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Direct evidence of chondrichthyan trophic interactions in the fossil record is largely limited to bite traces on prey items
but may also be found within the gut contents of exceptionally well-preserved individuals or as inclusions within cop-
rolites. Shark bite traces are typically observed on durable, bony skeletal elements. Previous publications have shown
shark bite traces on skeletal elements of fossil fishes, marine mammals, marine reptiles, and even a pterosaur, offering
direct evidence of active predation, failed predation, and/or scavenging. Herein, we describe the first evidence of shark
bite traces preserved on cartilaginous vertebral centra of other sharks. Four carcharhiniform centra have been identified
from the Neogene Atlantic Coastal Plain, bearing chondrichthyan bite traces, of which two have partial teeth still em-
bedded within them. In one specimen, CMM-V-2700, CT scans showed remodeling of the tissue around two partial teeth
embedded in the centrum, indicating that the bitten individual survived the encounter. While shark-on-shark predation is
common among living taxa, capturing evidence of these interactions in the fossil record is exceptionally rare.
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Introduction

Amongst extant chondrichthyans, shark-on-shark predation
and cannibalism have been well-documented (Gudger 1932;
Springer 1967; Bass et al. 1973, 1975; Dodrill 1977; Van der
Elst 1979; Snelson et al. 1984; Stevens 1984; Gruber 1988).
These instances of shark-on-shark predation are not uncom-
mon and may actually reflect a dietary preference for some
species. Van der Elst (1979) found that captive individuals
of Carcharhinus obscurus and Carcharias taurus prefer-
entially fed on smaller sharks, rather than the hundreds of
teleosts present in the same tanks. Further, Springer (1967)
speculated that many species of sharks utilize nursery habi-
tats in specific shallow water areas to avoid predation pres-
sure from larger sharks. Shark-on-shark predation plays an
important role in marine ecosystems, yet these trophic in-
teractions are seldomly mentioned or described in paleon-
tological studies.
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For many lamniform sharks, this predisposition to-
wards preying on other sharks begins before birth, other-
wise known as oophagy and embryophagy (Gilmore 1993;
Uchida et al. 1996; Hamlett and Hysell 1998; Mollet et
al. 2000; Gilmore et al. 2005; Hamlett 2011; Chapman et
al. 2013; Shimada et al. 2021). Among squaliform sharks,
parasitic predation on other sharks has been documented.
Specifically, evidence of a trophic interaction between the
cookiecutter shark, Isistius brasiliensis, and the great white
shark, Carcharodon carcharias, was observed (Hoyos-
Padilla et al. 2013). While shark-on-shark predation is ev-
ident in present-day marine ecosystems, these trophic in-
teractions are scarce in the fossil record, largely due to a
taphonomic filter.

Shark trophic interactions typically preserve in the fossil
record as bite traces on vertebrate bone, offering evidence
of active predation, failed predation, and/or scavenging. In
the published literature, there are now numerous examples
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of shark bite traces on fossil cetaceans (Deméré and Cerutti
1982; Cigala Fulgosi 1990; Purdy 1996; Bianucci et al. 2000,
2010; Renz 2002; Godfrey 2003; Godfrey and Altman
2005; Noriega et al. 2007; Aguilera et al. 2008; Cozzuol and
Aguilera 2008; Cicimurri and Knight 2009; Ehret et al. 2009;
Bianucci and Gingerich 2011; Kallal et al. 2012; Govender and
Chinsamy 2013; Takakuwa 2014; Govender 2015; Collareta
et al. 2017; Godfrey et al. 2018, 2021; Kent 2018; Cortés et
al. 2019; Mierzwiak and Godfrey 2019). Fossil shark bite
traces have also been documented on other marine mammals,
namely dugongids and pinnipeds (Renz 2002; Cozzoul and
Aguilera 2008; Collareta et al. 2017; Feichtinger et al. 2021).
Likewise, shark bite traces have been documented on teleost
bones (Stewart 1993; Schwimmer et al. 1997; Shimada et al.
2002; Shimada and Everhart 2004). From the Mesozoic, shark
bite traces have been documented on marine, terrestrial, and
avian reptiles (Rothschild and Martin 1993; Schwimmer et al.
1997; Shimada 1997a, b; Corral et al. 2004; Hanks and Shi-
mada 2002; Shimada et al. 2002; Shimada and Hooks 2004;
Everhart 2004, 2005; Rothschild et al. 2005; Konuki 2008;
Ehret and Harrell 2018; Hone et al. 2018).

