A DIMINUTIVE PTEROSAUR

(PTEROSAURIA: EUDIMORPHODONTIDAE)
FROM THE GREENLANDIC TRIASSIC
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ABSTRACT. A diminutive eudimorphodontid ptero-
saur, from the Late Triassic Fleming Fjord Formation
of East Greenland, possesses relatively short wings,
short ulnae and tibiae, and long metatarsals. The new
species, smaller than any known individual of Eudi-
morphodon, is unique among known pterosaurs in
having proximal limb segments (humerus, ulna, fe-
mur, tibia) of nearly equal length. Although the
Greenlandic pterosaur is probably a juvenile, as in-
dicated primarily by the lack of synostosis of axial and
limb girdle components, the appendicular propor-
tions of the specimen are too different from those in
other known pterosaurian taxa to be accounted for
solely by immaturity. The bicondylar fourth metacar-
pophalangeal joint, in which the dorsal condyle has a
larger radius of curvature and a more extensive artic-
ular surface than the ventral condyle, appears to be
intermediate between a primitive unicon(ly[ar joint
and the asymmetric trochlea common among ptero-
saurs. This spectrum of joint configurations repre-
sents increasing mechanical stability, consonant with
the interpretation that the mechanism evolved among
basal pterosaurs to accommodate wing folding during
the upstroke in flapping flight.

INTRODUCTION

The earliest well-documented records
of pterosaurs are from Late Triassic (No-
rian) deposits in TItaly. Eudimorphodon
ranzii, first described from a single, nearly
complete skeleton from the Zorzino lime-
stones (Middle to Upper Norian) near
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Bergamo (Zambelli, 1973), is now known
from four additional specimens, including
juveniles (Wild, 1978, 1994). Another
specimen, designated as a different species
(E. rosenfeldi), derives from the lower part
of the Dolomia di Forni (Middle Norian)
in Udine Province (Dalla Vecchia, 1995).
Other contemporaneous taxa from Berga—
mo Province include Peteinosaurus zam-
bellii (represented by two specimens;
Wild, 1978), also from the Zorzino lime-
stones, and Preondactylus buffarinii
(known from a single specimen; Wild,
1984; Dalla Vecchia, 1998) from the Do-
lomia di Forni. A compacted assemblage
of pterosaur bones, interpreted as a gastric
pellet, was referred to P. buffarinii by Dal-
la Vecchia et al. (1989) principally on the
basis of estimated limb length ratios. The
specimen derives from a fossiliferous,
Middle Norian zone in the Dolomia di
Forni (Roghi et al., 1995), 150-200 m low-
er in the section that yielded the type of
P. buffarinii (Dalla Vecchia et al., 1989).
Some pterosaurs of the Late Triassic al-
ready had attained moderate size. Padian
(1980) described a partial wing skeleton
from a pterosaur with a wingspan of 1.5 m
that he recognized was neither Eudimor-
phodon nor Peteinosaurus. \Vild (1984), in
his description of the type of Preondacty-
lus buffarinii, referred the wing skeleton
to this taxon on the basis of phalangeal
proportions, although the type of P. buf-
f(lrinii is smaller, with a wingspan estimat-
ed at 45 cm (Wellnhofer, 1991) or “a little

less than 50 em” (Dalla Vecchia, 1998:
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358). Adult Eudimorphodon ranzii had a
wingspan of 1 m (Wild, 1978).

Here we describe a tiny pterosaur,
which we interpret as a young individual
of a new species of Eudimorphodon, with
an estimated 24-cin wingspan, from the
Late Triassic Fleming Fjord Formation,
Jameson Land, East Greenland (Jenkins et
al., 1994).

The following abbreviations of institu-
tional names are used: MCSNB, Museo
Civico di Scienze Naturali, Bergamo;
MCZ, Museum of Comparative Zoology,
Harvard University, Cambridge, Massa-
chusetts; MFSN, Museo Friulano di Storia
Naturale, Udine; and MGUH, Geological
Museum, University of Copenhagen.

