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Abstract: A distal tibiotarsns from the Upper Cretaceous of Sinpetru, Hateg Basin, 
Romania was originally described as belonging to the supposed pelecaniform bird 
Elopteryx but more recently various authors have proposed that it might belong to a 
non-maniraptoran tetanuran, ornithomimid, troodontid, dromaeosaurid or strigiforin. 
None of these identifications withstand scrutiny. The recognition of a shared derived 
character and strong similarity of the specimen to the distal tibiotarsi of members of 
the Alvarezsauridae, a clade of controversial flightless maniraptoran theropods, leads 
us to suggest that it represents an alvarezsaurid. This is the first record of this group 
from Europe and has implications for their biogeography. The Elopteryx feinora 
appear to belong to troodontids or pygostylians, and not to dromaeosaurids as 
recently argued. 

I 1. Introduction 

During the last years of the 19th and early years of the 2 0 t h  century, 
the Transylvanian nobleman and palaeontologist FRANZ BARON NOPCSA 
(1877-1933) collected a diverse assortment of Maastrichtian (Late Creta- 
ceous) fossil reptiles from the hills around Szentpbterfalva (now Shpetru), 
HaJeg Basin, Hunedoara County, Romania (WEISHAMPEL & REIF 1984, 
WEISHAMPEL et al. 1991). These included turtles, crocodyliforms and 
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pterosaurs and theropod, sa~~ropod, anlylosaurian and ornithopod dino- 
saurs, some of which have been interpreted as island-dwelling dwarves 
(WEISHAMPEL et al. 1993, JIANU & WEISHAMPEL 1999, PEREDA SUBERBIOLA 
& GALTON 2001). Renewed recent interest in the Hateg Basil? fauna has 
resulted in iniproved sampling and identification of vertebrates large 
(GRIGORESCU 1983, CSIIU 1999, BUFFETAUT et al. 2002) and small 
(GRIGORESCU, 1984, GRIGORESCU et al. 1985, WEISHAMPEL & JIANU 1996, 
CSIKI & GRIGORESCU 1998, GRIGORESCU et al. 1999) and a diverse 
Maastriclitian vertebrate fauna is now known from the Hafeg Basin. 

All of the reported Hafeg Basin theropod material is fragmentary and 
some of it has proved controversial and subject to repeated reinterpretation. 
As discussed here, reappraisal of one of Nopcsa's specimens suggests that it 
represents an alvarezsaurid. 

Alvarezsa~~rids are enigmatic small-bodied Late Cretaceous theropods 
best lcnown for their short, stout, functionally monodactyl forelimbs and for 
the controversy that has surrounded their phylogenetic position. Though the 
alvarezsaurid taxa Alvarezsaurus calvoi from the Rio Colorado Formation of 
Neuquen Province, Argentina (BONAPARTE 1991) and Mononykus olecranus 
from the Nemegt Formation of Mongolia ( P E F ~ E  et al. 1993, 1994) were 
described in 1991 and 1993 respectively, their relatedness was not recognised 
until later (NOVAS 1996). Subsequently the new taxa Patagonykus puertai 
from the Rio NeuquCn Formation of NeuquCn Province (NOVAS 1996,1997), 
Parvicursor remotus from the Barun Goyot Formation of Mongolia (KARHU 
& RAUTIAN 1996), Shuvuuia deserti (Fig. 1) from the Djadokhta Formation 
of Mongolia (CHIAPPE et al. 1998, SUZUKI et al. 2002) and an unnamed form 
from the Hell Creck Formation of Montana, USA (HUTCHINSON & CHIAPPE 
1998) were also recognised as members of Alvarezsauridae. Diagnostic 
alvarezsaurid characters include a hypertrophied manual digit I, gracile 
pubic peduncle of ilium and procoelous, laterally compressed synsacral 
vertebrae (NOVAS 1996, 1997, CHIAPPE et al. 2002). Within Alvarezsauridae, 
A. calvoi and P puertai are regarded as stem-group taxa that lie outside of 
the Mononykinae, a clade encompassing S. deserti, M. olecranus, P re-ernotus 
and the Montana alvarezsaurid (CHIAPPE et al. 1998). 
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l V 
Fig. 1. Skeletal reconstruction of the alvarezsaurid Shuvuuia deserti from the 
Djadokhta Formation of Mongolia. By kind courtesy of Greg Paul. 