There are a few exceptional examples of shark bite traces
preserved on material other than bone. Bite traces observed
on the calcified mandibular cartilage of a skate, cf. Raja bin-
oculata, may have been produced by a shark (Boessenecker
et al. 2014). Some bite traces observed on Carboniferous am-
monoids have been attributed to sharks (Mapes and Hansen
1984; Mapes et al. 1995; Mapes and Chaffin 2003). Bite
traces preserved on Cretaceous sea star ossicles were tenta-
tively attributed to Squalicorax (Neumann 2000). A failed
shark predation event was preserved on the carbonate test of
a Cretaceous echinoid (Donovan and Jagt 2020). Perhaps the
most unique are examples of Neogene shark-bitten crocody-
liform coprolites (Godfrey and Smith 2010).

Shark-on-shark trophic interactions have existed for
hundreds of millions of years; however, capturing those
interactions in the fossil record requires exceptionally
unique preservation. Shark remains present within the gut
contents of the Devonian shark Cladoselache represent
the oldest documented evidence of shark-on-shark preda-
tion (Williams 1990). Pseudocorax and Squalicorax teeth
found in association with semi-articulated skeletal and
dental elements of Cretoxyrhina mantelli were thought to
be shed during scavenging events (Shimada 1997b). Shark-
bitten shark teeth have also been documented in the fossil
record, but these are usually attributed to self-bitten teeth
(Purdy et al. 2001; Renz 2002; Perez 2020). Herein we
describe four carcharhiniform shark centra that have been
bitten by other sharks, offering direct evidence of shark-
on-shark predation and/or scavenging in the fossil record.

Institutional abbreviations—CMM-V-, Calvert Marine Mu-

seum vertebrate paleontology collection, Solomons, MD,
USA.

Other abbreviations—CT, computed tomography; Ma, mega
annum.
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Geological setting

The four specimens described in this study all originated
from Neogene sediments of the Atlantic Coastal Plain
along the east coast of North America. Three specimens,
CMM-V-2700, CMM-V-6761, and CMM-V-7012 were found
along the Calvert Cliffs in Calvert County, Maryland, USA.
The fourth specimen, CMM-V-10336, was found at the Lee
Creek Mine (currently named the Nutrien Phosphate Mine)
in Aurora, North Carolina, USA. The Calvert Cliffs stratig-
raphy comprises sediments deposited within the Salisbury
Embayment, whereas the Lee Creek Mine comprises sedi-
ments deposited within the Albemarle Embayment.

CMM-V-2700 (Figs. 1, 2) was collected by William (Bill)
Counterman as float on the beach north of the Willows, a pri-
vate residential community along Calvert Cliffs. Although it
was not found in situ, it is presumed to be locally derived from
the Miocene-age sediments that crop out immediately adja-
cent to where it was found. At this point along the naturally
eroding sea cliffs, only Beds 4—16a of the Calvert Formation
outcrop (Shattuck 1904; Ward and Andrews 2008; Kidwell
et al. 2015; Vogt et al. 2018). Therefore, it most likely derived
from the early to middle Miocene Plum Point Member of the
Calvert Formation.

CMM-V-7012 (Fig. 3) was found in situ by John Nance
within Bed 12 of the Calvert Formation near Parkers Creek,
which is also part of the Plum Point Member. The Plum
Point Member was deposited ~17.5 to 14 Ma, which cor-
responds to a peak in global temperature known as the
Middle Miocene Climatic Optimum (Zachos et al. 2008;
Vogt and Parrish 2012; Perez et al. 2018). The Plum Point
Member consists of a series of unconformity-bounded
transgressive-regressive cycles, each representing approx-
imately 1 Ma (Kidwell 1984, 1988, 1989, 1997; Kidwell et
al. 2015). They represent fully marine sediments deposited
on an open shelf. Most of the shark teeth found in situ along
Calvert Cliffs derive from the Plum Point Member (specif-
ically, Beds [aka Shattuck Zones] 10 and 12) of the Calvert
Formation (Visaggi and Godfrey 2010).