SYSTEMATIC PALEONTOLOGY
Class Reptilia Laurenti, 1768
Subclass Archosauria Cope, 1869
Order Pterosauria Kaup, 1834

Family Eudimorphodontidae Wellnhofer,
1978

Genus Eudimorphodon Zambelli, 1973

Eudimorphodon cromptonellus new
species

Holm‘ype. MGUH VP 3393 (MCZ field
no. 13/91G; Fig. 1).

Etymology. The specific epithet com-
bines a patronym honoring A. W. Cromp-
ton for his contributions to our under-
standing of the evolution of vertebrate
structure and function, with Latin -ellus,
diminutive in reference to the small size
of the type.

Diagnosis. A very small pterosaur that
shares with Eudimorphodon ranzii (as di-
agnosed by Wild, 1978: 179, and later
emended by Wild, 1994: 97-102) a het-
erodont dentition composed of uni-, tri-,
and quinticuspid teeth (unknown in any
other pterosaurian taxon); additionally,
some teeth are quadricuspid. Eudimor-

hodon rosenfeldi (Dalla Vecchia, 1995)

o has quinticuspid teeth but the denti-

tion is incompletely known. The tooth
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count is estimated at 11 or 12 postpre-
maxillary teeth, which is 14 or 15 fewer
than the type of E. ranzii and three or four
fewer than the number reconstructed for
the Milano juvenile specimen of E. ranxii
(Wild, 1978, figs. 25, 27). The tibia is rel-
atively shorter than in any known ptero-
saur (104% of the femur); the ulna is rel-
atively shorter than in most other ptero-
saurs (111% of the humerus; some speci-
mens of Campylognathoides zitteli have
comparable humero-ulnar proportions, see
Table 2). As in the Milano juvenile, no ev-
idence is found of the two enlarged, fang-
like maxillary teeth situated beneath the
ascending process that are characteristic of
adult E. ranzii. Differs from the juvenile
specimen (MCSNB 8950) referred to E.
ranzii by Wild (1994) in that the metatar-
sals are approximately 25% longer, where-
as all other limb bone lengths are substan-
tially shorter. The new taxon differs from
E. rosenfeldi (Dalla Vecchia, 1995) in hav-
ing a humerus that is shorter than the fe-
mur.

Horizon and Locality. Lower part of the
Carlsberg Fjord beds in the Orsted Dal
Member of the Fleming Fjord Formation,
Scoresby Land Group, Jameson Land, East
Greenland. On the southern flank of Mack-
night Bjerg (Geodeetisk Instituut, Grgnland
series 1:250,000, Carlsberg Fjord Quadran-
gle), a localized bone assemblage was dis-
covered in 1989 by William W. Amaral at
71°22.277'N, 22°33.341'W (the Macknight
Bjerg quarry; the latitude and longitude co-
ordinates given here, taken in 1995 by av-
eraging multiple global positioning system
readings to reduce anomalies due to drift,
differ slightly from those reported by Jen-
kins et al. (1994) based on a single reading
from a hovering helicopter). Excavated in
1991 and 1992, this locality presented a
rich taphocoenosis of vertebrate remains,
predominantly the plagiosaurine Gerro-
thorax cf. pulcherrimus but also the capi-
tosaur Cyclotosaurus cf. posthumus (Jen-
kins et al., 1994). In addition to the ptero-
saur, the only other associated skeletal ma-
terial of a terrestrial tetrapod found at this |
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Figure 1. Stereophotographs of Eudimorphodon cromptonellus (MGUH VP 3393), new species, preserved in two matrix blocks
(A, see Fig. 3 for details; B, see Fig. 2).
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site was that of a Plepidosauromorph rep-
resented by a partial postcranial skeleton
and lower jaws.

Age. Late Triassic (P?Norian—Rhaetian)
(Jenkins et al., 1994; Clemmensen et al.,
1998).

