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BITE MARKS ATTRIBUTABLE TO TYRANNOSAURUS REX: PRELIMINARY DESCRIPTION AND IMPLICATIONS

GREGORY M. ERICKSON! and KENNETH H. OLSON,? 'Museum of Paleontology and Department of Integrative Biology, University of
California, Berkeley, California 94720: 21009 W. Boulevard, Lewistown, Montana 59457

Fossil bones that bear tooth marks can provide insight into the ecol-
ogy, behavior, and functional morphology of the taxa that produced
them. Such bones may reveal the identity of extinct predators and scav-
engers and their feeding preferences, the methods they employed to
dispatch and consume carcasses (i.e. shearing and nipping flesh, crush-
ing bone, etc.), and the biomechanical capabilities of their jaws and
dentitions.

Reports of tooth-marked dinosaur bones are relatively uncommon in
the scientific literature (Fiorillo, 1991). Of those instances that have
been noted, two in particular relate to Tyrannosaurus rex (Carpenter,
1988; Horner and Lessem, 1993). Carpenter interpreted healed wounds
on an Edmontosaurus caudal vertebra as evidence of a failed T. rex
predation attempt. Horner and Lessem described a Triceratops femur
bearing large puncture marks that may have been made by T. rex. In
this paper, we report two additional specimens exhibiting T. rex tooth
marks. These observations help to provide a unique glimpse into the
feeding behavior of this extinct carnivorous taxon. These findings are
of significance because, aside from its participation in intraspecific fight-
ing (McGinnis, 1982; Molnar and Farlow, 1990), virtually nothing is
known about T. rex behavior.

DESCRIPTION

Dozens of T. rex tooth marks appear on a Triceratops sp. pelvis
(sacrum and left ilium) that is housed at the Museum of the Rockies,
Bozeman, Montana (MOR 799). This specimen was found by K. H.
Olson in the Late Maastrichtian Hell Creek Formation of east-central
Montana. The pelvis bears 58 definitive bite marks and 22 possible
others (Figs. 1, 2). Many bite marks overlay one another, making an
exact count impossible. We suggest that the tooth marks were produced
by an adult T. rex because of their large size (punctures up to 2.5 cm
in width and 3.7 cm in depth), their cross-sectional areas are rounded
(unlike the more elliptical punctures made by most non-tyrannosaurid
theropods whose teeth had lenticular cross-sectional areas: see Farlow
et al., 1991), their spacing is wide (>4 cm), and some bones bear coarse
serration marks on their periosteal surfaces. Additionally, a cast of one
of the deeper bites matches the morphology of an adult 7. rex lateral
tooth (sensu Farlow et al., 1991), including its carina (Fig. 3A, B).
Finally, no other known carnivorous animals present in the Hell Creek
fauna were large enough to have inflicted comparable damage.

At least thirty-nine puncture marks are located on the ventral and
both lateral surfaces of the Triceratops sacrum, showing that it was
overturned either prior to or during feeding. Most bites occur on the
first sacral vertebra (Fig. 1). It appears the tyrannosaur(s) may have
detached the pelvis from the torso by repetitively biting into this cen-
trum, as it has been nearly bitten in half. The majority of these bite
marks are in the form of deep localized punctures and appear to have
been made by a tyrannosaur’s larger anterior lateral teeth. A few elon-
gate bite furrows from shallower biting also appear. The largest is lo-
cated on the transverse process of the third sacral vertebra and is 1.0
cm in depth and 11.8 cm long. Between the transverse processes of two
adjacent sacral vertebrae (second and third) are four faint vertically
inclined furrows that appear to be nipping marks made by a tyranno-
saur’s premaxillary teeth. (Unfortunately they show low relief and there-
fore are not figured here.)