I Fig. 1 (Legend see p. 3 86) 
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In their initial description of M. olecranus, PERLE et al. (1993) proposed 
that alvarezsawids were the sister-group to all birds excepting Archaeo- 
pteryx and were thus within Avialae. Since alvarezsaurids possess short 
forelimbs that clearly did not function as wings, inclusion of the group 
within birds would have consequences for our understanding of the 
early evolution of flight and flightlessness. While most of the subsequent 
criticisms of this view (e.g., WELLNHOFER 1994, MARTIN & R~NALDI 1994, 
ZHOU 1995, MARTIN 1997) were largely typological, recent character 
analysis indicates that Alvarezsauridae does indeed lie outside of Avialae 
(NORELL et al. 2001, CHIAPPE 2002, CHIAPPE et al. 2002, NOVAS & POL 
2002) and may be less close to birds than are Oviraptorosauria, Therizino- 
sauroidea, Troodontidae and Dromaeosauridae (Xu et al. 2002a, 2002b). 
MARTIN & RWALDI (1994), MARTIN (1997) and SERENO (1997, 1999,2001) 
argued that alvarezsaurids are most closely related to ornithomimids but 
this view currently lacks support because of inaccuracies in the codings of 
some characters across taxa (Suzuru et al. 2002). Debates surrounding the 
phylogenetic position of alvarezsaurids are summarised in CHIAPPE et al. 
(1996, 1997,2002). 

The specimen reinterpreted here, the distal left tibiotarsus BMNH A4359, 
is part of a series of elements referred to Elopteryx nopscai and originally 
described, along with the proximal half of a femw that remains the holotype 
of this taxon (BMNH A1234), as belonging to a pelecaniform bird 
(ANDREWS 1913). The E. nopscai type and referred material has a complex 
history and over the years has been considered referable to a variety of 
theropod clades. As noted by HARRISON & WALKER (1975), ANDREWS 
(1913) appears to have considered the E. nopscai type femur and BMNH 
A4359 as belonging to the same individual as he gave them the same original 
registration number. LAMBRECHT (1929, 1933) followed ANDREWS in 
regarded E. nopscai (including BMNH A4359) as a pelecaniform (erecting 
the new family-level group Elopterygidae) and referred the distal ends of two 
more tibiotarsi (BMNH A 1528 and A 1588) to the taxon. 

In what was described by OLSON (1985) as 'one of the most egregious 
errors ever made in avian paleontology [sic]', HARIUSON & WALKER (1975) 
removed all three tibiotarsi from E. nopscai and suggested that they 
represented two hitherto unlcnown taxa of giant primitive owls (Strigiformes) 
that together formed the new group Bradycnemidae. HARRISON & WALKER 
(1 975) designated BMNH A 1588 the holotype of Bradycnerne draculae 
and BMNH A4359 and BMNH A 1528 the holotype and paratype of Hepta- 
steornis andrewsi. Following authors disagreed with HARRISON & WALKER'S 
(1975) identification and argued that the Sinpetru tibiotarsi belonged 
to unspecified non-avian theropods (BRODKORB 1978, ELZANOWSKI 1983, 
GRIGORESCU 1984, OLSON 1985, HOPE 2002). MARTIN (1983) was the 
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Fig. 2. Photograph (A) and diagram (B) of distal tibiotarsus BMNH A4359 fi-om 
Upper Cretaceous of Siiipetru, Hateg Basin, Romania. 
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first author to offer a more specific identification and suggested that the , 
specimens 'appear to be struthiomimids ill view of the extreme enlargement 
of the astragalus and reduction of the calcaneum' (p. 301). 'Struthiomimid' is , 
an unofficial term for Ornithomimidae. 

Arguing that the holotype of H. andrewsi resembled the distal tibiotarsi 
of Troodon, PAUL (1988) referred H. andrewsi to Troodon (as 7: andrewsi) l 

and placed both it and B. draculae within the Troodontidae. OSM~LSICA & 
BARSBOLD (1990) also considered these taxa to be troodontids. LE L O E ~ F  et 1 
al. (1992) noted that these tibiotarsi and the E. nopscui type femur exhibit the 1 
same 'wrinkled' bone texture and thus probably represented the same taxon I 
after all. Based oil the presence of a posterior trochanter and other characters, , 
LE LOELJFF et al. (1992) regarded E. nopscai as a droinaeosaurid (see below), 
meaning that BMNH A4359 should be considered as a member of this 
group. CSIKI & GRIGORESCU (1998) disagreed with LE LOEUFF et al.'s (1992) 
referral of the tibiotarsi back to E. nopscai and, while favouring a manira- I 
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ptoran identity for the E. nopscai fe'emora, argued that the presence of a 
cranial transverse groove on the astragalar condyles on the tibiotarsi 
excluded the tibiotarsi from Maniraptora. ' 

Pig. 3. Distal left tibiotarsus of the alvarezsaurid Mononykus olecranus (Nemegt 
Ins t i tuti  anal abbreviation s : B m H ,  Namai History Museum, London; Formation of Mongolia) Note the medially notched ascnlding process (asp = 

FGGUB, Faculty of Geology and Geophysics of the Bucharest University, Romania; 1 asending process) of astragalus. From Suzmcl et (2002). 

