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Large thecodont reptiles from the
Fremouw Formation

JOHN W. COSGRIFF

Department of Biological Sciences
Wayne State University
Detroit, Michigan 48202

The two vertebrate fossil specimens reported here were col-
lected in the richly fossiliferous exposures of the Lower Triassic
Fremouw Formation in the Cumulus Hills of the Queen Maud
Mountains (approximately 85°08'S 75°50'W) during the
1977-1978 season. One derives from the Collinson Ridge sec-
tion (Hammer and Cosgriff 1981) and the other from the Shenk
Peak section (Cosgriff, Hammer, and Ryan 1982). Accounts of
the program, of the stratigraphic sequence and of other fossil
material collected are provided by Collinson, Stanley, and Vavra
(1978), Cosgriff and Hammer (1979, 1981), and Cosgriff and
others (1978). The present specimens constitute the first evi-
dence of large thecodonts in the vertebrate assemblage of the
Fremouw Formation but are too fragmentary for close
identification.

The Thecodontia is a diverse order of archosaurian reptiles
which is almost entirely limited to the Triassic Period and which
is considered to contain the ancestory of crocodiles, dinosaurs,
pterosaurs, and birds. It comprises three suborders: Pro-
terosuchia, a primitive complex of species from the Late Per-
mian and Early Triassic; Pseudosuchia, a varied complex which
contains the most advanced thecodonts and which spans most
of the Triassic; and Parasuchia which consists solely of spe-
cialized crocodile-like forms and which is limited to the Late
Triassic. The Proterosuchia and Pseudosuchia are pertinent to
the present consideration as the present material compositely
shows affinity with both of these.

Humerus. Specimen wsuvp 1013, distal portion of a left
humerus (figure 1), was discovered at Shenk Peak, 28 meters
above formational base, in a 1-meter thick lens of fine siltstone.

Most of the distal 180 millimeters of the original complete left
humerus is present. The posterior edge of the fragment is
missing along its entire length and has been reconstructed with
plasticene. The anterior edge and most of the central and distal
portions are intact, however, and in excellent states of preserva-
tion. If the level of greatest constriction in the center of the shaft
marks the approximate midpoint of the bone, then the
humerus, when complete, measured about 240 millimeters in
length, signifying a very large thecodont for the stratigraphic
level. The specimen measures 27 millimeters across the mid-

shaft level of greatest constriction and 81 millimeters across the
distal end.

Morphologic features preserved on the specimen coincide
closely with the characterization of advanced archosaurian
humeri provided by Romer (1956) and, even more closely, with
the characterization of pseudosuchian humeri provided by
Krebs (1965). The complete bone was long and slender with an
extensive shaft. The missing proximal end must have had its
long axis nearly parallel to the long axis of the distal end as there
is no trace of torsion in the preserved portion of the shaft,
anterior and posterior borders remaining in the same plane
throughout. Although the distal end is expanded, both ect- and
entepicondyles are vestigial. Neither the ect- nor the entepicon-
dylar foramen is present, although the homologue of the for-
mer appears as the ectepicondylar groove. Laterally flanking
this groove is a distinct supinator process. The articular surfaces
for the radius and ulna are almost entirely limited to the ventral
surface, strongly suggesting that this pseudosuchian was lim-
ited to a sprawl-legged mode of locomotion as archosaurs with
semi-orthograde stance have radial and ulnar condyles extend-
ing onto the distal surface. Both condyles are circular, each is
about 28 millimeters in diameter and each is raised slightly
above the surrounding bone surface. They are separated on the
ventral surface by the 25-millimeter wide expanse of the
trochlear notch which carried the ginglymus for articulation
with the sigmoid notch of the ulna. The ginglymus is the only
part of the articular complex carried over onto the distal surface.

The features described above serve to place this specimen in
the Pseudosuchia according to the criteria of Krebs (1965). Fur-
ther, they tend to relate it most closely with species of the family
Rauisuchidae of this suborder such as Stagonosuchus nyassicus
(Huene 1938) from the Ladinian of eastern Africa and
Ticinosuchus ferox (Krebs 1965) from the Anisian of Switzerland.
The only notable character states which distinguish the ant-
arctic humerus from the humeri of these species is a greater
degree of constriction in the center of the shaft and limitation of
the ulnar and radial articular condyles to the lower surface; in S.

nyassicus and T. ferox the articulations extend onto the distal
surface, indicating more upright postures.

