NN T 1] e

Revista Brasileira de Paleontologia 6:29-42, Dezembro/2003
© 2003 by the Sociedade Brasileira de Paleontologia

THE FIRST PALEOZOIC TEMNOSPONDYL POSTCRANIAL
SKELETON FROM SOUTH AMERICA

ELISEU VIEIRA DIAS & CESAR LEANDRO SCHULTZ
Depto. de Paleontologia e Estratigrafia, UFRGS, Av. Bento Gongalves, 9500, 91509-900, Porto Alegre, RS, Brasil.
eliseu.dias@ufrgs.br, cesar.schultz@ufrgs.br

ABSTRACT - New postcranial materials of a temnospondyl amphibian are described, represented by two
specimens with almost complete skeletons associated with part of their skulls. These specimens were collected
from the Serra do Cadeado area (Parana State) in the Rio do Rasto Formation, which is considered of Late
Permian age. Despite the scarcity of cranial information, the material is tentatively assigned to the long-snouted
rhinesuchid temnospondgustralerpeton cosgriffdarberena, 1998, which was originally described based only

on cranial material. The specimens described here present vertebrae with predominant intercentra and small
pleurocentra that are firmly attached to the neural arches, showing an advanced rhachitomous organization in the
vertebral column. The light curvature of the ribs is interpreted as evidence for a flattened body and hence this
amphibian was a shallow water dweller. On the other hand, the robustness of the shoulder girdle and the limbs,
as well as the presence of ossified carpals and tarsals, suggests an ability to walk.

Key words: Temnospondyli, paleobiology, Late Permian, Rio do Rasto Formation.

RESUMO - Um novo material pds-craniano de um anfibio temnospdndilo é descrito. Este consiste de dois
esqueletos quase completos, exceto pela falta, em ambos, de quase todo o cranio. O material em questao foi
coletado na regido da Serra do Cadeado, na Formagéo Rio do Rasto, a qual € considerada de idade Neopermiana.
Apesar da pouca quantidade de informagdes cranianas, o material foi tentativamente atribuido ao rinessuquideo
de rostro longdustralerpeton cosgrifarberena, 1998, cuja descri¢éo original est4 baseada apenas em materiais
cranianos. Os espécimes apresentam vértebras com intercentro predominante e pleurocentros menores que estao
firmemente ligados aos arcos neurais, gerando uma coluna vertebral do tipo raquitome avangado. A pouca
curvatura das costelas foi interpretada como evidéncia de um corpo achatado e para inferir que este anfibio
provavelmente habitava aguas rasas. Por outro lado, a robustez das cinturas e dos membros, bem como a
presenca de carpais e tarsais ossificados, sugerem a capacidade de caminhar.

Palavras-chave:Temnospondyli, paleobiologia, Neopermiano, Formagédo Rio do Rasto.

INTRODUCTION Traditionally, most of the authors emphasize the skull
anatomy in the description of the of fossil vertebrates, and it
The Permian temnospondyls of Brazil are known from atis not different for temnospondyls, which skulls are very well
least three main localities. From the northeast of Brazil isknown in contrast with the postcranium skeleton. Detailed
knownPrionosuchus plummefirice, 1948, an archegosaurid descriptions of the postcranium of these basal amphibians
from the Early Permian Pedra do Fogo Formation (Price, 1948ire scarse in the literature. (. Kozhukova, 1955; Carroll,
Cox & Hutchinson, 1991). From the south of Brazil two 1967; Howie, 1970; Moulton, 1974; Dutuit, 1976; Warren &
localities are known, both in the Rio do Rasto Formation. InHutchinson, 1983; Warren & Snell, 1991; Marsicano, 1993;
the Parana State, remains of the rhinesuBhbigtralerpeton  Schoch, 1999).
cosgriffi Barberena, 1998, and another still unnamed  This study describes the postcranium material of a tem-
rhinesuchoid taxon (Barberena & Dias, 1998). In Rio Grandenospondy! tentatively referred tustralerpeton cosgriffi
do Sul State is known the archegosalBa@geherpeton resulting in a more integral knowledge of this taxon and
longignathusDias & Barberena, 2001. All of these taxa are allowing ecological interpretations that cannot be provided
known from cranial and mandibular materials only. by the cranial anatomy alone. This is the first complete
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description of the postcranium skeleton of a Paleozoic Soutlveathering and taphonomic features such as compression
American temnospondyl. and skeletal disarticulation often results on incomplete spe-
cimens. Nevertheless, both specimens described here were
g/(l)a;‘:ﬂGr found partially articulated.
) Specimen UFRGS-0319P presents its cervical region with
~ b °Paulo disarticulated ribs and vertebrae. The fragment of a mandi-
bular ramus and the posterior fragment of the skull are pre-

erra do Cadeado,
Parana ‘V served near the scattered cervicals. Most of the trunk
Curitiba m vertebrae and ribs, as well as the sacral rib, are articulated.
Atlantic Only six anteriormost caudal vertebrae are articulated but

24°

Paraguay

there are also some isolated caudal vertebrae elements pre-
served posteriorly. Both girdles, as well as the fore and hind
limbs, are preserved close to their original positions. The
interclavicle is badly preserved and almost completely
covered by other bones. The clavicles were not found. The
pelvic girdle was damaged by compression and by difficulties
of preparation. Most of the lost portions, such as the distal
caudal vertebrae and most of the skull, were lost during
railroad construction or eroded.