Material. A fairly complete but largely
disarticulated and partly crushed skeleton.
Identifiable cranial bones include both
mandibles and maxillae, as well as a nasal,
lacrimal, jugal, quadrate, and squamosal.
Other cranial elements are too damaged to
offer a basis for useful description. Post-
cranial remains include numerous cervical
and dorsal vertebrae (most neural arches
are disassociated from centra), several cau-
dal vertebrae, and rib fragments. Appen-
dicular elements include the right scapula;
a partial coracoid; the right humerus, ra-
dius, ulna, fourth metacarpal, and wing
phalanges; both femora, a tibia, and a fib-
ula; metatarsals; and numerous pedal pha-
langes.

Comments. The specimen was discov-
ered in the process of splitting coarsely
bedded matrix in the Macknight Bjerg
quarry; parts of the skeleton are thus pre-
served on part and counterpart blocks
(Figs. 1-3). Postmortem tissuie maceration
resulted in disarticulation of most of the
bones, but transport was minimal and
some natural associations are preserved
(skull, cervical vertebrae, right manus,

right hind limb).

DESCRIPTION
Skull

Maxilla. The right maxilla (Figs. 2, 4),
largely complete except for some damage
to its rostral and caudal ends, is 13.5 mm
in length. A posteriorly recurved ascending
process is preserved, which in Eudimor-
phodon ranzii separates the antorbital fe-
nestra from the external naris (Wild, 1978,
fig. 1). The maxilla bears 11 teeth with an
apparent diastema between the third and
fourth. The diastema, which is situated an-
teroventral to the ascending process of the
maxilla approximately in the locus of the
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enlarged fanglike teeth of adult E. ranzii
(Wild, 1978, fig. 25b), shows no evidence
of alveoli. The last seven teeth are poste-
rior to the ascending process of the max-
illa. The left maxilla (in medial aspect, Fig.
2), partly overlain and obscured by the
right maxilla, is fractured and deformed
but is complete posteriorly where it lies in
contact with the jugal. Nine teeth are pre-
sent, but most are incompletely preserved;
a gap (Pdiastema) between the fourth (in
the process of eruption) and fifth is suffi-
cient to have accommodated three tooth
positions.

Other Cranial Bones. Most cranial
bones are obscured by postmortem col-
lapse, crushing, and disarticulation of the
skull. However, a few can be identified,
but offer little detail that warrants further
description beyond that illustrated (Figs.
2, 3). Crushed bone superorostral to the
anterior ends of the maxillae represents
part of the right nasal, and possibly the
posterior part of the premaxilla. No evi-
dence is found of premaxillary teeth. The
slender right lacrimal lies behind the as-
cending process of the maxilla. The jugal
is represented by a postorbital process.
Both the right squamosal and quadrate lie
separate from the skull. The squamosal has
a deep notch that represents the superior
border of the inferior temporal fenestra.
The quadrate bears a large, bulbous artic-
ular condyle.

Dentition. The teeth are buccolingually
narrow and vary in mesiodistal length from
0.42 to 1 mm. The relatively simple, uni-
cuspid mesial teeth, exemplified by the
most mesial tooth preserved in the right
maxilla (Fig. 4) and left mandible (Fig. 2),
are the smallest (0.42, 0.48 mm in length,
respectively); the mesial crest that de-
scends from the apical cusp is slightly
more convex than the distal crest. The re-
mainder of the dentition comprises mul-
ticusped teeth structurally similar to those
of Eudimorphodon ranzii (\ild, 1978) but
unlike that in any other known pterosaur.
The enamel is smooth and without surfi-
cial grooves; Wild (1978, fig. 28) regarded
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Figure 3. The remainder of the skeleton of Eudimorphodon cromptonelius (MGUH VP 3393), new species, as preserved on the counterpart block. See Figure 2 legend for

