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TELMATOSAURUSAND THE OTHER HADROSAURIDS OF THE CRETACEOUS
EUROPEAN ARCHIPELAGO . AN OVERVIEW .

Fabio M. Dalla Vecchia

Abstract - Telmatosaurusis considered the best known European hadrosaitrids
represented by a skull with lower jaw and scatteskdletal elements collected from
unknown levels of four thick lithostratigraphic tsmiof Transylvania (Romania). Several
parts of the skeleton still remain unknown. Oncesidered one of the last dinosaurs
despite to its primitiveness, it has been demotesirathat it lived during Early
Maastrichtian, ranging at maximum to the beginrohthe Late Maastrichtian. All the other
hadrosaurid record of Europe is briefly revieweaitder to have a panoramic view of what
we know about those dinosaurs living in the Europ@achipelago (Anglo-Irish, Ibero-
Occitan, Renish-Bohemian, Australpine, Adriatic,afisylvanian and Crimean Islands)
during the Late Campanian-latest Maastrichtianriate That record consists only of
scattered bones, vertebral strings, or at bestl gyoatiions of disarticulated skeletons. It
generally represent small-sized individuals andwsFeatures considered primitive for the
group, both possibly a consequence of insulariticoparison with the nearly complete
and articulated hadrosaurid skeletons from the Gamap-Maastrichtian of the western
North American continent and Asia is limited bystimcompleteness. Therefore we do not
really know how European hadrosaurids differed auy morphology from their better
known American and Asiatic relatives.

Introduction

The Transylvanian Baron FerenoRCcsA(1900) described a new “trachodontid”
dinosaur from the continental beds of Transylvania based on a neanhet®m
skull with mandible (now at The Natural History Museum, London, BMNH
R3386; Figs. 6-15). The specimen was brought to him by his sister Hdr&05b.
She (or the local peasants who gave her the specimen) had didcib\eose to
the Baron Nopcsa family estate of Sacel, near the villagzentpéterfalva (now
Sampetru) along the Silel valley of the Haeg depression in the Southern
Carpathians, Hunyad (now Hunedoara) county of Transylvania (Fig. 1ha#t t
time Transylvania was a Hungarian territory of the Austro-tduag Empire, but
now is a part of the Republic of Romania.

Nopcsa originally named ktimnosaurus transsylvanicubut that name resulted
preoccupied by a crocodyliform described by O. C. Marsh in 1872. Thus the
Transylvanian Baron changed it TrelmatosaurugNopPcsA 1903). Later (1915)
NoprcsAconsidered elmatosaurugs a younger synonym Gfrthomerusbased on
the comparison of the femor@rthomeruswas a genus created bgesey (1883)
based on a few hadrosaurid bones (referredl. tdolloi) from the Maastrichtian of
Limburg (The Netherlandsprthomerusis based on undiagnostic material and is
now considered aomen dubiun{BRINKMANN, 1988; WEISHAMPEL & HORNER
1990; HbRNERet al, 2004). There is no evidence supporting a generic affinity
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Fig. 1 - Latest Cretaceous continental units ofn$ydvania (from THERRIEN, 2005,
modified).A) Outcrops of Cretaceous rocks in the é¢pand Transylvanian basins; asterisk
indicates the zones where dinosaur remains haven Heand. B) Geodynamic-
paleogeographic units of Romania and location efdatea of figure AC) Geology of the
Ha egBasin.

with the Transylvanian hadrosaurids EMHAMPEL & HORNER (1990), as also
all the more recent papers on the subject, have retained thelsmaosaurus
Telmatosaurus is considered the best known European hadrosaurid
(WEISHAMPEL et al, 1993) and the only European hadrosaurid species to be
reputed valid by BRNERet al (2004) as they do not mention the recently named
Pararhabdodon isonensi§CASANOVAS et al, 1993, 1999a) from Spain and
possibly southern France, in their list of valid hadrosaurid species.
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Institutional abbreviationsACKK = Ivan Rakovec Institute of Paleontology ZRC SAZU,
Ljubljana, SloveniaBMNH = The Natural History Museum (former British Musewf
Natural History), LondonfFGGUB = Facultatea de Geologi¢ Geofizica, Universitatea
Bucureti, Bucharest;IPFUB = Institut fir Paldontologie der Freien UniverkitBerlin;
IPS = Institut de Paleontologia Dr. M. Crusafont, S#ddg BarcelonaJRScNB = Institut
Royal des Sciences Naturelles de Belgique, Brusbbid-l = Magyar Allami Foldtani
Intézet, BudapestMCDRD = Muzeul Civilizaiei Dacice i Romane Deva, Deva
(Romania); MDE = Musée des Dinosaures, Esperaza (Frand&UV = Museo de
Geologia, Universidad de Valencia (SpaiZ = Museo Paleontélogico, Universidad de
Zaragoza (SpainN\HMM = Natuurhistorisch Museum Maastricht (RD = R.W.rlangs
collection), Maastricht (The Netherland§)NMMS = Siidostbayerischen Naturkunde- und
Mammut-Museum, Siegdorf 8Germany).

Geographic provenance off elmatosaurus

Bone remains attributed felmatosaurusiave been reported from Transylvania
(Nopcsa 1900; WEISHAMPEL et al, 1991, 1993; WERRIEN, 2005), southern
France (WISHAMPEL et al, 1991, IE LOEUFF et al, 1993, IE LOEUFF &
BUFFETAUT, 1994), Spain (BINKMANN, 1988) and Limburg (MLDER, 1984), but
this wide geographic distribution is dubiousa@3NOVAS et al, 1999b; BREDA
SUPERBIOLA, 1999). Specimens from France, Spain and Limburg cannot be
reliably attributed to the genus and only those from Romania weallyfreferred
to it (WEISHAMPEL et al, 2004).

According to THERRIEN (2005) Telmatosaurus transsylvanicuscurs in the
Sampetru Formation (former Simpetru, before a recent change writirey of
Romanian language) cropping out mainly along the 8iRiver in the Haeg
Basin (Hunedoara county, Transylvania), in the Dei@ula Formation also
cropping out in the Hag Basin, in the “Pui beds” (near the village of Pui, along
the B rbat River, 15 km SE of the Silel valley), and in the “Red Continental
Strata” of the south-western Transylvanian Basin, Alba lulia County (Fig. 1).

Geological and paleoenvironmental remarks of thelTelmatosaurusbearing
beds

The latest Cretaceous continental units of Transylvania représedeposition

in an intramontane basin. Although they are lithologically differeainfeach
other, they were considered contemporaneous based on the similar fadinal a
floral assemblages found in the respective fossil-bearing hor(seesHERRIEN,
2005).

The Sampetru Formation crops out in the central part of thegHBasin (Fig. 1).
The whole formation is nearly 2500 m thick ®@HAMPEL et al, 1991,
THERRIEN, 2005). A 1000-m thick section is exposed along the &ibralley
(THERRIEN, 2005), the uppermost 200 m of which are devoid of dinosaur remains.
The unit is divided into a lower and an upper, unnamed members. Red clay i
common in the lower member whereas the upper one is characterized by
conglomerates and a marked lack of red clay. The upper membmearren,
whereas the lower member has historically been the one thdégidhe highest
number of dinosaur bones of all the latest Cretaceous continental ainits
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Transylvania, mainly along the Sibl valley. The formation crops out also along
the Raul Mare creek, where mainly vertebrate microremains weretedllec

According to WEISHAMPEL et al (1991, p. 201) the Séampetru Formation
originated from deposition of clastic sediments (including volcaslicaand sand)
in a braided river “probably developed in the lower parts of an alltasiesystem”
that, following THERRIEN et al. (2002) evolved finally into a better-drained
floodplain. For HERRIEN (2005) it originated by braided streams and to a lesser
extent by meandering rivers, in a mosaic of wetlands and modedadéhed
floodplains. Unlike the case of the other dinosaur-bearing units, theoemént
was unstable and constantly changing. The sandstone composition shovus that t
source of the clasts was to the (present day) sowbREFIEN, 2005).

Densu-Ciula Formation crops out in the north-western part of thediBasin
along the margin of the Poiana Rusklountains. It is nearly 4000 m thick
(WEISHAMPEL et al., 1991; HERRIEN, 2005) and is divided into a lower, a middle
and an upper member. The lower member is characterized by coarse
volcanoclastics (also lava flowsHERRIEN et al, 2002), the middle member is
made of finer sediment poor in volcanoclastics and fossiliferous,ugper
member lacks both volcanoclastics and fossils. Red mudstone is coimrtign
middle and upper members, as also thick sandstone beds. The formation was
deposited in a low-sinuosity fluvial system, by “alluvial fans braided streams,
interspersed with pulses of volcanic activity'HERRIEN, 2005, p. 19). The middle
member represents the deposition in well-drained floodplains with émeak of
impeded drainage. The sandstone is compositionally distinct from thtteof
Sampetru Formation, clasts coming from a different, NW soure¢&ERRIEN,
2005). Dinosaur remains occur only in the middle member. Fossils arediosed
to the villages of Vlioara and Tutea.

The “Pui beds” (Brbat Formation of HERRIEN, 2005),cropping outalong the
B rbat River in the south-eastern part of theddaBasin,were “traditionally”
considered as part of the Sdmpetru Formation, but since they deposited unde
different paleoenvironmental conditions, they have been distinguished by
THERRIEN (2005). They formed inmoderately -to well-drained floodplains more
distal than those of the Sampetru Formation, crossed by meandegrg fRed
mudstone is the prevailing lithology. The source of the clastsiwvakar to that of
the Sdmpetru FormatiditHERRIEN, 2005).

“Red Continental Strata” (senswHERRIEN, 2005), known also as “Vin de Jos
strata”, occur in the Transylvanian Basin 60 km NE of theeg®asin, and are
possibly 2500 m thick. Red mudstone is the prevailing lithology and
conglomerates representing channel deposits also occur. They weréedepos
moderately -to well-drained floodplains crossed by meandering fiVElERRIEN,
2005). The sandstone is compositionally distinct from that of the Sampetr
Formation, clasts coming from a different, northern soureegRIEN, 2005).

The area where Transylvanian dinosaurs lived was subject toniolaetivity
due to local subduction of oceanic crust€RRIEN, 2005), although no subducing
oceanic crust was present in the zone according to the Late ridlatses
paleogeographic map ofiRIP et al (2000; here Fig. 4).
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Palynomorph associations from the sites of Pui, TeBaraj and NalaVlad
(Sampetru Formation) as well as in the stratotypes of the D€lisla Formation
and Sampetru Formation, suggest the presence of an open vegetation in a
subtropical paleoclimate where briophytes and ferns prevailed (weighwater
ferns in the floodplain ponds), while angiosperms were disperse and gysnmss
rare (VAN ITTERBEECK et al, 2005). The lower member of the Densliula
Formation yielded a rich macroflora including ferns, palmalfhophyllum
longirachig and dicotyledon angiospermsKGORESCUet al, 1994).

The paleosols of the “Red Continental Strata”, “Pui beds” and DZisila
Formation are indicative of a paleoclimate with low, seasonatipptations
(<1000 mm/year) and low mean annual temperatures (11.5-11.7HERKIEN,
2005). They are sensibly lower than those indicated by the paleofloraifothmed
“Red Continental Strata” and other coeval continental units of Ron{aBE0-
2500 mml/year; 22°-24°Cibiden). THERRIEN (2005) considers as valid the
paleosol indication, at least for what regards the precipitattbesgiscrepancies
are supposed to reflect a strong seasonality of precipitation, mogt of the
rainfall concentrated only in part of the year. The climate massoonal, sub
humid with alternating wet and dry periods similar to the one ofptafay India
(ibidem). According to BJAR et al. (2005), the changes in oxygen and carbon
isotopes toward the top of the SAmpetru Formation section along thel Siliey
is indicative of a transition from a semi-arid towards a muuenid, perhaps
cooler, climate.

