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We report the occurrence of a furcula (fused clavicles) in
both species of the Early Jurassic coelophysid theropod dino-
saur Syntarsus (Coelophysidae sensu Holtz, 1994; 5Coelo-
physis and Syntarsus and all descendants of their most recent
common ancestor). The furcula is a median pectoral element
formed by ontogenetic fusion of the left and right clavicles. It
articulates laterally with a facet on the acromion process of the
scapula, and medially with the sternum. Study of the holotype
of Syntarsus kayentakatae (MNA V2623) uncovered a furcula
in articulation with the left scapulocoracoid. Re-examination of
elements previously identified as hyoids of Syntarsus rhode-
siensis (QG 193) show these bones are actually furculae, nearly
identical in morphology to that of S. kayentakatae. These spec-
imens mark the earliest confirmed record of furculae to date,
both temporally and phylogenetically. This suggests that the
fusion of clavicles into furculae occurred much earlier in the-
ropod evolution than previously believed.

Among extinct taxa, paired (i.e., unfused) clavicles have been
reported in sauropodomorphs (Huene, 1926; Sereno, 1991) and
in basal members of Ceratopsia (Osborn, 1924; Brown and
Schlaikjer, 1940; Sternberg, 1951; Chinnery and Weishampel,
1998). Either paired clavicles or a furcula have been reported
in various extinct non-avialian theropods, but our knowledge of
their distribution throughout this clade is sporadic (Bryant and
Russell, 1993; Makovicky and Currie, 1998). These elements
are unreported in most extinct dinosaur species, and in the ma-
jority of cases it is unclear whether this reflects non-preserva-
tion, true absence, or non-recognition (Makovicky and Currie,
1998).

The ontogenetic fusion of the clavicles was long considered
unique to birds, because furculae were discovered in Archae-
opteryx and later in other Mesozoic birds (Dingus and Rowe,
1997). Identification of a furcula in the maniraptoran Oviraptor
philoceratops (Barsbold, 1983) sparked recent critical reviews
of the distribution of the furcula in non-avialian theropods
(Thulborn, 1984; Bryant and Russell, 1993). More recently de-
scribed oviraptorid specimens, including Oviraptor (Barsbold
et al., 1990), Ingenia (Clark et al., 1999), and Khaan (Clark et
al., 2001) are now known to possess robust U-shaped furculae.
Similar discoveries led Bryant and Russell (1993) to suggest
that the furcula was apomorphic of the theropod clade Mani-
raptora. Additional discoveries confirmed the presence of a fur-
cula in the maniraptoran theropods Velociraptor (Norell et al.,
1997; Norell and Makovicky, 1999), Sinornithosaurus (Xu et
al., 1999b), and Bambiraptor (Burnham et al., 2000); the tyr-
annosaurids Daspletosaurus, Gorgosaurus, and Albertosaurus

(Makovicky and Currie, 1998); the therizinosauroid Beipiao-
saurus (Xu et al., 1999a); and in the more basal coelurosaur
Scipionyx (Dal Sasso and Signore, 1998). The presence of a
furcula in Allosaurus, a relatively basal tetanuran, was con-
firmed in collections from the Cleveland-Lloyd Quarry and in
an articulated allosaurid from Dinosaur National Monument
(Chure and Madsen, 1996).