MCDRD, Muzuel Civilizafiei Dacice gi Romane Deva, Romania. 

2. Evaluation of previous identifications 

The previously proposed referrals of the Sinpetru tibiotarsi to Ornithomi- 
midae, Troodontidae, Dromaeosauridae or Strigiformes cannot be supported 
on the basis of any derived characters. BMNH A4359, the best preserved 
of the Sfnpetru tibiotarsi, differs from ornithomimids, troodontids and 
dromaeosaurids in that they possess an ascending astragalar process that 
covers most of the distal end of the tibia (RUSSELL 1969, OSTROM 1969, 
CURRIE & PENG 1994) whereas that of BMNHA4359 does not. HARRISON & 
WALKER'S (1975) reasons for referral of these specimens to Strigiformes 
were based on the absence of a supratendinal bridge, the presence of a pit 
just proximal to the medial condyle and other characters. ELZANOWSKI 
(1983) regarded the putative strigiform characters of these specimens 'in- 
ferred rather than visible' and, while the Sinpetru tibiotarsi bear some super- 
ficial similarity to strigiform tibiotarsi, the characters chosen are either 
primitive (e.g., absence of supratendinal bridge) or widely distributed and 
not unique to strigiforms. As HARRISON & WALKER (1975) noted, the 
Sinpetru tibiotarsi differ strongly from strigiform tibiotarsi in being cranio- 
caudally flattened and with distal condyles that do not project caudally. 

Not noted by HARRISON & WALKER (1975) is the fact that at its mediodistal 
margin the ascending process of the astragalus in BMNH A4359 is not fused 
to the tibial shaft, an observation which is also at odds with a strigiform 
identity. 

Apparently basing their observation on Text-fig. 1b in HARMSON & 
WALKER (1 979,  CSIKI & GFUGORESCU'S (1 998) argued that the presence of a 
"cranial transverse groove on astragalar condyles" present in BMNH A4359 
excluded the specimen from Maniraptora. This refers to a structure identified 
by WELLES & LONG (1974) and termed by them the "lower horizontal 
groove". Excepting the controversial Deltadromeus agilis, this feature is 1 absent in all coelurosaurs. However, contrary to Text-fig. 1 b in HARRISON & 

i WALKER (1975), there is no "lower horizontal groove" present on BMNH 
A4359 in the position illustrated by HARRISON & WALKER (1975): there 

l is instead a distoproximal break (Fig. 2). CSIKI & GRIGORESCU'S (1998) 

/ suggestion of a non-maniraptoran identity for this specimen is therefore 
' erroneous. 
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Table 1. Measurements of alvarezsaurid tibiotarsi. (A) Maximum transverse dia- 
meter of distal end. (B) Maxiniun crai~iocaudal widtli of lateral condyle. (C) Maxi- 
mum craniocaudal width of medial condyle. All measurement in mm. Averages 
values taken for Mononylcus olecranus after PERLE et al. (1994) and Patagonylcus 
puertai after NOVAS (1997). 

A B C 

BMNH A4359 32.2 18.2 19.1 
Mononykus 19.8 14.7 16.3 
Patagonykus 23.0 15.0 23.0 

3. A new identification for BMNH A4359 

The specimen (BMNH A4359) is not described here since complete 
descriptions were provided by ANDREWS (1913) and HARRISON & WALKER 
(1975). It is well preserved but represents only the broken distal end of the 
tibiotarsus. However, of the three distal tibiotarsi referred to Elopteryx, 
BMNH A4359 is by far the best preserved. 