Age of the Telmatosaurusbearing beds

For a long timeTrelmatosaurusnd the associate dinosaur fauna were considered
among the latest dinosaurs @WHAMPEL et al, 1991, 1993; GIGORESCY 1992;
GRIGORESCU& CsiKI, 2002), probably becauseoRcsA (e.g., 1915) had reputed
them as “Danian” and the Danian stage was then considered thanéasf the
Cretaceous Period after the Maastrichtian stag®N#Ret al. (2004), who report
the genus only from the S&dmpetru Formation, still consider it as Late Mhtatric
in age.

Actually, until recent times the age of the dinosaur fossil-hgalkieds of
Transylvania was based on scarce evidence and nothing was don&lrethand
90ies to solve the problem. An Early Maastrichtian age possibyirma up to the
early Late Maastrichtian is supported in recent papet®EEMARTINEZ et al,
2001; ANAIOTU & PANAIOTU, 2002; BbJAR et al, 2005; \AN ITTERBEECK et al,
2005; THERRIEN, 2005).

The age of the S&dmpetru Formation was initially considered Ciagaceous in
age based on a freshwater gastropod fauna and the palynomorphs associati
(WEISHAMPEL et al, 1991), which are similar to those found in the DetGiula
Formation (e.g., FERRIEN et al, 2002). The middle member of the latter contains
the Maastrichtian gastropod8auxia bulimoides Gastrobulimus munieri
Rognacia abreviatandAkaja cf. gregaria (BoJAr et al, 2005). The palynomorph
Pseudopapillopolligpraesubhercynicusccurring in the same member was reputed
an index species for the MaastrichtianR(@REScuUet al, 1994; BOJAR et al,
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2005). For WISHAMPEL et al (1991, p. 201) the “upper portion of the subjacent
strata is Early Maastrichtian in age; accordingly, the bagal of the Sampetru
Formation is probably Late Maastrichtian”. The last 200 m of tluéiose lack
dinosaur remains and overlaying rocks contain Paleoge#ERRIEN et al, 2002,

p. 34) or Paleocene HERRIEN et al, 2002, p. 37) bivalves and gastropods; that
suggested a post-Cretaceous age for the upper part of the forrakanthe
Sibi el valley.

The Densu-Ciula Formation overlies with angular unconformityflgsch unit
once supposed to be of Campanian-Early Maastrichtian agsHAMPEL et al,
1991 (p. 202) believed that the “upper part of the lower member of the -Des
Ciula Formation may correlate with those of the top of the Sampetru Formation”.
The Tutea site in the uppermost part of the middle member of the D&ligla
Formation, was supposed to be close to the K/T boundanrigoBESCU(1993)
because the upper member is devoid of dinosaur remains.

The first doubt about the reliability of those datings was essakili by IOPEZ
MARTINEZ et al (2001). According to them, the benthic foraminifer
Lepidorbitoides minor on which was based the dating of the marflysdh beds
underlying the continental formations - is no longer considered a Ndwistn
marker, but is Late Campanian in age. Furthermore, the palynomorph
Pseudopapillopolligoraesubhercynicugs not reliable to dating purposes because
the stratigraphic ranges of single palynomorph taxa at the €cetsd ertiary
transition in the Tethys area are scarcely known.

THERRIEN et al. (2002, p. 34) concluded on paleomagnetic basis that “if the K/T
boundary is located in the upper part of the section [of Sampetru kamrivathe
Sibi el valley] the basal most deposits may be as old as earlyiddle
Maastrichtian”. They mean that the basal 175 m of the estimatean8lick
section with dinosaur bones are Early to middle Maastrichtiangrbagause they
formed during an interval of reverse polarity (identified as the magneto&81r;
Fig. 2), but the remaining 625 m were not sampled for magnetosagtigal
analyses in 2000-2001 field work by those authors, thus they supposed that the
K/T boundary could be reached in the upper part of the unit.

Paleomagnetic studies bywnioTu & PANAIOTU (2002) on 14 sites along the
Sibi el valley filled the gap, showing that the Sadmpetru Formationdeassited
entirely during a long interval of reverse polarity (C31r), exelgdhe lowermost
site that formed during normal polarity of the magnetic fielgprgsenting the
C32n3; Fig. 2). The same results were reacheddaa®et al (2005). The age of
the whole Sampetru Formation therefore ranges from the Earlgthtdmian and
possibly the early Late Maastrichtian (Fig. 2), as “middle"asteachtian is not a
formal geochronological subdivision. Also the middle member of the DeRisla
Formation was deposited during a long interval of reverse pol@MyAlOTU &
PANAIOTU, 2002).

Palynomorph associations found in the sites of Pui, Ticdaraj and NalaVlad
(the latter two representing sections of the Sdmpetru Formatiewery similar to
those occurring in the stratotypes of Den€iula Formation and Sampetru
Formation and are indicative of a Maastrichtian ageN(MTERBEECK et al,
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2005). Correlations with palynoflores from the lower Rognacian of southern
France, lower Garumnian of Spain and the Gulpen Formation (Lixhe ande_anay
Members; see Fig. 23) of the Maastrichtian stratotype in TlieeNands, suggest
a dating around the Early/Late Maastrichtian boundary for the Tikamsgn sites
(VAN ITTERBEECKet al, 2005). This is in agreement with the paleomagnetic data.
The main result of those new datings is fhalimatosauruss slightly younger that
previously supposed, and does not represent one of the latest dinosaurs.

Regarding the problem of the dating of dinosaur-bearing beds, | must
emphasize that also in rocks derived from sediments deposited vailimge
marine settings and rich in microfossils useful for biostrapigi@purposes, errors
occur. The site of the Villaggio del Pescatore (Trieste, tdly)| with remains of
derived iguanodontians (possibly basal hadrosauridsLLAD VECCHIA &
BUFFETAUT, 2006) was for a long time considered as late Santonian in age
(TARLAO et al, 1994; DA\LLA VECCHIA, 2001, 2003; BL SAssO, 2001; NCOSIA
et al, 2005) or more vaguely Santonian-Campaniare{A LA et al, 2006), but it
is most probably younger than previously supposed and work is in progress t
define better its age.

No data in the past were collected (or, if collected, they wever published)
about the exact stratigraphic position of the levels bedrhgatosaurusdones in
the dinosaur-bearing sections of the different units. Furthermore, wetdmow
whether hadrosaurid specimens are found in preferential faciespélegsols,
overbank or channel deposits, proximal or distal facies with regpélee source
of the sediment) and whether they were strictly associatedifi.the same bed)
with other dinosaur taxa and which ones. Therefore, we do not know, for example
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whetherTelmatosaurusand the similarly-sized ornithopatalmoxeswere really
sympatric.

It is not even clear from literature (e.g.EWHAMPEL et al, 1993) how many
and which referred specimens come from respectively the Sampetru eor, izt
“Pui Beds”, the DensuCiula Formation, and the “Red Continental Strata”.
According to FORNER et al. (2004) and WISHAMPEL et al (2004)Telmatosaurus
is found only in the Sampetru Formation of the Sibialley, but both BPCSA
(1915) and WISHAMPEL et al (1993) report the presence of the taxon in the
V lioara site of the DenstCiula Formation. According to dPcCsA (1915) the
first femur and some caudal vertebraeTefmatosaurusvere found at Mioara.
WEISHAMPEL et al. (1993) and ®IGOREScUet al. (1994) report hatchlings and
eggs attributed toTelmatosaurusfrom the Tutea site of the DenstCiula
Formation. HERRIEN (2005)afteran exhaustive bibliographic research reports the
species from all the units.

Paleogeographic occurrence ofelmatosaurus

The eustatic sea level increase that began in Albian timdsreached its
maximum in Late Cenomanian/Turonian timea@et al, 1987) made the present
day southern, western, central and eastern Europe an Archipelagatofehel
small islands. Northern Europe (from Fennoscandia to the Uralian Ramagea
larger emergent landmass, whereas to the south there was theoenokfro-
Arabian continent, divided into two parts by a narrow seaway conneitteng
western Tethys with the southern Atlantic Ocean (Figs 3-5). Estenn most of
the two parts was the smaller. Also tectonic movements dueyntaitile opening
of the southern Atlantic Ocean, the consequent Afro-Arabian rotation Htidgdr
and the final collision against the Euro-Asiatic continent, contribtbedreate
emergent areas in the Archipelago. The opening of a small Medlitan Ocean
between Afro-Arabia and the Apulian Microplate (see Fig. 4), alsdymed local
effects in a very complex geodynamic framework.

The paleogeographic reconstructions of the western Tethys between the
Fennoscandian Shield and the Afro-Arabian continent by different authors are only
partly in agreement to each other. According t&ISMAMPEL et al (1991)
Telmatosaurusived on a small island with a surface of only 7500 kbased on
the paleogeographic map b¥RCcouRTet al.(1986). The paleogeographic map by
BuscALIONI et al (1999) also indicates the island was small (Fig. 3). Updated
palaeoenvironmental/paleogeographic maps were published subsequently
(DERCOURTEt al, 1993, 2000) and on the basis of such maps | surmised that the
Haeg Basin occurred in a relatively large emergent land includime
AustroAlpine domain to the west and the Eastern Dacides to théPaase et al,

2000; Fig. 4), that | called “Austro-Transylvanian Island”A(DA VECCHIA,
2003). According to other recent paleogeographic reconstructions (eEgRIEN,
2005; Fig. 5) this is not correct. The g Basin occurred in the zone of collision
of three microplates: Apulia, Rhodope and Moesia. More preciselgsitsituated
on a long strip of land separated from the Apulian “Austro-Traneidvalsland”
(better renamed Austroalpine Island), but rather close to it, andopaitie
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Rhodope microplate (see Fig. 5 below). According koLIP et al (2000) this
narrow land continued to the east for hundreds of kilometres, including parts of the
present day Turkey (Fig. 4). A separate identity of the Traamidn land is
evident in the schematic paleogeographic reconstruction of westtgsTabout

69 million years ago by @N & LAMAURELLE (2001, fig,. 2; here Fig. &bove).

The paleogeographic reconstructions published bgdaLIONI et al (1999),
PHILIP et al. (2000), and OIN & LAMAURELLE (2001) differs also in other aspects.
For example, the Irish and Anglo-Scottish lands are united or not ingke s
Anglo-Irish island, and the Renish-Bohemian island is sometimes united to the

NE}RTHiEU F}DFE

Fig. 3 - Maastrichtian paleogeography of Europewshg the islands of the European
Archipelago. General latest Cretaceous paleogebgrafter BiScALIONI et. al. (1999)
based on YsoN& FUNNELL (1987)._AbbreviationsAA = Australpine islandC = Crimean
Island, IB = Ibero-Occitan IslandR = Irish Island,RB = Renish-Bohemian Islan&E =
Anglo-Scottish Island] = Transylvanian Island.

Ibero-Occitan (or Ibero-Armorican) island to form a larger IH@otemian island
(see Figs. 3-5).