Based upon this evidence, Makovicky and Currie (1998) sug-
gested the furcula was apomorphic of Tetanurae (sensu Gau-
thier, 1986; 5Neornithes and all theropods closer to Neornithes
than to Ceratosaurus nasicornis). A similar view was echoed
by Holtz (1998), although it was also suggested the element
could be restricted to Avetheropoda (sensu Holtz, 1994; 5the
most recent common ancestor of Neornithes and Allosaurus,
and all of that ancestor’s descendants). Our evidence suggests
an even more widespread and ancient origin for this element.
The holotype of Syntarsus kayentakatae (Rowe, 1989) from the
Kayenta Formation (Early Jurassic) of Arizona recently under-
went additional preparation to facilitate its first detailed descrip-
tion (Tykoski, 1998). During the course of this work a furcula
closely resembling that of Allosaurus (Chure and Madsen,
1996) was found articulated with the left scapulocoracoid. At
the same time, furculae were recognized during a re-examina-
tion of the large collection of specimens of Syntarsus rhode-
siensis (Raath, 1977) from the Early Jurassic Forest Sandstone
of Zimbabwe (Olsen and Galton, 1984). Several disarticulated
elements preserved in this collection that were previously in-
terpreted as hyoids (Raath, 1977) are identical in form to the
furcula in the holotype of Syntarsus kayentakatae. We describe
the furculae in both species of Syntarsus below, and discuss
their systematic implications.

Institutional Abbreviations MNA, Museum of Northern
Arizona, Flagstaff; QG, originally catalogued at the Queen Vic-
toria Museum, Department of Paleontology, Harare (formerly
Salisbury), now curated at the National Museum of Natural
History, Bulawayo.

DESCRIPTION

Syntarsus kayentakatae

The Syntarsus kayentakatae holotype (MNA V2623), de-
scribed in detail by Rowe (1989) and Tykoski (1998), includes
a small block containing the posterior cervical vertebrae and
ribs, the anterior-most dorsal vertebrae and ribs, the left pectoral
girdle, and left humerus (Fig. 1). The furcula lies just anterior
to the left scapulocoracoid. Unlike the cervical and anterior
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FIGURE 1. Syntarsus kayentakatae holotype (MNA V2623). Block containing posterior cervical vertebrae and ribs, first dorsal vertebra and
ribs, furcula, left scapulocoracoid and humerus. Abbreviations: C8, eighth cervical vertebra; C9, ninth cervical vertebra; C10, tenth cervical
vertebra; cr6–10, sixth through tenth cervical ribs; D1, first dorsal vertebra; dr1, first dorsal rib; fur, furcula; hu, humerus; sc, scapulocoracoid.
Scale bar equals 5 cm.

dorsal ribs that roughly parallel the axial column, it lies per-
pendicular to the vertebral series and cervical ribs. In the course
of post-mortem processes, the furcula was pivoted 180 degrees,
so the anterior surface now faces posteriorly.

The tip of the left ramus of the furcula remains close to the
acromion process of the scapula, but the rest of the bone is
rotated counter-clockwise around this point. The distance from
the tip of the left articulation (5epicleideal facet) to the most
distant piece of the broken right ramus is 55.2 mm. Length from
the midline to the tip of the intact left ramus is 33.2 mm. Given
the symmetry of a complete furcula, total tip-to-tip breadth is
estimated to be 65–68 mm. In anterior view, the furcula resem-
bles a broad ‘‘V’’, with two relatively straight rami and an
interclavicular angle of 140 degrees (Fig. 2A). In posterior and
posterodorsal views a ventromedian swelling on the posterior
surface, the apical ridge (5primitive or incipient hypoclei-
deum), lends a more pointed profile to the ventral apex of the
bone (Fig. 2B). The furcula bows anteriorly in dorsal view (Fig.
2C).

The right ramus of the furcula of MNA V2623 is broken and
the right epicleideal facet is missing. The left ramus is intact,
including the posterodorsally facing epicleidal facet for the
acromion process of the scapula. It is not clear whether this is
the natural orientation of the articular surface, or the result of
postmortem distortion. The shaft narrows very slightly just me-
dial to the articular surface, but there is no expansion of the
epicleideal facet as in tyrannosaurids (Makovicky and Currie,
1988:figs. 1–3). The articular surface is flattened and rugose,
bearing faint mediolaterally oriented grooves similar in texture

to that described for the furcula of Allosaurus (Chure and Mad-
sen, 1996:fig. 5).