Krebs (1965) contrasts the generalized humerus of T. ferox
with various specializations in construction of the element
found in other pseudosuchian families and in other arch-
osaurian groups such as parasuchians, crocodilians, and sau-
rischian dinosaurs. The antarctic specimen also lacks these spe-
cializations, strengthening the surmise that it derives from a
rather primitive pseudosuchian such as a rauisuchid.

The present specimen differs markedly from the humeri of
proterosuchians. Representative species of this suborder,
which was the most prevalent and diversified group of arch-
osaurs during the Early Triassic, include Chasmatosaurus yuani
(Young 1936), Erythrosuchus africanus (Huene 1911), and
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Figure 1. Left humerus (wsuv 1013). A, dorsal view; B, ventral view; C, distal view; D, cross-section of center of shaft (at dashed line in A).
Abbreviations; "cap" denotes capetellum (radial condyle); "s.ect" denotes ectepicondylar groove; "sup" denotes supinator process; "s.tr"
denotes trochlear notch; "tr" denotes trochlea (ulnar condyle).

Shanshisuchus shansisuc/zus (Young 1964). In all of these the
humerus is a short, massive element with very little shaft de-
velopment. Considerable torsion is present as the axis of the
proximal end is set at nearly 900 to the axis of the distal end. The
ectepicondyle is a well-developed structure projecting out from
the radial condyle.

Vertebra. Specimen wsuvi' 1097, centrum of a cervical or ante-
rior dorsal vertebra (figure 2), was discovered at Collinson
Ridge, 43 meters above formational base, in a 3-meter thick lens
of siltstone.

The neural arch and associated structures are broken away,
leaving only the centrum and the broken bases of the processes
that carried the rib articulation areas. The centrum is a solid,
cylindrical structure, 33 millimeters in length. The anterior and
posterior surfaces are circular, both about 35 millimeters in
diameter. In vertebral terminology, this centrum is shallowly
amphicoelous as both anterior and posterior surfaces are
slightly concave with faintly marked notochordal pits at their
centers. An advanced archosaurian feature which is lacking in

this specimen is the constriction in the middle of the length
which produces a "waist" on the centra of many thecodonts and
dinosaurs.

The dorsal aspect retains the floor of the spinal canal and the
central part of this is produced downward as a deep pit exca-
vated into the body of the centrum. Ewer (1965) notes very
similar pits on vertebrae of Euparkeria capensis and interprets
them as accommodations for either ganglionic expansions of the
spinal cord or non-nervous bodies of tissue associated with the
cord.

Each vertical process stands out strongly from the body of the
centrum. The right-hand process is the more complete and its
configuration suggests that three articular facets for the rib were
present: the normal diapophysis for the capitulum of the rib
above, the normal parapophysis for the tuberculum below, and
an uncommon auxillary facet between these in the center. The
presence of both the dia- and parapophysis on the centrum
rather than one or both on the missing neural pedicle identifies
the specimen as either a cervical or anterior dorsal vertebra.

ke
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Figure 2. Vertebra (wsuvP 1097). A, anterior view; B, posterior view;
C, longitudinal cross-section; D, right lateral view; E, left lateral
view; F, dorsal view. Abbreviations: "dia" denotes diapophysis; "ex"
denotes excavation (pit) in floor of neural canal; "i.f" denotes Inter-
mediate (auxiliary) rib articulation facet; "n.c" denotes floor of neu-
ral canal; "n.p" denotes notochordal pit; "p" denotes broken bases
of neural arch pedicles; "par" denotes parapophysis.

then the speculation must be that a primitive pseudosuchian,
perhaps a proto-rauisuchid, contributed the humerus and pro-
terosuchian, either a proterosuchid or an erythrosuchid,
provided the vertebra. The second part of this speculation pro-
ceeds from placing the most weight on the triple condition of
the rib articulation area and on the lack of a waist on the body of
the centrum. If the humerus and the vertebra represent the
same species then a synthetic view is in order, namely that this
species lay in an evolutionary transition stage between a pro-
terosuchian and a generalized pseudosuchian such as a
rauisuchid. Such a form would have been a structurally primi-
tive thecodont as the set of the ulnar and radial condyles on the
humerus indicate a sprawl-legged posture; Charig (1972) has
documented the general trend from this state to fully upright
limb posture through the evolution of the Archosauria.