In UFRGS-0320P, the preserved portion of the skull is
attached to the vertebral column without evidence of
disarticulation. The cervical vertebrae, with the exception of
Uruguay the atlas, are well preserved and articulated. Anterior left ribs
and shoulder girdle are nearly in their original positions and
only the distal elements of the left manus are not preserved.
The degree of disarticulation increases posteriorly, with trunk
vertebrae and ribs becoming gradually more disarticulated. No
Figure 1. Map showing the geographic location of the Serra do evidence of pelvic girdle, hind limb and caudal elements were
Cadeado (arrow). found. This may indicate a delay in burial for the sacral and

caudal regions. The anterior region and the right side of the
skull, the atlas, and most of the right shoulder girdle and right

The studied material belongs to the vertebrate collectioriore limb, may have been lost during railroad construction and
of the Universidade Federal do Rio Grande do Sul (UFRGS-P\§ubsequent erosion.

Porto Alegre, and was collected in the Rio do Rasto Formation ) o _ )
outcropping in the Serra do Cadeado area, Parana State, Brafflatomical abbreviations c- clavicleica- carpalsch - coracoid
(Figure 1), during expeditions led by Dr. Mario C. Barberena inP!aderc! - cleithrumidiap - diapophysist - femur;fi? - proba-
the 1970's and 1980's. It consists of two individuals (UFRGS-PIY @ fibulafil - fossa for the intervetebral ligameipt; fossa
PV0319P, UFRGS-PV0320P) comprising parts of the skulls an§OP!ited ft- fossa tendinalish - humerusi - intercentrumic
almost complete articulated postcranial skeletons. - interclaviclenca- metacarpalsnts - metatarsalsic - neural

UFRGS-PV0319P comprises a small fragment of the Skulpanal;parap ) para_pophysisgd ) pedicelp!c k pleur_ocentr_urrpoz
table, a fragment of a mandibular ramus, 18 complete trunkpostzygapophy&prz - prezygapophysisa - radiusy - rib; rup
ribs with uncinate process;- scapulask - skull; sr - sacral rib;

and five caudal vertebrae, some isolated vertebral elements fibia: tr- trochanterts.- tarsalul - ulna:ve- ventral crest: v.4
ribs, bones of the shoulder girdle and forelimb, some han%urth vértebra ’ ' T

bones, and incomplete bones of the pelvic girdle, hind limb
and foot (Figures 2, 3). Many articulated and isolated dermal
scales are also preserved. DESCRIPTION

UFRGS-PV0320P comprises a fragment of the left posteri- AMPHIBIA Linnaeus, 17584ensiGauthieiet al, 1988]

or portion .of the skull, at least 20 trunI.< vertebrae, some TEMNOSPONDYLI Zittel, 1890gensMiner, 1993]
presacral ribs, a complete left shoulder girdle, and an almost

complete forelimb. Only a fibula is present of the hindlimb, RHINESUCHIDAE Watson, 1918¢nsiBchoch & Milner, 2000]
This specimen also has many isolated dermal scales (Figures Australerpeton cosgriffBarberena, 1998
4, 5) already studied by Dias & Richter (2002). (Figures 2-5)

The outcrops where the material was collected are verti-
cal railroad cuttings of very difficult access. The embedding Diagnosis (from Barberena, 1998). Supratemporal not
rocks are very hard mudstones, making the fieldworkbordering the otic notch (as in Lydekkerinidae); sutural
complicated and with arduous extraction conditions (M.C.contact between pterygoid and parasphenoid frim and
Barberenapersonal communicatign A combination of moderately extended; parasphenoid corpus does not

~

| Argentina

32°

|:| Outcroping area of the Passa Dois Group
that includes the Rio do Rasto Formation
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Figure 2. Photographic composition of the sub-adult specimen of Australerpeton cosgriffi (UFRGS-PV0319P). All parts were merge to
show the complete specimen. A. Fragment of the skull; B and C. left and right side of the same block; D. left side of the trunk region; E. -
Right femur preserved on the right side of the block D; F. - Left hind limb and some caudal vertebrae; G, H and I. isolated caudal intercentra;
J. Fragment of the lower jaw. Scale bar = 5 cm.

