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ABSTRACT

An anomalous specimen of Dinictis felina (Carnivora: Nimravidae) from the 
Scenic Member of the Brule Formation in South Dakota was recently identified 
possessing bilaterally symmetrically split carinae on the anterior surfaces of the 
upper canines. The anterior carinae display normal serration patterns from the 
apex until they bifurcate towards the base. The primary carinae maintain their 
normal positions while the accessory carinae diverge laterally before curving dor-
sally towards the tooth base. Though other types of mammalian, particularly hu-
man, tooth abnormalities are thoroughly documented, split carinae are previously 
unreported in mammalian taxa. However, these anomalies are well documented 
in disparate families of theropod dinosaurs (Tyrannosauridae, Dromaeosauridae, 
and Carcharodontosauridae). The aforementioned morphology of the carinae 
of the D. felina specimen is similar to that previously noted in theropods (e.g., 
split carinae on the anterior face of the tooth), suggesting a possibly homologous 
underlying cause. Three hypotheses for the split carinae abnormality documented 
in theropods were previously proposed: trauma, aberrant tooth replacement, 
and genetic expression. The continuous cycle of tooth replacement in theropods 
and lack of genetic information in fossil material made it difficult to confidently 
identify a preferred hypothesis, though genetic expression was more rigorously 
supported. We propose that these hypotheses are not mutually exclusive, and that 
genetic expression, influenced by other factors initiating epigenetic modification, 
is the most parsimonious interpretation for the presence of split carinae in both 
mammals and theropods given the constrained pattern of mammalian tooth 
replacement, clear bilateral symmetry of the split carinae, and serration morphol-
ogy of the accessory carinae in this specimen of D. felina.
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INTRODUCTION

Cuvier’s principle of the correlation of parts is one of key principles within 
the foundations of paleontology and comparative anatomy. Cuvier argued that 
the skeletal anatomy of living and fossil organisms could be reliably utilized for 
“evidence-based reconstruction” (Benton, 2010). The form and function of skel-
etal anatomy is expected to reflect the physiological, behavioral characteristics, 
and developmental constraints of an organism and its evolutionary heritage, and 
if properly evaluated, can consistently determine scientific interpretations and 
reconstructions. The form and function of teeth can fulfill numerous purposes, 
aside from feeding, such as protection, grooming, digging, etc. Teeth primarily 
reflect the dietary needs of an organism, along with evolutionary heritage, and 
remain somewhat consistent or repetitive throughout the evolution of vertebrate 
groups. We can observe morphologic analogy in animals that infer similar her-
bivorous, omnivorous, or carnivorous feeding adaptations for dietary needs. Car-
nivorous vertebrates are a common example used to demonstrate Cuvier’s found-
ing principles and are easily recognizable (e.g., the serrations on saber-toothed 
feliform carnivore canines in correlation with the denticles in theropod dinosaur 
teeth). Significant analogous structures demonstrate morphologic repetition 
throughout biogeographically restricted niches as well as temporal reemergence 
of feeding functionality in the fossil record, inferring potential environmental 
influence into the evolution of form and function. Bakker (1998) suggested 
allosaurid theropods could serve as an adequate saber-toothed cat analogue for 
Jurassic ecosystems. Though Bakker’s (1998) correlation may be somewhat im-
precise, there are distinct parallels of form and function of the teeth belonging to 
the aforementioned taxa.