abbreviations.
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the textural difference in enamel among
specimens of E. ranzii as ontogenetic
(adults possess grooves that run apicobas-
ally; juveniles lack them). Accessory cus-
pules are developed along the mesial and
distal crests descending from the primary,
or apical, cusp; comparable to the vari-
ability illustrated by Wild (1978, fig. 7) for
the Milano juvenile specimen of E. ranzii,
teeth may bear a single accessory cuspule
(along the distal crest), or two, three, or
four cuspules. Mesial teeth (ranging in
mesiodistal length from 0.54 to 0.78 mm)
tend to be tricuspid, with the accessory
cuspules situated at the mesial and distal
base of the crown. Teeth in the distal part
of the row (ranging in mesiodistal length
from 0.83 to 1.08 mm) tend to be quinti-
cuspid. Accessory cuspules, particularly
the basal ones, tend to be oriented in pal-
mate fashion, splaying from the central
(apical) axis; in adult E. ranzii, cuspules
either parallel the central axis or converge
slightly (Wild, 1978, fig. 8). One tricuspid
tooth illustrated by Wild (1978, fig. 7) of a
juvenile E. ranzii (the Milano specimen)
exhibits a similar splaying of accessory cus-
pules.

Eleven teeth are present in the left
mandible (nine shown in Fig. 3; the two
most distal in Fig. 2). The most mesial,
unicuspid tooth is followed by a bicuspid
(with a minute accessory cuspule on the
distal crest). Most of the remaining left
mandibular teeth, insofar as preserved, ap-
pear to be tricuspid, with the exception of
the penultimate, which is quinticuspid.

The 11 teeth of the right mandible, bet-
ter preserved than those of the left, all ex-
hibit three or more accessory cuspules; the
mesial dentition appears to be unrepre-
sented because there are no uni- or bicus-
pid teeth. The most mesial tooth bears two
accessory cuspules mesially, and at least
one distally (the basal part of the crown,
where a second distal cuspule would be
positioned, is obscured by the next over-
lying tooth). The second tooth is tricuspid.
The third tooth is at least quadricuspid;
the obliquity of its position in the alveolus
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possibly conceals a second distal accessory
cuspule at the base of the crown. The
fourth tooth, in the process of eruption,
displays three cusps, but the basal mesial
and distal cuspules, if present, would be
obscured. The fifth tooth has two acces-
sory cuspules mesially, but only one dis-
tally. Of the six most distal teeth, all appear
to be quinticuspid, except for the relatively
small eighth tooth (mesiodistal length,
0.45 mm), which appears to be tricuspid.

The 11 teeth of the right maxilla (Fig.
4) are the best preserved of the entire den-
tition. A diastema between the third and
fourth teeth is evidence that the maxillary
tooth count could have been 12 or more.
The most mesial tooth is unicuspid and
relatively small (mesiodistal length, 0.42
mm); the second also appears to be uni-
cuspid, but the third is clearly tricuspid
(respective lengths, 0.54, 0.72 mm). The
remaining eight teeth (4th—11th) vary in
mesiodistal lengths from 0.8 to 1 mm, with
the exception of the most distal tooth (0.6
mm). The fourth and very probably the
fifth are quinticuspid. However, the sixth
and seventh are quadricuspid, with a sin-
gle accessory cuspule on the distal crest of
the sixth and mesial crest of the seventh.
The 9th is tricuspid, the 10th quinticuspid,
and the most distal a small tricuspid. As in
the smaller, Milano juvenile specimen of
Eudimorphodon ranzii (Wild, 1978, figs.
25, 27), no evidence is found of the two
enlarged, fanglike maxillary teeth situated
beneath the ascending process that are
characteristic of adult E. ranzii. Few of the
10 left maxillary teeth preserve any details
of the crowns; the fifth, sixth, and seventh
are ceﬂainly quinticnspid.