CMM-V-6761 (Fig. 4) was collected by John Nance as
float north of Driftwood Beach within the Chesapeake
Ranch Estates, Lusby, MD, USA, a private community
further south along the Calvert Cliffs. The adjacent cliffs
expose Beds 21-23, which comprise the Little Cove Point
Member of the St. Marys Formation (Shattuck 1904; Ward
and Andrews 2008; Kidwell et al. 2015). The late Miocene
Little Cove Point Member has been interpreted as a brackish
to fully marine paleoenvironment, indicating lower water
depth and more variable salinity relative to the older Calvert
Formation (Gernant et al. 1971; Kidwell et al. 2015).

CMM-V-10336 (Fig. 5) was found by Norm Riker in the
Neogene sediments of the Lee Creek phosphate mine in
Aurora, North Carolina. Unfortunately, the field notes for
this specimen do not specify whether it originated from the
early Miocene Pungo River Formation or the early Pliocene
Yorktown Formation. The Pungo River Formation has
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Fig. 1. Centrum of Carcharhinidae indet. (CMM-V-2700) from the Miocene Calvert Formation in Chesapeake Beach, MD, USA. Centrum in articular
cross-sectional (A;), lateral (A,), and articular (As) views; CT-scan in articular view (A,); CT-scan in lateral view (As). Arrows indicate the two shark teeth
embedded in and protruding from the upper quadrant of the centrum. Scale bars 10 mm.

been interpreted as a neritic paleoenvironment deposited in
sub-tropical climatic conditions (Gibson 1967; Purdy et al.
2001). The Yorktown Formation also represents a shallow
marine paleoenvironment but is thought to have been depos-
ited in warm temperate climatic conditions (Gibson 1967;
Purdy et al. 2001).

Material and methods

Herein, we describe four carcharhiniform centra, bearing
shark bite traces. All specimens are reposited in the Calvert
Marine Museum (CMM). Three specimens were found as
float via surface collecting and one specimen was found
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in situ. Descriptions of the centra incorporate terminology
from Kozuch and Fitzgerald (1989), Purdy et al. (2001), and
Burris (2004). Although shark feeding traces are frequently
referred to as “bite marks,” the more appropriate term is a
bite trace (Jacobsen and Bromley 2009; Vallon et al. 2015).
These bite traces correspond with the ichnotaxonomy de-
scribed by Mikulds et al. (2006), Jacobsen and Bromley
(2009), and Muiiiz et al. (2020).

The specimens were photographed on black velvet under
flourescent light with a Nikon Coolpix P510 camera. The
individual images were edited in Adobe Photoshop and as-
sembled using Adobe Illustrator. All specimens were then
digitally measured using ImagelJ.

Micro-Computed Tomography (CT) was performed at
the Johns Hopkins University Materials Characterization
and Processing facility. The 2D projection images or ra-
diographs were acquired with a RX Solutions Easy Tom
150/160 Micro-CT, using a fixed X-ray system and a rotat-
ing sample stage. The X-ray tube voltage was 50KV, and
1120 projections were collected during 360 degrees of rota-
tion. Each projection was produced by averaging 4 frames
to reduce random noise. Voxel size was 30.38 um. The pro-
jection images were reconstructed using RX Solutions soft-
ware. Post reconstruction images were generated with ORS
Dragonfly software version 2020.2 (Dragonfly 2020).

Results

CMM-V-2700 consists of nearly half of a carcharhiniform
centrum (Fig. 1). The articular surface appears to be circular;
however, the partial preservation inhibits a precise descrip-
tion. Maximum diameter of the articular surface on the pre-
served portion of the centrum is 26.8 mm. Maximum antero-
posterior thickness is 10.9 mm. The lateral face is slightly
concave. None of the foramina are entirely preserved, but
the portion present indicates a rectangular or square shape.
The foramina do not extend to the articular rim. Dispersed
nutrient pores are heavily concentrated around the foramina,
with fewer pores scattered around the lateral face.