In any event, the present material, fragmentary though it is,
constitutes an important record not only for the Fremouw For-
mation but for the Earliest Triassic as it is known over the globe.
The humerus constitutes the only record anywhere for this
interval of a nonproterosuchian thecodont. If the vertebra is not
homotaxial with the humerus and, instead, represents a true
proterosuchian, then a first record of this group in Antarctica is
provided.

Figures 1 and 2 were drawn by Steven M. Bishop. This re-
search was supported by National Science Foundation grants
DPP 79-26279 and 80-19996.

References

The distinctive features of the centrum, in combination, es-
tablish it as pertaining to a thecodont and, most probably, to a
proterosuchian. Shallow amphicoely is characteristic of pro-
terosuchians, e.g. Proterosuchus vanhoepeni (Cruickshank 1972)
and Erythrosuchus africanus (Huene 1911). It is also observed on
such pseudosuchians as Ornithosuchus longidens (Walker 1964).
Articulations for triple-headed ribs are recorded among the
proterosuchians for the posterior cervical vertebrae of P. van-
hoepeni (Cruickshank 1972) and for the anterior dorsal vertebrae
of Vjushkovia triplicostata (Huene 1960) but are not, in the knowl-
edge of the author, found in other thecodont groups. On the
other hand, the deep excavation of the neural canal into the
dorsal surface, a common feature among pseudosuchians, is
not reported for any proterosuchian. Instances of it among
pseudosuchians include Euparkeria capensis (Ewer 1965),
Stagonosuchus nyassicus (Huene 1938) and Ornithosuchus long-
idens (Walker 1964). The fact that it is not reported for pro-
terosuchians may reflect lack of thorough investigation of the
vertebrae in this group rather than true absence. Its occurrence
extends beyond the Thecodontia as Ewer (1965) states that it is
found in certain primitive members of the dinosaurian order
Ornithischia and as the present author has observed it on un-
described vertebrae of a nonarchosaurian, the rhynchosaur Par-
adapedon, from the Upper Triassic Maleri Formation of India.

One or two large thecodonts were present in the very diverse
reptilian amphibian community which existed in Antarctica
during the Earliest Triassic. If two such animals were present,

Charig, A. J. 1972. The evolution of the archosaur pelvis and hindlimb:
An explanation in functional terms. In K. A. Joysey and T. S. Kemp
(Eds.), Studies in vertebrate evolution. Edinburg: Oliver Boyd.

Collinson, J. W., K. 0. Stanley, and C. L. Vavra. 1978. Stratigraphy and
sedimentary petrology of the Fremouw Formation (Lower Triassic),
Cumulus Hills, Central Transantarctic Mountains. Antarctic Journal of
the U. S., 13(4), 21-22.

Cosgriff, J. W., and W. R. Hammer. 1979. New species of the Dicyno-
dontia from the Fremouw Formation. Antarctic Journal of the U.S.,
14(5), 30-32.

Cosgriff, J. W., and W. R. Hammer. 1981. New skull of Lystrosaurus
curvatus from the Fremouw Formation. Antarctic Journal of the U.S.,
16(5), 52-53.

Cosgriff, J. W., W. R. Hammer, and W. J. Ryan. 1982. The Pangaean
reptile, Lystrosaurus maccaigi, in the Lower Triassic of Antarctica.
Journal of Paleontology, 56(2), 371-385.

Cosgriff, J. W., W. R. Hammer, J. M. Zawiskie, and N. R. Kemp. 1978.
New Triassic vertebrates from the Fremouw Formation of the Queen
Maud Mountains. Antarctic Journal of the U.S., 13(4), 23-24.

Cruickshank, A. R. I. 1972. The proterosuchian thecodonts. In K. A.
Joysey, and T. S. Kemp (Eds.), Studies in vertebrate evolution. Edinburg:
Oliver Boyd.

Ewer, R. F. 1965. The anatomy of the thecodont reptile Euparkeria capen-
sis, Broom. Philosophical Transactions of the Royal Society of London, (B),
248, 379-435.

Hammer, W. R., and J. W. Cosgriff. 1981. Myosaurus gracilis, an anomo-
dont reptile from the Lower Triassic of Antarctica and South Africa.
Journal of Paleontology, 55(2), 410-424.

