:49141 (fig. 48). The metatarsals
ofAM F:49141 are unusual because they are

partially fused together as the result of a
pathologic condition. Metatarsals II and III
are completely fused along their adjacent
margin and metatarsals I and II are partially
fused. Metatarsal IV appears to be normal.
Most of the phalanges for this foot are miss-
ing but digit I is preserved and the phalanx
and ungual depart considerably from the nor-
mal configuration by bony growths, although

the articulations are not fused. This may be
the result of injury or arthritis.
The metatarsals of Meiolania are similar

to those in other turtles. They have wide
proximal bases that strongly overlap, as in
chelydrids and baenids, and are relatively
shorter than in Proganochelys and chely-
drids. Meiolania metatarsals show strong se-
rial differentiation to a greater extent than
seen in Proganochelys and chelydrids. Meta-
tarsal I is wider than long with a large prox-
imal base that only overlaps slightly with
metatarsal II. It is wider than any ofthe other
metatarsals. Metatarsal II and III are more

TABLE 7
Fibula Measurements (mm)

Maximum Maximum
Meiolania Maximum proximal distal
platyceps length width width

AM F:50638 100 34 45
AM F:18832 94 28 42
AM F:20513 85 29 35
AM F:20512 - - 35
AM F:18832 91 30 43
AM F:57984 - - 38
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Fig. 48. Meiolania platyceps, AM F:49 141, left tarsus and metatarsus associated in situ, dorsal views
on left, ventral views on right. Abbreviations: ast-cal astragalocalcaneum, dt distal tarsal, mt metatarsal,
* osteoderm.

"typical" in shape, with a narrow shaft, and
wide bases that strongly overlap. They are
longer than the other metatarsals with meta-
tarsal II the longest. Metatarsals IV and V
are short and stubby but significantly smaller
than metatarsal I. Metatarsal V in Meiolania
differs from most turtles, including Progan-
ochelys, in not having a hooked shape. The
metatarsal V ofMeiolania is phalanx shaped
although it does have the usual facet on its

base for the articulation ofthe adjacent meta-
tarsal. Metatarsal V differs from the other
metatarsals in having a rugose distal surface
rather than an articular surface as in the other
metatarsals, because the fifth digit is absent
in the Meiolania hind foot.
The hind foot phalangeal formula ofMeio-

lania is interpreted here and in Gaffney (1990)
as 2-2-2-2-0 (based primarily onAM F:57984
and AM F:18835), rather than 2-2-2-2-2 as
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Fig. 49. Right astragalocalcaneum. See fig. 50.
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Fig. 50. Right astragalocalcaneum. A, C, Meiolania platyceps, AM F:57984; B, D, Proganochelys
quenstedti, SMNS 17204 (left, reversed). Key to fig. 49. From Gaffney, 1990.
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dt X3

mt 5

IV 1A\ 1

Fig. 51. Meiolania platyceps, AM F:57984, right pes in dorsal view, distal tarsals 1-3 not known in
articulation. Abbreviations: ast astralgalus, cal calcaneum (in stipple), dt distal tarsal, mt metatarsal.

reported erroneously by Gaffney et al., (1992).
The proximal phalanx in the pes of Meio-

lania is broad in digit I but the other three
are similar in size and shape. All the proximal
phalanges are similar in both manus and pes.
The proximal phalanges in Meiolania are
short and blocklike, without a strong ventral

flexor process as seen in Proganochelys and
to a lesser extent in chelydrids.
The unguals of Meiolania are broad, flat,

and not recurved, in contrast to Proganoche-
lys and most primitive cryptodires. Unguals
I and II are the largest with III and IV pro-
gressively smaller.

SKULL MORPHOLOGY (figs. 54-62)

Subsequent to the publication of the cra-
nial morphology of Meiolania platyceps
(Gaffney, 1983), three new skulls have be-
come available and the sectioning ofa brain-
case was completed. The high degree of vari-
ability in Meiolania platyceps increases the
interest in new skulls of this species.
The three new skulls (figs. 54-57, table 10)

are variably preserved. AM F:81965 is the
least complete and is broken in many areas,
but reveals much of the morphology of the
internal surface of the skull roof and cheeks.

AM F:64471 has suffered from breakage dur-
ing collection by having two holes drilled
through it, one through the right otic chamber
and one through the base of the right B horn
core. The left ventral margin of the cheek is
missing. AM F:81965 lacks the braincase and
palate but is otherwise nearly complete.
The conspicuous B horns are broken in AM

F:82180 but they seem to match the longer
horns seen in skulls like AM F:6447 1. The B
horns of the new specimens do not extend
the range ofvariation previously reported but
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Fig. 52. Meiolania platyceps, AM F:57984, digits of right pes. Each digit is figured disarticulated in
dorsal (left) and lateral (right) views. Proximal toward top of page.

they do provide more intermediates among
the previously described skulls. AM F:81965
has B horns with a width/height ratio of0.58,
at the small end ofthe group reported in Gaff-
ney (1983, table 1). The B horns of AM
F:81965, however, are clearly longer than in
AM F:43183 and approach those in AM
F:61110. The B horns ofthe other new skull,
AM F:6447 1, are long and narrow with a

width/height ratio of 0.77, at the long end of
the horn distribution.

SECTIONED BRAINCASE AM F:18668
(figs. 58-62)

The right ear region/basicranium of AM
F: 18668 (Gaffney, 1983: fig. 44) was removed
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TABLE 8
Preserved Material of Tarsus and Pes

Meiolania platyceps 57984 49141 18833* 5542*

astagalocalcaneum R L L -

da rs1 --a-I
distal tarsal 2 - L? - -
distal tarsal3 - - - -
distaltarsal 4 R L L L,R
metatarsal I R L L L
metatarsal 2 R L L L,R
metatarsal 3 R L L
metatarsal4 R L
metatarsal 5 R - L -

phalanxI R L L -
phalanx II R - L -
phalanx H R - L -

phalanx IV R - - L
phalanx V
unguall R L - L
ungual I R - L -
ungualLIl R - - L
ungual IV R - - L
ungual V

* Not in articulation-identification based on morphology
only.

from the skull and sectioned transversely.
These sections (figs. 58-62) allow tracing of
some of the structures that make this area in
Meiolania particularly complex. The brain-
case has been sectioned into four pieces (I-
IV) by three cuts. In order to keep the parts
of each section associated, the braincase was
partially impregnated with wax. The sagittal
contact with the other half of the skull was
filled with plaster to further maintain stabil-
ity. A cast ofthe sectioned braincase was made
before sectioning and re-articulated with the
rest of the skull. The cuts were made with a
rock saw and they removed enough bone to
make the opposing surfaces of each piece a
bit different and informative. Therefore, each
surface is illustrated. The pieces are arranged
in order from posterior to anterior with the
surface shown indicated by anterior or pos-
terior labels. Thus III posterior is the pos-
terior view (the surface facing posteriorly) of
piece III. From back to front the arrangement
is: I anterior, which is adjacent to II posterior,
II anterior, which is adjacent to III posterior,

Fig. 53. Eggs presumed to belong to Meiolania
platyceps, Ned's Beach Cliff (locality 5 in Gaffney,
1983), Lord Howe Island. Top, AM F:52080; mid-
dle and bottom, AM F:61401.

and III anterior, which is adjacent to IV pos-
terior. As the posterior surface of piece IV
was not sectioned, it is not illustrated. Piece
II and piece III, the only two pieces sectioned
on both sides, are 6 mm and 8.5 mm thick
respectively.
The sections are essentially supplements to

the description and figures in Gaffney (1983:
figs. 57-59) of the canalis caroticus intemus
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Fig. 54. Meiolania platyceps. Skull of AM F:82180, Old Settlement Beach (locality 1 in Gaffhey,
1983), Lord Howe Island. Upper left, dorsal view; upper right, ventral view; lower left, left lateral view;
lower right, anterior view.

and associated structures. This area of the
skull is useful in obtaining characters relevant
to cryptodire phylogeny, and it is particularly
complex in Meiolania. Gaffney (1983: 447-
449) described this region and should be con-
sulted along with the sections shown here.
The sections have the sagittal midline as

their medial margin (filled with plaster on this
edge) and the foramen magnum/cavum cran-
ii forms a quarter circle at the dorsomedial
margin. The incisura columellae auris is seen
in I anterior and II posterior and the edge of
the cavum tympani forms the dorsolateral
margin in the remaining sections. The pro-
cessus interfenestralis is missing but would

be visible in I anterior where the position of
the fenestra ovalis is indicated by dashes. The
processus would have formed the missing
lower margin of the fenestra ovalis. Section
I anterior shows the anterior surface of the
posterior wall of the cavum acustico-jugu-
lare.
The cavum labyrinthicum is in sections II

posterior, II anterior, and III posterior. Its
dorsal limits, including the semicircular ca-
nals, are largely missing and ventrally the bone
has disintegrated in some places.
The most obvious canal extending antero-

posteriorly through the sections is the canalis
cavernosus. The canal is fully formed in sec-
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Fig. 55. Meiolania platyceps. Skull ofAM F:81965, Ned's Beach Cliff (locality 5 in Gaffhey, 1983),
Lord Howe Island. Upper left, dorsal view; upper right, right lateral view; lower left, anterior view; lower
right, occipital view.

tion II posterior and can be followed ante-
riorly through the sections to IV posterior.
The separation of the stapedial artery is dis-
cernible in III posterior but the fully formed
aditus canalis stapedio-temporalis is best seen
in II anterior. The canalis stapedio-tempor-
alis is almost completely separated from the
canalis cavernosus in III posterior.
The path of the internal carotid artery be-

gins posteriorly at the foramen posterius can-
alis carotici interni seen in II posterior. It can
be followed anteriorly as the canalis caroticus
internus in the remaining sections. In section
III anterior the canalis lies very close to the

pterygoid slit and in section IV posterior the
canalis caroticus internus has a foramen, here
identified as the foramen caroticum basis-
phenoidale, that communicates with the in-
trapterygoid slit (see Gaffney, 1983: figs. 58,
59). At this point the foramen pro ramo nervi
vidiani extends ventrally from the canalis
cavernosus to open near the foramen caro-
ticum basisphenoidale. The position of this
ventral opening ofthe foramen pro ramo ner-
vi vidiani is more anterior and presumably
more accurate than indicated in Gaffney
(1983: fig. 59). The intrapterygoid slit is seen
in III anterior and IV posterior.
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Fig. 56. Meiolania platyceps, AM F:8 1965, stereophotographs of ventral view of skull lacking brain-
case and palate.

One of the more puzzling questions in the
Meiolania braincase is the path of the facial
nerve. What is apparently the facial nerve has
a posterior opening seen in II anterior and
the adjacent III posterior. It extends anteri-
orly to open in the canalis cavernosus, visible

in both III anterior and IV posterior, as de-
scribed in Gaffney (1983: figs. 57, 59), al-
though the actual relationships vary from the
semi-diagrammatic reconstruction in figure
59 of that paper.

REVIEW OF THE FAMILY MEIOLANIIDAE

SYSTEMATICS

Order Testudines

Megaorder Cryptodira

Parvorder Eucryptodira

Suborder Meiolanoidea

Family Meiolaniidae

TYPE GENuS: Meiolania Owen, 1886b.
KNOwN DISTRIBUTION (figs. 88, 89): Eo-

cene- (possibly Cretaceous) of Argentina,
Miocene to Pleistocene of mainland Austra-
lia, Pleistocene (or younger) of Lord Howe
Island, Walpole Island, and New Caledonia.
PREVIOUS WoRK: Gaffhey (1983) related the

long and complex history of work on meio-

laniids. Other recent papers are: Gaffney et
al., 1984; Gaffneyetal., 1992; Gaffihey, 1985a,
1985b, 1992; Megirian, 1989, 1992; and
Gaffney and McNamara, 1990. The supra-
familial relationships of meiolaniids are
treated in Gaffney (1983) and the phylogeny
and classification of cryptodires (including
diagnoses of the higher taxa listed above) are
in Gaffney and Meylan (1988) and Gaffney
et al. (1991).
REVISED DiAGNoSIs: Eucryptodiran turtles

with the squamosal and supraoccipital bones
uniquely produced into posteriorly and pos-
terolaterally directed processes, three scale
areas (A, B, C of Gaffney, 1983; also in fig.
2) being most prominent; temporal emargi-
nation completely absent and related to ex-

67



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Fig. 57. Meiolaniaplatyceps. Skull ofAM F:6447 1, Ned's Beach tidal exposures (locality 4 in Gaffney,
1983), Lord Howe Island. Stereophotographs of dorsal view (upper), ventral view (middle), and right
lateral view (lower).

tensive squamosal/supraoccipital contact and
relatively small parietal; supraoccipital with
large horizontal portion on skull roof; nasal
bones unusually large rivaling their size in
Proganochelys; sinus formed from nasal and

maxilla lateral to and communicating with
apertura narium extema as in no other turtles
(determinable only in Meiolania and Ninje-
mys); broad squamosal/quadratojugal con-
tact ventral to completely enclosed incisura
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TABILE 9
Skil Measurements (cm)

(see table 2 in Gaffiey, 1983)

Meiolaniaplps AMF:82180 AMF:64471 AMF:81965

Length from anterior margin of prenaxillae to posterior margin of oocipi-
tal condyle 15.5 13.9 -

Length from anterior margin of nasals to posterior margin of skull roof 20.8 18.0 17.7
Skull width measuredat base of"A" horn cores 21.0' 18.1 16.8
Skull width measured at lateral margin of area articularis mandibularis 19.0' 18.2 16.2
Skull height measured from skull roof to ventral margin of cheek at posi-

tion ofcavum tympani 11.01 10.9 9.5

'Estimated

TABLE 10
Comparison of Three Skuh of Meioiwia plaoceps

(see table 3 in Gaffiey, 1983)

AMF:82180 AM F:64471 AM F:81965

Locality Old Settlement Beach Qocali- Ned's Beach Oocality 4 of Ned's Beach Cliff (ocality 5

Collector

Figures and literature
Skull areas

Other elements preserved

Sutures

Bone thickness
Scale expression

C hom

Bulge in D-scute area

Preorbital "boss" in scale area
F

B-horn
B-horn length

B-horn width
Inaial septum

Nasal overhang

Choanal grooves on vomer

and palatine
Labial ridge
Processus trochlearis oticum
Processus interfenestrahls of op-

isthotic

ty 1 of Gaffney, 1983)
Alex and Edith Ritchie, 1984

None
Right cheek and most of

braincase missing, left B
hom broken

Lower jaws, badly fiactured
shell

Postorbital, jugal quadrato-
jugal, all others fused

Intermediate
Good

Distnct, as in AM F:61110

Low, thin bone

Well developed

Curved postro-ventrally
55 mm as preserved, proba-

bly 70-80 mm originally
55 mm
Complete
None
Indetenminate

Indeterminate
Moderate
Ventral margin fused

Gafihey, 1983)
AMNH-AM party, June

1980
None
Nearly complete except for
two holes drilled through it

None

Squamosal, supraoccipita
othe fused

Intemediate
Not as distinct as AM

F:57984
Very well developed as in
AM F:57984

Low, thin bone

Well developed

Curved postro-ventrally
70 mm

41 mm
Complete
Slight
Deepest anteriorly

Intermediate
Indeterminate
Indeterminate

of Gaffney, 1983)
Mark Thompson, 1990

None
Skull roof and cheeks com-

plete, braincase and palate
missng

None

Nearly all fused

Intermediate
Very good

Distnct, as in AM F:61110

Thick bone but not convex
as in AM F:57984

Well developed

Curved posero-ventrally
45 mm

35 mm
Complete
None
Indeterminate

Indeterminate
Indeterminate
Indetenminate

69



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

2 cms
anterior

Fig. 58. Meiolania platyceps, AM F:18668,
right half ofbasicranium in ventral view, showing
positions of sections. Sectioned pieces are num-
bered, as indicated in following figures. See figures
of complete skull in Gaffney (1983: fig. 44) for
orientation.

columellae auris of quadrate which contains
both stapes and eustachian tube; medial plate
of pterygoid separated ventrally from basi-
sphenoid to form intrapterygoid slit as in no
other turtles; palate concave ventrally with
vomerine ridge on midline, most similar to
some testudinids; well-developed labial ridge,
triturating surfaces not greatly expanded; tail
partially or completely surrounded by dermal
ossifications; tail club formed by fusion of
terminal caudal vertebrae and osteoderms (at
least in Ninjemys oweni and Meiolania pla-
tyceps); cervical central articulation formula
(2((3((4))5))6))7))8); free cervical ribs present
on cervicals 2-6, in Proganochelys cervical

Fig. 59. Meiolania platyceps, AM F:18668.
Anterior views ofsectioned pieces; I (top), II (mid-
dle), III (bottom).

ribs 2-5 are free; caudals opisthocoelus with
well-developed hemal spines as in baenids
and chelydrids, biconcave caudal absent;
plastron ligamentously attached to carapace;
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foramen externum
nervi glossopharyngei

fenestra recessus labyrinthicum
ovalis opisthoticum

magnum
I

foramen
<~N jugulare

anterius

cavum tympani

posterior opening of _
canalis nervi facialis {

cavum cavernosum

canalis caroticus internus

cavum tympani

cavum cranii

- foramen
nervi acustici

intrapterygoid slit

Fig. 60. Meiolania platyceps, AM F: 18668, key to fig. 59. anterior views with midline on right, lateral
on left.
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axillary and inguinal buttresses do not extend
onto costals; mesoplastra absent as in other
eucryptodires; plastron with irregular fonta-
nelles on midline; carapace with first thoracic
vertebra facing anteriorly and first thoracic
rib long and reaching plastron laterally as in
baenids and pleurostemids; posterior periph-
erals scalloped; adults usually with cranial
and shell sutures fused.

It should be noted that most of these char-
acters are known only in Meiolania platyceps,
the most completely preserved meiolaniid.

Niolamia Ameghino, 1899
Crossochelys Simpson, 1937.

TYPE SPECIES: Niolamia argentina Amegh-
ino, 1899.
ETYMOLOGY: None given.
KNowN DISTRIBUTION: Eocene (and pos-

sibly earlier), Province of Chubut, Argentina
(Simpson, 1938).

DIAGNosIs: A meiolaniid known only from
skull and tail ring, characterized by the unique
possession ofD scales separated by a large X
scale, and A scales significantly larger than
in any other meiolaniid; within meiolaniids
the unique possession of an undivided aper-
tura narium extema and only one accessory
ridge on maxillary triturating surface; nasal
bones not projecting beyond rest of skull; B
scale projecting posterolaterally and not re-
curved as in Meiolania, D scale area rela-
tively high in contrast to Meiolania; A, B,
and C scales form a large shelfat back of skull
as in Ninjemys but more extensive than in
Ninjemys; intrapterygoid slit not covering fo-
ramen caroticum basisphenoidale; tail ring
closed ventrally as in Ninjemys.

Niolamia argentina Ameghino
TYPE SPECIMEN: Neotype skull (fig. 63) des-

ignated by Simpson (1938: 242) is in La Plata
Museum and was figured by Woodward
(1901: pls. 15-17), Moreno (1899, fig. 2), and
Ameghino (1906: figs. 14, 15).
TYPE LocALITY AND HORIZON: In the type

announcement of the name Niolamia argen-
tina, Ameghino (1899: 10) refers to skull,
shell, and dermal ossicles ofthis form coming
from "formacio guaranitica del Sehuen y del

Fig. 61. Meiolania platyceps, AM F: 18668.
Posterior views of sectioned pieces; II (top), III
(middle), IV (bottom).

Chubut" (also quoted in Simpson 1938: 241).
Florentino Ameghino considered Niolamia
argentina as Cretaceous, but he included as
Cretaceous faunas and horizons that are now
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canalis

incisura
_- columellae

V) auris

sterius
ici interni

; nervi facialis

cavum tympani

canalis caroticus internus

processus clinoideus foramen nenfi trigemini

dorsum sellae cavum tympani

canalis nervi
abducentis

canalis foramen pro rano
caroticus nervi vidiani

internus

intrapterygoid slit foramen caroticum basisphenoidale

Fig. 62. Meiolania platyceps, AM F: 18668, key to fig. 61. Posterior views with midline on left, lateral
on right.

considered early Tertiary. Simpson (1938:
243) gave a review of this problem and con-
cluded, "In fact it is still unknown whether

[the material identified by Ameghino as] Nio-
lamia really is from the Cretaceous, Eocene,
or both, and again "Niolamia is either from

foramen -
nervi acustici
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Fig. 63. Niolamia argentina. Skull of neotype specimen in Museo de la Plata. Upper, dorsal view;
middle, ventral view; lower, right lateral view. From Woodward (1901).
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the same beds [as Crossochelys i.e., the Eo-
cene Casamayor] or from the Cretaceous-it
is unlikely to be from the Paleocene, and al-
most surely not post-Eocene" (Simpson,
1938: 244). So the most precise age that can
be given at present for the type skull of Nio-
lamia is Cretaceous or Eocene, province of
Chubut, Argentina.
REFERRED SPECIMENS: Although Ameghino

(1899) and Moreno (1899) referred generally
to other specimens besides the skull, only
Woodward (1901) described more material.
He described and figured a scapula fragment
(Woodward, 1901: pl. 18, fig. 1) and de-
scribed carapace fragments including a piece
that has the ilium sutured to the costal bones.
Woodward used this feature to substantiate
the identification ofNiolamia as a pleurodire
in the debate then current about its affinities
(see Gaffney, 1983: 395). Woodward also de-
scribed the carapace as being serrated pos-
teriorly, a feature that occurs in Australian
meiolaniids. Meiolania is now known to have
a typically cryptodiran free pelvis and the
Meiolaniidae are best interpreted as crypto-
dires. Woodward was either mistaken or
pleurodire fragments were mixed with the
Niolamia specimens. Pleurodire shell frag-
ments occur in Simpson'sAMNH collections
from Casamayor localities.
Also in the La Plata collections is a tail ring

(fig. 65) figured by Woodward (1901: pl. 18,
figs. 2, 2a). There is no specific locality or
horizon stated for any of this material other
than "red sandstone ofChubut." The tail ring
adds to useful understanding ofNiolamia but
the scapula and other unfigured specimens
have not been available for study.
REFERRED ON BASISOF SYNONYMY: AMNH

3161, type of Crossochelys corniger Simpson,
a disarticulated partial skull described by
Simpson (1937, 1938).
HORIZON AND LocALITY: "Casamayor For-

mation, in green bentonite with Sebecus,
birds, etc., Cafnadon Hondo near Paso Nie-
mann south of the Rio Chico del Chubut,
southern Chubut Territory (central Patagon-
ia), Argentina" (Simpson, 1938: 222).

DISCUSSION: Crossochelys Simpson, 1937,
is here interpreted as a young individual of
Niolamia, an interpretation considered but
rejected by Simpson. The skull of Crossoche-

I '

3 cms

Fig. 64. Niolamia argentina. Cast oflowerjaw
of type specimen in Museo de la Plata. Dorsal
view.

lys, as stated by Simpson (1938: 246) ...
may not be fully grown," and some of the
characters of Crossochelys might be the same
as Niolamia in an adult. However, Simpson
thought that there were some features differ-
entiating the two taxa that could not be the
result of ontogeny.

It should be stressed that since Woodward,
no one (including the present author) working
on meiolaniids has reexamined the type skull
of Niolamia argentina. Simpson worked un-
der the further handicap of using Anderson's
skull reconstruction for comparative purpos-
es and not actual specimens ofMeiolania pla-
tyceps.
The size difference between the sole skull

of Crossochelys, AMNH 3161, and the cast
of Niolamia is hard to quantify because of
the absence of sutures in Niolamia and the
likely change in scale proportions during on-
togeny. Nonetheless a best estimate of size
comparisons indicates a difference of about
20%. Simpson did not consider this to be a
diagnostic feature of Crossochelys. Cros-
sochelys also has widely open sutures, prob-
ably the best indication of immaturity. Sim-
ilarly, the temporal opening in the crest, as
suggested by Simpson, could have reached
closure with further growth.
The characters used by Simpson (1938) to

differentiate Crossochelys and Niolamia are
discussed below in the same order listed in
table 11.
The nasal and orbital cavity features are

based on comparisons Simpson made using
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Fig. 65. Niolamia argentina. A scapula (left) and tail ring (right) ascribed to Niolamia by Woodward
(1901). Tail ring: Upper, posterior view; lower, right lateral view. From Woodward (1901).

casts of Niolamia and Meiolania platyceps,
the latter a cast of a reconstruction, not ofan
actual specimen. Both ofthese are inaccurate
in the area of the nasal and orbital cavities.
The bony limits ofthe fossa nasalis (character
1) are incorrect in the Meiolania reconstruc-
tion and almost certainly incorrect in the Nio-

lamia cast. In fact, the Crossochelys type
specimen is very similar to Meiolania as de-
scribed in Gaffney (1983).
The "orbitosphenoid crest" (character 2) is

the paired ridge forming the lateral margin
of the sulcus olfactorius in Gaffney's termi-
nology (1979b: 1983). Again the Meiolania

TABLE 11
Characters Used by Simpson (1938) to Differentiate Cruochdys and N-iola

(see text for disussion)
Charcter "Crossochelys" Niolamia

(1) Nasal cavity completely separated from orbit no yes
(2) "Orbitospenoid crest" "practically absent" "probably present"
(3) Superior nasal recess extends onto frontal ?
(4) Columellar notch open closed
(5) Intrapterygoid slit less prominent more prominent
(6) Squamosal (A, B) homs smaller larger
(7) Temporal fenestra present absent
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cast is inaccurate and actual specimens of
Meiolania platyceps (Gaffney, 1983) are quite
similar to the Crossochelys skull. They both
have a low but well-defined ridge. I would
not characterize it as "absent" as Simpson
has done. The internal areas of the Niolamia
cast appear to be inaccurate and suggest a
morphology that would be unusual in any
turtle. The type skull of Niolamia has not
been examined by the present author (Simp-
son also relied only on the cast) but it appears
that some internal areas still contained ma-
trix or were filled with some material to aid
casting, which may explain the apparent in-
consistencies in the morphology of the nasal
and orbital areas.
The "superior nasal recess" (character 3)

is a large concavity in the dorsal part of the
fossa nasalis, again similar in Crossochelys
and Meiolania and in my opinion, Niolamia.
This feature is common in turtles.
The "columellar notch" or incisura colu-

mellae auris (character 4) appears to me the
same in Crossochelys, Niolamia, and Meio-
lania platyceps. Gaffney (1983) showed that
the closure of the notch is due to the squa-
mosal in Meiolania and was very likely the
same in Crossochelys.
Simpson (1938) described the intraptery-

goid slit (character 5) as more prominent in
Niolamia and less prominent in Crossoche-
lys. The cast of Niolamia shows no sutures
and very little detail of any kind in the ba-
sicranial area. The Woodward (1901) figures
and what is visible in the cast seem quite
consistent with the pterygoid preserved in
Crossochelys. I have considered them to be
consistent to the point of using both speci-
mens to make a composite reconstruction of
the basicranium (Gaffney, 1983: fig. 60).
The above characters are either the same

in Crossochelys and Niolamia or are not de-
terminable and unlikely to be different in
Niolamia. The last two features (6 and 7 of
Simpson), however, are obviously different
in the two specimens. Niolamia clearly has
larger A and B horn areas, a wider frill in
general, and a more projecting B horn (char-
acter 6). The C scale area is not identical in
shape in both and the X scale area ("a" of
Simpson) also has a slightly different shape.
The sample ofMeiolania platyceps (Gaffney,
1983) indicates a much greater degree of in-

dividual variation than that between Niola-
mia and Crossochelys but one suspects that
Meiolania platyceps is unusual even for
meiolaniids. The differences in horn size be-
tween Crossochelys and Niolamia are what
might be expected in a growth series. Simi-
larly, the temporal fenestra (character 7) was
suggested even by Simpson as a possible fea-
ture found in juveniles. However, Simpson
(1938: 246) went on to conclude that "even
though the unique specimen of Crossochelys
may not be fully grown, it is probably essen-
tially adult and synonymy with Niolamia
seems extremely improbable." Although I
conclude that, when examined from the per-
spective of a better understood Meiolania, it
is best to interpret them as synonyms, study
and preparation ofthe type skull ofNiolamia
may support Simpson's view. It is unfortu-
nate that no new material of meiolaniids has
been announced from South America since
Simpson's discovery. Except for Lord Howe
Island, everywhere meiolaniids are known
they are rare.
The type skull of Niolamia was described

and figured by Woodward (1901) andAMNH
3161 by Simpson (1938). Gaffney (1983) re-
described much ofAMNH 3161 in compar-
isons with Meiolania platyceps and Ninjemys
but did not refigure it.

Late Cretaceous meiolaniid fragments have
been reported from the Los Alamitos fauna
of Patagonia, Argentina (Broin, 1987). The
basis of the identification is apparently that
.... the fragments of shell of cf. Niolamia
are similar to the corresponding parts of
Meiolania," and "... the humerus is also
similar and very primitive, like in Progan-
ochelys.. ." (Broin, 1987: 134). The speci-
mens are also about the same size as the an-
imal represented by the type skull of Niola-
mia argentina.
The shell fragments figured by Broin are

not sufficiently complete to substantiate the
identification. They could very well belong
to a meiolaniid, but there are no characters
shown that support this.
The figured humerus (Broin, 1987: pl. 1)

is very similar to the humerus of Meiolania
platyceps. Both humeri are relatively short
and squat, with large medial processes, small
lateral processes and closed ectepicondylar
fossae. The intertubercular fossa is curved
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and developed to a similar extent in both.
However, all these features occur generally
in primitive cryptodires, like Kallokibotion,
baenids, and sinemydids. Despite the simi-
larity in humeri, the characters only dem-
onstrate the presence of a primitive crypto-
dire oflarge size. There should be Cretaceous
South American meiolaniids, but positive
identification of them awaits future discov-
eries.