Two adjacent teeth are firmly embedded into the lateral
face, presumably on the dorsolateral quadrant of the centrum
(Figs. 1 and 2). The two teeth penetrated approximately 3.6
and 3.9 mm, respectively, into the peripheral tissue of the
centrum adjacent to the articular rim (Fig. 2). Although, it is
not known if the teeth are embedded near the anterior or the
posterior articular surface. The tissue is raised around the
teeth forming a slight callus, which indicates partial healing
and survival of the bitten shark. Interestingly, large nutrient
pores are present around the embedded teeth, which may
have formed to aid in this healing process. If the teeth were
not preserved, the puncture trace would correspond with the
ichnotaxon Nihilichnus nihilicus (Mikulas et al. 2000).

CMM-V-7012 is an entirely intact carcharhiniform cen-
trum (Fig. 3). The articular surface is circular with a closed
notochordal canal (Fig. 3A;). Maximum diameter of the
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Fig. 2. CT-scan isolating two teeth of Carcharhinidae indet. that are embed-
ded in the carcharhinid centrum (CMM-V-2700) from the Miocene Calvert
Formation in Chesapeake Beach, MD, USA.

articular surface is 40.5 mm. Maximum anterolateral thick-
ness is 29.3 mm. The lateral face is slightly concave, with
elongate foramina that extend to the articular rim. The dor-
sal foramina are rectangular (Fig. 3A,), whereas the ventral
foramina are ovoid (Fig. 3A;). Nutrient pores are faintly
scattered across the lateral face and surrounding the foram-
ina. The nutrient pores are not as heavily concentrated as
they are in the other centra described in this study.

Multiple sets of bite traces are present in different ori-
entations along the lateral face, as well as the dorsal and
ventral sides, of the centra (Fig. 3). The bite traces vary
in length from approximately 2.5 to 9.5 mm. The spac-
ing between bite traces range from approximately 0.6 to
1.4 mm, suggesting they may have been produced by dif-
ferent individuals or from different regions of the jaw. At
least three unique sets of bite traces can be observed. The
bite traces on CMM-V-7012 are much shallower than the
bite traces observed on the other centra. The tooth traces
seem to lack serrations, which corresponds with the ichno-
taxon Linichnus bromleyi (Mufiez et al. 2020), rather than
the serrated tooth traces Linichnus serratus or Knethichnus
parallelum (Jacobsen and Bromley 2009).
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Fig. 3. Centrum of Carcharhinidae indet. (CMM-V-7012) from the Miocene Calvert Formation near Prince Frederick, MD, USA, in articular (A;), dorsal
(A,), ventral (A3), and lateral (A4) views. Arrows mark the location of bite traces.

Fig. 4. Centrum of a carcharhinid shark, cf. Galeocerdo aduncus (Agassiz, 1843) (CMM-V-6761), from the Miocene St. Marys Formation in Lusby, MD,
USA. Centrum in aricular (A;), dorsal (A,), ventral (As), and lateral (A;) views. Parallel bite traces are visible in A, (white arrows), broken tooth is indi-
cated by black arrow. The adhered barnacle and bryozoan are Recent taxa not contemporaneous with the centrum.

CMM-V-6761 is an entirely intact carcharhiniform
centrum (Fig. 4). The articular surface is circular with a
closed notochordal canal (Fig. 4A;). Maximum diameter of
the articular surface is 30.2 mm. Maximum anterolateral
thickness is 19.0 mm. The lateral face is strongly concave,
with rectangular foramina that extend to the articular rim
(Fig. 4A,, Aj). Large, dispersed nutrient pores encompass
the entire lateral face (Fig. 4A,). The pores closer to the ar-
ticular rim are smaller and more densely packed.

