L T

/

D\

The birdlike raptor Sinornithosaurus was venomous
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We suggest that some of the most avian dromaeosaurs, such as
Sinornithosaurus, were venomous, and propose an ecological
model for that taxon based on its unusual dentition and other
cranial features including grooved teeth, a possible pocket for
venom glands, and a groove leading from that pocket to the ex-
posed bases of the teeth. These features are all analogous to the
venomous morphology of lizards. Sinornithosaurus and related
dromaeosaurs probably fed on the abundant birds of the Jehol
forests during the Early Cretaceous in northeastern China.
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One of the more bizarre innovations in organismic evolution
is the ability to manufacture toxic substances. Venomous
taxa occur in a variety of ecologic settings and include insects,
lizards, snakes, and mammals (1-5). Clearly, venom has evolved
numerous times in many different lineages employing various
delivery apparatus. A combination of morphological and mo-
lecular research has recently shown that venomous taxa are far
more widespread and primitive within tetrapod lineages than had
previously been suspected (6).

Sinornithosaurus is a dromaeosaurid closely related to the
4-winged glider Microraptor gui and therefore within the early
avian radiation (7). It has unusually long maxillary teeth that are
morphologically similar to those of “rear-fanged” snakes speci-
alized to carry poison (Fig. 1). This type of fang discharges venom
along a groove on the outer surface of the tooth that enters the
wound of the bitten animal by capillary action (8, 9). Supporting
this interpretation in Sinornithosaurus is an additional space on the
lateral surface of the maxillary bone that we interpret on the basis
of analogy with venomous squamates as having housed a venom
gland. This previously undescribed fossa, herein termed the sub-
fenestral fossa, could have housed an elongate, ascinar venom
gland similar to that found in rear-fanged (i.e., opisthoglyphous)
snakes (10, 11). We suggest that the venom traveled in ducts to the
bases of the teeth and mixed with the saliva in a manner also similar
to extant venomous squamates (6). The position of the venom
collecting duct was probably along the oblique ventral surface of
the maxilla, where there is a supradental groove (i.e., longitudinal
depression running along the base of the tooth row). This groove
bears small pits that seem to be related to tooth sites and may
represent the location of small venom reservoirs. These depres-
sions were illustrated and mentioned in the original description of
Sinornithosaurus, but their purpose was not addressed. As in
modern venomous taxa that employ grooved fangs, the ducts feed
the venom to the base of the teeth. The mechanism for dispensing
the venom may be similar to the system used by open-fanged
snakes and lizards that discharge it under low pressure provided
largely by force of the bite—a strategy for prey control rather than
quick death (12). We believe Sinornithosaurus was a venomous
predator that fed on birds by using its long fangs to penetrate
through the plumage and into the skin, and the toxins would induce
shock and permit the victim to be subdued rapidly.

Results

Sinornithosaurus millenii (13) comprises a well preserved skull
and most of the skeleton. Our recent inspection of the holotype
and several additional specimens of Sinornithosaurus confirm the
presence of lateral grooves on the tooth crowns and the presence
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of a subfenestral fossa in all specimens. The maxillary teeth are
strongly heterodont, whereas on the lower jaws the height of the
tooth crowns are similar along the tooth row.

The anterior premaxillary teeth are procumbent and are not
recurved or serrated (14). The first premaxillary teeth are rotated
so the carinae are approximately 90° to the rest of the dentition.
The premaxillary teeth are shorter than the maxillary teeth. The
second premaxillary alveolus has the longest tooth, and this
crown, along with the premaxillary tooth crowns for 3 and 4, have
deep, narrow grooves on the lingual surface running behind the
anterior carinae (Fig. 2). The lateral grooves on the other teeth
tend to be larger and more centrally located.

The anterior maxillary teeth are so long and fanglike (Figs. 1
and 2) that the animal appears to be saber-toothed. They are
laterally compressed and fairly straight compared with other
dromaeosaur teeth (15). Interestingly, much of the effective
erupted length of the teeth is composed of the tooth root. The
erupted portion of the largest maxillary tooth in the type specimen
of S. millenii (IVPP V12811) measures 12 mm long and occupies
the seventh alveolus. There is a distinct groove on the labial side
running from the base of the root to the tip. The tooth crown is not
really as elongated as it appears because of a hyper-erupted tooth
root, and the tooth sockets are not especially deep. The posterior
maxillary teeth are much shorter, straighter, and flattened. The
morphology of the grooved maxillary fangs is similar to that in
Uatichodon (1), in which there is a labial groove that is V-shaped
and widest at the base of the exposed portion of the tooth. There is
also a smaller, narrower labial groove along the anterior carinae of
the crown. Both grooves follow the curvature of the tooth crown
nearly to the tip and, although more prominent on the longest
maxillary teeth, can be found throughout the dentition on the
upper and lower jaws.

There are 13 dentary tooth positions, and most of the teeth are
uniform in height with the exception of the second or third
anterior tooth, which is slightly longer (Fig. 1). These longer
teeth also appear to be hyper-erupted and expose a portion of
the root. The first dentary tooth is short and procumbant. Ser-
rations can be found on all of the dentary tooth crowns except
for the anteriormost (14).