The left ilium of the Triceratops bears at least 19 bite marks on both
its ventral and dorsal surfaces (Figs. 1, 2). The bite marks are distributed
around the periphery of the iliac crest. Approximately one-sixth of the

anterior end of the ilium was bitten off by repetitive bites concentrated
in this region. The majority of these bites are furrow-shaped and were
likely inflicted by a tyrannosaur’s larger anterior lateral teeth. The lon-
gest furrow is 0.9 cm in depth and 10.1 cm long.

An additional specimen, a proximal pedal phalanx of Edmontosaurus
sp. (University of California, Museum of Paleontology; cast 140601)
from the same general vicinity as the Triceratops pelvis, shows T. rex-
like bite marks (i.e. broad and deep elongate bite furrows). The element
has five bite mark furrows distributed axially on its dorsal and lateral
surfaces (Fig. 4). The largest furrow is 5.4 cm long and 0.9 cm deep.
The bite furrows are deeper toward the proximal end of the element,
suggesting that the tyrannosaur was pulling away from the carcass as
it produced the bite marks. No serration marks are evident on the spec-
imen.

DISCUSSION

Although these specimens do not directly shed light on the predatory
or scavenging habits of T. rex, they do greatly enhance our understand-
ing of its feeding behavior.

From these specimens it is apparent that on some occasions T. rex
fed upon both Triceratops and Edmontosaurus, the two predominant
herbivores from the Late Cretaceous Western Interior lowland coastal
plains. It is also evident that 7. rex could produce deep, bone-penetrat-
ing bites and that they at least occasionally produced such damage while
feeding upon mega-herbivore carcasses. Farlow and Brinkman (1987),
Molnar and Farlow (1990), Farlow et al. (1991), and Abler (1992) have
previously speculated that the dentition was used in this manner. (How-
ever, see Halstead and Halstead, [1981] for differing speculations.)
These specimens further suggest that when T. rex consumed large car-
casses, most bite marks on bones were made by their larger anterior
lateral teeth. They could also produce shallow furrows using their U-
shaped complement of anterior premaxillary teeth (see Molnar and Far-
low, 1990:fig. 7.7). These marks were probably made when the pre-
maxillary teeth were employed to nip flesh from carcasses. Such inci-
sive biting by mammals produces comparable shallow furrow markings
(e.g., Sobbe 1990). When T. rex teeth impacted bones, serration marks
were rarely produced. This is unlike smaller theropod dinosaurs whose
more laterally compressed teeth left numerous serration marks as the
dental carinae contacted bones at acute angles (personal observations
of both authors).

A dichotomy is evident in the morphology of the bite marks produced
by T. rex lateral teeth as they squarely struck bones. The shapes of these
marks were likely governed primarily by the thicknesses and structural
patterns of the bones themselves. Bites that impacted bones with thin
cortices (<1 mm thicknesses) and an extensive spongiosa (e.g., sacral
vertebrae) produced relatively deep puncture marks. Whereas teeth that
impacted bones with thick cortices (>2 mm thickness) and an extensive
spongiosa (e.g., ilia) did not penetrate as deeply, and subsequent to the
initial bite, the dentition was pulled through the penetrated flesh(?) and
bone. Ultimately these bites produced elongate furrows. Such “‘puncture
and pull” biting is reminiscent of the strategy used by the present-day
Komodo monitors (Varanus komodoensis), which use their powerful
neck musculature and reverse body rocking (i.e., using body mass to
full advantage) to dismember large prey items (Auffenberg, 1978,
1981). Bakker (1986) and Molnar and Farlow (1990) have proposed a
similar biting strategy for tyrannosaurs.

Based upon the concentrated biting that occurred at the anterior por-
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FIGURE 1.

JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 16, NO. 1, 1996

Photographs of Tyrannosaurus rex bite marks on an adult Triceratops pelvis (MOR 799). Anterolateral view of the ventral surface

of the sacrum and left ilium of the specimen. Arrows point to some of the more prominent tooth marks (over 58 definitive tooth marks are present
on the pelvis). Furrows from “puncture and pull” biting and deep localized punctures are visible. Brackets encompass a region where the
theropod(s) removed approximately one sixth of the anterior ilium via repetitive peripheral biting. Scale = 25 cm.