stapes fragment

N
Lo
mca

\ % pelvic girdle bone fragments
phalanx

Figure 3. Composition drawing of the sub-adult specimen of Australerpeton cosgriffi (UFRGS-PV0319P). All parts were merge to show
the complete specimen. Most of the ventral scales were omitted. A. Fragment of the skull; B and C. Left and right side of the same block;
D. Left side of the trunk region; E. Right femur preserved on the right side of the block D; F. Left hind limb and some caudal vertebrae; G,
H and I. isolated caudal intercentra; J. Fragment of the lower jaw.
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underplate exoccipital condyles; basioccipital briefly exposedrhe neural spines are rectangular in lateral view, comprising
on palatal surface; occipital condyles well separated, with nalmost two thirds of the total height of the neural arch. In
basioccipital connecting them (not as Rhinesuchus lateral view, the dorsal half of the neural spine shows straight
Muchocephalusaand Rhinecepy unossified opisthotic on anterior and posterior edges, while in its ventral half, the
paroccipital bar (not as iRhinesuchus orbits dorsally  posterior edges are curved forward just dorsally to the
placed; quadrates lying behind exoccipital condyles levelzygapophyses. In both specimens, the lateral surfaces of the
well developed parasphenoid “pockets” for the insertion ofneural spines show irregular protuberances for insertion of
vertebro-occipitalis muscles; the almost entire occipitalaxial muscles and ligaments (Figures 7, 8). They are more
surface of a rhinesuchid pattern with particular emphasis oronspicuous in the anterior trunk vertebrae. In the sub-adult
the well developed, vertically descending flange of the paspecimen, these protuberances are present throughout the
roccipital portion of the tabular. whole vertebral column forming lateral ridges in some
Convergent and parallel characters can be also detecteertebrae. In the cervical and anterior trunk vertebrae these
in Australerpeton such as: elongated triangular skull with ridges face forward and in the posterior trunk vertebrae they
narrow snout; postorbital region longer than in otherface backward. This orientation change seems to be marked
rhinesuchoids; cheek area deeper than in other rhinesuchoidsy a middle trunk vertebra without a conspicuous ridge.
but not as deep as in trematosauroids; narrow contact The zygapophyses of the sub-adult specimen, seen only
between palatines and pterygoids; elongate interpterygoith lateral view, have articular surfaces inclined at about 30° in
vacuities; keeled cultriform process of parasphenoid (as imelation to the body axis. Each zygapophysis (both pre and
Trematosauridae and Capitosauridae). post) continues dorsally into a crest that merges in the upper
Revised diagnosisTabular does not contact the squamosalhalf of the neural spine to form a single crest which runs until
and Supratemporal bordering the otic notch, as alreadthe tip of the neural spine. These crests are the borders of the
figured by Werneburg & Schneider (1996) and Schoch &axial cavities, which are thiossaefor the inter-vertebral
Milner (2000), although without seen the type series. ligaments (Figure 7).
Emended diagnosis The association of the following The transverse processes, better seen in some well-pre-
characters diagnoses the postcranial skeletokusfraler-  served neural arches of the adult specimen, extend laterally
peton cosgriffi Vertebrae composed of intercentra that arein a right angle from the sagittal plane. Their ventral edges
wedge-shaped in lateral view, crescent-shaped in anteri@re rounded, comprising approximately a quarter of a circle in
@ and posterior views and also opened dorsally, indicating thatnterior view. The diapophyses are notches in the posterior @
the notochord was uninterrupted. Pleurocentra reduced arfdcets of the transverse processes, not seen in anterior view
not well ossified in younger specimens but well developedFigure 7). Ventrally, the transverse processes form two
and strongly attached to the neural arch in the adult. Adulpedicels. In the adult specimen, the medial portion of the
neural arches with pedicels that go downward making tharch’s pedicel and small portions of the dorsal surface of the
neural canal totally enclosed in the trunk vertebrae. Ribs witlplerocentra enclose the neural canal ventrally.
large distal laminar portion associated with large uncinate Of the atlas-axis complex only the neural arch of the axis
processes. The ventral blade of the clavicles is elongateds preserved in the adult. It is compressed over the third arch
about 2.5 times longer than wide, and the anterior process @ut seems to have an expanded spine as in the trunk
the interclavicle follows the elongation of the clavicle. vertebrae. The fourth vertebra Afistralerpeton cosgriffi
Cleithrum rod-like and scapular blade axe-shaped. Humerugresents a reduced neural spine with an anteroposteriorly
with prominent deltp?d and supinator process. The carpalgarrow lance-shaped tip (Figure 5). The zygapophyses of
and tarsals are ossified. the fourth vertebrae are badly preserved. The cervical neural
) arches have a more constant shape as in the trunk vertebrae.
Axial skeleton , The intercentra of the trunk vertebrae of both specimens
Vertebrae. As in other Temnospondyli the vertebrae are,ye in |ateral view, the shape of an equilateral triangle. Their
composed of four basic bone elements: a neural arch, ONgyptra| and lateral faces are slightly concave. In anterior and
intercentrum anteriorly and two pleurocentra posteriorly. yosterior views the intercentra are crescent-shaped with a
This description is based on 18 vertebrae preserveflygq concavity for the notochord. This persistent portion

articulated in lateral view in the sub-adult specimeny the notochord should be thicker in the sub-adult speci-
(UFRGS-PV0319P) and 20 vertebrae preserved in variougyen and thinner in the adult, but never enclosed by the

positions of the adult (UFRGS-PV0320P). The vertebrae Of,arcentra. The intercentra vary in size and thickness

both specimens show little morphological variation along,ccording to the age of the animal and their heights are 1/3 of
the column (except the 4th .cerV|caI). the total height of a vertebra (Figures 2, 8). In the sub-adult

The .neu.ral grches, as with the other vertebral element%pecimen, the intercentra seem to articulate with adjacent
are similar in size and shape along the trunk vertebrae. The, tepra| elements by ample portions of cartilage, whereas in
sub-adult (UFRGS-PV0319P) has more than 15 well presefyg |ger specimen it is attached to the pedicel of the neural
ved neural arches, all exposed in lateral view, and mosf.y ang to the corresponding pleurocentra. The proximity

belonging to the trunk vertebrae (Figures 2, 3). Neural spineg, the vertebral elements of adjacent vertebrae seems close

are laterally compressed with small variation in their hEight'suggesting there was little cartilage.
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Figure 4. Photographic composition of the adult specimen - UFRGS-PV0320P(a, b). A.- Dorsal view of the block a (anterior part); B. ventral
view of the block a; C. Ventral view of the block b (posterior part). Scale bar = 5 cm.

Figure 5. Drawing of the adult specimen - UFRGS-PV0320P (a, b). A. Dorsal view; B. ventral view of the block a (anterior part); C. Ventral
view of the block b (posterior part).
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The parapophyses, visible on both specimens, are smatlolumn. As observed by Moulton (1974FEryops
projections of the posterior dorsolateral surface of themegalocephalupresents an almost ordinary axis neural arch
intercentra and are projected posteriorly. The sub-adult spdsut the fourth vertebrae dorsal extremity is redugestra-
cimen shows the intercentrum of the sacral vertebra with d&erpeton cosgriffipresents a similar configuration with the
notch in its posterior face as a distinct parapophysis (Figufourth neural arch tip lance-shaped. This lance-shaped tip is
res 2, 3). The neural arch of the sacral vertebra is notelated to the head mobility, compensating restrictions in
completely visible because the sacral and the preceding rimovement at the occiput (Moulton, 1974). The distribution of
covers it. this character among other temnospondyls needs a careful

The intercentra of the caudal vertebrae, seen in the sulevaluation.
adult specimen, are fused with the corresponding haemal archégibs. The ribs bear a laminar distal portion associated with
These haemal arches are shorter in height than the corresp@m uncinate process as their main feature (Figures 9, 10). The
ding neural arches, and they are directed backward (Figure 3Ruberculum and capitulum of the anterior trunk ribs are more