Syntarsus rhodesiensis

At least five furculae are present in the collection of Syntar-
sus rhodesiensis in the National Museum of Natural History in
Zimbabwe. These elements were originally described by Raath
(1977:plate 10) in his very thorough treatment of this taxon.
Most of the S. rhodesiensis furculae, as well as the other skel-
etal elements, were recovered from the Chitake and Maura Riv-
er bone beds as disarticulated but well preserved pieces. QG
193 (CT6/E III; Fig. 3A) and QG 193 (CT6/E) were found
associated with skull QG 193 (Raath, 1977:55). This associa-
tion led Raath to speculate that this pair of elements belonged
with the skull, and that they represented the second cornua of
the hyoid apparatus.

Re-evaluation and examination of these elements in light of
the recent discoveries in other theropods indicates that the el-
ements in question are in fact furculae. Because the furculae
are not directly associated with shoulder girdle elements, their
size relative to the rest of the skeleton cannot be determined.
Three furculae are complete, with spans of 51.4 mm (QG 193
(CT6/EIII)), 54 mm (QG 193 (CT6/E)), and 40.5 mm (QG 244
(CT6/F)) between distal tips of the rami. The furculae bow an-
teriorly, which would have allowed the rami to arch around the
curved anterior border of the coracoid. This same general cur-
vature is found in other theropod furculae, including those of
avialians (Makovicky and Currie, 1998; Norell and Makovicky,
1999).
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FIGURE 2. Syntarsus kayentakatae holotype (MNA V2623). Furcula
in A, anterior; B, posterodorsal; and C, dorsal (anterior to top) views.
Abbreviations: ar, apical ridge; ep, epicleidal facet. Scale bar equals
1 cm.

FIGURE 3. Syntarsus rhodesiensis furculae in anterior view: A, QG
193 (CT6/EIII); B, QG 244 (CT6/G), with distal end of left ramus
broken and missing. Scale bar equals 1 cm.

While the furculae are fairly uniform in overall structure, the
shapes of the rami are somewhat variable. The rami of four of
the specimens are nearly straight in anterior view, resulting in
a broad V-shape with interclavicular angles that vary from 130
to 140 degrees (Fig. 3A). However, one specimen (QG 244
(CT6/G)) has weakly sigmoidal rami, resulting in a narrower
interclavicular angle of 115 degrees (Fig. 3B). The distal ends
of the rami have small but well developed epicleideal facets on
their posterior surfaces that taper distally and bear fine dorso-
laterally directed striations. The margins of the epicleideal fac-
ets are slightly irregular. The rami taper only slightly distally,
and do not appear to expand or thicken where they join on the
midline as in some tyrannosaurids (Makovicky and Currie,
1998). There is no trace of a midline suture. The degree of
development of the apical ridge is also variable. In the largest
specimen (QG 193 (CT6/E)), a large anteroposteriorly com-
pressed hypocleideum projects from the posteroventral edge of
the furcula. In the smaller specimens, this process appears as
only a small tubercle or ridge.

DISCUSSION

The Syntarsus furculae correspond to other known non-avi-
alian furculae in all points of morphology including overall cur-
vature, shape and proportions of the rami, possession of striated
epicleideal facets, apical ridges (5hypocleidea), and, in the case
of the articulated specimen of S. kayentakatae, its position rel-
ative to the scapula and coracoid. Much as in other nonavian
theropods, this small sample exhibits minor variation in form,
especially with regards to hypocleideum development and cur-
vature of the rami. In the past, furculae have been mistaken for
part of a rib, fused gastral arch segments, and hyoids in other
theropods. For this reason, it is helpful to briefly compare these
structures in Syntarsus.

The anterior cervical ribs of Syntarsus are extremely long,
thin, and straight. Each is strongly bi-capitate, and a sharp pro-
cess projects anteriorly beyond the heads. More posterior cer-
vical ribs have larger heads that are widely spaced, with shorter
anterior processes. Anterior dorsal ribs also bear large heads,
curved shoulders, and a subcostal groove (Raath, 1977). The
furculae lack both rib heads and an anterior process. Addition-
ally, the rounded, smooth articular facets of all ribs are very
different from the flattened, striated facets of the epicleidea of
these furculae. The furculae show no signs of pathology or post-
mortem breakage on the midline, arguing against the possibility
that they are damaged and subsequently healed rib shaft sec-
tions. The number of virtually identical elements identified as
furculae also argues against a pathological interpretation.