Ninjemys Gaffney, 1992
Megalania Owen, 1881 (in errore).
Meiolania Owen, 1886b (in part).

TYPE SPECIES: Meiolania oweni (Wood-
ward).
ETYMOLOGY: Ninja, in allusion to those to-

tally rad, fearsome foursome who epitomize
shelled success; emys, turtle.
KNOWN DISTRIBUTION: Pleistocene of

southern Queensland, Australia.
DIAGNOSIS: A meiolaniid known only from

skull and tail, characterized by the unique
possession oflaterally projecting B horns and
the anterior extension of the nasals beyond
rest of skull; A scale area large and forms
posterior shelf as in Niolamia but A scale not
significantly larger than B scale; D scales
probably meet in midline, X scale small as
in Meiolania; D scale area raised as in Nio-
lamia, not flat as in Meiolania; Y scale rel-
atively large as in Meiolania; apertura nar-
ium interna partially divided as in Meiolania
but in contrast to Niolamia; well-developed
second (more medial) accessory ridge on trit-
urating surface of palate reaching nearly to
midline in contrast to Meiolania in which it
is lacking anteriorly and Niolamia in which
it is absent; tail ring enclosed ventrally as in
Niolamia but in contrast to Meiolania; tail
club formed from two segments, rather than
four as in Meiolania.

Ninjemys oweni (Woodward)
TYPE SPECIMEN: BMNH (Natural History

Museum, London, formerly British Museum
[Natural History]) R39 1, a nearly complete
skull (figs. 66-69) described and figured by
Owen (1881: pls. 37, 38) as Varanus (Me-
galania) priscus. Owen's figures show the skull

as originally discovered, without the plaster
restorations made subsequently. However,
with the kind assistance of the BMNH au-
thorities and aided by the discovery in the
Australian Museum of photographs (fig. 69)
showing the separate skull elements before
assembly or reconstruction ofany kind, it has
been possible to fully determine the areas pre-
served versus those restored (fig. 66). Follow-
ing this study, I can confirm not only the
accuracy of Owen's original figures but the
accuracy of the restoration as well. Except in
the depth of the sagittal division between the
A horn cores, all the restored areas in BMNH
R39 1 are based on preserved bone from the
opposite side. The widely distributed cast of
the restored BMNH R391 is thus based on
an accurate original, and the restoration is
accurate.
TYPE LOCALITY: "King's Creek, part of

Clifton Run..." (Owen, 1881: 1041), a
branch ofthe Condamine River, eastern Dar-
ling Downs, Queensland. Collected in 1879
by Mr. G. F. Bennett, son of Dr. G. F. Ben-
nett.
TYPE HORIZON: Pleistocene (Bartholomai,

1976).
REFERRED SPECIMENS: BMNH R392 is a

tail club and single tail ring, also collected by
Mr. G. F. Bennett at or near the same spot
as the skull, but a year later, 1880. Described
and figured by Owen (1882: pl. 64, pl. 65,
figs. 1-4) as Megalania prisca. The inference
that the tail club and ring belong to the same
individual as the type skull has neither been
supported nor challenged in the intervening
century. However, the discovery of another
genus of large meiolaniid in the Pleistocene
of Queensland (Gaffney and McNamara,
1990) does, for the first time, present the pos-
sibility that the tail club could belong to an-
other genus of meiolaniid. Nonetheless, be-
cause the tail club and skull were found close
together, I will continue to interpret them as
belonging to the same species.

DIAGNOSIS: Same as for genus.
OTHER SPECIMENS POSSIBLY REFERABLE TO

NINJEMYS: There are three other specimens
of very large meiolaniids, two from southern
Queensland and one from New South Wales,
all described in Gaffney (198 1). The Queens-
land specimens, peripheral bones and a cau-
dal vertebra, could belong to either the large
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Fig. 66. Ninjemys oweni. Skull of type specimen, BMNH R39 1. Upper, dorsal view; lower, ventral
view. Light areas restored in plaster. From Gaffihey (1992).
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Fig. 67. Ninjemys oweni. Skull of type specimen, BMNH R39 1. Upper, anterior view; lower, right
lateral view. From Owen (1881).

mainland Meiolania sp. from Wyandotte or
Ninjemys oweni or a third, yet unknown,
meiolaniid taxon. The New South Wales
specimen, identified by Etheridge (1893) as
the large bosses on a tail club (fig. 70) similar
to Ninjemys oweni, was substantiated by
Gaffney (198 1) who went so far as to identify
the material as Meiolania oweni. Presumably
the Wyandotte meiolaniid also had a very
large tail club so this identification should be

downgraded to meiolaniid, cf. Ninjemys ow-
eni. The caudal vertebra may be Pliocene but
other than possible range extensions, these
fragments do not significantly contribute to
our understanding of Ninjemys oweni.

DIscussIoN: The type skull of Ninjemys
oweni (figs. 66-69) was described and figured
in Owen (1881) and the tail club in Owen
(1882). The descriptive text of these papers
suffers primarily from the comparisons ofthe
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material with lizards and dinosaurs rather
than turtles. With this qualification, however,
the information in the text is largely accurate
and certainly sufficient for the purposes of
nomenclature. Gaffney (1983) is primarily a
description ofMeiolania platyceps but exten-
sive comparisons are also made with "Meio-
lania" oweni (= Ninjemys oweni) and Nio-
lamia argentina.

DEscRiPrIoN: Although Ninjemys oweni is
described in the literature, some discussion
of the autapomorphies defining the species is
appropriate. The nasal bones in Ninjemys (fig.
67) form an anteriorly projecting overhang
that extends farther forward than the pre-
maxillae, a condition I have been unable to
find in any other turtle. Kinosternids have
the prefrontals overhanging the nasal opening
and most testudinoids have the upper and
lower margins ofthe apertura narium externa
at about the same place. All of these groups,
however, have no nasals and the apertura
margin is formed by the prefrontals.
The triturating surface of the maxilla (fig.

68) bears two accessory ridges in Meiolania
and Ninjemys (described in Gaffney, 1983).
They lie between a high labial ridge and a
lingual margin that has no ridge. Ninjemys
(Owen, 1881: pl. 38, fig. 3) has the more me-
dial of these ridges distinctly formed and ex-
tending anteriorly to connect with a low par-
asagittal ridge just lateral to the midline. In
Meiolania platyceps (Gaffney, 1983: figs. 30,
32, 42, 44) this more medial accessory ridge
is barely developed, being distinct posteriorly
but disappearing anteriorly. Although this
triturating surface morphology in meiolan-
iids is not exactly paralleled in other turtles,
many testudinoids have two accessory ridges
and some testudinids closely approach the
meiolaniid condition (e.g., Hesperotestudo in
Hay, 1908: figs. 567, 580, pl. 66, fig. 3, pl.
80, fig. 3).
The scale areas, particularly the A, B, and

C scales, provide the most important auta-
pomorphies for Ninjemys. The morphology
of these scale areas is not duplicated in any
other meiolaniid (or any other turtle).
Uniquely, in Ninjemys the B horn core (fig.
90) projects primarily in a lateral direction,
although there is a posterior component. The
orientation of the B horn core in Ninjemys

I.'J
Fig. 68. Ninjemys oweni. Skull of type speci-

men, BMNH R391. Palatal view. From Owen
(1881).

differs noticeably from Niolamia, but it is
very different from the B horn core ofMeio-
lania. In Warkalania the B scale area is a low
ridge and not projected into a horn core.

Ninjemys resembles Niolamia in the rela-
tively large A scale area which in Meiolania
and Warkalania is significantly smaller. This
portion of the skull, made up of squamosal
and supraoccipital, is a large, overhanging
shelfin Niolamia and Ninjemys, but in Meio-
lania it is a small posterior ridge, nearly flat
in some individuals.

cf. Ninjemys oweni

CONSISTS OF: AM F: 1346a, two tail club
bosses (fig. 70) presented by J. McMaster of
Coolah (Etheridge, 1893).
HORIZON: (?) Pleistocene (see Gaffney,

1981).
LOCALITY: Oaky Creek, northwest of Coo-

lah (Etheridge, 1893; see also Gaffney, 1981),
New South Wales.

DIscussION: Described by Etheridge (1893).
These tail club bosses are very similar to the
tail club bosses of Ninjemys oweni, BMNH
R392, from Queensland. They differ in that
the New South Wales specimens have more
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Fig. 69. Ninjemys oweni. Skull of type specimen, BMNH R391. Four views of skull elements as
originally found, before reconstruction and restoration. Photos from Australian Museum archives, Syd-
ney.

acuminate tips. Etheridge (1893) thought that
they represented different species, Gaffney
(1981) thought that they were the same spe-
cies, and Gaffney (1992) quibbled identifying
them as cf. Ninjemys oweni. The discovery

ofa second species ofvery a large meiolaniid,
the Wyandotte species, which presumably had
a large tail club like Ninjemys oweni, caused
me to downgrade the identification to cf. Nin-
jemys oweni.
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Fig. 70. Meiolaniid cf. Ninjemys oweni. Tail club fragments, AM F: 1346a. The two fragments are
shown in three views, orientation not known.

Warkalania Gaffney,
Archer, and White, 1992

TYPE SPECIES: Warkalania carinaminor.
ETYMOLOGY: Warka, Queensland aborig-

inal for turtle; lania, following the usual end-

ings for meiolaniids (Lanius is Latin for
"butcher" but Owen (1886b) gave no indi-
cation of an etymology when he erected
Meiolania).
KNOWN DISTRIBUTION: Mid-Tertiary,

northwest Queensland.
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Fig. 71. Warkalania carinaminor. Dorsal view ofrestored skull based on QM F:22649, QM F:22650,
and QM F:22651. Modified from Gaffney et al. (1992).

DiAGNosIs: Meiolaniid with B scale area,
a low, horizontal ridge, not a recurved horn
as in Meiolania nor a large lateral projection
as in Niolamia and Ninjemys; A, B, and C
scales formed into low, horizontal ridges,
small and roughly similar in size to each oth-
er, in contrast to all other meiolaniids; A scale
area not as protuberant as in Niolamia and
Ninjemys but more protuberant than in
Meiolania; X scale small, and D scales in
midline contact as in Ninjemys and Meio-
lania.

Warkalania carinaminor Gaffney,
Archer, and White 1992

TYPE SPECIMEN: QM F 22649, a right squa-
mosal (fig. 74). This fragment includes the

posterior margin of the cavum tympani, all
ofscale C, most ofscale K, and parts of scales
B, H, and D. It is likely, but not definitely
demonstrable, that AM F:22650-22653 and
22682 belong to the same individual.
LOCALITY: Pancake Site, Riversleigh Sta-

tion, northwest Queensland, see Archer et al.
(1989).
HoRIzoN: "? late Oligocene to early Mio-

cene," according to Archer et al. (1989: 64),
but early Miocene fide Woodburne et al.
(1993).
REFERRED SPECIMENS: QM F:22650 (fig.

73), a left squamosal with complete scale ar-
eas A, B, and C plus part of scale D. A frag-
ment ofthe posterior wall ofthe antrum post-
oticum is preserved internally; QM F:22651
(fig. 71)-central section of right and left pa-
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Fig. 72. Warkalania carinaminor. Left squamosal, QM F:22654. Left, dorsal view; right, lateral
view.

rietals, bearing on its dorsal surface scale X
and surrounding portions of scales G and D;
QM F:22652 (fig. 75)-nearly complete right
quadrate; QM F:22653 (fig. 75)-right ex-

occipital and basioccipital lacking ventral
surface; QM F:22682-part of right supraoc-
cipital containing semicircular canals, small
portions of prootic and opisthotic; QM

Fig. 73. Warkalania carinaminor. Left squamosal, QM F:22650. Left, dorsal view; right, lateral
view.
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Fig. 74. Warkalania carinaminor. Right squamosal, QM F:22649, type specimen. Left, dorsal view;
right, lateral view.

F:22654-left squamosal with scale areas B
and C complete portions of scale areas A
and K.
ETYMOLOGY: Carina, ridge, and minor,

small, in reference to this species having scale
areas A, B, and C as small ridges, a condition
unique among meiolaniids.

DIAGNOSIS: Same as for genus.
DISCUSSION: It is apparent that at least two

individuals are present in the available spec-
imens because QM F:22650 andQM F:22654
consist of the same bone elements. The re-
maining fragments, QM F:22649, QM
F:22650, QM F:22651, QM F:22652, QM
F:22653, and QM F:22682, come very close
to actual contact, show no overlap, and can
be restored as a reasonable skull from one
individual. However, the type specimen cho-
sen, QM F:22649 (fig. 74), has enough di-
agnostic characters so that it can stand alone
as a new taxon of meiolaniid, even if the
composite reconstruction (fig. 71) is in error
due to the mixing of more than one individ-
ual and more than one species. QM F:22649
(fig. 74) shows the large squamosal, enclosed
incisura columellae auris, and development

ofprotuberances identifiable as B and C horns,
diagnostic of Meiolaniidae. But the B and C
horns ofQM F:22649 differ significantly from
all other meiolaniids. In all other meiolaniids
the C horn is cone shaped or flat, but in War-
kalania it is a horizontal ridge directed an-
teroposteriorly. The B scale ofQM F:22649
is also a flattened ridge in strong contrast to
the cowlike, recurved B horn core synapo-
morphic for Meiolania. The B horn cores of
Ninjemys and Niolamia are much larger, lat-
erally directed spines, rather than the rela-
tively low, horizontal ridge of Warkalania.
The other cranial fragments identified here

as belonging to Warkalania allow the diag-
nosis to be extended to the X scale area, the
A and D scales, and the posterior parts ofthe
braincase.

DEscRIPrIoN: (Most ofthis section is taken
from Gaffney et al., 1992).
The areas preserved in Warkalania include

only the posterior parts ofthe skull. The over-
all proportions and size of the Warkalania
specimens are roughly the same as Meiolania
platyceps. In most Meiolania platyceps skulls
the scale areas are delimited by raised ridges,
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while in Ninjemys and Niolamia the scales
are bordered by shallow grooves. Warkalan-
ia has grooves rather than ridges and thus
differs from Meiolania platyceps, and resem-
bles Ninjemys and Niolamia in this feature.
The midline area of the skull in Warka-

lania is preserved inQM F:2265 1, a fragment
that consists of scale X and surrounding por-
tions of scales G and D. It probably repre-
sents the anterior part of both parietals and
the posterior part ofboth frontals. On its dor-
sal surface there is a clear, oblong scale area
in the midline, scale X, with a small, cone-
shaped projection just left ofthe midline. Al-
though not as well defined as in most Meio-
lania platyceps specimens, scale X in War-
kalania is similar in size and shape to the
Lord Howe species. The small cone is also
present in most Meiolania, but smaller. The
dorsal surface is somewhat rugose in QM
F:22651, and there are vague grooves that
could be the sulci separating scales G and D
from each other. However, if the sulci are
present, they are poorly differentiated from
other surface irregularities.

In Ninjemys, the X scale area is not well
preserved, but it is smaller than in Niolamia
and may be similar to Meiolania platyceps.
The D scales of Warkalania and Meiolania
platyceps meet in the midline. In Niolamia
they are separated by a large X scale. In Nin-
jemys the X scale margins are not clear but
the X scale area is definitely not as large as
in Niolamia, and the D scales probably meet
in the midline in Ninjemys.
The ventral surface of QM F:22651 pre-

serves a fragment ofthe dorsal portion ofthe
cavum cranii. Most of this region is formed
by the parietal but a small part ofthe anterior
extension of the supraoccipital is preserved
on the midline. The area of the cavum cranii
preserved includes the space usually filled in
life by the cartilaginous remnant of the syn-
otic tectum (Gaffney, 1979b). This area is
preserved in a number ofspecimens ofMeio-
lania platyceps and in Ninjemys but not in
Niolamia. Although this region is similar in
all turtles, there are differences between Nin-
jemys and Meiolania platyceps. Unfortunate-
ly, not enough is preserved in QM F:22651
to determine which one it is most similar to.
The processus inferior parietalis is broken on

both sides but anterolaterally on the outside
of each processus, is a concavity also seen in
Meiolania platyceps but not in Ninjemys. This
concavity is apparently involved in the at-
tachment area of the M. adductor mandi-
bulae pseudotemporalis. The broken edge of
the crista supraoccipitalis is preserved inQM
F:2265 1. To the extent that it is preserved,
it agrees with Meiolania platyceps.
The fragment ofcranial roof, QM F:2265 1,

taken alone, could not be distinguished from
Meiolania platyceps, except in the absence of
raised scale edges. But even this feature varies
in Meiolania platyceps because AM F:57984
also lacks raised scale edges.

Scute D is a large, paired scale covering
much of the posterior portion of the skull.
This scale consists mostly of parietal and
squamosal. Parts of scale D are preserved in
QM F:22649, QM F:22650, QM F:22651,
and QM F:22654. Even when the fragments
are combined, the D scale area is not com-
pletely preserved in Warkalania. The D scale
area is best preserved on the left posterolat-
eral portion ofQM F:22651 and the left an-
teromedial portion ofQM F:22650. The two
areas do not have a good contact but, when
restored usingQM F:22652 andQM F:22653
(braincase elements) for control of the skull
width, only a small amount of bone appears
to be missing between the two cranial roof
sections. Posteriorly and laterally, the D scale
lies against the A, B, and C scales, as in other
meiolaniids. An anterior sulcus with scale H
is not discernible in QM F:22649, which has
enough bone preserved to expect the presence
of the sulcus. It is likely, however, that poor
preservation is the cause of the present ab-
sence ofthe sulcus, rather than actual absence
of this sulcus during life. The posteromedial
limits ofthe D scale are not preserved on any
of the fragments. The region of the D scale
is a distinctive convexity in both Ninjemys
and Niolamia. Warkalania, however, agrees
with Meiolania in having the D scale area
relatively low.
The three scale areas, A, B, and C, are the

most useful skull regions within meiolaniids
for taxonomic comparisons. Fortunately,
nearly all of these scale areas are preserved
in Warkalania. The C scale is a paired scale
area on the posterolateral part of the skull,
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Fig. 75. Warkalania carinaminor. Partial braincase, QM F:22652 and QM F:22653. Upper left,
occipital view; lower left, dorsal view; upper right, lateral view.

and is formed mostly by the squamosal bone.
QM F:22649, QM F:22650, and QM
F:22654, preserve significant parts of the C
scale area. In these specimens the C scale
forms a laterally projecting ridge that is
roughly horizontal but with a slight antero-
dorsal trend. This ridge projects laterally to
a greater extent inQM F:22654. In Meiolania
platyceps, Ninjemys, and Niolamia the C scale
is more rounded and cone-shaped than in
Warkalania. Meiolaniaplatyceps varies from
nearly flat in AM F:43183 to a well-devel-
oped cone in AM F:57984, but it is never a
horizontal ridge as in Warkalania.

The B scale area is preserved completely
inQM F:22650 andQM F:22654, and inQM
F:22649 the anterior half is preserved. The
B scale is larger and projects more than the
A scale, and it is flattened in the same plane
as the A scale. In QM F:22654 the B scale is
thicker and has a blunter lateral edge than in
QM F:22649 and QM F:22650. The most
striking differences in skull morphology of
meiolaniids can be found in the shapes of
scale B. In Ninjemys and Niolamia the B scale
areas are very large, laterally projecting pro-
cesses that extend laterally beyond the rest of
the skull. In Meiolania platyceps the B scale
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Fig. 76. Warkalania carinaminor. Key to fig. 75. QM F:22652 and QM F:22653.

also forms a projection but in this case it is
the cowlike horn core distinctive of this ge-
nus. Warkalania, with its relatively small B
scale area, forms a projection that is much
less extensive than in Ninjemys or Niolamia.
The B horn core ofsome individuals ofMeio-
lania platyceps (e.g., AM F:43183 and AM
F: 18368) approaches the size of the B scale
in Warkalania, but in none of the Meiolania
platyceps specimens is the B scale as small as
in Warkalania. Meiolania platyceps also has
a B horn core that is conical, usually re-
curved, and not flattened in any plane. In
both Niolamia and Ninjemys the B horn is
flattened in the horizontal plane as in War-
kalania but not to the degree seen in War-
kalania.

The A scale area lies at the back ofthe skull
in meiolaniids. In Meiolania platyceps the A
scale is formed mostly by the squamosal with
smaller contribution from the supraoccipital.
The A scale area in Warkalania is preserved
in QM F:22650 and QM F:22654 but it is
incomplete. Both specimens lack the poster-
omedial parts of the scale area that would
allow the complete limits to be seen. The A
scale area is restored by assuming that the
tympanic opening in Warkalania parallels the
midline as in all other meiolaniids (and al-
most all other turtles) and by filling in the
missing region as conservatively as possible.
The A scale of Warkalania is very similar in
size and shape to the B scale. In QM F:22650
it has an acute edge but in QM F:22654, the
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edge is blunter. The scale is flattened in a
horizontal plane and extends posterolaterally
from the main body ofthe skull. Warkalania
has an A scale that is somewhat larger than
in Meiolania platyceps, but it is much smaller
than in Ninjemys and Niolamia. In these lat-
ter taxa the A scale is the largest of the A, B,
C series and forms a very prominent shelf at
the back ofthe skull. In Warkalania the shelf
still exists but it is relatively small while in
Meiolania platyceps the shelf is absent and
the A scale is a flattened process smaller than
the B scale horn core.

Portions of the ventral area of the squa-
mosal consisting mostly of the K scale area
are preserved in QM F:22649, QM F:22650,
and QM F:22654. Of these, the most exten-
sive and informative is QM F:22649. This
specimen has the dorsal and ventral margins
of the cavum tympani opening preserved. A
small part ofthe posterior edge is also present
in this specimen. On the internal surface the
attachment area of the processus articularis
ofthe quadrate can be seen and, above it, the
lateral wall of the antrum postoticum. The
natural ventral margin of the squamosal is
also preserved. It is clear from the specimens
that Warkalania agrees with Meiolania, Nin-
jemys and Niolamia in having a completely
closed incisura columellae auris with a con-
siderable section ofsquamosal below and be-
hind the tympanic opening. Neither Niola-
mia nor Ninjemys have the entire limits of
the squamosal preserved and only Ninjemys
and Meiolania platyceps have the internal
features of the squamosal visible. In War-
kalania the squamosal (K scale area), pos-
teroventral to the tympanic opening, is more
extensive than in Meiolania platyceps. This
appears to be a similarity to Niolamia, the
extent of the squamosal in Ninjemys being
indeterminate. The K/J sulcus is preserved
in QM F:22649 and it is more posterior to
its position in Meiolania platyceps, but sim-
ilar to the position in Ninjemys in which the
J scale extends more posteriorly than in
Meiolania platyceps. The area is not pre-
served in Niolamia.
The three braincase fragments, QM

F:22652, QM F:22653, and QM F:22682,
(figs. 75, 76) all belong to the right side and
are probably from the same individual. All
three of these pieces very nearly come into

contact when restored on the basis of Meio-
lania platyceps and are separated by rela-
tively narrow areas ofbone. Nonetheless, they
do not have any contacts.
QM F:22682 is the part of the right su-

praoccipital that contains the semicircular
canals, plus some small portions of prootic
and opisthotic. The fragment consists of the
area ofbonejust anterior to the foramen mag-
num (the margin of that structure is not pre-
served) and posterior to the foramen nervi
trigemini. The posterior margin of the fora-
men nervi trigemini is preserved. On the lat-
eral surface of this piece of supraoccipital is
the shallow groove that would lead to the
foramen stapediotemporale. The bone is sim-
ilar to Meiolania platyceps and does not vary
a great deal from other generalized crypto-
dires.
The internal portion of QM F:22682 con-

tains the dorsal impression of the canalis
semicircularis horizontalis (see Gaffney,
1979b, figs. 49, 52 for terminology of the
cavum labyrinthicum in turtles and Gaffney,
1983, figs. 49-51, for the inner ear in Meio-
lania platyceps) with the ventral region miss-
ing. The recessus labyrinthicus prooticus and
its connected canalis semicircularis anterior
are present. The recessus labyrinthicus su-
praoccipitalis is intact but only the dorsal part
ofthe canalis semicircularis posterior is pres-
ent with a fragment ofthe bony strap defining
this structure. The recessus labyrinthicus op-
isthoticus is missing also. The cavum laby-
rinthicum as preserved in Warkalania agrees
with Meiolania platyceps except that the ca-
nals are smaller than in AM F:57984, pre-
sumably a function of the smaller skull in
Warkalania.
QM F:22682 has two grooves preserved in

the region of the dorsal edge of the hiatus
acusticus. This opening is usually nearly
closed in Meiolania platyceps and the edges
are broken in QM F:22682. The grooves do
not appear to be part of the fossa acustico-
facialis but rather may be interpreted as the
foramen aquaducti vestibuli and one of the
foramen nervi acustici. Both grooves lead di-
rectly from the cavum cranii into the cavum
labyrinthicum and their contents cannot be
definitely determined.
QM F:22652 is a right quadrate separated

from the more medial part of the otic cham-
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ber at roughly the position of the quadrate-
opisthotic/pterygoid suture, exposing the
canalis stapediotemporalis and the canalis
cavernosus. Laterally it preserves much of
the cavum tympani and the incisura colu-
mellae auris. Although no sutures are present,
the posterior part of the processus paroccip-
italis of the opisthotic is preserved.
The medial surface ofQM F:22652 shows

the canalis stapediotemporalis and the aditus
canalis stapediotemporalis (see Gaffney,
1979b, fig. 10) but not the foramen stapedi-
otemporale itself. The foramen would lie in
the broken-off area. The supraoccipital frag-
ment, QM F:22682, has the more medial
groove leading to the foramen which would
lie in the missing contact area between pieces
F and D. The canalis cavemosus lies below
the aditus canalis stapediotemporalis and its
posterior length is preserved in QM F:22652.
The anterior part of the canalis and the fo-
ramen cavernosum are not preserved. These
structures on the medial surface of the quad-
rate in Warkalania agree closely with Meio-
lania platyceps.
The anterior surface ofthe quadrate, prob-

ably with some ofthe prootic attached, bears
the processus trochlearis oticum. The pro-
cessus in Warkalania is slightly thicker than
in Meiolania platyceps. The processus is not
determinable in Ninjemys or Niolamia.
The incisura columellae auris of Warka-

lania is closely comparable to the incisura in
Meiolania platyceps. The stapes and eusta-
chian tube are contained within the elongated
incisura that is closed posteriorly, probably
by the squamosal. In QM F:22652 the inci-
sura is incomplete posteroventrally but it was
very probably closed as in Meiolania. The
entire shape of the incisura is preserved only
in Meiolania platyceps where there is some
variability. The incisura of Warkalania is
nearly identical to Meiolania platyceps except
for the degree of development of the lobe of
bone supporting the stapes about midway
along the length ofthe incisura (Gaffiey, 1983:
fig. 45). In Meiolania platyceps this bony lobe
is larger and more definitive than in War-
kalania.
As in Meiolania platyceps, the cavum tym-

pani of Warkalania is a large oblong sphe-
roid, without a distinct antrum postoticum
or precolumellar fossa. The cavum tympani

in Warkalania, however, is not as deep me-
dially as in Meiolania platyceps. If the dor-
somedial limit ofthe incisura columellae au-
ris is used as a landmark when comparing
both taxa, it is particularly apparent that the
cavum extends medially to a greater degree
in Meiolania platyceps than in Warkalania.
Unfortunately this area is not well enough
preserved in other meiolaniid taxa for rig-
orous comparisons.
QM F:22653 consists of most of the ba-

sioccipital plus the right exoccipital. As in all
the other Warkalania fragments, sutures are
not distinguishable. The condylus basioccip-
italis of Warkalania is similar in shape and
proportions to Meiolania platyceps, the neck
of the condylus is relatively short and stout
in both taxa in contrast to most other turtles.
The articular surface ofthe condylus is slight-
ly concave in Meiolania platyceps and slightly
convex in Warkalania. The degree to which
the condylus occipitalis is made up of basi-
occipital versus exoccipitals is not determin-
able in Warkalania. The ventral surface of
the basioccipital is broken off.
The foramen magnum of Warkalania

slopes anterodorsally as in Meiolania platy-
ceps, a relatively unusual chelonian condition
but indeterminant in the other meiolaniids.
There are two pairs of foramina nervi hy-
poglossi, one pair penetrating each exoccip-
ital. In some Meiolania platyceps a very small,
third foramen nervi hypoglossi is present
(Gaffney, 1983) but most specimens have two
prominent foramina on each side as in War-
kalania. The area of the exoccipital between
the foramen magnum and the medial edge of
the foramen jugulare posterius contains the
two hypoglossal foramina, and in Warkalan-
ia forms a relatively flat surface roughly par-
allel to a transverse plane. Both posterior fo-
ramina nervi hypoglossi open at an acute an-
gle to this surface. In Meiolania platyceps this
area between foramen magnum and foramen
jugulare posterius is more curved, so that the
more posterior of the foramina nervi hypog-
lossi open at nearly right angles to the bone
surface. In the absence of the rest of the ca-
vum acustico-jugulare and fenestra postotica
in Warkalania, and the absence of compa-
rable regions in the other meiolaniids, the
significance of this difference cannot as yet
be determined.
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TABLE 12
Comparison of the Species of Meiolania

p eps brevicollis mackayl Wyandotte sp.

