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Otodus-bitten sperm whale tooth from the Neogene of the Coastal

Eastern United States

STEPHEN J. GODFREY, JOHN R. NANCE, and NORMAN L. RIKERT

A description and analysis is given of a single physeteroid
tooth, from the Neogene of the Nutrien Aurora Phosphate
Mine (formerly known as the Lee Creek Mine, Aurora,
North Carolina, USA), that was bitten either by the extinct
megatoothed shark Otodus chubutensis or Otodus megalo-
don. The tooth shows three gouges, one of which also pre-
serves raking bite traces, made as the serrations on the
Otodus sp. tooth struck and cut into its surface. We do not
know if these bite traces came about as a result of scaveng-
ing or active predation. However, because the bite traces
occur on part of the skull, this suggests a predatory inter-
action. This tooth preserves the first evidence in the fossil
record of a predatory/antagonistic interaction between a
sperm whale and a megatoothed shark.

An ever-increasing number of fossil cetacean bones are be-
coming known that exhibit shark bite traces (Deméré and
Cerutti 1982; Cigala Fulgosi 1990; Purdy 1996; Bianucci et al.
2002, 2010; Renz 2002; Godfrey and Altman 2005; Aguilera et
al. 2008; Ehret et al. 2009; Bianucci et al. 2010; Bianucci and
Gingerich 2011; Kallal et al. 2012; Takakuwa 2014; Carrillo-
Briceo et al. 2016; Collareta et al. 2017, 2019; Godfrey et al.
2018; Kent 2018; Collareta et al. 2019; Mierzwiak and Godfrey
2019). Only a small minority of these can be attributed to
a specific shark, and fewer still to the feeding habits of the
extinct megatoothed sharks, Otodus chubutensis or Otodus
megalodon (Otodontidae) (Purdy 1996; Renz 2002; Godfrey
and Altman 2005; Aguilera et al. 2008; Carrillo-Bricefio et
al. 2016; Collareta et al. 2017; Godfrey et al. 2018; Kent 2018;
Mierzwiak and Godfrey 2019). Hitherto, all the known in-
teractions between Otodus spp. and cetaceans have involved
mysticetes or small odontocetes. Here, a single sperm whale
tooth (Physeteroidea) is described that was bitten repeatedly by
O. chubutensis or O. megalodon.

Institutional abbreviations—CMM-V, Calvert Marine Mu-
seum fossil vertebrate collection, Solomons, USA; MNHN,
Museum national d’Histoire naturelle, Paris, France.

Geological setting

The tooth described herein (CMM-V-8955) was surface col-
lected by NLR from within the Nutrien Aurora Phosphate Mine
(formerly known as the Lee Creek Mine) in Aurora, Beaufort
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County, North Carolina, USA. The Neogene geology and palae-
ontology of this site has been thoroughly described elsewhere
(Ray 1983, 1987; Purdy et al. 2001; Ray and Bohaska 2001; Ray
et al. 2008). Whitmore and Kaltenbach (2008) described the
cetacean fauna from the Aurora Mine and noted that physet-
eroid teeth “...with enamel-coated crowns... are probably from
the Pungo River Formation...” (Whitmore and Kaltenbach
2008: 236-237). In light of the fact that CMM-V-8955 has an
enameled crown, it is possible that it derives from the mid-
dle Miocene Pungo River Formation. However, more recently,
Fitzgerald (2011) described a physeteroid tooth with an enam-
eled crown from the Pleistocene of Nauru, equatorial south-
west Pacific. Therefore, the presence of an enameled crown in
CMM-V-8955 is not sufficient evidence to confirm the strati-
graphic origin. Consequently, it is possible that CMM-V-8955
originated from either the Miocene Pungo River Formation or
the Pliocene Yorktown Formation.

Description

CMM-V-8955 (Fig. 1) is a shark-bitten physeteroid tooth. In its
overall appearance, it approximates a gently curved spindle,
116.5 mm in its straight-line length and 28.5 mm in maximum
diameter. The maximum height of the very lightly crenulated
enamel crown is 19.5 mm. Most of the gibbous root of the tooth
is marked by shallow longitudinal furrows. The short crown
of CMM-V-8955 curves lingually. Because of occlusion with
a functional tooth in the opposite jaw, the labial face of the
crown and a portion of the root were worn to a smooth and
very shiny surface (that side of the tooth is not shown in Fig. 1).
The pulp cavity is approximately 26 mm deep and 13.5 mm in
maximum diameter.

