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ABSTRACT - The distal end of a pterodactyloid wing phalanx I from the Lower Cretaceous of Chapada do A raripe (NE Brazil) is described 
here. It belongs to the largest pterosaur from this locality described to date. The length of the phalanx and the wing span of this pterosaur are 
estimated by comparison with known wing skeletons of other large pterodactyloids. 1he wing span is calculated to range from about 8. 2 to about 
9.3 m. This is the first report of a giant pterosaur from the Lower Cretaceous. 

RIASSUNTO - [Sulla presenza di uno pterosauro gigante nel Cretaceo inferiore (Aptiano) della Chapada do Araripe (Brasile nord­
orientale)] - Viene descritta la parte distale di una prima falange alare di pterodattiloide, proveniente dal Cretaceo inferiore della Chapada do 
A raripe (Brasile nordorientale). Essa appartiene al piu grande pterosauro proveniente da questa localita finora descritto. La lunghezza totale della 
falange e l'apertura a/are dello pterosauro vengono stimate sulla base del confronto con lo scheletro alare di altri grandi pterodattiloidi. L 'aper­
tura alare stimata e di 8.2 - 9.3 m circa. Si tratta della prima segnalazione nel Cretaceo inferiore di un rettile volante gigante. 

INTRODUCTION 

Chapada do Araripe (northeastern Brazil) has 
become one of the most important localities for 
pterosaur studies in the last 15 years. Near to the 
base of the Romualdo Member of the Santana For­
mation (?Upper Aptian) there is an interval (about 
15 m) of bituminous shales and limestones con­
taining fossil-bearing concretions (Martill, 1988). 
These concretions yield a rich faunal assemblage 
which includes several pterosaur taxa: 15 new 
species and 9 new genera have been described since 
1971 (Price, 1971; Wellnhofer, 1977, 1985, 1987, 
1991a, 6, c; de Buisonje, 1980; Wellnhofer, Buffetaut 
& Gigase, 1983; Kellner, 1984, 1989, 1991; Campos, 
Ligabue & Taquet, 1984; Campos & Kellner, 1985a, 
b; Leonardi & Borgomanero, 1985, 1987; Kellner & 
Campos, 1988, 1990, 1992; Wellnhofer & Kellner, 
1991; Chatterjee, 1992). The characteristic con­
cretionary fossilization does not permit the preser­
vation of complete skeletons because of their large 
size. Usually isolated skulls or jaws, parts of wings 
or single bones are found. Wellnhofer (19916, c) 
calculated the approximate wing span of the Santana 
Formation pterosaurs, often on the basis of fragmen­
tary remains or single bones. The approximate wing 
spans range from 1.35 to 6.2 m: 

A raripesaurus castilhoi Price, 1971 2.2 m 
Santanadactylus brasiliensis de Buisonje, 
1980 5.7 m 

Santanadactylus araripensis Wellnhofer, 
1985 4.7 m 
Santanadactylus cf. araripensis Wellnhofer, 
1985 5.3 m 
Santanadactylus pricei Wellnhofer, 1985 2.9 m, 3.27 m, 3.5 m 
«Santanadactylus» spixi Wellnhofer, 1985 3.5 m 
cf. Santanadactylus 3.5 m 
Anhanguera santanae (Wellnhofer, 1985) 4.7 m, 4.55 m 
Tropeognathus mesembrinus Wellnhofer, 
1987 6.0 m 
Tropeognathus robustus Wellnhofer, 1987 6.2 m 
A raripedactylus dehmi Wellnhofer, 1977 4.8 m 
Cearadactylus atrox Leonardi & 
Borgomanero, 1985 5.5 m 
Tapejara wellnhoferi Kellner, 1989 1.35-1.5 m 

The wing span estimates for the largest species, 
Tropeognatus robustus and Tropeognathus mesem­
brinus, are based on a lower jaw (56 cm long) and a 
skull (63 cm long) respectively. At the Centro Studi 
e Ricerche Ligabue of Venice (Italy) is a bone 
fragment (described below) from the environs of 
Santana do Cariri (Chapada do Araripe, Ceara State, 
northeastern Brazil) which testifies to the presence 
of an even larger pterosaur, whose size is comparable 
to that of the giant Late Cretaceous pterosaurs. 