A definitive tooth count cannot be as-
certained because of postmortem damage;
neither the premaxillary teeth, nor the
fanglike, mesialmost teeth of the lower jaw
known in presumably ontogenetically old-
er specimens of Eudimorphodon ranzii are
preserved. Nonetheless, the tooth counts
in both maxillae and both mandibles are
sufficiently comparable to estimate 11 or
12 postpremaxillary teeth, two to three



158

Bulletin Museum of Comparative Zoology, Vol. 156, No. 1

1mm

Figure 4. Lateral view of the right maxilla of Eudimorphodon cromptonellus (MGUH VP 3393), new species.

fewer than the number reconstructed for
the Milano juvenile (Wild, 1978, figs. 25,
27).

Postcranial Skeleton

Vertebrae. Approximately six cervical,
eight dorsal, one Psacral, and one (possibly
two) caudal vertebrae are represented.
However, postmortem disturbance consid-
erably obscures vertebral details. Although
some vertebrae are more or less associated
in a series, most are disarticulated from
one another. Furthermore, in most cases
the neural arches and centra themselves
are disarticulated; the only complete ver-
tebra is an elongate midcaudal (Fig. 3;
centrum length 5.7 mm; overall length, 7.6
mm). Reconstruction is further hampered
by the overlap of bones that have collapsed
one on the other. Of the eight isolated cen-
tra that appear undistorted and are suffi-
ciently exposed for measurement, all are
of uniform length (1.7-1.75 mm). The

nost complete neural arch (Fig. 3), which
is isolated, is 1.6 mm in length (including

the small pre- and postzygapophyses),
lacks transverse processes, has a neural ca-
nal width of 1.25 mm, and has a spinous
process height of 0.8 mm. The arch’s lack
of transverse processes and relatively re-
stricted neural canal, considered with its
proximity to the hind foot and a midcaudal
vertebra, are evidence that the element is
derived from the proximal caudal series.
Two neural arches (also separated from
their respective centra; Fig. 2) are inter-
preted as representing dorsal vertebrae by
virtue of their association with elements of
the shoulder girdle and the presence of
transverse processes (approximately 1 mm
in length) that project horizontally from
the junction of the laminae and pedicles.
The breadth of the neural canal is 1.5 mm
in the smaller, and 2.25 mm in the larger
specimen; likewise, the respective distanc-
es between the distal ends of the trans-
verse processes are 4.1 and 4.75 mm.
However, these measurements are only
approximate because of slight postmortem
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displacement between the left and right
halves of the arches.

Shoulder Girdle. A dissociated scapula
and partial coracoid are the only shoulder
elements preserved. The evidence of a
sternum is equivocal. A comminuted,
sheetlike expanse of bone associated with
the humeral head (?st, Fig. 3) may be ster-
nal, and at one end is a process that re-
sembles a cristospine. The coracoid (pre-
sented in medial aspect, Fig. 2) is 6.5 mm
long as preserved, but the sternal end has
disintegrated beneath vertebral remains.
The acrocoracoid process is partly visible.
The scapula (in dorsomedial aspect, Fig.
2) is 12.6 mm in length as preserved; deg-
radation of the caudal end of the blade
raises the likelihood of somewhat greater
length (at least 13 mm).

Forelimb. The right hummerus, 18.2 mm
long, has a slightly sigmoidal, dorsoventral
curvature; the proximal end as a whole is
reflected dorsally, and the distal end is re-
flected ventrally. The deltopectoral crest is
subtriangular, comparable to that in juve-
nile Eudimorphodon ranzii but unlike the
shape in adults, which is quadrangular
(Wild, 1978, fig. 29). The humeral head is
oriented dorsally, and possesses the typi-
cally pterosaurian sellar shape (Padian,
1983). The diaphysis at midshaft, which is
slightly flattened, is 1.4 mm in width. The
distal end, 3.3 mm in width, lacks cortical
bone; radial and ulnar condyles are not
distinct.