The two most prominent shark tooth marks (labelled as
gouges 1 and 2 in Fig. 1) occupy approximately the midpoint in
tooth length on the lingual face of the root. At 23.5 mm long,
gouge number 2 is the longest. It is preserved as a ragged gouge
mark that cuts approximately diagonally across the mid-length
of the root of the tooth. Gouge number 1 is 11.5 mm in length.
Its diagonal course parallels that of number 2. Adjacent to this
bite trace, and associated with it, are finer traces that were made
by the serrations on the cutting edge of the Otodus sp. tooth
(Fig. 1A,). There are 12 fine serration marks over a distance
of 7.6 mm. Therefore, the center of each serration is separated
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Fig. 1. Otodus-bitten sperm whale tooth (CMM-V-8955) from the Neogene of the Aurora Phosphate Mine, North Carolina, USA; in lingual (A) and
anteromedial (A,) views, showing all three bite traces, as indicated by the numbers 1-3; A, enlarged view of the two primary bite traces, one of which
shows the serration marks left as the shark tooth cut into the sperm whale tooth. The specimen was whitened with sublimed ammonium chloride to en-

hance contrast.

from the center of its neighboring serration by about 0.63 mm.
The third gouge, 11 mm long, is not as deep as the aforemen-
tioned bite traces. It occupies a position on the root more prox-
imal than the others (number 3 in Fig. 1A)). It also crosses the
root of the sperm whale tooth diagonally and perpendicular to
the direction of the other two gouges.

Concluding remarks

In addition to Otodus chubutensis and Otodus megalodon,
there are other Neogene sharks known from the Nutrien

Aurora Phosphate Mine that possess serrated crowns. They in-
clude Notorynchus cepedianus, Hexanchus sp., Carcharodon
carcharias, Hemipristis serra, Galeocerdo sp., Physogaleus
contortus, Galeocerdo cf. G. cuvier, and seven species within
the genus Carcharhinus (Purdy et al. 2001). However, based
on a combination of the size of the bite traces and the size
and even spacing of the serration traces, we rule all of them
out except for the Otodus spp. as possible contenders. We ex-
clude Carcharodon carcharias because large teeth of this spe-
cies have serrations that are too large and widely spaced to
have made the gouge traces present on the sperm whale tooth
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Fig. 2. A possible origin of the Otodus tooth bite traces on the root of the Neogene sperm whale tooth CMM-V-8955. An Otodus sp. (foreground) is biting
the rostrum of a sperm whale (background). That the bite traces occur on the tooth of the sperm whale hints at a live antagonistic interaction between
these two macropredators.

(Nyberg et al. 2006: fig. 8). The teeth of Otodus spp. exhibit
fine and regular serrations whereas those of C. carcharias are
coarse and irregular (Ehret et al. 2012: fig. 4).

Because of the parallel and close spacing of gouges 1 and 2,
we think they represent cuts made by the same or a vicinal
tooth during two separate bites. When the sperm whale tooth
is held within a reconstructed jaw of O. megalodon, it would
appear that gouge 3 was made when the sperm whale tooth was
bitten by a separate Otodus tooth in the opposing mandible.

When the Nutrien Aurora Phosphate Mine was open to col-
lectors, hundreds of physeteroid teeth were collected from spoil
piles and placed within the collections of the National Museum
of Natural History, the Smithsonian Institution (Whitmore and
Kaltenbach 2008; Gilbert et al. 2018). A smaller collection of
comparable teeth is housed in the Calvert Marine Museum.
Unfortunately, most of these teeth do not exhibit diagnostic
features allowing for precise taxonomic assignment below
the familial level (Whitmore and Kaltenbach 2008; Gilbert

et al. 2018). Of the three enamel-crowned sperm whale tooth
morphotypes described by Whitmore and Kaltenbach (2008)
from the Nutrien Aurora Phosphate Mine, CMM-V-8955 most
closely resembles the smooth-enamel crown fusiform teeth at-
tributed to morphotype 3. Unfortunately, this attribution does
not confer a taxonomic assignment to the tooth. Therefore, the
specific identity of CMM-V-8955 will remain a mystery until
a closely similar tooth-bearing physeteroid skull is discovered
and described. Furthermore, we do not know the position of the
tooth within the dental arcade of the sperm whale.
CMM-V-8955 matches closely the length and girth of
some of the larger teeth in a specimen of the Peruvian late
Miocene physeteroid Acrophyseter deinodon (MNHN SAS
1626; Lambert et al. 2016). Based on equations from Lambert
et al. (2010) using bizygomatic width and condylobasal length,
they calculated a body length of 4.0-4.3 m for 4. deinodon.
Based solely on similarity in tooth size, we estimate that
CMM-V-8955 came from a sperm whale that was also approx-
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imately 4 m in total body length. From the bite traces, we are
not able to estimate the length of the megatoothed shark.