FIGURE 2. Bite mark furrows from tyrannosaur “puncture and pull”
biting on the dorsal surface of the anterior iliac crest of the Triceratops
pelvis (MOR 799). The initial bite penetrated the bone at the wider end
of the furrow and was then dragged ascendingly toward the narrower
end.

tion of the Triceratops ilium and its subsequent removal, it is probable
that T. rex ingested some bone while feeding upon carcasses. This
would not be surprising because bone consumption is normal for pred-
ators; in fact it is a plesiomorphic habit for the gnathostomi. Present-
day fishes and sharks (e.g., elasmobranchs), reptiles (e.g., monitors and
crocodilians), birds (e.g., raptors), and mammals (e.g., canids, felids,
and viverrids) all ingest some bone. Bone provides calcium and potas-
sium for the carnivore, and these nutrients are not always available in
sufficient quantities to animals that feed solely on flesh (Richardson et
al., 1986). Additionally cancellous bone may contain nutrient-rich mar-
row, making its consumption additionally productive.

Based upon the robust morphology of tyrannosaur teeth, Bakker
(1986), Farlow and Brinkman (1987), Bakker et al. (1988), Farlow et
al. (1991), and Abler (1992) have inferred that bone biting may have
been a common tyrannosaurid behavior. The specimens brought to light
in this paper certainly confirm the physical ability of an adult T. rex to
partake in and sustain repetitive bone biting. However, as Fiorillo (1991)
has pointed out, there are relatively few reports of bite-marked dinosaur
bones in the scientific literature and his surveys of museum specimens
have revealed few theropod bite marks. (It is perhaps of relevance to
note that Hell Creek Formation bones were not included in these sur-
veys.) In light of these observations, is it still possible that bone biting
was routine behavior for T. rex, as functional interpretations of its dental
morphology suggest? Perhaps collection and taphonomic biases can ex-
plain this discrepancy. The following discussion highlights some of
these biases that may be partly responsible for this paradox.

1. Paleontologists have traditionally collected museum display spec-
imens, generally concentrating their efforts on skulls (Shipman, 1981)
and fairly complete skeletons. Skulls may be poor candidates for bear-
ing bite marks because they have relatively little meat (high bone/flesh
ratio, see Shipman, 1981) in comparison to post-cranial elements, and
fossilized entire skeletons were likely buried rapidly after death (i.e.,
little chance for tooth-marking). We maintain that the historically un-
collected partial and isolated postcranial elements may be the bones
most likely to bear bite marks (also see Fiorillo, 1991), either because
they were dragged off for private consumption or because they were
too big for tyrannosaur ingestion.

2. Because tyrannosaurs probably consumed all of the body parts
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FIGURE 3.

Yl

Comparison of a maxillary lateral tooth from an adult Tyrannosaurus rex (cast on left: UCMP 118742) to a cast of a puncture mark

taken from the right lateral side of the Triceratops sacrum (cast on right). A, Lateral view of the tooth casts showing their similarity in size and
morphology. B, Posterior view showing their similarity in size and morphology. Arrow denotes the carina on the cast from the Triceratops pelvis.

Scale = 2.0 cm.

from smaller or younger prey items (Fiorillo, 1991), the bones of large
adult specimens are the more likely candidates to bear bite marks. How-
ever, if tyrannosaurs were predominantly selecting smaller prey indi-
viduals, then the only opportunities for biting large bones were during
rarer instances of adult predation and scavenging. Specimens of young
dinosaurs are relatively rare in the fossil record (Matthew, 1915; Stern-
berg, 1955; Richmond, 1965; Carpenter, 1982) and theropod carnivory
may partially explain this scarcity.