There are two obliquely-oriented, parallel bite traces on
the lateral surface adjacent to the articular rim (Fig. 4Ay). It
is unknown whether these bite traces are positioned near the
anterior or posterior articular surface. The two bite traces
are 4.9 and 6.3 mm long, respectively, and spaced 5.2 mm
apart from one another. A small tooth fragment is embed-
ded in the more dorsally positioned bite trace. The presence
or absence of serrations cannot be confirmed on the tooth
fragment; however, the rough edges of the bite traces offer
some evidence that the teeth were serrated. The ichnotaxon
Linichnus serratus is used to define bite traces produced by
serrated teeth (Jacobsen and Bromley 2009).

CMM-V-10336 is an entirely intact carcharhiniform cen-
trum (Fig. 5). The articular surface is circular with a closed
notochordal canal (Fig. 5A;). Maximum diameter of the ar-
ticular surface is 47.9 mm. Maximum anterolateral thickness
is 46.6 mm. The lateral face is slightly concave, with elon-
gate, ovoid foramina that nearly extend to the articular rim.
Dispersed nutrient pores are most heavily concentrated near
the foramina and articular rim, with faint small pores present
across the lateral face. However, the weathered lateral walls
may obscure the true size and distribution of the pores.

Two obliquely-oriented, sub-parallel bite traces are pres-
ent on the dorsolateral surface adjacent to the articular rim
(Fig. 5A4). Again, it is unknown if the bite traces are posi-
tioned near the anterior or posterior articular surface. The
more dorsal bite trace is 5 mm long and the more ventral bite
trace is 15.8 mm long. The bite traces are spaced approxi-
mately 3.3 mm apart. The bite traces were produced by two
non-serrated teeth, obliquely slicing into the centrum. The
ichnotaxon Linichnus bromleyi describes bite traces pro-
duced by non-serrated teeth perpendicular to the substrate
(Muiiiz et al. 2020). Alternatively, Jacobsen and Bromley
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Fig. 5. Centrum of a carcharhinid shark, cf. Galeocerdo cuvier (Péron and Lesueur, 1822) (CMM-V-10336), from the Neogene of Aurora, NC, USA.
Centrum in articular (A ), dorsal (A,), ventral (As), and lateral (A4) views. Sub-parallel bite traces are indicated by arrows.

(2009) used the term “dental hack™ to describe oblique tooth
traces on bone produced by serrated teeth and assigned the
ichnotaxon Knethichnus parallelum. These serrated bone
scraping traces are colloquially referred to as raking marks.
A unique ichnotaxon may be needed to define oblique bite
traces produced by non-serrated teeth, so for now these
traces are referred to as Knethichnus sp.

Concluding remarks

While these specimens provide unique evidence of shark-
on-shark trophic interactions in the fossil record, it is diffi-
cult to determine the exact species involved and the context
of the interaction. Some authors have been able to determine
the species of shark responsible for biting other fossil skel-
etal elements, either by finding shark teeth embedded in
the fossil of the prey/scavenged carcass, or by comparing
the morphology of the tooth traces to shark teeth found
in the same formation (Everhart et al. 1995; Schwimmer
et al. 1997; Shimada 1997b; Shimada and Everhart 2004;
Shimada and Hooks 2004; Rothschild et al. 2005; Noriega
et al. 2007; Cicimurri and Knight 2009; Ehret et al. 2009;
Bianucci et al. 2010; Govender and Chinsamy 2013; Godfrey
et al. 2018, 2021; Kent 2018). Despite the presence of partial
teeth embedded within two of the three centra described
herein, the fragmentary nature of the teeth precludes spe-
cies-level identification.