Although we do not know for sure if these bite traces came
about as a result of scavenging or active predation, we think
that a stronger case can be made for active predation (Fig. 2). It
would seem unlikely that a large shark would target the jaws of
a floating or seafloor carcass of a sperm whale. There would be
little flesh in return for the effort. Rather, these bite traces sug-
gest a live antagonistic interaction. They hint at an attack to the
head with the goal of inflicting a mortal wound. Collareta et al.
(2019) described a partial skull of a diminutive sperm whale
(the holotype of the kogiid Pliokogia apenninica) from the
lower Pliocene of Italy preserving shark bite traces (tentatively
attributed to the extinct white shark, Carcharodon hastalis) at
its rostrum base. These purported attacks to the skull contrast
with the strategies used by modern large sharks to attack small,
echolocating toothed whales. Modern large sharks are thought
to concentrate their attacks on the posterior part of the body,
whereby avoiding detection by both the lateral visual field and
the anteriorly directed biosonar of their prey (Long 1991; Long
and Jones 1996; Bianucci et al. 2010; Godfrey et al. 2018).

Apparently, in stark contrast to the aforementioned strate-
gies on echolocating toothed whales, predation patterns of Car-
charodon carcharias on non-echolocating marine mammals
(i.e., pinnipeds) inferred from wounded carcasses differ in that
bite marks are more evenly distributed all over the body. They
have even been found with regularity on the head in the case
of true seals, suggesting that great white sharks focus on the
anterior part of the body when attacking these prey (Long and
Jones 1996). Bite traces by megatoothed sharks have now been
found in all regions of cetacean skeletons (Purdy 1996; Renz
2002; Godfrey and Altman 2005; Aguilera et al. 2008; Carrillo-
Bricefio et al. 2016; Collareta et al. 2017; Godfrey et al. 2018;
Kent 2018; Mierzwiak and Godfrey 2019). However, we do not
yet know if megatoothed sharks had preferred attack strategies
for different prey types.

At a minimum, these bite traces demonstrate, for the first
time, trophic interaction between a megatoothed shark and a
medium-size sperm whale. What makes these bite traces more
interesting is that they occur on part of the root that was origi-
nally embedded in the jaw (at least for gouge 3). In order for the
shark teeth to have marked the sperm whale tooth, they would
first have had to cut/break through the jaw bone. The bite most
likely also damaged the surrounding bone. This implies the
ability of a powerful bite on the part of the shark.

Based on their analysis of physeteroid teeth from the Nutrien
Aurora Phosphate Mine, Gilbert et al. (2018) proposed that
these odontocetes matured rapidly and had a relatively short life
span (<25 years) because of high predation pressures exerted by
large predators, including Otodus megalodon. This bitten tooth
lends support to their findings.

Acknowledgements.—Gifted artist Tim Scheirer (Lusby, USA) creat-
ed Fig. 2 showing one possible rendering of the Ofodus-sperm whale
encounter. Olivier Lambert (Institut Royal des Sciences Naturelles de
Belgique, Belgium) provided helpful comments on, and edited this
brief contribution for Acta Palacontologica Polonica—many thanks.

ACTA PALAEONTOLOGICA POLONICA 66 (3), 2021

We would also like to thank Alberto Collareta (Universita di Pisa,
Italy), Dana Ehret (Monmouth University, West Long Branch, USA),
and Victor Perez (Calvert Marine Museum, Solomons, USA) for their
expert and constructive reviews. SJG would like to thank Victoria God-
frey (Lusby, USA) for stimulating discussion about the possible origins
of the bitten sperm whale tooth. Funding of this report came from
the citizens of Calvert County, the Calvert County Board of County
Commissioners, and the Clarissa and Lincoln Dryden Endowment for
Paleontology at the Calvert Marine Museum.

References

Aguilera, O.A, Garcia, L., and Cozzuol, M.A. 2008. Giant-toothed white
sharks and cetacean trophic interaction from the Pliocene Caribbean
Paraguana Formation. Paldontologische Zeitschrift 82: 204-208.

