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ABSTRAUT—The carlicsr reoord of ticanesawrids anywhers in the world was csrablished o Tndia in 1877, Purher collecrions
froon fossiliferous pockets e Fabalpur were mianle by O F Blafley ducing 1917 -19109 This imederial [orroed the bisis of a
number of taxa from the Indian [ate Cretacenus, cven though most of the bones wore isolaed and fragmented, Mews
ttnosaurid <keletal material fecllecred during 1984 19867 describesd Lere represents ot of an Ddividual i associated wnl
mostly articuladed condition, thoupeh skoll, hind limb wnd ol bones are missing. Pawcity of associed skeletal meonans of
tifanosaurids anvwhere in the world makes the presene find valuable in undeestanding these specialized sawropods, A new
taxon, Tilanoswrery colbertd, 15 erected foe the recepion of the e muteral. The penus Tiamosurres s diagnosed and three
species are identificd from Inlia: T2 odedicws, T blanfardi, and T, madagascariensis.

INTROCULICTION

The titanosaurids are regarded as the most advanced of the sau-
ropodd dincsanrs. Restricted to (the Cretaceous, (hey were [Irst re-
conded [rom the Tamela Formmation of ceolral Irudia (Fulconer
TROR; Tadekker, 1877, 1879} The [ameta Forroahon oceyns mosi-
Iv as disconnecied patches below the Deccan Trap volcanic suites
and rests above the Precamnbwian or Gondwana rocks, U best
developed and exposed in s (ype area near Jabalpur, in the eastem
pan of (he Narmada YValley (Fig. 11 The early (Hanosaumd dis-
coveries from the tvpe gred and another locality near Pisdura, some
F20 ke south of Jabalpur (Fig, 1), were mainly due 1o the effons
of Brifish explorery during the last century, The fossil matenial in
all such cases was mther frigmentary—yet Lydekker (1877, 1379
wias dhle 0 croct two dtanosaund species. Falconer (1868) first
described two caudal vertcbrac from Jabalpur and accurately fig-
ured one of them, although he did not assign any name to thesc
veriehrac. Lydekbker (1877) designated them as Titarosauris il-
dicus. Later Lydekker (1879) erccted another titanosaunid species.
Tharasaurns Manfordi. trom Pisdura,

After a gap of nearly fowr decades, Matley (1921, 1923) cartied
out extenzive work and recognifed three distinct dinosavchearing
horizons in the sediments of the Lameta Formation of Jabalpur
(Huene and Matley., 1933). These are {i} carnosanr beds, (1) o8-
siferous conglomerate and (i) sawropod beds. The las, pocket
yielded the maximom nurmber of well-preserved ltanosaurd skel-
etal elements, Huane and Malley {op, L) made o dewailed siudy
af the collection including those known earbier and identified Ti-
tereasanerey fddicns and Arrarctosamniy seprenirionalis rom he
Lameta Formation of Tabalpur, Matley (1921) also recoversd some
mce tilgresannd bones from Pisdura and designuled Lhese as Ti-
Lareersipicns Blarfordi, T, fmdices. and Laplorasanres modagascar-
fersiy (Huene and Maldey, 1933),

Work in the sediments of the Tamela Formation near Pisdura
was Laken up by a team of workers of the Geological Studics Unit,
Indian Statisical Institute, o the carly sixtics, In additon o Pis-
dura, the tcam also begun weork in a nearby locality near Dongar-
gaorl. 16 km south-cast from Pisdura (Fig. 1), alrcady kmown to
contain fishes sand gastropods (Woodward, 1904, Matley, 19230
Exploration around Dongargaon during 196G8-1969 was rewarded
by the recovery of wcll preserved dinosanr bones. A well-pre-
scrved dinosawr braincase from this collection was described by

Berman and lain (1982), who assigned it to the Family Titano-
sanridae but did not refer it to any genus or species.

During three ficld seasons from 1984 1o 1986, excavations at
Dongargaon by a leam led by one of the authors (SLT) produced
a guile well-preserved, pactly arlicolated skeletom of & lidano-
saurid. The assemblage included vertebrae and ribs feom dif-
ferent regions of the axial skeleton. a scapula and a coraceid
hoth from the lefi side, part of & left forclimb. and & co-ossified
sacnum arliculaledfassociated with the pelvis on hoth sides, A
few caudal vertebrae were alse found lying on the sorface near
the articulated pelvis. Bones were found to be concentrated in
an cxeavaled sres of approximately 23 X & m (Fig. 2A) Al-
ernpls [ extend the excavation for more bhones were nol suc-
cesstul. Significantly na skeletal elements ofher than those men-
tioned above were found. The association strongly suggested
the presence of a single individual. The present paper describes
this new lilanosaurid material,

GECLOGY, FAUNA AND AGE

The Lamcta Formation of Dongargaon comprises red and
green silly clays overlain by vanegated Onely lamimaled clavs
intercalated with thin partings of claystane, limestone, miarl, and
accasional sandstone partings (Mohabey et al., 1993). The total
thickness of the formation is approximately 200 m. The sedi
ments of the Lameta Formalion are in general considered to be
of fluvio-lacustring orgn on the basis of the presence ol fresh-
water and terrestrial inverehrate and verebrate remaing, as well
as sedimentological analysis (Hislop, 1859 Huene and Batley,
1933; Juin and Sahni, 1983; Pascoc, 1964: Sahni and Mehrotra,
1974; Brookfield and Sahkni, 1987; Tandon et al,, 1990) A Iresh
water environment for the Lameta sediments of Dongacgann
was also proposed by Mohabey et al., (1993).

It has alrcady boen mentioned that the fauna of the Lameta
Formmation of Dongargaon include zome Ashes (Eoscrranns his-
forgd, Fepresorsienes Deficns, and Pronodey femetae) aond gastro-
pods {Woodward, 1908); however, the exact stratigraphic level
of these fish finds is not very clear. During the last decade some
reptilian remains came to light from the lower green clays. A
tetancsannid braincase {Berman and Jan, 1982) and a pelume-
dusid carapace and plastron (Jain, 1986) have since been pdded.
It may bc mentioned that a pelomedosid skull is also known
{romn Pisdura: this latter skull and the plasiton and carapace
from Dongargaon belong to the same taxon, Shweboemys pis-
durensiy, Recently, Mohabey e al, (1993 recorded (he pres-
cnce of dinosaur bones and eggshells and crocodile scutes from

g
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FIGLUTEE 3.
avcessory lamine; poz, postzyeapophysis. Scale bar equals 10k cm.

Anteriormost corvical vertebra of T colberty (ISIRIZS) in, A, antenor, B, poslener, and C, lateral views. Abbrevistions: a.1..

Drangargaon, They also reponied lhe ocourmence of addifional
fishes, gastropods, pelecypods, and ostracods,

Woodward (190K, while describing the above-mentioned
fishcs from Pengargaon, placed the age of the fish fauna
beiween Palcocenc and Eogenc, Matley {1921) also consid-
eredd the ayge of the Lameta Formalion of Dongurgaon as post-
Cretaceons. Berman and Jain (1952 consicdered a Santoinian
to Maastrichtian range; this view was furcher supported hy
Jain (1986) with the description of the pelomedusid skull
frown Dongargaon, Recently, Mohabey et al, (1993} reviewcd
the biota of the Lameta Formation of Dongargaon and sog-
gosted a terminal Cretaceous (= Maastrichtian} age. The new
titanosaurnid, described in this paper. is guitc an advanced
form and when compared with other cocval titanosaurids
strongly points 1o a Magstrichiun age. A Maasirichlian age
for the Lameta Formation, in general, s also suggested by
Buffetaut (1987), Dogra et al. {1984), Udhoji and Mohabey
(1591}, and Chatterjee (1992),

MATERIAL

The new ttanosaarid bones were excavated from the green
clays of the Lameta Formation of Dongargaon. The asticulateds
assecigted nalure of the skeleton (Fig. 2A) clearly indicates that
the anmimal was buried without being transponed far from the
site where it died. However, the absence of aoy hind imb with
the articulated pelvis and sacrom is rather unfortunate. Tt s
difficult to conclude whether the hind limbs were present ini-

tially bul were lost or removed from the association duc to
recent ernsion of whether they were disarticulated/dismembered
befure burial. From the oceuwrrence of the bone asseciation
{which was basically a partial carcass). it appears that the for-
rer sUggestion is nore applicable, An atternpl has been made
{Fig. 2BY 1o sugzest the probable posiure of the animal a1 the
time of burial. The size and the osteological characters of the
bones also point to the fact that all the recovered bones repre-
sent a single individual.

The new material imclodes nine cervicals (TSTR3ZS 197, seven
dursals (TSIR33S10—16), [oureen nbs (ISTR335/17-30), a com-
plete sacrum with six co-ossificd vertcbrac and ribs (ISIR335/
313, sixteen caudals (ISIR335/32-47). nine chevions (ISIR3351
A4¥—56), a lett scapula {(ISIRIISSET) and a left coracoid {(TSIR 3357
S8, a lefl humerws umed a lel ulny (JSTR3ZS59-60), o pair of
ilia (JSIR335/81-62), a pair of pubcs (ISIR335/463-64) and a
right ischium (ISIR3353/63), making a total of 65 baones.