Three families of saber-toothed Feliformia demonstrate distinct and temporally 
repetitive dental analogies: Nimravidae in the Late Eocene to Late Oligocene; 
Barbourofelidae in the Late Miocene; and machairodontine Felidae in the Late 
Miocene to Pleistocene (Martin 1998a, 1998b). The saber-toothed condition 
is not unique to Feliformia and has also been exemplified in South American 
sprassodont marsupials (i.e., Thylacosmilus) from the Miocene, the creodont 
Machairoides from the Middle Eocene of North America and therapsids (i.e., 
Gorgonopsidae) from the Permian (see Antón 2013). However, the presence of 
analogous but not homologous structures in closely related taxonomic groups can 
create difficulty in using dental characters to resolve alpha level taxonomy and 
systematic relationships of taxa (see Currie et al. 1990). Analogous morphology 
and life habits could be expected to correlate with pathologies and abnormalities. 
These can either be involved with the form and function of the animal directly, 
or as an indirect result of activity. Examples of bacterial bone infection osteo-
myelitis, commonly occurring from cat bites (e.g., Chodakewitz and Bia 1988), 
have been documented in correlation with predator-associated trauma in several 
extinct groups. Osteomyelitis has been identified or suggested to occur in a dorsal 
spine injury in Dimetrodon from the Permian of Texas (Moodie 1921), multiple 
injuries in the allosaurid theropod Allosaurus fragilis from the Late Jurassic Cleve-
land-Lloyd Quarry in Utah (Hanna 2002), multiple injuries in the abelisaurid 
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theropod Majungasaurus crenatissimus from the Late Cretaceous of Madagascar 
(Farke and O’Connor 2007), pathology in the tyrannosaurid theropod Tyranno-
saurus rex from the Late Cretaceous of South Dakota (Brochu 2003), and a femur 
injury in the titanosuchid therapsid Jonkeria parva from the Permian of South 
Africa (Shelton et al. 2017), to list just a few examples. 

Morphologically similar tooth deformations are also known to occur in closely 
related taxonomic groups and have been especially well-documented in theropod 
dinosaurs (Currie et al. 1990; Erickson 1995). A diverse array of theropod dino-
saurs share macro- and micro-anatomical features within their teeth, spanning 
the entirety of their evolution and geographic occurrences and have warranted 
detailed study to provide insight into systematics and paleoecology, while briefly 
noting dental abnormalities (e.g., Curie et al. 1990). One of the more intriguing 
tooth abnormalities found in theropod dinosaurs is the bifurcation of the anterior 
carinae. Split carinae in theropod dinosaurs typically occur basal to the apex of 
the tooth, with the paired carinae orienting parallel towards the tooth base. The 
split carinae abnormality is also observed in several other vertebrate clades with 
serrated or non-serrated carinae. Itano (2013) has documented this abnormality 
in sharks, specifically the Neogene Otodus megalodon and Carboniferous Edestus 
minor. Itano (2013) inferred that the abnormality of supernumerary carinae were 
the result of potential trauma during various stages of tooth development. Beatty 
and Heckert (2009) cited the abnormality in a phytosaur, but did not elaborate 
on the abnormality beyond its presence in the specimen. Hungerbühler (2000) 
observed the same condition in the Triassic phytosaur Nicrosaurus kapfii but 
referred to Erickson (1995) for explanation of origins. Outside of these previ-
ous examples, the split carinae abnormality is more thoroughly documented in 
theropod dinosaurs (e.g., Currie et al. 1990; Erickson 1995). Erickson (1995) 
was the first to provide a thorough study of the abnormality within the Tyranno-
sauridae throughout the Late Cretaceous. Tyrannosaurids that exhibit the pathol-
ogy include Tyrannosaurus, Daspletosaurus, Albertosaurus, and Alectrosaurus. The 
frequency of split carinae varied anywhere between 6-27% through stratigraphic 
locations. Erickson (1995) also observed the same feature in the more distantly 
related theropod Allosaurus. After Erickson’s (1995) work, split carinae were ob-
served and documented in an unidentified charcharodontosaurid (Candiero and 
Tanke 2008), in Dromaeosaurus albertensis (Fiorillo and Gangloff 2008), and in 
unidentified dromaeosaurid and troodontid taxa (Han et al. 2011). Though vari-
ous factors have been linked to tooth deformities (see Hillson 1986), Erickson 
(1995) narrowed his examinations into three more plausible and testable hypoth-
eses that could explain this abnormality: trauma, aberrant tooth replacement, 
and genetic expression. Of the three, Erickson (1995) concluded that genetic 
polymorphism had the most support, especially when compared to secondary 
tooth traits expressed and thoroughly studied in fossil rodents (Barnosky 1986, 
1993) and humans (e.g., Hrdlicka 1920). Erickson (1995) based his conclusion 
on multiple similarities between abnormalities in extant and extinct taxa, includ-
ing graded degrees of expression, secondary tooth traits being found at the same 
location on affected teeth, phenotypically neutral traits with no apparent selec-
tive or functional significance, and secondary tooth traits being locally expressed 
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within dentitions. However, later studies in genetic expression demonstrated 
that epigenetic factors (i.e., nutrition, disease, etc.) influence and modify genetic 
expression in tooth formation, and that the multiple hypotheses provided by 
Erickson (1995) are not mutually exclusive (Brook 2009; Seo et al. 2015). The 
complex and dynamic interactions between genetic expression with environmen-
tal influences of epigenetic factors is a more plausible cause of supernumerary 
tooth features, where the fossils provide examples of such expression.