DESCRIPTION 

The specimen, stored under the number 12701a, 
6 in the collection of the senior author (G. Ligabue), 
represents the uncrushed distal portion of a right 
wing phalanx (Text-figs. 1,2). It was originally em­
bedded in a carbonate concretion and was corn-
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pletely freed from the matrix. 127016 consists of a 
part of the original matrix with a small fragment of 
bone; 12701a is the freed distal end of the wing 
phalanx. The bone surface is slightly affected by 
weathering in some parts. The fragment is 135.5 mm 
long; its maximum width is 75 mm and its minimum 
62.5 mm. The cross section is triangular; the ventral 
side is asymmetrically convex, the dorsal side is flat­
ter (Text-fig. 2F). The compact bone that covers the 
surface is only about 0.5 mm thick; below there is a 
layer of spongy bony tissue with a longitudinally 
elongated tubular structure, thicker at the anterior 
margin (about 11 mm; about 4 mm at the dorsal 
wall). The tubular aspect of this lower layer is par­
ticularly evident at the eroded surfaces, near the top, 
at the articular surface and at the broken proximal 
extremity. The hollow interior presents walls en­
crusted by diagenetic crystals of calcite. The bone is 
hollow at about 25 mm above the distal end. The tip 
of the bone is recurved, with a posterior «nose» 
(which is the posterior projection of the condyle) 
less developed than in the wing phalanx I of 
A raripedactylus dehmi. A groove on the dorsal side, 
parallel to the lateral articulating margin, could 
mark the edge of insertion of the joint cartilage. The 
shape of the articular surface is roughly elliptical in 
lateral view and in the central part is slightly convex. 
The very tip of the bone, the «nose» region, presents 
in lateral (articular) view a slightly concave and in­
clined surface, with an upper more protruded rim 
than the lower one. The anteriormost part of the ar­
ticular surface is flat, triangular, facing the anterior 
and the lateral side of the phalanx midway. This 
triangular area is present and well developed in the 
wing phalanx I of Santanadactylus pricei becoming 
progressively reduced in wing phalanges II- III 

Text-fig. 1 - Distal part of a right 
pterodactyloid wing 
phalanx I, dorsal view, 
n. 12701a. The length of 
the specimen is 135.5 
mm. (Approx. x 0,8) 

(Wellnhofer, 1991a, p. 86, fig. 33). This, together 
with the presence of a ventral knob at the distal end 
of the phalanx, shows that 12701a, bis the distal end 
of a wing phalanx I. 

The fragmentary nature of the specimen 
precludes accurate taxonomic designation; the 
geological age and size of the specimen suggest that it 
belongs to a pterodactyloid pterosaur. The probable 
high intraspecific variability in pterosaur size (for 
Quetzalcoatlus northropi see Lawson, 19_75a and 
Langston, 1981; for Eudimorphodon ranzii see Wild, 
1978; for Preondactylus buflarinii see Wild, 1984 and 
Dalla Vecchia, Muscio & Wild, 1989), make it im­
possible to state whether it belongs to a new taxon 
or represents a large individual of an already 
established one. 

DISCUSSION 

Until 20 years ago, it was believed that a wing 
span of 7 m was the largest in flying animals, 
represented by the pterosaur Pteranodon ingens 
(Marsh, 1872; Eaton, 1910; Bramwell & Whitfield, 
1974). In 1971, however, a much larger pterosaur, 
Quetzalcoatlus northropi Lawson, 1975, was 
discovered in the Latest Cretaceous of Texas. 
Quetzalcoatlus northropi is represented by a com­
plete humerus (52 cm long), and by fragments of a 
radius, carpals, metacarpal IV, wing phalanges I and II 
(Lawson, 1975a, b; Langston, 1981). The most recent 
estimation of wing span, based on several smaller and 
less fragmentary specimens of Quetzalcoatlus and on 
aereodynamic limiting factors, is 11.6 - 12.2 m 
(Langston, 1981; Padian, 1984 ). Since the discovery 
of Quetzalcoatlus, Titanopteryx philadelphiae Aram­
bourg, 1959 of the Late Maastrichtian (Padian, 1984) 
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Text-fig. 2 · Distal part of a right pterodactyloid wing phalanx I, n. 12701a. A) ventral view, B) dorsal view, C) anterior view, D) posterior 
view, E) lateral view (distal articular surface), F) cross section. 

of J ordania, has been revised and is considered to 
have a comparable wing span to Q. northropi. 
Fragmentary remains from the Two Medicine For­
mation of Montana (Campanian) could belong to a 
pterosaur with a wing span of more than 7 m but its 
dimensions are very uncertain (Padian, 1984; Padian 
& Smith, 1992). The fragments are provisionally 
assigned to the genus Quetzalcoatlus. The size of a 
fragmentary hollow bone from the Judith River For­
mation of Alberta (Campanian), «suggests that the 
wing span of the animal from which it was derived 
would have been about 13 m» (Currie & Russell, 
1982, p. 894) but there is no general agreement about 
the morphological status of the bone to which the 
fragment belongs (Padian & Smith, 1992). Therefore, 
the estimated wing span of 13 m is very doubtful. 
Recent estimations, based on the length of the skull 
and the lower jaw, point to a wing span of more 
than 9 m (Miller, 1972; Wellnhofer, 1991c) in 

Pteranodon sternbergi Harksen, 1966, from the San­
tonian of Kansas. In conclusion, we currently know 
on! y that Pteranodon sternbergi, Titanopteryx 
philadelphiae, Quetzalcoatlus northropi and, possibly 
the specimens from the Two Medicine Formation 
and the Judith River Formation of Alberta, all from 
the Upper Cretaceous, have a wing span in excess of 
7 m. 