The Sampetru Formation was deposited south of the European Platform at
tropical paleolatitudes of 21°N+9; the paleolatitude obtained in theuD€&igla
Formation is similar (27°N+5) according to the confidence limits of the method
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Fig. 4 - Maastrichtian paleogeography of Europewshg the islands of the European
Archipelago. Late Maastrichtian paleogeography flamip et al (2000). AbbreviationsA

= Apulia Carbonate Platform (southern Italy\a = Australpine (mainly Austria,
Switzerland, S Germany)AA = Anti-Atlas (Morocco), ACP = Apennine Carbonate
Platform (central and southern ItahlAP = Adriatic-Dinaric Carbonate Platform (mainly
NE lItaly, S Slovenia and Croatialm = Armorican Massif (FranceBm = Bohemian
Massif (Czech Republicl;a = Calabria (southern ItalylED = Eastern Dacides (Romania),
G = Gavrovo (Greecefsh = Grampian High = (Scotlandlpm = Iberian Massif (Spain),
Im = Irish Massif (Ireland)Mc = Massif Centrale (Francel)Jd = Munzur Dag (Turkey),
Rh = Rhodope (Romania and neighbour SW countrigs),= Renish Massif (Germany),
Us = Ukrainian Shield (Ukraina)Vm = Welsh Massif (Wales). ACP, Aa, ED, AD, G, A
are part of the Apulian Microplate.
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Fig. 5 - Maastrichtian paleogeography of
Europe, showing the islands of the
European Archipelago. Above: Early-Late
Maastrichtian paleogeography fronb® &
LAMAURELLE (2001, modified). Below:
Geodynamic-paleogeographic units during
the latest Cretaceous collision, with the
asterisk marking the position of the g
and Transylvanian intramontane basins,
according to HERRIEN (2005, modified).
Abbreviations AA = Austroalpine Island,
AD = Adriatic Island, Al = Anglo-Irish
Island, AP = Apulian Island,C = Crimean
Island, IB = Ibero-Bohemian Island (lbero
Occitan+Renish-BohemianMo = Moesia,
Rh = Rhodope = Transylvanian Island.
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(PANAIOTU & PANAIOTU, 2002). This recent datum does not fit perfectly with the
paleogeographic reconstructions of figures 4-5. During Tertiarystitine region
moved to the north and rotated 80° clockwib&lem).

The collision among microcontinents began during the Albian in the héapa
area, causing the formation of an orogen; during the Early Mdagdricthe
compression that had produced the orogen ceased and the following collapse
caused the formation of extensional basins, filled by continental omenar
sediments according to their position with respect to the seb{EMERRIEN,
2005). “Red Continental Strata”, “Pui beds”, Den€iula Formation, and
Sampetru Formation all originated in a continental, intramontane, @xtahs
basin.

Taphonomy of Telmatosaurusemains

Skeletal elements dfelmatosaurusas those of most other vertebrates from the
latest Cretaceous continental units of Transylvania, were fourtterech and
isolated. The only occurrence of articulated elements, other thawolthtgpe skull
and lower jaws, is represented by a string of four cervicaebere (BMNH
R3841), three sacral vertebrae with two sacral ribs (BMNH R4%rij, some
other articulated vertebrae.

Generally speaking (no data are available specifically toolsadrid remains),

bones in Sampetru Formation and DerSiula Formation are reported as
“disarticulated, rarely articulated, occasionally associatd@iERRIEN, 2005, p.
34); those from the “Pui beds” are “disarticulated, rarely algted”, articulated
remains coming from fine-grained overbank deposits; those from Res “
Continental Strata” are “disarticulated, occasionally assatiatassociated
ankylosaurian bones were recently recoveitgdem).

Bones from the Sampetru Formation were preserved in floodplain depsess
(lenses of sand), channel deposits and paleosols. They are concenirated i
“pockets” by hydraulic processes on wet floodplains. Those in the otheruhits
often represent attritional mortality assemblages presenvddyipaleosol profiles
(THERRIEN, 2005, p. 16). Bones from DenstCiula Formation were found in
paleosols and splay deposits and suffered a limited hydraulic transport. Those from
the “Red Continental Strata” and the “Pui beds” were found in paleasals
channel depositskiden).

As far as | observed during the 1997 fieldwork season at theeBikiley sites
of the Sdmpetru Formation and in the collections of the Museul Liidli Dacice

i Romane of Deva, hadrosaurid remains are not common at all irdithpeBu
Formation. They appear to be outhnumbered by bones of titanosaurian sauropods
and Zalmoxes Also, isolated teeth of theropods, crocodiles @atmoxeswere
collected, but no hadrosaurid teeth.

Associated vertebrates

According to the list of HERRIEN (2005), some vertebrate taxa are common to
all four units. Beside3elmatosaurus transsylvanigukose are the rhabdodontid
iguanodontiansZzalmoxesrobustus and Z. shqiperorum(the latter dubitatively
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reported in the “Pui beds”), the titanosaurid sauropalyyarosaurusdacus

(absent in the main outcrop of the “Pui beds”), and the cheldtédlokibotion

bajazidi The nodosauridtruthiosaurus transsylvanicusas found only in the
Sampetru Formation and in the “Red Continental Strata”.

Theropod remains occurs in all four, but are indeterminate in the “Red
Continental Strata” and referred to just a velociraptorine amdagdntid-like in
Densu-Ciula Formation and “Pui beds”. They appear much more diversified in
the Sampetru Formation, although based on teeth and few scattered dones:
possible neoceratosaur abelisaurid (the only medium-sized theropod tatken in
sample), Euronychodon sp., Paronychodon sp., Richardoestesia sp., a
velociraptorine closely related ®aurornitholestgsthe tetanuran or maniraptoran
Bradycnemalraculae the troodontid or pygostylian avial&opteryxnopcsaj the
possible alvarezsaurid Heptasteornis andrewsj and an indeterminate
enantiornithine.

A large indeterminate crocodylian occurs in the “Red ContinentadtaSt
whereas DenstCiula Formation vyielded remains oboratodon sp. and
Allodaposuchus precedefisulky teeth are also mentioned for theligara site).
Allodaposuchus precedeissthe only crocodyliform reported from the “Pui beds”
and the Sampetru Formation.

Pterosaurs occur in the Densgbiula Formation (the gianHatzegopteryx
thambemaand in the Sdmpetru Formation (©fnithodesmusp.).

Anuran amphibians are reported mainly from the DeMXula Formation
(Eodiscoglossus sp., Hatzegobatrachus grigoresgui and Paralatonia
transsylvanicq Eodiscoglossusp. occurs also in the “Pui beds”, whereas anuran
remains are only doubtfully present in the Sampetru Formation. Albdoeighe
amphibians are also found in DensTiula Formation Albanerpeton sp.,
Celtedenssp.) and in the “Pui beds’Albanerpetoncf. inexpectatum Only an
indeterminate albanerpetonid taxon is reported from the Sdmpetru Formation.

Two unnamed scincomorph lizards occur in the Dei@ula Formation sample,
two indeterminate scincomorphs are reported in the SGmpetru FornTdteotPui
beds” show an higher squamate diversity, with a possible anguimorptgiithe
Paraglyphanodonsp., and the paramacellodid®ecklesiussp. and B. aff.
hoffstetteri

The multituberculate mammals P&acimexomysdacicus (= Barbatodon
transsylvanicug Hainina sp. and an indeterminate kogaiononid are reported in the
Densu-Ciula Formation. The Sampetru Formation Yyieldedogaionon
ungureanuj Kogaiononn. sp., an indeterminate kogaionon&irbatodonn. sp.,
and an indeterminate taxon. The “Pui beds” contaReracimexomyslacicus(=
Barbatodontranssylvanicusand an indeterminate taxon.

Two dinosaur nests (three clutches) with eggdlegaoolithustype were found
in the DensuCiula Formation. Discretispherulitic, prolatospherulitic, prismatic
ratite and geckonoid eggshell types occurs in the “Pui beds”. Eleveradinuessts
with Megaoolithuscf. siruguei egg type occur in the Sampetru Formation with
also prismatic (theropod?) and geckonoid eggshells.
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Finally, several kinds of fishes, among whitkpisosteusare recorded in the
microremains from the DensCiula Formation, indeterminate acipenseriformes and
characids occurs in the “Pui beds”, no fish are reported from the Sdmpetru Formation.

| think that the material is in need of a revision, both for the pravee and the
systematic attribution. | suspect thdagyarosaurudacusis a “basket-taxon” for all
sauropod bones found in the continental latest Cretaceous of Transyhsthare is
no modern diagnosis for it. The same situation may applyTdébmatosaurus
transsylvanicugsee below).

The vertebrate associations from the different units are notlyeiae same, as may
be expected because of the different environment of deposition, mainlgeoethe
Sampetru Formation and the others.

Telmatosaurusskeleton: what we know and what we do not know

Although the Transylvanian hadrosaurid is reported as the best known among
European hadrosaurid taxa E@WHAMPEL et al, 1993), the knowledge of its skeleton is
far from complete.

The diagnosis of the species given IrEHAMPEL et al (1993, p. 362) is: “a
hadrosaurid dinosaur.....of small body size (a dwarf?), having a large caudal
ectopterygoidal shelf, an isosceles triangle-shaped rostral protede jugal, a
relatively long post-metotic braincase, relatively large basigbid processes, a
relatively large scar fom[usculu$ protractor pterygoideuson the lateral aspect of the
basisphenoid, a well-developed channel for the palatine branch of thlerfaie that

also accommodated the median cerebral vein, absence of a didstemeen the
predentary and dentary dentition, and slightly bowed femur”.

Six of nine diagnostic characters are in the skull, one in the l@amergne in a hind
limb bone and one regarding the overall body size. Four of the six skull characters refe
to the braincase. It is evident that defined in this Waynatosaurus transsylvanicus
can be compared only with other taxa represented by a complete, uncsishied
mainly when the braincase is well-preserved. This is not the ochsany of the
European hadrosaurids, as we will see below. Small body Bamdtosaurusvas
considered ~5 m long and 500 kg in weightel8¥IAMPEL et al, 1991) is common
among hadrosaurids of the European Archipelago (see below), possibly betause
insular dwarfism. The features of the braincase defined astivedyalong” and
“relatively large” are somewhat ambiguous because these terms do ngtrelfsairto a
standard.

The skull and mandible afelmatosaurusre nearly completely known thanks to the
nearly entire, although somewhat crushed dorsally, cranial specimé&HBRB386
and several other disarticulated remains. They are describedrash (1900) and
WEISHAMPEL et al (1993) (Figs 6-15). NPCSA(1900) figured also the endocast of the
brain (Fig. 11). The missing parts are the posterior portion of the amhlthe
gquadratojugal, the postorbital process of the squamosal and the squamaesd pfoc
the postorbital, the prefrontals and the predentary (Fig. 15). Most ohads seem to
be present in the holotype, but they may be too crushed to be recons{sssed
WEISHAMPEL et al, 1993, fig. 1).