B hom core projecting posteriorly in relation to
skull higher lower indet indet

Width/height ratio ofB horn core 0.47-1.31 0.32 0.42-0.69 0.40-0.48
A horn core relatively large relatively small indet indet
B hom core maximum height (cm) 9.6 13.2 8.3 21.0
Parasagittal ridge on premaillary triturating sur-

fiace present absent indet indet
Cervical vertebrae relatively short high, and nar-
row no yes indet indet

Ventral keel on cervicals 5, 6 no yes indet indet
Neural spine of axis relatively high and curved

anteriorly no yes indet indet
Limb bones more robust more gracile indet indet
Estimated relative size (Meiolania platyceps =

1.0) 1.0 1.2 0.7 2.0+

In QM F:22653 the anterior and posterior
openings of the foramina nervi hypoglossi
can be seen on the right side, and on the left
side some of the internal parts of the canals
for these nerves can be seen in the broken
surface. The anterior and lateral margins of
QM F:22653 are mostly broken edges but the
posterior margin of the foramen jugulare an-
terius and the posterior wall of the recessus
scalae tympani (fide Gaffney, 1979b) are
identifiable.

Meiolania Owen, 1886b

Megalania Owen, 1881 (in errore).
Ceratochelys Huxley, 1887.
Miolania Lydekker, 1889.

TYPE SPECIES: Meiolania platyceps Owen,
1886b.
ETYMOLOGY: None given, possibly refer-

ring to meion, Greek for "lesser" and lanius,
Latin for "butcher" in contrast to Megalania,
"great butcher."
KNOwN DISTRIBUTION: Miocene ofwestern

Queensland (Gaffney et al., 1992), Miocene
ofNorthern Territory (Megirian, 1989, 1992),
Pleistocene ofnorthern Queensland (Gaffney
and McNamara, 1990), Pleistocene of Wal-
pole Island (Anderson, 1925) and Pleistocene
of Lord Howe Island (Gaffney, 1983).

DIAGNOsIs: A meiolaniid genus known
from the entire skeleton of the type species,

differing from all other meiolaniid genera by
the unique possession ofposterolaterally pro-
jecting and recurved B horns and the absence
of a continuous shelf formed by A, B, and C
scale areas; D scale low and A scale relatively
small as in Warkalania and in contrast to
Niolamia and Ninjemys; second accessory
ridge on maxillary triturating surface as in
Ninjemys; D scales meet in midline, X scale
small as in Ninjemys and Warkalania; Y and
Z scales relatively large as in Ninjemys; X
scale partially separates G scales as in Nin-
jemys and Warkalania; four tail ring seg-
ments incorporated into tail club rather than
two as in Ninjemys; tail ring armor segments
not enclosed ventrally in contrast to Ninje-
mys and Niolamia.

DISCUSSION: There are three named species
(platyceps, brevicollis, mackayi) recognized in
the genus Meiolania and a fourth probable
as the Wyandotte species (table 12). How-
ever, only two of these, platyceps and brevi-
collis, can be diagnosed adequately and dif-
ferentiated morphologically. The problem is
that the other taxa are represented by horn
cores, which provide a minimum of infor-
mation at the species level. The recurved fea-
ture of the B horn is a good character for the
genus Meiolania but the included taxa are
differentiated primarily by geography, size,
and B horn core thickness. The Meiolania
platyceps sample of 50 B horns (Gaffney,
1983) demonstrated a wide range ofvariation
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in horn core thickness in one presumed spe-
cies. Measurements ofthe four compared taxa
(table 12) show the thickness range among
them. Meiolania brevicollis is clearly the nar-
rowest, with Meiolania mackayi narrower
than most Meiolania platyceps but nonethe-
less overlapping with both Meiolania platy-
ceps and the Wyandotte species.
Even reliance on B horn thickness is not

well founded. There is a certain amount of
variation between measurements ofthe same
cores by different workers (compare Megiri-
an, 1992, and Gaffney and McNamara, 1990)
because it is so difficult to determine ho-
mologous positions on variably broken spec-
imens. The results generally agree, but using
more sophisticated analytic techniques on
horn core measurements would be pushing
the basically subjective nature of the mea-
surements too far.

Meiolania platyceps Owen, 1886b
Meiolania minor Owen, 1 886b
Ceratochelys sthenurus Huxley, 1887

TYPE SPECIMEN: BMNH R675, figured in
Owen (1886b: pl. 30, fig. 1; pl. 31, fig. 1) and
Gaffney (1983: fig. 9). Huxley (1887, fig. 3)
also illustrated this specimen, comparing it
with Chelydra.
TYPE LocALITY: Lord Howe Island, New

South Wales, Australia (Owen, 1886b). Col-
lector not definitely known, obtained by Rob-
ert Fitzgerald, well known Australian bota-
nist, in 1884 and sent to Owen in 1885. It
was collected possibly on the 1882 Thetis ex-
pedition to Lord Howe Island. It is known
that H. Wilkinson, New South Wales geol-
ogist, collected Meiolania bones on this trip
but the actual specimens have not been iden-
tified as such (see Gaffney, 1983, for a history
of Meiolania collecting on Lord Howe Is-
land). The source of the type specimen on
Lord Howe Island is also not known. The
type specimen is in heavily indurated calcar-
enite which is more typical of exposures in
the Old Settlement Beach area rather than
Ned's Beach, but indurated fossil-bearing
calcarenite can be found throughout the Ned's
Beach Calcarenite. Nonetheless, all of the
early collections seem to have come from the
lagoon side of the island (see Gaffney, 1983,

for geologic map and distribution of Meio-
lania localities).
HORIZON: Ned's Beach Calcarenite, Pleis-

tocene. The exact age ofthe Ned's Beach Cal-
carenite and the Meiolania fossils included
in it is unknown, but Gaffney (1983, see for
discussion and further references) suggested
that the fossils might be 100,000-120,000
years old.
REFERRED SPECIMENS: Gaffney (1983) pro-

vided appendices with lists ofMeiolania pla-
tyceps specimens in the Australian Museum,
Sydney (the largest and most important col-
lection), the Mining and Geological Museum
in Sydney, the Museum of Natural History
in London, and the American Museum of
Natural History. There are now hundreds of
individual bones of Meiolania platyceps
known from Lord Howe Island along with a
few articulated specimens.

DIAGNosIs: Differs from other species of
Meiolania in having a B horn core that is
usually relatively wider, however, the height/
width ratio of Meiolania platyceps varies a
great deal and does overlap with Meiolania
mackayi and the Wyandotte species; B horn
core projects posteriorly at a higher angle than
in Meiolania brevicollis; A horn core larger
than in Meiolania brevicollis; parasagittal
ridge on premaxillary triturating surface pres-
ent; cervical vertebrae relatively longer, low-
er, and wider than in Meiolania brevicollis;
no ventral keel on cervicals five and six; neu-
ral spine of axis relatively low and flat in
contrast to Meiolania brevicollis; limb bones
relatively robust in comparison to Meiolania
mackayi; estimated relative size 30% larger
than Meiolania mackayi, about 20% smaller
than Meiolania brevicollis and about 50%
smaller than the Wyandotte species.

DEsCRInrIoN: Meiolania platyceps is known
from nearly every part of the skeleton and is
represented by hundreds of specimens from
Lord Howe Island. Older literature references
can be found in Gaffney (1983) which is a
description of the skull while the vertebral
column is described in Gaffney (1985a). The
remaining postcranials are described here.

DIsCussIoN: Meiolania platyceps is by far
the most completely known member of the
family Meiolaniidae and is the basis for most
comparisons with other higher taxa ofturtles.
Nonetheless, the relatively wide range of

93



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

morphologic variation seen in the skull and
shell of the Lord Howe Island specimens
shows that there are significant problems in
understanding the alpha-level systematics of
the various meiolaniid taxa.

Meiolania mackayi Anderson, 1925

TYPE SPECIMEN: AM F: 17720, left A horn
core, figured in Anderson (1925: pl. 32, figs.
5, 6).
TYPE LOCALITY: Walpole Island, about 100

miles southeast ofNew Caledonia.
HORIZON: Specimens occur in phosphatic

guano deposits in coral rock. I am not aware
of any dating of any rocks from Walpole Is-
land but the guano is generally presumed to
be Pleistocene or Holocene.
REFERRED SPECIMENS: The following B horn

cores (fig. 77)-AM F:17654 (right), AM
F:17655 (left), AM F:17656 (left), AM
F:17721 (left), AM F:17722 (right), and AM
F:7723 (right); AM F:17719 humerus (An-
derson, 1925, pl. 38, fig. 6), AM F:17658 hu-
merus, AM F:17657 humerus, AM F:18832
tibia, AM F:17760 tibia, AM F:17662 tibia,
AM F: 17663 tibia, and AM F: 17661 radius.

DIAGNOSIS: B horn core characterized by
being narrower than most Meiolania platy-
ceps and wider than Meiolania brevicollis;
limb bones more gracile than in Meiolania
platyceps; estimated relative size at least 30%
smaller than Meiolania platyceps and Meio-
lania brevicollis and more than 50% smaller
than the Wyandotte species.

DESCIUPrION: The horn core description of
Meiolania mackayi in Anderson (1925) is
brief but accurate. There are seven Walpole
Island horn cores (fig. 77, table 13) and they
are clearly smaller and more slender, but oth-
erwise nearly identical, to Meiolania platy-
ceps. Subjectively, the Meiolania mackayi
cores are curved to about the same degree
seen in most Meiolania platyceps, but they
are a bit more curved than in Meiolania brev-
icollis and straighter than in the Wyandotte
Meiolania. Two of the Meiolania mackayi B

horns, AM F:17655 and AM F:17720, have
the complete base preserved along with some
of the contiguous squamosal bone forming
the skull proper. These pieces show the dorsal
edge ofthe cavum tympani and the C-shaped
ridge on the internal surface that defines the
antrum postoticum. They are nearly identical
to similar specimens of Meiolania platyceps
and differ only in being smaller and having
thinner bone.
The humerus in Meiolania mackayi is rep-

resented by four specimens: AM F: 17719, a
left humerus lacking the distal end and the
radial process (figured by Anderson, 1925: pl.
38, fig. 6); AM F:17658, the central shaft of
a left humerus lacking both ends; AM
F:17657, the distal end of a right humerus
lacking part ofthe ectepicondylar surface (fig-
ured by Anderson, 1925: pl. 38 figs. 7, 8); and
AM F: 17659, the distal end ofa left humerus.
Although mentioned by Anderson (1925),
none has been described in detail. The best
specimen, AM F: 17719, lacks the radial pro-
cess, the distal end, and has some damage to
parts of the articular surface. The preserved
areas agree closely with humeri ofMeiolania
platyceps, and, other than size, I can find no
morphologic differences between them. The
ulnar process in AM F: 17719 is slightly
smaller than in AM F: 18750 and the groove
entering the ectepicondylar foramen is barely
more distinct in AM F: 17719, AM F: 17657,
and AM F: 17659. The two Meiolania mack-
ayi humeri that lack distal ends are both dam-
aged in the area ofthe ectepicondylar process,
revealing the position and shape of the ec-
tepicondylar foramen. This structure and the
foramen agree closely with Meiolania platy-
ceps. AM F: 17658, the central shaft of a hu-
merus, seems to have a slightly deeper bicip-
ital fossa than AM F: 17719, but otherwise
agrees closely in size and shape.
The figures in Anderson (1925) comparing

Meiolania platyceps and Meiolania mackayi
humeri are misleading in that they show more
differences than are really present. This is
mostly due to slight differences in orienta-

Fig. 77. Meiolania mackayi, Walpole Island, New Caledonia, Pleistocene. All are B horn cores.
Upper figure: a, AM F: 17721, left, lateral view. b, AM F: 17655, left, anterior view. c, AM F: 17720 (type
specimen), left, lateral view. d, AM F:17654, right, medial view. e, AM F:17656, left, lateral view. f,
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AM F: 17723, right, anterior view. g, AM F: 17722, right, anterior view. Lower figure: a, AM F: 17721,
left, medial view. b, AM F:17655. c, AM F:17720 (type specimen), left, medial view. d, AM F:17654,
right, lateral view. e, AM F: 17656, left, medial view. f, AM F: 17723, right, medial view. g, AM F: 17722,
right, medial view.
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TABLE 13
Measurements of B Hom Cores in

Meiolania mackayi (cmn)

Width'
Width Height Height

AM F:17655 2.5 4.7 0.53
AM F:17654 2.3 3.3 0.69
AM F:17656 3.0 4.5 0.66
AM F:17720 (tpe) 3.4 6.6 0.51
AM F:17723 3.2' 6.6 0.48
AM F:17721 3.3 7.5 0.44
AM F:17722 3.6 8.4 0.42

' Esfimated

tion, treatment of damaged areas the same
as well-preserved areas, and different illus-
tration methods (lined versus halftone) among
the figures.
AM F: 17661 is a left radius of Meiolania

mackayi with a nearly complete proximal end,
but a partially missing distal end.AM F: 17661
agrees closely in shape and size with a right
Meiolania platyceps radius, AM F:205 10. The
most distal part of the Meiolania mackayi
articulation surface is broken offand the more
proximal area of that articulation surface is
damaged.
A right femur of Meiolania mackayi lack-

ing the distal end, part of the trochanter ma-
jor, and some of the edges of the head was
figured by Anderson (1925: pl. 30, fig. 3). The
figure (as all of Anderson's hatched line/Bai-
ley figures) is not a good representation ofthe
specimen. A lump ofmatrix (since removed)
on the trochanter minor was figured as part
of the bone. The Meiolania mackayi femur
appears to be identical to Meiolania platyceps
femora except in size. The intertrochanteric
fossa lacks the web of bone seen in a few
Meiolania platyceps, but this may be a factor
of size.
There are three tibias for Meiolania mack-

ayi, all nearly complete. The figured tibia
(Anderson, 1925: pl. 30, fig. 4) is a right tibia
that is the best preserved and is lacking only
some of the edges around the articular areas.
AM F: 17663 is a left tibia that is thinner and
more gracile thanAM F: 17660, although they
are both the same length. AM F: 17662 is a

right tibia that is shorter and even more grac-
ile than the other two. Comparing AM
F: 17662 with a well-developed Meiolania
platyceps tibia like AM F: 18832 shows some
difference in proportions. The other features
of the tibia ofMeiolania mackayi agree very
closely with Meiolania platyceps. The mus-
cle/ligament attachment sites in Meiolania
platyceps are more rugose and a bit larger
than in Meiolania mackayi but this differs a
great deal among the known Meiolania pla-
tyceps tibias, and within species of living tur-
tles represented by good samples.

DISCUSSION: The material representing
Meiolania mackayi is inadequate to substan-
tiate the differentiation of this taxon from
Meiolania platyceps. If it had not already been
named I would not support it as a new spe-
cies. It probably is a different "biologic" spe-
cies (whatever that is) because it's from an
isolated island, but the few morphologic fea-
tures available give only a hint of distinct-
ness. The Meiolania mackayi situation is
closely comparable to the Meiolania sp. from
Wyandotte, Queensland, (Gaffney and Mc-
Namara, 1990) which is only represented by
horn cores and a caudal vertebra. Meiolania
mackayi, however, provides a name for the
Walpole Island material that is useful in dis-
cussion. Basically the more commonly found
B horn cores of Meiolania do not provide
enough characters to objectively differentiate
these taxa in the absence of other characters.
Meiolania mackayi has B horn cores that

when measured for width and height (less
than completely objective at best, see above)
yield width/height ratios of 0.42-0.69 with
the more complete cores averaging about 0.5 3
(total average is also 0.53). This is relatively
narrower than most B horns of Meiolania
platyceps but within its range of 0.47-1.31.
Meiolania brevicollis is clearly narrower at
0.32 but the Wyandotte species is very close
at 0.40-0.48. Only Meiolania platyceps has
a large sample of cores, however, and as An-
derson warned in 1925, ". . . it is barely pos-
sible that a larger series would show a gra-
dation and enable the two to be united under
the name Meiolania platyceps" (p. 240). So
Meiolania mackayi can be differentiated at
present only by its small size and fairly nar-
row B horn cores.
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Meiolania brevicollis Megirian, 1992

TYPE SPECIMEN: NTM P87103-2, partial
right squamosal consisting of A and B scale
areas.

LOCALITY: "Blast Site," Camfield Station,
Northern Territory.
HORIZON: Bullock Creek Local Fauna,

probably Middle to Late Miocene (Megirian,
1992).
REFERRED SPECIMENS: From the "Blast

Site," NTM P8695-93, second cervical ver-
tebra; NTM P87103-4, fifth cervical verte-
bra; NTM P894-1, sixth cervical vertebra;
NTM P894-2, rostrum fragment composed
of the nasal and left cheek regions; NTM
P87103-8, partial right hypoplastron with the
anterior extremity ofthe xiphiplastron; NTM
P87103-7, carapace fragment; NTM P87103-
29, distal first costal with part of the first
thoracic rib; NTM P87103-6, osteoderm;
NTM P87103-3, base of a left B horn-core
with part of the cavum tympani. From "Top
Site," NTM P87114-3, isolated A horn core;
NTM P87114-2, left cranial cheek region with
part of the orbit preserved.

DiAGNOSIS: Differs from all other species
ofMeiolania in having a very narrow B horn
core; B horn core projects posteriorly at a
lower angle than in Meiolania platyceps; A
horn core small in comparison to Meiolania
platyceps; parasagittal ridge on premaxillary
triturating surface absent; cervical vertebrae
relatively shorter, higher, and narrower than
in Meiolania platyceps; ventral keel on cerv-
icals five and six present; neural spine of axis
relatively high and curved anteriorly in con-
trast to Meiolania platyceps; estimated rela-
tive size 20% larger than Meiolania platyceps,
+ 50% larger than Meiolania mackayi, and
roughly 40% smaller than the Wyandotte spe-
cies.

DESCRIPTION: Meiolania brevicollis is
known from a partial skull, various skull frag-
ments, cervical vertebrae, and other ele-
ments. Descriptions and figures of this ma-
terial are in Megirian (1989, 1992).

DISCUSSION: This species and Meiolania
platyceps are the only adequately diagnosed
Meiolania species. Although Meiolania brev-
icollis is known from sparse material com-
pared to Meiolania platyceps, the specimens

do allow comparison of more characters be-
sides the thickness of the B horn core.

Meiolania cf. platyceps
CONSISTS OF: NMV P183195 (fig. 78), a left

B horn core; NMV P183196 (fig. 78), a right
B horn core; NMV P183197, a left B horn
core and surrounding areas ofskull roof; NMV
P183198, a posterior caudal vertebra. The
horn cores are also figured in Gaffney and
McNamara (1990: figs. 1, 2).
LOCALITY: Wyandotte Creek, northern

Queensland (see McNamara, 1990).
HORIZON: Unit A, Wyandotte Formation,

Late Pleistocene, between 45,000 and 200,000
years before present (Gaffney and McNa-
mara, 1990).

DESCRIPTION: For ease of comparison, this
description is in the form of a diagnosis:

Differs from all other Meiolania species in
relatively large size, estimated body size at
least 70% larger than any other Meiolania; B
horn core relatively wide as in most Meio-
lania platyceps and Meiolania mackayi and
distinctly wider than in Meiolania brevicollis.

Gaffney and McNamara (1990) provided
figures and descriptions of the Wyandotte
specimens. See also tables 14 and 15.

MEIOLANIIDAE
INDETERMINATE TO GENUS

CONSISTS OF: A large number of fragments
in the Mining Museum, Sydney, including
four figured by Etheridge (1889). One ofthese,
a cranial horn core, MM F:13841, is de-
scribed here along with two other skull frag-
ments, a right quadrate, MM F: 13855, and a
lower jaw, MM F: 13898 (fig. 79).
HoRIzoN: Probably Early Miocene (see

Gaffney, 1981, for references and discussion).
LOCALITY: Canadian Lead, four and a half

miles from Gulgong, New South Wales.
DESCIUPTION: B horn core (fig. 79). The

Gulgong horn core MM F:13841 is clearly
identifiable as a B scale area and is most com-
parable to B horn cores of the genus Meio-
lania. The Gulgong specimen exhibits re-
curving which is limited to that genus in the
presently adopted systematic scheme. The
natural rugosity of the bone surface seems to
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Fig. 78. Dorsal views of meiolaniids for comparison with Wyandotte horn cores. All photographs
to same scale. Upper, Ninjemys oweni, cast ofBMNH R39 1, Darling Downs, Queensland. Middle, cf.
Meiolania platyceps, Wyandotte Station, Queensland, B horn cores, NMV P183195 (left) and NMV
P183196 (right). Lower, Meiolania platyceps, Lord Howe Island, AM F: 16866. All specimens are casts
of originals. From Gaffney and McNamara (1990).

have been exaggerated by erosion and weath-
ering but I am assuming that the original shape
has not been significantly altered. There is no
indication of scale margins or sulci.

The Gulgong B horn core seems to be from
the right side but this is not certain. The inner
surface is not well-enough preserved to show
the antrum postoticum and the outer surface
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TABLE 14
Comparison of Horn Cores

Width/
Width Height Height

Meiolania platyceps (Lord Howe Island)
AM F:1209 Oeft) 4.7 9.6 0.48
AM F:1209 (right) 4.9 9.3 0.52
AM F:47544 (right) 4.5 7.5 0.60
AM F:16866 Oeft) 4.5 8.3 0.54
AM F:16866 (right) 4.5 8.4 0.53

Meiolania cf. p cps (Wyandotte)
NMW 183195 Oeft) 8.5 20.5 0.41
NMV 183196 (right) 8.5 21.0 0.40
NMV 183197 Oeft) 9.0 18.5 0.48

lacks any natural edges. The horn, however,
is curved asymmetrically in the same way
that most Meiolania platyceps B horns are
curved, and this is the basis for the deter-
mination of it as a right horn core.
The Gulgong horn core is much smaller

than nearly all of the known Meiolania cores
with the exception of a few Meiolania pla-
tyceps specimens. The sample of this species
is large and shows a great deal of variability
in scale area development (Gaffney, 1983).
From the other Gulgong specimens it is likely
that the Gulgong species is smaller than the
Lord Howe species and the small horns are
a reflection of this rather than of unusually
small horn cores as is the case in some Meio-
laniaplatyceps (e.g., AM F:43 183). The height
of the Gulgong horn is measured as 2.6 cm
but the tip is broken and the horn was pre-
sumably closer to 3.0 cm. The width is harder
to measure because the Gulgong horn is flat-
tened rather than circular in cross section as
in all other currently recognized Meiolania
species. The narrowest dimension is about
2.2 cm and the broadest dimension is about
2.5 cm. The width/height ratios would vary
from 0.73 to 0.96 for the Gulgong core, but
the one most comparable to the ratios gen-
erated forMeiolaniaplatyceps(Gaffney, 1983)
and Meiolania brevicollis (Megirian, 1992)
would be 0.73. This one falls at one end of
the Meiolaniaplatyceps samples but certainly
within the group. The entire spread of the
Gulgong ratios, 0.73 to 0.96, falls outside the
Meiolania brevicollis, Meiolania mackayi, and
the Wyandotte Meiolania species.

TABLE 15
Meiolaniid Caudal Measurements (cm)

Prob-
able

caudal Length of same
num- caudal in
ber Length M. platyeps

NMV P183198 7 11.2 4.8 (AMF:18715)
QM F:9034 3 7.2 4.5 (AM F:18704)
QM F:32155 7 9.9 4.8 (AMF:18715)

However, a more significant distinction be-
tween the Gulgong horn and other Meiolania
horns is the flattening seen in cross section.
All the other known meiolaniid B horns that
are recurved are also nearly circular in cross
section without significant flattening. The
Gulgong horn is flattened more or less dor-
soventrally as seen in Niolamia (fig. 63) and
Warkalania (fig. 71). Furthermore the flat-
tening is asymmetrical with a low ridge ex-
tending posteromedially from the shaft ofthe
horn. This is comparable to the form of
asymmetrical flattening seen in Warkalania
(Gaffney et al., 1992). This feature suggests
a more primitive condition for the B horn
core in the Gulgong species, although it would
seem that the distinct recurved shape still
places it in or near the genus Meiolania.

Quadrate (fig. 79). A partial right quadrate
MMF:13855 from Gulgong is identifiable as
meiolaniid, on the basis ofits large size (com-
pared with possible alternative turtle groups
in the Australian fauna) and its clearly cryp-
todiran features. Comparison ofthe quadrate
is primarily with Meiolania platyceps due to
the lack ofgood material from the other taxa.
A disarticulated left quadrate of Meiolania
platyceps, AMNH 20921, has made this com-
parison easier.
The Gulgong quadrate preserves the an-

terior surface of the cavum tympani that is
continuous with the incisura columellae au-
ris. The opening of the incisura is only par-
tially preserved but appears to be slightly
larger than in Meiolania platyceps. The lat-
eral wall of the cavum acustico-jugulare is
similar to Meiolania platyceps but the wall
itself, formed by the cavum tympani laterally
and the cavum acustico-jugulare medially is
much thicker in the Gulgong quadrate than
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Fig. 79. Meiolaniidae indeterminate, Gul-
gong, New South Wales, Miocene. Two views of
three fragments. Upper left, posterior view ofright
squamosal B horn core MMF: 13841. Upper cen-

ter, posterior view of lower jaw symphysis MMF:
13898. Upper right, medial view ofright quadrate
MMF: 13855. Lower left, lateral view ofright squa-
mosal B horn core MMF:13841. Lower center,
dorsal view of lower jaw symphysis MMF: 13898.
Lower right, lateral view of right quadrate MMF:
13855.

in Meiolania platyceps. This probably indi-
cates that in Meiolania platyceps the cavum
tympani is more extensive medially than in
the Gulgong species. The aditus canalis sta-
pediotemporalis and the canalis stapedi-
otemporalis can be seen in the Gulgong quad-
rate. They are very similar to those canals in
Meiolania platyceps as seen in AMNH 20921.
The processus articularis is missing in the
Gulgong quadrate. The less extensive cavum
tympani in the Gulgong species is probably
a more primitive condition than the more
extensive one seen in Meiolania platyceps.
Lowerjaw (fig. 79). The lowerjaw fragment

is described along with the Riversleigh lower
jaw in that section.

Meiolaniidae indeterminate

CONSISTS OF: UCMP 61018, an associated
but not articulated group of fragments, pre-

sumed to represent a single individual; cer-
vical rib, articular region of lower jaw, ele-
ments ofmanus and pes (figs. 81, 82), caudal
vertebrae, shell fragments.
HORIZON: Etadunna Formation, Ngapak-

aldi Fauna, Late Oligocene; (Woodbume et
al., 1993).

LOCALITY: UCMP V5857, Lake Pitikanta
(fig. 80), South Australia (Stirton et al., 1961,
fig. 2, for map).

DESCIuPTION: Limb elements. These ele-
ments, five unguals, right metacarpal I and
phalanx I, right metatarsals I, II, and III, are
identified solely on the basis of comparison
with Lord Howe Island Meiolania platyceps;
there was no original articulation. The South
Australian foot bones are quite similar to
those ofMeiolania platyceps but differ in be-
ing more lightly built.
The metacarpal I ofUCMP 61018 is very

similar to the same bone in AM F: 57984 (figs.
81, 82). They both have the same blocklike
shape with the proximal articulation beveled
for the first distal carpal, so that the medial
edge is shorter than the lateral edge. The dor-
sal surface of both is slightly depressed with
a distinct tuberosity on the lateral edge. The
distal articulation surface for the phalanx is
relatively flat in AM F:57984 but UCMP
61018 has a dorsoventral channel dividing
the surface. This is the only apparent differ-
ence between the two bones. Ventrally both
have a large process on the proximal edge for
the flexor attachment.
The phalanx of the first digit in UCMP

61018 was identified on the basis ofthe close-
ness of its fit to the metacarpal I. It has a
dorsoventral ridge on its proximal articula-
tion surface where it fits against metacarpal
I. This ridge-and-channel form is seen com-
monly throughout turtles and its absence in
Meiolania platyceps appears to be a derived
feature of this form. The first digit phalanx
is a relatively small, irregular block that has
a better-defined flexor process in UCMP
61018 than in AM F:57984 and a better-
formed distal articulation. In AM F:57984
the first digit differs from the others in having
a much smaller ungual that just sits on the
phalanx as a cap. The better formed articu-
lation in UCMP 61018 suggests that in this
Miocene form the ungual was more like the
other unguals and less derived than in Meio-
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Fig. 80. Lake Pitikanta, South Australia, UCMP locality V5857. The white enclosed area is the spot
in the Oligocene Etadunna Formation where the meiolaniid, UCMP 61018, was discovered. Photo by
Dr. R. Tedford, 1958.

lania platyceps. One or more of the UCMP
61018 unguals could have belonged to digit
I and articulated with the first phalanx but
the rather general nature of the joint articu-
lations prevents a reasonable identification.
The other metapodials are from the right

hindfoot. Metatarsal I in Meiolania platyceps
is very distinctive, very short and broad with
no pinching along the main body. The South
Australian metatarsal I is also short and broad
in comparison to the more lateral metatarsals
but not quite as short and broad as in AM
F:57984. UCMP 61018 also has a slight in-
dication ofa narrower main body. The distal
articulation surface in AM F:57984 is rela-
tively flat, while in UCMP 61018 there is a
dorsoventral channel or groove dividing the
surface. This groove is commonly found in
other turtles.