3. It is possible that many T. rex bite marks have been mistaken for
natural diagenetic breaks. An adult T. rex probably fractured less du-
rable bones (e.g., ribs; see Hill [1980] and Shipman [1981] for mam-

FIGURE 4. Edmontosaurus proximal pedal phalanx (UCMP 140601)
bearing tyrannosaur-like “puncture and pull” bite mark furrows. The
specimen bears five such bite marks (three are visible). The furrows are
deeper proximally suggesting the element was somewhat articulated at
the time of feeding. Scale = 2.5 cm.

malian analogies). The ragged edges and paucity of serration marks
produced during some of the tyrannosaur bites on the Triceratops ilium
(Fig. 1) suggest such possibilities.

4. Many collections of dinosaur remains have never been systemat-
ically examined for bite marks. An analogy may be drawn with patho-
logical dinosaur material, of which most instances went virtually un-
detected until a recent resurgence in the field of paleopathology (e.g.,
see Rothschild and Tanke, 1992).

5. Bite-marked dinosaur bones are not generally the focus of pub-
lished work, but instead are presented as interesting side-notes within
papers that focus on other considerations (e.g., descriptions of new spec-
imens, taphonomic interpretations).

6. Diagenetic processes may crack and distort bones, thereby poten-
tially destroying bite marks of carnivorous dinosaurs. Additionally, once
a bone’s cortices have been cracked, either during diagenesis or by
biting, it may be more susceptible to further breakdown. For example,
smaller pieces of bones are generally more likely to be stream trans-
ported, and broken bones will have greater surface areas exposed to
erosion, than intact bones. Crude preparatory methods can also erase
bite marks from the surfaces of bones.

7. The belief that tyrannosaurs were incapable of bone biting may
have discouraged some researchers from looking for tooth-marked
bones or led to the dismissal of such marks as diagenetically incurred.

8. Surveys of bones from bone-beds, which often numerically dom-
inate collections, may give the appearance that bone biting is rare for
theropod dinosaurs. Bone-beds were formed in rare and unique pres-
ervational situations and their analysis should not be used to represent
“normal” scavenging and bone biting behavior by extinct carnivorous
animals. It is equally likely that any given bone-bed formed because of
an inability of carnivorous animals (among other destructive agents) to
fully utilize the carcasses. Indeterminable factors such as carnivore sa-
tiation, rotting of the flesh, inaccessibility of the bodies to scavengers
(including riverbound carcasses, rapid burial, and stacked-up carcasses),
a lack of carnivorous taxa in the region of the bone-bed accumulation
and many other permutations all could have hindered extensive (*nor-
mal”’) carcass utilization.
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CONCLUSIONS

Specimens of Triceratops and Edmontosaurus bear numerous bite
marks attributable to T. rex, showing that this theropod fed upon the
most common large herbivores from the Hell Creek fauna. While feed-
ing upon mega-herbivore carcasses, T. rex (at least occasionally) bit
deeply into bones using its larger lateral teeth. These teeth produced
localized punctures or furrows, the latter of which were made during
“puncture and pull” biting. It probably employed its premaxillary teeth
to strip flesh from carcasses, but these teeth caused negligible damage
to the bones. The serrations on T. rex teeth also rarely made markings
on bones. The bite marks reveal that this taxon had a very robust den-
tition that could withstand high forces incurred during bone impacts.
Bite marks from 7. rex are supposedly rare, but this may be an artifact
of collection and publication biases, the absence of systematic surveys
for bite marks, a lack of knowledge of their appearance, bone con-
sumption, loss of marks by degradation, and possible taphonomic bi-
ases.

Future studies of tooth marks are strongly encouraged for reptilian
faunas, as they can reveal a great deal about the behavior, morphology,
and ecology of extinct organisms, even with a minimal number of spec-
imens to work with. Extensive studies of tooth-marked bones from pre-
historic mammals (e.g., Haynes, 1980, 1983; Farlow et al., 1986; Sobbe,
1990) and fishes (e.g., Demere and Cerutti, 1982; Cigala-Fulgosi, 1990)
have already demonstrated the value of such investigations.
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