Bianucci, G. and Gingerich, P.D. 2011. Aegyptocetus tarfa, n. gen. et sp.
(Mammalia, Cetacea), from the middle Eocene of Egypt: clinorhynchy,
olfaction, and hearing in a protocetid whale. Journal of Vertebrate Pale-
ontology 31: 1173-1188.

Bianucci, G., Bisconti, M., Landini, W., Storai, T., Zuffa, M., Giuliani,
S., and Mojetta, A. 2002. Trophic interactions between white sharks
(Carcharodon carcharias) and cetaceans: a comparison between Plio-
cene and recent data. /n: M. Vacchi, G. La Mesa, F. Serena, and B. Séret
(eds.), Proceedings 4th Meeting of the European Elasmobranch Associ-
ation, Livorno (Italy) 27-30 September 2000, 33—48. Imprimerie F. Pail-
lart, Abbeville.

Bianucci, G., Sorce, B., Storai, T., and Landini, W. 2010. Killing in the Plio-
cene: shark attack on a dolphin from Italy. Palaeontology 53: 457-470.

Carrillo-Briceno, J.D., Aguilera, O.A., De Gracia, C., Aguirre-Fernandez,
G., Kindlimann, R., and Sanchez-Villagra, M.R. 2016. An early Neo-
gene elasmobranch fauna from the southern Caribbean (Western Vene-
zuela). Palaeontologia Electronica 19: 27A.

Cigala Fulgosi, F. 1990 Predation (or possible scavenging) by a great white
shark on an extinct species of bottlenosed dolphin in the Italian Plio-
cene. Tertiary Research 12: 17-36.

Collareta, A., Cigala Fulgosi, F., and Bianucci, G. 2019. A new kogiid sperm
whale from northern Italy supports psychrospheric conditions in the
early Pliocene Mediterranean Sea. Acta Palaeontologica Polonica 64:
609-626.

Collareta, A., Lambert, O., Landini, W., Di Celma, C., Malinverno, E.,
Varas-Malca, R., Urbina, M., and Bianucci, G. 2017. Did the giant
extinct shark Carcharocles megalodon target small prey? Bite marks
on marine mammal remains from the late Miocene of Peru. Palaeoge-
ography, Palaeoclimatology, Palaeoecology 469: 84-91.

Deméré, T.A. and Cerutti, R.A. 1982. A Pliocene shark attack on a cethoth-
eriid whale. Journal of Paleontology 56: 1480—1482.

Ehret, D.J., MacFadden, B.J., Jones, D.S., DeVries, T.J., and Salas-Gis-
mondi, R. 2009. Caught in the act: trophic interactions between a
4-million-year-old white shark (Carcharodon) and mysticete whale
from Peru. Palaios 24: 329-333.

Ehret, D.J., Macfadden, B.J., Jones, D.S., DeVries, T.J., Foster, D.A., and
Salas-Gismondi, R. 2012. Origin of the white shark Carcharodon
(Lamniformes: Lamnidae) based on recalibration of the upper Neo-
gene Pisco Formation of Peru. Palaeontology 55: 1139-1153.

Fitzgerald, E.M.G. 2011. A fossil sperm whale (Cetacea, Physeteroidea)
from the Pleistocene of Nauru, equatorial southwest Pacific. Journal
of Vertebrate Paleontology 31: 929-931.

Gilbert, K.N., Ivany, L.C., and Uhen, M.D. 2018. Living fast and dying
young: life history and ecology of a Neogene sperm whale. Journal of
Vertebrate Paleontology 38 (2): €1439038.

Godfrey, S.J. and Altman, J. 2005. A Miocene cetacean vertebra showing
a partially healed compression fracture, the result of convulsions or
failed predation by the Giant White Shark, Carcharodon megalodon.
Jeffersoniana 16: 1-12.

Godfrey, S.J., Ellwood, M., Groff, S., and Verdin, M.S. 2018. Carcharocles-



BRIEF REPORT

bitten odontocete caudal vertebrae from the Coastal Eastern United
States. Acta Palaeontologica Polonica 63: 463—468.

Kallal, R.J., Godfrey, S.J., and Ortner, D.J. 2012. Bone reactions on a
Pliocene cetacean rib indicate short-term survival of predation event.
International Journal of Osteoarchaeology 22: 253-260.

Kent, B.W. 2018. The cartilaginous fishes (chimaeras, sharks, and rays) of
Calvert Cliffs, Maryland, USA. Smithsonian Contributions to Paleo-
biology 100: 45-157.