 

Figure 1. SDSM 3670, Dinictis felina in (A.) left, anterior, and right views (scale bar = 5 cm). 
(B.) Right and left canines with split carinae with arrows marking the (PC) primary 
carina and (SC) secondary carina (scale bar = 5 mm). 

Figure 1. SDSM 3670, Dinictis felina in (A.) left, anterior, and right views (scale bar = 5 cm). 
(B.) Right and left canines with split carinae with arrows marking the (PC) primary carina 
and (SC) secondary carina (scale bar = 5 mm).
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In this study we report the first mammalian occurrence of the split carinae ab-
normality discovered in the upper canines of the nimravid Dinictis felina (SDSM 
3670; Figure 1 and Figure 2). Nimravid canines typically possess serrated carinae 
on the anterior and posterior sides of the canines. However, SDSM 3670 displays 
a bifurcation of the anterior carinae on the upper left and right canines (Figure 
1). This abnormality has not been reported previously in any mammalian taxon, 
making it difficult to correlate the cause of this abnormality. In this study we 
describe the morphology of the split carinae in SDSM 3670 and review previ-
ously proposed hypotheses for the development of split carinae in light of this 
discovery.

Museum Abbreviations —BADL, Badlands National Park, Interior, South 
Dakota; SDSM, South Dakota School of Mines and Technology, Rapid City, 
South Dakota.

Figure 2. A line drawing of SDSM 3670, Dinictis felina in oblique, anterior views of the (A.) 
right and (B.) left canines with arrows indicating the position of the accessory carinae 
(scale bar = 1 cm).

 
Figure 2. A line drawing of SDSM 3670, Dinictis felina in oblique, anterior views of the (A.) 

right and (B.) left canines with arrows indicating the position of the accessory carinae 
(scale bar = 1 cm). 
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SYSTEMATIC PALEONTOLOGY

MAMMALIA Linnaeus, 1758
CARNIVORA Bowdich, 1821
NIMRAVIDAE Cope, 1880
Dinictis felina Leidy, 1854

Dinictis felina Leidy, 1854
Daptophilus squalidens Cope, 1873
Dinictis squalidens Cope, 1879
Dinictis cyclops Cope, 1879
Dinictis fortis Adams, 1895
Dinictis bombifrons Adams, 1895
Dinictis paucidens Riggs, 1896
Dinictis felina Bryant, 1996
Dinictis cyclops Bryant, 1996
Dinictis felina Barrett, 2016

Referred Specimen —SDSM 3670; Anterior portion of skull and dentaries 
with right I1-3, C, P2-3, i1-3, c, P2-3, left I1-3, C, P2, i1-3, c, p2-3. Figure 1 
and Figure 2.

Locality and Horizon—3 miles Northeast Slide, North Cuny Table. Lower 
Oreodon Beds, Scenic Member, Brule Formation. Early Orellan North American 
Land Mammal Age.

Description—Refer to Barrett (2016) for the contemporary genus and species 
description. Dinictis felina represents a monotaxic genus (Barrett 2016). Since 
most of the skull is absent, there are a few characters that distinguish SDSM 3670 
as D. felina, which includes a short glenial flange, the caniniform I3, serration 
density within 2.8-4.8 serrations per millimeter (mean 3.6) (see Barrett 2016). 
Also, the lower canine is almost twice the height of the lower incisors, whereas the 
lower canine and incisors are of near equal height in Hoplophoneus. Abnormalities 
are found with the anterior carinae of the left and right upper canines. The pri-
mary carinae remain in their natural position, with slight mesial orientation near 
the base. The secondary carinae bifurcate laterally at 1.8 cm from the base and 
become oriented parallel to the primary carinae as they extend dorsally. Serration 
density on the primary carinae maintain consistent, uniform morphology (~3 
serrations per mm). The laterally bifurcated carinae display irregular serrations, 
similar to what has been observed in Hoplophoneus canines (~4-6 serrations per 
mm; see Figure 3; Boyd and Welsh 2013).