Identifying the victims of these encounters is also met
with challenges. Chondrichthyan taxonomy in the fossil re-
cord is largely defined by dental records; however, some
researchers have attempted to identify relevant characters
on shark centra (e.g., Hasse 1879-1885; Ridewood 1921;
Applegate 1967; Compagno 1988; Kozuch and Fitzgerald
1989; Purdy et al. 2001; Burris 2004). Fossil selachian cen-
tra are most commonly identified as either belonging to
the order Carcharhiniformes or the order Lamniformes.
Carcharhiniform centra have a smooth lateral face, whereas
the lateral faces of lamniform centra are divided by numer-
ous septa (Kent 1994). The septate morphology of lamni-
form centra makes them less likely to preserve bite traces,

which is yet another taphonomic filter that may obscure ev-
idence of shark-on-shark trophic interactions. As a good ex-
ample of this, note that Shimada (1997b) provided evidence
of sharks scavenging on the carcass of the lamniform shark
Cretoxyrhina mantelli based on the co-occurrence of shed
teeth from Squalicorax and Pseudocorax, and yet no bite
marks were observed on the preserved skeletal elements.

Based on the smooth lateral faces of the centra described
herein, they undoubtedly belong to the order Carcharhini-
formes. Along the Miocene Calvert Cliffs, five families of
carcharhiniform shark (i.e., Scyliorhinidae, Triakidae, Hemi-
galeidae, Carcharhinidae, and Sphyrnidae) have been doc-
umented, representing 16 species (Kent 2018). Within the
Mio-Pliocene Lee Creek mine, the same five families of
carcharhiniform sharks have been identified, representing
22 species (Purdy et al. 2001).

Among these five families of carcharhiniform sharks,
Scyliorhinidae, Triakidae, and Hemigaleidae can be ruled
out based on their external morphology. The centra de-
scribed in this study are too large to have come from the
family Scyliorhinidae. Centra from the family Triakidae
lack nutrient pores (Burris 2004); whereas the four centra
from this study all have nutrient pores present. The foram-
ina in Hemigaleidae centra are bisected by diagonal laminae
(Purdy et al. 2001; Burris 2004), which are not present in
the four centra described herein. This leaves the families
Carcharhinidae and Sphyrnidae as potential contenders.

Burris (2004) found that there are few characteristics that
are consistently present across all species within the family
Sphyrnidae. The most consistent features observed within
sphyrnids were a modified cylindrical shape, with strongly
recurved edges, a relatively elongate body, and dispersed
nutrient pores. CMM-V-2700 has a cylindrical shape, lacking
significant recurvature at the articular rim, and a relatively
short body (Fig. 1A,). This suggests that CMM-V-2700 does
not belong to the family Sphyrnidae and, thus, by process
of elimination belongs to the family Carcharhinidae. Given
the size and relatively straight lateral faces of CMM-V-2700,
this centrum most likely represents either Carcharhinus or
Negaprion. Burris (2004) found that centra of Carcharhinus
and Negaprion were indistinguishable, so further identifica-



PEREZ ET AL—SHARK-ON-SHARK TROPHIC INTERACTIONS 853

Fig. 6. One possible way in which the shark centra (CMM-V-2700) could have been bitten. This illustration depicts an active predatory encounter between
two requiem sharks (aff. Carcharhinus sp.). Original drawing by Tim Scheirer (formerly CMM). Coloration added by Clarence Schumaker (CMM).

tion is not possible. The two teeth embedded in CMM-V-2700
seem to lack serrations and have a relatively rounded cross
section. Based on these features and the close spacing of
the teeth, they most likely represent lower teeth from either
Carcharhinus or Negaprion.

The faint scattered nutrient pores and weak concavity on
the lateral walls of CMM-V-7012 indicate that it most likely
belongs to the family Carcharhinidae as well. The multiple
bite traces present across the centrum were most likely pro-
duced by multiple individuals, possibly representing different
taxa. While the traces all appear to have been produced by
evenly spaced non-serrated teeth, it is difficult to definitively
determine if the traces were produced by chondrichthyan
or osteichthyan taxa. The tooth spacing observed between
traces certainly falls within the range of many extant carchar-
hinids (e.g., Carcharhinus and Negaprion) and lamnids (e.g.,
Carcharias and Alopias). However, many bony fish, such as
Lepisosteus and Amia, also have tooth spacing within this
range (Carnavale and Godfrey 2018) and are capable of pro-
ducing a similar bite trace (Godfrey and Palmer 2015).

Among carcharhinids, Galeocerdo centra share many of
the distinctive features present in Sphyrna (Burris 2004).