Maxillary teeth are high and narrow (mean tooth width = 4 mm), witreng
median carina and no secondary ridges, with relatively large dentadbng the
margins but without marginal ridges reaching thenei@MAMPEL et al, 1991,
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Fig. 6 - The skull of
Telmatosaurus transsylvanicus
(holotype, BMNH R3386), right
lateral view. From MPCSA
(1900). _Abbreviations a =

angular, cop = coronoid
process,d = dentary, fr =
frontal,j = jugal,la = lacrimal,

Id = well-developed denticles of
the premaxilla,mx = maxilla,
na = nasalpar = parietal,pmx

= premaxilla,po = postorbital,
g = quadratesa = surangular,
sq = squamosal.
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Fig. 7 - The skull ofTelmatosaurus transsylvanicisolotype, BMNH R3386) in dorsal
view. From NopPCsA (1900). Abbreviations like in figure 6 with the dition of exoc =
exoccipital.
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Fig. 8 - The skull ofTelmatosaurus transsylvaniciisolotype, BMNH R3386) in ventral
view. From NoPCSA (1900). Abbreviations like in figure8-7 with the addition oboc =

basioccipital,bpp = basipterygoid processesc = ectopterygoid,pl = palatine,pt =
pterygoid,qc = quadrate distal condyle.
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Fig. 9 - The skull ofTelmatosaurus transsylvanicysolotype, BMNH R3386). From
NopPcsA (1900). A) Posterior view;B) Particular of the basicranium in ventral view.
Abbreviations like in figures 6-8 with the additiaf bsf = basisphenoidim = foramen
magnumandsoc= supraoccipital.
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Fig. 10 - Quadrates ofelmatosaurus transsylvanicuAl-2) Right element from the
holotype (BMNH R3386), anterior viewAl), lateral view f2), from NopCsA(1900).B)
Right quadrate (FGGUB 1005), lateral view, fromEMHAMPEL et al. (1993).

Abbreviations ptf = pterygoid flangegc = quadrate distal condyle.
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Fig. 11 - Cast of the brain dfelmatosaurus transsylvanicitaken from the holotype,
BMNH R3386)._AbbreviationsV-XIl = cranial nerves V-Xllcrb = cerebellumhy =

hypophysis. From NPCsA(1900).

Fig. 12 - Maxillae ofTelmatosaurus transsylvanicusl-2) holotype (BMNH R3386)A1)
left maxilla, medial viewA2) posterior/caudal viewB) left maxilla (FGGUB 1010), lateral
view. Abbreviationsdpr = dorsal procesgcs= ectopterygoid shelfor = neurovascular
foramina, mth = maxillary teeth. A from NPCsSA (1900), B from VEISHAMPEL et al.

(1993).
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Fig. 13 - Lower jaws of elmatosaurus transsylvanicus-B1-2) holotype (BMNH R3386),
A) left lower jaw ramus, medial vievB1) right lower jaw ramus, lateral vievid2) right
lower jaw ramus, medial viewC) Right dentary (BMNH R3401), medial view.
Abbreviations a = angular,alv = alveoli, ar = articular,cop = coronoid process] =
dentary, pop = postarticular (retroarticular) process = surangularsy = mandibular
symphysis. A-B from ipPcsA(1900); C from VEISHAMPEL et al. (1993).
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Fig. 14 - Teeth offelmatosaurus transsylvanicus:B-D) holotype (BMNH R3386)A1)
teeth from the right lower jaw, buccal-occlusalwjé\2) particular of A1;B) teeth from the
left lower jaw ramus, lingual viewZ) single tooth (FGGUB [5]) from the left dentaryont
for Weishampekt al, 1993), lingual viewD1-4) maxillary teeth, buccaD1l), mesiodistal
(D2), occlusal D3) view, mesiodistal denticles, magnified4). A-B and D from NoPCSA
(1900), C from VeISHAMPEL et al. (1993).
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Fig. 15 - Skull ofTelmatosaurus transsylvaniguseconstruction by \WISHAMPEL et al.
(1993, modified)Al) Lateral;A2) dorsal,B) posterior view, based ond®csa (1900, pl
IV, fig. 1). The missing, unknown or unidentifiakpparts are in black. Abbreviatiotike in
figures 6-8 with the addition @ing = angularpd = predentaryprf = prefrontal Jtf = lower
temporal fenestragf = narial fenestragf = orbital fenestragj = quadratojugalytf = upper
temporal fenestra.
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Fig. 16 - Vertebrae offelmatosaurus transsylvanicud) axis and articulated cervical
vertebrae 3-5 (BMNH R3841), right lateral vieBj last cervical and first dorsal vertebrae
(BMNH R3841), left lateral viewC) partial sacrum (BMNH R4911), ventral vie)
proximal caudal vertebra (BMNH R4973), right latevéew. From WEISHAMPEL et al.
(1993). Abbreviationsax = axis,cr = cervical rib,nc = notch at the base of the neural
spine,ns = neural spinepoz = postzygapophysiprz = prezygapophysisr = sacral ribfp

= transverse process (caudal rib or pleurapophysis)

1993; Fig. 14D)Although not mentioned in the diagnosis, the dentary teeth are
peculiar. They are wider than the maxillary teeth (mean tooth width = 8 mm), the
crown is slightly recurved distally with a pointed apex, has dahat primary
ridge (slightly offset mesially) and sometimes a faint, ialesecondary ridge (Fig.
14B-C); margins are denticulate with each mesial denticlsheshby a thin ridge
apparently starting from the mesial secondary ridge (Fig. 14C).

Postcranial elements were described mPNsA(1915) and WISHAMPEL et al
(1993) (Figs 16-19). We do not know the number of the vertebral elements, nor the
total one or that of each segment of the vertebral colunmmisNYMPEL et al
(1993) did not figure or describe the middle and posterior dorsal vezteibra
existing in the apodygm (unfortunatelyeiISHAMPEL et al, 1993, report only the
inventory numbers of the referred material, without specifying the corresponding
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Fig. 17 - Forelimb and shoulder girdle bonesTefmatosaurus transsylvanicus) Left
scapula (FGGUB [4]), lateral vievB) incomplete right coracoid (BMNH R3843), lateral
view; C1-2) left humerus (MAFI Ob. 3126), mediaC{) and cranial view@2); D) right
ulna (MAFI Ob. 3124), lateral view. From gMHAMPEL et al. (1993), modified.
Abbreviations acr = “acromion” processgorf = coracoid foramengp = deltopectoral
crest.

skeletal element). BlPCsA(1915) described the centra of caudal vertebrae “almost
as long as high, therefore not elongate”, but the proximal caudal digare
WEISHAMPEL et al, 1993 (here Fig. 16D), has a centrum decidedly longer than
high. This could be apomorphic @klmatosaurusas well as the “notch” at the
posterior base of the neural spine just above the postzygapophysisainthat

the basal part of the spine is narrower than the upper part (Fig. (bG@Dsee
DALLA VECCHIA, 2001). The neural spine appears somewhat bent posteriorly (i.e.,
the anterior margin is concave and the posterior convex; Fig. 16D). If this is not
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Fig. 18 - Hind limb bones offelmatosaurus transsylvanicug) Left femur (MAFI

v.10338), cranial viewB-C) Hind limb bones of hatchling®81-3) distal part of a right
femur (FGGUB 248), lateralB(l), anterior/cranial B2), and ventral/distalg3) view; C)

proximal part of a left tibia (FGGUB 250), lateraéw. From WEISHAMPEL et al. (1993),

modified. Abbreviations4tr = fourth trochantergaig = caudal intercondylar groovep =

caput femuriscrig = cranial intercondylar groovgtr = greater trochantefcdy = lateral

condyle,mcdy = medial condyle.

affected by incomplete preservation of the specimen BMNH R4978uwrfil6D,
it could also be peculiar dfelmatosaurus
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Oddly, no ossified tendon remains have been reported from the foesitifeeds
(they are common hadrosaurid evidence, for example, in the Late ridiathest
Hell Creek Formation of Wyoming and Montana). The bones of the marus ar
practically unknown, as also the radius. No sternal plates amnea@fto the taxon
and the coracoid is only partially preserved (Fig. 17B). The scéputaomplete
at the glenoid and possibly at the distal termination of the scaplalde, which
appears to flare distally (Fig. 17A). Neither ilium nor pubis was evsgrieed and
the only ischium referred td@elmatosauruswas destroyed at the Museum of
Budapest in 1938 (WsHAMPEL et al, 1993). The fibula in unknown and the tibia
was reconstructed on the basis of several fragmentary tibiaeo@®se, no
articulated hind and forefoot was ever discovered, thus proportions@gshal
shape of some phalanges (e.g., ungual ones) are unknown. We ignore also the
proportions among hind limb elements (e.g., the ratio femur/tibia lengths).

Fig. 19 - Telmatosaurus transsylvanicuhe skeletal parts (supposed to be) known
according to VEISHAMPEL et al. (1993), in black. The basis for the postcranialston is
that ofEdmontosaurusrom WELLNHOFER (1994), modified.

Following the sentence “due to the high neurapophyses and long hemapophyses,

the tail cross-section of the living animal was laterally compredéeddsa 1915,

Tab. Il. fig. 2-4)” Nopcsa had or thought to have found hemapophyses of
Telmatosaurus This is also the case of the dorsal ribs, describedarcNA
(1915). Furthermore, slender metatarsalia and metacarpaliapgshalsnges are
mentioned in the same paper. The three metatarsals are desasitietbsely
pressed together” and “much more slender tigailanodor, the distal phalanges

are reported as “hoof-shaped”. However, none of those skeletal elemment
mentioned by WISHAMPEL et al (1993). The femur is described inORCSA

(1915) as “straight; the fourth trochanter is a widely extending, wing-like tbratst
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Fig. 20 - The phylogenetic position ®&lmatosaurusn the Hadrosauridae cladogram by
HORNER et al. (2004) (above) and in the Iguanodontia cladogramNBRMAN (2004)
(below).
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projects horizontally and not pendantly”; it is bowed according EISYWAMPEL et
al. (1993).

The very thick sedimentary sequences that yielded the bonesutsitito
Telmatosaurugould preserve the mixed or stratigraphically separated reragins
more than a single hadrosaurid taxon. This appears to be the cassdtefedc
remains from Maastrichtian localities of Spain, that are coreildas belonging to
at least two different hadrosaurid taxa:

- Pararhabdodon isonensi®ccurs with an indeterminate, but more basal
hadrosaurid in the Arén Formation of Sant Roma d'Abella site (Sgaag
below);

- An indeterminate Euhadrosauria and a different, although indeterminate
Hadrosauridae are found in the Tremp Formation of the Huesca Prdqseee
below).

Also isolated teeth in the Maastrichtian Maastricht FormationLiaiburg
suggest the presence of more than one taxon (see below).

Therefore, only the skull material, in particular the holotype BMRB886, can
be reliably attributed td elmatosaurusPostcranial bones were all found scattered
and not associated with skull remains, thus they could theoretioalbng to
another hadrosaurid taxon, although this is not necessary the case.

The coronoid process of the holotype lower jaws (Fig.13A-B) is bentaforw
whereas that of the right mandibular ramus of figure 13C isghtralf this
character has a systematic meaning, they could belong to two different taxa.

WEISHAMPEL et al. (1993) considered as belonging to a same taxon an array of
disarticulated and scattered hadrosaurid bones coming from differats lof a
possibly 800 m-thick fossiliferous section (and even from different
lithostratigraphic units that cannot be lithostratigraphically elated to each
other; THERRIEN, 2005) because that was supposed to be the opinion of Ferenc
Nopcsa. In fact, they wrote: “referral of these postcraniametgs [all the
hypodigm excluding the cranial bones] Totranssylvanicuss based principally
on Nopcsa’'s personal account of their association (through notes, museum
acquisition records, and publications)” (p. 362). Actually, there is no tdirec
evidence that the postcranials were associated, at lea$t, pattl the holotype.
The description of the skull and lower jaws was presented by Nopd&99 and
published in 1900. According todwcsA (1915) the dorsal vertebrae were not
well-known up to that date and the first femur was found after 1900 raiad i
locality (V lioara) different from that of the holotype (on the basis of thaufe
and of others found later near Sampetru, Nopcsa abandoned the name
Telmatosaurusfor Orthomeru$. This evidently indicates that the apodygm is
made of scattered bones not associated with the holotype, that tfeegatieered
together by Nopcsa simply because they are “hadrosaurid” in asupecize and
under the assumption that the continental Maastrichtian of Transylpegderves
only one hadrosaurid species.