DISCUSSION

As previously discussed, saber-toothed nimravids share analogous serrated den-
tal anatomy with other carnivorous vertebrates based on their characteristic needs 
in catching and processing prey. Other carnivorous vertebrates with serrated 
tooth anatomy (e.g., sharks and dinosaurs) provide some clues to the potential 
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origins of these anomalous secondary tooth features. However, a distinct single-
most parsimonious conclusion was difficult to ascertain in previous studies given 
that these other vertebrate clades consistently shed and replace teeth during their 
lifetimes. The identification of split carinae in a mammalian taxon, which utilizes 
only two sets of teeth during its lifetime, allows for the three previously proposed 
hypotheses for the cause of this abnormality to be revisited and helps elucidate 
the cause of the split carinae abnormality.

Trauma—Impact or injury to the tooth while it is still developing might be 
responsible for the irregular location of split carinae along the anterior surface of 
teeth, as suggested by Itano (2013). However, it is perplexing that trauma would 
only affect the anterior margin of the tooth as observed within theropod dino-
saurs. Additionally, if split carinae were the result of injury then wound calluses 
or other diagnostic bone pathologies would be expected to be associated with 

 

Figure 3. Examples of nimravid canine serration density and morphology with (A.) 
Hoplophoneus sp. (BADL 37340) and (B.) Dinictis sp. (SDSM 2663).	

Figure 3. Examples of nimravid canine serration density and morphology with (A.) 
Hoplophoneus sp. (BADL 37340) and (B.) Dinictis sp. (SDSM 2663).
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split carinae, yet in situ teeth bearing these abnormalities are not associated with 
any pathological bone texture (Erickson 1995). Tooth impact resulting in enamel 
spalling is also observed in tyrannosaurid theropods (see Brochu 2003; Schubert 
and Ungar 2005), but no split carinae have been observed in direct correlation 
to tooth damage. While we have observed enamel spalling and tooth trauma in 
some nimravids (e.g., SDSM 28153, BADL 53913; Figure 4), we have observed 
no pathologic bone associated with this damage. There is no alteration to the 
position or morphology of carinae or serrations in nimravid specimens we have 
examined that display tooth damage. SDSM 3670 does not show any evidence 
of pathologic bone or damaged canines that would infer trauma being a cause of 
split carinae (Figure 1). It is possible that trauma to deciduous canines may have 
affected the development of the adult canines because adult canines in nimravids 
erupt late in their ontogenetic development (Bryant 1988); however, this would 
suggest any potential trauma must have been simultaneous and symmetrical to 
the left and right deciduous teeth. Therefore, we conclude that trauma is not a 
fully satisfactory cause for the split carinae observed in SDSM 3670, as Erickson 
(1995) also concluded for tyrannosaurid theropods.

 

Figure 4. Enamel spalling (marked with arrows) and wear observed in Hoplophoneus specimens. 
SDSM 28153 (A.) upper and (B.) lower canines Scale = 5 mm. View of BADL 53913, 
(C.) canine with extreme spalling Scale = 2 cm. 