The biggest differences are that Galeocerdo centra have
much larger nutrient pores, tend to have greater concavity
on their lateral walls, and typically have a smaller length to
width ratio than Sphyrna centra. Although, Burris (2004)
also noted that larger individuals of Galeocerdo tend to have
weaker concavity on the lateral face. CMM-V-6761 matches
well with this description and thus, likely belongs to the ge-
nus Galeocerdo. The most common species of Galeocerdo
found along the Calvert Cliffs is G. aduncus. Although,
we cannot rule out similar, contemporaneous extinct taxa,
such as Galeocerdo mayumbensis or Physogaleus contortus
(Turtscher et al. 2021). The ragged edges of the bite traces
resemble the ichnotaxon Linichnus serratus, suggesting
they were produced by a serrated tooth. The cross section
of the embedded tooth is somewhat semi-circular, possibly
suggesting a flattened labial face and convex lingual face,
like the upper teeth of Carcharhinus.

CMM-V-10336 also has comparable features with Galeo-
cerdo. The nutrient pores surrounding the foramina are rel-
atively large, but the pores along the lateral faces are much
smaller. Kozuch and Fitzgerald (1989) described Galeocerdo
centra as typically having ovoid shaped foramina; however,
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Burris (2004) disagreed and stated that Galeocerdo tend to
have more rectangular foramina. As such, it is unclear if the
foramen shape can be used as a diagnostic feature. Burris
(2004) noted that Galeocerdo centra are always wider than
they are long (i.e., the maximum diameter of the articular
surface is greater than the antero-posterior length). Since
this specimen originated from the Mio-Pliocene Lee Creek
mine, it could belong to either Galeocerdo aduncus, G. ma-
yumbensis, or G. cuvier (Tirtscher et al. 2021). Although,
given its large size, G. cuvier seems more likely. The smooth
bite traces on CMM-V-10336 were produced by a relatively
large non-serrated tooth, such as those of Carcharodon
hastalis.

Interpreting the context of these shark-on-shark inter-
actions requires a combination of logical reasoning and
speculation. The immediate assumption is that these bite
traces represent evidence of some form of feeding behav-
ior (i.e., active predation, failed predation, or scavenging).
Although, sharks also frequently bite one another during
reproduction, leaving their mates scarred (Parsons et al.
2008). Mating scars have been documented on extant in-
dividuals of Galeocerdo cuvier (Whitney and Crow 2007).
Presumably, this type of biting would not be so aggressive
as to make contact with the cartilaginous skeleton, but it is
difficult to entirely rule out that possibility.

If our immediate assumption is correct, and these bite
traces do represent feeding behavior, then factors such as
the location of the bite on the body, depth of the bite, and
signs of healing may be utilized to infer the context of the
trophic interaction. It is difficult to determine the exact lo-
cation of these centra within the vertebral column, beyond
that they all appear to be pre-caudal centra. The presence of
partial teeth embedded in CMM-V-2700 and CMM-V-6761,
as well as the deep gouge trace in CMM-V-10336, suggest
that these centra were all bitten very forcefully. This type
of behavior is more indicative of active predation than scav-
enging but cannot be considered definitive evidence, as
other factors such as body size and jaw musculature also
effect bite force.

In contrast, CMM-V-7012 (Fig. 3) exhibits multiple sets
of more gracile bite traces, suggestive of scavenging. The
variable spacing between the bite traces may have been
produced either by multiple individuals or from differ-
ent regions of the jaw. CMM-V-2700 (Figs. 1 and 2) is the
only specimen that has clear evidence of healing around
the embedded teeth, which implies the bite was the result
of a failed, active predation event. Many extant species of
Carcharhinus have lower jaws with two functional rows of
narrow pointed teeth that aid in grasping prey. It seems plau-
sible that CMM-V-2700 represents a direct trophic interac-
tion between two individuals of Carcharhinus, in which the
lower teeth of the predator were lodged into the vertebral
column of the prey (Fig. 6). Although much is still unknown
regarding the specifics of these ancient trophic interactions,
these specimens offer a unique insight into marine ecosys-
tems during the Neogene.
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