Metatarsal II is also heavier and thicker in
Meiolania platyceps than in the South Aus-
tralian form. UCMP 61018 has a slimmer
shape with a narrower pinching along the

shaft. The distal articulation surface ofAM
F:57984 has a vestige of the dorsoventral
channel that is well developed in UCMP
61018.

Metatarsal III differs from metatarsal II in
being narrower and slightly smaller. As in
metatarsal II, the metatarsal III of the two
meiolaniids differ in degree of robustness.
UCMP 61018 is thinner and has a more pro-
nounced pinching on the shaft than AM
F:57984. The distal articulations are both
similar, however, UCMP with a slightly more
pronounced dorsoventral channel and AM
F:57984 with a less pronounced but still dis-
tinct dorsoventral channel.
The unguals ofthe manus and pes in Meio-

lania platyceps are hardly distinguishable so
there is no basis for identifying the unguals
in UCMP 61018 as to position. However, the
South Australian unguals are not as flattened
as in the Lord Howe species. Otherwise they
are very similar to each other.
A right radius lacking the distal articula-
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Fig. 81. Meiolaniidae indeterminate, Lake Pitikanta, South Australia, Etadunna Formation, Oli-
gocene. Elements of manus and pes in dorsal view in upper two rows. Lower row shows same elements
in Meiolania platyceps for comparison. a-e, Manus and/or pes unguals UCMP 61018. f, Right metatarsal
III, UCMP 61018. g, Right metatarsal III, UCMP 61018. h, Right metatarsal I, UCMP 61018. i, Right
carpal phalange I and right metacarpal I, UCMP 61018. j, Right metatarsal III, AM F:57984. k, Right
metatarsal II, AM F:57984. 1, Right metatarsal I, AM F:57984. m, Right carpal phalange I and right
metacarpal I, AM F:57984.

tion agrees closely with Meiolania platyceps.
This radius is smaller than AM F:49 141 and
about the same size as AM F:5527, both of
Meiolania platyceps. The proximal articula-
tion surface in UCMP 61018 is more circular
than in AM F:5527 but otherwise they are
almost the same.

Caudal vertebrae. A nearly complete ver-
tebra in UCMP 61018 appears to be a first
caudal on the basis ofcomparison with Meio-
lania platyceps (Gaffney, 1985a, fig. 14). It
has the anteriorly curving transverse pro-
cesses and inclined central axis characteristic
of this vertebra. The South Australian form

NO. 229102



1996 GAFFNEY: POSTCRANIAL MORPHOLOGY OF MEIOLANIA PLATYCEPS

Fig. 82. Meiolaniidae indeterminate, Lake Pitikanta, South Australia, Etadunna Formation, Oli-
gocene. Elements of manus and pes in ventral view in upper two rows. Lower row shows same elements
in Meiolania platyceps for comparison. a-e, Manus and/or pes unguals UCMP 61018. f, Right metatarsal
III, UCMP 61018. g, Right metatarsal III, UCMP 61018. h, Right metatarsal I, UCMP 61018. i, Right
carpal phalange I and right metacarpal I, UCMP 61018. j, Right metatarsal III, AM F:57984. k, Right
metatarsal II, AM F:57984. 1, Right metatarsal I, AM F:57984. m, Right carpal phalange I and right
metacarpal I, AM F:57984.

is very similar to AM F:61409 from Lord
Howe except in the form of the anterior cen-
tral articulation. In AM F:61409 the articu-
lation surface is a low convexity while in
UCMP 61018 the articulation is a concavity.

The surface in both is wider than high in
contrast to the posterior central articulation
which is equidimensional in both. Also in
both the posterior articulation is concave.
Another caudal in UCMP 61018 is com-
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plete except for the neural arch and spine,
and seems to be from the anterior region of
the caudal series. It is probably around fourth
or fifth on the series being particularly similar
to the caudal figured in Gaffney (1985a: fig.
1 5B) as the fourth. It is slightly longer and a
little deeper suggesting a more posterior po-
sition. It should be kept in mind, however,
that an articulated tail is not known from
Meiolania platyceps and the series assigna-
tions in Gaffney (1985a) are based on mor-
phology. UCMP 61018 also includes two
other more posterior caudal centra and many
fragments.

Cervical ribs. UCMP 61018 includes a sin-
gle (right) cervical rib that is similar to but
not identical with those in Meiolania platy-
ceps (Gaffney, 1985a: fig. 11). The ribs of
Meiolania platyceps change shape between
the fourth and fifth cervicals because the in-
tercentral articulation pattern changes (see
ibid.). In cervicals 2 and 3 the intercentra are
fused to the posterior edge of the centrum.
Cervical 4 has no intercentra fused to it, and
cervicals 5 through 8 have the intercentra
fused to the anterior edge of the centra. The
cervical ribs articulating with centra 2 through
4 have the two heads about the same length
but the ribs articulating with centra 5 and 6
have the capitulum (ventral head) distinctly
longer than the tuberculum (dorsal head).
Centra 7 and 8 either lack or have very small
ribs in Meiolania platyceps. The cervical rib
found with UCMP 61018 is one of the more
posterior ribs, with a long capitulum and is
therefore associated with a cervical posterior
to cervical 4. However, it is larger than the
ribs of cervicals 5 and 6 preserved in Meio-
lania platyceps. It is likely that the rib in
UCMP 61018 represents a more primitive
condition ofthe serial morphology ofcervical
ribs than those in Meiolania platyceps. Meio-
lania platyceps has the unusual condition of
the anterior ribs being largest and the ribs
becoming smaller posteriorly. In UCMP
61018 the larger posterior rib suggests that
this process was not as developed in this spe-
cies as it was in Meiolania platyceps. The
cervical rib from another individual, UCMP
84682, from Lake Ngapakaldi, supports this
idea. If UCMP 61018 is a fifth cervical rib
then UCMP 84682 could be a sixth rib be-
cause it is smaller yet not as small as com-

parable posterior ribs ofMeiolania platyceps.
Both UCMP 61018 and UCMP 84682 ribs
differ from Meiolania platyceps in having the
tuberculum better defined and set off from
the main shaft to a greater-extent. It could be
argued that the South Australian ribs are clos-
er to a primitive condition than those in
Meiolania platyceps because of their better-
defined articulations, a condition seen in Pro-
ganochelys (Gaffney, 1990). Proganochelys,
as well as primitive tetrapods generally, has
the cervical ribs approximately equal in size
along the series in contrast to Meiolania pla-
tyceps which has a strong reduction in rib size
posteriorly in the series. It could be argued
that the South Australian form has this con-
dition but not as extreme as in Meiolania
platyceps. IfUCMP 61018 and UCMP 84682
are from the same species and similar-sized
individuals and if the above identifications
are correct, then the more posterior ribs do
show a reduction in size but not to the degree
seen in Meiolania platyceps. In any case, it is
likely that these ribs are from a different spe-
cies than Meiolania platyceps. In the absence
ofany cervical ribs associated with any other
meiolaniid, further comparisons are impos-
sible.
Right atlantal neural arch. A right neural

arch from the atlas is preserved in UCMP
61018. It is very similar to one from Meio-
laniaplatyceps, AM F:57984, figured in Gaff-
ney (1985a: fig. 2, left, and fig. 5). UCMP
61018 differs from AM F:57984 in being
slightly narrower anteroposteriorly but
UCMP 61018 is wider than the atlantal neu-
ral arch of AM F:61105 (Gaffney, 1985a:
fig. 1).

Left lower jaw fragment. A portion of the
left prearticular, angular, and articular in
UCMP 61018 is very similar to those bones
in Meiolania platyceps, AM F:57984, as fig-
ured in Gaffney (1983: figs. 61, 62). The part
of the angular forming the ventral margin of
the foramen intermandibularis caudalis is
present and is very similar to Meiolania pla-
tyceps. The foramen posterius chorda tym-
pani lies on the dorsal surface of the area
articularis mandibularis as in Meiolania pla-
tyceps. The area articularis mandibularis in
UCMP 61018 is slightly smaller than in AM
F:57984 but this is the only difference.

Shellfragments. There are a number ofshell
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Fig. 83. Meiolaniidae indeterminate, Lake Pinpa, South Australia, Namba Fromation, Oligocene,
AMNH 12133. a, Dorsal (internal) view of a left xiphiplastron, anterior to the right, medial toward
bottom of page. b, Osteoderm in internal view. c, Osteoderm in external view. d, Costal fragment in
external view. e, Costal fragment in internal view showing rib trace along lower edge. f, Unidentified
bone.

fragments associated with UCMP 61018 and
these are the typically meiolaniid thin bones
with a dorsal surface of irregular pits and
short channels. One peripheral fragment has
a marginal sulcus and does not show a ser-
ration as in Meiolania platyceps. However,
this could be from an anterior peripheral and
only the posterior peripherals of Meiolania
platyceps are serrated.

Meiolaniidae indeterminate
CONSISTS OF: AMNH 12133 (figs. 83, 84),

an associated group of fragments, some in
articulation presumed to represent a single
individual; two caudal vertebrae, left ilium,
left xiphiplastron, costal fragments, osteo-
derms, and an unidentified bone.
HORIZON: Namba Formation, Pinpa Fau-

na, Late Oligocene (Woodburne et al., 1993).

LocALITY: Lake Pinpa, Site D, South Aus-
tralia (see Tedford et al., 1977, for map). Col-
lector: R. Tedford, 1971.

DESCRIPTION: Caudal vertebrae (fig. 84).
Two caudal vertebra with this specimen are
very similar to caudals ofMeiolania platyceps
described by Gaffney (1985a: fig. 15). They
are particularly close to AM F: 18715 (ibid.,
fig. 15C) which is identified as caudal seven
in the reconstruction of the tail in Meiolania
platyceps.

Left ilium (fig. 84). Associated with the oth-
er elements ofAMNH 12133, is a left ilium,
which is similar to ilia ofMeiolaniaplatyceps.
The acetabular portion bears the usual one-
third ofthe articulation, but the articular sur-
face faces more posteriorly than in specimens
of Meiolania platyceps. The internal surface
of the dorsal process which articulates with
the sacral ribs, is eroded in AMNH 12133,
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Fig. 84. Meiolaniidae indeterminate, Lake Pinpa, South Australia, Namba Formation, Miocene. a,
AMNH 12134, ventral view of manus or pes ungual. b, AMNH 12133, posterior caudal. c, AMNH
12185, metatarsal/metacarpal. d, AMNH 12133, left ilium in lateral view. e, AMNH 12133, posterior
caudal with hemal arch.

and its original shape is not completely pre-
served. However, instead of flaring dorsally
as in Meiolania platyceps, AMNH 12133 is
narrower and seems to have less room for
sacral articulations. Although the shape of
the dorsal process of the ilium in AMNH
12133 definitely differs from that in Meio-
lania platyceps, the extent and systematic sig-
nificance of this difference is not clear.

Left xiphiplastron (fig. 83). Associated with
the other elements ofAMNH 12133 is a flat
bone (fig. 83a) that, thanks to Dr. Peter Mey-
lan, is best identified as a left xiphiplastron.
The bone is similar to the right xiphiplastron
of AM F: 18775 but smaller and not as well
ossified. AMNH 12133 has a relatively
smooth internal (dorsal) surface and a more
rugose external (ventral) surface. There is no
sign of a sulcus on the external surface. The
xiphiplastron is thick along its lateral edge
and thins medially to a series of digitate pro-
jections, similar to xiphiplastra ofMeiolania

platyceps. Also as in Meiolania platyceps,
there seem to be midline fontanelles. One
fairly large fontanelle is at the anteromedial
edge, with one or two smaller ones more pos-
teriorly. The AMNH 12133 xiphiplastron is
roughly 20% smaller than AM F: 18775, which
is consistent with the other elements thought
to belong to the individual represented by
AMNH 12133. In addition to size, the xiph-
iplastron ofAMNH 12133 differs from that
in Meiolania platyceps in being less ossified;
the medially directed processes are longer and
the fontanelles larger.

Costal fragments (fig. 83). Carapace frag-
ments of costal bones showing rib traces are
associated with the other elements ofAMNH
12133. These bones show the typical external
surface texture of irregular pits and short
channels and grooves (fig. 83d, e).
Osteoderms (fig. 83). AMNH 12133 in-

cludes teardrop-shaped conical bones that are
associated with limbs in Meiolania platyceps
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and found with a number ofmeiolaniid spec-
imens (see previous section on manus). These
bones form spurs or projections covered with
a scale and exposed on the outer surface of
the limb. They are similar to those seen in
living testudinids. A second, larger ossifica-
tion type also seems to be embedded in the
skin with one surface exposed. This osteo-
derm is broadly curved and has a thickened
edge. Similarly shaped osteoderms also occur
in the Gulgong collections, but do not occur
in the extensive Meiolania platyceps collec-
tions from Lord Howe Island. It is possible
that these larger, curved osteoderms are part
of tail sheaths.
DISCUSSION: AMNH 12133, the Pinpa

meiolaniid, is similar to Meiolania platyceps
but is 200/o-30% smaller and has minor dif-
ferences in some elements. Unfortunately key
diagnostic areas, like horn cores, tail club, or
lower jaws, were not found with the speci-
men. Nonetheless, it is unlikely to be the same
species as Meiolania platyceps but could rep-
resent another species of Meiolania or a dif-
ferent taxon such as Warkalania.

Unidentified bone. A small, triangular bone
was found associated with the other elements
ofAMNH 12133. The bone is most similar
to an epiplastron but, although well pre-
served, there is no sign ofany scale sulci. The
broad end has an unusual, semicircular mar-
gin. All ofthe margins appear unbroken. The
convex, curved margin appears to be a free
edge while the more irregular margins appear
to be sutures. It is totally different from the
epiplastra ofMeiolania platyceps which have
well-developed gular projections and obvi-
ous scale areas. The bone looks like it should
be part of a turtle shell, but I am unable to
identify it further.

Meiolaniidae indeterminate

CONSISTS OF: UCMP 84682, cervical rib.
HORIZON: Wipajiri Formation, Middle

Miocene (Woodburne et al., 1985, 1993).
LocALITY: UCMP V6213, Leaf Locality,

Lake Ngapakaldi (see Stirton et al., 1967, for
maps).

DESCRIPTION: See UCMP 61018.

Meiolaniidae indeterminate
CONSISTS OF: QM F:22655, an A horn core

(fig. 85); QM F:22656, lower jaws (fig. 87);

QM F:22657, caudal vertebra; QM F:22658-
QM F:22660, tail rings (fig. 86); QM F:2266 1,
tibia; QM F:22662, osteoderm; QM AR1667,
postorbital; QM AR 9949, quadrate (fig. 85).
HoRIzoN: Carl Creek Limestone, early

Miocene (Woodburne et al., 1993; see also
Archer et al., 1989).

LOCALITY: Riversleigh Station, Queens-
land. See Archer et al. (1989).

DEscRIPTIoN: (Much ofthis section is from
Gaffney, et al., 1992.) "A "scale area (fig. 85).
QM F:22655 appears to be the left A scale
area of a species very similar to Meiolania
platyceps. The specimen is unfortunately very
limited in useful features, and a break in the
middle of the scale area makes other inter-
pretations possible. As preserved, the frag-
ment is a triangular piece of bone with the
apex divided by breakage. It looks as if the
broken area was originally filled with bone
forming a single, large projection. However,
the presence in the Miocene ofnorthern Aus-
tralia of at least two meiolaniid taxa makes
a less likely alternative possible, namely that
this is a B plus C scale area with the gutter
between the two represented by the broken
area. However, on the dorsal surface there is
no sign of a trough or depression as in War-
kalania, and, most importantly, in the inter-
nal surface there is one continuous sheet of
finished bone with no indications of a de-
pression for each scale area as in Warkalania.
QM F:22655 does differ from Meiolania pla-
tyceps in having more acute posterior edges,
rounded in Meiolania platyceps. The A horn
of Meiolania brevicollis (Megirian, 1989,
1992) is lower than in either Meiolania pla-
tyceps or QM F:22655 and does not have
acute edges either. At present, however, the
best interpretation ofthis specimen is that of
Meiolania in the strict sense, species indet.
Lowerjaws (fig. 87). A lowerjaw ofa meio-

laniid from Riversleigh is QM F:22656
(Camel Sputum). The specimen consists of
most of the fused dentaries, the right side
being more broken posteriorly. The jaws are
very deep, much deeper than any chelid, but
relatively narrow. In addition to Meiolania
platyceps (Gaffney, 1983), partial lower jaws
(table 16) are known for Niolamia (Wood-
ward, 1901; see also fig. 64) and for an un-
named meiolaniid known from very frag-
mentary material from Gulgong, New South
Wales (MM F: 13898, see fig. 79). All thejaws

107



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Fig. 85. Meiolaniidae indeterminate, Riversleigh Station, Queensland, Miocene. Left, QM AR 9949,
portion of left quadrate, quadratojugal, and squamosal in lateral view (upper) and medial view (lower).
Right, QM F:22655, left A scale area in dorsal view (upper) and ventral view (lower).

are relatively deep, have fused mandibular
symphyses, and parallel labial and lingual
ridges separated by a trough. In Niolamia and
the Gulgong fragment, the ridges are low and
the trough shallow (probably exaggerated by
breakage) and there is no symphyseal or me-
dian cusp. In Meiolania platyceps and QM
F:22656 the ridges are sharp and well defined

and a medial cusp is present (Gaffney, 1983:
449). The lingual (inner) ridge is distinctly
higher than the labial (outer) ridge in Meio-
lania platyceps and QM F:22656 in contrast
to the ridges being even in Niolamia and the
Gulgong fragment. The Riversleigh jaws,
however, differ significantly from Meiolania
platyceps. The lingual ridge in Meiolania pla-
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TABLE 16
Meiolaniid Lower Jaws

Niolamia Meiolaniid Meiolania Meiolaniid indet,
argentina indet. plys Riversleigh

Basis ofcompanson AMNH cast + MMF:13898 AM F:57984 QM AR 17101
Woodward, 1901

Portion preserved most of dentary symphyseal area of entire lower jaw most of dentary
dentary

Lingual ndge higherthan labial no no yes yes
ridge

Symphyseal cusp absent absent present present
Accessory ridge present adja- no no yes no

cent to lingual ridge
Anterior edge of lower jaw at sloping sloping vertical vertical

symphysis
Triturating ridges low very low high high

tyceps is accompanied by an equally well-
developed accessory ridge, absent in QM
F:22656. This accessory ridge (Gaffhey, 1983:
fig. 62) is matched by an accessory ridge in
the skull (Gaffney, 1983: fig. 32), also present
in Ninjemys and Meiolania brevicollis (both
of which lack lower jaws but presumably
would have accessory ridges on them). It is
unlikely that QM F:22656 belongs to the ge-
nus Meiolania. It is possible that they belong
to Warkalania, although there is no real ev-
idence for this.
Caudal vertebra. QM F:22657 (Camel Spu-

tum) is a caudal vertebra split horizontally
through the centrum with the lower part lost.
The preserved section, consisting of neural
spine, zygapophyses, and dorsal part of the
centrum, is very similar to described caudals
of Meiolania platyceps. QM F:22657 is sim-
ilar to AM F: 18715, figured in Gaffney
(1985a: fig. 15C). The neural spine is a bit
shorter and more like AM F:57984 (ibid., fig.
15B) which is a more anterior caudal.

Tail rings (fig. 86). Three meiolaniid tail-
ring pieces have been recovered from Riv-
ersleigh sites. Despite the relatively large
number of specimens of meiolaniids found
on Lord Howe Island, an articulated caudal
series of vertebrae or dermal ossifications is
still unknown for any meiolaniid. It is pos-
sible to roughly determine relative positions
of tail rings and to categorize serial differ-
entiation (Gaffney, 1985a: 26). Using criteria
developed from Meiolania platyceps, the most

anterior tail ring is QM F:22660 (Camel Spu-
tum), with more posterior rings being QM
F:22658 (Ringtail Site), and QM F:22659
(Sticky Beak). The anterior ring, QM F:22660,
has two projections, probably the two on the
right side, and is similar to the fragment fig-
ured by Owen (1888: pl. 36, figs. 7-9). The
projections in QM F:22660 are more acute
than in the figured specimen, but this is prob-
ably due to the Riversleigh specimen being
from a more posterior position.
A more posterior tail ring is QM F:22658

(the specimen originally identified by Alex
Ritchie of the Australian Museum), which is
the only Riversleigh tail ring to be essentially
complete (fig. 86). It is similar toAM F:50635,
figured in Gaffney (1985a: fig. 21), but the
projections are lower in QM F:22658. Again,
however, this is probably due toQM F:22658
being more anterior than AM F:50635. In
Meiolania platyceps, it is likely that the paired
projections of the tail rings become more
pointed posteriorly, and that the anteropos-
terior width of the ring increases posteriorly
but the diameter decreases posteriorly. QM
F:22659 is similar to but less complete than
QM F:22658. Both seem to be from the pos-
terior part of the tail although QM F:22659
has a smaller diameter and may be more pos-
terior than QM F:22658.
Both Niolamia (Woodward, 1901: pl. 18,

fig. 2) and Ninjemys (Owen, 1881: pl. 65, figs.
1-4) have posterior tail rings preserved. As
noted by Gaffney (1985a: 27) the only ap-
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Fig. 86. Meiolaniidae indeterminate, Riversleigh Station, Queensland, Miocene. Tail ring,QM F:22658.
Upper left, anterior view; upper right, posterior view; lower, lateral view.

parent systematic difference among the tail
rings ofmeiolaniids is that the posterior rings
of Niolamia and Ninjemys are complete cir-
cles, while in Meiolania platyceps the pos-
terior rings are incomplete ventrally. QM
F:22658 is well-enough preserved to show
that it is incomplete ventrally and nearly in-
distinguishable from Meiolania platyceps.

Tibia. A partial right tibia, QM F:22661
(Camel Sputum), consists of the distal two-
thirds of this limb bone. The bone is indis-
tinguishable from Meiolania platyceps (see
Owen, 1888: pl. 36, fig. 2), except in being
worn around the edges. The size is also within
the middle range of Meiolania platyceps tib-
ias.

Osteoderm. QM F:22662 (Camel Sputum)
is an asymmetrical, tear-drop shaped osteo-
derm, typical ofmeiolaniids and nearly iden-
tical to ones found on Lord Howe Island be-
longing to Meiolania platyceps. A figure of a
Meiolania platyceps osteoderm that is very
similar to this Riversleigh specimen can be
found in Owen (1888: pl. 36, fig. 10). Similar
osteoderms occur at Gulgong and Lake Pin-
pa.

Left postorbital. A left postorbital (QM
AR16677) shows close similarities to Meio-
lania platyceps. The bone preserves the pos-
terior orbital margin, the thickened trans-
verse ridge on the internal surface behind the
fossa orbitalis, and much ofthe temporal roof-
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ing area of the postorbital. However, due to
breakage a sutural edge is preserved only along
the anterior and anteromedial margins.
The Riversleigh postorbital differs from

that bone in Meiolania platyceps principally
in the presence ofsulci as grooves rather than
raised ridges. The sulci defining the circum-
orbital F scale are present in about the same
place in both species. However, medially the
F-H sulcus divides into two sulci to form a
scale pattern that is not strictly identical to
Meiolania platyceps. The scale so defined is
probably a large G scale that is more prom-
inent in Ninjemys and Niolamia than in
Meiolania. This area is not preserved in War-
kalania, and it is not possible to exclude that
genus. The bone probably does not belong to
Meiolania.

Left earfragment (fig. 85). A portion ofthe
quadrate, squamosal, and quadratojugal (QM
AR9949) from the left posteroventral part of
the skull is very similar to this region ofMeio-
lania platyceps. The external part ofthe skull
preserved consists of the ventral process of
the squamosal that forms the region between
the posterior edge of the skull and the tym-
panic ring. The quadratojugal area that forms
the ventral part of the cheek below the tym-
panic ring and attaches to the squamosal is
also present. This external part of the skull
is very similar to Meiolania platyceps except
that the dorsal edge of the posterior margin
seems to rise more vertically in the River-
sleigh fragment than in Meiolania platyceps.

Medially the articular surface of the quad-
rate and the ventral portion of the processus
articularis are preserved internal to the qua-
dratojugal. More dorsally a medial sheet of
thin bone that forms the posterodorsal part
of the cavum tympani is present.

DIscussIoN: The fragments from River-
sleigh could all belong to Warkalania, with
the exception of the A scale area, QM
F:22655. This fragment differs from War-
kalania and could belong to a Meiolania spe-
cies or a new taxon. At Riversleigh, then,
there are at least two species of meiolaniids.

Meiolaniidae indeterminate
CONSISTS OF: QM F:9034, caudal vertebra.
HORIZON: Probably Chinchilla Sands, Plio-

cene, on basis of locality.

2 cms

Fig. 87. Meiolaniidae indeterminate, River-
sleigh Station, Queensland, Miocene. Lowerjaws,
QM F:22656. Upper, dorsal view; middle, left lat-
eral view; lower, right lateral view.

LOCALITY: "Armour" Station, Condamine
River, Macalister, Queensland. Collected G.
Ross May 23, 1963 (label,Jide Gaffney, 1981:
19).
DESCRIPTION: The stout well-developed

haemal arch, procoelus centrum, and large
size is diagnostic for meiolaniids in Australia.
The caudal is nearly identical in morphology
to the described caudals of Meiolania pla-
tyceps (Gaffney, 1985a) and particularly to
one identified by Gaffney as the third (ibid.,
fig. 1 5A). It is not possible at present to dis-
tinguish separate meiolaniid taxa on the basis
of caudals except for size. This specimen
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would agree in size with both Ninjemys and
the Meiolania species from Wyandotte. The
Wyandotte caudal, NMV P18398 is 11.2 cm
long and the QM 9034 is 7.2 cm long (see
table 15).

Meiolaniidae indeterminate

CONSISTS OF: QM F:32155, caudal verte-
bra.
HORIZON AND LocALITY: Unknown, iden-

tified incorrectly on the label as the croco-
dilian "Pallimnarchus pollens," presumed to
come from the eastern Darling Downs based
on preservation and association in the col-
lection.

DEscRIFrIoN: This large caudal (table 15)
is identified as meiolaniid on the basis of its
large hemal arch (broken off but attachment
areas remain), procoelus centrum, and large
size. Although eroded to some extent the cau-
dal is very similar to the mid-length caudals
of Meiolania platyceps, particularly to cau-
dals 4 and 7 figured by Gaffney (1985a: fig.
1 SB, C). This caudal is 9.9 cm in length com-
pared with 4.8 cm for caudal seven in Meio-
lania platyceps (AM F: 18715).

Meiolaniidae indeterminate
CONSISTS OF: QM F:2553, three posterior

peripherals and a possible limb fragment.
HORIZON AND LOCALTY: "Sandhurst Ck.,

3 mls. N.E. from Femlees Rlwy Stn., at a
broken mill; don: J. M. Garvey, 9-8-1937"
(label as quoted in Gaffney, 1981: 19).
Queensland.

DESCRIPTION: These peripherals are about
two to three times larger than similar pe-
ripherals ofMeiolania platyceps, putting them
in the size range of Ninjemys and the Wy-
andotte Meiolania species. The Lord Howe
Island Meiolania platyceps has a well-devel-
oped serration pattern on the posterior pe-
ripherals which is similar to the morphology

of the Sandhurst Creek peripherals and this
provides the basis of the identification. The
Queensland peripherals differ primarily in
their large size and greater bone thickness,
suggesting an animal at least twice the size of
Meiolania platyceps.

Meiolaniidae indeterminate

CONSISTS OF: Museum National d'Histoire
Naturelle NCP 05, a nearly complete seventh
cervical.

LocALITY: Main Pindai Cave, Nepoui Pen-
insula, New Caledonia.
HoRIzoN: Found in mixed cave deposits

with Holocene as well as Pleistocene fossils
(see Gaffney et al., 1984).

DIScUSSION: This specimen is described and
figured in Gaffney et al. (1984) and compared
with Meiolania platyceps. The New Caledon-
ian cervical exhibits some differences from
Meiolania platyceps but it is inadequate to
provide the basis for a new taxon. Megirian
(1989, 1992) also discusses the Tiga Island
cervical with reference to Meiolania brevi-
collis and species within the genus Meiolania.
Unfortunately, at present, it is very difficult
to use vertebrae for meiolaniid systematics
because cervicals are known only for Meio-
lania platyceps and Meiolania brevicollis.

Meiolaniidae indeterminate
CONSISTS OF: Museum National d'Histoire

Naturelle NCT 01, a fragmentary centrum of
a posterior cervical, probably the seventh.

LOcALITy: Tiga Island, in the Loyalty
Group, New Caledonia.
HoRIzoN: Phosphates, presumed to be

Pleistocene, deposited in karstified calcar-
enites (see Gaffney et al., 1984).

DISCUSSION: This cervical is described and
figured in Gaffney et al. (1984). The centrum
fragment is very similar to Meiolania platy-
ceps.