In the sub-adult specimen the pleurocentra are small, irreconspicuous than in the posterior ones. This is easily
gular bones of uncertain shape, not very well preserved, pr@bserved in the adult specimen in which the capitulum is an
bably because they were not well ossified. The contacéxpanded, flat structure. In the cervical region and also in
between the pleurocentrum and the neural arch is not visiblesome posterior trunk vertebrae of the sub-adult specimen,

In the adult specimen, the pleurocentra are chestnuthe tuberculum is a short, condyle-like structure, slightly
shaped and completely ossified (Figures 7, 8), with fully destraight and not well separated from the capitulum.
veloped articulations with all surrounding bones (neural arch  The ribs present flattened heads and rod-like medial
and intercentra). Their dorsal anterior region has a very closportions. The ribs are slightly curved down and backward
articulation with the pedicels of the corresponding
neural arch. Their lateral surfaces are slightl
concave following the same feature of the
intercentra; the ventral anterior region is a straig
facet which articulates the dorso-posterior porti
on of the anterior intercentrum; the posterior face
is rounded, being the articulation surface for thd
dorso-anterior portion of the posterior
intercentrum. Internally, the pleurocentra arg
slightly rounded to accommodate the dorsal porti
on of the notochord. Its dorsomedial portion alsq
contributes to enclose part of the neural canal.

Comparisons The vertebrae dk. cosgriffican be
classified as typically rhachitomous due to the pre
sence of one crescent-shaped ventral intercentru
and two dorsal pleurocentra (Romer, 1956, 1966
One may also call it advanced rhachitomous becau
of the expanded pleurocentra which are firml
attached to the pedicels of the neural arch, and clo
articulation with the anterior and posterior
intercentra. The neural canal, ventrally enclosed b,
the expansion of the neural arch peduncle and H
the dorsal portion of the pleurocentra, also indicate]
an advanced rhachitomous condition. The sub-ad
would have larger spaces between the vertebr
elements with larger cartilaginous portions due tg
the ossification delay of the pleurocentra.
Otherwise, the close attachments of the vertebr:
elements in the adult show that these spaces we
smaller with little cartilaginous portions. Moulton
(1974) has observed it Eryopsbut, judging by his
illustrations, the adult specimen Afistralerpeton .
cosgriffihas smaller articulation spaces, suggestin " . : ,

less cartilage between the pleurocentra and thegure 6. Skulls of the type series of Australerpeton cosgriffi. A. UFRGS-

pedicels' This continuous articulated axis of bon@VOZZQP; B. UFRGS-PV0227P (holotype); C. UFRGS-PV0230P. Skull portion of

- e adult specimen tentatively assigned to Australerpeton cosgriffi, D. UFRGS-
and cartilage makes a strengthened vertebr 0320P.
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(Figure 9), becoming laterally flattened distally, thus formingtimes longer than the posterior one. The anterior region is
a laminar portion in its posterior side while the anterior sidecomposed by thin dermal bone with the anterior end as a
remain rod-like, as seen in many primitive tetrapods, such aound spatula-shaped or duck-beak shaped structure,
Ichthyostega(Jarvik, 1980). These laminar portions of the ventrally ornamented with almost parallel short ridges. Romer
abdominal ribs are ample triangles in lateral view, where th€1947) interpreted this ornamentation as insertions for the
uncinate process projects backward in a rounded projectiolongitudinal muscles of the throat. The two anterolateral

(Figure 10). The uncinate processes are placed in a medialargins of the interclavicle show a chamfer where the

position in the anterior trunk ribs and become more distallyclavicles overlap ventrally. The posterior margin is almost

placed posteriorly. Therefore, the median trunk ribs have theounded and short, corresponding to the posterior third of
uncinate process in the distal extremity of the rib and thehe bone and forming a semicircle. Dermal ornament is very
posterior trunk ribs have only a small distal laminar portionconspicuous on almost all the ventral surface of the

where the uncinate process became reduced. In the sub-adimterclavicle. It is composed of pits and ridges radiating from

specimen, the uncinate processes are similarly well develdghe ossification centre, where the pits are completely closed
ped, as seen in some isolated trunk ribs. The laminar portioand, towards the bone margins, become open distally and
and the uncinate process are structures usually related tben run to the margin as long ridges and furrows with little

increment on the body wall resistance, improving the supportransverse bridges.

and protection for internal organs. The ventral part of the clavicle slstralerpeton cosgri-

In the sub-adult specimen the proximal portion of a sacraffi (Figures 4, 11) is an elongated bone plate. The ascending
rib is preserved. This rib differs from others by its enlargedprocess is not preserved. Its ornamentation pattern is similar
head that is at least two times larger than the immediateljo that of the interclavicle, composed of some shallow pits in
anterior ones (Figure 2). The distal portion should be robust
but unfortunately is not preserved. It shows two very well
developed articulation facets, one for the neural arch and
another for the intercentrum.