The specimen 12701a, b obviously belongs to a 
large individual also if it is only a part of a single 
bone. There is little variability in the general shape 
of wing phalanr I in different pterosaur genera. 
Those differences recorded are in the degree of slen­
derness of the bone (Wellnhofer, 1977; 1978). They• 
differ mainly in the shape of the cross section and, of 
course, in relative size. For this reason it is relatively 
easy to calculate an approximate length for the en­
tire wing phalanx to which the distal end of the 
phalanx belonged. We compared 12701a, b with 
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wing phalanx I of Pteranodon sp. (after Wellnhofer, 
1978, p. 20, fig. 13), Santanadactylus pricei 
Wellnhofer, 1985 and A raripedactylus dehmi 
Wellnhofer, 1977. The Pteranodon wing phalanx I is 
less slender and relatively shorter than the cor­
responding one in Santanadactylus and Araripedac­
tylus. The phalanx in text-fig. 3C measures 58 cm 
and belongs to a large individual (Wellnhofer, 1977; 

10cm 

0 

, A B 

, 
t ... - - , 

:--, 
' , ' ,- ... , .... , '.: 

I 

-, 
I 
I 

I 

D D 

Text-fig. 3 - Wing phalanx I of some pterodactyloids. A) San­
tanadactylus pricei, B) Araripedactylus dehmi, C) 
Pteranodon sp., D) 12701a, b; the dotted lin es 
represent the reconstruction of the wing phalanx I, 
based on the estimated lengths obtained by the 
comparison with the wing phalanges I of San­
tanadactylus pricei, A raripedactylus dehmi and 
Pteranodon sp . 

1978). Comparison with 12701a, 6 leads to an 
estimated length of 85 cm in the new specimen. The 
wing phalanx I of Araripedactylus dehmi in text-fig. 
3B measures 55 cm and belongs to a large individual 
whose estimated wing span is 4.8 m (Wellnhofer, 
1977; 19916 ). Its distal shape is similar to that one of 
12701 a, b. The comparison gives an estimated length 
of 92 cm for our wing phalanx I. In Santanadactylus 
pricei wing phalanx I (Text-fig. 3A) measures 40 cm 
and belongs to an individual whose estimated wing 
span is 3.5 m (Wellnhofer, 1985; 19916). The general 
shape is very similar to that of Araripedactylus but 
the distal part is less enlarged. The comparison leads 
to an estimated length of 100 cm for the Venice 
specimen. 

To calculate the wing span of a pterosaur which 
is represented only by wing phalanx I is more dif­
ficult and the approximation less accurate, but a 
rough estimate is possible (Lawson, 1975a; 
Wellnhofer, 19916, c). The main problems are the 
allometric growth of the bones during ontogeny and 
the different forelimb bone ratios in different 
genera. We consider our wing phalanx as very 
probably belonging to an adult or subadu!t 
specimen because of its size (subadults of Pteranodon 
are nearly the same size as adults, they differ in the 
degree of ossification of limb bones and fusion of 
cranial elements, notarium, synsacrum, scapuloco­
racoid, etc.; Bennett, 1988, 1992) and compare it 
with two different adu!t-subadu!t wing skeleton 
models represented by Santanadactylus and 
Pteranodon (Text-fig. 4A, B). The wing skeleton 
model of Quetzalcoatlus is added to complete the 
review of the pterodactyloid wing skeleton models 
(Text-fig. 4C). In each model wing phalanx I is the 
longest. The main difference lies in the relative 
length of the metacarpal IV: in fact, the latter is shor­
ter than wing phalanx I in the Aptian Santanadac­
tylus, nearly as long as wing phalanx I in the San­
tonian Pteranodon and decidedly longer in the Latest 
Cretaceous Quetzalcoatlus, where it is the main 
segment of the forelimb. The wing skeleton model 
of Santanadactylus is the most common among the 
pterosaurs from Chapada do Araripe, being present 
in Santanadactylus pricei (Wellnhofer, 1985; 1991a, 6, 
c), cf. Santanadactylus (Leonardi & Borgomanero, 
1987), probably in A raripesaurus castilhoi (Price, 
1971) and in some other undescribed specimens 
(pers. obs.). The same model is used by Wellnhofer 
(1991a, p. 59, fig. 24; p. 77, fig. 25) for the reconstruc­
tion of Anhanguera santanae and probably for the 
wing span estimation of several incompletely preser­
ved pterosaurs (Wellnhofer, 19916 ). The model was 
described by Wellnhofer (1991a, p. 87, fig. 35) on the 
basis of an almost complete right wing skeleton. 
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Using the length of wing phalanx I obtained by com­
parison with those in A raripedactylus and San­
tanadactylus, the estimated wing span is 8.6 and 9.3 
m respectively. By taking the wing model of 
Pteranodon, with the estimated wing phalanx I 
length obtained by comparison with Pteranodon 
wing phalanx I, we obtained a wing span of 8.2 m 
for the described specimen. 

12701a, b confirms the presence of a giant 
pterosaur in the Early Cretaceous, with a wing span 
of more than 8 m. Size increase and gigantism oc­
curred relatively early in Pterodactyloid history and 
is not a special evolutionary novelty of only the 
latest pterosaurs. This is also confirmed by the 
relative abundance of pterosaurs with a wing span of 
5-6 m in the Santana Formation of the Chapada do 
Araripe (Wellnhofer, 19916; pers. obs.). 
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