SYSTEMATIC PALEONTOLOGY
Order SavriscHia Sccley, 1888
Suborder Baunsorononeria Hueme, 1332
Infiraorder Sacroronas Marsh, 1878
Family TrrayosaUuriaE Lydekker, 1885
Genus frravosavwes Lyvdekker, 1877
TITANUEATURLY COLBERTE, 3P, DOV,
Holutype—ISIR 335/1-65. a partial skcleton. Palacontologi-
cal Collection, Geology Museum, Lndian Statistical Institute,
Calcutta (151

C

FIGURE 4. Midvervical verebra of 7 cedber (I3TRI35/2y in. A, anterior; B, posterior: and £ lateral views. Cervical fb restorod from 15IR335)
3. Abbrevistions: ev. r., cervical rib; dip, diapoplyrsiag ipoe. L, infrapestrygapophyseal laming; itrpoz. 1 inuapestzvgapophyseal Lunina: iteprz.
L, intraprerveapophyvseal laming; pap, paapopbysis: pl, plaurocoel; pee. posieypapophysis: pre. presygapophysis; ro ridee; spoz. L. supraposl-
eyzapophysenl lamina: spre. L, suprapresypapophyscal laming, Scale bar equals 20 em.
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HICGGUIRE A,

Postzrior corvical wertchra of T eedberti {IS[RIZSM) in,

A, anrcrior; B, posterior; and U, latorgl view. Restored after ISTR335/3.

Abbrevintions: cv.r.. cervical rib; dip, Jiapephysis: lepre. L. intcapresypapophy seal laming; pap. parapephysis. Scale bor equals 20 v

Horlgon and Locality—TLameta Formalion of Wandha Val-
ley: Dongargaon village, Chandrapur disteict, Maharashtra,
Cennoal India.

Ape—Laic Crelaccous {MMaasicichlian).

Etymulogy—Species nomed in honor of Prod, Bdwin H. Col-
ber, Toremost expanend of dinosagrs,

Diagnosis—Large, advanced titanosaurid (as diagnosed by
MeIntosh 1990a) with sbongly procoelons caudals throughout,
cervagals and dorsals stronely opisthecoclous with well-marked
plevmocoels: cervicul centty small; Itunsyverse process of eervi-
cals wide, directed laterally and robust in shoulder region; neo-
ral spines of mediom height, not bitid, directed more posteriorly
in dorsals; iransverse processcs of dorsals robust, projected lat-
erally und 4 livle upward; sacrum compnsing of six co-ossificd
veriehrage and ribs; anterior face of the fivsl saeral (second dor-
sosacral) centmum and postericon fage of the 1ast sacral {sacio-
caudal) centum convex; sacricostal yoke well developed; first
sacrul nib moderately developed cxtending outward: chevron
fgcels on anlernior Tm of mideandals located on raised promi-
nent ridges but on low, faing rdges on posterior rims; mddle
part of the candal centra flac ventrally, without any ridgse; chev-
ron faccts located on wory low ridpes in the distal caodals;
scapula broad; preacctabular process of the iium directed
strongly outwand ischiam Aat, bladehike, transyversely expanded
in the middle; pubis robust; ulna robust and triangular in cross
section.

OSTREOLOGIC AL DESCRIPTIONMN
The ¥ertebral Column

The vericbral count in most titanosauarids is not koown. How-
ever in Lhe Argenlinian Selrasanrus lorfcates, thore arc aboul
23 presacral and about 35 caudal veriebrae (Powell, 198600
Iy In Tiunosarrus cofberti, the exoct vercebul count also re-
mains unknown. The following description is based on 58 col-
lected verlebrae of which six sacrals are coossified. The last
cervical ynd he hree anleriormos, dorsals were [ounod arlicu-
lated. There is another associanon of four articulated distal cau-
dals. All other vertebrae were excavated as isolated segments.

Cervical Vertebrae (Figs. 3. 4, 5, 6} ~Therc arc nine corv-
euls in the colleclion, The allas-axis complex is nol prescrved.
Out of these, TSIR3IZS] sppears w be the anlenormaost {hicdf
fourth} cervical. ISIR3ZS2, TSR35/ and 1STR335M are mid-
cervicals while [SIR335/E and ISIR335/9 are posterior cervi-
cals. However, duc to distortion it is not possible to fit thom
perfecily all logether

The cervicul centra are all suongly opisthocoslous, small,
comatricted in the middle, and successively increase in leagth.
These are matked by relatively small, clongatcd plewococls,
opening quile high on the centra, The snterimmost cervical cen-
irum (Figs. 3. 6A. B) has 2 strong, bemisphencal, conves, wm-
tericr arlicular syrfage; (he rest are transversely ellipucal froem
midcervicals to posterior cervicals. The anterior convexity also
becomes reduccd in successive cervicals. The posterior concave
surfaces are considerably larger with pronounced nms. The
sirongly developed parupopbyses are consastently pluced low
on the anierior firm of the centrg throughout the cervical region.
From midcervical onwarda, the parapophyses expand haclkward
covering a considerable portion of the lower part of the contra.
The parspopbyses are dirceted oulward and downwearnd (Tigs, 4,
3h; the enmingl [aces are coplanar with the veniral surfaces of
the centra.

The transverse processes are directed laterally and hecome
guite wide from midcervical onwards (Figs. 4, 3, 6C-F), pos-
teriorly. near the shoulder region they are widest (Iable 13 The
well-developed diapophyscs arc small in the anteriormost cer-
vical but bocome somewhat larger and stouter from the mid-
cervicals backwards, projecting outward and a litde vpward,
The prezygupopbyses are widely divergent in the mid- and pos-
lenor cervicals, supporled by suprapreeypapophyseal laminae,
The postzygapophyses are high and supporeed by infraposiay-
sapophyscal laminae, Tnira- and suprapostzyeapophyseal lam-
inae furm g desp cavity, ITnlraprezvgapophyseal and intrapaosi-
zvpapophyseal laminae are present in the midcervical vertebras
{Fig. 43 in the posterior cervicals. only the intraprezygapophy-
seal lamina can be seen {Fig. 5). The neural canal is uniformly
rounded in the cervical scries. The neural spincs are single,
moderately hizh, and arc slightly swollen at their tips with a
prominent anterior vertical ridge. Latcrally the spincs arc
crossed by anlenor and postenor diapophyscal limioae.

Cervical Ribs (Tigs, 4, 5—The douhle-hefded cervical nbs
are irmly coalesced with the diapophyses and parapophorses
and Tie shightly belosy the axis of the verehbral colomn. The
cervical ribs are placed parallel o the axis of the veriehral col-
umin. Thoogh the ends are broken in most of the specimens, in
the midcervicals an anterior projection is prominent at the june-
tion of the tubwrculum and capitalum. The posterior projections
are also not well preserved but arc present in both nidecrvicals
as well as in the postericr cervicals,

Dorsal Vertebrae (Figs., 7A- K, 8, 9A-C)—-There are scven
dorsal vertebrae of which Gve arc betler prescryved, Of the beler
proseryed, the st three dorsals (ISIR335/10, ISTR3E35/11 und
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FIGLURE 8.

Al Booantener and posterior views of an andenrior cervical verteboa (ISIR335/ ) O, Dy, anlerdor and posterior views of a midvervical

veriebra (ESIR32502). E, T, unterior and posterior views of o posterior coovical verebra (ISIR335/8). Scale hars equal 10 om.

ISIR335/12) wore found articulated with the East cervical
{(ISIR335/9) (Fig. 7A). The two others, ISIK335/15 and
ISTR3IIS1G, are both middorsals, The damugred dorsals are not
cansidered further The measurements of the dorsal veriebrg are
given in the Table 1.

The contra of all the dorsal vertcbrac arc strongly opistho-
euglous, The anlerior surfaces of (the centra are hemispherical;
the posterior concavily s lacger than the anlerior conveaaly,
The centrum length decreases in successive dorsals: however,
there is an abrupt change in centrum length between the first
and seenmd dorsals, which may be an artifact of prescryation.
Deep, shitlike pleorocos]s eeur on the faleral Decees just below

the peural arches. The neural arches and the newaral spine to-
gother cover two-thirds of the total vertebral height in all the
aviiluble dorsals, The neoral arches are quite wide in the an-
terior dorsals (Figs, TE-C, 8), The neural canal iy large and
raounded. The transverse processes are rabust and directed lat-
crally and a littlc upward. The width across the transverse
processes 18 larger in the anterior dorsal bat reduccs in the
middorsal region (Table 1) The arlicular Facels on the irans-
verse processes are gquite prominent in all the dorsals. There
is a gradual change in the position of the parapophyseal facets
from the anterior to the middorsals. These arc placed high on
the anleralaters] eorner of the cenlum in the first dorsul
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TABLE 1. Measurements {ceatimetersy of the peesacral and cavdal
verlchras of T aadbert.