Comparisons The light curvature of the ribs indicates that
A. cosgriffiwas a flattened animal (Figure 9) and could be a
@ shallow water dweller. This flat body could also improve
buoyancy allowing to swim on open waters. This hypothesis
is compatible with the presumed sedimentary environment
of the Rio do Rasto Formation, which consisted mainly of
freshwater shallow lakes and rivers (Ragonha, 1989). This
kind of rib shape probably gave little ventral protection for
the visceral organs, so it could have presented difficulties ofigure 7. Composition of an adult trunk vertebra in posterior view
a terrestrial habitatEryops megalocephaluswhich is with the elements splitted. Drawing based on several trunk
considered a terrestrial temnospondyl, does not have ¥"ePrae:
flattened body and its ribs are strongly curved downward,
giving protection for the lungs and other visceral organs.
The well-developed cover of dermal scalegAincosgriffi
which could provide mechanical protection for the abdomi- lateral ridge
nal organs, can also be interpreted as a counter-balance for
hydrostatic equilibrium, as discussed by Dias & Richter (2002).
This reinforces its tendency to an aquatic way of life.

| neural spine

> poz
Appendicular Skeleton 2P

Shoulder girdle and forelimb. The shoulder girdle has its
dermal elements better preserved in the adult specimen
(UFRGS-PV0320P). In the sub-adult specimen (UFRGS-
0319P), the cleithrum is partially preserved and other dermal
elements of the shoulder girdle are badly preserved.
The interclavicle ofAustralerpeton cosgriffifFigures 4,

11), as in many temnospondyls, is a flat, rhomboidal bone
plate with the two anterior sides larger than the two posterior
ones. Its longitudinal axis is about 1.5 times longer than the
transverse axis. The ossification centre is about 1cm posteq':—i . . .

. . . . Figure 8. Reconstruction of an adult vertebra in lateral view,
or to the intersection of these axes. The transverse axis diVipoying the articulation of vertebral elements. Drawing based on
des the bone in two parts, the anterior portion being twmetter preserved portions of several trunk vertebrae.
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the ossification centre that become open distally and radiatéhe anterior to the dorsal edge of that bone (Figures 12, 13).
to the anterior extremity of the bone, where they become justhere are three almost completely preserved humeri, two from
ridges and furrows almost without bridges. The medial sidehe sub-adult specimen (UFRGS-PV0319P) and one from the
of the clavicle overlaps the interclavicle anterolaterally,older one (UFRGS-PV0320P) (Figures 2, 5). The humerus is
covering the anterior two thirds of interclavicle in the overlapan almost flat bone with two expanded extremities twisted, in
area (Figure 11). the sub-adult specimen 40° in the right humerus and 60° in
In both specimens, the scapula and the coracoid are fuselde left one, and in the older specimen, 80°. We assume that
into a single scapulocoracoid bone, without a clear sutur¢he humerus which presents an angle of 60° of twist is the
zone (Figures 12, 13). Compared to some more terrestrialosest to reality because the other two seem to be much
temnospondylg-ryopsfor instance, the scapulocoracoid of distorted by compression. The posterior border has a strong
Australerpeton cosgriffis proportionally short. Its height is  proximal deltoid process, although not well preserved in any
about 75 mm in the sub-adult and 127 mm in the adult specbf the specimens, and a very prominent distal supinator
men. The scapulocoracoid lenght in the adult is 130 mm angrocess (Figure 12). The anterior edge is a very lightly curved
uncertain in the sub-adult since it is not completely preserwithout conspicuous structures.
ved. The scapula is an axe-shaped bone in which the leading The radius and ulna of the older specimen are preserved
edge is the antero-dorsal border of the bone, which contacemost attached to the humerus (Figure 13). In the sub-adult,
the cleithrum. The coracoid is a small plate that turns a littlehe right radius, ulna, and some hand bones are spread but
inward below the glenoid region. It presents an anteroventrgbreserved in their correct anatomical sequence (Figure 12).
supracoracoid foramen and a posteroventral coracoidlthought, the description is based mainly on the bones of
foramen. The supracoracoid is at the level of the sutur¢he older specimen, whose metapodial bones are better pre-
between the scapula and coracoid bones and is larger thaerved. The ulna is slightly cylindrical proximally and flat
the coracoid foramen. In the sub-adult specimen the anteriatistally, having a concave articular surface in the proximal
portion of the scapular blade is not preserved and in thextremity. This articular surface is quite concave and pre-
older one it is partially covered by the attached preservedents a proximal extension that corresponds to the olecranon
humerus, radius and ulna. There is a prominent dorsal articyprocess, which comprises 20% of the ulna length. The proximal
lar glenoid facet in both specimens, but a complete glenoiéxtremity of the ulna has also two small medial processes
cavity is not preserved. Dorsal to the glenoid cavity, thewith a short shallow furrow between them, the antero-supe-
scapular edge is divided in to two crests forming therior notch of Dutuit (1976). The radius also has a cylindrical
supraglenoid buttress, between which there is a deep furroygroximal extremity and a flat distal one, the distal being larger
the supraglenoid fossa. Inside this fossa is the supraglenottian the proximal.
foramen. The crests join dorsally enclosing the furrow to Hand fragments are present in both specimens. In the
make the single edged dorsal scapular blade. In internal view|der specimen, there are three small rounded carpal bones
the coracoid of the adult specimen show a large and thiclknd only a single metacarpal. In the sub-adult specimen there
portion just anterior to the coracoid foramen, forming anare some articulated hand elements including, two carpals,
internal buttress which crosses the coracoid ventrodorsallfhree metacarpals and also one attached phalanx. The
The cleithrum is an elongated, rod-like bone with a smallmetacarpal extremities are two times larger than the diaphysis.
expansion in its dorso-posterior extremity, while its ventral The fourth digit is not preserved.
end is a thin bone leaf. It overlaps laterally the scapula, fronPelvic girdle and hindlimb. All pelvic girdle and hindlimb

neural spine

capitulum

Scm uncinate process

Figure 9. Composition with ribs and vertebra in posterior view. A possible life position.
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bones preserved are incomplete and belong to the sub-adult

specimen (Figures 2, 3). Portions of the pubis and the ischium

are badly preserved. The pubis seems to be an anteriorly

square blade of bone with an anterior notch that could be the

obturator foramen. The ischium is a more wide bone but its

posterior limit is missing. The ilium is not preserved. The posterior
sacral rib shows an enlarged head and it is articulated with a
very well developed parapophysis in the corresponding
intercentrum. The transverse processes of the sacral vertebra LAY B
are partially covered by the large head of its own sacral rib  uncinate process A AN ey
but it seems to be of similar size to the other trunk vertebrae, AL
probably with a distinct diapophysis.