Lambert, O., Bianucci, G., and De Muizon, C. 2016. Macroraptorial sperm
whales (Cetacea, Odontoceti, Physeteroidea) from the Miocene of Peru.
Zoological Journal of the Linnean Society [published on line, https://doi.
org/10.1111/20j.12456].

Lambert, O., Bianucci, G., Post, K., Muizon, C. de, Salas-Gismondi, R.,
Urbina, M., and Reumer, J. 2010. The giant bite of a new raptorial
sperm whale from the Miocene epoch of Peru. Nature 466: 105-108.

Long. D.J. 1991. Apparent predation by a white shark Carcharodon carch-
arias on a pygmy sperm whale Kogia breviceps. Fishery Bulletin U.S.
89: 538-540.

Long, D.J. and Jones, R.E. 1996. White shark predation and scavenging
on cetaceans in the eastern North Pacific Ocean. /n: A.P. Klimley and
D.G. Ainley (eds.), Great White Sharks: the Biology of Carcharodon
carcharias, 293-307. Academic Press, San Diego.

Mierzwiak, J.S. and Godfrey, S.J. 2019. Megalodon-bitten whale rib from
South Carolina. The Ecphora 34 (2): 15-20.

Nyberg, K.G., Ciampaglio, C.N., and Wray, G.A. 2006. Tracing the ances-
try of the great white shark, Carcharodon carcharias, using morpho-
metric analyses of fossil teeth. Journal of Vertebrate Paleontology 26
(4): 806-814.

Purdy, R.W. 1996. Paleoecology of fossil white sharks. /n: A.P. Klimley

603

and D.G. Ainley (eds.), Great White Sharks: The Biology of Carcharo-
don carcharias, 67-78. Academic Press, San Diego.

Purdy, R.W., Schneider, V.P., Applegate, S.P., McLellan, J.H., Meyer, R.L.,
and Slaughter, B.H. 2001. The Neogene sharks, rays, and bony fishes
from Lee Creek Mine, Aurora, North Carolina. Smithsonian Contribu-
tions to Paleobiology 90: 71-202.

Ray, C.E. (ed.) 1983. Geology and paleontology of the Lee Creek Mine,
North Carolina, 1. Smithsonian Contributions to Paleobiology 53. 529
pp- Smithsonian Institution Press, Washington, DC.

Ray, C.E. (ed.) 1987. Geology and paleontology of the Lee Creek Mine,
North Carolina, 1. Smithsonian Contributions to Paleobiology 61.283
pp- Smithsonian Institution Press, Washington, DC.

Ray, C.E. and Bohaska, D.J. (eds.) 2001. Geology and paleontology of the
Lee Creek Mine, North Carolina, II1. Smithsonian Contributions to Pa-
leobiology 90. 365 pp. Smithsonian Institution Press, Washington, DC.

Ray, C.E., Bohaska, D.J., Koretsky, [.A., Ward, L.W., and Barnes, L.G.
(eds.) 2008. Geology and paleontology of the Lee Creek Mine, North
Carolina, IV. Virginia Museum of Natural History Special Publication
14. 517 pp. Virginia Museum of Natural History Press, Martinsville.

Renz, M. 2002. Megalodon, Hunting the Hunter. 159 pp. PaleoPress, Lehigh
Acres.

Takakuwa, Y. 2014. A dense occurrence of teeth of fossil “mako” shark
(“Isurus™ hastalis: Chondrichthyes, Lamniformes), associated with a
balaenopterid-whale skeleton of the Late Miocene Pisco Formation,
Peru, South America. Bulletin of the Gunma Museum of Natural His-
tory 18: 77-86.

Whitmore, F.C. and J.A. Kaltenbach. 2008. Neogene Cetacea of the Lee
Creek Phosphate Mine, North Carolina. Virginia Museum of Natural
History Special Publication 14: 181-269.

Stephen J. Godfrey [Stephen.Godfrey@calvertcountymd.gov], Department of Paleontology, Calvert Marine Museum, PO Box 97, Solomons, Maryland,
20688, USA; and Research Associate, National Museum of Natural History, Smithsonian Institution, Washington, DC, 20560, USA.

John R. Nance [John.Nance@calvertcountymd.gov], Department of Paleontology, Calvert Marine Museum, PO Box 97, Solomons, Maryland, 20688, USA.
Norman L. Riker (deceased), 620 Rolling Hills Road, Solomons, Maryland, 20688, USA.

Received 17 September 2020, accepted 23 November 2020, available online 9 August 2021.

Copyright © 2021 S.J. Godfrey et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License (for details
please see http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the orig-

inal author and source are credited.