Figure 4. Enamel spalling (marked with arrows) and wear observed in Hoplophoneus speci-
mens. SDSM 28153 (A.) upper and (B.) lower canines Scale = 5 mm. View of BADL 53913, 
(C.) canine with extreme spalling Scale = 2 cm.
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Aberrant tooth development—Tooth development which has been prolonged 
in the alveolar cavity is a plausible cause for the development of tooth abnor-
malities. For example, the former theropod dinosaur taxon Paronychodon, which 
was based solely on isolated teeth, was distinguished in part by the presence of 
longitudinal ridges on the teeth (Cope 1876). These ridges were abnormal and 
irregular crenulations, as opposed to carinae. It was later demonstrated that 
Paronychodon-like ridges were irregular aberrant tooth deformations found in 
multiple Late Cretaceous theropods (Dromaeosaurus, Richardoestesia, Sauror-
nitholestes, Troodon, and possibly tyrannosaurids: Currie et al. 1990; Longrich 
2008). Currie et al. (1990) explained that the Paronychodon tooth form observed 
in multiple theropod dinosaur taxa was likely an abnormality that resulted from 
prolonged contact with the medial alveolar socket during tooth development. 
Based upon these observations, aberrant tooth replacement has proven to be 
sufficient in explaining the Paronychodon condition among theropods, but has 
not been correlated to split carinae in either theropod dinosaurs or nimravid 
mammals. The consistent placement of split carinae on the anterior face of the 
teeth does not seem to demonstrate the same irregular development observed in 
specimens with the Paronychodon condition. Additionally, this hypothesis alone 
does not satisfactorily account for the bilateral symmetry of the split carinae ob-
served in SDSM 3670. 

Genetic expression—A genetic cause could by implied by the mirrored mor-
phology combined with the bilateral symmetry of the split carinae observed in 
SDSM 3670. The splits in the carinae occur at the same position between the left 
and right upper canines, and the accessory carinae each extend laterally from the 
main carinae. Also, the serration size and morphology along the accessory carinae 
closely resemble that observed in Hoplophoneus (higher serration density and less 
uniform morphology) as opposed to the main carinae that display a lower serra-
tion density and a more uniform morphology as observed in Dinictis (Figure 3; 
Boyd and Welsh 2013). Hoplophoneus has been considered to be phylogenetically 
derived in comparison to Dinictis (Bryant 1996; Peigné 2003; Barrett 2016), and 
the serration morphology could reflect this relationship but needs further study. 
These features demonstrate that the formation of the split carinae in SDSM 
3670 is likely the result of strict factors of genetic control rather than coinciden-
tal trauma or aberrant tooth replacement. There is precedent for genetic factors 
controlling dental variation in extant animals. Perhaps the most well documented 
would be the relationship between the development of shovel-shaped (sinodont) 
incisors in humans, where a variety of accessory lingual ridges or basal tubercles 
are formed (see Hrdlicka 1920), and variations in the ectodysplasin A receptor 
(EDAR) gene (e.g., Kimura et al. 2009; Park et al. 2012). No extant mammalian 
taxon exhibits serrated carinae, and genetic analysis cannot be conducted on 
extinct organisms, preventing direct study of the potential for variations in genes 
such as the EDAR gene to produce split carinae; however, the correlation between 
the development of the sinodont incisor in humans and specific variations in the 
EDAR gene show that these types of genetic expression are plausible (Kimura et 
al. 2009; Park et al. 2012). Further studies into epigenetic factors influencing ge-
netic expression in tooth development demonstrated that environmental factors 
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(i.e., nutrition, pollution, disease) can instigate complex molecular interactions 
resulting in epigenetic modifications, which influence gene expression, alter-
ing phenotypic variation (Brook 2009; Seo et al. 2015). Brook (2009) further 
elaborates that the inhibition of apoptosis during tooth development results in 
stimulating cell proliferation, leading to folding of inner enamel epithelium, 
resulting in dental anomalies. Given the evidence outlined above, we conclude 
that the hypothesis of genetic expression, with epigenetic factors, provides the 
most parsimonious explanation for the presence of split carinae in SDSM 3670. 
However, the specific cause initiating epigenetic-genetic modification has yet to 
be determined. 