The femur, known only in the sub-adult specimen UFRGS-
PV0319P, is incompletely preserved (Figures 2, 3, 14). The rigittigure 10. Drawing of a sequence of incomplete trunk ribs of the
femur has incomplete extremities and can only be observed gflult specimen.
anterior view since it is difficult to isolate it from the matrix
without damage to other surrounding bones (Figure 14A). The
left femur has the proximal extremity better preserved, in which
the ventral trochanter is a thick bone projection directed down Anterior
and backward, with a slender portion between itself and the
head of the femur (Figure 14D). It becomes smaller distally
(Figure 14B, D) and continues to form the ventral ck@ssta
aspera femorisor adductor ridge) that runs throughout the
two thirds of the bone and shows a smoothly serrated edge.
The alignment of the trochanter and the ventral crest presents
an angle around 150° (Figure 14C). At the distal end, two main
condyles are separated by a shalfossa popliteaventrally
and an equally shallow dorsal triangular depressioripdsa
tendinalis (or external dorsal gutter of Dutuit, 1976). The
trochanter and ventral crest in the femurAofstralerpeton
cosgriffi are similar to that oPlatyoposaurus stuckenbergi
and Platyoposaurus vjuschko{Gubin, 1991), but nome of
the latter species displays the angle between the trochanter
and the ventral crest as seen on UFGRS-PV-0319-P. It is Posterior
important to remark that this angle is not a result of taphonomic , o
distortion, since it is observed on both right and left femora. '(:L'JgF“F:Zéﬁ':,\/%%‘:z%”;tmcuon of the dermal shoulder girdle in ventral

The tibia, preserved in UFRGS-PV0319P, has an
expanded proximal extremity and a narrow, rod-like distal
one that articulates with the ossified tarsals. The precise The femur does not vary greatly in temnospondyls, any
identification of each preserved tarsal was difficult duedifferences being in slenderness of the shaft and the degree
to the poor preservation. The tibia is preserved only orof development of the ventral crest and the shape of the
the sub-adult specimen and is similar to that found introchanter (Warren & Hutchinson, 1983). The following
many temnospondyls. The expanded proximal portion iszomparisons were carried out based on some better described
twice as large as the distal portion, which is almostor illustrated femora, independently of the group. The femur
cylindrical. The femur and tibia shows a proportion of 1/ of Metoposaurus ouazzofdutuit, 1976) resembles, in some
0.6, which is a similar to ratio that found for humerus andfeatures, the femur of UFRGS-PV0319-P, such as the shallow
ulna of the forelimb. triangularfossa tendinaliand the shallowossa poplitea

The fibula is incompletely preserved on both specimensHowever, the trochanter and the head in that species are
That of UFRGS-PV0319P has only the distal portion, badlyslightly distinct in shape and aligned to the ventral crest.
preserved. The UFRGS-PV0320P has its extremities brokemhe femur ofPlatyoposaurus stuckenber@ubin, 1991 fi-

Itis flattened at the distal portion with the lateral face straighigure 35) has the distal extremity enlarged, has a fdssp

and the medial face curved or concave. tendinalis the trochanter is aligned with to the ventral crest
Comparisons Most of the differences between sub-adult and is well separated from the head, and the well developed
and adult specimens are related to growth in size anthtertrochantericPrionosuchus plummegndAustralerpe-
ossification of the skeletal elements. The Table 1 present®n cosgriffishare similar proportions of body size. However,
some selected measurements of appendicular elements of tR&atyoposaurus stuckenberpas a femur proportionally
skeleton, where these proportions can be obtained. smaller than these long-snouted species.

proximal

anterior

rib blade
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TAXONOMY

At present, only two temnospondyl morphotypes, both
belonging to Rhinesuchidae, are known within the fossil
assemblage of the Rio do Rasto Formation in the Serra do
Cadeado area: the long-snoutkdstralerpeton cosgriffi
which is represented by several skulls (Barberena, 1998), and
an undescribed short-snouted taxon, represented by a singsllgj
specimen with a partial skull with the lower jaws UFRGS-
PV0352P (Barberena & Dias, 1998), some isolated lower jaws
(UFRGS-PV0235P, UFRGS-PV0347P, UFRGS-PV0348P,
UFRGS-PV0349P, UFRGS-PV0350P). preliminarily studied by

Dias & Kroeff (2002), and some associated postcranial mate- é%

supraglenoid furrow

glenoid cavity

deltoid process supracoracoid foramen

coracoid foramen

inator process

rial UFRGS-PV0356P.

The skull portion preserved on specimen UFRGS-PV0320P
fits exactly with the corresponding region of the skull of the
Iong-sn_outed morphotype and V_Vas_the base for tenta_ltlve|¥igure 12. Drawing of the rigth shoulder girdle and forelimb bones
assign it toAustralerpeton cosgriff(Figure 6). At the otic  of the sub-adult specimen (UFRGS-PVO0319P).
notch region, the vertically descending flange of the parocci-
pital process of the tabular and the otic flange of the quadrate
ramus of the pterygoid are features observed on UFRGSare anteroposteriorly elongated, and differ from the clavicle
PV0320P that are conspicuous on the type seridgsifaler-  of the short-snouted taxa of the Rio do Rasto Formation
peton cosgriffiand its configuration is the same of that UFRGS-PV0356P, which is much anteroposteriorly shorter.
observed in the specimen UFRGS-PV0229P. The clavicle and interclavicle elongated is also present in

The contact between tabular and squamosal was used logher long-snouted taxa suchfgshanerammé@Romer, 1947),
Barberena (1998) for the diagnosis of the species. However,ia which the elongation of the anterior portion of the
revision of the type series Afistralerpeton cosgriffievealed  interclavicle was related to a more elaborate muscular
that the tabular does not contact squamosal and thapparatus for mouth opening with an elongated lower jaw,
supratemporal participates on the otic notch. This conditiorsince it is the insertion site of longitudinal throat muscles
is also present on specimen UFRGS-PV0320P, reinforcing itE(Romer, 1947). A very similar pattern is observed in the
assignment té\. cosgriffi UFRGS-PV0320P. These conditions indicates that UFRGS-

Besides, the clavicle and interclavicle of UFRGS-PV0320PPV0320P was a long-snouted animal.

phalanx

Table 1. Selected measurements (mm) of the postcranial elements of
Australerpeton cosgriffi.