Theropod furculae have been interpreted as fused anterior
gastralia (Lambe, 1917; Russell, 1969; Madsen, 1976). A nearly
complete abdominal basket was collected with the holotype of
S. kayentakatae (Rowe, 1989; Tykoski, 1998). It consists of at
least fifteen tightly packed gastral arch pairs. Two of the pos-
terior median gastral arch elements appear fused along the mid-
line, forming an acute U-shaped element that is vaguely fur-
cula-like, but none of the anterior arch pairs exhibit midline
fusion. Similar morphology can be seen the abdominal basket
of S. rhodesiensis (holotype QG/1; Raath, 1969). In theropods,
each medial gastral arch element bears a lateral groove for ar-
ticulation with its complimentary lateral gastral arch element.
No such groove is present on the furculae. Distally placed, stri-
ated facets do not occur on gastral elements, but are present as
epicleideal facets on the furculae.

Hyoid elements, identified as the ceratohyals, have been re-
covered and identified for a number of theropod taxa, including
Coelophysis, S. kayentakatae, and Scipionyx (Colbert, 1989;
Rowe, 1989; Tykoski, 1998; Dal Sasso and Signore, 1998). Cer-
atohyals taper distally, and they gently curve or slightly bend
near midshaft. However, theropod ceratohyals are never angled
to the degree seen in the furcula, nor are they symmetrical.
Ceratohyals also lack striated facets at their distal ends, as well
as tubercles or ridges at mid-shaft. The presence of in-place
hyoids in the holotype of S. kayentakatae eliminates the pos-
sibility that the bone we identify as the furcula may be a mis-
identified ceratohyal.

It is difficult to say unequivocally whether the furcula arose
many times independently or was lost more than once, and for
which taxon or taxa its presence is diagnostic. This is because
our current knowledge of the distribution of clavicular elements
among non-avian theropods is incomplete, and because there is
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FIGURE 4. Reported distribution of furculae and clavicles within Theropoda. A, hypothesis of theropod phylogeny adapted mainly from Holtz
(1998). Coelophysoidea is within Ceratosauria, similar to findings of Rowe (1989), Rowe and Gauthier (1990), Holtz (1994), Rowe et al. (1997),
and Sereno (1999). Use of Eoraptor and Herrerasaurus as basal theropods, and coelophysoid ingroup relationships from Sereno (1999). B,
combined hypotheses of theropod phylogeny adapted from Forster et al. (1998), and Carrano et al. (2002). Coelophysoidea is sister taxon to
unnamed stem clade containing Neotheropoda, similar to findings of Forster (1999), and Sampson et al. (2001). Coelophysoid ingroup relationships
from Sereno (1999). Taxa in which clavicles are preserved and fused to form furcula are followed by (F). Taxa in which clavicles preserved but
identification as either paired clavicles or a furcula is uncertain are followed by (C?, F?). Taxa in which furcula is reported but unconfirmed, or
is incomplete and may potentially be paired elements are followed by (F?). Solid circles denote node-defined clades. Arcs indicate stem-defined
clades. 1, Theropoda; 2, Neotheropoda; 3, Ceratosauria; 4, Tetanurae; 5, Coelophysoidea; 6, Coelophysidae; 7, Avetheropoda.