Saxi-
LN Maxi-
diamerer e
of the widch
Muxy- poslerior  [poross
i face of [IAns Coearcs
lengrh of the VLA nwerall
Registratuon mos. centra centra prowessd  heighe
Anfcriornast cervical A2 12 M5
IHIR33N]
Mideervival 24 28 G S0k
ISIR33E2
Fosterior corvical 2hEE 28 b Ty
ISTIRE35348
First Jursal 28 1a 55 55
[SIRAFALN0
Recond dorsal 16 20 filh [al1]
ISIR335/11
Third darsal 24 0 S0 43
15IR335M2
Mliddarsal 22 22 Anes i bl
ISIR335/15
hMiddarsal 19 1# 35* 2
ISIR335:16
Proximal coadul 25 10 — 35
IS5IR335:32
Proximal caudal 2 12 — 45
ISLRAMS/SS
Mideaudal 13 L 25
[5IR3350472
Midcuudal 17 — — 25
ISIR335/43
Thstal candal 15 2.5 18
[SIR335744
Dhslal caudal 15 85 — el
TSIR3IZAS
1Zistal candal 13 .5 —_ 14*
1SIKAE54G
Dhsral caudal 125 7 — L3%
T5TR335MAT

*Csbimaled amlfor restored i Ogures.
*Flampressod andior distormed,

(ISIRAZSN0). However, the parapophyses move turther up-
ward on the neural arch and occur close to the diapophyses in
the middorsal region (Figs, TR, E. 9A-C) The lwo articular
lacels, which are quile widely spaced in the anlenor dorsals,
move closer in the middorsals; these are more or less of the
game size. There are three [aminas on the transverse processes.
The centrodiapophyscal lamina cxtends from the diapophyses
tivwnwand and joins with the infrapoesizyrapophyscal lamina,
which again extends from the posiFygapophyses dow mward
the floor of the neural canal (Fig. %A—-{). The postzygodia-
pophvseal lamina is directed backward to the postzygapo-
physis, and the supradiapophyscal lamina is directed upward
tr the spine (Fig, YA-C). The prevveodiapophyseal laming is
not prominent in any of the dorsals. The centrodiapophyseal,
postzygadiopophyscal, and infrapostzygapophyseal laminae
terether [vrm the soong, decp, lateral infradiapophyscal cay-
iy, The supradiapophyseal laming logether also constiluie (he
deep supradispophyseal cavity, The presyrupophyses  are
placed guite wide apart in the anterior dorsals, bat in the mid-
dorsals they me placed closer to the midline. The postzyga-
puphyseal facets also change accordingly from antcrior dorsals
wromiddorsals; these [eels are spalula-shaped in the middor-
sals. There 15 no hyposphens-hypanirum in any ol the cal-
lected dorsals. The undivided neural spine is of mediom height
with prominent vertical ridges. Lhe spine is oriented perpen-
dicular (o the neural canal but slightly inclined backward,
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Thoravic Ribs (Fig, 900—Cf the 14 collecwed nbs, cighl ane
sufTicient]ly preserved 1o pemmit lepgth messurements, In cen-
timeters, they are 1200 116, 100, 93, 90, T8+, 77+, and 634+,
All the 1ibs display the characteristic curvature right up to the
capitulum and tuberculum. Among them, threc. ISIR335/17,
ISTR335421, and TSTRIZSA0, are guite stoul and proxirmally
curved indicating amerior dorsal ribs, The wberculum and he
capitulum are of subequal size. subrounded, and are marked
with a notch in between, The tnburcular surface is slightly clon-
gulod amd oval. while the capitulum is nesrly rounded, There is
u marked ridge runming along the length of the b shaft bifure-
cating just before the proximal notch and terminating toward
the end of the capitulum and tuberculum. Medially therc is a
marked depression runoing anlenorly, The proximal parl of the
nb 15 congyyo-comver 0 eross seclion and distally plano-con-
Vex.

Sacrum (Figs. 7F and 10 The sacrum (ISIR335/31) was
found coossiticd along with the left ilium, while the right ilium
was [oumd ariiculated bul ool eoessified with the sacrum, The
whide block, especially the anemor parct, appacently ondaraant
dorsoventral compression resulting in fattening of the sacram
aod ilia. [t was cxposcd on its dorsal side where it was also
guile compressed, The coossified saerum congisis of 15 verle-
brae of which the first two have been identified as dorsosacrals
and the last, a sacrocaudal. The latter is most probably bicon-
vex. The centrum of the first sacral {second dorsosacral)y is op-
isthococlous; the anterior surface of the centrum iy oval In out-
lite, The posieror convexily of the lust sacral {sacroegodal)
centrum is less pronoonced than in the first sacral. The fourth,
fifth. and the last sacral centra are narrower ventrally than the
first three sacrals. The fourth and the sixth sacral conta appear
1o be more clongaled than the others, The venicul surlaces of
the centra ure somewhal Batlened with a Tongiioding] depres-
sion. Pleurncoels are not present in any sacral voertehrae.

Except onc. the neural spines are not preserved. The neural
arches are slightly compressed dorsally but the fuct that Lthese
were nal very high is indicaled by the betler preserved second
neural atch and part of the preserved nearal spine. The bBroken
neural spine is not hitid and appears to be of medium height
with an anterior vertical ridge and posterior rugositics. Though
the neural canal i3 not clearly visible ameriorly or posteriorly,
il appears (o be rounded,

The first sacral rib 15 moderately developed, namow dorsally
but slightly expanded ventrally, and fused with the centmum.
Thongh the distal cnd is broken, it may not have participated
in the [ompation of the sacmcosial yoke, T is extended distally
and reaches the iliwm, The second fr sixth saeral ribs are guite
ribust: the third and che sixth are stoater than the others. Prox-
imally, these five ribs are fused with their respective centra; the
middle three are, however, slighily cxpanded anleroposteriorly.
Dorsally, euch rib hay winglike robust eXpansions thatl anse
froin the newral arches. Distally, these five ribs are much ex-
panded and are completely fused with one annther. The distal
ends of the second to fifth sacral ribs are fused with each other;
their fusion hines ame prominenl. These fve ribs enclose [our
sacral cuvilies on each side; dorsally these cuvilies are wider
than their ventral extensions.

Acual measwements (ecntimeters) of the sacium arc as fol-
lowws; Lotal lengith 105, ancror width {across the sceond sacral
riks) 72, mid-width {across the thind sacral ribs) 78 and poste-
rigr width (across the sixth sacral riba) 85; length of individual
centra from the first to sixth sacral: 13 13, 20, 14, 14 and 17,
respectively: maxitmum diameters of the anterior face of the first
syeral and the posiedor [oaee of the sixth sacmal; 24 and 21,
respeclivel ¥,

‘andal Yertehrae (Figs. 701, 11, 12, 13, 14, 15, 16A-F)—
The collection includes sixteen caudals of which nine are well
prescrved. ISTR335/34 (found ncar lefi pubis), ISIR335/35
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TFIGURLE 7. A, artcolated fivst, second amd thind dersal venesbrae (TSTR335:10, ISTR33571] and ISTRIZS 12 cespectively), B, O, anmcrior and
prsterine vicws of 8 accond dorsal vertehra (ISTR32S5A1) 1, K, anczrior and posoerior views of a middorsal vertebra (RSIR335/13) Scale burs
equal 10 cm, F ventral view of the sacmm (ISIR3I3S 31 Scale bar equals 23 an. . Ho postecior and lateral views of a proximal candal vertehra
(ISIEA3/300 T, anticulawed distal caudals (ES1RA35M3, ISIRA35M45, ISIKA5/E, ISIRAASAT respectivelyr Scale bucs sgual 10 cre.

{lound near the saerumy, ISIR3IZ5/32, and ISIRI35/33 are proa-  oul the sedes, Toth (he height and the lenpth of the caudals
imal caodals; ISIR3A35/42 and 15IR335/43 are midcawdals, progressively reduce from the proximal to the distal cawdals.
while ISIR335/44, ISIR335/45, 1SIR335/40 and 181R335/47 are However. the height reduces more than the lengith (Tuble 1),
articulated distal candals (Fig. 7I). Extreme distal candals were  The antcrior concave artivular surfaces of (he centra are guile
rioel [owarl, deep with distinct fms amd they are well-rounded, especially in

All the cawdal verlebrae are vemarkably procoelous theaugh-  the midcandals and the distal caondals (Figs. 11, 12, 13). The
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FIGLRE .

Second darzal verebra of T.oraddersi (ISIRIZS] in, A, anterior; B, posterion; and 47, lateral views. Abbreviations: dip, diapophysis;

pap, pacapaphysis; pl, plevrocoell pog, posteyemapophivels. pre. prezypapeplvsis; ¥ooodee, Scale bar equals 20 cm.

posterior conveX surfaces are sitongly proncunced, cone-like,
and somewhat rectangular in the midcaudals and distal candals
due to the devclopment of facets for the chevrons (Figs. 13,
14y, Transverse and verical diamcters of the anterior and pos-
lerior atlicular surfuces of the contra are more or less cgual,
The distal caudal centra are g linde consungied. Chevoon Mace s
aceur on both the anterior and posterior margins of the ventral
rim of the centra of midcandals and distal caudals. In the mid-
cuuadals, the chevron facets on the posterior im are lecated on
u raised prorinent rdes; but the cheveon facles on the anlenor
rims are located on comparalively very lose, faing odges (Tig,
12). 1n the distal caudals, however, the chevron facets, hoth on
the anterior sod posterior rims, are situated oo very low and
fainl midees (Figs. 13, 14, 15, 16A-F), These Mmoels are incipient
in the middle part of the venlral surlaces where the centra are
waisted and tlat {Figs. 14, 153

The neural arch is lower in the proximal caudals than in the
dorsal vertebrae (Fig, 7 G, H). The height of the arch progres-
sively duecreases [romn (he mideandals w the disial cundals, An
intergsting feamre is the positon of the nearal arch on the elon-
gated centra of the midcaudals and distal candals. This is related
to the conspicucus gaps on the dorsal surface of the cemtra, and
(he nevrad arch iy situated sooas W aecomodale the enlarged pre-
and puostrygapophyses (Fg. 7T Presygapophyses are rod-like,
sirongly developed with spatulate articalar facets in all the cao-
dals and extend well beyond the anterior margin of the centra.
Promincnd artivular faccts of the postzyvgapophyscs arc also
spululute but smmall, The rounded oeoral canal 1s well ooarked
in all the caudals. The newral spines of the proximal candals
arc narow and slightly swollen at their tips: these are strongly
oriented backward. The mideaudal spines appear to be laterally
comnpressed amd directed posienorly, These gradually diminish
in size.