Bone Lenght Width
sub-adult adult sub-adult adult
Cleithrum ? 176 15 24
Humerus 78 103 26 41 proximal
17 27 diaphysis
34 51 distal
Ulna 45 70 11 20 proximal
? 10 diaphysis
? 17 distal
Radius 45 62 12 20 proximal
7 14 diaphysis
15 24 distal
Metacarpals | 24, 27, 21 36
Phalanx 12
Femur 90 12 proximal head
24 proximal head
plus trochanter
Tibia 53 21 proximal
9 diaphysis
11 distal
Fibula 109 13diaphysis

Metatarsals 22,31, 29
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Specimen UFRGS-PV0319P presents a small fragment of
the posterior portion of the skull table and a mandibular ramus Q
which provide little anatomical information. Even so bad pre—
served it was possible to recognize the descending flange of ca
the paroccipital process of the tabular and the otic flange of
the quadrato ramus of the pterygoid. The tabular also does
not contact the squamosal and the supratemporal participates
on the otic notch. The fragment of mandibular ramus is
elongated, narrow and low, clearly of a long-snouted mor-
photype.

The femur of specimen UFRGS-PV0319P is much more
slender than that associated with the short-snouted mor-
photype UFRGS-PV036P, which has a strong finger-shaped e
trochanter and a more wide femur head. The anatomical deltoid process |
similarity of many postcranial elements with that of specimen .
UFRGS-PV0320P such as ribs, vertebrae, scapula and fore ot the left shoul e of th |
limb also provide evidences to relate both specimens thglgelj:lirrieln?’(uggezvg?gvgsztog)_et shoulder girdle of the adult
same taxon. Most of the distinct features can be attributed {3’
the ontogenetic development. Following these evidences the
specimen UFRGS-PV0319P was also tentatively assigned to
Australerpeton cosgriffithe long-snouted taxon known for longignathusDias & Barberena, 2001 (the other long-snouted
these levels of Rio do Rasto Formation on the Serra do Cadepecies temnospondyl from the Rio do Rasto Formation,
ado area. Upper Permian of Rio Grande do Sul State),Rmshosuchus

As we can exclude the possibility that the specimenglummeriPrice, 1948 (a long-snouted from the Pedra do Fogo
described here belongs to the short-snouted morphotypEormation, Early Permian of northeastern Brazil: Price, 1948;
from the Serra do Cadeado area, the tentative assignment Barberena, 1972; Cox & Hutchinson, 1991), suggests that the
them toA. cosgriffiseems most likely. In addition, the distinct studied material cannot be assigned to these taxa. Another

@ geographic and stratigraphic positions Rdgeherpeton possibility is that the specimens belong to a new taxon. @

supraglenoid furrow

supinator process

glenoid cavity

1 cm

Figure 14. Drawing of the femura of the sub-adult specimen of Australerpeton cosgriffi. A. right in anterior view; B. left in posterior view
of the femur; C. left in ventral view; D. outline of the proximal extremity.
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However, this is problematic because one must assume that A common feature for aquatic temnospondyls is the
no material of this new taxon had been collected until now, aabsence of ossified carpals and tarsals, since they do not
well as no postcranium @&f. cosgriffi Besides, the ecological have to support the body weight. Based\Mbetoposaurus
niche occupied by these amphibians (the same as crocodilesiazzoui Dutuit (1976) proposed that carpal and tarsal bo-
today) does not fit with such high diversity among them. Sones should be entirely cartilaginous in aquatic
the most parsimonious hypotesis, in this case, is to attributeemnospondilyls. Thus, DeFauw (1989) classified
the specimens tA. cosgriffi metoposaurs as fully aquatic, freshwater temnospondyls.
The type series dfustralerpeton cosgrifis represented The presence of ossified carpal and tarsal bones in the
by specimens of distinct sizes (Barberena, 1998), suggestirgpecimens here assigned Aastralerpetoncosgriffi po-
a thaphocoenosis composed of individuals of different agesnts to the possibility that this temnospondyl could crawl
UFRGS-PV0319P is here considered a sub-adult specimen the bottom of lakes and occasionally walk on land, requi-
and UFRGS-PV0320P as an adult. ring for this more strengthened hands and feet. This land-
walking ability is possible even in the sub-adult specimen
which also presents ossified carpals and tarsals. The femur
DISCUSSION is not weak enough to preclude this ability and the well
) _ developed shoulder girdle, with a relatively strengthen hu-

. E_Sarberena(1998)_creat_ed the ne\./vfam|Iy.AustraIerpeton|da?m,_lrus showing strong muscles attachment sites, on both
within the Sl_Jp_erfa_lmny Rhmesuchmdea to inclutlgstraler- specimens, also points to a land walking condition. But,
peton cosgriffi This systematic scheme was not completely . o o : .

is condition was probably limited, since the appendicular

accepted, thus, Werneburg & Schneider (1996) and Schoch | . ¢ I it disti
Milner (2000) included. cosgriffiwithin the archegosaurids. SKkeleton described fokustralerpeton cosgriffis distinct