RELATIONSHIPS OF TAXA WITHIN THE MEIOLANIIDAE

Monophyly of the Meiolaniidae is well
tested by six characters, listed in table 18 and
discussed below. Relationships of the taxa

within the group is hampered by poor pres-
ervation of some taxa and the absence of an
outgroup that would allow polarization ofthe
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Fig. 88. Stratigraphic distribution of meiolaniids. Time scale and correlation based on Woodburne
et al. (1993).

cranial scale characters. The analysis pre-
sented here is weakened by missing data for
poorly represented taxa.
The fully roofed skull ofmeiolaniids is cov-

ered by a series of well-defined scales that
often form processes or horns. The scale areas
differ systematically among the meiolaniid
taxa and provide the most useful source of
characters defining taxa within the family.
However, the scale characters cannot be po-
larized by reference to a cryptodiran out-
group because the very presence ofthese con-
sistently recognizable scale areas on the com-
pletely roofed skull is a meiolaniid synapo-
morphy. Cranial scale areas are not very
consistent in turtles and I have been unable
to find likely homologues outside meiolan-
iids. The scale characters can be polarized
within meiolaniids by accepting the argu-
ment that Niolamia is the sister taxon to the
other meiolaniids. This argument was ad-
vanced by Gaffney (1983) and is based on a
basicranial character (character 14) that can

be polarized by outgroup comparison, and an
accessory triturating ridge, character 17.
Gaffney (1983: 431-435) argued that Niola-
mia ("Crossochelys") has an intrapterygoid
slit that is primitive with respect to the in-
trapterygoid slit ofMeiolaniaplatyceps (ibid.,
fig. 60). The newly described specimens of
sinemydids and other primitive eucrypto-
dires (Brinkman and Peng, 1993a, 1993b;
Gaffney and Ye, 1992) support this argument
because they show a basicranial morphol-
ogy closer to Niolamia than to Meiolania.
Similarly, new material of primitive eucryp-
todires show the complete absence of an ac-
cessory triturating ridge (character 17), fur-
ther supporting Niolamia as the sister group
to other meiolaniids.
The cladogram obtained from an analysis

of 22 characters is shown in figure 92. The
PAUP analysis fully resolves the eight taxa
into a single tree with a consistency index of
1.0. However, this CI is a spurious indication
ofconfidence in this tree. As discussed above,
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Fig. 89. Geographic distribution of meiolaniids in Australasia.

most ofthe characters involve the cranial scale
areas, and other features unique to meiolan-
iids, with no comparable outgroup to polarize
the characters with more confidence.
The taxa in the cladogram and table 18

follow the terminology ofGaffney (1992) and
Gaffney et al. (1992). Some of the groups are
better tested than others. I think there is good
reason to accept Niolamia as the sister group
of the remaining taxa even though many of
the characters uniting Group II are ambigu-
ous at that level resulting from missing data
for many of the taxa. Ninjemys as the sister
group to Warkalania plus Meiolania is rel-
atively well supported (Group III) but it must
be kept in mind that Warkalania consists
only of a restored partial skull that is limited
to information on the posterior cranial scales.
New material of Warkalania could alter this
resolution of Warkalania + Ninjemys +
Meiolania. However, even if Warkalania
were deleted from the analysis, Meiolania plus

Ninjemys as the sister group to Niolamia,
would be well supported.
Meiolania really has only two reasonably

diagnosed species: platyceps and brevicollis.
The other two taxa are based on essentially
B horn cores. The resolution of four possible
taxa in Meiolania is based solely on narrow-
ness ofthe B horn core, and this is very weak,
virtually speculative. Because of the limited
material available for some of these taxa, it
doesn't seem worthwhile trying to find other
measurements that reflect B horn core shape.

1. D scales meet in midline: no = 0; yes
= 1.
Morphology: The cranial scales of meio-

laniids are described in Gaffney (1983) and
Gaffney et al. (1992), see also figures pre-
sented here (figs. 90, 91).

Primitive condition: Polarizing the D scale
morphology is based on accepting Niolamia
as having the primitive condition.
Homoplasy: None known.
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Discussion: The D scales are incompletely
preserved in Ninjemys and Warkalania but
there is enough preserved to demonstrate that
the D scales had some midline contact.

2. X scale much smaller than D scale: no
=0; yes = 1.
Morphology: The cranial scales of meio-

laniids are described in Gaffney (1983), see
also figures presented here (figs. 90, 91).

Primitive condition: Polarizing the X scale
morphology is based on accepting Niolamia
as having the primitive condition.
Homoplasy: None known.
Discussion: The median X scale is only par-

tially preserved in Ninjemys but the other
scales show that the X scale must have been
small. The close relationship of the X and D
scales could argue that this and character 1
should be treated as one character. Doing so
does not change the cladogram, however.

3. A, B, C scales form a continuous pos-
terolateral shelf: yes = 0; no = 1.
Morphology: The relatively smaller A, B,

C scales of Meiolania are described in Gaff-
ney (1983) while the primitive condition of
a shelf with A, B, C scales on it is described
in Gaffney et al. (1992) for Warkalania. See
also figures 90, 91.

Primitive condition: Polarizing the cranial
scale morphology is based on accepting Nio-
lamia as having the primitive condition.
Homoplasy: None known.
Discussion: The morphology of the A, B,

C scale area is the basis for the most consis-
tent comparisons among the meiolaniids. The
continuous posterolateral shelf seen in Nio-
lamia, Ninjemys, and Warkalania is in con-
trast to the more helmet-like Meiolania.

4. D scale: high = 0; low = 1.
Morphology: Meiolaniid cranial scale areas

are described in Gaffney (1983) and figured
here (figs. 90, 91). Original sources include
Owen (1881) for Ninjemys, Gaffney et al.
(1992) for Warkalania, and Woodward
(1901) for Niolamia.

Primitive condition: Polarizing the cranial
scale morphology is based on accepting Nio-
lamia as having the primitive condition.
Homoplasy: None known.
Discussion: The high, protuberant central

area of the D scale can be seen in Niolamia
and Ninjemys. This character is useful be-
cause it is also preserved in the poorly known

Warkalania. In Warkalania, Meiolania
brevicollis, and Meiolania platyceps the scale
area is relatively low and not protuberant as
in Niolamia and Ninjemys.

5. B scale a recurved horn: no = 0; yes = 1.
Morphology: Meiolaniid cranial scale areas

are described in Gaffney (1983), Gaffney et
al. (1992) and figured here (figs. 90, 91).

Primitive condition: Polarizing the cranial
scale morphology is based on accepting Nio-
lamia as having the primitive condition, a
straight, flattened B horn core.
Homoplasy: None known, except with cows

(Bos taurus).
Discussion: The recurved B horn core has

been accepted as the principal synapomorphy
ofa restricted Meiolania (Gaffney, 198 3; Me-
girian, 1989, 1992).

6. Recurved B horn core narrow: not re-
curved, or width/length ratio greater than 0.6
= 0; recurved, width/length ratio between 0.6
and 0.48 = 1; recurved, width/length ratio
less than 0.48 = 2.
Morphology: The B horn core ofMeiolania

is described in Gaffney (1983), Gaffney and
McNamara (1990), and Megirian (1992). The
use ofwidth/length ratios as a relatively crude
basis for horn core comparison was initiated
by Gaffney (1983) and followed by Gaffney
and McNamara (1990) and Megirian (1992).

Primitive condition: Using Niolamia, Nin-
jemys, and Warkalania as outgroups, the
short, squat B horn core would be primitive
in contrast to a long, slender B horn core.
Homoplasy: Strictly speaking, none known,

however, the systematic use of B horn core
shape must be considered to be very tenuous
and unsupported by any other characters. Two
of the four "taxa," Meiolania mackayi and
the unnamed Wyandotte species, are only
barely diagnosable at all and probably should
not be named. The horn core shape is the
only basis for any comparison (other than
body size, which does differentiate these two
taxa). The measurements made by Gaffney
(1983) show a width/height range for Meio-
lania platyceps from 0.46 to 1.31. This is a
very wide range which cautions against using
the small samples of Meiolania brevicollis (1
specimen), Meiolania mackayi (6 speci-
mens), and Wyandotte species (3 specimens).
With ratio overlaps between Meiolania
mackayi and Meiolania platyceps, and be-
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D

Fig. 90. Meiolaniid skulls in dorsal view. Scale terminology from Gaffney (1983). A, Meiolania
platyceps (after Gaffhey, 1983); B, Ninjemys oweni (after Owen, 1881, and BMNH R39 1); C, Niolamia
argentina (after Woodward, 1901, and cast); D, Warkalania carinaminor (after Gaffney, Archer and
White, 1992).

tween the Wyandotte species and Meiolania
platyceps, there is clear evidence of homo-
plasy in slender versus squat B horn cores in
Meiolania.

Discussion: The only way these ratios can
be used is to compute the median ratios. If
this is done for all Meiolania platyceps cores,
the median is 0.64, but ifonly skulls are used
then 0.72 is the result. For Meiolania mack-
ayi the median is 0.50, for Meiolania brevi-
collis it is 0.32, and for the Wyandotte species
it is 0.43. If slender is derived, 0.43 and 0.32
form a group, and 0.43, 0.32, and 0.50 form
a larger group with the most squat 0.64 of
Meiolaniaplatyceps outside. Again, this must
be considered extremely tentative.

7. A scale small and not forming large shelf:
no = 0; yes = 1.
Morphology: The cranial scales of meio-

laniids are described in Gaffney (1983) and
Gaffney et al. (1992), see also figures pre-
sented here (figs. 90, 91).

Primitive condition: Polarizing the A scale
morphology is based on accepting Niolamia
as having the primitive character.
Homoplasy: None known.
Discussion: Reduction of the large shelf at

the back ofthe skull can be examined in terms
ofthe scales covering it. While the shelfitself
is interpreted as being present in Warkalania
as well as Niolamia and Ninjemys (character
3) the large A scale area of Niolamia and
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A
B

C
D

Fig. 91. Meiolaniid skulls in lateral view, as in fig. 90.

Ninjemys is considerably smaller in War-
kalania and Meiolania, thus uniting the latter
two.

8. A scale small: A scale very large = 0; A
scale comparable in size to B scale = 1.
Morphology: The cranial scales of meio-

laniids are described in Gaffney (1983) and
Gaffney et al. (1992), see also figures pre-
sented here (figs. 90, 91).

Primitive condition: Polarizing the A and
B scale morphology is based on accepting
Niolamia as having the primitive condition.
Homoplasy: None known.
Discussion: Another aspect of the shelf re-

duction at the back of the skull is the very
large A scale area seen only in Niolamia and
presumed to be the primitive condition.

9. Y and Z scales relatively large: small =
0; large = 1.
Morphology: The cranial scales of meio-

laniids are described in Gaffney (1983), see
also figures presented here (figs. 90, 91).

Primitive condition: Polarizing the Y and
Z scale morphology is based on accepting
Niolamia as having the primitive condition.
Homoplasy: None known.
Discussion: Reflecting the small snout of

Niolamia, the Y and Z scales of Ninjemys

and Meiolania are large in comparison to
Niolamia. The snout of Warkalania is not
preserved.

10. Snout broad: narrow = 0; broad = 1.
Morphology: Dorsal views of meiolaniid

skulls are in this paper (figs. 90, 91), Gaffney
(1983), Megirian (1992), Owen (1881),
Woodward (190 1), and Gaffney, et al. (1992).

Primitive condition: Primitive eucrypto-
dires such as sinemydids and plesiochelyids
are all narrow snouted, as are Kayentachelys,
baenids, and other primitive cryptodires.
Homoplasy: Broad snouts occur in testu-

dinids and carretochelyids (which have the
largest snouts in turtledom).

Discussion: A broad snout is best consid-
ered as a Meiolania synapomorphy at pres-
ent. The snout of Warkalania is not pre-
served, making the distribution of this char-
acter ambiguous. The snout is narrow in Nio-
lamia and Ninjemys.

11. Nasal bones unusually large: nasals rel-
atively small = 0; nasals larger than in any
other turtle = 1.
Morphology: Detailed description and fig-

ures ofthe nasal bones in Meiolania platyceps
are in Gaffney (1983). The large, overhanging
nasals are characteristic of meiolaniids and
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VI

Fig. 92. Shortest cladogram for Meiolaniidae generated by PAUP Version 3.1.1
tree length 23 steps, CI = 1.00. Data set in table 17 and fig. 93.

differ from large nasals in other taxa like Pro-
ganochelys by having lateral extensions that
curve ventrolaterally. The nasals in Meiolan-
ia are larger than in any other turtle.

Primitive condition: Proganochelys has the
presumed primitive condition for nasal size
in turtles (Gaffney, 1990). Although relative-
ly large, the Proganochelys nasals are smaller
than in Meiolania.
Homoplasy: Due to their relatively simple

morphology, the size of nasals would be hard

(Swofford, 1993),

to homologize. Meiolaniids, however, have
such large nasals, that they are best inter-
preted as unique to the group.

Discussion: The large nasals ofmeiolaniids
may be related to the nasal sinuses developed
in meiolaniids.

12. Nasomaxillary sinus: absent = 0; pres-
ent = 1.
Morphology: Nasomaxillary sinuses are

described and figured for Meiolania in Gaff-
ney (1983). They are also present in Ninjemys
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and Meiolania brevicollis. These lateral pock-
ets of the fossa nasalis are formed by the na-
sals dorsally and the maxillae ventrally.

Primitive condition: The absence of nasal
sinuses is found throughout turtles as de-
scribed in Gaffney (1983).
Homoplasy: The nasomaxillary sinuses are

unique to meiolaniids and do not occur out-
side the group, but their presence/absence can
only be determined in Ninjemys and Meio-
lania.

Discussion: There is no evidence of the
function of these sinuses.

13. Intrapterygoid slit: absent = 0; present
= 1.
Morphology: The intrapterygoid slit is de-

scribed and figured by Gaffney (1983) for
Meiolania and Niolamia, the only two meio-
laniid taxa which have the region preserved.
The slit, as interpreted by Gaffney (1983), has
two conditions, treated here as a separate
character (14).

Primitive condition: Following the work of
Brinkman and Nicholls (1993), Brinkman and
Peng (1993a, 1993b) and Gaffney and Ye
(1992), it has become apparent that many
primitive eucryptodires have the palatine ar-

tery entering the pterygoid/basisphenoid via
a separate foramen, as in Sinemys gamera
(Brinkman and Peng, 1993b), or via a step-
like opening, as in Dracochelys. The Dra-
cochelys condition of the foramen caroticum
laterale (Gaffney and Ye, 1992: figs. 3, 5) is
an appropriate model for the primitive con-
dition of the intrapterygoid slit in Niolamia
(as reconstructed in Gaffney, 1983: fig. 60).
Further separation and posterior extension of
the ventral plate of the pterygoid in Dra-
cochelys would come very close to the con-
dition in Niolamia.
Homoplasy: The intrapterygoid slit is

unique to meiolaniids.
Discussion: The principal problem with the

use of this character as a meiolaniid syna-

pomorphy is that the area is preserved only
in Niolamia and Meiolania and not in War-
kalania or Ninjemys.

14. Intrapterygoid slit extensive, complete-
ly covering foramen caroticum basisphenoi-
dale: no = 0; yes = 1.
Morphology: The primitive condition, as

seen in Niolamia, and the advanced condi-
tion, as seen in Meiolania, are described and
figured in Gaffney (1983: see fig. 60).
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Fig. 93. Character distributions for Meiolan-
iidae data set.

Primitive condition: Compared with Meio-
lania, Niolamia has a less extensive intrap-
terygoid slit, leaving the foramen caroticum
basisphenoidale uncovered in ventral view.
The Niolamia condition could be hypothe-
sized as intermediate between Dracochelys,
which is primitive for eucryptodires, and
Meiolania, showing the advanced meiolaniid
condition.
Homoplasy: The intrapterygoid slit is

unique to meiolaniids. The extensive slit con-
dition is unique to Meiolania.

Discussion: This character and the pres-
ence of the intrapterygoid slit could be com-
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Fig. 94. Cladogram of meiolaniid turtles with skulls showing three scale areas (A, B, C) for com-
parison. Temporal range incomplete and not to scale. See text for characters and discussion of Groups
I-IV. Taxa are: (1) Niolamia argentina, (2) Ninjemys oweni, (3) Warkalania carinaminor, (4) Meiolania
brevicollis, (5) Meiolania platyceps showing two extremes ofhorn variation, (6) Meiolania sp., Wyandotte,
(7) Meiolania mackayi.

bined as one multistate character, however,
the shortest cladogram would not change.

15. Apertura narium externa divided: not
divided = 0; divided by both nasal and pre-
maxilla = 1.
Morphology: The meiolaniids have a thick,

variably overhanging shelfformed by the na-
sals above the apertura narium externa (fur-
ther description in Gaffney, 1983). In Nin-
jemys, Meiolania platyceps, and Meiolania
brevicollis the nasal sends a process ventrally
and the premaxilla sends a process dorsally
to divide the apertura into two openings.

Primitive condition: Divided nares are
primitive for turtles, both Proganochelys and
Kallokibotion have divided nares. However,
in Proganochelys they are divided by dorsal
processes of the premaxillae rather than by

the nasals and premaxillae as in meiolaniids.
The situation is unclear in Kallokibotion but
the division seems to be by the nasals. In the
Kallokibotion-like turtle from Mongolia, the
nares are not divided. In meiolaniids the pro-
cesses are recessed within the apertura rather
than formed on the surface as in Progan-
ochelys and Kallokibotion. The most likely
primitive condition for meiolaniids is an
apertura without median division. An un-
divided apertura is present in baenids and
primitive eucryptodires such as plesioche-
lyids and macrobaenids.
Homoplasy: As discussed above, a divided

apertura narium externa occurs in Progan-
ochelys and Kallokibotion. The specific meio-
laniid morphology, however appears to be
unique. Within Meiolania platyceps the de-
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TABLE 17
Meiolanjid Data Set

outgroup
Niolamia
Ninjemys
Warkalania
Meiolania platyceps
Meiolania brevicollis
Meiolania mackayi
Wyandotte sp

1 2 3 4 5 6 7 8

? ? 0 ? 00 ? ?

1 1 0 0 0 0 0 1
1 1 0 1 0 0 1 1
1 1 1 1 1 0 1 1
1 1 1 1 1 2 1 1
? ? 1 ? 11 ? ?
? ? 1 ? 1 2 ? 1

9 10 11 12 13 14 15 16 17 18 19 20 21 22

? 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 ? 1 0 0 0 1 1 1 1 ? 1

1 0 ? 1 ? 11 1 ? 1 11 1

1 1 1 1 1 1 1 1 1 1 1 1 ? 1

gree of division varies with some specimens
having no actual contact between nasal and
premaxilla (Gaffney 1983).

Discussion: The snout is not preserved in
Warkalania so the nares condition is un-
known but based on casts and Woodward's
(1901) figures, Niolamia seems to have an
undivided apertura narium extema. Ninje-
mys and Meiolania have the divided condi-
tion.

16. Accessory ridge on triturating surface:
absent = 0; present = 1.
Morphology: In addition to figures pre-

sented here (figs. 56, 57, 63, 66, 68), Gaffney
(1983), Woodward (1901), and Owen (1881)
describe and figure meiolaniid palates.

Primitive condition: Primitive eucrypto-
dires such as plesiochelyids (Gaffney, 1976),
Dracochelys (Gaffney and Ye, 1992), Sine-
mys (Brinkman and Peng, 1993b), and Or-
dosemys (Brinkman and Peng, 1993a, and
Brinkman personal commun.) do not have
accessory ridges on the triturating surface. It
is most likely that this is the primitive con-
dition for a meiolaniid outgroup.
Homoplasy: Accessory triturating ridges on

the maxilla appear frequently in both cryp-
todires and pleurodires, e.g., Podocnemis,
testudinids, batagurids, emydids (Gaffney,
1 979b). Triturating surface morphology that
is particularly similar to Meiolania occurs in
testudinids like Hesperotestudo (Gaffney,
1979b, 1983).
Discussion: An accessory triturating ridge

occurs in Ninjemys, Meiolania platyceps and
Meiolania brevicollis, but not in Niolamia.
This distribution is significant because de-
spite widespread homoplasy in this charac-
ter, the complete absence ofan accessory ridge

in primitive eucryptodires substantiates the
position ofNiolamia as the sister group of all
other meiolaniids. Warkalania does not have
any of the palatal area preserved.

17. Broad squamosal/quadratojugal con-
tact below incisura columellae auris: absent
= 0: present = 1.
Morphology: The broad contact of squa-

TABLE 18
Unambiguous Synapomorphies for
Meiolaniidae Cladogram (fig. 92)

Group I. Family Meiolaniidae
11. Nasal bones very large
13. Intrapterygoid slit
17. Broad squamosal-quadmtojugal contact
18. Squamosal-supraoccipital contact
19. Squamosal process
20. Horizontal plate on supraoccipital

Group II
1. D scales meet in midline
2. X scale small
8. A scale small
9. Y and Z scales large

15. Apertura narium extema divided
16. Acoessory ridge on maxiilary triturating surface

Group mII
4. D scale low
7. A scale small

Group IV, Genus Meiolania
3. A, B, C scales do not fonn shelf
5. B scale a recurved horn core

Group V
6. B horn width/length less than 0.6

Group VI
6. B hom widthAength less than 0.48
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mosal and quadratojugal ventral to the ca-
vum tympani and incisura columellae auris
has been described in Gaffney (1983). The
ventral process of the squamosal extends be-
hind and below the cavum tympani to meet
a deepened quadratojugal. The incisura col-
umellae auris contains both stapes and eus-
tachian tube.

Primitive condition: In all other cryptodires
the squamosal lacks a ventral process behind
and below the cavum tympani. This condi-
tion is described and figured in Gaffney
(1983).
Homoplasy: This character is described

only for meiolaniids.
Discussion: Due to the general fusion of

sutures in meiolaniids, the quadratojugal/
squamosal contact is described only in Meio-
lania platyceps (Gaffney, 1983). However, the
bony sheet beneath the cavum tympani is
known in Ninjemys and Warkalania.

18. Squamosal/supraoccipital contact:
Completely separated = 0; extensive contact
= 1.
Morphology: This condition is described

and figured in Gaffney (1983), for Meiolania
and in Simpson (1938) for Niolamia ("Cros-
sochelys").

Primitive condition: Primitive eucrypto-
dires such as Sinemys (Brinkman and Peng,
1993b) and Dracochelys (Gaffney and Ye,
1992) have a well-developed temporal emar-
gination and this seems to be the condition
for any plausible meiolaniid outgroup.
Homoplasy: Although some turtles (e.g.,

Pseudemydura) seem to have independently
acquired a squamosal/supraoccipital contact,
the condition is relatively rare.

Discussion: Although sutures for these
bones are known only in Meiolania platyceps
and Niolamia, the condition is presumed to
occur in Ninjemys and Warkalania based on
the similar morphology.

19. Squamosal with posterolateral process-
es: absent = 0; present = 1.
Morphology: In addition to figures pre-

sented here (figs. 90, 91), meiolaniid squa-
mosals are described in Simpson (1938), An-
derson (1925), and Gaffney (1983).

Primitive condition: The primitive condi-
tion ofthe squamosal can be seen in primitive
eucryptodires described by Brinkman and
Peng (1993a, 1993b) and Gaffney and Ye

(1992). Other eucryptodires such as plesi-
ochelyids and chelydrids are described in
Gaffney (1979b).
Homoplasy: The horns and processes of

meiolaniid squamosals are unique.
Discussion: The squamosal of meiolaniids

is a clear synapomorphy that strongly differ-
entiates the group from all other turtles. Fur-
ther reliance on the scale areas and horns of
the squamosal for systematic analysis within
Meiolaniidae is less secure, however.

20. Supraoccipital with horizontal plate: no
= 0; yes = 1.
Morphology: This character is described in

Gaffney (1983) for Meiolania and Simpson
(1938) for Niolamia ("Crossochelys").

Primitive condition: The primitive condi-
tion of the supraoccipital for cryptodires is a
narrow crista supraoccipitalis without a hor-
izontal plate. This condition is described for
cryptodires in Gaffney (1979b).
Homoplasy: Some turtles (e.g., Pseude-

mydura) have independently evolved a plate
on the supraoccipital.

Discussion: The completely roofed skull of
meiolaniids is formed by the expansion of a
number of elements, the large supraoccipital
being one of the principal components. This
character and the squamosal/supraoccipital
could be interpreted as one character because
they are so closely interrelated. As with other
characters in this analysis within the Meio-
laniidae, I have preferred separating out as
many characters as seems reasonable.

21. Tail club: absent = 0; present = 1.
Morphology: The dermal tail ossifications

of meiolaniids are described in Gaffney
(1985a) for Meiolania, and in Owen (1882)
for Ninjemys.

Primitive condition: It is becoming clearer
that the tail club of meiolaniids should not
be considered homologous with the tail club
ofProganochelys, rather, it is best interpreted
as a synapomorphy unique to the family.
Gaffney (1985a) concluded that the tail clubs
of Proganochelys and meiolaniids were ho-
mologous and that the club would have been
lost independently in pleurodires, baenids,
and primitive eucrypotodires. However, in
contrast to the recent discoveries showing a
wide distribution of another primitive char-
acter, free cervical ribs, there has been no
increase in the distribution of caudal ossifi-
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cations. Given the cladograms ofGaffney and
Meylan (1988), Gaffney et al. (1991), and the
cryptodire cladogram presented here, it is
more parsimonious to hypothesize the tail
club as independently evolved in Progan-
ochelys and meiolaniids. The most likely
primitive condition for the meiolaniid tail
club would be the unarmored tail seen in ple-
siochelyids and sinemydids.
Homoplasy: As discussed above, it is likely

that a tail club arose independently in Pro-
ganochelys and meiolaniids. There are mor-
phologic distinctions between the clubs in the
two taxa in symmetry and the pattern of fu-
sion, as described in Gaffney (1985a). Some
extinct testudinids (Hay, 1908) and an un-
described pelomedusid have caudal bucklers,
flat plates at the distal end of a short tail for
covering the anus. But these are quite distinct
from the elongate cylinders ofProganochelys
and meiolaniids.

Discussion: Tail clubs are known for Nin-
jemys and Meiolania but not the other meio-
laniids. In Ninjemys the tail club has two
segments while in Meiolania platyceps there
are four segments.

22. Tail rings: absent = 0; present = 1.
Morphology: The tail rings of meiolaniids

are described in Gaffney (1985a) for Meio-
lania, in Owen (1882) for Ninjemys, and in
Woodward (1901) for Niolamia.

Primitive condition: A tail without dermal
ossifications, as seen in Kayentachelys, baen-
ids, plesiochelyids, and macrobaenids is the
most likely primitive condition for crypto-
dires.
Homoplasy: No other turtles have ossified

rings that completely or nearly surround the
tail. Proganochelys (Gaffney, 1990) has der-
mal ossifications in the form of spikes and
plates that cover the dorsal surface ofthe tail.
Chelydra has loose dermal ossifications on
the dorsal surface ofthe tail (Newman, 1906).

Discussion: The very close similarity ofthe
tail rings and the tail clubs in meiolaniids
make the tail clubs appear to be fused sets of
tail rings (see Gaffney, 1985, for further dis-
cussion). Presumably rings and clubs occur
in all the meiolaniids, however, the known
distribution ofthese elements is not identical.
A tail ring is known for Niolamia (Wood-
ward, 1901) but no club is preserved, while
Ninjemys and Meiolania have both tail ring
and tail club preserved. I am using rings and
clubs as different characters to reflect this, but
they are probably the same synapomorphy.
Ninjemys and Niolamia have a completely
enclosed circle as a tail-ring segment, but
Meiolania has an incomplete ring with the
ventral part open (Gaffney, 1985); these are
scored the same.

BIOGEOGRAPHY

The Meiolaniidae have a distribution (figs.
95, 96) that seems to fit a combination of
Mesozoic vicariance and Tertiary "escalator
hopscotch" patterns (McKenna, 1983). The
mainland Australian and South American re-
cords are consistant with a Cretaceous pred-
rift continental contact through Antarctica
(fig. 97). The preferred cladogram (fig. 94) of
Niolamia as the sister group to a monophy-
letic Austral-New Caledonian group is con-
sistent with break-up of these continents oc-
curring sometime in the Cretaceous. The is-
land forms, however, require a more complex
explanation. New Caledonia and Lord Howe
Island have biotic elements in common in
addition to Meiolania (Holloway, 1979, and
literature cited; Paramonov, 1958, 1960;

Hindwood, 1940) that appear to be relatively
archaic in comparison to other elements of
their biota. Although geologically complex,
New Caledonia may have been emergent since
the Cretaceous (Holloway, 1979). Lord Howe
Island is a volcanic seamount that was formed
in the late Miocene (McDougall et al., 198 1).
Lord Howe Island is one of a series of sea-
mounts, some eroded, some emergent, in the
Tasman Sea that have formed as the litho-
sphere rode over hot spots in the mantle
(ibid.). Lord Howe Island itselfis on the Lord
Howe Rise, a section ofcrust thought to have
been adjacent to eastern Australia about 80
million years ago, before the opening of the
Tasman Sea (Hayes and Ringis, 1993).

This situation, where a relatively archaic
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Fig. 95. Global distribution of meiolaniids. The better preserved taxa identifiable to genus are
represented by skulls. Three geographically important taxa identifiable only to family are represented
by circles.