In fact, some specimens referredlf@matosaurusn WEISHAMPEL et al (1993)
were proved later to belong talmoxesrobustus(WEISHAMPEL et al, 2003).
They were originally considered hadrosaurid elements probably bechtiseir
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size. They are BMNH R.3401 (only some of the premaxilla, maxillatigbar
braincase, quadrate, dentary identified by this number were formedegred to

the hadrosaurid), R.3809 (humerus, tibia, ischia, vertebrae, sacrum), R.3828
(frontal), MCDRD 66 (femur), 70 (femur), FGGUB R.1000 (humerus), R.1016-
1021 (only some of the vertebrae identified by this number were flyrneéerred

to the hadrosaurid), R.1024 (sacrum), R.1025-1026 (sacral vertebrae), R.1027-
1032 (only some of the vertebrae identified by this number were flyrnederred

to the hadrosaurid), R.1040 (scapula), MAFI Ob. 3079 (femur).

The two nests (3 clutches) found at thet€a site of DensuCiula Formation
contain eggs, hatchling and adult skeletal elements. Because pfetbence of
hatchling and adult hadrosaurid bones in the sample (see FigC)Y18Be nests
were initially supposed to be built by hadrosaurids (e.®RIGGRESCU et al,

1994). This appears now less probable, as the subsphaerical eggs: lygagly
linear rows, are of the megaloolithid type that is generaltibated to sauropods
(THERRIEN, 2005).

Other European hadrosaurid dinosaurs

Bone remains of hadrosaurid dinosaurs are reported from several &urope
localities dated to the Late Campanian-Maastrichtian, a tprae-sf about 9-10
million-years (RADSTEIN & OGG, 2004). However, unlike the coeval specimens
from North America and, to a lesser extent, Asia, all those insmare
disarticulated or represent at best a small articulated podfiothe skeleton
(mainly strings of vertebrae).

The following list of specimens and sitessites is based arsNWXMPEL et al.
(2004) and is organized according to the Maastrichtian paleogeogrdphlyigc
3-5). The biostratigraphic correlation of sites from different camtial basins is a
problem that has only been partly solved in recent times (seexdample, IOPEZ
MARTINEZ et al, 2001). When contrasting dates exist for a same site, the
alternative dating is reported in parentheses.

ENGLAND (Anglo-Irish, Anglo-Scottish or just English Island, Figs. 3-5)

Hadrosauridae indet. (Frachodon cantabrigengisCambridge Greensand, Late
Albian reworked into the Cenomanian, Cambridgeshire.

“Trachodon cantabrigensiss represented by a single dentary tooth (BMNH R.
496, Fig. 21), with denticulate mesiodistal margins and a single andngmm
median ridge. Although the crown is rather mesiodistally wide inpewison to its
height, like in iguanodontid teeth and unlike typical hadrosaurid teethpgence
of secondary ridges favoured the identification as a hadrosaurid tooth,
determination that is reported inBf¢HAMPEL et al. (2004, p. 558). However it
must kept on mind that the specimen has been reworked.

Hadrosauridae indet. (lguanodon hilliiof NEWTON, 1892;0rthomerus hilliiof
Nopcsa 1915), Lower Chalk, Early Cenomanian, Hertfordshire.
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The specimen is a single and partial maxillary tooth describedlgyToON
(1892). HEAD (1998, p. 737) labels it as “indistinguishable from primitive
iguanodontian morphology”. However, B SHAMPEL et al. (2004) list it as
Hadrosauridae indet..

Fig. 21 - The tooth of Trachodon

cantabrigensis (BMNH R. 496) from

the Late Albian of Cambridgeshire
(England). A) Lingual, and B)
mesiodistal view. From YDEKKER

(1888).

The two teeth from England appear to be the only purported pre-Latea@im
hadrosaurid remains in Europe. If they were actual hadrosaurid teetbuld
imply the presence of hadrosaurids as early as the beginning Getlmmanian
(~99-96 million years ago). However, their morphology is somewhatgarobs
and without any additional remains of those iguanodontians, they ardex rat
tenuous evidence of the existence of Albian-Cenomanian hadrosaurids in the
Anglo-Irish Island (see ElhDS, 1998). No other hadrosaurid remains are reported
from England. VEISHAMPEL et al. (2004) list other two Cenomanian dinosaur-
bearing “localities” in England and none Late Albian in age, nineafiliaind eight
Cenomanian in France, one Aptian-Cenomanian in Portugal, and one Cenomanian
in the Czech Republic. No hadrosaurid remains are reported from those
“localities”, but the sample is small and fragmentary. Acyydhere is a serious
problem of dinosaur sampling and dating in the Albian-Cenomanian of Europe.

BELGIUM & THE NETHERLANDS (specimens possibly coming from the Renish-
Bohemian Island or the enlarged Ibero-Bohemian one; Figs. 3-5)

Hadrosauridae indet. (includir@thomerus dolldiand Euhadrosauria, Maastricht
Formation, Late Maastrichtian, Limburg (The Netherlands)

Orthomerus dolloivas based byekLEY (1883) on a complete right femur with
“imperfect” extremities (BMNH 42955, 50 cm long; Fig. 22A1-3), the alist
extremity of another right one (BMNH 42956, Fig. 22A4), a left tibidMB
42954, Fig. 22B) and an incomplete metatarsal (BMNH 42957) collected in the
Maastricht area, probably from the marine Maastricht Formation frbot an
unknown level (VEISHAMPEL et al, 1999). Although VEISHAMPEL et al., (1999)
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Fig. 22 - The hadrosauridOrthomerus dolldi from the Late Maastrichtian of the
Maastricht area, Limburg (The Netherland#)1-4) Right femur (BMNH 42955),
posterior/caudal A1), medial A2), proximal A3) and distal A4) view; B1-4) left tibia
(BMNH 42954), lateral B1), posterior/caudalB2), proximal 83) and distal B4; BMNH
42956) view.C) Proximal caudal vertebra, right lateral view. AfBm SEELEY (1883), C
from LYDEKKER (1888)._Abbreviationdike in figure 16 and 30.
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Fig. 23 - Hadrosaurid teeth from the Maastricht@nLimburg (The Netherlands and
Belgium). Al1-3) hadrosaurid maxillary tooth (NHMM 1999012) fromnkerpoort-
Marnebel quarry, Belgium, buccall), occlusal A2) and mesiodistalA3) view; B1-3)
hadrosaurid maxillary tooth (NHMM 1997274) from Bé near Valkenburg, The
Netherlands, buccaB(l), occlusal B2) and mesiodistalg3) view; C1-3) ?Euhadrosaurid
dentary tooth (NHMM RD 214) from Blom quarry, ThetRerlands, buccalC(l), occlusal
(C2) and mesiodistalG3) view; D) stratigraphy of the Gulpen and Maastricht Forora]
with the position of the hadrosaurid remains (@sits), and the position of the Gulpen
Formation in the magnetostratigraphic scale. FroesAMPEL et al (1999), modified.

do not list it in theOrthomerusmaterial, a proximal caudal vertebra, with a
centrum higher than long and a narrow and posteriorly inclined neural (§pine
22C) was also found (seevihekKER, 1888). No teeth, skull bones and girdle
elements are known for it. According t(RRKMANN (1988), VEISHAMPEL &
HORNER (1990), FORNER et al (2004) the specimens are not diagnostic at the
generic and specific level, th@s dolloi should be consideredremen dubium

A caudal vertebra (IRScNB) from the Maastricht area ancecrsl one
(Ubaghs collection) from an unknown level of the Maastricht Foonmatere

33



reported by DLLO (1883). WBAGHS (1893; cited in WEISHAMPEL et al [1999],

but the paper is not listed in the references) reported a tooth from the highadr part
the Maastricht Formation of the Maastricht area, and one fronM#westricht
Formation of the Kunrade area (both in the Ubaghs collection).

MULDER (1984) attributed some scattered hadrosaurid remains (MND K
21.04.003, distal part of a femur; MND K 21.04.004, a fragment of a left tibia
MND K 21.04.005, the proximal end of a left fibula) T@lmatosaurusiolloi,
considering invalid the genu®rthomerusbut valid the speciesO". dolloi.
Specimens came from the base of the Meerssen Member of thstribtaa
Formation, Ankerpoort-Curfs quarry, Geulhem.

BUFFETAUT et al (1985) reported a proximal fragment of a right lower jaw
(NHMM 198027) from Ankerpoort-t Rooth quarry near Bemelen, possibly from
the Nekum Member. They attributed it @thomerus dollgi probably because it
was the only available name for a hadrosaurid in that part of the world.

WEISHAMPEL et al (1999) described a (?right) maxillary tooth (NHMM
1997274, Fig. 23B) from the Sibbe quarry near Valkemburg aan de Geul perhaps
coming from the lower Emael Member;(?left) dentary tooth (NHMM RD 214;
Fig. 23C) from Blom Quarry, Berg en Terblijt, coming from the base of the Nekum
Member; the fragmentary ?right humerus (TM 11253) of a ?non-lamiréusa
hadrosaurid from St. Pietersberg (Maastricht), coming from an unkiexegh of
the Maastricht Formation.

Hadrosauridae indet., Maastricht Formation and possibly Gulpen Formaditen, L
Maastrichtian, Liege, Limburg (Belgium)

BUFFETAUT et al. (1985) reported a proximal fragment of a left ulna Garcet
collection from the Ankerpoort-Marnebel quarry near Eben-Emael, pgssibl
coming from the Emael/Nekum members. They reported also a phalanx from Pach-
Lowe (Eben-Emael), from the Maastricht or Gulpen Formation. Bonege we
attributed toOrthomerus dolloprobably because it was the only available name
for a hadrosaurid in that part of the world).

A left metatarsal Il (NHMM 1996001) from the Ankerpoort-Marnehehrry
near Eben-Emael, in the Emael Member of the Maastricht Famasi described
by MULDER et al. (1997).

A right maxillary tooth (NHMM 1999012; Fig. 23A) from the Ankerpoort-
Marnebel quarry near Eben-Emael opened in the lower Gronsveld Méamber
described by WISHAMPEL et al (1999). The prominent median ridge is straight,
but is slightly offset and angled distally (this suggests aemance from the
mesial portion of the dentition, according toEMHAMPEL et al, 1999). It is
mistakenly reported as having a height/width ratio = 0.34I$WWAMPEL et al,
1999), probably meaning that the estimated height/mesiodistal widtbhofathe
crown is 3.4. A right metatarsal Il (NHMM RD 241) from the CBR&montbos
quarry near Eben-Emael, coming from the Valkemburg Member,ddelscribed
by WEISHAMPEL et al. (1999).

FRANCE & SPAIN (Ibero-Occitan or Ibero-Armorican Island, Figs. 3-5)
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Hadrosauridae indet., Calcarinites du Jadet Formation (a unit ofienarigin),
Late Maastrichtian, Département de Haute-Garonne (France

A fragment of a left dentary (MNHN) found near Saint-Martogsveonsidered
by PaRIS & TAQUET (1973) to belong to an animal very closeTeimatosaurus
transsylvanicu§LAURENT et al, 1997).