This misunderstanding is due to the fact that many charactef€om that of some fully terrestrial temnospondyls such as
of A. cosgriffican, at first sight, be similar with platyoposaurs, Eryops megalocepha-lusshich has a much more powerful
especially concerning the general skull shape. Infartira-  appendicular skeleton with more conspicuous muscle atta-
lerpeton cosgriffishares many similarities with the chmentareas (Carroll, 1988).

platyoposaurs like the doble anterior palatal vacuity and the In general,A. cosgriffi shares similarities with
elongation of the clavicle and snout, but, in many others they|atyoposaurus stuckenberg the femur anatomy and the
are distinct. presence of ossified carpals, even Rostuckenbergivas

Now, a new evaluation of the material was done and manyeconstructed as an aquatic temnospondyl (Gubin, 1991). In
characters listed by Schoch & Milner (2000) for Rhinesuchidagy,;q point of view, these shared similarities are probable

were found inAustralerpeton cosgriffskull table recurved in convergences.

occipital view, otic notch deep and broad, with almost parallel The elongated skull shape is probably the most efficient

margins, prefrontal posterolaterally constricted and does nOaesign for a piscivorous animal since it allow to minimize the

participating on the lateral border of the orbit, tabular ventrallyShock waves produced by fast lateral movements of the head

extended to give a nearly horizontal paroccipital process, ta- . . L
. : S and consequently reducing the perception of the fish’s late-
bular horn extending posteriorly and with little dermal d y 9 P P

. . : . ral line system. Thus, the long-snouted cranial morphology
ornamentation, vomer showing a denticle row medial to the . L . e
. is the most important feature pointing to an aquatic conditi-
coana. Some other features are shared with all other o .
StereospondyligensuSchoch & Milner, 2000), like the suture on for Australerpeton cosgrlffgnd based on this feature
between pterygoid and parasphenoid well developed (abseﬁ{one’ one can _copclude th"?‘t it was a fully aquatic animal
in platyoposaurs); presence of conspicuous adjacent pockefdth @ mainly piscivorous diet, as has been proposed for
in the posterior portion of the parasphenoid (like rhinesuchid®ther temnospondyls, such asPlatyoposaurus
and other capitosaurids); and absence of a contact betwe&fckenbergiAphanerammaPrionosuchus plummerand
pterygoid and vomer (like in lydekkerinids), whose presence i©ageherpeton longignathuslotwithstanding, postcranial
very clear in platyoposaurs. features suggest thatistralerpeton cosgrifeilso could walk
ThUS, it would be preferable to kegp Cosgrifﬁ closer on land even during limited inCUFSiOI’IS, and this intel’pretation
related to the Rhinesuchidae than to Archegosauridaecould also be extended at least Réatyoposaurus
Further systematic discussions abAutosgrifffiis beyond  stuckenbergi
the scope of this work and will be done in future papers. The fossil fish fauna of the Rio do Rasto Formation is
However, following Warren & Snell (1991), most of the composed of paleoniscids (Dias, 1996; Vega-[&iaal.,
anatomical variation on temnospondyl humeri and femora2000), dipnoans and xenacanthodians (Ragonha, 1989),
are related to adaptations for a terrestrial or an aquatic habitatpresenting sufficient diversity to supphustralerpe-
and seem to be of little use for systematics. Thus, probablyon cosgriffi
many of the cranial and postcranial similarities betw&en The flat body outline could improve buoyancytafstra-
cosgriffi and the platyoposaurs may be attributed tojerpeton cosgriffindicating that it lived in shallow waters or
convergence due to a similar semi-aquatic life stile, agyen swim on open waters. This interpretation is compatible
discussed below. with the sedimentological analyses and fossil record of the
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Rio do Rasto Formation, that suggest a deposition in ®ias, E.V. & Richter, M. 2002. On the squamatiomobtralerpe-
freshwater environment (Barbereenal, 1985; Ragonha, ton cosgriffiBarberena 1998, a temnospondyl amphibian from
1989 Rohn & Roesler. 2000: Rohn & Stollhofen. 2000:  the upper Permian of BrazAnais da Academia Brasileira de

Stollhofenet al, 2000). However, levels of mud cracks indicates . C1encias,74(3):477-490. .
that the environment was periodically drvness. Growth IineSDlas, E.V. & Kroeff, T. 2002. The lower jaw of the short-snouted
P yary ’ amphibian from the Rio do Rasto Formation (Upper Permian),

present on the dermal scalesfofcosgriffi(Dias & Richter, Brazil. Paleontologia em Destaqu7(40):42-43.
2002) can be result of this seasonal climate. Thus, the walkingyit, .M. 1976. Introduction a I'etude paleontologique du Trias

ability of Australerpeton cosgriffshould be primordial to continental Marocain; description des premiers stegocephales
find wet places. recueillis dans le couloir d’Argana (Atlas occidentifigmoires
All these features suggest thatistralerpeton cosgriffi du Museum National d’Histoire Naturell8erie C., Sciences de

was a semi-aquatic or even a temporary fully aquatic & Terre,36:253p. _
freshwater temnospondyl, which is compatible with theGa”tfh'ir' JAA" _K'“gle'_ Aﬁ? ‘E’;ﬁ?we‘ T 1938'|The_f_ear')’ eVOf'“EO”
classification proposed by DeFauw (1989) that rhine-suchids of the Amniota.In: The Phylogeny and classification of the

. . . tetrapods\ol. 1; Amphibia, Reptiles, Birds M.J. Benton (ed.),
are semi-aquatic fre-shwater (SAF) and fully aquatic Systematics Association Special VoluM&5A:103-155

freshwater (FAF) ecomorphic types. Gubin, Y.M. 1991. Permian archegosauroid amphibians of the USSR.
Trudy Palaeontological Institute Akad Nauk SS&F;1-138.
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