The right radius and ulna (Fig. 3; esti-
mated lengths, 19.5 and 20.1 mm, respec-
tively) lie approximately parallel to each
other. The proximal shaft of the ulna is
crushed; the proximal shaft of the radius
is broken, with the fragmented ends over-
lapping. Much of the distal ulnar and ra-
dial shafts lie beneath the humerus, pos-
terior skull, and other bones. The proximal
end of the ulna overlaps that of the radius;
neither is well preserved in this region.
The distal ulna, preserved in lateral view,
exhibits a bicondylar, typically pterosaurian
shape, and the distal radius has the char-

159

acteristic ventral process that broadens the
articulation with the proximal carpals.

Metacarpals and manual phalanges lie
beneath the distal ends of the radius and
ulna and the adjacent jaw. The right fourth
or wing metacarpal (8.4 mm length) is pre-
sented in medial view (R.mc 4, Fig. 3).
The well-ossified distal articular surface is
bicondylar (Fig. 5A), unlike the trochlear
form that is conventional among ptero-
saurs (Fig. 5B). However, as in other
pterosaurs, the dorsal (=extensor side)
condyle has a radius of curvature greater
than that of the ventral (=flexor side) con-
dyle. Metacarpal T (5.6 mm length) lies
parallel to IV (Fig. 3). In most pterosaurs
these two bones are nearly equal in length
(I is slightly shorter than 1V), whereas in
this specimen metacarpal I is only 67% of
1V, comparable to the ratio that can be es-
timated for the adult holotype of Eudi-
morphodon ranzii (MCSNB 2888; WVild,
1978, fig. 17). Metacarpals 1 and IV are
separated by a phalanx (2.7 mm) and two
incomplete elements (3.8 and 3.9 mm)
that are probably also phalanges (Fig. 3).
The third metacarpal (8.3 mm), which lies
beneath the adjacent jaw, overlies another
metacarpal (here interpreted as a right
metacarpal IT; 7.4 mm length; R.mc 2, Fig.
3) that became fully exposed when meta-
carpal IV was removed. Associated with
these bones is a small, rounded, flat bone
that may be a distal carpal. No manual
claws are evident.

Parts of a proximal (first) wing phalanx
are associated with the distal end of a wing
metacarpal on one block (Fig. 3) and the

osterior end of the skull on the counter-
part block (Fig. 2). The bone was broken
when the matrix containing the entire
specimen was first cleaved during quarry-
ing. Mid-diaphyseal diameter is 1.1 mm,
but the shaft broadens at both ends; the
shaft closest to the occiput (presumably
the distal end) has a diameter of about 2
mm. As preserved, the restored length of
the bone is 12.2 mm. However, cross-sec-
tional diameters of the two broken ends
differ (1.56, 1.05 mm versus 1.1, 0.9 mm),
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Figure 5. The distal end of right metacarpal 1V of (A) Eudimorphodon cromptonellus, new species, and (B) Rhamphorhynchus
sp. (after Welinhofer, 1975a, fig. 13c) in distal (above) and medial, or ulnar, views. Not to scale.

and thus a diaphyseal section appears to
be missing. The other proximal wing pha-
lanx overlies the humeral head and is com-
plete (18 mm length) although broken at
midshaft and crushed distally (Fig. 3).
Other wing phalanges are identified on
the basis of the dimensions of their artic-
ular ends. A second wing phalanx (20.5
mm length) lies behind the skull (Fig. 2);
the breadth of the proximal and distal ends
are respectively 1.5 and 1.2 mm. The prox-
imal half of the other second wing phalanx
protrudes from beneath the metatarsals
(Fig. 3); its proximal end (1.35 mm
breadth) contacts the distal end of a prox-

imal wing phalanx. The proximal two
thirds of a third wing phalanx (Fig. 2) is
tentatively identified on the basis of the
breadth of its proximal end (1.15 mm).
Several fragmentary bones may represent
fourth wing phalanges, but are too incom-
plete to assess.

Hind Limb. Both femora are preserved
in close association (Fig. 3). The complete
right femur (19.7 mm length) is presented
in dorsolateral view, with only the distal
end partially obstructed by overlying bone.
The left femur, represented by the diaph-
ysis and distal end (fragment length, 15.75
mm), was removed for histologic exami-
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