With respect to the curvature of the shaft and the position of the medial 
and lateral condyles, this specimen is almost identical to the corresponding 
element of the alvarezsaurids l? puertai, S. deserti and M. olecranus (Fig. 3). 
The medial condyle projects cranially more strongly than does the lateral 
condyle (formed in part by a calcaneurn which is fully fused to the astra- 
galus) as it also does in M. olecranus and l? remotus (PERLE et al. 1994, 
KARHU & RAUTIAN 1996) and both condyles do not project as far cranially as 
they appear to in eumaniraptorans (including birds). In addition, a pronoun- 
ced notch excavates the medial margin of the ascending process of the 
astragalus in BMNH A4359. This character was first listed by PERLE et al. 
(1994) as an autapomorphy of M. olecranus and was later regarded as a 
synapomorphy of Alvarezsauridae (NOVAS 1996); it is present in l? puertai, 
M. olecranus, and I? remotus although absent in S. deserti (CHIAPPE et al. 
1998). This notch is absent or only slightly developed in other theropods 
(WELLES & LONG 1974) including birds. Despite the fragmentary nature 
of the specimen, such a strong degree of overall similarity combined with 
the presence of a unique derived character suggests that this specimen can 
be referred to Alvarezsauridae. A similar basis for referral was cited by 
HUTCHINSON & CHIAPPE (1998) in their description of the Montana alvarez- 
saurid. We note that, in his discussion of the affinities of M. olecranus, 
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MARTIN (1997) regarded BMNH A4359 as similar to M. olecranus and 
suggested that it represented a similar animal. 

Among alvarezsaurids, BMNH A4359 appears to belong to Mononylcinae 
because, unlilte non-mononyltine alvarezsaurids, there is no distinct groove 
for reception of the distal end of the fibula (NOVAS 1996). 

Measurements taken from A4359 suggest that it is froin an alvarezsaurid 
larger than M. olecranus (estimated total length 100 cm) and even P puertai 
(estimated total length 200 cm), although the complete height of the 
astragalar ascending process cannot be measured (see Table 1). 

It is important taxonomically that BMNH A4359 is the holotype of 
Heptasteornis andrewsi HARRISON & WALKER, 1975. Given that the 
specimen laclts any features that allow it to be reliably distinguished from 
other alvarezsaurids, and in the absence of better preserved material, this 
name is regarded here as a nomen dubium. The poor state of preservation of 
the other distal tibiotarsi referred to Elopteryx (BMNH A1528 and A1588) 
means that the status of this material must also remain uncertain. However, 
the holotype of Bradycneme draculae (BMNH A1588) appears to lack the 
notched medial margin of the ascending process of the astragalus present 
in A4359. Viewed distally, A1588 exhibits the craniocaudally compressed 
rectangular shape seen in maniraptorans: consequently we suggest that 
A1 588 be regarded as Maniraptora indet. 

The presence of an alvarezsawid in the European Cretaceous is signi- 
ficant in extending the lcnown palaeogeographical range of this group and 
also has implications for their biogeography and time of origin. If a dis- 
persalist model is assumed, alvarezsaurids may have invaded eastern Europe 
prior to the Turonian as the Turgai Sea separated Asia from Europe by this 
time (SMITH et al. 1994). Given that the oldest, stem-group alvarezsaurids 
are Coniacian-Santonian (NOVAS 1997 and references therein) this might 
suggest pre-Turonian dispersal and origin if it is assumed that the Turgai Sea 
was a permanent barrier. If a vicariance model is assumed (see UPCHURCH et 
al. 2002), alvarezsaurids presumably reached Europe prior to the Early 
Cretaceous split of Gondwana and Laurasia. This suggests a pre-Albian 
origin for the group and indicates that alvarezsawid fossils may in future be 
discovered in Africa. 

4. Comments on other Hafeg Basin material 

Given our proposed reidentification of BMNH A4359, we examined 
published Hafeg Basin small theropod material to see if other possible 
alvarezsaurid specimens could be identified. For the pliylogenetic positions 
of the maniraptoran clade names used here, see Fig. 4. 
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Vorona Omithurae 

Fig. 4. Phylogenetic framework illustrating the probable positions of the manira- 
ptoran groups referred to in the text. Based on NORELL et al. (2001), XU et al. 
(2002a, b) and other sources. 

A frontal and parietal (MCDRD 254 and MCDRD 454) identified by 
WEISHAMPEL & JIANU (1996) as dromaeosaurid exhibits a number of 
features seen in members of this group (e.g., 'slotted' articulation between 
lacrimal and frontal, frontal that contributes only a small portion to the 
orbital margin, sagittal crest) but not in alvarezsawids (CHIAPPE et al. 1998). 
The distal femur FGGUB R.351, suggested by CSIKI & GRIGORESCU (1998) 
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to be neoceratosaurian, is also probably not of alvarezsaurid identity as its 
distal condyles are not transversely expanded to the degree seen in P puertai, 
let alone that present in mononylunes (PERLE et al. 1993, NOVAS 1996) 
apparently excepting I? remotus (ICARHU & RAUTIAN 1996: fig. 3). The 
cranially expanded medial condyle of FGGUB R.351 is not present in 
alvarezsaurids. CSIIU & GRIGORESCU (1998) figure a nuinber of Hateg Basin 
small theropod teeth but none of these match the morphology reported for 
alvarezsaurids. 