The lateral surface of the maxilla has a complicated archi-
tecture not evident in other archosaurs. On the posteroventral
surface just anterior to the lacrimal, and separate from the
antorbital fossa, is a distinct triangular area bound by ridges that
nearly encompass a depression herein termed the subfenestral
fossa. The surface of this fossa is covered by a system of large
pits. Judging from the holotype of Sinornithosaurus haoiana
(D 2140) (Fig. 3), this fossa is open posteriorly and confluent
with the shallow maxillary (i.e., supradental) groove that runs
labially above the teeth as reported by Xu and Wu (14) for the
holotype. This groove exhibits a number of shallow pits.
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Fig. 1. Line drawing of reconstructed skull of Sinornithosaurus redrawn, in
part, from the holotype IVPP V12811 described by Xu and Wu (14) and
further modified using information from additional specimens in the col-
lections of the Dalian Natural History Museum and Shandong Tianyu Mu-
seum of Natural History. Skull is approximately 75 mm long. vg, venom
groove; mxf, maxillary fang; sff, subfenestral fossa; fc, fossa canal.

Fig. 2. Photograph of the holotype of S. millenii (IVPP V12811) showing
dentition with venom grooves (vg). mxf, maxillary fang.

Hotton (16) proposed a venomous delivery system for a Late
Permian synapsid based on the combination of a maxillary fossa
and grooved teeth. Pocketing within the maxilla in conjunction
with grooved fangs is considered well supported evidence for
venom delivery systems in fossil taxa (17).

Discussion

The maxillary teeth of Sinornithosaurus are long enough to re-
duce bite force (18) and restrict the size of prey that will fit in its
gape. Sinornithosaurus had a strikingly heterodont dentition that
placed restrictions on its use as a simple “grab and gulp”
mechanism. These changes reflect specialized uses not required
by more ordinary predators, which may result from problems
inherent to predation on feathered birds. The long maxillary
teeth do not appear to have been deeply inserted into the prey,
and if they had been, they would have been difficult to extract
without damage. Their length may result from the need to
penetrate a thick layer of feathers. Once through the feathers,
the grooved fang would penetrate 4 to 6 mm into the skin. This
would be sufficient to cut into the subdermal tissue and allow
poison to enter the bloodstream but would be too shallow to
cause death or immobilization through trauma alone (19). The
poison of Sinornithosaurus may have been similar in properties to
rear-fanged snakes and helodermid lizards in that it did not kill
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Fig. 3. Photograph of the skull of the holotype S. haoiana (D 2140) showing
subfenestral fossa (sff) and venom grooves (vg) on the maxillary teeth. The
length of the maxilla is approximately 63.6 mm (23). fc, fossa canal.

the envenomated animal quickly but rather placed it into a rapid
state of shock (11). If the venom was indeed similar to these
animals, then a “bite and hold” method of venom delivery was
probably used.

Many predators on birds pluck the feathers off their victims
(20), and the procumbant teeth at the tip of the snout with their
unusual rotation might have been used for this function. Other
types of prey probably included small-sized dinosaurs, lizards,
pterosaurs, and mammals. Dismemberment of the prey, if it
occurred at all, was probably accomplished by posterior maxillary
teeth that were shorter, broader, and more suitable for cutting.

The use of venom is consistent with the overall morphology of
the skull in Sinornithosaurus. It has a narrow snout; the cranium
has a tall lateral profile and a large gape. These features suggest
only a moderate bite force that may have had difficulty in sub-
duing larger prey. An embedded tooth from a small dromaeo-
saur on the limb bone of a pterosaur (21) suggests that the teeth
had difficulty penetrating even the thin bone of the flying reptile.

The presence of a venom delivery system in a wide variety of
squamates (12, 22) suggests that this adaptation can be expected
in other diapsids, including the dromaeosaurs. Venom glands in
lizards tend to be mandibular whereas those in snakes are
maxillary; the basal condition is to have both (6). Sinornitho-
saurus probably had the primitive system. Osteological evidence
such as the grooved mandibular and maxillary teeth, subfenestral
fossa, and supradental channel with pits found in multiple
specimens of Sinornithosaurus deserves some explanation, and
venom seems to be the most parsimonious conclusion.

Materials and Methods

We were especially interested in inspecting the dentition of Sinornithosaurus
for taphonomic artifacts and were careful to consider the affects of crushing
on the morphology of the teeth. We directly examined the skull of the
holotype of S. millenii at the Institute of Vertebrate Paleontology and Pa-
leoanthropology with binocular microscopes and photographed the denti-
tion using a Nikon D80 with the AF-S Micro Nikkor 105 mm 1:2.8 GED lens.
The holotype of S. haoiana (D 2140) was examined at the Dalian Natural
History Museum and was photographed with the same equipment. Addi-
tional specimens were examined and documented at the Tianyu Museum of
Natural History but were not photographed.
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