Prewninent vib facets occor at the junction of the centrum and
the ncural arch in the proximal caodals only (Figs. 11, TH). In
the mid- and the distal caudals the lateral surlaecs are swollen
at the junetion of the cenlrum and the oewural arch, There are
no co-ossitied caudals in the collection.

Cheyrons (Figs. 1663, H, 17)—XNine chevrons were collect-
ed. as lsted, OF these, five were cxamined in detail measuring
(in ecenlimeters) ), 33, 32 29, and 23 in length. The cheyvrons
are stouldy built with strongly developed hemal arches, The
chevrons of the proximal region are robust and more or less
circular in cross section. Each chevron has a marked curvature
direeted posteniorly. The proximal articular) cods arc cxpand-
ed; the shipper-shaped articular Lscets have tao clearly murked

ariiculating surfaces (anlenor snd postenior) for the hemapo-
physes of preceeding and succeeding (adjacent) veriebrae, The
hemal canal below the bead is quite large and entirely open, as
iz typical in titamosawids. Below the canal, the homal arches
coalesee topether giving o rounded shape in eross section, Fur-
ther down, they form o ransversely compressed hemal sping
with a clearly marked ridge bath anterionly and posteriarly. The
size range of the collected chevrons indicates that these belong
to the caudal vertebrac from anterior to midcaudal.

I*ectoral (rirdle

The poctoral girdle is represented by a scapula, ISTB3358/57,
and o corscoid, TSTR335/58, buth rom the lefl side, These were
nol Tused, and they were collected 3 melers apart {Fag, 2A% No
sernal plate was found.

Scapula (Figs. 161, 18)—The scapula is relatively well pre-
served, broadly cxpanded boib proximally and distally, the
breadih being abour one-hall of the wial length af the bone
(Tahle 2). The width of the proximal end 15 somewhat nareower,
From end (o end, the scapula has a pronounced anterior cur-
vature {possibly following the contour of the ribs), but it is
almost slraighl dlong the posicnor berder, The exlemal sorface
of the seapular blade 15 sirongly conves, while the inlemnad sur-
face is concave. The shaft of the blade has, haowever, heen flat-
tened a little during preservation, there being no sign of any
transverse ridge. The ridge is not pronounced in other titano-
saund genery egr, Salrasanrns, The diztal end of the scapula iz
mgose grd developed inty an arza foe the attachiment ol the
muscles over almost the entire width. It is bordered by a curved
ridge. The posterior end of the distal portion is thickened trans
versely making s spoon-shaped slenoid,

Coaracoid (Figs, 161, 19—The comacoid is comparatively
well preserved and complete; it is sobrectangular in ootline
measuring 48 by 32 cms. The antcromedial border is almost
siraight and thickened, while the remaining part is almost oval,
It is irrepularly cotves on (he Tateral surluce amd concgyve on
the inner sorface. The coracoid 18 thickenad proximo-medially
intc a lip-shaped tacet for the glenoid. where it is highly mgose.
It is perforated by a large clliptical foramen passing through
lhe bone und emerzmng on the mner side,

Forelimh

The forelimb in cur collection is only represented by a well-
preserved humerus (ISIR 335/59) and an ulna (ISTR 32355600,



122

.lr'lfu."ini e

sdip.cC.

idip.c.
pozZ.C.

pozdip.l.

JOURNAL OQF VERTEBRATE PALEONTOLOGY, VOL, 17, N, 1, 1997

FIGURL @ A—C, mniddursal veriebra of ¥ colberti (ISIR3A5/15] in. A, anterior: H. posterior; and 4, lateral views. Abbreviations: codip. 1.,
centrodiapophyscal lamina; dip, diapaphysis; idip, ¢, infradiapephyscal caviey; Ipoz. L, infrapesteygapophyseal louing, pap, parapophoesis: pl,
pleurocoel; poz, pesteygapoplysis; poedip, 1, postaypapodiapophysenl laming: pre presypupophysis: sdip. e, sopradispophyscal caviey; sdip. 1.,
supradiapophyseal lamina. 1), anlerinor view of tight anterior thoracic rib (ISIR335/17), Scale bar equal 10 crm

hoth froen the left side. Mo carpals or phalanges have been
found.

Humerus (Figs. 20. 21A, B)—The humerus has a constricted
shull with ¢xpanded ends, I appears thal the shaill of tbe bone
was somewhat Aatlened during preservation, The proximal and
distal ends are roughly of equal dimensions in contrast with
mest other titanosaurids {Table 3}, The deltoid ridge is promi-
nenlly developed cxtending [tom the proximal cnd along the
anteriar external border, The ameror surface of the upper one-
third of the hwneras is beoadly hollowed out, and pronounced

rugosilies ogour over the proximal cod. Duoe to flattening of the
entire lengrth of the homerys, the Teatures of the distal end are
somewhat obliterated. Howewer, it 15 rugose and i is marked
by a depression posteriorly dividing it into two condyles. The
scapula'humerus lenglh ratio in T colbert s 15:11. We also
callected 9 titanosaurid bumerws [tom the Pisdurm locality: its
measurements are ingcluded in Table 3,

Ulna (Figs. 21C. D, 22}-The ulna was found at a distance
of about one meter from the humerus. It is well prescrved,
tobusl, and does nol show any sign of compression. The prox-



JASN AN BANDYOPADITYAY—NEW TITANGSAURID FROM INDIA

123

FICIURE 10
bar equals 20 cnw,

oAl end 1s rugose and roughly mangelyr with a slronge anlenor
curvature. The olecranon process is inconspicunus, There is a
marked depression on the lateral pant of the proximal end. It is
produced anteriorly into an angle with a deep concavity in the
proximal part of the shal for the receplion of the head of the
riudivs, A sharp ridge runs along the shall of the ulnyg amd merg-
es into the distal end. The medial concavity is mone prominent

Ventral view of the sacrum ot 7. eafferrd (ISIR335/31 )0 Abbreviations: ant, anterior; post, postertor; sc. y., sacricostal voke. Seale

than the lalersl one. The ulna shows a depression proxamally
an the shaft, while the rest of the shaft is flat. The middle of
the shaft is triangular in cross section. 'The ulna gradually tapers
towards the distal end. which is subovate in outline and smaller
than the proximal cod, Distally, the shafl has s murleed depres-
sign, appaccntly (or the recepion of the disoal end of the radios,
The humerusfulna length ratio is 25:14.

FIGLEL T1.

Prasimal caudsl verlehrs of T cofberrd (ISIR335/32) in, A, anleror, B; posterior; and C, lotetal views, Abbreviations: cr.f.

candal rily facet; por, postrygapophysiz; pre, prervgapophysiz. Seale bar equals 10 cm.
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FIGURE 12, Midcaodal vertehra of T, codbarg {ISTR235/42) in, A, anterion B, posteror; O lateral; and Iy, ventral views, Abbreviations: ¢, £.
cheveon [acet: poe. posleypapophivsis, pre, precyrapephysis. Scale bar eguals 10 cm.

Ulna measurermeants (in cenlimeters): length, 80; proximal
transverse width, 36, discal transverse widith, 21 minirmwm
width of the shaft, 15.

Pelvic Girdle

All the pelvic bones, except the left ischiom {which was fot
found) were found close o the sacrum. The left ilinm (151R335¢
61} was found in dircct articulation with the sacrem. The sac-
ricosatal voke was [ound g coossified state with the ilivm, The
right ilinm (ISIRA35/62) was found less than a meter away from
the sacrum. but it could be articulated perfectly with the sa-
crum, It may be noted that whereas the feft ilium was fully co-
assifled and fused at the articulating surface with the sacrum,
the right iliumn was neither fused por co-ossified, We are nol
aware of such a disparicy beoween the laft and right hand sides
of an individoal, as such we refrain from commenting on the
implication of this condilion. The right ischium {I31R335/65)
amd lefl pubis (ISIR335/63) were found in overlapping position
hehind the sacrum. The fght pubis (TISTRI3ASMAE) was also very
close to the above (Fig. 2A%

Ilium {Figs. 21G, H, 23)—Baoth of the ilia are reasonably
well preserved, With the eaception of the anteriomost cxioem-
ity of the iliac hlade, the right ilium is complete,

The ilium has a long, curved preacetabular peocess, which is
high and quite robust. It has an extensive lateral projection that
almost forms @ horizontal shelf, Ventrally, the preacetabuolar

FIGURL 13,

Nl em.

process has a deep oval depression thal runs hoozontally and
bears purallel rdges indicating ¢aleificd tendons, Behind the
actabular region. the bone farcs latcrally and comtinucs up to
the posterior end. This posterior flare iz less robust than the
preacetabular process having a posterior oval end. In the left
ilium, a flared ridgec running horizontally and intcrnally along
the iliac blade is co-ossificd with the sacricostal yoke of the left
side of the sacrum.