no clear consensus with regards to hypotheses of theropod phy-
logeny (Fig. 4A, B). There is growing evidence that fusion of
the clavicles to form a furcula occurred repeatedly within Coe-
lophysoidea (Holtz, 1994; 5Coelophysis and all theropods more
closely related to it than to Ceratosaurus). An individual clav-
icle was described in the type and only known specimen of the
coelophysoid Segisaurus halli (Camp, 1936), the implication at
the time being that paired clavicles were present. However, new

preparation of this specimen also reveals that the element in
question is a furcula (Senter and Hutchinson, 2001). Segisaurus
is known from slightly younger sediments than Syntarsus, and
its phylogenetic position within Coelophysoidea is uncertain at
this time. Paired, unfused clavicles were reported and figured
in the Late Triassic coelophysid taxon Coelophysis bauri (Pa-
dian, 1997:fig. 3g). Conflicting with this description, elements
that may prove to be furculae were more recently reported in
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other specimens of Coelophysis (Downs, 2000:fig. 2E). If the
latter is confirmed, it will constitute the earliest temporal oc-
currence of the furcula.

Whether the clavicles were paired, fused, or absent is uncer-
tain for most other basal theropods, ceratosaurs, and basal te-
tanurans. A right clavicle was reported in the abelisaurid Car-
notaurus sastrei (Bonaparte et al., 1990). However, Bonaparte
et al. (1990:24) considered this interpretation tentative, adding
‘‘. . . some portion of it may be missing.’’ Recent internet-
based news stories and images suggest that a spinosaurid spec-
imen with an associated furcula has been found, but we con-
sider these reports unconfirmed until the evidence has been pub-
lished in a more permanent and technical format. Among more
derived non-avian theropods, Russell and Dong (1993) reported
a paired clavicle in the troodontid Sinornithoides youngi. How-
ever, the medial margin of this element appears broken and its
identification as an unfused clavicle cannot be confirmed (P.
Makovicky, pers. comm.). We are unaware of any verified re-
ports of paired clavicles in any non-avialian theropod.

CONCLUSION

The presence of a furcula in Syntarsus is currently the earliest
confirmed temporal record (Early Jurassic) of this element, and
with some other coelophysoids it is potentially the most phy-
logenetically basal record of this element within Theropoda.
The furcula was once considered an ossification unique to birds.
Overwhelming evidence that birds are theropods has brought
the realization that many non-avialian theropods possess fea-
tures long thought exclusive to birds. It should be no surprise
to find the furcula in such basal taxa, given the increasing
amount of attention given theropod furculae (Gauthier, 1986;
Bryant and Russell, 1993; Holtz, 1994, 1998; Chure and Mad-
sen, 1996; Dingus and Rowe, 1997; Makovicky and Currie,
1998; Sereno, 1999). Whereas previous work was able to es-
tablish the presence of the furcula in many tetanurans (Chure
and Madsen, 1996; Makovicky and Currie, 1998; Holtz, 1998),
the confirmation of this element in both Syntarsus and Segisau-
rus, and its possible presence in Coelophysis, implies a wider
distribution in Theropoda. At present, a strict parsimony inter-
pretation of distribution of the furcula would conclude it arose
independently in some coelophysoids and among tetanurans.
However, phylogenetic hypotheses supporting the position of
coelophysoids within Ceratosauria (sensu Rowe, 1989; 5Cer-
atosaurus and all theropods more closely related to it than to
Neornithes) (Gauthier, 1986; Rowe, 1989; Rowe and Gauthier,
1990; Holtz, 1994, 2000; Rowe et al., 1997; Sereno, 1999) sug-
gest the furcula may be diagnostic of Neotheropoda (sensu
Holtz, 1994; 5Ceratosauria and Tetanurae, and all descendants
of their most recent common ancestor) (Fig. 4A). Other phy-
logenetic hypotheses remove Coelophysoidea from Ceratosau-
ria and place the clade as sister taxon to an unnamed stem-
clade encompassing Neotheropoda (Forster, 1999; Sampson et
al., 2001; Carrano et al., 2002) (Fig. 4B). The latter hypotheses
give reason to suspect the furcula may diagnose a clade more
inclusive than Neotheropoda. Given the abundant missing data
with respect to basal theropods, the furcula may yet prove apo-
morphic for Theropoda.
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