(1) Niolamia argentina, Eocene, Chubut Province, Argentina. (2) Ninjemys oweni, Late Pleistocene,
King's Creek, Queensland. (3) Warkalania carinaminor, Early Miocene, Riversleigh Station, Queensland.
(4) Meiolania brevicollis, Middle Miocene, Bullock Creek, Northern Territory. (5) Meiolania platyceps,
Late Pleistocene, Lord Howe Island. (6) Meiolania sp. Wyandotte, Late Pleistocene, Queensland. (7)
Meiolania mackayi, Late Pleistocene, Walpole Island. (8) Indeterminate meiolaniid, Late Pleistocene,
Pinda, New Caledonia. (9) Indeterminate meiolaniid, Late Oligocene, Lake Pitikanta, South Australia.
(10) Indeterminate meiolaniid, Middle Miocene, Gulgong, New South Wales.

biota is found on relatively young oceanic
islands, has been explained by a biogeograph-
ic model termed "escalator hopscotch" by
McKenna (1983).

Based on the model provided by the
Hawaiian Islands, it is possible to en-
vision a situation in which new islands
arise at one end ofan island chain while
others sink at the other end. Some new
islands would coalesce, but others would
be separated by short water gaps. This
process could go on for a very long time
and islands (not necessarily the same
islands) would have been continuously

present during that time. Rocks on any
particular island now above sea level
would be very young, but that would
not mean that the biota of the islands
have necessarily arrived in the islands
recently or that all members ofthe biota
would have had to cross whatever oce-
anic barriers now isolate the islands from
other land masses. Dispersals among
and to the ongoing sequence of islands
could have occurred over a very long
time and truly ancient inhabitants might
be present that had never had to cross
more than minor water barriers in order
to be present on at least one island at
any particular time (McKenna, 1983:
479).
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In addition to the Hawaiian Islands, recent
studies (Christie et al., 1992) argue that the
Galapagos Islands also show this pattern of

archaic faunal elements on young oceanic is-
lands, where the older biota has survived at
the end of a chain of submerged seamounts.

RELATIONSHIPS OF MEIOLANIIDAE TO
OTHER CRYPTODIRES

BASIC TAXA

The purpose ofthis analysis is to determine
the relationships of the meiolaniids, and in
order to do this as many likely taxa are in-
cluded as possible. Meiolaniids are, in a gen-
eral sense, primitive eucryptodires, so eu-
cryptodires have been emphasized in the list
oftaxa. As is often the case with fossils, many
potentially important taxa are excluded be-
cause they are too incomplete to be resolved
usefully in an analysis like this one.

All the terminal taxa in this analysis are
monospecific or have been hypothesized as
monophyletic, and these hypotheses have
been accepted for the reasons given below.
The following list also summarizes references
for the basic taxa. Six of the basic taxa are
not eucryptodires and the inclusion of these
more primitive cryptodires is an attempt to
clarify the polarity and distribution of some
of the characters.
The numbers with the taxon names refer

to their position on the preferred cladogram
(fig. 98).

Proganochelys (Taxon 1)
This Late Triassic turtle is one of the two

oldest known turtles, the other being the pleu-
rodire Proterochersis. Proganochelys is known
from a series of nearly complete skeletons
described in Gaffney (1990). Proganochelys
has been repeatedly hypothesized as the sister
group of all other turtles (Gaffney, 1975a,
1984,1990; Gaffney and Meylan, 1988; Gaff-
ney et al., 1991) and it is used as the outgroup
in this analysis.
An Early Jurassic turtle, Australochelys, has

been hypothesized (Gaffney and Kitching,
1994, 1995) as the sister group ofpleurodires
+ cryptodires with Proganochelys the sister
group of Australochelys + cryptodires +
pleurodires. Australochelys is not included
because it is known only from the skull, and

postcranial characters are crucial in this anal-
ysis.

Pleurodira (Taxon 2)
There is little contest to the hypothesis of

pleurodire monophyly. The most recent
treatment by Gaffihey et al. (1991) utilizes
Triassic and Jurassic pleurodires as well as
the Chelidae and Pelomedusidae. An impor-
tant recent contribution to the understanding
of characters in the primitive Pleurodira, is
the redescription of Notoemys (Fuente and
Fernandez, 1989; Fernandez and Fuente,
1994) from the Late Jurassic of Argentina.

Kayentachelys (Taxon 3)
The Early Jurassic Kayentachelys de-

scribed in Gaffney et al. (1987) is a single
species represented by a large suite of spec-
imens. It has been argued to be the sister
group of all other cryptodires (Gaffney et al.,
1987; Gaffney and Meylan, 1988) which was
disputed by Gauthier et al. (1989) and an-
swered by Gaffney et al. (1991).

Kallokibotion (Taxon 4)
The Late Cretaceous Kallokibotion is a

monotypic genus most recently redescribed
by Gaffney and Meylan (1992) who argue that
it is the sister group of all Selmacryptodira
sensu Gaffney and Meylan (1988). The ma-
terial is represented by a variably preserved
suite of specimens that includes most of the
skeleton. Information on Kallokibotion itself
has been supplemented by an undescribed
Mongolian Late Cretaceous turtle that is very
similar to, and seems to be a close relative
of, Kallokibotion. Photographs of Russian
specimens of this turtle have been identified
as a new taxon, "Mongolochelys" in publi-
cations (Rozhdestvensky, 1973) that unfor-
tunately do not include a type description,
type specimen, or other data that would make
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Fig. 96. Present continental and continental shelfarrangement with meiolaniid distribution indicated.
Emergent land on Lord Howe Rise shown solid. New Zealand labeled only for position, no meiolaniids
known. Base map from Smith and Briden (1977).

"Mongolochelys" a legitimate name. Re-
cently collected specimens ofthis taxon made
available to me show that the skull is close
to Kallokibotion and that it has cervical ribs.

Pleurosternidae (Taxon 5)
This family is used sensu Gaffney (1979a)

and Gaffney and Meylan (1988) to consist
only of Glyptops and Pleurosternon (includ-
ing Mesochelys Evans and Kemp, 1975, as a

synonym). The family has only one syna-
pomorphy and possible problems with it are
discussed in the papers just mentioned and
Gaffney et al. (1991).

Baenidae (Taxon 6)
Recent work by Brinkman and Nicholls

(1993) suggests that contrary to Gaffney
(1972) and Gaffney and Meylan (1988), Neu-
rankylus is a close relative of the Baenidae,
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Fig. 97. Cretaceous continental positions with meiolaniid distribution indicated. New Zealand shown
in solid only for position, no meiolaniids known. Base map from Smith and Briden (1977).

probably the sister group of the Baenodd of
Gaffney (1972). In Brinkman and Nicholls'
(1993) new analysis, the absence of some ar-
eas in the only known skeleton of Trinitiche-
lys leaves the position ofthis taxon in doubt.
I consider it to be a member of the Baenidae
but incertae sedis, in this analysis.
Brinkman and Nicholls (1991) is impor-

tant for character distributions in this family
because they identify the presence of cervical
ribs in it for the first time.

Plesiochelyidae (Taxon 7)

These Jurassic marine turtles are most re-
cently discussed in Gaffney and Meylan
(1988) who include three genera: Plesioche-
lys, Thalassemys, and Portlandemys. Peng
and Brinkman (1993) show that most Asian
records of Plesiochelys are Xinjiangchelys or
other taxa, not Plesiochelys.

See Bram (1965), Gaffney (1976), and
Rieppel (1980) for morphology.
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Xinjiangchelys (Taxon 8)
Based on material originally described as

species of Plesiochelys, our current under-
standing ofXinjiangchelys is based primarily
on Peng and Brinkman's (1993 and included
references) review and Kaznyshkin et al.
(1990) descriptions including a partial skull.
This Late Jurassic turtle is still incompletely
known and has more missing data than any
other basic taxon used here. However, the
presence of unformed vertebrae and a gen-
eralized plastron along with a eucryptodiran
carotid pattern suggest that this taxon could
be phylogenetically close to plesiochelyids and
meiolaniids as "basal" or particularly prim-
itive eucryptodires.

Meiolaniidae (Taxon 9)
The monophyly and previous work on this

family is discussed elsewhere in this paper.

Sinemys (Taxon 10)

Recent descriptions by Brinkman and Peng
(1993b) ofthis Early Cretaceous eucryptodire
from Asia, have greatly improved knowledge
of this form. The best-preserved material is
from Sinemys gamera, a winged species
known from nearly complete skeletons (ibid.).
Gaffney et al. (1991) complained about the
lack of information on the "sinemydid/ma-
crobaenid" group ofearly eucryptodires. The
work of Brinkman and Peng (1993a, 1993b)
and Peng and Brinkman (1993) greatly im-
proves this situation and has allowed inclu-
sion in this analysis of Xinjiangchelys, Si-
nemys, and Ordosemys.

Draco/Hanga (Taxon 1 1)

Dracochelys is a skull described by Gaffney
and Ye (1992) from the Early Cretaceous of
Xinjiang province, China. It is similar to
Hangaiemys Sukhanov and Narmandakh,
1974, from the Early Cretaceous of Mongo-
lia, known from skulls and shells. It is likely
that these two taxa are closely related to each
other, and I have made the assumption that
they would have the same states of the char-
acters used here. Some support for this sup-
position comes from Brinkman's current work
in the Xinjiang region where he has found

postcranial material that probably belongs to
Dracochelys (personal commun.).

Ordosemys (Taxon 12)

Ordosemys was described by Brinkman and
Peng (1993a) on the basis of a partial skull
and skeleton from the Early Cretaceous of
Inner Mongolia. Since that time, an unde-
scribed complete skull and other additional
specimens have been found that allow most
of the characters used here to be determined
(Brinkman, personal commun.). Brinkman
and Peng (1993a) hypothesized that Ordo-
semys was the sister group of Polycryptodira
with Meiolaniidae their sister group.

TMP 87.2.1 (Taxon 13)

This taxon is based on a nearly complete,
undescribed skeleton from the Late Creta-
ceous of Dinosaur Provincial Park. This
specimen and others closely related to it are
being studied by Dr. H. Hutchison. He feels
that although it may not be the same species,
it is closely related to a species originally de-
scribed as "Clemmys" bachmanni by Russell
(1934).

Chelydridae (Taxon 14)
Gaffney (1975b) and Gaffney and Meylan

(1988) argue for including Platysternon in the
Chelydridae as the sister group of Macrocle-
mys. Others (e.g., Bickham and Carr, 1983)
do not follow this assessment and there are
character contradictions. Platysternon has
double articulations between the seventh and
eighth cervicals, and apparently derived
character found in chelonioids, trionychoids,
and testudinoids but not other chelydrids.
Platysternon also lacks the derived plastral
morphology seen in other chelydrids. The re-
lationships of Platysternon should be re-ex-
amined in light ofthe new discoveries ofAsi-
atic eucryptodires named above. However,
in this analysis, Platysternon is deleted from
consideration and the characters of the Che-
lydridae are based on Chelydra, Macrocle-
mys, and Protochelydra.

Chelonioidea (Taxon 15)

Gaffney and Meylan (1988) argue that Tox-
ochelys is the sister taxon to all other chelon-
ioids, and this hypothesis is accepted here.
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Trionychoidea (Taxon 16)

The monophyly ofthis large group has most
recently been discussed in Meylan and Gaff-
ney (1989). Relying on their analysis pro-
duces the character states used here for
Trionychoidea. The Cretaceous trionychoids
Adocus (Meylan and Gaffney, 1989) and
Emarginachelys (Whetstone, 1978, Emar-
ginachelys is a trionychoid not a chelydrid
contra Whetstone) are particularly relevant
to the primitive conditions of characters for
Trionychoidea.

Testudinoidea (Taxon 17)

Unfortunately the systematics of this, the
largest group of living cryptodires, is still in
some flux. While Gaffney and Meylan (1988)
provides the most recent cladistic analysis,
the unpublished studies of Seidel et al. (1992
abstract only) suggest alternate cladograms.
For the purposes of this analysis, I have used
the character states of Mongolemys as sug-
gested by the Seidel et al. (1992) work as the
basis for the characters of the group.

Testudines (Taxon 18)

Monophyly of turtles is discussed in Gaff-
ney and Meylan (1988). Monophyly of Tes-
tudines is not tested here and characters rel-
evant to this question have not been included
in the analysis and data matrix.

Casichelydia (Taxon 19)

Monophyly of this group is discussed in
Gaffney and Meylan (1988). The discovery
ofAustralochelys has caused modifications to
this earlier analysis and these are discussed
in Gaffney and Kitching (1994, 1995). A new
diagnosis of Casichelydia is in Gaffney and
Kitching (1995). Most characters relevant to
defining Casichelydia have not been included
in this analysis and data matrix.

Cryptodira (Taxon 20)

Cryptodira has four synapomorphies: the
processus trochlearis oticum (character 7), the
vertical flange on the processus pterygoideus
externus (character 4), the absence of supra-
marginal scales (character 36) and the pre-
frontal-vomer contact (character 3). Further
discussion of these characters are in Gaffney

and Meylan (1988) and Gaffney et al. (1991).
The Cryptodira is judged to be a relatively
well-tested monophyletic group.

Selmacryptodira (Taxon 21)
This group is all cryptodires except Kay-

entachelys and is tested with three synapo-
morphies: closed interpterygoid vacuity
(character 6), middle ear with pterygoid floor
(character 8), and entoplastron broadly in
contact on midline (character 38). In this
analysis there are no homoplasies within the
Cryptodira and this group is judged to be
relatively well tested.

Daiocryptodira (Taxon 22)

The hypothesis that Kallokibotion is the
sister group of all other cryptodires except
Kayentachelys was advanced by Gaffney and
Meylan (1992). It is tested by three synapo-
morphies: the internal carotid artery is at least
partially enclosed by the pterygoid (character
9), there is at least some degree of posterior
temporal emargination (character 17) and the
dorsal process of the epiplastron is absent
(character 37). Meiolaniids, some pelome-
dusids, and some emydids show a completely
roofed skull with no temporal emargination
but none of these exhibits the presumed
primitive condition seen in Kallokibotion and
Kayentachelys. The epiplastral process is
highly homoplastic and was apparently lost
independently in a number of cryptodires.
Although this group is not as strong as others
in this analysis, it is relatively well tested.

Paracryptodira (Taxon 23)

The union of Pleurosternidae + Baenidae
to form the Paracryptodira is based on three
characters: a small fenestra perilymphatica
(Brinkman and Nicholls, 1993) (character 15),
a foramen posterius canalis carotici interni
formed by the basisphenoid and pterygoid
(character 14) and the complete enclosure of
the canalis caroticus internus and the canalis
caroticus lateralis in bone (character 11). This
idea originally proposed by Gaffney (1972)
was countered by Evans and Kemp (1976)
and accepted by Gaffney (1979a). However,
Brinkman and Nicholls (1993) have re-af-
firmed Gaffney's original arguments (hoo-
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ray!) and reinterpreted the Paracryptodira as
a valid taxon.

Eucryptodira (Taxon 24)

This group is tested by two unambiguous
synapomorphies: enclosure of carotid artery
by pterygoid (character 10) and loss of me-
soplastra (character 34). No homoplasies are
shown in this analysis, but chelids loose me-
soplastra within pleurodires and the enclo-
sure of the carotid by the pterygoid has been
argued by-Rieppel (1980) to be variably de-
veloped within Plesiochelyidae. Gaffney and
Meylan (1988) and Gaffney (1976) argue that
Rieppel's supposed cline is due to variable
erosion in the available specimens.

Unnamed taxon (Taxon 25)

Two unambiguous characters form this
group. The posteriorly placed transverse pro-
cesses (character 21) and the ligamentous car-
apace/plastron attachment (character 35).
Both characters are homoplastic in this anal-
ysis. Another problem at this node is Xin-
giangehelys which is missing the most data
of the basic taxa used in this analysis. See
further discussion in Centrocryptodira (Tax-
on 26).

Centrocryptodira (Taxon 26)

This group is the Centrocryptodira ofMey-
lan and Gaffney (1988), here consisting of
meiolaniids + sinemydids + Polycryptodira.
Three unambiguous synapomorphies are:
formed cervical central articulations (char-
acter 20), fourth cervical biconvex (character
24), eighth cervical procoelous (character 25).
The last two characters are multistate and
reflect specific patterns of cervical articula-
tions. These characters also have the effect of
weighting the presence of formed centra.
A fourth synapomorphy at this level is the

thick floor of the canalis caroticus internus
(character 12). This character occurs in meio-
laniids and the Polycryptodira (taxon 30) and
is interpreted as being reversed in the Sine-
mydids. However, the carotid floor is unusu-
ally thick in Meiolania and may not be ho-
mologous to the polycryptodiran condition.
It is just as likely that this character evolved

separately in meiolaniids and polycryptodi-
rans.

Xinjiangchelys is very tenuously resolved
as the sister group to meiolaniids plus re-
maining eucryptodires. With more infor-
mation on the missing characters in Xin-
jiangchelys its position could be changed. This
particular resolution, however, clearly sepa-
rates the amphicoelous taxa like Xinjiangche-
lys and plesiochelyids from the eucryptodires
with formed centra. In its present resolution,
Xinjiangchelys requires homoplasy in having
a reduced first thoracic rib (character 32),
otherwise known only in taxon 30 and in the
anterior position ofthe transverse process on
cervicals (character 21). An alternative con-
sistent with these two characters would place
Xinjianghchelys in taxon 27, an unnamed
taxon consisting of sinemydids and Poly-
cryptodira.

Meiolaniids are included in the Centro-
cryptodira here as well as in previous anal-
yses: Gaffney and Meylan (1988), Gaffney et
al. (1991). There are two homoplasies re-
quired for this. Character 17, posterior tem-
poral emargination, is absent in the skull of
meiolaniids, although there is good morpho-
logic reason to think that this is secondary
(Gaffney, 1983). Character 21, the anterior
position of the transverse process on cervi-
cals, is lacking in meiolaniids which have the
more primitive middle or posterior position.
This character involves the position of Xin-
jiangehelys relative to meiolaniids as the sis-
ter group to remaining Centrocryptodira.
Xinjiangchelys has a homoplasy in character
32, the reduced first thoracic rib, which is
consistent with Xinjianghchelys being placed
higher on the cladogram. The skull in Xin-
jiangehelys is poorly known and further work
could alter its position relative to meiolan-
iids. Otherwise, the position of meiolaniids
as the sister group to sinemydids + Poly-
cryptodira seems well founded.

Unnamed taxon (Taxon 27)
This taxon unites sinemydids and Poly-

cryptodira with meiolaniids as their sister
group. The resolution of sinemydids is poor
with collapse of this part of the cladogram
only one step away, but the monophyly of
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the entire group is relatively good with six
unambiguous synapomorphies.
The unambiguous characters at Taxon 27

are: paired pits on basisphenoid (character
16), parietal separated from squamosal (char-
acter 18), biconcave caudal (character 29), at
least some caudals procoelous (character 30),
a narrow epiplastron (character 39), and only
one set of anterior plastral scales (character
40).

Sinemydidae (Taxon 28)
The history of the terms Sinemydidae and

Macrobaenidae is complex and reviewed in
both Gaffney and Ye (1992) and Brinkman
and Peng (1993a, 1993b) which should be
used as introductions to the literature. In this
analysis only a relatively few well known taxa,
ascribable to what have been included in Si-
nemydidae or Macrobaenidae, have been in-
cluded. Nonetheless, the characters diagnos-
ing this taxon in this analysis are sufficient
to exclude Macrobaena itself. Macrobaena
(Tatarinov, 1959) has a procoelous eighth
cervical rather than the biconvex eighth cer-
vical diagnostic of the group. For this reason
I am using Sinemydidae, as Sinemys is a
member of the group. This does not mean
that I think this designation is conclusive.
The primitive eucryptodires are currently in
a state oftaxonomic flux, relatively speaking,
as new taxa are described and older taxa be-
come better known and susceptible to char-
acter analysis.
The unambiguous characters at this node

are: a thin floor of the canalis caroticus in-
ternus (character 12) and cervical 8 biconvex
(character 25). The first character can also be
interpreted as retained primitive and re-
versed in meiolaniids which have a thick floor.
This would remove it as a sinemydid syna-
pomorphy. At present it is a sinemydid syn-
apomorphy only because meiolaniids have a
thick floor and are the sister group to sine-
mydids + polycryptodires. The biconvex
cervical 8, however, is almost unique to si-
nemydids. The only other cryptodire group
in which it occurs is testudinoids and there
the centra have double articulations and are
much wider with a very different shape.
Within pleurodires, chelids have a biconvex

cervical 8 but the primitive condition for
pleurodires is very likely amphicoelous cerv-
icals.

Unnamed taxon (Taxon 29)
In this analysis, three unambiguous char-

acters define this taxon and unite Sinemys
and Dracochelys/Hangaiemys. The foramen
palatinum posterius is very large (character
5) and cervical 4 is opisthocoelous (character
24). Both of these characters are unique to
this group as interpreted in this analysis.
However, the size of the foramen palatinum
posterius varies widely in cryptodires and is
difficult to homologize, and opisthocoelous
cervicals also appear within the Trionychoi-
dea, although there is good evidence that they
are not primitive for that group (Meylan and
Gaffney, 1989). The third character is the ab-
sence of a postorbital/squamosal contact
(character 19) but this condition is known
only for Sinemys and not in Dracochelys or
Hangaiemys.

Polycryptodira (Taxon 30)

TMP 87.2.1, attributed to a species close
to "Clemmys" bachmani (H. Hutchison, per-
sonal commun.), is united with the Poly-
cryptodira by six characters, all but one of
which are homoplastic in this analysis. None-
theless, three are characters that are found in
Polycryptodira and not in other eucrypto-
dires, clearly separating TMP 87.2.1 from the
sinemydids.
The unambiguous characters are: prefron-

tals meet on midline (character 2, also occurs
in Dracochelys), palatine artery and internal
carotid artery fully embedded in bone (char-
acter 11), posterior cervicals with strong ven-
tral process (character 22), cervical ribs ab-
sent (character 23), single transverse process
on cervicals (character 27, also occurs in Si-
nemys but not Dracochelys), first thoracic rib
fails to reach peripherals (character 32, also
in Xinjiangchelys).

Unnamed taxon (Taxon 3 1)
Four unambiguous characters at this taxon

separate TMP 87.2.1 from all other Poly-
cryptodira: absence of nasals (character 1),
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absence of basisphenoid pits (character 16,
reversed), neural spine on cervical 8 low
(character 28), and first thoracic centrum fac-
es strongly anteroventrally (character 33).
Characters 28 and 33 are unique to this group,
which consists of the living cryptodires.

Procoelocryptodira (Taxon 32)
This group consists of the Chelonioidea +

Trionychoidea, + Testudinoidea and has
been recognized earlier by Gaffney and Mey-
lan (1988) and Gaffney et al. (1991) among
others. The characters at this node are: the
absence of the biconcave caudal with all cau-
dals procoelous (character 29), double artic-
ulation between the seventh and eighth cerv-
icals (character 26), chevrons small or absent
with a short tail (character 31). Only the bi-
concave caudal is homoplastic and this char-
acter is absent in all cryptodires except si-
nemydids, TMP 87.2.1, and chelydrids. This
analysis interprets the biconcave caudal as
primitive for all eucryptodires at Taxon 27
and its loss at Taxon 32 is synapomorphic
for the Procoelocryptodira.

Chelomacryptodira (Taxon 33)
The only synapomorphy testing this group

in Gaffney and Meylan (1988) was the ho-
moplasy-prone extreme temporal emargina-
tion, separating postorbital and squamosal.
In the present analysis there are two addi-
tional characters that also test this group. Both
characters are reversals that reflect the fact
that these turtles have shells that have closer
similarities to more primitive cryptodires
such as plesiochelyids and baenids than to
the more closely related sinemydids and che-
lydrids. Primitively, trionychoids and testu-
dinoids have broad epiplastra and tightly su-
tured plastron/carapace contacts as in prim-
itive cryptodires, but it is very likely that the
primitive condition within eucryptodires at
taxon 27 is a shell with narrow epiplastra and
a ligamentous plastron/carapace contact.
Therefore, the unambiguous characters for
Chelomacryptodira in this analysis are: post-
orbital/squamosal contact absent (character
19), carapace/plastron contact sutured, not
ligamentous (character 35 reversed), and
broad epiplastron (character 39 reversed).

CHARACTERS USED IN
THE ANALYSIS

From Owen's (1881) first identification of
meiolaniids as homed lizards, the relation-
ships of these turtles have been marked by
controversy. The combination ofpoorly pre-
served specimens and highly derived features
have obscured the relationships of meiolan-
iids for over a hundred years. As better ma-
terial has been discovered, newer assess-
ments have at least narrowed the limits for
the phylogenetic position of meiolaniids.
Owen's (1881) identification of the large

Queensland meiolaniid (now known as Nin-
jemys oweni) as a varanid lizard was based
on the mixing ofthe turtle skull elements with
the vertebrae of a giant varanid (Megalania
prisca). Owen later (1886b) added a skull from
Lord Howe Island to the material he was
identifying as a homed lizard. This skull, as
well as some Lord Howe Island caudals, were
quickly identified by Huxley (1887) as a turtle
that he compared with Chelydra. Boulenger
(1887) substantiated the idea ofMeiolania as
a turtle but argued that it was a pleurodire.
In 1888, Owen's last word on the homed
turtle subject was the creation of the "Cera-
tosauria" as a group intermediate between
turtles and other reptiles (and we say that
Owen wasn't an evolutionist!).
The next controversy concerned the posi-

tion of Meiolania within the turtles. Boulen-
ger's claim (1887, 1889) that Meiolania was
a pleurodire was opposed by Baur (1889a,
1889b) who thought it was a cryptodire and
used such currently recognized cryptodire
synapomorphies as a processus trochlearis
oticum (in Gaffney, 1979b, terminology) as
evidence. But the British Museum viewpoint
prevailed because Lydekker (1889), with
Boulenger's contributions, wrote the sum-
mary classifications used by most herpetol-
ogists and paleontologists at the time. Meio-
laniids were pleurodires for decades in most
literature that referred to the group.

In 1925 Charles Anderson of the Austra-
lian Museum described new material of the
Lord Howe Island Meiolania platyceps, and
concluded that meiolaniids were members of
the Amphichelydia. The Amphichelydia is a
taxon characterized by primitive features and
supposed to contain the ancestors of Recent
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turtles. In practice the Amphichelydia, erect-
ed in 1889 by Lydekker, became a waste bas-
ket of fossils that did not clearly belong to
living groups (see Gaffney, 1975a, and, 1984,
for discussion).
In 1938 Simpson described a new meio-

laniid that he collected on his Patagonian ex-
peditions. Simpson listed characters, re-
viewed the work ofBoulenger, Baur, and An-
derson, and agreed with Anderson that meio-
laniids were the relict descendants ofancestral
turtles, and Simpson's (1938: 25 1-252) view
of the Amphichelydia could be seen as a pre-
view of the later debate between his school
of "evolutionary taxonomy" and phylogene-
tic systematics:

The Suborder Amphichelydia ... is an
essentially horizontal diversion for a di-
vergent group ofearly phyla, mostly Me-
sozoic, which are distinguished from lat-
er forms and united with each other by
primitive characters. A strictly phyletic
classification, were such possible, would
reject this suborder as generally defined,
but, as so often happens in practical tax-
onomy, it is now most convenient if not
necessary to recognize it.

In 1972, Gaffney presented a cladistic anal-
ysis of the baenids, an extinct group consid-
ered central to the Amphichelydia and com-
pared with meiolaniids by both Anderson and
Simpson. Gaffney argued that the baenids
were cryptodires and in 1975 (1975a) that
the Amphichelydia should be discarded in
favor of monophyletic Cryptodira and Pleu-
rodira. In the 1975 paper he argued that
meiolaniids were cryptodires and, rather than
being closely related to baenids, that they were
eucryptodires, more closely related to the liv-
ing cryptodire groups. Gaffney (1984) sup-
ported the idea of meiolaniids as eucrypto-
dires and compared alternative phylogenetic
hypotheses. Gaffney and Meylan (1988) had
more taxa than Gaffney (1984) and hypoth-
esized meiolaniids as the sister group of che-
lydrids, trionychoids, chelonioids, and tes-
tudinoids with plesiochelyids the sister group
ofmeiolaniids plus those living groups. Gaff-
ney et al. (1991) relied on many of the same
characters and produced the same conclu-
sions concerning meiolaniids.

The present study attempts a more exten-
sive examination of relationships of the
Meiolaniidae within the Cryptodira. A data
set of40 characters is used to analyze 17 basic
taxa using the parsimony program PAUP
(Swofford 1993), assisted by MacClade
(Maddison and Maddison 1992). Further ref-
erences to these programs, explanations of
terminology, and relevant literature, can be
found in the manuals acompanying the above
programs, in Wiley et al. (1991) and issues
of the journal Cladistics.
The PAUP analysis results in a single

cladogram with 73 steps, a consistency index
of 0.58, and a retention index of 0.80. Al-
though there is only one shortest cladogram,
it isn't that far from a complete lack of res-
olution. At 74 steps, one step longer than the
shortest cladogram, there are 7 equally par-
simonious cladograms that combine to pro-
duce a consensus tree (fig. 100). The differ-
ence from the shortest cladogram is the mul-
tichotomy of the sinemydids and taxon 30
and a multichotomy of plesiochelyids, Xin-
giangehelys, and Taxon 26. The next shortest
cladogram at 75 steps, produces 40 equally
parsimonious cladograms and a consensus
tree seen in figure 101. This tree shows a lack
of resolution within the Polycryptodira, and
within nearly all the more primitive crypto-
dires. The groups still maintained are the
Cryptodira, and the Polycryptodira. The
Chelomacryptodira (Testudinoidea plus
Trionychoidea) also hold together.
The character discussion emphasizes char-

acters relevant to the position of Meiolania.
Characters at more basal levels are discussed
in other papers which are noted.
Because there is one shortest cladogram

and because there are many alternatives one
or more steps longer, I have chosen to look
more closely at the distribution of characters
in the shortest cladogram rather than ex-
amine possible alternatives.

