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Since 2011, fieldwork has been conducied m the early Permian Pedra de Fogo
Farmaticn (PEF) of the Pamasha Basin to shady its age. depositional environments, and
venchrate fauras. Discoveries inclede several amiculated skelewns of o new
iempospondyl. Phylogenctic analysis indicaies that the species is a basal dvinosaur. The
Brarilzn dvinosaur bas a well-ossified skeleton, and is chamctenized by a large head and
cermicbranchials, a robust pectomal girdle, rhachitoneus vershrae with a large
notochardal space, and candal veriebrae and ribs that are modified into a rigid fin-like
structure. Small lmbs are present and mclude ossified stylopodial. reugopodial, and
suippodial elements. The Braziliam species shares an elongate body plan with the
Permian and Early Triassic nspilakeessurids, but the siruciure of the veriebrae differs. The
short, disc-like dplespondylows centma of tupilakosaurids resemble the centra of @xa
such as whales and ichthyosaurs, which bave mflexible vencbral columns. I contrast the
venchrae of the Brazilian species are more elongate and consist of a ring of bone tha
surrourskd the potochond. W interpret this morpbology a5 indicative of a highly flexible
vertebral column. Together, these characters suggest a fully aquatx amimal that was well
sdapied 1 angmlliform swimming. The birge hesd may have been used in combination
with powerful body mevemenis for penetrating depse aguatic vegetation, bt the limbs
were better susted 1o fine movemenis and pesition holding. The phylogenetic placement
of the mew mxon implies that this general bawplan evolved before the arigin of
tupilakosaemnds; firther refinement within the clade incladed the evolution of a more rigid
verichral column. The PFF dvinosaur is a member of a complex lacustrine ecosystem
chamacierized by several guilds of aquatic secondary consumers. and ai least some
localities scem to preserve mass death assemblages of the species. The PFF samples a
previoesly unkmown biogeographic province in western tropxcal Goedwana, and other
members of the lacostrine commumity inclede a mew mmerorhackid and the aldest and
northernmast ocoumrence of a rhinesuchid.
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The early Permiin Bromacker quarry, lecsted in the middle part of the Upper
Rotliegend Tambach Formatson mear Gotha, central Germany, &= a highly pralific site that
vields terresinially adapted invertebrale, vertebrate, and plant foszils. In mumbers of
individuals, drversity of taxa, and quality of preservaton, the vertebrales far surpass
these of all other European sites combaned of comparable age. Whereas the Bromacker
taxa are wnigue iv Europe, they are identical or very clocely relaied 1o forms known
elsewhere almost exclusively from the lower Permian of the U5, To daie. thireen
venchrates, eight 1o ten imvencbmbes, fur invenebrate and six venebrate traces, and
three to four plants have been sdentified. The unigee commanalsty of all vertcbrates with
these of North Amenica has been relevant in resclving smportast areas of mquing: (1)
sccuralely assessang the bsostrabigraphic position and age of the Tambach Formation and
therefore the base of the Rotlsegend: (2) providing the first imefutable. biological
evidence of a prednfi, contimsous landmass of Laurasia durng the early Permiarc (3)
ooniribuling significant, new information abow the global distnbution patiems of early
Permian teimpods acnoss southern Lasrasiz and.:d-rpmvﬂng direct evidence that faumal
interchange across sowthern Laurasia of many terrestrial species during this time was not
impeded by beological, environmental, and physical bamiers. Geological evidence
indicabes thai the Tambach Basin during Tambach Formation deposition represented a
“truly wpland” palevenvironmental setting., which is supported by the Bromacker fossiks
and zedsment marks: {1) frst geclogical evidence of emperateres below zero near the
equator (ke marks): (2) lack of any obligatory aguatic or semi-temesirial forms | fish and
mosi amphibmns); (3) the amphibians, which mclude two to0 four dEscrophoids and
Seymowra, are widely viewed as highly adapied to an active. terrestrial exsience; (4)
presence of four axa of terrestrial berbivores presumably capable of consaming high-
fiber vegetation., which dowbles that for any assemblage of comparable zge; (5} manimal
number of indrvidmls counts indicate that the berbvores outrumber the two bop
predators by a rio of T-1: (6) using the same herbivanes rep mearly
50%% and top predators T of the total populaton: (T} presence of large etraped burrows;
and |B) presence of the oph Ily-adapted inverick Conchosiraca
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VERTEBRATE FEEDING TRACE FOSSILS IN THE CEDAR MOUNTAIN
FORMATION (LOWER CRETACEOUS), ARCHES NATIONAL PARK. UTAH
TUSA): BIRD, PTERODSAUR. OR UNKNOWN TRACEMAKER?
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Abundant lmear groaves on sandstone bedding planes of the Ruby Ranch Member of
the Cedar Mouniain Formation { Lower Cretaceous) i Arches Mational Park (Utak, US4)
are interpreted as feeding toces made by a beaked vertebraie, sich 2s a bard or plerosur.
These grooves have regular lengths (15.7 £ 2.0 mm), widths (3.4 £+ 0.3 mm), and depths
(1.5 = 0.7 mme n = 30, indscating & common origmn related to the behavior and aratomy
of their tracemakers. The trace Fossils are either: solitary, bundled together as parallel
groups of 4.8 grooves, or form semi-circular to circdlar patterns of 3570, Bundles
fomming arc-like patterns are 13-15 em wide. Grooves are on the same surface with
rumrelmarken, imvertebrate trails, ndacty] therapod tracks, and a dadactyl dromacosaend
track.