CONCLUSIONS

Of the three most testable hypotheses proposed by Erikson (1995), we con-
clude that no singular hypothesis is adequate, but that complex interactions 
between environment, animal health, and other factors inducing epigenetic 
modification and subsequent genetic expression can provide the most parsimo-
nious explanation regarding the development of split carinae in theropod dino-
saurs and nimravid mammals. The morphology described in SDSM 3670 best 
supports genetic expression as the most parsimonious cause of the abnormality, 
but this is likely due to an undetermined environmental influence initiating epi-
genetic modification. Aside from the strict characterization of the abnormality 
in an extinct organism, the development of accessory carinae appears to adhere 
well with the constraints of secondary tooth features resulting from variability in 
the EDAR gene, as demonstrated by Kimura et al. (2009) and Park et al. (2012), 
along with environmental factors influencing epigenetic modification of gene 
expression (Brook 2009; Seo et al. 2015). Based on this conclusion, one could 
also infer that the development of split carinae across multiple vertebrate clades 
results from an abnormality that is genetically widespread within Vertebrata. This 
particular form of secondary tooth feature is difficult to trace more broadly across 
vertebrate groups because the presence of carinae, serrated or non-serrated, are 
infrequent within vertebrate clades. Also, serrated carinae are typically found in 
phylogenetically disparate carnivorous vertebrates, compounding the rarity of 
such features as well as confounding the determination of causes. However, ge-
netic controls of tooth formation should be expected to be more universal within 
vertebrate clades, with abnormalities being expressed within the fossil record 
only when particular macro-anatomical features are present (e.g., tooth count, 
the arrangement of cusps, orientation of ridges, etc.) . The relatively high rate 
of continuous tooth replacement present in theropod dinosaurs (e.g., D’Emic et 
al. 2019) may explain why split carinae are better documented within that clade 
than among mammalian taxa that bear only two sets of teeth in their lifetime. 
Alternatively, if the development of split carinae does have a genetic cause, the 
low rate of occurrence in mammalian taxa could result from negative selection 
pressure for this trait in those taxa. While we cannot identify a clear detrimental 
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effect of the presence of split carinae, variations in the EDAR gene are known to 
have pleiotropic effects on dental morphology (Park et al. 2012). 

ACKNOWLEGEMENTS

We thank Darrin Pagnac and Sally Shelton at South Dakota School of Mines 
for access to SDSM 3670 and SDSM 28153, as well as the microscope used for 
photography of the carinae. Rachel Benton and Megan Cherry at Badlands Na-
tional Park graciously provided access to BADL 53913. Greg Erickson, at Florida 
State University, was incredibly helpful with comments and discussion on tooth 
abnormalities in theropod dinosaurs. We would also like to thank our reviewers 
for their input into this manuscript. The views expressed in this publication do 
not necessarily reflect the views of the National Park Service or the Department 
of the Interior.

LITERATURE CITED 

Adams, G.I. 1895. Two new species of Dinictis from the White River beds. The 
American Naturalist 29:573-578.

Antón, M. 2013. Sabertooth. Indiana University Press. pp. 1-243.
Bakker, R.T. 1998. Brontosaur killers: Late Jurassic allosaurids as sabre-tooth cat 

analogues. Gaia 15:145-158.
Barnosky, A.D. 1986. New species of the Miocene rodent Cupidinimus (Hetero-

myidae) and some evolutionary relationships within the genus. Journal of 
Vertebrate Paleontology 6:46-64.

Barnosky, A.D. 1993. Mosaic evolution at the population level in Microtus 
pennsylvanicus. Pages 24-59 in RA. Martin and A.D. Barnosky, editors. Mor-
phological Change in Quaternary Mammals of North America. Cambridge 
University Press, Cambridge, UK..

Barrett, P.Z. 2016. Taxonomic and systematic revisions to the North Ameri-
can Nimravidae (Mammalia, Carnivora). PeerJ 4:e1658; DOI 10.7717/
peerj.1658

Beatty, B.L. and A.B. Heckert. 2009. A large archosauriform tooth with multiple 
supernumerary carinae from the Upper Triassic of New Mexico (USA), with 
comments on carina development and anomalies in the Archosauria. Histori-
cal Biology, 21(1-2):57-65.

Benton, M.J. 2010. Studying function and behavior in the fossil record. PLoS 
Biology 8(3): e1000321. doi:10.1371/journal.pbio.1000321

Bowdich, T.E. 1821. An analysis of the natural classifications of Mammalia for 
the use of students and travelers. J. Smith, Paris FR.

Boyd, C., and E. Welsh. 2013. Investigating the taxonomic utility of serration 
density on the canines of North American Nimravid Feliforms. Journal of 
Vertebrate Paleontology: Program and Abstracts. (pp. 92). Society of Verte-
brate Paleontology.