LIST OF CHARACTERS

1. Nasal bones: Present = 0; Absent = 1.
Morphology: Skull figures showing distri-

bution ofnasal bones are in Gaffney (1979b).
Primitive condition: Paired nasals are pres-

ent throughout amniotes and in Proganoche-
lys.
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Fig. 98. Shortest cladogram for Cryptodira produced by PAUP version 3.1.1
length 73, CI = 0.58, RI = 0.80. Data set in table 19 and fig. 99.

Homoplasy: There is strong evidence ofin-
dependant loss of nasals within turtles, once
within pleurodires (pelomedusids) and prob-
ably more than once within cryptodires
(baenids, chelonioids, Polycryptodira). The
preferred cladogram shows a consistency in-
dex for this character of 0.5, but this does
not reflect the very likely multiple loss of na-
sals among cryptodires.

Discussion: Meiolania platyceps (Gaffney,
1983) and Meiolania brevicollis (Megirian,
1989, 1992) have nasal bones. Other meio-
laniids are not well-enough preserved to de-
termine presence or absence of nasals.

2. Prefrontals: Do not meet in midline =
0; Meet in midline = 1.

Procoelocryptodira

(Swofford, 1993), tree

Morphology: Skull figures of various pre-
frontal conditions are in Gaffney (1979b).

Primitive condition: Captorhinids as well
as other generalized amniotes such as pro-
colophonids and pareiasaurs have the dorsal
lappets of the prefrontals separated by con-
tact of nasals and frontals. Proganochelys
(Gaffney, 1990) also has this condition.
Homoplasy: Medial meeting of the pre-

frontals appears twice in the preferred clado-
gram of Gaffney et al. (1991) and Gaffney
and Meylan (1988), and three times (C.I. of
0.33) in the preferred cladogram presented
here. Pelomedusids and most eucryptodires
have medially meeting prefrontals.

134 NO. 229



1996 GAFFNEY: POSTCRANIAL MORPHOLOGY OF MEIOLANIA PLATYCEPS 135

*cn CCc co co co co

>% E 2! c -0E 0a, tco)ccoi g 0 _

CD m Cna O F )
24 V.

3~~~~~~~~~C C __ _ _

4 _
8C0~... 0 ~0_8a- 0

1 0 P P P P p u .

2 C 0 ) -C u-u_

13 pouu uuuuuu_

4 ,

15 p_pp p.Epppppp

6 * _

17 por uuu *u-u18 - uuuuuuuuu

19 __

10 ooo ouuuuuuu
21 1 __
122

13 p

14 ppp*pppppp
15 pp uop_pp
16 pppp p***ppp
17 p * *
18 ppppp _ *****=
19 pppp p*pp*

215u u

36

24 p _-p=pp_uu
25 p p p p p p pp_pp
26-pp p p p p p p p p p p p p uu

37

29 PPPP u *EEPPP
30 PPPPP PE_ EE

318 P P P P P P E

Fi.9 9.CaatrdsrbtosfrCytdr aast

32 p0 uu~E

33 p p p p p p p p p p-
34 p p pep prp = O; C p
35 p p ppr p p p ( haspp

gaiemys Mefl Fig. 99.seysC aratrdSistibtin forcryptodiras datainst.epeec fti

mys however, have the prefrontals separated feature. Discussion and description is also in
by nasal/frontal contact. Gaffney (1990).



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

e\-P 'oP 06' *,\%6e-'
60 %0

Fig. 100. Strict consensus cladogram of 7 trees at 74 steps and shorter (one step longer than shortest
cladogram).

Primitive condition: The absence of a pre-
frontal/vomer contact is general among am-
niotes considered likely turtle outgroups
(Gaffney, 1990).
Homoplasy: None apparent within turtles,

consistency index is 1.0 for the preferred
cladogram.

Discussion: Gaffiney and Meylan (1988) and
Gaffney et al. (1991) argued for this character
as a cryptodire synapomorphy. It is clearly
present in Meiolania (Gaffney, 1983).

4. Vertical flange on processus pterygo-
ideus externus: Absent = 0; Present = 1.
Morphology: The flange is described in

Gaffney (1979b).
Primitive condition: The character is absent

in all other amniotes.
Homoplasy: None known, consistency in-

dex for preferred cladogram is 1.0.
Discussion: See Gaffney et al. (1991: 320).

This character is a cryptodire synapomorphy
present in Meiolania.

5. Foramen palatinum posterius: Relatively
small = 0; Relatively large = 1.
Morphology: The foramen palatinum pos-

terius is described in Gaffney (1979b). Si-
nemys, Dracochelys, and Hangaiemys have
unusually large palatine foramina and this

character is restricted to the condition shown
in these taxa (Brinkman and Peng; 1993a;
Gaffney and Ye, 1992; Sukhanov and Nar-
mandakh, 1974).

Primitive condition: The relative size ofthe
foramen palatinum posterius varies a great
deal in turtles and this character is limited to
the extreme condition. Based on Progan-
ochelys and Kayentachelys, a smaller fora-
men size is primitive.
Homoplasy: The simple nature ofthe char-

acter and the fact that size of the foramen is
highly variable in turtles makes homoplasy
likely. As defined here, however, the char-
acter has a consistency index of 1.0.

Discussion: This character is suggested by
Brinkman and Peng (1993a) as a possible
common feature of "macrobaenids" (here
equal to sinemydids) and Gaffney and Ye
(1992) use it to help link Dracochelys and
Hangaiemys. Nonetheless, the character is
variable.

In plesiochelyids the foramen palatinum
posterius is open laterally in Portlandemys
(Gaffney, 1976). This has been coded as small
because it is unlikely to be homologous with
the condition in Dracochelys and Hangaie-
mys.
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Fig. 101.
cladogram).

Strict consensus cladogram of40 trees at 75 steps and shorter (two steps longer than shortest

6. Interpterygoid vacuity: Open = 0; Closed
= 1.
Morphology: The vacuity is described for

Proganochelys in Gaffney (1990), Austral-
ochelys in Gaffney and Kitching (1994, 1995),
and Kayentachelys in Gaffney, et al. (1987).
The closed condition is described in Gaffney
(1979b).

Primitive condition: The open interptery-
goid vacuity is the primitive amniote con-
dition and is seen in all proposed turtle out-
groups.
Homoplasy: Gaffney and Meylan (1988)

and Gaffney, et al. (1991) required indepen-
dent evolution ofthis character in pleurodires
and in selmacryptodires. In the preferred
cladogram of the present study, the consis-
tency index is 0.5.

Discussion: See Gaffney et al. (1991) for
discussion.

7. Processus trochlearis oticum: Absent=
0; Present = 1.
Morphology: Schumacher (1973) and Gaff-

ney (1975a, 1979b) describe this character.
Primitive condition: This character is ab-

sent in all other amniotes.
Homoplasy: None known, consistency in-

dex is 1.0.

Discussion: See Gaffney et al. (1991) for
discussion. This character is an important
cryptodire synapomorphy present in meio-
laniids.

8. Middle ear with ossified floor formed by
posteromedial process of pterygoid: Pterygoid
process absent = 0; Pterygoid process present
= 1.
Morphology: Gaffney (1979b) describes and

figures the process.
Primitive condition: The process is absent

in all pleurodires, Proganochelys, Austral-
ochelys, and the early cryptodire Kayentache-
lys. It is absent in all other amniotes and this
is interpreted as the primitive condition.
Homoplasy: None known, consistency in-

dex 1.0.
Discussion: See Gaffney et al. (1991) and

Gaffney et al. (1987). The process is a syna-
pomorphy of the Selmacryptodira, and it is
present in meiolaniids.

9. Canalis caroticus internus at least par-
tially formed by pterygoid: Not formed by
pterygoid to any extent = 0; Partially or en-
tirely formed by pterygoid = 1.
Morphology: Gaffney (1 979b) and Gaffney

(1990) described the primitive and advanced

I
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TABLE 19
Cryptodira Data Set

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Proganochelys 0 0 0 0 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0
Pleurodira 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0
Kayentachelys 0 0 1 1 0 0 1 0 0 0 0 0 ? 0 0 0 0 0 0 0
Kallokibotion 0 0 1 1 0 1 1 1 0 0 0 0 0 0 ? 0 0 0 0 0
Pleurosternidae 0 0 1 1 0 1 1 1 1 0 1 0 0 1 1 0 1 0 0 0
Baenidae 0 0 1 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0
Plesiochelyidae 0 1 1 1 0 1 1 1 1 1 0&1 0 0 0 0 0 1 0 0 0
Xingjiangchelys ? ? ? ? ? ? ? 1 1 1 0 0 0 0 ? ? 1 ? ? 0
Meiolaniidae 0 0 1 1 0 1 1 1 1 1 0 1 ? 0 0 0 0 0 0 1
Sinemys 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1
Draco/Hanga ? 1 1 1 1 1 1 1 1 1 0 0 ? 0 ? 1 1 1 ? 1
Ordosemys 0 0 1 1 0 1 1 1 1 1 0 0 0 0 ? 1 1 1 0 1
TMP 87.2.1 0 1 1 1 0 1 1 1 1 1 1 1 ? 0 ? 1 1 1 0 1
Chelydridae 1 11 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 0 1
Chelonioidea 0 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 1 1 0 1
Trionychoidea 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1
Testudinoidea 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1

morphologies of the internal carotid artery
and its associated structures.

Primitive condition: In generalized am-
niotes, Proganochelys, Kayentachelys, and
Notoemys the canalis caroticus internus is en-
tirely enclosed by the basisphenoid and this
is interpreted as the primitive condition for
turtles.
Homoplasy: None known, consistency in-

dex 1.0.
Discussion: This character has been con-

sidered a synapomorphy of the Selmacryp-
todira by Gaffhey et al. (1991). Meiolaniids
have the advanced condition of the canalis
caroticus internus.

10. Canalis caroticus internus formed en-
tirely by pterygoid posteriorly (distally):
Formed partially or not by pterygoid = 0;
Formed entirely by pterygoid = 1.
Morphology: This character is described in

Gaffihey (1979b), see also Gaffney and Mey-
lan (1988, figs. 5.5 and 5.6).

Primitive condition: The primitive condi-
tion for this character is seen in Kallokibotion
(Gaffiney and Meylan, 1992), pleurosternids
(Gaffiney, 1 979a), and baenids (Brinkman and
Nicholls, 1993).
Homoplasy: None known, consistency in-

dex 1.0.
Discussion: The completely enclosed in-

ternal carotid artery is a synapomorphy for

the Eucryptodira of Gaffney (1975a) and
Gaffney and Meylan (1988). Meiolaniids
clearly have the eucryptodiran condition of
this character.

11. Canalis caroticus internus and canalis
caroticus lateralis completely embedded in
bone: Both canals open ventrally = 0; Both
canals embedded in bone = 1.
Morphology: In the living cryptodire

groups, the Polycryptodira, the palatine ar-
tery and the position where it originates from
the internal carotid artery is enclosed in bone
(Gaffney, 1979b). In many fossil groups it is
apparent that the area around and anterior
to the origin of the palatine artery is not os-
sified (Brinkman and Nicholls, 1993). In
primitive cryptodires such as Kallokibotion,
(Gaffney and Meylan, 1992) most ofthe length
ofthe canalis caroticus internus and the pos-
terior portion ofthe canalis caroticus lateralis
are also unenclosed. In pleurosternids, baen-
ids, and plesiochelyids the posterior part of
the canalis caroticus internus is exposed and
the canalis caroticus laterale and anterior part
ofthe canalis caroticus internus are enclosed.
Sinemydids and Xinjiangchelys, have the
canalis caroticus lateralis exposed, although
the posterior part of the canalis caroticus in-
ternus is enclosed (Brinkman and Nicholls,
1993, fig. 3; Gaffney and Ye, 1992).
Primitive condition: The exposed (pre-
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TABLE 19-(Continued)

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Proganochelys 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pleurodira 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Kayentachelys 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 1 0 0 0 0
Kallokibotion 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 1 0 1 0 0
Pleurostemidae 0 0 0 0 0 0 0 ? 0 0 0 0 0 0 0 1 0 1 0 0
Baenidae 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 0
Plesiochelyidae 0 0 1 0 0 0 1 ? 0 0 0 0 0 1 0 1 1 1 0 0
Xingliangchelys 1 0 0 0 0 0 0 0 ? ? ? 1 0 1 1 1 1 1 0 0
Meiolaniidae 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0
Sinemys 1 0 0 2 2 0 1 ? 1 1 0 0 0 1 1 1 1 1 1 1
Draco/Hanga 0 0 ? 2 2 0 0 0 ? ? ? 0 0 1 1 1 1 1 1 1
Ordosemys 1 0 0 1 2 0 0 0 1 1 0 0 0 1 1 1 0 1 ? ?
TMP 87.2.1 1 1 1 1 1 0 1 0 1 1 0 1 0 1 1 1 1 1 1 1
Chelydridae 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1
Chelonioidea 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
Trionychoidea 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 0
Testudinoidea 1 1 1 1 2 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1

sumed) palatine and cerebral carotid arteries
of Proganochelys (Gaffney, 1990), Kayen-
tachelys (Gaffney et al., 1987) and Kalloki-
botion (Gaffney and Meylan, 1992), are in-
terpreted as the primitive cryptodiran con-
dition.
Homoplasy: The consistency index for this

character is 0.66. The shortest cladogram re-
quires two or three independent acquisitions
ofthis character, depending on whether mul-
tiple loss or multiple acquisition is chosen at
nodes 22 and 24 (fig. 98). Brinkman and
Nicholls (1993) have argued for the multiple
acquisition of this character from a Kalloki-
botion-like condition. The retained primitive
condition seen in such eucryptodires as Si-
nemys and Orodosemys, does differ from Kal-
lokibotion in being more restricted by bony
margins encroaching on the arterial areas.
Some eucryptodires like Dracochelys, how-
ever, appear to be widely open and approach
the Kallokibotion condition.

Discussion: The basicranial morphology of
Meiolania platyceps is described in Gaffney
(1983). In Meiolania the presumed path of
the palatine artery is contained in and cov-
ered ventrally by bone, but the intrapterygoid
slit, a structure unique to meiolaniids, is de-
veloped along the basisphenoid/pterygoid
contact and involves the path of the palatine
artery. There is no canalis caroticus lateralis

completely formed in bone, the medial wall
of this canal is missing and the canal is con-
fluent with the intrapterygoid slit. As inter-
preted in Gaffhey (1983: 429-435, 462),
meiolaniids have the primitive condition of
the canalis caroticus lateralis and not the ad-
vanced condition seen in Polycryptodira.

12. Thickness of pterygoid floor of canalis
caroticus internus: Thin or absent = 0; Thick
= 1.
Morphology: The advanced condition is

described in Gaffney (1979b) and the thin-
floored condition in plesiochelyids is de-
scribed in Gaffney (1976).

Primitive condition: The thin floor of the
canalis caroticus intemus is interpreted as
primitive because it is similar to the early
stages of development as seen in emydids
(Kunkel, 1912). In some Plesiochelys speci-
mens the enclosed canalis has a seam or su-
ture still present (Gaffhey, 1976), possibly in-
dicating an early morphologic stage in the
development of the canalis caroticus inter-
nus.
Homoplasy: Although such forms as ple-

siochelyids and Dracochelys have very thin
pterygoid floors in contrast to living crypto-
dires, some of the fossil groups may be more
intermediate in thickness and not clearly one
extreme or the other. Such distinctions are
not included in this analysis, but the potential
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TABLE 20
Unambiguous Synapomorphies for the

Cryptodire Cladogram (fig. 98)

Taxon 20. Cryptodira
3. Prefrontal vomer contact present
4. Vertical flange on processus pterygoideus extemus
7. Processus trochlearis oticum present

36. Supramarginal scales absent

Taxon 21. Selmacryptodira
6. Interpterygoid vacuity closed
8. Middle ear with ossified floor formed by poster-

omedial process of pterygoid
38. Entoplastron separating epiplastra

Taxon 22. Daiocryptodira
9. Canalis caroticus internus at least partially formed

by pterygoid
17. Posterior temporal emargination at least partially

developed
37. Dorsal process on epiplastron absent

Taxon 23. Paracryptodira
11. Canalis caroticus intemus and canalis caroticus

lateralis embedded in bone
14. Foramen posterius canalis carotici interni formed

by basisphenoid and pterygoid, midway along
basisphenoid-pterygoid suture

15. Fenestra perilymphatica relatively small

Taxon 24. Eucryptodira
10. Canalis caroticus internus formed entirely by pter-

ygoid posteriorly (distally)
34. Mesoplastra absent

Taxon 25. Unnamed taxon
21. Transverse process of cervical vertebrae on an-

terior of centrum
35. Ligamentous attachment ofcarapace and plastron

Taxon 26. Centrocryptodira
12. Floor of canalis caroticus internus thick
20. Formed central articulations of cervical vertebrae
24. Fourth cervical biconvex
25. Eighth cervical procoelous

Taxon 27. Unnamed taxon
16. Paired pits on basisphenoid present
18. Parietal-squamosal contact absent
29. Biconcave caudal present
30. At least first two caudal centra procoelous
39. Epiplastra narrow
40. Plastral scale set 2 (gulars/extragulars) absent

Taxon 28. Sinemydidae
12. Floor of canalis caroticus internus thin
25. Eighth cervical biconvex

Taxon 29. Unnamed taxon
5. Foramen palatinum posterius large

19. Postorbital-squamosal contact present
24. Fourth cervical opisthocoelous

TABLE 20-(Continued)

Taxon 30. Polycryptodira
2. Prefrontals meet in midline

11. Canalis caroticus internus and canalis caroticus
lateralis completely embedded in bone

22. Posterior cervicals with strong ventral process
23. Cervical ribs absent
27. Cervicals with double transverse process
32. First thoracic rib extends less than halfway across

first costal

Taxon 31. Unnamed taxon
1. Nasals absent

16. Basisphenoidal pits absent
28. Eighth cervical neural spine low
33. First thoracic vertebral centrum faces antero-

ventrally

Taxon 32. Procoelocryptodira
26. Double central articulation between seventh and

eighth cervicals
29. Biconcave caudal near base of tail
31. Chevrons small or absent

Taxon 33. Chelomacryptodira
19. Postorbital-squamosal contact absent
35. Sutured carapace-plastron articulation
39. Broad epiplastra

for a problem exists. The consistency index
of 0.5 does not reflect the variation in thick-
ness between the extremes.

Discussion: Meiolaniids have an unusually
thick floor to the canalis caroticus internus
and differ strongly from other primitive eu-
cryptodires such as plesiochelyids and sine-
mydids. This character was used by Gaffney
and Meylan (1988) and Gaffney et al. (1991)
to separate plesiochelyids as the sister group
to all other eucryptodires.

13. Canalis caroticus lateralis versus can-
alis caroticus internus: Canalis caroticus la-
teralis equal to or larger than canalis caroticus
internus = 0; Canalis caroticus lateralis
smaller than canalis caroticus internus = 1.
Morphology: The canals of the internal ca-

rotid arterial system are summarized in Gaff-
ney (1 979b). The canal size is presumed to
reflect the size of the artery.

Primitive condition: The original assess-
ment of the primitive condition of this char-
acter (Gaffney, 1975a) was based on com-
parison with living sauropsids outside turtles.
In Squamata, the palatine artery is usually
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Can. car. internus
unordered

= partially or less by pter
_ entirely by pter

F equivocal

Fig. 102. Distribution of characters 5 and 10 on the preferred cladogram.

smaller than the internal carotid and this is
the case in many Recent turtles. In Progan-
ochelys and Kayentachelys the interpterygoid

vacuity is open and there is no canalis car-
oticus lateralis. As more fossils have become
available since 1975, the distribution of an
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Split Pal. art and int. car. ar
unordered

= outside skull

_ embedded in bone

:M1 polymorphic
:q equivocal

Fig. 103. Distribution of characters 11 and 12 on the preferred cladogram.

equally sized canalis caroticus lateralis has
increased. Kallokibotion (Gaffhey and Mey-
lan, 1992), the most primitive selmacrypto-

diran, has equally sized arterial canals and is
probably representative ofthe primitive con-
dition for cryptodires.
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Palatine vs carotid
unordered

=J pal = or > than carotid

_ pal < than carotid
I equivocal

Fig. 104. Distribution of characters 13 and 16 on the preferred cladogram.

Homoplasy: With a CI of .250 this char-
acter is one of the most homoplastic used in
this analysis. The shortest tree requires each

instance ofthis character to be independently
derived and no groups are formed by this
character.
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Discussion: This character was originally
interpreted with palatine smaller than carotid
being the primitive condition. The palatine
equal or larger than carotid was used (Gaff-
ney, 1 975a, 1976) as an advanced character
linking plesiochelyids and chelonioids. The
tree showing the distribution (fig. 104) ofwhat
is here interpreted as the advanced condition
(i.e., the palatine smaller than the carotid)
shows the sporadic occurence of the charac-
ter. Dropping this character results in the same
shortest tree.

14. Foramen posterius canalis carotici in-
terni: Not formed by basisphenoid and pter-
ygoid = 0; Formed by basisphenoid and pter-
ygoid, midway along basisphenoid/pterygoid
suture = 1.
Morphology: This character is figured in

Gaffney (1972, 1979a, 1979b, 1982) and
Brinkman and Nicholls (1993).

Primitive condition: The primitive condi-
tion is the carotid entering the skull at the
foramen caroticum basisphenoidale as in
Proganochelys. The absence ofthis condition
is also characteristic of the eucryptodiran ca-
rotid system, in which the foramen posterius
canalis carotici interni is formed at the pos-
terior end of the pterygoid canal.
Homoplasy: None known, CI is 1.0.
Discussion: Gaffney (1975a) used the po-

sition of the foramen posterius canalis car-
otici interni as a synapomorphy of Pleuros-
ternidae + Baenidae to form the Paracryp-
todira. Evans and Kemp (1976) questioned
this assessment and Gaffney (1979a) accept-
ed their interpretation that the position ofthe
carotid in baenids and pleurosternids was
primitive for eucryptodires. However, as
more taxa and better specimens of primitive
cryptodires have been discovered, Gaffney's
original 1975 (1975a) interpretation appears
more likely. Brinkman and Nicholls (1993),
in their description of the skull of Neuran-
kylus, revive the Paracryptodira and argue
that the baenid carotid morphology is not
primitive for other cryptodires. In the prim-
itive cryptodires, Kallokibotion and Kayen-
tachelys, the carotid enters the skull at the
foramen caroticum basisphenoidale, formed
entirely by the basisphenoid just as in Pro-
ganochelys. This appears to be the condition
from which all other cryptodire patterns are
derived. In the primitive eucryptodires Dra-
cochelys (Gaffney and Ye, 1992), Xin-

jiangchelys (Kaznyshkin et al., 1990), Sine-
mys (Brinkman and Peng, 1993b), and Han-
gaiemys (Sukhanov and Narmandakh, 1974)
the posterior part of the canalis caroticus in-
ternus is covered by the pterygoid but the
entry of the palatine artery and cerebral ca-
rotid artery are variably exposed. The result
is a persistently visible foramen caroticum
basisphenoidale in the basisphenoid. A baen-
idlike foramen posterior canalis carotici in-
terni is not formed in any of these taxa. In-
stead the eucryptodiran carotid condition is
more parsimoniously derived from some-
thing like Kallokibotion only by the posterior
formation ofthe canalis caroticus internus in
the pterygoid. Following Brinkman and
Nicholls (1993), the anterior flooring of the
palatine artery in pleurosternids and baenids
is best interpreted as a synapomorphy uniting
these taxa, even though a similar condition
also occurs in all Polycryptodira and in ple-
siochelyids. However, the formation ofa dis-
tinct carotid entry foramen midway along the
pterygoid/basisphenoid suture along with the
complete enclosure of the palatine and ce-
rebral carotid arteries is unique to the Para-
cryptodira.

15. Fenestra perilymphatica: Relatively
large = 0; Relatively small = 1.
Morphology: The primitive condition of

this character is described and figured in
Gaffney (I979b, particularly figures 48-51)
for Polycryptodira and in Gaffney (1983, fig.
52) for Meiolania. The derived condition is
figured for the baenid, Chisternon, in Gaffney
(1979b: fig. 94).

Primitive condition: As described in Gaff-
ney (1979b, 1990; figured in Gaffney [1990,
fig. 43], but unfortunately mislabeled as "fe-
nestra jugulare anterius," labeled correctly in
fig. 45C). The interpretation ofBrinkman and
Nicholls (1993) is followed here, in that the
large fenestra, as seen in Proganochelys is
primitive.
Homoplasy: None known, but age may be

a factor as noted by Brinkman and Nicholls
(1993), CI is 1.0.

Discussion: See Brinkman and Nicholls
(1993).

16. Paired pits on ventral surface of basi-
sphenoid: Pits absent = 0; Pits present = 1.
Morphology: The pits are described and

figured for Ordosemys in Brinkman and Peng
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(1993a: fig. 6C) and for Sinemys in Brinkman
and Peng (1993b: fig. lOB).

Primitive condition: The absence of pits is
found throughout the more primitive turtles
Proganochelys, Kayentachelys, etc.
Homoplasy: Although these pits are simple

morphologically they are very restricted in
their distribution, occurring only in Sinemys,
Hangaiemys, Ordosemys, and TMP 87.2.1.
Dracochelys lacks the pits, but because of its
close similarity to Hangaiemys I have scored
the combined taxon as having the pits. The
cladogram topology is unchanged when run
with the pits missing in the combined taxon.
Nonetheless an additional instance of ho-
moplasy is present. In the shortest tree, TMP
87.2.1 is the sister taxon to Polycryptodira
and not to sinemydids so this character must
have been twice evolved or once lost, result-
ing in a consistency index of 0.5.

Discussion: The paired basisphenoid pits
are apparently related to neck muscle attach-
ments but there is no obvious relationship to
cervical features. This is another character
present at the "sinemydid level" ofprimitive
eucryptodires and further work on this group
should provide better information on its dis-
tribution. The hypothesis of a larger Sine-
mydidae, including TMP 87.2.1 is supported
by other characters, but is two steps longer
than the shortest tree produced by this anal-
ysis.

17. Posterior temporal emargination: Not
developed = 0; At least partially developed
= 1.
Morphology: The primitive condition can

be seen in Kayentachelys (Gaffney et al., 1987)
and Kallokibotion (Gaffney and Meylan,
1992). The advanced condition is in Glyptops
and Pleurosternon (Gaffhey, 1979a; Evans and
Kemp, 1976).

Primitive condition: The complete absence
of posterior temporal emargination seen in
Proganochelys persists in Kayentachelys and
Kallokibotion and is best interpreted as prim-
itive for cryptodires.
Homoplasy: The consistency index is 0.33

for this character but within cryptodires only
the meiolaniids provide an example of ho-
moplasy in this character, although there is
an undescribed, extinct emydid with a fully
roofed skull (Hutchison, personal commun.).
Meiolaniids have no temporal emargination
but the proportions of the elements making

up the skull roof differ significantly from the
primitive condition. In Kayentachelys and
Kallokibotion the parietal and postorbital are
elongate and there is little if any exposure of
the supraoccipital on the skull roof. In Meio-
lania the parietal and postorbital are rela-
tively small (as in other eucryptodires with
emargination) and the supraoccipital is very
large. The entire posterior portion ofthe skull
roof in Meiolania is formed by the expanded
supraoccipital plus the uniquely enlarged
squamosal. It is very likely that the lack of
emargination in meiolaniids is a secondary
condition.

Discussion: See above.
18. Parietal/squamosal contact: Present =

0; Absent = 1.
Morphology: The skull roofofturtles is de-

scribed in Gaffney (1979b) with recent ad-
ditions in Gaffney (1990) and Gaffney and
Meylan (1992).

Primitive condition: The presence of a pa-
rietal/squamosal contact is widespread in
primitive tetrapods and amniotes, and is
present in Proganochelys, which is interpret-
ed here as the primitive condition for turtles.
Homoplasy: This character reflects the de-

gree of posterior temporal emargination of
the skull roof. Turtles show a general trend
toward temporal emargination, but this is a
variable character with a simple morphology
and is often hard to homologize using only
presence or absence of a bone contact. Gaff-
ney et al. (1991: 323) stated: "there is ...
good evidence that homoplasy of this char-
acter has occurred in baenids, meiolanids,
pleurodires, and chelonioids." See Gaffney et
al. (1991) for further discussion. For the pre-
ferred cladogram, however, the consistency
index is 1.0.

Discussion: Meiolaniids have an exten-
sively roofed skull, as thoroughly roofed as
any other turtle, and more roofed than the
primitive condition of turtles as seen in Pro-
ganochelys. Both Gaffney (1983) and Gaffney
et al. (1991) argued that the unusually small
parietal, the unusually large squamosal and
supraoccipital strongly suggest that meiolan-
iids are derived from a more emarginate an-
cestor. Whether that ancestral condition
would be with or without a parietal/squa-
mosal contact cannot really be determined.
The loss of a parietal/squamosal contact

was used by Gaffney (1984) and Gaffney and
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Meylan (1988) as a synapomorphy for the
Daiocryptodira, a group including eucryp-
todires and baenids but excluding pleuros-
ternids and Kallokibotion. It is very likely
that meiolaniids are a member of this group
and that their parietal/squamosal contact is
secondary.