As with the distal tibiotarsi initially referred to E. nopscai, several 
identifications have been proposed for the E. nopscai femora. The presence 
in these femora of both a trochanteric crest and posterior trochanter (Fig. 5) 
indicates that they belong either to Troodontidae or Pygostylia (HUTCHINSON 
2001), and not to Dromaeosauridae as argued by LE LOEUFF et al. (1992). 
CSIKI & GRIGORESCU (1998) also favoured a dromaeosaurid identity for E. 
nopscai on the basis of a trochanteric crest that, when viewed proximally, is 
oblique to the femoral head rather than perpendicular to it. However, the 
oblique condition is not unique to dromaeosaurids but is widespread in 
pygostylians: among Cretaceous forms it is present in Vorona berivotrensis 
from the Maevarano Formation of Madagascar (FORSTER et al. 2002). An 
oblique trochanteric crest is as yet unreported for Troodontidae. 

The posterior trochanter of both E. nopscai femora cannot be regarded as 
reduced relative to the ancestral eumaniraptoran condition indicating that E. 
nopscai is not a member of the Ornithuromorpha (HUTCHINSON 2001) and 
thus not a potential pelecaniform as hinted at by HOPE (2002). A lateral ridge 
- a structure also reduced in ornithuroinorphans (HUTCHINSON 2001) - is 
present in E. nopscai (Fig. 5 C )  and appears comparable with that present in 
pygostylians, being less prominent that the condition seen in the dromaeo- 
saurid Velociraptor mongoliensis (NORELL & MAKOVICKY 1999). As in other 
eurnaniraptorans, E. nopscai exhibits a prominent depression just proximal 
to the lateral ridge ('proximolateral depression7 in Fig. 5 B-C) but it is not as 
prominent as that described for enantiornithines (CHIAPPE & CALVO 1994, 
BUFFETAUT 1998) suggesting it is not a member of this group. A posterior 
trochanter is not present in alvarezsaurids (NOVAS 1996) and the presence of 
a posterior trochanter in both E. nopscai femora therefore indicates that they 
are not of alvarezsaurid identity. 

In conclusion, E. nopscai would appear to be either a troodontid or non- 
ornithuromorphan pygostylian (but not an enantiornithine). The presence of 
a posterior trochanter indicates that it is not alvarezsaurid and, given that 
no lmown dromaeosaurid exhibits a trochanteric crest, E. nopscai should not 
be considered a member of this group. The possible inclusion of E. nopscai 
within Troodontidae would be strengthened if members of this group with 
an oblique trochanteric crest were to be described. If E. nopscai is a pygo- 
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trochanteric crest 
fossa for 

round ligament 

lateral ridge --- 

Fig. 5. Holotype proximal left femur of Elopteryx nopscai (BMNH A1234) from 
l 

Upper Cretaceous of Sinpetru, Hafeg Basin, Romania in (A) cranial, (B) caudal and 
l 

(C) lateral views. A second proximal femur referred to E. nopscai, BMNH A1235, is l 

less well preserved and does not contribute any hrther information. l 
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stylian, its thick-walled bones suggest that it was a diver or a graviportal 
ratite-like form. HOPE (2002) noted that the specimen numbers given to the 
two E. nopscai femora in the literature was sometimes inconsistent and 
needed clarification. The type specinien is BMNH A1234 and the specimen 
referred to E. nopscai by LAMBRECI~T ( 1  928, 1933) is BMNH A 123 5. 

5. Conclusions 

The best preserved of the distal tibiotarsi from Sinpetru, Romania 
(specimen BMNH A4359), exhibits the medially notched astragalar as- 
cending process currently considered diagnostic for Alvarezsauridae, a clade 
of peculiar, controversial maniraptoran theropods. Previous suggestions that 
the specimen might belong to a non-maniraptoran tetanuran, ornithomimid, 
troodontid, droinaeosaurid or strigiform cannot be supported. This is the first 
record of an alvarezsaurid from Europe. 

This specimen is the holotype of ~ebtasteornis andrewsi but better 
material is clearly required to established the validity of this taxon. This 
name is here regarded as nomen dubium. 

None of the other Hateg Basin small theropod material thus far reported is 
of alvarezsaurid identity but the possibility that other theropod material from 
the European Cretaceous may prove to be of alvarezsaurid identity should be 
considered in future. 

The Elopteryx nopscai femora appear to represent either a troodontid or a 
non-ornithuromorphan pygostylian, and not a dromaeosaurid as previously 
argued. 
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