Hadrosauridae indet., “Lestaillats Marls” (below the “Marnes uzds”), Late
Maastrichtian (probable age greater than Early Maastrichtiaarding to IOPEZ
MARTINEZ et al, 2001), Petites-Pyrénées, Département de Haute-Garonne
(France.

The sites of Lestaillats and Jadhetve yielded scattered remains of indeterminate
hadrosaurids.

Hadrosauridae indet., basal part of the “Marnes d’'Auzas”, Late thildd&mn
(Late Campanian to early Late Maastrichtian accordingelMARTINEZ et al,
2001), Petites-Pyrénées, Département de Haute-Garonne (France

The sites ofPeyrecave A and B, Tricouté 1 and 2, and Auzage all yielded
scattered remains of indeterminate hadrosaurids. AccordingotANY et al
(1998) a tooth (MDE-Mal-01, Fig. 24) from Tricouté resembles those fr@mm
Solana (Valencia, Spain; Fig. 26A3).

Fig. 24- Dentary tooth (MDE-Ma1-01) from the siteTaicouté
(France). FronCOMPANY et al. (1998)

Hadrosauridae indet., “Marnes d'Auzas”, Late Maastrichtian (matiel-ILate
Maastrichtian according to dPEZMARTINEZ et al, 2001), Le Plantaurel,
Département de Ariege (France

The Mérigon site yielded remains of indeterminate hadrosaurids.

Hadrosauridae indet., Marnes Rouges de Rogquelongue Formation, Late
Maastrichtian (mid Late Maastrichtian according toPEZMARTINEZ et al,
2001), Département de I'Aude (Frahce
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Fig. 25 - The hadrosaurid remairBatarhabdodonsp.) from the Maastrichtian Le Bexen
(eastern Corbiéres, Aude, southern Frangé}3) Right maxillary (MDE-Fo1-11), lateral
(A1), medial A2), and dorsalA3) views;B1-3) right dentary (MDE-Fo01-10), mediaBl),
posterior B2), and dorsal B3) views; C1-3) teeth (MDE-Fol1-12, 14, 16)C(, dentary
tooth); D1-4) shaft fragment of a right femur (MDE-F02-01), endr (D1), lateral D2),
posterior P3), medial D4) views; E1-2) right humerus (MDE-Fo1-18), anterideX), and
posterior E2) view. After LAURENT et al (1997), modified. Abbreviationgitr = fourth
trochanter,avp = antero-ventral procesdc = denticles,dp = deltopectoral crestylc =
Meckelian canalpac = proximal articular condyle of the humerssf = supra-meckelian
foramen,sr = secondary ridges.
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LAURENT et al (1997) described several scattered hadrosaurid bones found in
the site of Le Bexen near Fontjoncouse, Corbierés orientales. Thegtdana
partial right maxilla (MDE-Fol1-11; Fig. 25A), a right lower jgMDE-Fo1-10;

Fig. 25B) 21 cm long, two fragments of a right (MDE-F01-01), andta(NMéDE-
Fo1-03) lower jaw, three teeth (MDE-Fo01-12, 14, 16; Fig. 25C), six cervicabcentr
(MDE-Fo1-4, 5, 17, 22-23, 114), three sacral centra (MDE-Fo01-21, 52-53), three
proximal caudal centra (MDE-Fo01-64, 97, 136), and about 30 posterior caudal
centra, a right humerus (MDE-F01-18; Fig. 25E), a fragmentarydditis (MDE-
Fol1-45), three partial right femora (MDE-Fo01-01, 19, 148; Fig. 25D), and three
(two left, one right; MDE-F01-139, 143, 115) incomplete tibiae. The rermans
originally reported as belonging itelImatosaurus transsylvanicise LOEUFF &
BUFFETAUT, 1994). Later BURENT et al (1997) and DPEZMARTINEZ et al
(2001) reported them d&ararhabdodorsp. (LAURENT et al, 1997, referred them
provisionally). However, WISHAMPEL et al. (2004) list them as Hadrosauridae
indet., considering them not diagnostic to the genus level (or simelydo no
recognizePararhabdodoras a valid taxon). They represent small-sized individuals
(cfr. Fig. 25)andLAURENT et al (1997) considered them as belonging to juveniles.

The maxilla differs from that oTelmatosaurusecause has a well-developed
lateral process in the posterior part of the preserved portiksrR@NT et al, 1997,

p. 413). The maxilla is unknown in Ofthomeru$ dolloi and that of
Pararhabdodon isonensiseems to be different (see Fig. 2BA The main axis of
the supra-Meckelian canal (appearing in caudal view as anaglifdramen, see
Fig. 25B2) in the lower jaw is oriented obliquely (45° with respect tontkdial,
alveolar surface, see FigbB2), while inTelmatosaurug is vertical; furthermore,
the position and shape of the alveolar furrows is slightly difflexttRENT et al,
1997). The deltopectoral crest of the humerus is more developed thaof that
Telmatosaurugsee Figs 17C and 25E) and similar to thaPafarhabdodon(Fig.
28F) (LAURENT et al, 1997). Femora resemble those @rthomerus dolloi
(ibidem) (Fig. 22A) and differ from those with a slightly bowed diaphysis of
TelmatosaurugFig. 18A). The centra of the three proximal caudals are higher
than long, unlike those dfelmatosaurus

Euhadrosauria indet., uppermost member of the Sierra Perenchiza iéormat
Campanian-Maastrichtian, between Carlet and Tous, Provincia dencitale
(Spain.

La Solanasite near the village of Carlet has yield an incompleteldefer jaw
with teeth (MGUV 2200, most of the dentary, 18.2 cm long), an isolatedrgdenta
tooth like those in the mandibula (MGUV 2201), several isolated teddo
maxillary teeth, MGUV 2232-33), fragmentary ribs, several incotaplertebral
centra, the proximal part of a left humerus and a portion of the shaftright
femur (COMPANY et al, 1998).

Twenty-nine tooth positions are present in lower jaw; based on théndradv
the specimen (here Fig. 26A), there seems to be two functionalaedétno more
than two replacement teeth (possibly just one) for each tooth positiey. are
lanceolate, based on the drawing (here Fig. 28#dA3), height/mesiodistal
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Fig. 26 - Remains of Euhadrosauria indet. from @@@npanian-Maastrichtian La Solana
site, Provincia de Valencia (SpaiAl1-2) left dentary (MGUV 2200), medialAl), and
lateral @2) views, A3) dentary tooth (MGUV 2200) with a magnification thie marginal
denticulation; B1-3) right maxillary tooth (MGUV 2233), distalB(l), buccal with
magnification of the marginal papilla®Z%), mesial B3), and occlusa(B4) view. From
ComPANY et al (1998), modified. Abbreviationslv = alveoli, cop = coronoid process,
Mc = Meckelian canainf = mental foraminath = teeth battery.
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Fig. 27 - Remains of Hadrosauridae indet. from Liae
Campanian Els Nerets/Vilamitjana 1 site. Abovehtifgmur
(IPS N- 21), posterior/caudal view. Below: parfenur (IPS
N3), distal view._Abbreviationsitr = fourth trochantercf =
caput femuris,crig = cranial intercondylar groovdedy =
lateral condyle,mcdy = medial condyle. From HBREDA
SUPERBIOLAEet al (2003), modified.

width ratio of the crown is 3.36, have a sharp median carina and anfeisial,
secondary ridge; the apex of the crown is not recurved distallyhantdsiodistal
margins have very small marginal denticles without mardigles (Fig. 26A3).
The main axis of the cross-section of the supra-Meckelian cain&lig. 25B2) is
oriented obliquely unlik§ elmatosaurus

There are two larger, maxillary teeth in the sample; one ynearhplete (Fig.
26B) has an elongate crown with a prominent median carina offsetiydist
(according to ©OMPANY et al, 1998; see Fig. 26B4). Two parallel, short,
secondary ridges occur at the mesiobasal region; the mesiadestgihs of the
crown are raised and have papillae.

COoMPANY et al (1998) underline the resemblance of the lower jaw teeth to an
isolated tooth (Fig. 24) found in the French site of Tricouté. They differ from those
of Telmatosauruaving a straight apex, mesial denticles without secondary ridges
and a raised mesiodistal margin. The maxillary teeth diffemfrthose of
Telmatosaurudecause they have raised margins and papillae instead of denticles.

Hadrosauridae indet., Unit S3U1 according tBISYAMPEL et al. (2004) (actually,
unnamed unit), probably Late Campanian (based on palynomorphi$szN
BETELU, 1999; and local geology,EREDA SUPERBIOLA et al, 2003), Vitoria-
Gasteiz, Trevifio, Provincia de Burgos (Basque Country, $pain

The Lafioquarry site yielded a rich vertebrate association with, among the others,
titanosaurid sauropods Lifainosaurug, nodosaurids Struthiosaurus and
rhabdodontid ornithopodfRhabdodoh Among crocodiles worthy of note is the
peculiar alligatoroidAcynodon iberocitanysshort-snouted and with characteristic
spatulated and tribodont teethU8ALIONI et al, 1999). Another specieA,
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Fig. 28 - Pararhabdodon isonensisfrom the Maastrichtian Sant Roma d’Abella site,
Provincia de Lleida (Catalogna, SpaiAl-2) left maxilla (IPS SRA-23), lateral vievA(),
and drawing A2); B1-2) right maxilla (IPS SRA-22), medial vievB{) and drawing B2);
C1-2) right lower jaw (IPS SRA-27), medial viex€]) and drawing C2); D1-2) cervical
vertebra (IPS SRA-23, holotype), anteridxlj, left lateral D2), view; E) proximal caudal
vertebra, right lateral viewg) left humerus (IPS SRA-15), anterior vie@) right ischium
(IPS SRA-26), distal end in lateral view.

H) Left ischium (IPFUB; without the distal end) inerdial view of a presumed
lambeosaurine from the Mord (Moror) site (Maastieh, Provincia de Lleida). From
CASANOVAS et al (1999), modified; E from a photograph kindly givey Xabier Pereda
Superbiola.

Abbreviations a = acetabulumalv = alveoli, ap = alveolar parapetcop = coronoid
processdp = deltopectoral cresgcf = ectopterygoid facet,= foramenjs = surface for the
jugal,ib = ischial boothjp = iliac peduncleMc = Meckelian canahs = neural spinegp =
obturator procesgds = surface for the predentagms = surface for the premaxillppoz =
postzygapophysigp = pubic peduncleyrz = prezygapophysiqtp = pterygoid processf
= “special” foraminafp = transverse process.

lopezij is reported from the Late Campanian-Maastrichtian QuintanillaCdeo

site of the Burgos province, separated by slightly differenthtesdrphology.
Acynodonis reported also from the Late Campanian-Maastrichtian Fox-Amphoux
site (Provence, France). Bulky teeth somewhat similar to thfotbés genus occur
also in other latest Cretaceous sites of Europe as Fons (Franeelsosau
Formation of Muthmannsdorf (Austria), ¥bara in Transylvania (BSCALIONI et

al., 1999) and other with hadrosaurid remains reported below.

The only hadrosaurid remain in Lafio is a single, partial, maxit@oth crown
(MCNA 10510) found by screen-washingeDA-SUPERBIOLA & SANZz, 1999;
PEREDA SUPERBIOLA et al, 2003). The median ridge is relatively low; there are
neither secondary ridges nor denticulate margins.