The acctabulum is very wide and high. It forms an embay-
ment in the lower edge of the iliac blade and its surface is cup-
shaped, bounded along the the upper edge by a rim. The inner
surface of the acetabulum is highly mgose, marked by vertical
odges, Our restorgion is lurgely based on the nght ilinm, but
(the snenor portion of the iliac blade has becn reconstructed
from the left side.

The pubic peduncie in both ilia is enlarged, robust, wgose,
and has an subovate shape. The ischiadic peduncle of the right
ihum 15 complets, in contrast o the pubic peduncle, the ischiad-
i¢ pedunele is feeble,

Pubis (Figs. 21E, E 24)—Baoth left and right pubes are pre-
served, although neither is complete. The ihac syimphyseal re-
gron is intact in the left pobis {ISTR3IF5/63), bl the pubic ba-
singl section and the ischial symphysial regon are damaged,
The right pubis {I5IR335/64) is (wisted; nevertheless, the is-
chial symphyseal region is better preserved than on the left side;
the iliac peduncle has been shifred towards the ischiadic pe-

D

Lristal caudal verebra of ¥, cotbersi (ISIR335/44) in. A, anterior: B, posterior; O, |ateral; and 13, venteal vicws. Scale bar sqnaks
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FIOURLE 14, Distal coodal versbra of T codbertd (I8IR3358460) in. A, anwerior: B, posterior; ©, lateral; and D, ventral views. Scale bar cquals

10h cim.

duncle, The following deseription 35 based on both night and
leit pubes.

The pubis is stoutly boilt with expanded ends, especially
proximally. It forms Lhe anlcroventral margin of the acetabu-
lum. The seelabular embayment, which can be partly scen, is
guite siout. The pobic forgmen 15 somewhal damaged bul ap-
pears to open downward immediately below the aceiabulum.
The iliae peduncle is well preserved. broad, and subovate in
shape, The ischiudic symphyseal portion of the pubis iz thin,
exlending alrmost 1o the midlength of the bone as scen in
ISIRA3FN4. The shatft of the pubhis is guile broad in the upper
half of the bone. whereas it narrows ventrally but expands again
slightly at the distal end. It is relatively thin along the posterior
margin but gquite stoul along the andenior face, The distal end is
rowncled, and the symphyseal comtact between the two pubes iz
well marked, swollen, and mgose. & steong ridge mns obliquely
and antcrolaterally along the shaft of the puhis up to the discal
cnd. In addition, small ridge runs anteriorly alongside the main
ridge, On either side of these ddges. there are marked depres-
sions for muscle adachment urea,

Measurements (in centimeters): vight pubis (ISTR335/64); lefi
pubis (15IR333/43)—Ilenpth, 34100; maximum proximal width,
33/36; maximum distal width, 21730; minimum width of the
shall, 22430,

Ischium (Figs. 2111, 25)—The ischium TSTR33565) is da
and hladelike. The proximal end has a beoadly expanded artig-
ulating swiface for the peduncle of the ilwm followed by a
curved embayvment with rugesitics marking the acetabular part
of the ischivm, Anteriorly, anether [acel, which is guite thin.
articulated with the pubas, Dhistally, the blade of the isehivm s

somewhat expanded and rugesc, The conjoincd ischia appar-
enuly articulated al the posienor end along the rugose, rough-
ened surtace. The shaft of the ischiwm is penerally very thin,
transversely elonpated in the middle. and with a well marked
rounded postcrior border. The shaft is quite broad inmediately
below the acetabulum bul becomes narrower veniral W the mid-
puoinl. The acetybular embayment of the isehivm i rather
smooth. Measurements of the ischinm are: total length, 75 cmy
maximum proximal width, 37 cm; maximum distal width, 26
em: and minimom width of the shafi, 20 cm.

DISCUSSI0ON AND COMMENTS

Yiranosaurus Lydekker 1577, with ¥ indicus as the tvpe spe-
cies, wis based vpon twoe caudal vernlebrae from Bara Simia
Bill of Jabalpur (Jubbwlpere), Central India, These veriebrac
were “‘characlervised by greal lajeral compression and by heing
markedly procoelons,” thus producing flat-sided centra and a
larger vertical diamcter both on the anterior and posterior sur-
[aees (Lydekker, 1879), Lydekker also noted “a pair of ridges
whivh run from neyur the wmiddle of the Bone (eenloa) Lo the [oor
angles of the inferior swtace, in each case renmng Iroem the
ccnter to the periphery of this surface™; and no postzygapo-
physes on the newral spine as well as no distinet articular facers
oo the prosygapophyses, He vonsidered these vertchrac to be
“the post-rmedian moity of the cuudal,” Laler, Huene and M-
tley (1933 ) smndied these verebrae and considered them as *the
ith to 12th caudal ™

Hucne and Matley (1933) descdbed additional material (two
caudals, one chevoon, lelt tbia and & nghe Gbula) of T indicns

FICGURE 15,

Distitl viudal venebra of 20 cotberti (1%IR3353447) in, A, aneror;, B, posterior; and C, lateral vicws. Scale bar equals N cm,
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A-C, anterior, pomwerior and venmmal vicws of g mideadal verichra (ISTR335/43) =F, anterior, poserior and venral vicws of 4

dizral caudal vertebea (TSIRIAFHSY, 420 H, amterior and Jateral views of a chevron boone (JSIRAZESA). Scale bars equals 5 cm. L laueral view of
the scapula coracoid (ISIR3E557 and ISIR333/55). Scale bar equals 3 cm.

frewn the sume regiom of Jabalpur, The two cavdal vercbrac
“were found mgether” aling with the chevron, Huene and M-

tley {op. cit) considered these caudals similar oo the caondals of

T, indicis deseribed by Lydekker (op. cit). There are. however,
a lew dilferences between Lydekker's and Huene and bMatley's
matetial. In the latter, one of the two caudals (K200315) 15 pro-
coclous, the other (K200316) is amphicoelons. There is a “me-
dian, longitudinal groove between the two ridges™ on the ventral
surface of both cawdals, A change from prococly to amphicoely
i5 knowwn o occur in some of the early sauropods including ti-
tanosaurids, eg.. furenvchia (Melntosh, P9k, Wild, 19917, An-

desguris (Calvo and Booapanie, 1991 and Malowdivanrms (Ju-
cobs et al, B993), Thus Tar thers s no record of amphicoslous
caudal vertehrae in any Maastrichtian titanosancid. Tiarosarers

fortleri trom the Late Crecaceouns of Laos is known to have am-

phicoclous caudals (Hoffer, 1942}, but MeIntosh (1 980a) pointe:d
out that it may belonyg o anolther gpenos and possibly another
Tarmily.™ Tt is guite possible that the amphicoelous vertebra, K200
316, may not belong to a titanosaurid. Huene and Matey (1933)
also described three mideaudals and a fragmentary sacral of T,
frredicns from Pisdura, another locality some 320 lom south of
Jubalpur {Fg, 1) The capdals are similar to those of the Jabalpure
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FICGGURE 7. Chevron of T.oeoffecti (ISIR335/54) in, A, anferior; B,
posterior; and €, lateral views, Scale bac equals 10 cm.

material, althoagh they are larger However the sacral is too frag-
mentary to permit a more precise determination.

Some titanosaurid limb boncs that were associated with ver-
lchrae and collecied by C, A, Mailey during 1917-1919 (Huene
and Muiley, 1933) from an adjacent localivy of Bara Simla Hill
of Jabalpur, Known as Chota Simla hill, were not described at
that timc. The limb boncs were later described by Swinton
(1947 und wWemtificd as T, fndicwes, but the vernebrae were nei-
ther figored nor commentled vpon by Swinlen. For this reuson,
we are also unahde too comment opon these,

Prasad and Verma (1967} hriefly described limb bones and
vertcbrac from the Lameta beds of Rajulwari village of Nagpur
districl, Maharashima, assigning them to ol T, indiene Lydekker

IFIGLELE 15,
A cm.
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TABLE 2. Comparative measurements of the scapulac feontimerers) of
Fitarnosaurs coderti and Awtarctotanrus septenfrionalis from Hara
Simnla Hill, Jabalpur (Huene and Malley, 19331 and Solfascuwres sp.
PVL-4017 - 106 (Powcl], 19560,

Tirgeo- ARfarena-
SRUFLL KALTIE
cilberti seplentriuon- Stelri-
TSIR335/57 wiis Seaerves S
I'otal length of acapula 1004 167 A4
Mleciitnurn breadth of distal
part Gl ad. 5 Ad
Minimum hreadth of scapo-
lir blade 29 2B 15
Maximuin breadth of proxi
mzal part 43 —_ —_