19. Postorbital/squamosal contact: Present
= 0; Absent = 1.
Morphology: Described in Gaffney (1 979b)

and Gaffney (1990).
Primitive condition: The large postorbital

contacting the squamosal is the primitive
condition within turtles based on Progan-
ochelys, Kayentachelys, and Kallokibotion.
Homoplasy: This character's drawbacks are

similar to the previous character involving
temporal emargination. Emarginate and well-
roofed conditions have repeatedly evolved in
turtles and the simple morphology of the re-
gion makes it difficult to test homology ar-
guments. In the preferred cladogram, the CI
of 0.5 reflects the parallel evolution of this
character in Sinemys.

Discussion: This character was used by
Gaffhey (1984) and Gaffney and Meylan
(1988) to unite the Trionychoidea and Tes-
tudinoidea. Although these authors empha-
sized the weak nature of this character, no
preferred alternatives have been proposed.
Further discussion is in Gaffney and Meylan
(1988: 192) and Gaffney et al. (1991: 326).

Meiolaniids have a well-developed post-
orbital/squamosal contact but the postorbital
itself is not as large as the primitive condition
seen in such taxa as baenids, Chelydra, and
Toxochelys. Nonetheless, it would be very
difficult to argue that meiolaniids have the
derived condition of this character.

20. Central articulations of cervical verte-
brae: Unformed (Platycoelous or amphicoe-
lous) = 0; Formed (Concavo-convex) = 1.
Morphology: Gaffney (1990) described the

primitive and advanced conditions for turtle
cervicals. Meiolaniid cervicals are described
in Gaffney (1985a).

Primitive condition: The primitive condi-
tion for amniote cervicals appears to be the
widespread amphicoelous pattern. Progan-
ochelys is amphicoelous and this condition is
interpreted as primitive for turtles (see Gaff-
ney, 1990, for further discussion).
Homoplasy: There is considerable evi-

dence that formed centra have evolved at
least three times in turtles: within pleuro-
dires, within baenids (see Gaffhey et al., 1991:
328), and within eucryptodires. Since basal
pleurodires (Notoemys, Fuente and Fernan-
dez, 1989; Fernandez and Fuente, 1994) and
basal baenids (Trinitichelys, Gaffney, 1972)
are amphicoelous, these groups are scored
with the primitive condition. Therefore, in
the preferred cladogram the CI is 1.0.

Discussion: Gaffhey (1984) and Gaffhey and
Meylan (1988) used the presence of formed
central articulations (among other characters)
to diagnose the Centrocryptodira, which con-
sists of all eucryptodires except the amphi-
coelous Plesiochelyidae. Meiolaniids have
well-developed cervical central articulations
and a biconvex fourth cervical, the com-
monest pattern within the Centrocryptodira.

21. Transverse processes of cervical verte-
brae: On middle ofcentrum = 0; On anterior
of centrum = 1.
Morphology: The primitive condition can

be seen in Proganochelys (Gaffney, 1990, figs.
109, 111, 112) and Meiolania (Gaffney,
1985a). The derived condition is seen in Po-
lycryptodira (Williams, 1950; Hoffstetter and
Gasc, 1969).

Primitive condition: The transverse process
is on the middle of the centrum in Progan-
ochelys, pleurodires, Kayentachelys, and oth-
er primitive cryptodires, and this is inter-
preted as the primitive condition.
Homoplasy: The preferred cladogram has

a consistency index of0.33 for this character.
Discussion: Brinkman and Peng (1993a,

1993b) use the anterior position ofthe trans-
verse process in cervicals to unite Sinemys
and Ordosemys with the Polycryptodira.
However, likely Dracochelys cervicals
(Brinkman, personal commun.) have trans-
verse processes in the middle ofthe centrum.
Xinjiangchelys also is inconsistent with the
preferred cladogram because it has the ad-
vanced condition with anteriorly placed pro-
cesses.
Although requiring multiple reversals, this

is still one of the characters uniting sinemy-
dids with Polycryptodira, separating them
from meiolaniids. Meiolania clearly has the
primitive condition.

22. Posterior cervicals with strong ventral
process: absent = 0; present = 1.
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Morphology: Posterior cervicals with the
ventral ridge or process are described by Wil-
liams (1950), Hoffstetter and Gasc (1969),
and Vaillant (1881).

Primitive condition: The primitive condi-
tion can be seen in Proganochelys and Kay-
entachelys.
Homoplasy: The CI for this character is

1.00 as it appears only at taxon 30.
Discussion: Meiolania platyceps and Meio-

lania brevicollis have cervicals that lack a
strong ventral process. However, a low ven-
tral keel is present in Meiolania brevicollis
and absent in Meiolania platyceps.

23. Cervical ribs: Present = 0; Absent = 1.
Morphology: Gaffney (1990) described ribs

in Proganochelys and Gaffney (1985a) de-
scribed them in Meiolania and argued for
their presence in Kayentachelys and pleuros-
ternids. Brinkman and Peng (1993a) describe
ribs in Ordosemys, Brinkman and Nicholls
(1993) describe cervical ribs in the baenid
Eubaena.

Primitive condition: Cervical ribs are a
primitive amniote feature and occur in Pro-
ganochelys (Gaffney, 1990) and suggested
turtle outgroups.
Homoplasy: The recent discovery of cer-

vical ribs in more eucryptodires (Brinkman
and Peng, 1993a, 1993b) makes their pres-
ence in meiolaniids less surprising and re-
duces the likely range ofhomoplasy. It is very
likely that the ribs were lost independently
in pleurodires and cryptodires. Within cryp-
todires at least some baenids seem to have
lost them independently ofother cryptodires.
This also seems to be the case in pleuroster-
nids. However, the preservation ofthe small,
loosely attached cervical ribs is probably a
rare occurrence and their absence in a spec-
imen does not necessarily preclude their pres-
ence in life. It is hard to say whether the CI
of 0.33 reflects true cases of multiple loss or
just poor preservation.

Discussion: Meiolania is unusual in having
very large and well developed cervical ribs,
larger, in fact, than in any other turtle in-
cluding Proganochelys. It's likely that the size
of the ribs is autapomorphic, but even their
occurrence in other eucryptodires has been
unknown until recently. The discovery ofcer-
vical ribs in sinemydids (Brinkman and Peng,

1993a, 1993b) strongly suggests that the ribs
persisted into the basal Eucryptodira and that
their presence in meiolaniids does not indi-
cate relationships outside the Eucryptodira.

24. Fourth cervical central articulation
(unordered): amphicoelous = 0; biconvex =
1; opisthocoelous = 2.
Morphology: The central cervical articu-

lations of living turtles have been reviewed
and figured by Williams (1950), Hofstetter
and Gasc (1969), and Vaillant (1881). The
morphology itself is usually clear, even in
fossils, but the patterns within groups can be
confusing. Here only the primitive members
of groups are used to determine the pattern.

Primitive condition: As in all of the central
articulation characters, the amphicoelous
condition of Proganochelys, Kayentachelys,
and Kallokibotion is considered primitive.
The amphicoelous vertebrae reported for No-
toemys is considered basal for that group.
Homoplasy: This two-state character has a

consistency index of 1.0 in this analysis, but
within the Trionychoidea and Testudinoidea
the fourth cervical often has procoelous or
opisthocoelous central articulations. It seems
likely, however, that the primitive condition
for both groups is a biconvex fourth cervical
based on its occurrence in basal members of
Testudinoidea and Trionychoidea (Meylan
and Gaffney, 1989; Gaffney and Meylan,
1988). In baenids with formed centra, the
fourth cervical is biconvex and this must be
interpreted as a secondary acquisition. Neu-
rankylus has an opisthocoelous fourth cer-
vical, but the primitive condition for the
group must be the amphicoelous state in
pleurosternids and Trinitichelys.

Discussion: Although I much prefer devel-
oping the analysis with single-state charac-
ters, this character and the other cervical cen-
tral character (26) seem best interpreted as
multistate characters. Despite variation with-
in groups, the biconvex fourth cervical is best
interpreted as a synapomorphy for taxon 26,
Centrocryptodira.
The second state of this character is an

opisthoceolous fourth cervical in Sinemys and
Dracochelys. Sinemys cervicals have been de-
scribed (Brinkman and Peng, 1993b) but they
are still undescribed for Dracochelys or Han-
gaiemys. However, Brinkman (personal
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commun.) has found cervicals in the Tugulu
Series that he feels are probably Dracochelys
and these are opisthoceolous, thus uniting
Dracochelys and Sinemys.

25. Eighth cervical central articulation
(unordered): amphicoelous = 0; procoelous

1; biconvex = 2.
Morphology: (see character 24).
Primitive condition: The primitive condi-

tion is amphicoelous, see character 24 for dis-
cussion.
Homoplasy: The consistency index for this

character is 0.66. The independent acquisi-
tion of a biconvex eighth cervical in sine-
mydids and testudinoids required by this
cladogram is supported by other morphology
of the vertebra. The sinemydid cervicals are
all high and thin while in Testudinoids the
centrum of the eighth is relatively short and
squat, also with a double articulation absent
in sinemydids. The Trionychoidae have the
autapomorphous condition of opisthocoely
(Meylan and Gaffney, 1989). In this analysis,
the procoelous eighth cervical is clearly the
primitive condition within the Centrocryp-
todira with the biconvex of sinemydids de-
rived from it.

Discussion: Meiolania has a procoelus
eighth cervical that is short and squat, more
similar to the eighth cervical in Polycrypto-
dira (taxon 30) than to the high, thin eighth
cervical in sinemydids.

26. Double (i.e., transversely paired) cen-
tral articulations between the seventh and
eighth cervicals: absent = 0; present = 1.
Morphology: This character is figured and

described in the same references given for
character 24. Williams (1950) particularly
notes the distribution ofthis character among
the Recent turtles. Both the procoelous and
opisthocoelous conditions are considered the
same character if double.

Primitive condition: The primitive condi-
tion would be any articulation that was not
double. Procoelous, opisthocoelous, and am-
phicoelous could all be primitive ifthey were
not transversely doubled or paired.
Homoplasy: The consistency index in this

analysis is 1.0, but Williams (1950) shows
individual variation ofthis character, includ-
ing occasional absence within chelonioids and
testudinoids. Although most chelydrids (ex-

cluding Platysternon) lack double articula-
tions, the character does appear as an indi-
vidual variant in Chelydra and Macrochelys.
This analysis is not the place to explore the
relationships of Platysternon and it has not
been included in the Chelydridae, despite
Gaffney (1975b).

Discussion: Meiolaniids clearly lack this
character which has been included to help
resolve the higher Cryptodira.

27. Cervical vertebra having a distinct dou-
ble transverse process, i.e., diapophysis and
parapophysis: Present in at least some cerv-
icals = 0; Absent in all cervicals = 1.
Morphology: The single, advanced condi-

tion, seen in all living cryptodires is described
in Hoffstetter and Gasc (1969), Williams
(1950), and Vaillant (1881). The double or
subdivided transverse processes are de-
scribed in Gaffney (1990) for Proganochelys,
Gaffney (1985a) for Meiolania, Evans and
Kemp (1975) for Pleurosternon, Brinkman
and Peng (1993a) for Ordosemys, and Peng
and Brinkman (1993) for Xinjiangchelys. The
derived condition is present when the trans-
verse process is single, with no distinct ven-
tral articulation for a cervical rib. The prim-
itive condition may be a subdivided process
where the parapophysis and diapophysis
come close together as in Ordosemys or the
presumably more primitive condition see in
Proganochelys where the processes are widely
separated.

Primitive condition: Based on outgroup
comparison the condition seen in Progan-
ochelys is interpreted as primitive.
Homoplasy: With a CI of 0.20 this is the

worst character used in this study. The short-
est cladogram requires five independent ac-
quisitions of this character in turtles (four
within cryptodires). This character and char-
acter 23, the absence of cervical ribs, are
closely related. The presence of paired trans-
verse processes with dorsal and ventral ar-
ticulations of a bifurcate cervical rib is the
primitive condition ofturtles (Gaffney, 1990)
and amniotes in general. Within turtles the
ribs are lost and the central articulations are
reduced to one transverse process. At the
present time, it is most likely that cervical
ribs have been lost independently a number
of times, three in this analysis. Interestingly
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Fig. 108. Distribution of characters 25 and 26 on the preferred cladogram.

enough, it is also likely that the reduction
from paired transverse processes to one has
not been exactly correlated with the loss of

cervical ribs. Baenids (Brinkman and Nich-
olls, 1991) and Sinemys (Brinkman and Peng,
1993b) have been described as having only
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a single transverse process and cervical ribs.
The ribs in these and other cryptodires are
often small and no longer bifucated. So, it is
probable that the homoplasy seen in the loss
of cervical ribs and the single transverse pro-
cess are related to each other but not one-to-
one, and can thus be used as separate char-
acters.

Discussion: Meiolania is clearly primitive
in this character, being particularly similar to
Proganochelys in retaining widely separated
parapophyses and diapophyses. It might be
possible to improve the consistency of this
character by differentiating the widely spaced
condition from the presumably more ad-
vanced subdivided condition. However, there
is considerable variation in this feature among
the cervicals and complete series are neces-
sary which are not presently available for
many primitive cryptodires. In any case, the
analysis was run without this character and
the single, shortest tree was the same.

28. Neural spine on eighth cervical: high =
0; low = 1.
Morphology: The low-spine condition is

figured and described in Vaillant (1881), Wil-
liams (1950), and Hoffstetter and Gasc (1969).
Even though in chelonioids the spine artic-
ulates with the carapace, it is still low in com-
parison to Meiolania, baenids, and sinemy-
dids.

Primitive condition: The high spine is pres-
ent in Proganochelys and baenids.
Homoplasy: The consistency index is 1.0

for this character in this analysis. For some
taxa, whether the spine is high or low may
become subjective, but so far I have not no-
ticed a problem.

Discussion: The principal problem with this
character at present is the relatively large
number of extinct taxa for which the eighth
cervical spine is not complete enough to de-
termine.

29. A biconcave caudal near base of tail:
Absent = 0; Present = 1.
Morphology: Hoffstetter and Gasc (1969)

mentioned this feature, which is described in
more detail in Mlynarski (1980) and Gaffney
(1985a). Brinkman and Peng (1993a, 1993b)
and Gaffney and Meylan (1988) also dis-
cussed the condition.

Primitive condition: Primitive chelonian
caudal centra are amphicoelous as seen in the
most primitive eucryptodires, the plesioche-

lyids. Gaffney (1984,1985a) and Gaffney and
Meylan (1988) argued that opisthocoelous
centra are primitive within the Centrocryp-
todira, that is, for cryptodires with formed
caudal centra.
Homoplasy: This analysis requires a CI of

0.5,---because the character is interpreted as
primitive within eucryptodires and then is
lost.

Discussion: In the analyses of Gaffney
(1984, 1985a), Gaffney and Meylan (1988),
and Gaffney et al. (1991) the biconcave an-
terior caudal appears only once and requires
no homoplasy. This character was used to
support the monophyly of Chelydra, Macro-
clemys, Platysternon, and Chelydropsis.
However, Brinkman and Peng (1993a, 1993b)
showed that the biconvex anterior caudal has
a wider distribution. The present analysis
substantiates Brinkman and Peng's (1993a,
1993b) interpretation that the biconcave an-
terior caudal, preceded by some procoelous
caudals and followed by many opisthocoe-
lous caudals, is the primitive condition for
the all-procoelous caudal condition (see char-
acter 30).

Meiolaniids clearly lack a biconcave cau-
dal. Even though a complete, articulated tail
is unknown for the group, the large number
of caudals available for Meiolania platyceps
show only the opisthocoelous condition.

30. Caudal central articulations: All centra
amphicoelous or opisthocolous = 0; At least
first two caudals procoelous = 1.
Morphology: Turtle caudal types are fig-

ured in Gaffney (1990), Meiolania is figured
and described in Gaffney (1985a).

Primitive condition: Proganochelys and
most amniote outgroups are amphicoelous.
Within cryptodires Gaffhey (1984,1985a, and
1990) has argued that opisthocoelous caudals
are primitive with respect to procoelous and
biconvex caudals.
Homoplasy: For this analysis, the CI ofthis

character is 1.0, but procoelous caudals have
arisen at least twice, within pleurodires and
within eucryptodires, according to the phy-
logeny of Gaffney and Meylan (1988).

Discussion: The presence in meiolaniids of
the primitive, entirely opisthocoelous caudal
condition is one of the principal characters
differentiating them from the group having
at least some procoelous centra. The chely-
drids and sinemydids (Brinkman and Peng,
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1993a, 1993b) have the first two or three cau-
dals procoelous, one biconvex, and the rest
opisthocoelous. All other cryptodires have all-

procoelous caudals. If Brinkman and Peng's
(1993a, 1993b) interpretation is followed, all
eucryptodires with any procoelous caudals
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form a natural group with meiolaniids the
sister group of it.

31. Chevrons: Well developed and present
on nearly all caudals = 0; Small to absent (if
present, only on a few posterior caudals) = 1.
Morphology: Figures of primitive and ad-

vanced conditions are in Gaffney (1990).
Primitive condition: The presence of chev-

rons is a widespread amniote feature, found
in presumed turtle outgroups and Progan-
ochelys.
Homoplasy: The CI for this character is

1.0, however, Gaffney and Meylan (1988) re-
quired independent loss of chevrons within
pleurodires and within eucryptodires. The
simple morphology of chevron loss makes
rigorous homology assessments difficult.

Discussion: Meiolaniids have well-devel-
oped chevrons and a long tail, as in chelydrids
and sinemydids.

32. First thoracic rib: Extends to periph-
erals or nearly so and lies behind the tip of
the axillary buttress ofthe pelvis = 0; Extends
less than halfway across first costal = 1.
Morphology: The advanced condition is

figured in Meylan and Gaffney (1989), the
primitive condition in Gaffney (1990).

Primitive condition: Accepting Progan-
ochelys as the sister group of all other turtles
is the basis for this polarity assessment. It is
supported by the presence of the primitive
condition in Kayentachelys, the sister group
ofall other cryptodires, and in Proterochersis,
and Platychelys, primitive sister groups of
other pleurodires (Gaffney et al., 1991).
Homoplasy: The advanced condition was

acquired independently within pleurodires
and within eucryptodires according to the
phylogeny of Gaffney and Meylan (1988). In
the present analysis, the CI of 0.5 is due to
Xingiangchelys having this character, inde-
pendent of the Polycryptodira.

Discussion: Meiolania clearly has the prim-
itive condition of this character, as do Si-
nemys and Ordosemys (Brinkman and Peng,
1993a, 1993b). The Tyrrell specimen, how-
ever, appears to have the derived condition,
thus splitting up the sinemydid group.

33. Anterior articulation of first thoracic
centrum: Faces anteriorly or slightly anter-
oventrally = 0; Faces strongly anteroven-
trally = 1.

Morphology: The advanced condition is
figured in Bojanus (1819) and Meylan and
Gaffney (1989). In this analysis the "slightly
inclined" condition described by Brinkman
and Peng (1993a) in Ordosemys is included
in the primitive condition. Although there is
a degree of inclination in both sinemydids
and Meiolania, in contrast to Proganochelys,
it is too arbitrary to discriminate among these
at present. Measuring this feature is too de-
pendent on the perceived "normal" position
of the carapace, which varies with the degree
of doming of the shell. Therefore, it seems
best to restrict this character to the extreme
condition seen in the Polycryptodira.

Primitive condition: The primitive condi-
tion is based on Proganochelys, pleurodires,
Kayentachelys, and Kallokibotion.
Homoplasy: None known, CI is 1.0.
Discussion: Meiolania clearly has the prim-

itive condition of this character. In the Re-
cent groups, this character is part of the neck
retraction mechanism characteristic of ad-
vanced cryptodires. Meiolaniids were prob-
ably incapable of neck retraction in any case,
due to the large cranial processes, and short
cervicals with limited degrees of movement.

34. Mesoplastra: Present = 0; Absent = 1.
Morphology: Primitive conditions are fig-

ured in Gaffney (1972, 1990), Gaffney et al.
(1987), and Hay (1908). Advanced condi-
tions are figured in Boulenger (1889) and also
Hay (1908).

Primitive condition: The presence of me-
soplastra as the primitive condition is based
on Proganochelys as the sister group of all
turtles and is supported by Kayentachelys as
the cryptodire sister taxon and by Proteroch-
ersis and Platychelys as pleurodire sister taxa.
Homoplasy: The CI ofthis character is 1.0,

however, the phylogenies of Gaffney and
Meylan (1988) and Gaffney et al. (1991) re-
quire loss of mesoplastra independently in
chelids and in cryptodires.

Discussion: It is likely that Meiolania has
no mesoplastra. This corroborates its posi-
tion as a eucryptodire, as the lack of meso-
plastra and the enclosed posterior part of the
canalis caroticus intemus are found together
in the same taxa so far.

35. Ligamentous attachment of carapace
and plastron: sutured = 0; ligamentous = 1.
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Morphology: Typically, the ligamentous
carapace/plastron attachment is expressed as
strongly digitating processes from the hypo-

plastron and hyoplastron loosely articulating
with pits in peripherals. The sutured condi-
tion usually lacks the fingerlike processes and
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has a tight contact with many small denticles
interfingering from both carapace and plas-
tron. However, many turtles show interme-
diate degrees of development, and the two
conditions are not always clearly defined.

Boulenger (1889) has figures ofRecent tur-
tles that show both ligamentous (chelydrids)
and sutured (testudinoids) conditions. Bojan-
us (1819) showed a basically sutured condi-
tion but modified by a hinge mechanism. The
ligamentous condition is figured in Brinkman
and Peng (1993a) for Ordosemys, and in Suk-
hanov and Narmandakh (1974) for Han-
gaiemys.

Primitive condition: The determination of
the primitive condition for this character is
not clear. At the level of eucryptodires, the
presence of tightly sutured shells in plesi-
ochelyids, and cryptodires just outside eu-
cryptodires such as baenids, pleurosternids,
Kallokibotion, and pleurodires, provides
strong evidence that the sutured condition is
primitive for eucryptodires. However, Kay-
entachelys seems to have an intermediate
condition with sutured and large digitate con-
tacts. Proganochelys, at least the completely
ossified (i.e., presumed adult) SMNS 17204,
has a sutured contact, but there are some dig-
itate processes. The most serious conflict with
choosing the sutured condition as primitive,
however, is the fact that during development
nearly all turtle plastra pass through a stage
where the hypoplastra and hyoplastra have
strong digitate processes and the carapace/
plastron contact is by connective tissue.
However, in most cases in development, the
carapace and plastron are widely separated
and differ from the condition in sinemydids,
Xinjiangehelys, and Meiolania. At present,
then, it seems best to choose the ligamentous
condition as derived.
Homoplasy: In this analysis, this character

has a consistency index of 0.5 with the re-
versal to a sutured shell a synapomorphy for
Chelomacryptodira (taxon 3 3). However,
there is evidence that within some groups this
character is homoplastic. Within Triony-
choidea the ligamentous condition would
need to be evolved at least once, and within
plesiochelyids both the sutured and ligamen-
tous conditions exist.

Discussion: Although the carapace ofMeio-
lania platyceps appears to be higher domed
than in sinemydids and other primitive cryp-

todires, it has a relatively loose articulation
with the plastron. AM F: 1208 (fig. 31) and
AM F:49141 both show very thin bone and
fontanelles along the contact with the axillary
and inguinal buttresses forming digitate pro-
cesses. The Meiolania condition is not iden-
tical to Xinjiangchelys or sinemydids but they
are all similar and lack a strongly sutured
contact.
Other discussion of this character is in

Brinkman and Peng (1993a).
36. Supramarginal scales: present = 0; ab-

sent = 1.
Morphology: The derived condition of Po-

lycryptodira can be seen in Boulenger (1889)
and the primitive condition in Proganochelys
and Proterochersis is figured in Gaffney
(1990).

Primitive condition: Proganochelys has the
presumed primitive condition for turtles.
Homoplasy: Although the present analysis

shows a consistency index for this character
of 1.0, supramarginal scales are also lost with-
in the Pleurodira, according to Gaffney et al.
(1991) and Gaffney and Meylan (1988).

Discussion: The scale markings of the car-
apace in Meiolania are hard to see but there
is no evidence that supramarginal scales were
present. The precise positions ofpleural/mar-
ginal contacts are unclear, but distal ends of
costals show no markings interpretable as su-
pramarginals.

37. Dorsal process on epiplastron: present
= 0; absent = 1.
Morphology: The dorsal process ofthe epi-

plastron in Proganochelys (Gaffney, 1990) is
a large extension, similar to the one found in
Proterochersis. In a number of other cryp-
todires there is also a distinct process, but it
is much smaller although it does rise above
the level of the plastron. Pleurosternon has a
small, low bump that is probably homolo-
gous to the process in the other forms but it
does not rise above the level of the plastron
to the extent seen in Kayentachelys. Kallo-
kibotion and Ordosemys also have a similar
process.

Primitive condition: The presence of the
epiplastral process is primitive for turtles
based on comparison to other tetrapods
(Gaffhey, 1990).
Homoplasy: With a CI of0.25, this process

has been lost many times, if we are looking
at real homologies.
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Discussion: Meiolania platyceps has a mid-
line dorsal process formed by the epiplastra.
The process bifurcates dorsally in some spec-
imens but it bears little resemblance to the
paired processes seen in Kayentachelys or
even Pleurosternon. Nonetheless, I have con-
sidered it to be present in all of these taxa as
well as Meiolania. If the analysis is run with
the character dropped, the same shortest tree
is the result.

38. Entoplastron separating epiplastra: yes
= 0; no = 1.
Morphology: The primitive condition can

be seen in Proganochelys and Proterochersis
(Gaffney, 1990) and Kayentachelys (Gaffney
et al., 1987). The advanced condition is found
in all living turtles (Boulenger, 1889).

Primitive condition: The primitive condi-
tion is based on Proganochelys (Gaffney,
1990, see for discussion).
Homoplasy: None known, the CI is 1.0.
Discussion: Meiolania platyceps has an en-

toplastron that comes close to separating the
epiplastra in ventral view (at least in the few
specimens with sutures). On the dorsal sur-
face, however, the epiplastra contact broadly.

39. Epiplastron: broad = 0; narrow = 1.
Morphology: The narrow epiplastron seen

in Recent chelydrids and chelonioids and the
broad epiplastron of testudinoids are figured
in Boulenger (1889). Adocus (Meylan and
Gaffney, 1989) has the primitive trionychoid
broad epiplastron. Sinemydids (see Brink-
man and Peng, 1993a, 1993b, for references)
have the narrow condition.

Primitive condition: The broad epiplastron
seen in Proganochelys, Kayentachelys, and
through the early cryptodires to Xinjiangche-
lys, is clearly the primitive condition.
Homoplasy: The consistency index for this

character is 0.5, reflecting the reversal re-
quired for the broad epiplastron condition in
primitive chelomacryptodires like Adocus,
appears very similar to the broad epiplastron
of primitive cryptodires like Xinjiangchelys
and pleurosternids, giving no support to the
secondary evolution of this character re-
quired by the preferred cladogram.

Discussion: The epiplastron in Meiolania
is clearly broad on its anterior margin, in

contrast to the narrow anterior margin of si-
nemydids, chelydrids, and chelonioids. How-
ever, the broad condition usually is associ-
ated with a short, transverse suture between
the epiplastron and the hyoplastron as in ple-
siochelyids and baenids. Meiolania has a long,
posterolaterally trending process of the epi-
plastron similar to that in macrobaenids and
chelydrids. However, Proganochelys also has
a broad epiplastron with a posterolateral pro-
cess as in Meiolania, so the significance of
this feature is unclear.

40. Loss of plastral scale set 2 (gulars or
extragulars): full set of scales 1 and 2 (gular,
extragular fide Hutchison and Bramble, 1981;
equal to intergular, gular of older terminol-
ogy) = 0; one set of scales absent (scale set 2
of Hutchison and Bramble, 1981) = 1.
Morphology: Figures of plastral scales and

extensive discussion of homology can be
found in Hutchison and Bramble (1981). For
sinemydids see literature referred to in Brink-
man and Peng (1993a, 1993b).

Primitive condition: Following Hutchison
and Bramble (1981) the primitive condition
of two pairs of scales on the anterior edge of
the plastron is primitive for cryptodires. This
is substantiated by the condition in Kayen-
tachelys and Kallokibotion.
Homoplasy: The relatively simple mor-

phology of scale loss makes rigorous homol-
ogy assessments difficult. In the preferred
cladogram the derived condition would have
to have evolved twice because primitive
trionychoids, such as Adocus (Meylan and
Gaffney, 1989), have the full set of anterior
plastral scales, but more advanced triony-
choids lack at least one set. The CI is 0.5.

Discussion: This character has a similar
distribution to the preceding character, the
narrow epiplastron, and may be related to it
morphologically. Nonetheless, they are treat-
ed here as two characters because their dis-
tributions are not identical.
Meiolania platyceps clearly has the prim-

itive condition of a full set of two pairs of
anterior plastral scales. The pattern is similar
to other primitive eucryptodires like Xin-
jiangchelys.
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Fig. 1 3. Distribution of characters 39 and 40 on the preferred cladogram.
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