Huene, F. von. 1911. Ober Erythrosuchus, Vertreter der neuen Reptil-
Ordnung Pelycosima. Geologische und Palaeontologische Abhandlungen,
10(1), 1-60.

ANTARCTIC JOURNAL



Huene, F. von. 1938. Fin grosser Stagonolepide aus der jungeren Trias
Ostafrikas. Neues Jah rbuch fli r M ineralogie, Geologie u ud Palaontologie,
(B), 80, 264-278.

1-luene, F. von. 1960. Ein grosser Pseudosuchier aus der Orenburge
Trias. Palaeontographica, 114(A), 105-111.

Krebs, B. 1965. Ticinosuchus ferox nov. gen. nov. sp. Schweizerische Pal-
aeontologische Abhandlungen, 81, 1-40.

Romer, A. S. 1956. Osteology of the reptiles. Chicago: The University of

Chicago Press.
Walker, A. D. 1964. Triassic reptiles from the Elgin area: Ornithosuchus

and the origin of carnosaurs Philosophical Transactions of the Royal
Society of London, (B), 248, 53-134.

Young, C. C. 1936. On a new Chas matosaurus from Sinkiang. Bulletin of

the Geological Society of China, 15, 291-320.
Young, C. C. 1964. The pseudosuchians in China. Palaeontologia Sinica,

(new series C), 19(151), 1-205.

Permian and Triassic woods from the
Transantarctic Mountains:

Paleoenvironmental indicators

TIMOTHY H. JEFFERSON* and THOMAS N. TAYLOR

Department of Botany
and

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Silicified wood is abundant in the Beacon Supergroup rocks
of the Transantarctic Mountains (Barrett 1969; Schopf 1970). We
have examined material from localities in the Fairchild and
Buckley Formations (Permian) and Fremouw and Falla Forma-
tions (Triassic), including a large amount of fossil wood from the
permineralized peat" deposit of Mount Augusta at the south-

ern end of the Queen Alexandra Range (Schopf 1970, 1971,
1977). The woods were derived from arborescent gymnosper-
mous plants, some of which are estimated to have been in
excess of 22 meters in height, as shown by the fossil log at
Mount Falla (Barrett 1969). Secondary xylem is generally well
preserved (figure 1) and is of the Araucaricxylon-type. Since
environmental conditions can influence the growth of plants
strongly, the record of growth, both normal and traumatic, in
these fossil woods may be important in assessing features of
paleoenvironment. This is of particular interest because the
paleolatitude of the area was between 65° and 80°S (Smith,
Hurley, and Briden 1981), and similar soutnern latitudes today
support little in the way of a vascular flora.

Growth rings in Araucarioxylon from Antarctica are well de-
fined up to 8 millimeters in width and suggest a seasonality of
climate and potentially high growth rates (figure 2, block a).
Creber and Cha loner (in press) suggest that light levels in polar
regions might be adequate to support rapid tree growth, if trees
were widely spaced and had conical crowns, and if tem-
peratures throughout the growing season were high enough to
sustain metabolic processes. As yet we know little about
branching patterns and growth position of antarctic fossil trees.

*Doctor Timothy H. Jefferson was killed in an avalanche on 12 Sep-
tember 1983, while working on a glaciology and climatology expedition
in the Cordillera Blanca, Peru.

However, trees buried in place (Collinson personal communica-
tion) may be useful in establishing these parameters. Growth
rates are comparable with those found in warm temperate areas
today (LaMarche et al. 1979). Ring widths are also very variable;
mean sensitivity, a statistical measure of variability, is between
0.39 and 0.5 (on a scale of 0-1), 0.3 being the value at which trees
are regarded by convention as climatically sensitive (see Fritts
1976). Variability of this type is rare in fast growing trees, but is
found in some warm-temperature species whose growth is
limited by early growing season cloudiness and light
availability.

Growth rings of the fossil woods strongly suggest that the
habitat of the trees was that of a coastal plain on the southern

Figure 1. Scanning electron photomicrograph of radial fracture sur-
face of late Permian Araucarioxylon wood from Mount Augusta,
Transantarctic Mountains. C13.467, x 160, showing tracheids (T)
with bordered pits, and two medullary rays (MR) with up to 10 cross-
field pits (arrowed) between ray and tracheid cells.
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