Hadrosauridae indet. (©rthomerussp.), andPararhabdodon isonensisArén
Formation (Tremp Formation according @sSANOVAS et al, 1999a, b), latest
Campanian to Maastrichtian according to the different sitesb@@eev), Conca de
Tremp (Tremp Syncline), Provincia de Lleida (Catalonia, §pain

The Els Nerets/Vilamitjana $ite is within the Maastrichtian Tremp Formation
according toCASANOVAS et al (1999b), in the uppermost interval of the Aren 2
sequence and dated to the latest Campanian accordirgPE-MARTINEZ et al
(2001). Two femora (IPS N- 21 and N3, Fig. 27; a right one is nearlypleta
and several caudal vertebrae (IPS N-1, 3, 5-8, 13, 21), belonging tadardbeiilt
hadrosaurid unliké?ararhabdodonwvere collected in the Sif€€ASANOVAS et al,
1999a; IRREDA SUPERBIOLA et al, 2003). UnlikePararhabdodorthe neural spine
of the anterior caudal vertebrae is low and vertical (but unfortlyndtwas never
figured). The slender femur is grooved longitudinally; unlike otheropegsn
hadrosaurids the distal condyles have an open anterior/cranial cachad a
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relatively shallow posterior/caudal intercondylar groove (Fig. PPJREDA
SUPERBIOLA et al,, 2003).

The Moro (Moror)site (southern part of Tremp Syncline) is referred to the Arén
Formation (it is within the Tremp Formation accordingQasANOVAS et al,
1999b) and according todPEZMARTINEZ et al (2001) cannot be younger than
early Late Maastrichtian and older than Late Campanian on bigstyatic basis;
it is probably Early Maastrichtian in age. Two partial ischiRFUB; Fig. 28H)
and a fragment of maxilla were found in this siteRIEBKMANN, 1984; LOPEZ
MARTINEZ et al, 2001). The ischia are referred to a lambeosaurine by
CASANOVAS et al (1999a) because of their robustness, the nearly closed obturator
process and the large pubic and iliac pedicels/processes.

The Barcedanaite also yielded scattered hadrosaurid remains and has ar simil
age as the Moro (Moror) si(eOPEZMARTINEZ et al, 2001).

The Sant Roma d’'Abellaite (Barranco de la Llau de Doba) near Isaaurs
70 m below limestones dated as Late MaastrichtiabPEZMARTINEZ et al,
2001). xsANOVAS et al (1987) described there some remains that they
considered similar to those of the primitive iguanodonaabdodonLater, new
material showed that the bones belong to a nieeertae sedisiguanodontian
taxon that was nameé@ararhabdodon isonensi$CASANOVAS et al, 1993).
LAURENT et al (1997) consideredPararhabdodon isonensias a hadrosaurid.
CASANOVAS et al (1999a) redescribedararhabdodon isonensiig. 28AG) as
a lambeosaurine hadrosaurid on the basis of the possession of 1) a medial
maxillary shelf, 2) rounded, truncated maxilla-jugal contact, 3) anguidrlong
deltopectoral crest of the humerus.

The relationship to the crested hadrosaurids was later questionazhby(2001,

p. 394-395) because the jugal is not knownPararhabdodon,the angular
deltopectoral crest occurs “primitively in iguanodontians” and tathtaumbeis
lower than in hadrosaurines or lambeosaurines “suggesting?#mathabdodon
may be basal with respect to both”. THRerarhabdodorcould be more basal than
Euhadrosauria, lik&elmatosaurus

The fossil material consists of skull remains (two, left aglty maxillae with at
least 35 teeth positions; Fig8A-B), four cervical vertebrae (with no traces of a
neural spine, likeTelmatosaurusaccording to MpcsaA 1915) (Fig.28D), two
dorsal vertebrae, rib fragments, four fragmentary vertebraeimplete sacrum (8
co-ossified vertebrae with tall neural spines), a proximal causfddbra with a
centrum decidedly higher than long and without the notch at the postesimioba
the neural spine (Fi®8E), a left humerus (Fi@8F) with a prominent, although
broken, deltopectoral crest, an ulna, the distal part of a righuisctitig. 28G).

All bones come from the same stratigraphic level and outcrop;vileey found
scattered over a surface of 10 square meters and were assigrRedingle
individual, about six-meters long€EREDA SUPERBIOLA et al, 2003). The holotype

is a cervical vertebra (IPS SRA-23, FagD).

The Sant Roma d’Abella site id close Sant Roma d’Abella site and has the same
age (EREDA SUPERBIOLA et al, 2003). It yielded 14, poorly preserved, caudal
vertebral centra (IPS SRA 2-6, 9-10, 14 and SRA II-1, 3-6, 9) belongiran t
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indeterminate hadrosaurid HREDA SUPERBIOLA et al, 2003). Near this site, a
right, toothless lower jaw (IPS SRA 27; Fig. 28C) was found, proviljona
attributed toPararhabdodon isonensigthere is no direct evidence allowing the
attribution toPararhabdodofy, PEREDA SUPERBIOLA et al, 2003, p. 378). It has
35 tooth positions, a relatively long diastema and a coronoid processtipigje
caudally that is possibly an artifactASANOVAS et al,, 1999a).

Resuming,Telmatosaurudiffers from Pararhabdodon(considering the lower
jaw from Sant Roma d’'Abella Il as belonging to this latter tdomaving a small
(or not existent) diastema between the predentary and first déotdiy only 30
tooth positions in the lower jaw, relatively low neural spines inal@sd caudal
vertebrae, a ridge along the ventral surface of the sacrunracitediumerus and
ulna (CAsANOVAS et al, 1999a).

Because no teeth are present in the sample from Sant Roma d,Abell
comparison with isolated teeth from other Spanish and French logatitieot
possible.

Autapomorphies ofPararhabdodonisonensisare: 1) 35 tooth families in the
lower jaw and maxilla (considering also the lower jaw from $orha d'Abella
II, which could belong to another taxon), 1) very well-developed postzygapophyses
in the cervical vertebrae, 2) neural spines of posterior sagertdbrae are very
high (height/anteroposterior length ratio = 6.3), 3) bowed shaft of the 4jna
distal extremity of the booted ischium projecting posteroventralimg an angle
of 120° with the longitudinal axis of the diaphysisA@BNOVAS et al, 1999a;
PEREDA SUPERBIOLA €t al.,, 2003).

HORNER et al (2004) completely omitted this taxon in their systematic list of
Hadrosauridae, possibly because of the dubious attribution of the lower jaw.

The Abella de la Concsite yielded a fragment of a maxilla and an incomplete,
gracile femur (IPS TG-2) belonging to a slender built hadrosauridkeunl
Pararhabdodon(CASANOVAS et al, 1999a; BREDA SUPERBIOLA et al, 2003).
The site is within the Late Maastrichtian Tremp Formationoating to
CASANOVAS et al. (1999b) and is not mentioned INOREZMARTINEZ et al
(2001).

Euhadrosauria indet., Tremp Formation (“Garumnian”), Late Maastith8erra
del Montsec, Conca d’Ager (Ager Syncline), Provincia de LleidatdlGnia,
Spain).

The Fontllonga site occurs in the highest part of Chron C30n (latest
Maastrichtian), 15 m below the occurrence of C29r and 18 m below Pa¢eoce
beds (IOPEZMARTINEZ et al., 2001).

A partial left lower jaw with teeth (IPS; most of the depta28 cm long) was
found in this site. It is more derived than thatTeimatosaurusbut lacks some
characters diagnosing the clade Hadrosaurinae + Lambeosaurinaesand i
considered as belonging to a primitive Euhadrosaurias4&oVAS et al.,, 1999b).
The attribution to Euhadrosauria is based on the following charatjedentary
teeth not recurved distally, 2) narrow dentary crowns, 3) dentildag the crown
margins not supported by subsidiary ridgesaggNOvAs et al, 1999b), all
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features that simply distinguish its teeth from thos& @lfnatosaurusThe main
axis of the transverse section of the supra-Meckelian carmgieisted obliquely
(CasANOVAS et al, 1999b) like in the hadrosaurid from Le Bexen (cf. Fig. 25B2)
and unlike Telmatosaurus There are at least 30-31 tooth positions and four
successional teeth, two of which functional (i.e., there are only éplagement
teeth for each position), at least in the caudal portion of the Yditbeten). The
height/mesiodistal width ratio of the crowns is about 2.7; a secondgeyoccurs
mesially to the prominent medial carina that is linear and slightly disgldistally
(ibidem). The secondary ridge can be bifid at the basal part of the cryenasmd
there is sometimes a shallow, distal, secondary ridhige(r). The crown margins
do not show papillae or denticles, but this has been suggested to bettae to
close interlocking of the teetib{den).

According to RREDA SUPERBIOLA et al (2003), it just belong to a basal
hadrosaurid different fronTelmatosaurudbecause of crowns with a prominent
median ridge, a mesial secondary ridge, and a coronoid process per@anmicul
the longitudinal axis of the lower jaw; those features excludeeitsnging to “the
clade formed by Hadrosaurinae and Lambeosaurinae” (p. 380).

The locality of Norets de Tremp, near Talaran, yielded a postedadal
vertebra (MNCN 4688)PEREDA SUPERBIOLA et al,, 2003).

Euhadrosauria indet. and Hadrosauridae indet., Tremp Formation, latest
Maastrichtian, Conca de Tremp (Tremp Syncline), Provincia de Huesc
(Catalonia, Spain)

Remains attributed to Hadrosauridae indet. have been collected Biagielb
and Blasi 3-5 sites, whereas those listed as Euhadrosauria indetfonad at
Blasi 1 and 2 (bPEZMARTINEZ et al, 2001). They all correlate with marine
deposits of the same basin which represent the last planctonidriifeaah Zone
of the Late Cretaceous\(mayaroensiZone) and are of latest Maastrichtian age
(ibidem.

The material was only partly described and preliminary. The iBlas
euhadrosaurian is represented by skull bones (MPZ 99/666-667, left jugal,
fragmentary left maxilla with teeth) and a nearly complefe lbwer jaw (MPZ
99/665, the whole dentary, 33 cm long, with most of the dental battery,ragit a
surangular, MPZ 99/664) (Fig. 29A). They are supposed to belong to a single
individual. Each maxillary tooth position has at least two replaneteth and
one or two functional teeth. Teeth have a prominent medial carinahand t
mesiodistal margins have small papillae (possibly not in athje The anterior
part of the mandible is deflected ventrally and there is aeti@stalthough not
very long, about the length of 5-6 dentary teeth) between the sudadbe
predentary and the first mandibular tooth. The coronoid process is inclined
anteriorly (forming an angle of 75° with the long axis of the manyibith a
concave anterior margin. The anteroventral part of the symphresigdn is
pierced by a large foramen. There are 33 tooth positions, with twadnakteeth
and up to three replacement teeth. Teeth show a single median carina, are straight
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Fig. 29 - The hadrosaurid remains from the uppetnaastrichtian of Blasi, Huesca
Province (Spain)A) Euhadrosaurian skull (MPZ 99/666-667) and lovesy (MPZ 99/664-
665) elements from Blasi 1 sitB) Hadrosaurid postcranials probably belonging single
individual from Blasi 3 siteC1-4) Teeth from Blasi 2 site; left dentary tooth (MPZ2/668;
C1) in lingual view; right maxillary tooth (MPZ 99/67C2) in buccal view; shed maxillary
tooth (MPZ 99/669;C3) in occlusal view; shed maxillary tooth (MPZ 99161C4) in
occlusal view. From GPEZMARTINEZ et al. (2001), modified.