The verlebrae, althoogh parcdy broken, have been Jetermined
as the 9th and 10th caudalz by the authors. Though the photo-
graphs do not give adequate information about the material. we
accept the vertebrac as caudals but the delcrmination about Ltheir
pusition 1s cywivordl, The phoograph of the yssembled hind
limt hones show po resemblance 0 any titanosawrid. T2 inedieoes
i also known from the Arivalur beds of the Tiruchirapalli dis-
trict of South India {Matlcy, 1929 Prasad, 1968) but no details
of 1he material are available,

Lydekker (1877} did not provide a siviel diagnosis ol T
axduariey. However, Hoene and Matley (1933) provided a very
general diagnosis of Fianosanrns indicus, which is valid for
titanosaurids in general given the owrenl status of owr knowil-
edee. A precise diagnosis of the genus Thanosanrgs has mol
been published 1o date,

Another allied titanosaurid, described by Huene and Matley
{1933) from Bara Simla Hill as Artarctosquris septenirionaelis,
has been guestioned by Weishumpel (19900 and MeInwsh
(19490a), This fitgnospurid was representzd by an incomplate
hraincase, candal vertebrae, chevron, ribs, scapuilae, forelimhbs,
and probable sternal plates. Weishampel (19900 considered it
as meertac scdis, Though MeInwosh (1990a) questioned iy ge-
neric wenlily, he eonsidered i w0 be representative ol a lrue

L]
il
|'-|'*| TRy
i

i.
III

Left scapula of T, colbers (ISIR335/57) mn, A, lateral. B, medial; C, posterion; and D, snterior views. gl plenod, Scale bar equals
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and B, medial views. cor. fo., cotacoid [oramen. Scale bar cquals 204
CTI.

boft coracoid of T, codberr: (ISIRIZS5/58) in, A, lateral;

tilanosaurid. By comparing it with Antarcrosairins wichmenni-
amuy from South America, Melntosh found that the humerus
does not resemble the laler and the slender scapula of A4, sep-
tendrinnafis (s relatively large and of a quite differenc shape.,
The large size of the bones along with the Hat-sided caudal
ventra led him Lo consider it as a large titanosaur. but he did
ol assign W W0 oany particular genus Odcelntosh, 1990a:table
101} Jacobs et al., {19933, while describing new malerial of a
titanosaurid (Mafowisuures) from the Early Cretaceous of Ma-
lawi, compared Anrarctesarries of South Amcrica with other
ttanosaurds, as well as diplodocids, They concluded that Ar-
farcioanrns was originally mixed up with other sauropods and
is possibly a diplodocid. Their conclusion was mainly hased on
the study of the maxillary region of the skuil and the jaw struc-
ture, Omn this basis, they also doubted the genenic identity of the
Indian Awmieeretogegngy, Huene and Malley (1933 figured and
described a left maxilla, K27/520, which they referred 1o the
general level of Sauropoda. Jacobs e al., {1993) compared this
material with other sauropod maxillae and concluded that it
represcnted o lilanosaurdd, A comparison between the skeletal
elements of A, seprenfronalis and T, indicus indicatcs a very
close similarity betwesn the two fomms, excepl for the lareer
size of the former. The caudals are procoelons and flat-sided in
both forms. The cnormously long scapula of A. seprentricnalis
{167 cm} is possibly duc to the co-ossification of the supra-
scapula with the scapula, The slemderness of the scapula of A,
seplenirionadis 18 soch that i is compatible with the slender
limb boncs of F. indicus. The homerus and the radins of (he
two arc also very similar in shape and general characters. Swin-
ton {1947, while describing the humems of T indicus, also
meniomed that “1he positon snd development of the radial pro-
ocess are thus in close agreement with the condition in Anferc-
tosairrns septenivionalis.” Both these forms were found from
the Bura Simla Hill of Jabalpur Becausc of the absence of any
significant dilferenees between these two forms, we belicye 4.
seprentrionalis is g unior synenym of T fedicns.

A second Indian species, THoanosaurus Blanfordi. was de-
scribed by Lydekker {1879) from Pisdura, central Ioadia. It s
represenled by two cuoudal vertebrae. one elongate the other
shorl, Lydekker (1879 charucterized the vertebrac as having
nearly cylindrical centry without any lalers] compression; the
lateral surface clearly wvisible when viewed venlrally with no
boundary berween the lateral and the ventral surfaces; the rans-
verse diameter of the anicular surfaces longer than vertical di-
ameter; and chevron Lacets 1bal are not located on distinet ridg-
es. However, we nofe that the shorl cenirum doss nol strictly
cxhibit these characteristics. Huene and Marley {1933) referred
this short vertebra to another species. Huene and Matley (1933)
also deseribed additional malenal of T Mlanfordi from Fisdura.
This inciuded a camdal veriebrae, o libia, 8 metscarpal, and a
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FIGGLIRE 200,
and B, posterior views. delpec. or., delwpectoral crest. Scale bar equals
2 om,

Left humerus of T. cofberri (1SIR3IIEE) in, A, anlerior:

broken {ragment of a probable scapula, It may be noted that
the caudals show g close resemblance (o Lydekker's shorl cau-
dal of T. Blanfrerdi, while the tibia and the metacarpal omly show
general sauropod foatures. 1n owr opinion, only the elongated
cyvlimdncal verebra should be refermed to F. Mlanferdi. The shont
verlebra in Lydekker’s deseniplion and Huene and Matley s ma-
terial do not bear the rvpical characlers of T, Manfordi.

Huene and Matley {19331 desceibed a collection of one sacral
and three caudals of similar length from Pisdura and assigned
them o ¢f, Laplwasanrns madagascariensis. These candals are
short angd thick with sguansh anicular surfaces, The ventral
sides have a hroad, flar groove and faind chevron Tucels, Deperst
{1894) had previously described part of a humeris, two caadal
vertebrae. and a dermal scote froum the Late Cretacecus of had-
agascar as Tirenerauris madagaseariensis. Later, Huoene (1929)
changed the nume w0 Loplatesaures madogasoariensis, How-
ever, hath Mclotosh (19902} and Weishampel (1990} preferoed
to rctain the original name, 77 moduyescarfensis, allhoogh
Weishampel questioned its taxonomy. The material from Pis-
dura that Huene and Matley (1933) referred o Laplatasanens
mendagaviarensiy was referred (o T madagascariensiz by Me-
Intesh {19902 table 16.1), a view shared by the present authors,

Huene and Matley {1933) changed the assignment of the
shorl candal of Lydekker's 7. blanfordi™ to of. " Lapdaras-
rus” madagaycariensis, This should now be considercd as T
mudapusiariensiy. Similarly, the malenal Jdesceribed from Pis-
dura by Huene and Matiey (1933) as T. blunfordi should also
be considercd as T, madagascarieasic. Consequently, T flan-



JAIN AND BANDYOPADHVAY—NEW TITANOSAURID FROM INDIA

129

FIGLRE 21,

A, By anterior and postecior views ol the lelt bumsros (TSIRIISEDT, Scale bar couals 25 om, €, 1, anterinr and posterior viows

ol the lef ulna ¢ISIRASSS0Y Scale bar equals 10 cm. B, FL o dorsal aod laeca] visws of ¢ lelt pubis (ISIR33563) G, Laeral view ol the eight
ilium (ISIR33SGT) Scale hars equal 3 cm. H, vontral view of the sacmm (ISTR3FSA31) with left and right ilia ((SIR335H%1. ISIR325G2). Scale
b equals 50 v, B docsemedial and ventrolaeral views of e ogln oo (ISIRIIZG5), Scale bars equal 30 cm,

Jereddi is based om bt wosingle caudal vertebra thal has an clon-
gated, cylindrical centmum.

In summary, it may bc scon that the diagnoses of §0 fmdicus,
T. Blanfordi, and T. madagascariensis test mainly on the shape
al the midegudal centra (Nal-sided, eylindncul, or squurnish). the
comparative diameter of the articular surfaces of the centra, and
the position of the chevron facets.