80 Proceedings of the South Dakota Academy of Science, Vol. 99 (2020)

Brochu, C.A. 2003. Osteology of Tyrannosaurus rex: Insights from a nearly com-
plete skeleton and high-resolution computed tomographic analysis of the 
skull. Memoir (Society of Vertebrate Paleontology) 7:1-138.

Brook, A.H. 2009. Multilevel complex interactions between genetic, epigenetic 
and environmental factors in the aetiology of anomalies of dental develop-
ment. Archives of Oral Biology 545:S3-S17.

Bryant, H.N. 1988. Delayed eruption of the deciduous upper canine in the sa-
bertoothed carnivore Barbourofelis lovei (Carnivora, Nimravidae). Journal of 
Vertebrate Paleontology 8(3): 295-306. 

Bryant, H. N. 1996. Nimravidae. Pages 453-475 in D.R. Prothero and R. J. Em-
ry, editors. The Terrestrial Eocene-Oligocene Transition in North America. 
Cambridge University Press. Cambrdge, UK.

Candiero, C.R.A., and D.H. Tanke. 2008. A pathological Late Cretaceous car-
charodontosaurid tooth from Minas Gerais, Brazil. Bulletin of Geosciences 
83(3):351-354.

Chodakewitz, J., and F.J. Bia. 1988. Septic arthritis and osteomyelitis from a cat 
bite. Yale Journal of Biology and Medicine 61(6):513-518.

Cope, E.D. 1873. Third notice of extinct vertebrata from the Tertiary of the 
plains. Paleontological Bulletin 16:1-18.

Cope, E.D. 1876. On some extinct reptiles and Batrachia from the Judith River 
and Fox Hills Beds of Montana. Proceedings of the Academy of Natural Sci-
ences of Philadelphia 28:340-359.

Cope, E.D. 1879. On the genera of Felidae and Canidae. Proceedings of the 
Academy of Natural Sciences of Philadelphia 31:168-194.

Cope, E.D. 1880. On the extinct cats of America. American Naturalist 14:833-
858.

Currie, P.J., J.K. Rigby, and R.E. Sloan. 1990. Theropod teeth from the Judith 
River Formation of Southern Alberta, Canada. Pages 107-125 in P.J. Cur-
rie and K. Carpenter, editors. Dinosaur Systematics: Perspectives and Ap-
proaches. Cambridge University Press, Cambridge, UK.

D’Emic, M.D., P.M. O’Connor, T.R. Pascucci, J.N. Gavras, E. Mardakhayava, 
and E.K. Lund. 2019. Evolution of high tooth replacement rates in theropod 
dinosaurs. PLoS ONE 14(11): e0224734. https://doi.org/10.1371/journal.
pone.0224734

Erickson, G.M. 1995. Split carinae on tyrannosaurid teeth and implications of 
their development. Journal of Vertebrate Paleontology 15(2) 268-274.

Farke, A.A. and P.M.O’Connor. 2007. Pathology in Majungasaurus crenatissimus 
(Theropoda: Abelisauridae) from the Late Cretaceous of Madagascar. Mem-
oir (Society of Vertebrate Paleontology) 8:180-184.

Fiorillo, A.R., and R.A. Gangloff. 2008. Theropod teeth from the Prince Creek 
Formation (Cretaceous) of Northern Alaska, with speculations on Arctic 
dinosaur paleoecology. Journal of Vertebrate Paleontology 20(4):675-682.

Han, F., J.M. Clark, X. Xu, C. Sullivan, J. Choiniere, and D.W.E. Hone. 2011. 
Theropod teeth from the Middle-Upper Jurassic Shishugou Formation of 
Northwest Xinjiang, China. Journal of Vertebrate Paleontology 31(1):111-
126.



Proceedings of the South Dakota Academy of Science, Vol. 99 (2020) 81

Hanna. R.R. 2002. Multiple injury and infection in a sub-adult theropod 
dinosaur Allosaurus fragilis with comparisons to allosaur pathology in the 
Cleveland-Lloyd Dinosaur Quarry Collection. Journal of Vertebrate Paleon-
tology 22(1):76-90.