Abbreviations cop = coronoid processcv = caudal vertebrad = dentary,hm =
hemapophysis (chevron)= jugal,mx = maxilla,rf = fragmentary ribsa= surangulary =
vertebrae.
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(but those of the ends that are slightly curved distally) and Heigsipdistal
width ratio of the crowns (in the anterior positions) is about 3.5.

This specimen differs frorffelmatosaurudecause: 1) the jugal is shorter and
more expanded anteriorly (rostrally), 2) dentary teeth are narrewerecurved
distally (but with exceptions) and with a single, prominent carinia. donsidered
more derived tharTelmatosaurusand the indeterminate euhadrosaurians from
Fontllonga and La Solana byOREZMARTINEZ et al. (2001, p. 47) because 1) it
has a coronoid process inclined rostrally (but compare Fig. 13B angd9AYy 2)

a median single carina on the dentary teeth, 3) secondary ridges omwns are
absent. Therefore, they consider it a Euhadrosauria (possibly a xavw taside

the clade Hadrosaurinae + Lambeosaurinae, with a mosaic of bothokanbee

(flat and dorsoventrally expanded rostral process and the height pbsterbital
process of jugal; very high dentary crowns) and hadrosaurine (shedodal
process of jugal and its scalloped ventral margin) feaflw@BEZMARTINEZ et

al., 2001). It differs fromPararhabdodorin having a shorter mandibular diastema
(ibidem), and, possibly, a differently oriented coronoid process (but see p. 43). The
skull was very short and high (much shorter than thaebthatosaurusaccording

the bone assembling of figure 29A.

Blasi 2 and 3 have yielded isolated teeth; dentary teeth (wibbtbnenamel and
without papillae) are like those from Blasi 1, maxillary te@tfth rough enamel
and with papillae) have a more prominent median carina as usual (Fig. 29C).

Button-like teeth similar to the distal teeth of the crocodileynodonand
referred toAcynodonsp. (LOPEZMARTINEZ et al, 2001) have been found at Blasi
2.

Hadrosaurid postcranials probably belonging to a single individual (caudal
vertebrae, chevrons, other vertebrae, rib fragments) have been foltdsi 3
(Fig. 29B) and are not described in detail bPEZMARTINEZ et al. (2001).
Cervical vertebrae were also collected in the Blasi sites are not figured in
LOPEZMARTINEZ et al (2001). The centra of the proximal caudal vertebrae are
apparently higher than long, unlike thoseTelmatosaurugLOPEZMARTINEZ et
al., 2001; Fig. 29B), with tall, anteroposteriorly narrow and caudally amgachl
spines like inPararhabdodon Chevrons are not described, but appear to be long
rods not booted distally @PEZMARTINEZ et al, 2001; Fig. 29B). Appendicular
bones from Blasi sites include an incomplete humerus, a femur, a ptoxim
fragment of an ulna, the distal end part of a tibia, a metatiirsald a phalanx,
that are not figured in @PEZMARTINEZ et al. (2001). The humerus is slender,
with a “modestly developed, angular, deltopectoral cresBPAZMARTINEZ et
al., 2001, p. 47); the femur, without the distal condyles, is 73 cm long (total animal
body length estimated in 6 m bpEEZMARTINEZ et al,, 2001) and is straight.

Many specimens from several sites in the surroundings of Isonk,dfder
and the locality of Peguera are still undescribeeRE@»A SUPERBIOLA et al. 2003).
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Fig. 30 - The hadrosaurid remains (SNMMS, no numbarailable) from the Upper
Maastrichtian of Bavaria (southern German)l-6) The right femur; posterior/caudal
(A1), medial A2), anterior/cranial A3), lateral A4), proximal A5) and distal A6) view;
B) the neural arch of a proximal caudal vertebrfasiele; C) the remains collected (black),
the postcranial skeleton is that &dmontosaurusthe skull that ofTelmatosaurus
Abbreviations 4tr = fourth trochantercaig = caudal intercondylar groovef = caput
femuris, crig = cranial intercondylar groovegtr = greater trochantedcdy = lateral
condyle, Itr = lesser (anterior) trochantencdy = medial condyle. From W.LNHOFER

(1994), modified.
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Fig. 31 - Hadrosaurid teeth from the MaastrichtidriKozina site, south-western Slovenia.
Al) ?Maxillary tooth (ACKK-D8/20),A2) particular of the denticulate margin of ACKK-
D8/20, B) another tooth (ACKK-D8/121), wider and possiblprh the dentary. From

DEBELJAK et al (2002).

GERMANY (hadrosaurid possibly living in the Australpine Island, Figs. 3-5)

Hadrosauridae indet., Gerhartsreiter Schichten (a flysch unitseyineg a deep
marine depositionary environment), Late Maastrichtian (Late Caicupaarly
Late Maastrichtian according t@®PEZMARTINEZ et al, 2001), southern Bavaria.

The sample is made of bones from the right hind limb (femur, meshty/, two
phalanges), a possibly caudal centrum, a fragment of a left scapdila caudal
neural arch (WLLNHOFER, 1994;Fig. 30). Remains belong to a single animal only
2 m long.The original specimens are at tBédostbayerischen Naturkunde- und
Mammut-Museum Siegdorf (Germany).

SLOVENIA (Adriatic Island, Figs. 3-5)

Hadrosauridae indet., possibly from deposits time-corresponding to the lowe
Liburnian Beds, Maastrichtian, Karst (Kras), Kozina, SW SloveDEBELIAK et
al., 1999; 2002)

Remains were preserved inside a paleokarst fissure formelé ie Santonian-
lower Campanian Lipica Formation and filled by light limestongrfrants from
the Lipica Formation and dark limestone fragments from the Melatsan-
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Paleocene Liburnian Beds EBELJAK et al, 1999). Therefore | consider them as
Maastrichtian in age.

Hadrosaurids are represented by few teeth (at leasiestio-ACKK-D8/20 and
ACKK-D8/121, but probably more, being them “the most frequent ornithopod at
Kozina locality”; see BBELJAK et al, 2002). One is small, narrow and with a
single, prominent median ridge (Fig. 31A1), and is probably a maxillariy.tdbe
mesiodistal margins are denticulateE@BLIAK et al, 2002) (see Fig. 31A). The
second tooth is larger and mesiodistally wider (Fig. 31B) and possiblgentary
tooth.

Other teeth were attributed to the “lguanodontidae family” and to “a
unidentified ornithopod” (BBELJAK et al, 2002, p. 197). Some teeth are similar to
those of the Late Campanian-Maastrichtian alligatosignodon although not
identical to those of the Spanislesynodorspecies (BBELJAK et al, 2002).

Possible hadrosaurids were also found in the close site of theygidlalel
Pescatore site (Duino, Trieste, Friuli Venezia Giulia Regiok, Idly) (e.g.,
DALLA VECCHIA, 2001, 2002). The study of the material and its dating is in
progress (BLLA VECCHIA & BUFFETAUT, 2006). The site yielded also remains of
AcynodonBUFFETAUT & DELFINO, 2006).

SOUTHERNITALY (Apulian Island, Fig. 5)

IchnotaxonApulosauripus fredericianygCalcare di AltamurdSantonian), Puglia
Region, Bari Province, former De Lucia quarry near Altamura

Apulosauripus fredericianuis an ichnotaxon based on two trackways attributed
to small-sized (5 m long) hadrosauridagbisia et al, 1999). Because of the age
(Santonian) and above all because of the footprint morphology, | do not hlink t
those trackways can be indisputably attributed to hadrosaurids. Agcttizly
could belong to a more basal iguanodonti@raspelodonrepresents a Santonian
iguanodontian from Belgium and rhabdodontids were common in the Campanian-
Maastrichtian of the European Archipelago and present in the Santonian of
Hungary. Furthermore, it cannot be discharged #&mitlosauripus fredericianus
was produced by an ankylosaurian track maker, as it was supposechdoeds of
other footprints in the same site.

UKRAINE (Crimean Island, Figs. 3-5)

Hadrosauridae indet. (=Orthomerus webe)yi unnamed unit, Maastrichtian
(possibly latest Maastrichtian, according tOHEZMARTINEZ et al, 2001), near
Sebastopol, Crimea (RBININ, 1945,

The sample is made of hadrosaurid fragmentary hind limb bones, inclading
femur. No recent description exists for this material.
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Conclusions

The European hadrosaurid record has increased sensibly in the lasdrdsay
has the information about the dating of the rocks containing the foskits the
knowledge of the systematic position of the hadrosaurids living fierdift islands
or on the same island in different times is limited. Excludietmatosaurusthat
is considered in the most recent phylogenetic analyses as the basast
hadrosaurid (Fig. 20), the phylogenetic position of the other European
hadrosaurids is unknown, or debated (é2grarhabdodoin

Telmatosauruss reputed as the best known European hadrosaurid, but is based
on a sample of scattered bones found in different sites, in dihiestiatigraphic
units deposited in different environmental contexts, and with a thickokss
thousand meters probably representing the deposition during some millionlfyears
we consider as plausible the presence in the Maastrichtianmgylvania of more
than one hadrosaurid taxa (as was done, for example, in some morecorehss
sites of Spain) there is not a strong support of the fact thab#teranial material,
or at least all of it, belong to the same taxon as the holotyple Skahe important
parts of the postcranial skeletonTéImatosaurusre unknown (e.g., hands, feet,
pelvic girdle) as well as some cranial elements (e.g., pradergquadratojugal,
posterior part of the jugal).

The Late Campanian-Maastrichtian hadrosaurids from North Amarecknown
by a much higher number of skeletal remains, including “mummifipdtisnens
with skin cast. Particularly rich is the Late Campanian Dino®ark Formation of
Alberta (Canada) with Brachylophosaurus Gryposaurus Prosaurolophus
Corythosaurus Lambeosaurusand ParasaurolophusThe 60 m-thick Formation
(representing about two million years) is subdivided into two or tfaneeal zones
yielding different hadrosaurid taxa YRN & EVANS, 2005). The hadrosaurids of
the Dinosaur Park Formation have limited stratigraphic rangdsnast species
are found only in the zone of deposition of the formationa(R& EVANS, 2005),

i.e. they do not have a wide geographic distribution.

The Early Maastrichtian Horseshoe Canyon Formation of Albertidege
Edmontosaurus Saurolophus and Hypacrosaurus The Late Maastrichtian
Scollard (Alberta), Hell Creek (Montana, North Dakota) and Laiwggoming,
South Dakota) Formations contain abundant remaii&lofontosaurus

All those dinosaurs lived along the eastern margin of the northotith s
elongated, western North American continent.

We can hypothesize that also European hadrosaurid taxa had limited stratigraphic
ranges, limited geographic distribution and, at least in largdahds, more
sympatric genera, like their North American relatives.

Some North American hadrosaurid genera are represented by tatofeas
complete skull and articulated postcranial skeletoRardsaurolophus
Saurolophus, Gryposaurysothers by skull and most of the articulated skeleton
(e.g., Corythosaurus Edmontosaurys Thus we know very well their head
morphology and the shape and proportions of the postcranium (limbs, tail, etc.)
The same cannot be said for European hadrosaurids, even in the lmtef ca
Telmatosaurus
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Despite their apparent spreading in the European Archipelago durimg Lat
Campanian-Maastrichtian times and relative abundance in the fessild, the
relationships, history and even the actual body morphology of European
hadrosaurids remain mysterious.
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