When cormpared with the three Indian titanosaarids, ¥ fiaeme-
surerty coilberti shows several differences. Comparison of the
holotype matcrial is naturally limited to the cavdul vertebrae,
The centra of the mideaudal vertehrae of T, cefbert (Tig. 12},
besides beang sirongly poocoslous, are a little waisted in the
middle, which results in slightly curved lateral and ventral sur-
faces. In addition, part of the latcral surfaces are visible when
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TABLE 3,
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Comparative measurements of (e humerin (centimeters) ol Tianosorres collert, Antarciosauras septentrionatis {uene and Maley,

1933, Fitarergursy indicus (Huene and hatley, 1933 of. Bwinton, 194770, and the TPisdury ticanosane of the ISU collection,

Titarasmue s Tisdura
P57 L P T ANIArCTIRTHTES irdiower Litanosaur
cetberid ISIRAISS9 septenlrianaliy R303) (e collectiond
Testal lenpth af humeros 144 134 931 B0
Masinmn breadibe at prosimal end 46 55 AR 35
Maximum hreadih ar distal end 45 — 228 2K
Minimum transvorsc width 21 23 11 15
Rate of maximum length of scapula and humeros 148108 — — —

viewsd in venlrsl aspecl. While the anterior atticulating sur-
faces are well rounded, the posledor arivulaling surfaces are
somewhat rectangular due to the presence of chesron facels,
The vertical and ansverse diameters are approximately equal,
both om the anlenor and postenior surfaccs. Ventrally, the chev-
tom Facels are silualed on overy low ool ndges on the anledor
rim, but posteriorly these tacets are localed on prominent high
ridges. These ridges are incipient in the middle parr of the ven-
tral surface, which is waisted bur flat. There is no suggestion
of any oross fdges on the ventml surface as secn in T fndicus
{Lydekker, 1879 pl. 1V, fig. 1), nor any longiludinal median

ffph%_h_ﬁf——-r-—

FIGURE 22, Lefl ulisa of I, colberti 1ISIR3I35/60) in, A, anterior: and
B. posterior view. Scale bar coguals 25 om,

groove (Fig 26; Hucne and Matlay. 1933:fig. 2). There are well-
developed neursl arches with prominent prezygapophyses,
which i% congislent with the distinel articular facets on the
postzveapaphyses. Hence, the feamres of the midcandal verne-
brac of 7. colberri are unique and differ from other Indian ti-
tanusaunids. Among other bones, the scapula, hncrus, and
ulng are knovwn for T, cofferti and T, indicns, The length of Lhe
scapula aof the lLwge T, /mdicwr (e, “Ankarctosaurus seplen-
trirredes™™ ) 15 about one and a half times that of T, colberii. The
maximum width of the scapula is marginally more in the latter,
andd il bas a diflercnt shape altogether (Fig. 18, Table 4). It is
essentialby broad and squal by compuanison with (he slender
scapula of T. iddicuy. The humerts of T colferi 15 nat only
more than one and half times longer than T, crdicis as de-
seribed by Swinton (1947} but also more massively built. The
proximal and the distal ends of the T, colber?i humerus are mone
expanded {Takle 3). In addition, the ulna of the large T fodiony
described by Huene and Matley (1933) has a “'somewhat rect-
angular’’ eross scction, contrasting with the triangular shape of
the shall ol the ulna in T colber?i, However, the identily of the
utna in the former was doubled by Huene and Muatley, Thus,
apart from the differences in the characteristic features of the
midcandal vertebrae, ¥\ cofberti also differs from 1 indicus
wilh respeet to the appendicular clements, Comparable appen-
dicular elements fur T, Mlanfordl and T modagascariensis are
not available.

Tiranowaurus indicws is also reported from other continents.
Numerous candal venebrac, limb bones, four scapulac, and
three pubes [rom Maasirichian beds of central France have
been reported by Lappurent (1947, Recenlly some material of
T dweicus was also reported froam Spain (Mclntogsh, 19903} and
T, madagascariensis s known from Madagascar (Deperet,
1896), Ancther species, T follod, was reported from Laos (Haf-
fet, 19471) and is represented by amphicoslous centm and 4 ro-
bust femur. s validity has been questioned by Melntosh
(1990}, and it should be noted that amphicoelous vertebrae are
nul [pund in he Late Cretaccons titanosaurids.

Mathuer and Stvalsyva (L9387 desenbed some isolaled eeth
from the Lameta beds of the Kheda disirict of Guojarat and
doubtfully referred to them as T rohiolensis. However, skuoll
matcrial and teeth of titanosaorids are extremely rare, and they
arc therefore of cxtremely limited value at present in the deter-
nunation of tilanosaurid specics. As such, we consider 7T ra-
hfolensiz to be indetenminale beyond the general level of sau-
ropd, Mohabey and Udhogi {1990} and Mohabey ot al (1993
reporied the presence of Tiranosarrus spooand Antaredosaury
sp. from the Late Cretacecus Lameta beds of the Nand and
Pavna areas of Magpor distncl and also of Donguarzaom, Wa-
harashtra. However, no details of fhe bomes were given. Ref-
ercnces b fragmentary material from Tndia assigned 1o titano-
sanrids have been questioned by Weishampel (193D and Me-
Intosh ¢1990a), In most cases, these have been considered as
indcterminate, and we therefore will not comment on them fur-
ther

Challerjes amd REodra (in press) commented on various as-
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FICURE 23,

AL venlral view of the sacmurn (ISTR335/31) lopether with both ilis (ISIR235/1 and [SIRIASMHA? respectively]. B lateral wiew of
the mght iliom ([SIKA3542) with the restoracion of the iliac blade based on TSTRIIZGE]1. Abhveviations: ac.,

acctabnlum; isc, ped., ischiadic

paduncla; pu. ped, pulic peduncle. Scale bae equals 20 cin, C, Qutline skewh of the nielt ihum. The parameters measured ace as {ollows: AL S0

cm: M, 50 cm; ©, 3 om wnd 15 6 om.

peaots of titanosaur taxonomy. They concluded that “there is no
imdicativn thal more than one dlanosdunid specices 18 presenl in
Tnddia.™ Ton zclditiom wor T goalberte (a5 discussed above), we con-
sider T. indivcas, T Manfordi, and T. medugescortensiy as valid
specics bascd on detailed morphological comparisons. Chatter-
jee and Fudra also comment on a stalcment by Jain (1989 that
tuanasaurid verehras collecisd as surlace Onds [rom the Don-
gargaon locality resemble T, ieeficay. ur present view based
on catensive cxcavation of the sitc and examination of the ma-
lerial [rom Dongurgson, hos led (o conclude that all this ma-
fertal helongs w1 T eefbert. Challenee and Budra {im press)
also described new titanosaurid braincase matenal from Jabal-
pur. This site earlier vielded a braincase that was assigned to
“Antarctosauris septentrionalis” (Huene and Matley, 1333).
Chatierjee and Rudry considersd the two briancases (o be very
similar. Unformanately, the hraincase described by Huene and
Matley (1933} has been lost {Berman and Jain, 1982), and the
braincase described by Chatterjee and Hudra {in press) was not
availuble 1o us, Nevenheless, a ¢ribesal cxamination of the il-
Tustrations reveuls dillferenees in certuin key fealures, Challeree
and Rodra {in press) assigh such ditferences to sexual dirmoo-
phism and arc inclined o consider both braincases as 7. treficus.
The braincase from Dongargaon was compared with Huene and
Matley's (1933 malenal by Berman and Jain {1982), The au-
thors recognized comsiderable differences between the two, de-
apite a few points of resemblance but refrained from assigning

the Dongargaon material to any taxa beyond the general level
of a titanosaurid, We agree with Chatterjee and Rudra (in press)
in vonsidening the bramoase of A, seprensrionalis™ as T, in-
dffes. This is tirther supporied by evaluation of other Tossil
material assigned to it and discussed by us earlier.

After the carly discoveries of titanosaurids in India and South
Amenca, largely (hrough the effons of Lydekker (1877, 1879,
TRFY, Sesley (1RRE), Mulley (1921}, and others, Huene (1925%)
reviewed and consolidated the knowledge of titanosaurids at
that time. Several repors of tittmosaurid material from differcnt
parls of the world have since been published, but the taxonomy
of the Tilanosaundas has never been adeguately ireaied, Romer
(1934}, in his classitication of the Replilin, retained thirtean
genera of titaposaurids within the family Titanosauridae and
sublamily Tilanosaurinae. Laler, Romer (1966) assigned cigh-
ween generd W the family Tilanosagridag, although some of the
earlier designated taxa were shifted o other families. Stesl
(1970} considered fifteen titanosaurid genera within the family
Atlantosawridac and subfamily Titanosaurinae (lable 4A). Dur-
ing the last iwo decades, an effont has been made by scveral
authors o impryve tlanosaurid axonomy aod (o dentily key
characters (Bonaparte and Powell, 1980; Posell, 1986, 1992;
Gauthicr 1986 Carroll, 1988, Mclwosh, 19902, b: Weishampel,
1990; Wild. 1991: Jacobs et al.. 1993. Bonaparnte and Covia,
19937, Several sauropod genera that have been refcred to as
tianvsaunricds sl need clanlication, and the validivy o many
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FIGURL 24, Lelt pubis of 7. eolbersd (ISIR335/63) in, A, dorsul; B. medial, snd C, laleral views. pu. For, position of pubic formmen. Scale
bar aquals 16 cm.