Hillson, S. 1986. Teeth. Cambridge University Press, Cambridge, UK.
Hrdlicka, A. 1920. Shovel shaped teeth. American Journal of Physical Anthropol-

ogy 3:429-465.
Hungerbühler, A. 2000. Heterodonty in the European phytosaur Nicrosaurus 

kapffi and its implications for the taxonomic utility and functional morphol-
ogy of phytosaur dentitions. Journal of Vertebrate Paleontology 20(1):31-48.

Itano, W.M. 2013. Abnormal serration rows on a tooth of the Pennsylvanian 
Chondrichthyan Edestus. New Mexico Museum of Natural History and Sci-
ence Bulletin 60:139-142.

Kimura, R., T. Yamaguchi, M. Takeda, O. Kondo, T. Toma, K. Haneji, T. Hani-
hara, H. Matsukusa, S. Kawamura, K. Maki, M. Osawa, H. Ishida, and H. 
Oota. 2009. A common variation in EDAR is a genetic determinant of shov-
el-shaped incisors. American Journal of Human Genetics 85(4):528-535.

Leidy, J. 1854. August 1st. Proceedings of the Academy of Natural Sciences of 
Philadelphia 5:329-331.

Linnaeus, C. 1758. Systema Naturae per Raegna Tria Naturae. Volume 1. Reg-
num Animale. 10th Edition. Trustees, British Museum (Natural History), 
London, 823 pp.

Longrich, N. 2008. Small theropod teeth from the Lance Formation of Wyo-
ming, USA. Pages 135-158 in J.T. Sankey and S. Baszio, editors. Vertebrate 
Microfossil Assemblages: Their Role in Paleoecology and Paleobiogeography. 
Indiana University Press, Bloomington, IN.

Martin, L.D. 1998a. Nimravidae. Pages 228-235 in C.M. Janis, K M. Scott, 
and L.L. Jacobs, editors. Evolution of Tertiary Mammals of North America 
Volume 1: Terrestrial Carnivores, Ungulates and Ungulatelike Mammals. 
Cambridge University Press, Cambridge, UK.

Martin, L.D. 1998b. Felidae. Pages 236-242 in C. M. Janis, K. M. Scott, and L. 
L. Jacobs, editors. Evolution of Tertiary Mammals of North America Volume 
1: Terrestrial Carnivores, Ungulates and Ungulatelike Mammals. Cambridge 
University Press, Cambridge, UK..

Moodie, R.L. 1921. Osteomyelitis in the Permian. Science 53(1371):333.
Peigné, S. 2003. Systematic review of European Nimravinae (Mammalia, Car-

nivora, Nimravidae) and the phylogenetic relationships of Palaeogene Nim-
ravidae. Zoologica Scripta 32:199-229.

Park, J.H., T. Yamaguchi, C. Watanabe, A. Kawaguchi, K. Haneji, M. Takeda, 
Y.I. Kim, Y. Tomoyasu, M. Watanabe, H. Oota, T. Hanihara, H. Ishida, K. 
Maki, S.B. Park and R. Kimura. 2012. Effects of an Asian-specific nonsyn-
onymous EDAR variant on multiple dental traits. Journal of Human Genet-
ics 57(8):508-14.

Riggs, E.S. 1896. A new species of Dinictis from the White River Miocene of 
Wyoming. The Kansas University Quarterly 4:237-241.



82 Proceedings of the South Dakota Academy of Science, Vol. 99 (2020)

Schubert, B.W., and P.S. Ungar. 2005. Wear facets and enamel spalling in tyran-
nosaurid dinosaurs. Acta Paletontologica Polonica 50(1):93-99.

Seo, J-Y., Y-J. Park, Y-A. Yi, J-Y. Hwang, I-B. Lee, B-H. Cho, H-H. Son, and 
D-G. Seo. 2015. Epigenetics: general characteristics and implications for oral 
health. Restorative Dentistry and Endodontics 40(1):14-22.

Shelton, C.D., A. Chinsamy, and B.M. Rothschild. 2017. Osteomyelitis in a 
265-million-year-old titanosuchid (Dinocephalia, Therapsida). Historical 
Biology:1093-1096.