Forms and paitemns of these features do not comespond o any known inorgamic
struciures of inveriebmie aces, por iraces made by fish. Thus they are consadered as
trace fossils made by either birds or plerosaurs. Runcrelmarken and laminations imply that
algal films bound sedinentary sarfoces and helped 1o preserve these trace fossils and
their associsted theropod tracks. Hence the grooves may have beoen grazing traces, in
which tracemakers gouged just undemeath and parallel 1o algal films by using hard body
parts, such as heaks. If so, beaks would have been 34 mm wide and groove lengibs
wiould kave been linked 1o beak length and neck movement. The diameter of the semi-
circular and circular patterns  sugpesis that the tracemakers were relatively small
vericbrates. Arc-like patterns of clstered grooves could have been made by the
tracemaker standing in ane spot or shifiing laterally 1o sysiematically mine the surface.
However, no pes tracks were observed i direct asscciation with these grooves. Hence the
traces also may have been formed while the incemakers floaied m shallow water just
above sedimentary surfaces.
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High listios computed omography (CT) scanming is becoming mone common o
vismlize fossils in three-dimensions, ﬂpenalh fragile, compressed, or hard 1o prepare
specimens. However, the application of CT approaches 1o plerssaur fossils has so far
been uncommeon: wark to-date bas focused mainly on the cramsal and axial skeleion of
Anhanguera and Rhamphordynchus, gathering qualimtive information (for coding and
general specimen description) raiber than quaniiiative measuremenis for biomechanical
and flight studies.

Chantitative data from CT scans of pterodactyloid plerosaur wing bones and
previously published scans of prerodactyloid axial skeletons and wing bones are reported
bezre i evalmbe bone masses and preumaticity. Bone mass & estimated using the bone
valume calculaed fram the CT scans multplied by estimated dersity, while pneumaticity
s quantified using air space proportion {ASP) - the mtio of the air space in a bone to the
total volume. ASPF can be evaluated throughout the bone in order to document any
variation or changes within a single bone.

Estimating the masses of large plerosaurs bas been widely debated. Bome mass
estimates pn d here are ially larger than previous anes, which suggesis that
contrary 0 previous proposals, pierosaurs may not share the relaticaship seen in binds
between skeletal mass and total mass. In additson, our estimates for ASP vary within 2
single bone, being generally kigher at the ends of the bome than in the shaft This
ohservation has major implications for previous preumaticity estimates based on single
cross-sections through bome m archossurs incheding birds, ssuropods and plerosaurs.
Cienerally these ASP estimates are taken from measurements of broken shafis of long
banes, yet the ends actually show iug;h-er ASP, which means that poeumaticity may
previously bave been scally irmated. Ohaer measurements of ASP for
diffierent sores nl'pl:msaurs suggests that it increases with siee, which may be related o
increased bending stiffness in response 1o the greater fight pressusnes related to large size.
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A NEW BALAENOPTERID (CETACEA, MYSTICETI) FROM THE UPPER
MIOCENE EASTOVER FORMATION, VIRGINIA
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A new balaenapterid species is described from the vertebrate paleomolagy collections
of the University of Texas. The mew specimen was origially recovered in a salvage
praject in the stale of Virgmia by stafT st William and Mary Callege in 1987, and was
later moved to Texas with a member of the original project. This whale was discovered in
sediments of the Upper Miocene aged Eastover Formation. This formation bas
historically produsced numerous cetacean fossils, though the mysiicete (baleen whale)
mazierial has been limaied by poor preservation and lack of description.

Despite partmal cneshing and major disamticulason from a backboe, roughly 9075 of
the specimen was recoversd, mcluding a basicramium, fragments of the rostrum,
wertebrae, ribs, and a majority of both flippers and mandibles. One tympanisc bulls is stll
present in it

The new specimen & clearly 3 member of Balaenapteridas, based on possession of
balzenopierid chamcteristics such as a slender, amterolaierally directed rygomatic
processes of the sqmmosal. dorsoventrally flaitemed supraorbital process of the fronial,
shape of comoid process of the mandible, hatchet-like proxinal process of the ulna, and
bourglass-shaped phalanges. The specimen represents a distingt species due o the unigue
combimation of marphological :hm'.u:h:ri:lil:s sach as the positicn of the fommen

dovale within the sg | and plerygosd, the exposure of the alisphencid, and
pen.du: and tympanic bullae features. The terdigitation of the bones of the temparal
wall & a distinguishing characteristic among balsenopterids and in this specimen a
distinct round expesure of the alisphenoid & present. Also present is a long exposure af
the squamosal into the temporal region. Preliminary phylogenetic analysis pesitsons the
mew fossil axon within Balaenoptenidae., in comtentsous relation to other extinet members
of the clade.

This specimen also represents a young individual due vo the spongy and unfissed save
of the cpiphyscal plates of the long beees and vericbrae. Cetacean ontogeny has been an
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