TICGURL 25, Kight ischium of 1 ealberi (1S1IKR335/65) in A, dorsomedial; und B, ventrolateral views. Seale bar eguals 25 em.
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FIUIRE 26, Wicws of the mideaudals of A0, Titanasaures indicus
Lydekker 1877 (A, anterior; B, lateral; and €, veolral views). D, E,
Titarnssanrus Alanfardi Lydekker 1877 (LY, Anterior; snd B, lsteral
views), F H, Fifwnosoerws cofbedt (B, Anterior: G, larcral; and H, ven
tral views). Scale burs egual 10cm.

titanosaurid gencra is guestionable because of the incomplete-
ness of the material,

Powell (1986) recosmyed the axonomy of some South
American titanosawrid genera by subdividing the family Titan-
osauridae inta four subfamilies—\litanosaurinae Lydckker,
1393, Saltasauminac, nov,; Anlarclossurinss, noy.; sod Argyvio-
sgurngs, ooy, (Table 4BY. In addition, he changed (he stais of
soenie af the earher deseribed Gtanosamad genera. He transferred
part of Filanosaurus austratis and T. robustis. both Argentinian
titancsaurids, to Nenguensanrus australis and N, robusius, 1c-
speclively, He also synonyvmired Laplatesaurns arawkanfcrs
with Tiranasaurus araukanicus and changed parl of T, ausfrafic
and T rebusituy 0 T, areeckenienes. Gaathier { 1986R), while giv-
ing a detailed analysis of sauropod menophyly, divided the Sao-
ropoda into bwo prineipal groups—titanossurs and Camatasaurs,
He [urther subdivided the fanosaurs ol “lwo informeal
tasa”—anturciosaurs and diplodocids, with the antarciosauns,
including Ambareiosarry, Adamaosaerns, Laplatasaurnas, and Ti-
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ranosaurus, characternized by a caudal scnes with a biconvex
first candal contrum followed subsequently by prococlous cau-
dals, Carrell (1988) provided a world-wide list of Lileen 1ilan-
ozaurid genera within the fanily Tilanosauridae Lydekker, 18835
{Table 40, aned withoul the fourfold division of the tamily as
proposed by Powell {198/). McIntosh (199)a) maintained this
system except for changing a few genera (Table 40). Mcintosh
(199t3a), however, did not follow Powell’'s sugpestion (1954)
and considered T gustralis and 1 robusiur as Saltasaurns qus-
tralis and N, pobustes. rospoctively, He also retained FLaplara-
sanrys araufaricis. McIntosh (1990a, by further commented
that in most cazes due to 8 lack of skull material the relatiomship
of litanesaunid with oher sauropod Lamilies s nof clear, Calvo
and Bonaparie (1991) described a new species Andesaury de-
lagadel and erecled 2 new subfamily Andesaurinae within the
Farmily Titanosguridae (sensu Powell, 19836). Recently, Bona-
parte and Coria (1993) raised the subfamily Andesaurinac to
the tamily level and included three South American titanosanrid
genera, Argentinosanris, Ardesouris, and Epacthosanrns. All
these titanosaurid genera shave the presence of a hyvposphenc
and hypantrum.

Somc of the carlicr titanozaurid finds from Nonh Africa huve
been recenty reovalusied. Termferia, ropresented by T, african-
we and T, robpsee, wus desenibed by Sternfield (191 1) from the
Tendagury beds of Tanzania, Later, T gfricames was reassigned
to Baresaurns gfricanus by Janensch {1922). Similarly, T, ro-
st was changed o Jaonenschia robusta by Wild (19913, Ja-
¢obs ot al. (1993), while descrbing Mafawisawrns dixey [Tom
Malawi, North Africa, included T, dixey in this new taxon.

It may bc noted that South America has the largest number
of titanosaurid genera {11) followed by Europe {53, Africa (3),
and then Morth America, Asia Madagascar and India (each
with 1) {Tahle 3). At present, the associated and articulated
skeletons of individuals of Saffasases foricatias provide the
most nearly coanplete information about the skeletal elements
ot any titanosaurid. Tt was collected from the Lecho Formaticon
of 1he Salta Group of Argentina and is Late Cretaceous (Sen-
ormanian-Maastrichtian] in age (Bonaparte and Possell, 195k
Powell, 1986, 1992, Tt 15 a mediwm-sized, siocky limbed ani-
mal, Saltasaurus dilfers [rom T, codberti 0 is estiimates] siee,
wilh T. cofbersi probably twice the size of Salrgsaniuy. The
ischium of T, colberdi is more mansyversely expunded than in
Saftesourus, and the shape of the ilivm iy alse very different,
Morcover the sacrum of T colberet hus a rather different artig-
ulation with ilium. The other Late Crelaceous tilanossurids are
either incompletely known or the known skeletal clemenls are
absent in 7. cofberti. The scapula of Alameosanrus from Neorth
America is not only large, but proximally it also maintains a

TABLE 4. ‘laxenomic stalus of tlanossurid penera as proposed by (A) Steel (19700 (1) Powell (1986), (C) Camroll (1988, and (D) Melitosl
{1990,
A
Family Arlantosanridac
Marsh, 1877 B Ih
Subfamily Titonosaueinae Family Tilanosawcidae C Family Titanosauridac
Mfopzca, 1928 Tydkker, 1893 Family Titanasauridac Lydekker, THES

Aepvtosaurus. Aepisaurng, Ala-
mosieres, Algosakens, Anlaroiu-
Sipdr, Aputrodiac, AFgyreaasnne,

Clanplodonisrus, Hypselosaurus,

Laplatasaurus, Mocrurosaurus,
Pareosauwrus, Sveceinodon, Titanro
sanerun, TorwieriT

Subfumily Tilsnosaurinae

Lydekker 1853
THeTTLRRaus R, A ey Iu e

Subfamily Saltasavrinue, nav.
Sailtieverreras, Newguensarrns, M-
eroeaelng

Suhtamily Anrarctosantinas nov.
Anfarctesaurmy

Subfiinily Argyvrosaurinae oy,
Argyrosierid, Fpgeiioaeu ids,
Clammeadn aocer s

Aepvotosegras, Mepizsawrns, Ala-
wrosererasy, AoAlgordrires, Anteroio
SRR, Argyrotauris, Campyin-
demizews, Chubitosanrus,
Hvpselovawrns, Laplitasauras,
Loaricasaupis, PAacrtrosounmes,
Saltaraurus, Titome vy, (Mapwe-
ascwres), Tormierio

Titanasawrus. Mugvasuerns, Lo
plataraprns, Soltdvawrus, Aegopla
rernerus, Aleweoraurus, Macrro g -
rus, Argprosauras, Mypselosauroes,
Auiretosauries, Torvieris
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large angle between the shaft and the ridge. This feature is not
seen in T, oeobfe i

L. L Price codlected vhigue skeletal elements o g Glanosaur
from the Marlia Formation of the Upper Bauru Group of Brazil
{Maastrichtian-Campanian) {(Bertini et al., 1991}). This material
has remained ondescribed for several decades, Some photo-
graphs and line drawings of this skeletal matcral were made
available to us through the courtesy of the late Dr. Pamela L.
Robinson. Mclntosh (19%a) has also fgored sorme of this un-
deseribed material. Some of the skeletal clements arc apparently
similar ¢ T cofberti. The first saceal rih {ie., the tib of the
second dorsosacraly of T, cofbertd projects laterally and exiends
1o the ilium. The photographic matcrial at our disposal suggests
that such a relationship exists in the undescribed material froum
Brazil in which the first sacreal miboas extended below the 1liac
blade and fuscd with it. However the Brazilian formi has an
isolated biconvex vertebra {probably the first caudal) and a very
slender ischiumn with o rather curved ischial symphysis, T, cof-
ferfi dues oot have a biconvex first caudal cenorum, and its
ischia are transversely expanded and the symphiseal region is
straight.

T. colberri is a distinet titanosaurid when compared with all
other titannsanrids. The Barly Cretacenus titanosanrids faner-
schrg and Maofawivawray have procoelous proximal caodal ver-
lebrae bur in the mideaudal scrics, the vercbrac beocome am-
phicoelous, whereas ¥ codberii has strongly procoelous candal
vertebrae throughout the caudal senies, T, codPerd is 2 medivm-
sized wdvanced titanosaurid represented by a single individual,
which cnables us o hetter understand the characteristics of Ti-
foreiares. We gmive below g revised dispnosis of the genos
Tiranosaurns, Other synonyms have been extensively covered
by Steel (1970), Powell (1984}, Mclntosh (1990a), Weishampe]
(1900, and Bonaparte and Cora (1993), and will ool e com-
mented upon here. However, we would like to point out that
the biconvex feature of the first caudal centium has heen re-
garded a5 ome of the fearures of several tlanosaur lasa {Gau-
thicr 1986), This feature is exhibited in Afamosaurus sanjian-
enxesy (Cnlmore, 19220 1946; Mateer, 1970) and THarosaurs
ausrralis (Huene, 192%), and the undescribed titanosaur from
the Bauru Formation of Braeal, Hence we do nol include his
[ealure m our dingmosis,

Genus Frasosacrsy Lydekker, 1877

Revised MHagnosis—Targe pdvanced saoropouds with sorgng-
l¥ prococlous candals throughout the series: cervicals and dor-
sals opisthococlous with well-marked pleurococls; transverse
process of cervicals robust, dirccicd laterally, vory wide pos-
leriorly in shoulder region; transverse process in dorsals narmow
and direcred outward and a little gpvard; nearal spane not hifid,
dirccted posteriorly, sacrum with six co-ossified vertebrac and
nibs; first and sixth sacrad contra conves anteriorly and poste-
norly respectively; mideaudal and pan of distal caudals with
prominent variable chevron favels; robust precyzapophyses ox-
tending to the anterior margin of the caudals; first sacral b
extcnded outward below the iliac blade: preacetabular process
of the ilium projecting cutward becoming almest horizontal;
bladelike ischium transversely expanded o the middle; shafl of
slender radius perpendicular w rhe axis of the expanded discal
ends; ulna robust and trianguliar in cross section; humero-fem-
oral ratio (.74 tibio-femoral ratio .65; femw withowt any lat-
cral prominence; mederale development of nuchal crest of
brraingase; Iransverse ridee on panetal, high buliress nidge be-
low the parcccipital process.
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